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Task Completion Memorandum 

Poland - World Bank Support 

Summary Task Description 

Hagler Bailly participated in a one-week World Bank (WB) Mission to the Upper Silesia Power 
Distribution Company (GZE). The purpose was to evaluate a demand-side management (DSM) 
component of the WB distribution system loan which would support the implementation of DSM 
pilot demonstration project. 

Specific Goals and Objectives 

The objectives of the mission was to establish the framework and scope of work for such a 
demonstration pilot program. 

Expected Outputs 

The mission is expected to define a potential DSM pilot demonstration project as a part of the 
distribution system loan project of the WB. 

Trip report and draft terms of reference (TO%%). 

Results and Next Steps 

Hagler Bailly produced a trip report, draft terms of reference, and contributed to the WB aide- 
memoire, which included DSM as a recommended project component. 

It is recommended that USAID and the WB collaborate on future power sector loans that could 
include DSM as a component. 

Hagler Bailly Consulting 

Task Completion Memorandum 



To : Robert Archer, USAID 

FROM : David Wolcott 

DATE : April 14, 1995 

SUBJECT: Trip Report (World Bank Poland DSM Loan) 

This memorandum is a report of my trip to Poland from March 31 to 
April 8, 1995, to participate in a World Bank mission, under 
contract to USAID. This was an identification mission for a 
proposed loan to the Upper Silesia Power Distribution Company 
(GZE) for distribution system modernization and demand-side 
management (DSM) investments. My role was to provide input 
relevant to the DSM component of the loan. An Aide-Memoire was 
written and left with GZE. 

On Saturday, April 1, on my way through Warsaw, I had a dinner 
meeting with Mr. Mirek Duda and Mr. Marek Grzybowski of the 
Energy Restructuring Group (ERG). 

I joined the World Bank team in Gliwice, Poland on Sunday, April 
2. The mission, led by Mr. Dale Gray and including five other 
World Bank staff and consultants, had gotten underway during the 
preceding week. 

On Monday, April 3, I joined the entire team for a meeting with 
Mr. Piotr Kolloch and Mr. Waldemar Osinski, president and vice 
president, respectively, of Infoenerg, a subsidiary of GZE tasked 
with developing a Management Information System (MIS) for the 
company. 

For the remainder of the day, Mr. Gray and I met with Mr. Piotr 
Rafalski, head of the Design and Development Department, and his 
staff, Mr. Manfred Wawrzynosek and Mr. Zbigniew Lewandowski, who 
are currently responsible for DSM at GZE. 

On Tuesday, April 4, I joined the entire team for a meeting with 
Mr. Wojciech Golebiowski and staff of GZE1s Investment Planning 
Department. 



MEMORANDUM + page 2 

On Wednesday, April 5, I had a meeting with Mr. Krzysztof Gdula, 
chief of the Customer Service Department, and his staff. 

On Thursday, April 6, I had a breakfast meeting with Mr. Gray and 
Mr. Arturo Roa, a World Bank senior procurement specialist who 
will be working on the DSM component of the loan. We discussed 
again what my contribution to the mission would be and our 
strategy for a meeting later in the day on DSM with Mr. Piotr 
Kukurba, GZE's president. 

Most of the team then had a meeting with Mr. Leszek Torc, chief 
of the Marketing Department. The entire team then had a final 
meeting with Mr. Kukurba at which Mr. Gray presented the Aide- 
Memoire and described the entire World Bank loan program. I gave 
a brief summary of the DSM component in this context. 

After the main meeting with the whole team, we continued a 
separate meeting with Mr. Kukurba specifically on the DSM 
component of the loan. Mr. Roa joined me as did Mr. Jan Jicha, a 
World Bank consultant from the Czech Republic who will be 
involved in field implementation of the loan activities. Mr. 
Kukurba was joined by Messrs. Gdula, Rafalski, and Wawrzynosek. 
I traveled to Warsaw that evening and had two meetings on Friday, 
April 7. The first was with Mr. Jaroslaw Dybowski, deputy 
director of the Electricity Trading Department at PSE, 
responsible for developing the long-term contracts with 
generators that resulted from PSE's supply-side bid solicitation 
earlier this year. His department is also responsible for the 
development of the BST and all other transfer (wholesale) 
tariffs, including the proposed DSM resource payments. 

My second meeting in Warsaw was with Ms. Maryla Jakubowicz, 
energy program officer at the USAID mission. I gave her a full 
briefing of my activities and the results of the World Bank 
mission. With that meeting, my participation on the mission was 
completed. 



DRAFT 

POLAND 

UPPER SILESIA POWER DISTRIBUTION COMPANY 

WORLD BANK DISTRIBUTION SYSTEM LOAN 

DEMAND-SIDE MANAGEMENT PILOT PROJECT 

TERMS OF REFERENCE 

Summarv 

The demand-side management (DSM) component of the proposed World 
Bank distribution system loan to the Upper Silesia Power 
Distribution Company (GZE) in Poland has the goal of supporting the 
implementation of a practical DSM pilot demonstration project. 
This activity will build upon the DSM pilot project previously 
designed with support from the U.S. Agency for International 
Development (USAID). In the process, significant capabilities will 
be developed within GZE and its subsidiary companies to implement 
DSM as both a load management and energy efficiency resource and to 
market DSM as a customer service. The World Bank support is 
expected to be US$ 5-15 million of foreign exchange credits, which 
will provide partial financing of the DSM pilot project activities. 

Backsround 

Starting in 1992, USAID sponsored a technical cooperation project 
in Poland focusing on electric utility DSM and integrated resource 
planning (IRP). DSM refers to utility efforts to modify the amount 
and timing of customer demand and consumption of electricity. IRP 
refers to a systematic utility planning process to identify and 
acquire all cost-effective electric resources (supply-side and 
demand-side) required to meet current and future energy and 
capacity needs. The project was conducted within the context of 
the restructuring and reform of the Polish energy sector toward 



more market-oriented operations, a process which was coordinated by 
the World Bank and included the participation of USAID and other 
multilateral and bilateral donors. 

The USAID DSM/IRP Pro j ect supported work with two Polish utility 
counterpart organizations, the Polish Power Grid Company (PSE) and 
GZE, to accomplish the following tasks: 

b Institutional Policy Development. Through a number of 
executive management seminars and policy papers, DSM and IRP 
concepts were communicated to high level officials in Poland's 
government and energy sector. As a result, provisions were 
included in the current draft Energy Law (November 1994 
version, amended February 1995) for energy enterprises to 
conduct IRP (Article 19) and for energy enterprises to recover 
DSM costs in tariffs (Article 49). Also, PSE agreed to 
acquire DSM resources that provide system-wide benefits, 
through a competitive process that compares DSM to the cost of 
generation. 

b National Assessment of DSM Potential. A rigorous, 
quantitative analysis of the economic and achievable DSM 
potential was completed in December 1993, focusing on 
resources that could be realistically implemented over a six 
year period. The analysis was specifically oriented to the 
loan appraisal process of the World Bank, and was accomplished 
with DSManager, a DSM economic analysis software model, for 
which a license and training were provided to PSE. The result 
indicated a DSM potential of 1,738 GWh of energy savings per 
year (equivalent to 8 percent of projected incremental energy 
requirements) and 552 MW of demand savings (equivalent to 17 
percent of projected incremental demand requirements), which 
would displace all of the new generation called for in PSE1s 
Least-Cost Supply Plan over the same six year period. 

\ 

b Establishment of IRP Unit at PSE. In the first tranche of 
World Bank lending for PSE's transmission system, a loan 
condition required PSE to complete an IRP Action Plan by June 
1994 and establish an IRP unit within the company by December 
1994. These activities were accomplished, which included the 
provision of a software license and training for the 
Integrated Planning Model, a state-of-the-art utility IRP 



tool. PSE senior management also received executive training, 
including an extensive IRP study tour in the U.S. One of the 
results was PSE1s competitive solicitation of supply-side bids 
from generators in November 1994, which established a market- 
determined avoided generation cost of US$ 0.036/kWh. This 
bidding process and results framed the next step that PSE 
anticipates taking in 1995 which is to solicit comparable 
competitive bids for DSM resources. 

b Design of a DSM Pilot Project at GZE. A detailed design of a 
DSM pilot project to be implemented at GZE was completed in 
December 1993, focusing on the industrial sector. To support 
the pilot project design, market research activities were 
undertaken, such as interviewing GZE1s customers through focus 
groups. End-use load research equipment and training were 
provided to GZE technical staff, who gathered extensive end- 
use consumption data from its customers. The pilot project 
was designed to reach 30 of GZE1s industrial customers over an 
18 month period at a cost of USS8.3 million. Throughout 1994, 
USAID continued to support GZE1s efforts to identify: 1) 
candidate customers for participation in the pilot, 2) energy 
service companies (ESCOs) that could be involved in project 
implementation, 3 )  sources of capital financing, and 4) 
sources of utility incentives e-g., DSM resource payments from 
PSE . 

Referring to the last activity, Pilot Project Design, GZE requested 
assistance from the World Bank for distribution system investment 
credits, including the resources necessary to implement the DSM 
pilot project. In January 1995, the Polish Ministry of Finance 
agreed to guarantee a World Bank "distribution system and DSMu loan 
for GZE, In a mission to Poland in March and April 1995, the World 
Bank established agreement with GZE regarding the general framework 
of the loan, as presented in an Aide-Memoire. Relevant to DSM, 
meetings were held with GZE1s president, with senior staff in the 
Design and Development, Investment Planning, Customer Services, and 
Marketing Departments, and with officers of Infoenerg, A GZE 
subsidiary tasked with developing a Management Information System. 
Meetings were also held with senior staff of PSE1s Electricity 
Trading Department and with the USAID mission in Warsaw. 



Implementation of the pilot project is expected to follow closely 
the strategy and tactics detailed in the USAID report Demand-Side 
Management in Poland: Part 2: Pilot Project Design (December 
1993). The DSM component of the World Bank loan is described in 
the Aide-Memoire as comprising the following activities: 

1) Phase 1 DSM (immediately): GZE will contract with PSE for DSM 
resource payments to be made for load management and interruptible 
service to be provided to PSE during system peaks. GZE will engage 
an ESCO to develop load management projects at large industrial 
enterprises. 

2) Phase 2 DSM (following passage of the Energy Law) : GZE will 
use authorities in the Energy Law to set retail tariffs (subject to 
regulation) that minimize costs of wholesale rates from PSE (the 
Bulk Supply Tariff in the near-term; hourly pool prices in the 
longer term) . Since tariffs will allow recovery of DSM costs 
(including lost margin), GZE can extend Phase 1 DSM activities to 
include load management and energy efficiency for all customers. 

3) Management Information System (MIS): GZE will fully integrate 

0 DSM data requirements into the "Informatics" system (customer and 
geographic information systems) that is currently planned. 

4) Technical Assistance: The World Bank and USAID will support 
the above activities with technical assistance to focus on 
developing GZE staff capabilities to implement DSM programs. 

Obi ectives 

The objectives of the DSM component of the World Bank distribution 
system loan to GZE are: 

F To provide some practical and timely results regarding 
the actual contribution that DSM can make as a power 
sector resource in Poland; 

b To demonstrate the role that Polish utilities can play to 
work cooperatively with their customers to develop the 
DSM resource ; 



t To identify and test alternative incentive mechanisms 
through which DSM can be implemented in the context of 
the restructuring of Poland's power sector; 

b To develop innovative procurement methods, through which 
an ESCO is contracted to provide "turn-key" 
implementation of the pilot project; 

b To develop local Polish ESCO capabilities through 
training and business development activities; and 

t To monitor and evaluate the results of the pilot project 
to improve its design and to support expansion of the 
pilot to a full-scale program, if warranted. 

Scowe of Work 

In addressing the objectives described above, the DSM component of 
the World Bank loan will be implemented through performance of the 
following Tasks: 

a 
1) Develop Project Terms of Reference (TORs) and Establish Project 
Implementation Unit (PIU) 

Using USAID technical assistance resources, GZE will develop 
detailed TORs to implement the DSM component of the World Bank 
loan. The TORs will be based largely on the USAID Pilot Project 
Design report, however, they will reflect new information and the 
current status of GZE in the Polish electricity sector 
restructuring process. Initially, the TORs will focus on the 
opportunities available under the Phase 1 DSM activity. GZE will 
submit the TORs for review and approval by USAID and the World 
Bank. GZE will also formally establish a "DSM Unit" within its 
organizational structure as the PIU (e.g., in the Customer Services 
Department) , and will appoint a Project Manager from among its 
senior staff to lead the DSM Unit. 

2) Identify Candidate Customers for Project Participation 

5 



GZE will review load data in its possession to identify prospective 
customers for participation in the pilot project. The first 
screening of customers will be completed according to the following 
technical criteria conducive to load management and interruptible 
service: 1) relatively large demand, e-g., the largest industrial 
customers, 2) significant peak demand during the total system 
peak, and 3) variability in the load curve that indicates the 
potential for load shifting. A secondary screening will focus on 
the following criteria conducive to sustainable participation in 
the project: 1) willingness to work cooperatively with GZE, 2) 
evidence of the ability to survive the economic transition, and 3) 
motivation to implement DSM load management measures. GZE will 
conduct site visits of candidate customers to confirm their status 
as potential project participants. 

3) Contract with an ESCO 

GZE will enter into a contract with a qualified ESCO to implement 
the pilot project on a "turn-key" basis which means that the ESCO 
will take complete responsibility for the successful performance of 
the pilot project. The ESCO will be expected to: 1) conduct 
engineering analyses of technical opportunities, 2) specify, 
procure, and install appropriate DSM equipment, 3) operate and 
maintain the DSM equipment over its useful lifetime, 4) enter into 
relevant agreements with the participating customers, 5 )  
subcontract with local ESCOs and energy engineers for project 
implementation, and 6) finance a substantial portion of its 
activities through its own or third-party resources (e.g., from the 
ESCO's corporate finances, the participating customers, and other 
sources of equity and commercial and concessionary debt). When the 
ESCO is under contract, GZE will provide it with all information 
and assistance necessary for development of DSM projects at the 
sites of candidate customers identified in Task 2. 

4) Negotiate Agreement with PSE for DSM Resource Payments 

GZE will meet with relevant PSE officials to reach a "masteru 
agreement regarding PSE's DSM resource payment requirements. While 
it is clear that specific agreements will have to be concluded for 
specific blocks of load management and interruptible service, it is 
anticipated that the general outlines of the business transaction 
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can be defined up-front. Particular attention will be paid to 
PSE1s requirements for "metering and verification" (M&V) of the DSM 
resource. 

5) Conduct Site Audits and Engineering Analyses 

The ESCO contracted by GZE will initiate detailed energy audits at 
the candidate sites and will conduct engineering analyses of DSM 
measures recommended in the audits. The ESCO will also install and 
monitor end-use load research equipment to establish a pre- 
installation baseline of energy consumption data. Based on the 
engineering analyses, the ESCO will prepare detailed technical 
specifications and financial proposals for each site in the 
project. It will also develop specific M&V plans customized to the 
particular requirements of each site and consistent with GZEfs 
agreement with PSE. The ESCO will deliver these results to GZE 
which will submit them to the World Bank for lending approval and 
to PSE for agreement on the appropriate DSM resource payment. 
After these agreements have been reached, the ESCO will contract 
with each customer to secure its obligations of participation in 
the project, and arrange necessary project co-financing. 

6) Procurement, Installation, and Operation of Equipment 

After approval of proposed equipment by the World Bank, the ESCO 
will acquire the equipment according to the International 
Competitive Bidding (ICB) requirements of the World Bank. The 
equipment will be owned by GZE which will pay for it through the 
proceeds of the World Bank loan. The ESCO will arrange for 
equipment delivery and installation, after having conducted all 
necessary site preparation works. The ESCO will conduct all 
necessary equipment start-up and check-out tasks to ensure optimal 
operation. The ESCO will then operate and maintain the equipment 
over the lifetime of the pilot project. 

7) Monitoring and Evaluation 



The ESCO will install and monitor end-use load research equipment 
to establish a post-installation baseline of energy consumption 
data. It will also conduct all monitoring and reporting tasks 
specified in the M&V plans. The monitoring activities will focus 
on the full spectrum of technical, financial, and operational 
parameters. GZE will develop M&V and quality assurance and quality 
control (QA/QC) protocols to apply to project management and 
evaluation activities. Using the QA/QC protocols, GZE will conduct 
process and impact evaluations of the pilot project. Process 
evaluation focuses on how the project was implemented while impact 
evaluation focuses on the results that were achieved. Using the 
results of the evaluations, GZE will conduct an analysis of the 
feasibility and applicability of scaling the pilot project up to a 
full-size DSM program. GZE will submit the M&V results to PSE and 
the evaluation and scale-up results to the World Bank and USAID. 

8) Development and Implementation of Alternative Incentive and 
Delivery Mechanisms 

For the Phase 2 DSM activities following passage of the Energy Law, 
a number of energy efficiency opportunities are expected to become 
profitable to GZE which will then be competing for customers in the 
retail market. The motivation for its interest in this approach 
will be a combination of reducing its costs to PSE as well as 
providing service to its customers in a competitive market. Since 
there are a number of unusual aspects to implementing DSM in this 
context, compared to the more traditional approach, different DSM 
incentive, marketing, and delivery mechanisms will be developed and 
implemented. This work will be undertaken by GZE in close 
cooperation with the ESCO and participating customers in the pilot 
pro] ect . 

9) DSM Component of the Management Information System (MIS) 

GZE will fully integrate DSM data requirements into the 
"Informatics" MIS system (customer and geographic information 
systems) that is currently planned and which will be supported by 
the World Bank loan. Of primary importance to the DSM pilot 
project will be a "performance tracking and management system" that 
will collect and archive all project-related data associated with 
the participating customers, equipment acquisition, and cashflows. 
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Other DSM components of the MIS will include market research 
information on customers, end-use metering data and direct load 
control capabilities, load forecasting inputs, and capabilities for 
telemetry with PSE for load and pricing data. 

10) DSM Technical Assistance (TA) to GZE 

Throughout the entire pilot project implementation, a broad TA 
program for GZE focused on DSM issues will be supported by USAID 
and the World Bank. It will be designed to provide GZE staff with 
the skills and capabilities to: 1) conduct economic and financial 
analyses of DSM investments, and IRP analyses, 2) develop end-use 
load forecasts, and end-use load research databases, 3) develop DSM 
program and contractor management skills, and campaigns to market 
DSM to customers, 4 )  design retail tariffs to provide DSM cost 
recovery, 5) develop M&V and QA/QC protocols, and 6) develop a 
long-term DSM business development strategy for GZE. Licensing and 
training on appropriate software products will be provided, e.g., 
products developed by the Electric Power Research Institute in the 
U.S. such as DSManager for DSM economic analyses, IRP-Manager for 
IRP analyses, and HELM for end-use load forecasts. 

11) TA for the Development and Training of Local ESCOs 

A special component of the TA to be supported by USAID will be 
training and business development assistance that will be provided 
to support participation in the pilot project of local Polish ESCOs 
and energy engineers. The training program will be modeled on one 
produced by USAID in other countries involving the curriculum and 
testing materials of the Association of Energy Engineers (AEE) . 
Training workshops on different energy engineering topics will be 
offered by AEE and participants will be encouraged to take the 
Certified Energy Manager (CEM) examination. AEE will also attempt 
to establish local chapters in Poland from the training alumni. 
Business development assistance will focus on efforts to broker 
joint ventures between GZE1s ESCO contractor and Polish ESCOs. The 
ESCO will be required to enter into such business relationships as 
part of the pilot project implementation. Polish firms will be 
identified as prospects and additional training and business advice 
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will be offered on topics such as corporate planning, financial 
planning, contracting, and business development. 

12) TA for the Development of DSM Resource Payments by PSE 

A special component of the TA to be supported by USAID will be 
assistance to PSE to develop the resource payments for DSM to GZE. 
Given the pilot demonstration nature of this project, it is 
expected that PSE will initially develop DSM resource payments as 
a "Standard Offerw instead of in a competitive bidding context. 
When the resource payment concept has been demonstrated with GZE 
and perhaps other distribution utilities, and when DSM 
implementation capabilities have been more fully developed in 
Poland, PSE could seek competitive bids for DSM resource payments 
in the future. Initially, PSE needs assistance: 1) to model the 
costs and benefits to PSE and the cashflow stream of the resource 
payments, 2 )  to develop the Standard Offer solicitation with 
associated contract terms and conditions, 3 )  to determine the 
appropriate M&V protocols necessary to verify that the DSM 
resources paid for are real, and 4) to produce educational 
documents and seminars to "sellu the DSM resource payment concept 
to the Tariff Committee, composed of representatives of the Polish 
Ministry of Industry and Trade, PSE, the generation companies, and 
the distribution companies, which has authority over all wholesale 
electric tariff issues in Poland. As the result of these 
activities, PSE will designate the internal staff resources 
required to implement a DSM resource payment program. 

Schedule 

Implementation of the DSM pilot project is expected to take place 
over the same period of time as other related activities under the 
World Bank distribution system loan to GZE, as described in the 
Aide-Memoire. The following schedule by task is consistent in this 
regard : 

Tasks 

a (Project Decision) 

Responsible 
Parties 

Schedule 



1) Develop TORS/PIU B~~~/USAID/GZE 

2) Identify Customers GZE/Customers 

3) Contract ESCO GZE/ESCO 

4) PSE Agreement PSE/GZE 

(Project Appraisal/Approval) ~ank/GoP/GzE 

(Loan Effective) Bank/GOP/GZE 

6) ~rocure/Install Equipment B~~~/GzE/ESCO 

8) Alternative Incentives ~ ~ ~ / ~ ~ C ~ / C u s t o m e r s  

9) DSM Component of MIS 

10) DSM TA to GZE B~~~/USAID/GZE 

11) TA to Local ESCOs USAID/GZE/ESCO 

12) TA to PSE USAID/PSE 

Funding 

It is expected that financial, grant, and in-kind resources to 
implement the DSM pilot project will be provided from the following 
sources : 

b The World Bank will provide GZE with a US$ 5-15 million 
loan to finance the MIS equipment and a portion of the 
DSM equipment, and to pay for a portion of the TA. 

USAID will provide GZE and PSE with grant support for a 
portion of the TA, through the services of a contractor. 



t PSE will make resource payments for DSM that provides 
system benefits, and will pay for the activities of its 
staff and associated overhead expenses of developing the 
resource payments. 

F GZE will pay for the activities of its staff and 
associated overhead expenses of establishing and running 
a DSM Unit . 

t GZE's ESCO contractor will finance a portion of its 
technical services and a portion of the DSM equipment. 

t Participating customers will finance a portion of the 
ESCOrs technical services and a portion of the DSM 
equipment. 

t The ESCO will arrange additional financing of the DSM 
equipment from third-party sources of debt and equity. 

e Staffins - and Management Plan 

The World Bank will have primary responsibility for reviewing and 
approving all documentation associated with DSM loan activities. 
The Bank will manage relations with the Government of Poland (GOP), 
working in close coordination with USAID, which will be responsible 
for supporting the bulk of the technical assistance activities, 
through a contractor. 

The primary management responsibility for implementation of all 
components of the DSM pilot project will reside with GZE, the 
recipient of the World Bank loan proceeds. GZE will establish a 
PIU and designate a Project Manager for this purpose. GZE will 
direct all of the ESCO1s activities through a contract, and will 
manage all contacts with its customers, either directly or 
indirectly through the ESCO. Within this context, the ESCO will 
contract with GZE's participating customers and sources of project 
co-financing, and will arrange equipment procurement. 

PSE will initiate the Standard Offer process for DSM resource 
payments, and will contract with GZE for that purpose. 
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REGIONAL ENERGY EFFICIENCY PROJECT 

Task Completion Memorandum 

Bulgaria - Electricity Action Plan 

Summary Task Description 

In 1992, Bulgaria had installed capacity of 12,000 MW. The annual electricity generation is from 
the following sources: about one-third from the Kozloduy nuclear power station, one-third is 
from thermal plants firing indigenous coal and lignite, one-quarter from thermal power stations 
firing imported coal, and the remainder hydroelectric. Imports make up 10% of the electricity 
balance. The sector was reorganized in 1991. The Committee of Energy (COE) is a government 
organization that controls the National Electric Company (NEK), which is a joint-stock company 
wholly owned by the government. The electric energy intensity of Bulgaria's economy is high 

. 

relative to other countries. This has resulted from national development policies and electricity 
pricing policies. The environmental impact of the electricity sector appears to be severe, with 
substantial sulfur and particulate emissions from the thermal power stations. The risk of serious 
problems with the older units at Kozloduy also appear to be higher than the newer Soviet- 
designed pressurized water reactors. Bulgaria's electricity sector is coming under increasing 
pressure to improve efficiency. These pressures are building from within the country, resulting 
from democratic reforms, the transition to a market economy, and higher electricity tariffs. The - 

study will be coordinated with the work of EC-funded consultants. EC consultants will work in 
generation and transmission. Hagler, Bailly worked in areas of organization, demand, and 
environmental (thermal power plants). 

This task assisted the National Electric Company (NEK) and Committee on Energy (COE) to 
prepare an action plan for Bulgaria's electric power sector, including an institutional reform 
strategy, proposed programs, and an investment plan. The activity focused on 1) structural, 
institutional and organizational reform in the electricity sector and the NEK, 2) electricity 
demand forecasting; 3) assessment of the potential for demand side management; 4) thermal 
power generation environmental impacts and related issues, and 5) promotion of private sector 
participation in power generation. This task was a joint effort with the European Commission. 

Hagler Bailly Consulting 

Task Completion Memorandum - I 



Specific Goals and Objectives 

@ To develop an electricity action plan with special emphasis on restructuring the national 
electricity company, improving its management efficiency and environmental performance. 

Expected Outputs 

Organizational Reform Report, Demand Side Management Report, Demand Forecast, 
Environmental Report, Private Power Assessment Report 

Deliverables 

Hagler Bailly provided short term consultants, field trips, workshops, analysis, and produced a 
number of reports which address the Bulgaria Electricity Action Plan task. A summary of the 

leted by Hagler Bailly is the following: 

rt on The Electricity Subsector of Bulgaria Organizational Issues and Structural 
2/ Options, August 1993, which addressed the fundamental organizational and structural 

issues affecting Bulgaria. This report contains analysis and recommendations in seven 
principal areas: 

- Corporate organizational considerations 
- Board of branch managers 
- Corporate governance and regulation 
- Organizational recommendations 
- Central dispatch recommendations 
- Structural recommendations 

Regulatory recommendations 

,,/ A report on Demand Side Management Assessment, November 1993, which provided an 
evaluation of the DSM potential in Bulgaria and recommendations on DSM program 
implementation. The key provisions of the report are: 

- Results of industrial energy audits 
- Review of demand forecast 
- Creating a policy framework (IRP, tariffs, private power) 
- Development of an illustrative DSM program 
- DSM action plan 

Hagler Bailly Consulting 

Task Completion Memorandum - 2 



A A report on Electricity Demand Forecast, Februa 1994 which provided a demand 
forecast for Bulgaria and compared the hig and low case. 

/ ' 
+ 

L3/ A report on Independent Power Generation in Bulgaria: Assessment of Potential, 
Impediments, and Options, August 1993, was prepared that (1) reviewed the status of 
Bulgaria's economy and investment climate; (2) characterized the independent power 
market with a focus on repowering existing thermal, cogeneration, and district heating 
capacity, (3) reviewed the successful independent power policy development experience 
of the US., Spain, Argentina, and Poland; (4) reviewed the structure and sources of 
independent power project finance; (5) reviewed the overall relevant legal and 
institutional framework, and (6) provided extensive recommendations regarding the 
policy and institutional changes needed to attract private power investments. 

b Based on the conclusions of the Independent Power Report, a two day workshop was 
organized which included participants from all relevant institutions. At this workshop, 
presentation were made summarizing the conclusions of the report. On the second day of 
the workshop, a case study was discussed in a role-playing exercise. All the participants 
split into four working groups (the utility, the developer, the government, and the 
bankers) and played their respective roles in a mock negotiation. This exercise was 
highly successful in communicating to the Bulgarian government and industry the key 
issues involved in independent power project development. 

A report on Power Sector Environmental Issues, December 199.2, which provided an 
environmental assessment of six thermal power plants in Bulgaria. The report looked at 
existing emissions and control systems, which state-of-the-art environmental technologies 
could be implemented, and the potential reduction in emissions if environmental 
mitigation measures were adopted. The report developed a strategy and made specific 
recommendations for the six thermal plants, and the country's generation sector as a 
whole. 

These deliverables comprise Hagler Bailly's contribution under this task. 

Results and Next Steps 

The following results were obtained under this task: 

b Electricity Action Plan - The report was circulated among key Bulgarian energy agencies 
and donor agencies. While the report was generally well received, NEK decided to solicit 
alternate recommended approaches from EdF, NERA, and others. This provided them 
with a full range of models, country experiences, and recommendations for restructuring. 
To date, NEK has not acted on adopting any particular model or approach, and does not 
have any near term plans to do so. NEK plans to remain an integrated utility but also 

a Hagler Bailly Consulting 
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intends to decentralize some of their operations and continue to move prices up to 
commercially sustainable levels. 

t Demand Side Management - NEK has incorporated the demand forecast and demand side 
management program in their current least cost power systems plan. They plan to 
encourage all customers to adopt DSM programs and technologies through irdormation 
dissemination campaigns and through tariff increases. 

t Independent Power Generation - NEK has released several solicitations for IPP 
developers to lease and operatelmaintain several power stations on a long term basis. 
These solicitations have produced several tender offers, but the proposed cost of bulk 
power has been much too high, approximately 50% higher than current cost from NEK 
owned plants. 

b Environmental Is'sues - The report was well received and the findings will be incorporated 
into fuhue rehabilitation projects. 

This task has resulted in the following principal actions by NEK and the Ministry of Energy 
(formerly Committee on Energy): 

1. DSM and environmental issues have been incorporated into NEK's power 
development program. The utility recognizes the value here and intends to promote DSM , 
and environmental issues as a matter of company policy. 

2. Independent power generation projects will be pursued, and NEK has abandoned any 
plans to construct future power stations. 

3. NEK intends to remain an integrated utility for the near future, but the electricity action 
plan of USAID has given them future restructuring options to consider as they move to a 
more commercial basis for operations. 

There are several areas in which NEK and the Ministry of Energy need to take action: 

1. TheJirst is bridging the gap between DSM planning (which is done at the utility level and 
incorporates DSM in least cost power development programs) and the implementation of such 
programs at the customer level. NEK views their responsibility as ending on the 'supply side of - 
the meter', and has no plans to become involved in implementation. This leaves a wide gap since 
few industrial customers are cognizant enough of DSM programs and technologies to pursue 
them on their own. Additionally, few customers are aware of NEK's overall power supply 
planning process and have no ownership of it. The result is that NEK is incorporating a certain 
level of capacity to be supplied by DSM, but is doing relatively little to ensure it happens. 

Hagler Bailly Consulting 
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2. The second area concerns IPP developers. NEK's initial public offerings produced tenders 
that were approximately 50% higher than NEK's current cost of bulk power, making the offers 
unattractive for the near term. NEK needs to look into these tenders in detail and determine why 
the cost is so much higher, and what can be done to mitigate the difference so IPP projects will 
be viable in Bulgaria. 

3. Finally, the structure of the power sector should be further evaluated to determine of a fully 
integrated structure is best, or if an unbundled and competitive structure would succeed in 
introducing efficiency and market forces to bring down costs. This would be a long term 
objective. 

Hagler Bailly Consulting 
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Exhibit 1-2 
Summary of Recommendations 

W b i t  Recommdation 

Recommdations for tbe Corporite Finuwr Division 

Implement basic budgeting and control canceprs and informarion systems 

Esrabish a formal financial pknning process 

Implement improved cash management systems 

Update and f o r m a h  the poliq and procedure manuals for the accounting and frnance 
funcuon 

Estabhh an internal audit function 

Expand resources as necessary to d m b p  a professional account and finance function 

Upgrade basic accounting system 

Recommcadations for the Elbctricty Supply Bmncfra 

2-3 I Consolidate the 28 existing branches into a smaller number of larger branches 

I Initiate a program to increase the companfs control of m c u n  

2-3 I Use caution in evaluating the acquisition of advanced meter reading technologies 

I Separate the reporting of transmission losses from dismibution losses 

Recommendations for the Development and Imatmtnt Divfsion 
I 

Recommendations for the Generrtion Division 
I 

2 -4 

2-5 I Expand the size and mponsibilties of the headquarters staff 

Consider consolidating the division with a newIy formul?tcd corporate planning 
function 

Recommendations for the Legal Department 

2-5 

2 -8 Explore the possibility of consolidating more of these anorneys at the headquarters 

Study the possibility of establishing the nuclear operations as a separate division 

Recornmeadations for the OfISa ot th Prsident 

Recommendations for All Departments 

2-9 Develop and impkment an automated executive service information system (EIS) to 
facilitate the monitoring of key orders of the Supeivisory and Managing Boards 

Recommendations for the Ptrsomti Department 
1 

2-9 

2-10 I Impiement a project to automate the company's personnel resords 

Consider consolidating this funcuon under a vice president of administration 

2-10 I Consider expandinp the s a v e  of reswnsibititics of the Personnel Deoanment 
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skills, took and techniques will be enhanced by the implementation of profit centers in 
the power pimt and distribution segments of the utility. Once accomplished, the 
organization will be better prepared to adapt to the next series of changes. 

The next steps will i m h e  a process outlined in chapter 4 of this repoh The process 
involves a series of activities that will result in idcntiijmg and impkmenting the structural 
alternative that represents the "best fit" with the needs of Bulgaria electricity suppiy 
subsector. 

Thc success of the structural option selected will depend, in large measure, 
on achieving consensus among key managers at COE and NEK as well as 
backing by the government. 

This may warrant the creation of task forces to address these issues and 
achieve a consensus selection, 

t After that, the conceptual structure must be convened into a workable 
design for NEK 

This wiU, require developing a detailed organizational design an 
implementation plan and schedule to achieve i t  

However, this consensus approach should not be allowed'to become a long drawn-out 
process. The detailed organization structure that is ultimately identified will probably 
take a few years to be fully implemented But the Erst step - identifying a workable 
"best fit" - can and should be done cxpcditiously. 

Chapter 5 descnks the current status of regulation in Bulgaria with an outline of major 
regulatory initiatives required in Bulgaria, including: 

Economic 
b Environmental 
b Nuclear 



1.1 BLACKGROUND AND PERSPECIWE 

The electricity subsector of Bulgaria's economy is in the midst of historic change. The 
sector is moving away from the former command economy and adapting to the needs of 
a competitive market economy. In line with these changes the Committee of Energy 
(COE) and the National Elecaic Company (Nationalna Elckaichtska Kompanlz, or 
NEK) are faced with the need to develop an organization structure for NEK that will 
best serve its needs under changed market conditions now and in the future. 

Until feccntly, all energy matters in Bulgaria were consolidated under one governmental 
rnmisify. In January of 1992, Bulgaria's National Elecaic Joint Stock Company (hZK) 

- was formed It is wholly owned by the Government and reports to the Committee of 
Energy (COE) and the Council of Minisun through a Supervisory Board; it is rnanaeed 
bv a Managing Board, headed by the President of NEK. As of the time of our study, 
~ E K  was organucd, as shown in Exhibit 1-1. 

BACKGROUND AND PERSPECI'XVE 

The National Electxic Company of Bulgaria, is a joint st&k company wholly owned by 
the state. An integrated electric utility company, NEK is responsible for the production, 
transmission and distribution of electricity and the production and sale of heat The 
company was established by Decree No. 46 of November 7, 1991 of the Council of 
Ministers of Bulgaria. NEK's assets amount to about 100 billion leva (U.S. $4 billion). 
The company had total net energy generation of about 41 million MWh and a peak 
demand of 7,489 MW during 1991. Its 1991 total installed capacity was 12074 MW, of 
which about 86.5 percent was company-owned with the balance owned by district heating 
companies (4.9 percent of the total) and industrial producers (8.6 percent of the total). 
NEK's (company-owned) capacity mix is as follows: 

1 Nucicar 

Thermal 

Hydro 

1 Total I 10,4601 100.0 1 
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The company is operated through a network of 28 electricity supply branches and ten 
generation branches with total staffing of about 30,000. NEK's headquarters was formed 
in Januaxy 1992 Based in Sofia, the headquarters function has a staff of about 200. 

NEK currently operates more like a confederation of generation, 
transmission, and dismlmtion entities than as a U e d  and tightly 
controlled organization. 

The underlying motivation for this study is that NEK needs to improve the productivity 
of all its physical resources and human resources. In a market-driven business 
environment there will be an intensified need to produce the highest quality results at the 
lowest possible cost As a key element of Bulgaria's economic infrastructure, NEK's 
achievements will have a potentially profound effect on the competitiveness and general 
economic well being of its custsmers. \ 

b The recent increases in electricity prices were necessary to eliminate 
subsidies and bring prices into line with the cost of providing semce. 

This places even greater pressure on NEK to improve its efficiency and 
effectiveness. 

m Higher pricing requires that NEK provide the best possible value for 
its service. 

A recent review of the electric power business in the United States and Western Europe 
revealed that major structural changes are planned or undemy in every country. 
Funhermore, they involve almost every company in the power business. Three elements 
of these changes include: 

The development of strategic business units (SBUs) including, in many 
cases, the implementation of the profit center concept 

Consolidation of common functions to eliminate duplication and achieve 
economies of scale. 

b Productivity improvement programs to improve quality and reduce costs. 

While NEK's situation is unique in comparison to its counterparts in the West, it too 
must respond to similar -- and in many respects, greater -- challenges in its own market 
place. This represents a radical departure from the past 

But NEK's need to find an appropriate organization structure occurs as it is 
strugghg with a flood of operational, financial and political problems. 
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r Whatever form of organization is pursued must not further 
complicate a management situation that is already challenging in the 
extrcme. 

Consequently, NEK would likely be best sewed by the solution that 
is simplest 

And NEK is at the point where - to paraphrase a leading 
organizational theorist - the effective implementation of the selected 
structure (ie., born among the finalist candidates) will be more 
important than the structure itself. 

There are some other important considerations affecting decisions about NEK's 
organizational structure. Chief among them arc the legislative framework governing 
commerce in Bulgaria, including a determination regarding the form of ownership (i.e., 
privatization) and how it will be implemented, and some clarification regarding the - - 
~egulatory framework for the e l e d c  utility subsector 

The recommendations regarding organizational efficiency and structure that are 
ultimately adopted for the ~ational-Electric Company will be influenced in large measure 
by how the company's mission is defined This is a very important task that must be 
confirmed by the Committee of Energy and the National Electric Company. For this 
study, we have crafted a mission statement for NEK that reflects the essence of those 
adopted by most electric utilities in the West and that is consistent with our 
understanding of the intent of COE and NEK regarding the electricity subsector. This 
mission is: 

b To provide an adequate supply of elecnicig as the lowest achievable cost 
conrinent with snfe, reliable and environmental& responsible operations that 
are in comphnce with applicable laws and regulrrriom and that serve the 
inter- of stakehoIders, including nzstomers and mployees while earning 
prom that are s u ~ i e n r  to achieve and mointair, m n c i u l  viabilig. 

1.2 OBJECTIVES AND SCOPE 

This repon examines the alternative ways that Bulgaria can structure its electricity 
subsector. It outlines the criteria used to evaluate alternative structural choices, describes 
the attniutcs of optimum structures, defines the structural alternatives identified by 
analysis, discusses their advantages and disadvantages, identifies a subset of options fo 
final consideration and outlines a process for COE and NEK to develop the "best fit" 
structure and that can be used to guide NEK's implementation of structural changes. 
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In order to accomplish an assessment of the structural options, our study included a 
general swey of the m n t  organization The results of this general s u m y  form the 
basis for a number of recommendations for improvement Two other issues of special 
interest are also included in this report. They arc central dispatch and regulation. 

13 OVERALL OBSERVATIONS 

Organizational effectiveness is a key ingredient to achieving better business results. 
RCGMagler, Bailly does not believe that there is one and only one "right" organizational 
configuration possible for NEK However, we know from experience that this does not 
mean that every possible organization structure will be equally effective. 

b In shoq NEK needs to analyze itself and adapt its organization structure to 
improve its effectiveness, enhance efficiency and prepare itself for the 
rigors of a dynamic market economy. 

b A clear vision of where NEK and the electricity sector as a whole are going 
in the next few years needs to be &veloptd; this vision must include a 
definition of the company's mission It also needs to be supported by the 
Council of Ministries, the Committee of Energy and NEK's management. 

b The organizational structure of both the ekctricity sector and the company 
should be viewed as evolutionary rather than revolutionary. The best 
possible structure may not be achievable immediately, but a practical, more 
efficient structure is within grasp. 

The structural options that would keep some or all of the existing generating plants 
vertically integrated with the transmission/ccntral dispatch activity dominate the others 
included in our initial analysis. Although the final form of structure offers other options, 
including more decentralized variations, the selection of the "best fit" structure will hinge 
on some important pragmatic considerations. Three of the most important constraints 
that must be accommodated by the structure selected for Bulgaria's electricity subsector 
are that the structure must: 

w M a t b i z  efficiency and enable the company to become a low-cost provider 

w Facilitate the raising of the substantial amounts of external capital required 
for the foreseeable future 

w Provide the ability to manage the risks associated with NEK's nuclear 
power plant 



The reality NEK must face is that the Kozloduy nuclear power plant 
is widely considered to be one of the unsafest of the nuclear plants 
operating in Europe. 

Consequentfy, an important consideration relates to the perception 
afforded the new structure. Whatever structure is selected, it must 
givc assurance and comfort to key constituencies (Western 
governments and major international lenders) that it provides 
acceptable (ie., very high) assurance of being able to safely operate 
and maintain the plant 

The ability to satisfy these three constraints is critical to the acceptability of the structure 
selected. In fact, the overriding constraint is the business risk associated with the 
company's Kozloduy nuclear plant. If the structure adopted for the electricity subsector 
does not adequately deal with the nuclear issues it will affect the company's ability to 
raise external funds. Indeed, it is clear that if a structure that is deemed unacceptable 
(i.e., by the world banking community and those Western governments providing aid and 
financing to Bulgaria) is even seriously considered, it will likcfy invoke serious reaction. 
In this area, the structure must be perceived as satisfymg the nuclear risk considerati 

b Given the scale of potential liability associated with nuclear operations, 

Bulgaria at this time. 

$) 
independent and privatized nuclear generating company is inconceivable in 

This could not even be accomplished as pan of the privatization 
scheme implemented in the United Kingdom. 

The potential liability for physical injury and property damage in the event 
of an accident pose risks that may dictate continued government ownership 
at least of the nuclear generation. 

This may, in turn, oblige many of the remaining assets of the 
company to remain under government ownership. 

In addition to this exposure, there are enormous known and potential 
business risks associated with repiacemcnt powtr in the event of a forced 
outage due to an accident and the highly uncertain decommissioning costs 
for Kozloduy. 

How and when the nuclear issues associated with the Kozloduy nuclear 
plant arc resolved, will determine when - and perhaps whether - 
and NEK may implement certain of the structural options identified in t 
study. 
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. In the longer run, these assumptions probably should be reexamined and 
reevaiuated 

I But, given NEK's financial condition, including its compelling need 
for capital as well as the need to devclop its management skills, 
systems and organizational hfhstructure, there may not be any 
alternative to some variation of this trade-o& 

8 After the company is "on its feet," the most important focus should 
be profitabiijty and semcc quality. These will be best served by an 
organization design that reflects the lessons learned from the 
competitive markc t economics in the United States and Western 
Europe. 

w However, until the nuclear issues are widely considered to be under 
more satisfactory control than at present, some form of continued 
governmental involvement appears to be unavoidable. 

8 Realistically though, government involvement probably means 
continued ownership of the utility either completely or panially. 

The central implication of these constraints is that, for the foreseeable 
future, NEK will not have a completely bee hand to adopt the structural 
options identified in this study. 

Any structural option selected needs to be tested against some basic decision criteria In 
fact, these criteria can be applied to each stage of the evolution of the organization and 
structure. The criteria and our overall assessment arc as follows: 

. Risk This requires a subjective judgment to weigh the expected gain 
against the risks associated with implementing any givcn a1 ternative 
approach. 

w Economy of Effort. What option will likely produa the greatest result for 
the least cost and the least disturbance of the organization? 

b Timing. Does this decision need to be completed swiftly to impose a new 
vision? Or does it require a moderate pace to allow the organization to 
develop the new skills and habits necessary for success? 

b Limitation of Resources. The most important of the resources to be 
considered are the human resources necessary to implement the decision, 
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especially the United time and capabilities of the coUectivt organization to 
implement the changes effectively. 

Our summary concfusion is that NEK needs to pursue a course of action with a high- 
probability of success. The otganization is already dealing with a blizzard of changes and 
- here more so than in most situations - the simpkst solution is likely to be the best. 
The human resources in the organization appear to be overextended in their efforts to 
cope with the many new requirements of transforming NEK into a competitive, market 
oriented organization. Given the scale of the new systems, procedures and managemcnt 
disciplines to be developed or implemented, we believe a moderate pace to restructuring 
would be appropriate. 

In summary, we suggest that an effective transition structure would be an organization 
that maintains (mostly) the integration of generation, transition and distribution activities 
while introducing elements of profit making enterprises in competitive market economies. 

b Basically, this structure is a variation of the holding company form of 
organization in the electric utility industry in the United States. 

Essentially, this approach is predicated on the belief that those activiti 
that do not require corporate-kvti decision making should be delegate %I) 
the lawtst possible level of the organization. Operational managemcnt 
issues are left, to the maximum extent feasible, in the hands of operational 
managers. 

w In effect, it blends the concepts of competitive market enterprises with the 
venically integrated utility. Given the relatively small size of Bulgaria, this 
would also involve a horizontally integrated company. 

b One advantage is that it could be built largely on the existing branch 
network of the National Electric Company. 

Under this organization, certain rights and powers are reserved exclusive1y for the 
headquarters with all remaining operational matters the responsibility of the 
decentralized branches 

Profit centers would be established for the generating plants and each of 
the distribution branches. , 

Ownership would be unified through the holding company which, in turn, 
could be either state-owned or privatized. 
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However, the issue of privatization, as discussed above, will remain somewhat 
problematic until the issues related to the Korloduy nuclear generating station are 
resolved. In addition, the infrastructure related to commercial law and regulatory 
oversight would need to be further developed 

b The key consideration in implementing the holding company concept is 
identlfvlng what should be un t ra lkd  at the holding company level. 

That is to say, what matters have a corporate-wide impact and should be 
reserved for the centralized headquarters management? 

All things considered, this approach seems to offer a relatively law-risk approach to 
developing a competitive, market-oriented organization. However, one common error in 
organizational planning is to assume that the work is complete o n e  the organizational 
charts have been drawn up. An organization redesign of any sipficance constitutes a 
major change. The questions of implementation are not trivial. Policies, methods, 
systems and reporting relationships need to be altered Individuals and groups have to 
be motivated to continue to perform in the face of major turbulence. 

Therefore, in this phase, it is important to identify the key implementation issues, 
develop a plan and then execute that plan to ensure the objectives arc achieved. The 
implementation process that we reviewed and discussed with COE and NEK follows 
consists of two major phases: 

Phase I. Firsf NEK should implement fundamental improvements in its 
management systems, procedures and practias and concurrently organize 
the company into profit centers under the holding company form of 
organization. 

b Phase IL After the foundations have been laid to improve the results of 
operations, COE and NEK can then proceed to implement certain other 
structural changes to further enhance the competitiveness of the electricity 
subsector. 

rn Certain aspects of Phase I1 could be accelerated if circumstances warrant it. 
Specifically, a small-scale IPP pilot program could be initiated as a vehicle 
to learn how to implement this technique later on a larger scale. 

This represents a gradualist approach that will ailow NEK's management to develop the 
organization's ability to compete more effectively in a market economy. These basic 
skills, tools and techniques will be enhanced by the implementation of profit centers in 
the power plant and distniution segments of the utility. Once accomplished, the 
organization will be better prepared to adapt to the next series of changes. 



1.4 SUMMARY OF RECOMMENDATIONS 

Our observations in this area can be classified as follows: 

b Corporate Planning. NEK dots not have a separate corporate planning 
function. Certain ekments of the corporate planning process arc 
conducted in different parts of the organization, including the Corporate 
Finance Division and the Development and Investment Division, As the 
company continues to move toward becoming a market-oriented company. 
the role of planning will become more important to NEK's success. 

As part of a review of its organizational requirements, the company should 
consider establishing a formal corporate planning function. 

- This could be combined with certain other functions (e.g., financial 
planning or control budgeting) or it could be set up & a stand-a 
PUP* 

-- The company should be also ensure that it has adequate resources 
to do its job properly, including trained staff, computers and models. 

b Customer Service and Marketing. NEK does not have a separate customer 
service and marketing function In a market-oriented economy, these will 
become much more important to NEK's success. Its customer sexvices 
should be expanded to encompass dealing with customer problems and 
complaints in a timely, responsive and helpful manner. NEK's marketing 
function would be the focal point for its demand-side management 
programs as well as for developing competitive strategies to enhance 
corporate profitability through cost-effective marketing programs. 

Both of these functions should be given serious consideration by NEK. 

- Customer services will be carried out by the field organization (the 
electricity supply branches), although there should be a single point 
of responsibility at the headquarters level to set policy and establish 
procedures to ensure that service delivery standards are met on a 
consistent basis. 

- Marketing should be a headquarters function. 



Management inionnation Systems* NEK information systems resources 
art somewhat fragmented At the headquarters kvel the company's 
systems are mic~ocomputcrs Data proassing services to support certain 
operational activities (e.g., accounting, bining and collection) as well as 
urtain planning activities (e.g., load forecasting) arc provided by outside 
agencies including Energoproekt and Energokiimetii 

Although the company may ultimately conclude that this management 
system works well for it, NEK should nonethekss take stock of its 
information systems needs and develop an information technology plan, 

- This is particularly pertinent given the need to implement some 
large-scale systems. 

b Fuels Planning and Management. With fuel costs being the largest 
component of operating cost, this area warrants attention from a 
specialized department. 

0 - This group may be best established as a separate entity within the 
Generation Division. 

- However, it should be composed of experts in the technical and 
contractual aspects of fuels. 

t Performance Measurement Systems, One of the most important tools 
NEK can use to improve the results it achieves is to establish a formal 
performance measurement system. Performance indicators can be set for 
every area of the business as well as for the overall corporation. Some of 
these indicators or ratios can be specific to a subunit of the company (e.g., 
customer service indicators) or they can be based on a panel of peer 
companies or a "model" company. 

Performance indicators or benchmarks should be set for as many areas of 
the company as possible. The actual results should be monitored and 
reported monthly to the operating management of the associated function, 
with a compilation of all results (in summary form if it becomes too 
voluminous) re paned to senior management, perhaps through an 
automated executive information system (EIS). 

Productivity Systems. One of the company's top priorities should be to 
improve the productivity of aU of its resources including labor, key physical 
resources, capital, and the knowledge and expericncc of its management 
NEK can set up an internal group to focus on this area This group would 

er, Badly, Inc 



basically constitute an intcmd consulting department This group could be 
used to conduct internal reviews of various operating units and to work 
with that group's management to i m p m  productivity. Such a group could 
also conduct corporate-wide studies or develop comparisons of NEK's 
operations with other electric power organizations. 

1.4.2 Board of Branch Managers 

NEK has a Board of Branch Managers that is composed of the managers of its 42 
branches (at present, 28 electricity supply branches, 5 investors, and 9 power plants). 
This group's charter is to prnide advice and counsel to the Managing Board, and to 
notify the Supervisory Board if it concludes that the Managing Board has exceeded its 
authority. There is a wealth of experience and expertise on this Board of Branch 
Managers, yet there is a tension between the two boards because of the inherent 
competition for decision-making authority. 

NEK should explore ways to improve its usc of this group. 

- It could draw from this group to estabhh task forces or committees 
to address special problems. a - It could also consider appointing a vice president of field operations 
from this group to serve in a similar capacity as the vice president of 
generation. 

1.43 Corporate Governance and Regulation 

NEK was constituted from various elements of the Committee of Energy (COE), the 
state energy organization Especially since NEK continues to be wholly-owned by the 
state, there is close relationship among NEK, COE, and the Supervisory Board There 
are some organizational tensions among these three bodies, and occasionally overlapping 
responsibilities and even conflicts. In addition, there a number of regulatory agencies 
overseeing various aspects of NEK's activities including price-setting and nuclear 
generation, among others, 

As continues evolving, it will need to give special attention to these 
relationships and to ensuring that effective interfaces are developed 

The exact nature of thest corporate interfaces will be influenced by the 
ultimate form of organization NEK adopts and by its form of ownership. 



NEK 
DivisiodDepartment LEGEND Exhibit 2-1 

GENERAL DESCRIPTION 

A description of the unit's general responsibilities. 

CURRENT STRUCTURE 

An outline of the structure of the unit. 

KEY COORDINATING MECHANISMS 

A description of the mechanism or technique for coordinating and controlling work to 
accomplish desired results, e.g., direct supervision, standardization of work, 
standardization of shlls. standardization of outputs. 

DESIGN PARAMETERS 

Work Specialization - Indicates the degree to which work activities are specialized 
and require specialized education, training, and/or on-the-job experience. 

Training and Indoctrination - A description of the nature of training and 
indoctrination conducted by the organization. 

Formalization of Activities - Indicates where the organization exists on the scale of 
highly formalized (bureaucratic) to unstructured (organic). 

Unit Size - Indicates the relative size of the organizational work units. 

Planning and Control Systems - Describes the nature of the planning and control 
mechanisms used to manage the organization's work 

Liaison Devices - Describes the nature of the communication and coordination 
mechanisms required to interact with other departments/divisions. 

Scope of Authority - The amount of decision making authority (venical and 
horizontal). Indicates where the unit sits on the centralize-decentralize continuum. 

OBSERVATIONS AND CONCLUSIONS 

Includes a discussion of pertinent aspects of the current organization structure, 
staffing, resources. management processes and practices, or information systems. 

RECOMMENDATIONS 

Discusses s~ecific recommendations for improvement. 



A Note on Scope: 

Our review of the NEK was in the nature of an initial survey. The objective was to 
develop a working knowledge of the company and its major organizational units sufficient 
to make basic recommendations. The scope did not include a comprehensive and 
detailed operational audit of every organizational unit ConsequcntJy, this repon focuses 
on those major issues that we observed during the course of our survey. A detailed 
management and operations audit would likely idenufv more -- and more detailed - 
recommendations. Funhermore, most of the recommendations presented herein require 
some funher elaboration or analysis as part of an implementation program. These 
activities should be performed by NEIL 
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THE CURRENT ORGANIZATION 

At present, NEK is organized into divisions and depaments. The divisions consist of 
multiple organizational units, while the depanments are single-unit organizations. The 
divisions include Corporate Finance; Distribution, Sales, and Business Activities; 
Development and investment: Generation; and Manager of the Nuclear Power Plant 
(NPP) "Ko~loduy."~ The depanments include Administrative and Public Service, Foreign 
Relations and Protocol, Legal, Office of the President, Personnel, and Preparation for 
Defense. The Central Dispatch Department is an important part of the Distribution, 
Sales. and Business Activities Division. The complex nature of its activities warranted 
separate treatment. Chapter 3.0, Organization of the National Dispatch Center, presents 
the findings of that study. The balance of this chapter consists of a series of exhibits 
profiling ~ E K ' S  current organization. 

A legend, giving an explanation of the contents of each profile, is 
detailed in Exhibit 2-1. It describes the main headings included in 
each profile: a general description, an outline of the cunent 
structure, a listing of key design parameters that can assist in 
evaluating and/or modifying the cunent structures, and any 
observations, conclusions, and recommendations developed during 
the course of our work. The profiles are presented as follows: 

Exhibit Division/Department 
Number Profile 

2-2 I Corporate Finance Division 

2-3 1 Distribution. Sales, and Business Activities Division 

Development and Investment Division 

Generation Division 

2-6 Administrative and Public Services Department 

2-7 Foreign Relations and Protocol Department 
1-8 1 Legal Department 
2-9 I Office of the President 

The Manager of the NPP Kozloduy Division (a member of the Board of Managers) is discussed in 
Exhibit 2-5 on Generation; the Preparauon for Defense and Mobilization Department (a relatively minor 
function at NEK) is not discussed further here. 

RCGMagler. B a w ,  Inc. A u p a  1993 
LVf? 



Division Profile 
CORPORATE FINANCE DMSION 

Exhibit 2-2 

GENERAL DESCRIPTION, cont. 

Accounting and Financial Control - The responsibilities of this unit, which has a staff 
of eight, include: 

Determining financial and accounting policy for all (42) branches of NEIL 

c Overall responsibility for the books and records of account of the 
corporation, including responsibility for collecting information from all 
departments and preparing the consolidated financial statements of the 
NEK. 

Implementing and ensuring compliance with the Bulgarian Accountancy Act. 

Corporate Finance Investment Projects - The responsibilities of this unit include: 

Examining and prdposing financing options and alternatives. 

Monitoring the company's capital structure. 

Working with credit agreements and international financial institutions. 

Preparing for international competitive bidding, including the preparation of 
draft contracts, etc. 

Monitoring cash flows, with assistance from the Accounting and Financial 
Control unit. 

Investment project appraisal. 

Trade and Share Holding Activities - This unit is responsible for accounting for 
certain trading activities, including the irnport/expon of electricity, machinery, and 
equipment. The department organizes, cames out, supervises and coordinates trade 
operations within the system of NEK by implementing the activities listed below: 

Marketing studies in: 
energy carriers 
machines and equipment 
con sum able^ 
spare pans, etc. 
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Division Profile CORPORATE FINANCE DIVISION Exhibit 2-2 

GENERAL DESCRIPTION 

The Corporate Finance Division is composed of five units, with the following 
responsibilities: 

Economic Forecasting and Internal Contracts - The responsibilities of this unit, which 
consists of a staff of eight, include the following: 

Conducting financial analysis, including calculation of the company's financial 
ratios and analysis o: Ae results of operations. 

Determining the company's revenue requirements. 

Developing forecasts of business indicators and business results, including 
electricity demand (done in conjunction with the Dispatch Center and the 
Generation Department). On a monthly basis, this unit estimates NEK's 
revenues and expenditures, including depreciation, maintenance expenses, 
and salaries and labor costs. The results of these estimates are provided to 
the Accounting and Financial Control unit. 

Participating in the development of the corporate strategic plan, including 
setting goals and financial (ratio) targets for the next five years. 

Estimating total electric supply, including production and purchases. This 
estimate is updated quarterly. 

Monitoring financial markets. 

Maintaining banlung relationships, and conducting negotiations for loans, 
lines of credit, etc. 

Determining the expenditures of all generating stations. 

Overseeing the domestic contracts and settlement protocols between the 
company and the electricity supply branches. 

Monitoring cash flow requirements, including determining short- and long- 
term requirements and the amount and timing of external sources of funds. 
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Division Proille Exhibit 2-2 
CORPORATE FINANCE DMSION 

GENERAL DESCRIPTION, cont. 

On the basis of compiled requests from other departments of the Company, 
collects price and technology information from various suppliers and offers 
the data acquired to respective specialists. 

Analyzes the information collected, evaluates the market studies and strictly 
implements the Procurement Rules of NEK 

Selects the most favorable technical and price offers. 

Develops plans/scenarios of negotiations. 

Negotiates trade and fmancial terms. 
Defines contract clauses. 

Participates in technical discussions and leads the discussions on prices and 
delivery terms. 

Draws up agreements and submits them for review by the Managing Board 
of NEK. 

Keeps the original copies of contracts concluded. 

Follows up execution of contracts concluded. 

Prepares the payment documents and transfers them to the Accounting 
Department for settlement of foreign and local currency payments. 

Arranges for shipment of contracted goods in compliance with the contracts 
signed. 

Secures issuing of licenses in compliance with law regulations. 

Prepares customs clearance documentation for the goods. 

Monitors receipt of contracted goods by end users. 

Conducts and keeps record of the correspondence concerning preparation, 
signing and execution of contracts. 
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Division Ptodle Exhibit 2-2 
CORPORATE FINANCE DMSION P a p  4 of 13 

GENERAL DESCRIPTION, cont. 

Supenires preparation of the contracts of all branches of NEK exceeding 10 
million leva with the exception of contracts for large-scale construction, 
making expert assessment of the clauses of every specific contract. 

Keeps files of direct contracts with branches of NEK exceeding 10 million 
leva with the exception of large scale construction contracts. 

Supervises preparation, signature and execution of commission contracts. 

The Department monitors the execution of contracts in compliance with the 
law and for the purpose of protecting the Company's interests. 

Works together with other departments of the Company to create the 
prerequisites for the best protection possible of the Company's interests. 

Labor and Salaries - This unit is responsible for: 

Labor reporting, terminations and pensions. 

Salaries. including a quarterly analysis of actual vs. budgeted salaries paid. 

Assisting the planning departments and branches with estimated staffing 
needs and labor costs. 

Developing recommendations to improve labor efficiency. 

Maintaining pension and social insurance records. 

Note: Each branch does its own payroll processing and sends a payroll repon to the 
headquarters. The branches also do their own billing and collection. The data 
processing support for billing is provided by ENERGOPROEKT, a service firm; 
collections are deposited into company bank accounts. 
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Division b i l l t  
CORPORATE FINANCE DMSION 

CURRENT STRUCIZTRE 

The Corporate Finana Division, based in Sophia at NEK's headquarters, is 
composed of fivc units with a total staff of 28: 

Economic Forecasts and Internal Contracts 
Accounting and Financial Control 
Corporate Finance Investment Projects 
Trading and Share Holding Activities 
Labor and Salaries. 

In addition, each branch has its own accounting depanment to handle billing and 
collection, payroll, and the preparation of ail financial reports required of the branch. 

- 

KEY COORDINATING MECHANISMS 

The common coordinating mechanism for an accounting function is the 
standardization of skills. In Bulgaria, there is a lack of trained accountants familiar 
with western accounting concepts and disciplines. NEK's Accounting and Financial 
Control unit has drawn on people with backgrounds in economics or who are 
otherwise numerate. 

For the routine operational accounting activities, including accounts payable, billing, 
payroll, etc. (most of which appear to be located at the branches), the standardization 
~f work practices is the predominant coordinating mechanism. 

DESIGN PARAMETERS 

Work Specialization - Most of the positions in this division require highly specialized 
knowledge and skill levels. For the professional staff, this includes a sophisticated 
knowledge of such topics as accounting principles and practices, financial statement 
presentation, financial and cost analysis techniques, cash management, managerial 
Finance, etc. For the clerical staff, the knowledge set is narrower, but nonetheless 
significant on a relative basis in comparison to other clerical activities. 

h i n i n g  and Indoctrination - Most of the activities in the finance and accounting 
?unction require high levels of formal education and training. Even the clerical 
activities of this group require a significant amount of training (at a minimum) and, in 
:ertain cases, formal education. 
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Division Proflie Exhibit 2.2 
CORPORATE FINANCE DMSION 

DESIGN PARAMEI'ERS, coat. 

Formalization of Activities - This is one of the most highly formalized corporate 
! 

suppon functions. The promulgation and monitoring of accounting politics and 
procedures, the routine processing of accounting transactions, and the preparation of 
monthly and other specialized financial reports require a very high degree of 
formalization of activities. 

Unit Size - Typically, a finance and accounting function for a large-scale electric utility 
would be moderate in size, on a relative basis. For NEK, the headquarters unit is 
very small - on a relative scale - and the total accounting complement (estimated 
at 350 for all branches combined) is a significant total, but probably still low in 
consideration of a high proportion of clerical staff. 

Planning and Control Systems - The operational aspects of accounting lend 
themselves to standardization and classic work management techniques as adapt 
ciericai activities.. For the professional content of finance and accounting, these 0 
activities require a more sophisticated management approach. Generally speaking, 
the key elements include supervision by a knowledgeable professional and systems 
that facilitate assignment control and scheduling. 

Liaison Devices - The professional staff require interaction with the line operating 
departments for budget preparation. analysis of variances, and monitoring of results, 
among other responsibilities. Consequently, the professional staff members of this 
division will require reasonably well developed liaison mechanisms with other 
departments. On the other hand, the operational accounting activities (now mostly 
located in the branches) will need little liaison with outside departments; for these 
groups, the standardized information inputs will satisfy most of their needs. 

Scope of Authority - Little authority is delegated within the division. The highly 
defined nature of most of the work activities in finance and accounting, including a 
clear delineation of the scope of responsibilities, limit the need for significant 
delegation below the senior levels of the division. 
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Division Prof5le 
CORPORATE F'INANCE DMSION 

Exhibit 2-2 
Page 7 of 13 

OBSERVATIONS AND CONCLUSIONS 

NOTE: Our review did not address the question of NEK's compliance with Bulgaria's 
Accountancy Act or any other applicable laws. Such issues were outside the scope of 
our review. Furthermore, our comments recognize that the financial and accounting 
systems NEK has inherited were not designed to support an enterprise operating in a 
market economy. Thus, our observations and recommendations are intended to 
emphasize improvements that will enhance the organization's ability to accompiish its 
mission. 

The accounting and finance function a t  NEK's headquarters is under-resourced 
relative to the division's responsibilities. With the change from a command 
economy to a market-oriented economy, the accounting and financial needs of the 
company have changed radically. The demands of a competitive marketplace will 
increase dramatically for NEK. The number, skill level, and training of the current 
staff are already inadequate to the task at hand. This situation will grow worse with 
time. The allowance now given to the company in transition will soon evaporate as 
NEK's managers and lenders press for better financial plans, control budgets, and 
routine financial reports. These new demands will fall on a division that lacks both 
sufficient skills and the required training, and in which some of the essential processes 
are not yet fully developed, if they are in place at all. .This will place enormous strain 
on the company to carry out two major activities in parallel. Namely, these are to 
develop and implement basic systems and procedures at the same time the division is 
raising its service levels to standards consistent with its counterparts in western 
utilities. 

NEK's information systems are not adequate to support NEKs increased corporate 
planning and analysis activities. The accounting and information systems at NEK's 
headquarters are resident on micro computers that are not networked. There is no 
on-line access to data from the company's transaction processing systems, either 
directly or via an information center capability. Further, the records for certain 
functions (e.g., personnel) are maintained manually. 

Pan  of the problem is a holdover from the past: the company's accounting systems 
are rudimentary and somewhat fragmented. There is little performance measurement 
data and none of them is organized into a usable format such as an executive 
information system. The company also does not have any financial planning models. 
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I Division Profile 
CORPORATE FINANCE DMSION 

Exhibit 2.2 
P w  8 or 13 

OBSERVATIONS AND CONCLUSIONS, cont. 

These drfficulties are not surprising given the magnitude of the changes NEK is going 
through. However, the finance function will need better information systems suppon 
to fulfill its planning responsibilities. This situation needs to be improved significantly 
and quickly. 

The headquarters accounting and finance function is dependent on the branch 
accounting departments for key financial reports. The basic transaction processing 
systems of the company are controlled by the branches. Each branch is a separate 
legal entity with its own accounting capability. The supply branches are responsible 
for their own billing, collection. payabies and payroll systems. The branches also 
prepare their own financial statements. These statements are forwarded to NEK's 
headquarters for use in preparing the consolidated financial statements of the 
company. 

The budgeting and financial planning processes are not yet fully developed. Although 
both of these activities take place at NEK, both must be expanded considerably t 
meet the needs of the company in its new marketsriented business environment. 0 
During the course of our review, we were not given access to the company's budgets 
on the grounds that they were confidential. Nonetheless, our discussions with senior 
managers and others have led us to conclude that the budgets need to be 
strengthened to serve as an effective control device. Budget development does not 
appear to be a bottom-up process nor does there appear to be any routine variance 
analysis reports provided to executive or operating management. Further, NEK has 
not identified detailed cost centers with an individual manager or supervisor 
designated as responsible for each. Given these conditions, it appears that a 
substantial improvement in the company's budgeting process is warranted. 

Likewise, the financial planning process is a new - or at least a radically changed - 
activity at NEK. The demands on the company's planning capability have increased 
dramatically with the requirement of international financing to raise capital. Even 
though the company's financing activity may abate for a while, this will likely be only 
a momentary respite. Power companies have significant capital requirements, and 
NEK's short- to intermediate-term capital requirements arc likely to be formidable. 
The attendant requirements to provide updated financial information to lending 
institutions will continue the need for a robust financial planning process. Ultimately, 
however, the most compelling reason to expand this capability is that corporate 
management must have good financial information as the basis for corporate planning 
and executive decision making. 
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Division Proillt Exhibit 2-2 
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OBSERVATIONS AND CONCLUSIONS, cont. 

The company's general accounting processes and systems are basic. Bulgaria rectntly 
promulgated a new Accountancy Act intended to bring Bulgarian accounting 
practices into line with western standards. The company has made great effons to 
adopt the accounting principles and practices necessary for an enterprise operating in 
a market economy. Nonetheless, the general accounting process must still be 
considered basic. The company needs to develop, redesign or acquire many of the 
foundation systems for an electric util~ty, including continuing property records, 
construction management, and a customer information system. NEK could also use a 
good general ledger system and, judging from what we have seen, a payroll/personntl 
system. In short, it appears that the company's general accounting systems need to be 
revamped or (more likely) replaced. 

The company's cash management systems arc rudimentary. Meter reading, billing 
and collection activities are conducted by the sales branches. A bill collector visits 
every residential customer once each month to read the meter and collect payment 
for the prior month's usage. Since most people are at work during the day, there are 
cash collection booths in each region. These collection booths are open four times 
per week (from 5 p.m. to 7 p.m. three times a week and from 10 a.m. to 12 noon 
once a week). The first activity in the morning is for the collectors to bring the 
previous day's collections into the branch office cashier. (But this is not a strict rule. 
If the collector has only a small amount of cash, she may wait a few days before 
making the deposit.) Although some residential customers (about 5 percent in Sofia) 
pay by bank draft, most pay in cash. 

Recently, there has been an increase in the number of assaults and thefts 
involving collectors. As a result, collectors will often leave a notice of 
payment, including late payment notices, instead of taking cash from a 
customer. This creates an inconvenience for the customer, but it may be 
unavoidable. 

Almost all of NEK's commercial and industrial customers pay by bank draft. 
Payments are made based on an estimate for the following month's usage. Some 
companies pay by cash directly to the cashier in the sales branch office. 

RCGMaglcr, Bailly, lnc. 
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OBSERVATIONS AND CONCLUSIONS, cont. 

The sales branch controls all cash collections. All deposits are made directJy to the : 

company's bank account, with daily reports from the bank regarding subscriber 
payments. The headquarters sends a monthly invoice to the sales branch for the 
electricity sold to the branch. The branch gets an invoice for the prior month's actual 
amount by the 8th workday and an invoice for the following month's estimated 
amount on the 15th. The branch pays the estimate and the true-up; whatever cash is 
left is the branch's profit, to be used for its payroll and accounts payable. 

The company does not have an internal audit capability. One of the division's new 
responsibilities relates to developing and promulgating financial and accounting 
policies and procedures, including those concerned with internal accounting controls. 
The success of any large organization depends on broad compliance with established 
corporate policies and procedures. In addition to it scale, there are several other 
factors that will likely lead to compliance problems, including: 1) the move from a 
command economy to a market-based system, 2) the transformation of NEK into 
profitmaking enterprise, 3) the implementation of financial incentives and penal 

accounting practices, and operating procedures. 
related to performance, and 4) the implementation of many new financial policies, 

The lack of a group of trained specialists who can conduct compliance audits 
represents a significant control weakness. In addition to checking for compliance with 
financial and operational policies and procedures, an internal audit group can often 
identify opportunities for cost reduction or process improvement. Although 
expanding the scope of responsibilities to include operational auditing would likely be 
challenging, to say the least, it should be given serious consideration by NEIL 

Generally, it is considered that the internal audit function should not repon through 
the financial chain of command. The argument is that the audit group should not 
report to the function it is auditing. While we agree with the merits of this argument, 
we also recognize that - at least for the near future - it may be reasonable to allow 
this situation due to the limited skills available to perform these tasks. 

RCGIHagler, Baiily, inc. 
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RECOMMENDATIONS 

Expand resources as necessary to continue developing a professional accounting and 
finance function. The current level of staffing of NIX'S Accounting and Financial 
Control unit is low in relation to its current, and even more so, its rapidly emerging 
future responsibilities. While the reasons this situation has come about are 
understandable, the organizational resource must be expanded and strengthened 
considerably as soon as possible. The division should address the following basic 
areas: 

Financial policies and procedures 

General accounting, including, but not limited to: 
fixed asset accounting 
payroll 
accounts payable 
accounts receivable 
materials and supplies accounting 
other operational accounting areas 
general ledger. 

Financial planning and analysis, including: 
operational control budgeting 
variance analysis 
capital expenditure analysis 
long-term financial planning. 

Treasury and cash management 
banking relationships 
cash management 
capital structure management 
investor relations 

Revenue requirements and tariffs. 

[n addition, cenain other activities should be considered for inclusion with the 
Accounting and Financial Control unit's responsibiiities. These include internal 
auditing, operations analysis and performance measurement, insurance and risk 
management, customer billing, and information systems. 

RCGMagler, Bailly, inc. August 1993 



RECOMMENDATIONS, cont. 

Upgrade and expand basic accounting systems. As NEK continues to adapt to the 
needs of operating in a market economy, it will require increasingly better accountinr I 
information. Accounting is the language of business, and effectivemanagement 
requires valid information. This means it must be accurate, relevant and available oc 
a timely basis. Upgrading the company's accounting systems will be an enormous 

I undertaking. Despite this - and perhaps because of it - management should map 
out a program to upgrade all of NEK's basic accounting systems, including: 

Accounts payable 
Billing and accounts receivable 
Customer information 
Continuing property records 
Construction management 
Payroilipersonnel (including labor distribution) 
Materials and supplies - - 
General ledger. 

Other sub-systems will be necessary, but the above items are the major elements of 
the systems NEK must implement. 

Implement basic budgeting and control concepts and information systems. The 
operating control budget and the associated budget development process are among 
the most fundamental and effective control tools available to a large electric utility. 
Based on what we were told about various aspects of the company's budget and 
control process, it is apparent that NEK's budget process needs to be upgraded, 
expanded and strengthened considerably. The implementation of an improved 
budgeting process should be given a high priority in view of its potential impact on 
the results of operations. 

Establish a formal financial planning process. Although they share some common 
characteristics, the financial planning process is a separate and distinct activity from 
the control budgeting process. The financial planning process is a new activity for 
NEK and, as such, will require more of a "from the ground up" development process. 
The most fundamental need is for a cadre of trained financial analysts to conduct the 
basic analytic work. Beyond this, the group will need other resources, principally 
computer suppon and - the sooner the better - some financial planning models. 
Ultimately, a sound financial planning process is dependent on good information. 
This may be difficult to obtain until NEK completes its transition to a modern 
company. In addition to these basic ingredients, the company needs two other t 
1) the definition of a financial planning process and 2) training in analytic and 
planning activities. 

RCGkiagler. Balliy, Inc. 
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Implement improved cash management systems. Bulgaria is still largely a cash 
economy. This limits what the company can achieve through improved meter reading, 
billing and collection processes. Nonetheless, there are significant potential savings 
available from streamlining and centralizing the management of cash. Even without 
waiting for the economy to advance from its cash-based system, there are certain 
improvements that can be considered, for example: 

Exploring the possibility of implementing a lock-box system with NEK's 
major bank or banks 
Malung deposits directly to banks on the day cash is collected 
Encouragmg customers to pay by bank draft instead of in cash 
Encouraging employees to accept payment by bank draft. 

NEK can also explore other advances, such as the possibility of centralizing the 
management of all cash (including payables and, ultimately, payroll at the 
headquarters) and the use of zero-balance checking accounts. It is clear that 
Bulgaria's cash economy will be a constraint to many of these advances. But this 
could change rapidly with the economic reforms now underway. Either way, NEK 
should begin the improvement process now. 

Update and formalize the policy and procedure manuals for the accounting and 
finance function. NEK's finance and accounting function is faced with an 
extraordinary range of challenges. including the need for new accounting and 
management information systems, the need to define key financial processes 
(including control budgeting and financial planning), and the need to recruit and train 
the staff necessary to carry out its mission. In the face of such daunting tasks, it 
would be easy to dismiss the need for developing and documenting policy and 
procedure manuals. NEK should not allow this temptation to keep it from 
completing these fundamental activities. The policy and procedure manuals are 
important defining documents for the function. They need not be elaborate, but they 
should be formalized. 

Establish an internal audit function. KEK will need a strong internal audit 
capability, if it doesn't already have such a need. In addition to providing for 
oversight regarding compliance with established corporate policies and operating and 
accounting procedures, it can serve as a good training ground for accountants. A 
company's internal audit department can provide a solid indoctrination to a 
company's financial policies and accounting procedures. For all of these reasons, 
NEK should establish this function as soon as possible. 

RCG:'Hagler. Bailly, Inc. August 1993 5 
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GENERAL DESCRIPTION 

I The Distribution, Sales and Business Activities Division encompasses all activities 
involved in the delivery of energy to customers, from the point of dispatch to the 
customer's premises. Because our work included a separate review of central 
dispatch, we focus here on the electricity supply branches. 

The electricity supply branches are responsible for customer-related and field 
activities. including meter reading, billing, collection, meter installation and repair, and 
operations and maintenance work related to the transmission and distribution system. 
Each electricity supply branch is a separate legal entity with its own support staff 
including accounting, legal and administration. 

In January 1992, NEK instituted the existing network of 28 electricity supply 
branches. In the late 1960s, the company went from 13 branches (12 "country" 
branches plus Sofia) to 7 (6 "country" branches plus Sofia). This structure remained 
in place until 1992. With the inauguration of the National Electric Company, the 
network of branches was increased to 28. This was accomplished by declaring certain 
satellite offices to be separate branches. The 28 branches coincide with the provinces 
in Bulgaria. 

The headquarters function for the electricity supply branches includes a staff of 13. 
This is a policy making, standard setting, and technical advlsory group with dotted line 
reporting by the electricity supply branches. 

CURRENT STRUCTURE 

The division is organized into three units: 

Central Dispatch Control 
Electricity Supply 
Electricity Import and Export. 

RCGMagler, Bailly, Inc. A u p a  1W 
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CURRENT S T R U m  conk 

The headquarters function for electricity supply consists of three sections: 

Research, which is responsible for researching the electric transmission and 
distribution system. Requests for line construction must be approved here; 
any request up to 4,000 kW can be approved by one of the branches. 
Requests above 4,000 kW must be submitted to the headquaners. 

Maintenance, which establishes work methods, develops the annual schedule 
of work, and provides the technical assessment of major items of equipment. 

Sales, where the primary focus is on assisting in the preparation of purchase 
and sales contracts. 

The electricity supply branches are separate legal entities with their own accounting 
and administrative support capabilities. Using the Sofia branch as an example, the 
large electricity supply branches are organized as shown in Exhibit 2-1. The principal 
organizational units include: 

Dispatch operations 
Maintenance and repairs 
Research and development 
Distribution and sales 
Materials and supplies 
Field operations. This group has six units reponing to it, including: 

Four regions (North, South, East and West) 
Substations 
A group responsible for major repairs. 

Finance and accounting 
Legal 
Labor improvement 
Salaries and planning 
Training 
Administrative support. 

RCGMagkr, BaiUy, Inc 
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I/ KEY COORDINATING MECHANISMS 

For the activities involving central dispatch and import/cxport, the key coordinating 
mechanisms are standardization of skills and standardization of work processes. 

For the electricity supply branches, the range of activities involves a variety of 
coordinating mechanisms, including direct supemsion, standardization of skills, and 
standardization of work processes. 

DESIGN PARAMETERS 

Work Specialization - Most of the activities in the electricity supply branches are 
highly specialized. 

I 

Unit Size - Relatively large. 

Training and Indoctrination - In general. these are activities that require and/or 
benefit from significant training (skills training as well as supervisory training). 

Formalization of Activities - Typically, significant time and effort are spent 

Planning and Control S y s k m ~  - These activities benefit from formal planning and 
control mechanisms. Some of the most common mechanisms that are suitable for 
these types of activities include accounting control budgets, work force management 
systems, meter reading routing and scheduling, formalized work planning, and 
management systems and formal project management systems. 

formalizing as many of these work activities as possible. 

Liaison Devices - Laison with other units is mostly confined within each branch. 
Simple liaison mechanisms are adequate for the inter-departmental and inter-branch 
communications needed. 

I 

I 

Scope of Authority - Decision makmg and lines of authority are clearly defined, but 
the delegation of authority is limited. There is some horizontal decentralization of 
decision mahng, but there is little venical decentralization in decision making 
authority. 

- - - - - - - - 

RCGMagler, Bailiy, lnc. 
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OBSERVATIONS AND CONCLUSIONS 

Many of the smaller new branches under-resoureed. When NEK went to a 
network of 28 electricity supply branches, there was apparently not a companion 
effort to ensure that every branch had resources consistent with their needs. Some of 
the "new" branches were formerly satellite offices of the larger branches. As such, 
they did not need to have a full complement of testing and other equipment. Since 
the creation of these branches, there has been a dispropomonate increase in the 
number of calls for assistance from the small branches. These branches formerly 
relied on the host branch for assistance; now they look to the headquaners, which is 
not equipped to provide a significant level of help. 

Transmission line losses are not separated out from distribution losses in judging ; branch performance. Transmission line losses are intermingled with. distribution 
I 

losses under the company's reporting systems. This makes it difficult to impossible to 
identify the causes of losses and assign responsibility for them. This situation, in turn, 
impedes the initiation of any corrective action. 

I - -- 
RECOMMENDATIONS 

Consolidate the 28 existing branches into a smaller number of larger branches. It is 
clear that there are too many branches under the current configuration. The smallest 
of the branches appear to be seriously under-resourced and, perhaps under-managed. 
NEK should reassess this situation to tar@ a reduction in the number of branches to 
an optimum level. Without benefit of a detailed study, our expectation is that such a 
reassessment will determine that the optimum level is in the range of ten to fifteen 
branches. 

Initiate a program to increase the company's control of meters. The current situation 
sunounding the company's ability to gain access to meters and to test and repair 
faulty meters will only get worse if left unaddressed. As the price of electricity rises, 
customers will have a greater incentive to prevent the company from repairing slow 
meters. And at any price, the company is not being paid for all the electricity being 
consumed under a system that could be riddled with defective meters. 

Use caution in evaluating the acquisition of advanced meter reading technology. The 
' 

advanced meter reading technologies now available offer substantial potential benefits 
to the company. However, our concern is that - even with compelling benefits -. 
they may not be economically justifiable for NEK at this time. 

-, 
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RECOMMENDATIONS, con& 

This danger is greatest with the fully automated technology that relies on the 
telephone system for polling meters. These systems require the installation of a 
device on the customer's meter: this instrumentation is costly (ranging from US$ 50 to 
US$ 150, without installation). The one-time costs of these systems constrain most 
western utilities from justifyng them in terms of cost savings - and the cost of meter 
readers is typically many times higher than in Bulgaria. When added to the likely 
difficulties associated with using the local telephone system, the prospect of 
successfully implementing this technology becomes highly problematic. 

The situation with the hand-held systems is less clear, but it should likewise be 
approached with caution. A reduction in meter reading errors is clearly a desirable 
result, but these systems can be costly too. Given these conditions and NEK's low 
labor costs, the company may get a better return from a program to increase the 
accuracy of installed meters. 

Separate the reporting of transmission losses from distribution losses. A 
prerequisite for a successful effort to reduce line losses is the clear separation of 
electricity losses by cause. Once this is done, the appropriate responsibility can be 
assigned and corrective action initiated. We understand that the company recently 
examined the possibility of accomplishing this recommendation. The company's study 
looked at the substations and the types and quality of meters that would need to be 
installed. The study concluded that the program would require two years to complete 
and would cost about 50 million leva (about w o  million U.S. dollars). 

RCG/Hagler, Bailly, Inc. 
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GENERAL DESCRIPTION 

The Development and Investment Division consists of two departments: Analysis and 
Development, and Investment. Analysis and Development has two responsibility 
areas. 

e Energy or Corporate Planning - This includes planning programs for 
consumption, forecast for loads and opcration/optirnization of functions. A11 
of these activities are to be conducted using least-cost methods. 

Research - The department conducts research related to forecasting the 
need for additional generating capacity. This includes research into the 
demand for all forms of energy, including oil, gas, propane, briquette, coking 
coal, etc. The actual demand and load forecasts are prepared either by the 
division or by an outside group. - .  

Forecasting and optimization of generation capacity is only a part of t 
total energy and fuel sector. This division develops detailed forecasts of 
electricity demand related to the macro-economic conditions of the country. 

The models used by the division are copyrighted and maintained within the 
unit. 

The unit also conducts research into all typcs of plants, including thermal, 
hydro and nuclear, as well as research into the transmission network. 

Some examples of research projects currently underway include: 

General problems, such as studies regarding the energy balance for the 
population of Bulgaria 

Gasification of households. including its impact on NEK's business 

The use of electricity for lighting (efficiency) 

Environmental effects of power stations. 
1 
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I DESIGN PARAMETERS 

Work Specialization - The work activities here are highly specialized and, generally 
speahng, require professional-level training. 

Training and Indoctrination - Most of the work in these areas requires a university 
degree and, for certain responsibilities, an advanced degree. A certain amount of 
training is necessary to impart the industry-specific and company-specific knowle - := 

requirements, but these requirements are readily imparted to a candidate with tk- 
appropriate educational qualifications. 

Formalization of Activities - Although these activities adhere to established 
approaches and techniques, etc., they require methodological planning and technical 
analysis that requires that this work be classified as unstructured. 

Unit Size - Very small. 

Planning and Control Systems - There is little need for formal planning and control 
systems beyond the basic scheduling, assignment control, and calendar control systems 
typical of professional work activities. 

Liaison Devices - Not relevant. Limited liaison is required; most communications 
from this division take place through formal channels. 

Scope of Authority - Not relevant. 

OBSERVATIONS AND CONCLUSIONS 

The work performed by this group combines elements of system planning and capital 
expenditure analysis. Some of the major areas of responsibility for this group relate 
to demand forecasting and capacity planning. Another set of activities is related to 
capital expenditure analysis to assess the economic viability of a proposed project. 
The slulls necessary to perform this work should be applicable to corporate planning 
and/or financial analysis. 

RCGMagler, Baillv, Inc. Augusr 1993 



(I Division ProiIIt Exhibit 2 4  
DEVELOPMENT AND DMSION P1uc2of4 

I GENERAL DESCRIPTION, cont 

Once a specific need is identified, the Investment Department investigates the 
investment that will be required. For example, some recent problems include the 
rehabilitation of the existing plants and the automation of the production process, 
including the automation of the dispatch function. At present, the highest-priority 
investments fall into three areas: 

Nuclear investments to improve the safety and reliability of Kododuy 
Rehabilitation of existing thermal plants 
Completion of the Chaira pumped storage plant. 

I The critical steps for the Research and Development unit are to: 

Develop a sound capacity expansion plan for the next ten years 
Establish prices that will enable NEK to operate profitably. 

I1 The critical steps for the Investment unit are to: 

Complete the low-level radwaste and spent fuel facilities 
Complete the pumped storage hydro plant. 

CURRENT STRUCIZIRE 

It The division is organized into two departments: 

Analysis and Development, with a staff of six 
Investment, with a staff of ten. 

KEY COORDINATING MECHANISMS 

In this division, the key coordinating mechanisms are the standardization of skills and 
direct supervision. 

RCGHagler, Ballly, Inc. Aupn 1993 
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OBSERVATIONS AND CONCLUSIONS, cont. 

Specific training will be required to master the skills required to conduct expanded 
least-cost-planning (LCP) activities. The company expects to be able to accomplish 
this through a variety of means, including assistance from other power companies, e.g. 
Central Maine Power Company and Electricite de France. However, the department 
considers that three other elements are key to its ability to accomplish the 
requirements of least-cost-planning. They include the right number and mix of skills 
among their staff, LCP sofrware and the creation of the appropriate data bases of 
energy statistics. 

- -- 

RECOMMENDATIONS 

Explore the possibility of consolidating the Investment Department as part of the 
newly formed finance function. The skills required for both departments are similar 
or overlapping. Given the close relationship between many of the work activities of 
the two groups, NEK should consider consolidating them. 

RCGMagier, Ba*, Inc. Augusr 1993 
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GENERAL DESCRIPTION 

The Generation Division includes all of NEK's power production activities. The 
responsibilities of the division's headquarters staff are: 

Thermal and Hydro - includes repair specialists who are familiar with the 
technical and economic characteristics of the plant. 

This group must approve all requests for maintenance work 
All plant proposals are submitted to headquarters 
This unit maintains close ties to the Operations and Fire Protection 
group 
It also attends ail division meetings. 

Nuclear - coordinates documentation with safety authorities, coordinates 
repair work. and is responsible for nuclear fuel supply for the Kozloduy 
nuclear station and its 5,000 employees. 

Due to the small size of the staff, there is no strict specialization of 
skills. 

There is one chief speciaiist responsible for the operation of all steam 
generators, a second responsible for all electrical equipment, a third 
responsible for all automated systems, and a fourth who is a chemist 
focusing on water/chemical treatment and radio chemistry at the plant. 

Another is responsible for worker safety; he deals with all 
modernization and reconstruction activities. 

Another prepares all maintenance and repair schedules and works with 
the central dispatching group to develop a comprehensive maintenance 
schedule. 

The unit also participates in the contract negotiations for any work to 
be done by an outside contractor. 

It also provides technical advice to the plant, and coordinates the work 
of evaluation teams conducting periodic audits. 

bodies, and prepares information responses as necessary. 
This unit also follows the developments of various international 

RCGmagler, B a w ,  Inc. August 1993 
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GENERAL DESCRTPTION, cont 

Operation Procedure Compliance and Safe Practices - is responsible for 
analyzing failures, including all accidents in the energy system, and is 
responsible for coordinating with the other depanments (e.g., thermal 
production) and the Home Ministxy. The prevention of failures, including 
the promulgation of control procedures, is a key responsibility of this unit. 
Its major functions and responsibilities are as follows: 

Oversees compliance with the technical operating procedures (TOP) 
for power plants and networks, electrical installation layout procedures 
(EILP), approved regulations for nuclear operations, fire protection, 
requirements of the State Inspectorate of Technical Supervision, and 
with other operation and maintenance related normative documents on 
the pan of power generation and distribution branches of the 
Company. 

Investigates or participates in the investigation of accidents occurring at 
the branches and enterprises of NEK 

Develops and follows up accident prevention actions. 

Conducts or participates in problem-oriented inspections for operation 
safety and efficiency improvements at the branches and enterprises of 
the Company. 

Draws up and distributes among the branches and enterprises of the 
Company technical briefs about major events which have occurred and 
the corrective actions to be taken with respect to such events. 

Directly participates in, and manages implementation of all orders and 
other instructions of the Company's management concerning power 
plant and network operation procedures, fire protection and industrial 
safety. 

Keeps record of infringements on the normal practices of the 
Company's branches and enterprises, as well as of the related 
performance indicators and labor accidents. On the basis of 
information received and of accident investigation rcsults, prepares, on 
a regular basis, analytical information for the Managing Board with 
power plant and network operation reliability assessments, and 
proposals aiming at reliability improvements. 

RCG/Hagler, Badly, Inc. 
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GENERAL DESCRIPTION, cont. 

Maintains regular contacts with and methodological control over the 
operating safety, industrial safety and fire protection managers at the 
branches and enterprises with a view to obtaining up-to-date 
information, its clarification and follow-up of the safety upgrading 
measures in the power plants and nenvorks of the Company. 

Participates directly in the dtveloprnent of instructions and other 
procedures related to the routine operation of power plants and 
networks. 

Attends the engineering boards and gives opinion about the procedure 
compliance level and work safety at discussions on power projects. 

The department implements its functions by maintaining contacts as 
listed below: 

- At the Committee of Energy with the sections in charge of 
operations and work safety 

- With the Committee for Peaceful Uses of Atomic Energy in 
relation to nuclear operations supervision at NPP Kozloduy 

- At the Ministry of Home Affairs with the section in charge of 
power site fire protection 

- With the State Inspectorate of Technical Supervision on matters 
of pressure vessel monitoring. 

The order of execution of the Department's functions is determined by 
existing normative documents on power plant and network operation 
and fire proztction. I 

The work of the Operation Procedure Compliance and Work Safety I 
Engineering Staff at NEK's branches is organized as follows: I 

The engineering staff responsible for operation procedure compliance 
and work safety is appointed at the positions allocated to the respective I 
branches and reports directly to the branch or enterprise manage 

RCGkfagler, Badly, Inc. 
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Exhibit 24 

GENERAL DESCRIPTION, coat. 

Responsibilities of the operation procedure engineering staff: 

- preventive measure control for assuring compliance with the 
prevailing rules and facility operation procedures 

- development and follow up of actions aiming at facility operating 
reliability 

- investigation of failures and infringements in the facility's 
operation, compilation of materials and analysis of facts, as well 
as ranking of failures and infringements 

- preparation and submission of reports in compliance with 
prevailing instructions. 

Responsibilities of the work safety engineering staff: 

- preventive measure control for assuring compliance with 
prevailing rules and work safety procedures for O&M staff 

' I %  - development and follow up of actions aiming at workdafety 
improvement 

- investigation into employment accidents .I . 
- preparation and submission of reports on employment accidents 

recorded at the branch or enterprise in compliance with existing 
instructions. 

The functions of operating procedure compliance and work safety may 
be executed by the same person. 

Every month the operating procedures and work safety engineering staff 
submit proposals for staff remuneration in compliance with the internal 
salary management rules and depending on operation and work safety 
compliance level. 

RCGPIagkr, BaUy, Inc. A u p r  1993 
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GENERAL DESCRIPTION, cont 

The new structure of NEK provides for an increase in the number of 
engineering specialists at the head office, direct subordination of the control 
unit to the President of the Managing Board, and expansion of the unit's 
function scope by: 

8 Monitoring of compliance with nuclear safety regulations at NPP 
Kozloduy 

8 Monitoring and control of operating and industrial safety activity at the 
branches and enterprises 

Development of proposals for amendment of management and 
executive staff salaries depending on the reliability and safety of the 
respective facility operation. 

Special Means of Transport - is responsible for all supplies that are ce a 
contracted, including all common spare parts (which are contracted out). 
Any spares that are plant-specific are bought by the plants themselves. This 
unit is also responsible for consigned stocks, which are maintained on a 
centralized basis. It also handles all fuel oil contracts. 

A11 other contracts are handled by the plants themselves. 

An estimate of the volume of central vs. plant purchases is that the 
centraIized spares contracts totalled about 200 million leva, while the 
plants contracted for about 400 million to 500 million leva. 

The Thermal/Hydro and Nuclear production headquarters staff participate in the 
budgeting process for the Generation Division by proposing the budget for repairs 
and working with the experts who develop the planned capital investments. These 
units also review all expenses as well as all maintenance and repair-type capital 
expenditures. 

The Development and Investment Department is responsible for all new 
projects. 
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CURRENT STRUCTURE 

The division is organized into four units: 

w Generation: Thermal, Hydro and Nuclear, with a staff of nine 

Generation: Nuclear Power Plants, with a staff of five 

Operation Procedure Compliance and Safe Practias, with a staff of 65, three 
of whom are located at the headquaners. 

Special Means of Transport, with a staff of eight. 

Each of the power plants is a separate organizational unit, although not a separate 
legal entity, with significant decision making authority. The plants can negotiate and 
sign all types of contracts, including: 

Fuel 
Repairs 
Research and Development 
Spare parts 
Loans up to 100 million leva 
Any transaction for fixed assets under 50,000 leva. 

However, the plants cannot make any foreign trade agreements, and any investment 
loans must be authorized by headquaners. Otherwise, the plants have fairly broad 
decision-making authority to run their businesses. 

KEY COORDINATING MECHANISMS 

The key coordinating mechanism for production activities is the standardization of 
work activities. 

RCGMagier, BaiUy, Inc. 
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DESIGN PARAMETERS 

Work Specialization - The work activities at the power plants are highly structured 
and specialized Most of the managerial, professional, and technical positions require 
university degrees, usually in an engineering or technical discipline. Many of the plant 
operator positions, including those involved in maintenance and repair activities, 
require significant skills that typically are learned through technical courses, 
apprenticeship and journeyman programs, and on-the-job experience. 

Training and Indoctrination - These operations generally require or otherwise 
warrant significant training and development programs. 

Formalization of Activities - Most of these activities are hlghly formalized and 
proceduralized. This is particularly true of the nuclear plant activities. 

Unit Size - The plants have very large staffing complements (e.g., 5.000 at Kozloduy 
and 1.000 at Bobov Dol), but headquaners is very small, both in absolute and re 
terms. 

Planning and Control Systems - The activities required to manage power generation 
operations effectively require complex, sophisticated, and formalized planning and 
control systems. 

Liaison Devices - Liaison is an important activities with three groups: labor 
syndicates, fuel suppliers, and independent contractors (for repair and maintenance 
activities, etc.). 

Scope of Authority - Broad discretion and decision-making authority have been 
delegated to the piants. This is consistent with the relationship between NEK's 
headquaners and the electricity supply branches, although it allows considerably more 
decision making authority than is customary in the west. 

RCGMagler, Bailly, Inc  
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SERVICES 

GENERAL DESCRIPTION 

The Administrative and Public S ~ M U S  Department is responsible for a range of " 

support services, including: 

Administrative services including secretarial and word processing staffs, mail, 
computer services, telecommunications, fax and copying machines. 

Information safety (records retention, etc.) regarding corporate documents. 

