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EXECUTIVE SUMMARY 

This Final Report contains the findings and recommendations from K&M Engineering and 
Consulting Corporation's assessment of alternative rehabilitation options, including development 
of alternative financing options for the GRIRO thermal power station in Bucharest, Romania. 
This work was performed under subcontract to RCG/Hagler-Bailly, Inc., and funded by the U.S. 
Agency for International Development, Bureau for Europe Energy and Infrastructure Division, 
as a part of a broader technical assistance program designed to improve overall energy efficiency 
in the industrial sectors of selected Eastern European countries, especially through enhanced 
participation by the private sector. In particular, this task assignment was intended to provide 
preliminary planning, conceptual engineering design, and project development assistance to 
GRIRO S.A. in an attempt to facilitate the development and early deployment of an energy 
efficiency improvement demonstration project at its plant site in northwest Bucharest. The 
GRIRO rehabilitation project is a promising project from the standpoint of need, replicability, and 
potential for private sector participation. 

With respect to relevant background on the company, GRIRO S.A. is a major industrial 
corporation which specializes in the fabrication of heavy steel products including storage tanks, 
pressure vessels and heat exchangers. At present, approximately over 50 percent of GRIRO's 
current production is for export, primarily to Japan, Italy, France, Switzerland, Turkey, 
Bangladesh and neighboring Eastern European countries. Such a high volume of exports implicit 
in this percentage is, in all probability, sustainable for the near future given the fact that 
Romania's production costs are only twenty (20) percent of those in Western Europe for 
comparable products. In this regard, the firm presently carries a one to two year backlog of 
orders, and earns the majority of its income in hard currency, of which the Government of 
Romania permits it to retain a portion. In addition, the company participated in the original 
USAID-sponsored emergency energy assistance program, and has since implemented most of the 
near-term recommendations of that program, including the appointment of an energy manager 
trained under the same USAID project. Moreover, GRIRO S.A. is the only firm in Romania 
licensed under U.S. ASME code for the manufacture and repair of ASME-coded pressure vessels, 
and indeed the only firm in Eastern Europe empowered to use ASME U and U2 manufacturing 
stamps. Finally, GRIRO S.A. has prospered and grown over the past few years, despite the fact 
that the economy of Romania in general has continued to experience a sharp decline in overall 
production, income and employment over this same period of time. 

PROJECT OPPORTUNITY AND NEED FOR THE STUDY 

The existing power plant located at the GRIRO facility not only furnishes electricity and process 
steam for use in the various GRIRO S.A. shops on site, but is also responsible for providing 
district heating water to approximately 10,000 apartments, as well as small amounts of process 
steam to a hospital and nearby industries. In addition, during periods of low demand in the 
various steel fabrications shops, surplus electricity production is sold to RENEL, the state-owned 
electric utility. 
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However, more recently, due to the poor reliability and deteriorating condition of its generating 
equipment, GRIRO increasingly has been forced to purchase more and more electricity from the 
grid, primarily during periods of peak demand. Moreover, GRIRO has recently been unable to 
meet its district heating load requirements, especially during the critical winter months. 

The original steam production and power generation equipment for the existing facility was 
installed beginning in 1929, and consisted of six (6) Babcock & Wilcox boilers with a capacity 
of 13 metric tons of steam per hour (Mtlh) each, as well as a 1.6 MWe Brown Bovari steam 
turbine. In 1965, a 50 Mt/h Romanian boiler and 6 MWe Russian steam turbine were added 
to the facility to meet growing load requirements at the various shops on-site. Of the six 
original boilers, only two remain in operation today. Both are capable of being fired by either 
natural gas or fuel oil. The 50 Mt/h boiler was designed to bum natural gas only, but is 
presently being refitted to permit firing by fuel oil as well, especially during the winter months 
when natural gas availability and distribution system pressures are both extremely low. Finally, 
due in large part to the very poor condition of the existing district heating equipment, 
particularly the heat exchangers, the GRIRO S.A. facility can no longer fulfill its contractual 
obligation of supplying hot water to 10,000 apartments in RADAT's district heating Zone 6. 

Below is the forecast for the requirements for district heating and steam: 

EXHIBIT ES- 1 

TOTAL 1992 93.9 50.2 30.1 86,387 

1996 34.7 19.08 10.7 35,000 

Hot Water (GCalh) 

TOTAL 1992 44.25 30.16 10.7 183,572 

~ ~ - - -  - 

11 Residential 1992 1 25 1 17 1 9.6 1 127,154 

GRIRO S.A. finds itself at a critical juncture. It can no longer put off a decision regarding 
modernization of its existing process steam generation, electric generation, and district heating 
facilities because it has become an urgent necessity. At the same time, demand is growing in 
both district heating Zones 1 and 6 adjacent to the GRIRO site, and the price that RADAT pays 
potential cogeneration producers has begun to approach levels that may justify additional 
investments by GRIRO in adding such capacity. Moreover, the price that RENEL is willing to 
pay independent power producers in Romania is also beginning to approach a level where 
surplus electricity sales may be able to generate substantial additional profits for GRIRO, should 
GRIRO choose to intentionally oversize its replacement steam generator and power production 
equipment so as to be able to sell surplus electricity from a modernized facility under the terms 



and conditions of a long-term power purchase agreement. Accordingly, in an effort to assist 
GRPRO, S.A. in better understanding the rehabilitation alternatives available at this critical 
juncture, USAID offered to sponsor this preliminary feasibility study effort, including 
development of alternative financing options. 

PLANT REMILITATION ALTERNATIVES EVALUATED 

In concert with GRIRO and RCGIHagler-Bailly staff, K&M developed several alternative 
scenarios and options for evaluation during this study effort. These rehabilitation alternatives 
are briefly described below: 

I. Base Case Modernization Program 

Option IA - This option considers the addition of a 50 Mt/h dual f d g  boiler (gas or oil), and 
keeping the existing 50 Mt/h boiler in operation. There will be no increase in electrical output, 
and the actual district heating load will be met with no allowance for future growth. This is the 
lowest capital cost option, and all of the required components can be manufactured in Romania. 

Option ICB - The output from this option is similar to Option IA, the only advantage being more 
flexibility of operation with the addition of two (2) 25 Mt/h boilers. The capital cost is higher 
than in the previous option, and all of the required components can be manufactured in Romania. 

][I. Modest Expansion in Thermal and Electrical Capacity 

Option IT - This option considers the installation of two (2) new 55 Mt/h boilers while keeping 
the existing 50 Mt/h boiler in operation, and the addition of a new 16 MWe steam turbine, 
permitting the sale of 10 MWe of electricity during the winter as well as 16 MWe during the 
summer to RENEL. In addition, the forecasted future district heating demand will be met. The 
capital cost for this option is higher than in the two previous options. All of the components to 
implement this option can be manufactured in Romania. 

III. Creation of a Major Cogeneration Facility and New Profit Center 

Option IILA - This option considers the installation of an energy efficient combined cycle 
facility consisting of a combustion turbine and a heat recovery steam generator with additional 
duct firing, along with a new steam turbine generator. A key assumption with respect to this 
option is that sufficient quantities of light automotive diesel oil will be made available to the 
project direct from the refinery as discussed with the Ministry of Industry and Material 
Resources. This option will permit the sale of 44 MWe of electricity during the winter and 72 
MWe during the summer to RENEL, and allow for continued expansion of district heating 
services in RADAT district heating Zones 1 and 6. The operating flexibility of the combined 



cycle cogeneration facility will permit an optimum balance between electricity production and 
district heating demand at different load conditions. In addition, the existing 50 Mt/h boiler and 
one of the operable 13 Mtlh boilers will remain in operation as a back-up to the combustion 
turbine. The combustion turbine will have to be imported, but the balance of equipment, 
including the steam turbine generator, can be manufactured in Romania. The capital cost for 
this option is the second highest of all options considered. 