Transportation senices including arrangements for visitors and involving 
company cars and microbusses. This area also involves responsibility for 
maintenance of the elevators. 

Deliveries within the company (furniture, supplies, etc). - 
Management of the company resorts. The company owns three resorts on 
the Black Sea and five smaller resorts in the mountains for the use of 
employees. 

CURRENT STRUCTURE 

The department has a staff of 25, excluding contract workers (e.g., cafeteria, 
janitorial) organized by major function. Most of these employees hold cierical-level 
positions. 

KEY COORDINATING MECHANISMS 

Direct supervision. 

DESIGN PARAMEERS 

Work Specialization - Most of these positions are unskilled (e.g., drivers, copy 
machine operators), although certain of them (e.g., secretaries, word processing 
operators) are arguably semi-skilled. 

4 
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DESIGN PAMMEIERS, ant .  

Training and Indoctrination - Generally, these positions do not require extensive 
training or indoctrination. Some limited skills training is required for certain 
positions. Most involve on-the-job training. 

Formalization of Activities - There is some formalization of work activities for certain 
positions, but overall, there is little compared to other functions. 

Unit Size - Small. 

Planning and Control Systems - The nature of the work activities requires only the 
more rudimentary scheduling and work planning and control systems. 

Liaison Devices - Not relevant. 

Scope of Authority - Little to none. 

OBSERVATIONS AND CONCLUSIONS 

None. 

RECOMMENDATIONS 

Consider consolidating this function under a vice president of administration. See 
the discussion presented in Exhibit 2-7, Foreign Relations and Protocol Department. 

RCGMagler, BaUy, Inc. 
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Exhibit 2.7 

GENERAL DESCRIPTION 

The Foreign Relations and Protocol Department is responsible for the coordination 
and control of all the international activities of NEK Any activity involving any entity 
outside Bulgaria must go through the Foreign Relations and Protocol Depanment. 
The departmen t 's responsibilities include: 

Participation in policy development matters involving foreign relations 

Coordination and control of relations with foreign partners and international 
organizations 

Coordination and control of the activities of any member of the organization 
participating in the activities of any international organization 

Coordination of symposia and exhibitions to study foreign scientific or 
technical matters or any activity involving the exchange of technical 
knowledge 

Implementation of the Bulgarian Secretariat in various countries 

Coordination of separate units within NEK for investment, design, 
construction and operations involving any international element 

Maintenance of an information system for the foreign relations of NEK 

Coordination of and participation in the implementation of any document, 
rule making, or agreement signed by state bodies regarding electric energy 

Coordination of aid from foreign governments regarding loans from foreign 
banks 

Translation from Bulgarian to another language (and vice versa) of 
correspondence or documents with foreign partners 

Control and preparation of all documents authorizing foreign travel 

Implementation of all protocol services. 

RCG/Hagler, Bailly, Inc. August 1993 
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CURRENT SI'RUCI'URE 

The department has a staff of ten people organiztd as follows: 

Coordinators for 
Nuclear 
Power Generation 
Distribution and Supply of Electricity 

Interpreters and translators, with language capabilities in Enghsh, French, 
German and Russian 

Service protocols, responsible for booking travel arrangements, obtaining 
visas and other necessary travel documents. 

KEY COORDINATING MECHANISMS 

The department has mostly direct supemision by trained experts with responsibility 
for monitoring and control over the activities of other departments with foreign 
relations aspects. It has standardization of skills for translation services and 
standardization of work practices for protocol strviccs (i.e., travel-related 
documentation). 

DESIGN P A R A M m R S  

Work Specialization - The general monitoring and oversight of other departments 
requires a relatively sophisticated knowledge of NEK's business, with an 
understanding of international travel, protocols, etc. requires a combination of 
experience and specialized training (e.g., nuclear). The level of dealings within NEK 
requires that this position be headed. by a highly educated person. The translation 
services require highly specialized skills, while travel arrangements require specialized 
knowledge gained mostly on the job. 
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W DESIGN P-S, cont. 

I Training and Indoctrination - The preparation for translation wmces  requires 
significant formal education. The travel-related documentation and arrangements 
would require limited skills training, probably on-the-job training. The high-level 
monitoring of other departments' activities would appear to require mostly a certain 
intellectual ability rather than specific skill training (i.e., training beyond the university 
level required to deal with depanment heads). 

Formalization of Activities - Much formalization is required to support this function, 
in the form of reports, notifications of intent, etc. 

II Unit Size - Very small relative to the size of the overall organization. 

Planning and Control Systems - The department's emphasis is on controlling the 
actions and outputs of other departments. ?his entails an information system geared 
to monitor outside events (symposia, trades shows, etc.) as well as internal activi 
(e.g., equipment purchases from a foreign vendor). '1. 
Liaison Devices - This department is dependent on others to provide it with the 
information necessary to accomplish its mission. It should thus have well-developed 
liaison devices in place. 

Scope of Authority - There is limited authority delegated within the department (the 
department head exercises most decision-making authority). 

OBSERVATIONS AND CONCLUSIONS 

The Foreign Relations Department may represent a managerial resource that can be 
used to create organizational leverage. The department may offer the potential for 
some managerial leverage. The nature of the activities of this department have 
provided it with a broad overview of the entire NEK organization and unique 
involvement in its external dealings. This may represent a core of expertise that can 
be built on or used to consolidate other activities. 

RCG/Hagler, Badly, Inc 
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GENERAL DES@IUIrIION 

The Legal Department is responsible for all legal matters, including representing 
NEK in the courts. The department checks trading documents as required by other 
departments and branches. Each branch is required by Bulgarian law to have its own 
attorney; consequently, many documents are developed by the branches but approved 
by the headquaners legal staff. 

The company makes little use of outside attorneys. The exception to this is in the 
negotiation of loan contracts with foreign banks. These require the opinion of an 
independent lawyer. Typically, a lawyer is proposed by the company, but he or she 
must be approved by the bank(s). 

CURRENT STRUCTURE 
. '-, 

\ 
There are three attorneys in the department, one of whom is the department 1 

manager. Each branch has its own attorney, adding another 42 lawyers to the t o k r  

KEY COORDINATING MECHANISMS 

The standardization of skills is the principal coordinating mechanism in a professional 
senice organization. This is augmented by direct supervision in this small 
department. 

DESIGN PARAMETERS 

Work Specialization - The work of this depanment is highly specialized; a law degree 
is required to carry out the professional aspects of the department's responsibilities. 

Training and Indoctrination - Little training or indoctrination is needed for this 
department because of the stringent educational requirements for attorneys. 

Formalization of Activities - There is little formalization of work practices for a 
professional work unit. There is, however, a cenain degree of formalization inherent 
in the application of the procedural requirements of Bulgarian laws and rcgulatic 

1 

- - / ' I  

Unit Size - Veq small on an absolute and a relative basis. 
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DESIGN PAMMEERS, coat. 

Planning and Control Systems - Little formal planning and control is required for this 
department because of the well defined and legally prcscnid  nature of the work. 

Liaison Devices - Little liaison is conducted with other departments, except in 
procedurally defined situations. 

Scope of Authority - Not relevant because of the small size and professional nature 
of the department's work. 

OBSERVATIONS AND CONCLUSIONS 

The company's lawyers arc distributed throughout the organization. According to 
Bulgarian law, each legal entity must have its own legal advisor. This has led to a 
situation where there are attorneys at each of NEK's branches. It is unlikely that this 
allows for the optimal use of this resource. 

RECOMMENDATIONS 

Explore the possibility of consolidating more of the attorneys at the headquarters. If 
the company could consolidate more of the attorneys at its headquarters location, it 
would enhance its ability to optimize the use of this highly-skilled resource. The 
department would probably be able to handle more work without an increase in 
staffing. Such a consolidation would also increase the flexibility of the depanment 
and allow for some specialization of skills. 

Clearly, any such action would have to comply with Bulgarian law. However, it may 
be that each legal entity can have its own attorney, but located at the headquarters in 
Sofia rather than at the branch. There may also be instances where it is advisable to 
maintain lawyers at certain branch locations. Partial consolidation on a regional basis 
is another option that might be a viable alternative; it might also be done in 
conjunction with a concentration of more attorneys at the headquarters. 

We recognize that there are some practical difficulties associated with this 
recommendation. One relates to the time and cost of moving documents among the 
branches and the headquarters. As Bulgaria's telecommunications and parcel delivery 
services improve, this problem will be significantly diminished. There are other 
obstacles, but these must be tackled one by one. If they are, we believe NEK will be 
able to obtain beneficial results. 
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GENERAL DESCRIPTION 

This department has the following areas of responshility: 

Preparing any required materials for meetings of the Managing Board or the 
Supervisory Board 

Monitoring the decisions and orders of the Supervisory Board 

Because the departments (as opposed to divisions) are not represented 
on the Managing Board, the Office of the President is responsible to 
convey to them any required orders. 

Public relations, including maintaining contacts with the media 

Maintaining contact with the labor syndicates. 

An additional person (an attorney) has been added to the department to handle all- 
types of formal requests that come into NEK These include requests from the 
general public and firms for new hook-ups, general inquiries from the public, and 
labor disputes at any of the branches, among others. 

CURRENT STRUCmrRE 

The department consists of three positions, two of which were filled at the time of 
our review. 

KEY COORDINATING MECRANISMS 

Direct supervision. 

DESIGN PARAMEERS 

Work Specialization - The work in this area may be administratively complex, but it is 
not highly specialized. 

RCGMagier. Bailly, Inc. 
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11 RECOMMENDATIONS 

Consider consolidating the responsibilities of this department under a vice president 
of administration. The activities of this department are such that they would be 
easier to accomplish if they could be spread out over a larger group. This is 
particularly true of those occasions when multiple work peaks or deadlines coincide. 
Given this consideration and the fact that there appears to be some. similarity among 
several of the corporate staff departmenu at NEK, the company should explore the 
feasibility of combining these departments under a vice president of administration. 

Develop and implement an automated executive information system to facilitate the 
monitoring of key orders of the Supervisory and Managing Boards. The monitoring 
of Board decisions will likely always require a certain amount of ad hoc follow up. 
However, it might also be useful if the company developed an executive information 
system to provide senior management with performance indicators and other 
information - such as the status of Board decisions - without having to make --. 
specific inquiries. 

-I 
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Exhibit 4-2 (a) 
Bulgarian Electricity Sector 

Structural Change Implementation Process 

TRANS. NEK GEN. 

The cumnt arrangements with non-NEK suppliers of emrgy, such as disuict heating sotuces and NEK's customers 
who have thc capability to produce and arc dong so. must be fomralized to estblish commiuncnu. tncenuves and 
pcnaltles. ensure q u t y ,  and set compensauon 

Prrrtqulsatcs and Acuons: 

1 Evaluate adequacy of Bulgarian commclclal statutes and pracuccs to support fomd power purchase 
amngements wtth exlsung suppiacrs (e.g.. &ma hcwng and lndustnal customem). 

2. Pursue any mccssaq changes to Bulgarian kg& framework which arc aeedcd to ensure viabie business 
anangemem. 

3 Build up NEK capabhty to tstlbiish mgotiate dnd manage power purchase arrangements. 

4 Develop a model power purchase agmmca. 

5 h e  and execute formal arrangements wlth exsang suppliers. 
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Structural Change Implementation Process 

( INVESTORS ) 

DISTR. 

1 

i 
INDST 

!.,,,,,I-. 

Cost effective new sources of e m  ad a p a t y  cra k tnaDduced by creaung an environment whch facilitates 
development of rndcpcndcatly owid  gaenton provhng power to the NEK system under conuacrs. A 
demomuanon project should be undemkn. 

Prcreqwsires and Acuons: 

TRANS 

1. See Fim Step. evzluatc Iegd framework for suppon of bustms enterprise. conua~ts. bid* prcrcedures; 
pmw unprovemcmr whch uuble dcvclopment of indcpcndcnt power rrtourccr. 

NEK GEN 

3.  Idenafy model pmpa oppommrty; execute agrrcmcnt; evaluate proct~s and resub. 

4 Prepare rntcgnted resourre pkn: w to gu~de nature and amount of sournng needs and oppomues  

5 Prepare lendcn for ruoures needed. 

6 Evaluate proposals. select: negouace conuaczs. 
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Bulgarian Electricity Sector 

Structural Change Implementation Process 

NEK GEN. 

G m  gentraung assets of NEK could potenullly be sold to thud =flees) to unprwe the dficlerrv of the senor 
For examplt. caplul anncuon for rrhab~ltunon or Mucuon of NEK's c ~ s w  lo con risks from opennons. ~ IE  

poss~ble w o r n  to dwea 

Rreqruslus d Amom: 

1 Sec ~ t e m  1 4  In "aew IPPs' ncp 

3 One or morr ~ntcrrntd irrveslon must be av8Jble. 

5 Prrpvc m w  documents for sale a d  corn for dehvtry of power 10 NEK gnd. 
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Structural Change implementation Process 

NEK Power 
Plant) 

DISTR. 

TRANS. 

Based on the experience gained and results obtained, evaluate opportunities for continuing 
operational efficiencies or financial benefits from organizational refons in the generating sector. * 

NEK GEN. 
(C haira PS, 
Nuclear, 
Other) 
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5.0 REGULATION OF THE ELECTRIC POWER SECTOR IN 
' BULGARIA 

5.1 OUTLINE OF THIS CHAPTER OF 'THE REPORT 

This chapter is organized as follows: sections 5.2 through 5.4 below describe the current 
structure of regulation of the energy industries in Bulgaria. Section 5.5 discusses 
regulation during the transition period and d e s c n i s  the new draft legislation for 
regulation of the electric power industry. 

5.2 ENVIRONMENTAL REGULATION 

Protection of the environment in Bulgaria, apart from nuclear generation, is primarily the 
responsibility of the Ministry of Environment The work of that agency in monitoring 
and regulating the electric power sector is described in Appendix C1. Standards have 
been developed and regulations promulgated relating to air and water pollution. 

' Essentially, environmental protection is carried on in a command-and-control mode, 
much as it was (and to a considerable extent still is) in the United States prior to the 

@ recent passage of the Amendments to the Clean Air Act (CAA). 

It is recognized that, at least through 1995, many electric power facilities in Bulgaria will 
be unable to meet the established standards without substantial infusions of capital. 
Consequently, exceptions and compromises will be necessary for some time. 
Nevenheless, efforts are in progress to accomplish as much as possible within existing 
limitations. 

The standards that have been developed for Bulgaria appear to be based primarily on 
standards developed elsewhere, rather than on any overall set of objectives for air and 
water purity for the country of the type employed in the CAA. Bulgaria's size and 
geographic location is such that standards may not be meaningful unless developed and 
enforced on a multi-national basis. 

Whether or not standards are based on national or multi-national pollution control 
objectives, it is important that some method be employed to ensure that such standards 
are met efficiently. In the United States, a market mechanism is being employed for this 
purpose. Of over 100 U.S. power plants, each has been assigned a specific number of 
pollution allowances, each of which constitutes a right to generate a specified amount of 
SO2 per year after 1995. Generation by any utility of SO2 beyond the amount for which 
it has allowances camcs stiff penalties. A utility may choose any of several methods to 
comply with its allowance limits, such as installation of one or more scrubbers, purchase 
of low-sulfur coal or generation with fuels containing less SOz, such as natural gas. 
Alternatively, it may choose to purchase allowances from other utilities that have excess 
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maintain an average margin of about 15 percenr. Many of the branches, however, 
operate at a loss. The incentive mechanism m e n t h  in place for the sales branches is 
not based on profit margins but on transmission and dismbution losses. 

Prices charged by a privatized NEK to its sales branches, if these were independent 
companies (aftiliated or u n m a t e d  with the NEK), should be regulated by an 
independent agency or commission. Prices charged by dism'buton should be set on the 
basis of those purchased power costs plus distribution costs. In Bulgaria, the need for 
regulation of transfer prices will depend on the form and the extent of the industry's 
disaggregation. If the form of disaggregation is limited to establishing profit centers, 
there will be a need for carefully designed transfer prices to encourage goal congruence 
and facilitate economic decision-making by the profit center managers. 

Deterioration of the quality of electric service in Bulgaria has become a matter of serious 
concern. In part, the poor quality of service can be attributed to inadequate operable 
generation as well as limited fuel supplies. To some extent the age of the distribution 
plant explains pan of the problem. But operational problems and inadequate 
maintenance, as well as delays in responding to service complaints, are also partly to 
blame. 

Problems of inadequate generation and outdated dism'bution facilities will require 
infusions of capital to refurbish and upgrade the physical facilities. To the extent that 
service quality is adversely affected by poor operation and maintenance and inadequate 
attention to senice complaints, improvements also could be achieved by (1) privatization 
of distribution systems and (2) improved pricing. 

Managers of privatized dism'bution operations (whether part of a fully integrated electric 
company or as separate distribution companies) seeking to maximize profits will have 
strong incentives to improve service quality, at least to the extent that this means 
reducing supply intenuptions. So long as price exceeds out-of-pocket costs (essentially 
fuel cost), interruptions of service mean out-of-pocket losses. There are also costs 
associated with receiving and processing complaints, and labor and material costs of 
correcting the outage. Finally, there are indirect costs associated with unsatisfied 
customers who are less likely to pay bills promptly, and less likely to support the 
company in other aspects of its business. 

The semce quality of a privatized distribution company should bc regulated by an 
independent agency, because companies have inadequate incentive to ensure reasonable 
quality of service to customers or may have an incentive to discriminate among its 
customers under some circumstances. This might occur, for example, if out-of-pocket 
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among the numerous matters that must OCCUPY the time and energy of ministers of the 
government Further, the need to keep the Kozloduy plant in operation to ensure 
adequate power supply in Bulgaria necessarily creates pressure to reduce emphasis on 
health and safety requirements. 

Consideration, therefore, should be given to creation of CAE as an autonomous agency 
with clearly defined responsibility for ensuring that health and safety requirements are 
met. The authority and responsibilities of this agency would h& to be clearly set forth 
in law along with the health and safety standards that are to be enforced. A transitional 
period, during which Kododuy is brought up to standard, may be desirable. For 
example, one possibility might be that during this transitional period, the orders of the 
agency could be overmled by the Council of Ministers, but ox@ on the basis of a full 
written explanation made pubiicly available. 

Following the transition period, not to extend beyond some reasonabie and specific date, 
the CAE could be reconstituted by law as an independent agency k t h  at least three 
members with equal voting power in decisions of the committee. At least two of these 
should be spcciaiists in the fields of nuclear engineering, physics or chemical engineering. 
Each would be appointed by the Council of Ministers for 5x4 staggered terms. 

- 

Decisions of the CAE would be reviewable only by an appropriate court An agency 
constituted in this way should be in a position to ensure the health and safety of the 
population without undue political influence. 

5.4 REGULATION OF PRICES AM) SERVICE 

5.4.1 Roles of the Committee of Enem and the National Commission on Prices 

To the extent that there is regulation of electricity prices and s e ~ a ,  this function is 
performed by the Committee-of Energy (COE) and the National Commission on Prices 
(Price Commission). The work of the COE is described in Appendix C3. Essentially it 
exercises responsibilities for policy analysis and implementation in the energy field1 

The relationship between the COE and the Natsionalna Elektricheska Kompania (NEK) 
is unclear. Some say that the COE generally reflects the wishes of the NEIL Soon after 
the NEK was established, the COE prepared the proposal fok the first round of price 

Proposed t a S  for them1 energy and coal move through the COE before review by the Pria 
Commission; proposed tarifk for eltctric power, howmr, move directly to the Price Commiuion without 
formal action by the COE As noted in the tcx& however, these tar= are developed largely by the COE 
in the fvst place. 
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profit margins vary substantially among different customers p u p s  or if the amounts of 
energy taken by Nnomen vary substantially in different areas. The regulatory agency 
could have a procedure whereby those who are unsatisfied with their service or believe 
they are being discriminated against can complain to the regulatory authority. Unless the 
complaint is frivolous on its face, a response to the complaint would be required of the 
company. Investigation of the complaint by the agency staff may be necessary. h e d  
with information obtained in this way, the ageney would be in position to resohe the 
complaint Such resolution may simply be a determination that the complaint warrants 
no action. If action is warranted, it may take the form of a directive requiring some 
specific response by the company. Failure to respond to directives of the regulatory 
agency may subject the company to monetary penalties or other forms of coercion such 
as a reduced rate of return on the next time its rates arc up for review. 

Improvements in service quality may also be expected from improved pricing. The 
incentive to avoid interruption mentioned above stems from the assumption that price 
exceeds short-run margmal cost (SRMC). 

5.5 REGULATION DURING TRANSITION 

While estabIishmcnt of a Bulgarian Energy Regulatory Agency with the responsibility and 
authority outlined in Appendix C4 may be appropriate for a privatized Bulgarian electric 
power industry the appropriate form of regulation during the transition period depends 
on the structure of the industry as it evohes. If the NEK were privatized, regardless of 
whether there is any disaggregation, some regulation would be neassary. If, on the 
other hand, the state retains ownership of all of the assets of the electric power industry, 
the need for an independent regulatory authority is much less clear.3 At the moment, 
ownership of the assets of the power industry is vested in the COE, although the new law 
cunently in draft form appears to contemplate private ownership, possibly with some 
disaggregation (e.g., the introduction of independent power producers into the generation 
market). 

For exampk, in the U ~ t e d  States, the FERC has the authority to determine the overall revenue 
requirements of the Bonncvik Power Administration (BPA) as well as to fix the rates at which it sells 
power into California, even though BPA is a pan of the U.S. Department of Energy. The Tennessee 
Valley Authority, on the other hand, is unngulaud. 

RCGMagkr, Bailly, Inc 



As cunently drafted, the proposed legislation would vest comprehensive authority for 
regulation of the electric power sector in the COE4 While si@cant pans of the 
legislation vest control in the Council of Ministers (e.g., control of prices of electric 
en~rgy),~ it is apparent that, since the control is to be based on proposals by the 
Committee of Energy, the COE will hold most of the authority and responsibility. In 
addition to price control, COE authority over electric utilities would extend to: 

Issuance of licenses for production, transmission, and distribution of 
electricity 
Issuance of rights to build, extend, or renovate bulk power facilities 

w Approval of proposals to import or export electricity 
w Operation requirements for 
w Investment plans of electric 
b Environmental protection 
w Service quality 
w Information requirements. 

bulk power facilities 
utilities 

5.5.2 Ned for Inde~cndenec 

While the draft legislation describes the authority and responsibility of the COE in some 
detail, as well as the obligations of the regulated entities, it is silent on the organizational 
structure of the Committee of Energy. It is reasonably clear, however, that the COE 
would continue to operate as an arm of the Council of Ministers. This may be 
reasonable if the enterprises regulated by the COE are state-owned, but less so if one or 
more of the enterprises become privatized Independence of the regulatory authority 
from the executive and legislative branches of government is essential in order to 
minimize political considerations in the implementation of policies designed to optimize 
efficiency and equity. It is also important as a means of encouraging private (domestic or 
foreign) investment in the assets of the electric power sector. 

' Appendix CS contains a summary outline of some of the more imponant features of the draft 
legislation at a fairly early stage in its development 

The draft kgislation does not mention the Pria Commhsion. 
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A.O . FUNCTIONAL DESCRIPTIONS AND LINKAGE DIAGRAMS OF 
FUNCTIONS 

As referenced in Chapter 3.0, Central Dispatch, below a r t  examples of functional 
descriptions taken from a recent MIS feasibility study with linkage diagrams of the 
functions shown in Figure A-1. 

Circuit Maps 

Descri~tion: Reproducible drawings containing power circuit information 

Inuuts: Existing drawings are updated with field information 

Process: Each week. engineering and operations staff identify field changes on 
exlsting drawings. These drawings are redrafted to incorporate updates within a few days 
of reciipr of changes. Drawings are distributed by Distribution Engineering to Power 
Distribution yards and Power Distribution dispatchers. 

Outputs: Updated drawings. 

Problems: Process is manually intensive, drawing information represents week-old 
data. Accurate map information is accessible at one location only. Improved access is 
desirable. 

Con tract Development 

Description: Preparation of plant equipment and engineering service contracts. 

Inputs: Standard contract documents 

Process: Appropriate legal and financial sections, received from the business 
operations group, and technical sections from mechanical engineering, are added to 
standard contract document text to produce draft contracts. Following bidding and 
evaluation. final contracts are developed with legal. business operations and mechanical 
engineenng. 

Out~uts :  Final contracts are sent to vendors and processed internally by Business 
Operat~ons. Invoices for engineering serwces, equipment, and fuel are sent to the 
Finance Department. 

Problems: Extensive document preparation and information transfer in the review 
process. 

RCGiHagler. Badly. Inc. 
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B.0 ACTION PLANS 

n s  Appendix details the Action Plans for the National Elecuic Company of Bulgaria. 
Exhibit B-1 provides an index, by department, to the Action Plans. which are detailed in 
Exhibits 8-3 through B-21. A legend for the Action Plans is given in Exhibit B-2. 

NEK Action Plans INDEX OF ACTION PLANS Exhibit B-1 

Exhibit Corporate Finance Division 

Implement basic budgeting and conuol concepts and mformation systems 
Estabhh a formal financial planning process 
Implement improved cash management systems 
Update and formalize the policy and procedure manuals for the accounting 

and finance function 
Estabhh an internal audit function 
w a n d  resources as necessary to develop a professional accounting and finance function 
Upgrade basic accounung systems 

Devdopment and Investment Division 

Consider consolidating the division with a newly formulated corporate planning function 

Electricity Supply Bmncha 

Consolidate the 28 existing branches into a smaller number of larger branches 
Initiate a program to increase the company's control of meters 
Use caution in evaluating the acquisition of advanced meter reading technologies 
Separate the reporting of uansmission losses from distribution losses 

Generation Division 

Expand the size and responsibilities of the headquarters staff 
Studv the possibility of esublishlng the nuclear operations as a separate division 

All Departments 

Consider consolidating this function under a vice president of administration 

Le#al Deparbmult 

Explore the possibility of consolidating more of these attorneys at the headquarters 

omn of the Prrsidmt 

Develop and implement an automated executive service information system (EIS) to 
facilitate the monitoring of key orders of the Supervisory and Managmg Boards 

Personnel Department 

Implement a project to automate the company's personnel records 
Consider expanding the scope of responsibilities of the Personnel Department 

RCGMagler, Badly, Inc. 



LEGEND Exhibit B-2 

/I A description of the recommendation. 

MAJOR STEf S 

An outline c .ne major steps or phases required to implement the recommendation. 

RESOURCES REQUIRED 

Suggests the division, depanmenf or position to be given the overall responsibility for implementing 
the recommendation and outlines the nature of the resources required. 

SCHEDULE 

Indicates the estimated sequence of events for the major steps and provides an estimate of the timing 
required. 

ESTIMATED COSTS AND BENEFITS 

Provides an estimate of the order-of-magnitude costs (both one-time and recurring) and expected 
benefits from implementation of the recommendation. 



Action Plan CORPORATE FINANCE DMSION Exhibit B-3 

(RECOMMENDATION 

1 Implement basic budgeting and control wnocpts and information systems. 

MAJOR STEPS 

w Identlfy and appoint budget staff. 
c Develop a conceptual design for the budgeting process. 
b Identlfy computer systems requirements. 
w Identrfy the lnformauon flows, work flows, and a timetable. 

1 c Develop and disseminate budget instructions and forms. 
b Conduct trainmg sessions for those to be involved. 

RESOURCES REQUIRED 

c Guidance from a knowledgeable expert in the area of budgeting. 
b Training. 
c Budget analysts. 

Computer resources. 

SCHEDULE 

Appoint key staff by June 30. 1993. 
b Complete conceptual plan, including computer system requirements, by September 30. 

1993. 
b Complete information flows. e tc  by September 30. 1993. 

Develop and disseminate budget packages by September 30, 1993. 
Conduct initial uaining sessions by September 30, 1993. 

b Initiate budp t  cycle by October 1, 1993. 
b Conduct continuous trainrng through the completion of the budget cycle. 

ESTIMATED COSTS AND BENEFITS 

The casts include the cost of the headquarters budget unit staff, the cost of any budget 
clerkslanalysts required by the branches. and the cost of computer resources. 

b The principal benefits include a better understanding of costs on the part of the 
managers responsible for controlhe them and the resultant improved cost wntrol. 

RCGMagler, BaiUy, Inc. 



Action Plan CORPORATE FINANCE DMSION Exhibit B-4 

RECOMMENDATION 

Establish a fonnal financial planning process. 

MAJOR STEPS 

Idenufy or recruit planning analysts. 
Define the responsibilities of the Financial Planning group. 
Idenufy financial planning requirements (outputs). 
Idenufy mformation system requirements. 
Develop a conceptual design of the financial planning process. 
Identify mformation flows, work flows, and a timetable. 
Conduct training sessions. 
Develop a schedule to inaugurate the financial planning process. 

RESOURCES REQUIRED 

b Guidance from knowledgeable expert(s) in financial planning. 
b Financial analysts. 
b Computer resources. 
b Trainmg. 

SCHEDULE 

b Recruit staff by June 30. 1993. 
b Complete conceptual design and system needs by August 30, 1993. 
b Idenufy information flows, etc. by October 30, 1993. 
b Complete initial training by September 30, 1993. 
b Complete schedule to Inaugurate financial planning process by October 31. 1993. 

ESTIMATED COSTS AND BENEFITS 

b The costs will include financial analysts, computer systems, and any financial planning 
models considered appropnate. 

b The benefits will include an enhanced ability to s e m  the information needs of senior 
management and the ability to comply with the information needs of international 
lenders. 

RCGMagler, BaUy, Inc 



RECOMMENDATION 

Implement improved cash management systems. 

b Document and provide flow chart of existing flows of cash, indicating amounts, timmg, 
frequency, erc. 

8 Trace the cycle from meter reading through billing and collection. and 
including deposits to banks. 

I Include the management of cash after deposiL including the management of 
accounts payable. 

b Identify recommendations for improvement. 
b Develop action plans to implement recommendations. 

RESOURCES REQUIRED 

b For the audit of the company's cash system. the key resource is technical assistance 
from expert(s) in assessing cash management 

b The resources required to implement any recommendations cannot be determined at 
this time. 

I/ SCHEDULE m 
w Given the fact that Bulgaria's economy is essentially a cash economy, this will be a 

limiting factor in achieving an advanced cash management system for NEK. 
Nonetheless, NEK should identlfy those improvements that can be implemented now. 

Complete the review of NEK's cash systems and processes by October 31, 1993. 
b Develop implementation plans by December 31, 1993. 

ESTIMATED COSTS AND BENEFITS 

The net benefils (after deducting costs) should be substantially, even though they are 
not quantifiable at this time. 

RCG/Hagler, Ba*, Inc. \ YP 



I ~ d i o n  Plan COBfOIUTE FINANCE DIVISION Exhibit Bd 

RECOMMENDATION 

Update and formalize the policy and procedure manuals for the accounting and finana function. 

MAJOR STEPS 

Identify the key policy issues and procedures for the accounting and finance function. 

F Obtain and review sample policy and procedure manuals from other electric utili? 
organizations. 

b Develop a preliminary draft of both manuals. 

w ReCliew and finalize the manuals. The reviewers should include the Management 
Board and the Board of Bank Managers. 

RESOURCES REQUIRED 

b Guidance from expen(s) knowledgeable in financial policies and procedures. 
w The time and effon of one or more members of the financial staff. 

SCHEDULE 

b Idenufy key policy issues and procedures by July 31, 1993. 
b Obtain and review a represenmive sample of manuals by September 30, 1993. 
w Complete preliminary draft by December 31, 1993. 
b Finalize policy and procedure manuals by March 31, 1994. 

- 

I 

ESTIMATED COSTS AND BENEFITS 

b The coso of this recommendation should be minimal. They will relate to the time of 
those who develop the manuals. 

The benefits include a clearer definition of the direction for the accounting and 
fmana function and a better understanding on the pan of those who work in the 
division. 

r 

RCGmagler, Bailly, Inc. \ w  



Dqnmmurt M e :  Pmonnei Department 

GENERAL DESCRIPTION 

The major responsibilities of the Personnel Department are to: 1) appoint new hires, 
2) maintain vacation and pension records, and 3) process employee terminations for 
aU headquarters employees, including the Central Dispatch group. The total number 
of employees for whom records must be maintained is about 450. Most of what this 
department does is concerned with the processing of documents. And substantially all 
of the records and documentation are ~anually maintained The records that must 
be maintained include: 

Employee files 

- Correspondence 
- Cumculum vitae 
- Diploma 
- Medical exam 
- Signature card 
- Labor card 
- Results of a check of court records 

List of employees on sick leave 

Requests for vacation time 

Identification cards 

An employee register, listing date of birth, the labor contract number, 
job title, date of hire, date of termination, and any notes or comments 

Pension notices 

Pension folders for all employees 

Maternity leave folders 

Employee contract folders 

Folders for ail outside work 

Penalty Act records 

Vacation schedules. 



II Exhibit 2-10 

The department processes all vacation, termination and pension data. Each of the 
branches has a similar J X Z S O M ~  function with the same responsibilities. 

The Personnel Department at NEK's headquarters consists of two people. One acts 
as department head and the second is a personnel specialist The department head 
is, in effect, a working lead (as opposed to having only management or supervisory 
responsibilities). 

It KEY COORDINATING MECHANISMS 

Direct supervision is the key coordinating mechanism in a department as small as this. 
In addition, the nature of work processes is highly prescribed due to the existence of 
employment laws and regulations. 

Work Specialization - The work of this department requires howledge of the 
employment laws and regulations of Bulgaria. OtheNvisc, it requires knowledge of 
the various specialized forms, documents and reports -- and the associated procedures 
-- required by the system. 

Training and Indoctrination - The job requirements of the department can be 
acquired through specialized training programs and on-the-job training. 

Formalization of Activities - As is true in most industrialized nations, there are many 
specific laws and regulations governing most matters pertaining to employees. 
Consequently, most tasks are highly defined in terms of what must be done in specific 
instances. 

II Unit Size - The unit size is extremely small on an absolute and relative basis. 

Planning and Control Systems - Little formal planning and control is necessary due 
to the small size of the group and the well-defined and legally prescribed nature of 
the work 

Liaison Devices - The Personnel ~ c ~ & t m e n t  acts solely in a staff support capacity 
and its needs for liaison with other departments are limited beyond the formal 
handoffs necessary to process employee data. 



OBSERVATIONS AND CONCLUSIONS 

The scope of responsibilities of the personnel department is narrowly defined. The 
responsibilities of the personnel department are limited to maintaining the legally 
required documentation for employee actions. In addition to these matters -- 
essentially personnel administration - there are several other responsibilities that are 
now typically included as pan of a more broadly defined human resources 
department They include the following: 

b Training and development 
Compensation and benefits management 
Safety management 

b Organizational planning. 

Responsibility for personnel matters is diffused throughout the organization. The 
headquarters for personnel function is responsible only for its own employees plus 
those in Central Dispatch. Otherwise,each branch maintains its own personnel 
department, which performs the same activities. Although there are certain human 
resource management activities that naturally should be performed locally, there are 
others -- especially certain of the personnel administration tasks - that can be 
centralized Centralization may require automation of the personnel records, but this 
should be done anyway. 

Almost all personnel records are manually maintained. Substantially all of NEK's 
personnel records are manually maintained And while certain of them (e.g., each 
employee's labor card) are required by law, there are many elements of information 
that could be automated. As the organization continues to become more complex 
and competitive, the personnel function will be expected to go beyond its personnel 
administration responsibilities. Automation of existing rccor& (to the maximum 
extent possible) should be performed as a first step to enable the orderly expansion 
into a broader set of responsibilities. Even if it is decided to restrict the Personnel 
Department to its current administrative responsibilities, these records should be 
automated. 

Consider expanding the scope of responsibilities of the Personnel Deparhnent. In 
addition to its existing responsibilities -- essentially personnel administration -- there 
are several other responsibilities that are now typically included as pan of a more 
broadly defined human resources department. They include the following: 
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Training and development 
Compensation and benefits management 
Safety management 
Organizational planning. 

As NEK continues to implement advanced management techniques necessary to 
function effectively in a market oriented economy, it will becow increasingly more 
important to make the best use of its human resources. The fact that labor costs are 

/ low does not justify squandering this resource. If the company is successful, this 
complex of activities will become increasingly more important to sustaining success. 

/ NEK should begin now to build a broadly defined human resource management 
, function. 

Implement a project to automate the company's personnel records. The automation 
of existing records (to the maximum extent possible) should be performed as a first 
step to enable the orderly expansion of the personnel function into a broader set of 
responsibilities. Even if it is decided to restrict the department to its current 
administrative responsibilities, these records should be automated to improve 
efficiency. 

Explore the feasibility of consolidating personnel activities. NEK should explore the 
feasibility of streamlining the personnel function in tandem with an expansion of the 
depanment's responsibilities. In all likelihood, there will always be certain human 
resource management activities that naturally should be performed locally. But there 
are others -- especially certain of the personnel administration tasks - that can be 
centralized. Centralization may require the automation of the personnel records, but 
this should be done anyvay. 



3.0 ORGANIZATION OF NEK'S NATIONAL DISPATCA CENTER 
AND OPERATIONS MANAGEMENT INFORMATION S Y m M  

3.1 BACKGROUND AND ORGANIZATION FOR THIS REPORT 

Hagler, Bailly reviewed the area of power systems opcrahbm, including a limited review 
of NEK", EMSISCADA system. We were concerned that there might k some 
duplication between our work and that sponsored by the European Community (EC). 
The written instructions provided to Hagkr, Bailly were bared on U.S.A.LD.'s Terms of 
Reference and spec~cally included an analysis of NEK's Central Dispatching system. bc 
urged that there be complete exchange of information with the EC transmission 
consultant. 

the result of meetings with a representative of ESB International (ESBI) who was 
responsible for organizing the EC funded project in Generation and Transmission, the 
renew was reorganized to include Enera Management SystemBuprvisory Control and 
Data Acquisition (EMSECADA), and to address the subject of Operations Planning, 
which is often not included in the definition of EMSBCADA technology. The Venn 
diagram (Figure 3-1, below) presents the difference between Hagler, Bailfy's assignment 
and the EC's in connection with the Central Dispatching analysis. 

Figure 3-1: Venn Diagram of the Central Dispatching Analysis Studies 
\by , -  . 

RCGMagler, Badly, Inc Augun 1993 



The diagram shows that the EC's effort is significantly larger than Hagler, Bailly's in the 
EMS/SCADA area, that some overlap is acknowledged, and that the EC emphasizes 
technology, whereas Hagler, Bailly emphasizes organization. 

The situation is further complicated by the fact that ESBI does not have the assignment 
to study Central Dispatching, but to determine the Terms of Reference (TOR), which we 
usually call Statement of Work, of another European consultant who, according to an 
ESBI representative, would commence work in November 1992 The budget set aside 
for the Generation and Transmission element is $1.3 million out of the total budget 
(excluding the nuclear safety problem of Kozloduy) of $13 million allocated to the 
Committee of Energy (COE) by the EC The $1.3 million portion includes the analysis 
of an interconnection with UCPTJ5.l Hagler, Badly did not see ESBI's Terms of 
Reference in EMSBCADA, most probably because the TOR had not been sanctioned 
yet by Brussels, nor the budget, although it was estimated to be in the range of $300,000 
to $400,000. A fraction of the $ 3 W k  slice was to be spent by ESBI to help the 
World Bank evaluate COE's application for the EMSBCADA modernization, which is 
discussed later in this chapter. 

The relations between COE and NEK as well as the internal organization of NEK are 
shown in Figure 3-2 The block that is most relevant to the EMSECADA function is 
Central Dispatch ControL 

An additional complication to this study is a World Bank loan application by the 
Bulgarians to complete and expand an EMSBCADA system dating back to 1982 The 
vendor, Landis and Gyr of Switzerland, is still under contract and so is the project 
consultant, EnergoProekt of Sofia, formerly a division of the same Ministry that 
contained NEK and now a large independent A&E firm. The International Bank for 
Reconstruction and Development (IBRD) just completed a mission in the course of 
which the EMSBCADA application was reviewed2 

Procuring key documents in English proved difficult in this task On the last day of the 
study we received a 50-page do~ument,~ which describes what improvements to the 
EMSBCADA system are believed to be necessary. A spot-check of their proposal (the 
EMS portion only was reviewed) indicated a good understanding of the technology and a 
balanced view of how much is really needed. 

UCPTE - Union p r  b Coadinorion & h Ploducrion ct du T b u p m  & I'EIecaicirrC. It is basically 
the Western European Power Pool 

Draft project for financial assistance 'Energy Management System Deve)opmentm No source or 
date is grven for the document The subcontractor beliens it was authored by EnergoProekt two years 
ago. 

RCG/Hagkr, BaUy, Inc 
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Figure 3-2 NEK Organization Chart 



Action Plan CORPORATE FINANCE DMSION Exhibit 8-7 

1 RECOMMENDATION 
I 

Establish an internal audit function. 

MAJOR STEPS 

b Identifv the mission of the internal audit function and develop a prelhinaxy proposed 
work plan. 

b Estimate the staffing needed to accomplish the proposed work plan. 

b Recruit and uain appropriate staff. 

- -  

RESOURCES REQUIRED 

b Staff personnel with appropriate backgrounds and mining. 
b . Technical advisory guidance from expcrt(s) knowkdgeable in internal auditing. 

SCHEDULE 

w Idenufy the unit's mission and proposed audit plan by September 30, 1993. 
b Recruit and train staff by December 31, 1993. 

ESTIMATED COSTS AND BENEFITS 

b The largest single cost will be the cost of additional staff. 

b The benefits will be enhanced compliance with accounting and operational policies and 
procedures. and improved internal accounting controls. 

RCG/Hagler, Bailly, Inc. 



Action Plan CORPORATE FINANCE DMSION Exhibit B-8 

RECOMMENDATION 

Expand resources as necessary to develop a professional accounting and finance function. 

MAJOR STEPS 

b Idenufy those elements of the accounting and finance function that will be required for 
NEK 

b Prioritize the various elements in terms of importana, sequence, and timing. 

b Develop a plan to recruit and train key staff. 

w Idenrify the implementation resources required (procedure development, professional 
guidance m developmg key processes, staff training and development. etc.). 

RESOURCES REQUIRED 

w The key resource will be professional staff for the expanded function. 
b Training and development will be a critical activity. 
w Outside assistance will be needed in establishing key processes. 

SCHEDULE 

b Identify priorities and develop a recruitment plan by September 30. 1993. 
b Obtain agreement for outside assistance by September 30, 1993. 
b Establish milestones based on the final budget approved for this activity 

ESTIMATED COSTS AND BENEFITS 

b The single greatest cosr will be the cost of recruiting and training the professional and 
administrative staff. 

b Other costs will include costs for facilities, computers, and accounting systems (see 
other recommendations). 

b The benefits will include compliance with mandatory financial filings and improved 
planning and decision making by management. 

b A strong corporate finance and accounting goup is essential for success in a market- 
oriented economy. These expenditures should not be viewed as optional. 

- -  - 

RCGIHagler, Bailly, Inc. 



Action Plan CORPORATE F'INANGE DIVISION Exhi bit B-9 

RECOMMENDATION 

Upgrade basic accounting systems. 

MAJOR STEPS 

Il Develop an invitation to submit qualiljcation statements. 

II 8 Circulate to major software vendors and accounting firms. 

H Select a firm or firms to assist NEK 

II Conduct a needs assessment study. 

I ~ b Develop a preliminary information systems plan. 

11 RESOURCES REQUIRED 

w Know-how: This will include firms with expertise in implementing large-scale systems. 
as well as technical and management guidance for the overall program. 

Computer resources, including hardware and software. This will likely be a major cost. 

b Develop an RFQ (request for qualifications) by June 30, 1993. 
Select a firm or firms to assist by Sepumber 30, 1993. 

b Conduct a needs assessment study by December 31, 1993. 
b Develop a preliminary information systems plan by March 31, 1994. 

ESTIMATED COSTS AND BENEFITS 

b This will likely be a very large-scale investment Before it is completed, this activity 
could easily require spending hundreds of millions of leva. 

I t  will be difficult for NEK to achieve better cr .s! over its operations without better 
accounting and information systems. The benz nay be difficult to quant~fy, but are 
compelling nonetheless. 

RCGMagler. Baw, Inc. u* 



Adon Plan DEVELOPMEKT AND DMSION Exhibit B-10 

R Consider consolidating the Investment Department, making it pan of the corporate finana function. 

11 MUOR STEPS 

Determine whether the slcills and resources represented by the Development and 
Investment Depanment are a good fit with the corporate finance function. 

II If yes, then consolidate these two groups. 

I RESOURCES REQUIRED 

I1 The evaluation and decision should be made by NEK's senior management 

// SCHEDULE 

Determine whether NEK should establish a separate corporate planning function by 
September 30, 1993. 

I . If yes, develop mission and outline rtsponsibiIitics. and then assess whether there is a 
good fit between corporate planning and development and investment by December 

11 ESTIMATED COSTS AND BENEFITS 

I .  The costs to make the determination will be minimal. 

RCGMagler, Badly, Inc. 1'' 



ELECTRICITY SUPPLY BRANCHES W b i t  B-11 

11 RECOMMENDATION 

I1 Consolidate the 28 existing branches into a smaller number of larger branches. 

H b Conduct a study to determine the optimum configuration (number, size. and location) 
of branches. 

b Develop an implementation plan and schedule. 

RESOURCES REQUIRED 

b For the initial study, this can be done by internal staff with assistance from technical 
advisor(s) with experience m this area. 

II Implementation resources will be slmilar. 

- -  

SCHEDULE 

b Complete the initial study by September 30, 1993. 
b an impkmcntation plan and schedule by December 31, 1993. 

ESTIMATED Ci; 5 TS AND BENEFITS 

b The incremental costs of the study should be minimal. 

b The costs of reorganizing wdl vary in relation to the configuration selected and the 
extent to which it m-izes the use of exisung resources. 

w The benefits will include more effective management higher quality of service, and 
wtentialb lower costs. 

RCG/Hagler, Baw, Inc. 



ELECTRIQTY SUPPLY BRANCHES 

I RECOMMENDATION Initiate a program to increase the company's control of meters. 

II W O R  STEPS 

I b Conduct a study to specify and quantify the nature and extent of the problem. 
b Identify possible corrective actions. including managerial, technical. and legal. 

Develop an action plan and schedule to implement corrective action. 

RESOURCES REQUIRED 

For the initial study. this should be done by internal resources with assistance from 
technical advisor(s) knowledgeable in this area. 

I1 For any follow-on implementation program, additional resources may be required. 

SCHEDULE 

Conduct the initial study by September 30, 1993. 
b Evaluate possible corrective acuons by November 15, 1993. 

Develop an implementation plan and schedule by December 31, 1993. 

ESTIMATED COSTS AND BENEFITS 

b The incremental costs of conducting the initial study should be moderate. 

The costs of implementing any recommendations cannot be determined at this time. 

I The benefits will include revenue enhancement as a result of improved metering. 

RCG/Hagler, Badly, Inc  



ELECTRTCITY SUPPLY BRANCHES Exhibit B-13 

RECOMMENDATION 

Use caution in evaluating the acquisition of advanced meter reading technologies. 

MAJOR STEPS 

b Ensure that the appropriate enpeeringeconomic methodology is applied to these 
analyses. 

RESOURCES REQUIRED 

b No incremental resources will be required beyond those internal resources that will 
conduct the evaluation of these technologies. 

SCHEDULE 

b Same as schedule to evaluate the meter reading technologies. 

11 ESTIMATED COSTS AND BENEFITS 
I 

w No incremental costs. 

The benefits include greater assurance that the decision regarding the acquisition of 
these technologies will be cost.leffectin. 

RCGMagler, Badly, Inc. \8 



I A d 0 0  PIUI E L E m m  SUPPLY BRANCHES Exhibit B-14 
I 

RECOMMENDATION 

Separate the reporting of transmission losses from dismbution losses. 

b Conduct a study to determine what actions would be required to establish reporting of 
transmission losses and distribution losses separately. 

b Evaluate the recommended actions and develop an implementation plan as 
appropriate. 

RESOURCES REQUIRED 

b This study should be conducted by internal staff. 

SCHEDULE 

b Conduct the initial study by September 30, 1993. 

b Evaluate the recommended actions and develop an implementation plan by December 
31, 1993. 

11 ESTIMATED COSTS AND BENEFITS 

The incremental costs of conducting the study should be minimal. 

b The costs of implementing any recommended action plan cannot be determined at this 
tune. 

The benefits include better insight into the causes of electricity line losses. 

RCG/Hagler, Bailly, Inc 



GENERATION DMSION Whit B-15 

RECOMMENDATION 

Expand the size and responsibilities of the headquarters staff. 

MAJOR STEPS 

Conduct a survey of western utilities to assess the range of responsibilities of the 
headquaners generating functions. 

w Define the responsibihties of NEK's Generating Division at the headquarters level. 

Develop an expansion plan and schedule as appropriate. 

- - - - -- 

RESOURCES REQUIRED 

Internal staff, with technical assistance born outside experts. 

SCHEDULE 

b Complete a survey of western utilities by September 31, 1993. 

w Define the responsibilities of NEK's Generating Division at the headquarters level by 
November 30, 1993. 

w Develop an expansion plan by December 31, 1993. 

ESTIMATED COSTS AND BENEFITS 

b The incremental costs of conducting the study should be moderate. 

b The costs of expanding the size of the headquarters group will consist of the additional 
staff skills needed (unless they can be transferred from other positions witbin the 
company). 

11 w The benefit will be enhanced responsiveness and improved management controls. 

RCGHagler, Baiily, Inc. 



Adion Plan GENERATION DMSION -bit B-I6 

I1 Study the possibility of establishing the nuclear operations as a separate division. 

b Conduct a study to identify the potential advantages of this concept. 

8 Include visits to several nuclear utilities that have implemented this approach. 

I Develop a recommendation and implementation plan and schedule as appropriate. 

II RESOURCES REQUIRED 

This study should be conducted by internal staff resources with technical advisory 
assistance from outside cxpcm. 

SCHEDULE 

b Conduct the initial study by September 30, 1993. 

b Evaluate recommendations and associated implementation plans by December 31, 
1993. 

ESTIMATED COSTS AND BENEFITS 

b The incremental cost of the study should be modest 

11 The cost of implementing the studv recommendations cannot be determined at this 
time. 

11 The benefits include more effective management of the company's nuclear resources. 

RCGAiagkr, Bailty, Inc. 
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Action Plan ALL DEPARTMENTS Exhibit B-17 
Administr8tinrnd Pobllc S d c e  Dcpuzmcnt, 

Omce of the mideat ,  Foreign Rdatioas Departmeat, 
Paso& Dcpuhaalt, lad 4 d  Dcpsrcment 

RECOMMENDATION 

Consider consolidating this funcrion under a vice president of adminisrration. 

MAJOR STEPS 

b Conduct a study to detail and catalogue the responsibilities. activities. and resources 
among these administrative and corporate support activities. 

b Assess the potential synergies from closer organizational linkages and consolidations 
withrn cenam of the functions. 

b Develop a proposal to consolidate and combine some or all of these groups. 

b Review with the Managing Board. 

b Modify as appropriate and develop an implementation pian. 

RESOURCES REQUIRED 

b This project should be conducted by an internal team with assistance from an 
independent specialist or firm with relevant expertise. 

11 SCHEDULE 

b Conduct the initial studies and develop a proposal to consolidate and combine 
some/aU of these activities by September 30, 1993. 

b Review with the Managing Board by October 31, 1993. 

II Make modificauons and develop an implementation plan by December 31, 1993. 

ESTIMATED COSTS AND BENEFITS 

II b The incremental costs should be modest. 

II w The principal benefits include improved communication and coordination of these 
corporate support activities and better utilization of these staff resources. 

RCGMagler. Badly, Inc. 



In response to this suggestion, the Head of Investment Projects issued a request that a 
feasibility study of this concept be funded as a matter of urgency. 

3.1.2 Omanization of this Cha~ttr of the Remrt 

The remainder of this chapter will address the following questions in a preliminary 
manner: 

b How elaborate should NEK's EMSBCADA system be? 

b What are the organizational structure, staffing, and qualifications of the 
Central Dispatch Control? 

b What are the principal interactions among Central Dispatch Control and 
other departments within and perhaps outside of NEK? 

b What should be the outline of a statement of work for the proposed 
Operations MIS? 

3.2 HOW ELABORATE SHOULD NElCS EMStSCADA BE? 

3.2.1 Defining EMS 

A narrow definition of an Energy Management System would consist of functions such as 
economic dispatch and automatic generation control, which are executed on a time-scale 
of seconds or minutes. The EMS as normally defined today includes pre-dispatch, 
dispatch, and post-dispatch functions; that is, forecasting and scheduling in most cases. 
Sometimes missing from the EMS definition are energy accounting, billing, and similar 
post-dispatch functions. 

The operations division of an electric utility is, and has always been, responsible for 
"operations planning" - the scheduling of generation, transmission, interchange, and 
other contracts and fuel use over periods of typically weeks and sometimes years. To 
perform operations planning, complex and computation-intensive computer aids have 
been developed 

Many utilities now include operations planning in their definition of EMS. This makes 
good sense because the operations planning staff is often, though not always, located on 
the dispatch center premises. Also, the trend is now for the dispatch computer(s) to also 
perform the operations planning calculations. This trend has been accentuated with the 
advent of "open system" architecture, which makes it easy for an operations planning 



. Although there are numerous linkages, including computer hardware and 
communications, between the EMSKADA and the OPS MIS, these two 
projects can be done almost independentl~.~ 

3 3  ORGANIZATION STRUCIWU$ STAFFING, AND QUALIFlCATIONS OF THE 
CENTRAL DISPATCH CONTROL 

The NEK organizational chart (Figure 3-2, above) was provided by NEK's Director 
General. An initial reaction is that the organization that he reports to is perhaps 
incorrectly named. In the West, this organization would typically be headed by a Vice 
President of Operations who would be responsible for operating the utility safely and 
economically on a minute-by-minute basis over a horizon of up to several years. He 
would be responsible for Electricity Supply and Electricity Import and Export He would 
generally also be in charge of fuel planning and purchase, a function that is not explicitly 
shown in Figure 3-2. He usually would not become involved in low voltage (or 
secondary) distribution, nor in retail sales, but would be very much concerned with short- 
term (today for 1 hour) and long-term (next five years for a va&y of internal sales and 
external transactions) contracts. He would most a m  supervise the operation of all 
generating plants, including district heating. 

The fact that, at NEK, all generation reports to a different Vice President does not 
necessarily mean a real or incipient problem exists. The general rule, confirmed by the 
Director General, is that "Central Dispatch Control is ultimately responsible for the safe 
operation of the whole utility and will dictate the appropriate power levels to be 
produced by each plant. In an emergency, it will also curtail specific loads." However, it 
is our belief that the economic operation of NEK in terms of optimum operations 
planning and economic dispatch will require a good interaction between Central Dispatch 
Control and all types of generation. 

No formal organization chart was available, but NEK's Director General supplied a 
hand-drawn chart (reproduced in Figure 3-3). A more detailed breakdown of the 
number and the qualifications of the 250 people reporting to the Director General was 
not available. 

' Pacific Gas & Elecuic is an exampk of a successful and almost independent impkmentation. See 
Reference 4. 



workstation to be plugged into the distributed computation network that the EMS ir 
becoming. 

The comments made for operations planning aiso apply to what we will term the 
"Operations MIS," which is the mast recent trend and which is, again, made possible by 
the open system architecture and the availability of high-capacity utility tclecomrnu- 
nications, such as fiber optic cables contained in the ground wire of high voltage 
transmission lines. 

Since NEK and its predecessor have been collaborating with Landis & Gyr since 1982 in 
upgrading the SCADA system and in planning the addition of the most essential EMS 
functions, namely automatic generation control consisting of LFC (load frequency 
control) and economic dispatch, and reactive power dispatch, it would seem that this 
effort snould be speeded up. The history, need, and justification of this program can be 
found in Section 3.6, References No. 1 and 3. Furthermore, ESBI will retain a European 
consultant to review this background and provide the IBRD with a feasibility study bj. 
early 1993. 

Since ESBI had not yet f i n a k d  the TOR of the European consultant, nor selected the 
consultant, it is not known if functions other than LFC/ED and reactive power 
dispatching will be added, and if so, when. Further, we do not know which, if any, of the 
operations planning functions will be included, and if so, when 

In response to the request that the EC and US AID consultants exchange information, 
findings and ideas, we offer the following two suggestions: 

b Keep the traditional EMS simple and allow it to evolve in time 

Focus on the operations planning functions, because of their significant 
savings potential. 

The Operations MIS will be discussed in more detail in Sections 3.3 and 3.5. Preliminary 
findings are as follows: 

NEK should immediately begin planning for an OPS MIS. 

This OPS MIS should in no way slow down the modernization of the EMS/ 
SCADA 



33.2 General Observstions 

The following general observations can be made: 

The hierarchical dispatching structure consisting of a Central Dispatch 
Center is characteristic of Eastern European utilities and will in all likeli- 
hood disappear or shrink si@cantly once an effective SCADA system and 
good inter-utility communications including mobile communications have 
been installed. 

Pacific Gas & Electric (PG&E) of San Francisco, the largest U.S. investor- 
owned utility, has one Central Dispatch and a number of regional 
maintenance and repair organizations, but all operational information is 
gathered in San Francisco and all control decisions originate in San 
Francisco. The total staff of PG&E's dispatch center is 123. 

While, from a cost point-of-view, reducing the staff of dispatching from 250 
to a smaller number may not be very important, the time delays (and 
opportunities for mistakes) that are inevitable when communication flows 
up through a hierarchy and decisions flows down is very imponant and, 
unfortunately, almost imposs~lbk to quantify in terms of monetary benefits. 

It was confirmed that at this time, NEK does not have a department that handles exports 
and imports efficiently. In the past, this function was performed by "Energo Expofi" 
Observations in light of this knowledge follow: 

There should have been a strong linkage between Energo-Export and 
Central Dispatch in the past because "A" should not sell what I'B" does not 
have. 

b In the future, and with an open European power market, the import-export 
function and a computer-supported trading section with knowledge of the 
whole gamut of possible interchange contracts will be essential. 

Another area in which the operations function may need strengthening is that of demand 
side management (DSM). DSM includes conservation and voluntary curtailment by the 
customer with appropriate price incentives. 
NEK has automatic emergency load curtailment which is triggered by underfrequency 
conditions. In addition, the dispatcher can order telephonically that selected customers 
be switched off. In most European countries, including Hungary, a central load 
management system or "ripple control" is used as a rather slow-acting method of load 
reduction to assist in case of supply shortage, but not in emergencies. There was no 
mention of such a system at NEK 

RCGIHaglcr, BaQ,  Inc 
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NEK Operations Functions Checklist and 
Organizational Ellectiveness Preliminary Evaluation 

I - Checklist 
I 

Reladion to plants, high voltage transmission, primary and 
secondary distribution 

I' I International exchange. UCPTE requirements, economic 
transaction evalualions, billing 

I+ I Authoriz~tion of generation and transmission equipment outages 

Management of generation and transmission loading (operations 
planning) - Fuel use planning 

Coordination of maintenance 

I 6. Recommendation of facility additions 

7. Definition of operating criteria, such 8s monograms which define 
loading limits of HV lines. . . 

8. Accurate and timely operations reports to management, planners 
and others within and ouuide NEK These should include 
statistie~l information derived from actual operating data. 

Preliminary Evaluation 

AGC (automalic generation wnlrol) is inadequate. Power plant 
controls are inadequate. Transmission and distribution controls (i.e.. 
SCADA) will be improved. 

NEK is not in a position to handle the complex international 
exchanges that are likely to become a fact& life with expanded 
Western interconnections. 

Central Dispatching has the authority. A MIS would improve the 
rationality dr outage decisions. 

The organimion exists. MIS and mmpuler aids in optimized 
resoura allocation are needed for both load and fuel planning. 

Same as No. 4. 

Operations needs to interact with the Generation and Transmission 
department to idenliCy near- and long-term needs. The elfecltvcness 
of this interaction b unclear. A MIS would help. 

Same comment as No. 6. 

The slatus of this function is unclear. 

Figure 3-4: Checklist of operatiuns functions and preliminary evaluation of NEK organizational elliectiveness 



NEK does not stem to have a wtll~rga.i=d capacity deferment scheme, and there was 
no discussion of conservation schemes, which reduce both capacity and energy demand. 

A checklist (Figure 34) summarizes tht preliminary organitational evaluation and may 
be used to obtain more precise answers in the future. 

3.4 PRINCIPAL INTERACTIONS AMONG CENTRAL DISPATCH CONTROL AND 
OTHER DEPARTMENTS WITHIN AND OUTSIDE OF NEK 

As shown in Figure 3-4, two of the most important interactions to consider are Central 
Dispatch's interaction with: 

Power plants, to coordinate maintenance and set production levels 

Generation and transmission planning, to recommend facility additions and 
define operating criteria 

The following incident, reported to Hagler, BaiUy, underlines the importance of these 
interactions: Central Dispatching Control exported a large amount of bulk power. NEK 
lost money because the financial end of the transaction was handled incorrectly. The 
organization was missing a linkage to someone with expertise in international finance. 

The identification of the very large number of detailed interactions that involve the 
operations function within NEK is beyond the scope of this report This identification 
must be documented if and when NEK establishes an operations MIS. 

To illustrate the complexity of these interactions, one example is taken from an account 
of the Energy Analysis Department's operations plan, which estimates the utilization of 
NEK's generation, transmission, and power imponcxpon resources by week with a 
yearly horizon. Following is an annotated list of these interactions. 



Emergency import potential 
b Load curtailment potential 
b Operation of high pollution coal plants. 

It is evident that this one - out of a number of applications - requires inputs and 
decisions from many individuals within and outside of NEK It would be helpful if these 
interactions could be spelled out systematically as is suggested in Appendix k The 
material of Appendix A could be gathered by NEK personnel collaborating with a 
feasibility consultant. It would be a key component of the feasibility study needed to 
design and justify the OPS MIS. 

'3.5 OUTLINE OF A STATEMENT OF WORK FOR THE PROPOSED OPS MIS 

3.5.1 Introduction 

The purpose of the OPS MIS is to take advantage of the recent technological 
development in distributed computing, high capacity telecommunications, local and wide 
are networks (LANs and WANs), and software portability to exchange operations related 
information quickly among Central Dispatch Control and others within NEK and, in 
specific instances, outside. 

The OPS MIS can be, and in some cases is, a subset of a corporate MIS which includes 
but is not limited to information relevant to operations. 

One extremely important characteristic of a correctly conceived MIS is data integrity - 
that is, assurance that the information contained within the MIS was derived bom the 
same carefully checked input data. This almost always requires the discipline of single 
point data entry. 

Another extremely important characteristic is controlled access - that is, the selection of 
those who may request specific databases and those who may alter, correct, or eliminate 
data. 

A final extremely important characteristic is psychological: the ease with which people 
from different departments interact directly, that is, without having to follow hierarchical 
paths up and down, may improve the desire to excel. Pacific Gas & Electric's OPS MIS 
was confirmed by users of the system to be an example of the psychological benefit 
productd by ease of use. Another example of this psychological benefit factor follows: 
a utility instituted a process whereby all plant managers were required to list at the end 
of each week all the outages they had experienced, the remedy, the time it took to 
repair, access to spare parts and lost production. The computerized lists of all plants 
were circulated each Monday to management and all plant managers. Inefficiencies 
became visible and widely known very quickly and unit availability improved markedly. 

RCGHader, Baillv, I n c  Apd 1993 



1. Load forecast with respect to capacity 0 and energy (GWh): 

b Economic forecasts of industrial activity 
Archives of past load records (industrial, residential, . . .) 
Weekly forecasts for the near term 
Uncertainty range of all forecasts 

2 Generation resource availability: 

b Availability schedules of units under construction or rehabilitation 
b Technical paramcsrs, e.g., maximum capacity of each uniq maintenance 

schedules of eacF anit (when, how long, how deferrable?) 
Special case of tkz six Kododuy nuclear units 
Special case of hydro: snow pack and rain determines future capability 

b Air and other pollution restrictions 
b Import on the type of coal that may be burnt 

3. Transmission resource availability 

b See 2 above for same interactions. 

4. Fuel planning: 

Tentative generation schedules for the year 
w Tentative fuel purchase contracts 

Iteration and optimization of generation schedules and fuel contracts. 

5. Imports and exports: 

b Existing interchange contracts; termss 
b Contracts under discussion; prognosis 
b Transmission limitations. 

6. Assessment of major and long duration contingencies 
(e.g., Kozloduy unscheduled outage) 

Listing of major contingencies; spare part. availabiliv, repair crews 
Reserve planning 

P Fuel reserves to cover contingencies 
w Hydro rescheduling potential (to mitigate a thermal outage) 

Maintenance rescheduling potential 

The terms of Western interchange contracts may require complex docomen&. There arc at Wr sk 
generic interchange types, including emergency assistana wntracts when no aet energy is exchanged. 

RCGIHagkr, hilly, Inc Apnll993 \ 7,1" 



TASK 8: Assessment of the impact on the organizational structures within NEK, 
Anaiyz the s t a f ig  requirements (number as well as q d c a t i o n  of 
personnel) and the organization structure which matches the MIS. One 
would expect a much shorter hierarchy and a lot of lateral flow of informa 
tion and decisions. 

TASK 9: Selection of the best suited OPS MIS layout Justification of the selected 
layout by considering cost, benefits, re turn on investment and "intangibles" 
such as personnel motivation. 

3.6 REFERENCES 

1. Terms of Reference: "Bulgaria Electricity Study - Medium- and Long-term Elements 
on Reorganization, Demand and Environment," US AID, January 31, 1992 

2. Technical Audit "Project for the Improvement of the Supervisory Control and 
Transmission Network System," Attachment to the IBRD Aide-Memoire of July 1992. 

3. Draft Project for Financial Assistance "Energy Management System Development," no 
source, no date, Attributed to EncrgoProtkt with the help of Landis and Gyr in the last 
24 months. 
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5. Personal communication with Mr. Patrick Riscn of Alcoa Fujikura; 105 West Park 
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3.52 Outline of the Statement of Work 

An outline of the Statement of Work to be carried out in a Feasibility Study spccificaily 
aimed at NEK emerges from the background of this study. 

TASK 1: 

TASK 2: 

TASK 3: 

TASK 4: 

TASK 5: 

TASK 6: 

TASK 7: 

Tabulation of the various functions performed within and outside of NEK 
that have a bearing upon operations. Development of a systematic format 
for summarizing these functions and indicating linkage with other functions. 
Examples arc shown in Appendix k 

Listing of the operations planning functions that NEK is or should be 
carrying out Coordination with EC consultant to ensure that the required 
functions will be performed within the most appropriate environment, 
either EMS or OPS MIS. 

Relation of the OPS MIS implementation with EMSECADA 
implementation. Analyze: 

Option A: Separate implementations 
Option B: Integrated implementation 
Option C: Evolutionary implementation, beginning with A and 
moving toward B. 

Relation of the OPS MIS with the larger NEK MIS. Listing of 
organizational interactions. Review of existing pians for a utility-wide MIS 
as well as isolated MIS pieces that already exist Recommendations and 
action plan for the efficient implementation of the OPS MIS in the 
presence of these other existing or plamed systems. 

Determination of inter-utility communication requirements. Identify the 
communication requirements associated with the OPS MIS alternatives 
retained as serious contenders. Provide solutions that take into account the 
available communication technologies, including fiber optic and mobile, 
other unrelated communication uses (e.g., protections), opportunities for 
leasing excess capacity to recover pan of the cost 

Analysis of the issues of integrity and access summariztd above. Review of 
how other organizations handle these issues from the point of view of 
organization and technolo&. 

Layout of alternative implementations. These layouts should specify the 
computer hardware, software, communication, and man-machine interfaces 
and be responsible to the OPS MIS action plan established in Task 4. 



STRUCTURAL ALTERNAmS 

This chapter examines Bulgaria's altcrnativcs for structuring its electricity subsector. It 
proposes a mission for the subsector, dem'bes the approach to conducting the study, 
outlines the desirable attniutes of a new structure and examines the implications of some 
critical constraints. The definition of stmctural alternatives along with a discusses their 
advantages and disadvantages and the identification of a subset of options for further 
consideration is included in Appendix D of this report. The chapter concludes with a 
presentation of a process to guide the evolution of the structure of the electricity 
subsector. 

4.1 STUDY APPROACH 

Our approach to this element of our task consisted of five distinct components, described 
below: 

This step consisted of a survey of the major organizational units that constitute the 
National Electric Company to develop a working knowledge of the company and its 
operations. Through the broad exposure to the company and its people, this step I 
enabled us to obtain a sense of the strengths and weaknesses of the organization, 
including a sense of its internal culture. The results of this preliminary survey also 
provided the foundation for the observations, conclusions and recommends tions 
presented in Chapter 2 of this report. 

4.1.2 Stratwic (Too-Dawn) Analvsis 

Strategy should be a major factor driving the basic architecture of an organization. The 
strategic organizational analysis should be performed first so that it can provide a context 
for the operational pottom-up) feedback. Our approach to strategic organizational 
analysis consisted of four sups: 

b Develop key attniutes and criteria 
b Identlfy the range of possible structural options 
b Evaluate and refine group'ing options 
rn Develop a short list of alternative structural options. 



The ways in which these activities arc c o ~ e c t c d  will vary in some important ways 
depending on how the electricity subsector is structured As used here, "structure" refe 
to the way the subsector is subd~ded  into one or more independently managed 
enterprises, to carry out the four basic activities identified above. 

The generation, transmission/central dispatch, and distribution activities are primarily 
operational activities whose functions arc generally understood In contrasS the supply 
activity is less well understood because it is primarily a process of resource planning and 
project commitment, and thus is less visr'ble than the physical operations activities. The 
supply activity assumes responsibility for procuring the resources needed to satisfy the 
future demand for electricity. 

This consists of the following tasks: 

b Forecasting demand for electricity 
b Identifying supply-side options (generation and power purchases) 

Identifying demand-side options (conservation and load management) 
b Developing resource plans combining the supply- and demand-side options 
b Selecting the resource plan that represents the best balance of cost and risk 
b Implementing the resource plan by constructing or acquiring the resources. 

In addition to these tasks, the supply activity may include responsibility for some or all of 
the excess costs associated with forecasting errors and other unforeseen events leading to 
capacity surpluses and shortfalls. 

b When the enterprise responsible for the supply activity assumes at least 
some of the risk for forecasting, planning, and procurement errors it has a 
strong incentive to conduct that activity in a manner that is likely to suppiy 
bulk power at 'least cost" 

There are a variety of structural configurations for the electricity subsector; each has 
advantages and disadvantages. The configurations are differentiated along two 
dimensions: 

b Degree of venical integration 
Degree of horizontal integration. 

Each option needs to be assessed in terms of how well it supports the mission of the 
electricity subsector, thus, that mission must be explicitly defined Ultimately, this 
mission statement will be defined by the COE, NEK and the Bulgarian Government. 
For this study, we adopted a variation of the predominant mission statement for electric 
companies in the West 



4.13 Ouerrtiond IBottom-UD~ Feedback 

This step consisted of several parallel activities. The core activities included a series of 
workshop sessions and review meetings with key representatives of the National Electric 
Company and the Committee of Energy. The purpose of these interactive sessions was 
to obtain feedback on the practical and operational considerations of the preliminary 
results of our strategic analysis. We also obtained feedback from other knowledgeable 
observtrs, including the World Bank, Central Maine Power Company and Arthur 
Andersen among others. 

The objective of this step is to apply established knowledge regarding organizational 
design to integrate the results of the strategic and operational analysis, taking into 
account certain factors affecting the feasibility of the decision. 

The £ha1 phase is the implementation of organizational change. A common error in 
organizational planning is to assume that the work is complete once a new organizational 
structure has been identified An organization redesign of any si@cance constitutes a 
major change and implementation issues are not trivial. Poficies, methods, systems and 
reporting relationships will need to be altered Individuals and groups have to be 
motivated to continue to perform and, in fact, to improve performance. In this phase, it 
is important to identify the key implementation issues, develop a plan and then execute 
that plan to ensure the objectives are achieved 

The focus of this activity was the development of a process that can be 
followed to select and modify as appropriate a structure for the electricity 
sector. 

w This implementation phase will be the responsibility of NEK and COE. 

4.2 PERSPECIIVE: THE MISSION OF TEE ELECIRICITY SUBSECI'OR 

The process of suppiylng electricity to consumers invohrcs four major business processes: 

w Generation 
Transmission/central dispatch 
Distribution 

w SUPP~Y- 



43.1 Economic and Financial Attributes 

The structure of the electricity subsector should promote the efficient allocation and use 
of economic resources by 

Producing electricity at least-cost 
w Selling it under tariffs that provide cost-based price signals. 

A structure that provides an enterprise with a profit incentive is likely to yield least-cost 
production. Similarly, a structure that encourages the setting of electricity prices 
reflecting the respective marginal costs of suppiyIIlg customers will encourage those 
customers to make efficient use of the energy service. Finally, a structure that precludes 
the flow of financial subsidies to any enterprise will also preclude inefficiently low prices. 

43.2 Managerial Attributes 

To the extent practicable, the subsector structure should encourage decentralized 
management decision-making. Specifically, it should provide managers with control over 
the resources employed in the business activities for which they are responsible. The 
structure should also encourage innovative managerial techniques through appropriate 
risk-reward mechanisms. 

4 3 3  Redatow Attributes 

The optimum subsector structure would obviate the need for economic regulation by 
substituting market competition. Because this is not possible in all of the enterprises or 
activities, the structure should allow forms of economic regulation that preclude 
enterprises with market power from exploiting that power through excessive prices or 
other undesirable behavior. It should also support regulation that promotes economically 
efficient and socially desirable management decisions with respect to safety, 
environmental and other societal needs. Finally, the structure should provide for a 
administratively simple regulatory scheme, to minimize the cost of the regulatory process. 

4.4 KEY ASSUMPTlONS REGARDING STRUCI'URAL ALTERNATIVES 

Before conducting a top-down examination of specific structural options, we present a 
summary of key assumptions that are central to our evaluation of the efficacy of various 
structural alternatives. These assumptions are discussed in greater detail in Appendix D. 

RCG/Hagkr, Bailly, Inc 



The proposed mission of Bulgaria's electricity subsector is: 

to provide an czdrquate supply of eIccaictry' at the lower! achievable cost consirtent 
with safe, reliable a& mvironmCIttLl~ nsportsibk opcmrions that are in cornpfhnce 
with applicable faws and nquktions and that scrvc the tttctcsts of stakehoIders, 
including custolllc~s and emphyecr while taming profirs that are mmient to achieve 
and,maintain @ z n d  viabw. 

This mission statement balanas several conflicting factors. For example, e lectricity 
cannot be supplied with perfect reliability; as the reliability of supply increases, so does 
its cost. Also, complying with safety, environmental, regulatory and other societal 
requirements increases the cost of supplying electricity. But, if these requirements are 
properly developed, the resulting benefits to society will outweigh the additional cost of 
compliance. Subject to these constraints, the mission of the subsector should be to 
minimize the cost of supplying electricity to its customers2 

4 3  DESIRABLE STRUCTURAL AITRXBUTES 

In light of the mission statement presented above, a number of desirable attributes 
related to structure arc readily identifiable. These can be grouped into three categories: 

Economic and financial 
w Managerial 
b Regulatory. 

Each of these attributes is elaborated in the following sections. 

The traditional mission statement of electric utilities was to provide 'ekctricity' at kast c o s ~  In 
recent years, the trend in the West is to modify this mission to fonnally accord an qua1 rok to 
conse~tion and demand-side management. resulting in a change u> 'electridty-elated servias'. Lighting 
(and, spCCificaIly, highuirJdCncy lighting) is one exampk of an 'ekcoidty-relaled energy service'. 
Nonetheless, we consider that r more traditional defhition is in order for NEK, at kast for the near future. 

Without subsidies, each enterprise must be self-financing, ie., it mast be sPmciently profitable to be 
able to raise the capital needed to fund operations and to invest in assets needed to support future growth. 
This docs not imply that all of the capifal must be internally generated from urnin@; the enterprise's 
earning need only be sufiicient to a tma  apital from outside sources. 
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Furthermore, an enterprise that is substantially owned by its management 
and employees should have even stronger incentives to be efficient than 
one owned solely by absentee shareholders. 

This is the essential argument in favor of p~ivatization.~ 

4.43 Decentralized Decision-Makine is Generallv More Effective than Centralized 
Decision-Makina 

As a - generalization, it is more effective to place decision-making authority close to the 
point of resource application, because the person closest to the point of application 
generally has the best available information regarding what is needed. However, this 
principle is only valid if the decisions involved will not signhcantly affect other units of 
the organization. If interactions do exist, some degree of centralized decision-making - 
or at least coordination - is needed. The merit order dispatch of generating plants is a 
eood example of centraiized decision-malung. 
C- 

Despite its greater effectiveness, decentralized decision-malung authority may not always 
be as cost-efficient as centralzed decision-malung because it may not fully exploit 
economies of scale and scope. The tradeoff between the effectiveness of local control 
and efficiency of centraiized control is well illustrated by the system of data-processing in 
organizations prior to the introduction of personal computers. During the 1960s and 
1970s. corporate data-processing was generally done on mainframe computers by 
centralized data- processing departments. The managers of those departments typically 
implemented administrative systems and procedures designed to maximize the utilization 
of their computers, rather than to respond to the needs of the individual users. Although 
this approach reduced the per-unit cost of processing data, users (i.e., customers) were 
frequently dissatisfied with the quality of service they received. 

During the 1980s. government-owned electric utilities in the United States and Europe 
systematically overinvested in highcost nuclear generating capacity relative to the needs of their markets. 
Although certain investor-owned (i.e. privatized) electric companies Likewise overinvested in nuclear plant, 
the most egregious examples are among the government-owned utilities. Two of the most important 
reasons that investor-owned utilities took corrective action sooner were that (a) the profit motive caused 
managers ro be more sensitive to increasing cosu. and at an earlier stage than their counterparts in 
government owned utilities, and (b) there was an Independent regulatory oversight of the privatized 
uthties. The reality is that effectlve regulation of government-owned utilities (i.e. by another entity) is 
more difficult to achieve than workable regulation of private enterprise. 
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4.4.1 Commtition is Liktlv to Produce Economic Results Suuerior to those Produced 
bv Regulation. 

There arc a number of reasons why decentralized decisions in a competitive marketplace 
are generally more effective than command-andlcontrol decision-making. First, 
competition is likely to force costs down. Second, it is likely to result in prices that more 
closely reflect the respective costs of production. Third, it is likely to create services that 
are more responsive to customers' wants. Finally, it is likely to stimulate innovation in 
both technical and managerial areas. 

All of this typically occurs as a natural result of each competing supplier 
continually searching for ways to gain wmmercial advantage over its 
compc titors. 

b One important caveat to the argument favoring competition is that the size 
of the competing enterprises should be large enough to exhaust all, or 
most, of the economies of scale and scope associated with their specific 
activities. 

b 111lconaived economic regulation can force the privately-owned enterprise 
to pass all cost savings on to its customers, thereby nullifymg any incentive 
to be efficient 

This is one of the criticisms of "cost-plus" regulatory methods. 

Competition in the generation activity is where the largest payoff is likely to be. This is 
not only because multiple generation facilities are required, but also because generation 
accounts for such a large portion of the total cost of electric scrvia, and because those 
costs are more controllable than arc the costs associated with distribution. 

4.4.2 Private Ownershio is Likeiv to Provide stronner incentives for Production 
Efficiencv than Public h e r s h i r r ;  It Also Offers Additional Sources of Caoital 

The key difference between private ownership and public ownership is that the former 
offers the potential for the enterprise to retain all of its cost savings. In contrast, even 
the best designed incentive schemes employed by publicly-owned entities typically allow 
the entity to retain only a small fraction of those savings. Because a privately-owned 
enterprise's management can justify paying its employees - and itself -- bonuses out of 
savings, the incentives to perform can be made greater than in a publicly-owned 
enterprise. 



A second disadvantage is that it discourages decentralized decision-mahi 
within an activity. 

4.4.6 The Abilitv of an Enter~rise to Raise (h~jtal h m  Extcmal Sources is Influenced 
by its Market Power and its S i p  

Providers of equity and debt capital look to the certainty of an enterprise's future 
earnings potential as a critical test of the likelihood of not losing their invested capital. 
The profits of an enterprise that lacks effective competitors is highly assured, even if 
limited by some form of economic regulation. Regulators generally understand that their 
role is to limit profits to "fair" leveb, not to put the regulated enterprise out of businesJ 
Thus, because it provides an indispensable service, a transmission/cenrral dispatch 
enterprise should have little difficulty raising the capital it needs. 

Generation enterprises operating in a competitive environment could have 
difficulties raising capital unless they have adequate long-term contracts 
with their buyers. 

8 The construction of a new generating plant cannot be debt-financed 
unless it first has in place a power purchase agreement covering 
enough of its future output to assure its financial viability. 

b Although a distniution enterprise will likewise be credit-worthy, at least as 
long as its customers lack reasonable alternatives to electric service, the 
amount of capital it can raise is limited 

8 For example, it is possible for an enterprise to grow so rapidly that 
it cannot debt-finance the new assets it needs to support its growth. 
This is less likely to be a problem for a horizontally integrated 
distribution system because the revenues from the low-growth areas 
can be used to finance the assets needed in the high-growth areas. 

While size alone cannot make an enterprise credit-wonhy, there are clear indications that 
financial institutions prefer making loans to larger enterprises, all else being equal. For 
this reason, horizontal and/or vertical integration tends to improve the ability of an 
enterprise to raise external capital. 

' As evidence of this, consider that although more than 100 nudear reactors under construction in the 
United States were canalled at a cost of billions of dollars during the 197@ and 198aF, only two ckcu-ic 
utilities were forced into bankruptcy, with (only) a few others kft in dire financial straits. 
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4.4.4 VertScnl Intemation Oilcrs Both Advantages and D i s a d v a n w  

The most important advantage of vertical integration is that it facilitates coordination 
among related economic activities, particularly the merit-order dispatch of generating 
plants. A second major advantage is that it allows the exploitation of economies of scale 
and scope through the sharing of common resources. &ntralizing staff functions, such 
as financial management and personnel rccruitmenf are examples of this. 

Integrated resource planning exploits both subsector-wide coordination and economies of 
scale and scope in centralized staffing. This planning process requires data about 
customers (which arise from the distribution activity) and data about current and future 
gencration and transmission resources (which arise from the generation and 
transmission/central dispatch activities). The actual planning must be done by, or at least 
coordinated through, some central planning group. 

Vertical integration encourages centralized decision-making, even when it is less effective 
than decentralized decision-making. There is a strong tendency in vertically integrated 
companies for management to attempt to direct every aspect of operations from the top. 

The greatest disadvantage of vertical integration is that it precludes the 
potential for competition among separate enterprises conducting similar 
activities. 

Finally, vertical integration precludes the privatization of the generation and/or 
distribution enterprisc(s) alone if it is decided that the transmission/ccntral dispatch 
enterprise must remain in the public sector. 

4.4.5 Horizontal Intenration Offers Both Advanta~es and Disadvantanes 

Tne most important advantage of horizontal integration is that it allows the greatest 
potential for exploiting economies of scale and scope in the integrated activity. This is 
panicularly important for the transmission/central dispatch activity. 

A second advantage is that it offers management the option to average the costs of 
service across the distribution regions, thereby allowing uniform national pricing of 
electricity. Although such cost averaging may be undesirable from the perspective of 
economic efficiency, having the option to do so is a political advantage. 

The greatest disadvantage is that it prevents competition among activities 
that could otherwise be efficiently disaggregated horizontally. 



that is most readily available in distribution. Likcwisc, information regarding the c o s ~  
p r a t i n g  existing generation and ~nrtn~ctiDg and operating new generation is rcadilv 
available in generation. Finally, information on transmission costs and conrtraints, &d 
forecasts of future trading opportunities with interco~~nectcd power systems, is most 
readily available in transmission/centraJ dispatch. Thus, the essential supply activity is tc 
collect all of this information and integrate it, in order to create alternate resource plans. 
evaluate those plans, choose one of them, and take responsibility for its implementation. 

Resource planning and procurement can be conducted by either a single enterprise that 
centrally plans the resources of the subsector, or collectively by a number of enterprises 
operating in a competitive elecmcity market. Except for the unique elecmcity supply 
industry in England/Wales, all electric power systems employ some form of central 
planning approach to ensure the adequacy of electricity supply. 

If Bulgaria centralizes the supply activity within the entity responsible for the 
transmission/central dispatch activity, the supply activity can be successfully accomplished 
by any of the structural models suggested for further consideration. 

4.4.9 A Subsector Structure that Provides for a Natural and Orderlv Transition from 
the C u m n t  State to the Ideal Lone-Run State is Desirable 

Bulgaria's electricity market is currently too small to support a spot market in electricity. 
We believe that the most viable forms of competition in generation will be limited to 
bidding for power purchase contracts covering new plants or renovations of existing 
plants, and capacity and economy energy purchases and sales with other p e r  systems. 
Transactions with other systems will become increasingly important when Bulgaria 
becomes a member of a robust power pool, 

One solution is to retain the integration of NEK's existing generation, transmission and 
distribution activities, but to mimic competitive market conditions through the 
implementation of the profit center concept and to acquire new generating capacity 
through competitive solicitations that leave the new additions in separate, privately- 
owned enterprises. 

This would introduce the concepts of independent power producers (IPPs) 
that were developed in the West and that have k e n  p r m n  in practice 
throughout the world into the Bulgarian electricity sector. Given the need 
for substantial sources of new capital, this option offers many attractive 
features. 

This would capture the benefits of vertical integration with respect to existing generating 
plants while capturing the benefits of competition with respect to new generation. If 
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4.4.7 Economic Rc~olation That is Simdc and UninbPsive is the Most Likclv to be 
Effective 

Several important lessons have emerged from decades of experience with economic 
regulation of electric power in the United States. First, regulatory systems that require 
regulators to examine in great detail an enterprise's financial performance and the 
decisions of its management arc costly to administer. In addition, they can impose 
perverse incentives on management Rau-basc regulation, widely practiced in the 
United States, provides management with poor incentives to reduce costs and can 
provide strong incentives for inefficiency.* 

Unfortunately, the economic regulation of generating enterprises has typically involved 
some form of intrusive, cost-based regulation because generation costs depend critically 
on fuel prices that can be volatile and uncertain. This is one reason why introducing 
competition into the generation activity is attractive. ie., it eliminates the need for 
intrusive, cost-based regulation. 

In contrast to generation, a distribution enterprise can be price regulated without 
necessitating detailed examinations of its costs, except perhaps once every five years or 
more. Prices charged for distribution servias can be more easily are regulated using a 
scheme known as 'WI minus rt" 

In addition to distniution prices, the "RPI minus x" approach appears to be workable for 
regulating transmission prices; however, it is not capable of effectively regulating the 
transmission,central dispatch enterprise. That would require a more sophisticated vehicle 
that can provide incentives to encourage the enterprise to minimize the cost of supplymg 
bulk power. 

4.4.8 Bulgaria's Choice of Structure for the Elcchicitv Subsector is Not Substantially 
Affected bv SUDD~V Planning Considerations 

As described earlier, the supply activity consists of planning for and procuring the supply- 
side and demand-side resources needed to meet customers' future demand for elecuicity- 
related energy services. This resource-planning process generally invoives not just the 
supply activity but the other three activities as well. For example, forecasting h e  
demand for electricity and identlfylng options available for satisfying customer demand 
through conservation and load management requires information about retail customers 

In 1%2, two economists published their hypothesis that, under rate-based regulation, utilities haw 
an inantive to make uneconomic capital investments (i.e., to overinvest) in order to mucimizt the size of 
the rate base, and therefore the enterprise's profits. Named after is ruthon, thir is known as the Avercb- 
Johnson Theorem (NT) effect 
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Bulgaria should decide to privatize some or all of its existing power plants at some future 
time, the saucnue proposed should support that effort. 

4.5 STRUCI'URAL OPTIONS FOR FURTHER CONSIDERATION 

The full range of options (identified as Options A through M) evaluated in the top-down 
ponion of this study are discussed in greater detail in Appendix D. From this initial 
group, our analysis identified a total of five structural options that warrant further 
consideration. All of these options are shown schematically in Exhibit 4-1 and are 
described below. The structural options for further consideration can be divided into two 
eroups. The first group consists of three basic structures. " 

4.5.1 Basic Structural O~tions 

An integrated generation, transmission/central dispatch and dism3ution 
company with one or more independent power producers (Option K). - 

b An integrated generation and transmissionJcentta1 dispatch company with a -1' 
separate, horizontally integrated distribution company and one or more 
independent power producers (Option L). 

b An integrated generation and transmission/central dispatch company with 
multiple, separate, distribution companies and one or more independent 
power producers (Option M). 

Highlights of these basic structures include the following: 

b The transmission grid, including central dispatch, remain integrated with 
NEK's existing generation 

Independent power producers (IPPs) would be allowed to construct new 
power plants 

In two of the three structural options, the dism%ution branches would 
remain fully integrated 

In addition, there are two othei structural candidates that basically extend the structure 
to provide for the privatization of some or all of E K ' s  existing generation. These two 
variations were identified for further study as possible long-range structural options. The 
differences in these two are: 

-- 
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Both options allow some or all existing generation to be spunsff from 
NEK and, presumably, privatized 

One option also provides the same potential for distribution operations. 

4.53 Uniz-Terrn Variations 

An integrated transmission/cennal dispatch and dism%ution company with 
one or more independent power producers and also with elcisting NEK 
generation organized as separate and independent entities (Option D). 

b An integrated transmission/ccntral dispatch company with multiple, 
separate, dismbution companies and one or more independent power 
producers and also with existing NEK generation organized as separate and 
independent entities (Option J). 

4.53 Summaw Assessment of O~tions for Further Consideration 

The three options that would keep some or all of the existing generating plants vertically 
integrated with the transrnission/central dispatch activity (Options K, I and M) dominate 
all the others inciuded in the initial analysis, except for the fully decentralized generation 
and distriiution structure (Option J). In addition, Option D is a variation of Option K 
that results in a structure similar to Option J. The difference between Option D and 
Option K is that Option D allows for NEK's existing generation to be privatized. 

However, for these latter options to perform at the upper limit of the 
potential range, the electricity market must be large enough to allow most 
of the economies of scale. and scope in generation to be captured, even 
with multiple competing enterprises. 

b It is unclear that this condition is fulfilled in Bulgaria, particularly in light of 
its existing mix of generating plants. Still, these options should not be 
summarily dismissed. 

This leaves a subset of the three basic options for serious study and further consideration. 
One attractive feature of these options (K, L, and M) is that they provide a good starting 
point from which the electricity subsector can evolve as the marketplace expands and 
grows in sophistication. NEK's existing gene ration could remain integrated with 
transmissionlcentral dispatch and also the distribution branches. Later, after the 
marketplace has grown, individual power pi~nts could be considered for privatization. 
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The potential liability for physical injuq and property damage in the even 
of an accident pose risks that may dictate continued government ownershi 
at least of the nuclear generation. 

This may, in turn, oblige many of the remaining assets of the 
company to remain under gmrnment ownership. 

In addition to this exposure, there arc enormous known and potential 
business risks associated with replacement power in the event of a forced 
outage due to an accident and the highly uncertain decommissioning costs 
for Kozloduy. 

These risks cannot be fully insured and represent further reasons to 
maintain both government ownership and an integrated utility , at 
least for the foreseeable future. 

b How and when the nuclear issues associated with the Kozioduy nuclear 
plant are resolved, will determine when - and perhaps whether - COE 
and NEK may implement certain of the structural options identified in this 
study. 

Important world banking representatives and certain members of the 
diplomatic community have expressed a strong preference for the utility to 
be maintained as a fully-integrated and state-owned monopoly. 

8 Continued government ownership of the utility with, presumably 
easier, access to sovereign guarantees and the potential for some 
form of state funding, coupled with the blending of NEK's high-risk 
nuclear coilatera1 with the lower risk non-nuclear collateral would 
provide a lower credit risk to suppliers of capital. 

8 If the utility is maintained as a fuUy-integrated, state owned 
monopoly, it would also simpw the administration of loan(s) to the 
electricity subsector. 

However, the price for this may be the primacy of political 
imperatives over economic decision-making, including the distinct 
possibility of political pressure for some form of state subsidy for the 
electric utility business 

In the longer run, these assumptions probably should be reexamined and 
reevaluated. 



4.6. OPERATIONAL FEEDBACK 

The selection of the "best fit" structure will involve some important pragmatic 
considerations. Three of the most important constraints that must be accommodated by 
the structure selected for Bulgaria's electricity subsector are that the structure must: 

b Maximize efficiency and enable the company to become a low-cost provider 

b Facilitate the raising of the substantial amounts of external capital required 
for the foreseeable future 

b Provide the ability to manage the risks associated with NEK's nuclear 
power plant 

The reality NEK must face is that the Kozioduy nuclear power plant 
is widely considered to be one of the unsafest of the nuclear plants 
operating in Europe. 

Consequently, an important consideration relates to the perception 
afforded the new structure. Whatever structure is selected, it must 
give assurance and comfort to key constituencies (Western 
governments and major international lenders) that it provides 

* 
acceptable (ie., very high) assurance of being able to safely operate 
and maintain the plant. 

The ability to satisfy these three constraints is critical to the acceptability of the structure 
selected. In fact, the overriding constraint is the business risk associated with the 
company's Kozloduy nuclear plant. If the structure adopted for the electricity subsector 
does not adequately deal with the nuclear issues it will affect the company's ability to 
raise external funds. Indeed, it is clear that if a structure that is deemed unacceptable 
(i.e., by the world banking community and those Western governments providing aid and 
financing to Bulgaria) is even seriously considered, it will likely invoke serious reaction. 
In this area, the structure must be perceived as satisfymg the nuclear risk considerations. 

b Given the scale of potential liabiiity associated with nuclear operations, an 
independent and p&tized nuclear generating company is inconceivable in 
Bulgaria at this time. 

m This could not even be accomplished as part of the privatization 
scheme implemented in the United Kingdom 



Inadequate incentive mechanisms. 

In addition, the private sector in Bulgaria suffers from an underdeveloped body of 
contract law and other commercial laws and regulations relevant to a market economy. 

4.7 CONCLUSION 

In this section we present our assessment of some important decision criteria, a summary 
conclusion regarding a recommended transition smcture and process. 

4.7.1 Decision Criteria 

Any structural option selected needs to be tested against some basic decision criteria. In 
fact, these criteria can be applied to each stage of the evolution of the organization and 
structure. The criteria and our overall assessment are as follows: 

w Risk This requires a subjective judgment to weigh the expected gain 
against the risks associated with implementing any givcn alternative 
approach. 

Economy of Eirort. What option will likely produce the greatest result for 
the least cost and the least disturbance of the organization? 

b Timing. Does this decision need to be completed swiftly to impose a new 
vision? Or does it require a moderate pace to allow the organization to 
develop the new skills and habits necessary for success? 

b Limitation of Resources. The most important of the resources to be 
considered are the human resources necessary to implement the decision, 
especially the limited time and capabilities of the collective organization to 
implement the changes effectively. 

Our sugmary conclusion is that NEK needs to pursue a course of action with a high- 
probability of success. The organization is already dealing with a blizzard of changes and 
- here more so than in most situations - the simplest solution is likely to be the best. 
The human resources in the organization appear to be overextended in their efforts to 
cope with the many new requirements of transforming NEK into a competitive, market 
oriented organization. Given the scale of the new systems, procedures and management 
disciplines to be developed or implemented, we believe a moderate pace to restructuring 
would be appropriate. 
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But, givcn NEK's financial condition, including its compelling need 
for capital as well as the need to develop its management skills, 
systems and organizational infrastructure, there may not be any 
alternative to some variation of this trade-ofE 

After the company is "on its feet," the most important focus should 
be profitability and service quality. These will be best served by an 
organization design that reflects the lessons learned from the 
competitive market economies in the United States and Western 
Europe. 

However, until the nuclear issues are widely considered to be under 
more satisfactory control than at presenb some form of continued 
governmental involvement appears to be unavoidable. This may 
take the form of guarantees of funding for decommissioning and 
other costs, the establishment of a legal limit on the utility's liability, 
or some form of regulation or governrnent-backed insurance). 

8 Realistically though, government involvement probably means 
continued ownership of the utility either completely or partially. @ 

w The central implication of these consttaints is that, for the foreseeable 
future, NEK will not have a completely free hand to adopt the structural 
options identified in this study. 

8 Nonetheless, we believe it is uscful to examine the possible options 
on a topdown basis. The insights provided by this exercise can be 
very uscful in designing a structure that optimizes both the real 
world constraints and also makes best possible use of structure to 
produce an efficient, responsive and profitable electricity subsector. 

w As descn'bed in the next section, there arc still some possibilities available 
to NEK to achieve certain benefits of competition and privatization in the 
without disturbing 'the interests of international lenders. 

In addition, there are several other important factors that were identified in obtaining 
bottom-up operational feedback that will have a bearing on the ultimate success of any 
restructuring of the electricity subsector in Bulgaria These factors are that NEK suffers 
from: 

b A lack of management decision-making skill and experience, appropriate to 
a market-oriented economy 
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These would probably include such functions as: executive management, 
including policy setting and corporate planning, financing (including 
financial planning and analysis), capital expenditure evaluation, corporate 
accounting and budgetin& management training and &veiopment, 
personnel management (including compensation), labor relations, legal and 
regulatory relations. 

b Certain other functions and activities could be antraiized, although the 
reason for centraiizing them would be to achieve economies of scale. 
Examples include: billing and collections, cash management, fuel 
procurement, design engineering and consauction project management 

b With the exception of major capital expenditure programs and the 
negotiation of major contracts (e.g., for fuel supply), the operational 
management of power plants and sales distribution branches would be the 
responsibility of the local branch managers. 

m Profit center managers (ic., branch managers) would, however, be 
responsible to operate within certain predetermined constraints and 
according to accepted operating p r a d a s  For example, each profit 
untcr would have its own budget, both for personnel, expenses and 
capital expenditures. 

rn However, some appropriate and realistic inantives need to be 
developed too. 

And if the corporate headquarters does not act in a responsible 
manner in approving resources for the profit center (e.g., funding for 
expenses and capital, etc) at a level and in a manner that is 
cdnristent with the rcsulti expected of the profit untcr, then the 
system will not work effectively and it may fail. 

All things considered, this approach seems to offer a relatively low-risk approach to 
developing a competitive, markct-oricnted organization. 

4.8 IMPLEMENTATION 

The final phase is the implementation of organizational change. A common error in 
organizational planning is to assume that the work is complete once the organizational 
charts have been drawn up. An organization redesign of any significance constitutes a 
major change. The questions of implementation are not aiviaL Policies, methods, 
systems and reporting relationships need to be altered Individuals and groups have to 



LEGAL DEPARTMENT 

11 Explore the possibility of oonsolidating more of these attorneys at the headquarters. 

H MAJOR STEPS 

II b Catalogue the major responsibilities of attorneys located in the branches. 

w Assess the extent to which these activities could be performed by a centralized legal 
staff. 

w Determine whether there are any statutory requirements concerning the physical 
presence of lawyers to be on-site at the branches. 

II Present the results to the Managmg Board for a decision. 

II b If approved, develop an implementation pian. 

I RESOURCES REQUIRED 

w This study should be conducted by an internal team with technical advisory assistance 
from an outside expen 

SCHEDULE 

b Catalogue responsibilities and complete the assessment by October 15, 1993. 
b Review results and decide on action by October 15. 1993. 
b If yes, develop an implementation plan by December 31, 1993. 

ESTIMATED COSTS AND BENEFITS 

b The incremental costs of concluding the study should be minimal. 
b The cost of impkmenting the consolidation would require certain relocation costs. 
b The benefits would include greater flexibility, the ability to specialize, and better cost 

control. 
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be motivated to continue to perform in the fa= of major turbulence. Therefore, in this 
phase, it is important to idennfy the key implementation h u e s  develop a plan and then 
execute that plan to ensure the objectives arc achieved 

The focus of this activity is the development of a process that can be 
followed to select and modify as appropriate a structure for the electricity 
sector. 

This implementation phase will be the responsibility of NEK and COE. 

The implementation process that we reviewed and discussed with COE and NEK follows 
consists of two major phases: 

b Phase I. First, NEK should implement fundamental improvements in its 
management systems, procedures and practices and concurrently organize 
the company into profit centers under the holding company form of 
organization. 

b Phase 11. After the foundations have been laid to improve the results of 
operations. COE and NEK can then proceed to implement certain other 
structural changes to further enhance the competitiveness of the electricity 
subsector. 

rn The steps in this process are described schematically in Exhibit 4-2a 
through 4-2d), following. 

m We have included only the phases involved in restructuring the 
generation side of the business, although this general approach could 
also be applied in distribution, if it is so decided 

b Certain aspects of Phase I1 could be accelerated if circumstances warrant it. 
Specifically, a small-scale IPP pilot program could be initiated as a vehicle 
to learn how to implement this technique later on a larger scale. 

This represents a gradualist approach that will allow NEK's management to develop the 
organization's ability to compete more effectively in a market economy. These basic 
skills, tools and techniques will be enhanced by the implementation of profit centers in 
the power plant and distribution segments of the utility. Once accomplished, the 
organization will be better prepared to adapt to the next series of changes. 
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PERSONNEL DEPARTMENT Exhibit B-20 

RECOMMENDATION 

Implement a project to automate the company's personnel records. 

MAJOR STEPS 

w Conduct a study to identify and catalogue the personnel information requirements. 
b Develop a conceptual system design. 
b Survey available sofrwarc to determine if any software packages adequate& satisfy the 

company's needs. 
b Develop a proposed system solution for review with the Managing Board. 
b Mod@ the recommendations as appropriate and develop an implementation plan. 

RESOURCES REQUIRED 

b The study should be conducted by a specialist or 6nn with relevant expertise. 

b Implementation will require information technology resources (hardware, sofrware, and 
programming). 

SCHEDULE 

b Conduct the initial study by September 30, 1993. 
w Develop a conaptual system design by December 31, 1993. 
b Survey available software packaging by March 31, 1994. 
w Develop a proposed solution by June 30, 1994. 
b Review the solution with the M a n a p g  Board by July 31, 1994. 
b Modify, as appropriate, and develop an implementation plan by September 15. 1994. 

ESTIMATED COSTS AND BENEFITS 

b The costs of conducting the studies and developing a proposed system solution should 
be moderate and perhaps should be combined as pan of an overall systems needs 
assessment for NEK 

b Implementation costs cannot be determined at this time. 

b The benefits would include more efficient use of ~crsonnel  information. 
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OF'FICE OF THE PRESIDENT Fjdriblt B-19 

Develop and implement an automated executive information system (EIS) to facilitate the monitoring 
of key orders of the Supervisory and M a n a p g  Boards. 

I 

MAJOR STEPS 

b Conduct a survey of senior management to identify key elements of information that 
should be considered for inclusion in an EIS. 

w Idenufy other performance indicators to be considered for inclusion. 

b Develop a conceptual design for the EIS, including hardware and software 
require men^ and information sources and flows. 

Review the design with senior management 

b Incorporate appropriate modifications to the system design based on feedback from 
senior management and develop an implementation plan and schedule. 

RESOURCES REQUIRED 

w This action should be done by a specialist or firm with expertise in accounting, 
management information, and computer technology. 

SCHEDULE 

Condua the user needs survey and develop a conceptual design by 
September 30, 1993. 
Complete review and modifications by November 15. 1993. 

w Develop an implementation plan by December 31, 1993. 

ESTIMATED COSTS AND BENEFITS 

w The work related to the initial survey and conceptual design should be conducted by a 
specialist or firm with the appropriate skills. This would cost 1.0 to 1.5 million leva. 

b The incremental hardware and software costs cannot be determined at this time. 

w The benefits would include more informed decision making and improved monitoring 
of kev indicators. 
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PERSONNEL DEPARTMENT Exhibit B31 

1 RECOMMENDATION 

1) Consider expanding the scope of responsibilities of the Personnel Departmenr 

b Conduct a study to survey the responsibility areas included in the human resources 
functions of a sample of leading western electric companies. 

b 3evelop a prehinary proposed approach to expanding the responsibilities of the 
personnel department, including stafting and other resources required. 

W b Review the approach with the Managing Board. 

II w Mod@ the plan as appropriate and develop an implementation plan. 

RESOURCES REQUIRED 

B The initial study should be conducted by an internal team with technical advisory 
assistance from specialist or firm with rekvant expenise. 

w The principal resource required to expand the Personnel Department is trained and 
experienced staff. 

SCHEDULE 

b Conduct the initial study and develop a proposed expansion plan by September 30, 
1993. 

b Review with the Manapg Board by October 31, 1993. 
b Modify as appropriate and develop an implementation plan by December 31. 1993. 

n ESTIMATED COSTS AND BENEFITS 

b The incremental cost of the initial study should be moderate. 

b The cost of the additional staffing and other resources required cannot be determined 
at this time. 

11 The benefits will relate to better use of the comoanv's human caoiraL 
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C.0 BACKGROUND INFORMATION ON REGULATION OF THE 
ELECTRIC POWER SECTOR IN BULGARIA 

This appendix is divided into five sections: 

b Ministry of Environment 
b Committee on the Use of Atomic Energy for Peaceful Purposes (CAE) 

Committee on Energy 
D Bulgarian Energy Regulatory Agency 

Summary Outline of Draft Law for Generation, Transmission, and 
Destination of Electricity. 

These five sections provide the background information, referenced in Chapter 5.0. that 
was used in preparing this report. Naturally, with the rapid changes occurring in 
Bulgaria's electricity sector. much of this information is obsolete; however, it is provided 
as a - guide to the situation that was current at the time of the study. 

C.l MINISTRY OF ENVIRONMENT 

In 1991, Bulgaria's Parliament adopted a new environmental protection law providing 
policy direction and an overall framework for environmental protection. Previously, a 
law for the control of air and water pollution had been in effect for about 15 years. The 
new law also specifies sizes of penalties and fines for violations and provides for free 
information to be available to the public. 

In response to this. the Ministry of Environment began preparation of regulations. It 
also began preparation of new draft laws relating to air pollution and conservation of 
water resources. Drafts have been prepared following consultation with other ministries 
and independent interests such as the Green Party. Extensive use of the clean air and 
water legislation and regulations of the United States was made in the drafting of this 
legislation. 

In seeking to administer environmental protection legislation insofar as this relates to the 
power sector, the Ministry has focused on non-nuclear power, because nuclear power is 
primarily the concern of the Committee on the Use of Atomic Energy for Peaceful 
Purposes (CAE). 

' The Ministry of Environment does have responsibility and authority to monitor radiation effects of 
nuclear generation beyond 3 km from nuclear power plan&. Radiation of groundwater may be monitored a within the 3 krn lim~t as well. 
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The 1991 legislation established norms for emissions from enterprises such as thermal 
power plants, differentiated as to type of fuel burned, caloric value, and size of plant. A; 
power plants are covered. During the period up to the end of 1995, there is provision 
for liberal interpretation and considerable compromise with respect to the requirements. 
After 1995, all power plants will be expected to fully comply with the new standards. 

An important task of the Ministry is enforcement of these standards through 16 regional 
inspection offices. Each of these offices monitors pollution caused by existing plants 
within its repon, issues orders to correct violations, and can impose fines. It is 
mandatory that each new plant or piece of new equipment in eJcisting plants fully reflect 
the standards in the design stage. Regulations spcclfylng these standards have been 
issued and are being enforced. 

If violations are found, the regional office seeks to resolve the issue through discussion 
with the plant (with NEK as observer). There is provision for exceptions and 
compromise in the imposition of fines and penalties; they can be reduced by the Ministry. 

There is also provision for public participation in assessment of environmental impacts of 
new equipment on new plants proposed to be installed. Informal notice is given to 
affected municipalities and other interested groups regarding such proposals so the public 
can learn what is involved in upcoming negotiations. 

New plants and rehabilitation of old plants require authorization from the Ministry of 
Environment. A letter of intent must be filed for any such proposal. This includes a 
section dealing with environmental impacts. If the Ministry staff are not fully competent 
to revaluate the environment impact, independent consultants are employed for this 
purpose. If the conclusion is negative, however, a public statement must be issued setting 
forth the reasons for rejection. 

The Ministry also has substantial authority with respect to construction of transmission 
facilities. Proposals can be rejected on grounds of appearance or in cases in which a 
National Park would be impacted. Alternatively, the route may be changed by the 
Ministry. Various regulations have been issued, including one specifyxng minimum 
distances from buildings or other structures, and another requiring netting on high 
voltage lines to protect birds. 

With regard to nuclear plants, Ministry authorization is required for any site to be used 
for storing nuclear waste material, whether inside or outside the 3 km radius from the 
plant; the concern here is primarily with water pollution. No procedures or standards 
have yet been established regarding decommissioning of nuclear plants. 

-- 
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C3 CO- ON ENERGY 

In 1991, the Council of Ministers created the Committee of Energy (COE) with 
responsibility for oversight, policy analysis, and implementation for three industries: (1) 
electric power, (2) thermal power in the form of steam and hot water, and (3) coal 
mining. Among its primary responsibiljties is assistance in developing pricing and other 
policies and methods of efficient utilization of electric power and other forms of energy. 
In addition, it engages in the promotion of research and development for electric energy, 
in supervision of investment activities, and in auditing. It also manages the fund from 
which subsidies arc paid to cover out-of-pocket losses of individual c~mpanies .~  While 
the COE is the owner of all property used by the companies engaged in electricity supply 
as well as supply of thermal energy and coal, it does not engage in the actual 
management or operation of these activities; that is the function of the different 
companies, such as the NEK, the district heating companies and the coal mining 
companies. 

The COE is managed by its Chairman (or President), Deputy Chairman (or Vice 
President), and Chief Secretary. These have no fixed terms of office. Its staff consists of 
about 90 employees. 

C.4 BULGARIAN ENERGY REGULATORY AGENCY 

C.4.1 Creation of a Renulatom Apencv 

Concurrent with restructuring and privatization. a regulatory agency to be called the 
Bulgarian Energy Regulatory Agency (BERA) should be created, which could take the 
following form: 

b Composition of BERA: 

3-5 Commissioners 

Appointed by President and confirmed by the Parliament 

Each Commissioner should have special expertise in one of the 
following: 

Sources of revenue for the fund are taxes and receipts from profitable energy companies. 
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Decisions by the Ministry of Environment can be appealed to the courts. but ox& on 
grounds that the decision is not in accordance with the law. 

C.2 COMMITI'EE ON TBE USE OF ATOMIC ENERGY FOR PEACEFUL 
PURPOSES (CAE) 

The law malung the CAE responsible for the safety of nuclear power plants was adopted 
in 1985. Members of the CAE include the Deputy Mimsters of various ministries (such 
as the Ministry of Industry) along with scientists and others with knowled_pe of the 
nuclear field - currently a total of 18 people. This committee is summoned once or 
twice a vear by the Chairman of the CAE, who presents his program to them, informs 
them oihis activities. and receives their comments. Essentially, the committee semes as 
a sounding board for the Chairman, who appears to have N1 authority under the Council 
of Ministers (COM). Indeed. when matters relating to nuclear power are discussed by 
the COM. the Chairman of the CAE participates ex officio in the capacity of a First 
Deputy Minister. 

The staff of the CAE consists of about 80 people, including 15 people on site at the 
Kozloduy plant. Staff divisions were created by law. The include a Division of Safety 
Inspections, which monitors and regulates the nuclear facilities. While this division has 
independent authority, it reports to the Chairman, who can wermle its directives. The 
R&D and Technical Coordination Division cames on research relating to nuclear safety 
and peaceful applications of nuclear energy such as medicine, etc. The International 
Division promotes diplomatic and political activity relating to nuclear energy, such as 
non-proliferation and technical assistance. Finally, the Crisis Center maintains direct 
communication with the nuclear plant and remains in close communication with civil 
defense authorities. 

The CAE has full authority for licensing of nuclear facilities, including authority to 
condition licenses as it considers necessary. Currently, the license for the nuclear plant is 
issued only for a one-year period so that annual relicensing is required with opportunity 
to add conditions as necessary. Plant operators are required to be university engineers 
and to have their licenses renewed every two years. 

The Chairman of the CAE has the authority to shut down panicular nuclear units or the 
entire nuclear plant if he finds this necessary for the protection of health and safety, and 
in the past he has had occasion to do so. He can, however, be overruled by the COM. 
The law currently leads to much discussion rather than clearly setting forth the 
responsibilities of those who must assure that nuclear power does not adversely affect 
health and safety. Consequently, it appears that there-is considerable room for 
improvement by way of clarification of responsibility and authority. 
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(9 )  Licensing thermal and electricity generation facilities other than nuclear. 

(10) Dispute resolution. 

C.43 Desinn Features 

b Autonomy and independence 

A law should expressly set forth the powers and responsibilities of 
BERA 

8 Fixed terms for Commissioners with protection against reassignment 
or other retribution for unpopular decisions 

8 Authority and responsibility of BERA to prepare its own budget and 
present it directly to the Council of Ministers and to levy fees to 
cover its budget 

Autonomous authority to hire, fire and promote staff. 

w Accountability 

8 Responsibility and authority of BERA defined and limited by statute 
with BERA decisions detailed in writing and subject to judicial 
challenge 

8 Budget reviewed by the Council of Ministers and Parliament 

8 Accounts audited by independent authority. 

b Limited regulatory authority 

Boundaries between BERA authority and the latitude given private 
entrepreneurs to act without regulatory oversight should be strictly 
defined and observed 

Division of regulatory responsibility 

8 Not all regulatory functions affecting the companies specified in B(1) 
need be performed by BERA 
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-- Economics - Law 
- Engmee ring. 

D Terms of office: 

Fixed five-year terms with possi~ility of reappointment 

8 Staggered so that no more commissioner positions than necessary 
are open per year. 

Commissioners and staff should be prohibited from owning any interest in 
any aspect of any industry regulated by BERA. 

BERA budget should be funded by user fees assessed on 
(related to gross revenue) and subject to review/approval 
Ministers. 

regulated entities 
by the Council of 

C.4.2 BERA Authoritv and Reswnsibiiitics 

BERA authority and responsibilities include: 

Issuance of exclusive service franchises regarding: (a) electric transmission, 
dispatch and distribution, (b) district heating and gas distribution. 

Specification of service obligations of companies included in (1). 

Establishment of performance standards and monitoring of conformance 
thereto for companies included in (1). 

Approval of service codes developed by the companies included in (1). 

Enforcement of service obligations. 

Approval of rates, terms and conditions of service. 

Approval of investment and resource acquisition programs. 

Authorization of land use for transmission lines. 

RCGIHagler, Badly, Inc 



8 Nuclear power licensing and monitoring could remain with the CAE 

8 Environmental regulation should remain with the Ministry of 
Environment. 

Public panicipation 

8 Rules governing public participation should allow interested parties 
an opponunity to provide comment and information. --:t would 
avoid administrative Iitigation in formal adjudicatory -;.cdings 

Will make regulatory actions more acceptable to the ~ n ~ m r y  and 
the public 

Will improve the quality of regulatory decisions 

Must be structured to avoid unnecessary delay and conserve 
reguiatory resources. 

C.4.4 Rate Reedation 

v Objectives 

Protect consumers against excessive prices 

8 Provide sellers opponunity to recover costs of providing senice 
inciuding a sufficient return on equity to finance capital 
improvements and new construction 

8 Encourage efficiency by making the regulated company's return 
dependent on managerial success in controlling costs 

8 Assure accurate price signals regarding relative abundance or 
scarcity of supply. 

b BERA will regulate rates for: 

8 Prices charged for transmission services, and pool pricing and 
dispatch services 
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C.5 SUMMARY OUTLINE OF D m  LAW FOR GENERATION, TRANSMISS~C 
AND DESTINATION OF E L E m C I T Y  

C.5.1 Authoritv and Rts~onsibilities of the Council of Ministers 

w The Council of Ministers acting through the Committee of Energy (COE) 

8 Develops and applies national energy policy 

8 Collects information necessary for this purpose 

8 Promotes efficient production, transmission, distribution, and use o: 
eiectricity as well as cogeneration 

8 Creates preferences for production from rcntwables 

8 Plans, coordinates, finances and manages R&D 

8 Creates conditions for competition in electric power industry 

Protects consumers in regard to price and quality of electric service 

Defends propebty and health of citizens from adverse effects of 
electricity production, transmission, and distribution 

@ Enforces penalties 

8 Other tasks as assigned by the Council of Ministers. 

w COE assists responsible authorization in protection of environment 

w Electric utility organization 

m Engages in production, transmission, or distniution for purpose of 
sale of electricity. 

= May be sole proprietor, commercial firm, association of firms, 
cooperatives, or municipality. 

8 Small power stations (generation cap of 10 MW or less using 
renewable as primary sources) are not included. COE can change 
the 10 MW maximum value. 
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I Maintain necessary fuel reserves at power plants 

I Operate or not operate plants or operate at specified output levels 
and with certain types of fuel 

Coordinate use of transmission facilities and allow use by small 
power plants. 

Emergency powers 

Eminent domain 

Rights of trespass 

A fund of stabilization of electric utilities is to be governed by COE (with 
fee schedule agreed by Ministry of Finance). Fund is financed by taxes anc 
fees for generating licenses, etc. 

C.5.2 Conditions for SUDD~V of Electricitv bv Electric Utilities to Consumers 

Electric utility obligations: 
8 TO serve consumers 
8 To buy from small power plants (SPP) under conditions set by COE 
I To provide auxiliary power to SPPs. 

Sensitive users (such as hospitals) must provide for alternative supply. 

Electric utility must supply energy under contract to large users (above 30 
kW), subject to change by COE. Otherwise, power may be supplied under 
tariff. 

Contractual disputes are to be settled with assistance of COE. 

Force major. 

Electric utility's rights to disconnect: 

8 Legitimate reasons for disconnect (customer does not pay on time, 
etc.) 
Requires written order of the COE 

8 Can be appealed to COE 

RCGiHagler, Bailly, Inc. r 



Council of Ministers controls prices of electric energy based on proposals 
by COE 

Council of Ministers (based on proposals by COE and after coordination 
with local authorities) issues licenses to elecmc utilities for: 

Production of electricity, or 

m Transmission and distribution within the knits of a region stated in 
the license. 

License may include: 

Necessary conditions for implementation of state policy 
m Fee 

Contract conditions between electric utilities 
m Provisions for change or cancellation. 

Council of Ministers can change or repeal a license when: 

Interests of consumers are infringed or expected to be infringed 
m Regulations relating to state security are in£ringed 
rn A violation of international contracts exist 

There is a lack of technical possibility 
rn A violation of anti-trust law exists 
rn Conditions of license are changed or violated, or 

New conditions emerge that require change of the license. 

If license is repealed, the electric utility can reapply only after a two-year 
period. 

COE can grant right to build. extend or renovate power plants and 
transmission facilities over 20 kV. Building of new facilities must be 
coordinated with Ministry of Environment. 

Decisions relating to licenses or rights to build, etc. may be appealed 
through provisions of administrative law. 

Export or import of electricity requires approval of Council of Ministers 
based on recommendations of COE. 

COE has authority to require electric utilities to: 

RCGiHagler. Bailly, Inc. 



Appendix D 

Detailed Analysis of Saucturrrl bptions 



Supply must be restancd in two days after payment of the bill, etc. 

C.53 Control Over Generation. Transmission. and Distribution (GTD) 

b Control lies with COE over: 

Physical conditions and safety of electric utility assets 
Price, quality and reliability of supply 
Electric utility investment plans 

a Efficient GTD and use of electricity 
Environmental policies 
Other activities related to COE authority. 

w Staff of COE have authority to: 

Visit sites without restriction for purposes of inspection. etc. 

b Staff of COE: 

8 Obliged to investigate service complaints by users 

Issue directives, within scope of competence, which are obligatory 
for execution. 

Authority of COE to obtain information from electric utilities, but must be 
kept confidential when it may create competitive advantage 

8 Certain information, relating to indemnities paid to users and 
problems in supply and efficient GTD, to be supplied to COE by 
electric utilities annually. 

COE is to make information public (presumably excepting 
confidential material). 
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D.1 ASSUMPTIONS REGARDING S'IT2UCX'URAL ALTERNATIVES 

In this section we present the full text of the key assumptions that are central to our 
evaluation of the efficacy of various structural alternatives. 

D.l.l Comwtition is Likelv to Produce Economic Results Suuerior to those Produced 
bv Reeulation 

There are a number of reasons why decentralized decisions in a competitive marketplace 
are generally more effective than command-and-control decision-malang. First, 
competition is likely to force costs down. Second, it is likely to result in prices that more 
closely reflect the respective costs of production. Third, it is likely to create services that 
are more responsive to customers' wants. Finally, it is likely to stimulate innovation in 
both technical and managerial areas. All of this typically occurs as a natural result of 
each competing supplier continually searching for ways to gain commercial advantage 
over its competitors. 

One important caveat to the argument favoring competition is that the size of the 
competing enterprises should be large enough to exhaust all, or most, of the economies 
of scale and scope associated with their specific activities. If this is not the case, costs 
will be excessive for some, and possibly all, competitors, and prices could be 
unnecessarily high, even though competition exists. Eventually, the more successful 
enterprises will grow faster, gain cost advantages and bankrupt their weaker competitors. 
Although the problem may be "self-correcting," the "solution" may create a few 
enterprises with market power that could choose to collude. But even if the end result is 
an efficient, competitive market, the transition period can be disruptive and burdensome. 

Competition in Generation. Competition in the generation activity is where the largest 
payoff is likely to be. This is not only because multiple generation facilities arc required, 
but also because generation accounts for such a large portion of the total cost of electric 
service, and because those costs are more controllable than are the costs associated with 
distribution. Done in the United States Studies suggest that economies of scale and 
scope in generation are largely exhausted for coal-fired generating stations consisting of 
at least four generating units (sets) in the range of about 400 to 500 MW each. 

Competition among independent generation enterprises can occur in two forms, each of 
which involves different structural implications. The two fonns are: 

Competition to sell into an hourly spot market for electricity, i.e., to get a 
particular generating unit included in the merit-order dispatch 
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power typically have been oversubscribed, often by substantial margins. Furthermore, the 
lowest bids are usually cheaper than the utility's t'build-own-operate" alternative. 

But competition need not be limited to procuring power from new capacity; existing 
generating capacity can also be forced to compete through the use of relatively short- 
term power purchase contracts that require frcquent rebidding. Under this scenario, 
near the end of each contract period, each generation enterprise would be required to 
submit a schedule of capacity and energy charges covering each increment of capacity it 
is bidding. The supply enterprise would then determine the mix of contracts that would 
minimize the cost of providing electricity over the next contract period. Admittedly, this 
scheme would reduce the degree to which the competing generating enterprises could be 
debt-financed because lenders require the security of long-term contracts. Nonetheless. 
power plants operating under such short-term contracts could be privatized, as was 
demonstrated recently in the UK2 

Once a power purchase contract is signed, either from a new facility or from an existing 
one. there is no scope for competition until the contract expires. Thus, all of the benefits 
of the competition are captured "up front" in the pricing and other terms incorporated 
into the contract. 

Bulgaria can exploit this form of competition today. Furthermore, doing so would not 
require that eisting generation be separated from the transmission/central dispatch 
activity if competition were limited to purchases from new facilities. All that would be 
required would be to establish procedures for soliciting offers for power contracts and for 
evaluating the offers received. Once a contract is entered into, the electrical energy 
available under that contract could then be "dispatched" like any other generating unit. 

Competition in TransmissionlCentral Dispatch. Compc tition in the transmission/ce n tral 
dispatch activity is not practical in Bulgaria given the size of its electricity market. The 
economies of scale and scope for this activity are so large as to dictate that it remain 
horizontally integrated, thus precluding effective competition. 

Competition in D W u t i o n .  Competition among independent distribution enterprises can 
only occur in a limited form because it would not be not practical for them to compete 

Typically, private power projects are funded with 80% to 90% debt capital. This is possible only 
because most of the project's risk is shifted to the power purchaser through long-term contracts containing 
take-or-pay capacity payments. This ability to finance a project almost entirely with b.orrowed money m makes it  possible for small developers with little equity capital to participate, thereby broadening the 
competition. However, the cost incurred by society for the increased participation is that electricity prices 
will reflect their respective marginal costs of production as accurately as they would in an electricity spot 
market. 
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for the same customers through the use of duplicate faciiities. For distribution 
enterprises that have exclusive retail franchises, competition can take the following fot 

w Competition for customers located near adjoining franchise areas 

b Competition for skilled, experienced employees 

Competition through offering innovative services to customers 

e "Yardstick competition in which regulators compare the distribution cost 
of the enterprises under their jurisdiction. 

Economies of scale and scope in distribution are an important consideration. Studies 
done in the Netherlands suggest that these economies are largely realized by distributio 
enterprises that have at least 300,000 to 400,000 connections. This implies that Bulgari: 
electricity market could support six or more distribution enterprises that would still be 
large enough to be economically efficient. 

D.1.2 Private owners hi^ i s  Likelv to Provide Stron~er Incentives for Production 
EfTiciencv than Public Ormershi~: It Also Offers Additional Sources of Capital 

The key difference between private ownership and public ownership is that the former 
offers the potential for the enterprise to retain all of its cost sa~ings.~ In contrast, even 
the best designed incentive schemes employed by pubiicly-owned entities typically allow 
the entity to retain only a small fraction of those savings. Because a privately-owned 
enterprise's management can justify paying its employees - and itself - bonuses out of 
savings, the incentives to perform can be made greater than in a publicly-owned 
enterprise. Furthermore, an enterprise that is substantially owned by its management 
and employees should have even stronger incentives to be efficient than one owned solely 
by absentee shareholders. This is the essential argument in favor of privati~ation.~ 

lllconocived economic regulation can force the privately-owned enterprise to pass all cost savings 
on to ils customers, thereby nullifying any incenuve to be eficient This is one of the criticisms of "cost- 
plus" regulation methods. 

During the 19%0s, many government-owned electric utilities in the United States and Europe 
systematically overinvested in highcost nuclear generating capacity relative to the needs of their markers. 
Although certain investorswned (i.e., privatized) electric companies likewise overinvested in nuclear plant, 
the most egregious examples are among the government-owned utilities. Two of the most LmpDrtant 
reasons that investor-owned utilities rook correctwe action sooner were that (a) the profit motive caused 
managers to be more sensitive to increasing costs, and at an earlier stage than their counterparts in 
government owned utilities, and (b) there was an independent regulatory oversight of the privatized 
utilities. The reality is that effective regulation of gowmment-owned utilities (LC. by another entity) is 
more difficull to achieve than workable regulation of private enterprise. 

- 
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D Competition to s i p  a power purchase contract with the transmission gr 
or some other customer. 

S '  Power Market. The most significant power market employing this form of 
competition today is in England and Wales. In that market, each generation enurpris 
bids a schedule of prices for delivering energy to the transmission grid the following dr 
Generating resources are then centrally dispatched on the basis of these bid prices. E 
generator that is called to deliver energy to the grid in any half-hour is paid a price eq. 
to the marginal (highest) price bid for that half-hour. 

This pricing scheme provides strong incentives to reduce costs while also passing some 
the savings on to the electricity consumers, assuming there are enough competing 
generation enterprises that only own generating units running close to the margin. Thi. 
is a very stringent condition; it requires a sufficiently large market for electricity to 
support the multiple generating units across the entire range of marginal costs, and a l s ~  
requires that those units be distributed among enough independent enterprises to make 
collusion very difficult. This condition is not currently satisfied anywhere in the world, 
including England and Wales. Today there exists no empirical data that can be 
judge the value of true spot market competition in electricity. w0 
In addition to the need for multiple competitors having the "right" distribution of 
capacity, a spot market in power requires a sophisticated computer-based system for 
tracking the price bids (which change each day), dispatching plant in real time based on 
those prices. and settling the accounts of all the trading enterprises, i.e., the generation 
enterprises selling the power and the distribution enterprises and large customers buylng 
that power. 

Bulgaria's elecm'ciry market, along with its curerrr mix of generaring unirs, 
does not fulfill the sningenr requiremerzrs for a spot power market and it ir 
unlike@ to do so fur ar least ten years, 

Power Purchase Contracts. The markets for power in the United States represent good 
examples of the competition involved in procuring power through purchased power 
contracts. In these markets, the benefits of competition are realized in the form of 
favorable contract terms covering purchases over many years. This type of competition 
has been most successful in terms of power to be purchased from newly constructed 
power plants, rather than from existing facilities.' Utility solicitations for purchased 

' U.S. utilities have not had much experience wirh solicitations for private developers to reno 
operale an existing facility, but the process of doing so should not differ essentially from that of soli 
bids for a new plant. Actually, it should be simpler bemuse the developer is spared the cost and 
having to site the plan purchase rights-of-way for related infrastructure, and obtain environmental 
permittmg. 
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D.13 m n t r a l i z e d  Decision Makinn is Generallv More Effrcctive tban Centraiizcd 

As a generalization, it is more effective to place decision-making authority close to the 
point of resource application, because the person closest to the point of application 
generally has the best available information regarding what is needed However, this 
principle is only valid if the decisions involved will not siwcantly affect other units of 
the organization. If interactions do exist, some degree of centralized decision-malung - 
or at least coordination - is needed The merit order dispatch of generating plants is a 
good example of ctntrafiztd decision-making. 

Despite its greater effectiveness, decentralized decision-making authority may not be as 
cost-efficient as centralized decision-making because it may not fully exploit economies 01 
scale and scope. The tradeoff between the effectiveness of local control and efficiency of 
centralized control is well illustrated by the system of data-processing in organizations 
prior to the introduction of personal computers. During the 1960s and 1970s, corporate 
data-processing was generally done on mainframe computers by centralized data- 
processing departments. The managers of those depaments typically implemented 
administrative systems and procedures designed to maximiz the utilization of their 
computers, rather than to respond to the needs of the individual users. Although this 
approach reduced the per-unit cost of processing data, users (ie., customers) were 
frequently dissatisfied with the quality of service they received. 

D.1.4 Vertical Intawation Offers Both Advantages and Disadvantages 

The most important advantage of venical integration is that it facilitates coordination 
among related economic activities, panicularly the merit-order dispatch of generating 
plants. A second major advantage is that it allows the exploitation of economies of scale 
and scope through the sharing of common resources. Centralizing staff functions, such 
as financial management and personnel recruitment, are examples of this. 

Integrated resource planning exploits both subsector-wide coordination and economies of 
scale and scope in centralized staffing. This planning process requires data about 
customers (which arise from the distribution activity) and data about current and future 
generation and transmission resources (which arise from the generation and 
transmission/central dispatch activities). The actual planning must be done by, or at least 
coordinated through, some central planning group. 

Vertical. integration encourages centralized decision-making, even when it is less effective 
than decentralized decision-making. Because top management has oversight on more 
activities, it will have a strong tendency to direct every aspect of operations from the top. 
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As important as it is, production efficiency is only one of the requirements for economic 
efficiency; the other is allocative efficiency, which requires that prices be reflective of 
their marginal costs of production. Although a privately-owned monopoly has a strong 
incentive to produce at minimum cost, it also has an incentive to set its prices too high. 
Thus, the ideal form of ownership for a "market power" enterprise necessarily depends 
on how effective regulatory incentives can be in encouraging economically efficient 
performance. 

The network activities (transmission/centraI dispatch and distribution), clearly have 
market power, so they must be price-regulated if they are privatized. The distribution 
actiwty is relatively easy to regulate in ways that provide incentives for both production 
and allocative efficiency. "RPI minus x," a scheme employed in the United Kingdom has 
successfully done this. This scheme works as follows: the regulated enterprise is allowed 
to increase its prices each year by the general inflation rate, measured in the UK by the 
Retail Price Index (RPI), minus a predetermined amount (the 'k" term). The x term is 
designed to account for the company's assumed productivity increase and to offer an 
incentwe for efficiency improvement. 

Regulation of the transmission/central dispatch activity poses a more difficult problem. 
The objectives of this activity should be to minimize the cost of providing bulk power to 
the distribution enterprises and to direct-sales customers, while also passing on most of 
the cost savings to the customers. In order to accomplish this, many complex and 
interrelated planning and operating decisions must be made every day. Examples include 
the central dispatch of available plant, coordination of generating plant maintenance 
scheduling, operation of pumped storage plants, and trading power with neighboring 
power systems. Developing and implementing incentive regularm to cover all of these 
activities is very difficult. For this reason, the transmissionJcen~ -a1 dispatch activity in 
Bulgaria probably should be left in the public sector until incenwe regulation has been 
developed and proved to be effective. 

In the UK. the transmission/central dispatch activity has been privatized, but its owners 
have virtually no control over it; control remains largely in the hands of the government. 
In the United States, transmission is mostly privatized, but only as part of vertically 
integrated enterprises, most of which are rate-base regulated. The efficacy of this 
regulatory approach is discussed next. 
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. The most important disadvantage of vertical integration is that it precludes 
the potential for competition among separate enterprises conducting similar 
activities. 

Finally, vertical integration precludes the privatization of the generation and/or 
distribution enterprises if it is decided that the transmission/central dispatch enterprise 
must remain in the public sector. 

D.1.5 Horizontal Inteeration Offers Both Advantares and Disadvantanes 

The most important advantage of horizontal integration is that it allows the greatest 
potential for exploiting economies of scale and scope in the integrated activity. This is 
particularly important for the transmission/untral dispatch activity. 

A second advantage is that it offers management the option to average the costs of 
service across the distribution regions. thereby allowing uniform national pricing of 

'electricity. Although such cost averaging may be undesirable from the perspective of 
economic efficiency, having the option to do so is a political advantage. 

. The most important disadvantage of horizontal integration is that it 
precludes competition among activities that could otherwise be efficiently 
disaggregated horizontally. 

. A second disadvantage is that it discourages decentralized decision-making 
within an activity. 

D.1.6 The Abilitv of an Enternrise to Raise Capital from External Sources is Influenced 
bv its Market Power and its Size 

Providers of both equity and debt capital look to the certainty of an enterprise's future 
earnings potential as a critical test of the likelihood of not losing their invested capital. 
The profits of an enterprise that lacks effective competitors is highly assured, even if 
limited by some form of economic regulation. Regulators generally understand that their 
role is to limit profits to "fair" levels, not to put the regulated enterprise out of business5 
Thus, because it provides an indispensable service, a transmission/central dispatch 
enterprise should have little difficulty raising the capital it needs. 

As evidence of this. consider that although more than 100 nuclear reactors under construction in the 
United States were cancelled at a cost of billions of dollars during the 1970s and 805, only two electric 
utilities were forced into bankruptcy, with (only) a few others left in dire financial straits. 
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Generation enterprises operating in a competitive environment could have difficulties 
raising capital unless they have adequate long-term contracts with their buyers. The 
construction of a new generating plant cannot be debt-financed unless it first has in p 
a power purchase agreement covering enough of its future output to assure its financii 
viability. 

Although a distribution enterprise will likewise be credit-worthy, at least as long as its 
customers lack reasonable alternatives to electric service, the amount of capital it can 
raise is limited. For example, it is possible for an enterprise to grow so rapidly that it 
cannot debt-finance the new assets it needs to support its growth. This is less likely to 
a problem for a horizontally integrated distribution system because the revenues from ; 

low-growth areas can be used to finance the assets needed in the high-growth areas. 

While size alone cannot make an enterprise credit-worthy, there are clear indications tk  
financial institutions prefer making loans to larger enterprises, all else being equal. For 
this reason, horizontal and/or vertical integration improves the ability of an enterprise tc 
raise capital externally. 

a 
D.1.7 Economic Regulation That is S im~le  and Unintrusive is the Most Likely to be 

Several important lessons have emerged from decades oT experience with economic 
regulation of electric power in the United States. First, regulatory systems that require 
regulators to examine in great detail an enterprise's financial performance and the 
decisions of its management are costly to administer. In addition, they frequently impose 
perverse incentives on the management. Rate-base regulation, widely practiced in the 
United States, provides management with poor incentives to reduce costs and can 
provide strong incentives for inefficiency6 

Unfortunately. the economic regulation of generating enterprises has typically involved 
some form of intrusive, cost-based regulation because generation costs depend critically 
on fuel prices that can be volatile and uncenain. This is one reason why introducing 
competition into the generation activity is attractive. i.e., it eliminates the need for 
intrusive. cost-based regulation. 

In contrast to generation, a distribution enterprise can be price regulated without 
necessitating detailed examinations of its costs, except perhaps once every five to ten 

In 1%1. two economisls published a paper whose hyporhesis is that under rate-based regulat 

Johnson Theorem (AJT) e f f e c ~  

@ utilities will have an incentive to make uneconomic capital investments in order to maximize the size 0 
rate base. and therefore the enterprise's profils. Named after is authors, this is known as the Averch- 
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by a privately-owned enterprise. their commonality of purpose provides a consjstent 
framework for regulating the enterprise. 

h m m Z i u d  Supply A&@. The alternative to a centralized supply activjty is a 
competitive market that satisfies the demand for electricity through the decentralized 
decisions of individual supply enterprises. as is currently being anempted in England at 
Wales. However, this approach requires the creation of a spot power market in which 
electric capacity and energy are freely traded in real time. Also, the supply enterprises 
must have free access to that spot market. Only the transmissionicentral dispatch act~vl 
can create this market because of its involvement in moving tht energy from the seller . 

the buyer (at least to the extent that it enters the grid at transmission voltage) and must 
have control over the output of the seller's generator.' 

The market-based approach in England and Wales has not yet produced 
enough empirical evidence to indicate how successful it will be. And since 
England and Wales currently have more excess generating capacity than 
they can utilize for at least 10 years, it is unlikely that much data will be 
forthcoming soon. 

In light of Bulgaria's lack of experience with market-based systems, and 
because of the stringent conditions required to support a competitive spot 
market in electricity, Bulgaria is unlikely to be well-served by a 
decentralized supply activity, at least in the foreseeable future. 

Assuming that Bulgaria centralizes the supply activity within the entity responsible for the 
transmission/central dispatch activity, the supply activity can be successfully accomplished 
with equal ease by any of the structural models under consideration. 

D.1.9 A Subsector Structure that Pmvides for a Natural and Orderlv Transition from 
the Current State to the Ideal Lone-Run State is Desirable 

As discussed above, Bulgaria's current electricity market is too small to support a spot 
market in electricity. We believe that the most viable forms of competition in generation 
will be limited to bidding for power purchase contracts covering new plants or 
renovations of existing plants, and capacity and economy energy purchases and sales with 
other power systems. Transactions with other systems will become increasingly important 
when Bulgaria becomes a member of a robust power pool. 

' The transmission/ccntral dispatch activily must exercise control over the output of ntcq 
generator to the transmssion system to ensure the safe and stable operation of that system. Although it is 
not necessary to subject each of these generaton to merit-order dispatch, it is highly desirabk to do so 
because of the large potential cost saving. 



years, Prices charged for distribution services can be more easily are regulated using a 
scheme known as "RPI minus x." 

In addition to distribution prices, the "RPI minus x" approach appears to be workable for 
regulating transmission prices; however, it is not capable of effectively regulating the 
transmissionkentral dispatch enterprise. That would require a more sophisticated vehicle 
that can provide incentives to encourage the enterprise to minimize the cost of supplyng 
bulk power. 

D.1.8 Bulgaria's Choice of Structure for the Electricitv Subsextor is Not Substantially 
Affected bv Supplv Planning Considerations 

As described earlier, the supply activity consists of planning for and procuring the supply- 
side and demand-side resources needed to meet customers' future demand for eiectricity- 
related energy services. This resource-planning process generally involves not just the 
supply activity but the other three activities as well. For example, forecasting the 
demand for electricity and identifying options available for satisfymg customer demand 
through conservation and load management requires information about retail customers 
that is most readily available in distribution. Likewise, information regarding the costs of 
operating existing generation and constructing and operating new generation is readily 
available in generation. Finally, information on transmission costs and constraints, and 
forecasts of future trading opportunities with interconnected power systems, is most 
readily available in transmission/central dispatch. Thus, the essential supply activity is to 
collect all of this information and integrate it, in order to create alternate resource plans, 
evaluate those plans, choose one of them, and takexsponsibility for its implementation. 

Resource planning and procurement can be conducted by either a single enterprise that 
centrally plans the resources of the subsector, or collectively by a number of enterprises 
operating in a competitive electricity market. Except for the unique electricity supply 
industry in England~Wales, all electric power systems employ some form of central 
planning approach to ensure the adequacy of electricity supply. 

Centralized Supply Activity. If the supply activity is to be centralized, the logical place for 
it  is within the transmission/central dispatch enterprise because of that entity's 
interactions with both generation and distribution activities in directing the merit-order 
dispatch of generating plants. A second reason for co-locating the two activities is that 
both have similar and complementary objectives. The objective of the 
transmission/central dispatch activity is to operate the entire power system in a manner 
that minimizes the cost of supplying bulk power in the short-term (LC., one year or less). 
The objective of the supply activity is to provide for a future system in a manner that 
mmimizes the cost of supplying bulk power (and cost-effective demand-side substitutes 
for bulk power) over a longer time horizon. If these two activities are to be conducted 
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by a privately-owned enterprise. their commonality of purpose provides a consistent 
framework for regulating the enterprise. 

&centralized Supply Activity. The alternative to a centralized supply activity is a 
competitive market that satisfies the demand for electricity through the decentralized 
decisions of individual supply enterprises, as is currently being attempted in England ar 
Wales. However, this approach requires the creation of a spot power market in which 
electric capacity and energy are freely traded in real time. Also, the supply enterprises 
must have free access to that spot market. Only the transmission/ccntral dispatch activ 
can create this market because of its involvement in moving the energy from the seller 
the buyer (at least to the extent that it enters the grid at transmission voltage) and mus 
have control over the output of the seller's generator.' 

The market-based approach in England and Wales has not yet produced 
enough empirical evidence to indicate how successful it will be. And since 
England and Wales currently have more excess generating capacity than 
they can utilize for at least 10 years, it is unlikely that much data will be 
forthcoming soon. 

C In light of Bulgaria's lack of experience with market-based systems, and 
because of the stringent conditions required to support a competitive spot 
market in electricity, Bulgaria is unlikely to be well-sewed by a 
decentralized supply activity, at least in the foreseeable future. 

Assuming that Bulgaria centralizes the supply activity within the entity responsible for the 
transmission/central dispatch activity, the supply activity can be successfully accomplished 
with equal ease by any of the structural models under consideration. 

D.1.9 A Subsector Structure that Pmvides for a Natural and Orderiv Transition from 
the Current State to the Ideal Lone-Run State is Desirable 

As discussed above, Bulgaria's current electricity market is too small to suppon a spot 
market in electricity. We believe that the most viable forms of competition in generation 
will be limited to bidding for power purchase contracts covering new plants or 
renovations of existing plants, and capacity and economy energy purchases and sales with 
other power systems. Transactions with other systems will become increasingly important 
when Bulgaria becomes a member of a robust power pool. 

' The lransmission/ccntral dispatch acliviry must exercise mnrrol over the output of mry 
generator to the transmission system to ensure the safe and stable operation of that system. Although it is 
not necessary to subjecr each of these generators to merit-order dispatch, it is highly desirable to do so 
because of the large potential cost savings. 
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One solution is to retain vertical integration between existing generation and transmission 
and to procure new generating capaciry through competitive solicitations that kave the 
new additions in separate privately-owned enterprises. This would capture the benefits 
of vertical integration with respect to existing generating plants while capturing the 
benefits of competition with respect to new generation. If Bulgaria should decide to 
privatize some or all of its existing power plants at some future time, the structure 
proposed should support that effort. 

D.2 THE STRUCTURAL ALTERNATIVES 

First, we describe the structural alternatives through variation of their respective degrees 
of vertical and horizontal integration. 

Option A: 

Option B: 

Option C: 

Option D: 

Option E: 

Option F: 

Option G: 

Option H: 

Option I: 

Option J: 

A Single, Vertically Integrated Enterprise 

Multiple, Vertically Integrated Enterprises 

A Single Generation Enterprise and a Separate, Integrated 
Transmission and Distribution Enterprise 

Multiple Generation Enterprises with an Integrated 
Transmission and Distribution Enterprise 

A Single Distribution Enterprise with a Separate, Integrated 
Generation and Transmission Enterprise 

Multiple Distribution Enterprises with a Single, Integrated 
Generation and Transmission Enterprise 

A Single Generation Enterprise with a Single Transmission 
Enterprise and a Single Distribution Enterprise 

Multiple Generation Enterprises with a Single Transmission 
Enterprise and a Single Distribution Enterprise 

Multiple Generation Enterprises with a Single Transmission 
Enterprise and Multiple Distribution Enterprises 

Multiple Generation and Distribution Enterprises with a 
Single Transmission Enterprise. 
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In addition to the ten "pure" options, there are three additional "hybrid" options that 
vertically integrate some generation in the transmission enterprise. These are variants of 
Options D, H and J. 

Option K: Multiple, Independent Generation Enterprises along with an 
Integrated Generation, Transmission and Distribution 
Enterprise 

b Option L: Multiple Generation Enterprises with an Integrated 
Generation and Transmission Enterprise and a Separate, 
Self-contained Distribution Enterprise 

Option M: Multiple Generation and Distribution Enterprises along with 
a Self-contained Generation and Transmission Enterprise 

D3 ASSESSMENT OF THE STRUCI'URAL ALTERNATIVES 

The relative advantages and disadvantages of each of the structural alternatives ident 
in the previous section are discussed here. Exhibit 4-2 summarizes the results. a 
Option A: A Single, Vertically Integrated Enterprise 

This structural model is in widespread use throughout the world. Electriciti de France 
(EdF) is representative of the publicly-owned enterprise for an entire country; the major 
investor-owned U.S. utilities are representative of the privately-owned version within a 
legally determined franchise territory. 

The primary advantages of this option are its ability to fully exploit economies of scale 
and scope in all activities, to closely coordinate all operations, and to facilitate the raising 
of investment capital from external sources. In addition, it enables uniform national 
retail tariffs through internal cross-subsidization of the high-cost regions. 

The primary disadvantage of this option is that it precludes competition in generation 
and distribution. Because of the lack of competition, the generation activity must be 
regulated in great detail to ensure that only "prudently incurred" costs are recovered 
through electricity prices. This option also precludes the privatization of generation or 
distribution unless the entire subsector is privatized as a whole. Finally, vertical 
integration fosters centralized decision-making with its associated disadvantages. 
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Option B: Multiple, Vertially Integrated Enterprises 

Horizontally disaggregating Option A (the EdF Model) yields multiple enterprises that 
are essentially clones of the parent This structure is represented by the large, regional 
electric utilities in the United States and Germany. 

The power market in Bulgaria is too small for this structure, which would not fully exploit 
the economies of scale and scope in the transmission/central dispatch activity and not the 
generation activity either. It would also greatly complicate the coordination of merit- 
order dispatch of generating plants. Finally, it would almost certainly yield regionally 
differentiated electricity prices, as it does in the United States. This may be deemed 
socially unacceptable and politically inadvisable at present. 

Option C: A Single Generation Enterprise and a Separate, Integrated Transmission 
and Distribution Enterprise * 

Vertically separating the generation activity from a combined transmission/central 
dispatchidistribution enterprise results in this option. We know of no country that has 
structured its electricity subsector in this way. 

The main advantage this structure offers over Option A is that it allows the generation 
enterprise to be privatized even if the transmission grid remains in the public sector. 
Private generation is likely to be more efficient 'even if it is non-competitive. A second 

, advantage is that it encourages decentralized decision-makmg by separating the subsector 
into two independently managed entities. 

The main disadvantages of this structure are that it does not exploit economies of scale 
and scope offered by centralizing corporate staff functions, and it complicates the merit- 
order dispatch of generation plant. 

Option D: Multiple Generation Enterprises with an Integrated Transmission and 
Distribution Enterprise 

This option represents the only configuration that horizontally disaggregates the 
generation activity, but leaves the transmission/central dispatch and distribution activities 
combined. We know of no country that has structured its electricity subsector in this 
way. 

Unlike Option A, this option offers the potential for competition among the generation 
enterprises, thereby promoting greater economic efficiency and reducing and perhaps 
eliminating the need for regulation. Because a spot power market is not feasible in 
Bulgaria today, such competition can only occur in the process of negotiating power 
purchase contracts. This option also allows the generation activity to be privatized, even 
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if the remainder of the subsector remains publicly-owned. Finally, it encourages 
decentralized decision-making in the generation activity. 

On the negative side, like Option C, this option does not fully exploit economies of scale 
and scope offered by centralized staff functions, and it complicates the merit-order 
dispatch of generating plants. In addition, because of the competitive nature of the 
business and the smaller sizes of the individual generation enterprises, raising capital 
externally could be difficult for them if long-term power purchase contracts are not 
available from the transmission/distribution enterprise. Finally, this option could sacrifice 
economies of scale and scope in generation if the generation activity is fragmented into 
too many small entities. 

Option E: A Single Distribution Enterprise with a Separate, Integrated Generation 
and Transmission Enterprise 

Vertically disaggregating Option A into one generation/transmission/central dispatch 
enterprise along with a separate distribution enterprise yields this option. We know of 
no country that has structured its electricity subsector in this way. 

The primary advantage that this structure offers over Option A is that it allows the 
distribution enterprise to be privatized while keeping the transmission/central dispatch 
activity in the public sector. Privatization offers incentives for improved economic 
efficiency. This option also encourages decentralized decision-making to a limited degree 
by creating separate enterprises. 

The disadvantage of this option is that it would duplicate some corporate functions that 
could be performed by the headquarters staff of a single, vertically integrated enterprise. 

Option F: Multiple Distribution Enterprises with a Single, Integrated Generation and 
Transmission Enterprise 

Option F represents the only way to disaggregate distribution while keeping generation 
and transmission combined in the same enterprise. This structure is similar to the one 
employed by the "old" (pre-1990) England~Wales electricity supply industry in which the 
CEGB owned and operated virtually all of the generation and transmission plants. 

The most important advantages of this option are that it allows competition (albeit 
limited) among the distribution companies, and also allows the distribution entities to be 
privatized even if the generation/transmission/central dispatch activities are not. It also 
encourages decentralized decision-making, to a limited degree, by creating separate 
enterprises. 



The main disadvantage of Option F is that some distribution entities may have difficulty 
raising capital externally if their rate of growth is very high and economic regulation 
limits their ability to increase prices. In addition, the distribution entities will not fully 
exploit the economies of scale and scope offered by centralizing corporate staff functions 
and may not exploit those economics with respect to the distribution activity if too many 
small distribution entities are created. Finally, a disaggregated distribution activity makes 
uniform national retail tariffs difficult to sustain. 

Option G: A Single Generation Enterprise with a Single Transmission Enterprise and 
a Single Distribution Enterprise 

Vertically disaggregating into separate generation. transmission/central dispatch, and 
distribution enterprises results in this structure. We know of no country that has 
structured its electricity subsector in this way. 

The advantages of this structure over Option A are that it allows the generation and 
distribution enterprises to be privatized even if the transmission/central dispatch entity 
remains in the public sector, and it  encourages decentralized r-..,agernent decision- - 

making. 

The main disadvantages of this structure are that it does not exploit economies of scale 
and scope offered by centralizing corporate staff functions, and it complicates the merit- 
order dispatch of generation plant. Neither of these are serious defects. 

Option H: Multiple Generation Enterprises with a Single Transmission Enterprise 
and a Single Distribution Enterprise 

This is identical to Option G except that generation is disaggregated. We know of no 
country that has structured its industry in this way. 

The main advantage of this structure is that it allows competition in generation. It also 
offers all of the advantages of Option G. 

The main disadvantage of this option, in addition to those of Option G, is that it could 
increase the difficulty of the generation activity to raise capital from outside sources if 
long-term contracts are not employed. 

Option I: Multiple Generation Enterprises with a Single Transmission Enterprise 
and Multiple Distribution Enterprises - 

This option is identical to Option G except that distribution is disaggregated. We know 
of no country that has structured its industry in this way. 
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This option offers all of the advantages of Option G but also allow competition in 
distribution. 

In addition to the disadvantages of Option G and H, the existence of multiple 
distribution entities precludes the use of uniform national retail tariffs. 

Option J: Multiple Generation and Distribution Enterprises with a Single 
Transmission Enterprise 

This option is identical to Option G except that generation and distribution are 
disaggregated. This is the structure adopted in the recently privatized England and 
Wales electricity supply industry. 

The main advantage of this structure over Option A is that it allows competition and 
privatization for both generation and distribution. Because generation is competitive, the 
need for price-regulation is greatly reduced. This structure provides the maximum 
opportunity for decentralized management decision-making. 

This option has a number of disadvantages. First, it does not fully exploit economies of 
scale and scope in corporate staff functions, and possibly in generation as well, depending 
on the degree of fralmentation of this activity. Merit-order dispatch of generating plants 
is also complicated by this fragmentation. Third, the generation entities may have 
difficulty raising capital externally if long-term contracts for their power sales are not 
available. To a lesser extent, the distribution entities could also experience financing 
difficulties, depending on how rapidly their service areas are expanding. Finally, this 
structure precludes the use of uniform national retail tariffs. 

Option K: Multiple, Independent Generation Enterprises along with an Integrated 
Generation, Transmission and Distribution Enterprise 

This is essentially Option A with some or all new generation procured through power 
purchase contracts, and possibly some existing generation taken off and privatized. This 
structure reflects what is happening in the United States today. In response to pressure 
from regulators, many of the large vertically integrated electric utilities have decided to 
obtain all new generating capacity through competitive power purchase contracts. As 
tlme passes, the structures of these utilities will approach that of Option D. 

This structure offers all of the advantages of Option A while also providing for an orderly 
pathway to privatized, competitive generation. 
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For Bulgaria, one disadvantage of Option K is that legal structures for 
power contracting must be developed. In addition, Bulgaria's financial 
markets may require further development before private sources of capital 
of the size required can be mobilized. 

Option L: Multiple Generation Enterprises with an Integrated Generation and 
Transmission Enterprise and a Separate, Self-contained Distribution 
Enterprise 

Option L is the same as Option K except that the distribution activity is conducted by a 
separate entity. We know of no countries that have structured their electricity subsector 
in this manner. 

This structure shares the advantages of Option K while also allowing distribution to be 
privatized even if the transrnission/central dispatch activity is not. 

The disadvantage of this option. relative to Option K, is that it further duplicates some 
corporate staff functions. 

Option M: Muitiple Generation and Distribution Enterprises along with a Self- 
Contained Generation and Transmission Enterprise 0 

This is the same as Option L except that the distribution activity is divided among a 
number of separate entities. This structure is employed in Sweden today. 

This option shares the advantages of Option L while also allowing competition in the 
distribution activity. 

The disadvantages of this option, relative to Option M, are that it may not fully exploit 
economies of scale and scope in distribution and that some distribution entities could 
experience difficulties in raising capital externally. Also, this option precludes the use of 
uniform national retail tariffs. 

- 'An- < 
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D.4 CONCLUSIONS 

This final section presents comparisons regarding the relative attractiveness of the various 
structural alternatives for Bulgaria. Atthough no single structure appears to be optimal 
for Bulgaria, a subset of options appear to be superior to the others. 

Option A: A Single, Vertically Integrated Enterprise 

Because of its widespread use, Option A (the EdF model) has been adopted as the 
benchmark in this comparative analysis of alternatives. 

Option B: Multiple, Vertically Integrated Enterprises 

Because of the relatively small size of the Bulgarian electricity market, this option is 
clearly inferior to Option A and need not be considered further. 

Option C: A Single Generation Enterprise and a Separate, Integrated Transmission 
and Distribution Enterprise 

This option is superior to Option A onlyif Bulgaria decides to keep the 
transmission/central dispatch and/or the distribution activities in the public sector. On 
the other hand, if the entire electricity subsector is to be privatized, Option C is inferior 
to Option A because of the higher costs associated with duplicate corporate staff 
functions. 

Option D: Multiple Generation Enterprises with an Integrated Transmission and 
Distribution Enterprise 

It is not clear whether Option D is better or worse than Option k Horizontally 
disaggregating the generation activity to the extent that economies of scale and scope are 
lost would increase costs. At the same time, the benefits of vigorous competition would 
require a sufficient number of independent generating enterprises to be created. This 
dilemma cannot be resolved without conducting a detailed study of each generating unit's 
costa of power production. Relative to the competition and economies of scale and 
scope issues, the advantage of decentralized decision-making is a minor consideration. 
However, technical and regulatory considerations may be relevant, such as separating 
nuclear and conventional generation. 
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Option E: A Single Distribution Enterprise with a Separate, Integrated Generation 
and Transmission Enterprise 

This option is likely to be superior to Option A because the increase in efficiency 
potentially resulting from private ownership is likely to exceed the relatively small added 
costs of duplicating some corporate staff functions. However, it is difficult to quantify the 
magnitude of the net gain. 

Option F: Multiple Distribution Enterprises with a Single, Integrated Generation and 
Transmission Enterprise 

This option is arguably superior to Option E and thus to Option A as well. In addition 
to the advantages of Option E, it offers the benefits of competition among the 
distribution enterprises. Although the disaggregation of the distribution activity could 
result in economies of scale and scope being lost, there is convincing evidence that the 
Bulgarian - electricity market is large enough-to support multiple disiribution entities that 
largely exhaust those economies. Similarly, the value of uniform national tariffs is 
pokcal. but it reduces economic efficiency. If the tariffs were to accurately reflect 
regional differences in the costs of distribution, those differences would most likely be 
proportionately small because generation and transmission costs account for most of the 

competition in distribution and the potential problem of financing difficulties faced by 
fast growing distribution enterprises. 

total. Thus, the real tradeoff between this option and option E is between the benefits 

Option G: A Single Generation Enterprise with a Single Transmission Enterprise and 
a Single Distribution Enterprise 

This option is superior to Option E and thus to Option A as well. Whether it is better 
or worse than Option F depends on the relative advantage of privatization of the 
generation activity (without competition) vs. competition within the distribution activity. 
Also, Option G creates more duplication of corporate staff functions than Option F, but 
may provide better financing for the single distribution enterprise and makes uniform 
national tariffs easier to implement. 

Option H: Multiple Generation Enterprises with a Single Transmission Enterprise 
and a Single Distribution Enterprise 

Although it is undetermined, this aptisre should be superior to Option G for the same 
reason presented immediately above, i.e., the favorable expected tradeoff between the 
benefits of competition and the possibility of losing economies of scale and scope. What 
is reasonably clear is that this option is superior to Option D for the same reasons that 
Option E is superior to Option A, i.e., the improved efficiency of private ownership of 
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the distribution activity vs. the higher cost of duplicating corporate staff functions in the 
distribution entity. 

Option I: Multiple Generation Enterprises with a Single Transmission Enterprise 
and Multiple Distribution Enterprises 

This option is likely to be superior to Option G for the same reasons that Option F 
appears to be superior to Option A, i.e., the benefits of competition in distribution 
should outweigh the disadvantages of potential financing difficulties and the loss of 
uniform national retail tariffs. 

Option J: Multiple Generation and Distribution Enterprises with a Single 
Transmission Enterprise 

It is not clear whether this option is better or worse than Option A for the same reasons 
that the comparison between Option D and Option A is ambiguous. However, this 
option is likely to be superior to Option D, primarily because the distribution activity can 
be privatized even if the transmission/central dispatch activity is not. 

Option K: Multiple, Independent Generation Enterprises along with an Integrated 
Generation, Transmission and Distribution Enterprise 

Option K is clearly superior to Option A and also to O~ition D. It offers a structure that 
can retain all of the economies of scale and scope in generation while also gaining the 
benefits of competition to the extent they exist. In addition to competitively procuring all 
new generating capacity from outside enterprises, the existing power plants (or groups of 
power plants) that can be economically operated as separate enterprises can be 
separated off and privatized. The other existing power plants (e.g., Kozloduy) can 
remain intepated with the transmission/distribution enterprise. This option offers 
maximum flexibility for restructuring the generation activity. 

Option L: Multiple Generation Enterprises with an Integrated Generation and 
Transmission Enterprise and a Separate, Self-Contained Distribution 
Enterprise 

This option is superior to Option A, and probably to Option K as well, for the same 
reasons that Option E is probably super 3r to Option A 

Option M: Multiple Generation and Distribution Enterprises along with a Self- 
Contained Generation and Transmission Enterprise 

This option is superior to Option A, and appears to be superior to Option L for the 
same reasons that Option F is superior to Option E. 

RCGMagler, Bailly, Inc. 
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EXECUTIVE SUMMARY 

S. 1 INTRODUCTION (Please refer to Chapter 1 for more details) 

S . l . l  Project Overview 

This report presents partial results of work performed as part of the energy sector assistance 
provided to Bulgaria by the U.S. Agency for International Development. It was prepared as part 
of Task 1 - Electricity Sector Study and Action Plan, in coordination with the European 
Community, by RCGIHagler, Bailly, Inc. The report investigates opportunities to improve 
management of demand, through a demand-side management @SM) program. - - 

S.1.2 Background and Recent History of Electricity Demand 

Beginning in 1990, the Bulgarian economy went into severe recession. Production decreased 
from most factories, traditional markets and trading partners were lost, centralized production 
structures were dismantled, state subsidies were cut drastically, prices increased, and 
unemployment grew rapidly. During this period, Bulgaria was faced with particularly acute 
energy problems, including power outages. 

Total consumers' electric energy demand in Bulgaria in 1992 was 25% less than the maximum 
recorded in 1988. Reductions in annual energy sales (comparing 1992 with 1988) were 34% 
for industrial, 4 % for households (no real price increases occurred in this sector until 1991), and 
28% for other consumers (agriculture, transportation, public buildings). Analysis of the load 
duration curves reveals that most of the reduction in demand has occurred during summer 
months, and that some reduction has occurred during off-peak periods in the winter. 

Peak power demand (absolute maximum gross MW recorded during the year) has reduced less 
than energy demand, and is now 15% less than the maximum recorded in 1989. During 1991 
(the base year for this study), the maximum was recorded in January (7,500 MW), and August 
experienced the lowest peak (4,300 MW). 

- -- 
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S.2 RESULTS OF INDUSTRIAL ENERGY SURVEY AND ENERGY AUDITS (Please 
refer to Chapter 2 for more details) 

S.2.1 Industrial Energy Survey 

A survey of the NEK's 106 largest electrical consumers was commissioned by Hagler, Bailly 
and carried out by Dimitar Baev - DBC, a Bulgarian firm. Sixty-one firms responded to the 
basic survey, 35 of which responded to more detailed follow-up questions. The survey included 
questions on business and operating conditions, current and projected electricity usage, installed 
equipment for electricity generation and use, and energy conservation. 

In general, the survey responses reflected the dire economic conditions and the need to find new 
markets. However, on balance it seems that these plants may have reached the bottom, with 
1993 production and electricity usage not expected to decline much further. 

According to NEK, Bulgaria now has nine large industrial cogenerators (with capacities of 20 
MW or greater). Six of the 61 plants surveyed can generate their own electricity, but the survey 
discovered that two of these do not operate their generators regularly. 

Electric motors and lighting are the dominant loads in the plants surveyed, and less than half 
have installed efficient lighting systems (such as high pressure sodium). Process loads are 
significant in the chemicals and metals industries for electrolysis, heat treatment, furnaces, and 
rolling mills. 

Most plants surveyed are interested in energy conservation, and are willing to invest in such 
projects. Most have ideas for projects, but have not implemented them for lack of funds or for 
fear that they might disrupt production. Energy audits have been conducted in half the 
enterprises, but respondents indicated problems with the quality of the energy audits. 

S.2.2 Industrial Energy Audits in Bulgaria 

Under funding provided by the USAID Emergency Energy Project, energy audits were carried 
out in eight industrial enterprises in Bulgaria in 1991 by International Resources Group (IRG) 
of Washington DC. These audits revealed that substantial opportunities exist to improve energy 
efficiency. Problems were identified in many areas, including management, instrumentation, 
motivation, training, communications, organization, financing, accountability, and investment 
decision-making. The audits recommended that focus be placed on short-term, low-cost 
measures. 

Hagler, Bailly's experience in energy audits in other countries in eastern Europe, together with 
experience in Bulgaria conducting the Industrial Energy Efficiency project since 1992, was used 
to develop a list of candidate measures for electric energy efficiency. 

RCGJHagler, Bailly, Inc. 
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- 
S.3 DEMAND FORECAST (Please refer to Chapter 3 for more details) 

1 ' 

S.3.1 Review of Previous Forecasts of Electricity Demand 

Several forecasts of electricity demand in Bulgaria have been completed over the past several ( years. Prior forecasts differ because of differences in scenarios, differences in forecasting 
techniques, and differences in data. However, the more recent forecasts that build on the data 
obtained after the initiation of .Bulgaria's transition to a market economy will more accurately 8 capture the Bulgarian economy's energy response to this transition and the probable future of 
electricity demand. 

The forecasts are summarized graphically in Exhibit S-1, and listed below. 

Forecast by NEK, the guidance from the World Bank, in 1992, with three 
variants: - - 

-- most likely scenario 

-- high demand scenario 

-- low demand scenario 

Forecast by Equipe Cousteau for the EBRD in 1992 

Forecast by Prof. Gordon Hughes for the World Bank in 1991 

Energoproekt forecast 1991 (high and low demand scenarios) 

Forecast by Hagler Bailly in 1993 

These forecasts establish a range of expected demand in the year 2000 from 35-50 TWhl. The 1 spread of these forecasts indicates a high level of uncertainty. 

t. ' The NEK most Likely scenario shows 46 TWh in year 2000. 
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S.4 CREATING A POLICY FRAMEWORK TO PROMOTE EFFICIENT USE OF 
ELECTRICITY IN BULGARIA (Please refer to Chapter 4 for more details) 

S.4.1 Integrated Resource Planning 

Integrated resource planning (IRP) is a concept in which the simultaneous consideration of 
supply-side and demand-side options is required, in order to minimize the cost of energy services 
to customers, and society as a whole. In the United States, the Energy Policy Act of 1992 
requires IRP by all the states, 'and IRP techniques have been adopted by several countries in 
Europe. The legal and regulatory framework for energy and electricity is currently being 
developed in Bulgaria, and the IRP concept is recommended. In Bulgaria, the IRP process 
should include several actions, carried out in parallel: 

o require that electricity agencies (Committee of Energy, National Electric 
Company, and others) assume IRP responsibilities, through enactment of 
appropriate legislation, regulations, and institutional development; - - 

develop a least-cost investment plan, considering all supply-side and demand-side 
options available to Bulgaria, not only from NEK itself but also other sources; 

evaluate electricity tariffs in comparison with long-run marginal costs determined 
by the least-cost investment plan, and restructure tariffs as required; 

carry out demonstrations under Bulgarian conditions of DSM policies, DSM 
technologies, DSM implementation strategies, and DSM financing options; 

based on successful demonstrations, develop policy to promote demand-side 
management (DSM), analyze DSM options in comparison to base case investment 
plan, and from those measures that are cost-effective, develop a DSM program. 

Hagler, Bailly provides analysis and recommendations to develop some of these concepts further, 
particularly those related to DSM policy (Chapter 4) and DSM programs (Chapter 5). 

-- - 
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- ---- - - -- - - 

S A.2 Preliminary Evaluation of Electric Tariffs 

Although a detailed estimate of the marginal cost of electricity service in Bulgaria is beyond the 
scope of our work, Hagler, Bailly has developed preliminary estimates, in order to begin 
evaluation of the tariffs. 

As a basis for analysis, investments are assumed for rehabilitation of thermal capacity and 
reduce environmental emissions. The analysis shows that annualized marginal cost of delivering 
1 kW of ca~acity on-peak, varies from $33 to $55 per year, depending on the voltage level. In 
addition, the marginal cost of delivering 1 kWh of energy on-peak, varies from $0.026 to 
$0.030, depending on the voltage level. 

Exhibit S-2 shows a summary preliminary estimate of the medium-term2 marginal cost of supply 
for each tariff class, broken out by 1) capacity costs and 2) energy costs, and 3) added together 
into a simple energy-based tariff (one part, on kWh only), as NEK uses now. The total energy- 
based marginal cost varies (depending on the customer class, season of the year, and peak/ofS; 
peak) between $0.0 16 (night, for large high-voltage customer) to $0.069 (winter, household 
customers). 

2~pproximately through the year 2000. 

RCGIHagler, Bailly, Inc. 



Exhibit S-2 
BULGARIA I 

ESTIMATE OF MARGINAL COST 
BY TARIFF CLASS 

4 
1 

1 1 .  Marginal costs for capacity ($/kW) including capacity and customer casts 

1 WINTER COST, $/kW/MONTH I SUMMER COST, $/kW/MONTH 

Total marginal costs on per k W h  basis including energy, capacity, and cusotrner costs 
WINTER COST, $/kwh SUMMER COST, $/kwh 
Peak Day Night Peak Day 1 Night 

- , 
81 
1 

Peak 
$1.40 ;IC&I - HV 

Day 
$0.23 

Peak 
$2.79 

0.027 0.027 0.016 $0.027 $0.027 $0.016 - 
0.030 0.030 0.018 $0.030 $0.030 $0.018 

Households 0.030 0.030 0.018 $0.030 $0.030 $0.018 , 

Households / 8.59 1 0.72 1 0.29 1 4.30 1 0.29 1 0.14 1 
2. Marginal costs for energy ($/kwh) including energy only 

Day 
$0.09 

Night 
$0.09 

WINTER COST, $/kwh 

Night ' I 

SUMMER COST, $/kwh 

$0.05 

Peak 
$0.026 

Night 
$0.016 C&I-HV 

I I 

Day 
$0.026 

Peak 
$0.026 

Day 
$0.026 

Night 
$0.016 - 
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As far as promoting energy efficiency, the current NEK tariffs include several positive features: 

tariffs for C&I customers based service voltage, rather than other considerations 
(such as whether the customer is industrial, commercial, institutional, or 
agricultural); 

different tariffs for C&I customers for winter and summer, and time of day; 

separate tariffs for household customers for day and night usage; 

a time-of-day tariff for purchase of power by NEK from other generators. 

The current tariff includes several features which we regard as negative: 

large subsidies for household customers; 
- 

no specific charges in the C&I tariff for capacity (kW); all charges are lump& 
into an energy charge (kwh); 

no incentives are offered for power factor (cos phi) improvement; 

the power purchase tariff also includes no specific payments for capacity (kW), 
only for energy (kwh). 

The preliminary analysis indicates serious deficiencies in the tariff structure. The tariff structure 
gives pricing signals to customer which will continue to affect their demand for energy services, 
and hence NEK's operations and investment planning. Hagler, Bailly recommends that the 
structure be modified to a structure which reflects the long-run marginal cost of service, based 
on the results of a detailed tariff study. 

S.4.3 Private Power, and Independent Power Generation 

As part of Integrated Resource Planning, consideration must be made of all sources of supply. 
Independent power generation usually relates to supply of electricity to the grid by facilities not 
under the ownership or direct control of the electric utility (such as NEK). In Bulgaria, such 
projects would be developed by the private sector, and could be a first step toward privatization 
of electricity services. 

The potential benefit of independent power to Bulgaria is greater economic efficiency, obtained 
through competition in power generation, access to financing and additional capital, optimal use 
of energy resources through combined heat and power, and transfer of new technology. 

RCGIHagler , Bailly , Inc. 
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As part of this A.1.D.-funded project, a separate report was prepared by Hagler Bailly on this 
subject, entitled "Independent Power Generation in Bulgaria: Assessment of Potential, 
Impediments and Options", August 1993. 

S.4.4 Demand-Side Management @SM) 

Demand-side management (DSM) refers to a wide variety of activities which are carried out to 
improve the efficiency of electricity usage by customers, with cooperation from the electric 
utility company. DSM thus represents a partnership between the electric company and its 
customer. There can be other partners in DSM programs, such as private sector energy services 
companies, financial institutions, and energy engineering firms. 

DSM includes programs to encourage conservation, energy efficiency, and load management 
actions. DSM can also include actions to increase power sales in the off-peak periods. DSM 
is chosen over a supply-side option when DSM is clearly shown to offer a lower cost alternatix - 
to the economy of Bulgaria. 

However, whereas the calculation may show DSM to be the least cost option for the country as 
a whole, the calculation may be different when investigated from the utility's perspective. Thus, 
in some countries, electric utilities have been reluctant to implement DSM, because financial 
issues have not been adequately resolved. Implementing DSM has not been in the utilities' 
interest in those countries where the local regulatory process ties revenues only to energy (kwh) 
sales. In these cases, savings in energy from demand-side programs reduce the sales of the 
utility (revenues are lost). In some countries, management (and other employee) compensation 
or bonuses may even be tied to revenue or kwh sales. 

For DSM to succeed, it is necessary that the Bulgarian electric utilities be given the proper 
financial incentive, so that their decisions are able to mirror what is best for the country. The 
recommended first incentives are: 

allow DSM capital investments by the utility to earn a rate of return which is high 
enough to encourage the utility to make the investment; 

allow other (non-capital) DSM expenses incurred by the utility to be recovered 
through tariffs in the same year they are incurred; 

provide utility employee incentives based on services and efficiency, rather than 
energy sales. 

RCG/Hagler, Bailly , Inc. 
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S.5 DEVELOPMENT OF AN ILLUSTRATIVE DEMAND-SIDE MANAGEMENT 
PROGRAM FOR BULGARIA (Please refer to Chapter 5 for more details) 

S.5.1 Selection of DSM Measures 

The NEK load shape and Bulgarian conditions were used to develop a set of criteria for DSM 
program design in Bulgaria: 

End-use - addressing the industrial and buildings sectors 

Load shape - addressing the need for peak demand reduction in winter 

Relative costs - recognizing the need to favor low-cost measures 

Equipment and services availability in Bulgaria - recognizing the current 
economic crisis and the transition to private enterprise and a market economy - - 

Using the limited data available, a DSM measure screening and cost-benefit analysis was camed 
out, and the following measures appear best able to satisfy the criteria for Bulgaria: 

Low-cost improvements in homes heated with electricity, such as window 
coverings, weatherstripping, and thermostats 

Low-cost improvements in homes where hot water is heated with electricity, such 
as improved insulation, flow restrictors, and thermostats 

Retrofit of some incandescent lighting with fluorescent in homes, 

High-efficiency refrigerators, 

Direct load control in the residential and industrial sectors, 

Industrial management, technical, production and energy audits, 

Industrial operations and maintenance improvements, 

Interruptible service and expanded self-generation in industry, 

Computer-based energy management (load monitoring and control) systems in 
industry. 

RCGIHagler, Bailly , Inc. 
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Other DSM technologies are also likely to find application in Bulgaria, including investments 
in high efficiency lighting, high efficiency electric motors, and variable speed drive systems. 

S.5.2 Potential of DSM Measures 

These measures were evaluated for their potential peak demand reduction and energy savings. 
Three levels of potential DSM impacts were considered in this step: TechnicaYEconornic 
Potential, Market Potential, i d  DSM Program Potential. The three levels are described in 
Exhibit S-3. 

Technical/Economic Potential assesses the energy savings and coincident peak demand savings 
possible if the commercially available, technically applicable, and economically feasible DSM 
measures were fullv implemented. The analysis was carried out at the sector level (industry or 
buildings). Based on the data sources available to us (as listed previously), we estimated that 
the technical/economic potential for electric energy efficiency measures in Bulgaria amounts to: 

Peak demand reduction of more than 2,800 MW (48% of current maximum) 

Energy savings of more than 7 TWh (29% of current consumption) 

A "supply curve" is useful to illustrate the quantity of a good available at various prices. An 
energy efficiency supply curve plots the various technical measures in rank order on the basis 
of their cost of conserved energy (CCE, $/kwh). The CCE for each measure is plotted vs. the 
technideconomic potential of the measure (GWMyear). The supply curve of 
technideconomic potential for measures in the buildings sector is shown in Exhibit S-4. The 
curve only shows technologies which have a CCE less than the estimated marginal cost of energy 
supply (about $0.03/kWh). Exhibit S-5 illustrates the supply curve for the industrial sector. 
The curve includes two load management technologies that limit peak demand (MW) and are 
expected to be cost-effective. Because these measures are designed to reduce peak demand, 
rather than save energy, their CCE is higher than the cost of energy supply. 

RCGIHagler, Bailly , Inc. 
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EXECUTIVE SUMMARY - BULGARIA ELECTRICITY DEMAND 

Exhibit S-3 
Evaluating DSM Potential 

- 

Technical/Economic Potential 

Which DSM measures are both technically applicable and 
economically feasible? 

What savings (kW and kWh) are possible from 
these DSM measures? 

Market Potential 

What proportion of cost-effective DSM 
measures will be ultimately accepted by 
consumers on their own (without help from 
the utility)? 

How long will it take for them to accept them? 

What savings (kW and kWh) will result? 

Illustrative DSM Program Potential 

What proportion of cost-effective DSM 
measures will be ultimately accepted by 
consumers, if the utility provides appropriate 
incentives through a DSM program? 

How long will it take for them to accept them? 

What savings (kW and kWh) will result? 

RCGJHagler, Bailly, Inc. 



Exhibit S-4 
Bulgaria 

Supply Curve - Technical/Economic Potential (Buildings Sector) 

Cost of Energy Supply 

1,000 1,500 2,000 2,500 3,000 3,500 

Technical Potential (GWh/Year) , , 

I 

1 : Commercial lighting reflectors 
2: Water heater controls 
3: Thermostats in heating systems 
4: Window coverings 
5: Water heater timers 
6: Residential flourescent lighting 

7: Hot water flow restrictors 
8: High efficiency refrigerators 

9: Caulking, weatherstripping 
10: Heating -- convert to gas 
11 : Hot water insulation 



Exhibit S-5 
Bulgaria 

Supply Curve - TechnicaVEconomic Potential (Industry Sector) 

Cost of Energy Supply "I 

Technical Potential (GWhIYear) 

,- \ 

1 : Energylproduction mgt. audits 
2 :  Computer energy management system 
3: lmprove motor O&M 
4: lmprove compressed air O&M 
5: Lighting efficiency 
6: Drive systems, rotating loads 
7: High efficiency motors 
8: Direct load control 
9: lnterruptible/self-generation 
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Market potential assesses the likelihood that the technical potential will in fact be realized, based 
on normal market forces alone, such as electricity prices and consumer behavior. Some of these 
market forces influencing market potential in Bulgaria are listed in Exhibit S-6. 

Market potential depends on decision maker preferences. A DSM measure that is technically 
feasible and physically applicable may not be considered cost-effective by different individual 
home, building, or factory decision makers. Usually decision makers in the same market 
segment, evaluating the same DSM measure at a given levelized cost may or may not consider 
it cost-effective to install because of different investment preferences and acceptance criteria. 

Market potential indicates the fraction of cost-effective DSM measures that will actually be 
undertaken by knsumers, without a utility-sponsored DSM program. There are many reasons 
why even cost-effective DSM measures are not implemented: alternative uses of capital, severe 
limitations on the availability of capital, disinterest in energy conservation, management focus 
on other concerns or crises, differing opinions regarding other product attributes, perceptions 
of technical risk, lack of knowledge of the measure, and numerous other normal market frictioq 
and transaction costs which result in a lower number of DSM measures actually being 
undertaken than are cost-effective. 

The estimates of the market potential are based on assumptions regarding market penetration for 
each measure. These assumptions show low rates of market penetration achieved over a 10-20 
year period, consistent with experience in the U.S. and developing countries. In summary, we 
estimate that the market potential for DSM measures in Bulgaria amounts to 5-7% of the 
technicaVeconomic potential: 

Peak demand reduction of 150 MW (about 2% of current maximum load from 
industrial and buildings sectors) 

Energy savings of 590 GWh (2% of current consumption by industrial and 
buildings sectors) 
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Exhibit 56 
Factors Influencing Investmenfs 
In Energy Efficiency In Bulgaria 
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EXECUTIVE SUMMARY - BULGARIA ELECTRICITY DEMAND 

The illustrative DSM Program - Potential estimates the results of a utility-based incentive program 
designed to overcome the market imperfections, and thereby increase customer acceptance of 
energy efficiency measures. Despite the provision of incentives and subsidies, utility-sponsored 
DSM programs may only result in an actual implementation of 25-50% of the technical potential. 

The survey of Bulgarian industries provides some information on market potential. Without 
incentives (the current situation), the survey found that 57% of the firms interviewd had not 
implemented energy efficiency measures, even though three-fourths of the total firms were aware 
of potential options. The survey found that 76% of those interviewed would be interested in 
energy efficiency programs, if incentives were offered. 

While there are several means of establishing impact and cost-effectiveness, assessing market 
potential generally requires implementing pilot programs. Pilot programs are the best way to 
obtain actual customer response to the program offered by the utility. 

We estimate that the illustrative DSM program potential for Bulgaria amounts to about 35% alf 
the technical potential: 

Peak demand reduction of more than 1,000 MW (16% of current maximum load 
from industrial and buildings sectors) 

Energy savings of 2.8 TWh (10% of current consumption by industrial and 
buildings sectors) 

Thus, the estimated & benefit of the DSM program (subtracting the energy efficiency 
improvements that would have happened without a program) are: 

Peak demand reduction of more than 900 MW (15 % of current maximum load 
from industrial and buildings sectors) 

Energy savings of 2.2 TWh (9% of current consumption by industrial and 
buildings sectors) 

A set of energy efficiency supply curves was generated for the Illustrative DSM program, using 
DSM Program Potential GWh/year and costs of conserved energy which include the cost of the 
DSM program development, administration, and evaluation. The supply curve of the Illustrative 
DSM Program for measures in the buildings sector is shown in Exhibit S-7. The curve only 
shows technologies which have a CCE less than the estimated marginal cost of energy supply 
(about $0.03/kWh). Exhibit S-8 illustrates the supply curve for the industrial sector. 
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Exhibit S-7 
Bulgaria 

Supply Curve -- Illustrative DSM Program (Buildings Sector) 

Cost of Energy Supply 

DSM Program Potential (GWhIYear) 
1 I 

.-- -, 
1 : Commercial lighting reflectors 
2: Water heater controls 
3: Thermostats in heating systems 
4: Nndow coverings 
5: Water heater timers 
6: Residential flourescent lighting 
7: Hot water flow restrictors 
8: High efficiency refrigerators 
9: Caulking, weatherstripping 

10: Heating -- convert to gas 
11 : Hot water insulation 
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Exhibit S-8 
Bulgaria 

Supply Curve - Illustrative DSM Program (Industry Sector) 

Cost of Energy Supply 

0 250 500 750 1,000 1,250 1,500 

DSM Program Potential (GWhIYear) 

(1 : Energylproduction mgt. audits 
-, 

2: Computer energy management systenl 
3: Improve motor O&M 
4: Improve.compressed air 08M 
5: Lighting efficiency 
6: Drive systems, rotating loads 
7: High efficiency motors 
8: Direct load control 
9: Interruptiblelself-generation 



EXECUTIVE sUM~~ARY - BULGARLA ELECTRICITY DEMAND S-20 
- 

S.5.3 Benefit-Cost Analysis of Illustrative DSM Program 

The costs of energy efficiency improvements under the Illustrative DSM Program are substantial, 
pealung at $76 million per year once the program gets fully under way: 

Year 1: $4 million 
Year 2: $5 million 
Year 3: $10 million 
Year 4: $19 million 
Year 5: $38 million 
Years 6 - 9: $76 million per year 

An economic analysis was carried out to determine if these costs could be justified. Based on 
the annual net benefits (benefits minus costs), and using a discount rate of 10% over an 
investment planning horizon of 20 years, the following economic evaluation results: - 

- 
Net Present Value RJPV): 

DSM in buildings $129 million 
DSM in industry $183 million 
Total Illus. DSM Program $312 million 

BenefitJCost Ratio (total resource cost. TRC): 

DSM in buildings 3.35 
DSM in industry 2.28 
Total Illus. DSM Program 2.58 

Internal rate of return (IRRk 

DSM in buildings 92 % 
DSM in industry 38% 
Total Illus. DSM Program 48% 

Another evaluation is the cost of conserved energy (CCE). In this calculation, the NPV of the 
annual cost stream is divided by the NPV of the annual energy savings stream to obtain an 
estimate in $/kwh. This calculation is somewhat distorted, since it puts all costs against energy, 
giving no recognition to peak demand reduction. However, it does give a dire& basis for 
comparison against the marginal cost of energy supply, which we calculated as about 
$0.03/kWh. The CCE for the Illustrative DSM Program is calculated as: 

RCGIHagier, Bailly , Inc. 
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DSM in buildings $O.O13/kWh 
DSM in industry $O.O24/kWh 
Total Illus. DSM Program $0.020/kWh 

The values of IRR are well above the common values of minimum acceptable rate of return 
(hurdle rates) used in project evaluation by the World Bank, EBRD, or other lenders. The cost 
of the energy conserved is only a little more than half the marginal cost of energy supply. The 
other economic evaluation criteria all show very positive results, and thus we conclude that the 
Illustrative DSM program is a very attractive investment for Bulgaria. 

S.5.4 Effect of the Illustrative DSM Program on the Demand Forecast 

Finally, the net effect of the Illustrative DSM Program was incorporated into the NEK medium- 
case demand forecast, so that the impact on annual energy requirements can be seen. - 
Exhibit S-9 illustrates the impact of the Illustrative DSM program on annual energy demand. 
The effect is to reduce the growth of demand until about year 2004. After that time, energy 
demand will begin to grow unless more DSM measures can be implemented. 

RCGIHagler , Bailly, Inc. 



Exhibit S-9 
Bulgaria - Total Electricity Demand 

Effect of Illustrative DSM Program 

NEK Medium Forecast 
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S.5.5 Action Plan to launch DSM Program in Bulgaria 

Implementing DSM appears to be part of a least-cost power sector investment program for 
Bulgaria. Initiating activities in DSM will require a demonstration project, in order to establish 
the local context in which DSM technologies, policies, financing mechanisms can succeed. 

The Illustrative DSM Program described in this report is based on preliminary data, which is 
very limited. This limited data is insufficient to fully evaluate the very large investments 
required. 

However, the preliminary analysis in this report serves as a basis for identifying the next steps 
to implementing the program. These activities should be pursued in parallel to achieve early 
success. The key actions for the next 1-2 years are summarized below. 

Develop and Implement Pilot DSM Programs: To gain more experience and 
collect data in Bulgaria, pilot DSM programs for the buildings and industrial 
sectors should be designed and implemented at one or more distribution branches 
of NEK. One of the key tasks is the development of the level of incentives or 
other expenditures to be made by NEK for the program, and the method by which 
NEK will recovery revenues lost by the energy savings. Developing pilot DSM 
programs also involves a number of tasks to resolve issues such as market 
research, program design, selection of technical measures, screening of 
applications, financing options, implementation by private sector firms, collection 
of payments by NEK, independent evaluation, and program redesign. 

Institutional Development: A parallel step is needed to develop laws and 
regulations necessary to implement utility Integrated Resource Planning. Within 
the IRP framework, regulations next need to be put in place to ensure that 
development of the DSM potentid proceeds at the optimum rate. Further, COE 
and NEK should establish departments responsible for IRP, DSM, and customer 
service. 

Load Research and DSM Assessment: The customer service department at 
NEK would be assigned to carry out load research, to collect data on energy 
usage by customers. This project will measure the dynamics of specific loads and . 

then combine these data with statistical and building simulation models to evaluate 
DSM potential. These additional data should be used to perform a detailed DSM 
cost-benefit assessment. 

RCGIHagler, Bailly , Inc. 



1. INTRODUCTION 

1.1 PROJECTOVERVIEW 

This report presents partial results of work performed as part of the energy sector assistance 
provided to Bulgaria by the U. S. Agency for International Development. It was prepared as part 
of Task 1 - Electricity Sector Study and Action Plan, in coordination with the European 
Community, by RCG/Hagler, Bailly, Inc. The report investigates opportunities to improve 
management of demand, through a demand-side management (DSM) program. 

1.1.1 Background and Perspective - 

The Natsionalna Elektricheska Kompania (NEK, or the National Electric Company of Bulgaria), 
is a joint stock company now wholly owned by the state. The Committee of Energy (COE) 
serves as the government organization responsible for oversight of NEK and national planning 
in the power sector. 

An integrated electric utility company, NEK is responsible for the production, transmission and 
distribution of electricity and the production and sale of heat. The company was established by 
Decree No. 46 of November 7, 1991 of the Council of Ministers of Bulgaria. NEK's assets 
amount to approximately 100 billion leva (U.S. $4 billion). NEK operates through a network 
of 28 electricity supply branches and ten generation branches. Its total staffing is approximately 
30,000. 

In 199 1 total installed capacity in Bulgaria was 12,074 MW, of which 10,460 MW is owned by 
NEK. District heating companies have an installed capacity of 574 MW in combined heat and 
power . Industrial enterprises have an installed capacity of 1,040 MW, mostly also combined 
heat and power. 

1.1.2 Objective and Scope 

The objective of this study area was to develop recommendations for improving load 
management. 

The scope of the analysis was limited to analysis of the following data: 

reports and other published data provided by NEK and COE; 

-- - 
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INTRODUCTION 

electronic spreadsheets of monthly energy consumption for 1991-92 for 106 
largest consumers, provided by NEK; 

survey of largest consumers, carried out by Hagler, Bailly and DBC on behalf of 
COE; 

energy audits carried out by International Resources Group in Bulgaria under the 
USAID Emergency Energy Program. 

I 
The scope of work is described below: 

Document current and historical use of electricity in Bulgaria, using data obtained from 
COE and NEK. 

Review demand forecasts prepared by NEK and others. 
- 

Carry out a survey of the largest electric energy users to determine their use of electricity 
and plans for the future. 

Review the results of energy audits conducted in Bulgaria and other countries in the 
region to determine potential demand management. 

Carry out a survey of the largest electric energy users to determine their use of electricity 
and attitudes toward energy conservation. 

Develop an illustrative demand-side management investment program. 

Estimate the potential for electrical energy conservation in industry and buildings. 

Estimate the potential for peak load management and load-shifting. 

Develop a draft demand-side management investment program. 

Present the results to NEK and COE. 

HISTORICAL ELECTRICITY USE 

Beginning in 1990, the Bulgarian economy went into severe recession. Export markets, which 
had been focused on the Soviet Union, disappeared as the economies of the former Soviet 
Republics weakened substantially. Bulgaria was unable to reorient its markets to the West and 
to other countries in Central Europe, previously under the domination of the Soviets, because 
of political and institutional barriers and the inferior quality of the products available for export. 

RCGIHaeler. Baillv. Inc. 
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The lack of markets and the inability to sell products initially raised inventory levels, but 
eventually resulted in reduced plant operations and, in many cases, the shutdown of the plants, 
either temporarily or permanently. Some industries were hit harder than others. 

Exhibit 1- 1 illustrates the historical electrical energy balance in Bulgaria for 1975 and 1980-92. 

Key points shown in Exhibit 1-1 include the following: 

Total consumers' electric energy demand in Bulgaria has taken a sharp drop, and 
is now 25% less than the maximum recorded in 1988. After dropping about 6% 
in 1990, total energy demand plummeted more than 13% during 1991 and 
dropped a further 7% during 1992. 

However, the reduction in electricity usage was not uniform across all sectors. 
Until 1992, the drop in demand was concentrated, for the most part, in the 
industrial sector as this sector fought to adjust to a market economy. - 

Transmission and distribution losses increased substantially in 1991. This is 
probably due to energy diversion following increases in tariffs. 

Peak power demand (absolute maximum recorded during the year) has reduced, 
but much less than energy demand, and is now 15% less than the maximum 
recorded in 1989. The drop in 1990 (from 8,332 MW to 8,111 MW) amounted 
to 2.6% and in 1991 a further 7.7% to 7,489 MW and finally to 7,050 MW in 
1992. 

Classifying energy sales (GWHJyear) into three groups, reductions since 1988 are 
as follows: 

-- industrial sales are down 34 % 

-- household sales are down 4% 

-- other (agriculture, transportation, public buildings) sales are down 28 % 

Power generation by industrial enterprises peaked in 1985 at 4,688 GWh, and has 
since declined by 33 %. 

Exhibit 1-2 presents the peak demand for each month of 1991. The maximum was recorded in 
January (7,500 MW), and August experienced the lowest peak (4,300 MW). The difference of 
more than 3,000 MW is attributed to the demand for heating. 

RCGIHagler, Bailly , Inc. 



Exhibit 1 - 1 

BULGARIA 
HISTORICAL ELECTRICITY BALANCE 

Grass Generation 1 24*965 
Power Plant Auxiliaries 

Auxiliaries (pct of net production) 10.7% 

Net Generation 22,296 

Imports 

Exports 1 279 

Power Purchases from Factories & Others 

Total For Distribution 25,920 

Distribution Losses 2,387 

Final Sales 23.533 

Household Sector 

Industry Sector 

Other Sectors 

Factciy Self-Generation 1 3,000 

Total Consumers' Demand 1 26,533 

Grass Peak Demand (MW) 

Load factor 

based on Total for Distribution 

based on Net Generatim 

based on Gross Generation 



Exhibit 1-2 
Peak Demand by Month 
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Exhibit 1-3 presents the load duration curve for the NEK system for two years, 1982 and 1991. 
The difference between the two curves shows that most of the reduction in demand has occurred 
during summer months, and that some reduction has occurred during off-peak periods in the 
winter. 

Exhibit 1-4 shows the daily load curve for typical working days in January 1991 and July 1991. 
The load swing in winter is only about 13% between peak and minimum, whereas in summer 
it is more than 25 %. 

1.2.1 Industrial and Commercial Sales by NEK 

Industrial electric energy sales remained fairly constant during the latter part of the 1980s at 20- 
21,000 GWh per year through 1989. In 1990, sales decreased about 7% and in 1991, sales 
decreased a further 23 % . 
Data were provided by NEK for the breakdown of electricity consumption by industrial sector, 
and individually for the 106 largest electricity consumers. These data are summarized in Exhibit 
1-5. 

The dramatic drop in industrial electricity use in 1991 from 1990 was virtually universal across 
all sectors. Plants reduced their operations significantly and some shut down completely. The 
data indicate the greatest declines (using 1989 as a base) in the following sectors: 

-- chemicals (38 %) 
-- pulp & paper (45 %) 
-- timber (34%) 
-- food & beverage (25 %) 
-- construction (30 %) 
-- public sector buildings (34%) 

1.2.2 Household Sales by NEK 

During the decade of the 1980s, the price of electricity to households remained constant, and 
so, with inflation, the price of electricity drifted downwards. No real increases in 
household tariffs occurred un ti1 1992. 