Option LlIB - This option considers the installation of two (2) combustion turbines and heat 
recovery steam generators with additional duct firing along with a new steam turbine generator. 
This option would also utilize light automotive diesel fuel rather than natural gas as its primary 
fuel source. The output of this option is very similar to the previous case, but with additional 
operational flexibility, redundancy and reliability resulting from having two combustion turbines 
instead of one. As in the previous option, in the event of failure of a single combustion turbine, 
the existing 50 Mtlh and 13 Mt/h boilers will be kept available as backups. The combustion 
turbines will have to be imported, but the balance of equipment can be manufactured in 
Romania. The capital cost for this option is the highest of all options considered. 

OVERALL STUDY APPROACH 

In undertaking this assessment, K&M first evaluated each of these alternative rehabilitation 
options from the perspective of overall technical feasibility, including optimum use of existing 
facilities, ease of installation given current plot area constraints, availability of suitable fuels and 
sufficient water, compliance with existing environmental standards, enhanced equipment 
reliability, increased efficiency of operational units, ability to combust more than one fuel, good 
operating flexibility at both minimum and maximum anticipated loadings, and ability to meet 
winter and summer forecasted demand for hot water as well as generate surplus electricity for 
sale to RENEL. 

Next, K&M undertook a detailed analysis of anticipated project costs for each option preparatory 
to performing a comparative economic analysis of all options considered. In conducting this 
comparative economic evaluation, K&M utilized two separate ranking criteria: (1) the ratio of 
the present value of the anticipated stream of benefits from the project to the present value of 
the estimated costs; and (2) the internal rate of return calculated in accordance with standardized 
procedures developed by the World Bank. 

Finally, K&M developed two alternative financing scenarios for the preferred option; the first 
plan was based on sovereign debt fmancing backed by the full faith and credit of the Government 
of Romania, and the second based upon limited recourse project financing on a privatized basis. 

HIGHLIGHTS OF FINDINGS AND RECOMMENDATIONS 

An overview of technical parameters, including major differences in equipment, steam 
production capability, product output for use in meeting district heating obligations, and seasonal 
electrical output for each of the five options evaluated, is presented in Exhibit ES-1. 



EXHIBIT ES-2 

OVERVIEW OF TECHNICAL PARAMETERS 
OF CONSIDERED OPTIONS 

Note: Assumes f ~ e d  output to meet demand, higher output available for Options 11, IIIA and JDB if required. 

A summary of the results from a comparative economic analysis performed by K&M, from the 
standpoint of both net present value of the benefitkost ratio and internal rate of return for each 
of the five options considered, is presented below in Exhibit ES-2. 

Electrical Output 
MWe 

WinterlSummer 

7.6 

7.6 

15.9121.3 

49.0177.7 

49,7165.1 

SUMMARY OF RESULTS FROM COMPARATIVE ECONOMIC ANALYSIS 
OF CONSIDERED OPTIONS 

*Winter -8 "C ambient temperature 

District Heating 
Product 

77 GcaYh 

77 GcaYh 

77Gcdh 

77Gcal/h 

77 Gcalfh 

Steam Production* 

100 Mtlh 

100 Mtlh 

160 Mth  

163 Mtlh 

163 Mtlh 

Option 

LA 

IB 

II 

mA 

LIIB 

Equipment 

2 - 50 Mtih boilers 

2 - 25 Mt/h 
1 - 50 Mtih 

1 -50Mt/h 
2 - 55 Mtih boilers 

1 Combustion Turbine 
1 - 50 Mt/h 
1 - 13 Mtih boilers 

2 Combustion Turbines 
1 - 50 Mtlh 
1 - 13 Mt/h boilers 

Option 

IA 

IB 

I1 

DL4 

mB 

r 

Capital Cost in Thousands of 1993 
U.S. Dollars 

Romanian 
Supply 

2,110 

2,350 

5,540 

37,800 

42,360 

International 
Supply 

4,640 

4,680 

12,680 

41,900 

46,460 

Internal Rate of Return Net Present Value BenefitslCosts 

Romanian 
Supply 

1.120 

0.954 

0.530 

0.252 

0.171 

Romanian 
Supply 

2.796 

2.736 

1.550 

1.474 

1.246 

International 
Supply 

0.570 

0.565 

0.243 
pppp-p 

0.229 

0.156 

International 
Supply 

2.362 

2.347 

1.326 

1.426 

1.204 



As illustrated above, Options IA and IB require the smallest capital investment and might make 
sense if only limited internal financing were available; however, in the final analysis, these 
options are only temporary solutions and are incapable of meeting future growth in the demand 
for residential heating. In addition, from the standpoint of electricity generation, this is not a 
particularly attractive scenario. Either option will require overhaul of the smaller 1.6 MW turbine 
generator first installed in 1935. Even after such an overhaul, sustainable and reliable operation 
of this unit cannot be guaranteed. Moreover, despite the fact that these options possess the 
highest net present value benefidcost ratios and internal rates of return of all options considered, 
neither option represents a growth strategy for the future nor permits GRIRO to be in a position 
to generate additional profits from surplus steam, hot water and electricity sales under long-term 
purchase arrangements with both RADAT and RENEL. 

Option I1 offers more advantages to GRIRO than either of the previous options in that it will 
permit the generation of a small amount of surplus electricity to be sold to RENEL for what 
essentially amounts to an energy charge, as well as meet present and future district heating 
demand requirements. However, this option is not capable of contributing significant amounts 
of electricity for sale to RENEL under the terms and conditions of a long-term power purchase 
agreement, and as such, GRIRO is foregoing profits that it might otherwise have captured. 
Similarly, greater electricity production at the GRIRO site is also desirable from RENEL's 
perspective since it obviates the need for providing new production capacity in the northwestern 
part of Bucharest to meet rising industrial demand, increases overall system reliability, and 
contributes toward stabilization of the grid. 

Option IIIA offers the combined advantages of being the most efficient, flexible, and 
environmentally sound option. It can also provide additional thermal energy to meet future 
growth in demand for hot water in RADAT district heating Zones 1 and 6, and possesses 
alternative steam generation capacity through retention of two of the existing boilers as 
designated backups. In addition, this option can supply a larger amount of electricity on a 
sustainable year-round basis than any other considered option, thereby permitting RENEL access 
to approximately 44 MWe in the winter, and 72 MWe during the summer when a reliable source 
of additional electricity generation is most needed in Romania. Moreover, it has a reasonable 
internal rate of return (25.2 percent for the case which attempts to maximize local content), and 
a respectable benefitlcost ratio (1.474 for the same case). Finally, the operational flexibility of 
this proposed combined cycle facility will permit an optimum balance of electrical and thermal 
loading throughout the year to meet rapidly changing seasonal demands and requirements. 