Refemng back to Exhibit 1- 1, household electricity demand increased steadily over the several 
years leading up to 1991. During 1991, while total electricity consumption was decreasing 
almost 15%, household consumption decreased by less than 1 %. However, with substantial 
increases in tariffs, reductions in demand began in 1992, and sales were down about 8%. 
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Exhibit 1-4 
Daily Load Profile - Bulgaria 

Average Day in January & July 

- Average July 

-. Average January 
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Exhibit 1-5 
BULGARIA 

RECENT ELECI'RICITY SALES 
TO INDUmY SECTORS AND LARGEST CUSTOMERS 

Ferrous Metals 
Promet (S) 
Kremikovtsi (S) 
Stomana 
Other 

Non- ferrous Metals 
Medril Mihi 
Chiprovech 
Polimet 
MDP "Elatsite" 
GORYBSO-AD Nru 
OTSK-OOD 
Olovo i Tsink 
OP "Elatsite" 
Redki Metali 
Medodobiven K (S) 
D. Blagoev (S) 
Alumina 
OTSM (S) 
Other 

Chemicals 
Kaltsit (S) 
Neftohim (S) 
Agropolihim 
Polimeri 
TK "Sodi" - star 
F "Neohirn" 
Agrabiohim 
HIMKO 
Yambolen 
Plasthin 
Lateks (S) 
Geoson 
Gavril Genov (S) 
P. Kararninchev 
Smyadovo - 0 OD 
0desos (S) 
Antibiotik (S) 
Other 

Engineering - metallic products 
Energorem. 3-D (S) 
K- t za Traktori 
Osam 
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BULGARIA 

RECENT ELECTRICITY SALES 
TO INDUSTRY SECTORS AND LARGEST CUSTOMERS 

1 Akumikar 

SLZ ( 9  
ZTM-OOD (S) 
Korabostr. -0OD 
Madara 
G. Dimitrov (S) 
TKEP "6 Sept." (S) 
ZMM-AD (S) 
MK "VMZ" 
Progres 
Varn. Korabostr. (S) 
Veslets 91 
&WET (S) 
Rekora (S) 
Other 

Electrical & Electronics 
B. Kolarov 
Eltos 
Feromagniti 
Svetlkna 

1 Elprom-Dinamo 
Elprom-ZEM-ad (S) 

I D S U  
/ Elima 

Elkom (S) 
Other 

Building Materials 
Beloiz. Tsiment 
Dew. Tsiment 
Bulkan 
Izida 
P1. Tsiment 
21. Panega 
Han Asparuh (S) 
Kaolin (S) 
Other 

Timber 

Pulp & paper, wood products 
Rulon -1skar (S) 
PHHI 
TKTSH 
ZMK (S) 



Exhibit 1 - 5 
BULGARIA 

RECENT ELECTRICITY SALES 
TO INDU!TlXY SECTORS AND LARGEST CUSTOMERS 

Lesil 
St. Kirajiev (S) 
lKH'-rs (S) . . 
Other 

Glass 
Belopal 
Kitka 
Fayans 
Rubin 
Drushba 
Kvarts 
Diamant (S) 
Other 

Textiles 
Manuela 
Dobruja 
Sliteks 
Vratitsa 
Other 

Food & Beverage 
N. Vaptsarov 
Tyot. Kombinat (S) 
MEZ "Kambana" (S) 
SKPPPMYA (S) 

Other Industries 
Bules (S) 

Agriculture 1,143 
Transport & Communications 
Public Sector 4.849 
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1.3 FACTORS INFLUENCING DEMAND 

Several factors influence the demand for electricity. The two primary effects are: 

Income - For the industrial sector, the health of the economy, both local and 
worldwide, determines the demand for goods and services, and in turn, this 
determines the demand for electricity. For households, income affects ability to 
buy electric appliances or even electric energy itself. 

Price - Low electricity tariffs encourage greater consumption, and higher prices 
should lead to conservation. The structure of tariffs (for example, amount 
charged to large industrial customers as compared to households) is very 
important in determining sector demand. 

Secondary effects are: - 

Structure of industry - As the prices of energy and inputs increase, the cost of 
producing goods increases. Those goods that have the greatest increases in 
productivity or are the most energy efficient in production will tend to be 
relatively lower cost industries, and the demand for goods will shift towards these 
industries. This shift will bring about a scale effect as inefficient plants close and 
a substitution effect as demand is shifted to the more electricity-efficient 
industries. 

Energy conservation programs - The government can directly affect the demand 
for electricity through the level of its promulgation of energy conservation 
programs. 

Privatization - The government indirectly affects the use of electricity by its 
industrial policies. The industries that the government promotes through either 
subsidies or by assisting in the privatization process should become more healthy, 
affecting the eventual demand for electricity. 

Commercial services - The privatization process will also spur the development 
of the commercial sector, which will require electricity for lighting, cooking, 
refrigeration, heating, ventilation and air conditioning. 

Weather conditions - Bulgaria's peak demand increases by more than 3,000 MW 
in the winter, so a cold winter will cause an increase in demand. 

RCGJHagler, Bailly, Inc. 



INTRODUCTION - 1-13 

Howehold formation - Population growth and residential construction leads to the 
formation of new households and the creation of new customers. Since 1980, 
population growth has average only about 0.2% per year in Bulgaria. 

Regional diferences - The demand for electricity varies by region, because of the 
concentration of industry, the size of the population, and differing weather 
patterns. The historical regional distribution of electricity sales is provided in 
Exhibit 1-6. The change in electricity use varies over time by district, with some 
districts increasing their share as their decreases in electricity use are less than 
other those of other districts. 

RCGtHagler, Bailly , Inc. 
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l-l4 4 
Exhibit 1-6 

SALES OF ELECTRICITY BY REGION (GWh) 

Year 1- 1986 1987 1988 1989 1990 1991 I 
Sofia C i t y  
Sofia D i s t r i c t  
P 1 even 
G. Oryahvitza 
Varna 
St. Zagora 
PLovdiv 

Total 
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2. RESULTS OF INDUSTRIAL ENERGY SURVEY AND ENERGY AUDITS 

2.1 INDUSTRIAL ENERGY SURVEY 

A survey of the NEK's 106 largest electrical consumers was commissioned by RCGIHagler, 
Bailly as part of the project. Hagler, Bailly subcontracted with Dimitar Baev - DBC, a private 
Bulgarian firm, to carry out the work. 

2.1.1 Objective 

The objective of the survey was to poll the 106 largest industrial electricity consumers with 
respect to their electricity consumption, business and economic activity, electrical generation at 
the facility (if any) and energy efficiency. 

2.1.2 Activities 

The project included the following tasks: 

An English draft survey instrument was developed by Hagler, Bailly, and subsequently 
a Bulgarian version of the survey questionnaire by DBC, taking into account locally- 
accepted survey techniques by means of network of interviewers, as well as the 
recommendations of the experts from the Committee of Energy. 

A test run of the survey was made in 7 enterprises in Sofia to verify that the survey 
instrument was acceptable. Based on the results, Hagler, Bailly determined that a two- 
stage methodology was required. 

The survey instrument was distributed to the 106 largest electric consumers, and personal 
visits were made to each site in an attempt to achieve a high response rate to the survey. 

For those who agreed to participate, on-site interviews were done by a nationwide 
network of interviewers (comprising over 20 interviewers) over the period November - 
December 1992. 
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RESULTS OF INDUSTRIAL ENERGY SURVEY AND ENERGY AUDITS 

A follow-up survey was conducted in the cooperating industries in December 1992 - 
2-2 i January 1993 to obtain more quantitative data on energy consumption and production, 

and to-evaluate the plant's attitudes toward energy con&ation. 

A data base was created containing the data from all the responses of the questionnaires. I 
Statistical analysis of the results was carried out by DBC. I 
Reports were prepared for both the main and the follow-up surveys by DBC, and 
provided to Hagler, Bailly and Committee of Energy. 

Description of the survey 

2.1.3.1 Conditions in which the survey was conducted 

The survey was influenced by number of factors, characteristic of the state of the Bulgarian 
economy and industry: 

deep economic recession, and decrease of the production; 

loss of most of Bulgaria's traditional markets and trading partners; 

de-monopolization and disintegration of old production structures; 

rn considerable increase in the percentage of unemployment; 

rn slow rates of the progress of restructuring of the economy and privatization; 

substantial decrease of state subsidies and increase of the debts of the 
enterprises. 

During this period, Bulgaria was faced with particularly acute energy problems, including power 
outages. The period of the survey also coincided with government decisions for substantial 

I 
increases in electricity tariffs and other energy prices. I 
Finally, another important fact should be taken into account - that in Bulgaria there is no 
tradition for conducting such surveys in industry. 

2.1.3.2 Survey interview techniques 

The enterprises, subject to the survey are situated over the whole territory of Bulgaria, most of 
them being some distance from the large cities. Frbm the point of view of the number of 
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questions as well as from the point of view of it's content, the study could be classified as 
technically complicated. 

The officials which took part in the filling up of the questionnaires, were as follows: 

Top managers of the enterprises (general directors, executive directors) ; 

Deputy directors, responsible for the economics or production; 

Chief power engineering specialists, or Heads of departments "Power 
engineering" ; 

Heads of departments "Planning and Economics"; 

Experts and specialists; 

As a rule several of them took part successively in the responding of the questionnaires. ~ 6 e  
mean time to receive the full response was 15-20 days. During that time it was necessary for 
the interviewers to visit the enterprise several times in order to stimulate a response to the 
questionnaires. 

From the total of 106 questionnaires send, 61 responded (57% rate), and 35 of these responded 
to the follow-up survey (33 % response rate to full survey). In certain sectors of industry as coal 
mining, iron and steel, timber, construction and other branches the response rate was 100%. 
Of those who did not respond, some of the more important reasons were the following: 

The enterprises refuse in principle to accept questionnaires, because of the 
following motives: 

-- the questions represent firm's secrets; 
-- there are apprehensions of misuse of the information against the interests 

of the enterprise; 
-- essential structural and personnel changes are in progress; 
-- it is considered a priori that this is a pure waste of time. 

This group includes about 20 % of those who didn't answer. 

Enterprises which accepted the questionnaires, but didn't respond because of the 
following reasons: 

-- responding to the survey is of low priority, compared with the current 
operative tasks; 
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-- it is impossible to create organization for joint completion of the 
questionnaires; 

-- fear of responsibility; 
2-4 i 

-- during the progress of the filling up it is realized that more effort is 
necessary than originally considered; 

-- the questionnaire is left without control to somebody's working place, etc. 

I 

This group is the largest and includes about 75% of those who didn't answer. 
I 

The enterprise said that the questionnaires were completed and sent to the 
interviewers by post, but were lost. This is about 5% of those not responding. 

I 

2.1.4 Summary of the Results 

2.1.4.1 Business and operating conditions - I 
Exhibit 2-1 shows the results of part 1 of the survey, which was intended to summarize business 
conditions and operating characteristics. The exhibit shows each survey item and a summary 
of the responses, by percentage. The percentages do not add up to 100% in those cases in 
which one or more respondents did not answer an item or judged two choices equal. 

As shown in Exhibit 2-1: 

Employment is in decline, and is expected to decline further in 48% of the sites; ! 
Plant capacity utilization declined significantly in 1991 (number of plants 
operating at 50% capacity or less went from 11 % to 28%) and slightly in 1992 
(35% of plants at 50% capacity or less), the largest declines were in the 

B 
engineered products and chemicals/petroleum sectors; 

Capacity utilization is forecast to improve slightly in 1993 (only 20% at 50% 
capacity or less, with the food industry particularly optimistic); I 
The principal factor required for recovery: 

-- new markets (mentioned by 57%); 
-- better management, efficiency, productivity or quality (20%); 
-- new technology (14 %); 
-- supply of raw materials (14%); 
-- higher prices (6%); 
-- economic recovery (6 %). 

- - 

RCGIHagler, Bailly , Inc. 



RESULTS OF INDUSTRIAL ENERGY SURVEY AND ENERGY AUDITS 2-5 

Half of the plants have made significant investments in the past two years, and 
43 % expect to make significant investments in 1993 (metallurgy industries expect 
to invest, pulp & paper does not); 

Privatization is expected in the next two years by only 20% of the plants; 

Backlogs of manufacturing orders are fairly good, and inventories are not 
excessive; 

Most plants work multiple shifts - 17% have changed working hours since 1990, 
and 9 % expect to change in 1993; 

Hours of operation correspond with NEK peaks, and 59 % work 24 hours per day; 

Solving manufacturing problems (such as marketing, raw material supply, quality, 
and productivity) are judged higher priorities than energy cost reduction; - 

Among energy costs, electricity was the highest priority. 
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EXHIBIT 2-1 
BULGARIA 
SURVEY OF LARGEST ELECTRICAL CONSUMERS 
DECEMBER 1992 BY ET "DIMITAR BAEV - DBC" 

PART 1 - SUMMARY OF OPERATIONS AND BUSINESS CONDITIONS 

HOW MANY NUMBER OF EMPLOYEES AT THIS FACILITY? 
less than 1 000 1000-2000 2000-5000 over 500C 

38% 32% 18% 5% 

HOW HAS THE NUMBER OF EMPLOYEES CHANGED IN THE LAST YEAR? 
reduced by: reduced by: reduced by: 

same increased 5-10% 10-20% more than 20% 
21 % 9% 39% 11% 13% 

HOW DO YOU EXPECT THE NUMBER OF EMPLOYEES TO CHANGE OVER THE NEXT YEAR? 
reduced by: reduced by: reduced by: 

same increased 5-10% 10-20% more than 20% 
52% 7% 23% 9% 5% 

WHAT IS THE BUSINESS OUTLOOK FOR YOUR INDUSTRIAL SECTOR? 
optimistic pessimistic not clear 

46% 2% 46% 

APPROXIMATELY WHAT PERCENT OF MAXIMUM CAPACITY DID YOUR ENTERPRISE PRODUCE? 
Year less than 25% 25 - 50% 51 -75% 76-1 00% 
1990 4% 7% 27% 48% 
1991 7% 21 % 41 % 18% 
1992 5% 30% 43% 11% 

( APPROXIMATELY WHAT PERCENT OF MAXIMUM CAPACITY DOES YOUR ENTERPRISE EXPECT TO PRODUCE IN 1993? 
less than 25% 25-50% 51 -75% 76-100% 

0% 20% 41 % 21 % 

I HAS YOUR ENTERPRISE MADE ANY SIGNIFICANT CAPITAL INVESTMENTS? 

6 1 In the last 6 months 25% 61 % 

Yes No 
In the last 2 years 50% 43% 

I 
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BULGARIA 
SURVEY OF LARGEST ELECTRICAL CONSUMERS 
DECEMBER 1992 BY ET "DIMITAR BAEV - DBC 

PART 1 - SUMMARY OF OPERATIONS AND BUSINESS CONDITIONS 

DOES YOUR ENTERPRISE PLAN TO MAKE SIGNIFICANT INVESTMENTS IN THE NEXT YEAR? 
Yes No 

43% 48% 

1 WHEN DO YOU ANTICIPATE THAT THIS ENTERPRISE WILL BE PRIVATIZED? 
I already done 0- 12 months 12-24 months more than 24 months not likely ever I 

I APPROXIMATELY HOW LONG IS YOUR ENTERPRISE'S BACKLOG OF ORDERS? 
I months of production at current production rate I 
less than 1 1 - 2  2 - 4 4 - 6 6 - 9  9 -  12 

11% 20% 11% 6% 11% 6% 

APPROXIMATELY HOW LARGE IS YOUR ENTERPRISE'S INVENTORY OF FINISHED PRODUCTS~ 
months of production at current production rate 

less than 1 1 - 2  2 - 4  4 - 6  6 - 9  9 -  12 
23% 17% 6% 0% 0% 3% 

HOW DOES THE ENTERPRISE OPERATE DURING THE DAY? 
24 hourslday 2 shifts 1 shift 

HOW MANY HOURS PER WEEK DOES THE MAIN PRODUCTION PROCESS OPERATE? 
less than 24 24-48 48-72 72-96 96- 120 120-144 144-168 

9% 1 7% 9% 12% 3% 9% 41 % 
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BULGARIA 
SURVEY OF LARGEST ELECTRICAL CONSUMERS 
DECEMBER 1992 BY ET "DIMITAR BAEV - DBC 

PART 1 - SUMMARY OF OPERATIONS AND BUSINESS CONDITIONS 

WHAT ARE THE HOURS OF OPERATION OF THE PRODUCTION PROCESS AT YOUR ENTERPRISE? 
wurs of Monday Tuesday Wednesday Thursday Friday Saturday Sun& 

HAVE THERE BEEN ANY CHANGES TO THESE HOURS SINCE 1990? 
Yes No 
1 7% 77% 

GES TO THESE HOURS IN 1993? 
No 

= - m - m  .I----- 
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BULGARIA 
SURVEY OF LARGEST ELECTRICAL CONSUMERS 
DECEMBER 1992 BY ET "DIMITAR BAEV - DBC' 

PART 1 - SUMMARY OF OPERATIONS AND BUSINESS CONDITIONS 

WHAT ARE NOW THE SHORT-TERM PRIORITIES IN YOUR ENTERPRISE? 
Percentage who ranked it (5 is top priority) 

Description of the problem 5 4 3 2 1 0 Score Rank 
Finding a way to sell more of our finished products 63% 14% 6% 3% 3% 11% 3.97 1 
Obtaining reliable sources of raw materials 34% 20% 3% 
Reducing the cost of production, not including energy 
Improving the quality of our products 
Reducing the cost of electric energy 
Managing people and improving labor productivity 
Maintaining our equipment, reducing break-downs 
Reducing the cost of fuel energy 
Reducing pollution, improving ecology 
Obtaining reliable sources of electric energy 
Dealing with inefficient government bureacracy 
Reducing the cost of heat energy 
Privatizing our plant 
Changing our plant to produce different products 
Obtaining reliable sources of heat energy 
Reducing operations to meet the market conditions 
Obtainining reliable sources of fuel energy 
Other 3% 0% 0% 3% 0% 94% 0.20 18 
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2.1.4.2 Current and projected electricity usage 

Exhibit 2-2 shows the results of part 2 of the survey, which concerned electricity usage. Again, 
the exhibit shows each survey item and a summary of the responses, by percentage. The 
percentages do not add up to 100% in those cases in which one or more respondents did not 
answer an item. 

As shown in Exhibit 2-2: 

83% of the sites have a load of 10 MW or more; 

1992 electricity consumption was reduced from 1991 in 46% of the plants; 

1992 reductions were significant (10% or more) in 3 1 % of the plants, and very 
large (20% or more) in 20% of the plants; 

- 
1993 electricity consumption and peak usage is forecast to be the same as 1992, 
or higher, in 91 % of the plants; 

Peak demand (MW) seems be about the same as day M W ;  

Reductions in peak demand have been significantly less than reductions in energy 
consumption, and this trend is expected to continue; 

The expected changes in electricity consumption are well correlated with the 
expected changes in production; 

- 
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BULGARIA 
SURVEY OF LARGEST ELECTRICAL CONSUMERS 
DECEMBER 1992 BY ET "DIMITAR BAEV - DBC' 

PART 2 - CURRENT AND PROJECTED ELECTRIC ENERGY USAGE 

WHAT IS THE ELECTRIC ENERGY CONSUMPTION FOR YOUR ENTERPRISE FOR 1992? 
Gigawatt -hours (GWh) : 

Period: less than 2 2-5 5 - 10 10 - 20 20 or more 
peakGWh 9% 51 % 17% 9% 11% 
day GWh 3% 1 4% 34% 23% 23% 
night GWh 14% 40% 9% 20% 1 4% 

I TOTALGWh 3% 0% 11% 40% 43% 

HOW IS YOUR ELECTRIC ENERGY CONSUMPION DISTRIBUTED FOR 1992? 
Peak energy Day energy Night energy 
22% 45% 32% 

HOW DO YOU EXPECT THE TOTAL ELECTRIC ENERGY CONSUMPTION TO CHANGE IN 1993, COMPARED WlTH l992? 
CHANGE the same to increase by ... to decrease ... 

0 51 % 
1 -5% 11% 0% 
5-10% 3% 0% 
10-20% 6% 3% 
20 - 50% 11% 6% I 

> 50% 9% 0% 
- TOTAL 51 % 40% 9% 

HOW HAS THE TOTAL ELECTRIC ENERGY CONSUMPTION CHANGED IN COMPARISON WlTH 1991 
CHANGE the same increased by ... decreased by ... 

0 31 % 
1 -5% 6% 1 4% 
5-10% 0% 0% 
10-20% 6% 11%  
20 - 50% 9% 17% 
> 50% 0% 3% 
TOTAL 31 % 20% 46% 

? 
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BULGARIA 
SURVEY OF LARGEST ELECTRICAL CONSUMERS 
DECEMBER 1992 BY ET "DIMITAR BAEV - DBC" 

PART 2 - CURRENT AND PROJECTED ELECTRIC ENERGY USAGE 

I E D I D  THE ENERGY CONSUMPTION DURING PEAK HOURS CHANGE IN 1992, COMPARED VMTH 1991 i 
CHANGE the same increased by ... decreased by. .. 

0 29% 
1 -5% 9% 0% 

5-10% 9% 3% 
10-20% 9% 6% 
20 -50% 1 4% 1 4% 
> 50% 6% 3% 
TOTAL 29% 47% 26% 

HOW DO YOU EXPECT THE ENERGY CONSUMPTION DURING PEAK HOURS TO CHANGE IN 1993, COMPARED WITH 19927 
CHANGE the same to increase by ... to decrease by ... 

0 51 % 
1 -5% 9% 0% 

5-10% 6% 0% 
10-20% 3% 6% 
20 - 50% 20% 0% 
> 50% 3% 0% 
TOTAL 51 % 41 % 6% 

CORRELATION OF RESPONSES TO QUESTIONS ON ENERGY USAGE AND PRODUCTION: 
HOW DO YOU EXPECT THE LEVEL OF PRODUCTION OUTPUT TO CHANGE IN 1993? 
HOW DO YOU EXPECT THE TOTAL ELECTRIC ENERGY CONSUMPTION TO CHANGE IN 1993? 

Electric energy consumption: 
Production the same up1-10% up10-20% up>20% down 1 - 10% down 10-20% down > 20% TOTAL 

the same 73% 9% 9% 9% 0% 0% 0% 
Up 1-10% 33% 33% 17% 17% 0% 0% 0% 
up 10-20% 57% 1 4% 0% 1 4% 0% 0% 1 4% 
up more than 20% 29% 0% 0% 57% 0% 0% 1 4% 
down 1-10% 0% 0% 0% 0% 0% 0% 0% 
down 1 0 - 20% 0% 0% 0% 0% 0% 0% 0% 
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BULGARIA 
SURVEY OF LARGEST ELECTRICAL CONSUMERS 
DECEMBER 1992 BY ET "DIMITAR BAR/ - DBC' 

PART 2 - CURRENT AND PROJECTED ELECTRIC ENERGY USAGE 

WHAT IS THE MAXIMUM ELECTRIC POWER DEMAND FOR YOUR ENTERPRISE FOR 1992? 
Megawatts: 

Period: 0-5 5 - 10 10 - 20 20 - 50 50 or more 
peak MW 29% 39% 6% 6% 6% 
day MW 32% 32% 10% 6% 3% 

night MW 42% 23% 10% 6% 3% 

HOWDID THE MAXIMUM DEMAND (MW) CHANGE IN 1992, COMPARED WTH 1991? 
CHANGE the same increased by.. . decreased by.. . 

0 51% 
1 -5% 3% 0% 
5-10% 3% 3% 
10-20% 6% 9% 
20-50% 6% 1 4% 

1 > 50% 0% 0% 
TOTAL 51% 18% 26% 

HOW DO YOU EXPECT THE MAXIMUM DEMAND (MW) TO CHANGE IN 1993, COMPARED WITH l992? 
CHANGE the same to increase by .. . to decrease by ... 

0 63% 
1 -5% 6% 0% 
5-10% 3% 0% 
10-20% 9% 3% 
20 - 50% 11%  3% 
> 50% 0% 0% 
TOTAL 63% 29% 6% 
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BULGARIA 
SURVEY OF LARGEST ELECTRICAL CONSUMERS 
DECEMBER 1992 BY ET "DIMITAR BAEV - DBC 

PART 2 - CURRENT AND PROJECTED ELECTRIC ENERGY USAGE 

WHAT IS YOUR ESTIMATED COST FOR PURCHASED ENERGY 1992? 
MILLIONS OF LEVA 
0-5 5- 10 10-20 20-50 50-1 00 more than 100 no answer 

Electricity 3% 23% 23% 1 7% 6% 6% 23% 
Heat 6% 9% 0% 3% 0% 0% 83% 
Gas 9% 6% 9% 3% 0% 3% 71 % 
Oil 1 4% 6% 1 4% 3% 6% 3% 54% 
Coal 1 4% 0% 0% 3% 0% 0% 83% 
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2.1.4.3 Equipment installed for electricity generation and use 

Exhibit 2-3 shows the results of part 3 of the survey, which concerned equipment available for 
power generation, and principal electricity using equipment. Again, the exhibit shows each 
survey item and a summary of the responses, by percentage. The percentages do not add up to 
100% in those cases in which one or more respondents did not answer an item. 

According to NEK, Bulgaria now has nine large industrial cogenerators (with capacities of 20 
MW or greater). Six of the 61 plants surveyed can generate their own electricity, but the survey 
discovered that two of these do not operate their generators regularly. 

As shown in Exhibit 2-3: 

Six of the plants responding have a generator, of these three are in the chemicals 
and petroleum sector, two in non-ferrous metals and one in glass; 

Of those six that have a generator, two do not operate regularly, but probabb 
could do so; 

Among those six that have a generator, only half felt that the purchase price of 
power paid by NEK is too low; 

Among those six that have a generator, the following reasons were given for not 
increasing the output: 

-- three (50%) said they were at their technical potential; 
-- one said because of the reduced production rate; 
-- one said because of low electricity prices; 
-- one said because of lack of fuel. 

Among those that do not have a generator, only 2% considered it possible to 
install one (25% no answer or did not know); 

Motors driving pumps, fans, compressors, and other equipment were cited as 
primary loads by 77% of the respondents; 

Less than half of the plants use efficient lighting systems (sodium vapor, metal 
halide, or compact fluorescent). 

For the specific process equipment identified (some of which are relevant only to 
specific industrial sectors), the following totals were developed: 

-- electrolysis (chemicals) 27 M W  
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heat treatment (metals) 
rolling mills (metals) 
compressors 
electric furnaces (metals) 
water pumps 
catalytic cracking (petroleum) 
motors for other uses 
machine tools (engineered products) 
fans . 

-- -- 
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EXHIBIT 2-3 
BULGARIA 
SURVEY OF LARGEST ELECTRICAL CONSUMERS 
DECEMBER 1992 BY ET QIMITAR BAEV - DBC" 

PART 3 - EQUIPMENT INSTALLED FOR ELECTRICITY GENERATION AND USE 

IS THERE AN ELECTRIC GENERATOR AT THIS FACILITY? 
Yes No 
11% 88% 

IF SO, DOES THE GENERATOR OPERATE REGULARLY? 
Yes No 

(FOR THOSE WHO HAVE A GENERATOR) IS THE PRICE PAiD BY NEK FOR PURCHASED POWER TOO L W  
Yes No 

IS THERE A POSSIBILITY OF INCREASING THE OUTPUT OFYOUR EXISTING GENERATOR? 
Yes No 
33% 67% 

1 IS THERE A SIGNIFICANT REQUIREMENT FOR STEAM OR HOT WATER AT YOUR FACILITY? 
Yes No 
71 % 1 4% 

IF YOU DO NOT HAVE A GENERATOR, IS IT POSSIBLE TO INSTALL ONE? 
Yes No 
2% 73% 

WHAT ARE THE PRIMARY CONSUMERS OF ELECTRIC ENERGY IN YOUR ENTERPRISE? 
Mentioned by: 

Motors driving pumps, fans, compressors 77% 
Lighting 61 % 
Electric heating, furnaces, boilers 52% 
Welding 34% I 

Machine tools, metal working 25% 
Electrochemical processes 1 4% 
Refrigeration 11% 
Other 7% 
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BULGARIA 
SURVEY OF LARGEST ELECTRICAL CONSUMERS 
DECEMBER 1992 BY ET "DIMITAR BAEV - DBC" 

PART 3 - EQUIPMENT INSTALLED FOR ELECTRlCllY GENERATION AND USE 

WHAT TYPES OF LIGHTS ARE USED AT YOUR ENTERPRISE? 
Mentioned by: 

Fluorescent 89% 
Incandescent 86% 
Mercuty vapor 75% 
Sodiun vapor 45% 
Metal halide 27% 
Compact fluorescent 1 4% 
Other 0% 
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2.1.4.4 Energy conservation experience, opportunities, and attitudes 

Exhibit 2-4 shows the results of part 4 of the survey, which concerned energy conservation. 
Again, the exhibit shows each survey item and a summary of the responses, by percentage. The 
percentages do not add up to 100% in those cases in which one or more respondents did not 
answer an item. 

As shown in Exhibit 2-4: 

e Some 13 % of plants could curtail usage during peak periods a significant amount, 
and another 50% could reduce slightly; 

Some 77% are interested in pursuing energy conservation opportunities in their 
plant; 

69% of the respondents are aware of ideas to improve energy efficiency, the 
measures could be grouped in the following way: 

-- expedient technological changes and improvements (65 % of respondents); 
-- improvements in lighting systems and controls (20%); 
-- correct operations of production processes, such as loading of equipment 

and coordination of energy consumers (20%); 
-- measures for improvement of cos @ (power factor) (9%); 

The reasons why these improvements have not yet been implemented are: 

-- lack or scarcity of funds, finances (53% of respondents); 
-- production process limitations, such as continuous operations (25 %); 
-- lack of incentives, existing energy prices (9%); 
-- lack of suitable organization (6%); 
-- lack of suitable projects (6%); 

e About half the plants are willing to invest in energy efficiency projects, including 
borrowing from a bank if necessary; 

Energy audits have been conducted in 50% of the enterprises: 

-- 58% of audits were conducted by external organizations (institutes and 
design organizations in energetics and automation), B 

-- 27% were conducted by specialists of the enterprises themselves, 
-- 15 % were joint studies by external organizations and specialists from the 

enterprise. 
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0 Of the plants that had energy audits, 6% were completely satisfied with the 
results, 62% found the audits to be partially satisfactory, and 28% found the audit 
to be useless; 

70% of the plants would be willing to participate in an energy audit program 
financed by COE or NEK, and 14% refuse; 

8 42% of the plants would be willing to hire an energy auditor (and about one- 
quarter of these .had already done so); 

8 Only 14 % of the plants were aware of any energy efficiency activities in Bulgaria 
by Western experts. 
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EXHIBIT 2-4 
BULGARIA 
SURVEY OF LARGEST ELECTRICAL CONSUMERS 
DECEMBER 1992 BY ET "DIMITAR BAEV - DBC 

PART 4 - ENERGY CONSERVATION EXPERIENCE, OPPORTUNITIES AND ATTITUDES 

COULD THE ENTERPRISE CURTAIL ALL OR PART OF ITS ELECTRICAL USE DURING PEAK PERIODS? 
Yes, significant amount Yes, a little None at all 

13% 50% 34% 

COULD THE ENTERPRISE SWITCH SOME OF ITS ELECTRICAL USAGE TO FUELS? 
Yes, significant amount Yes, a little None at all 

1 3% 20% 68% 

DO YOU KNOW OR EXPECT THAT THERE ARE OTHER ENERGY EFFICIENCY MEASURES APPLICABLE TO YOUR FACILITY? 
Yes, significant amount Yes, a little None at all 

14% 55% 29% 

WOULD YOU BE INTERESTED IN IMPLEMENTING ENERGY EFFICIENCY MEASURES ATYOUR FACILITY 
Yes, very interested Yes, somewhat interested No 

50% 77% 9% 

WOULD YOU MAKE THE EXPENDITURE REQUIRED FOR ENERGY SAVING PROJECTS? 
Yes 49% 
No, we have no money available 34% 

,No, we have other priorities for our money 9% 

WOULD YOU BORROW MONEY FROM A BANK TO INVEST IN AN ENERGY EFFICIENCY PROJECT? 
Yes, we have already done this 9% 
Yes, but we need help to arrange credit 23% 
Yes, but we don't know of any appropriate investment projects 20% 
. No, we have other priorities for investment 40% 

WOULD YOU BE INTERESTED IN LEARNING MORE ABOUT WAYS TO REDUCE ENERGY COSTS? 
Yes, very interested Yes, somewhat No, energy is low priority No, we already know how 

57% 29% 3% 6% i 

r-) 
&A 

HAS AN ENERGY AUDIT BEEN CONDUCTED AT YOUR ENTERPRISE? 
Yes No 
50% 

& 
46% 
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BULGARIA 
SURVEY OF LARGEST ELECTRICAL CONSUMERS 
DECEMBER 1992 BY ET "DIMITAR BAEV - DBC 

PART 4 - ENERGY CONSERVATION EXPERIENCE, OPPORTUNITIES AND AlTlTUDES 

IF YOUR PLANT HAS RECIEVED AN ENERGY AUDIT, HOW SATISFACTORY WERE THE RESULTS? 
Yes, we had energy audit and are absolutely satisfied 3% 
Yes, we had energy audit and are partially satisfied 31 % 
Yes, we had energy audits, and it turned out to be useless 1 4% 
No, we have not had an energy audit 46% 

WOULD YOU BE INTERESTED AN ENERGY AUDIT PAID FOR BY COEINEK? 
Yes No Maybe 
70% 1 4% 1 4% 

WOULD YOUR FIRM BE WILLING TO PAY FOR ENERGY AUDIT BY BULGARIAN EXPERTS? 
Yes, in fact we already hired someone 11% 
Yes, we would pay a market price 31 % 
No, only if we can get it at no cast 31 % 
No, not interested in an energy audit 1 7% 

I ARE YOU AWARE OF ANY ENERGY EFFICIENCY PROGRAMS CARRIED OUT IN BULGARIA BY FOREIGN EXPERTS? ] 
Yes No 
1 4% 80% 

( DID YOU HEAR ABOUT THE 1991 INDUSTRIAL ENERGY EFFICIENCY PROGRAM IN BULGARIA SPONSORED BY USAID? 
Yes No 
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2.2 RESULTS OF ENERGY AUDITS IN BULGARIA 

Under funding provided by the USAID Emergency Energy Project, energy audits were carried 
out in eight industrial enterprises in Bulgaria in 1991 by International Resources Group (IRG) 
of Washington DC. The enterprises audited were: 

Kremikovtzi Steel Company, Cold Rolling Mill (iron & steel sector) 

Serdika Milk Processing Plant (food processing) 

"Pharmacia" Company, Stanke Dimitrov (pharmaceuticals) 

Izida Ceramic Works (ceramics) 

Dobritch Poultry Company (food processing) 

"Parvi Mai" Textile Mill, Vama (textiles) 

"Industry Profile Repolt - Bulgaria", May 1992, for U.S. AID by International Resources Group, Washington DC. 

Devnia Soda Ash Plant (mineral processing) 

Chimco Ammonia and Urea Plant (petrochemical fertilizer) 

The scope of these audits focussed on thermal energy, not electricity, however general findings 
are expected to be similar. The summary findings of IRG are quoted below1 

Attention to energy conservation varied widely; however energy inefficiency was evident 
in every plant. The inefficiencies exist for a number of reasons. Lack of 
instrumentation required for effective energy monitoring and the use of inherently 
inefficient Eastern Bloc technologies are two main causes of industrial energy 
inefficiency. Equally important, subsidized energy inputs into the production process 
have historically discouraged efficient energy use. Moreover, until the initiation of the 
Emergency Energy Program, with its emphasis on energy efficiency, managers in all the 
demonstration plants were too overwhelmed with the pace and magnitude of economic 
changes to devote adequate time and consideration to any single problem, including 
energy efficiency. 

Neither management nor technical staff were given guidance or encouragement on energy 
efficiency from the previous regime, and consequently they were simply unaware of the 
magnitude of easily preventable energy losses. With the demise of the former 
government, myopic production considerations ceased to be the focus of enterprise 
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management. Instead, efficiency and profitability, hallmarks of fr& market economies, 
gained transcendence. 

Communication in large organizations is rarely as effective as needed under the best of 
circumstances. The legacy of central planning and single party rule, with its emphasis 
on idealogy, has further complicated the communication process, by making Bulgarian 
workers eager to "keep a low profile and not make waves. " 

The demonstration plants were organized along functional lines, with production/ 
operations, maintenance, packing and shipping, finance, utilities, engineeringltechnical 
services, and administrative/purchasing divisions. However, these enterprises differed 
from Western organizations insofar as they did not have internal sales or marketing 
divisions, since this function was handled by separate large state-owned trading 
companies. Since 1990, enterprise managers, previously concerned only with 
production, were forced to expand their marketing functions, despite relative inexperience 
in this area. Consequently, marketing became a high management priority in nearly 
every production plant. 

State-owned companies and plants in Bulgaria historically were not subject to complete 
financial accountability, owing to government subsidies. Consequently, they had less 
incentive to save energy. Although the situation has now changed, and energy efficiency 
is an important factor in economic survival, Bulgarian managers have largely ignored the 
potential for low-cost and no-cost energy savings measures. To some extent, this 
inaction is the lack of awareness of the magnitude of avoidable energy (and financial) 
losses due to energy efficiency. 

Even in instances where industrial managers and technical staff are aware of the 
importance of efficient energy use, institutional issues have inhibited widespread 
improvement in energy efficiency. Lack of financial resources (local or hard currency) 
and the lack of availability of most instrumentation needed for energy audits, monitoring 
and control, have made the purchase of even inexpensive monitoring equipment and 
capital intensive control systems difficult for most plants. 

Moreover, industrial management inexperience with investment decision-making can 
result in haphazard use of investment resources that are available. Standardized 
investment decision-making practices are rare and inadequate. Industrial decision-makers 
in Bulgaria do not have sufficient understanding of the value of small energy saving 
initiatives, and are more interested in complex technologies. Overall, managers have 
not, until recently (the energy audits and in-part training programs made managers aware 
of the costs of energy) been aware of the magnitude of the value of what appeared to be 
small energy losses. For example, few plants gave any consideration to the effective 
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performance of steam traps or to steam condensate recovery programs2, both of which 
are low-cost, high payback initiatives. 

Owing to increased awareness of the importance of small energy losses, managers at all 
the demonstration plants have become very interested in analyzing and implementing 
smaller-scale, low cost energy conservation initiatives. However, efforts to promote a 
"efficiency ethic" have been limited, and little attention is given to basic measures such 
as keeping furnace doors, building doors and windows closed and turning out lights in 
vacant rooms. Few effective energy management programs exit in Bulgaria, again owing 
to the lack of equipment availability and lack of management understanding of the 
benefits of energy management. Ultimately, however, economic survival imperatives, 
combined with increasing energy prices, will promote increased interest in energy saving 
initiatives throughout Bulgaria. 

Hagler, Bailly expects that similar situations exist for electrical energy; one example would be the use of motors which are 

too large for the actual load. 

RCGIHagler, Bailly , Inc. 



RESULTS OF INDUSTRIAL ENERGY SURVEY AND ENERGY AUDITS 

2.3 FINDINGS OF ENERGY AUDITS IN OTHER EASTERN EUROPEAN COUNTRIES 
2-26 4 

Since 1991, Hagler, Bailly has carried out management, technical and energy audits in more than 
30 industrial enterprises in the region (in Hungary and Yugoslavia in 1991 and Latvia, Estonia, 
and Russia in 1992, and Poland in 1993). In the project in Hungary, factories carried out 
process changes, management changes, and organization changes that led to energy cost savings 
of more than $1 million per year in several cases. Measured improvements to the ratio of 
energy to production quantity of more than 30% was achieved in one factory and more than 20 % 
in another factory, both at the,sarne production level. In addition, traditional heat and power 

1 
energy saving projects were carried out which saved 5-10% in several factories. 1 
Since 1992, Hagler, Bailly has been conducting the Industrial Energy Efficiency project in 
Bulgaria on behalf of USAID, as a follow-up to the 1991 Emergency Energy Project. We 
recognize that there are significant differences between Bulgaria and other countries, however 
we have also observed similarities in technology and management approaches. This section 
summarizes technical findings from work in many countries in the region, with notes on their 
relevance to electricity demand management in Bulgaria. 

Any improvements in energy efficiency can only be achieved by taking specific, detailed actions. 
These actions involve changes to operations, maintenance, or equipment. Some actions may cost 
nothing, and others may require million dollar investments. An energy efficiency program 
typically involves 10-20 actions, each of which improve efficiency by 1-2 % . 
Achieving and maintaining good energy efficiency in an enterprise is a never-ending process, 
and must be fully integrated into the normal course of business operations. The standard of 
efficiency is always increasing over time, as dictated by the competition in any given market. 

1 
There are many techniques for improving industrial energy efficiency, but these are often I 

simplified by categorizing them in groups, on the basis of the investment required: 9 
A. Management and organizational improvements, which generally require little or LW 

no investment; 

B. Low-cost measures to improve operations and maintenance, projects which 
provide a payback of one year or less; 3 

C. Minor investments to upgrade existing equipment, projects which provide a 
payback of two years or less, based on energy savings; 

D. Major investments to acquire new, modern equipment, which should provide 
multiple benefits in productivity, quality, and energy efficiency. 
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2.3.1 Examples of nType An Actions, Management and Organizational Improvements 

Hire professionals with expertise in the specific industrial process to work 
together with plant senior staff (General Director, Economics Director, Technical 
Director) to carry out a "management audit", an executive review of the 
production organization, management, marketing, accounting, finance, operations, 
and investment program to identify ways to reduce costs and improve 
productivity, efficiency and quality. Use the results of this audit to develop an 
action plan. . 

Change ownership so that a new "owner's mentality" and sense of purpose for the 
future is created. The owner must establish a management commitment to 
quality, productivity and efficiency. The owner may take an active approach to 
seek out foreign joint venture partners. 

Change organizational structure to place responsibility for energy efficiency 
(including identification and implementation of energy saving ideas and projects) 
at the production department, where most energy is consumed. Two possible 
approaches to do this: 

-- make the energy department subordinate to production, like other suppliers 
of raw materials; 

-- if a cogeneration facility exists, establish energy department as a profit 
center, " selling" energy to production department. 

Establish energy accounting systems and management information systems to 
allow management to monitor efficiency in time to take control actions. 

Create working conditions that motivate all employees (especially those in the 
production departments) to improve efficiency, productivity and quality, including 
financial incentives and feedback of results. 

Provide information and training appropriate to employees at management and 
engineering levels in energy efficiency technology and techniques. 

Establish a "total" quality and efficiency management program in the plant, based 
on employee participation in a process of continuous improvement based on 
planning, testing, action, feedback of results, and refinement. 

Organize a market-driven decision-making process for difficult, but essential, 
management decisions which are urgently required, but are being delayed, such 
as: 
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-- Which markets to be in 
-- Which products to produce 
-- Level of quality needed by the market 
-- Type of packaging needed by the market 
-- Transportation needed to get to the market in time 
-- Which parts of the plant are obsolete and must be closed 

Establish a marketing department with sufficient staffmg and funding3 to increase 
sales, so that the plant can operate at higher capacity factor, and thereby spread 
fixed energy consumption over more units of production. 

Establish a production process R&D department to learn the state-of-the-art in the 
selected markets/products, and plan the future modernization of the plant. 
Provide a budget for experts to carry out market research and feasibility studies4. 

Optimize operations, so that production is carried out using the most efficient 
equipment in the factory in the most efficient way (least-cost production). 

Examples of I'Type B" Actions, Low-Cost Improvements to Operations and 
Maintenance 

Hire professionals with expertise in the specific industrial process to work 
together with plant senior staff (Technical Director, Chief Engineer) to carry out 
a "technical audit", an engineering and economic review of the production 
operations, technology, maintenance, and investment program to identify 
opportunities to reduce costs and improve productivity, efficiency, and quality. 
Use the results of this audit to develop an action plan. 

Hire professionals with expertise in industrial energy conservation to work 
together with plant senior staff (Chief Energetics) carry out an "electrical energy 
audit", an engineering and economic review of the plant electrical systems and 
equipment to identify opportunities to reduce energy cost. Use the results of this 
audit to develop an action plan. 

Upgrade the general standard of maintenance throughout the plant, and provide 
maintenance personnel with tools, training, status, and management reinforcement 
to carry out the job. 

- - 

Many western companies spend 20% of revenues, or mom, on marketing. 

Many Westem companies allocate 10% of revenues to R&D and new product development. 
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? 
2-29 

Establish teams dedicated to specific efficiency-related tasks on electrical 
equipment such as lighting, motors, drive systems, rotating equipment (pumps, 
fans, compressors), and piping systems for compressed air, water, and 
refrigeration. Provide these teams with the necessary diagnostic instruments, 
repair tools, and budgets. These teams will have several tasks: 

-- To identify obvious energy waste, such as leaks, idling equipment or 
underloaded operations, and carry out necessary repairs. 

-- To identify low-cost improvements to operations and maintenance, and to 
establish new procedures. 

-- To identify minor retrofit improvements needed, and to develop cost and 
benefit estimates 

-- To develop specifications for future procurement, and thereby upgrade the 
standard of efficiency over time. 

Upgrade the level of instrumentation in the plant, especially for energy flows and 
efficiency-related parameters, and establish procedures based on instrument 
readings. 

Establish a preventive maintenance system in the plant, with necessary monitoring 
instruments, procedures, and dedicated staff, to improve equipment reliability 
(reduce downtime) and thereby increase efficiency. 

Provide information and training in energy efficiency technology and techniques, 
appropriate to employees at various production, operations and maintenance 
levels. 

2.3.3 Examples of "Type C" Projects, Minor Investments in Equipment Upgrading 

Improve quality control equipment to reduce scrap generated by production 
process. 

Install recycling equipment to convert scrap generated at intermediate stages of 
the process. 

Rehabilitate electric furnaces and heat exchangers to clean radiant and convective 
heat transfer surfaces and repair casing leaks. 

Rehabilitate process equipment to improve reliability and reduce sta.rt/stops and 

b downtime. 

RCG/Hagler , Bail1 y , Inc . 
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8 Install efficient lighting systems, variable speed drives and other cost-effective 
retrofits where feasible. 

2.3.4 Examples of "Type D" Projects, Capital Investments in Modernization 

Convert the plant to produce a different, but related, product that offers a higher 
value-added for a given level of energy consumption. 

0 Install new process technology for the same product to improve productivity, 
increase reliability, improve quality, and reduce specific energy consumption. 

Install new motors, turbines, and prime movers that offer higher efficiency. 

Install cogeneration (combined heat and power systems), possibly sized to 
generate excess power for sale to NEK grid or sale of heat to the neighboring 
district. 
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1 3. BULGARIA ELECTRICITY DEMAND FORECAST 

1 Several forecasts of electricity demand in Bulgaria have been completed over the past several 
years. Prior forecasts differ because of differences in scenarios, differences in forecasting 

& techniques, and differences in data. However, the more recent forecasts that build on the 
data obtained after the initiation of Bulgaria's transition to a market economy will more 
accurately capture the Bulgarian economy's energy response to this transition and the 
probable future of electricity demand. 

The forecasts are summarized graphically in Exhibit 3-1, and described briefly below. 

- - 

C 3.1 World Bank forecast by Prof. Gordon Hughes in 1991 

Professor Gordon Hughes performed a forecast in 1991, based on a pooled regression model. 
He obtained the coefficients for the model from previous analyses of centrally planned 
economies and analyses of vaguely similar economies in Europe. His forecasts show severe 

h 
declines in aggregate electricity demand over several time periods as follows: 

Prof. Hughes further uses an energy industry input-output model to look at alternative policy 
scenarios, where the main policy response is that to electricity price changes. Under this 8 long run interindustry approach, he estimates the following changes to electricity demand: 

Main Projection -32 96 
Low Response -27 % 
High Response -32 % 

The response represents changes in electricity demand due to large changes in the price of 
electricity, deemed necessary to reach appropriate prices for operating a profitable utility. 
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Exhibit 3- 1 
Bulgaria - Total Electricity Demand 

Comparison of Previous Forecasts 

- NEK - - 9 .  Cousteau 
Hughes 

- - -- Energoproekt 
Hagler Bailly 
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3.2 FORECAST BY NEK, WITH GUIDANCE FROM THE WORLD BANK, IN 
1992 

For a power system study of the Bulgarian power system at the request of the Group of 7, 
the World Bank requested a set of demand forecasts from NEK, then worked with NEK in 
November 1992 to make slight adjustments. 

In this forecast, there are three scenarios: maximum, medium, and minimum. The 
maximum scenarios assumes the most rapid economic growth and the least adjustment by 
industry to the anticipated higher prices of electricity. The minimum scenario assumes lower 
economic growth and more adjustment by industry. It also assumes that 450,000 households 
convert from electricity heating to gas heating after the year 2000. The medium scenario 
assumes an economic growth between the other two and assumes no major conversions of 
households to gas heating. 

In the medium scenario, electricity demand increases to 52,000 GWh in 2010, and to 56,00Qr 
GWh in the maximum scenario. In the minimum scenario, electricity demand increases to 
43,200 GWh in 2010. The annual rates of growth in the electricity demand are quite 
different among these scenarios as can be seen below: 

Medium 
Maximum 
Minimum 

The electricity demand in 2010 for the maximum scenario is approximately 30% larger than 
that of the minimum scenario. The medium scenario is much closer to the maximum 
scenario than to the minimum scenario. 

3.3 ENERGOPROEKT FORECASTS 

Energoproekt has furnished several forecasts of electricity demand in the Bulgarian economy. 
One forecast was done for the United Nations Economic Commission for Europe (ECE) in 
1990. This forecast had Bulgarian GDP increasing at about 1.94% per year from 1990 to 
2000, with electricity demand increasing from 39,000 GWH to 50,000 GWH, an increase of 
about 2.5% per year. 

In 1991, Energoproekt published a forecast with two scenarios, a high scenario and a low 
scenario. Both scenarios were based on a GDP growth rate of approximately 2% per year to 
2010 (1.94 % from 1990 to 2000 and 2.1 % from 2000 to 2010). The high forecast shows an 
increase in electricity demand to 50,000 GWh in 2- and 57,000 GWh in 2010. This 
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represents an annual rate of increase of 2.5 % from 1990 to 2000, and an increase of 1.3 % 
from 2000 to 2010. The low scenario incorporates some energy efficiency into the forecast 
and forecasts a growth in electricity demand to the year 2000 of 44,000 GWh (an increase of 
1.2% per year) and an electricity demand of 49,000 GWh (an increase of 1.1 % per year) in 
the year 2000. 

3.4 FORECAST BY EQUIPE COUSTEAU FOR THE EBRD IN 1992 

In 1992, Equipe Cousteau prepared a study of the Bulgarian energy future for the European 
Bank for Reconstruction and Development (EBRD). This study, in collaboration with 
International Consulting on Energy, was called "Energy in the Danubian Countries, Current 
Situation, Outlook, and Energy Policy Proposals." The study used the methodology that 
Energoproekt has used for analyzing the Bulgarian economy, but expanded the methodology 
to analyze changes in industry structure and improvements in energy efficiency over time. 
This study assumed that GDP would grow at 2% per year until 2000 and then at 3% per yeag 
from 2000 to 2010. Using these assumptions and a decrease in final energy intensity from 
0.93 in 1989 to 0.7 in 2000 and 0.5 in 2010, electricity demand decreases from 39,000 GWh 
in 1989 to 36,500 GWh in 2000 and 35,000 GWh in 2010. This represents a decrease of 
about 0.67% per year to 2000 and 0.42% per year from 2000 to 2010. 

3.5 FORECAST BY HAGLER BAILLY IN 1993 

A forecast was developed by Hagler Bailly, based on a scenario which reflects a continued 
difficult economic environment in Bulgaria with low exports, a continued retrenching of 
industry, high unemployment, high inflation, and high interest rates. Electricity use in 
industry is also lower in this scenario because of successful conservation programs and 
because of the reduction in industry output. 

In this forecast: 

demand for electricity in the household sector continues to decline, reaching a 
minimum of 8,400 GWh in 1995, then climbs, reaching 1 1,000 GWh in 2010. 

in the industrial sector, demand drops slightly, with a minimum of 13,300 
GWh in 1994-96, and then begins a gradual climb to 17,000 GWh in 2010. 

total electricity sales reach a minimum of 28,000 GWh in 1994-96 and then 
rise gradually to its 1988 level of 35,600 GWh around year 2008. 

RCGIHagler, Bailly, Inc. ' 
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peak demand reaches a minimum of 6,500 MW in 1994-95, then increases to 
9,600 MW by 2010. The 1989 peak of 8,332 MW is reached again in year 
2005. 

3.6 BASE FORECAST CHOSEN FOR COMPARISON AND DSM ANALYSIS 

The NEK medium scenario forecast is chosen as the base forecast, for the purposes of 
projecting the impact of DSM programs. 

RCGIHagler, Bailly , Inc. 



4. C R E A m G  A POLICY FRAMEWORK TO PROMOTE EFFICIENT USE OF 
ELECTRICITY IN BULGARIA 

4.1 INTEGRATED RESOURCE PLANNING 

Integrated resource planning (IRP) is a concept in which the simultaneous consideration of 
supply-side and demand-side options is required, in order to minimize the cost of energy 
services to customers. In the United States, the Energy Policy Act of 1992 requires IRP by 
all the states, and IRP techniques have been adopted by several countries in Europe. 

4.1.1 IRP Framework - - 
An overview of a regulatory framework is presented in Exhibit 4-1. The utility regulatory 
agency adopts IRP, and requires each of the electric utility companies to submit an integrated 
resource plan. Regulatory approval of tariff increases would require that a least-cost plan for 
supplying electricity-related energy services be developed, with both the supply-side and the 
demand-side being adequately considered. DSM programs are developed which are 
evaluated against supply-side options in an IRP. 

The steps used in IRP are shown in Exhibit 4-2. In the IRP approach, first the utility 
develops a set of objectives for its planning activities in response to its regulatory 
framework, the incentives available, and external factors and constraints. These external 
factors often include customer characteristics and preferences. In the development of an 
IRP, considerable involvement from outside parties is usually encouraged in order to obtain 
their ideas and address their concerns. 

Next, the utility develops the demand forecast and other external constraints'. This 
establishes the need for new resources and forms the basis for the baseline supply-plan and 
the avoided costs. 

Next, the need for new resources is determined by comparing the demand forecast with 
capacity available from existing resources and facilities currently under construction. 
Supply-side alternatives are examined to determine the least-cost expansion plan. The 
avoided cost, both capacity and energy, of the base supply-side scenario is calculated, and 
used to evaluate other supply-side and demand-side options. 

For example, revisions to environmental emissions regulatidns will require the utility to undertake new 
investment. 

RCGtHagler , Bailly , Inc. 
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Figure 4-2 
Overview of Integrated Resource Planning 
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Demand-side options, called demand-side management (DSM), are developed, beginning first 
with a list of DSM alternative measures. A preliminary screening is performed to eliminate 
options that do not meet criteria for end-use objectives, availability and applicability. 
Following this initial screening, a cost-benefit assessment is performed using the avoided 
costs of the supply-side option. 

The next step is integration, which usually requires several iterations between supply-side 
and demand-side options. A new supply-side plan is developed for this revised level of 
resources. The avoided cost from this revised plan is then used to re-screen DSM options. 
Additional cost-effective options from this new screening step are included and the process 
begins again. Several iterations may be required. 

Integration can also involve more detailed analysis of the cost-effectiveness of DSM options. 
More detailed data may need to be collected and used to perform a more accurate assessment 
of the cost-effectiveness of the DSM option. - - 

The final result of the integration step is the least-cost scenario of supply-side investment and 
demand-side options. This scenario and other scenarios are examined in a series of 
sensitivity studies, which review the cost-effectiveness under a wide range of assumptions. 

Once the preferred course of action is identified, an action plan is developed to implement 
the plan. An action plan includes the tasks to implement the DSM options, including 
developing data collection tasks and pilot programs, as well as performing full scale DSM 
programs. The action plan also includes a plan for the development of the supply-side 
resources included in the preferred scenario. 

4.1.2 Recommendations for Bulgaria 

The legal and regulatory framework for energy and electricity is currently being developed in 
Bulgaria. There are early drafts of laws governing power plant licensing, building standards, 
and energy efficiency. 

The time is right, therefore, to address the institutional framework and include integrated 
resource planning requirements in the laws establishing the regulatory framework for the 
utility. 

We recommend that Bulgaria adopt the Integrated Resource Planning approach. This will 
require the following activities in the short term carried out in parallel: 

RCGIHagler, Bailly, Inc. 



POLICY TO PROMOTE EFFICIENT USE OF ELECTRICITY 4-5 

require that electricity agencies (Committee of Energy, National Electric 
Company, and others) assume IRP responsibilities, through enactment of 
appropriate legislation, regulations, and institutional development; 

develop a least-cost investment plan, considering all supply-side and demand- 
side options available to Bulgaria, not only from NEK itself but also other 
sources; 

evaluate electricity tariffs in comparison with long-run marginal costs 
determined by the least-cost investment plan, and restructure tariffs as 
required; 

carry out demonstrations under Bulgarian conditions of DSM policies, DSM 
technologies, DSM implementation strategies, and DSM financing options; 

based on successful demonstrations, develop policy to promote demand-side : 
management (DSM), analyze DSM options in comparison to base case 
investment plan, and from those measures that are cost-effective, develop a 
DSM program. 

In the remainder of Chapter 4, and in Chapter 5, we provide analysis and recommendations 
to develop some of these concepts further, particularly those related to demand-side 
management policy (Chapter 4) and programs (Chapter 5). 

4.2 IRP OBPECTIVES 

IRP objectives should be identified in the mission statement for Bulgaria's electricity sector. 
We propose the following statement: 

It is the mission of the electricity sector to provide a reliable supply of electricity- 
related energy services at the lowest achievable cost, while satisfying all legal and 
regulatory requirements, especially those related to scfeety, environmental protection, 
and electriciry pricing. 

Use of the term "energy services" indicates that consumers do not need electric energy 
(kwh) per se, but rather rotational shaft power (for pumping, ventilation, or material 
handling), heat, light, and hot water. By focusing on energy services, IRP considers that the 
customers' demand can be satisfied by other means. 

During the winters of 1990/91 and 1991192, Bulgaria suffered rolling blackouts. Improved 
reliability is thus an important objective. Modification of the daily load profile (such as 
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limiting peak demand, or shifting load from peak periods to off-peak) could help achieve 
improved reliability. 

To provide power at least economic cost, in most cases minimizing the use of imported 
electricity and imported oil and coal used for electricity generation should be an objective. 

It is common that government-owned utilities are directed to have further social objectives. 
An IEA study encourages gove,mments that: "Sectoral cross-subsidies should be removed, 
and social policies should be kept distinct from energy policies."* The need for economic 
efficiency requires that electricity tariffs be set based on the cost of service for each customer 
class. If electricity rates are set too low, consumers waste electricity. 

Minimizing the environmental impact of electric power generation is another objective. 
Total emissions can be reduced by installing improved emissions controls, switching to 
cleaner fuels, by reducing transmission and distribution losses, or by DSM (which reduces 
the generation required to provide a given level of energy services). Ideally, the economic 1 
cost of these impacts should also be considered in the context of the IRP, and consideration 
of the costs of "environmental externalities" has begun in some states in the U.S. 

International Energy Agency, Electricitv S u d v  in the OECD, Paris; 1992, p. 9. 
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4.3 ELECTRICITY TARIFFS 

Pricing is the most important step toward promoting the efficient use of electricity, and hence 
the management of electricity demand. Customers respond to pricing signals, and it is 
important that the signals reflect the real conditions, such as the cost of service. 

4.3.1 NEK's Present Tariff Structure 

In Bulgaria, as in most countries, electricity tariffs have evolved over the years to a 
complicated system of prices3. The current NEK tariff structure is shown in Exhibit 4-3. 

The tariff includes the following features: 

separate tariffs for large customers (commercial and industrial, commonly 
known in the U.S. as C&I customers), depending on their service voltage; 1 

different tariffs for C&I customers for winter and summer; 

Latest tariffs available at the time of Hagler Bailly's research were established January 1 ,  1993, based on 
Instruction No. 262 of the Council of Ministers on December 28, 1992. 

different tariffs for C&I customers for time of day, by three periods (peak, 
day and night); 

-- for the six months October - March: 
peak hours: 0800- 1 100 and 1800-2100 (total 6 hours) 
day hours: 0600-0800, 1100-1800 and 2 100-2200 (10 hours) 
night hours: 2200-0600 (8 hours) 

-- for the six months April - September: 
peak hours: 0800-1200 and 2000-2200 (total 6 hours) 
day hours: 0700-0800, 1200-2000 and 2200-2300 (1 0 hours) 
night hours: 2300-0700 (8 hours) 

household customers pay much lower prices per kwh than C&I customers; 

separate tariffs for household customers for day and night usage; 

a tariff for purchase of power by NEK from other generators, which is based 
on the three periods of time of day (peak, day and night). 
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Exhibit 4 -3 
BULGARIA 

EXISTING NEK ELECTRICITY TARIFFS 
as of January 1,1993 

WINTER TARIFF. LevakWh I SUMMER TARIFF. Levakwh / I  
- - 

Peak Day Night 1 Peak Day ~ i ~ h t  
C&I - time-of-day (TOD) metered: 

High voltage 1.395 0.757 0.374 1.217 0.655 0.322 
Medium voltage 1.447 . 0.783 0.386 1.255 0.679 0.333 
Low voltage 1.515 0.818 0.405 1.317 0.711 0.350 

C&I - single kwh meter (non TOD) 
High voltage 1.125 1.125 1.125 0.978 0.978 0.978 
Medium voltage 1.161 1.161 1.161 1.009 1.009 1.009 
Low voltage 1.218 1.218 1.218 1.058 1.058 1.058 

Households 0.440 0.440 0.233 0.440 0.440 0.233 
Power purchase tariff, sold to NEK from non-utility generators ( L e v a m )  - - 

Peak Day Night 
0.938 0.520 0.228 

E m  - 3.WK1 
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4.3.2 Preliminary Estimate of the Marginal Cost of Service 

4.3.2.1 Introduction to Marginal Cost Pricing 

The marginal cost of a good is the incremental cost of producing one additional unit of that 
good. In a properly functioning competitive market, the price of a good will be 
approximately equal to the marginal cost of the good. Under these circumstances, the value 
to consumers of the last unit consumed will be equal to the value of the resources used to 
produce that unit. In the short-run, competition will drive prices down toward the marginal 
cost of production from existing capacity. In the long-run, as demand increases, marginal 
costs must increase to meet the need to expand or rebuild production capacity. The 
competitors in an ideal competitive marketplace will optimize short-run and long-run 
considerations, given the level of demand and competitive situation at a particular time. 
Thus, competitive market forces will result in marginal-cost pricing, and will ensure that 
society's resources and needs are balanced in the most efficient manner. 

- - 
In a monopoly situation, there are no market forces tending to optimize prices. In the 
absence of a competitive market, it is nevertheless true that the economic benefit to society 
will be maximized by marginal cost pricing. If prices are set below marginal costs, demand 
will be increased above the economic optimum, and this increased consumption will be 
subsidized by the supplier. If prices are set above marginal costs, demand will be reduced 
below the economic optimum, and excessive profits will go to the supplier. 

4.3.2.2 Preliminary estimate of marginal costs in Bulgaria 

A detailed estimate of the marginal cost of electricity service in Bulgaria is normally carried 
out in a full tariff study, which is beyond the scope of our work. However, based on limited 
information from Bulgaria and our experience in conducting tariff studies in other countries, 
Hagler, Bailly has developed preliminary estimates. 

In order to develop costs for analyzing and screening DSM options, we must develop 
estimates of the long-run marginal cost (LRMC) for capacity (kW) and energy (kwh). For 
Bulgaria, the installed capacity (approximately 12,000 MW) is apparently sufficient to meet 
the peak demand (approximately 7,400 MW). However, the poor availability of some plants 
has not proven sufficient to reliably meet the peak. Furthermore, environmental emissions 
from existing thermal plants are high. Therefore, investments will be required to rehabilitate 
and modernize the marginal existing capacity. 

The cost of rehabilitating capacity will vary with the individual plant. We estimate costs of 
$50-100 per kW of generation capacity for basic emission controls, such as improved 
electrostatic precipitators. This does not include the cost of other upgrading for life 
extension, availability improvement or sulfur emissions control, which we estimate at a 

RCG/Hagler, Bailly, Inc. 



POLICY TO PR0P;IOTE EFFICIENT USE OF ELECTRICITY 4-10 

further $100-500 per kW, or more. These costs approach the cost of a new gas turbine, 
which, based on recent experience, we estimate as $400 per kW. For the purposes of 
estimating avoided peak power (kW) cost, we will use the cost of a "rehabilitation project" 
proxy. This rehabilitation project includes not only generation, but also transmission, and 
distribution elements. 

To estimate avoided energy (kwh) cost, we use the value of electricity generated from a 
marginal coal-fired plant as a proxy for avoided energy costs. 

Exhibit 4-4 shows our preliminary estimate of the medium-term4 marginal cost of supply, 
broken out by capacity costs and energy costs, for each voltage level. 

Approximately through the year 2000. 

RCGIHagler, Bailly, Inc. 



Exhibit 4-4 
Bulgaria 

Estimate of Long-Run Marginal Cost 
of Electricity Supply 

. Marginal Capacity Cost: 
4ssume: thermal ~ l a n t  rehabilitation and lii 
Xscount rate 
Seneration: 
Generation reserve margin 
T & D losses 
kW generation capacity required 
Life of generator 
Installed cost, US$/kW 
Fixed O&M cost, US$/kW/year 
Annualized cost, US$/kW/year 
rransmission: 
Life of system 
Installed cost, US$/kW 
Fixed O&M cost, US$/kW/year 
Annualized cost, US$/kW/year 
Xstribution: 
Life of system 
Installed cost, US$/kW 
Fixed O&M cost, US$/kW/year 
Annualized cost, US$/kW/year 
hnualized cost per delivered peak kW 
High voltage 
Medium voltage 

25% 
13% 
1.41 kW for 1 kW load 

20 years 
$200 
$10 
$33 per peak kW 

40 years 
$50 - - 
$1 
$6 per peak kW 

40 years 
$100 

$5 
$15 per peak kW 

Low voltage 

!. Marginal Energy Cost: 

$33 per peak kW 
$40 per peak kW 
$55 per peak kW 

issume: marginal peak or off-peak generation from thermal steam plants 
Peak or Day: Night: 

Rated Load 300 M W  300 M W  
Heat Rate at rated load 10,000 kJ/kWh 11,000 kJ/kWh 
Heat Rate at part load 11,000 kJ/kWh 12,000 kJ/kWh 
Fuel Used Imported coal Domestic lignite 
Fuel Cost $2.00 US$/GJ $1.00 US$/GJ 
Variable O&M (% of fuel cost) 10% 20% 
Station use of power 7% 10% 
Network losses 
Transmission 3% 3% 
Distribution 9% 9% 
Total 12% 12% 

Cost per delivered kWh 
High voltage $0.0260 per kWh $0.01 60 per kWh 
Medium voltage 0.0268 per kWh 0.0165 per kWh 
Low voltage 0.0296 per kWh 0.0182 per kwh 

EXHB4-4.WKL 
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In the medium-term, we assume that investments will be required to rehabilitate capacity and 
reduce environmental emissions, and we have developed estimated costs on that basis. The 

.. marginal cost of delivering 1 kW of capacity on-peak, varies from $33 to $55, depending on 
the voltage level. In addition, the marginal cost of delivering 1 kwh of energy on-peak, 
varies from $0.026 to $0.030, depending on the voltage level. 

Exhibit 4-5 shows assumptions used to convert these estimates of marginal supply costs to 
marginal customer costs, along the lines of the current NEK tariff structure. The 
assumptions concern the distribution of customers' energy use across the times of day and 
seasons of the year. Assumptions are also made concerning the futed cost of serving a 
customer, such as the cost of meters, service connection, meter-reading, and billing. 
Assumptions are also made concerning the distribution of occurrence of forced outages of 
generation plants. 

Exhibit 4-6 provides our preliminary estimate of the marginal cost of service in Bulgaria. 
The estimate is provided according to customer class, seasons and time of day for both : 
capacity and energy (kwh). A unified estimate is provided, giving the totals in the 
form of energy, for direct comparison with the current NEK tariff. 

The total energy-based marginal cost varies (depending on the customer class, season of the 
year, and pealdoff-peak) between $0.01 6 (night, for large high-voltage customer) to $0.069 
(winter, household customers). 

4.3.3 Evaluation of the NEK tariffs 

Exhibit 4-7 provides our evaluation of the NEK tariffs, as compared to our preliminary 
estimates of marginal costs. Our analysis indicates that tariffs for large customers generally 
are equal to or greater than marginal costs, but that tariffs for household customers are far 
below marginal costs. During the peak hours in winter, medium voltage C&I customers pay 
168% of the marginal cost of service, but household customers pay only 26% of the 
marginal cost of service. 

As far as promoting energy efficiency, the current NEK tariffs include the following general 
features, which we regard as positive: 

tariffs for C&I customers based service voltage, rather than other 
considerations (such as whether the customer is industrial, commercial, 
institutional, or agricultural); 

different tariffs for C&I customers for winter and summer and time of day; 

separate tariffs for household customers for day and night usage; 
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Exhibit 4-5 
BULGARIA 

ASSUMPTIONS FOR 
ESTIMATE OF MARGINAL COST 

BY TARIFF CLASS 

1. Summary of estimated marginal costs: 
Estimated Marginal Capacity Cost: 

High voltage 
Medium voltage 
Low voltage 
Estimated Marginal Energy Cost: 

High voltage 
Medium voltage 
Low voltage 
Estimated Marginal Customer Cost 

Annualized cost per delivered kW 
$33 per peak kWhear 
$40 per peak kW/year 
$55 per peak kW/year 

fied cost per month for connection equipment 
metering & billing 

Cost per delivered kwh 

- 
$4 per customer - 

2&I - HV 
:&I - MV 
2 1  - LV 
Households 

Winter Peak 
Day 
Night 

Summer Peak 
Day 
Night 

Peak or Day: 
$0.0260 per kwh 
0.0268 per kwh 
0.0296 per kwh 

60% of outages occur in this period 
5% 
2% 
30% 
2% 
1% 

Night: 
$0.0160 per kWh 
0.0165 per kwh 
0.0182 per kWh 

t. Assumptims - Customer Characteristics: 

10,000 

100 
1 

Z&I - HV 
C&I - M V  
Z&I - LV 
Households 

- 
Total 100% 

Peak 
Load 
kW 

2. Assumptions - distribution of annual generation forced outages, which result in load-shedding 

0.7 
0.6 
0.5 
0.3 

\KINTER ENERGY DISTR. 

Night 
6,899 
591 
35 

13.18 

Peak 
8,278 
710 
53 

0.28 

Avg. 
Load 

Factor 

:&I - HV 
:&I - MV 
X I  - LV 
Households 

SUMMER ENERGY DISTR. 

Night 
8,432 
723 
53 

0.34 

Peak 
10,118 
867 
79 

0.51 

Day 
12,417 
1,064 
88 

0.46 

61,320 
5,256 
438 
2.63 

Peak 
30% 
30% 
30% 
30% 

Day 
15,177 
1,301 
13 1 
0.85 

Annual 

u* 

WINTER EMERGY MWh 

55% 
55% 
60% 
65% 

Night 
25% 
25% 
20% 
20% 

Peak 
30% 
30% 
30% 
30% 

SUMMER ENERGY MWh 

Day 
45% 
45% 
50% 
50% 

Winter 

, ub"f" 
45% 
45% 
40% 
35% 

Day 
45% 
45% 
50% 
50% 

Night 
25% 
25% 
20% 
20% 

Summer 



Exhibit 4-6 
BULGARIA 

ESTIMATE OF MARGINAL COST 
BY TARIFF CLASS 

1. Marginal costs for capcity ($/kW) induding capacity and customer costs 11 
WINTER COST, $/kW/MONTH 

I 

SUMMER COST, $/kW/MONTH 

C&I - HV 
C&I - MV 
C&I - LV 
Households 

4 
I. 
C 

Day 
$0.23 
0.28 
0.39 
0.72 

Peak 
$1.40 
1.66 
2.32 
4.30 

Peak 
$2.79 
3.33 
4.63 
8.59 

2. Marginal costs p- for energy ($&Wh) - including energy only 

Night 
$0.09 
0.11 
0.15 
0.29 

Day 
$0.09 
0.11 
0.15 
0.29 

WINTER COST, $/kwh 

Night 
$0.05 
0.06 
0.08 
0.14 

3. Total marginal casts on per kwbi basis including energy, capacity, and cusotmer costs 

SUMMER COST, $kWb 

C&I - HV 
C&I - M V  
C&I - LV 
Households 

WINTER COST, $/kwh SUMMER COST, $/kwh 

Peak 
$0.026 
$0.027 
$0.030 
$0.030 

Peak 
$0.026 
0.027 
0.030 
0.030 

C&I - HV 
C&I - MV 
C&I - LV 
Households 

Night 
$0.016 
$0.016 
$0.018 
$0.018 

Day 
$0.026 
$0.027 
$0.030 
$0.030 

Peak 
$0.029 
0.031 
0.036 
0.049 

Day 
$0.026 
0.027 
0.03 1 
0.033 

Peak 
$0.03 1 
0.034 
0.042 
0.069 

- - 

Day 
$0.026 
0.027 
0.030 
0.030 

Night 
$0.016 
0.017 
0.018 
0.019 

Day 
$0.026 
0.027 
0.030 
0.03 1 

Night 
$0.016 
0.017 
0.019 
0.019 

Night 
$0.016 
0.016 
0.018 
0.018 

I 



Exhibit 4-7 
BULGARLA 

EVALUATION OF TARIFF 

1. Tariff existing as of January 1,1993 

C&I - HV 
C&I - M V  
C&I - LV 
Households 

SUMMER 
Peak 

169% 
164% 
147% 
36% 

WINTER TARIFF, Levakwh 

WINTER TARIFF, pct of COST 

C&I - W 
C&I - MV 
C&I - LV 
Households 

SUMMER TARIFF, Leva/kWh 

12. Tariff existing as of January 1,1993 as percentage of marginal costs 

Peak 
$0.05 6 
0.058 
0.061 
0.018 

C&I - HV 
C&I - MV 

Households 

Peak 
1.217 
1.255 
1.317 
0.440 

based on exchange rate: 25.00 Leva = $1.00 

TARIFF, pct of COST 

Peak 
1.395 
1.447 
1.515 
0.440 

WINTER TARIFF, $/kwh 

Day 
$0.030 
0.031 
0.033 
0.018 

Peak 
177% 
168% 
143% 
26% 

Day 
100% 
100% 
95% 
57% 

Day 
0.655 
0.679 
0.71 1 
0.440 

SUMMER TARIFF. $/kwh 

Night 
80% 
80% 
76% 
49% 

Day 
0.757 
0.783 
0.818 
0.440 

Night 
0.322 
0.333 
0.350 
0.233 

Night 
$0.015 
0.015 
0.016 
0.009 

Day 
114% 
114% 
107% 
54% 

Night 
0.374 
0.386 
0.405 
0.233 

Night 
92% 
92% 
87% 
48% 

Peak 
$0.049 
0.050 
0.053 
0.018 

Day 
$0.026 
0.027 
0.028 
0.018 

Night 
$0.013 
0.013 
0.014 
0.009 

- - 
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a a time-of-day tariff for purchase of power by NEK from other generators. 

. The current tariff includes several features which we regard as negative: 

a subsidies for household customers; 

a no specific charges in the C&I tariff for capacity (kW); all charges are lumped 
into an energy charge (kwh); 

a no incentives are offered for power factor 

a the power purchase tariff also includes no 
only for energy (kwh). 

4.3.4 Recommendations for Tariff Reform 

(cos phi) improvement; 

specific payments for capacity (kW), 

The preliminary analysis indicates serious deficiencies in the tariff structure. The tariff 
structure gives pricing signals to customer which will continue to affect their demand for 
energy services, and hence NEK' s operations and investment planning. Hagler, Bailly 
recommends that the structure be modified to a structure which reflects the long-run marginal 
cost of service, based on the results of a detailed tariff study. 

4.3.4.1 Tariff Study 

The essence of an economic tariff setting methodology is based upon the recognition that an 
effective and acceptable set of tariffs can only be arrived at by a compromise between the 
following set of multiple objectives, some of which may be conflicting: to encourage 
economic efficiency in resource utilization, to ensure financial viability of the power 
authority including its ability to finance future resource mobilization, and to recognize the 
social welfare consequences of a tariff as well as other sociopolitical priorities of equity, 
fairness, sectoral and regional development. 

The tariff study includes several steps: 

1. engineering analysis of the cost of service, including seasonal, time-of-day, 
and reliability considerations, as well as review of the planned least-cost 
investment program. 

2. development of a sales forecast for the electric utility. 
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economic analysis, to estimate of the long-run marginal cost (LRMC) of 
supplying electricity. 

financial analysis, to estimate the average revenue requirement target of the 
electric utility, in $/kwh, to ensure the financial viability. 

analysis of customer billing records to develop the profile of sales to customers 
under each tariff class. 

development of strict LRMC tariff, based on economic cost of service to each 
customer class. 

development of revenue-neutral LRMC tariff, based on allocation of the 
financial revenue requirement across customer classes 

development of practical tariff, adjusting the revenue-neutral LRMC to accoua 
for social, political, developmental and other considerations. 

development of adjustment provisions, to handle external influences such as 
fuel price changes or inflation 

development tariffs for special situations, such as purchase of power from 
other sources, or for interruptible supply 

An important objective of the tariff study in Bulgaria must be to transfer the know-how of 
tariff design to NEK staff. The tariff study sets the strategy for continuous involvement of 
key individuals in the important task of price-setting. A select group of key members of the 
NEK's management and technical staff must first be identified in the functional areas of 
relevance to this project. These areas include system planning (generation, transmission and 
distribution), load forecasting and load research, finance, metering, and billing. 

4.3 A.2 Implementation of Tariff Restructuring 

Ultimately, the success of the tariff. study project will be judged not by the report, but by the 
changes made to the tariffs. After completion of the report, in order to get the tariff 
implemented, there are several other steps that will be required in Bulgaria: 

1. Possible revisions to the analysis based on the presentations to COE and NEK 

2. Prepare a submission to seek regulatory authority (or government) approval. 

3. Defend the tariff to the authority. 
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Possibly revise the tariff and financial analysis based on the decision of the 
authority. 

Prepare the Gazette announcement. 

Prepare customer information explaining the new tariff and its rationale. 

Defend the tariff in meetings with customer, and in the public media. 

Change metering systems, where necessary. 

Change billing systems. 

Test the new billing system. 

After some months, analyze the effect of any structural changes made on 1 
revenue collection. 

Revise tariff structure if performance is not as expected. 

4.4 PRIVATE POWER, AND DEVELOPMENT OF INDEPENDENT POWER 
PRODUCTION (IPP) 

As part of Integrated Resource Planning, consideration must be made of all sources of 
supply. Independent power generation usually relates to supply of electricity to the grid by 
facilities not under the ownership or direct control of the electric utility (such as NEK). In 
Bulgaria, such projects would be developed by the private sector, and could be a first step 
toward privatization of electricity services. 

The potential benefit of independent power to Bulgaria is greater economic efficiency, 
obtained through competition in power generation, access to financing and additional capital, 
optimal use of energy resources through combined heat and power, and transfer of new 
technology. 

As part of this A.1.D.-funded project, a separate report was prepared by Hagler Bailly on 
this subject, entitled "Independent Power Generation in Bulgaria: Assessment of Potential, 
Impediments and Options", August 1993. 
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4.5 DEMAND-SIDE MANAGEMENT (DSM) 

Demand-side management @SM) refers to a wide variety of activities which are carried out 
to improve the efficiency of electricity usage by customers, with cooperation from the 
electric utility company. DSM thus represents a partnership between the electric company 
and its customer. There can be other partners in DSM programs, such as private sector 
energy services companies, financial institutions, and energy engineering firms. 

DSM includes programs to encburage conservation, energy efficiency, and load management 
actions. DSM can also include actions to increase power sales in the off-peak periods. DSM 
is chosen over a supply-side option when DSM is clearly shown to offer a lower cost 
alternative to the economy of Bulgaria. 

However, whereas the calculation may show DSM to be the least cost option for the country 
as a whole, the calculation may be different when investigated from the utility's perspective. 
Thus, in some countries, electric utilities have been reluctant to implement DSM, because I 
financial issues have not been adequately resolved. Implementing DSM has not been in the 
utilities' interest in those countries where the local regulatory process ties revenues only to 
energy (kwh) sales. In these cases, savings in energy from demand-side programs reduce 
the sales of the utility (revenues are lost). In some countries, management (and other 
employee) compensation or bonuses may even be tied to revenue or kwh sales. 

For DSM to succeed, it is necessary that the Bulgarian electric utilities be given the proper 
financial incentive, so that their decisions are able to mirror what is best for the country. 

There is a distinction between DSM "measures" and DSM "programs". Measures refer to a 
discrete DSM action or technology. A DSM program includes one or more DSM measures 
in a package that can be marketed and provided to the customer. An example of a DSM 
measure is replacing standard-efficiency electric motors with high-efficiency motors. An 
example of a DSM program would be a system of incentives offered by the utility to help 
implement the measure, such as a rebate of 50% of the purchase price of motors which 
qualify as high-efficiency motors. The program would include a system for utility or 
contract personnel to go to the customer's plant, examine the customer's motors, and 
determine whether it is appropriate to replace the motors. Alternatively, a bidding program 
could be used, in which case the customers make proposals to the utility for partial funding 
of measures which meet a general criteria. 

The DSM analysis is presented in two parts. In this section, we evaluate the need for DSM 
incentives in Bulgaria. In the next chapter, we assess the potential for DSM in Bulgaria. 
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4.5.1 Sources of Data 

The primary sources of data used in the DSM analysis were: 

DBC's Survev of the 106 largest electricity customers in Bulgaria, as 
described in Chapter 2. This survey included items concerning production 
plans, electricity use, and previous experience with energy conservation. 

Energv Audits of 8 enterprises in Bulgaria, carried out in 1991 by 
International Resources Group (IRG), under the U. S . Agency for International 
Development (AID) Emergency Energy projects. 

Interviews of energy professionals in Bulgaria, carried out in 1992 and January 
1993 by Hagler, Bailly. These professionals represented the Committee of 
Energy, NEK, Ministry of Industry, Technical University of Sofia, EC energy 
center, engineers providing energy efficiency services (such as energy audits I 
and energy-saving equipment), and industrial plant managers. 

Exwrience gained by the Hagler, Bailly project staff through DSM program 
design and energy efficiency in the U.S. and other countries over the past 20 
years was applied where inadequate data were available for Bulgaria. 

This study goes as far as possible in developing a basic DSM assessment with the existing 
information. In many instances, data on electricity end-use in Bulgaria were not available. 
The same situation occurred in the early experience of U.S. utilities. When DSM programs 
were first considered in the United States, data were not available to perform cost-benefit 
studies. As they gained experience with implementing DSM programs, utilities developed 
the procedures and data needed. 

4.5.2 The Need for Incentives for DSM 

In many countries, electric utilities have been reluctant to implement DSM, and Bulgaria is 
no exception. There are several factors involved, including: 

b Management incentives 
b Traditional familiarity with, and focus on, supply-side options 
F Profit incentives due to regulatory structure 

The results of these audits were augmented by the results df 52 other energy audits carried out in other 
Eastern European countries under the AID Emergency Energy Project. 
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Management (and other employee) compensation or bonuses may be tied to revenue, sales or 
profit growth. In some Eastern European countries, a bonus is paid to employees based on 
kwh sales. Management often operates under the concept that "bigger is better", a concept 
at odds with implementing DSM programs that are often associated with decreasing sales, 
revenues, and profits. 

Utilities have traditionally focused on supply-side options. Of course, utilities and their 
personnel take pride in their power plants and other capital assets. DSM measures are 
something new and different to utility personnel. 

The largest area of concern, however, is that implementing DSM has often not been in the 
utilities' interest because of the way the regulation has been implemented. In essence, the 
regulatory process has resulted in a situation where growth in sales results in additional profit 
for a utility, or savings in energy from demand-side programs reduces the profit of the 
utility. - - 
Another feature of the regulatory approach that could be a factor working against DSM is the 
electricity tariff-setting procedure, based on a fixed historical or expected future level of 
expenses and sales. Typically, an expected level of expenses is divided by the expected level 
of sales to determine the rates to be charged to customers. The level of expenses and sales 
can be either a historical level (historical test-year) or projected level (future test-year). 

The actual revenue and profit earned by the utility will vary from that determined in the rate 
setting procedure because both the level of expenses and sales will likely be different from 
that used in the rate setting proceeding. Between rate cases, each additional kwh of sales 
will result in additional profit for the utility. Utilities in the normal mode, growth and 
marginal revenue exceeding marginal cost, will receive additional profit from growth. If a 
utility implements DSM measures to reduce sales, the reduction in sales will cut into profit 
created by growth. 

This reduction in revenue because of DSM programs is often referred to as the "lost 
revenue" problem. Because DSM programs introduce technologies that over their lifetimes 
more than pay back the investment in energy savings, the amount of revenue lost by the 
utility will be much more than the direct cost of DSM programs. 

4.5.3 Alternative Incentive Approaches to DSM 

A number of approaches have been proposed, and several adopted, to provide incentives for 
utilities to invest in DSM. A few of the more important proposals are briefly discussed 
below. 
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b Adjusting rates to cover revenue losses (decoupling) - The approach adjusts "' * 
II the utility's actual recovery of revenues to match the amount approved by the 

regulatory agency so that there is no additional profit from growth or loss of 
profit from DSM measures. Decoupling addresses both the incentive for 
growth and the lost revenue problem. 

b Adjustment clause to recover expenditures for DSM - Significant increases - 
in expenditures to a level not anticipated in the utility rate case, such as the - 
implementation of a large-scale DSM program, can result in expenses not 
recovered by the utility. An adjustment clause that charges DSM expenditures ,- 

to customers ensures a utility recovers its program costs in the same year the 
expenditures are incurred. 

b Rate-basing of DSM investments - Hardware costs, utility labor costs, and 
the cost of certain services for DSM can be placed in rate base, for recovery 
in future years. Rates would be increased to amortize the amount of the - - 
expenditures and to allow the utility to earn a return on the investment. Often, - 
an accelerated depreciation or amortization schedule is included as a further 
incentive. Several utilities use some form of rate basing. u 

b Adjusting the rate of return on DSM investments - The return on DSM 
investments would receive a premium level of allowed return so that DSM 
expenditures would be perceived by the utility as being more profitable than 
supply-side investments. For example, utilities in the states of Washington and 
Montana are allowed to earn an additional 2% return on DSM expenditures. 

Performance criteria for rate of return incentive - The utilities rate of 
return is adjusted if the utility achieves a certain level of DSM - a specified 
level of peak demand 0 or energy (MWh) savings. For example, the 
Public Service Commission of Wisconsin offered Wisconsin Electric Power 
Company an additional 1 % rate of return for conservation expenditures for 
each 125 MW reduction in peak demand. 

b Incentives proportional to savings - Utilities are offered a fixed payment per 
unit of peak demand or energy savings. The payment would be set based on a 
calculation designed to share the savings between customers and the utility. 

4.5.4 Recammended DSM Incentives for Bulgaria 

For DSM to succeed, it will be necessary that the Bulgarian electric utilities be given a profit 
incentive, which would be totally consistent with an IRP regulatory framework. A technical 
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assistance program provided by foreign experts would enable Bulgaria to benefit from the 
many years of DSM experience which has been obtained in the U.S. and other countries. 

I - The recommended first incentives are summarized below. 

I Allow DSM capital investments by the utility to earn a rate of return which is high 
enough to encourage the utility to make the investment; 

Appropriate DSM investments should be included in the capital rate base. The types 
of investments to be included will mainly be for capital investments for hardware 
projects. The amortization period should be 3-10 years, depending on the type of 
investment. 

As a further incentive, to compensate for years of inattention to the demand-side, the 
rate of return for DSM expenditures should be set higher than that allowed for 
conventional supply-side expenditures. An appropriate level of incentive would be 2-1 
5 % higher. 

Allow other (non-capital) DSM expenses incurred by the utility to be recovered 

B through tariffs in the same year they are incurred. 

The utility should be allowed to recover the full cost of incidental (non-investment) 

4 expenditures for DSM. Expenses such as utility labor costs, promotion materials, 
services by outside agencies would be allowed to be recovered. These expenses 
should be recovered in the year they are incurred, as part of the budget process. 

Provide utility employee incentives based on services and efficiency, rather than 
energy sales. 

Utility personnel should be given salary bonuses or incentives based on energy 
services and efficiency improvements. Any performance incentives still based on 
kwh generated or kwh sold should be replaced with efficiency-related incentives. 

RCGJHagler, Bailly, Inc. 



5. DEVELOPMENT OF AN ILLUSTRATIVE DEMAND-SIDE MANAGEMENT 
PROGRAM FOR BULGARIA 

- --- 

5.1 DEVELOPMENT OF CANDIDATE ENERGY EFFICIENCY MEASURES 

5.1.1 Analysis of Existing Load Shape 

The monthly variation in peak demand (MW) for the NEK system 1991 is shown in Exhibit 
5-1. Peak demand in 1991 was 7,489 MW. The peak occurs in winter; demand in the 
summer is approximately 3,000 MW lower. 

- 
Exhibit 5-2 shows the annual load duration curve for 1982 and 1991. Over this period, the 
peak demand grew by about 5 %, however off-peak usage declined. This indicates that the 
character of usage (and load factor) is changing. It is especially important to note that a 
substantial amount of winter heating in residences and other buildings is done by electric 
resistive heating. The National Electric Company estimates that a substantial part of the 
difference in peak demand between winter and summer (1,800 MW) is due to heating. 

Exhibits 5-3, 5-4 and 5-5 illustrate the daily load shape (MW vs. hour of the day) for 
January and July. Daily load has two peaks, one in the morning and one in the evening. 
The evening peak is usually the highest, but in some months (e.g., February 199 1) the 
morning peak was higher. The evening peak is 19 to 20 hours (7:OO to 8:00 pm). Winter 
load is relatively high for a long period, from 7 hours until 24 hours. In fact, the daily load 
factor (average load divided by peak load) on the average January weekday is over 0.9, 
which is exceptionally high. Summer load peaks around midday and stays relatively high 
until about 23 hours. 

RCGIHagler , Bail1 y , Inc. 
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Exhibit 5-2 
Load Duration Curve 

Bulgaria -- 1991 and 1982 

Duration of Load (Hours per Year) 



Exhibit 5-3 
Daily Load Profile - Bulgaria 

Average Day in January & July 

- Average July .+-; Average January 

Hours During Average Workday 



Exhibit 5-4 
Daily Load Profile - Bulgaria 

Average Day in January 

- 
- 

- 

- 
- 

- 

- 

-Average Weekday 

= Average Saturday 

- Average Sunday 

- 

Hours During Average Workday 



Exhibit 5-5 
Daily Load Profile - Bulgaria 

Average Day in July 

- 

- 
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Hours During Average Workday 
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5.1.2 DSM Program Design Criteria 

DSM programs are usually designed to achieve specific load-shape modifications, as required 
by the utility system. Examples of programs are: 

Peak Clipping (reducing peak MW demand) 

Valley Filling (adding kwh sales in off-peak periods) 

b Load Shifting (moving kwh from peak to off-peak periods) 

Strategic Conservation (reducing kwh sales in high-cost periods) 

Strategic Load Growth (increasing kwh sales in low-cost periods) 

b Flexible Load Shape (interruptible customers) 

Based on analysis of the NEK load shapes, we regard the following as a reasonable set of 
criteria for DSM program design in Bulgaria: 

b End-use - addressing the industrial and buildings sectors 

b Load shape - addressing the need for peak demand reduction in winter 

b Relative costs - recognizing the need to favor low-cost measures 

b Equipment and services availability in Bulgaria - recognizing the current 
economic crisis and the transition to private enterprise and a market economy 

Not all forms of DSM are appropriate targets for Bulgaria. In our judgment, the following 
types of DSM programs should be most encouraging: 

Peak clipping in winter, 

Conservation in winter and summer, 

Flexible load shape in winter 

5.1.3 DSM Measure Pre-screening 

Based on the characteristics of the system, those DSM measures that appear applicable to 
Bulgaria were selected from a list of candidate measui-es. 

RCGIHagler, Bailly , Inc. 
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DSM measures can often be divided into new, replacement, and retrofit measures. Because 
- of high capital costs, few decision-makers will elect to install a new, more efficient piece of 

equipment unless the old unit is near the end of its economic life or has actually failed and 
must be replaced. For new- and replacement-related (as opposed to retrofit-related) 
measures, the economics of the measure should be assessed as the additional cost of the high- 

- 

efficiency measure compared to the standard efficiency equipment. Replacement is often 
considered as a function of the life of the equipment to indicate the need for replacement at 
the end of the life of equipment. Retrofit or add-on measures do not require the replacement 
of existing capital-intensive equipment. 

A core set of measures used in screening was drawn from a library of more than 100 typical 
DSM measures. The results of the screening are shown in Exhibit 5-6 (for buildings), and 
Exhibit 5-7 (industrial). 

RCGIHagler, Bailly , Inc. 



Exhibit 5-6 
BUILDINGS SECLYlRS (RESIDENTIAL, COMMERCIAL, INSTITUTIONAL) DSM MEASURE SCREENING 

BULGARIA 

Heating 

!led. Water 
Ieating 

Lefrig. 

ighting 

101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
201 
202 
203 
204 
205 
206 
207 

301 

Inaeasc Ceiling Insulation 
Inaeasc Wall Insulation 
InsulateDoon 
InstallStorm Windows 
Add Plastic to Windows 
CauUring~Weatherstripping 
Installair source heat pump 
Add Thermostat/Regulator 
Thermal energy storage 
FuelConversion: Eledric to Gas 
Direct load control - heat 
Water Heater Wraps, Pipe Insulation 
Flow restrictors 
Add Timer to Operate WH Off-Peak 
WH Thermostat 
Water Heater(Direct Load Control) 
Storage Water Heater 
Electric to Gas Water Heater 
New stove - spiral heating elements 

302 

40j 
402 
501 

ipce  Heat 
ipace Heat 
ipace Heat 
i p a  Heat 
ipace Heat 
ipce  Heat 
ipce  Heat 
ipace Heat 
ipaa  Heat 
ipaa  Heat 
@ a  Heat 
YaterHeal 
YaterHeal 
b'ater Heal 
Yater Heal 
Vater Hear 
YaterHeat 
YaterHeac 
Cooking 
Cooking 
Lefrigeratic 
Lefrigeratic 
Lighting 
Lighting 
Lighting 
Lighting 
Lighting 
Lighting 
Lighting 
Lighting 
Lighting 
Lighting 
Lighting 
Lighting 
Lighting 
Lighting 

Electric Cooking to Gas Cooking 
High Efficiency Refrigerator-Import 
High Efficiency Refrigerator- Danestic 
Res. Incandescent to Compact Fluor. 

502 
503 
504 
505 
506 
507 
508 
509 
510 
511 
512 
513 
514 

- 
Mtr 

8.d Uw 
Jb*u 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Res. Energy E& Incandesoent 
Res. Incandescent to Std. Fluor. F i u r e  
Commeraal Incand. to Compct Fluor. 
Fixture replace wl EELamp & EEBal. 
Fixture replace w/ Delamping & Refl. 
Day Lighting Control 
High Effidency Lamps 
EMS Lighting 
Ompancy Sensors 
Mercuryvapor toHPS 
Incandesant to HPS 
Incandesant to MetalHalide 
Incandescent to Fluorescent 

a 
Puk 
hpct 
eom 
BplLL) 
Winter 
Winter 
Winter 
Winter 
Winter 
Winter 
Winter 
Winter 
Winter 
Winter 
Winter 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 

Winter 
Winter 
Winter 
Winter 
Winter 
Winter 
ummer 
Winter 
Winter 
Winter 
Winter 
Winter 
Winter 
Wiater 

a&&r 
Eigaifiu. 

E-K? 
svi.g 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

P 

&=!a 
Load Slupc 
objective 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Low 
Low 
Low 
Low 
Low 
Low 
Low 
Low 

Hed/Hi 
High 
Low 
Low 
Low 
High 

vledium 
vledium 
vledium * 
Hedim 
+ 
High 

Low 
Low 
Low 
Low 
Low 
Low 

dedium 
Low 
Low 
Low 
Low 
Low 
Low 

Str. Consv. 
Str. Consv. 
Str. Consv. 
Sh. Consv. 
Sh. Consv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 
VaUeyFiU 
Str. Consv. 
PeakClip 
Sh. Consv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 
PeakClip 
PeakClip 
Sh. Consv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 
Sh. Consv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 

- 
Mattr 
chat 

ObjCdiv 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
No 
Yes 
Yes 
Yes 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

- 
B&rb 
M~PU 
A d w k l  

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Uncertain 
Yes 

Uncertain 
Yes 
No 
Yes 

Unartain 
Llncertain 
Uncertain 
LJncertain 
Uncertain 

Yes 
Uncertain 

Yes 
Yes 

LJncertain 
LJncertain 
Uncertain 
Unartain 
Unartain 
Unartain 
Unartain 
LJnartain 
Unartain 
Unartain 
Uncertain 
LJnartain 
Uncertain 
LJnartain 
LJncertain 

- 
M e t s  

AvaiLbilily 
obi..ti.. 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Data Req. 
Yes 

Data Req. 
Yes 

Data Req. 
Yes 

Data Req. 
Data Req. 
Data Req. 
Data Req. 
Data Req. 

Yes 
Data Req. 

Yes 
Yes 

Data Req. 
Data Req. 
Data Req. 
Data Reg. 
Data Req. 
Data Req. 
Data Req. 
Data Req. 
Data Req. 
Data Req. 
Data Req. 
Data Req. 
Data Req. 
Data Req. 
Data Req. 

Par Dtll 
hlkdiol 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

- 
cumml 

hr Lmc 
toud 

-- 
Yes 
Yes 
Yes 
Yes 
Yes 
Ycs 
No 
Yes 
No 
Yes 
Yes 
Yes 
Yes 
No 
No 
Yes 
No 
Yes 
Yes 
Yes 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Po. Pibt 
Progas 

Audit 
Audit 
Audit 
Audit 
Audit 
Audit 

No 
Audit 

No 
Fuel Switch 

Yes 
Audit 

More Data 
No 
No 

:urtail. Loac 
No 

Fuel Switch 
4p. Standarc 

Audit 
No 

4p. Standarc 
Audfight. 
A u a g h t .  
Lighting 
Li&ting 
Lighting 
Lighting 

No 
Lighting 
Lighting 
Lighting 
Lighting 
Lighting 
Lighting 
Liahting 

RES-S2RWKI 



Exhibit 5-7 
INDUSTRIAL SECTOR DSM MEASURE SCREENING 

Motors 
(> 10 kw) 

Hydraulics 

Fans 

Material 
Handling 

Process 
Cooling 

General 
Me&. 

Pumping 
( F w d  
now) 

Pumping 
(Variable 
flow) 

Com - 
pressed 
Air 

rewind inefficient motor 
installvariablc speed drives 
replaa babba bearings with roller 
replaa V b e h  with mg bek 
downsize motors 
high effiaency HVAC motors 
replaa effiaed motor wl more cff iae l  
adjust bek tension 
Survey motor eft., identify ine& motors 
checWmrred load on each phase 
downsizc motors 

Motors 
Motors 
Motors 
Motors 
Motors 1 HVAC 
Motors 
Motors 
Motors 
Motors 
Motors 

installvariable volume pumps 
installvariable mtch fan blades 1 
installinletloaid dampers 
bypass timer 
installvariable speed drives on fans 
installHEPA filers 
install dryer mntrol systems 
installenerw effiaed motors I 
replaa pneum mnveyors w/mechanical 
install high efficiency blowers 

rdrofit cooling tower fill material 
use welVeround water 

Motors 
Motors 
Motors 
Motors 
Motors 
Motors 

Proass Ht 
Motors 
Motors 
Motors 
Motors 
Motors 
pumps 
Pumps - 

installvariablc speed drives on fans 
installinterlocks on equipment I LoadCntl 
mnvert to hydrofoil agitators 
installinsulating jackets 
reolaa air guns WI air-airless guns 

Motors 
Heating 
Comp. 

bi& efficieacy transformers - ~ransf;nr. 
trim pump impelkrs Pumps 
downsize pump P ' " " ~  
install flow -restriding nozzles P u m ~  
oversized piping to redua flow fridion Pumps 
variable speed drive on pump motor pumps 
install flow-resiriding nozzles pumps 
overs~ed piping to reduce flow friction Pumps 
institute leak redudion program Comp. 
installengineered nozzles - 
redua operating pressure 
use outside air intake 
installmntroller for mmpressor(s) 
lead& mntrols & rework piping 
low pressure blowers & rework piping 
low load unloaders/nplaa pneum.motorsihumidity mntroh 
replaa pneumatic motors & rework pipes 

cornp. 
Comp. 
Comp. 
Comp. 
Comp. 
Comp. 
Comp. 
Comp. 

BULGARIA 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

LordShp 
Pork 

w/S/ZML 
Both 
Both 
Both 
Both 
Both 
Both 
Both 

Summer 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 

Yes 
Yes 
Yes 
Yes 

Small 
Small 
Yes 
Yes 
Yes 
Yes 
Yes 
yes I Yes I Str. Consv. 
Yes I Yes I Str. Consv. 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
Yes 
Yes 
Yes 

Str. Consv. 
Str. Consv. 
Str. Consv. 

Yes Peak Clip 

Str. C o w .  
Str. C o w .  
Str. Consv. 
Str. Consv. 
Str. C o w .  
Str. C o w .  
Str. Consv. 
Str. Consv. 
Str. Coasv. 
Str. Consv. 
Str. C o w .  

" ' 1  E I Str. consv. 
Small Str. Consv. 

Yes 1 Yes I Str. Consv. 

Yes 
Yes 

Limited 

yes I Yes ( ~ t r .  ~onsv .  
Yes I Yes I Str. Consv. 

Str. Consv. 
Str. C o w .  
Str. C o w .  

Yes Yes 

Yes 
Yes 
No 

Str. Consv. 
Str. Consv. 
Str. Conrv. 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Limited 
Small 

Limited 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
yes 

Medium 
Low 
Low 

M e w  
Low 

Low/No 
Medfla 
Medium 
Medium 
Low/No 
Eng M% 
Eng Mgt 
Me& 
Medium 
Medfla 
M e d b  

Low 
M e w  

Low 
Low 

Medium 
High 

Medium 
MedJHi 
Medfla 

High 
Medium 
McdMi 
Medium 
M e w  

Low 
Low 

Medium 
Medium 
Me- 
Med/Lo 
Med/Hi 
MuVHi 
Me& 
M e w  
Eng MD 
Medium 
Lowmo 
Law 

Medium 
Medium 
McdlHi 
Medium 
Med/Hi 

Unartain 
Uncertain 

Yes , 
Unknown 

Yes 
Yes 
Yes 

Unartain 
Unartain 

Yes 
Yes 
Yes 
Yes 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Yes 
Yes 

Str. Con&. 
Str. C o w .  
Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. C o w .  
Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. C o w .  
Str. C o w .  
Str. C o w .  
Peakclip 
Str. Consv. 
Str. Consv. 
Str. C o w .  
Str. Consv. 

Yes 
Yes 

Unknown 
Uncertain 
Unartain 
Unartain 
Unartain 
Unartain 
Unknown 
Unknown 
Unartain 
Unartain 
Unknown 
Unartain 
Unartain 

Yes 
Unartain 

Yes 
Unartain 

Yes 
Yes 
Yes 

CJnknown Yes 

Yes 
Yes 

Unartain 
Yes 
Yes 

Unartain 
Yes 
Yes 

Unartain 
Yes 



Or her 
Lighling 

Process 
Heating 

space 
Heating 

Gas Heat 

Gas Boiler 

Exhibit 5-7 (continued) 
INDUSTRIAL SECTOR DSM MEASURE SCREENING 

BULGARIA 

multiplexed compressors I Comp. 
mmpdre syiem iff. with designspecs I comb. 
HID incandescents I Liphtinz 
mmpad fluoresced replacement 
incandescent to standard fluoresced 
HID new luminarain 
timeclock, photoall bypassldebytimer 
clean fixtures & reflectors 

Li&ing 
Ligking 
Lighting 
Lighting 
L i d i n a  

motion detedor: smaMarge rooms I Li&ing 
replace std (40 watt) tubes with 34 watt I Lighing 
installeledronic babsts 
installoptical refleaors, delamp 
installnew T8 fvrtures with eledronic ballast 
timeclock photoall bypassldeky timer 
motion detector: smawlarpe rooms . - 
clean fixtures & reflectors 
replace mercury vapor with metal halide 
timeclock photoceil, bypassldeky timer 
motion detedor: warehouses 
retrofit MV with HPS lamplballast 
HE Liehtine Svstem - --, - 
replace Metal lialide wMPS rdrofit 
replace chillerwith high efficiency 
i&tallemporative m&ng system 
install fully integrated economizer 
install refleaive window film 

Lighting 
Lighing 
Lighting 
Lighting 
Lighting 
Lighling 
Lighting 
Lighting 
Ligbing 
Lighting 
Lighting 
Lighting 
HVAC 
HVAC 
HVAC 
HVAC 

installenergy mgmt system I h a d  Cntl 
improve seaEng on furnaces and quip .  
improve iasula&on on hot equipment- 
improve p r e s s  heating mntrols 
install VSDs on kilns 
install wntinuous meking system 
convert eledric furnaces to gas 
improve mntrol systems 
use strip mntainers on doors 
installenergy efficied mmpressors 
install eledronic variable speed drive 

Proass Ht 
Proass Ht 

Motors 
Proass Ht 
Process Ht 

Motors 
Motors 
Motors 
Motors 

installadditional condensers I Motors 
replace mnvedive heaterswith radiad heaters 1 Sp.Heat 
replace with variable air volume (VAV) 
storage heat 
installmntrols (EMS) on heating system 

s;. Heat 
Sp. Heat 
Sp. Heat 

building envelope improvements I Sp.Heat 
replace cledric furnace wlgas furnace I Sp. Heat 
reb~ace gas furnace w/ek&c furnace I sb. Heat . - 
supplemcd eled. furnace wlinfra-red heating I Sp. Heat 
rcolace elearic boilers wi~h eas boilers I Sv.&Wat. - 
replace gas boilers with eledricboilers ( ~ p . & ~ a t .  

Both 
Both 
Both 

Yes Both 
Yes Both -y+J- 

Both 
Yes Both 
Yes Both 
Yes Both 
Yes Both 
Yes Both 
Yes Both 
Yes Both 
Yes Both 
Yes Both 
Yes Both 
No Summer 
No Summer 
No Summer 
No , Summer 
Yes Summer 
Yes Both 
Yes Both 
Yes Both 
Yes Both 
Yes Both 
Yes Both 
Yes Both 
Yes Both 
Yes Both 

I ::: Winter 
Winter 
Winter 
Winter 
Winter 
Winter 
Winter 
Winter 
Winter 
Winter 

='pa 
si&dma& 
ELug 
S1ui.gr 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Small 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Small 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
No 
No 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. Coasv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. Comv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. Coorv. 
Str. Consv. 
Peak Clip 
Str. Consv. 
Str. C o w .  
Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. C o w .  
Str. Consv. 
Str. Consv. 
Str. Consv. 
Str. Consv. 
Valley All 
Peak Clip 
Str. Consv. 
Str. Consv. 
Load Build 
Str. Consv. 
Str. Consv. 
Load Build 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
Yes 
Yes 
Yes 
No 
Yes 
Yes 
No 

Medium 
Eng Mgt 
Lowwed 
W M e d  
LowNed 
Low/Med 
LowJMed 
L o w m  

LowNed 
Low/Med 
Low/Med 
LowNed 
Low/Med 
LowlMed 
LowlMed 
LOwKio 

LowlMed 
Low/Med 
hw1Med 
LowlMed 
LowlMed 
LowlMed 
Medium 
Medium 
Medium 

Low 
Medium 
E w  Mgt 
Low 

Medium 
Med/Hi 
Med/Hi 
Medium 
Eng Mgt 

Low 
Medium 
MedMi 
M e m i  
Medium 
Medium 
Medium 
Medium 
Lowed 
MedMi 
MedRli 
Medium 
Med/Hi 
MedIHi 

Yes 
Yes 

CJnknwn 
Yes 
Yes 

Unknown 
Yes 
Yes 
Yes 

LJnknown 
Unknown 
LJnknown 
Unknown 

Yes 
Yes 
Yes 

LJnknown 
Yes 
Yes 

Unknown 
Unknown 
LJnknown 
LJncertain 
LJncertain 
LJncertain 
Uncertain 
Uncertain 

Yes 
Yes 

Uncertain 
Unknown 

Yes 
Yes 
Yes 

Uncertain 
Uncertain 
Unknown 

Yes 
Yes 
Yes 
Yes 

LJncertain 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

IDDSM.WKI 



ILLUSTRATIVE DSM PROGRAM FOR BULGARIA 5- 12 

5.1.4 DSM Measure Benefit-Cost Analysis 

After screening, each measure was subjected to a test of cost-effectiveness. The test used 
was a test of economic efficiency, called the Total Resource Cost Test (TRC). 

First, an estimate of avoided costs is used to provide a supply-side baseline. The estimates 
of marginal costs described previously in this report (see Exhibit 4-4) were used. In 
summary, at the low voltage level, the avoided costs are: 

$55 per year per kW of peak demand reduction 

$0.030 per kWh of energy saved 

In the test, a calculation is made of the ratio of life cycle benefits (avoided cost of electricity 
supply) to life cycle investment costs for the DSM measure. If the ratio is greater than 1.0, 
the DSM measure is superior to the supply-side baseline. - 

Based on the pre-screening, the library of industrial DSM measures was customized with 
Bulgaria-specific DSM measures. The A.1.D.-sponsored energy audits in Bulgaria (and other 
countries in Eastern Europe) were used as a primary source of additional measures to be 
considered. Though these audits focused on oil and gas energy efficiency rather than 
electricity, several measures were clearly identified. These include: 

Optimization of production to meet the demands of the market economy can 
reduce electrical energy consumption by 10-30%, in those plants that have 
excess capacity and parallel process lines; 

Improvements to energy monitoring and control, comparing energy to 
production on a daily basis using low-cost PC-based systems and modem 
management techniques, can reduce electrical energy consumption by 10% or 
more; 

Improvements to operations and maintenance of electrical systems, with 
particular focus on electric motors and drive systems, can save 2% or more; 

Improvements to the operations and maintenance of compressed air systems, 
including leak repairs, can reduce energy requirements for compressed air by 
5-20 % ; 

Improvements to the operations and maintenance of ammonia refrigeration 
systems can reduce energy requirements for refrigeration by 5-20%; 

RCGIHagler, Bailly, Inc. 
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Opportunities exist to reduce peak demand by 5-10% through use of load 
monitoring and control-systems. 

5.1.4.1 End-Use Electricity Consumption Data 

Rough approximations for end-use consumption were made to cany out the analysis. Annual 
energy consumption by residential customers was estimated as 3,000 kWh per year. 
Industrial customers were assumed to be of average size - 2 MW peak demand and 10,000 
MWh per year consumption. 

The assumptions for end-use energy consumption are discussed below: 

b Lighting: The lighting analysis was performed on a per light basis, while the 
other end-uses are for total consumption by that end-use. This used a base 
case of 75 operated for 4 hours per day, 365 days per year, or 110 kWh per - 
year for a 75-Watt lamp. The commercial lighting studies used a base case of 
a 3x40-Watt fluorescent fixture, operating 8 hours per day, 5 days per week, 
or 250 kwh per year. 

b Refrigerators: Base consumption was developed from the power rating of a 
160 liter capacity refrigerator sold in the central department store in Sofia (the 
"C.U.M." store). The number of hours of operation per year (cycle time) is 
from a U.S. utility study. The resulting energy consumption is 867 kWh per 
Year. 

b Freezers: Consumption in this end-use was assumed to be the same as for 
refrigerators as these values are usually close. 

. b Cooking: Electricity use for cooking was assumed to be 200 kWh per year. 

b Central and Room Air Conditioning: These end-uses were not estimated 
because they were eliminated in the qualitative screening as not being 
appropriate for Bulgaria. 

b Space Heating: Hagler, Bailly estimates that electric resistance space heating 
for an average household in Bulgaria will require approximately 4,500 kwh 
per year. Most households in large apartment-houses in the cities use district 
heating instead of this type of system. 

b Water Heating: Hagler, Bailly estimates that electric domestic water heating 
for an average household in Bulgaria will require approximately 1,000 kwh 

RCGIHagler, Bailly, Inc. 
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per year. Most households in large apartment-houses in the cities use district 
heating instead of this type of system. 

Industrial: Based on the A.1.D.-sponsored audits, Hagler, Bailly developed an 
estimated typical energy balance for an industrial plant as follows: 

Motors 60%, of which: 
compressed air 113 of motor kwh 
pumps, fans 113 

- other 1 /3 
Lighting 15%, of which: 

incandescent 1/20 of lighting kwh - 

Other (including process) 25 % 

The results of the benefit-cost analysis of measures is shown in Exhibit 5-8 for the buildings 
sector and Exhibit 5-9 for the industrial sector. 

RCGIHagler, Bailly, Inc. 



Exhibit 5-8 
BUILDINGS SECTORS (RESIDENTIAL, COMMERCIAL, INSTITUTIONAL) DSM MEASURES 

Building 
Heating 

!lect. Water 
Ieating 

:ooking 

bfrig. 

.ighting 

101 Increase Ceiling Insulation 
.1M Increase Wall Insulation 
103 Insulate Doors 
104 Install Storm Window 
105 Add Plastic to Windows 
106 CaulkinglWeatherstripping 
107 Install air source heat pump 
108 Add ThermostaVRegulator 
109 Thermal energy storage 
110 Fuel Conversion: Electric to Gas 
111 Direct load control - heat 
201 Water Heater & Pipe Insulation 
202 Flow restrictors 
203 Add Timer to Operate WH Off-Peak 
204 WH Thermostat 
205 Water Heater (Direct Load Control) 
206 Storage Water Heater 

~ l e c t h c  to Gas Water Heater 
, New stove - spiral heating elements 
Electric codti& to Gas Cooking 

I 
High Effciency Refrigerator-Import 
Hiih ~ffEienc; ~efrigerator-Ddmestic 
Res. Incandescent to Compact Fluor. 
Res. Energy Eff. Incandescent 
Res. Incandescent to Std Fluor. Fixture 
Commercial Incand. to Compact Fluor. 
F i u r e  replace wl EELamps & EEBal. 
F i u r e  replace wl Delamping & Refl. 
Day Lighting Control 
High Effziency Lamps 
EMS Lighting 
Occupancy Sensors 
Merculy vapor to HPS 
Incandescent to HPS 
Incandescent to Metal Halide 
Incandescent to Fluoreeent 

PRELIMINARY COST- BENEFIT ANALYSIS 
BULGARIA 

Annul Enera 
Pweent 

Saving; Prea 
DSM Murum 

6.5% 
29.0% 
0.7% 
9.0% 
4.8% 

12.0% 
47.5% 
10.0% 

-0.1% 
100.0% 

0.5% 
12.7% 
10.0% 
10.0% 
4.9% 

-2.0% 
-5.0% 
100.0% 
20.0% 

100.0% 
38.4% 
38.4% 
76.0% 
8.3% 

50.0% 
76.0% 
29.0% 
64.5% 
15.0% 
20.4% 
212% 
15.0% 
36.6% 
75.0% 
84.0% 
50.0% 

$150 20% 
2,000 20% 

75 20% 
300 20% 

5 20% 
125 20% 

DataReq. 20% 
30 20% 

N.A. N.A. 
1,206 0% 

200 20% 
18 20% 
8 20% 

20 20% 
1 20% 

90 20% 
Data Req. 20% 
Data ~ e i .  1 ;;I Data Req. 
Data Req. 20% 

285 20% 
35 20% 
5 20% 
0 20% 
3 20% 
5 20% 

DataReq. 20% 
Data Req. 20% 

N.A. 20% 
Data Req. 20% 
Data Req. 20% 
Data Req. 20% 
Data Req. 20% 
Data Req. 20% 
Data Req. 20% 
Data Req. 20% 

Tohl 
Resourcc 
Cort Ten 

0.95 
0.32 
0.19 
0.a 
5.58 
0.85 
N. A 
6.63 
N. A 
2.19 
4.16 
1.47 
1.78 
2.16 

13.08 
0.52 
N.A 
N.A 
N.A 
N. A 
0.30 
2.42 
2.67 
3.25 
3.74 
2.10 
N.A 
N.A 
N.A 
N.A 
N.A 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 

ES-CBI.WK1 
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code 

PlOl 
PI02 
PI03 
PI04 
PI05 
PI06 
P107 
PI08 
PI09 
PllO 
P l l l  

EnergyJproduction audit 
Motor O&M 
Compressed Air O&M 
High efficiency motors 
Drives systems, rotating equipt 
Lighting efficiency 
Improve new installations 
Fuel switching 
Interruptiblelself -generation 
Direct load control 
Enerw management system 

Exhibit 5 - 9 
INDUSTRIAL SECTOR DSM PROGRAM 

PRELIMINARY COST-BENEFIT ANALYSIS 
BULGARIA 

- 
Annual Energy 

'Ippid Typical Typical 
Bane Annual %np From Annual 

Bmr$y DSM Energy 
Consumption Measarc; Savings 
$ MWh 
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5.1.4.2 Example DSM Measure Analysis: Compact Fluorescent Lamps (CFL) 

Incandescent lamps are widely used in Bulgaria, both in households and other applications. 
Replacing incandescent lamps with compact fluorescent lamps (CFL) has been found to be 
cost-effective in certain situations. The CFL has a much higher capital cost, but use only 114 
as much energy (or peak demand), and CFL bulbs also last up to ten times longer. 

While this evaluation appears to be easy, several questions need to be answered before a 
CFL DSM measure can be evaluated. For example, 

b What is the wattage of the old bulb being replaced? An 18 watt CFL might 
replace an old bulb of between 25-100 watts, so savings could be more or less. 

b What proportion of bulbs replaced will normally be operated during peak 
demand periods, so that it is appropriate to take credit for the peak demand 
savings? - 

b How many hours per year is the bulb operated? This is the most critical factor 
in the decision, since it determines the energy savings resulting from this 
change. 

Exhibit 5-10 illustrates the calculation of the economic benefit-cost ratio (TRC) for the CFL, 
under a specific set of assumptions. The case is a residential application, where the bulb is 
replacing a 75 watt incandescent and is in use 4 hours per day. Under these assumptions, 
the TRC is more than 2.5. Any value much more than 1.0 indicates a good DSM measure. 
But if the lamp were only used 2 hours per day, the CFL measure would be marginal. 

RCGIHagler, Bailly , Inc. 



Exhibit 5 - 10 
COMPACT FLUORESCENT LAMP RESIDENTIAL DSM MEASURE 

SAVINGS I /I peak Demand Savings 

il Base (Incandescent) 

II Compact Fluorescent 

Proportion on During 
Peak Hours 

Diversified Peak Reduction 

11 Peak Demand Savings 

Energy Savings 

11 Hours of Operation 

Annual Energy Reduction 

/I ~ifetime of Bulb 

II Lifetime Energy Reduction 

Value of Energy Savings 

I Total Value of Savings 

I Incremental Costs 

Program Administration 
Costs 

Total Costs 

Total Resource Cost Test 

Value Units 

75 Watts 

18 Watts 

57 Watts 

27% 

15.39 Watts 

$55.00 Per kW 

6 Years 

499.32 kwh 

$0.030 Per kWh 

$12.46 

Comment 

Present Value Over Life of Measure 

4 hours per day x 365 days x 57 Watts : 
83.22 kWh 

10,000 hour life at 1,420 hrs/yr 

6 years x 83.22 kWh/year 

Present Value Over Life of Measure 

Peak Savings -I- Energy Savings 

Typical Program Cost Estimate 
OF 20% 

Ratio of Total Savin~s to Costs. 
CFL WK 
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5.2 ILLUSTRATIVE DSM PROGRAM FOR BULGARIA 

5.2.1 Selection of Illustrative DSM Program for Bulgaria 

Based on the results of the screening, the DSM measures which appear best able to satisfy 
the selection criteria for Bulgaria include: 

Low-cost improvements in homes heated with electricity, such as window 
coverings, weatherstripping, and thermostats 

Low-cost improvements in homes where hot water is heated with electricity, 
such as improved insulation, flow restrictors, and thermostats 

Retrofit of some incandescent lighting with fluorescent in homes, 

Hig h-efficiency refrigerators, 

Direct load control in the residential and industrial sectors, 

Industrial management, technical, production and energy audits, 

Industrial operations and maintenance improvements, 

Interruptible service and expanded self-generation in industry, 

Computer-based energy management (load monitoring and control) systems in 
industry. 

These measures were assembled into the "Illustrative DSM Program," and were carried to 
the next stage of analysis. 

5.2.2 Estimate of Potential Impact of the Illustrative DSM Program 

Next, the Illustrative DSM Program was evaluated for potential peak demand reduction and 
energy savings, scaling up to the level of the NEK system. Three levels of potential DSM 
impacts were considered in this step: Technical/Economic Potential, Market Potential, and 
DSM Program Potential. The three levels are described in Exhibit 5-1 1 and discussed 
below. 

RCGfHagler, Bailly, Inc. 
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Exhibit 5-11 

Evaluating DSM Potential 

Technical/Economic Potential 

Which DSM measures are both technically applicable and 
economically feasible? 

What savings (kW and kWh) are possible from 
these DSM measures? 

Market Potential 

What proportion of cost-effective DSM 
measures will be ultimately accepted by 
consumers on their own? 

How long will it take for them to accept them? 

What savings (kW and kWh) will result? 

Illustrative DSM Program Potential 

What proportion of cost-effective DSM 
measures will be ultimately accepted by 
consumers, if the utility provides appropriate 
incentives through a DSM program? 

How long will it take for them to accept them? 

What savings (kW and kWh) will result? 

5.2.2.1 Technical/Economic Potential 

Technical/economic potential assesses the energy savings and coincident peak demand 
savings possible if the commercially available, technically applicable, and economically 
feasible DSM measures were fullv implemented. The analysis was carried out at the sector i 
RCG/Hagler, Bailly, Inc. 
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level (industry or buildings). Based on the data sources available to us (as listed previously), 
we estimated the percentage savings that would result from implementing the measures. 

The estimates of the technical/economic potential are summarized in Exhibit 5-12. In 
summary, the technical/economic potential for electric energy efficiency measures in Bulgaria 
amounts to: 

Peak demand reduction of more than 2,800 MW (48% of current maximum) 

Energy savings of more than 7 TWh (29% of current consumption) 

A "supply curve" is useful to illustrate the quantity of a good available at various prices. An 
energy efficiency supply curve plots the various technical measures in rank order on the basis 
of their cost of conserved energy (CCE, $/kwh). The CCE for each measure is plotted vs. 
the technical/economic potential of the measure (Gwhlyear). The curve only shows 
technologies which have a CCE less than the estimated marginal cost of energy supply (about 
$O.O3/kWh). 

The supply curve of technical/economic potential for measures in the buildings sector is 
shown in Exhibit 5-13. Several measures appear attractive, led by commercial lighting 
reflectors. 

Exhibit 5-14 illustrates the supply curve for the industrial sector. Energy and production 
management audits (covering not only electricity consumption but also the organization and 
management of the production process) are most attractive, flowed by computer energy 
management systems. 

The industrial curve includes two load management technologies that limit peak demand 
(MW) and are expected to be cost-effective. Because these measures are designed to reduce 
peak demand, rather than save energy, their CCE is higher than the cost of energy supply. 

RCGIHagler, Bailly, Inc. 
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Exhibit 5- 12 
ELECTRIC ENERGY EFFICIENCY FOR BULGARIA 

ESTIMATE OF TECHNICAL POTENTIAL 
FOR SELECTED MEASURES 

Window coverings 
Caulking, weatherstripping 
Thermostat 
Heating - convert from electric to gas 
Hot water insulation 
How restrictors 
Water heater timer 
Water heater controls 
High efficiency refrigerator 
Fluorescent lighting (residential) 
Fluorescent lighting (commercial) 
Direct load control 

Subtotal 

Energy/production audit 
Motor O&M 
Compressed Air 0&M 
High efficiency motors 
Drive systems, rotating loads 
Lighting efficiency 
Interruptible/self-generation 
Direct load control 
Energy management system 

Subtotal -- - 

Total - 

TECHNICAL Pc 
Annual Energy 

Base Annual Percent Annual 
Energy Savings From Energy 

Consumption DSM Measure Savings 
GWh Gwh 

Note: totals adjusted to account for overlapping 

lm 



Exhibit 5- 13 
Bulgaria 

Supply Curve - Technical/Economic Potential (Buildings Sector) 

Cost of Energy Supply 

1,000 1,500 2,000 2,500 3,000 3,500 

Technical Potential (GWh/Year) , 

1 : Commercial lighting reflectors 
2: Water heater controls 
3: Thermostats in heating systems 
4: Window coverings 
5: Water heater timers 
6: Residential flourescent lighting 
7: Hot water flow restrictors 
8: High efficiency refrigerators 
9: Caulking, weatherstripping 
10: Heating -- convert to gas 
11 : Hot water insulation 
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5.2.2.2 Market Potential 

Market potential assesses the likelihood that the technical/economic potential will in fact be 
realized, based on normal market forces alone, such as electricity prices and consumer 
behavior. Some of these market forces influencing market potential in Bulgaria are listed in 
Exhibit 5-15. 

Market potential depends on decision maker preferences. A DSM measure that is technically 
feasible and physically applicable may not be considered cost-effective by different individual 
home, building, or factory decision makers. Usually decision makers in the same market 
segment, evaluating the same DSM measure at a given levelized cost may or may not 
consider it cost-effective to install because of different investment preferences and acceptance 
criteria. 

Market potential indicates the fraction of cost-effective DSM measures that will actually be 
undertaken by consumers. There are many reasons why even cost-effective DSM measures - 
are not implemented: alternative uses of capital, severe limitations on the availability of 
capital, disinterest in energy conservation, management focus on other concerns or crises, 
differing opinions regarding other product attributes, perceptions of technical risk, lack of 
knowledge of the measure, and numerous other normal market frictions and transaction costs 
which result in a lower number of DSM measures actually being undertaken than are cost- 
effective. 

RCGIHagler, Bailly, Inc. 
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Exhibit 5-15 
Factors Influencing Investments 
In Energy Efficiency In Bulgaria 

Financial Constraints: There may be insufficient capital available, or the 
financial risk for energy efficiency may be perceived as being too high. A 
survey of the 106 largest Bulgarian electrical customers was carried out in 
December 1992 by DBC. Lack of financing was identified as the key reason 
for not undertaking energy efficiency investments by 53% of the firms who 
responded. 

Equi~ment Availabilitv: High efficiency equipment may not be available, or 
other technological limitations may exist. This was cited as the reason for 
not undertaking energy efficiency investments by 25% of the firms in the 
Bulgarian survey. 

Subsidized Ener~v Prices: Energy prices may not provide the consumer 
with a sufficient price signal to justify energy efficiency investments. Low 
electricity prices was identified as the reason for not investing in energy 
efficiency by approximately 9% of the firms responding to the survey. 

Lack of Information: Energy users may not be aware of energy efficiency 
opportunities or may not know how to get the measure implemented. 

Non-Economic Behavior: Consumers may not make strictly economic 
behavior but make choices according to other considerations. 

owners hi^: Renters may pay the utility bill, but are unwilling to make 
improvements to buildings owned by landlords or the state. 
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Market potential indicates what would happen without a utility-sponsored DSM program. 

The estimates of the market potential are shown in Exhibit 5-16. The estimates are based on 
assumptions regarding market penetration for each measure. These assumptions show low 
rates of market penetration achieved over a 10-20 year period, consistent with experience in 
the U.S. and developing countries. In summary, we estimate that the market potential for 
DSM measures in Bulgaria amounts to 5-7% of the technical/economic potential: 

Peak demand reduction of 150 MW (about 2% of current maximum load from 
industrial and buildings sectors) 

Energy savings of 590 GWh (2% of current consumption by industrial and 
buildings sectors) 

The annual projection of peak demand reduction in the base case is shown in Exhibit 5-17. 
As indicated, peak demand is reduced by 15 MW in 5 years, 87 MW in 10 years, and 151 - 
MW in 20 years. 

The annual projection of energy savings in the base case is shown in Exhibit 5-18. The 
exhibit shows that energy consumption is reduced by 51 GWh per year in 5 years, 308 GWH 
per year in 10 years, and 560 GWh per year in 20 years. 

RCGIHagler, Bailly , Inc. 



Exhibit 5 - 16 
ELECTRIC ENERGY EFFICIENCY IN BULGARIA 

ESTIMATED MARKET ACCEPTANCE WITHOUT DSM 

Window coverings 
Caulking, weatherstripping ' 

Thermostat 
Heating - convert from electric to gas 
Hot water insulation 
Flow restrictors 
Water heater timer 
Water heater controls 
High efficiency refrigerator 
Fluorescent lighting (residential) 
Fluorescent lighting (commercial) 
Direct load control 

Subtotal 

Savings as pct. of technical potential 
Savings as pct. of current consumption 

Energylproduction audit 
Motor 0&M 
Compressed Air O&M 
High efficiency motors 
Drive systems, rotating loads 
Lighting efficiency 
Interruptible/self-generation 
Direct load control 
Energy management system 

Subtotal 

Savings as pct. of technical potential 
Savings as pct. of current consumption 

Total 

Savings as pct, of technical potential 
Savings as pct. of current consumption 

Technical Potential 

Annual Winter 
Energy Demand 
Savings Savings 
GWh MW 

90 30 
90 30 

180 60 
1,800 600 

75 15 
75 3 
75 15 
75 15 

780 93 
229 43 
450 86 
120 300 

3,679 1,020 

Note: totals adjusted to account for overlapping 

Market Penetration 
Time 

to  
Final Final 

Market Market 
pct yrs 

Market Potential 

Annual Winter 
Energy Demand 
Savings Savings 

GWh M W  
9 3 
9 3 

18 6 
0 0 
8 2 
8 0 
8 2 
8 2 

156 19 
23 4 
45 9 
0 - 0 

290 48 

7.9% 4.7% 
3.4% 2.0% 





Exhibit 5-18 
Projection of Market Penetration 

BASE CASE - NO DSM 
Energy savings, GWhlyr 

Functional area - 
Promam element 

BUILDINGS: 
Window coverings 
Caulking, weatherstripping 
Thermostat 
Heating - convert from electric to gas 
Hot water insulation 
Flow restrictors 
Water heater timer 
Water heater controls 
High efficiency refrigerator 
Incandescent to fluorescent 
Other lighting upgrades 
Direct load control 

Subtotal, Buildings 

INDUSTRY: 
Energy/production audit 
Motor O&M 
Compressed Air O&M 
High efficiency motors 
Drive systems, rotating loads 
Lighting efficiency 
Intermptible/self-generation 
Direct load control 
Energy management system 

Subtotal. Industrv 

Total, Bul~aria 
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5.2.2.3 Illustrative DSM Program Potential 

The illustrative DSM Program Potential estimates the results of a utility-based incentive 
program designed to overcome the market imperfections, and thereby increase customer 
acceptance of energy efficiency measures. Despite the provision of incentives and subsidies, 
utility-sponsored DSM programs may only result in an actual implementation of 25-50% of 
the technical/economic potential. 

Assessing market potential requires actual consumer responses to DSM programs. The 
survey of Bulgarian industries provides some information on market potential. Without 
incentives (the current situation), the survey found that 57% of the firms interviewed had not 
implemented energy efficiency measures, even though three-fourths of the total firms were 
aware of potential options. The survey found that 76% of those interviewed would be 
interested in energy efficiency programs, if incentives were offered. 

While there are several means of establishing impact and cost-effectiveness, assessing market 
potential generally requires implementing pilot programs. Pilot programs are the best way to 
obtain actual customer response to the program offered by the utility. 

The analysis of DSM measures, and development of pilot programs needs to consider the 
percentage of customers (among those who find a particular DSM measure economically 
attractive) who actually purchase and install that measure. The utility, the government, and 
DSM companies can undertake marketing programs to affect the level of adoption of DSM 
measures, and these can be tested in pilot programs. Various changes in intensity, scope, or 
scale of programmatic and private (e.g., energy service companies) marketing efforts can 
significantly impact the level of market penetration. Usually, customers may be more likely 
to adopt a technology if a utility or government agency encourages its use and provides 
information through an energy-conservation program. 

The estimates of the illustrative DSM program potential are shown in Exhibit 5-19. The 
estimates are based on revisions to the assumptions regarding market penetration for each 
measure. These assumptions show higher rates of market penetration achieved over a shorter 
period of time, consistent with experience in the U.S. In summary, we estimate that the 
illustrative DSM program potential for Bulgaria amounts to about 35% of the 
technical/economic potential: 

Peak demand reduction of more than 1,000 MW (16% of current maximum 
load from industrial and buildings sectors) 

Energy savings of 2.8 TWh (10% of current consumption by industrial and 
buildings sectors) 

RCGIHagler, Bailly, Inc. 



Exhibit 5 - 19 
DSM PROGRAM FOR BULGARIA 
ESTIMATED POTENTIAL, IMPACT 

Widow coverings 
Caulking, weatherstripping 
Thermostat 
Heating - convert from electric to gas 
Hot water insulation 
Flow restrictors 
Water heater timer 
Water heater controls 
High efficiency refrigerator 
Fluorescent lighting (residential) 
Fluorescent lighting (commercial) 
Direct load control 

Subtotal 
Savings as pct. of technical potential 
Savings as pct. of current consumption 

Energyfproduction audit 
Motor O&M 
Compressed Air 0 & M  
High efficiency motors 
Drive systems, rotating loads 
Lighting efficiency 
Interruptiblelself - generation 
Direct load control 
Energy management system 

Subtotal 
Savings as pct. of technical potential 
Savings as pct. of current consumption 

Total 
Savings as pct. of technical potential 
Savings as pct. of current consumption 

Technical Potential 

Annual Winter 
Energy Demand 
Savings Savings 
GWh MW 

DSM Penetration DSM Potential 
Final Time 

Market to  Annual Winter 
Final Energy Demand 

Market Savings Savings 
pct yrs GWh 

38.2% 36.8% 
10.1% 

DSM DSM.WK1 

Note: totals adjusted to account for overlapping 
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Thus, the estimated net benefit of the DSM program (subtracting the base case energy 
efficiency improvements that would have happened without a program) are: 

Peak demand reduction of more than 900 MW (15% of current maximum load 
from industrial and buildings sectors) 

Energy savings of 2.2 TWh (9% of current consumption by industrial and 
buildings sectors) 

A new set of energy efficiency supply curves is generated for the illustrative DSM program, 
using DSM Program Potential GWh/year and costs of conserved energy which include the 
cost of the illustrative DSM program development, administration, and evaluation. The 
supply curve of the DSM Program for measures in the buildings sector is shown in Exhibit 
5-20. The curve only shows technologies which have a CCE less than the estimated 
marginal cost of energy supply (about $0.03/kWh). Exhibit 5-21 illustrates the supply curve 
for the industrial sector. - 

The annual projection of peak demand reduction in the Illustrative DSM Program case is 
shown in Exhibit 5-22. As indicated, peak demand is reduced by 182 MW in 5 years, 940 
MW in 10 years, and 1,061 MW in 20 years. 

The annual projection of energy savings in the Illustrative DSM Program case is shown in 
Exhibit 5-23. The exhibit shows that energy sales are reduced by 508 GWh per year in 5 
years, 2,608 GWH per year in 10 years, and 2,876 GWh per year in 20 years. 

RCGIHagler, Bailly, Inc. 



Exhibit 5-20 
Bulgaria 

Supply Curve - Illustrative DSM Program (Buildings Sector) 

Cost of Energy Supply 

DSM Program Potential (GWhlYear) 
t 

,- -. 
1 : Commercial lighting reflectors 
2: Water heater controls , 

3: Thermostats in heating systems 
4: Window coverings 
5: Water heater timers 
6: Residential flourescent lighting 
7: Hot water flow restrictors 
8: High efficiency refrigerators 
9: Caulking, weatherstripping 
10: Heating -- convert to gas 
11 : Hot water insulation 
\ 1 





Exhibit 5-22 
PROJECTION OF MARKET PENETRATION 

WITH DSM 
PEAK DEMAND REDUCTION, MW 

BUILDINGS: 
Window coverings 
Caulking, weatherstripping 
Thermostat 
Heating - convert from electric to gas 
Hot water insulation 
Flow restricton 
Water heater timer 
Water heater controls 
High efficiency refrigerator 
Fluorescent lighting (residential) 
Fluorescent lighting (commercial) 
Direct load control 

Subtotal, Buildinm 

INDUSTRY: 
Energylproduction audit 
Motor O&M 
Compressed Air O&M 
High efficiency motors 
Drive systems, rotating loads 
Lighting efficiency 
Interruptible/self-generation 
Direct load control 
Energy management s E e m  

Total, Bulgaria 



Exhibit 5-23 
PROJECTION OF MARKET PENETRATION 

WITH DSM 
ENERGY SAVINGS, GWh 

Functional area - 
F r o ~ n m  element I I 2 1 3 1 4 

I I I 

BUILDINGS: 

, Window coverings 0 1 2 5 
Caulking, weatherstripping 0 1 2 5 
Thermostat 1 2 5 9 
Heating - convert from electric to gas 1 2 5 9 
Hot water insulation 0 1 2 4 

I Flow restrictors 0 1 2 4 
Water heater timer 0 1 2 4 
Water heater controls 0 1 2 4 
High efficiency refrigerator 2 5 10 20 
Fluorescent lighting (residential) 1 3 6 11 
Fluorescent lighting (commercial) 2 5 11 23 

, Direct load control 0 0 1 2 
I Subtotal, BuiIdin8s 10 23 48 97 

INDUSTRY: 

1 Energy/production audit 7 17 35 70 
Motor O&M . 1 3 6 13 
Compressed Air O&M 0 1 1 3 

I High efficiency motors 1 3 6 13 
1 Drive systems, rotating loads 1 3 6 13 
Lighting efficiency 1 1 3 5 
Interruptible/self-generation 0 1 2 4 
Direct load control 0 1 1 3 
Energy management system 4 8 18 35 

Subtotal, Industry 16 38 79 157 - 
Total, Bulpria 25 61 127 254 
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5.2.3 Projections of Economic Costs 

. Based on the market penetration rates described above, annual projections of economic costs 
were developed. These are the total costs of implementing the measures, whether paid fully 
by the customer (as is assumed in the base case) or paid through a partnership between the 
customer and the electric utility (as is assumed in the DSM case). 

5.2.3.1 Costs Under the Base Case (Market Forces) 

The annual economic costs of energy efficiency improvements under the base case are 
indicated in Exhibit 5-24. Even under the base case, significant investments in energy 
efficiency are expected to occur, e.g. $6.5 million per year in years 6 though 14. 

5.2.3.2 Costs Under the Illustrative DSM Program - 

The annual economic costs of energy efficiency improvements under Illustrative DSM 
Program are indicated in Exhibit 5-25. Much greater investments are required, pealang at 
$76 million per year once the program gets fully under way: 

Year 1: 
Year 2: 
Year 3: 
Year 4: 
Year 5: 
Years 6 

$4 million 
$5 million 
$10 million 
$19 million 
$38 million 

9: $76 million per year 

5.2.4 Economic Analysis of the Illustrative DSM Program 

The investments required for the Illustrative DSM Program are large, especially considering 
the ability of the Bulgarian economy to finance investment at this time. An economic 
analysis is required to determine if these costs could be justified. 

Exhibit 5-26 shows a summary projection of the annual costs and benefits for the base case 
and the Illustrative DSM program. The programs achieve break-even by the end of the 
seventh year. 

RCGiHagler, Bailly, Inc. 





Exhibit 5 -25 
PROJECTION OF ECONOMIC COST 

WITH DSM 

BUILDINGS: 
Window wverings 
Caulking, weatherstlipping 
Thermostat 
Heating - convert from electric to gas 
Hot water insulation 
Flow restricton 
Water heater timer 
Water heater controls 
High efficiency refrigerator 
Fluorescent lighting (residential) 
Fluorescent lighting (commercial) 
Direct load control 1 188 263 

863 lm 
INDUSTRY: 
Energy/production audit 500 700 
Motor O&M 200 280 
Compressed Air 0&M 100 140 
High efficiency motors 500 700 
Drive systems, rotating loads 500 700 
Lighting efficiency . 200 280 
Intemptible/self- generation 250 350 
Direct load control 200 280 
Ener~y management system 500 700 

Subtotal, Industry I 2,950( 4.130 

Told. Bulgaria 3,8131 5,339 



1. Base case - No DSM program 
Buildings: 

Achieved GWh savings 1 
Achieved MW savings 0 
Investment wst ($million) 0.08 
Economic benefits ($million) 0.04 
Net benefits ($million) -0.03 

hdustry: 
Achieved GWh savings 2 
Achieved MW savings 1 
Investment cost ($million) 0.25 
Economic benefits ($million) 0.07 
Net benefits ($million) -0.18 

Total 
Achieved GWh savings 3 
Achieved MW savings 1 
Investment cost ($million) 0.33 
Economic benefits ($nlillion) 0.12 
Net benefits !$million) -0.21 

2. Recommended DSM program 
Buildings: 

Achieved GWh savings 10 
Achieved MW savings 2 
Investment wst ($million) 0.86 
Economic benefits ($million) 0.42 
Net benefits ($million) -0.44 

Industry: 
Achieved GWh savings 16 
Achieved MW savings 7 
Investment cost ($million) 2.95 
Economic benefits ($million) 0.84 
Net benefits ($million) -2.11 

Total 
Achieved GWh savings 25 
Achieved MW savings 9 
Investment cost ($million) 3.81 
Economic benefits ($million) 1.26 
Net benefits ($million) - -2.55 

Exhibit 5 - 26 
BULGARIA 

SUMMARY OF DSM PROGRAM COSTS AND BENEFITS 

7 

2 

259 
45 

0.82 
10.21 
9.3s 

302 
lo6 

0.w 
14.89 
14.89 

56c 
15 1 

0.82 
25.10 

24.28 - 

1,270 
330 
0. 00 

56.23 
56.23 

1,607 
73 1 
0.00 

88.40 
88.40 

2,876 
1,061 
0.00 

144.63 
L44.63 
WKI 
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Exhibit 5-27 shows a summary projection of the annual net effect (net costs and benefits) of 
the Illustrative DSM program, and the resulting economic analysis. Based on the annual net 
benefits (benefits minus costs), an economic analysis is carried out using discounted cashflow 
techniques. Using a discount rate of 10% and a 20-year investment planning horizon, the 
following economic evaluation results: 

Net Present Value (NPV): 

DSM in buildings $129 million 
DSM in industry $183 million 
Total Illustrative DSM Program $3 12 million 

BenefitJCost Ratio (discounted, also known as total resource cost. TRC): 

DSM in buildings 3.35 
DSM in industry 2.28 
Total Illustrative DSM Program 2.58 

Internal rate of return (IRR): 

DSM in buildings 92 % 
DSM in industry 38% 
Total Illustrative DSM Program 48% 

Another evaluation is the cost of conserved energy (CCE). In this calculation, the NPV of 
the annual cost stream is divided by the NPV of the annual energy savings stream to obtain 
an estimate in $/kwh. This calculation is somewhat distorted, since it puts all costs against 
energy, giving no recognition to peak demand reduction. However, it does give a direct 
basis for comparison against the marginal cost of energy supply, which we calculated as 
about $0.03/kWh. The CCE for the Illustrative DSM Program is significantly lower than 
supply-side energy, calculated as: 

DSM in buildings $O.O13/kWh 
DSM in industry $0. 024/kWh 
Total Illustrative DSM Program $0.020/kWh 

The values of IRR are well above the common values of minimum acceptable rate of return 
(hurdle rates) used in project evaluation by the World Bank, EBRD, or other lenders. The 
cost of the energy conserved is only a little more than half the marginal cost of energy 
supply. The other economic evaluation criteria all show very positive results, and thus we 
conclude that the Illustrative DSM program is a very .attractive investment for Bulgaria. 

RCGMagler, Bailly, Inc. 
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5.2.5 Effect of the Illustrative DSM Program on the Demand Forecast 

Finally, the net effect of the Illustrative DSM Program was incorporated into the demand 
forecast, so that annual energy requirements can be seen. 

Exhibit 5-28 shows the effect on energy demand. A net benefit of nearly 2 TWhIyear is 
achieved by year 2005. 

5.3 ACTION PLAN TO LAUNCH A DSM PROGRAM IN BULGARIA 

Implementing DSM appears to be part of a least-cost power sector investment program for 
Bulgaria. Initiating activities in DSM will require a demonstration project, in order to 
establish the local context in which DSM technologies, policies, financing mechanisms can 
succeed. 

- 
The Illustrative DSM Program described in this report is based on preliminary data, which is 
very limited. This limited data is insufficient to fully evaluate the very large investments 
required. 

However, the preliminary analysis in this report serves as a basis for identifying the next 
steps to implementing the program. These activities should be pursued in parallel to achieve 
early success. The key actions for the next 1-2 years are summarized below. 

Develop and Implement Pilot DSM Programs: To gain more experience and 
collect data in Bulgaria, pilot DSM programs for the buildings and industrial 
sectors should be designed and implemented at one or more distribution 
branches of NEK. One of the key tasks is the development of the level of 
incentives or other expenditures to be made by NEK for the program, and the 
method by which NEK will recover revenues lost by the energy savings. 
Developing pilot DSM programs also involves a number of tasks to resolve 
issues such as market research, program design, selection of technical 
measures, screening of applications, financing options, implementation by 
private sector firms, collection of payments by NEK, independent evaluation, 
and program redesign. 

Institutional Development: A parallel step is needed to develop laws and 
regulations necessary to implement utility Integrated Resource Planning. 
Within the IRP framework, regulations next need to be put in place to ensure 
that development of the DSM potential proceeds at the optimum rate. Further, 
COE and NEK should establish departments responsible for IRP, DSM, and 
customer service. 

RCGIHagler, Bailly, Inc. 



Exhibit 5-28 
Bulgaria - Total Electricity Demand 

Effect of Illustrative DSM Program 

I NEK Medium Forecast 

- - . - - - . . . . - - - - - - . - . . - - -  - With DSM 

. . . . . . . . . . * . . . - . . . . - . . . . -  

I NEK Medium Forecast 

- - . - - - . . . . - - - - - - . - . . - - -  - With DSM 
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Load Research and DSM Assessment: The customer service department at 
NEK would be assigned to carry out load research, to collect data on energy 
usage by customers. This project will measure the dynamics of specific loads 
and then combine these data with statistical and building simulation models to 
evaluate DSM potential. These additional data should be used to perform a 

I 
detailed DSM cost-benefit assessment. I 

5.3.1 Develop and Implement Pilot DSM Programs I 
5.3.1 .I Introduction 

Pilot DSM programs are necessary to determine which technologies and procedures are best 
suited to Bulgaria. The actions to be taken to develop the pilot programs can be divided into 

I 
a number of steps, which are listed below and then discussed: I 

b NEK expenditures and recovery of lost revenues 
b Research 
b Program Design 
b Implementation of Pilot 
b Evaluation and Redesign 
b Preparation for Full-scale Development 

For DSM to succeed, it is necessary that the Bulgarian electric utilities be given the proper 
financial incentive, so that their decisions are able to mirror what is best for the country. 
The recommended incentives for the pilot program are: 

I 
8 allow DSM capital investments by NEK to earn a rate of return which is high 

I 
enough to encourage NEK to make the investment; I 
allow other (non-capital) DSM expenses incurred by NEK to be recovered 
through tariffs in the same year they are incurred; 

0 provide NEK employee incentives based on services and efficiency, rather than 
energy sales. I 

One or more NEK distribution branches should be selected for the DSM pilot program. 
These branches should be representative of industrial and buildings customer load profiles. 

Market research of customers would be performed to determine the market segments and 
target the appropriate markets. A marketing strategy for each program would also be 
identified. This might mean working with utility personnel and "trade allies," (equipment 
manufacturers, dealers, builders, electricians, architects, etc. involved in building, I 
RCGfHagler, Bailly , Inc. 
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specifying, or buying equipment and buildings). One of the most important aspects of the 
research is to determine the appropriate incentive level to be provided in a program. Except 
for the low-income program, the customer receiving the measure should pay a portion of the 
costs. The relative share between the customer and the utility must be determined. 

Program design includes developing the application form, developing the database tracking 
system, preparing the marketing plan, developing a quality assurance plan, scoping out the 
evaluation plan, writing the implementation manual, identifying test markets, developing the 
advertising, and developing an' administrative scheme. 

To implement the pilot program, marketing and advertising needs to be initiated to encourage 
customers to participate in the pilot program. Specific transactions are developed and 
executed. The proposed pilot programs themselves are described in the sections that follow 
below. 

In the evaluation phase, the success of program implementation is determined, including - 
documenting installation of completed projects. The evaluation determines the actual kwh 
and k W  savings from the program, as well as customer satisfaction with the program and its 
implementation. Based on these results, the program would be modified and improved. A 
cost-effectiveness calculation would be made to determine if the pilot program should be 
expanded to a full-scale program. 

Full-scale development often will entail training additional field personnel and obtaining the 
equipment in the appropriate quantities. Once this is ready, the program can be expanded to 
additional markets. 

5.3.1.2 Pilot Programs for Buildings 

Based on the results of customer research and the funding available, the following types of 
programs are suggested for the buildings sector: 

Informational Programs 

This program consists of brochures for customers on how to weatherstrip and 
caulk, add plastic to windows, cover windows during extreme cold, add 
insulation, select high-efficiency equipment, etc. It also includes advertising to 
encourage customers to conserve and demonstrate certain measures such as 
caulking and weatherstripping. 

- -- 

RCGIHagler, Bailly, Inc. 
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b Building Energy Audits 

For this program, multi-family residential (apartment) buildings and 
institutional buildings would be audited. 

The audit would evaluate and report to the customer the cost-effectiveness of 
these measures. The customer could then decide which programs to 
implement. Incentives would be provided (under other programs) for certain 
measures. 

b Heating System Efficiency Improvement Incentives 

This program would provide direct incentives to customers for improving 
efficiency of electrically heated homes through: 

Weatherstripping 

Caulking 

Insulation 

Window and door system modifications 

Conversion to district or gas heat 

Water Heating System Efficiency Improvements 

m Direct incentives to customers for improving efficiency of 
electric hot water systems: 

-- Increase insulation on water heater tank 
-- Increase insulation on hot water pipes 
-- Install low-flow shower heads and faucets 
-- Convert to district or gas water heat 

b Lighting Program 

rn Provide incentives to replace low efficiency lights with higher 
efficiency lights. Also notes and recommends cleaning 
windows, fixtures and lamps. 

RCG/Hagler, Bailly , Inc. 
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- -- - -- - 

b Conversion Electric Space and Water Heating to Natural Gas or Dual Fuel 

The steps in this process would identify villages and then buildings that could 
be converted to natural gas or dual fuel using gas as a backup. It would also 
be necessary to evaluate whether cooking as well as space and water heating 
should be changed. The steps in the evaluation would include: 

Identify natural gas pipelines locations. 

Find villages and towns near the pipeline. Identify those that 
mainly use electric heat. 

H Perform an cost-benefit evaluation of the conversion. 

Determine the level of payment and participation by others such 
as gas company, residences or building owners. - 

b Low-Income Residential Programs 

Specific programs should be developed, aimed at pensioners or other low-income 
individuals who cannot afford to pay for energy efficiency improvements to their 
homes. 

5.3.1.3 Pilot Industrial Programs 

Based on the results of customer research and the funding available, the following types of 
programs are suggested for the industrial sector: 

b Industrial Energy (Electricity) Audits 

This pilot program to co-sponsor audits, with a focus on electricity savings. 
Incentives to implement cost-effective recommendations from the audits should 
be provided under the other DSM programs. The audits, therefore, are a step 
that leads to many additional measures being installed. 

b Electric Motor Operations and Maintenance Program 

In this program, experts would perform a one-time review of electric motor 
efficiency. These experts would most likely be from the private sector, 
operating under contract from NEK or the customer site with partial funding 
by NEK. The experts would also train the customers' personnel to perform 

RCG/Hagler, Bailly , Inc. 
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periodic reviews of the motors to maintain the efficiency at a high standard. 
The tasks to be performed include: 

Develop inventory of all motors over 10 kW 

Review efficiency of motors 

Develop specifications for new, high-efficiency motors for new 
applications or when existing motors wear out 

Perform benefit-cost analysis of early replacement of existing 
motors 

Survey existing motors for load (kW, kVAR, power factor), 
voltage on each phase, and efficiency of major motors 

- 
Develop a power demand balance for the plant, under different 
operating conditions 

Check the tightness of V-belts to avoid slippage 

Review changes in operating procedures to improve energy 
efficiency 

Identify motors with excessive reactance for replacement or 
rewinding 

Review motor maintenance 

Evaluate replacement of oversized (underloaded) motors with 
more appropriate size motor 

Identify any phase-to-phase voltage imbalances and recommend 
corrections. 

b Air Compressor Operations and Maintenance Program 

This DSM program would review the motor/air compressor loads and the 
system for leaks. Like the motor O&M program, experts working on this 
program would provide training so that a review would be performed 
regularly. 

RCGIHagler, Bailly, Inc. 
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High-Efficiency Motor Incentives 

The program would provide part of the difference in costs between standard- 
efficiency equipment and high-efficiency equipment to encourage using high- 
efficiency equipment. 

Drives and Rotating Equipment Efficiency Incentives 

This program provides incentives for a variety of equipment upgrades pumps, 
fans, and compressors, as well as drive systems, such as variable speed drives. 

Industrial Lighting Program 

This program would provide incentives to upgrade lighting from incandescent 
to fluorescent, or from mercury vapor to high pressure sodium. 

- 
Interruptible Tariffs 

The DBC industrial customer survey reported that 62% of the customers 
responding could curtail part of their load if offered a tariff incentive. This 
program will provide special tariffs for customers who agree to be used as first 
priority for load-shedding to prevent blackouts. 

Load Controllers 

This program would provide incentives to pay for part of the cost of installing 
a load control program and load control equipment to limit peak demand or 
shift some load off-peak. 

Energy Management System 

This program would provide incentives to install computer equipment to 
monitor energy usage and reports it to management and plant operators. This 
feedback allows plant operators to improve the efficiency of the operations. 
This technology was one of the most common recommendations in the AID- 
sponsored audits. 

5.3.1.4 Summary and Expected Results 

The pilot programs will obtain experience with DSM technologies and customer response. 
The pilot programs will also develop and refine the approach for marketing the DSM 
programs. 

RCGIHagler, Bailly , Inc. 
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The schedule for the program is 80 weeks, as indicated in Exhibit 5-29. There is some 
overlap because several activities can occur. The longest part of the schedule is in offering 
the program to the customers. 

The budget for the DSM pilot program is $1.5 million estimated as follows: 

Program design and administration 
DSM demonstration in buildings 
DSM demonstration in industry 
Total 

Exhibit 5-29 
Schedule for Pilot Program Development 

Project Start-up 

Market Research and Determine Incentive Levels 

Program Design 

Implementation 

Evaluation 

Preparation for FullScale Development 

Week 0 

Week 1-8 

Week 6-12 

Week 13-80 

Week 60-80 

Week 60-80 

5.3.2 Institutional Development 

The actions required in this area include: 

b Developing the legislative framework required for IRP in the legislation being 
developed concerning electricity 

F Developing the regulatory framework (the institutions and regulations to carry 
out IRP according to the law) 

b Establish organizational functions at NEK and the sales branches: 

b NEK Planning Department 

Develops forecasts of demand and availability of supply-side 
resources 
Analyzes long-run marginal cost of service 
Prepares the IRP (supply and demand sides) 

RCGmagler, Bailly, Inc. 
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8 Performs cost-benefit assessments of DSM measures and 
programs 

b NEK DSM Department 

8 Develops pilot programs to be implemented by branches 
8 Trains branch personnel to implement program 
8 Performs evaluations of program impacts 
8 May perform major DSM studies for large customers. 

b DSM Departments at the Sales Branches or Distribution Companies 

w Implements programs - works with customers, builders, ESCO, 
and other trade allies 

8 Performs audits, or retains an independent firm to perform 
audits 
Inspects applications to ensure that measures have been installed 

8 Authorizes and pays customer (or ESCO) for measures that have 
been installed. 
Carries out customer load research. 

5.3.3 Load Research and DSM Assessment 

5.3.3.1 Customer Load Research 

The characteristics of customers' use of energy is one of the most important factors in 
determining the future electric sector investment plan. There are very little detailed data on 
energy consumption by end use over the day or year. End-use load shape data are necessary 
for the complete analysis of DSM options. 

A customer research group should be created at NEK (or other appropriate agency), and 
provided with the instrumentation required to carry out load research projects. 

As part of the load research project, various sectors and types of types of loads are 
identified. Then, a sample of these loads are metered, and data are collected over a period 
of time to obtain information on peak demand and load shape. 

Load research is usually an on-going process. Its initial use will be for DSM analysis. 
Later, load research can be used to evaluate the impact of DSM pilot programs. Load 
research is also used by many utilities for cost allocation and rate design. 

The schedule should call for the design and developnlent of the load research program for 
weather-sensitive loads over the spring and summer, with meters installed in the fall. 
Recordings would occur over the winter, and data analysis is scheduled for next spring. 

RCGIHagler, Bailly , Inc. ?I#? 
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Non-weather-sensitive loads such as industrial loads could be surveyed at the same time, or 
following the winter analysis by rotating the meters. Final results for this study are 
anticipated within one year, though this monitoring is expected to be on-going. 

5,3,3.2 DSM Assessment 

Additional data on the costs of DSM measures and develops estimates of program impacts is 
needed to develop better estimates of the projection of the impact of DSM and for the 
economic analysis of DSM measures and programs. 

In addition to load research, an appliance saturation survey of residential customers is needed 
to determine appliance saturation. An effective means of developing end-use data is to 
perform a conditional demand analysis (CDA) of the appliance saturation data. CDA uses 
statistical techniques to estimate average consumption by the appliances owned in households 
(refrigerators, water heaters, space heaters, lighting and other equipment). Given a baseline 
of actual appliance consumption, more accurate estimates of DSM impact can be developed. - 

Building simulation models should be considered for use in estimating the energy use by the 
structure or occupants. These types of models are particularly useful for simulating energy 
use for space heating based on heat losses through walls, windows, floors, and ceilings. The 
building simulation models would need to be based on survey, audit, or load research data. 

Building simulation models can provide a baseline consumption level and then can examine 
the impact on energy use of installing DSM measures. 

Building energy audits should also be performed to obtain data and identify the potential for 
DSM. These audits will obtain baseline data that cannot be adequately obtained by surveys. 
Approximately 200 walk-through audits will be performed in institutional buildings. 

The detailed data obtained will be used to improve the DSM assessment provided in this 
report by giving load shape impact data and better data on the cost of implementing measures 
in Bulgaria. In this report, only peak demand and annual energy impact from a DSM option 
were considered; the detailed analysis will consider the load shape impact of the measure 
over the entire year. Detailed analysis uses computer programs such as DSManager 
(available from Electric Power Research Institute, EPRI). 

The detailed DSM assessment is expected to be completed in 10 to 12 months. 

RCGIHagler, Bailly , Inc. 
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EXECUTIVE SUMMARY 

S.l.1 Project Overview 

This report presents partial results of work performed as part of the energy sector assistance 
provided to Bulgaria by the U.S. Agency for International Development. It was prepared as part 
of Task 1 - Electricity Sector Study and Action Plan, by RCGIHagler, Bailly, Inc. as part of the 
A.I.D. Eastern Europe Regional Energy Efficiency Project's Energy Pricing, Energy Efficiency, 
and Energy Sector Restructuring Component. The report prepares a forecast of electricity 
demand. 

Under Task 1 - Electricity Sector Study and Action Plan, Hagler, Bailly also prepared 
companion reports on the organization of the National Electric Company (NEK) and an 
assessment of the potential for Demand-side Management (DSM). Bechtel Corporation, under 

8 subcontract from Hagler Bailly, prepared a report on environmental improvement opportunities 
in thermal power generation, also under Task 1. 

The objective of this study area was to develop a demand forecast for use in investment and 
operations planning. 

The scope of the analysis was limited to analysis of the following data: 

reports and other published data provided by NEK and COE; 

electronic spreadsheets of monthly energy consumption for 1991-92 for 106 
largest consumers, provided by NEK; 

survey of largest consumers, carried out by Hagler, Bailly and DBC on behalf of 
COE. 

Hagler Bailly's analysis was carried out from October 1992 to February 1993, and resulted in 
thedemand forecastdescribed in this report. Near the end of this study period, the G-7 ordered 
the World Bank to carry out an assessment of electricity demand in  Bulgaria, including 
development of a forecast. The World Bank reviewed the results of the latest forecast developed 
by NEK at the time, and adopted NEK's forecast for use in the report to the G-7. NEK's 
forecast fully reflected the consultations with Hagler Bailly over the period, and was markedly 
less optimistic than the forecasts which were first shown to the World Bank, USAID, Hagler 

RCGIHagler, Bailly, Inc. 



EXECUTIVE SUMMARY - BULGARIA ELECTRICITY DEMAND FORECAST S-2 

Bailly, and others in 1992. The NEK forecast is within the band of forecasting uncertainty of - 

the Hagler Bailly forecast, and so we agree that the NEK forecast should be adopted for least 
cost planning studies. 

S.1.2 Background and Recent History of Electricity Demand 

Beginning in 1990, the Bulgarian economy went into severe recession. Production decreased 
from most factories, traditional markets and trading partners were lost, centralized production 
structures were dismantled, state subsidies were cut drastically, prices increased, and 
unemployment grew rapidly. During this period, Bulgaria was faced with particularly acute 
energy problems, including power outages. 

Total consumers' electric energy demand in Bulgaria in 1992 was 25 % less than the maximum 
recorded in 1988. Reductions in annual energy sales (comparing 1992 with 1988) were 34% 
for industrial, 4% for households (no real price increases occurred in this sector until 1991), and 
28 % for other consumers (agriculture, transportation, public buildings). Analysis of the load 
duration curves reveals that most of the reduction in demand has occurred during summer 
months, and that some reduction has occurred during off-peak periods in the winter. 

8 Peak power demand (absolute maximum gross MW recorded during the year) has reduced less 
than energy demand, and is now 15% less than the maximum recorded in 1989. During 1991 
(the base year for this study), the maximum was recorded in January (7,500 MW), and August 
experienced the lowest peak (4,300 MW). 

S.2 RESULTS OF INDUSTRIAL ENERGY SURVEY 

The largest industrial consumers in Bulgaria are judged to be at the greatest risk of losing their 
market, and their ability to cope with this dislocation will determine their survival, and thus their 
demand for electricity. To develop a better understanding of the conditions at these large 
consumers, a survey of the NEK's 106 largest electrical consumers was commissioned by 
RCGlHagler Bailly as part of the project. Hagler Bailly subcontracted with DBC, a private 
Bulgarian firm, to carry out the work. 

In general, the survey responses reflected the dire economic conditions and the need to find new 
markets. However, on balance it seems that these plants may have reached the bottom, with 
1993 production and electricity usage not expected to decline much further. 

According to NEK, Bulgaria now has nine large industrial cogenerators (with capacities of 20 
MW or greater). Six of the 61 plants surveyed can generate their own electricity, but the survey 
discovered that two of these do not operate their generators regularly. 

RCGIHagler, Bailly, Inc. 
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-- - 

@ Electric motors and lighting are the dominant loads in the plants surveyed, and less than half 
have installed efficient lighting systems (such as high pressure sodium). Process loads are 
significant in the chemicals and metals industries for electrolysis, heat treatment, furnaces, and 
rolling mills. 

Most plants surveyed are interested in energy conservation, and are willing to invest in such 
projects. Most have ideas for projects, but have not implemented them for lack of funds or for 
fear that they might disrupt production. Energy audits have been conducted in half the 
enterprises, but respondents indicated problems with the quality of the energy audits. 

S.3 DEMANDFORECAST 

S.3.1 Review of Previous Forecasts of Electricity Demand 

Several forecasts of electricity demand in Bulgaria have been completed over the past several 
years. Prior forecasts differ because of differences in scenarios, differences in forecasting 
techniques, and differences in data. However, the more recent forecasts that build on the data 
obtained after the initiation of Bulgaria's transition to a market economy will more accurately 
capture the Bulgarian economy's energy response to this transition and the probable future of -. 

8 el&tricity demand. 

The forecasts are summarized graphically in Exhibit S-3-1, and listed below. 

Forecast by NEK, the guidance from the World Bank, in 1992, with three 
variants: 
-- most likely scenario 
-- high demand scenario 
-- low demand scenario 

Forecast by Equipe Cousteau for the EBRD in 1992 

Forecast by Prof. Gordon Hughes for the World Bank in 1991 

Energoproekt forecast 199 1 (high and low demand scenarios) 

These forecasts establish a range of exp.ected demand in the year 2000 from 35-50 TWhl. The 
spread of these forecasts indicates a high level of uncertainty. 

a The NEK most likely scenario shows 46 TWh in year 2000. 

RCGIHagler, Bailly, Inc. 



Exhibit S-3- 1 
Bulgaria - Total Electricity Demand 

Comparison of Previous Forecasts 

- 

L 

I 

- NEKfWorld Bank - Hughes Cousteau - - Energoproekt 
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EXECUTIVE SUMMARY - BULGARIA ELECTRICITY DEMAND FORECAST S-5 

S.3.2 Scenarios Selected for Forecasting Electricity Demand 

For the purposes of this report, three scenarios were developed. The scenario assumptions are 
summarized briefly in the table below, in terms of the economic growth, electricity efficiency, 
and other factors important to electricity demand: 

ELECTRICITY DEMAND SCENARIOS 
Variables Moderate High 

Economic Growth low low high 
Inflation high high med 
Electricity Prices market market market 
Industry DSM low med high 
Household DSM low med high 

RCGIHagler, Bailly, Inc. 



EXECUTIVE SUMMARY - BULGARIA ELECTRICITY DEMAND FORECAST S-6 

S.3.3 Demand Forecasting Techniques 

Separate forecasts were developed for households, industry, and the other sectors. 

For households, we first developed an econometric equation based on income and price 

@ 
elasticities. The estimation used elasticities of income and price that are slightly higher than one 
would expect for a centralized economy and lower than that of a free market economy. The 
price elasticity was high, because the real price of electricity in Bulgaria generally declined for 
the last 12 years, with only variation from the long term trend in 1990 and 1991. The partial 
elasticities are: 

Elasticity of real income 0.603 
Elasticity of real electricity price -0.381 

However, the analysis revealed that the large price increases expected in the first few years 
caused the forecast to drop below what we judged to be bare minimum for heating, cooking, and 
light. Therefore, we adjusted the results to account for these technical factors. 

For industry, the survey (see above), together with consumption data for large customers and 

8 by industrial sector obtained from NEK, were used as the basis for a disaggregated approach, 
developing estimates of prospects for each of the large customers, and for each sector for 1993 
and beyond. 

We identified the electricity use patterns in the separate industries and developed forecasts of 
electricity use at this disaggregate industry level. We also identified those industries with more 
mature domestic markets and international markets that are most likely to succeed. In addition, 
estimates were made of the likely changes in electricity intensity in each industry in the future, 
as Bulgaria develops in the direction of the intensities in Western Europe industries. The speed 
of the changes will depend on the growth of domestic and international markets and the focus 
of the government programs. 

The following industries were forecast as higher than average growth sectors: electrical 
equipment and electronics, glass and ceramics, agriculture, transportation and communication. 

The following industries were forecast as relatively average growth sectors: non-ferrous metals, 
engineered metal products, textiles, food and beverage, construction, public sector buildings. 

The following industries were forecast as lower than average growth sectors: iron & steel 
(ferrous metals), chemicals, building materials, timber, pulp & paper. 

RCGIHagler, Bailly, Inc. 



EXECUTIVE SUMMARY - BULGARIA ELECTRICITY DEMAND FORECAST S-7 

@ Future changes in peak demand will depend mainly on the possible recovery of equipment which 
has been shut down, or installation of new electrical equipment over time. Secondary effects 
will result from the future development of prices during peak periods, and the possible 
installation of demand control equipment. For the purposes of this analysis, these effects have 
been simulated by tracking the rate of change of GDP. 

The demand forecasts are forecasts first of energy sales. The sales forecasts were then increased 
(to achieve "total demand") by adding estimated losses and station use of electricity. Station use 
was held constant at 11.1% of gross generation. Losses were brought back to a historical 
normal level of 11.5 % (of energy for distribution) over a five year period. Exports and imports 
were ignored, and power purchases were held constant. 

S.3.4 Demand Forecast Results 

A summary of the assumptions and results for the expected case is shown in Exhibit S-3-2. 

demand for electricity in the household sector continues to decline, reaching a 
minimum of 8,400 GWh in 1995, then climbs, reaching 11,000 GWh in 2010. 

in the industrial sector, demand drops slightly, with a minimum of 13,300 GWh 
in 1994-96, and then begins a gradual climb to 17,000 GWh in 2010. 

total electricity sales reach a minimum of 28,000 GWh in 1994-96 and then rise 
gradually to its 1988 level of 35,600 GWh around year 2008. 

peak demand reaches a minimum of 6,500 MW in 1994-95, then increases to 
9,600 MW by 2010. The 1989 peak of 8,332 MW is reached again in year 2005. 

RCGIHagler, Bailly, Inc. 



Exhibit S-3-2 
BULGARIA 

ELECTRICITY DEMAND FORECAST 
EXPECTED CASE - MODERATE SCENARIO 

ASSUMPTIONS 
GDP Grawth 

Real Electricity Pricechanges 
Households 
Industry 

Population Growth 

Changer in Industrial Electricity Intensity 
Grawth Sectors 
Constant Sectors 
Declining Sectors 

FORECAST O F  ELECTRICITY SALES. G W h k a r  

Household Sector 

Industry Sector 

Other Sectors 

Total Sales 

IF GBN 
3.489 

11.5% 

30,341 

750 

0 

0 

3,035 

4,035 

11.2% 

35,912 

6,681 

FORECAST 4 RATION REQUIREMENTS, GWhlycar 

3.534 3,592 3,656 3,721 3,782 3,844 

11.5% 11.5% 11.5% 11.5% 11.5% 11.5% 

30.732 31.238 31,792 32360 32889 33,429 

750 750 750 750 750 750 

0 0 0 0 0 0 

0 0 0 0 0 0 

3,084 3,145 3,221 3,298 3,377 3,458 

4,089 4,157 4.233 4,310 4,383 4,456 

11.2% 11.2% 11.2% 11.2% 11.2% 11.2% 

36,405 37.041 37,745 38,469 39,149 39.843 

6.815 6.985 7,194 7,410 7,633 7,862 

Distribution Losses 

Losses (pct of for distribution) 

For Distribution 

Power Purchases from Factories & Others 

Imports 

Exports 

Factory Self- Generation 

Power Plant Auxiliaries 

Auxiliaries (pct of gross generation) 

G r o u  Total Demand 

Peak Demand (MW) 

4,119 3,887 3,725 3,603 

13.5% 13.0% 12.5% 12.0% 

30,509 29,897 29,798 30.023 

750 750 750 750 

0 0 0 0 

0 0 0 0 

3,024 2,975 2975 2999 

4,058 3,975 3,961 3.992 

11.1% 11.1% 11.1% 11.2% 

36.701 35,795 35,533 35.664 

6,650 6.517 6,517 6,582 
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The low demand case is shown in Exhibit S-3-3. 

demand for electricity in the household sector continues to decline, reaching a 
minimum of 8,000 GWh in 1995, then climbs, reaching 10,000 GWh in 2010. 

in the industrial sector, demand continues to drop, with a minimum of 12,500 
GWh in 1996-97, and then begins a gradual climb to 15,000 GWh in 2010. 

total electricity sales reach a minimum of 26,600 GWh in 1995-96 and then rise 
gradually to 32,000 GWh in year 2010, but never reach the 1988 level of 35,600 
GWh. 

peak demand reaches a minimum of 6,100 MW in 1994-97, then increases to 
8,300 MW by 2010, the same as the historical maximum of 8,332 recorded in 
1989. 

RCGIHagler, Bailly, Inc. 
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The high demand case is shown in Exhibit S-3-4. 

demand for electricity in the household sector declines slightly, reaching a 
minimum of 8,700 GWh in 1995, then climbs, reaching 12,800 GWh in 2010. 

in the industrial sector, demand holds firm at 13,600 GWh until 1996, and then 
begins a gradual climb to 19,500 GWh in 2010. 

total electricity sales reach a minimum of 28,700 GWh in 1994 and then rise 
gradually to 41,000 GWh in year 2010, but never reach the 1988 level of 35,600 
GWh. 

peak demand holds at 6,900 MW until 1996, then increases to 12,300 MW by 
2010, passing the historical maximum of 8,332 in year 2002. 

RCGIHagler, Bailly, Inc. 



Exhibit S-3-4 
BULGARIA 

ELI4CTRICITY DEMAND FORBCAST 
HIGH DEMAND SCENARIO 

1993 

ASSUMrnONS 

GDP Growlh -2.0% 
Real Electricity Price. Changes 
Households 75.0% 
Industry 0.0% 

Population Growth 0.2% 

Changer in Industrial Electricity Intcnaity 
Growth Sectors 0.0% 
Constant Sectors -3.0% 
Declining Sectors -7.0% 

Household Sector 9,164 8,824 8,723 8.8U) 8.944 9,112 
Industry Sector 13,616 13.572 13,601 13,680 13,849 14,112 
Other Sectors 6,145 6,325 6,537 6,729 6,918 7.075 

Total Salcs 28,925 28,721 28,861 29,229 29,711 30,299 

FORECAST OF GENBRATtON REQUIREMENTS. G W y e a r  

Dislribution Losses 4,168 3,984 3,847 3,738 3,638 3,705 
Losses (pct of for distribution) 13.5% 13.0% 12.5% 12.0% 11.5% 11.5% 

For Distribution 30,877 30,646 30,776 31,149 31,637 32221 

Power Purchaser from Factoricr & Othcrr 750 750 750 750 750 750 

Imports 0 0 0 0 0 0 
Exports 0 0 0 0 0 0 
Factory Self-Generation 3,099 3,099 3,124 3.162 3,212 3,283 

Power Plant Auxiliaries 4,108 4,077 4,094 4,145 4,212 4,292 
Auxiliaries (pct of gross generation) 11.0% 11.1% 11.1% 11.2% 11.2% 11.2% 

Grou Total Demand 37,202 36,782 36,803 37,112 37,561 38,296 

Peak Demand (MW) 6,860 6.860 6.929 7.033 7.173 7,370 
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S.3.5 Comparison of Demand Forecasts 

These three scenarios are compared in a series of graphs. Each graph also shows the historical 
situation since 1975, for clarity. 

A comparison of the changes iithe total domestic sales of electricity are provided 
in Exhibit S-3-5. In year 2000, the high scenario has a 15% greater level of 
electricity demand than the low scenario. 

Gross total electricity demand, including power plant auxiliaries and distribution 
losses, is shown in Exhibit S-3-6. 

Annual maximum peak demand is illustrated in Exhibit S-3-7, and shows a 
different pattern, consistent with the economic restructuring away from heavy 
industry. 

RCGIHagler, Bailly, Inc. 



Exhibit S-3-5 
Bulgaria - Total Domestic Sales 

Comparison of Scenarios 

- Expected ' : High - Low 



Exhibit S-3-6 
Bulgaria - Total Electricity Demand 

Comparison of Scenarios 

- Expected High - Low 



Exhibit S-3-7 
Bulgaria - Annual Peak Demand 

Comparison of Scenarios 



1 INTRODUCTION 

1.1 PROJECT OVERVIEW 

This report presents partial results of work performed as part of the energy sector assistance 
provided to Bulgaria by the U. S. Agency for International Development. It was prepared as part 
of Task 1 - Electricity Sector Study and Action Plan, by RCGIHagler, Bailly, Inc. as part of the 
A .I. D. Eastern Europe Regional Energy Efficiency Project's Energy Pricing, Energy Efficiency, 
and Energy Sector Restructuring Component. The report prepares a forecast of electricity 
demand. 

Under Task 1 - Electricity Sector Study and Action Plan, Hagler, Bailly also prepared 
companion reports on the organization of the National Electric Company (NEK) and an 
assessment of the potential for Demand-side Management (DSM). Bechtel Corporation, under 
subcontract from Hagler Bailly, prepared a report on environmental improvement opportunities 
in thermal power generation, also under Task 1. 

The objective of this study area was to develop a demand forecast for use in investment and 
operations planning. 

The scope of the analysis was limited to analysis of the following data: 

reports and other published data provided by NEK and COE; 

electronic spreadsheets of monthly energy consumption for 1991-92 for 106 
largest consumers, provided by NEK; 

survey of largest consumers, carried out by Hagler, Bailly and DBC on behalf of 
COE. 

Hagler Bailly's analysis was carried out from October 1992 to February 1993, and resulted in 
the demand forecast described in this report. Near the end of this study period, the (3-7 ordered 
the World Bank to carry out an assessment of electricity demand in Bulgaria, including 
development of a forecast. The World Bank reviewed the results of the latest forecast developed 
by NEK at the time, and adopted NEK's forecast for use in the report to the G-7. NEK's 
forecast fully reflected the consultations with Hagler Bailly over the period, and was markedly 
less optimistic than the forecasts which were first shown to the World Bank, USAID, Hagler 
Bailly, and others in 1992. The NEK forecast is within the band of forecasting uncertainty of 

a the Hagler Bailly forecast, and so we agree that the NEK forecast should be adopted for least 

RCGtHagler, Bailly, Inc. 



INTRODUCTION 1-2 

cost planning studies. 

1.2 HISTORICAL ELECTRICITY USE 

In 1991 total installed capacity in Bulgaria was 12,074 MW, of which 10,460 MW is owned by 
NEK. District heating companies have an installed capacity of 574 MW in combined heat and 
power . Industrial enterprises have an installed capacity of 1,040 MW, mostly also combined 
heat and power. 

Exhibit 1-1 illustrates the historical electrical energy balance in Bulgaria for 1975 and 1980-92. 

RCGtHagler, Bailly , Inc. 



Exhibit 1 - 1 

BULGARIA 
HISTORICAL ELECTRICITY BALANCE 

Gross Generation 

Power Plant Auxiliaries 

Auxiliaries (pct of net production) 

Net Generation 

In~ports 

Exports 

Power Purchases from Factories & Others 

Total For Distribution 

Distribution Losses 
Losses (pct of for distribution) 

Final Sales 

Household Sector 

Industry Sector 

Other Sectors 

Factory Self-Generation 

Total Consumers' Demand 

Gross Peak Demand (MW) 

Load factor 

based on Total for Distribution 

based on Net Generation 

based on Gross Generation 
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@ Key points shown in Exhibit 1-1 include the following: 

Total consumers' electric energy demand in Bulgaria has taken a sharp drop, and 
is now 25% less than the maximum recorded in 1988. After dropping about 6% 
in 1990, total energy demand plummeted more than 13% during 1991 and 
dropped a further 7% during 1992. 

However, the reduction in electricity usage was not uniform across all sectors. 
Until 1992, the drop in demand was concentrated, for the most part, in the 
industrial sector as this sector fought to adjust to a market economy. 

Transmission and distribution losses increased substantially in 1991. This is 
probably due to energy diversion following increases in tariffs. 

Peak power demand (absolute maximum recorded during the year) has reduced, 
but much less than energy demand, and is now 15% less than the maximum 
recorded in 1989. The drop in 1990 (from 8,332 MW to 8,111 MW) amounted 
to 2.6% and in 1991 a further 7.7% to 7,489 M W  and finally to 7,050 MW in 
1992. 

Classifying energy sales (GWHIyear) into three groups, reductions since 1988 are 
as follows: 
-- industrial sales are down 34 % 

-- household sales are down 4 % 

-- other (agriculture, transportation, public buildings) sales are down 28 % 

Power generation by industrial enterprises peaked in 1985 at 4,688 GWh, and has 
since declined by 33 % . 

Exhibit 1-2 presents the peak demand for each month of 1991. The maximum was recorded in 
January (7,500 MW), and August experienced the lowest peak (4,300 MW). The difference of 
more than 3,000 MW is attributed to the demand for heating. 

Exhibit 1-3 presents the Load duration curve for the NEK system for two years, 1982 and 1991. 
The difference between the two curves shows that most of the reduction in demand has occurred 
during summer months, and that some reduction has occurred during off-peak periods in the 
winter. 

Exhibit 1-4 shows the daily load curve for typical working days in January 1991 and July 1991. 
The load swing in winter is only about 13% between peak and minimum, whereas in summer 

a it is more than 25 %. 
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Exhibit 1-3 
Load Duration Curve 

Bulgaria -- 1991 and 1982 

Duration of Load (Hours per Year) 
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0 1,2,1 Industrial and Commercial Sales by NEK 

Industrial electric energy sales remained fairly constant during the latter part of the 1980s at 20- 
21,000 GWh per year through 1989. In 1990, sales decreased about 7% and in 1991, sales 
decreased a further 23 % . 

Data were provided by NEK for the breakdown of electricity consumption by industrial sector, 
and individually for the 106 largest electricity consumers. These data are summarized in Exhibit 
1-5. 

The dramatic drop in industrial electricity use in 1991 from 1990 was virtually universal across 
all sectors. Plants reduced their operations significantly and some shut down completely. The 
data indicate the greatest declines (using 1989 as a base) in the following sectors: 

-- chemicals (38%) 
-- pulp & paper (45 %) 
-- timber (34%) 
-- food & beverage (25 %) 
-- construction (30 %) 
-- public sector buildings (34%) 

1.2.2 Household Sales by NEK 

During the decade of the 1980s, the price of electricity to households remained constant, and 
so, with inflation, the real price of electricity drifted downwards. No real increases in 
household tariffs occurred until 1992. 

Referring back to Exhibit 1-1, household electricity demand increased steadily over the several 
years leading up to 1991. During 1991, while total electricity consumption was decreasing 
almost 15%, household consumption decreased by less than 1 %. However, with substantial 
increases in tariffs, reductions in demand began in 1992, and sales were down about 8%. 

1.3 FACTORS INFLUENCING DEMAND 

Several factors influence the demand for electricity. The two primary effects are: 

Income - For the industrial sector, the health of the economy, both local and 
worldwide, determines the demand for goods and services, and in turn, this 
determines the demand for electricity. For households, income affects ability to 
buy electric appliances or even electric energy itself. 

RCGIHagler, Bailly, Inc. 



Exhibit 1-5 
BULGARIA 

RECENT ELECTRICITY SALES 
TO IWDUSTRY SECTORS AND LARGEST CUSTOMERS 

Ferrous Metals 1 2,988 
' 

3,029 
Promet (S) 
Kremikovtsi (S) 
Stomana 
Other 

Non - ferrous Metals i 1,878 1,906 
Medril Mihi 
Chiprovech 
Polimet 
MDP "Elatsite" 
GORYBSO-AD IVru 

I 
OTSK-OOD 
Olovo i Tsink 
OP "Elatsite" 
Redki Metali 
Medodobiven K. (S) 
D. Blagoev (S) 
Alumina 
OTSM (S) 
Other 

Chemicals 
Kaltsit (S) 
Neftohim (S) 
Agropolihim 
Polimeri 
TK "Sod?'-star 
F "Neohim" 
Agrabiohim 
HIMKO 
Yambolen 
Plasthin 
Lateks (S) 
Geoson 
Gavril Genov (S) 
P. Karaminchev 
Smyadovo - 0 OD 
Odesos (S) 
Antibiotik (S) 
Other 

Engineering - metallic products 2,212 2,159 
Energorem. 3 -D (S) 
K- t za Traktori 
Osam 



Exhibit 1-5 
BULGARIA 

RECENT ELECIXICJTY SALES 
TO INDUSTRY SECTORS AND LARGEST CUSTOMERS 

Akumikar 
Fitingi 
LEKO-KO 
s= (S) 
ZTM-OOD (S) 
Korabostr. -0OD 
Madara 
G, Dimitrov (S) 
TKEP "6 Sept." (S) 
ZMM-AD (S) 
MK "VMZ" 
Progres 
Varn. Korabostr. (S) 
Veslets 91 
K & f E T  (S) 
Rekora (S) 
Other 

Electrical & Electronics 
B. Kolarov 
Eltos 
Feromagniti 
Svetlkna 
Elprom - Dinamo 
Elprom - ZEM - ad (S) 
D S U  
Elima 
Elkom (S) 
Other 

Building Materials 
Beloiz. Tsiment 
Devn. Tsiment 
Bulkan 
Izida 
P1. Tsiment 
Z1. Panega 
Han Asparuh (S) 
Kaolin (S) 
Other 

Timber 

Pulp & paper, wood products 
Rulon -1skar (S) 
PHHI 
TKTSH 
ZMK (S) 



Exhibit 1-5 
BULGARIA 

RECENT ELECI'RICITY SALE!3 
TO INDUSTRY SECTORS AND LARGEST CUSTOMERS 

Lesil 
St. Kirajiev (S) 
l-mrrs (S) 
Other 
Glass 
Belopal 
Kitka 
Fayans 
Rubin 
Drushba 
Kvarts 
Diamant (S) 
Other 

Textiles 
Manuela 
Dobruja 
Sliteks 
Vratitsa 
Other 

Food & Beverage 
N. Vaptsarov 
Tyot. Kombinat (S) 
MEZ "Kambana" (S) 
SKPPPMYA (S) 
Other 

Other Industries 
Bules (S) 
Cherno More (S) 

Construction 

Agriculture 

Transport & Communications 

Public Sector 
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Price - Low electricity tariffs encourage greater consumption, and higher prices 
should lead to conservation. The structure of tariffs (for example, amount 
charged to large industrial customers as compared to households) is very 
important in determining sector demand. 

Secondary effects are: 

Structure of industry - As the prices of energy and inputs increase, the cost of 
producing goods increases. Those goods that have the greatest increases in 
productivity or are the most energy efficient in production will tend to be 
relatively lower cost industries, and the demand for goods will shift towards these 
industries. This shift will bring about a scale effect as inefficient plants close and 
a substitution effect as demand is shifted to the more electricity-efficient 
industries. 

Energy conservation programs - The government can directly affect the demand 
for electricity through the level of its promulgation of energy conservation 
programs. 

Privatization - The government indirectly affects the use of electricity by its 
industrial policies. The industries that the government promotes through either 
subsidies or by assisting in the privatization process should become more healthy, 
affecting the eventual demand for electricity. 

Commercial services - The privatization process will also spur the development 
of the commercial sector, which will require electricity for lighting, cooking, 
refrigeration, heating, ventilation and air conditioning. 

Weather conditions - Bulgaria's peak demand increases by more than 3,000 MW 
in the winter, so a cold winter will cause an increase in demand. 

Household formation - Population growth and residential construction leads to the 
formation of new households and the creation of new customers. Since 1980, 
population growth has average only about 0.2% per year in Bulgaria. 

Regional digerences - The demand for electricity varies by region, because of the 
concentration of industry, the size of the population, and differing weather 
patterns. The historical regional distribution of electricity sales is provided in 
Exhibit 1-6. The change in electricity use varies over time by district, with some 
districts increasing their share as their decreases in electricity use are less than 
other those of other districts. 

RCGlHagler, Bailly, Inc. 



INTRODUCTION 1-13 

Exhibit 1-6 
SALES OF ELECTRICITY BY REGION (GWh) 

Year 1985 1986 1987 1988 1989 1990 1991 

Sofia C i ty  
Sofia D i s t r i c t  
P L even 
G. Oryahvitza 
Varna 
St. Zagora 
Plovdiv 

Total 

RCGIHagler, Bailly , Inc . 



2. RESULTS OF INDUSTRIAL ENEXGY SURVEY 

The largest industrial consumers in Bulgaria are judged to be at the greatest risk of losing their 
market, and their ability to cope with this dislocation will determine their survival, and thus their 
demand for electricity. To develop a better understanding of the conditions at these large 
consumers, a survey of the NEK's 106 largest electrical consumers was commissioned by 
RCGIHagler Bailly as part of the project. Hagler Bailly subcontracted with Dimitar Baev - 
DBC, a private Bulgarian firm, to carry out the work. 

2.1 OBJECTIVE 

The objective of the survey was to poll the 106 largest industrial electricity consumers with 
respect to their electricity consumption, business and economic activity, electrical generation at 
the facility (if any) and energy efficiency. 

2.2 ACTIVITIES 

The project included the following tasks: 

1) An English draft survey instrument was developed by Hagler, Bailly, and subsequently 
a Bulgarian version of the survey questionnaire by DBC, taking into account locally- 
accepted survey techniques by means of network of interviewers, as well as the 
recommendations of the experts from the Committee of Energy. 

2) A test run of the survey was made in 7 enterprises in Sofia to verify that the survey 
instrument was acceptable. Based on the results, Hagler, Bailly determined that a two- 
stage methodology was required. 

3) The survey instrument was distributed to the 106 largest electric consumers, and personal 
visits were made to each site in an attempt to achieve a high response rate to the survey. 

4) For those who agreed to participate, on-site interviews were done by a nationwide 
network of interviewers (comprising over 20 interviewers) over the period November - 
December 1992. 

5 )  A follow-up survey was conducted in the cooperating industries in December 1992 - 

RCGIHagler, Bailly, Inc. 



RESULTS OF INDUSTRIAL ENERGY SURVEY 2-2 

January 1993 to obtain more quantitative data on energy consumption and production, 
and to evaluate the plant's attitudes toward energy conservation. 

6)  A data base was created containing the data from all the responses of the questionnaires. 

7) Statistical analysis of the results was carried out by DBC. 

8) Reports were prepared for both the main and the follow-up surveys by DBC, and 
provided to Hagler, Bailly and Committee of Energy. 

2.3 DESCRIPTION OF THE SURVEY 

2.3.1 Conditions in which the survey was conducted 

The survey was influenced by number of factors, characteristic of the state of the Bulgarian 
economy and industry: 

deep economic recession, and decrease of the production; 

loss of most of Bulgaria's traditional markets and trading partners; 

de-monopolization and disintegration of old production structures; 

considerable increase in the percentage of unemployment; 

slow rates of the progress of restructuring of the economy and privatization; 

substantial decrease of state subsidies and increase of the debts of the 
enterprises. 

During this period, Bulgaria was faced with particularly acute energy problems, including power 
outages. The period of the survey also coincided with government decisions for substantial 
increases in electricity tariffs and other energy prices. 

Finally, another important fact should be taken into account - that in Bulgaria there is no 
tradition for conducting such surveys in industry. 

2.3.2 Survey interview techniques 

The enterprises, subject to the survey are situated over the whole territory of Bulgaria, most of 
them being some distance from the large cities. From the point of view of the number of 

RCGtHagler, Bailly , Inc. 



RESULTS OF INDUSTRIAL ENERGY SURVEY 

questions as well as from the point of view of it's content, the study could be classified as 
technically complicated. 

The officials which took part in the filling up of the questionnaires, were as follows: 

Top managers of the enterprises (general directors, executive directors); 

Deputy directors, responsible for the economics or production; 

Chief power engineering specialists, or Heads of departments "Power 
engineering " ; 

Heads of departments "Planning and Economics"; 

Experts and specialists; 

As a rule several of them took part successively in the responding of the questionnaires. The 
mean time to receive the full response was 15-20 days. During that time it was necessary for 
the interviewers to visit the enterprise several times in order to stimulate a response to the 
questionnaires. - 

@ From the total of 106 questionnaires send, 61 responded (57% rate), and 35 of these responded 
to the follow-up survey (33 % response rate to full survey). In certain sectors of industry as coal 
mining, iron and steel, timber, construction and other branches the response rate was 100%. 
Of those who did not respond, some of the more important reasons were the following: 

The enterprises refuse in principle to accept questionnaires, because of the 
following motives: 

-- the questions represent firm's secrets; 
-- there are apprehensions of misuse of the information against the interests 

of the enterprise; 
-- essential structural and personnel changes are in progress; 
-- it is considered a priori that this is a pure waste of time. 

This group includes about 20 % of those who didn't answer. 

Enterprises which accepted the questionnaires, but didn't respond because of the 
following reasons: 

-- responding to the survey is of low priority, compared with the current 
operative tasks; 

-- it is impossible to create organization for joint completion of the 

RCGIHagler, Bailly, Inc. 
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@ questionnaires; 
-- fear of responsibility; 
-- during the progress of the filling up it is realized that more effort is 

necessary than originally considered; 
-- the questionnaire is left without control to somebody's working place, etc. 

This group is the largest and includes about 75% of those who didn't answer. 

The enterprise said that the questionnaires were completed and sent to the 
interviewers by post, but were lost. This is about 5% of those not responding. 

2.4 SUMMARY OF THE RESULTS 

2.4.1 Business and operating conditions 

Exhibit 2-1 shows the results of part 1 of the survey, which was intended to summarize business 
conditions and operating characteristics. The exhibit shows each survey item and a summary 
of the responses, by percentage. The percentages do not add up to 100% in those cases in 
which one or more respondents did not answer an item or judged two choices equal. 

As shown in Exhibit 2-1: 

Employment is in decline, and is expected to decline further in 48% of the sites; 

Plant capacity utilization declined significantly in 1991 (number of plants 
operating at 50 % capacity or less went from 11 % to 28 %) and slightly in 1992 
(35% of plants at 50% capacity or less), the largest declines were in the 
engineered products and chemicals/petroleum sectors; 

Capacity utilization is forecast to improve slightly in 1993 (only 20% at 50% 
capacity or less, with the food industry particularly optimistic); 

The principal factor required for recovery: 

-- new markets (mentioned by 57%); 
-- better management, efficiency, productivity or quality (20%); 
-- new technology (14 %); 
-- supply of raw materials (14 %); 
-- higher prices (6 %); 
-- economic recovery (6%). 

Half of the plants have made significant investments in the past two years, and 
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@ 43 % expect to make significant investments in 1993 (metallurgy industries expect 
to invest, pulp & paper does not); 

Privatization is expected in the next two years by only 20% of the plants; 

Backlogs of manufacturing orders are fairly good, and inventories are not 
excessive; 

0 Most plants work multiple shifts - 17% have changed working hours since 1990, 
and 9 % expect to change in 1993; 

Hours of operation correspond with NEK peaks, and 59 % work 24 hours per day; 

Solving manufacturing problems (such as marketing, raw material supply, quality, 
and productivity) are judged higher priorities than energy cost reduction; 

Among energy costs, electricity was the highest priority. 

RCGIHagler, Bailly , Inc. 