Option IIIB has the highest capital cost of all options considered, but with a lower year-round 
electrical output than Option IIIA. Moreover, its internal rate of return and net present value 
benefidcost ratios are considerably lower than those of Option IIIA for similar cases. The only 
advantage of Option IIIB over IIIA is the additional flexibility and reliability made possible by 
the use of two combustion turbines instead of one. However, taking into consideration the fact 
that recent experience has shown that the average availability for advanced aeroderivative 
combustion turbines with steam injection is over 95 percent, the added flexibility implicit in this 
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option is hardly worth the increased cost. 

Based upon the technical and economic analyses conducted for this prefeasibility study as well 
as the discussion highlights presented above, K&M recommends that GFURO seriously consider 
implementation of Option IIIA as it reviews its expansion and business plan options for the next 
twenty to thirty years. This is a forward looking strategy tailored toward creating a new business 
linelprofit center for GRIRO. The closest analogy that K&M can draw is that when profits 
declined dramatically in the Hawaiian sugar industry about ten years ago, producers began to 
expand their bagassee-fired cogeneration capacity, selling surplus electricity to the Hawaiian grid 
under long-term power purchase agreements that covered both fixed and variable costs, as well 
as debt servicing and a guaranteed profit or return on equity. Today, fully forty (40) percent of 
the Hawaiian sugar industry's profits are derived from such power purchase arrangements, 
Moreover, such contributions to profits are of a non-cyclicable nature, emanate from a predictable 
stream of payments, and can be utilized to secure project financing. 

ALTERNATIVE FINANCING APPROACHES 

In today's uncertain and generally difficult investment climate in Eastern Europe, the great 
paradox is that oftentimes the larger the project, the easier it is to arrange financing. In the case 
of the GRIRO rehabilitation project, total project costs (as opposed to total financial 
requirements) for the various rehabilitation options evaluated in this preliminary feasibility study 
range from US$2.11 million for Option IA to US$42.36 million for Option IIIB under a scenario 
that attempts to maximize local Romanian supply. While Option IA may possess the highest 
benefitlcost ratio as well as internal rate of return of all options evaluated, it will be next to 
impossible to arrange external financing from an international financial institution because the 
loan amount is simply too small to consider. For instance, the European Bank for Reconstruction 
and Development (EBRD) is really only looking for larger projects in the US$30-40 million 
range. Accordingly, if GRIRO decides to select either Option IA, IB, or 11, it will in all 
probability have to arrange its own project financing through a commercial bank already familiar 
with doing business in Romania. At the present time, such financing is extremely difficult to 
arrange for Romania. 

On the other hand, assuming that GFURO agrees with K&M's recommendation that Option IIIA 
presents the greatest opportunity for generating additional profits while at the same time 
improving overall energy efficiency, operational flexibility, and environmental compliance, a 
number of interesting financing options are possible. Two such preliminary financing schemes 
are explored in the study; one based on a government-sponsored project approach, and the other 
based on a privatized build-own-operate approach. In both instances, a 70130 debt to equity ratio 
was employed. In the case of a loan backed by a sovereign debt guarantee signed by the 
Government of Romania, the banks will require at least 30 percent equity for any project in 
Romania today. With respect to project financing arranged on a limited recourse basis (such as 
the case of a privatized cogeneration facility on a BOO basis selling both thermal energy and 
electricity over the fence under long-term purchase agreements), a 70130 ratio represents an 
appropriate level of gearing given a preliminary assessment of the project's risks, coupled with 



the potentially constant level of revenues anticipated over the project's life. 

In K&M's view, any project financing scheme for this project based upon utilizing the full faith 
and credit of the Government of Romania to guarantee repayment of the loan will be extremely 
difficult to arrange at the present time. Accordingly, of the two project development/financing 
scheme approaches reviewed in the study, K&M recommends that GRIRO consider proceeding 
with a privatized cogeneration facility whose project financing is secured by a combination of 
owner's equity (on the part of the project sponsors) and the value implicit in long-term power 
purchase and thermal energy sales agreements with RENEL and RADAT, respectively. In this 
case, by arranging to put up 30 percent of the total financing requirements for this project, the 
project sponsors will have the right to build, own, and operate this cogeneration facility for a 
specified duration of time (generally 15-20 years). The balance of project financing will be 
secured on a limited recourse basis and backed by the value of the long-term power purchase and 
thermal energy sales agreements, as well as possible secondary guarantees from government, 
bilateral, and/or multilateral organizations. 

Potential sources of debt that can be anticipated for a privatized energy project on a BOO basis 
(i.e. - a privatized company as a separate profit center) selling electricity to GRIRO S.A. and 
RENEL under a long-term power purchase contract and thermal energy to GRIRO S.A., RADAT, 
and other interested commercial customers under long-term thermal energy sales agreements 
include the following: multilateral agencies such as the European Bank for Reconstruction and 
Development (EBRD) and possibly the International Finance Corporation (IFC); the Overseas 
Private Investment Corporation (Finance Program); commercial banks through co-financing with 
multilateral institutions; and debtfdebt swaps and local banks to meet local currency requirements. 

Similarly, potential sources of equity and in-kind contributions that can be anticipated for such 
a project structure include: the project sponsors; the EBRD7s Merchant Banking Group; other 
multilateral equity participation (possibly by the IFC); RENEL; RADAT; and local institutional, 
corporate, and individual investors. 

RECOMMENDED NEXT STEPS 

It is suggested that GRIRO initiate discussions with both RENEL and RADAT regarding their 
potential interest in such a project from the standpoint of becoming future customers, as well as 
to explore whether they are interested in becoming one of the project sponsors. In this regard, 
K&M recommends that GRIRO, RENEL, and RADAT consider signing a Memorandum of 
Understanding (MOU) setting forth their intentions to encourage the development of this 
proposed cogeneration facility on a privatized basis. For its part, GRIRO should be prepared to 
provide a suitable site located on the grounds of its steel fabrication plant in northwest Bucharest. 
Further, GRIRO should be willing to state its intent to promote the establishment of a separate 
project company on a privatized basis to build, own, generate and sell electricity to RENEL and 
thermal energy to RADAT and possibly other commercial customers. Similarly, RENEL and 
RADAT should be prepared to state their intent to purchase specific quantities of electricity and 
thermal energy under long-term agreements. 
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With respect to suggested next steps for the Ministry of Industry and Material Resources and 
GRIRO S.A., it should be prepared to encourage and support the following additional activities: 

The initiation of a financial risk assessment and institutional framework analysis 
to be prepared by outside technical consultants which focuses primarily on 
potential investment constraints in Romania today to building, owning and 
operating private power and thermal generation facilities. 

The commissioning of a fuels availability study with special emphasis on 
alternatives for improving line pressure in the existing natural gas distribution 
system, and potential procurement sourcing for distillate fuels suitable for use in 
combustion turbines. 

The preparation of a detailed feasibility analysis for Option IlIA, including soils 
analysis, detailed equipment specifications, engineering drawings, and tariff 
requirements. 

The establishment of a joint-venture project company with interested project 
sponsors, possibly with the assistance of a U.S. private power developer. 

Finally, regarding recommended next steps for USAID, as a direct follow-on to the prefeasibility 
analysis performed under the current contract, it is proposed that USAID consider providing 
technical assistance support involving undertaking the following actions: 

Support the continued development of this promising private energy project 
opportunity by providing additional technical assistance to GRIRO to conduct a 
risk assessment and institutional framework analysis, as well as a fuels availability 
assessment for this project. 

Provide additional institutional frameworklprivatization assistance in such areas 
as private power seminars/workshops, opportunities for GRIRO and RENEL 
senior management to review firsthand with successful U. S . private power 
developers the overall framework and strategy for implementing similar private 
power or cogeneration projects in the United States and elsewhere, and drafting 
assistance for model Power Purchase and Thermal Energy Sales Agreements. 

GIURO RESPONSE 

This assessment and recommendations were submitted to GRIRO for review in September, 1993. 
K&M and GRIRO personnel met in Bucharest in December, 1993, to discuss the K&M 
recommendations, but while GRIRO personnel agree with the K&M combined-cycle 
configuration recommendation, implementation of that option will be delayed indefinitely due 
to the following reasons: 



The availability of fuel for the combustion turbine has decreased since the report 
was initially released; and 

After discussions with the Romanian government, GRIRO cannot f m c e  the 
proposed combined cycle power plant at this time. 

Considering the options proposed by K&M and technical and financial constraints, GRIRO has 
selected a variation of option IOB for implementation; three 25 Mtlh gas and oil fired boilers are 
to be installed and the existing 50 Mtlh boiler will remain in service. This option will meet the 
present and some future forecasted district heating demand, and, in addition, will allow room 
for the installation of the recommended combined cycle power plant at a future date. 

xvi 



I. K&M SUBCONTRACT TASK DESCRIPTION 

This Final Report was prepared by K&M Engineering and Consulting Corporation under 
subcontract to RCGIHagler, Bailly, Inc. This work was funded by the U.S. Agency for 
International Development (USAID) Eastern Europe Regional Energy Efficiency Program. 

1.0 The GRIRO Project - Rehabilitation of Thermal Power Station 

GRIRO S.A. specializes in the manufacture of heavy steel products: storage 
tanks, pressure vessels, heat exchangers, etc. primarily for the petrochemical 
industry. They are an international firm with over 50% of their products exported. 
GRIRO has had offices in the U.S. and regularly subcontracts to major U.S. 
engineering and construction companies. The firm carries a one to two year 
backlog of orders and earns the majority of its income in hard currency, of which 
it is permitted to retain a portion. The company participated in the original 
USAID-sponsored emergency energy assistance program and has since 
implemented most of the recommendations of that program, including the 
appointment of an energy manager trained under the USAID project. GRIRO is 
the only firm in Romania licensed under U.S. ASME code for the manufacture 
and repair of ASME-coded pressure vessels. It has a strong future and very high 
potential for export earnings. In fact, GRIRO has prospered over the past few 
years even though the general economy of Romania was in sharp decline, thus 
they have the capital and desire to make capital investments in their facilities. 

The existing thermo-power station is of 1920's vintage with 6 Babcock & Wilcox 
boilers, one Romanian boiler, one Brown-Bovari steam turbine, and one Russian 
steam turbine. The B&W boilers and the Brown-Bovari turbine have all exceeded 
their useful life and need replacement. The Romanian boiler needs modification 
to burn fuel oil (only fuel gas now). The thermo-power station is unreliable and 
boilers are regularly shut down by state inspectors for maintenance. GRIRO 
commissioned a feasibility study by the state research agency ISPE (the state 
agency for design and research of power equipment) to develop several scenarios 
and possible design alternatives. The report was severely lacking in any insight 
outside of normal supply-side generation capacity, and in looking at the total 
picture of the thermo-station loads. The following factors need to be considered: 

The thermo-power station capacity is designed for thermal load-following 
operation in winter months. Power demand is not considered. In fact, one 
alternative is to generate only thermal energy and buy power from the 
RENEL grid. Selling of excess power is not considered. 



Forecasted capacity is based on current consumption plus assumptions for 
growth; no efficiency improvements are considered to mitigate installing 
additional capacity. 

Turndown capability is minimal. Large equipment of high capacity is 
recommended for ultimate future loads. Interim smaller loads are not 
taken into consideration. 

Scope of Work 

TASK 1 Coordinate team mobilization with RCG/Hagler, Bailly and review 
existing reports and documents available in Washington, DC. 

TASK 2 Verify and update existing demand forecasts for both electricity 
and thermal energy used by the plant, and exported to other 
consumers. These demand forecasts need to reflect: 

Energy efficiency gains through application of low-costjno- 
cost measures, energy efficiency equipment, and process 
energy efficiency improvement. 

Forecasted demand for export customers (power and 
thermal), also considering energy efficiency gains. 

Potential export (primarily power) sales and tariff barriers. 

TASK 3 Undertake level of effort preliminary technical feasibility 
assessment of alternative cogeneration options with Romanian 
counterparts at the GRRO Plant. 

TASK 4 Equipment Referrals - Develop a comprehensive list of U.S. 
manufacturers that could supply U.S. manufactured equipment to 
GRIRO and assist GRRO with coordination of RFQ's and 
exchange of information. 

TASK 5 Develop alternative financing options. 

TASK 6 Establish comparative ranking criteria and rank order of no more 
than four alternative cogeneration options. 

TASK 7 Prepare preliminary list for turbine island, boiler island, and major 
mechanical balance of plant equipment identifying required changes 
or upgrading. 



TASK 8 - Prepare Final Report highlighting findings and recommendations. 

3.0 Deliverables 

The following deliverables shall be accomplished under this subcontract: 

Draft technical feasibility report 
Draft comparative economic analysis of alternative plant configurations 
Summary of appropriate financing structures and potential sources of funds 
Preliminary equipment specifications for preferred option 
Final feasibility report 

II. INTRODUCTION 

1.0 Background 

The USAID program in Romania is designed to foster the growth of national 
energy efficiency through the private sector by utilizing several avenues. One of 
these methods will be to provide assistance to a demonstration project in energy 
efficiency. 

Romania faces many barriers to the adoption of industrial energy efficiency 
projects. As defined in the Industrial Profile Report completed under the 
Emergency Energy Assistance Program, these barriers include lack of capital for 
investment projects, technology, incentives, and sponsorship. While these barriers 
exist even today, much progress has been made within the country to set the stage 
for industrial energy-efficient investments. This progress has been most evident 
in the following areas: 

Energy Pricing - Energy prices for industry are now very close to world 
market levels, reflecting the realistic pricing of fuels by the energy sector 
utilities. This provides much of the needed incentive for industry to invest 
in energy efficiency. 

Privatization - The pace of privatization has increased and many firms are 
now functioning as private entities (even though the state may be the 
majority shareholder) responsible for their own destiny. This has put 
strong pressure on these firms to cut costs and become efficient. 

Reduced Central Government Controls - Along with the increasing pace 
of privatization, there has been a general slackening of government control 
over industry. Plant managers have more decision-making responsibility 
and retain a portion of profits for modernization and rehabilitation. 



Other - There still exists a lack of available technology, capital, and a 
proactive sponsor for energy efficiency. However, the situation is 
improving with more and more foreign companies entering Romania and 
seeking business arrangements. Likewise, more plant managers are 
seeking their own solutions and improvements without waiting for 
government direction. 

This is an ideal time to provide the sponsorship, access to technology, and 
assistance with locating financing for a suitable demonstration project. 