EXHIBIT 2-1 
BULGARIA 
SURVEY OF LARGEST ELECTRICAL CONSUMERS 
DECEMBER 1992 BY ET "DIMITAR BAEV - D B C  

PART 1 - SUMMARY OF OPERATIONS AND BUSINESS CONDITIONS 

I HOW MANY NUMBER OF EMPLOYEES AT THIS FACILITY? 
less than 1 000 1000- 2000 2000-5000 

38% 32% 18% 

HOW HAS THE NUMBER OF EMPLOYEES CHANGED IN THE LAST YEAR? 
reduced by: reduced by: reduced by: 

same increased 5-10% 10-20% more than 20% 
21 % 9% 39% 11% 1 3% 

HOW DO YOU EXPECT THE NUMBER OF EMPLOYEES TO CHANGE OVER THE NEXT YEAR? 
reduced by: reduced by: reduced by: 

same increased 5-10% 10-20% more than 20% 
52% 7% 23% 9% 5% 

WHAT IS THE BUSINESS OUTLOOK FOR YOUR INDUSTRIAL SECTOR? 
optimistic pessimistic not clear 

46% 2% 46% 

APPROXIMATELY WHAT PERCENT OF MAXIMUM CAPACITY DID YOUR ENTERPRISE PRODUCE? 
Year less than 25% 25 - 50% 51 -75% 76-100% - 

1990 4% 7% 27% 48% 
1991 7% 21 % 41 % 18% 
1992 5% 30% 43% 11% 

APPROXIMATELY WHAT PERCENT OF MAXIMUM CAPACITY DOES YOUR ENTERPRISE EXPECT TO PRODUCE IN 1993? 
- less than 25% 25 - 50% 51 -75% 76- 100% 

-- 0% --- 20% 41 % 21 % 

HAS YOUR ENTERPRISE MADE ANY SIGNIFICANT CAPITAL INVESTMENTS? 
Yes No 

In the last 2 years 50% 43% 
In the last 6 months 25% -- 61% -- 

S a 



EXHIBIT 2- 1 
BULGARIA 
SURVEY OF LARGEST ELECTRICAL CONSUMERS 
DECEMBER 1992 BY ET "DIMITAR BAEV - DBC 

PART 1 - SUMMARY OF OPERATIONS AND BUSINESS CONDIIONS 

I DOES YOUR ENTERPRISE PLAN TO MAKE SIGNIFICANT INVESTMENTS IN THE NEXT YEAR? ( 
Yes No 
43% 48% 

WHEN DO YOU ANTICIPATE THAT THIS ENTERPRISE WlLL BE PRIVATIZED? 
already done 0- 12 months 12-24 months more than 24 months not likely ever 

0% 11% 9% 36% 36% 

APPROXIMATELY HOW LONG IS YOUR ENTERPRISE'S BACKLOG OF ORDERS? 
months of production at current ptoduction rate 

less than 1 1 - 2  2 - 4  4 - 6  6 - 9 9 -  12 
11% 20% 11% 6% 11% 6% 

APPROXIMATELY HOW LARGE IS YOUR ENTERPRISE'S INVENTORY OF FINISHED PRODUCTS? 
months of production at current production rate 

less than 1 1 - 2  2 - 4 4 - 6 6 - 9 9 -  12 
23% 17% 6% 0% 0% 3% 

HOW DOES THE ENTERPRISE OPERATE DURING THE DAY? 
24 hourslday 2 shifts 1 shift 

59% 29% 13% 

I HOW MANY HOURS PER WEEK DOES THE MAIN PRODUCTION PROCESS OPERATE? 7 
less than 24 24-48 48 - 72 72-96 96- 120 120-144 144-168 

9% 17% 9% 12% 3% 9% 41 % 



EXHIBIT 2-1 
BULGARIA 
SURVEY OF LARGEST ELECTRICAL CONSUMERS 
DECEMBER 1992 BY ET "DIMITAR BAEV - DBC' 

PART 1 - SUMMARY OF OPERATIONS AND BUSINESS CONDITIONS 

WHAT ARE THE HOURS OF OPERATION OF THE PRODUCTION PROCESS AT YOUR ENTERPRISE? 
hours of Monday Tuesday Wednesday Thursday Friday Saturday S u n d ~  
operation 
0-1 62% 65% 65% 65% 65% 59% 56% 
1-2 62% 65% 65% 65% 65% 59% 56% 
2 - 3 62% 65% 65% 65% 65% 59% 56% 
3 - 4 62% 65% 65% 65% 65% 59% 56% 
4-5 62% 65% 65% 65% 65% 59% 56% 
5-6 68% 71% 71 % 71 % 71 % 62% 59% 
6 - 7 76% 76% 76% 76% 76% 65% 65% 
7-8 -- 82% - 82% 82% 82% 82% 68% 68% 
8-9 100% 100% 100% 100% 100% 74% 68% 
9 -  10 100% 100% 100% 100% 100% 74% 68% 
10 - 1 1  100% 100% 100% 100% 100% 74% 68% 
1 1  - 12 100% 100% 100% 100% 100% 74% 68% 
12 - 13 100% 100% 100% 100% 100% 74% 68% 
13 - 14 100% 100% 100% 100% 100% 71 % 68% 
14 - 15 100% 100% 100% 100% 100% 71 % 68% 
15 - 16 -- 100% 100% 100% 100% 100% 71 % 68% 
16 - 17 91% 91 % 91% 91 % 91 % 71 % 68% 
17 - 18 79% 79% 79% 79% 79% 65% 65% 
18 - 19 79% 79% 79% 79% 79% 65% 65% 
19 - 20 79% 79% 79% 79% 79% 65% 65% 
20 - 21 79% 79% 79% 79% 79% 65% 65% 
21 - 22 76% 76% 76% 76% 76% 62% 62% 
22 - 23 74% 74% 74% 74% 74% 62% 62% 
23-24 _ _  . - 71 % - 71% 71% - 71 % 71 % 62% 62% 

1s THERE BEEN ANY CHANGES TO THESE HOURS SINCE l99O? 
- -- - -- - Yes 

- . . - No 
17% 77% -- ---TI 

DO YOU EXPECT ANY CHANGES TO THESE HOURS IN 1993? 
Yes No 
9% 86% 



EXHIBIT 2- 1 
BULGARIA 
SURVEY OF LARGEST ELECTRICAL CONSUMERS 
DECEMBER 1992 BY ET "DIMITAR BAEV - DBC 

PART 1 - SUMMARY OF OPERATIONS AND BUSINESS CONDITIONS 

WHAT ARE NOW THE SHORT-TERM PRIORITIES IN YOUR ENTERPRISE? 
Percentage who ranked it (5 is top priority) 

Description of the problem -- 5 4 3 2 1 0 Score Rank 
Finding a way to sell more of our finished products 63% 14% 6% 
Obtaining reliable sources of raw materials 
Reducing the cost of production, not including energy 
Improving the quality of our products 
Reducing the cost of electric energy 
Managing people and improving labor productivity 
Maintaining our equipment, reducing break-downs 
Reducing the cost of fuel energy 
Reducing pollution, improving ecology 
Obtaining reliable sources of electric energy 
Dealing with inefficient government bureacracy 
Reducing the cost of heat energy 
Privatizing our plant 9% 11% 23% 0% 3% 54% 1.60 13 
Changing our plant to produce different products 6% 11% 14% 11% 6% 51% 1 .46 14 
Obtaining reliable sources of heat energy 14% 6% 0% 11% 6% 63% 1.23 15 
Reducing operations to meet the market conditions 3% 6% 17% 11% 3% 60% 1.14 16 
Obtainining reliable sources of fuel energy 0% 14% 9% 6% 11% 60% 1 .06 17 
Other - .- 3% 0% 0% 3% 0% 94% 0.20 18 
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2.4.2 Current and projected electricity usage 

Exhibit 2-2 shows the results of part 2 of the survey, which concerned electricity usage. Again, 
the exhibit shows each survey item and a summary of the responses, by percentage. The 
percentages do not add up to 100% in those cases in which one or more respondents did not 
answer an item. 

As shown in Exhibit 2-2: 

83% of the sites have a load of 10 MW or more; 

1992 electricity consumption was reduced from 1991 in 46% of the plants; 

1992 reductions were significant (10% or more) in 31 % of the plants, and very 
large (20% or more) in 20 % of the plants; 

1993 electricity consumption and peak usage is forecast to be the same as 1992, 
or higher, in 91 % of the plants; 

Peak demand (MW) seems be about the same as day MW; 

Reductions in peak demand have been significantly less than reductions in energy 
consumption, and this trend is expected to continue; 

The expected changes in electricity consumption are well correlated with the 
expected changes in production; 

RCGIHagler, Bailly , Inc. 



EXHIBIT 2-2 
BULGARIA 
SURVEY OF LARGEST ELECTRICAL CONSUMERS 
DECEMBER 1992 BY ET 'DIMITAR B A N  - DBC 

PART 2 - CURRENT AND PROJECTED ELECTRIC ENERGY USAGE 

WHAT IS THE ELECTRIC ENERGY CONSUMPTION FOR YOUR ENTERPRISE FOR 19927 
Gigawatt - hours (GWh): 

Period: less than 2 2-5 5 - 10 10 - 20 20 or more 
peakGWh 9% 51 % 1 7% 9% 11% 
day GWh 3% 1 4% 34% 23% 23% 

night GWh 14% 40% 9% 20% 1 4% 

TOTALGWh 3% 0% 11% 40% 43% 

[HOW IS YOUR ELECTRIC ENERGY CONSUMPION DISTRIBUTED FOR 1992? 
Peak energy Day energy Night energy 
22% 45% 32% 

HOW HAS THE TOTAL ELECTRIC ENERGY CONSUMPTION CHANGED IN COMPARISON WlTH 199 
CHANGE the same increased by ... decreased by ... 

0 31 % 
1-5% 6% 14% 
5-10% 0% 0% 
10-20% 6% 11 %  
20 - 50% 9% 17% 
> 50% 0% 3% 
TOTAL 31 % 20% 46% 

HOW DO YOU EXPECT THE TOTAL ELECTRIC ENERGY CONSUMPTION TO CHANGE IN 1993, COMPARED WlTH l992? 
CHANGE the same to increase by ... to decrease ... 

0 51 % 
1-5% 11% 0% 
5-10% 3% 0% 
10-20% 6% 3% 
20 - 50% 1 1 %  6% 
> 50% 9% 0% 

- TOTAL 51 % 40% 9% - 



EXHIBIT 2-2 
BULGARIA 
SURVEY OF LARGEST ELECTRICAL CONSUMERS 
DECEMBER 1992 BY ET "DIMITAR BAEV - DBC" 

PART 2 - CURRENT AND PROJECTED ELECTRIC ENERGY USAGE 

HOW DID THE ENERGY CONSUMPTION DURING PEAK HOURS CHANGE IN 1992, COMPARED WlTH 1991 1 
CHANGE the same increased by ... decreased by.. . 

0 29% 
1-5% 9% 0% 

5- 1 0% 9% 3% 
10-20% 9% 6% 
20 - 50% 14% 1 4% 
> 50% 6% 3% 
TOTAL 29% 47% 26% 

HOW DO YOU EXPECT THE ENERGY CONSUMPTION DURING PEAK HOURS TO CHANGE IN 1993, COMPARED WlTH 1992' 
CHANGE the same to increase by ... to decrease by ... 

0 51 % 
1 -5% 9% 0% 

5-10% 6% 0% 
10-20% 3% 6% 
20 - 50% 20% 0% 
> 50% 3% 0% 
TOTAL 51 % 41 % 6% 

CORRELATION OF RESPONSES TO QUESTIONS ON ENERGY USAGE AND PRODUCTION: 
HOW DO YOU EXPECT THE LEVEL OF PRODUCTION OUTPUT TO CHANGE IN 1993? 
HOW DO YOU EXPECT THE TOTAL ELECTRIC ENERGY CONSUMPTION TO CHANGE IN 1993? 

Electric energy consumption: 
Production the same up 1-10% up10-20% up>20% down 1 - 10% down 10-20% down > 20% TOTAL 
output: 
the same 73% 9% 9% 9% 0% 0% 0% 
UP 1-10% 33% 33% 17% 17% 0% 0% 0% 
up 10-20% 57% 1 4% 0% 1 4% 0% 0% 1 4% 
up more than 20% 29% 0% 0% 57% 0% 0% 1 4% 
down 1-10% 0% 0% 0% 0% 0% 0% 0% 
down 10-20% 0% 0% 0% 0% 0% 0% 0% 
down more than 20% 0% 50% 0% 0% 0% 50% 0% 

TOTAL 51 % 14% 6% 20% 0% 3% 6% 



EXHIBIT 2-2 
BULGARIA 
SURVEY OF LARGEST ELECTRICAL CONSUMERS 
DECEMBER 1992 BY ET "DIMJTAA BAEV - DBC" 

PART 2 - CURRENT AND PROJECTED ELECTRIC ENERGY USAGE 

- 
WHAT IS THE MAXIMUM ELECTRIC POWER DEMAND FOR YOUR ENTERPRISE FOR 1992? 

Megawatts: 
Period: 0 - 5  .- 5 -  10 10 - 20-p 20 - 50 - 50 or more 

peak MW 29% 39% 6% 6% 6% 
day MW 32% 32% 10% 6% 3% 

night MW 42% 23% 10% 6% 3% 

HOW DID THE MAXIMUM DEMAND (MW) CHANGE IN 1992, COMPARED WITH 1991? 
CHANGE the same increased by.. . decreased by.. . 

0 51% 
1-5% 3% 0% 

5-1OYo 3% 3% 
10-20% 6% 9% 
20 - 50% 6% 1 4% 
> 50% 0% 0% 

.-. TOTAL 51% -- 18% 26% _ 

HOW DO YOU EXPECT THE MAXIMUM DEMAND (MW) TO CHANGE IN 1993, COMPARED WITH l992?--- 
CHANGE the same to increase by.. . to decrease by.. . -- 

0 63% 
1 -5% 6% 0% 

5- 10% 3% 0% 
10-20% 9% 3% 
20 - 50% 11% 3% 
> 50% 0% 0% 
TOTAL 63% 29% 6% -- - - - - - - -- - -- -- - 



EXHIBIT 2-2 
BULGARIA 
SURVEY OF LARGEST ELECTRICAL CONSUMERS 
DECEMBER 1992 BY ET "DIMITAR BAEV - DBC" 

PART 2 - CURRENT AND PROJECTED ELECTRIC ENERGY USAGE 
.. - 

WHAT IS YOUR ESTIMATED COST FOR PURCHASED ENERGY 1992? 
MILLIONS OF LEVA 

- 0-5 5-10 10-20 20-50 50-100 more than 100 no answer 
Electricity 3% 23% 23% 17% 6% 6% 23% 
Heat 6% 9% 0% 3% 0% 0% 83% 
Gas 9% 6% 9% 3% 0% 3% 71 % 
Oil 14% 6% 14% 3% 6% 3% 54% 
Coal 1 4% .. 0% 0% 3% 0% - 0% 83% 
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@ 2.4.3 Equipment installed for electricity generation and use 

Exhibit 2-3 shows the results of part 3 of the survey, which concerned equipment available for 
power generation, and principal electricity using equipment. Again, the exhibit shows each 
survey item and a summary of the responses, by percentage. The percentages do not add up to 
100% in those cases in which one or more res~ondents did not answer an item. 

@ As shown in Exhibit 2-3: 

Only six of the plants responding have a generator, of these three are in the 
chemicals and petroleum sector, two in non-ferrous metals and one in glass; 

Of those six that have a generator, two do not operate regularly, but probably 
could do so; 

Among those six that have a generator, only half felt that the purchase price of 
power paid by NEK is too low; 

Among those six that have a generator, the following reasons were given for not 
increasing the output: 

-- three (50%) said they were at their technical potential; 
-- one said because of the reduced production rate; 
-- one said because of low electricity prices; 
-- one said because of lack of fuel. 

Among those that do not have a generator, only 2% considered it possible to 
install one (25% no answer or did not know); 

Motors driving pumps, fans, compressors, and other equipment were cited as 
primary loads by 77% of the respondents; 

Less than half of the plants use efficient lighting systems (sodium vapor, metal 
halide, or compact fluorescent). 

For the specific process equipment identified (some of which are relevant only to 
specific industrial sectors), the following totals were developed: 

-- electrolysis (chemicals) 
-- heat treatment (metals) 
-- rolling mills (metals) 
-- compressors 
-- electric furnaces (metals) 

RCGIHagler, Bailly, Inc. 
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-- water pumps 16 MW 
-- catalytic cracking (petroleum) 15 MW 
-- motors for other uses 15 MW 
-- machine tools (engineered products) 11 MW 
-- fans 10 MW 

RCGIHagler, Bailly , Inc. 



EXHIBIT 2-3 
BULGARIA 
SURVEY OF LARGEST ELECTRICAL CONSUMERS 
DECEMBER 1992 BY ET "DIMITAR BAEV - DBC 

PART 3 - EQUIPMENT INSTALLED FOR ELECTRICITY GENERATION AND USE 

IS THERE AN ELECTRIC GENERATOR AT THIS FACILITY? 
Yes No 
11% 88% 

IF SO, DOES THE GENERATOR OPERATE REGULARLY? 
Yes No 

Yes No 

IS THERE A POSSIBILITY OF INCREASING THE OUTPUT OF YOUR EXISTING GENERATOR? 
Yes Nn 

IS THERE A SIGNIFICANT REQUIREMENT FOR STEAM OR HOT WATER AT YOUR FACILITY? 
Yes No 
71 % 1 4% 

IF YOU DO NOT HAVE A GENERATOR, IS IT POSSIBLE TO INSTALL ONE? 
Yes No 
2% 73% 

WHAT ARE THE PRIMARY CONSUMERS OF ELECTRIC ENERGY IN YOUR ENTERPRISE? 
Mentioned by: 

Motors driving pumps, fans, compressors 77% 
Lighting 61 % 
Electric heating, furnaces, boilers 52% 
Welding 34% 
Machine tools, metal working 25% 
Electrochemical processes 1 4% 
Refrigeration 11% 
Other 7% 



EXHIBIT 2-3 
BULGARIA 
SURVEY OF LARGEST ELECTRICAL CONSUMERS 
DECEMBER 1992 BY ET "DIMITAR BAEV - D B C  

PART 3 - EQUIPMENT INSTALLED FOR ELECTRICITY GENERATION AND USE 

WHAT TYPES OF LIGHTS ARE USED AT YOUR ENTERPRISE? 
Mentioned by: 

Fluorescent 89% 
Incandescent 86% 
Mercury vapor 75% 
Sodiun vapor 45% 
Metal halide 27% 
Compact fluorescent 1 4% 
Other 0% 
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2.4.4 Energy conservation experience, opportunities, and attitudes 

Exhibit 2-4 shows the results of part 4 of the survey, which concerned energy conservation. 
Again, the exhibit shows each survey item and a summary of the responses, by percentage. The 
percentages do not add up to 100% in those cases in which one or more respondents did not 
answer an item. 

As shown in Exhibit 2-4: 

Some 13 % of plants could curtail usage during peak periods a significant amount, 
and another 50% could reduce slightly; 

Some 77% are interested in pursuing energy conservation opportunities in their 
plant; 

69% of the respondents are aware of ideas to improve energy efficiency, the 
measures could be grouped in the following way: 

-- expedient technological changes and improvements (65 % of respondents); 
-- improvements in lighting systems and controls (20%); 
-- correct operations of production processes, such as loading of equipment 

and coordination of energy consumers (20%); 
-- measures for improvement of cos @ (power factor) (9 %); 

The reasons why these improvements have not yet been implemented are: 

-- lack or scarcity of funds, finances (53% of respondents); 
-- production process limitations, such as continuous operations (25 %); 
-- lack of incentives, existing energy prices (9%); 
-- lack of suitable organization (6%); 
-- lack of suitable projects (6%); 

About half the plants are willing to invest in energy efficiency projects, including 
borrowing from a bank if necessary; 

Energy audits have been conducted in 50% of the enterprises: 

-- 58% of audits were conducted by external organizations (institutes and 
design organizations in energetics and automation), 

-- 27% were conducted by specialists of the enterprises themselves, 
-- 15% were joint studies by external organizations and specialists from the 

enterprise. 

RCGIHagler , Bailly, Inc. 
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Of the plants that had energy audits, 6% were completely satisfied with the 
results, 62 % found the audits to be partially satisfactory, and 28 % found the audit 
to be useless; 

70% of the plants would be willing to participate in an energy audit program 
financed by COE or NEK, and 14% refuse; 

42% of the plants would be willing to hire an energy auditor (and about one- 
quarter of these had already done so); 

Only 14% of the plants were aware of any energy efficiency activities in Bulgaria 
by Western experts. 

RCGIHagler, Bailly, Inc. 



EXHIBIT 2-4 
BULGARIA 
SURVEY OF LARGEST ELECTRICAL CONSUMERS 
DECEMBER 1992 BY ET "DIMITAR BAEV - DBC 

PART 4 - ENERGY CONSERVAION EXPERIENCE, OPPORTUNITIES AND ATTITUDES 

. -- 

COULD THE ENTERPRISE CURTAIL ALL OR PART OF ITS ELECTRICAL USE DURING PEAK PERIODS? 
Yes, significant amount Yes, a little None at all 

13% 50% 34% 

COULD THE ENTERPRISE SWITCH SOME OF ITS ELECTRICAL USAGE TO FUELS? 
Yes, significant amount Yes, a little None at all 

13% 20% 68% 

DO YOU KNOW OR EXPECT THAT THERE ARE OTHER ENERGY EFFICIENCY MEASURES APPLICABLE TO YOUR FACILITY? 
Yes, significant amount Yes, a little None at all 

14% 55% 29% 

WOULD YOU BE INTERESTED IN IMPLEMENTING ENERGY EFFICIENCY MEASURES AT YOUR FACILITY 
Yes, somewhat interested No 

27% 9% .- 

WOULD YOU MAKE THE EXPENDITURE REQUIRED FOR ENERGY SAVING PROJECTS? 
Yes 49% 
No, we have no money available 34% 
No, we have other priorities for our money 9% 

WOULD YOU BORROW MONEY FROM A BANK TO INVEST IN AN ENERGY EFFICIENCY PROJECT? 
Yes, we have already done this 9% 
Yes, but we need help to arrange credit 23% 
Yes, but we don't know of any appropriate investment projects 20% 

investment 40% -- - 

Yes, very interested Yes, somewhat No, energy is low priority No, we already know how 
57% 29% 3% 6% 

,.< - - 
%-J 

HAS AN ENERGY AUDIT BEEN CONDUCTED AT YOUR ENTERPRISE? 
Yes No 

- --- 50% 46% . 



EXHIBIT 2-4 
BULGARIA 
SURVEY OF LARGEST ELECTRICAL CONSUMERS 
DECEMBER 1992 BY ET "DIMITAR BAEV - DBC' 

PART 4 - ENERGY CONSERVATION EXPERIENCE, OPPORTUNITIES AND ATTITUDES 

IF YOUR PLANT HAS RECIEVED AN ENERGY AUDIT, HOW SAISFACTORY WERE THE RESULTS? 
Yes, we had energy audit and are absolutely satisfied 3% 
Yes, we had energy audit and are partially satisfied 31 % 
Yes, we had energy audits, and it turned out to be useless 1 4% 
No, we have not had an energy audit 46% 

WOULD YOU BE INTERESTED AN ENERGY AUDIT PAID FOR BY COEINEK? 
Yes No Maybe 
70% 1 4% 1 4% 

WOULD YOUR FIRM BE WILLING TO PAY FOR ENERGY AUDIT BY BULGARIAN EXPERTS? 
Yes, in fact we already hired someone 11% 
Yes, we would pay a market price 31 % 
No, only if we can get it at no cost 31 % 
No, not interested in an energy audit - 17% 

1 ARE YOU AWARE OF ANY ENERGY EFFICIENCY PROGRAMS CARRIED OUT IN BULGARIA BY FOREIGN EXPERTS? / 
Yes No 
1 4% 80% 

I DID YOU HEAR ABOUT THE 1991 INDUSTRIAL ENERGY EFFICIENCY PROGRAM IN BULGARIA SPONSORED BY USAID? 1 
Yes ~o -1 



3. BULGARIA ELECTRICITY DEMAND FORECAST 

This Section (1) briefly reviews several of the existing forecasts of electricity use in Bulgaria, 
(2) explains the scenarios that provide the structure of the demand forecasts, (3) describes the 
underlying rationale for the electricity forecasts for the several sectors of the Bulgarian 
economy, and (4) describes the results of the electricity demand forecasts for each scenario. 

3.1 REVIEW OF PREVIOUS FORECASTS OF ELECTRICITY DEMAND 

Several forecasts of electricity demand in Bulgaria have been completed over the past several 
years. Prior forecasts differ because of differences in scenarios, differences in forecasting 
techniques, and differences in data. However, the more recent forecasts that build on the 
data obtained after the initiation of Bulgaria's transition to a market economy will more 
accurately capture the Bulgarian economy's energy response to this transition and the 
probable future of electricity demand. 

a The forecasts are summarized graphically in Exhibit 3-1, and described briefly below. 

3.1.1 World Bank forecast by Prof. Gordon Hughes in 1991 

Professor Gordon Hughes performed a forecast in 1991, based on a pooled regression model. 
He obtained the coefficients for the model from previous analyses of centrally planned 
economies and analyses of vaguely similar economies in Europe. His forecasts show severe 
declines in aggregate electricity demand over several time periods as follows: 

@ RCGIHagler, Bailly , Inc . 





BULGARIA ELECTRICITY DEMAND FORECAST 3-3 a Prof. Hughes further uses an energy industry input-output model to look at alternative policy 
scenarios, where the main policy response is that to electricity price changes. Under this 
long run interindustry approach, he estimates the following changes to electricity demand: 

Main Projection -32 % 
Low Response -27 % 
High ~ e s ~ o n s e  -32 % 

The response represents changes in electricity demand due to large changes in the price of 
electricity, deemed necessary to reach appropriate prices for operating a profitable utility. 

3.1.2 Forecast by NEK, with guidance from the World Bank, in 1992 

For a power system study of the Bulgarian power system at the request of the Group of 7, 
the World Bank requested a set of demand forecasts from NEK, then worked with NEK in 
November 1992 to make slight adjustments. 

In this forecast, there are three scenarios: maximum, medium, and minimum. The 
maximum scenarios assumes the most rapid economic growth and the least adjustment by 
industry to the anticipated higher prices of electricity. The minimum scenario assumes lower 
economic growth and more adjustment by industry. It also assumes that 450,000 households 
convert from electricity heating to gas heating after the year 2000. The medium scenario 
assumes an economic growth between the other two and assumes no major conversions of 
households to gas heating. 

In the medium scenario, electricity demand increases to 52,000 GWh in 2010, and to 56,000 
GWh in the maximum scenario. In the minimum scenario, electricity demand increases to 
43,200 GWh in 2010. The annual rates of growth in the electricity demand are quite 
different among these scenarios as can be seen below: 

Medium 
Maximum 
Minimum 0.60% 0.98% 

The electricity demand in 2010 for the maximum scenario is approximately 30% larger than 
that of the minimum scenario. 

a 
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3.1.3 Energoproekt Forecasts 

Energoproekt has furnished several forecasts of electricity demand in the Bulgarian economy. 
One forecast was done for the United Nations Economic Commission for Europe (ECE) in 
1990. This forecast had Bulgarian GDP increasing at about 1.94% per year from 1990 to 
2000, with electricity demand increasing from 39,000 GWH to 50,000 GWH, an increase of 
about 2.5 % per year. 

In 1991, Energoproekt published a forecast with two scenarios, a high scenario and a low 
scenario. Both scenarios were based on a GDP growth rate of approximately 2% per year to 
2010 (1.94% from 1990 to 2000 and 2.1 % from 2000 to 2010). The high forecast shows an 
increase in electricity demand to 50,000 GWh in 2000 and 57,000 GWh in 2010. This 
represents an annual rate of increase of 2.5% from 1990 to 2000, and an increase of 1.3% 
from 2000 to 2010. The low scenario incorporates some energy efficiency into the forecast 
and forecasts a growth in electricity demand to the year 2000 of 44,000 GWh (an increase of 
1.2% per year) and an electricity demand of 49,000 GWh (an increase of 1.1 % per year) in 
the year 2000. 

0 3.1.4 Forecast by Equipe Cousteau for the EBRD in 1992 

In 1992, Equipe Cousteau prepared a study of the Bulgarian energy future for the European 
Bank for Reconstruction and Development (EBRD). This study, in collaboration with 
International Consulting on Energy, was called "Energy in the Danubian Countries, Current 
Situation, Outlook, and Energy Policy Proposals." The study used the methodology that 
Energoproekt has used for analyzing the Bulgarian economy, but expanded the methodology 
to analyze changes in industry structure and improvements in energy efficiency over time. 
This study assumed that GDP would grow at 2% per year until 2000 and then at 3 % per year 
from 2000 to 2010. Using these assumptions and a decrease in final energy intensity from 
0.93 in 1989 to 0.7 in 2000 and 0.5 in 2010, electricity demand decreases from 39,000 GWh 
in 1989 to 36,500 GWh in 2000 and 35,000 GWh in 2010. This represents a decrease of 
about 0.67% per year to 2000 and 0.42 % per year from 2000 to 2010. 

RCGIHagler, Bailly, Inc. 
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3.2 SCENARIOS SELECTED FOR FORECASTING ELECTRICITY DEMAND 

For the purposes of this report, three scenarios were developed. The scenario assumptions 
are summarized briefly in the table below, in terms of the economic growth, electricity 
efficiency, and other factors important to electricity demand: 

ELECTRICITY DEMAND SCENARIOS 

Variables 

Economic Growth 

Inflation 

Electricity Prices 

Industry DSM 

Household DSM 

Moderate High 

low low high 

high high med 

market market market 

low med high 

low med high 

3.2.1 Moderate Scenario: low economic growth - high energy efficiency 

This base case scenario reflects a continued difficult economic environment in Bulgaria with 
low exports, a continued retrenching of industry, high unemployment, high inflation, and 
high interest rates. Electricity use in industry is low because of successful conservation and 
increased efficiency programs and because of the reduction in industry output. 

Under these assumptions, GDP will decrease by 9% in 1993, 4% in 1994, 1 % in 1995 and 
will level off in 1996. GDP will increase by 1 % in 1997 and gradually improve to 3% by 
the year 2000. Inflation will decrease in 1993 to 50% , to 40% in 1994, and 20% in 1995, 
with an approximate rate of 10 to 15 percent from 199-5 to 2000. 

Electricity prices to households are set to market levels by 1996. Government is successful 
in impleme&ng taxes and incentives for product switching away from products with high 
energy consumptions. Industries with potential markets and/or a high probability of success 
will receive the investment necessary for restructuring and installation of technologically 
advanced and efficient equipment. 

a 
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3.2.2 Low Scenario: low economic growth - moderate energy efficiency 

This scenario reflects a continued difficult economic environment in Bulgaria with low 
exports, a continued retrenching of industry, high unemployment, high inflation, and high 
interest rates. Electricity use in industry is somewhat higher than Scenario 1 because the 
conservation and increased efficiency programs are only partially successful, but contrariwise 
electricity use is down because industry output is reduced in electricity intensive industries. 

In this case, GDP will decrease by 9 % in 1993, 4 % in 1994, 1 % in 1995 and will stop 
decreasing at 0% growth in 1996. GDP will increase by 1 % in 1997 and gradually improve 
to 2.5 % by the year 2000. Inflation will decrease in 1993 to SO%, to 40% in 1994, and 
20% in 1995, with an approximate rate of 10 to 15 percent from 1995 to 2000. 

Electricity prices to households are set to market levels by 1996. Government is moderately 
successful in implementing taxes and incentives for product switching away from products 
with high energy consumptions. Industries with potential markets and/or a high probability 
of success receive additional investment, but restructuring is slow and installation of 
technologically advanced and efficient equipment does not occur as rapidly as anticipated. 
Some marginal and energy intensive firms are kept in existence keeping energy use higher 
than desired. 

3.2.3 High Scenario: high economic growth - moderately high energy efficiency 

This scenario reflects a turnaround in the economic environment in Bulgaria with high 
economic growth in the latter part of the next decade with an increased level of exports, a 
successful reallocation of resources to growth industries, a restructuring of industry and a 
growing private sector reducing unemployment, a continued reduction in the inflation rate, 
and continued reduction in interest rates. Electricity use in industry is somewhat higher than 
Scenario 1 because the conservation and increased efficiency programs are only partially 
successful, but contrariwise electricity use is down because industry output is reduced in 
electricity intensive industries. 

In the high case, GDP will decrease by 2% in 1993, will have 0% growth in 1994, and will 
increase at 1 % in 1995. GDP will increase by 1.5% in 1996 and gradually improve to 4.5% 

@ by the year 2000. Inflation will decrease in 1993 to 451, to 35% in 1994, and 20% in 
1995, with an approximate rate of 10 to 15 percent from 1995 to 2000. 

Electricity prices to households are set to market levels by 1996. Government is moderately 
successful in implementing taxes and incentives for product switching away from products 
with high energy consumptions and is also successful in its DSM programs in the household 
and buildings sector. Industries with potential markets and/or a high probability of success 

a RCGIHagler, Bailly, Inc. 
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@ receive additional investment, but restructuring is slow and installation of technologically 
advanced and efficient equipment does not occur as rapidly as anticipated. Some marginal 
and energy intensive firms are kept in existence keeping energy use higher than desired. 

3.3 DEMAND FORECASTING TECHNIQUES - 

The forecasts were divided into three major parts: household, industry, and the 
commercial/institutions sectors. The reason for this categorization lies in the way in which 
the Bulgarian data is collected as well as the nature of the changes that the Bulgarian 
economy and infrastructure are undergoing. 

3.3.1 Household Sector 

As noted in Chapter 1, household energy consumption is a function of household income, 
electricity prices, and technical factors. The amount of income that a family has will affect 
the number of appliances, the size of the structure, and general concerns about electricity 
use, given the price structure for electricity. The price of electricity will also affect the 
usage because higher priced electricity, given the proportion of the budget, will reduce the 
amount of income available for other, perhaps discretionary, items. The number of people 
and buildings clearly has a direct relationship on the amount of electricity used. 

In the household sector, people use electricity as one of the basic necessities of life: for 
heat, cooking, lighting, etc. The amount of electricity used will depend on the configuration 
of the heating system, the number of appliances, the age of the appliances, the amount of 
lighting, and the general patterns of electricity use. 

Electricity consumption is first a function of the number and size of households primarily and 
then a function of real income and the real price of electricity. However, considering that 
population is stable in Bulgaria, the analysis can be simplified. 

We first developed an econometric equation based on income and price elasticities. The 
estimation used elasticities of income and price that are slightly higher than one would expect 
for a centralized economy and lower than that of a free market economy. The price 
elasticity was high, because the real price of electricity in Bulgaria generally declined for the 
last 12 years, with only variation from the long term trend in 1990 and 1991. The partial 
elasticities are: 

Elasticity of real income 0.603 
Elasticity of real electricity price -0.381 

a RCGIHagler, Bailly, Inc. 
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@ However, the analysis revealed that the large price increases expected in the first few years 
caused the forecast to drop below what we judged to be bare minimum for heating, cooking, 
and light. Therefore, we adjusted the results to account for these technical factors. 

3.3.2 Industrial and Other Sectors 

As described in Chapter 2, a survey of the largest electricity customers was conducted, and 
consumption data for large customers and by industrial sector was obtained from NEK. 
These data served as the basis for a disaggregated approach, developing estimates of 
prospects for each of the large customers, and for each sector. 

We identified the electricity use patterns in the separate industries and developed forecasts of 
electricity use at this disaggregate industry level. We also identified those industries with 
more mature domestic markets and international markets that are most likely to succeed. In 
addition, estimates were made of the likely changes in electricity intensity in each industry in 
the future, as Bulgaria develops in the direction of the intensities in Western Europe 
industries. The speed of the changes will depend on the growth of domestic and international 
markets and the focus of the government programs. 

The survey was used, in part, to assess assumptions about the industrial sector for 1992 and 
1993. In general, the survey corroborated our assumptions and the trends that had been 
observed over 1991 and 1992. Every industry except timber and building materials (with no 
positive indicators) had at least one company that was doing better in 1992 than in 1991, 
however, the majority of the firms were doing worse. Although the majority of the firms are 
optimistic about the future (which was to be expected), it appears from the data provided by 
the companies that only the engineering industry and the textile industry expect to have firms 
that will do substantially better during 1993. Capacity utilization dropped in 1992 and 
appears to be dropping further, although not as drastically, in 1993. 

We used the survey results to forecast demand on an individual basis for 1993 and beyond. 
In addition, the survey shed light on the speed of privatization and general restructuring of 
industry. The privatization process is perceived to be very slow and the investment that 
accompanies this privatization and the refurbishment of the capital stock will take longer than 
anticipated. As a result, the industrial outlook is much more pessimistic than that of the 
Bulgarian policy makers and other analyses. The firms in some industries expect that the 
next year will be relatively tough for most firms in those industries. These include iron and 
steel, non-ferrous metals, chemicals, engineering, glass, and electrical equipment. On the 
other hand, the engineering industry has firms that expect to do very well as well as those 
firms that expect to retrench considerably. 

0 
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The following industries were forecast as higher than average growth sectors: 

electrical equipment and electronics 

glass and ceramics 

agriculture 

transportation and communication 

The following industries were forecast as relatively average growth sectors: 

non-ferrous metals 

engineered metal products 

textiles 

food and beverage 

construction 

public sector buildings 

The following industries were forecast as lower than average growth sectors: 

m iron & steel (ferrous metals) 

chemicals 

building materials 

timber 

pulp & paper 

3.3.3 Peak Power Demand 

The peak demand (maximum annual recorded level for one hour during the year) is a 
function of installed equipment, the operation of that equipment, and weather conditions. 

a 
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Over the past few years, peak demand has declined less than energy consumption. This 
"decoupling" is expected to continue. 

Because of the strong influence of weather conditions, peak demand in the household sector 
is not expected to reduce much unless electric heating is replaced. In the industrial and other 
sectors, peak demand can only be reduced by further factory shutdowns, which the survey 
does not seem to support. 

Future changes in peak demand will depend mainly on the possible recovery of equipment 
which has been shut down, or installation of new electrical equipment over time. Secondary 
effects will result from the future development of prices during peak periods, and the 
possible installation of demand control equipment. For the purposes of this analysis, these 
effects have been simulated by tracking the rate of change of GDP. 

3.3.4 Forecasting losses and generation requirements 

The demand forecasts are forecasts first of energy sales. The sales forecasts were then 
increased (to achieve "total demand") by adding estimated losses and station use of 
electricity. Station use was held constant at 11.1 % of gross generation. Losses were 
brought back to a historical normal level of 11.5 % (of energy for distribution) over a five 
year period. Exports and imports were ignored, and power purchases were held constant. 

3.4 DEMAND FORECAST RESULTS 

The results and detailed assumptions on a year-to-year basis are shown in a series of 
exhibits. 

3.4.1 Expected Case - Moderate Scenario 

The expected case is shown in Exhibit 3-2. The first page is a summary, and the subsequent 
three pages show the build-up of industrial and other sales. 

demand for electricity in the household sector continues to decline, reaching a 
minimum of 8,400 GWh in 1995, then climbs, reaching 1 1,000 GWh in 2010. 

in the industrial sector, demand drops slightly, with a minimum of 13,300 
GWh in 1994-96, and then begins a gradual climb to 17,000 GWh in 2010. 

total electricity sales reach a minimum of 28,000 GWh in 1994-96 and then 
rise gradually to its 1988 level of 35,600 GWh around year 2008. 

0 
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peak demand reaches a minimum of 6,500 MW in 1994-95, then increases to 
9,600 MW by 2010. The 1989 peak of 8,332 MW is reached again in year 
2005. 

3.4.2 Low Demand Scenario 

The low demand case is shown in Exhibit 3-3. The first page is a summary, and the 
subsequent three pages show the build-up of industrial and other sales. 

demand for electricity in the household sector continues to decline, reaching a 
minimum of 8,000 GWh in 1995, then climbs, reaching 10,000 GWh in 2010. 

in the industrial sector, demand continues to drop, with a minimum of 12,500 
GWh in 1996-97, and then begins a gradual climb to 15,000 GWh in 2010. 

total electricity sales reach a minimum of 26,600 GWh in 1995-96 and then 
rise gradually to 32,000 GWh in year 2010, but never reach the 1988 level of 
35,600 GWh. 

peak demand reaches a minimum of 6,100 MW in 1994-97, then increases to 
8,300 MW by 2010, the same as the historical maximum of 8,332 recorded in 
1989. 

a 
RCGIHagler , Bailly , Inc. 



H/ " 2 
g$$ 
o
o
o
 

$
$

$
 

g
n
r
r
 

u
 

n
o
*
 



Exhibit 3-2 (contiaucd) 
BULGARIA 

ELECTRICITY DEMAND FORECAST 
EXPECTED CASE - MODERATE DEMAND SCENARIO 

ronL INDUSTRIAL SALES 
P c m u  Mchls  
Promet (S) 
Kremikovisi (S) 
Stomana 
Other 
'lorn-ferrornr Mctdr 
M e d d  Mihi 
Chiprwech 
Polimet 
MDP "Elatsite" 
GORYBSO-AD lVru 
OTSK-OOD 
Olovo i Tsink 
OP  "Elatsite" 
Redki Metali 
Medodobiven K (S) 
D. Blagoev (S) 
Alumina 
OTSM (S) 
Other 

:hemids  
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3.4.3 High Demand Scenario 

The high demand case is shown in Exhibit 3-4. Again, the first page is a summary, and the 
subsequent three pages show the build-up of industrial and other sales. 

demand for electricity in the household sector declines slightly, reaching a 
minimum of 8,700 GWh in 1995, then climbs, reaching 12,800 GWh in 2010. 

in the industrial sector, demand holds firm at 13,600 GWh until 1996, and 
then begins a gradual climb to 19,500 GWh in 2010. 

total electricity sales reach a minimum of 28,700 GWh in 1994 and then rise 
gradually to 41,000 GWh in year 2010, but never reach the 1988 level of 
35,600 GWh. 

peak demand holds at 6,900 MW until 1996, then increases to 12,300 MW by 
2010, passing the historical maximum of 8,332 in year 2002. 

a 
RCGIHagler, Bailly , Inc . 
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3.5 COMPARISON OF DEMAND FORECASTS 

These three scenarios are compared in a series of graphs. Each graph also shows the 
historical situation since 1975, for clarity. 

Exhibit 3-5 shows that the demand for electricity in the household sector 
increases steadily for all cases. 

Exhibit 3-6 illustrates industrial demand. In no case does industrial energy 
consumption reach historical maximums. 

Electricity demand in other sectors is given in Exhibit 3-7. Growth in demand 
is low, except in the case of high economic growth. 

A comparison of the changes in the total domestic sales of electricity are 
provided in Exhibit 3-8. In year 2000, the high scenario has a 15% greater 
level of electricity demand than the low scenario. 

Gross total electricity demand, including power plant auxiliaries and 
distribution losses, is shown in Exhibit 3-9. 

Referring back to Exhibit 3-1, it can be seen that all three scenarios fall within 
the band of projections by other forecasters. 

Annual maximum peak demand is illustrated in Exhibit 3-10, and shows a 
different pattern, consistent with the economic restructuring away from heavy 
industry. 

RCGIHagler, Bailly , Inc. 
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Exhibit 3-9 
Bulgaria - Total Electricity Demand 

Comparison of Scenarios 
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Exhibit 3- 10 
Bulgaria - Annual Peak Demand 

Comparison of Scenarios 
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I EXECUTJS'E SUMMARY 

Assessing the potential impediments and options for independent power in Bulgaria 
requires reviewing the international experience, evaluating the local independent power 
market potential, examining the existing policy, regulatory, and institutional conditions, and 
suggesting approaches. to policy and institutional development. 

1) The International Experience with Independent Power 

Independent power production, or the privately-financed and central utility- 
independent generation of power, has become a rapidly expanding industry not only in the 
United States but in many countries in Asia, Latin America, and Europe. In 1992, 
independent power contributed 62% (or 3,848 MW) of all new capacity additions in the 
United States. As of 1991, there were about 3,000 independent power projects in the U.S. 
totaling more than 40,000 MW. It is estimated that of the 542 GW of capacity additions 
planned in 131 non-North American countries between 1993 and 2000, independent power 
projects could claim between 80 and 115 GW. The economic and financial advantages of 
independent power are the driving force behind this expanding new industry: access to private 
capital, minimized costs due to competition, shift of project risk to the private sector, more 
rapid integration of optimal power technologies, and expanded use of renewable energy and 
cogeneration. 

The international experience (e.g. in such countries as Poland, Argentina, and Spain) 
with developing an independent power market provides lessons that should be considered in 
Bulgaria, L& ihe experience in ihe United states and emerging economies has shown, the 
process of attractingprivate capital into the power sector essentially involves the reduction and 
management of both country and project risks. The Bulgarian government, the Committee of 
Energy (COE), and the electric utility (NEK) will have to play an active role in reducing and 
controlling those risks that a private investor and developer cannot control. Establishing key 
elements of the policy, institutional, and regulatory framework for independent power plays 
an important role in the risk mitigation and management process. The contractual 
commitments that the Government and NEK are willing to offer to private developers are also 
critical to attracting private financing, because they also reduce the investor's exposure to risk. 
Ultimately, a private developer and investor must be assured through the policy and 
contractual framework that NEK is offering a fair power purchase price under fair contractual 

0 terms and that the process of selecting a developer will also be fair and transparent. 

The international financing of independent power involves structuring and managing 
both country and project risks in a way that is competitive regionally and globally. Given the 
current high level of country risk and the lack of a developed capital market in Bulgaria, power 
projects with international participation will initially require a major role for the multilateral 
and bilateral financial institutions and a Bulgarian government guarantee of utility 



performance. For instance, the European Bank for Reconstruction and Development 
(EBRD), the World Bank, the International Finance Corporation (IFC), export credit agencies 
(e.g. US Export Import Bank (EX-IM) or the US Overseas Private Investment Corporation 
(OPIC)), equipment vendors, and to a small extent, commercial banks could supply the debt 
financing. The equity investment would come from the foreign investor/developer, a local 
Bulgarian partner, equipment manufacturers, and possibly the EBRD and IFC. As Bulgaria's 
independent power market matures and NEK's creditworthiness improves, the need for 
multilateral and bilateral support and government guarantees will diminish. 

2) Independent Power Market Potential in Bulgaria 

Independent power in Bulgaria faces clear barriers that will complicate the process of 
attracting private capital in the power sector: 

Difficult economic structural adjustments; Bulgaria's economic output has experienced 
a major decline as it tries to make the transition from central planning and communist 
block markets to free enterprise and international markets. 

Declinin~ vower demand and unreliable capacity; The demand for power has also 
declined leaving surplus capacity, with much of this capacity being unreliable and in 
considerable need of reconditioning. 

Poor utilitv financial performance; Electricity tariffs on average still do not reflect the 
full costs of generarion, transmission, and distribution; as a result the electric utility 
(NEK) is currently not a financially-sound institution. 

Inadequate policy and institutional framework; The policy and institutional framework 
for independent power is not in place and the legal framework for private investment 
still requires further modifications. 

H i ~ h  level of commercial risks; Bulgaria is facing high inflation, high interest rates, 
major unemployment, and unresolved commercial debt negotiations such that most 
private investors and lenders will be unwilling to make the long-term investment 
needed by the power sector. 

Despite these challenges, various positive conditions and trends in Bulgaria could 
encourage independent power generation in the coming years: 

Economic adjustment developments; Bulgaria's economic distortions and commercial 
risks are gradually being reduced through the structural-adjustment loans of the World 
Bank and International Monetary Fund (IMF) and commercial bank debt negotiations. 



b Electric utilitv financial im~rovements; NEK is raising its tariffs to reflect the full costs 
of generation, transmission, and distribution and expects to be financially viable by 
1995. 

Foreign investment laws instituted; Bulgaria has enacted laws that establish far 
reaching rights for private investors, including 100% foreign ownership, national 
treatment of foreign firms, and free repatriation of profits. 

Investment o~~ortunities in existin? capacity; There is a definite need for private 
investment to rehabilitate or repower existing power plants and cogeneration facilities. 

New ca~acity needs; When Bulgaria's economy begins to grow again, additional 
capacity will be needed, including thermal and hydro power plants. 

Inde~endent power ~olicv formulation; The Government has expressed a commitment 
to encouraging independent power and has begun the process of developing the 
necessary policy and institutional framework. 

Recognizing the difficult economic conditions, sources of financing can be found if the policy 
and project framework is properly structured. The key components for developing a viable 
independent power program in Bulgaria will involve two parallel activities: policy development 
and project development, as discussed below. 

Attractive power project development opportunities exist in Bulgaria invarious sectors. 
While Bulgaria has an installed capacity of 12,074 MW, over the last several years the utility, 
NEK, has had difficulty meeting a system peak of 7,200 MW. This poor performance has been 
due to aging or technologically-outdated power plants and unreliable supplies of coal. There 
is a major need for investment to rehabilitate or repower the existing central power and 
industrial and district heating cogeneration plants. In addition, as power demand increases in 
the coming decade, major opportunities for building new thermal and hydro power plants will 
exist. Potential power projects that could attract foreign investors and a preliminary market 
estimate include: 

Industrial Coyeneration; Rehabilitating one or more major industrial cogeneration 
projects, such as Chimco Vratsa, Burgas, Vidin, or Kremikovtzi; [600 MW - 2,600 MW] 

District Heatin? Coeeneration; Rehabilitating one or more of the major district 
heating plants, such as Sofia or Pernik; [600 MW - 2,500 MW] 

Hvdro Power; Private development of one or more of the mini or major hydro sites, 
such as the sites at Gorna Arda or Sredna Vacha. [400 MW - 2,600 MW] 

Coal-Fired Power Plants; Rehabilitating one or more of the existing coal-fired power 
plants, such as Maritsa East 1,2, or 3, Varna, or Russe; [200 MW - 4,500 MW] 



New Generation; Construction of a new combined cycle gas or coal-fired power plant. 
[I993 - 2000: - 880 MW (assuming the intermediate demand growth scenario)] 

Feasibility analysis of some of these projects is already underway, and an initial priority 
ranking of these projects will be included in the least-cost plan that is currently under 
development. 

3) Existing Policy, Regulatory, and Institutional Conditions 

The existing policy and institutional framework in Bulgaria is undergoing major 
changes. Only one statute, the Law on the Environment, has any significant implementing 
regulations. The power sector regulatory institution is also in a formative stage. The prospects 
for a broad independent power program will be greatly enhanced as Bulgaria's policy and 
institutional framework becomes more developed. The key power sector issues that need to 
be addressed are: 

Enerw Legislation: There currently is no comprehensive energy law that addresses the 
rights of independent generators. A Law on Electrical Energy is being drafted that 
appears favorable to independent power, however, this Law has yet to be approved by 
the Parliament. 

implement in^ Re lationg: Once the Law on Electrical Energy is passed, 
implementing regulations clearly defining the Law will need to be drafted. These 
regulations could play an important role in defining such issues as power pricing, 
project solicitation, etc. 

h e a l  Recourse: The extent to which there is a reliable system of legal recourse in 
Bulgaria will also affect the attractiveness of investing Bulgarian power projects. It may 
be necessary for all parties to an independent power contract to submit to binding 
dispute resolution by an independent third party, which can be implemented in 
Bulgaria or in a foreign country. 

Institutional Priorities: An institutional structure and policy favorable to independent 
power is only beginning to emerge at COE and NEK. There is a need to set specific 
objectives for COE and NEK against which actual progress can be measured. Other 
ministries with an important role in power project approval, such as the Ministry of 
Environment, need to be included in. the process in a complementary manner. 

Pro-iect Review Proces: At present, there is not a clear project approval process that 
an independent developer can understand and follow. The procedure for project 
prioritization, selection, negotiation, and permitting will need further definition. 



A preliminary assessment of the power sector institutions and the energy bill currently being 
drafted indicates that a potentially favorable policy and institutional framework is under 
development. 

4) Suggested Approaches to the Introduction of a Policy and Institutional Framework for 
Independent Power 

The Government of Bulgaria, the Committee of Energy (COE), and NEK will need to 
continue their progress in establishing the necessary policy, regulatory, and institutional 
framework for independent power. Some of the necessary activities are already underway, 
particularly electricity pricing reform, energy legislation, Integrated Resource Planning (IRP) 
analysis, and project feasibility assessments. Additional suggestions are summarized below: 

StrenPthen Ledation; Strengthen components of energy and foreign investment 
legislation to facilitate independent power; 

Establish Reeulatory Institution; Establish an independent regulatory institution that 
addresses independent power and ensure staffing by qualified regulators; 

Draft Regulations; Develop and publish detailed regulations based on the energy law; 

Establish Information Clearinghouse; Establish a central information clearinghouse 
for Independent Power (IPP) developers; 

Implement Inteerated Resource Planning Use Integrated Resource Planning to 
establish long run marginal cost and power purchase pricing to guide project selection; 

. Define Government Guarantees and Incentives Offered; Establish consistent policy 
regarding government incentives and guarantees covering utility performance, fuel 
supply, etc. ; 

. Define Solicitation Process; Establish the procedure for soliciting independent power; 

Train Negotiations Team; Establish and train a multi-disciplinary review and 
negotiation team; 

Pre~are  Standard Small Power Contracts; Provide standard offer contracts for small 
renewable and cogeneration projects; 

Pre~are  Terms for L a r ~ e  Power Contracts; Provide standard non-price terms for large 
projects. 



While all elements of the policy and institutional framework described above are 
necessary in order to enable an active long term independent power market, not all 
components are essential to develop the initial projects. Independent power projects can 
potentially move forward in an incomplete policy and institutional f- work In fact, 
experience in other countries (such as the Philippines, Poland, and Arg: ias shown that 
promoting specific projects early on can in fact help refine the policy de . Dent process. 

In order to implement a parallel policy and project development strategy, certain 
priority elements of the policy and institutional framework need to be developed early on in 
order to ensure that any proposed independent power projects have an adequate institutional 
and contractual framework. The near-term key power sector policy framework that needs to 
be implemented includes the following elements from the above list: establish a consistent 
policy regarding government guarantees and incentives; establish and train a multi- 
disciplinary review and negotiation team within NEK, and provide standard non-price terms 
for large, central, hydro, or cogeneration projects. It may be desirable to also prepare standard 
offer contracts for small renewable and cogeneration projects. With these basic elements in 
place, it should be possible to attract independent power investments. 



I1 THE INTERNATIONAL EXPERIENCE WITH INDEPENDENT POWER 

1) The Defmition of Independent Power 

a) Basic Legal and Financial Structure 

Independent power represents the financing, construction, and operation of a power 
generating facility by a company that is independent from the central power purchasing electric 
utility. The central utility can either be private or government owned, but in both cases is a 
regulated monopoly. The independent power generator is usually owned by a private 
company. It is typically an unregulated facility that enters into a clearly-defined power 
purchase agreement with the utility. By this definition, Bulgaria already has various examples 
of independent industrial cogeneration and district heating plants at government-owned 
corporations. 

An independent power project (IPP) can: (1) exclusively serve the captive power needs 
of a particular factory or load (thereby reducing the power requirements of the central utility); 
(2) meet captive power needs and also generate surplus power and energy for sale to the grid; 
or (3) be a dedicated power plant for bulk power sales to the grid. Categories 1 and 2 involve 
some form of cogeneration while category 3 include central power plants ranging in scale from 
small decentralized generators (e.g. mini-hydro, geothermal, wind, solar, etc.) to large power 
plants (e.g. coal, oil, gas fired units). 

IPPs can be introduced in different ways. At one end of the spectrum, independent 
power has involved a major restructuring of the power sector, the breakup of 
transmission, and distribution, and the sale of government-owned power generation and 
distribution assets to the private sector (as for instance has been implemented in the United 
Kingdom and Argentina). At the other end of the spectrum, some countries have retained 
government-control over the main generation, transmission, and distribution system, and have 
simply entered into power purchase agreements with selected independent power generators 
(as has been implemented in the Philippines and Spain). Given Bulgaria's expressed near- 
term requirement to work with the existing government utility, NEK, and the clear objective 
to attract private capital into the power sector, the focus of this report will be on the latter 
model for independent power. 

Privately financed IPPs are structured as separate companies that involve limited or 
non-recourse project financing. This method serves to mobilize private capital more 
effectively by limiting the liabilities of the project owners. In the event of default or 
bankruptcy, the lenders and investors have no right to the assets of the owners of the company; 
the only collateral they have is in the assets of the specific project company. As a result, 
however, lenders require more assurances in the form of contractual agreements, including 
iron-clad power purchase contracts, and attractive internal rates of return before they are 
willing to lend to independent power projects. 



b) The Process of Independent Power Project Development 

The life of an independent power project involves three major phases: development, 
construction, and operation. Within these phases, some ten distinct steps can be defined. 

The electric utility determines the amount and type of capacity needed in its 
expansion plan through a planning process; 

the electric utility obtains and evaluates proposals from prospective developers 
that are either unsolicited or solicited'through a competitive bidding process; 

The utility and developer may decide to negotiate an initial letter of intent or 
memorandum of understanding to define the basic parameters of the proposed 
project; 

The developer performs a detailed feasibility study to define the precise 
technical and economic characteristics of project; 

Detailed legal agreements are negotiated for the purchase of power, fuel supply, 
construction services, operation & maintenance, etc.; 

The developer proceeds to obtain all the necessary permits required, including 
such issues as land use, environmental emissions, taxes, etc; 

Short-term and long-term debt and equity financing is obtained for both 
construction and long-term capital requirements; 

A detailed engineering design of the project is completed; 

The power plant is constructed or rehabilitated and commissioned; 

The plant is operated, the debt is serviced, and the equity investors earn their 
re turn. 

Each of these steps represent a milestone or hurdle in the process of developing the 
independent power project. As shown in Figure 1, at each stage of this process the costs of 
developing the project increase while the risks of the project failing decrease. 
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2) The Evolution of Independent Power in the United States 

a) Introduction 

The U.S. power sector is characterized by a wide array of players, including investor- 
owned or private utilities, state and municipal utilities, cooperatives, and Federal utilities. 
Investor-owned utilities provide most of the electric power generated in the U.S., focusing on 
sales to ultimate customers and secondly on bulk power sales. Federal utilities, on the other a 
hand, focus on bulk power sales to utilities. 

The U.S. power sectc- :c regulated at two levels. The Federal Energy Regulatory 
-bmmission (FERG) regula the federal 4, while state public utility commissions in 
.:h of the 50 stars regulat -:e state lev€ 'ERC has the responsibility to administer 

.;deral laws affecting the ele AS well as the +s industry and the transfer of these energy 
supplies across state borders. ine public utility commissions in each state has responsibility 
for regulating, among many items, the prices of retail sales by electric utilities. There are, in 
addition, 2,000 local entities which regulate pricing and resource use issues affecting municipal 
power authorities. In total, there are about 2,050 regulatory entities affecting, in one way or 
another, the actions of over 3,200 electric utilities. 

The Public Utility Regulatory Policies Act of 1978 (PURPA) has had a dramatic impact 
on the US power sector. The statistics speak for themselves. Over the last ten years after the 
passage of PURPA, close to 2,500 non-utility projects with a total capacity over 30,000 MW 
came into operation in the United States. In the next ten years, another 55,000 MW of non- 
utility power generation could come on line, providing over 40% of all new capacity additions 
before the end of the century. PURPA allowed non-utilities to invest in qualified facilities 
(QFs) using cogeneration or select renewable or waste fuels. At this point, over 100 non-utility 
companies are actively involved in this form of private power generation. In fact, some of 
these companies are utility subsidiaries because the Congress of the United States allowed 
utilities to own up to 50% of any QF project, as a quid pro quo for opening the door to non- 
utilities. The story of how this revolution in the power sector evolved is worth exploring to 
draw lessons for the development of independent power in Bulgaria. 

b) The History of PURPA and Non-Utility Generation 

In the late 1970s, the U.S. Government was faced by the energy crisis resulting from 
the oil price shocks. In an effort to reduce oil imports by eliminating energy waste and 
promoting the use of indigenous energy sources, PURPA was passed in 1978. The specific 
objective of this law was to promote the non-utility development of cogeneration and 
renewable sources of energy. While primarily aimed at fostering energy conservation, PURPA 



also put an end to the power generation monopoly of US utilities and opened the door to the 
de-replation of that sector. 

Prior to PURPA, no unregulated plant could sell power to the grid. The only non- 
utility-owned power plants were self-generation facilities generally concentrated in chemical 
production complexes, pulp and paper mills, and some steel mills. These projects produced 
power for themselves and did not interface with the grid, except in emergency situations. 
About 7,000 MW of self-generation was in place prior to PURPA, including nearly 5,000 MW 
of gas-fired or coal-fired capacity; the balance consisted of mostly black liquor units in pulp 
and paper mills. 

PURPA stipulated two conditions that opened up the US power generation sector: 

rn First, it allowed non-utilities (e.g., private companies, equipment suppliers, 
construction firms) to build and operate certain types of qualifying facilities (QFs) and 
sell their power output to the grid without being regulated as a conventional utilities. 

Second, it required utilities to buy the power from these QFs under certain price 
conditions. 

First, PURPA explicitly exempted QF owners from the regulatory requirements of the 
Public Utility Holding Company Act (PUHCA). QF owners thereby escaped the burdensome 
regulatory, reporting, legal, and accounting requirements of PUHCA. Furthermore, QFs were 
exempted from the rate regulation and other financial reporting regulations of the Federal 
Power Act. Finally, PURPA exempted QFs from the financial and organizational 
requirements of the state public utility commissions. These special rights granted to QF 
owners allowed them to earn an unregulated return on their projects, in contrast to utilities 
that were subject to rates of returns set by their state public utility commissions. 

PURPA allowed non-utilities to build two types of QFs designed to either use an 
energy-efficient technology (i.e. cogeneration) or help diversify the US power generation mix: 

Cogeneration Proiect~ which simultaneously produce two or more useful forms of 
energy (process steam, hot water, or process heat) and electricity. Cogeneration 
projects are energy-efficient since they generate electricity on the margin for as little 
as 4,000 to 6,500 btu/kWh compared to 9,500 Btu/kWh for a conventional power plant. 
To qualify as a QF, a cogeneration project must produce at least 5% of its total energy 
output in the form of useful thermal energy. If that requirement is met, a QF 
cogeneration project can be of any size and can use any type of fuel. 

Small power proiects which produce only electricity but use waste fuels (for example, 
waste coal, industrial process wastes, or biomass) or renewable energy (for example, 
geothermal energy, wind power, hydropower or solar energy). To qualify as a QF, a 
small power project must be below 80 MW. 



Second, PURPAstipulated that utilities had to buy the power produced by QFs and had 
to provide nondiscriminatory interconnection and back-up service to these QFs. QFs 
generally sell power under long-term (20 to 25 year) contracts at rates negotiated or 
competitively bid with utilities and in compliance with avoided cost and other requirements 
of relevant state regulatory agencies. The approval of the power sale contract and the normal 
siting and permitting approvals are generally the only extent to which QFs are regulated. As 
a quid pro quo for "opening up" the power generation monopoly that electric utilities had, 
PURPA allowed utilities to own up to 50% of QFs provided they did contract to sell power to 
themselves. 

c) The Implementation of PURPA 

Several implementation issues quickly arose which had to be dealt with both at the 
Federal level and at the local level: 

At the Federal level, the Federal Energy Regulatory Commission (FERC) was put in 
charge of the broad implementation of PURPA and, as such, issued in February 1980 
its Order 69. This order, however, left a lot of details to state public utility 
commissions. 

At the state level, public utility commissions retained jurisdiction over the 
implementation of PURPA, including deciding: 

- the methodology to be used to set rates for sales and purchases of QF-power; - - the responsibil%ies for QF interconnections; - the standards for QF system safety and reliability; and - the process by which these commissions would resolve disputes between utilities 
and QF owners. 

Nonetheless, some states still felt that PURPA was one more instance of Federal 
interference. The State of Mississippi challenged the constitutionality of the new law in April 
1979. It was not until June 1982 that the Supreme Court of the United States ruled that 
PURPA was constitutional. Consequently, there was little QF market development between 
1978 and 1983. 

The most important issue, then, became how to determine the price that utilities should 
pay for QF power. PURPA just said that utilities should pay no more than their "avoided-cost", 
a new and vague concept which FERC clarified by stating that the avoided cost should be "an 
administratively-determined approximation of the incremental costs to an electric utility of 
electric energy and capacity or both, which, but for the purchase from QFs, such utility would 
generate itself or purchase from another source." At first, this was interpreted to mean the full 
marginal cost of building the next power plant, which was generally construed as a large, 



expensive, utility-owned power plant. In some cases, this meant paying 10-11 cents/kWh of 
QF power -- almost twice what utilities would pay for power bought from neighboring utilities. 

Although some utilities challenged FERC's "administrative" interpretation, the 
Supreme Court upheld FERC's authority to endorse the avoided cost approach, stating that 
the 'basic purpose of .... PURPA was to increase the utilization of cogeneration ... and to 
reduce reliance on fossil fuels" and that "at this early stage of implementation of PURPA, it 
was reasonable for FERC to prescribe the maximum rate authorized by Congress and thereby 
provide the maximum incentive for the development of cogeneration and small power 
production/ 

Evenupheld, the FERCguidelines remained unclear and state commissions developed 
different methodologies which in some cases were legally challenged as well. For example, 
New York State declared that there should be a floor of 6 cents per kWh for QF power, a 
decision which was later repealed. Several states (e.g. Pennsylvania) also said that contracts 
signed between utilities and QFs were to approved even if they did not quite follow the 
commission guidelines. Commissions also reacted at different speeds as they faced various 
utilities with diverse demand and supply situations and different levels of sophistication. In . 
addition, some state commissions (e.g., California and Ohio) had large staffs while others did 
not have the in-house engineering and financial expertise needed to administer PURPAissues. 
As a result, only 16 states had issued their regulations by March 1981, the deadline set by 
FERC. By March 1983, two years later, six states still had no PURPA regulations in place. 

While regulators were searching for the best approach, most US utilities were resisting 
non-utility generation because they resented having to purchase high-priced power from QFs 
that could be located anywhere and operated by anybody. For most utilities, this smacked of 
anarchy and, in numerous instances, utilities counteracted by offering discount rates or deferral 
agreements to industries that were potential cogenerators or by imposing high standby and 
interconnection rates. 

Finally, the pressure of state regulators and the activism of non-utility companies 
overcame the utilities's opposition in some key states such as California, Texas and 
Pennsylvania. In these states, non-utility offers started to pour in on a "first-come, first served 
basis to take advantage of high-avoided costs. In addition, QFs built then could be amortized 
over a 5 year period as the result of a new tax law passed under the first term of the Reagan 
administration. By the mid-1980s, some of these states were swamped by QF offers. For 
example, over 6,000 MW of offers were signed up in California alone in 1984 and 1985. At that 
point, utilities and regulators started to search for ways to regain control of the situation by 
reducing the amount of QF capacity offered with queuing systems and capacity auctions. In 
essence, utilities were concluding that when there is a high level of QF offers, the avoided cost 
could be defined as the cost of purchasing additional power from the most competitively priced 
QF project. In 1984, the idea of issuing requests for QF proposals that could compete against 
each other emerged in the states of Maine and Massachusetts. 



While regulators and utilities were getting their act together, the demand for power was 
growing in several regions of the United States. Utilities were reluctant to build their own 
plants for several reasons. Utilities feared major cost overruns; the major failures they had 
experience in nuclear construction caused some of them to re-examine the assumption that 

a 
bigger plants were better. They also did not like the high fuel prices and interest rates that 
were in effect at the time and their balance sheets were often not in a favorable position to 
take on the risk of new construction. 

In this context, US utilities came to realize the advantages of QFs compared to 
conventional power plants: 

First, QFs are small compared to central utility stations. Therefore, QFs better fit the 
gradual increased demand faced by most US utilities. Being smaller, QFs are also 
easier to site and permit. In most states, permit reviews are simpler for projects below 
100 MW, 75 MW or 50 MW. In addition, industrial cogeneration projects are generally 
built on existing sites where the incremental water, community, and socio-economic 
impacts are minimal. 

Second, being smaller and easier to site and permit, QF projects can be constructed 
faster than conventional plants with less chances of incurring cost overruns. A QF 
project generally can be built in less than 3 years under turnkey contract with price 
ceilings. 

Third, easier to site and less risky, QFs are accepted by financial institutions which are 
willing to provide project financing by extending highly-leveraged debt on a non- 
recourse basis. With this type of financing, financial institutions loan the necessary 
funds against the sole assets of the project, without having recourse to the equity 
owners of that project. For the lenders, the single most important asset in a QF project 
is its long-term power sale agreement because it is signed by a utility that is generally 
considered as a most credit-worthy institution. In the 19805, QF projects were 
leveraged up to 85-95%, thus enabling them to produce power at lower costs and still 
generate higher returns than utility projects leveraged at less than 50-60%. In addition, 
cogeneration projects, with their higher energy efficiencies, are more cost-efficient 
than central power plants. 

Finally, utilities came to accept that there were knowledgeable, entrepreneurial and 
efficient non-utility organizations that could run their QFs as reliably as utility- 
plants. The was a growing recognition that increased competition in power 
generation led to more innovation in technology, more fuel diversity, and better 
diversification of risk. 

As the need for new power kept growing, FERC proposed a ruling in early 1988 that 
would have standardized competitive bidding for QF plants. However, several states resisted 
saying that they wanted the flexibility to design their own QF selection processes and continue 



to use them as needed in case-by-case negotiations. Although it failed, the proposed ruling sent 

a the message that competitive bidding was the way to go. 

Currently, most US utilities issue requests for competitive bids for a certain amount of 
non-utility capacity that has to meet certain size, fuel and operation criteria and must come 
on line within a specified time window. Such bids can be either open or closed bids: 

In open bids, the request for proposal provides an explicit scoring system which is being 
used throughout the project selection and negotiation process. 

In closed bids, there is no scoring system, although the utility may provide some 
indications as to the types of projects it prefers. 

In both cases, however, utilities are learning how to improve their bid selection process 
by evaluating QF offers not only on price but also on "quality". To judge the quality" of a QF 
offer may call for looking at up to 15 - 20 factors such as the use of certain local fuels; the 
impact on the local environment and economy; the type and reliability of the technology 
proposed; the timing of the project; its transmission fit; the quality of the planned operation 
and maintenance contract; and the reputation and track record of the sponsors behind each 
project. In some cases, the utility will bid its own plant or use as a benchmark a potential 
contract to purchase bulk power from a neighbor utility. 

In this new competitive bid environment, QFs generally sell power at rates between 6 
and 8 cents per kwh. At these rates, rates of return on QF projects can range between 15% 
and 25% depending on the degree of risk, location, and size of the project. To date, over 65 
competitive bids have been issued by 48 utilities to request over 19,000 MW of non-utility 
generation capacity. The market response to these bids has been tremendous: over 1,950 
projects were bid for a total in excess of 148,000 MW, that is almost 8 times what was being 
asked. These bids were issued by all types of utilities, including investor-owned utilities, public 
utilities and rural cooperatives. 

d) The Success of Non-Utility Generation in the US 

The combination of increasing capacity needs, the utilities' reluctance to build new 
plants, and a growing acceptance of QFs by utilities, explains the emergence of a strong non- 
utility generation industry which has grown by 15% per year over the last ten years. The US 
QF market took off in 1985 and, since then, annual increases of 3,500 to 4,000 MW per year 
have been recorded. Year 1990 was a re~ord'~ear with over 6,000 MW of new operational 
capacity: this included 224 projects for a total investment in excess of $8.5 billion. 

Overall, more than 30,000 MW of new QF capacity has been developed since 1980, 
representing over $40 billion in investments. QFs have provided about 15% of all the new 



power generation capacity installed in the United States since 1980. This proportion has 
subsequently increased fiom 25% in 1985 to 53% in 1990. a 

Today there are close to 3,000 non-utility generation projects in operation, representing 
a total generation capacity of more than 40,000 MW. This accounts for roughly 6 per cent of 
the total installed generation capacity in the United States. In 1990, QFs produced the 
equivalent of $9 billion in electricity sales. At this point, over 85 utilities purchase significant 
amounts of independent power. 

QFs are very diverse in size and type of fuels. Gas-fired cogeneration, however, 
dominates with 45% of the total non-utility generation capacity in place. Next comes coal-fired 
cogeneration (15%). Small power projects account for 23% of the existing QF capacity, 
including projects with a broad slate of energy sources: biomass, waste fuels, hydroelectric 
power, municipal solid waste, and geothermal, wind and solar energies. 

In addition, some 1,500 QF projects were identified as under development, representing 
potential capacity additions of nearly 70,000 MW, most of which will come on line between 
1992 and 1995. This includes over 34,000 MW of gas-fifed capacity, 11,200 MW of coal-fired 
capacity and some 6,000 MW of capacity that will use biomass or waste fuels; the balance 
(16,700 MW) will rely on renewable energy resources. Note that not all the projects forecasted 
will succeed; it is estimated that about 50% of all projects initiated eventually fail to be 
constructed due to their inability to meet various regulatory, permitting, or financial 
requirements. 

In terms of applications, small power projects (most using renewable energy) account 
for the largest share of QF projects, both operating and under development. The next most 
intensive QF markets are cogeneration projects found in the chemicals, pulp and paper, and 
petroleum refining industries; these three industries combined host 18,000 MW of operational 
non-utility generation and could attract another 17,000 MW of additional QF capacity in the 
next five years. 

Non-utility generation, with its flexibility and quick-on-line capability, will help US 
utilities meet their capacity needs across the entire country. Up to 200 competitive bids may 
be issued through 2000, requesting over 45,000 MW of non-utility generation capacity, first on 
the East Coast, but then spreading to the Southeast and Midwest of the United States, as the 
demand for new power generation shifts round the country. In most cases, utilities will solicit 
between 200 MW and 450 MW at a time. 

In that context, it is projected that 54,700 MW of non-utility generation capacity will 
develop through 1999, including 26,200 MW of gas-fired capacity; 15,400 MW of coal-fired 
capacity industrial cogeneration; 6,500 MW of biomass- and waste fuel-fired capacity; and 
6,500 MW of capacity relying on diverse types of renewable energy resources. 



Over 9,000 MW of non-utility generation capacity may therefore be in place by 2000. 

a Through 1999, non-utility generation will provide about 46% of the total generation capacity 
that is expected to come on line. This bodes well for this new industry which is attracting more 
and more players. As the industry grows at 10% per year, some-non-utility companies will grow 
large in the 1990s. By 2000, leading players may control the equity of some 3,000 MW of non- 
utility project. By being involved in up to 40-50 projects in 20-30 states; the portfolios of this 
major players could then be worth $1 billion or more and their annual powersales are likely 
to exceed $ 1.5 billion. 

e) The New Energy Policy Act 

A new national energy law, entitled the Energy Policy Act of 1992, which substantially 
expanded the scope of independent power in the US. This Act signals a new era by offering 
the following new terms: 

A new category of power plants, Electricity Wholesale Generators (EWG), are exempt 
from PUHCA and thus have similar status as Qualifying Facilities under PURPA, while 
they are still subject to the Federal Power Act and state regulatory commissions. There 
are no explicit fuel or size restrictions for EWGs and they have fewer restrictions on 
utility ownership. 

Transmission access will be broadened for wholesale power exchanges between utilities 
and independent power plants. This broader access to the grid will give independent 
power generators greater rights and opportunities to wheel power to utilities and major 
customers. 

This new law is likely to result in a wide variety of new EWGs emerging on the market. 
EWG size will at first be limited by the realities of the power plant siting and the sizes of 
power capacity additions being required by utilities. Thus, most EWGs being developed in the 
United States over the next four years will likely still be below 400 MW, with 150 MW to 300 
MW being quite popular. The competitive market conditions in the U.S. are also leading 
many developer to pursue major project overseas. 

In addition, under the new Act, FERC can order wheeling between utilities, or between 
QFs or EWGs and utilities, or between QFs or EWGs and major industrial customers as long 
as the transaction meets four conditions: (1) it involves wholesale power only; (2) it is in the 

0 public interest, (3) it does not jeopardize the reliability of the grid, and (4) it involves 
wholesale power that is transacted at a "just and reasonable" price. 

With this new Energy Policy Act, the independent power market in the US is opening 
a new chapter that will lead to a wider variety of opportunities for independent power 
generators. 



f )  Lessons Learned from the US Independent Power Experience 

In conclusion, we can say that PURPA has had a positive effect on energy efficiency 
since cogeneration has inherently higher thermal efficiencies than power-only technologies. 
In some cases, utilities were forced to purchase relatively expensive power typically from 
renewable energy power plants; the responsibility for this situation being largely due to poor 
decisions made by the utilities themselves. P W A ,  however, had a good impact on diversity 
of technology and fuel supply and it has reduced the probability of a single large outage. The 
impact has also been positive on reducing oil dependence, although the use of indigenous gas 
has increased. More importantly, however, PURPA has brought on power that was badly 
needed in some key states and has reduced the capital requirements of several utilities that 
were not willing to build or were not in a good financial situation to do so. Other points have 
been learned in the last ten years: 

Non-utility plants can be integrated into a utility system with a reasonable set of 
interconnection and dispatchability requirements, although dispatchability can remain 
a problem in some cases. 

Once on line, non-utility plants can be quite reliable. 

Utilities are getting better at calibrating proposals from non-utility generation 
companies through better negotiations, more thorough due diligence, and by using 
monetary incentives such as imposing fees for entering the bidding process and 
imposing penalties for failure to meet operating requirements. 

It is useful to develop clearly defined requests for non-utility power to allow a good 
negotiation climate. 

It is preferable to adopt standardized power purchase contracts to facilitate . 
negotiations and project financing. 

Utilities need to balance price and quality factors to arrive at the right avoided cost and 
reflect possible changes in future capacity conditions. 

Overall, the non-utility generation experience in the United States is a unique 
experience of unmatched magnitude in the world. Yet it did not emerge as the result of a 
drastic and definite intent to deregulate the US power generation sector, but rather as a long- 
term simmering spin-off of a law aimed at promoting energy conservation in a marginal way. 
PURPA, however, did succeed in making the US electric industry more competitive, although 
this process has been long and tortuous in the minds of several non-utility companies. 

Looking back over the US experience, one can conclude that to be successful, an 
independent power promotion program has to meet three conditions: 



It must be clear in 1ts ' obiectives; what level of diversification or privatization is sought? 
What type of projects are being preferred? Where should these projects be built and 
when would be the best time to build them? How can power pricing and Integrated 
Resource Planning be best implemented to meet both economic and social objectives? 

It must foster a climate of trust between the utilities and the private power developers 
so that projects do proceed on a timely basis and that precedents can be taken for 
granted. In addition, the sharing of risks must be defined: for example, who is taking 
the risk for fuel price changes, environmental permit failures or over building capacity? 

It must be accom~anied with the right incentives for utilities to participate fully and 
help contribute to the objectives set forth by the private power program. 

These lessons from the US context have played an integral part in the evaluation of Bulgaria's 
policy and legal framework, as reviewed in Chapters 111, IV, and V. 

3) Relevant Case Studies of Independent Power Programs in Transitional and Emerging 
Economies 

Three countries have been selected to profile the development of the independent 
power policy and institutional framework and the commercial market: Poland, Argentina, and 
Spain. The experience from these countries in combination with the US experience will 
provide valuable lessons for developing independent power in Bulgaria. 

a) Poland 

The power system of Poland had a total capacity of 31,390 MW in 1989, composed of 
some 400 power plants and generating over 125 billion kWh. Eighty-five percent of total 
power generation comes from coal-fired power plants. The power sector is comprised of 28 
power generation companies, 33 electricity distribution enterprises, 4 lignite mining 
companies, and a wide variety of equipment manufacturers, maintenance organizations, and 
engineering firms. It is estimated that about 5,100 MW of capacity will be needed by the year 
2000 and an additional 8,000 MW to 12,000 MW by the year 2010, with much of this capacity 
being in the form of rehabilitation and repowering of existing power plants. 

Until 1990, the entire power sector in Poland was state-owned, with the exception of 
a few small hydro power stations. After beginning the transformation of the Polish political 
and economic system in 1989, it was decided to privatize the state-owned power companies. 
In 1990, the Parliament liquidated the Power and Lignite Board and began the process of 
converting all the power companies into independent joint-stock companies. In addition, a 
new joint-stock company, PSE-SA, was formed to own and operate the high voltage 
transmission system and the pumped storage power stations. PSE-SA also dispatches the 



power stations, prepares load forecasts, and purchases power from the generating companies. 
The Polish Government will initially own 100% of all the joint-stock companies. It plans to 
sell off most of the generation companies, but will always maintain a 51% shareholding in 
PSE-SA. 

The regulation of the power sector is expected to be conducted both at the local and 
central government levels. The activities of the distribution companies are to be under the 
jurisdiction of local provincial governments, while the PSE-SA will be under central 
government control. A national regulatory body is to be established to license generation and 
distribution companies and set wholesale power rates. The legislation implementing this 
scheme is still under consideration by the Parliament. More recently, the Polish Government 
has established new policies for energy pricing in order to improve the efficiency of energy 
supply and use and to mobilize additional capital for investment. 

Substantial efforts are underway to eliminate subsidies in the energy sector. The P. 
Government has already reduced the subsidies paid to coal miners and transporters. Sirnil. 
the wholesale prices paid to producers of power and heat are being increased. The first ent 
pricing study has been completed in order to estimate the long-term tariffs. Ultimately, bulk 
power prices may be regulated by competitive bidding, even on an hourly basis. There is a 
major commjtment to increase retail electricity and heat rates and to eliminate cross subsidies. 

With these reforms underway, the Polish Government has begun implementing a 
program to encourage private investment in the power sector. Several generating companies 
have already been transformed into joint-stock companies and are now negotiating with 
foreign companies that propose to form joint ventures with the joint-stock power companies 
and invest in the rehabilitation of power plants. The joint-stock companies will contribute the 
value of their plants and the foreign investors will raise new capital on a project finance basis. 

In order to finance independent power projects, it is essential that these joint ventures 
secure long-term revenue from the sale of power (and steam, if any). Therefore, with the 
assistance of USAID, PSE-SA has developed a model power purchase agreement to govern 
its purchase of power from the joint ventures. Several power purchase contracts are in the 
process of being negotiated with different joint ventures. US A D  consultants are also 
representing district heating companies in their negotiations with the joint ventures and 
advising various ministries of the Government with respect to government guarantees being 
requested by foreign investors. 

The major issues that have arisen in Poland are the same issues that are likely to arise 
elsewhere in Eastern Europe. The valuation of the joint stock company's existing assets has 
proven to be a very difficult problem because the public treasury desires a high valuation and 
the foreign in\ :: ?s fear a high valuation will undermine the bankability of the projects. As 
a result, indepe . . nt experts are rlsually asked to conduct this valuation. 



The uncertainty of the future pricing arrangements throughout the power sector has 

0 complicated the process. PSE-SA, for example, does not want to agree to a wholesale power 
purchase price which is higher than that it can collect from the sale of power to the distribution 
companies. For their part, the joint ventures do not want to invest time and money in the 
negotiation of %on-price" terms in the power purchase agreement until the purchase price of 
power is known. 

Similarly, the on-going restructuring of the power sector and the possibility of further 
changes in the regulatory environment have also created difficulties. The Polish Government 
naturally seeks to avoid undertaking obligations in the various agreements that may be 
inconsistent with the subsequently imposed rules, and the joint ventures cannot assess the risks 
which they confront. For example, there is a concern that more stringent environmental laws 
may be enacted in the near future. Because compliance with these laws could be costly, the 
joint ventures have asked for protection against such increased costs. The Polish Government, 
however, does not know if these laws will be applied retroactively, and, if they are, it is unclear 
which governmental agency should offer protection. Such problems can be minimized if 
restructuring is completed and a stable regulatory environment is established early. 

Assuming these problems are overcome, there will remain a question concerning the 
availability of Government guarantees. Because the bankability of independent power projects 
depend on the revenue stream from one or more Government-owned entities, the joint 
ventures have closely examined the creditworthiness of these entities. To ensure that they 
receive payment, the joint ventures have requested that the Government guarantee the 
obligations of the Government-owned companies. Unfortunately, the Government has limited 
capacity to guarantee obligations, and it must allocate this limited capacity among many 
different public purposes. This issue is still unresolved in Poland. 

As is evident, the independent power policy and institutional framework in Poland is 
still in the early stages of development. A variety of independent power developers and 
equipment vendors from the US and Europe have been negotiating joint ventures with the 
joint stock companies to develop specific projects. While various joint-ventures and power 
purchase agreements are in various stages of completion, no independent power project in 
Poland has been successfully financed to date. 

b) Argentina 

The Secretariat of Energy regulates the power sector and has owned the major utilities. 
The Secretariat of Energy (SE) is under the jurisdiction of the Ministry of Economy and Public 
Works and Services. SE regulates electricity supply throughout most of the country and grants 
and controls electric concessions through the National Directorates for Coordination and 
Regulation of Prices and Rates for Electricity Planning. The Federal Board of Electric Energy 
is an advisory body for SE and is made up of representatives from each of the provinces. 
Under SE, the Ente Nacional Regulador de la Electricidad (ENRE) is responsible for 



establishing the basis for tariff calculations, defining the terms for awarding concessions, and 
safeguarding pubic safety, environmental protection, and property rights. The govemment- 
owned electric utilities that have operated under the jurisdiction of SE are: Agua y Energia 
Electrica (AyE) (4,818 MW of both thermal and hydro); Servicios Electrims del Gran 

a 
Buenos Aires (SEGBA) (2,703 MW entirely thermal); and Hidroelectrica Norpatagonica 
(HIDRONOR) (2,770 MW entirely hydro). The government is in the process of privatizing 
the generating assets owned by all three of the above utilities. 

The President's Office manages the nuclear capacity while provincial utilities are 
managed by local governments. The National Atomic Energy Commission (CNEA) oversees 
the construction and operation of Argentina's 1,018 MW of nuclear capacity involving two 
power plants located in the Central and Lotral regions of the country. Provincial governments 
own and operate the provincial companies and cooperatives, which represent a total of 729 
MW of capacity. The national grid is extensively interconnected. The national electricity grid 
Sistema Interconectado Nacional (SIN) is based on a network of 500 kV and 200 kV lines that 
ir -onnects 90% of the entire power systems (1990), with only the provinces in the far 
r : a t  and the .ruth beh aarate. 

The demand for electnciy increased by an average of 4.0%/yr over the period of 1970 
and 1990, reaching about 40,481 GWh in 1990. Between 1992 and 2000, electricity demand 
is expected to grow between 4% and 8% per year, depending on economic growth. Total 
installed capacity is expected to increase from 11,865 MW to 17,421 MW between 1992 and 
2000. Some new nuclear capacity and little new thermal capacity is planned. Major 
improvements in the poor capacity factor for some thermal power plants is expected. The vast 
majority of the increased capacity will come from three new hydro complexes. This capacity 
expansion is expected to call for between $6.8 and $10.2 billion dollars of new investment, not 
even taking into account the privatization investments in existing capacity. 

Argentina has come out of a period of hyperinflation that exceeded 5,00O%/yr and 
negative GDP growth of -4.0%/yr or less during the late 1980s; a failed war with Britain . r 
the Falkland Islands; and a transition from military to democratic government. Pres: - r 
Carlos Menem and his economy minister, Domingo Cavallo, dramatically revamped ond 
stabilized the economy by 1991 through an ambitious economic restructuring involving anti- 
inflationary monetary policies; deregulation of commerce and financial markets; successive 
agreements with the IMF; opening of domestic markets to international competition; and 
extensive privatization of government-owned corporations. 

Argentina's privatization program has completed the sale of the telecommunications 
(ENTel), airline (Aeroineas), and steel (SOMISA & Altos Homos) corporations as well as 
various chemical, television, shipyards, subway, financial, and railway companies. In the 
energy sector various oil and gas companies and electric power and transmission facilities have 
been privatized. The decision to privatize most of the government-owned companies is 
designed to attract badly-needed private capital, reduce the government's public debt, 
encourage competition, and promote economic and technical efficiency. 



The process of demonopolizing the power sector was initiated by the Menem regime, 
which came to power in 1989. This program is based on various pieces of key legislation: 
Executive Decree #634, the Proyecto de Ley #15336, the Resolution 38/91, and the new 
Resolution 61/92. The objective of these laws and regulations are to transfer ownership of 
government-owned utilities and power projects to the private sector, encourage competition 
where possible, adjust power prices to reflect actual cost of generation, and protect consumers 
by regulating the tariffs, power quality, and rate of return earned by power companies. 

The pace of privatization has been dramatic. As of the end of 1992,3,115 MW or about 
26% of the installed capacity in 1992 largely owned by the government had been privatized. 
The government is aggressively pushing its power sector privatization program and would like 
to complete the entire power sector privatization program before the end of 1993. While this 
timetable is likely to slip somewhat, the pace is nonetheless dramatic. 

The competitive pricing of power is administered by the new entity, CAMME. The 
Argentine government set up the Compania Administradora del Mercado Mayorista Electric0 
(CAMME) as an operational company in August, 1992 to perform a range of power plant 
dispatching and electric tariff coordinating functions for the Wholesale Electric Market 
(WEM). While ENRE of the Secretariat of Energy performs the tariff regulatory functions, 
CAMME is charged with the actual implementation of rate setting. Its key responsibilities 
include determining the spot market prices based on market and regulatory guidelines, 
supervising and monitoring the electric system, programming the supply of electricity on a 
daily, weekly, seasonal, and mid term basis, controlling the system of power plant dispatching, 

@ distributing the payments between generation and transmission companies, and administering 
contracts. The Board of Directors of CAMME is composed of representatives from 
government, generators, transmitters, and major customers, thereby giving most of the key 
players in the power sector a role in decision-making. 

Power pricing is based on separate spot and bulk contract markets. There are two 
parallel markets for power, the spot and bulk contract market. Large industrial customers 
have begun to enter into long-term contracts'with specific generation companies. The 
remaining power is supplied on the spot market, where prices are determined by the mean fuel 
cost of the most expensive unit in operation and the cost and probability of a loss of load at any 
given time. The economic dispatch priority will tend to favor hydro generation first (when 
available), then nuclear, and finally fossil generation. In the first few years since its inception 
in 1992, the spot market will account for a major volume of power flowing between generator 
and consumer. It is expected, however, that the system will eventually mature to consist mostly 
of long-term power contracts and that the spot market will be limited to the purchase and sale 
of contingency service and surplus power, as is developing in the newly privatized power 
system in the United Kingdom. 

Five power projects have been privatized to date. As of the end 1992, seven major 
power projects have privatized: Puerto (1,009 MW gas and fuel oil), Costanera (1,260 MW gas 
and fuel oil), Alto Valle (97 MW, gas), Guemes (245 MW, gas), Pedro de Mendoza (67 MW, 



gas and diesel oil), Dock Sud (2 ./TW, gas and diesel oil), and Sorrento (226 MW, gas and 
fuel oil). All of these project hz .een thermal plants located in the greater Buenos Aires, 
Neuquen, Salta, and Sante Fe re as. A total of 3,115 MW or about 26% of the total 11,865 
MW installed in 1992 have been p . .;atized. Foreign developers from Europe and the US have 
made major power investments. Power project bids often required assuming repair and debt 
liabilities as well as allowing for a small share of employee ownership. The percent of the 
project sold never exceeded 90%, since 10% was always reserved for the employees. In some 
cases such as with Puerto, Costanera, and Guemes, the government retained 20% for possible 
later sale. In addition to the cash investment, developers also sometimes agreed to make 
investments in repair and assume certain amounts of outstanding debt. 

Selection of winning bids has been based on price and qualifications. While the 
particular terms for each power project sale is confidential, it would be fair to say that the most 
important criteria for the selection of winning bidders was (a) the technical and managerial 
capabilities of the bidder to operate the project (so as to qualify for a short list of bidders) and 
(b) the price offered. In setting the offering price, bidders would naturally have examined the 
age, efficiency, reliability, and other performance characteristics of each unit as well as the 
personnel requirements, fuel costs, generation cost, dispatch potential, potential sales price, 
etc. Interestingly, the bidders came up with a wide range of o f f e ~ g  prices. Bids for Puerto 
ranged from between US $43 and $92 million, for Alto Valle ranged between US $12 and $22 
million, for Guemes ranged between US $53 and $87 million. In all cases the highest bid won. 
These wide spreads in the offering price indicate there were major differences in the bidders' 
estimated value for these projects. 

There are no major constraints to accessing financing. Many investors have quickly 
responded to the favorable business climate in Argentina. In 1992 alone, over US$1.4 billion 
of direct investment in Argentina's electricity generating and transmission/distribution assets 
have been made by broad range of international and domestic investor and lender groups. The 
political and financial risks in Argentina have declined markedly since the unstable periods 
of the 1980s. Foreign commercial and investment banks such as the Bank of Boston, Citibank, 
J.P. Morgan, Chase Manhattan, First Boston Group, Paribas, ING, etc. are aU players in this 
rapidly developing power project privatization market. Nonetheless, there is a note of caution. 
Obtaining long-term debt financing will probably require credit support from government 
agencies or multilateral development banks. While capital is quickly returning to Argentina, 
only three to five year terms are currently available; it may be several more years before long- 
term debt becomes available. Local financial markets are not particularly familiar with non- 
recourse project financing terms, so presently most in~estmentfa~ital is coming from outside 
the country. 

c) Spain 

The power sector in Spain is centrally regulated by the Ministerio de Industria y 
Energia (MIE). In 1985, the government nationalized the main high-voltage grid, creating Red 



Electrica (REDESA) which is 5 1% controlled by the government. As owner of the main grid, 
REDESA and the government control the central dispatching system, determining which @ plants will generate power and when. In theory, dispatching is based on cost of generation and 
availability criteria, while in practice preference is given to domestic coal fired-plants. All the 
electric utilities in Spain (both government and privately owned) are members of a central 
utility industry organization, called the Unidad Electrica, SA (UNESA). While power 
planning is initiated by each individual utility, considerable coordination is managed by MIE 
and UNESA. MIE determines the uniform electricity price throughout the country based on 
a standard cost recovery methodology, regulating revenue transfers between utilities to make 
up for differences in the cost of generation. 

Spain had a total installed capacity in 1990 of 43,490 MW, with 16,103 MW of hydro, 
7,363 MW of nuclear, 9,362 MW of domestic coal, 1,314 MW of imported coal, 6,574 MW of 
oil, 1,320 MW of gas, and 1,454 MW of self-generation. The Spanish power sector was 
originally composed of a relatively dispersed group of some 21 largely privately-owned 
companies that generated and distributed power in respective territories. Since 1985, a 
consolidation began with a government-sponsored asset swap, where some of the financially 
strong utilities acquired assets in the weaker companies. In the past two years, this 
consolidation has accelerated when most independent utilities were subsumed by Empresa 
Nacional de Electricidad (ENDESA) or the Iberdrola group through mergers, takeovers, and 
share acquisitions. The 100% government-owned Institute Nacional de Industria (INI) owns 
75% of ENDESA (with the remainder being publicly traded). Proposals that the government 
sell off more of its share in ENDESA to reduce the national debt are unlikely to take place 
and certainly would not lead to the government reducing its ownership share below 51%. 
Iberdrola, on the other hand, is an investor-owned consortium (involving the merger of 
Iberduero and Hidroelectrica Espanola). Two smaller independent power companies also 
remain, Union Fenosa (UEFSA) and Hidroelectrica del Cantabrico. In terms of 1991 
installed capacity, ENDESA has 43.8%, Iberdrola has 36.4%, UEFSA has 11.9%, and Hid. del 
Cantabrico has 3.4%. 

The primary motivation for the above-mentioned consolidation has been to make the 
Spanish power sector more financially viable and competitive in the unified European market. 
With the EEC's new policies regarding Third Party Access (TPA) and a general opening of the 
power markets to greater competition, the Spanish power sector recognizes that it needs to 
consolidate into larger companies to compete against the large mostly government-owned 
utilities on the continent. 

Between 1991 and 2000, the National Energy Plan calls for the addition of 8,377 MW. 0 Total installed capacity in 1990 was 43,490 MW and the expected installed capacity in 2000 will 
be 51,450 MW. This expansion plan assumes an annual growth in power demand (adjusted 
for the energy program) of 4.03% between 1990 and 2000, with the major increase being in the 
transport, residential, and commercial sectors. This growth in demand and capacity expansion 
is regarded by some to be optimistic, given the slowdown that has been taking place in the 
Spanish economy (real GDP growth has declined from 5.2%/yr in 1988 to an estimated 



1.7%/yr in 1992). This expansion plan expects there to be a substantial increase in the relative 
share played by gas-fired and self generation and a decline the relative role for nuclear and 
oil. 

National policy on the development of private power has only focused on promoting 
hydroelectric power and industrial cogeneration. The government has not encouraged or even 
permitted private development of independent thermal power plants. Between, 1982 and 1988 
various laws and regulations have been passed that actively promote industrial cogeneration. 
A national law has been established that gives cogenerators the right to sell power back to the 
grid if the cogeneration facility exceeds a combined electricity and thermal heat rate of 5700 
kJ/kWh or an efficiency of about 63%. The law establishes a simple equation for calculating 
the buy-back rate at between 85% and 95% of the industrial rate, depending on whether firm 
capacity is guaranteed or not. 

About 2,450 MW of industrial cogeneration expansion is anticipated between 1990 and 
2000. The rapid expansion of cogeneration is due to: (a) an ambitious new policy to promote 
industrial cogeneration, (b) high industrial tariffs , and (c) limited installed cogeneration 
capacity to date in Spain (i.e. only about 3% of total electricity production versus about 15% 
in most industrialized countries). 

Prior to 1986, only 750 MW of cogeneration capacity was installed in Spain. Very few 
of these projects are selling electricity back to the grid. Between 1986 and 1992, there have 
been 85 new industrial cogeneration projects with a total capacity of 871 MW installed, more 
than doubling the capacity in as little as six years. Seventy five percent of these projects have 
a capacity of less than 10 MW while only 3 projects or 4% of all projects have a capacity in the 
range of 50 to 80 MW. A substantial number of these new projects have involved incremental 
sales of electricity to the grid. Of the 871 MW installed between 1986 and 1992,54 projects 
or 6, 5% of all projects involve simple gas turbines with 16.5% involving combined cycle 
systems, and 13% steam turbines. This trend is a reflection of the overall trend in Europe and 
Spain towards using gas to reduce environmental emissions and to capitalize on the low costs 
and high efficiencies of new combustion technology. 