The GRIRO plant has been selected by the U.S. Agency for International 
Development (USAID) for a pre-feasibility study for the upgrading of the existing 
power plant. USAID has assigned the task of performing the study to 
RCGJHagler, Bailly Inc., who has contracted K&M Engineering and Consulting 
Corporation. GRIRO is one of Romania's largest specialty manufacturer of 
pressure vessels and process equipment. They have made equipment and pressure 
vessels for use in plants in Romania and abroad for over 30 years. It is the only 
plant in Eastern Europe to have certificates of authorization from the American 
Society of Mechanical Engineers (ASME) for ASME U and U2 stamps, and can 
meet code requirements for Section VIII Divisions I and I1 for pressure vessels. 
GRIRO has had the ASME stamp authorization since 1986. 

The plant was originally built in 1897 to repair locomotives. It occupies 97,500 
square meters with 85,000 square meters of floor space. Production capacity is 
16,000 metric tons per year; at present the plant operates at full production 
capacity with over 50% of the product exported. The product line includes heat 
exchangers, air coolers, reboilers, LPG tanks, debarkers for the pulp industry, and 
tanks for railway cars. The production equipment is generally very old, but 
includes many newer numerically-controlled machines. 

The power plant located in the GRIRO facility produces electricity for GRIRO 
use, and in addition supplies central district heating to public housing and steam 
to nearby industries and a small hospital. The excess electrical energy, if 
available, is sold to the national electric system. The capability of supplying their 
own power and the need for district heating as well as the profitable operation of 
GRIRO has helped to keep the plant in operation, while many other similar 
Romanian industries have been forced to close down due to lack of business or 
energy shortages. 



1.1 Electrical and Thermal Production Caaacity 

The power plant produces steam, hot water, and electricity from the boilerlturbine 
system. The original system capacity for the supply of district heating has been 
reduced due to equipment age and constant repairs to a point where the total 
capability of the district heating system is only 33 Gca1,hour. This is not 
sufficient to keep the required heat load to maintain the required temperature in 
the district heating system for the ambient conditions during the winter. The 
steam production during 1991 for GRIRO, nearby industries and the hospital was 
86,387 tons. However, this demand is expected to diminish in the next few 
years. The electricity production capability is 7.6 MW, and GRIRO average shop 
normal consumption is 1.5 MW; however, with the electric furnaces in operation 
the shop demand is over 5 MW; the power plant usage is 0.8 MW. The balance 
is dispatched to the national electric system. 

2.0 Objective of Study 

The objective of the prefeasibility study is to review the actual conditions and 
study the possibility of increasing capacity by upgrading the existing equipment 
or by the installation of new equipment, permitting a more reliable and efficient 
operation that will guarantee a constant supply of district heating to public housing 
and ensure availability of electricity and steam to GRIRO and other users. 

Several possible options have been considered in the study. The selected options 
have taken into consideration the forecasted thermal, electrical, and steam demand 
loads, as well as the maximum utilization of the existing equipment and the 
capability of the Romanian industry to furnish to a maximum extent the required 
equipment, keeping to a minimum the foreign components; this will reduce the 
need for hard currency that, at this time, is a problem in Romania. The 
availability and quality of fuels in Romania have been considered and 
recommendations are made on the fuels to be utilized or fuel treatment, if 
required. For the performance of the study, meetings with the fuel supply 
companies have taken place, as well as with the national electricity company and 
equipment manufacturers. 

For the performance of the study, the following factors have been taken into 
consideration: 

The main purpose of the Power Plant is thermal heat production for district 
heating of approximately 10,000 apartments and electrical generation for 
the GRIRO facility. Any excess electricity output will be sold to the 
Romanian Electricity Co. (RENEL) grid. 

Maximum use of the existing equipment and facilities. 
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The forecasted increase of district heating demand and improvements to 
the equipment used for district heating hot water production. 

Support the GRIRO and other users industrial steam demand. 

The study, with the recommended options including support facilities, should be 
useful for the preliminary evaluation of the project by the multilateral and bilateral 
financial institutions interested in providing financing for the project. 

K&M Engineering and Consulting Corporation and GRIRO power plant personnel 
assigned to the study have exercised their best professional judgment in 
accordance with technical practices normally followed in the preparation of this 
study. This study is based in part on information and data collected from K&M 
field visits to the GRIRO plant in Romania and meetings with the Ministry of 
Industry, the Bucharest Gas Company, and the Romanian Electricity Authority. 
It should be recognized, however, that the concepts and outline presented in this 
study must be verified during the preliminary detailed design stages and during 
the preparation of the final feasibility study. 

III. NEED FOR THE PROJECT 

1.0 Existing Facilities 

Information on the design parameters of the existing equipment or piping and 
instrument diagrams for the plant systems are not available. The existing 
equipment characteristics and other information used for this study have been 
supplied verbally by GRIRO personnel, and the conditions of the equipment are 
based on site observations by K&M personnel who participated in the audit of the 
GRIRO power plant. 

From the discussions held with the plant personnel, the main problem areas within 
the power plant were identified and the key problems related to energy efficiency 
were presented. The areas identified were as follows: 

Low gas and oil availability 
High percentage of sulfur in the available oil 
General age of equipment and loss of efficiency 
Combustion control of boilers 
Replacement of decommissioned equipment 



The facility personnel are technically competent and aware of the plant's primary 
operational inefficiencies. They are also in a good position to gauge project 
potential given the factors of production such as labor costs, material costs and the 
long-term business plan. In addition, they can provide technical information 
required make long-term energy efficiency decisions such as the replacement of 
boilers or incorporation of new, more efficient equipment. The main areas that 
the study addressed were: 

Central Steam Boiler Area 
Turbine/Control Room Area 
Water Treatment Facility 
Cooling Towers 
Air Compressors 
Switchgear and Transformers 
Pumps Room 

2.0 Existing Capabilitv 

The existing capability of electricity production of the power plant is 7.6 MWe. 
Of this capacity, the GRIRO facility uses an average of 1.5 MW. However, with 
the three furnaces in operation, this consumption can be 5 MW to 6 MW; but this 
is not the normal operating mode. The power plant consumes about 0.8 MW and 
whenever possible, the excess electricity is sold to the national grid. 

One of the main problems at this time is the capability of the existing facilities to 
meet the required thermal demand for the district heating for public housing. 
With the decommissioning of the 13 Mt/h boilers and the reduced capacity of the 
heat exchangers due to the high number of plugged tubes that have reduced 
efficiency, it has been very difficult to maintain the required temperature during 
the winter. The maximum capability at this time is 33 G c d h ,  which is not 
sufficient to maintain the required water temperature needed for the severe winter 
conditions. 

The typical weekly thermal and electrical energy production for winter is shown 
in Figure I (Page 77) and for a summer week in Figure 11 (Page 78). Based on 
the conditions outlined in Table 11 (Page 68) (ambient versus district heating 
temperature), on a winter day, ambient temperature (-g°C), the required district 
heating temperature of 124OC and a flow of 621 m3/h cannot be maintained with 
the existing equipment. 

The plant operates 24 hours per day, 7 days per week. The main areas of energy 
use include the central power station, the forging area, and the foundry area. The 
equipment in these areas of highest energy use is generally very old with few 
direct controls. 



The present major equipment in the thermal power station is shown in Table I 
(Page 65) and a diagram shows the existing equipment arrangement in Figure 111 
(Page 79). Most of the oil and gas is consumed in this area of the plant. There 
are seven boilers located in the boiler area. Six of the seven are 13 Mt/h Babcock 
and Wilcox boilers built in 1929. Four (4) of these 13 Mt/h boilers are no longer 
in service, while the remaining two have been repaired; the conditions of these 
boilers is very poor and under normal circumstances they would be 
decommissioned; however, repairs are being performed as a temporary solution. 
The seventh boiler is a 50 Mt/h Romanian boiler built in 1965. They all feed a 
common steam header with steam at 450°C and 30 atm. The steam is directed to 
two turbines rated at 1.6 and 6.0 MW. The 1.6 MW turbine is a Brown Boveri 
turbine, built in 1929, and provides extraction steam for process use. The 6.0 
MW turbine is a Soviet built turbine. The maximum total fuel used by these 
boilers is 20 Mt/day of oil or 12,000 cubic meters per hour of gas. The central 
steam boiler area provides steam for the turbines for electrical production and for 
thermal energy requirements. The age of the boilers is a major concern. The 
Babcock and Wilcox boilers average about 100,000 hours of operation while they 
are only rated for 35,000 hours. Therefore, replacement of these boilers should 
be seriously considered. Like the South Bucharest Plant, GRIRO has problems 
with oil residuals collecting on the piping of the steam boilers. Once a year the 
staff chemically cleans the pipes to reduce the oil residuals. 

In addition to the turbines, there are two paths of steam pressure reduction for low 
pressure process steam used in pressure vessel testing and oil heating. The steam 
pressure is reduced from 30 atmospheres to either 14 atm or 7 atm. These 
reduction valves also provide thermal energy for the district heating system if the 
turbines are not in operation. The typical consumption of low pressure steam 
through this system path is 3 to 4 Mt/h. 

Other low pressure steam is available at 3 to 5 atmospheres from the turbines. 
This steam is used for heating the plant and to heat a nearby hospital. The normal 
consumption in the winter for this steam is 10 metric tonslh. 

The plant has three heat exchangers that use the steam extracted from the turbines 
to heat water for use in the district heating system. The condensate from these 
exchangers is returned to the deaerator before returning to the boiler feed water 
flow. 

A simplified schematic of the electrical connection between the plant's system and 
the national electrical system is- shown in Figure IV (Page 80). The two turbines 
produce power at 5 kV and the national system that they are connected to uses 10 
kV. Therefore, there are two 4 MVA transformers to make the connection. The 
system allows the plant to run on its own electric power, that of the national 
system or both. It also permits the electric power produced to be sold to the 



national system. 

Most of the electricity consumed by the plant is used in the foundry area. The 
foundry has two electric arc furnaces and one electric induction furnace. The 
capacity of each arc furnace is 1.5 metric tonslh of steel and they consume a 
maximum of 1 MW of electricity each. The induction furnace has a capacity of 
1 metric ton per hour, also with a maximum demand of 1 MW. 

The other major electrical equipment includes four high pressure air compressors 
with a maximum power consumption of 300 kW each. The air compressors are 
three stage and three cylinder reciprocating compressors that can deliver 45 m3/h. 
There is also a 40 year old Ingersoll-Rand air compressor that is rated for 30 m3/h 
at 150 kW. The air delivered by these compressors is at 7 atm of pressure and 
is used for the testing of pressure vessels, pneumatic controls and to supply air to 
the GRIRO shop and power plant. The other electricity-using equipment such as 
fans and pumps consume an additional 1 MW total. 

Water treatment for the boilers is also a problem. City water is demineralized by 
a system that uses sulfuric acid (H2S04). In addition to the city water, water 
supply is guaranteed by one 28 m3/h and three 13 m3/h wells. The system is 
limited because there is a shortage of supply of H2S04. Tests are performed every 
hour to determine if the system needs to be flushed. 

Steam TurbinesIControl Room 

The turbines and control room are very old. The 1.6 MW Brown Boveri (BB) 
steam turbine was built in 1929 and should be decommissioned. The 6MW 
Russian turbine, installed in 1965, is in good condition and is well maintained. 

The 1.6 MW BB turbine is an extraction and condensing turbine. Circulating 
water cooling during the summer is provided by three existing forced draft cooling 
towers, two with the capacity of 500 m3/h and the other 800 m3/h. At the time 
of the survey of the power plant, one of the 500 m3/h cooling towers was being 
repaired to like-new condition. 

The 6 MW steam turbine is an extraction turbine; extraction steam is used for 
district water heating. See Figure III (Page 79). 

The control room instrumentation is very old and obsolete. A detailed study of 
possible upgrading will be required to determine the need to replace some of the 
components. 



Electric Load 

There is about 5 MW of connected electrical load within the GRIRO shop; 
however, about half of this load is used for intermittent operation of the electric 
furnaces in the foundry. The average plant load is 1.5 MW. The power plant 
consumes 0.8 MW. 

Some of the system changes that can be justified with an energy profile of the 
existing air compressors include using appropriate controls, using separate 
compressors to supply the low pressure air required in the plant instead of using 
reducing valves, replacing some of the pneumatic equipment with electric motors, 
using the waste heat from intercoolers and aftercoolers, and developing a 
maintenance program to detect and repair air leaks. The efficiency increase from 
just one of these measures would be significant. 

3.0 Forecasted Thermal and Power Demand 

The 1990 total energy production of the GRIRO cogeneration plant is shown in 
Figure V (Page 81). The electrical consumption of the GRIRO factory will 
remain at the present level for the next few years; however, it is anticipated that 
the thermal production will have to be increased to permit the needed 
improvement on the district heating system temperatures and the continuously 
increasing load demand. 

Below is the forecast for the requirements for district heating and steam: 

Although the power demand the GRIRO factory is not forecasted to increase in 
the near future, the excess electricity production can be sold to RENEL for the 
national grid. The new Romanian government policy of removing all subsidiaries 
has allowed the increase of electricity sale price to a point that GRIRO-produced 
excess electricity can be sold to RENEL at a profit. 



The need to increase thermal output to meet the growing district heating demand 
is a primary objective of this study. However, increased electricity production 
while meeting the thermal demand will be an additional benefit, especially 
considering the need for additional efficient electricity production in Romania. 
Many of the country's power plants are very old and inefficient and in need of 
replacement. RENEL, the state-owned utility, is very interested in the possibility 
of increasing the electrical production capability of GRIRO and in purchasing any 
excess electricity produced by the GRIRO power plant. 

As shown in the above table, it is anticipated that the steam demand of the 
industry and the hospital will diminish within a few years. The forecast is as 
follows: 

Steam Demand (TNr) 

Power Factor 

The power factor for the facility is generally between 84% and 90%. The 
structure of the electric rate specifies a penalty to be paid to the electric agency 
when the power factor is below 94%. The staff do not consider this a problem 
because GRlRO is a producer of power; they do not always have to pay this 
penalty and can regulate the power factor with the generators. They do have 
reactive capacitors for transformer stations and for some larger equipment such as 
the air compressors. There is opportunity to further improve the power factor 
throughout the plant. 

IV. TECHNICAL FEASIBILITY 

1.0 Availability and Quality of Fuels 

One of the main problems that limits the number of possible options to upgrade 
the GRIRO power plant is the availability and quality of the fuels being used at 
GRIRO. The ideal would be to use natural gas; however, this he1  is only 
available at very low pressure and in limited quantities. In some cases during the 
winter, the gas pressure is below one atmosphere. During the time of low gas 
supply, oil is burned in the boilers. At this time, only the 13 t/h boilers are dual 
fired with gas or oil; the larger 50 t/h boiler can only burn gas although GRIRO 
has taken steps to incorporate oil burners in this boiler. The use of oil creates a 
problem because none of the existing boilers are equipped with soot removal 
equipment, and this operation has to be performed by hand. 