Unlike its neighbor, Portugal, where large scale BOT power projects have been 
tendered, the Spanish government and electric utilities have traditionally been opposed to 
opening the market to major independent power projects. With the government owning a 
majority of the power sector and there being entrenched political and economic interests, the 
general assumption has been that the IPP market is unlikely to develop any time soon. A 
recent announcement, however, by the Secretary of Energy, Ramon Perez Simarro, has shed 
more light on the Ministry of Industry and Energy's (MIE) plan to submit an ambitious new 
law to the parliament that would call for an opening of the power sector to bulk independent 
power generation. Secretary Perez Simarro proposes in the new electric power law to 
maintain the existing central power planning system, to separate generation from transmission 
and distribution (T&D) in a way that maintains the government monopoly control over the 
main transmission and dispatching network, and introduce greater competition in the 



generation sector by allowing independent bulk power generators to undercut the electricity 
tariffs established by the MIE. If independent producers can profitably sell power at prices 
lower than the established tariff, the Secretary Ramon Perez would like to give them the right 
to access the grid. 

The European Commissions proposal for Third Party Access (TPA) is a key component 
of the European government's plan to open the market to competition. Strong opposition to 
the European Commission's TPA proposal has been mounted by the continental members of 
Eurelectric (the European electric power industry association). The major case against TPA 
forcefully argued by Eurelectric is that free competition will threaten the reliable supply of 
power, could lead to greater volatility in electricity prices, would require a wide array of 
burdensome new regulations, and could possibly compromise efforts to reduce the 
environmental impact of power generation. While it is acknowledged that competitive power 
markets could lead to lower prices in the near-term for large (e.g. industrial) customers, 
opponents charge that a free power market would raise electricity prices for small (e.g. 
residential) customers (as has occurred in the United Kingdom). Opponents try to cast the 
independent power experience in the United States and the United Kingdom in a negative 
light, citing these markets as not being examples worth emulating. 

The free market proposal in this pending new Spanish electricity legislation will need 
to pass parliament and could face stiff opposition. In the Spanish market, the government- 
owned ENDESA and other elements of the government are opposed to opening the market 
to bulk independent power generation. On the other hand, the privately-owned Iberdrola 
supports an opening of the market; they see free competition as in their best interest since the 
current rate-setting and dispatching system is regarded as favoring ENDESA. The submission 
of the new electricity law has been delayed for many months, it is unclear whether the law will 
be submitted and voted on before the general election the government must call before 
October, 1993. Even if the law is largely accepted, it is unlikely that the market will result in 
the open competition found in the United Kingdom or lead to truly competitive large tenders. 

The Spanish economy, the eighth largest of the industrialized countries, experienced 
real GDP growth of W%, 4.8%, 3.6%, and 2.4% from 1988 to 1991, respectively. This growth 
was approximately 1% higher than the average economic growth in the European Community. 
In 1992 the estimated growth rate is lower, but still a positive 1.7%. Moderating growth in 
1992 and in the future reflects weaker international conditions as well as specific Spanish 
monetary policies. There are no appreciable shortages or barriers to raising capital for 
projects with an attractive return on investment, due to a favorable investment climate and 0 continued strong economic growth (GDP growth: estimated at l.7%/yr for 1992). While short- 
term prime lending rates were in the 16% range in 1990 (due to efforts to restrain an economy 
and credit supply that has been expanding too rapidly) these rates have been declining to 
reaching 13.8 in 1992. 



Given the high electricity prices in Spain (e.g. 1989 industrial rate for 10 MW, 50 
GWh/yr load is 8.7 Pesetas/kWh or - 9.3 cents/kWh), returns on investment in cogeneration 
projects are very attractive. The government cogeneration development company, IDAE, has 
estimated internal rates of return between 20% and 65% for cogeneration projects and has 
been aggressively developing projects to capitalize on these attractive opportunities. The major 
utility groups, ENDESA and Iberdrola, are both expanding into the cogeneration business as 
well. 

4) Structure and Sources of Independent Power Financing 

Privately financed IPPs typically are structured as separate project companies that raise 
their capital on a non-recourse project financing basis. This method serves to mobilize private 
capital more effectively by limiting the liabilities of the project owners. In the event of default 
or bankruptcy, the lenders or investors have little or no right to the assets of the owners of the 
company; the only collateral they have is in the assets of the specific project company. For this 
reason, the financing of independent power involves carefully defining and structuring a 
project so as to properly manage and minimize its risk of failure. With an effectively defined 
and structured power project, it is possible to attract the investors that would be willing to 
accept the risk and reward profile of their particular investment. 

a) Independent Power Ownership and Financial Structures 

The structure of a non-recourse financed independent power project is shown in Figure 
2. According to this widely-applied model, a developer would establish a project company in 
Bulgaria dedicated to the financing, construction or repowering, and operation of a specific 
power project. The sources of financing would be from senior and subordinated debt and 
from equity in the form of preferred and common stock (as discussed below). In the 
international market, various types of loan guarantees and risk insurance are often required 
by lenders and investors. 

As shown in Figure 2, this project company would enter into a clearly-defined power 
purchase contract with NEK that spells out NEK's power purchase rate over a period of 
approximately 20 to 25 years. Power purchase rate, fuel price, inflation adjustments, terms for 
penalties or bonuses, etc. would be specific elements of this contract. Given NEK's limited 
creditworthiness at the present time, it is highly likely the developer would seek specific 
Bulgarian government guarantees of NEK's financial commitments to pay under this power 
purchase agreement. The power purchase contract and guarantees are part of a carefully 
structured security package (with the government, lenders, fuel suppliers, plant operators, 
contractors, etc), as shown in Figure 3. The developer would need to obtain these agreements 
to reduce and distribute the project's risk so that financing can be obtained. [See Chapter V, 
Recommendation 61 



Private Power Project Financing 
For a Build, Operate and Transfer (BOT) Power Project 
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The long-term ownership structure of international independent power projects has 
been based on different models commonly called BOO, BOT, and BLT. 

a Build. Om. and Onerate (BOO\: The private developer finances, builds, owns, and 
operates the project for the entire serviceable life of the power plant without ever 
transferring ownership to the utility. 

a Build. Own. O~erate. and Transfer (BOOT or BOn:  The private developer finances, 
builds, owns, and operates the power project for a prescribed term of about 20 years. 
After this period in which the debt has been serviced and the equity investors have 
earned their return, the ownership of the project is transferred from the private 
developer to the electric utility. 

* Build. Lease. and Transfer (BLTL: The project developer finances and builds the 
project and then leases it to the utility in exchange for an agreed upon rent or lease 
payment. Leasing is particularly favored in those countries which have constitutional 
restrictions on private ownership of a power plznt. 

The most common models being applied to independent power projects in emerging and 
transitional economies is the BOO and BOT framework. 

b) Sources of Financing 

With thorough analysis of a good power project and a favorable power purchase 
contract and other agreements in hand, the developer should be able to raise capital necessary 
to finance the project. The two sources of capital for financing any project are equity and debt 
capital: 

8 Eauity Ca~ital:  Internationally, equity investors typically supply about 20% to 30% of 
the project investment requirements. The equity investor takes on a major portion of 
the project's risk because his return on investment over the life of the project is a 
function of the project's financial performance. 

8 Debt Ca~ital: Debt capital is supplied by a bank through a loan or from the sale of 
bonds and typically supplies about 70% to 80% of the project's capital requirements. 
The debt investors take less risk because they have first rights to any liquidated 
collateral in the event of project failure. For their lower risk exposure, debt investors 
are offered only a lower fixed return over a typical 10 to 20 year term. 

The scrutiny a proposed power project receives in raising the equity and debt financing 
is the most critical phase in the development of an IPP. There typically are two stages of 
financing a power project: construction and operation. Construction financing covers the one 
to four years typically required to complete the construction of a conventional thermal or 



hydro power plant. During this phase the project is not earning a return, since it is not selling 
any power. A turn-key construction contractor is typically required to take on the construction 
risk and commit to completing the project on a fixed price basis. Once the power project has 
been commissioned, the operation phase of the project is financed over a period of 10 to 20 
years. At this stage, the owner and operator of the project assume the operation risk and are 
earning the revenues needed to service the debt and pay a return to the equity investors. 

One of the major hurdles of successfully financing an independent power project is 
satisfying the requirements of the lenders. The ratio of debt to equity varies based on the risk 
in a particular market. During the highly favorable US independent power market conditions 
of the 19805, some projects were financed with 100% debt. Today in the US market, at least 
10% equity is required, with 20% being common. In the riskier markets of the developing and 
transitional economies, equity requirements of 20% to 30% can be expected. In these riskier 
markets, developers will require higher returns on equity than is currently earned in the US. 
Given that lenders are supplying between 70% to 80% of the financing, they will subject any 
project to very close scrutiny before agreeing to lend. 

Given the size and complexity of many independent power projects, financing often 
involves the syndication of debt from multiple sources. For sizeable power projects, it is not 
uncommon for various multilateral, bilateral, and commercial financial institutions to 
syndicate their debt financing into a carefully structured p'ackage. While these arrangements 
serve to diversify the risk across multiple institutions and leverage each bank's limited 
resources, the process of structuring the financing can be significantly delayed. As it is often 
said, "time is money." If the process of negotiating a project and raising financing is unduly 
burdensome, the ability to successfully implement projects will be constrained. Many of the 
policy and institutional recommendations raised in Chapter V of this report will facilitate 
independent power by reducing real and perceived risks and procedural delays in raising 
f i i c ing .  

The main question is what sources of capital would be interested in investing in a 
Bulgarian IPP. Two major risk factors are typically considered: country risk and project risk. 
Country risk typically involves such political risks as war, insurrection, expropriation of assets, 
inconvertibility of currency, and exchange rate volatility. Project risk typically involves 
construction cost overruns or delays, poor power plant performance, non-compliance with 
power purchase or fuel supply contract, etc. With the necessary legal contracts, project risk 
is usually considered manageable by a developer. Country risk, on the other hand, represents 
a danger of failure that the investor has much greater difficulty controlling. Country risk 
ranking services such as Euromoney and Institutional Investor grade most of the countries 
worldwide according to a range of economic and financial indicators. For instance, 
Euromoney uses 9 criteria that include economic data, political risk indicators, debt indicators, 
access to bank finance, access to short-term finance, access to international bond and 
syndicated loan markets, access to and discount on forfeiting, credit ratings, and debt in 
default. For instance, Bulgaria had a listing of 118 out of 169 countries in the March 1993 



edition of Euromoney. This rating reinforces the earlier conclusion that Bulgaria's credit risk 
would be regarded as unacceptable for most commercial banks at this time. 

In emerging and transitional economies, the primary source of debt and some equity 
capital is from the multilateral and bilateral institutions. Commercial banks are often very 
hesitant to take on the risk in these markets without a major involvement of the multilateral 
and bilateral institutions. The International Finance Corporation (IFC) (which is part of the 
World Bank Group) and the European Bank for Reconstruction and Development (EBRD) 
are two key contenders for providing debt financing for independent power projects in 

@ Bulgaria. Bilateral institutions such as the Export Import Banks of such countries as the US 
and Japan have been involved in financing independent power projects. Political risk 
insurance (against expropriation, insurrection, and inconvertibility) and loan guarantees are 
typically sought from bilateral agencies, such as the US Overseas Private Investment 
Corporation (OPIC) and the US Export-Import Bank (EX-IM). Foreign and domestic 
commercial banks are likely to play only a small role in the early independent power projects 
in Bulgaria, particularly with current Bulgarian interest rates (greater than 60%) and short 
terms (less than one year). 

To illustrate how independent power projects are financed, it would be worth providing 
an example. Given the rapidly growing demand for power and the major financial constraints, 
Asia in general and the Philippines in particular has been the site for some of the first major 
IPPs. A newly-financed project of particular note is the 700 MW coal-fired Pagbilao power 
project in the Quezon Province of the Philippines. This project is jointly being developed by 
Hopewell Holdings of Hong Kong (an infrastructure project developer), Mitsubishi Corp of 
Japan (a power equipment vendor), and Black & Veatch International of the US (an 
engineering construction company). This project is being built under a 25 year Build, Operate, 
and Transfer (BOT) agreement with the Philippine National Power Corporation (NPC). The 
NPC agrees to buy power from the developer under a take-or-pay power purchase agreement, 
with NPC also supplying all the fuel (coal) for the project. 

The financing of the Pagbilao power project is of particular interest. The total project 
cost is $888 million, with about 75% being financed from debt sources and 25% equity. $535 
million of the debt financing is being jointly supplied by the Export Import Banks of the US 
and Japan. This project could be a trend setter in that it is the first time the US and Japanese 
export credit agencies have jointly-financed a'major project. The remaining debt is being 
furnished by the International Finance Corporation (IFC), the Asian Development Bank 
(ADB), and the Commonwealth Development Corporation (CDC). The project developer, 
Hopewell is supplying $200 million or 77% of the equity financing, with the IFC, ADB, and 
CDC also providing some equity. 

As will be the case in Bulgaria, multilateral and bilateral sources of financing played 
an important role in the Pagbilao power project development. While developers and 
equipment suppliers are willing to put their capital at risk, commercial banks will likely be slow 



to participate in the early stages of an independent power market in emerging or transitional 
economies. 

5) Independent Power Lessons Applicable to Bulgaria 

a) Benefits of Independent Power 

The policy motivation behind promoting independent power in different c o u n t r i e w  
vary significantly. In developed countries, the objective has typically been to promote 
competition, efficiency, and the integration of a more diverse array of generation technologies 
and fuels. In developing and transitional economies, the goal has included the above 
objectives but has been primarily to attract private capital into a financially constrained power 
sector. The benefits of independent power to Bulgaria are at least fourfold. 

i) 

ii ) 

iii) 

iv) 

Access to Private Ca~ital. The attraction of both foreign and domestic private 
capital will increase investments in Bulgaria and reduce the debt burden of the 
NEK By integrating Bulgaria's power sector into the international capital 
markets, the ability of NEK to modernize and meet its expansion plans will be 
enhanced. 

Transfer of O~timal Technolodes. With the infusion of foreign investment will 
come the application of state-of-the art technologies that will enable the 
Bulgarian electric company (NEK) to improve the quality of service and operate 
in a more efficient and environmentally-sound manner. In addition, with private 
investments will come improved business management and accounting practices 
and expanded training and development of Bulgarian workers. 

Emanded use of Renewable Enernv and Cogeneration. An independent power 
policy framework will induce private companies and industry to cost-effectively 
expand Bulgaria's indigenous renewable energy and cogeneration capacity in a 
way that could reduce Bulgaria's dependence on imported energy and hard 
currency requirements. These facilities could provide electricity at a price that 
is below NEK's avoided costs and would offer environmental benefits. 

Com~etition Leading to Minimized Costs. The competition fostered by 
independent power not only induces private developers to generate power at 
competitive costs but also provides important benchmarks for the NEK in 
determining the costs of new generation capacity. 



The effective restructuring of the Bulgarian power sector from central planning and subsidies 
to market economics and financial viability will be greatly facilitated by the above benefits. 

b) Essential Independent Power Policy and Institutional Conditions 

The transmission of electric power represents a naturally-monopolistic market that 
must be subject to government regulation to prevent a utility from earning excessive monopoly 
profits. The policy and regulatory framework defined by the government and the electric 

@ utility are critical factors in establishing the price of electric power and therefore the return 
on investment in power projects. Independent power developers and investors therefore 
examine the policy, institutional, and regulatory framework before making investments in a 
particular country's power sector. On a contractual basis, individual projects can be developed 
without the entire policy and institutional framework being in place. Nonetheless, in order to 
develop a mature and competitive independent power industry with a diverse array of 
participants, this framework will be essential. 

In the increasingly global marketplace, countries must compete against each other to 
attract the necessary capital and power project development capability. The independent 
power policy and institutional framework of Bulgaria relative to other countries worldwide will 
play a critical role in determining the success of Bulgaria's independent power program. The 
key lessons learned from the experience in other countries in general and the specific case 
studies described above point to three important independent power policy conditions. 

Fair Process: The process of selecting specific developers and projects needs to be as 
fair and transparent as possible. The developer and investors should be given a clear 
idea of who the key decision makers are and what specific requirements must be met. 
If the process is overly confused or political, it is unlikely that NEK will attract the kind 
of quality developers and investors it wants. 

Fair Price: The power purchase price offered by the utility needs to be fair and reflect 
the market price for generation. Unlike a government-owned utility, an independent 
developer cannot subsidize or reallocate costs of generating power. Without a fair 
market rate for the power, the independent generator will not be able to earn the 
revenues needed to service its debt and earn the required return to its investors. 

Fair Terms: The terms of the power purchase contract and other agreements need to 
incorporate certain other key elements necessary to reduce risks that the investors or 
lenders are unable or unprepared to take. The contract term needs to be of sufficient 
length (typically 20 - 25 years for a thermal project, and longer for a hydro project) in 
order to enable the project owner to service its debt. The structure of the buy-back rate 
and the energy and capacity commitments need to be spelled out clearly. The 
developer needs to be given appropriate guarantees that the government and utility will 
honor all its contractual and incentive commitments. 



These three points summarize the essential elements of an effective independent power policy 
and institutional framework. These issues will be addressed in greater detailed and applied 
to the Bulgarian context in Chapters IV and V. 

a 



111. INDEPENDENT POWER MARKET POTENTIAL IN BULGARIA 

1) Status of Bulgaria's Economy 

a) Macro-Economic Conditions 

During the communist era between World War II and the fall of the Soviet Union in 
1989, Bulgaria made a major transition from an agricultural to an industrial economy. This 
economy, however, was largely dependent on subsidized energy from, and on markets in, the 
former Soviet Union (FSU). The collapse of the old communist order and the Council of 
Mutual Economic Assistance (CMEA) has hit Bulgaria with a double crisis. As energy prices 
quickly approached world market levels, Bulgaria's highly-inefficient economy has been hit 
with a dramatic increase in energy-related costs. At the same time, the markets for Bulgaria's 
traditional products have dropped precipitously, as the economies of the FSU and the Eastern 
Bloc have experienced economic decline. Bulgaria has been forced to follow the pattern 
throughout much of the Eastern Bloc, i.e. a dramatic decline in GDP. In 1990, Bulgaria's 
GDP declined 11.3% and in 1991, GDP declined a further 22.9%. These GDP figures, 
however, should be used with caution. The true size of Bulgaria's GDP is in question; 
estimates are that some 20% - 40% of total economic output is in the informal sector, and thus 
is not officially recorded. 

According to US Department of Commerce statistics, inflation was around 50% in 1990 
declining to around 35% in 1991, only to rebound to an estimated 65% in 1992. According to 
the EBRD, it is estimated that inflation will increase to between 80% and 120% in 1993. A 
large part of this inflation, however, is due to price increases mandated by the government to 
reduce or eliminate subsidies. This type of inflation is regarded as temporary and should result 
in a subsequent decline in inflation. Given the high inflation rates, commercial banks are only 
lending over short terms not to exceed one year and at high interest rates of over 60%. 

A distortion exists in the freely floating Bulgarian leva exchange rate. Despite strong 
inflation, the leva has not devalued appreciably. Between 1991 and 1993, the leva has only 
depreciated from around 18 levas/US$ to around 25 levas/US$, despite annual inflation of 
between 35% and 80% during this same period. This distortion in the exchange rate is in part 
attributed to a low demand for dollars resulting from Bulgaria's economic downturn, the lack 
of disposable income on the part of many Bulgarians, and the high Bulgarian interest rates. 
Under these current conditions, foreign companies have had no problem repatriating profits 
or revenues in hard currency. When the economy turns around, however, a significant 
correction in the exchange rate could occur. 

Bulgaria's foreign debt had doubled between 1985 to 1990, reaching about US$ 11 
billion in 1991. Over 80% of this foreign debt is owed to commercial banks. Bulgaria has 
successfully renegotiated its sovereign debt with the Paris Club, but remains at an impasse 
regarding its commercial debt with the London Club (primarily to banks from European 



countries such as Austria, Germany, etc. and with or--; a small US bank component). 
Bulgaria's commercial debt is currently trading at arounc 3.18 to the US dollar. To date, a 
major impasse exists between the debt price the comercial banks want and what the 
Government of Bulgaria is willing to agree to. In the absence of a resolution of these debt 
negotiations, commercial banks will be very reticent to lend beyond the usual short-term trade 
financing. 

The major ,multilateral lending institutions are active in Bulgaria As part of a radical 
and comprehensive reform program launched by the coalition government in 1991, the IMF 
provided a US$279 million Stand-by Arrangement for an external contingency mechanism to 
maintain crude oil and natural gas prices. Also in 1991, the World Bank agreed to a US$250 
million Structural Adjustment Loan (SAL) and a Technical Assistance Loan of US$l7 million. 
Total IMF and G-24 financial support in 1991 was about US$ 1.6 billion. The IMF is 
negotiating with the Government of Bulgaria on further assistance that will help it in its 
negotiations with the London Club on the commercial debt. The IMF is pushing the GOB to 
keep the inflation rate below 50% - 60% and the GDP decline below 595, which is well below 
the 80% - 120% inflation and 10% to 15% GDP decline expected for 1993. 

In April 1993, the Bulgarian Cabinet approved a three year investment program 
totaling 93,499 million leva (approximately US$ 3.6 billion) between 1993 and 1995. 
Approximately 60% (59,106 million leva) of this budget will come from external sources, with 
the World Bank, EBRD, and European Investment Bank making substantial commitments. 
This program has identified 49 priority projects in bridges, water supply, rail transport, health 
care, environmental protection, electric power engineering, etc. 

b) Overall Business Climate 

Over the past two years, the difficulties of converting an inefficient industry based on 
former communist block markets to markets in the West, the ensuing decline in Bulgaria's 
GDP, the high inflation and interest rates, the unresolved commercial bank debt negotiations, 
and the very limited and short term commercial lending clearly pose formidable barriers to 
investment. The general recession in the world economy and the Gulf and Yugoslavian wars 
have also particularly hurt Bulgaria's prospects for a quicker transition to a market economy. 

While the current business investment climate is facing difficulties, Bulgaria has very 
attractive prospects in the future. Bulgaria has enacted laws that establish far reaching rights 
for private investors, including 100% foreign ownership, national treatment of foreign firms, 
and repatriation of profits (these laws are discussed in greater detail in Chapter IV). Bulgaria 
is endowed with a strategic trading position on the Balkan Peninsula, a well educated and 
skilled work force, certain elements of a good infrastructure, rich agricultural land, and 
attractive tourist resorts in the mountains and along the Black Sea. 



Like most Eastern European countries, Bulgaria has embarked on a privatization 
program. The Privatization Agency has been established with a staff dedicated to identifying @ and packaging the most attractive companies for public sale. The focus of this privatization 
program has been on those light manufacturing and agricultural industries (e.g. food 
processing, electronics, textile, etc.) that are potential export businesses which would earn the 
foreign exchange needed by foreign investors. As is true throughout Eastern Europe, the 
progress in privatizing companies is proceeding more slowly than hoped. Nonetheless, the first 
recent privatization of a "maize" (corn chip) products company, Tsarevichni Produkti, was sold 
to the Belgian company G.R. Amylum N.V. (80%), the United Bank of Bulgaria (18%), and 
company employees (1%) for USS45 million. This first privatization is seen as a promising 
development that hopefully will set a trend. The Privatization Agency expressed a particular 
interest in expanding industrial cogeneration at specific steam requiring industries being 
privatized. It has been reported that this maize company just privatized in fact has a 
cogeneration plant that the new owners do not want to use and which they would be willing 
to sell to an independent developer. 

2) Overview of Bulgaria's Power and Energy Sector 

a) Existing Energy Resources 

Bulgaria is endowed with limited energy resources and has typically had to import about 
80% of its total energy needs. The country has only a very limited amount of oil, siflicant 
reserves of low grade brown coal, and some hydro resources. 

Reserves of oil and gas have been declining and are currently at an estimated 3 million 
tomes of oil equivalent, which would provide only about 3 months coverage at Bulgaria's 
current consumption levels. Exploration for oil around the Black Sea coast holds some hope 
of expanding these reserves. 

Coal reserves at currently active coal mines are at about 2.6 billion tomes, with lignite 
accounting for about 90% and sub-bituminous and bituminous coal comprising about 10%. 
The bituminous coal is dispersed and generally uneconomic to extract. The lignite reserves, 
on the other hand, are mostly concentrated at Maritsa East (southeastern Bulgaria). These 
reserves are found in relatively favorable mining conditions: easily accessible terrain, low 
overburden to lignite ratio, thick seams, and no groundwater problems. These lignite reserves 
are sufficient to meet the fuel requirements of 2,300 MW of power generating capacity at three 
power plants (Maritsa East 1 - 3) and a briquette factory for about another 75 years. This 
lignite, however, h of poor quality with a heating value of 1,500 kcal/kg and 2% sulfur. The 
Bobov Do1 630 MW power plant is located at an indigenous brown coal mine south of Sofia. 
Imported black coal from the Ukraine currently supplies the Vama (1,260 MW) and Russe 
(400 MW) power plants, with other sources being explored. 



There are significant hydropower resources that remain to be exploited. With 1970 
MW of current installed hydro capacity, Energoproekt estimates that this represents only 
about 33% of the total exploitable resource. It is estimated that about 2,800 MW of 
economically exploitable capacity remain to be developed at various micro, mini, and large 
hydro sites. As is typical with hydro, this capacity experiences seasonal fluctuations due to 
rainfall and has limited dispatchability. NonethelCss, the availability of precipitation is 
heaviest during the NEK's highest winter power demand period. 

Oil, gas, and coal prices were heavily subsidized during the old communist era. While 
these subsidies have been reduced substantially, particularly for oil, some level of subsidy still 
exists. The World Bank in its 1992 Energy Strategy Study points out that the price for the most 
economic Maritsa East coal is $0.6/GJ, while the real cost of production is about $l.l/GJ. On 
the other hand, the cost of imported natural gas from Russia is considered to be higher than 
the world market price. The World Bank points out that Bulgargaz was paying US$104 per 
thousand cubic meters for gas from Russia in 1991, when the world price was closer to $90 - 

3 5  / 1000m3. This distortion is attributed to a non-cost based mechanism for pricing g s  that 
iulnerable to fluctuations in index prices based on fuel oil and the dollar/leva exchan~ . rate. 

i%e World Bank views these continuing distortions and subsidies in energy prices as not 
sending the right price signals in the Bulgarian energy sector. 

b) Existing Power Capacity 

The Natsionalna Elektricheska Kompania (NEK) is responsible for generating, e 
transmitting, and distributing electricity to the entire country of Bulgaria. The Committee of 
Energy (COE) is the Bulgarian government committee which overseas NEK, the district 
heating companies, and the coal mining sector. Although the NEK is still wholly-owned by the 
government, efforts are being made to make it a profitable, financially independent 
organization that could be privatized in the future. 

NEK provides electric power from a diverse fuel mix that in 1991 included 3,760 MW 
of nuclear power, 2,440 MW of indigenous lignite power, 1,970 MW of hydropower, 1,660 MW 
of imported coal power, and 630 MW of indigenous brown coal capacity. A listing of the 
name, size, and fuel of the major power plants is found in Table 1. Of the total installed 
electric generating capacity in Bulgaria, 86.6% is owned by NEK (10,460 MW); 4.8% by 
independent, limited liability district heating companies (1045 MW); and 8.6% by industry 
(577 MW). In all, a substantial proportion of NEK's generating capacity (over 13%) is 
provided by independent power producers (IPP's). 

While NEK has 12,074 MW of total installed capacity at its disposal, over the last 
several years it has had difficulty meeting a system peak load of 7,200 MW. Most thermal 
plants are aging and poorly maintained, resulting in production at only 60 - 80% of their design 
output. Coal supplies from the former Soviet Union have been unreliable, as have been 
supplies from Bulgaria's own coal mines. Safety problems at the Kozloduy nuclear plant have 
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required the shutdown of two units so that new safety equipment can be installed. And finally, 
production from hydro plants has been affected by a period of dry weather. In 1992, a total of 
38.24 TWh was generated. NEK generated 30.88 TWh. District heating plants and industrial 
generators produced 4.66 TWh and the remainder, 2.70 TWh, was imported from other 
countries. 

c) District Heating and Industrial Cogeneration 

Most major cities and towns in Bulgaria have well-developed district heating systems. 
These systems provide steam and hot water to industries and households. Like the power 
plants, many of the systems are old, poorly maintained and have inefficient boilers and 
distribution systems. Boilers in the larger systems run an natural gas, fuel oil or coal and 
associated generators provide electricity to the grid under contracts with NEK. A summary 
list of the 10 major district heating plants that have power generation facilities is found in 
Table 2. 

Likewise, there are some 9 major industrial cogenerators with a capacity greater than 
10 MW, as shown in Table 3. These include large petroleum and petrochemical plants, two 
chemical plants, a metallurgical plant, a tire and fabric plant, and a fertilizer plant. Fuels for 
these cogeneration plants include gas, coal, and fuel oil. These cogeneration facilities primarily 
produce steam for the thermal loads of the factories and generate power as a byproduct for 
reducing part or all of the power demand from NEK. Some of these cogenerators sell surplus 
electricity back to the grid. 

Avisit to two of the cogenerators (i.e. the Kremikovtzi steel mill and the Chimco Vratsa 
chemical plant) revealed that some cogenerators only meet part of the captive electricity needs 
with no sales to the grid. Kremikovtzi is able to generate power cheaper than NEK due to the 
availability of low cost gas byproducts from steel production. Expanding cogeneration to 
generate excess power for sales to the grid was deemed presently uneconomic at Kremikovtzi, 
since it would require supplementing the limited by-product gas supplies with high-priced 
imported gas. At Chimco Vratsa the economics of cogeneration just to meet captive needs is 
barely viable given the high natural gas prices, possible generation inefficiencies, and the 
relatively low NEK tariffs. Nonetheless, NEK indicated that some of the cogenerators are 
delivering surplus power to the grid. These cogenerators include Burgas, Devnia, Svishtov, 
NHK Pleven, and Vidin. 

The current power sales terms between NEK and industrial or district heating 
cogenerators are not sufficiently attractive to induce investments in new cogeneration capacity. 
The power purchase contracts are for no longer than one year and offer prices below NEK's 
full cost of generation (these contract terms are discussed in greater detail in Chapter IV). 
Under these one year contracts, the district heating or industrial cogenerators are not obliged 
contractually to meet availability or reliability criteria or to generate minimum levels of 
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energy. Under these conditions, these facilities could not be regarded as firm capacity that is 
dispatchable by NEK and thus could not expect payments for capacity delivered. 

d) Expected Needs for Electricity and Capacity 

i) Electricity Demand Forecast 

As occurred in many of the planned economies of Eastern Europe and the former 
Soviet Union, there was rapid development of the power sector in Bulgaria through the mid 
to late 1980's to accommodate an expanding but inefficient heavy industrial base. The sudden 
transition to market economics, the collapse of former communist bloc markets, and the wars 
in the Gulf and Yugoslavia have led to a dramatic decline in economic and industrial output 
and electricity demand over the past several years. Electricity demand is expected to "bottom 
out" in 1992 and 1993 and then begin increasing slowly. 

The graph found in Figure 4 shows NERs different demand forecasts scenarios based 
on projections made in 1984 (under the old communist order), 1990, and minimum, 
intermediate, and maximum projections in 1992. As this graph shows, there was a dramatic 
decline in electricity demand below the 1984 projections, with two precipitous drops around 
1985 and 1990. The forecast of electricity demand found in Table 4 (which was prepared by 
the World Bank and accepted by NEK) is very close to the intermediate demand forecast 
shown in Figure 4 and appears to be a reasonable forecast of electricity and peak power 
capacity demand between 1992 and 2010. Therefore, w;? have used the 1992 intermediate 
demand forecast is used in the capacity expansion plan discussed below. 

Load forecasts should be used with caution. Economic predictions are especially 
hazardous for Bulgaria and other Eastern European countries because there is no experience 
with large scale conversions from planned to market economies. It is too early to know 
whether various industries could become competitive on the world market. Major shifts could 
occur from energy-intensive industries like chemicals and.metallurgy to lighter industries that 
are less energy-intensive. Furthermore, the current forecast does not account for price 
elasticity and so the impact of household consumption on load could be overestimated. In 
addition, the potential impact of demand-side management or energy efficiency programs is 
uncertain. Use of these forecasts for investment decisions involves considerable risk, which 
both NEK and IPP developers must consider. 
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ii) Capacity Expansion Plans 

NEK has prepared an expansion plan projecting capacity installations and needs 
between 1993 and 2010, as shown in Table 5. This expansion plan is based on the intermediate 
electricity and peak power demand forecast accepted by the World Bank and NEK, as 
discussed above. This capacity expansion includes projects currently being implemented by 
NEK, including the completion of the Chaira pumped storage facility which will provide 864 
MW of peaking capacity and the Maritsa East II, (Unit 8) coal plant which will provide 210 
MW of base load capacity. These two projects have been funded by the World Bank and the 
European Bank for Reconstruction and Development, respectively. 

Based on the medium demand forecast, NEK's current generation expansion plans 
forecast the need for 880 MW of new capacity by the year 2000 and 3,910 MW by 2010. 
Options for meeting these capacity requirements include the use of indigenous coal, 
indigenous hydro, imported coal, imported gas, and nuclear. Specific options will be discussed 
in the next section. After the year 2000, NEK's alternate plan recommends that consideration 
be given to construction of a new nuclear facility and a major hydropower facility on the 
Danube River. 





The World Bank recently prepared a report entitle na  ' Power Demand and SUDU 1 
Options (May 1993) with the International Energy Agency for the G-7. This study was 
requested by the G7 in 1992 to examine alternative energy sources for replacing the less safe 
nuclear plants (VVER 440 model 230s) in Eastern Europe and the former Soviet Union. 
Bulgaria has 4 VVER 440 model 230 units # 1 - 4 at its Kozloduy plant with a capacity 1,760 
MW out of the total plant capacity of 3,760 MW. The possible phase out of nuclear power 
capacity has significant implications for electric power planning and the potential role of 
independent power. Independent power developers are unlikely to have a role in nuclear 
generation. The phase out of some fraction of the nuclear capacity will create a greater 

@ demand for alternative power, which could open up significant IPP opportunities. 

In this study, the World Bank developed various capacity expansion and investment 
projections using the Wien Automated System Planning Package (WASP) least cost expansion 
planning model. These forecasts were based on three different electricity demand projections 
and six difference nuclear power scenarios, ranging from shutting down all six units at 
Kozloduy immediately (Scenario 0) to keeping all units operational through the end of their 
designed life (Scenario 5). The scenarios involving continued nuclear power plant operation 
require between $678.0 and $1,566.8 million investments to upgrade the safety and 
performance of these units. The Bulgarian government has agreed to reduce its dependency 
on nuclear power over the long term. 

The least cost alternative to nuclear power and option for capacity expansion involves 
the addition of newgas-fired combined cycle generatingunits at existing or new district heating 
and industrial cogeneration facilities. The installed cost for this new combined cycle capacity 
at existing cogeneration sites is projected to be between about $200/kW and $500/kW. The 
Government of Bulgaria has been concerned about the increased reliance on imported gas 
that these facilities would require. At their request, this study ran a scenario that limited gas 
imports for power and district heating to about 2 billion cubic meters per year (approximately 
current levels) and thus effectively eliminated the least cost expansion option involved gas- 
fired combined cycle systems. According to the World Bank analysis, this restricted gas 
consumption scenario effectively increased the cost of supplying power by about 3% - 8% 
(depending on demand and nuclear phaseout assumptions). The Government of Bulgaria will 
need to decide whether this possible increase in the cost of capacity expansion is justified to 
reduce dependence on imported gas. 

The World Bank analysis concludes that the least cost alternative in the near-term 
involves investments in rehabilitating and repowering existing thermal power plants and 
district heating and industrial cogeneration facilities. Bulgaria's demand and capacity balance 
between 1993 and 2010 is shown in Figure 5 under two difference scenarios: (I) for a complete 
nuclear shut down (Scenario S-0) and (2) a complete nuclear rehabilitation (Scenario S-5). 
As is evident in these charts, by the year 2000, power and cogeneration plant 
rehabilitation/repowering could contribute between 2,000 and 3,000 MW. In 
contrast, only 0 to 1,000 MW of new capacity additions are indicated. 





The analysis prepared by the World Bank is p r e l h h a q  and will be refined by 
additional demand side and least cost utility planning being implemented. US AID and the 
European Community (EC) are currently cooperating in the development of a least-cost power 
supply plan for Bulgaria. This study will bring together a number of studies in an effort to 
provide a more comprehensive plan for generation expansion and demand-side management. 
A clear definition of the least cost expansion options will result from this ongoing analysis. 

One of the studies that will be included in the least-cost plan is a detailed feasibility 
analysis of the rehabilitation of six thermal power plants. This study is funded by the US Trade 
and Development Agency (TDA) and is being implemented by Bechtel. The upcoming report 
will provide useful information on potential rehabilitation, repowering, and retirement of the 
major central thermal power plants. 

When it is completed, the least-cost plan will provide a very detailed analysis of 
electricity demand and options for capacity expansion and demand-side management. It is 
important to note that if Bulgaria experiences low economic growth, demand-side 
management and energy efficiency measures prove effective, and some 450,000 households are 
successfully converted from electricity to gas heating (i.e. the low demand forecast scenario), 
no additional capacity expansion will be required until the year 2000 and possibly as late as 
2005. The uncertainty in the demand forecast and expansion plans requires that such plans 
be continuously updated to reflect current economic and electricity demand data. The focus 
under most scenarios will be on the rehabilitation and repowering of existing thermal units, 
whether they be central power plants or industrial and district heating cogenerators. 

e) Financial Status of Power Sector 

i) electricity pricing 

The average electricity tariff is set by the Council of Ministers (COM), with the 
Commission on Prices (COP) and the Committee of Energy (COE) defining the structure of 
the tariffs (for a further discussion of these institutions, see chapter IV). In May 1990, a 
uniform tariff structure was instituted that is consistent with the principles of marginal cost 
pricing. This tariff differentiates customers on the basis of high (> 35 kV), medium (10 kV - 
35 kV), and low voltage (C 10 kV) levels and according to different times of the year (winter 
and summer) and different times of the day (peak, day, and night). 

There have been major increases in the average tariff from 0.0524 leva/kWh in late 
1990 to 0.64 leua/lcWh in January 1999. In May 1993 a further tariff increase was instituted 
as shown in Table 6. According to the World Bank, this May 1993 increase has raised the 
average tariff to about 2.9 cents/kWh. This rate is still considered too low. The World Bank 
and NEK have agreed that before September 1,1993 the average price will be increased to 3.5 
cents/kWh. After more detailed financial and cost analysis has been performed (which is 
expected before September 1994), the average price will be set at the greater of the long run 



NEK ELECTRICITY TARRIFS 
MAY 1993 
(leva/kWh) 

11 Peak 

Time of Day 

1) Night 1 0.359 1 0.407 

One-scale 1.225 1.285 1.032 1.064 1.116 
Measurement 

The approximate exchange rate in May 1993 was is 26.4 Leva 0 

Winter Period 

Level of Voltage 

SOURCE : NEK, 1993 

Summer Period 

Level of Voltage 

Table 6 



marginal cost or the average price necessary for NEK to achieve a debt service coverage ratio 
of 1.5. 

Residential household tariffs are substantially lower than for al l  other customers due 
to a major subsidy. While industrial tariffs have approached NEK's cost of generation, 
residential tariffs have been significantly lower. In the May 1993 tariff increase, residential 
rates were increased 50% while industrial rates were only raised 5.5% to partially reduce this 
cross subsidy. Household consumers, however, are being hard hit by these rate increases, given 
the low wages of many Bulgarians (particularly senior and other citizens on fixed incomes). 

@ There are discussions of providing some kind of social safety net to help those residential 
customers most in need. Given the very limited financial resources of the government, the 
source of funds for such a program is hard to identify. 

ii) utility financial performance 

In the long term, the government may consider privatizing NEIL Currently, however, 
the financial performance of NEK and the lack of an appropriate energy policy and 
institutional framework would make NEK less attractive to investors. Over the past few years, 
NEK has been operating with inadequate cash flows and high current liabilities. In 1992, NEK 
had losses of 2.45 billion leva on total revenues of 15.40 billion leva. In 1991, losses were 
around 1.39 billion leva on total revenues of 9.56 billion. These losses are being covered 
through state support. The Ministry of Finance (MOF) has given NEK a timetable in which 
to eliminate this need for state subsidies. The goal agreed to between the MOF and NEK is 
that by 1995, NEK will be earning a positive net income and that state subsidies will end. The 
World Bank and NEK are working together closely to achieve this objective. 

Given the recognized inability of NEK to service its debt, most of its earlier liabilities 
were forgiven and removed from its books. Without having to service its debt on the 
amortization of previous installed capacity, it will be significantly easier for NEK to turn a 
profit in the near-term. However, as additional investments in repowering, rehabilitation, or 
new capacity are required over the coming years, NEK will need to raise its tariffs to reflect 
the capital recovery costs. Even after all of the tariff increases made so far and contemplated 
before the end of 1993, an independent power purchase rate based at or below the existing 
industrial tariff may not be sufficient to enable an independent power developer to recover the 
full capital, operating and maintenance, and fuel costs of a new power installation. This actual 
cost of generation issue will need to be examined closely as COE's and NEK's independent 
power policy framework is developed. 

The current goal is to establish the needed policy and regulatory framework so that 
appropriate tariffs and price signals can be established in the market place. In addition, 
assistance is being provided to COE and NEK in applying market-oriented financial and 
accounting principles. The schedule of these activities should put NEK in a relatively 
attractive condition by early 1995. By developing a favorable independent power policy 



program in parallel with these activities, it is very conceivable that independent power projects 
could be successfully initiated within this time frame. 

3) Review of Potential Independent Power Configurations 

There are various configurations and options for independent power development that 
could occur in Bulgaria. These include: 

Industrial Cogeneration: Those industries that particularly require substantial 
quantities of steam or hot water for their production process (e.g. pulp & paper, petro- 
chemical, steel, food processing, etc.) are prime candidates for cogeneration and 
independent power. 

District heat in^ Cogeneration: District heating plants that supply steam and hot water 
to municipalities and industry are also prime candidates for cogeneration and 
independent power. 

rn Thermal and Hvdm Plant Reuowering: Existing thermal and hydro power plants that 
are in need of considerable rehabilitation or repowering could be sold in part or in 
their entirety to private developers, who will make the necessary improvements and/or 
expansions. 

New Thermal and Hvdro Power Proiect~: New capacity requirements could be 
supplied by private developers building new thermal and hydro power projects. 

District heating systems and industrial cogenerators may offer the opportunity for 
providing increased capacity and energy to the grid either through repowering existing facilities 
with expanded power output capacities or through construction of new generating plants at 
new industrial sites. Industries could be encouraged to self-generate and reduce power demand 
through appropriate power pricing terms. The viability of cogeneration projects clearly 
depends on the commercial viability of the underlying industrial or district heating business 
and on the power purchase contract terms offered by NEK (i.e. buyback rate and contract 
term). 

Some of the existing thermal power plants are in major need of rehabilitation or 
repowering in order to optimize their technical and financial performance. The Government 
of Bulgaria is severely constrained in its ability to finance these improvements and may want 
to attract private capital for this purpose. In order to induce the private sector to invest, NEK 
may wish to consider selling all or part of some of these thermal power plants. A joint venture 
between NEK and a private developer could be proposed or the power plant could be sold to 



the private sector outright. New stand-alone independent power plants built by private 

a developers, when needed, could sell electricity to NEK or directly to large retail customers. 

The development of Bulgaria's substantial indigenous hydro resources could also 
present attractive opportunities for independent power developers. Energoproekt's 
Hydropower Division has performed an extensive study of the potential for new hydro 
development. There are major hydro sites being developed such as the Chaira pumped 
storage hydro plant being completed with funding from the World Bank. Energoproekt has 
identified about 155 mini-hydropower sites totaling 2,599 MW and 738 micro hydro sites 
totaling 215 MW. Some of these sites have as much as 1000 feet of head, which could result 
in a very attractive installed cost per kilowatt. 

The long term need for major new central station power capacity using coal, oil, gas, 
and hydro after the year 2000 will also lend itself to independent power development. By this 
point, some smaller IPPs should have been developed thus establishing the procurement, 
contractual, and permitting precedent. 

4) Estimate of Bulgaria's Independent Power Market Potential 

The ability to make a market estimate for independent power is constrained by two 
major uncertainties. the demand for electricity and the power expansion needs are 
unclear due to Bulgaria's difficult economic transition. With the recent declines in electricity 
demand and surplus capacity of variable reliability, Bulgaria could possibly postpone making 
major new investments in the non-nuclear power sector for a few years. Within the next 5 to 
10 years, however, major new investments in cogeneration and power plant rehabilitation and 
expansion will be required. Second, the extent to which a favorable business investment 
climate for independent power will develop is unclear. Independent power developers will 
only play a role in new capacity investments if the Government of Bulgaria, COE, and NEK 
implement policies and pursue strategies that encourage and facilitate private investment (as 
explored in Chapters IV and V). Given that these policies are in the formative stage, there is 
considerable uncertainty as to their outcome. 

Given these caveats, it nonetheless is possible to provide an estimate for the 
independent power market and describe the potential independent power opportunities that 
could potentially develop. As discussed in the capacity expansion plan section and shown in 
Figure 5, the World Bank estimates that between 0 and 1,000 MW of new capacity will be 
added between 1993 and 2000 and between 2,000 MW and 3,000 MW will need to be 
rehabilitated or repowered (based on the extremes of nuclear power scenarios 0 through 5). 
Assuming the most likely moderate nuclear power scenario # 3, this report estimates that 
investments totaling about $521 million will be required for power capacity rehabilitation and 
repowering and $474 million investments will be need for new capacity between 1993 and 
2000. 



Given the capital constraints of the GOB, it is fair to assume that some proportion of 
those additions will be offered to the private sector. The extent to which private investors will 
respond will depend on government policy, the overall investment climate, and the extent to 
which Multilateral Banks and Export Credit Agencies join the private sector in enabling the 
first precedent-setting independent power projects. A summary of these potential 
opportunities is discussed below and is provided in Table 7. 

a) District Heating and Industrial Cogeneration 

Private cogeneration could play an' important role meeting the expanded capacity 
requirements in the near-term. In addition, as Bulgaria considers its economic development 
future, cogeneration could play an important part in improving the economic viability of 
certain industries and the district heating sector. For example, agricultural and food 
processing products are expected to be a major export industry for Bulgaria Food processing 
and fertilizer plants both have a strong potential for cogeneration which could make these 
industries more competitive internationally. 

Preliminary analysis is being conducted to determine the repowering and expanded 
cogeneration potential at the existing industrial and district heating cogeneration sites. In the 
World Bank G7 report, preliminary analysis has been performed based largely on the 
application of fluidized bed or combined cycle technology. This report indicates the potential 
for expanding the installed industrial cogeneration capacity to be around 560 MW to about 
2,570 MW at the Burgas refinery, Kremikovtzi steel mill, Chimco Vratsa chemical plant, and 
the Stara Zagora fertilizer plant. 

At the major district heating plants, the potential for expanding cogeneration from a 
total of about 610 MW to about 2,460 MW has been identified, with particular focus on the 
Sofia, Kostov, Pernik, Plovdiv, Avram Stoianov, Pleven, and Shumen district heating plants. 
Through US Trade and Development Agency funding, Gilbert Commonwealth of the US is 
currently undertaking feasibility studies of three district heating plants. This analysis will be 
a valuable first step in determining the potential for private investment. There has been 
discussion of transferring ownership of some district heating plants from COE to the respective 
municipalities. Given the major rehabilitation and repowering needs of these plants and the 
financial constraints at both the federal and municipal levels, private investment and 
management could be greatly needed. 

If ad these industrial and district heating cogeneration projects proved feasible, the 
potential for expanded cogeneration at these existing plants would total around 3,800 MW. 
This additional capacity would be able to supply most of the 4,820 MW of new capacity that 
the intermediate growth expansion plan calls for between 1993 and 2010. However, the 
expanded use of natural gas that many of these cogeneration projects call for has generated 
substantial debate. Many utility officials interviewed want to avoid increasing dependence on 
imported Russian gas, particularly at the current high price in Bulgaria. In addition, NEK 



BULGARIA POWER PROJECT INVESTMENT OPPORTUNITIES 
Estimates: June 1993 

Existing 1 Potential New or 
Power Facility Name I Installed Capacity ! Repowered Capacit 

I (Megawatts) I (Megawatts) 
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Thermal Power Plants 

Maritsa East 1 
Maritsa East 2 
Martisa East 3 
Varna 
Russe 
Bobov Dol 

District Heating Cogeneration Plants ' 

Russe 
Sofia 
Kostov 
Pern ick 
P lovd iv 
Pleven 
Shumen 

/ /  
' Industrial Cogeneration Plants 

I 

Burgas 

I Krem i kovtzi 
" Chimco Vratsa I 
'I Stara Zagora 
I Devnia 

Hydro Power Plants 

Danube River 
Gorno Arda 
Sredna Vacha 

Source: World Bank, Bulgaria Demand & Supply Options, May, 1993; Energoproekt 

Table 7 



would prefer to see imported gas used to convert 450,000 residential homes from electric to 
gas heating (thereby reducing their winter peak demand). 

b) Coal-Fired Power Plant Rehabilitation and Repowering 

Power project rehabilitation involves repairing and replacing components of an existing 
design, while repowering involves a substantial reconfiguration and possible expansion of a 
power plant using improved technology. Major opportunities for both rehabilitation and 
repowering exist in Bulgaria 

Most of the major thermal (coal-fired) power plants in Bulgaria are in need of some 
form of rehabilitation or repowering, as is being studied by Bechtel in a Trade & Development 
Agency (TDA) funded feasibility study. This need is partially based on the age of the units and 
particularly on the type of technology used and the conditions they have had to operate under. 
Assuming that the useful life of these Bulgarian coal-fired units is 30 years, units totaling 
roughly 370 MW would need to be retired between 1993 and 2000. While thermal plants in 
the US can have a longer useful life, the Bulgarian coal-fired units have been subject to much 
harsher conditions and involve technology that is less well adapted to the efficiency and 
environmental criteria Western countries are stipulating as conditions for power sector loans. 
The power plant units that will exceed a 30 year life between 1993 and 2000 are 4 lignite-fired 
units totaling 200 MW at the Maritsa East 1 power plant and the 3 lignite-fired units totaling 
170 MW at the Maritsa 3 power plant. 

The coal-fired power plants that could be considered for replacement and repowering 
between 2000 and 2010 would add up to over 1,400 MW (again assuming a 30 year life). The 
power plant units that will exceed a 30 year life between 2000 and 2010 and thus are major 
candidates for retirement or repowering are 4 lignite-fired units totaling 600 MW at the 
Maritsa East 2 power plant, 3 imported coal and gas fired units totaling 630 MW at the Varna 
power plant, and 3 imported coal fired units totaling 170 MW at the Russe power plant. 
Clearly, the results of the TDA Bechtel study will better clarify the options regarding 
retirement and repowering of these units. 

In order to attract private capital into rehabilitating/repowering existing power plants, 
NEK may need to consider selling off part or all of particular power plants or entering into 
joint ventures as is being implemented in Poland. Private developers and investors are 
unlikely to want to invest in a power plant that they do not have sufficient ownership and 
management control over. Selling part or all of a power project could also be a way for NEK 
to raise capital for various purposes. 

The indigenous lignite burning power plants at the Maritsa complex (Maritsa 1 -3 
power plants) are in considerable need of reconditioning and repowering. The poor quality 
of the lignite at Maritsa and the labor problems at the coal mines could be addressed by a 



Bulgarian government / private investor partnership that would provide the appropriate clean- 

a coal technologies and labor management plan. 

The two coal-£ired power plants that are burning imported anthracite coal from the 
Ukraine, Varna (1,260 MW) and Russe (400 MW), are in better condition but still call for 
significant repowering. The reliability of coal supplies from the Ukraine has been a problem 
so analysis is being conducted on converting the boilers to burn imported sub-bituminous coal 
from Africa or Asia If a reliable supply of coal is found that matches the boiler configuration, 
private investors might be more interested in these facilities. 

The Maritsa East 1 power plant (200 MW) presents an interesting repowering case 
because it also supplies steam to the country's only major briquette factory. The Bobov Do1 
power plant (630 MW) has depleted its local source of coal and is being considered for boiler 
modification to burn blended coal or low sulfur imported coal. 

A summary of the three power projects, Maritsa East 2, Varna, and Bobov Do1 that the World 
Bank study identified as prime candidates for repowering is found in the Appendix. When 
TDA and Bechtel publish the results of their feasibility studies of repowering of all six thermal 
plants, the results of this analysis will reveal which projects have the best return on investment. 

c) Hydropower 

It is not expected that any of the existing hydro plants will be retired (some are about 
30 to 35 years old) but investment in upgrading to increase efficiency could be attractive. 
Energoproekt has identified about 2,800 MW of new, potentially-exploitable hydro resources. 
These new sites could offer some interesting investment opportunities. The NEK is interested 
in jointly developing with the Rumanians 400 MW of hydro capacity at Nikopol-Turnu 
Magurele and Silistra Kalarash on the Danube River. Other major hydro sites to be developed 
include about 175 MW at Gorna Arda and about 100 MW at Sredna Vacha. Given that the 
hydro generation would typically be during the peak winter demand months, these projects 
may fit into the least cost plan in an optimal way. 

Given the high costs of developing a power project, foreign developers are likely to be 
primarily interested in the mini-hydro and larger hydro projects exceeding 5 MW to 10 MW. 
Many of the pre-closing development costs are the same for small projects as they are for 
larger projects, while the profits and revenues earned are a function of size. Developing a 
micro-hydro project on the scale of 100 kW would not generate the revenues typically required @ by a foreign investor to justify the project development costs. 



d) New Capacity Additions 

As discussed in the previous section, NEK has prepared an expansion plan based on 
low, intermediate, and high demand growth scenarios. Given the uncertainties in the world 

a 
and the Bulgarian economy and power sector, these expansion projections are uncertain and 
will require careful examination and updating. These new capacity projections, nonetheless, 
do provide an estimate of the possible opportunities for new independent power project 
development. 

If the intermediate demand growth scenario proves correct, 880 MW of new capacity 
will be required between 1993 and 2000. There is a range of options on how to supply this new 
capacity, if needed. One option for NEK would be to expand the capacity at the Kozloduy 
nuclear power plant. Given the difficulty Bulgaria will have in obtaining the financing for this 
expansion and the fact that it is unlikely that nuclear power could be developed under an 
independent power scheme, the focus of this discussion has been on conventional thermal and 
hydro facilities. The most attractive opportunities could be for expanded coal-fired, combined 
cycle gas-fired, and hydro project development both at central power plants and cogeneration 
facilities in industry and at district heating plants. 

Over the long term, increased electricity demand and more plant retirements will 
definitely require the construction of new generating facilities. If the intermediate electricity 
demand growth scenario proves correct, the NEK expansion plan calls for 3,940 MW of 
capacity between 2000 and 2010. It is very likely that the Bulgarian economy will be on a 
sound market-based footing by this period and that economic growth could be strong. 

There is a wide range of options for supplying these longer-term capacity requirements. 
At a later date, nuclear power may have found greater favor in the international community, 
given the growing air pollution concerns. Given the extensive development of Russia's large 
reserves of oil and gas, the expanded power capacity using these relatively clean fossil fuels 
may well be increased. Bulgaria's coal reserves and poor coal quality could well inhibit a 
signifkant expansion beyond current capacity levels with further imports of higher grade coal. 

e) Power Export Markets 

Over the long term, COE and NEK might consider the potential market for exporting 
power to those neighboring countries that are deficient in power. The Bulgarian power 
transmission system is interconnected with all neighboring countries, including the Ukraine, 
Romania, Turkey, Greece, and Yugoslavia. Given the existing 750 kV and 400 kV link with 
the Ukraine, and the 400 kV links with all other neighbors, the basic infrastructure is in place 
(while transmission capacity may need to be expanded). 

Bulgaria occasionally has been importing about 800 MW of capacity from the Ukraine 
during periods of peak demand, with about 4 - 5 TWh of electricity being imported yearly. 



Trade with Romania remains limited given this country's economic and power sector problems 
and power exchanges with Yugoslavia has been stopped by the current international embargo. 
Bulgaria is currently negotiating with Greece and Turkey for enhancing their cross-boarder 
interconnections, expanding exchanges of power, and possible synchronization. Preliminary 
indications are that Greece and Macedonia could be potential power markets, if Bulgaria is 
able to develop capacity at a competitive price in the Balkan market. 

f) Power Project Prioritization 

The procedure for evaluating power project investments should utilize a rigorous 
Integrated Resource Planning (IRP) process. In this manner, the most appropriate and least 
cost options will be developed. A key determinant for project selection will be how the power 
plant meets the load profile in terms of supplying peaking, intermediate, or base load capacity. 
The installed capacity ($/kW) and life cycle power costs ($/kwh) for each power project 
opportunity will also be essential factors in project selection. A summary of the installed 
capacity and life cycle costs of different power technologies based on the US and international 
market is found in Table 8. 

Given the installed and generation costs of different technologies, it is likely that the 
first investment to consider will be demand side management options under $300/kW, then 
possible cogeneration and thermal plant repowerings in the range of $200/kW to $400/kW. 
For new generation options, hydro may provide economic generation at particular sites 
identified by Energoproekt. While hydro in the US ranges from between $2,000 to $3,000/kW, 
the high head sites in Bulgaria could reduce capital costs significantly. The choice of the 
optimal technologies and fuelswill become clear after the IRP process has been implemented. 



GENERATION SUPPLY OPTIONS 

ESTIMATES OF INSTALLED 
AND LEVELIZED COSTS 

RANGE 
$/KW 

TOTAL 
LEVELIZED 

COST 
C/KwH 

11 Combustion Turbine 7 275 - 500 I 11-16 

Pulverized Coal w/ Flue 
Gas Desulferization IT- - I 
Diesel Generator 

Combined Cvcle 

Atmospheric Fluidized 
Bed Combustion 

- 

I E ~ i r e d  Steam I 

375 - 1,005 

500 - 800 

11 conventional ~ y d r o  I 1,945 - 3,300 I N/A 

9-26 

5-6 

Source: Central Maine Power, Stone & Webster, and Electric Power Research 
Institute, 1993 

Table 8 



IV. EXISTING POLICY, REGULATORY AND INSTITUTIONAL CONDITIONS e AFFECIING INDEPENDENT POWER DEVELOPMENT IN BULGARIA 

1) Overview of the Existing Policy and Regulatory Framework 

The existing statutory framework in Bulgaria is undergoing major changes. Only one 
statute, the Law on the Environment, has any significant implementing regulations. The 
prospects for a broad independent power program will be enhanced as the Bulgaria's laws and 
regulations become more developed. Nevertheless, a preliminary assessment of the power 
sector institutions and the energy bill currently being drafted indicates that a favorable policy 
and institutional framework is under development. 

While it is important for the long term development of an active private power market 
in Bulgaria that the legislative and regulatory framework evolve from the current transitional 
phase to a more stable system, that evolution can be aided and even accelerated by the parallel 
development of specific projects. At this early stage, if NEKwere to implement an informal 
developer selection process involving negotiations with about 3 or 4 different companies, it 
could ensure that these first projects are relatively competitive. By proceeding with one or 
more IPPs, actual experience is gained that will contribute to improving the policy and 
institutional framework. This issue is discussed in the conclusions to this section and the 
recommendations in Chapter V. 

An overview of the principal Constitutional provisions and statutes affecting private 
power development is provided below with comments on what changes might improve the 
overall policy and legal framework. 

a) Relevant Constitutional Provisions 

i) Private Property Article 17 provides that the right to property shall be guaranteed 
by law and that private property shall be inviolable. Expropriation can be done only after fair 
compensation is assured in advance. A bilateral investment treaty with the US signed in 
September, 1992 should provide additional assurance to US investors. 

ii) Energy Sector Article 18 identifies the activities which are to remain as 
Goveventa l  monopolies. Water resources, mineral resources and parks, for example, 
continue to be under the exclusive control of the national government. With the exception of 
the use of nuclear energy, the energy sector is not so identified. 

iii) Environmental Protection Article 15 states that Bulgaria shall ensure the 
protection of the environment and the conservation and sensible utilization of the country's 
natural and other resources. In addition, Article 5 provides that international instruments 
ratified by and in force with respect to Bulgaria have the effect of domestic legislation, and 



they supersede any domestic legislation stipulating otherwise. Bulgaria is a party to a number 
of international agreements on environmental issues, as discussed in Section IV(l)(b)(ii) 
below. 

iv) Site Acquisition Article 21 of the Constitution restricts the use of arable land to 
agricultural purposes, absent exceptional circumstances and need, and Article 22 prohibits 
foreign individuals and entities from owning land in Bulgaria (but Bulgarian companies with 
up to 100% foreign ownership apparently can own non-agricultural land; see Section 
IV(l)(b)(iii) below). Leasehold interests and ownership of structures by foreign individuals 
and entities are not prohibited. 

b) Relevant Legislation 

i) The Law on Electrical Energy (currently in discussion draft) 

This Law would require the "State Body on Energy," referred to in this report by its 
current name, the Committee of Energy or COE, to oversee the generation, transmission, 
distribution and use of electrical energy by the NEK. The Law contemplates that the COE will 
be charged with the protection of consumers and of the public interest, including 
determinations of need and of the cost effectiveness of generation expansion plans. 
Regulation of prices to consumers, however, is proposed to be made by a "Commission on 
State Energy Regulation" made up of representatives of several Ministries and other entities 
with an interest in energy prices. The "Inter-institutional Commission on State Energy 
Regulation," a temporary commission which would be responsible for the fairness of retail 
prices pending enactment of the law, is being authorized as of the date of this report. These 
entities are described in greater detail in Section IV(2)(a) below. 

The current version of the draft Law indicates that a favorable policy framework in 
terms of power purchase pricing and terms will be offered to independent power generators 
to fill future needs for additional capacity. It requires the COE to create conditions to 
enhance competition in the generation of electric power and to create preferential conditions 
for the production of power by IPPs. The law contemplates a certification process for IPPs, 
in which applicants will be required to demonstrate that: 

they are compatible with the approved long term plan for production and transmission 
of energy; 
they have coordinated their planning with the local authorities, the Ministry of 
Environment (MOE) and the National Council on Water (NCW); 
their pricing is in the interest of consumers; and 
the public has been informed (detailed requirements for public involvement in the 
environmental review process, described in subsection (ii) below, will presumably 
satisfy this criterion). 



Clearly, the manner in which these requirements are applied will have an important effect on 

0 the commercial environment for private power in Bulgaria 

Given the short history of the institutions which would be involved with the 
implementation of this statute and the evolving and dynamic nature of regulation in this sector 
in countries throughout the world, it is reasonable to expect that international sources of 
capital will be concerned about arbitrary or capricious administration of the Law's policies. A 
number of the recommendations in Chapter V of this report are intended to address these 
concerns. 

While the current draft does not distinguish between small power producers, 
cogenerators and other independently-owned gen&ators, if so desired, such a dis&ction can 
be made in either the implementing regulations under the Law or in the Law itself. A number 
of jurisdictions, including the United States, has incorporated such a provision in its legislation. 
Such a distinction would encourage small independent power production through standard 
offers that conform to least cost planning principles but establish a standard avoided cost rate 
and simplify the contracting process for projects under 100 MW. [See Chapter V, 
Recommendation 91 

ii) The Environmental Protection Act 

The Environmental Protection Act was passed in 1991 and amended in 1992. It is a 
comprehensive environmental statute of broad applicabilitywhich establishes the rights of the 
citizens to a clean environment, to information on issues affecting the environment (Article 
9), and to environmental impact assessments prior to construction, reconstruction or expansion 
of a wide range of projects, including power projects (Article 20). 

As discussed in greater detail below, the Law affords the Ministry of the Environment 
(MOE) substantial authority to achieve its goals. No construction can be started until the 
MOE has approved the form and substance of the associated environmental impact 
assessment. Article 28(2) provides that the Minister of the Environment may suspend the 
regulations of other Ministries and Municipalities when they contravene the prescriptions of 
the Law, and Article 28(1) authorizes the Minister or the Regional Environmental 
Inspectorates to suspend or stop industrial activities which impact assessment established as 
damaging or threatening damage to the environment. 

Point Source Emissions --Air; Bulgaria has adopted emission standards for stationary sources. 
The standards for power generating facilities are not technology-specific, but rather are based 
on size categories (in MW) and fuel type. The Law requires sources to pay user charges in 
proportion to their emissions at or below the published standards for the emitting facility. 
Emissions exceeding the standards are subject to penalties in amounts up to 30 million Leva 
(approximately $1.2 million) per month. 



Ambient Stmdards - Ail; In addition to source emissions standards, Bulgaria has stringent 
ambient air quality standards modeled on those of Germany. They stipulate maximum 
allowable concentrations, over 30 minute and 24 hour averaging periods, for 171 categories 
of pollutants. The standard for particulates is comparable to that of the US, but the standards 
for SO2 and CO are almost an order of magnitude more stringent. Bulgaria is a signatory to 
the Helsinki Protocol on SO2 and a Sofia Protocol on NOx, and the Vienna convention and 
the Montreal Protocol on protection of the ozone layer. It is, for example, required by the 
Helsinki Protocol to reduce its SO2 emissions by 30% from 1980 levels by the end of 1993. 
Bulgaria's ambient standards govern a wide range of pollution in addition to air quality, 
including noise and odor pollution. MOE, however, has not yet established a permit system 
for air pollution discharges. 

Because the ambient air quality standards are generally perceived as unrealistic, and 
given the current state of the economy, there is now little or no effort to enforce them. 
However, in addition to the penalties described above, there is authority for the assessment 
of civil penalties against individuals for the violation of environmental laws and regulations 
(Article 32). Moreover, Article 29 of the statute requires a polluter to remedy any damage it 
causes with compensation at least equal to the cost of repair. Article 353bis of the Penal Code, 
which provides that persons who conceal or falsify information resulting in material damage 
to the environment or to human health will be liable to fine and imprisonment for up to five 
years, applies only to government officials. 

Ambient Standards and Point Source Emissions --Water, Ambient water quality standards 
have also been established for three classes of receiving waters, Class I for drinking water 
quality, Class I1 for recreation and fishing, and Class 111 for irrigation. Direct discharges to 
surface waters must meet the Class 11 standards. The MOE is currently putting in place a 
permitting system for discharges to waters. There are also two standards for the discharge of 
waste to sewerage systems, depending on whether they are served by treatment facilities. 

Environmental Im~act  Assessment: While most existing sources have not yet felt the impact 
of the Environmental Protection Act and associated regulations, the MOE has established a 
detailed environmental impact assessment procedure, called an Evaluation of the Effect on 
the Environment ("EEE") study, pursuant to Article 20 of the Environmental Protection Act. 
It will serve for all practical purposes as a comprehensive permit review procedure. Most 
importantly, it gives the MOE @at discretion and final authority over the approval of new 
power generation facilities. It requires the evaluation of the effect of a broad spectrum of 
activities (including the construction, expansion, reconstruction and conversion of power 
generation facilities) on air, water, land, flora, fauna, "protected areas," landscape, people, 
residential settlements and cultural heritage. 

Thermal power stations with 300 MW or greater capacity are under the exclusive 
jurisdiction of the MOE. Other "industrial" electrical generation facilities, hydroelectric 
facilities and overhead transmission lines are under the MOE's jurisdiction if their impact 
extends beyond the Regional Environmental Inspectorate in which they are located, if they 



discharge more than 30 liters per second of waste water, if they burn more than 750 kg of waste 
(averaging period not specified), or if the value of the project exceeds 50 million Leva ($2 @ million). Otherwise, they are under the jurisdiction of the Regional Environmental 
Inspectorate. Article 20 requires that assessments of "large" polluting facilities must be made 
at least once every five years. 

EEEs must be prepared by experts, who must certify that they are professionally 
competent and that they have no direct interest in the facility and have not participated in its 
design. Article 23 requires that the MOE, or the Regional Environmental Inspectorate if it 
has jurisdiction, review the EEE and organize a public meeting on at least one month's notice 
to interested parties. It will issue its decision within three months of the hearing. Appeals 
may be lodged within 14 days, or within 30 days for projects of national significance. The 
statute requires the reviewing authority to prohibit the implementation of projects for which 
the assessment is not complete or is negative, or which are not equipped with the necessary 
pollution control equipment. Finally and importantly, the statute provides that the state is 
responsible for the cost of remediation of pre-existing pollution at industrial sites. 

It should be noted that this Law does not supersede the many other environment- 
related statutes, dating back to the 1950's, which remain on the books. It has been estimated 
that over 120 of such laws are in force, including seven of potentially direct relevance to 
independent power development. However, the relationship of the new statute to the old 
statutes is not yet clear. In addition, other new environmental statutes dealing specifically with 
air, water and soil pollution are now being prepared. It is expected that they will expressly 
supersede some, but not all, of the prior legislation. Regulations dealing with environmental 
audits of existing facilities are also being prepared. 

iii) Property and Resource Rights Legislation 

Law on the owners hi^ and the Use of Aglicultural Lands; Articles 31 and 33 of this Law 
establish the Ministry of Agriculture and the Municipal Land Commissions as the 
jurisdictional authorities over land ownership issues. This law's primary thrust is the 
restitution of farmland to those owning it prior to collectivization, or to their heirs. It also 
prohibits the ownership of (but not the lease of) arable land by foreign individuals, foreign 
companies and domestic entities with more than 50% foreign ownership. However, the use 
of arable land for other than agricultural purposes is strongly discouraged by both the 
statute and the Constitution (Article 221bis of'the Penal Code provides for fines and up to 
three to five years' imprisonment for persons, presumably but not explicitly government @ officials, permitting non-agricultural uses of agricultural land). Therefore, the 
development of new power facilities on land which is classified as arable is unlikely. 
However, the definition of arable land in Article 2 of the law specifically excludes land 
within community boundaries, forest domains (which should be distinguished from 
agricultural land which has been reforested), and land on which industrial, commercial, and 
energy facilities and their yards and ancillary facilities have been built. 



There is an expectation that the Parliament will soon consider the enactment of similar 
legislation for the restitution of expropriated forest land. Although forest land is not afforded 
the same constitutional status as arable land, use for industrial or commercial purposes is 
strongly discouraged. 

In the past decades, many of the industrial facilities now being privatized were sited on 
agricultural land. Apparently they are now properly classified, along with the underlying real 
property, as state assets under the Law on Conversion and Privatization of State Owned 
Enterprises. The definitional provisions of the two statutes, however, leave some ambiguity 
on this issue. The boundaries between the industrial and agricultural properties also are likely 
to be subject to some dispute. 

Several other laws for the purpose of restitution have also been enacted: for 
nationalized immovable property; certain nationalized property; and certain shops, workshops, 
warehouses and pharmacies. There are other laws, such as the 1951 Law on Contracts and 
Obligations, which have potential relevance to site acquisition. An exhaustive review of such 
laws is beyond the scope of this report, and in any event this law and many others are expected 
to be repealed if and when a new law on the same subject is passed by the Parliament. 

iv) Privatization and Investment Legislation 

Foreim Persons' Business Activitv and Foreim Investment Protection Act: This law provides 
foreign individuals and foreign domiciled entities the right to do business in Bulgaria on equal 
terms with Bulgarian entities. Article 7 further provides that foreign persons are entitled to 
most-favored-nation treatment if an international agreement so provides (the U.S Trade 
Agreement became effective in 1991 and includes a most-favored-nation clause). 

Foreign individuals and entities can freely open bank accounts, deal in securities, 
convert leva into dollars and repatriate both income and capital. Under Article 5 they can own 
improvements to real property and they can lease land, but neither foreign persons nor 
domestic entities with majority foreign ownership can own agricultural land. There is no 
apparent restriction on the percentage of foreign ownership in a Bulgarian company owning 
non-arable land. A 100% foreign-owned company with Bulgarian domicile should therefore 
be able to own industrial assets, including the real property. 

Article 12 provides that claims can be secured by pledge or by mortgage, although 
Article 11 also requires foreigners to register their investments assets, and changes thereto, 
with the Ministry of Finance. 

The provisions of this Law also govern labor and social insurance issues. They stipulate 
that an employment contract will provide the basis for the relationship between employer and 
employee, and, to the extent issues are not covered in the contract, the Bulgarian legislation 



shall govern. However, certain basic contractual issues (hours, minimum wage, termination 
notice and payment, occupational hazard protection) must conform to Bulgarian Law. 

Law on Transformation and Privatization of State-Owned and Munici~al Enterprises: The 
scope of this law is the privatization of industrial, commercial, construction and transportation 
companies. It therefore is relevant mainly to IPP participation in industrial cogeneration. It 
may also be relevant to investments in refurbishing utility-owned plant. It provides for 
privatization through the sale of state enterprises, either before or after their conversion into 
commercial companies. 

Large state-owned (as distinguished from municipally-owned) companies whose book 
value of fixed assets is over 10 million Leva will be privatized by the Privatization Agency, with 
the a ~ ~ r o v a l  of the Council of Ministers in the case of book fixed assets over 200 million Leva. 
~omFanies with a book value of fixed assets at or below 10 million Leva are privatized through 
the relevant ministry. These smaller companies can'also be acquired through lease-purchase 
arrangements, management contracts with purchase options, installment sales and conditional 
sales. Municipal companies of any size will be privatized by the Municipality in question. 

Decree No. 105 of the Council of Ministers regulates the process for enterprises which 
are put up for auction, and foreign persons may participate freely in auctions subject to the 
restrictions on ownership of land. 

In principle, it should not be difficult for investors in, and lenders to, independent 
power projects to obtain clear title to project assets, even those subject to claims of restitution, 
as sales of property under this statute will in most cases be without encumbrance. However, 
it appears that Article 18 provides claimants a preemptive right to shares in enterprises built 
on expropriated or collectivized land, in some cases limited to two months after the 
promulgation of the privatization decision. A transitional provision also makes voidable a 
"disposal transactionw of state or municipal property under "apparently unfavorable conditions" 
after 1989. Land ownership and lien records are addressed in Section IV(2)(e) below. 

The first of three parts of a Commercial Code has also been enacted by the Parliament. 
It defines the permissible organizational forms for transacting business in Bulgaria and the 
associated obligations, rights and procedures. It is generally consistent with western European 
practice. 

v) Conclusions on the Policy and Regulatory Framework 

Bulgaria has made a positive effort to establish a favorable legal framework for 
attracting international capital. The passage of the Law on Electrical Energy will be another 
important step in that direction. Whether the preference for IPPs contained in the draft Law 
will attract a broad spectrum of potential investors and thereby create long-term active 
competition in the power generation sector will depend on several additional factors. These 



factors are also relevant, but of less concern, to project sponsors negotiating specific projects 
in parallel with the efforts recommended below. a 

The content of the implementing regulations will be an important factor. If those 
regulations provide prospective independent power investors with an expectation of equitable 
treatment and reasonable certainty of a rational selection process, one important leg of the 
policy and regulatory framework for IPP development will be in place. See the Conclusions 
to the following Section on institutional issues, and Recommendation 3. - 

A final recommendation concerns the consolidation of the project review process. In 
light of the uncertainties surrounding existing statutes and their administration, it would be 
helpful to consolidate the authority for project approval as much as possible. The Certific 
of Need does not incorporate the considerations of other concerztd agen&= It would 
helpful if the COE's statutory authority were expanded to ena2.e it to be e a centr 
clearing house for all or most of the permits required, as described in Reconmcidation 1 
Chapter V. 

Most important, it will depend on investors' confidence in a rational and consistent 
legal and regulatory system. Bulgaria9,s economy is in a transitional phase, and so are its 
legislation, regulations and policies. The direction of the. policies has become clear, but the 
legislative basis for implementing those policies is still in a formative stage. A great deal of 
pre-1989 legislation remains in force, including some wliich is still relevant to concerns of 
potential investors. Examples include the 1951 Law on Contracts and Obligations and a series 
of environmental laws on water, air and land pollution. How those laws relate to recent 
legislation will require clarification. As noted in the text of this section, a number of the new 
laws also contain provisions which are also likely to concern potential investors. 

The Parliament is currently working on legislation to replace the earlier statutes, and 
much other new legislation is also in preparation. These efforts are still in a relatively early 
stage, so it cannot be concluded that a rational and consistent system of laws and regulations 
is yet in place. The associated uncertainties will make it difficult to attract international 
capital to the broad power sector in the near term. However, every effort should be made to 
promptly incorporate the newly enacted statutes and the prior legislation into a consistent 
framework. [See Recommendation 1 of Chapter Vl 

To attract international capital there should also be an established and reliable system 
of legal recourse. A detailed evaluation of the Bulgarian legal system is beyond the scope of 
this report. However, as with the economy and the legislation, the judicial system in Bulgaria 
is in transition from serving as an arm of the state to acting as an independent judiciary. It will 
therefore probably be necessary for all parties to an independent power contract to submit to 
binding dispute resolution by an independent third party in a neutral jurisdiction, possibly 
outside of Bulgaria. Such a Provision should be included in the contract forms suggested 
under Recommendations 9 and 10 of Chapter V. 



2) The Existing Institutional Structure 

a) Committee of Energy, NEK, and Energoproekt 

The COE is appointed by and reports directly to the Council of Ministers. The 
Parliament also has a Commission on Energy and Energy Resources, a 13 member body which 
provides legislative oversight of the COE and the energy sector generally. The COE is the 
governmental department charged, among other things, with general oversight of utility 
operations and encouragement of the independent power sector. In addition to responsibility 
for the generation, transmission, distribution and use of electric power it is responsible for 
oversight of the coal industry and the district heating sector, although some of the latter 
facilities are expected to be transferred to Municipal control. Its functions do not include 
mineral exploration or oil and gas exploration or production, which are under the jurisdiction 
of the Ministry of Geology, nor oversight of the petroleum, natural gas or petrochemical 
sectors, which are under the Ministry of Industry. 

A recent organization chart showing the responsibilities and functions of the COE and 
other agencies with involvement in the energy sector is found in Figure 5. The World Bank 
recommended, in their April 30, 1992 study of the energy sector, that other energy-related 
organizations operating under the jurisdiction of the Ministry of Industry and the Committee 
of Geology (see below), be consolidated under the jurisdiction of a single energy agency. It 
also recommended that the district heating companies be subjected, along with NEK and 
Bulgargaz, to the regulatory authority of a newly created energy regulatory authority. 

The general functions contemplated for the COE were described in the section 
"Relevant Legislation -- The Law on Electrical Energy." Specifically, the draft statute provides 
that the COE will be charged, among other things, with assuring that the electrical energy 
needs of the nation are met, with stimulating efficiency and economy in the sector, with 
creating conditions for competition in the production and distribution of power, with creating 
preferential conditions for IPP supply, and for protecting the interests of consumers, citizens, 
and the environment. 

The draft Law also contemplates the creation of a "Commission on State Energy 
Regulation" which will be delegated certain of the COE's responsibilities to protect consumer 
interests. That nine-member commission would consist of three members from the COE (with 
one serving as Chairman), the Ministers of Finance, Industry, Transportation, Commerce and 
Social Welfare, along with a representative of the Council of Consumers. Pending passage of 
the legislation creating this commission, the Council of Ministers recently decided to establish 
a temporary group called the Inter-Institutional Commission on State Energy Regulation. 
This four-person organization, comprised of the Deputy Ministers of Finance, Industry, Social 
Welfare and Prices, are delegated the COE's responsibility to protect consumers' interests with 
regard to the price and reliability of electric energy. 



NEK, The NatsionalnaElektricheska Kompania, currently owns over 85% of Bulgaria's 
electric generating resources and essentially all of its transmission and distribution facilities. 
Its distribution system serves NEK's consumers through 28 branch organizations. NEK was 
formed as a joint-stock company in 1991. Its shareholders (currently the sole shareholder is 

a 
the State, with voting power exercised by the Council of Ministers) elect a Chairman and six 
members to the Company's Supervisory Board. The Supervisory Board then appoints the six- 
member Managing Board, including the Company's President and Vice President. 

NEK is now, and will be, the purchaser of all power sold to the grid by independents. 
It has negotiated parallel generation agreements with ten cogenerators and nine district 
heating plants, aggregating approximately 1000 MW of currently available capacity (a number 
of small hydroelectric facilities have also signed contracts with the utility, but they do not have 
consistent provisions). The agreement is a standard form of contract effective for one year. 
Prices currently paid to :he independent suppliers are negotiated within a narrow band equal 
to NEK's own industrid tariff rate, less 15% to 18% for unavoidable administration costs and 
losses. A twenty percent premium is due to independent generators when they generate power 
at the request of NEK and would not otherwise be generating thermal energy for their own 
needs. 

The NEK standard power purchase agreement (as found in the Appendix) contains 
many terms familiar to independent power developers in the US The provisions of Article 12, 
which requires payment by the utiiity on the day following receipi of the invoice, is less 
familiar. Other provisions commonly required by IPPs and utilities in the US and international 
market are not included, for several reasons. 

First, the complexities associated with mobilizing international capital have been 
addressed in an earlier section. They obviously have not been relevant to NEK's negotiations 
with Bulgarian cogenerators to date. 

Second, the price structure of the energy sector has historically provided no incentive 
to the Bulgarian industrial and district heating cogenerators to generate excess energy, and any 
such energy has been a necessary byproduct of each facility's own energy needs (see, for 
example, PPA Article 5). NEK should include more stringent dispatch and equivalent 
availability requirements in future cogeneration contracts. 

W i d ,  capital investment at cogeneration plants has been made independent of 
external power sales considerations, and the retail tariffs (and therefore the buyback rates) of 
the utility have been set without regard to capital recovery. This has resulted in negotiations 
based on variable cost-based pricing, adjusted annually to reflect changes in such costs. The 
determination of the utility's long-run marginal cost, including a capital recovery component, 
will provide a more realistic price signal to prospective sellers. Those sellers will also require 
more certainty of capital recovery than can be realized by Annual renegotiations, with the 
associated potential for reductions in capital recovery factors. Independent generators will 
therefore require contracts with a fixed price component (normally the capacity portion of a 



two-part tariff) for a term at least sufficient to retire debt obligations associated with the 
project. 

In developing a new model agreement the utility may require much more detailed 
information about the design, financing, construction, and operation of an IPP than has been 
the case in the past. In addition it may require development and operational security deposits 
from the developer. It should establish clear performance milestones and dispatch, operating 
reliability, and availability targets which are tailored to the characteristics of the IPP and the 
needs of the utility. A system of penalties for deficient performance and bonuses for superior 
performance may also be considered. While the temperature- and part-load-dependent 
operating characteristics of the IPP's technology are not of direct concern to the utility, 
dispatch and variable pricing provisions should reflect operating reality. Likewise, capacity 
and reliability testing and evaluation should be done on a consistent basis for utility plants and 
IPPs. 

One of the most difficult issues to incorporate into the IPP contract in any context is 
excuse of performance for force majeure, and particularly excuse for fuel interruptions. Again, 
the IPP should be required to perform with the same assurance of reliability as the utility 
would reasonably expect from its own units, if similarly situated. One of the primary 
advantages to a utility of contracting for independent power is the shifting of construction and 
(usually, non-fuel) operating risk to the IPP. The associated risks are readily controlled by the 
IPP, so the cost to the utility of that service should be quite small and outweighed by the 
benefits. It is not recommended, however, to allocate risks to IPPs which are beyond their 
control or. beyond their expertise. The IPPs will then price the risk conservatively, either 
increasing the real price of power to the utility or leaving the market, leaving the risk with the 
utility in any event. 

While US and international contracts are normally much more complex in structure 
than the current NEK form of agreement, in most fundamental respects the two are similar. 
With the above-noted elaborations to define the additional obligations and assumptions of 
both project as well as certain aspects of political risks by the parties, the NEK form should 
be readily adapted to future use. [See Chapter V, Recommendation 101 

Enereo~roekt, established in 1948, has acted as the planning, research, engineering and 
design group for the COE and NEK. It is in effect a fully integrated design and engineering 
firm organized into 7 divisions, including hydropower, thermal power, transmission and 
distribution, nuclear energy, automation, research, and engineering investigations. It has 
extensive domestic and international experience, having involvement with the design, 
construction or execution of over 100 major projects around the world. 



b) Ministry of Industry 

The Ministry of Industry has responsibility for a substantial number of energy-related 
sectors. The organizational chart found as Figure 6 illustrates the organization of the Ministry. 
It has Neftochim, which operates a large refinery at Bourgas, and two smaller refineries under 
its jurisdiction. It also controls petroleum products distribution and transportation fuel 
marketing through Petrol, and controls natural gas transportation through Bulgargaz, the state 
pipeline company. Finally, it controls the marketing of household fuels (briquettes, LPG and 
coal) through Toplivo. Mineral, oil and gas exploration is under the jurisdiction of yet another 
energy-related organization, the Committee of Geology. The Ministry of Industry has 
authority over a number of facilities which have a significant thermal load and might prove to 
have economic cogeneration potential, including. the Bourgas petrochemical facility, the 
Kremikovtzi steel facility, and the Chimco Vratsa fertilizer plant. 

c) Ministry of the Environment 

The Ministry of the Environment (MOE) has a broad Constitutional and statutory 
mandate to establish a clean and healthy environment in Bulgaria. As described earlier, it also 
has a great deal of discretion under the Law on the Environment in the review of proposed 

- construction or modifications. It maintains headquarters and a research center in Sofia and 
is organized into six departments, including water, air and soil protection. The Monitoring, 
Research and Information Center collects and publishes ambient data from its monitoring 
activities and other sources (the Ministry of Health and the Institute of Hydrology and 
Meteorology also collect environmental data) in a quarterly bulletin. The MOE is divided for 
administrative purposes into sixteen regions, called "Regional Environmental Inspectorates," 
which are responsible for surveillance and enforcement of the Law on the Environment. The 
regional division boundaries are not coterminous with the administrative Districts described 
in Section (e) below. 

Ambient air data is collected at over 100 sampling locations, 60 of which are operated 
by the MOE , and almost all of which are located adjacent to urban and industrial complexes. 
In addition, the MOE has a mobile monitoring lab. Historical data are of questionable value 
due to irregular or inconsistent sampling and testing procedures. However, the European 
Community's PHARE program is providing substantial funding for new equipment and 
training programs and data quality is expected to improve accordingly. However, it will remain 
difficult to integrate information collected by the various agencies as the nine administrative 
oblasts, the 16 Regional Environmental Inspectorates and the 28 districts used by the Ministry 
of Health all have different boundaries. 

Water quality data are collected for surface waters at approximately 200 sampling 
points and at 276 groundwater monitoring points. A hydrogeology yearbook is published by 
the MOE. The MOE also periodically monitors point source discharges. 
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The process for obtaining environmental approvals was discussed earlier in this report, 
as were the EEE regulations stipulating the lead jurisdiction for review of environmental 
impact. Whether it is the headquarters or the Regional Inspectorate, prospective investors 
should expect significant delays in review due to the enormous responsibilities which are 
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assigned to the MOE staff and the limited resources available to them. 

Upon approval of the EEE, application for a construction permit can be made to The 
Ministry of Construction and Regional Development, which has overall responsibility for 
building codes and authorizations. For smaller projects of primarily local concern, MOE will 
likely delegate its authority to the Municipality concerned For projects of national a 
significance, review and approval will be coordinated from Sofia. 

It was noted in the prior section that in addition to the Law on the Environment there 
are more than 120 older statutes regulating environmental matters, including seven which may 
be of direct relevance to a proposed power project. While they do not have the strong 
enforcement provisions of the new law, they technically remain in effect and should be 
reviewed by prospective investors. 

d) National Council on Water 

The primary role of the National Council on Water (NCW), which has 12 members 
representing the large water users of the nation, currently is the preparation of monthly water 
allocation plans for water resources from 22 multiple purpose dams in Bulgaria. The COE, 
which controls the impoundments, is responsible for implementation of the plan. The priority 
of use is as follows: human consumption, livestock consumption, industrial needs, agricultural 
needs, and power generation. There are recent instances of shortages even for human 
consumption purposes, and, in fact, in early summer 1993 reservoir levels are critically low. 

The issuance of a Certificate of Need by the COE will be conditioned on coordination 
with the NCW. The siting and design of new thermal plants will certainly have to take into 
account the occasional scarcity of water for power generation uses. It is unlikely that the NCW 
would have any objection to a run-of-river hydroelectric facility, or to an impoundment for 
which the operation would not interfere with downstream allocations. On the other hand, 
subordination of operation of a new project to the NCWs priorities might well reduce the 
value of the facility for power generation purposes. 

e) Local District and Municipal Governments 

Bulgaria is divided into approximately 250 Municipalities, or "Obshtinq" each of which 
has a popularly elected Municipal Council and Mayor. The Municipal Council in turn 
appoints an administrative staff to perform executive functions for the Municipality. Each 
Municipality has a property office which maintains records of land divisions and ownership 



h i a l l y  had a bias in favor of buildk their own plants. Over time they developed an 
appreciation for role of independent gexration. The extent to which the independent power 
industry develops in Bulgaria will depend on whether NEK sees it in its own interest to 
encourage this competitive generation market. It is recommended that NEK develop an 
institutional policy in favor of independent power and specific goals be set for NEK and its 
negotiating team against which specific progress can be measured. [See Recommendations 
6 and 7 of Chapter V] 

The use of integrated resource planning techniques to establish pricing and to evaluate @ proposal. will also demonstrate NEK's commitment to a rational and equitable selection 
process. [See Recommendation 5 of Chapter V]. Further comfort would come from the 
development of a model contract for large projects addressing the principal non-price terms 
of concern to investors. [See Chapter V, Recommendation 10; this issue, and the related issues 
addressed in recommendations 6 and 8, are the most critical for sponsors of specific projects 
prior to the establishment of a stable and favorable regulatory framework.] 

Long term success will also depend on the attitude and authority of the COE. It is 
ultimately the regulatory authority which must define the policies of the utility sector, and then 
encourage or enforce compliance with those policies. The development of detailed regulations 
by or under the supervision of the COE will be an essential element in defining the policies, 
but the application of those regulations will be crucial to the confidence of the international 
markets. 

To that end, the staff of the regulatory body should be selected and trained to provide 
full understanding of all issues which may affect utility policy or influence the analysis and 
decisions of the NEK negotiating team. [See Chapter V, Recommendation 21 Similarly, the 
NEK negotiating team should be selected and trained to assure their familiarity with the 
principles and practices of utility operations and power contract negotiations. [See Chapter 
V, Recommendation 81 

Lastly, the attitudes and capabilities of other governmental institutions will be 
important. The MOE, in particular, will undoubtedly play an active role in the review of 
power plant projects. The control of environmental impacts from power plants is a complex 
and technical matter and is likely to strain the limited resources of that staff. It is in the 
interest of all concerned to include representatives of other agencies in educational processes 
which will increase their understanding of the potential and the limitations of power plant 
emissions controls. Close cooperation between different government agencies on the various 
permitting requirements for power projects (e.g. environmental, water rights, land use, etc.) 
will greatly facilitate the process of developing a commercial independent power market. 



within its boundaries. However, recordation of mortgages is accomplished at Notarial 
registries which are maintained in conjunction with, and are located at, the local court for the 
jurisdiction. While investigations of ownership records should be relatively straightforward in 
most Municipalities, mortgage records are sometimes incomplete and often not maintained 
in any systematic fashion. 

The Municipal Council has jurisdiction over matters of local interest other than those 
relating to the restitution of agricultural land. It collects local taxes. It also has the authority 
to issue bonds. Municipalities are responsible for providing local utility s e ~ c e s  such as water, 
waste water and solid waste disposal. They &in aggregate themselves to form a special purpose 
district, or "okolija," which can provide inter-Municipal services such as water supply, waste 
water disposal, or public transport. 

Restitution of agricultural land is under the local jurisdiction of the Municipal Land 
Commission (MLC), the members and Chairman of which are appointed in each Municipality 
by the Minister of Agriculture. Each MLC is required by the Law on the Ownership and the 
Use of Agricultural Lands to maintain a register for all applications for restitution and for all 
decisions rendered by the MLC. 

The Municipalities outside Sofia are aggregated into eight regions, or "Oblasts," which 
serve as administrative units of the national government. The Governor of the Oblast is 
appointed by the Council of Ministers for a four year term. The Municipalities comprising 
Sofia are considered a special region and have a popularly elected Mayor, rather than an 
appointed Governor. 

As noted earlier, the Municipalities may soon be the owners of the district heating 
plants, They would then be responsible for management or privatization of those assets. The 
transfer of the district heating plants to the Municipalities is under active debate in Parliament, 
since most Municipalities are ill-equipped to manage them. 

f) Conclusions to the Institutional Structure Evaluation 

As noted in the conclusions to the previous section, Bulgaria has taken a number of 
positive steps in establishing the necessary IPP policy and institutional framework, as found 
in the leadership being taken by COE and NEK and the draft Law on Electrical Energy. The 
passage of the Law on Electrical Energy by the Parliament will be an important step in 
developing an IPP market, particularly with regards to the establishment of an independent 
regulatory body, but the effectiveness of the draft Law in creating an active long term market 
will depend on the policy and regulatory factors already cited. IPP developers negotiating 
specific projects will be equally concerned with institutional attitudes and competence. 

The success of independent power will depend to a large extent on the attitudes of the 
institutions involved. In the US independent power industry development experience, utilities 



V. SUGGESTED APPROACHES FOR THE INTRODUCTION OF A POLICY AND 
INSTITUTIONAL FRAMEWORK TO PROMOTE INDEPENDENT POWER AND 
PRIVATE INVESTMENT 

Bulgaria is currently evolving from a centrallyplanned economy to a market economy 
with a democratic government. The vast majority of relevant statutes and regulations are 
either newly created or do not yet exist. Even for those which do exist, the institutions which 
will administer the statutes and regulations are either newly created or are assuming new 
responsibilities. There is no history, therefore, which prospective investors can evaluate in 
order to gain confidence in the impartiality of the decisionmaking process. As a result, it 
would be desirable to strengthen the policy and institutional framework according to the 
recommendations discussed below. 

1) Strengthen Components of Legislation to Facilitate Independent Power 

The current draft of the Law on Energy will, when enacted, establish a favorable policy 
for the development of independent power in Bulgaria. In particular, it establishes a policy 
of favorable conditions for independent power, authorizes the execution of long-term power 
purchase agreements by the utility and establishes relatively clear conditions for the issuance 
of Certificates of Need. 

However, the current draft does not provide for any governmental agency to have 
authority to issue a final approval on behalf of the Government of Bulgaria. In the US, the 
state regulatory commission's issuance of a Certificate of Need (or the FERC's issuance of a 
hydroelectric license) typically signals the satisfaction of all governmental review requirements 
other than emissions permits and local construction permits. In Bulgaria, there may be 
Ministries and governmental organizations which have authority over one or more aspects of 
a proposed project but which are not easily identified by prospective investors. The 
consolidation of many project review functions through the ~valuation'of the Effect on the 
Environment ("EEE") process is helpful, although that process does not result in a final, 
determinative authorization to proceed &th the project from any organization other than The 
Ministry of the Environment. It is, therefore, recommended that the EEE determination be 
made binding on any agency consulted or notified during the EEE process. It is further 
recommended that one government agency have the responsibility both to identify and 
coordinate with all jurisdictional authorities not included in the EEE process, and to make a 
final determination that the governmental approval process is complete. This coordination 
could logically be accomplished by staff of the regulatory body with the issuance of the 
Certificate of Need, which would signal the final approval of the project. 

Similarly, as noted in the body of this report, there are other statutes which have 
ambiguities which could inhibit development of an independent power sector in Bulgaria. The 
privatization law, for example, apparently provides to former landowners preemptive rights 



in state or municipal enterprises built on expropriated land, and makes voidable certair 
"disposal transactions," presumably sales, under "unfavorable conditions." Ambiguities als 
exist in other statutes, for example the Law on Ownership and Use of Agricultural Lands. 
which may make it difficult to assure clear title to prospective purchasers of formerly 
agricultural land. It is, therefore, recommended that a comprehensive review of all Bulgarian 
laws affecting the environment or property rights be undertaken, with the goal of identifying 
and clarifying any potential conflicts or inconsistencies. 

2) Establish Power Sector Regulatory Institution and Ensure Staffing by Qualified 
Regulators 

The absence of any history of utility regulation in Bulgaria makes it imperative that any 
such regulatory body be established both with clearly defined functions and authorities, with 
qualified staff and with resources adequate to fulfill their responsibc"ties. As the Bulgarian 
Government completes its deliberations over the regulatory mode - 3  be used, a study of 
necessary resources will need to be performed. Issues to be  address^, at a minimum would 
be: 

0 

0 

3) 

Staffing and training of regulatory commission personnel in generation expansion 
planning and integrated resource planning; 
training of regulatory commission personnel in finance and accounting; 
hardware and software necessary to monitor and corroborate the integrated resource 
plans of the franchised utilities; and 
training of regulatory commission personnel in utility operational issues. 

Develop and Publish Detailed Regulations 

The evolving and dynamic nature of regulation in the power sector in countries 
worldwide, combined with the unaccustomed responsibilities ofthe entities implementing 
Bulgaria's utility regulatory systems, will give rise to concern by prospective investors about 
arbitrary or capricious administration of the regulatory policies. It is, therefore, important that 
the implementing regulations define with precision the requirements, for example, for timing 
and approval of generation expansion needs. It is recommended that the regulatory body 
consider requiring significant detail in utility IRP submittals while allowing NEK enough 
flexibility to optimize the process over time. Such details might include, in addition to the 
usual procedural guidelines, substantive technical requirements for type, format and 
availability of data, and modeling protocols, analyses and results. 