The following are the characteristics of the oil available at GRIRO. 

Type 70/425 

Viscosity 

at 50°C max. 
at 80°C max. 

Freezing Point, OC 
Flash Point, OC 
Sediment, % max. 
Suspended Solids, % max. 
Ash Content, % max. 
Sulfur, % max. 
Heating Value, KJ/Kg 
Vanadium, ppm max. 
Sodium, ppm max. 
Water, % vol. max. 

Oil is burned in the boilers for approximately 1000 hours a year during periods 
of low gas availability; oil is received at the GRIRO shop by railway and stored 
in tanks; new tanks are being built for additional storage. Figure VI (Page 82) 
shows the yearly fuel and energy consumption of the GRIRO power plant. 

One of the options considered in this study is the installation of combustion 
turbines at GRIRO. The presently available fuel oil cannot be used as fuel in 
combustion turbines due to the high vanadium, solids, and sulfur contents, thus 
prior cleaning will be required. The cleaning of fuel oil is a fairly new technology 
that is being developed and one of the drawbacks is the high cost of the process. 
K&M has studied the possibility of cleaning the oil used at the GRIRO facility to 
permit operation of the proposed combustion turbines; the study indicates that the 
high cost of fuel cleaning will not permit an economic operation of the facility. 

The limited availability of gas is a major problem. This fuel is ideal to use in 
combustion turbines; however, the low pressure will have to be increased to the 
required pressure to permit injection into the combustion turbine combustor. 

During the survey, the K&M team met with managers of ROMGAZ, the 
government company controlling the gas supply to Bucharest, to review the 
possibility of increasing the volume and pressure of gas available to the GRIRO 
facility. At these meetings, several possible solutions were discussed. Figure VII 
(Page 83) shows the Bucharest gas distribution loops; the inner loop receives gas 
at different points from an outer loop. The distribution station close to GRIRO, 
16 of February station, is a pressure reducing station, and in theory the outer loop 



pressure should be between 6 to 40 bars; however, very mwly it is over 10 bars 
and the inner loop pranre is ustlally no me* than 2 to ti bars. 

n.e possibility of installing a compressor station at 16 of Februafly TO iucrease 
pressure to the average Za bar required by gas 1urtPjnes was & s c u d .  This id= 
w8.s rejected by ROMGAZ, as this type of In~taWion wLUl absorb 31 available 
gur: to 0th users and is nut practical. Another r h  mlrl will require further 
research i s  the insta8atic-111 of a coinpressor srakn in ~ h c  vicinity of 16 of 
Febmary reducing muon, laking suciion from the outer i l ~ p  to a de&aw gas 
Line of appmximately 10 lim to the GWRO plant, m.is concept w& require 
dditivnal btudies beyond the scupe uf this mport. 

The gas availabt to the C31RWO raculy Is as follows: 

Of fhe above, about 25% is used by the QRIRO mru'iuf~mres shop and the 
balance by the power plat. 

Based on nIrxrIngs wirn ROMGAZ and GRIRO pZSOMel, we Qave assumed that 
gas will not be avaikble to fu8  ttha combustion m&inss, howaver, for the 
additional firing of the heat m v e r y  steam generators, low pmsure g a  and 
h v y  fuel oil have been used in the tcchnicai mrd econo~nic analyses. 

The Geueral Matlager or the Ministry of Indusrq & MslerW ll~murca identllleQ 
a light aummive diesel oil derivative which could be rtm.4iptwble fud source 
for g a  turbines. This fuel has been used in the econcirnic ea7aluation. 

The prim of dim1 fucl wtilizd in KScM's economic cwn.i~iatim of t i i ~  various 
altemadves was 48.64 U. 5. ceuts per gallon wlllch a~pox51nas Ule amrage 
warid pfice fm fuel oil utilized by industrial utilities in m o ~  parts or the world 
today. In addition, K.&M learned that a possibility exists for GRIRO u, purchase 
ohis oil direct from the refinery with lip to a 10% di@comt Gver tha di8ribuDian 
price, However, this POSSIME discount was not iztjJj7d Q K&&f in i ts analysis 
of dtemtives. 

Two (2) new fuel oil mmge tanks a m  presently being ertxtd - m e  has a 
capacity uf 1000 metric tons and the swond one has n ~tc>rap capci';y of 700 
m&c tons. 



2.0 Options to be Considered 

Several options are available to improve the performance of the GRIRO power 
plant. Each of these options involves different levels of modernization and capital 
investment. From the base case of upgrading only the equipment necessary to 
permit a more reliable operation, keeping the present thermal and electrical output 
without consideration for future growth, to the optimum case of increasing the 
output to meet the future district heating load forecast and at the same time 
increasing the electrical output to permit the sale of excess electricity production 
to RENEL, these options all satisfy the performance improvement requirements 
and provide a range of additional benefits. 

Three general options to cover the possible variations have been studied: 

Option I - Base Case Modernization 

Option II - Thermal and Electric Expansion 

Option 1.1 - Thermal and Electric Expansion Utilizing Gas/Oil Fired Combined 
Cycle Cogeneration Plant 

The proposed options optimize the use of existing equipment; however, some of 
this equipment is very old and inefficient and will have to be upgraded or replaced 
regardless of the option selected. This equipment is described below. A more 
complete study will be required to determine, in detail, the equipment conditions 
prior to implementation of the recommendations. Additional recommendations are 
given in Section 5.4. 

Steam Generators 

Provide permanent oil burners on existing 50 t/h boiler. 

Provide state-of-the-art boiler controls. 

Replace boiler tubes where necessary. 

Perforrn a study of the possibility of providing soot blowers and if possible 
install the required equipment. 

Steam Turbines 

Upgrade the 6 MWe and 1.6 MWe steam turbines by providing state-of- 
the-art instrumentation. 



Motor Control Centers and Control Room 

Replace motor control centers. 

Upgrade control room instrumentation. 

District Water Heat Exchangers 

Replace with new equipment, regardless of the selected option. The new 
heat exchangers should be sized for the forecasted thermal demand of the 
district heating system. 

Water Treatment Svstem 

Provide a flow orifice to measure flow of demineralizer discharge. 

Update boiler make-up water treatment. 

Cooling Towers 

Underground piping needs replacement. 

Repair cooling towers. 

Miscellaneous Pumps 

Boiler feed pumps and drivers are in good condition, however 
instrumentation needs to be upgraded. 

Replace fuel oil pumps. 

District water heating pumps are in good condition, however 
instrumentation should be upgraded. 

Review in detail the condition of small pumps and repair or replace as 
required. 

Control Valves 

Replace steam pressure reducing valves supply to industrial steam and 
testing facilities. 



Miscellaneous Buildings 

Most of the buildings are in very poor condition. In some areas, the 
concrete has deteriorated to the point where the rebar is exposed. 

General housekeeping requirements should be improved. 

3.0 Analysis and Discussion of Options 

A review of the different standards covering environmental regulations for power plant 
emissions indicate that for the considered options no equipment for removal of sulphur 
will be required due to the size and the short period of time that the facility will be using 
oil, 1000 hours per year. 