The regulations will need to also set out detailed requirements for solicitations or 
proposals to supply additional capacity. These requirements should assure that capacity 
expansions and renovations are consistent with the Integrated Resource Plan and other 
policies of the Bulgarian government. Such regulations might prohibit the recovery of capital 



investments made by NEK without authorization of the regulatory body and require the 
solicitation and analysis of alternative proposals prior to authorizing the utility to proceed with 0 its own construction. 

4) Establish Central Information Clearinghouse for IPP Developers 

In order to counteract the unfamiliarity of many potential investors with Bulgaria and 
its institutions, it is recommended that the Committee of Energy (COE) or NEK assemble and 
make available information on the institutional framework, as well as technical data, such as 
hydrology at prospective hydroelectric sites or thermal demand at cogeneration facilities, 
which would be of interest to project developers. 

COE or NEK would be advised to consider making the information on the utility's 
least-cost plan assumptions, modeling methodology and results available to prospective 
investors. Most importantly, this would allow project developers to optimize their project 
configurations to the needs of (and the benefit of) the utility system. It would also give 
investors added comfort that the technical and economic evaluation process is handled 
equitably. 

Finally, it is recommended that an information package providing potential power 
developers with relevant details about conditions in Bulgaria be prepared and distributed on 
request and at industry conferences. 

a 
5) Use Integrated Resource Planning (IRP) to Establish Long-Run Marginal and Avoided 

Cost pricing and Project Selection 

One goal of the IRP planning process should be to establish the power project costs 
from which project developers as well as utility planners can evaluate the cost-effectiveness . 
of their proposals. It should be recognized that these cost figures will change over time based 
on the state of technology and market conditions. In the face of uncertainty, the fair 
estimation of such costs is an essential component of rational utility and IPP decision making. 
It is also necessary to provide independent suppliers with a fair price for their production while 
protecting the utility from paying windfall profits to those suppliers. 

Proposed projects large enough to have an impact on system economics should be 
evaluated in the utility's model and compared to the utility's base case plan with respect to 
economics and reliability. 

6) Establish Consistent Policy Regarding Government Guarantees of Utility Performance 

Given the limited experience of NEK and other Bulgarian public and private entities 
in operating as financially sound and independent institutions, it is highly likely that a foreign 



investor and developer would require the Government of Bulgaria (GOB) to provide 
guarantees and other incentives. For instance, the GOB may need to guarantee that NEK will 
honor its commitments in the power purchase agreement with a developer. Should NEK, for 
whatever reason, not be able to pay the developer according to the terms of a signed power 
purchase agreement, the GOB would provide the financial resources necessary to honor the 
contract. Developers may also seek guarantees from the GOB regarding the performance of 
government-owned fuel suppliers and the National Bank of Bulgaria. Finally, it is likely that 
the GOB will be asked for support with respect to foreign exchange availability, force majeure, 
and other related issues. 

Based on the requirements in the international independent power market, the GOB 
will need to develop a policy regarding what types of guarantees and incentives it is willing to 
provide. In the early phases of developing Bulgaria's independent power market, it may be 
necessary to provide substantial guarantees and assistance, but as the IPP market matures and 
the perceived risks diminish, it would be possible to reduce the type and scope of support 
offered. 

7) Establish Policy for Soliciting Independent Power 

NEK may chose to negotiate with the proponents of unsolicited proposals in the early 
phases of IPP market development in order to overcome the unfamiliarity of project sponsors 
with conditions in Bulgaria. In more mature market phases and when project precedents have 
been established, it may be desirable to move to a competitive bidding format. The advantage 
of competitive bidding is that it can result in lower electricity rates and more favorable terms 
for the utility and the consumer. Given the substantial costs of preparing an independent 
power proposal, however, competitive bidding can slow down the project selection process and 
discourage participation by developers. 

8) Establish and Train a Multi-Disciplinary Review and Negotiations Team 

In order to protect the purchasing utility's interest while allowing for expeditious 
selection of project proposals and resolution of unresolved contract issues with their sponsors, 
it is recommended that a multi-disciplinary review and negotiation team be established at 
NEIL The team should be comprised of engineers with experience in generation, transmission 
and distribution operations, fuel procurement, planning and central dispatch. It would also 
include 1awyLs specialized in Bulgarian administrative law and procedure. All members of 
the team would receive training in the principles of contract law and international and project 
finance. 



a 9) Provide Standard Offer Contracts for Small Renewable and Cogeneration Projects 

The development of smaller projects can prove significant to Bulgaria by expanding the 
use of indigenous energy resources and renewable fuels. However, the transaction costs 
associated with extended negotiations of price and terms with a purchasing utility can be a 
major deterrent to potential investors. The elimination of this deterrent through establishment 
of a "Standard Offer" is recommended. 

To implement this recommendation, it will be necessary to establish a class of favored 
generation technologies and a maximum size for each project which will permit economic 
development of the resource and the project without adversely affecting NEK's planning or 
operating characteristics. It will also be necessaq to establish a purchase tariff (including 
terms and conditions) which is structured to assure reliable operation of the facility and 
pricing which fairly reflects avoided costs. Energy price indexing should be considered, as 
should capital cost indexing. The terms of the Standard Offer would be non-negotiable; 
nonetheless the project sponsor would create an effective long-term contract by merely signing 
and delivering the offer. 

10) Provide Standard non-Price Terms for Large Projects 

For larger projects it is not recommended to provide "Standard Offer" contracts. NEK 
will need to have much more detailed contract provisions and project information because 
large IPPs can have a material effect on utility system economics and reliability. The non-price 
terms and conditions under which the purchasing utility proposes to buy power are just as 
important as the price. The preparation by NEK of a model contract which addresses the 
principal non-price concerns of investors (such as discussed in Recommendation 6) and 
allocates risk fairly, could only serve to promote the rapid development of independent power 
in Bulgaria 
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9)  Provide Standard Offer Contracts for Small Renewable and Cogeneration Projects 

The development of smaller projects can prove significant to Bulgaria by expanding the 
use of indigenous energy resources and renewable fuels. However, the transaction costs 
associated with extended negotiations of price and terms with a purchasing utility can be a 
major deterrent to potential investors. The elimination of this deterrent through establishment 
of a "Standard Offer" is recommended. 

To implement this recommendation, it will be necessary to establish a class of favored 
generation technologies and a maximum size for each project which will permit economic 
development of the resource and the project without adversely affecting NEK's planning or 
operating characteristics. It will also be necessary to establish a purchase tariff (including 
terms and conditions) which is structured to assure reliable operation of the facility and 
pricing which fairly reflects avoided costs. Energy price indexing should be considered, as 
should capital cost indexing. The terms of the Standard Offer would be non-negotiable; 
nonetheless the project sponsor would create an effective long-term contract by merely signing 
and delivering the offer. 

10) Provide Standard non-Price Terms for Large Projects 

For larger projects it is not recommended to provide "Standard Offer" contracts. NEK 
will need to have much more detailed contract provisions and project information because 
large IPPs can have a material effect on utility system economics and reliability. The non-price 
terms and conditions under which the purchasing utility proposes to buy power are just as 
important as the price. The preparation by NEK of a model contract which addresses the 
principal non-price concerns of investors (such as discussed in Recommendation 6) and 
allocates risk fairly, could only serve to promote the rapid development of independent power 
in Bulgaria 
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V. SUGGESTED APPROACHES FOR THE INTRODUCTION OF A POLICY AND 
INSTITUTIONAL FRAMEWORK TO PROMOTE INDEPENDENT POWER AND 
PRIVATE INVESTMENT 

Bulgaria is currently evolving from a centrally-planned economy to a market economy 
with a democratic government. The vast majority of relevant statutes and regulations are 
either newly created or do not yet exist. Even for those which do exist, the institutions which 
will administer the statutes and regulations are either newly created or are assuming new 
responsibilities. There is no history, therefore, which prospective investors can evaluate in 
order to gain confidence in the impartiality of the decision-making process. As a result, it 
would be desirable to strengthen the policy and institutional framework according to the 
recommendations discussed below. 

1) Strengthen Components of Legislation to Facilitate Independent Power 

The current draft of the Law on Energy will, when enacted, establish a favorable policy 
for the development of independent power in Bulgaria. In particular, it establishes a policy 
of favorable conditions for independent power, authorizes the execution of long-term power 
purchase agreements by the utility and establishes relatively clear conditions for the issuance 
of Certificates of Need. 

However, the current draft does not provide for any governmental agency to have 
authority to issue a final approval on behalf of the Government of Bulgaria. In the US, the 
state regulatory commission's issuance of a Certificate of Need (or the FERC's issuance of a 
hydroelectric license) typically signals the satisfaction of all governmental review requirements 
other than emissions permits and local construction permits. In Bulgaria, there may be 
Ministries and governmental organizations which have authority over one or more aspects of 
a proposed project but which are not easily identified by prospective investors. The 
consolidation of many project review functions through the Evaluation of the Effect on the 
Environment ("EEE) process is helpful, although that process does not result in a final, 
determinative authorization to proceed &th the project from any organization other than The 
Ministry of the Environment. It is, therefore, recommended that the EEE determination be 
made binding on any agency consulted or notified during the EEE process. It is further 
recommended that one government agency have the responsibility both to identify and 
coordinate with all jurisdictional authorities not included in the EEE process, and to make a 
final determination that the governmental approval process is complete. This coordination 
could logically be accomplished by staff of the regulatory body with the issuance of the 
Certificate of Need, which would signal the final approval of the project. 

Similarly, as noted in the body of this report, there are other statutes which have 
ambiguities which could inhibit development of an independent power sector in Bulgaria. The 
privatization law, for example, apparently provides to former landowners preemptive rights 



in state or municipal enterprises built on expropriated land, and makes voidable certain 
"disposal transactions," presumably sales, under "unfavorable conditions." Ambiguities also 
exist in other statutes, for example the Law on Ownership and Use of Agricultural Lands, 
which may make it difficult to assure clear title to prospective purchasers of formerly 
agricultural land. It is, therefore, recommended that a comprehensive review of all Bulgarian 
laws affecting the environment or property rights be undertaken, with the goal of identifying 
and clarifying any potential conflicts or inconsistencies. 

2) Establish Power Sector Regulatory Institution and Ensure Staffing by Qualified 
Regulators 

The absence of any history of utility regulation in Bulgaria makes it imperative that any 
such regulatory body be established both with clearly defined functions and authorities, with 
qualified staff and with resources adequate to fulfill their responsibilities. As the Bulgarian 
Government completes its deliberations over the regulatory model to be used, a study of 
necessary resources will need to be performed. Issues to be addressed at a minimum would 
be: 

0 

0 

0 

3) 

Staffing and training of regulatory commission personnel in generation expansion 
planning and integrated resource planning; 
training of regulatory commission personnel in finance and accounting; 
hardware and software necessary to monitor and corroborate the integrated resource 
plans of the franchised utilities; and 
training of regulatory commission personnel in utility operational issues. 

Develop and Publish Detailed Regulations 

The evolving and dynamic nature of regulation in the power sector in countries 
worldwide, combined with the unaccustomed responsibilities of the entities implementing 
Bulgaria's utility regulatory systems, will give rise to concern by prospective investors about 
arbitrary or capricious administration of the regulatory policies. It is, therefore, important that 
the implementing regulations define with precision the requirements, for example, for timing 
and approval of generation expansion needs. It is recommended that the regulatory body 
consider requiring significant detail in utility IRP submittals while allowing NEK enough 
flexibility to optimize the process over time. Such details might include, in addition to the 
usual procedural guidelines, substantive technical requirements for type, format and 
availability of data, and modeling protocols, analyses and results. 

The regulations will need to also set out detailed requirements for solicitations or 
proposals to supply additional capacity. These requirements should assure that capacity 
expansions and renovations are consistent with the Integrated Resource Plan and other 
policies of the Bulgarian government. Such regulations might prohibit the recovery of capital 



investments made by NEK without authorization of the regulatory body and require the 
solicitation and analysis of alternative proposals prior to authorizing the utility to proceed with 
its own construction. 

4) Establish Central Information Clearinghouse for IPP Developers 

In order to counteract the unfamiliarity of many potential investors with Bulgaria and 
its institutions, it is recommended that the Committee of Energy (COE) or NEK assemble and 
make available information on the institutional framework, as well as technical data, such as 
hydrology at prospective hydroelectric sites or thermal demand at cogeneration facilities, 
which would be of interest to project developers. 

COE or NEK would be advised to consider making the information on the utility's 
least-cost plan assumptions, modeling methodology and results available to prospective 
investors. Most importantly, this would allow project developers to optimize their project 
configurations to the needs of (and the benefit of) the utility system. It would also give 
investors added comfort that the technical and economic evaluation process is handled 
equitably. 

Finally, it is recommended that an information package providing potential power 
developers with relevant details about conditions in Bulgaria be prepared and distributed on 
request and at industry conferences. 

0 
5) Use Integrated Resource Planning (IRP) to Establish Long-Run Marginal and Avoided 

Cost pricing and Project Selection 

One goal of the IRP planning process should be to establish the power project costs 
from which project developers as well as utility planners can evaluate the cost-effectiveness 
of their proposals. It should be recognized that these cost figures will change over time based 
on the state of technology and market conditions. In the face of uncertainty, the fair 
estimation of such costs is an essential component of rational utility and IPP decision making. 
It is also necessaq to provide independent suppliers with a fair price for their production while 
protecting the utility from paying windfall profits to those suppliers. 

Proposed projects large enough to have an impact on system economics should be 
evaluated in the utility's model and compared to the utility's base case plan with respect to 
economics and reliability. 

6) Establish Consistent Policy Regarding Government Guarantees of Utility Performance 

Given the limited experience of NEK and other Bulgarian public and private entities 
in operating as financially sound and independent institutions, it is highly likely that a foreign 



investor and developer would require the Government of Bulgaria (GOB) to provide 
guarantees and other incentives. For instance, the GOB may need to guarantee that NEK will 
honor its commitments in the power purchase agreement with a developer. Should NEK, for 
whatever reason, not be able to pay the developer according to the terms of a signed power 
purchase agreement, the GOB would provide the financial resources necessary to honor the 
contract. Developers may also seek guarantees from the GOB regarding the performance of 
government-owned fuel suppliers and the National Bank of Bulgaria Finally, it is likely that 
the GOB will be asked for support with respect to foreign exchange availability, force majeure, - - 
and other related issues. 

Based on the requirements in the international independent power market, the GOB 
will need to develop a policy regarding what types of guarantees and incentives it is willing to 
provide. In the early phases of developing Bulgaria's independent power market, it may be 
necessary to provide substantial guarantees and assistance, but as the IPP market matures and 
the perceived risks diminish, it would be possible to reduce the type and scope of support 
offered. 

7) Establish Policy for Soliciting Independent Power 

NEK may chose to negotiate with the proponents of unsolicited proposals in the early 
phases of IPP market development in order to overcome the unfamiliarity of project sponsors 
with conditions in Bulgaria. In more mature market phases and when project precedents have 
been established, it may be desirable to move to a competitive bidding format. The advantage 
of competitive bidding is that it can result in lower electricity rates and more favorable terms 
for the utility and the consumer. Given the substantial costs of preparing an independent 
power proposal, however, competitive bidding can slow down the project selection process and 
discourage participation by developers. 

8) Establish and Train a Multi-Disciplinary Review and Negotiations Team 

In order to protect the purchasing utility's interest while allowing for expeditious 
selection of project proposals and resolution of unresolved contract issues with their sponsors, 
it is recommended that a multi-disciplinary review and negotiation team be established at 
NEK The team should be comprised of engineers with experience in generation, transmission 
and distribution operations, fuel procurement, planning and central dispatch. It would also 
include lawyers specialized in Bulgarian administrative law and procedure. All members of 
the team would receive training in the principles of contract law and international and project 
finance. 



a 9)  Provide Standard Offer Contracts for Small Renewable and Cogeneration Projects 

The development of smaller projects can prove significant to Bulgaria by expanding the 
use of indigenous energy resources and renewable fuels. However, the transaction costs 
associated with extended negotiations of price and terms with a purchasing utility can be a 
major deterrent to potential investors. The elimination of this deterrent through establishment 
of a "Standard Offer" is recommended. 

To implement this recommendation, it will be necessary to establish a class of favored 
generation technologies and a maximum size for each project which will permit economic 
development of the resource and the project without adversely affecting NEK's planning or 
operating characteristics. It will also be necessw to establish a purchase tariff (including 
terms and conditions) which is structured to assure reliable operation of the facility and 
pricing which fairly reflects avoided costs. Energy price indexing should be considered, as 
should capital cost indexing. The terms of the Standard Offer would be non-negotiable; 
nonetheless the project sponsor would create an effective long-term contract by merely signing 
and delivering the offer. 

10) Provide Standard non-Price Terms for Large Projects 

For larger projects it is not recommended to provide "Standard Offer" contracts. NEK 
will need to have much more detailed contract provisions and project information because 
large IPPs can have a material effect on utility system economics and reliability. The non-price 
terms and conditions under which the purchasing utility proposes to buy power are just as 
important as the price. The preparation by NEK of a model contract which addresses the 
principal non-price concerns of investors (such as discussed in Recommendation 6) and 
allocates risk fairly, could only serve to promote the rapid development of independent power . 
in Bulgaria 
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BULGARIA DISTRICT HEATING PLANT REHABILITATION/REPOWERlNG OPTIONS 

District 
Heating Plant 

Sofia 
Unit 4 
Unit 5 
Unit 6 
Unit 8 

Tsaicho Kostov 
Unit 1 
Unit 2 
Unit 3 
Unit 4 
Unit 5 

Russe 
Unit 1 
Unit 2 
Unit 3 
Unit 4 
Unit 5 
Unit 6 

Shuman 
Unit 1 
Unit 2 
Unit 3 

Republics, Pernick 
Unit 2 
Unit 3 
Unit 4 
Unit 5 
Unit 6 

Pleven 
Unit 1 
Unit 2 
Unit 3 

Plovd iv 
Unit 1 
Unit 2 
Unit 3 

Retirement 
Year 

Rehab 
Year 

Power 
After Rehab 
0 

104 
240 

142 
142 
142 
142 
31 2 

110 
110 
60 
60 

54 
82 
46 

30 
25 
55 

83 
94 

118 

119 
142 

Increase in 
MW 

Rehab 
Cost 
$/kW 

300 
300 

275 
275 
275 
275 
275 

225 
225 
31 5 
31 5 

482 
488 
472 

50 
50 
50 

466 
473 
486 

308 
275 

Source: World Bank, Bulgaria Power Demand and Supply Options, May 4, 1993 



BULGARIA INDUSTRIAL PLANT REHABILITATION/REPOWERlNG OPTIONS 

Industrial 
Plants 

Burgas 
Unit 1 
Unit 2 

Devn ia 
Unit 2 
Unit 3 
Unit 4 

Krem i kovtzi 
Unit 1 
Unit 2 
Unit 3 

Vratsa 

Stara Zaqora 
Unit 2 

Retirement 
Year 

Rehab 
Year 

Power 
After Rehab 
0 

498 
584 

332 
162 
122 

238 
238 

284 

236 

Increase 
MW 

Rehab 
Cost 
$/kW 

300 
289 

340 
344 
357 

306 
307 

274 

356 

Source: World Bank, Bulgaria Power Demand and Supply Options, May 4, 1993 



MAJOR BULGARIAN POWER PLANT CANDIDATES FOR REHABILITATION 

Plant 

Maritsa East 2 
Unit 1 
Unit 2 
Unit 3 
Unit 4 
Unit 5 
Unit 6 
Unit 7 
Unit 8 

Varna 
Unit 1 
Unit 2 
Unit 3 
Unit 4 
Unit 5 
Unit 6 

Bobov Dol 
Unit 1 
Unit 2 
Unit 3 

Retirement 
Year 

Rehab 
Year 

Power After 
Rehab Gross 

MW 

Increase in 
output 

MW 

Rehab 
Cost 
$/kW 

141 
141 
141 
141 

221 
221 
221 
141 

141 

1 71 
1 72 
1 72 

Source: World Bank, Bulgaria Power Demand and Supply Options, May 4, 1993 
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Standard 1993 Contract 
Between NEK and 

District Heating or Industrial Cogeneraton 

Today, 1993, in Sofia, between: 
, represented by 
, hereafter called "IPP", on the one side 

and Natzionalna Elektricheska Kompania - Joint Stock Company, represented by 
the Chairman of the Board of Directors DYANKO DOBREV, hereafter called 
"NEK" concluded this contract, as follows: 

I. SUBJECT OF THE CONTRACT 

Article 1. Subject of this contract is the insurance of parallel work of the 
generating capacity of the IPP with the countsy's electricity system and the 
purchase of electricity during 1 993. 

NEK maintains the electricity system in normal condition of parallel work 
and ensures the supply to the consumers of the IPP in case of failure. 

11. TECHNICAL AND ORGANIZATIONAL CONDITION 

Article 2. The electricity is scheduled by quarters, months and tariff 
zones according to the specification which is an integral part of this contract. 

In case a change in the quantities of electricity is needed, the parties make 
the required amendments of the contract not later than 5 days before the end of 
the respective quarter. 

Article 3. The Maintenance and Repair Program of the generators of the 
IPP with fixed starting dates and length is coordinated with NEK. The changes 
should be coordinated in writing 5 days before small-scale repairs or 30 days 
before capital repairs. 

Turbogenerators or stream generators can be disconnected and repairs can 
be conducted after approval of an operational application by the District 
Dispatch. 



Article 4. When requested by the Central Dispatch, the IPP is obliged to 
change the reactive power of the generators within the limits of their technical 
specifications. 

Compliance with this obligations is ascertained by monthly revision of the 
meters for reactive energy on the generators of the IPP and of the hourly records 
of the reactor power in the operational journals of the IPP. 

Article 5. The IPP will sell the agreed electricity on the basis of load on 
the steam extraction according to the characteristics of the turbogenerators which 
are an integral part of this contract. 

Article 6. On request by the Central Dispatch for greater quantities of 
electricity than produced by the IPP according to the steam extraction by taking 
into operation additional spare equipment for a definite period of time, NEK 
pays the additional quantities at a price 20% higher than the average for the 
month, against an invoice according to the provisions of Article 12. 

The two parties are obliged to fix the beginning and the end of such an 
event in the respective operational journal of the District Dispatch and the IPP. 

The quantity of electricity under this article is determined by a bilateral 
protocol between the respective District Dispatch of NEK and the IPP, which is 
prepared on the basis of the records in the operational documentation. 

Article 7. The IPP is obliged to keep the equipment in good condition, to 
exercise control and to notify NEK immediately in case of switch-on of the 
relay protection, automation and signalization of the equipment, related to the 
functioning of the electricity system, as well as of the communication means 
and telemechanics. 

Article 8. The IPP is obliged to keep in good condition the devices for 
automatic frequency disconnection and the other automatic regulation devices, 
so that its own demands, the demands of the clients of the IPP and some 
important clients of the electricity system are met in case of disconnection of the 
IPP. 



The set-up of the relay protection and automatics, ensuring the combined 
work of the IPP with the electricity system in normal and emergency regimes, is 
in the competence of the NEK's bodies and is carried out against payment when 
caused by changes in the IPP. 

@ The IPP is obliged to follow all NEK's instructions with regard to the 
relay protection and automatics, including the after-failure tests of these devices. 

Article 9. The IPP is obliged to execute the orders, issued by the District 
Dispatch or NEK, related to the fhctioning of the equipment which is 
operationally linked with the District Dispatch and the Central Dispatch, in 
compliance with the instructions for operational management of the electricity 
system. 

111. MEASURING AND PAYMENT OF ELECI'RICITY 

Article 10. The purchased electricity will be measured by means of 
electrometers for active and reactive energy, provided and installed by the IPP 
on the property borderline between the equipment of the two parties. 

The reading of the electrometers is done at 0 a.m. on the first date of each 
month by authorized representatives of the contracting parties, who draw up a 
protocol for the purchased during the month electricity. 

Testing, regulation and replacement of the electrometers, according to 
which the electricity is measured and purchased, is carried out at the request of 
one of the parties in the presence of representatives of both parties. 

Article 11. The IPP sell to NEK the contracted quantity of electricity 
according to the indications of the three-tariff electrometers for the respective 
month for the tariff zones. 

Alticle 12. The payment for the electricity is effected by direct bank 
remittance by payment order at prices according to the actual Electricity Tariff. 



The IPP is obliged to submit to NEK an invoice for the quantity of 
electricity sold during the previous month not later than the fifth day of the 
current month. 

NEK submits a payment order to the servicing bank on the day following 
the day of receipt of the invoice. 

In case of delayed payment, NEK pays the central interest rate on the 
amount due. 

IV. PENALTIES 

Article 13. In case of violation of Art. 3, Art. 4, Art. 8 and Art. 9 the IP:. 
pays NEK a penalty amounting to 0.05% of the value of the quantity of 
electricity contracted for the respective month. 

Violation of the contract are ascertained by a commission, comprising 
members of both parties. 

Article 14. In case the purchased electricity exceeds or is less by more 
than 5% than the contracted amount, the IPP pays NEK a penalty for the 
difference, amounting to 10% of its value. 

The IPP assumes no liability for electricity not supplied because of 
damages in the transmission equipment of NEK. 

In cases of natural disaster (acts of God), both parties are exempted fiom 
liability. 

V. GENERAL PROVISIONS 

Article 15. The parties are obliged to exchange lists of the names of the 
officials, authorized to take operational decisions, as well as of those, 
responsible for measuring the purchased electricity. 



Article 16. The addresses and the bank accounts of the parties are: 

VENDOR: 
Company: 
Headquarters Address: 
Court of Registration: 
Number of Registration: 
Bank Account: 

BUYER: 
NEK Joint Stock Company 
Sofia, 8 Triaditza Street 
Registered with the Sofia District Court 
Number of Registration: 196, volume 5, register 11, p. 98 
Bank Account: 421 130 165 - 001 - 5, Commercial Bank "Sofia" 

If changes in the regstration , addresses or bank accounts occur, the parties are 
obliged to send notification in writing within a period of 5 days. 

Article 17. This contract can be amended, supplemented and extended by 
bilateral written agreement between the parties. 

Article 18. Issues not addressed by this contract will be subject to the 
existing normative acts. 

Article 19. Disputes between the parties concerning the implementation 
of this contract shall be solved by negotiations. When no agreement is reached, 
the dispute shall be decided upon by voluntary arbitration at the Bulgarian 
Chamber of Commerce and Industry. 

Integral part of this contract are the specification, the repair program, and 
the regime characteristics of the turbogenerators. 

This contract has been prepared in two uniform copies, one for each party, 
and takes effect on the day of signature. 



VENDOR: BUYER: 
NEK 
Chairman 

/D. Dobred 
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POWER SECTOR 

ENVIRONMENTAL ISSUES 

2.0 EXECUTIVE SUMMARY 

2.4 Power Sector Environmental Issues 

The purpose of this study was to provide an assessment of fossil-fired power plant in 

terms of current and future emission control requirements. Six existing thermal 

power plants and their fuel supplies were reviewed. The plants were: (1) Maritza 

East 1, (2) Maritza East 2, (3) Maritza East 3, (4) Varna, (5) Bobov Dol, (6) 

Ruse. 

The plants current operational status, fuel sources and emission control are examined 

as a result of this examination Various recommendations were made in tenns of 

what could be achieved in the immediate, short term, and long term. In addition, 

the plants were ranked based on age, heat rate, and potential emission control costs. 

The recommendations were presented in the form of environmental strategies. They 

covered the areas of plant and mining enhancements, emission controls, and plant 

betterment related changes. These recommendations requirement further, more 

5y7 



detailed examination of a plant by plant basis for suitability. One of the goals of this 

report was to provide an overall framework for plant specific detailed investigations. 

By implementing plant changes in a phased manner while developing alternative fuel 

sources, the economic impact on the Bulgarian energy industry can be reduced while 

quickly reducing the environmental impact of the fossil-fired thermal power plants. 

The following long term total emission reductions (SO, NO, TSP) appear feasible 

at relatively minimal costs of $50 to S75/kw or for total costs for all six thermal 

power plants considered of between $200 to 300 million: 

Long Term Reductions: 

Maritza East I 54% 

Maritza East I1 78% 

Maritza East III 48% 

Vama 48% 

Bobov Do1 52% 

Ruse 48% 

Potential long term SO, particulate and NO, reductions on a six plant basis aiong 

with associated costs are: 

Long Term Reductions Capital Cost SlOOO 

62% 99,000 

77% 158,400 

38% 41,700 



All plants will require some form of SO, and NO, control and an improvement in 

particulate control. Emphasis should be placed on utilizing the Maritza East power 

plants and associated coal mining area while completing Unit 8 at Maritza East II 

since the coal can be mined economically. 

The Varna, Ruse and Bobov Do1 plants would have reduced emissions through 

additional control technology and through switching to lower sulfur coals or possibly 

natural gas as it becomes available. If high ash and sulfur Bulgarian lignite coals 

continue to be used, different combustion technologies such as fluidized bed boilers 

may be appropriate to replace aging boilers. 



13.1 Purpose 

This study provides an assessment of the environmental aspects of fossil-£ired power plant 

modernization in conjunaion with current and future emission control requirements. 

Selected fossil-fired plants were be examined in this study in terms of their current 

operation, their potential for emission reduction, and the associated costs for emission and 

environmental control. A NO JSO, and particulate control strategy is provided as a result 

of this examination 

13.2 Scope and Approach 

The study considered six existing thermal power plants in terms of their current status and 

operating characteristics, current fuel sources, and emissions controls. The study then 

examined the extent to which added emission controls could be applied to the existing plants 

to meet current and future source emissions limits. Costs for additional emissions controls 

are determined including capital, operation and maintenance costs associated with plant 

modifications and associated raw material and waste disposal requirements. 

The plants examined in the study were: 



(I) Maritza East 1, (2) Maritza East 2, (3) Maritza East 3, (4) Varna, (5) Bobov Dol, and 

(6) Ruse. 

The approach to the study had several interrelated elements and objectives including: 

Development of current information for each power plant which would enable an 

evaluation of the feasibility adding of more stringent emission control equipment or 

otheNvise reducing emissions. 

Collection of current plant and emission data through plant visits, interviews with 

plant st& and review of published information in order to understand plant 

operations. This became the basis for selected NO, and SO, emission control 

measures. 

Utilization of industry sources on emission control technology including studies 

wherein the issues of plant betterment, plant and mine modernization, environmental 

control, waste minimization and environmental issues are considered. 

Consideration of related energy and environmental studies in Bulgaria 



Provide results as early as possible regarding the individual and collective potential 

for plant betterment, emission control and related matters as part of an overall NO, 

and SO, control strategy. 

Represent the results of the study in tabular form to the extent necessary for ease of 

understanding and maximurn assimilation. 

. Highlight study issues and actions which would require either immediate attention or 

the attention of others regarding Bulgaria's electricity system planning, organization, 

development decisions and/or investment relating to environmental protection, air 

pollution control and/or plant betterment. 



14.0 THERMAL POWER PLANTS EXAMINED 

Six fossil-fired power plants were included in this study. These are Maritza East 1, Maritza 

East 2, Maritza East 3, Varna, Bobov Dol, and Ruse thermal power plants. The following 

provides a brief description of each of these plants in terms of plant capacity, heat rate, fuel 

cooling and makeup water, and pollution control measures or equipment. Table 14-1 

provides a summary tabulation of this information 

14.1 Maritza East 1 Thermal Power Plant 

The Maritza East 1 Thermal Power Plant (ME-1) is located near the town of Golubovo in 

central Bulgaria. This 200 MW plant consists of 4 - 50 MW units which burn lignite born 

the Maritza East mine. Roughly two-thirds of the coal burned in this plant is used to 

produce steam for the coal briquette plant. Fuel characteristics are ash (35%), moisture 

(55%), sulfur (2-5%), and heat value (about 1450 Kcal/kg). 

Table 14-2 provides heat rate information for the power plants. This will be used to 

evaluate possible actions for each plant. 

Cooling of the plant is via the Boswell Reservoir that is located on the S d c k a  River. 

Fuel gas treatment consists of electrostatic precipitators (ESPs) and two 325 meter stacks. 

The ESPs have an efficiency of about 98%. The high stacks help disperse the piant 

emissions. 70% efficient cyclones are used to control emissions from the coal drylng plant. 



Biturninow Coal, and Natural Gu 

Coal imported from Donbu field i n  
the Ukraine with 10.000 ton ships. 

Moisture - 9% 
*Ash - 20% 
*Sulfur - 1.8% 

Heating Value - 5800 Kcal/Kg 

1990 - 2.5 MTPY 
1987 - 2.5 MTPY 

Subbituminous coal f rom Onnovo 
Mine (15%) and Bobov Do1 Mine 
PS%). 

Heating value - 2400 Kcal/Kg 
Ash - 50% 
Moisture - 16% 

@Sulfur - 1.7 % 

cl' 
1991 - 0.8 MTPY 

Table 14-1 

Summary Thermal Plant Characteristics 
Bulgaria Electricity Study 

Coolinn 
Open cycle to L. Varna which h arm 
of Black Sea. 
AT 6-8% 

MakeuD 
Wells 120- 150 meters deep. 
Consumption I25 T/hr at peak, 
currently at 90 T/hr. 

b!mL 
Wastewater to ash pond; water collected 
and released to 1.. Varna. Waters 
regularly sampled rnd  tested. 

Bir 
ESP$ 

Units 1-3 98-98.5% 
Units 4-6 99% 
2 - Stacks 

Ash hydraulically transported to ash 
pond. 

U S L  
Wastewater l o  .sh pond 

hir 
ESPs 



- 2067 (1 37 non-production) 

Lignite - mine mouth from 
Muitza E u t  Mine 

*Some wute from briquette factory 
adjacent 

Fuel drying plant included 

Ash - 35% 
Moisture - 55% 

*Sulfur - 2-5% 
*Heating Value - 1400 Kcrl/Kg 

3.2 MTPY 

Lignite from M u i t n  East Lignite 
Mine and the Troymovo Mine 
and truuported by rail 

Heating value - 1320 to 1600 
KcalIKg 

*Sulfur - 1.7-2.396 
*Moisture - 52-58% 
*Ash - 12-23s 

12 MTPY (40.000 TPD) 

)pen cycle cooling from the Boswell 
teservoir on the Sazlicka River 

)pen cycle cooling from Lake 
hohi r i tu  (unib 1-6); cooling tower 
uniu 7-8). 
bT 8-12Y: 

rfa&L 
Mid and liquid wmes  to ash pond 

sii 
ESPs 
2 - stacks 

Ash pond 

Eilm 
Wutewrter to ash pond 

hir 
ESPI - 99% removal 
2 - 300 meter slacks 

Ash pond 



5. 
BwLela 

w- 1500 (100 non-production) 

Lignite from Troyrnovo South Mine 
md transported by conveyor. 

Ash - 34% (range from 28-45%) 
Moisture - 54% (range from 49- 
56%) 

*SO2- 1.6-2.4 
Btu - 1420 K d / K g  

P.3 MTPY 

Imported bituminous coal from 
Donbor Cod field i n  the Ukmiae 
md barged up Danube River 

*Ash - 209b 
Moisture - 8% 
Sulfur - 2% 
Hating value - 5800 K a l / K g  

0.5 MTPY 

holing Tower 

! - 110 Open Cycle - Danube River 
! - 6 0  
! - 30 

mc.L 
Wastewater to u h  pond. Water 
mlaimed from bottom drains for 
recycle l o  plant. Cooling tower 
blowdown and unneeded plant water 
Sischarged to Sokolista River. 

Bir 
ESPs - 98% removal 
I - 325 M stack 

Ash pond and ash returned to mine 



Plant 

Maritza East I 
Maritza East 11 (4 old units) 
Maritza East 11 (3 newer units) 
Maritza East 111 (4 boilers1STG) 
Varna 
Bobov Dol 
Ruse 

Total 

Average Heat Rate 
(Power Production Only) 

TABLE 14-2 

Heat Rates of Thermal Power Plants 

Power Coal Rate Coal Rate Heat Heat Heat rate 
MW Kglhr TPY Content Content Btulkwhr 

Remarks 

Note 1 
Notes 2,3, and 8 
Notes 2,3, and 8 
Notes 4 and 8 
Notes 6 and 7 
Note 4 and 9 
Notes 6 and 7- no credit taken 
for thermal use (district heating) 

M.E. I and Ruse not included 
since they have thermal users. 

Notes: 
1. Per reference 11 (Mariha E. 1 TPP description)- calculated heat rate takes no credit for thermal use. 

The heat rate calculation Is based on annual generation (989999 thousand kwh divided by annual coal consumption. 
2. Coal Heat Content from 3130192 trip report and attached coal data. 
3. Heat rates from p. 67 of Bulgaria Energy Strategy Study (Ref.22)- 2.4 kg coallkwh for 4-1 50 MW older units of ME II, 

and 1.9 kg coal/kwh for the three new 21 0 MW units. 
4. Based on Energoproekt data on coal feed rate to each boiler (367 t/hr) attached to a trip report dated Mar. 30, 1992. 
5. Plant capacities from ref. 22 (p. 58 of Bulgaria Energy Strategy Study) 
6. List of fuel types obtained in June, 1992. 
7. Heat rate based on annual coal consumption and electical production data on Tables A.3.1 and A.4.4 for 1990 from the 

Bulgaria Energy Strategy Study (1990 net output; Varna- 5850 M kwh, Ruse- 544 M kwh). 
8. Coal rates in TPY are based on 1991 data from Maritza E. ll and Ill descriptions (ref. 11). ME II TPY have been 

divided allowing for power and heat rate differences and based on total ME II TPY of 9,168,000. 
9. Bobov Dol coal rate in TPY based on a 7/28/92 trip report 

%.) 
& 



14.2 Maritza East 2 Thermal Power Plant 

The Maritza East 2 Thermal Power Plant is a 1230 MW plant which consists of 4 -150 MW, 

3 - 210 MW units and another 210 MW unit (Unit 8) under construction. With the 

completion of Unit 8, the total capacity of the station will be 1440 MW. Units 1 - 6 are 

served by one stack and units 7 and 8 by a second stack The plant has once-through 

cooling, but units 7 and 8 depend on a cooling tower for cooling. Units 1 - 6 are served by 

Lake Orchiritza for cooling purposes. The plant burns lignite from the Maritza East and 

Troyanovo mines. Fuel characteristics are ash (12-23%), moisture (52-58%), SO, (2-5%), 

and heating value (1320-1600 Kcal/kg). 

Coal is transported to the plant by rail. Coal is conveyed by dual conveyors to the plant 

from the coal storage area 

Ash, wastewater and slag is transported hydraulically to the ash pond. Water is recycled to 

the plant. Electrostatic precipitators with an efficiency of 99% removal serve the piant. The 

plant is served by 2 - 300 meter stacks. 

14.3 Maritza East 3 Thermal Power Plant 

The Maritza East 3 Thermal Power Plant is a base load condensing thermal power plant , 

with an installed capacity of 840 MW. It is located near Mednikarovo near the city of Stara 

Zagora The plant is near the Troyanovo 3 open pit coal mine. The plant consists of 4 - 
670 ton/hour boilers which supply steam to 4 - 210 turbine generators. The boilers are 



designed for direct burning of coal. Fuel characteristics are ash (34%), moisture (54%), SO, 

(2.0-5.0%), and heating value (1420 Kcd/kg). 

. . 
Coal is transponed from the Troyanovo 3 open pit mine by an open conveyor. Coal is 

transponed to the coal storage area. Coal is reclaimed and conveyed using two belts of 

2,400 ton/hour capacity. Provision exists for rail transport and unloading of coal at the 

plant. Coal pulverization system consists of eight mill fans and concentrators. Each boiler 

is supplied with two fans and 2 motors. 

Fuel gas treatment consists of four electrostatic precipitators with about 98% removal 

capacity. One 325 meters stack serves the 4 - 210 MW plant. Ash is disposed in an ash 

pond using a closed-loop hydraulic system. Process water supply is based on a recirculation 

system with the two cooling towers. 

14.4 Varna Thermal Power Plant 

The Varna Thermal Power Plant consists of 6 - 210 MW units which burn bituminous coal 

and natural gas. Coal is imported from the Donbas coal field in the Ukraine. The coal is 

brought to the plant by ship and unloaded using bucket unloaders at the coal dock in to the 

storage pile or into the plant conveyor hopper. A plant conveyor/bucket unloader removes 

coal from the dock storage pile also and unloads into the plant conveyor. Fuel 

characteristics are moisture (9%), ash (20%), sulfur (1.8%), and heating value (5800 

Kcal/kg). 1991 consumption was 1.8 million tons. 1987 consumption was 3.2 million tons. 



Plant cooling is open cycle to Lake Varna which is an arm of the Black Sea Makeup water 

is obtained from local wells. Wastewater, ash and slag are conveyed hydraulically to the ash 

pond. Surplus water from the ash pond is released to Lake Varna Flue gas treatment 

consists of 6 electrostatic precipitators. ESPs for units 1-3 have an efficiency of 98-98.5% 

removal and for units 4-6, 99% removal. 

14.5 Bobov Do1 Thermal Power Plant 

The Bobov Do1 Thermal Power Plant is a 630 MW thermal power station which is located 

near Stanke Dimitrov. The plant consists of 3 - 210 MW turbines. Seventy percent (70% 

of the fuel is supplied from the Bobov Do1 coal field at thirty percent (30%) from the 

Oranovo coal field. Main cod fuel characteristics are moisture (14.5%), ash (41%), heating 

value (2400 Kcallkg). The plant cod handling system capacity is 1,200 tons/hour. The 

plant can be fired used in oil and fuel oil tanks are included on the site. 

Each unit has mills designed for 32 tons/hour and 95,000 m3/hr air, 2 inlet radial fans of 

373,000 m3/hr each and three I.D. fans of 540,000 m3/hr each. Rue gas cleaning equipment 

consists of two electrostatic precipitators with 99% efficiency. One stack serves all three 

units. 

Flyash, bottom ash, slag and wastewater are conveyed to the ash pond. 

Plant makeup water is from take Djakovo on the Djerman River. Cooling water system 

consists of three cooling towers. 



14.6 Ruse Thermal Power Plant 

The Ruse Thermal Power Plant is a 400 MW plant comprised of 2 - 110 units, 2 - 60 units 

and 2 - 30 units which bum imported coal from the Dobnas coal field in the Ukraine. Coal 

is barged up the Danube River. Fuel characteristics include moisture (8%). ash (20%), 

sulfur (2%) and heating value (5800 Kcd/kg). The plant has open-cycle cooling from the 

Danube. 



0 15.0 CURRENT AND PROJECTED EMISSION LEVELS AND LIMITS 

15.1 Current Plant Emissions 

The following identifies the current emissions for the plants studied and identifies current 

and projected emission limits which will be required for all thermal power plants in the 

future. Table 15-1 identifies the current emissions for the study plants. This includes 

emissions for particulates and sulfur dioxide and is based in average plant performance over 

the 1989 to 1992 period. Included in Table 15-1 is information on plant capacity for context. 

15.2 Current and Projected Emissions Limits 

The air emissions standards for Bulgaria consists of ambient air quality standards (AAQS) 

and emission standards. The AAQS were established in 1969 and revised in 1984 and apply 

to 171 pollutants. The standards specify 30 minute and 24 hours averages for maximum 

allowable concentrations (MAC). 

Emission standards were established in 1978 and revised in 1986. These apply to the same 

171 pollutants as the AAQS. Emission standards are calculated using actual facility or 

source data and area based on the AAQS, stack height, gas flow and temperature. 



Table 15-1 

Average Power Plant Emissions, TPY 
1989-1992 

Maritza 
East 1 
200 MW 

Maritza 
East 2 
1230 M W  



Individually sources may meet these emission standards, but a combination of stationary 

sources of emissions within a given area may lead to the exceedance of AAQS. Under the 

Helsinki Protocol SO, emissions in 1993 should not exceed 70% of the emissions in 1980 

(SO, emissions were 12 million tons in 1980, 1.7 million tons in 1989 and 1.6 million tons 

in 1990). Thus, a reduction of approximately 360,000 tons is required from 1980 levels, or 

achieving a level of approximately 840,000 tons per year by 1993. 

Table 15-2 identifies current and projected emission limits for existing plants as well as those 

constructed in the future. Limits for particulates, sulfur dioxide, nitrogen oxide and carbon 

monoxide are identified for four fuel types including local coal, imported coal, oiI and 

natural gas. 

153 Comparison and Evaluation 

Table 15-3 indicates levels of emissions for existing and new power plants along with 

proposed emission limits. 

Based on the goals indicated by these emission limits, Tables 153,15-4 and 15-5 have been 

developed to reflect the current and long term emission reductions that are feasible and the 

associated costs. 

Particulate Table 15-3 presents costs associated with addition particulate control 

equipment as a long term action This table shows current particulate emissions and 

forecasts reductions over the long-term reductions of from 50 to 1 W o  using equipment 



modifications and plant closings. The associated long-term capital cost is in the $160 million 

range. 

With these modifications, more than 50% of the plants will meet the new plant emission 

limits. The other plants exceed those limits by up to 86%. To meet Limits for all plants, 

additional actions such as coal blending or cleansing, using lower ash coal, or converting to 

fluidized bed boilers may be required. 

. . r D u d e  Re-. Table 15-4 presents costs associated with sulfur dioxide reduction 

equipment as a long term alternative. This table shows current sulfur dioxide emissions and 

forecasts long-tern reductions of from 50 to 100% with control equipment and plant dosings 

for an approximate long-term capital cost of about $100 million. 

Even with the noted modifications, the plants do not meet the new plant emission limits. 

Other actions such as using lower sulfur coal, employing higher efficiency FGD technologies, 

or converting to fluidized bed boilers may be required. 

N t r o y ~ Q  Re- Table 15-5 presents costs associated with NO, reducing actions 

as short and long term activities. This table indicates current NO, emissions and presents 

long-term reductions of SO to 100% from control equipment and plant closings at an 

associated cost of f 100 million. By using sorbent injection (SI), this capital cost could be 

included as part of the SO, control equipment. 



About 40% of the plants can either meet or are close to meeting the new plant standards 

(Table 15-2). To achieve lower levels of NO, emissions, application of more efficient low- 

NO, burner technologies, combination NOJSO, removal systems, fuel switching, or possible 

conversion to fluidized bed boilers may be required 

Possible actions to reduce emissions and improve performance arc discussed further in 

Section 16. 



Table 15-2 

Cumcnt Emission Limits for 
Existing and New Power Plants 

Existing Plants 
(built prior to 1992) 

New Plants 
(built after 1992) 

AU units M ~ / N ~  and are based on Om C, 760 mmHg, and 6% Oxygen for coal burning and 
dry ash transport, 5% 0, for liquid fuels, and 3% O2 for liquid and gas fuel. 

Local Coal 

Imported Coal 

Liquid Fuel 

Natural Gas 

NO, 

1OOO 

1300 

700 

500 

f 

CO 

250 

250 

170 

100 

TSP 

200 

150 

50 

10 

SO2 

3500 

2000 

1700 

-. 

'ISP 

100 

80 

50 

10 

SO2 

650 

650 

650 

- 

NO, 

600 

600 

450 

300 

CO 

250 

250 

170 

100 
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16.0 PLANT EMISSION CONTROL PLANT BETIERMENT/CHANGES PLANT/ 

MINE ENHANCEMENT MEASURES AND ESTIMATED COSTS 

16.1 Approach and Plant Evaluation Criteria 

The following is a summation of the plant evaluation criteria and approach. The basis for 

the examination of the plants includes: 

Bechtel Trip Report, March 1992. 

* Bechtel Trip Report and Plant Staff Interviews, June 1992. 

Bechtel Trip Report, Plant Walkdown and Plant S M  Interviews, July 1992 

Bechtel Trip Report, August 1992. 

The several plants were evaluated individually and collectively against d t i p l e  criteria 

including age, heat rate, fost/kwh, and capital cost for pollution control equipment. The 

criteria weighted more heavily were those related to current and recent plant performance. 

The results of this initial screening evaluation are represented in Table 161. From this 

evaluation a determination was made concerning near term and longer term actions and 

suggestions concerning plant betterment or rehabilitation. As a result, three levels of action 

a were identified and applied to the respective plants based on their overall condition 



Table 16-1 
Ranking of Plants 

Plant Name 

Maritza East 1 

Maritza East 2 (old units) 

Maritza East 2 (new units) 

Maritza East 3 

Varna 

Bobov Do1 

Ruse 

- 
Heat 
Rate 

5 
Cost 

3 

Total 
(-1 

10 



. shut down the least efficient, most polluting plants that are not necessary to meet 

Bulgaria's current and future anticipated power requirements. This has been 

estimated based on reference 22 that predicts demand side management inciuding 

increasing the cost of energy along with reduction in GDP will reduce energy 

requirements. 

. Improve mine performance with inexpensive housekeeping, minor maintenance, and 

operational suggestions to support the most efficient power plants that are located 

at the higher heat content and lower sulfur coal reserve locations. 

Implement minor maintenance, housekeeping fixts to reduce fugitive emissions and 

increase efficiency at the remaining plants. The following actions can be taken (see 

attached spread sheet). 

Complete construction of Unit 8 at Maritza East 2 that will have an flue gas 

desulfurization (FGD) system and shut down the 4 150 MW units at Maritza East 2 

as their need is displaced 

Review the various plants to determine which plants should be based-loaded such as 

the most efficient, least polluting ones and which ones should be peaking or cycling 

units. 



Provide least cost pollution controls to the remaining plants, Sorbent Injection (SI) 

systems at 50% efficiency at the highest sulfur coal plants and possibly 40 - 50% NO, 

removal. Implement in stages going from highest sulfur coal burning plants to the 

lowest, leave space for future reduction via SI, again target the high sulfur coal plants 

first and do the cleanest coal units last. Table 16-8 has been provided for 

information on the location of limestone quarries. Before implementation, sources 

of lime need to be identified. 

In parallel with SI implementation, determine the economics of coal cleaning and 

possible lower sulfur coal import to reduce cod sulfur content. 

As boiler burners wear out, replace them with low NOx burners with potential 

reductions of 2040%. This could be part of routine maintenance costs. 

Optimize/modemize plant controls especially to improve combustion and reduce NO, 

(possible 20% reduction). 

8 O p t b b  ESP performance to reduce particulate emissions. 

Supply particdate baghouse control equipment to coal drying operations in Marim 

East 1 to reduce particulate (if drying is still required) or route the coal drying 



operation exhaust to the boilers. The feasibility of doing this routing needs to be 

investigated. 

P Term Actlorn 

Replace conventional pulverized coal fied units with fluidized bed units assuming 

that Bulgarian coal is still competitive with imported gas or oil. Fluidized bed units 

are better suited to the combustion of high sulfur and ash coals. 

Consider repowering options at the most polluting and oldest remaining facilities first. 

This will depend on the availability of natural gas or oil. 

Install baghouses to replace ESP units as they wear out to reduce particulate 

emissions. 

Install higher efficiency SI equipment for SO2 control at remaining PC plants. 

Implement higher efficiency NOx removal schemes in conjunction with SI control 

equipment. 

The following summarizes plant emission control, plant betterment changes, plant/mine 

enhancement measures and estimated costs for each of the plants. This information is 

a summarized in Tables 16-1 through 16-7 



16.2 Maritza East 1 

Maritza East 1 consists of several interrelated facilities all of which must continue to operate 

for at least until the year 2030 according to current plans. The requirement to supply steam 

to the briquette manufacturing facility provides the rationale for this decision Given this, 

the Maritza East 1 plant offers a wide range of plant improvement opportunities. These are 

summarized in Table 16-2. 

For emission control improvements include investigation of the upgrade of the electro static 

precipitators, and reduction of site fugitive emissions in the near term. Short and long term 

measures would include the examination of alternatives to the current coal drying operation, 

provision of low NO, burners, installation of sorbcnt injection FGD equipment and possibly 

repowering of the facility using natural gas. 

Plant Betterment suggestions include in the near term the increased scheduling of plant and 

equipment maintenance. Longer term measures would include upgrading of minor plant 

equipment, upgrade of plant instruments and controls, and ultimately considering boiler 

replacement with a fluidized bed unit. Other measures for consideration are conversion of 

units to gas firing and/or retirement of the unit when the briquette factory ceases to 

operate. 

The coal resource is large enough and can be technically recovered at a j u s W l e  cost. 

Coal is lignite with matginal quality. Production data and quality characteristics are 

described in the various reports. Three pits are operating, providing fuel for the three 



Maritza East power plant complexes and briquette plant. The mining operations have been 

independently managed through the power plants. The mining activities are now separated 

from the power plants, but the three mines' operations are not yet integrated. Plans call for 

combined management in the future. This should help increase productivity. Reports 

identify lack of spare parts and mining conditions (wet clay) for low productivity. Other 

reasons may be the motivation and supervision of labor. The current management style 

should be changed. More responsibility will have to be given in mine management. 

The overburden is relatively soft, no blasting is required. Bucketwheel excavation 

equipment is used for both, overburden and coal removal. Overburden removal should be 

done in two phases to save the top soil for reclamation Refill of the worked areas could 

be increased to avoid excessive spoilage of fertile land. Apparently the land is raised and 

becomes more difficult to irrigate. The mined out areas should also be prepared to accept 

ash. 

The plans to go to more conveyor transport would help to minimize the productivity impacts 

of the extensive and not very flexible rail transport system. Conveyors are easily movable 

and less area would be occupied by the mining operation In addition, dust emissions during 

transfer of coal to belts and from belts to other belts and storage can be better controlled 

than with trains, the main dust impact being during dumping at the power stations. The 

control of spillage from belt conveyors is an issue. This may be a house keeping issue, but 

also an issue of cooperation between the belt crews and the mine workers to first set the 

belts correctly and secondly to not overload the belts. It's not clear that belt feeders are 

part of the system to even-out the load. 



TABLE 16-2 
IMMEDIATE, SHORT TERM, AND LONG TERM PLANT ENVIRONMENTAL STRATEGIES 

MARITZA EAST I THERMAL POWER PLANT 

Category 

Plant/Mining 
Enhancements 

Emission Controls - Particulate - so2 - NOx - CO 

Current Status 

See body of report 

- ESP particulate control 
on boilers - 70% efficient cyclone 
control on dryers - No SO2 controls 

- No NOx controls - No CO controls, normal 
efficiency burnen 

Immediate 

- Increase availability of 
excavators from 35-4096 
to 55% 

- Reduce 12 hour work 
shifts to increase 
productivity 

- Control spillage from 
be1 t conveyors 

- Reduce road dust with 
water trucks or oil 

- Stock adequate spare 
parts for coal handling 
equipment 

- Investigate how to 
upgrade ESP to 99% 
minimum for all units 

- Implement better site 
cleaning to reduce 
fugitive emissions 

Short Term 

- Remove overburden 
in 2 phases to save top 
soil - Use belt conveyors 
instead of rail - Use larger excavation 
equipment 

- Reduce smoking coal 
by fast turnover of 
stockpiles, compaction 
and sealing of coal for 
long term storage 

-- 

- Investigate no drying 
of coal or alternatively 
add baghouses after 
the cyclones - Investigate routing 
dryer cyclone exhaust 
to boilen 

Long Term 

- Dust collection 
equipment at 
transfer points 

- Provide low-NOx 
burners 

- Install sorbent 
injection FGD 
equipment if mature 
technology - Consider repowering 
options using natural 
gas in combined or 
simple cycle gas 
turbine installations 



Plant Betterment/ 
Changes 

See body of report - Implement more 
frequent scheduled 
maintenance in increase 
equipment and plant 
availability 

- Assess electrical system 
relative to short circuit 
analysis and system 
stability 

- Upgrade minor plant 
equip. 

- Upgrade instruments 
and controls 

- Consider boiler 
replacement with 
fluidized bed units 

- Consider converting 
all units to gas firing 
or low sulfur and 
ash imported coal 

- Consider shutting 
down the plant as 
the need for 
briquette drying is 
phased out 

(These betterment 
options would also 
reduce air emissions) 



0 Roads are a dust emitter. Water trucks should be used in mines or roads oiled. The latter 

could be feasible because no heavy trucks arc used to had coal. 

Water accumulation in the pits does not seem to be an issue. Rain can cause slippery roads 

and belts, and sticky overburden 

Electrically driven mining equipment will have minimum noise pollution Operation of the 

train transport system contributes more to noise. 

During normal operations, coal is occasionally on fire (smoking) in the storage area. These 

burns produce gases under reducing oxidizing conditions, including SOz, H,S, CO, CO, and 

unburnt coal vofatiles. Mitigation would be fast turnover of the stockpiles or compaction 

and sealing of the coal for long storage. 

Maritza East 2 is a large station and has several emission-reduction efforts underway and 

these should be continued. Completion of Unit 8 which could use 70090% efficiency FGD 

technology. Refer to Table 16-3 for additional details. Plant improvements, however, are 

needed and include: 

Upgrading or adding to the ESPs or eventually replacing them with baghouscs. Additional 

changes involve use of low-NO, burners and sorbent injection FGD equipment. 



The major plant betterment recommendation is to decommission the four older units due 

to poor heat rate and their age. Other future changes may include repowering these units 

with gas. Plant and mine enhancements are similar to the recommendations made for 

Maritza East 1. 

16.4 Maritza East 3 

Maritza East 3 is a large station with ample space for major changes and additions related 

to emission control. These are discussed in Table 16-4. .- .. 

Emission controls recommendations primarily include sorbent injection FGD controis, 

upgrading ESPs, and the possible addition of low-NO, burners. Plant betterment changes 

include the long term potential replacement of the boiler with fluidized bed units. Plant and 

mine enhancements are similar to the recommendations made for Maritza East 1. 

16.5 Varna 

The Varna Station is a key element in the electricity generation system. Space is limited 

for plant improvements and thus emission reduction may be accomplished through the use 

of better fuel. Refer to Table 16-5 for additional details. 

Emission controls recommendations include ESP upgrades, sorbcnt injection FGD control 

equipment and possibly low-NO, burncrs. Plant betterment changes primarily consist of 



TABLE 16-3 
IMMEDIATE. SHORT TERM. AND LONG TERM PLANT ENVIRONMENTAL STRATEGIES 

Current Status 

See body of report 

- ESP particulate control 
- No SO2 controls 
- No NOx controls 
- No CO controls, normal 

efficiency burners 

Immediate 

- Increase availability of 
excavators from 35-40% 
to 55% 

- Reduce 12 hour work 
shifts to increase 
productivity 

- Control spillage from 
belt conveyors 

- Reduce road dust with 
water trucks or oil 

- Stock adequate spare 
parts for coal handling 
equipment 

- Investigate the upgrade 
ESP above 9996 
minimum for all units 

- Implement better site 
cleaning to reduce 
fugitive emissions 

Short Term 

- Remove overburden 
in 2 phases to save top 
soil 

- Use belt conveyors 
instead of rail - Use larger excavation 
equipment 

- Reduce smoking coal 
by fast turnover of 
stockpiles, compaction 
and sealing of coal for 
long term storage 

- Add to the ESP to 
improve performance - Complete construction 
of Unit 8 with FGD 
equipment (wet lime 
sys. 70-90% removal 
efficiency 

Long Term 

- Dust collection 
equipment at 
transfer points 

-- 

- Provide low-NOx 
burners 

- Install sorbent 
injection FGD 
equipment if mature 
technology 

- Consider repowering 
options using natural 
gas in combined 
cycle or simple cycle 
gas turbine 
installations 





e boiler rehabilitation and upgrading activities. The main plant enhancement 

recommendations involving going ahead with the current port deepening and considering 

lower sulfur coal imports. 

16.6 Bobov Do1 Thermal Power Plant 

The Bobov Do1 Plant is limited by fuel availability and emission reduction potential. 

Repowering with natural gas and/or some form of emission reduction are possibilities. 

Refer to Table 16-6 for additional details. Emission controls recommendations inciude 

upgrading the ESPs, provide low-NO, burners and installation of sorbent injection FGD 

equipment. Plant betterment changes include the installation of fluidized bed units or gas 

firing or imported low sulfur coal. 

Plant/Mine Enhancements. The coal from the Bobov Do1 mine is di£6cult to mine; the 

seams slope and even outcrop as vertical veins. Little surface mining is performed. The 

main production comes from underground mines. The coal seems gassy (methane) and 

mining conditions are difficult to severe with very little room for mechanization. Manual 

mining seems to be the nonn. Underground mining has the least impact on the surface 

compared to large openings and over burden removal operations in case of surface mining. 

Subsidence and disposal of rock and mine drainage are the main issues. Mine ventilation 

is an important safety issue with shafts and slopes providing the entries and exhausts. The 

impact on the environment could be locally significant with dust and methane emissions. 

a It's not clear if they control these emissions. Transport should have a minimal impact. 

Most coal gathering is done underground. The surface tra~l~port is by train. Transfer points 
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TABLE 16-4 
IMMEDIATE, SHORT TERM, AND LONG TERM PLANT ENVIRONMENTAL STRATEGIES 

MARITZA EAST Ill THERMAL POWER PLANT 

Category 

Enhancements 

Emission Controls 
- Particulate 
- SO2 
- NOx 
- CO 

Current Status 

See body of report 

- ESP particulate control 
(99.5% efficiency) 

- No SO2 controls 
- No NOx controls 
- No CO controls, normal 

efficiency burnen 

- -- - 

Immediate 

- Increase availability of 
excavators from 35-40% 
to 55% 

- Reduce 12 hour work 
shifts to increase 
productivity 

- Control spillage from 
belt conveyors 

- Reduce road dust with 
water trucks or oil 

- Stock adequate spare 
parts for coal handling 
equipment 

- Implement better site 
cleaning to reduce 
fugitive emissions 

Short Term 

- Remove overburden 
in 2 phases to save top 
soil 

- Use belt conveyors 
instead of rail 

- Use larger excavation 
equipment 

- Reduce smoking coal 
by fast turnover of 
stockpiles, compaction 
and sealing of coal for 
long term storage 

- -- - 

- Add to the ESP to 
improve performance 

Long Term 

- Dust collection 
equipment at 
transfer points 

- Provide low-NOx 
burners 

- Install sorbent 
injection FGD 
equipment if mature 
technology 

- Consider repowering 
options using natural 
gas in combined 
cycle or simple cycle 
gas turbine 
installations 



Plant Betterment/ 
Changes 

-- 

See body of report - Implement more 
frequent scheduled 
maintenance in increase 
equipment and plant 
availability 

- Assess electrical system 
relative to short circuit 
analysis and system 
stability 

- Assess the boilers' 
slagging problems and 
determine the 
appropriate deslagging 
measures 

- Upgrade coal crushing 
capacity to increase 
unit power to 210 MW 
from the current 200 
MW 

- Upgrade minor plant 
equip. 

- Upgrade instruments 
and controls 

- Consider boiler 
replacement with 
fluidized bed units 

- Consider converting 
all units to gas firing 
or low sulfur and 
ash imported coal 



TABLE 16-5 
IMMEDIATE, SHORT TERM, AND LONG TERM PLANT ENVIRONMENTAL STRATEGlES 

VARNA THERMAL POWER PLANT 

Category 

Plant/Mining 
Enhancements 

Emission Controls 
- Particulate 
- SO2 
- NOx 
- CO 

Plant Betterment/ 
Changes 

Current Status 

lmported coal- 10,000 T 
ships from the Ukraine 

- ESP particulate control 
- No SO2 controls 
- No NOx controls 
- No CO controls, normal 

efficiency burnen 

See body of report 

Immediate 

Increase reliability of 
coal supplies 

- - - - 

- Investigate how to 
upgrade ESP 
performance to 99% 
minimum for all 
units 

- Implement better site 
cleaning to reduce 
fugitive emissions 

- Implement more 
frequent scheduled 
maintenance in 
increase equipment 
and plant availability 

- Assess electrical 
system relative to 
short circuit analysis 
and system stability 

Short Term 

Deepening access 
channel to allow larger 
ships- 50,000 T 
capacity 

- Provide new ESPs 
for older units 

- Evaluate if older 
units should be 
decommissioned 
based on condition, 
heat rate 

- Upgrade instruments 
and controls 

- -  

Long Term 

- Import of lower 
sulfur, ash coal 

- Dust collection 
equipment at 
transfer points 

- Provide low-NOx 
burners that also can 
use gas to assist in 
more complete coal 
combustion 

- Install sorbent 
injection FGD 
equipment if mature 
technology 

- Consider repowering 
options using natural 
gas in combined 
cycle gas turbine 
installation 

- Boiler rehabilitation 
with high temp. 
steels, better 
controls, high 
quality switchgear 



may be dust sources. Even though the coal has a high moisture content it is surface dxy. 

More so, if exposed to air, the coal slacks and falls apart into dust. Spontaneous combustion 
- 

could be a concern if stored in open air for a longer period; however, the low production 

rate seems to avoid any signiticant storage requirements. 

There are questions about the continuation of the underground mining operation. Major 

investments would be required to bring the mine(s) to productivity and health and safety 

standards. Even at present, the cost is not justified. A controlled closure over a certain 

period of time would be the best solution Retraining of the miners is an issue. 

16.7 Ruse Thermal Power Plant 

The Ruse Thermal Plant like the Vama Station could re- some emission improvement 

through the use of higher quality fuel. Also, the Ruse station could be repowered using 

natural gas. Refer to Table 16--7 for additional details. Emission controls recommendations 

include upgrading the ESPs, providing low NO, burners, and eventually installing sorbent 

injection FGD equipment. Plant betterment changes include eventually replacing the boilers 

with fluidized bed units or consideration of converting them to gas-fired units. The main 

recommendations for plant/mine enhancements involve going ahead with the current port 

deepening and considering lower sulfur coal imports. Coal is imported from the Ukraine. 

The coal storage should be increased to assure operation and availability. In addition, low 

sulfur coal supplies should be explored. 



TABLE 16-6 
IMMEDIATE, SHORT TERM, AND LONG TERM PLANT ENVIRONMENTAL STRATEGIES 

BOBOV DOL THERMAL POWER PLANT 

Current Status 

See body of report 

- ESP particulate control 
- No SO2 controls 
- No NOx controls 
- No CO controls, normal 

efficiency burners 

See body of report 

Immediate 

Supply an alternate 
source of coal with 
lower sulfur and ash 
that is less expensive to 
blend with the 
currently mined coal 

- Investigate how to 
upgrade ESP to 99% 
minimum for all 
units 

- Implement better site 
cleaning to reduce 
fugitive emissions 

- Implement more 
frequent scheduled 
maintenance in 
increase equipment 
and plant availability 

- Assess electrical 
system relative to 
short circuit analysis 
and system stability - 

Short Term 

Phased closing of the 
current mining site 

- Convert two of the 
three units to burn 
either imported low 
sulfur and ash coal 
or  natural gas (NG) 

- Investigate 
replacement of 
pulverizers with 
units better suited to 
the high ash content 
of the local coal 

- Upgrade instruments 
and controls 

Long Term 

- Import of lower 
sulfur, ash coal 

- Dust collection 
equipment at 
transfer points 

- Provide low-NOx 
burners 

- Install sorbent 
injection FGD 
equipment if mature 
technology 

- Consider repowering 
options using natural 
in combined cycle 
gas turbine 
installations 

- Consider boiler 
replacement with a 
fluidized bed unit 

- Consider converting 
all three units, to gas 
or imported coal 
firing 



TABLE 16-7 
IMMEDIATE, SHORT TERM, AND LONG TERM PLANT ENVIRONMENTAL STRATEGIES 

RUSE THERMAL POWER PLANT 

Category 

Plant/Mining 
Enhancements 

Emission Controls 
- Particulate 
- SO2 
- NOX 
- CO 

Plant Betterment/ 
Changes 

Current Status 

Imported coal by ship 
from the Ukraine 

- ESP particulate control 
- No SO2 controls 
- No NOx controls 
- No CO controls, normal 

efficiency burners 

See body of report 

Immediate 

Assure adequate coal 
storage to get through 
the winter- about 
400,000 T of coal 

- Investigate how to 
upgrade ESP to 99% 
minimum for all 
units 

- Implement better site 
cleaning to reduce 
fugitive emissions 

- Implement more 
frequent scheduled 
maintenance in 
increase equipment 
and plant availability 

- Assess electrical 
system relative to 
short circuit analysis 
and system stability 

Short Term 

Replace/upgrade the 
coal conveying system, 
including conveyor 
belts 

- Convert the units to 
burn either imported 
low sulfur and ash 
coal or natural gas 
(NG) or be dual fuel 
capable 

- Upgrade mechanical 
and electrical equip. 
as approp.- valves 
and cooling system - Upgrade instruments 
and controls 

Long Term 

- Import lower sulfur, 
ash coal 

- Dust collection 
equipment at 
transfer points 

- Provide low-NOx 
burners 

- Install sorbent 
injection FGD 
equipment if mature 
technology 

- Consider repowering 
options using natural 
gas in combined 
cycle gas turbine 
installations 

- Consider boiler 
replacement with a 
fluidized bed units 

- Consider converting 
all four units to gas 
firing 



Table 16-8 
Location of Limestone Quarries in Relation to 

Selected Thermal Power Plants 

Annual 
Capacity 

Varna CaCO, 
Purity 

Deposits Ruse Bobov 
Dol 

Maritza East 

I. Lu jlia Kata 

2. Second Part 

3. Suerhuo Pole 

Varna 

Varna 

Varna 

4. Second Part 

5. Temelkovo 

6. Zemen 

7. Kozjak 

8. Bogdanovo 

Varna 

Bobov Dol 

Bobov Dol 

Near Burgas 

Maritza 

Maritza 1 10. Bnt ja  Kupchivi 



17.0 EMISSION SOURCE COMPARISON 

One of the issues considered in this study was the extent to which emissions from power 

plants compare with other sources of air pollution and whether emissions from low-level 

sources pose more serious health and environmental risks. To address this subject 

current and project emissions from power plants were determined, 

ambient air quality conditions for selected air basins in Bulgaria were examined, 

other non-power stationary sources of air emissions were identified as contributors to 

emission levels within selected air basins, 

other non-power mobile sources of air emissions as well as potential area sources of 

emissions were identified and assessed for their relative contribution to emission levels 

within selected air basins, 

a qualitative assessment of the relative significance of non-power sources of emissions 

to health and environmental risk was made. 

17.1 Fossil-Fired Power Plant Emissions 

0 Tables 15-5, 6, and 7 identify the current and projected emissions for the plants examined 

in this study. Included as well are projected emissions from these plants. As noted in 
r" 



section 16 several plant modifications and changes have been suggested and these are also 

noted in Tables 15-5, 6, and 7 for reference. This includes measures such as fuel switching 

to natural gas, using lower sulfur coal or the installation of emission controls. 

17.2 Ambient Air Quality and Selected Air Basins 

Ambient air quality varies considerably in Bulgaria Table 17-2 identifies average annual 

ambient air pollution levels in selected areas of Bulgaria as well as the current ambient air 

quality standard (AAQS) for each pollutant. For the areas identified both power plants and 

non-power plant air emission sources are contributing to air pollution levels. The criteria 

used to identify these high air pollution areas are a combination of topography, average 

a wind speed, temperature inversion potential and net measurement of emissions born point 

and air emissions sources. Again, both power and non-power air emission sources are 

contributing to this pattern. For example those areas where the most intensive air pollution 

occurs are those with other major non-power sources. These include Ruse and Varna- 

Devnya. In the Varna-Devnya area, besides the Varna station there is a PVC plant, cement 

plant, and a fertilizer plant all of which contribute to higher air pollution levels. The 

relatively low sulfur coal currently used at Varna maintain the overall SO, levels reasonably 

low from an area-wide standpoint within the current AAQS. 

Ln the Ruse area, besides the Ruse station, there is an oil refinery, ferrous metal plant, 

plastics plant and a paint plant which combined contribute to the prior air quality. 



Table 17-1 

Average Annual Ambient Air Pollution Levels in Selected Spots, 1989- 1990 

Pollutant Standard Asenov- Vratsa Devnya Dimitrov Kurdzhali Plovdiv Ruse Panagiu- Sredno- 
( ~ 8 / m 3  Wad -grad rishte gorie 

I. Dust 
2. SO, 
3. NO, 
4. H$ 
5. P 
6. NH, 
7. CI, 
8. HF 
9- H W ,  
10. As 



Like Varna, the Ruse plant uses relatively low sulfur coal and thus the SO, levels are within 

the current AAQS. 

Bobov-Do1 and the Maritza East vicinity are areas of intensive air pollution but the 

problem. However, while important, the levels are less than elsewhere in Bulgaria, 

particularly where large scale industrial and chemical plants are juxtaposed in poorly 

ventilated valleys and air basins. The air quality of these areas plus the Sofia area suffer 

from high concentrations of population, operation of district heating plants, home heating 

using charcoal briquettes, and motor vehicles without emission controls. 

173 Assessment 

Existing and proposed controlled emissions from thennai power plants are compared with 

non-power plant point sources in Table 17-2. Besides industrial point sources are non-point 

sources such as motor vehicles, fugitive emissions and related non-point emission sources. 

However, only published non-power plant point source emissions are shown. The results 

are: 

1. When controlled, the thermal power plant emissions are substantially less than non- 

power plant sources. 

2. Selected non-power industrial emission sources comprise a major proportion of 

emissions, in selected areas such as Varna and Ruse. These sources include chemical 

plants, cement plants, refineries, PVC plants and paint manufacture. 
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Table 17-2 

Emissions Comparison 

Power 
Plant r 

Bobov Dol 

Varna 

Total Plant Emissions (3 

I 
Current Proposed 

TPY 

Particulate, NO,) 

Change 
Amount 

TPY 

I. Fertilizer Plant (Dimitovgrad) 
2. Cement Plant (Dimitovgrad) 

Same as ME- I 

Same as ME- I 

I. Ferrous Metallurgy (Pernik) 
2. Cement Plant (Pernik) 

I. Power Plant (Devnya) 
2. Cement Plant 
3. Soda Plant 
4. Fertilizer Plant 
5. PVC Plant 

TOTAL 

I. Oil Refinery 



3. Comparative risk between controlled thermal power plant power and non-thermal power 

plant sources is lowest for the R w  and Vama areas. These areas have comparatively 

higher emissions from non-thermal power plant sources than from thermal power plant 

sources. 

For the Maritza East area, the overall risk improvement is greatest with the improvement 

of emission controls because of a general absence of other nearby stationary emission 

sources. 

4. Highest environmental risk associated with atmospheric emissions will continue to be 

highest in urban areas because of motor vehicle emissions, district heating plants, and 

the use of charcoal briquettes for home heating, and in industrial areas where chemical 

plants, cement plants, refineries and related industrial sources lack sufficient emission 

controls. 

5. Control of thermal power plant emission to meet the 1995 emission levels will reduce 

the overail risk both in the areas within which they are situated, but in the nation as a 

whole. See the following charts showing the reduction in power plant emissions. 

Figure 17-1 shows a comparison of current emissions on a tons per year (TPY) per MW 

power output basis. The plants range from Maritza East 3 with the bighest totals and to the 

Vama plant with the lowest. Figure 17-1 also shows how these emissions can be reduced 

in the short term and long term. Long term emissions are reduced from 48% for Maritza 

East III, V a  and Ruse up to 78% for Matitza East II. 



Figure 17-1 
Power Plant Current and Future Emission Comparisons 
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The following is a discussion of environmental reguiatory trends, drawing heavily from U.S. 

experience. The areas covered arc: 

Aad Rain and CeaW of Sqz and NO, Emissions 

Air Toxics 

6 Global Wanning from the Greenhouse Effect 

Water Pollution Control and Thennal Effects 
- 

- - 



Dev- 

Emissions of SO2 and NO, when subjected to chemical processes in the atmosphere, have 



utility and industrial operators are very reluctant to retrofit their plants for emission 

reduction unless forced to do SO. 

Particulate control technology costs such as high efficiency (995% minimum) baghouses are 

in the $40/kw range. NO, control costs are in the range of S lO/kw to SSO/kw ranging from 

low NO, burners to SCRs. 

r 

Several other factors affect thlc issue. Thc w of coal is strategidy important to to-9. 

and Bulgaria, because it is the only way to limit resurging dependena on foreign oil so long 

as the nuclear option is stalled in these countries. Demonstration and deployment of clean 

coal technologies are needed. 

182 Lower Atmospheric Ozone 

In the lower atmosphere, ozone is formed by photochemical reactions involving NO, and 

volatile organic compounds (VOCs). VOCs are a class of organic gases emitted fiom 

mobile sources (LC., cars and trucks), organic solvents, and industrial facilities, as well as 

from natural soufces (e.g., trees). 



In the United States, ozone non-attainment is fairly commonplace and typically occurs in 

regions having heavy usage of motor vehicles. However, it is also evident that stationary 

sources contribute; roughly half of the NO, emitted in the U.S. is generated in ozone non- 

attainment areas. 

Ozone's short-term health effects are well recognized, and ozone is also suspected of 

contributing to the development of chronic lung diseases. High levels of ozone have also 

been blamed for low crop yields and declining tree growth. 

Pollution Control T e m l o ~ v  Cosa 

Lower atmosphere ozone can be controlled by controlling VOC and NO, emissions. 

Controls of VOCs are not relevant to power plants, and NO, controls are discussed briefly 

in the previous section 

The scientific understanding of ozone formation - including sources of VOCs, chemistry of 

ozone formation, meteorological factors, correlating ozone concentrations with VOC and 

NO, levels - is incomplete. The scientific c o ~ u n i t y  is also debating the severity of health 

effects due to elevated ozone levels. However, certain adverse effects are well recognized. 

Therefore, the need to lower ozone concentrations in non-attainment areas remdns a 

priority in those locales. 



Siting new power plants in areas having elevated ozone concentrations is problematic. 

Utilities having existing power plants in such areas need to anticipate the onset of new 

regulatory controls on NO, emissions. 

18.3 Air Toxics 

R e m o r v  Dev- 

"Air toxicsn are hazardous air pollutants to which no ambient air quality standard is 

applicable and which caw or contribute to air pollution that may reasonably be anticipated 

to result in an increase in mortality and/or serious irreversible, or incapacitating reversible, 

illness. 

The health and environmental risks associated with these pollutant chemicals are difficult 

to assess; however, the U.S. Environmental Protection Agency (EPA) has estimated that 

facilities in 37 states - primarily in those states along the Atlantic Gulf and Pacific coats - 
are associated with toxic releases that pose high individual cancer risks. Therefore, 

provisions to reduce "air taxies" emissions are key elements of the U.S. Clean Air Act 

(CAA) amendments promulgated in 1990. 

Sources of air toxics emissions include utility boilers. However, EPA can regulate utility- 

related air toxics emission only if the agency fin& regulation is appropriate and necessary, 

after a 3-year study of the health hazards. A comprehensive risk assessment will be vital 



and essential for rulemaking, as health risk due to a pollutant is the basis for EPA's setting 

of regulatory standards. 

Energy-related sources of air toxic5 emissions include oil- and coal-fired utility boilers, 

petroleum refineries, and exploration and production operations for oil and gas. Although 

many of the control technologies for conventional pollutants also remove air toxics, 

additional controls will be required to control some toxic emission constituents. 

In the U.S., control technology guidelines are being prepared; this will help to detcnninc 

performance of various emission control devices in removing traa chemicals. This 

capability is needed if a risk assessment supports the need for controls at a given power 

plant. These guidelines will provide emission factor estimates and insights into the 

mechanisms of chemical removal, and for developing design criteria for control technology. 

For example, the role of temperature, electrostatic precipitator size and performance, and 

the concentration and form of trace elements in the coal will be discussed (if known) in 

terms of their impact on emissions and removal. 

Tber-t: are good reasons why power plant emissions are not the primary focus of the new 

Clean Air Act Amendments' air toxics provisions. EPA studies show that those emissions 

of potential cancer-causing constituents pose small risks (less than one additional cancer 



incident per year in the United States) for the general popdation. EPA has stated, 

however, that this value is a rough estimate containing considerable uncertainty. Its studies 

included arsenic, selenium, hexavalent chromium, cadmium, formaldehyde, and radionuciides 

emitted from coal- and oil-fired boilers. An industry review of the study suggests that the 

estimate is conservative and that the resolution of uncertainties may lead to a lower 

estimate. 

However, the Bulgarian utility industry will be well advised to follow research and prepare 

costdective control-tebdogy strategy for the treatment and removal of air tartics 

pollutants, for application at the time of need should it be required in the future. 

18.4 Global Warming from the Greenhouse Eflect 

Increased levels of "grcenhoilsc" gases in the atmosphere since the onset of the industrial 

revolution have coincided w e  aa increase in ayerage global temperature of 05-0.7' C (0.9- 

13 ' F) over tb+ last century. 1989 was the warmest year on record for the earth as a whole. 

Greenhouse gases trap h h r e d  energy whicir would otherwise radiate into space. Increased 

levels of greenhouse has emissions in the future are expected to contribute to an accelerated 

global warming effect. The extent, thing, and consequences of this global warming are not 

yet well understood, but the potential conkpenas are far-reaching. 



The key green@sc gares, their current relative levels of c o n t r i i o n  to the warmirrg 

phenomenon, and their pn'mny sources as estimated in recent published repom are listed 

below: 

Carbon dioxide (COJ: 50 percent, from burning of fossil fuels and deforestation 

Nitrous oxides (N20): 10 percent, &om burning of fossil fuels, fertilizers, and other 

sources 

Lower atmosphere ozone (0: 5 percent, &om atmospheric photochemical reactions 

Prior to the industrial revolution, the atmospheric CQ conantration is estimated to have 

been appmxhtely 295 ppm. This concentration had b a s e d  to 335 ppm by 1980 and 
- - - -- -- 

is postulated& ~ C U M ~  during the next century. Methane conccntratiws are climb@ at a 

1 perccm-&&c and have increased 11 percent over the Lm decade. Recent adysis 

indicate methane in the atmasphere nlrry have doubled in tht Last. 2000 ya8rS. 

- 

Recent dimatic phenomena -have rnircd the public agd p o ~ ~  - Mei of ~~ of the 



year on record, and the 1980s being the warmest decade in a cenhlry have all contributed 

to this increasing concern that perhaps a serious problem exists. Much of the scientific 

community is convinced that the issue is very real and that CO, is a major contributor. 

Poilution Control Technolqey C o s ~  

The Electric Power Research Institute (EPRI) in the United State has started to examine 

the impact of removing C0, from coal burning facilities and has found it to be very 

expensive. They are also examining the concept of a coal refinery which would product 

multiple products from coal, including CO, Disposal of large quantities of CO, is a major 

problem, with pumping to the deep oceans being suggested. 

If current studies confirm that long-term preventive measures are necessary, the 

courses of action include: 

Revitalization of the nudear power option; revitalized effort to develop cost-effective 

renewal energy sources 

Reevaluation of the environmental restriction on the development of new hydroelectric 

dams and long-distance transmission lines 



Shift in fossil-fueled power plants to higher efficiency and cleaner fuels such as natural 

gas 

Shift towards electric-powered vehicles and mass transportation methods 

Generation and use of alternate transportation fuels such as hydrogen 

Increased efforts in energy conservation 

If severe effects are unavoidable, other remedial measures may become necessary, including 

substantial civil projects in coastal areas to mitigate the effects of rising sea levels, and water 

supply or irrigation projects to adjust for changes in climate and precipitation patterns. 

Individual countries should not be expected to take unilateral courses of action which would 

foreclose the additional use of fossil fuels. Any such unilateral action could impose 

significant economic penalties on those countries without making a significant contribution 

to solving the global warming problem. 

18.5 Water Pollution Control and Thermal Effects 

The issue of water pollution control in relation to a wide range of future energy projects and 

technologies is fundamentally less complex than the two air quality issues identified and 



discussed above. Broadly, water pollution control is not a major power plant design and 

planning issue. Where it becomes important lies in the following areas including: 

Water availability, use, and recycle 

Zero discharge issues 

Thermal impact on the aquatic environment 

Water treatment and control associated with NO, emission control strategies 

Water treatment and control associated with flue gas desuhrization treatment and 

control methods 

In all of these issues we beiievc it is essential to consider ways in which we can enhance 

plant planning and environmental performance in the several areas of water quality 

management and wastewater treatment and control.' Certain energy power supply 

alternatives have a higher potential than others to contribute water quality control problems. 

Central to the examination of any energy planning options are the measurement, analysis, 

and control of unique and special water quality con taminants which can impact surface and 

groundwater quality. 



Pollution control processes and technology as practiced and applied to controlling water 

pollution due to power plant operations are proven and well documented. In addition, 

research and pilot scale work is continuing for development of innovative techniques to 

improve the state-of-the-art technology. 

Water pollution controls amounting to compliance with regulatory requirements include 

conventional treatment methods covering physical, chemical, and biological treatment. As 

previously stated, in recent times much emphasis has been given to controlling at the source 

to eliminate/reduce the pollutant stream as generated, in order to achieve such controls, 

process modifications are being investigated which would ultimately make it feasible to 

achieve or approach zero discharge criteria. The control strategy employed should also take 

into account maintenance of beneficial uses of the receiving water for downstream users to 

the maximum extent possible. 

Physical treatment of effluent includes the conventional sedimentation process, aided or 

unaided by addition of chemicals, as well as thickening with subsequent treatment and 

disposal of resulting sludge, and use of evaporation ponds, lined or unlined, to prevent 

groundwater contamination Chemical treatment includes chemical feed for stabilization, 

precipitation, and/or adsorption of selected and regulated constituents in the process 

wastewater from the plant to achieve regulatory compliance. Biological treatment includes 

treatment of sanitary wastewater and/or mixed wastewater by aerobic or anaerobic 



biological treatment processes (like activated sludge, bio-disc, lagoons* etc.) as warranted 

to comply with the applicable regulations. 

In specific cases, natural or created wetlands have been w d  for control of water pollution 

caused by power plant or other sources, with favorable results. 

The policy issue is that of greatest impact on U.S. water pollution control is the feasibility 

of imposing the "zero dischargen concept. If enforcement becomes mandatory from the 

regulatory standpoint, it would be expensive to the specific plant in particular and the utility 

industry in general. As this issue is pursued, the utility industry will be well advised to keep 

up with research and investigative efforts to develop cost-effective mitigation and control 

measures and innovative recycling and reuse option for process water to maximize water 

usage, particularly as regulations move toward the "zero discharge" concept. 

18.6 Solid Waste Management and Disposal 

The issue of solid waste management and control relates primarily to bottom ash and fly ash 

disposal, flud gas desulfurization waste, NO, control additives and waste, boiler slag, and 

solid wastes associated with several of the clean coal combustion technologies. Each of 

these solid waste products has its own unique qualities from the U.S. environmental 



regulatory standpoint. Most of these waste constituents are handled as solid wastes 

according to normal conventions of solid waste management. Some may be viewed as 

hazardous waste or if not strictly hazardous waste, then handled in a manner which 

precludes their contamination of surface and groundwater. For example, cadmium and 

arsenic are typically found in ash and sludge, and these are normally considered hazardous 

wastes. 

Pollution Control Te- C o s ~  

Techniques and methods associated with solid waste disposal have been developed which 

pennit fuil protection to the environment. As is the case with water pollution control, we 

a in the U.S. are seeing the need to provide a pollution control method which, for all practical 

proposes constitutes a "zero discharge" design concept. This typically includes a design 

concept which protects surface and groundwater through the installation of an impoundment 

with double liners, a leachate collection system, and groundwater monitoring wells above 

and below the impoundment. In some cases, an ambient air quality monitoring program 

may be necessary if the solid waste landfill operation is capable of releasing emissions off- 

site. Incineration as a form of solid waste disposal may be practiced, only in the applicable 

air quality regulations allow such practices at the location 

a Policies and/or resulting regulations addressing the questions of hazardous waste are not 

well defined in the context of solid waste disposal; as discussed earlier, the end products of 



such disposal (by either landfill or incineration), which are not airborne, are not well defined 

as they undergo chemical changes and may have to be characterized on a case-by-case basis, 

before categorizing them under hazardous wastes. This is also complicated by the fact that 

research is ongoing. 

It may be suggested that the relevant policy issues affecting water and air quality as well as 

hazardous waste (including air toxics) be closely followed in order to develop an effective 

management plan for the solid waste disposal for the power plant to be designed and 

operated at any location and postulated plans be discussed, if possible, with applicable 

regulatory authorities to receive timely and adequate guidance. 

18.7 Electromagnetic Fields 

d and R e u o r y  Develo- 

The possibility that exposure to electromagnetic fields (EMFs) may cause adverse health 

effects is emerging as an issue that may impact the electric utility industry. Although at 

present there is no scientifically established cause and effect relationship between EMF and 

adverse health effects, an international research program is now under way. This research 

encompasses epidemiologic studies, microbiological investigations, etc. 

In the U.S., the Department of Energy (DOE) has been sponsoring laboratory research for 

@ many years, and the National Cancer Institute (NCI) is conducting a major study of 

childhood leukemia which includes EMF as one of the risk factors. Several states are aiso 



pursuing this issue, and industry - principally through the Electric Power Research Institute 

and the Institute of Electrical and Electronics Engineers - has programs under way. 

In view of the fact that there is no scientific basis presently for setting numerical limits on 

power frequency electromagnetic fields, control technologies have not been developed. 

However, strategies such as remote routing of high-tension lines and undergrounding of 

power cables in populated areas can be employed to minimize the risk Risk management 

strategies, such as placement of EMF measuring instrumentation near transmission 

equipment in populated areas may be helpful to help allay public concern. 

The potential public health risk of EMF obviously is relevant for all power supply 

alternatives; however, the greatest impacts would result from importation of power due to 

the need for new long-distance transmission lines. Growing public awareness and education 

in this matter will also be instrumental in policy-making regarding this issue. As this issue 

unfolds, utilities must keep abreast of ongoing research and regulatory developments. 



19.0 PRELIMINARY NOx AND SO2 STRATEGY 

The following outlines a preliminary NO, and So2 control strategy for the thermal power 

plants studied. In addition, this strategy considers a collective NO, and SO, control strategy 

for the NEC as a whole. immediate, intermediate, and long-term considerations and 

associated actions or decisions are part of this strategy. These were developed in Section 

16 on a plant-specific basis and are summarized in the following. 

19.1 Plant-Specific Measures 

Plant-specific controls, recommendations and prelimhay costs are identified in Section 16. 

0 The design and installation costs of these control methods will be specified. Included will 

be electricity costs, raw materials and additives, operator training and solid and liquid waste 

disposal costs. Finally, implementation plan recommendations will be offered in terms of 

the recommended training of these actions. Near-term and long-term strategy issues will 

be identified. These are summarized in Tables 16-1 and 16-6 and are summarized below. 

an- 

The mining operation should be upgraded. Coal drying should be eliminated or baghouse 

or other additional controls added to drying operation. These arc short term actions. In 

the long term SO, reduction can be achieved in stages by SI (sorbent injection) technology. 

a Low-NO, burners should be installed as the current ones wear out. 



Same as Maritza East 1, except that Unit 8 with an FGD system should be completed and 

the 4 older units that have a worse heat rate should be considered for decommissioning as 

replacement power is available. Work on these power plants should increase availability 

enough to enable shutdown of older units. 

antza East 3 

Same as Maritza East 1, except that slagging problems and coal crushing problems should 

be addressed to increase availability. 

Coal supply reliability should be increased to increase the availability of the plant. Use low- 

NO, burners as the old burners wear out. Implement SI or equal technology or import 

lower sulfur coal to reduce SO,. 

Bobov Do[ 

The current mining site should be closed in phases. The power plant can be supplied with 

lower sulfur coal to reduce SO, emissions along with SI or equal technology. Low NO, 

burners can be installed as the old burners wear out. 



Ruse 

Assure adequate coal supply to get through the winter. Emissions could be substantially 

reduced by switching over to natural gas or imported lower sulfur coal. 

19.2 Non-Power PIant Emission Sources and Issues for Consideration 

The focus of this study has been primarily on existing fossil-fired power plants. These plants 

constitute the source of baseload electric power generation now and in the future. Interest 

in the control of current and future emissions remains an important goal and an essential 

feature of an overall control strategy. However, non-power plant sources of emissions and 

their control will require a commensurate level of attention now and in the future. As has 

been noted in this study, the combination of district heating plants, dependence on 

briquettes for home heating, refineries, chemical plants, and coal-fired boilers associated 

with other industries including cement plants are all major contributors to atmospheric 

pollution. Thus a strategic planning approach to this and related issues requires a certain 

amount of broadening of scope and outlook regarding both near term actions and long term 

goals and decisions. 

A similar analysis should be conducted on an industry to industry basis with the attempt to 

incorporate the most economic plan to reduce emissions in a particulate air basin. The 

emphasis would be to target the highest emitting plants first and where the pollution control 

investment will do the most good, 



A part of this follow-up study should be to evaluate whether it make sense to keep a high 

polluting industry or plant in business in view of competitive economic considerations. Any 

major industry disruptions should be done in stages to minimize job eliminations and the 

associated society impacts. 

19.3 Strategic Planning Matrix for Electrical Energy and Environmental Considerations 

Consideration of optimal choices regarding the generation of electricity and the protection 

of the environment is one of the more difficult challenges of electric utilities. To some 

extent the choices are simple, but the decision making process leading to these types of 

choices is often protracted and difficult. To some extent, the major issues are air, water, 

and solid waste pollution and control balanced against the current and viable energy supply 

alternatives such as hydroelectric, thermal (fossil-bed) and nuclear power generation 

sources. Table 19-2 presents a strategic planning matrix which assesses these environmental 

impact factors and electricity supply sources. The matrix is used to rate the overall 

environmental impact of tach source and comparing them. The initial conclusion is a 

decided preference of hydro, followed by nuclear and last fossil fired plants considering 

strictly environmental criteria. However, other factors such as cost and dependency on out- 

of-country sources of energy resources will tend to weight these factors differently and alter 

the outcome. 



Table 19-2 
Strategic Planning Matrix for Energy and Environmental Considerations 

3 - Best 
2 - Average 
1 - Poor 

Environmental 
Impact Factors 

Air 

Water 

Waste 

Total 

1. To bring thermal power sources in line with others will require major investment. 

2. Nuclear best option, but not popular. 

Electricity Supply Sources 

Hydro 

3 

3 

3 

9 

Thermal 

1 

2 

1 

4 

Nuclear 

2-3 

3 

2-3 

7-9 



20.0 CONCLUSIONS AND RECOMMENDATIONS 

20.1 Conclusions 

The plants reviewed individually and collectively represent an electric power generation 

system/capacity system which will currently meet anticipated demand for electricity along 

with current hydro and nuclear capacity components. However, the existing thermal plants 

will require significant changes in operation, fuels, and controls of emissions. 

The plants reviewed universally demonstrate a resourcefulness among the plant management 

and staff to keep units in senrice despite issues with fuel quality, fuel availability, materials 

and equipment failures, and spare parts availability, This resourcefulness should be 

encouraged and rewarded, However, efforts need to be intensxed and accelerated in the 

areas of plant maintenance, housekeeping, and organizational change at all levels of the 

plant operation to enhance plant working conditions, plant performance, and overall 

perceptions regarding station operation. 

Emission controls to meet m e n t  and proposed standards and limits will need to be applied 

to ameliorate local and transboundary air pollution. However, controls and practices in this 

area need to be done in a phased and staged manner and on a plant specific basis. 

Emission reduction can be accomplished through not only stack emission control as well as 

fuel changes, load management, and station housekeeping changes. 



NEC needs to secure an independent design basis for all plants within its system in order 

to enjoy the benefit of readily available design information, drawings and system descriptions 

as a basis for current and future plant changes related to emission control plant betterment 

and/or plant rehabilitation Manual and computer-based methods for documentation and 

retention of design basis information would be appropriate. 

20.2 Recommendations 

1. Retain all plants, but change the types of service expected from each. 

2. Plants will require some changes to allow them to perform more efficiently and comply 

with current and expected environmental limits. 

3. Some plants will need improvements in fuel, fuel quality, and plant operation and 

equipment. 

4. Plants will need improvements in emission control, but implemented on varying 

schedules. Emission control including plant combustion emissions as well as fugitive 

emissions from coal, ash and selected sources. 

5. Plants will need to institute a higher level of intensity regarding operation, 

maintenance, housekeeping and spare parts availability. 



6. Currently power plant emission sources are major contributors to poor air quality in 

Bulgaria. However, other stationary point sources are also significant. Suggested 

changes for emission control for power plants will substantially reduce the relative 

environmental risk, Non-power plant emission sources will require attention to 

improve local and regional air quality and reduce environmental risk 

7. Air quality improvement is the major area of environmental betterment and suggested 

plant changes will accomplish this objective. However, improvements in water 

treatment, waste disposal and noise control present opportunities for improvement. 

8. Maritza East plants will require some form of SO, and NO, emission control, and 

improvement in particulate controL However, improvements in delivered coal quality 

through the removal of soil, moisture and overburden will be necessary to improve 

plant performance. Maritza East 1 may require new combustion technology changes. 

9. Varna will require some form of SO, and NO, emission control and improvement in 

particulate control. However, major changes in fuel quality such as lower sulfur 

imported coal should be considered. 

10. Ruse plant will require some form of SO, and NO, emission control and improvement 

in particulate control. However, major changes in fuel quality such as low sulfur 

imported coal, conversion to natural gas, and/or new combustion technology changes 

should be considered. 



.- 

11. --$kt- ---.pi- _ -- fom of .nd-k~, emission control and 
. - - -  - - -.--+?--+ - - .  

iqmwmpt in particulate control.' However, major chimp in fuel quality such as 

low imported coal, conversion m natural gas and/or new combustion technology 

should be considered. 
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