3.1 Base Case Modernization - Option I 

Sketch 1A (after page 129) shows this case. One new 50 Mt/h boiler will be 
installed to replace the six - 13 Mt/h boilers that will be decommissioned. This 
boiler will be capable of producing steam at 30 bar, 450°C. The output of this 
option is approximately the same output of the existing facility; no improvement 
on electrical or thermal output from the present facility will be obtained. The only 
advantage will be a more modem updated facility with a better plant efficiency. 

This is the option with the lowest capital cost, however with the least flexibility 
to meet the demand; a failure of one of the boilers will reduce the thermal output 
by fifty percent (50%), where it would be very difficult to meet the demand if 
failure occurs during the winter. 

With limited economic resources, this is a good option. However, the risk of 
equipment failure and the incapability of meeting the forecasted thermal demand 
should be considered in evaluating this option. 

3.1.2 Option IB 

This option, as well as the previous, considers the removal of the six existing 13 
t/h boilers. Two 25 Mt/h boilers capable of burning gas or fuel oil will be 
installed. The thermal and electrical output will be similar to Option IA; however, 
additional flexibility for operation will be added to meet the demand during the 
winter or in case of boiler failure. Sketch 1B shows a diagram of this option. 

The capital cost will be higher than the previous case, the only gain being the 
additional operating flexibility. As in the previous option, the existing upgraded 



balance of plant equipment will be utilized with no change to the operating 
characteristics. 

3.2 Thermal and Electric Expansion - Option I1 

The capital cost will be higher than the previous option. The fuels to be utilized 
will be similar to the ones in use today, with slightly higher consumption. 

Sketch II is a diagram showing the arrangement of the equipment. Two new 55 
Mt/h boilers burning gas or oil will be installed to replace the six 13 t/h 
decommissioned boilers. This option will increase the capacity of the power plant 
to 160 Mt/h, an increase of 32 Mt/h over the original capacity of 128 Mdh; this 
additional capacity will permit an increase of the thermal output to meet the 
forecasted demand. In addition, the higher electrical output will permit the sale 
of electricity to the RENEL grid. The new boilers can be installed in the existing 
boiler room. A new 17.3 MWe steam turbine generator will be installed to 
replace the existing 1.6 MWe steam turbine generator that will be retired from 
service; some minor changes to the existing balance of plant equipment will be 
required for this option, a complete detailed study will be required to assess these 
changes. 

3.3 Thermal and Electric Expansion Utilizing GasiOil Fired Combined Cycle 
Cogeneration Plant - Option III 

Two different cases utilizing combustion turbines and heat recovery steam 
generators are considered under this option. For either case, a new fuel will be 
necessary for gas turbine operation. The low availability and pressure of gas does 
not permit consideration of this fuel for these options, and the fuel oil being 
utilized at this time is not compatible with the turbine operating conditions due to 
the high vanadium and other impurities. 

3.3.1 Option IIIA 

This option considers the installation of a single combined cycle power 
plant to be located in the existing boiler room; to allow the space required 
for this equipment, five of the 13 tonlh boilers will be decommissioned, 
keeping the existing 50 Mt/h boiler and one of the existing 13 Mt/h boilers 
as back-up in case of failure of the combined cycle cogeneration power 
plant. 



The proposed gas turbine has a capacity at IS0  conditions of 33 MWe. 
The turbine exhaust will discharge to a heat recovery steam generator 
(HRSG) producing 53 Mt/h steam at 30 bar, 410°C without supplementary 
(duct) firing. With partial supplementary firing at 550°C, steam 
performance of 70 Mtfh, 30 bar, 450°C is expected, and with full firing at 
850°C, approximately 100 Mt/h (450°C) of steam will be possible. 

The additional supplementary firing of the heat recovery steam generator 
will be required during the periods of high thermal demand. For this use, 
the existing gas supply or available fuel oil can be utilized; the steam 
conditions will permit the installation of a new 21.2 MW steam turbine 
generator, increasing the total electrical production capability to 49.0 MWe 
during the winter. 

One of the problems with this type of installation is the removal of heat 
during the periods of low demand since the thermal output will be higher 
in winter than in summer; however, with the introduction of steam into the 
combustion turbine, this presents an advantage; steam injection (STIG) 
increases the combustion turbine output. In this case, during the summer 
the combustion turbine with steam injection will generate 51.9 MW of 
electricity, and the steam injection will control the NOx discharge into the 
atmosphere to acceptable limits. During the summer with the combustion 
turbine operating on STIG mode with supplementary firing on the HRSG 
and the two back-up boilers in operation, the total electrical output of the 
power plant will be 73.1 MWe. 

This option meets all the ideal conditions, covers the present and 
forecasted district heat demand and, in addition, will permit the sale of 41 
MW during the winter and 63 MW during the summer of electricity to the 
RENEL grid after covering the GRIRO manufacturing shop demand. 
Sketch IIIA shows the diagram for this option. 

Experience has shown that the availability of this type of installation is 
over 95%; however, due to the critical service of district heating and hot 
water to approximately 10,000 apartments, we recommend that the existing 
50 Mt/h boiler and one of the 13 Mt/h boilers be kept as a back-up in case 
of failure of the combustion turbine; this equipment will meet the average 
demand in a typical winter day. 

The economic analysis will reflect the higher fuel price needed for the 
operation of the combustion turbine and the benefits obtained by the sale 
of electricity to the RENEL grid, as well as the additional revenue from 
the forecasted district heating demand. 



3.3.2 Option IlIB 

This option considers the installation of a combined cycle power plant 
utilizing two combustion turbines, each with a heat recovery steam 
generator, and the installation of a single new steam turbine generator. 

Each of the proposed gas turbines has a capability of 13 MWe without 
steam injection and 16.0 MWe with steam injection; the total electrical 
output during the summer will be 33.0 MWe. Supplementary duct firing 
will be required to meet the winter thermal output. Similar to the previous 
option, the existing gas and fuel oil can be utilized for the duct firing to 
meet the additional heat demand. A new 17.0 MWe steam turbine 
generator will be installed; the total plant electrical output for this option 
will be 49.7 MWe during the winter and 65.1 MWe during the summer. 



4.0 Recommended Option 

11 CAPABILITY OF CONSIDERED OPTIONS 

1A 1 2 - 50 Mtlh boilers 

Option Equipment 

2 Combustion 
Turbines 

1 - 50 Mtlh 

-8°C ambient temperature. 

1B 

11 

IIIA 

Steam 
Production* 

1 - 50 Mt/h 
2 - 25 Mtlh boilers 

1 - 50 Mtlh 
2 - 55 Mt/h boilers 

1 Combustion Turbine 
1 - 50 Mt/h 

1 - 13 Mdh boilers 

100 Mtlh 

100 Mtlh 

Note: Assumes fixed output to meet demand, higher output available for Options II, IIL4 and IIIB if required. 

District Heating 
Product* 

(See Note) 

4.1 Discussion and Recommendation 

Electrical Ou$ut W e  
WinterISummer 

As previously mentioned, Option I A and Option I B will not increase the thermal 
output of the power plant; the only advantage will be the higher reliability 
obtained by installing new equipment and upgrading the existing 50 Mtfh boiler. 
The electrical generation will be the same with a very little possibility of selling 
energy to the RENEL grid. This option has the lowest capital cost of all the 
considered options and should be implemented only if financing for a larger 
expansion is not available. 

Option I1 will increase the electrical capability of the existing power plant by 
13.7 MW and will cover the forecasted thermal demand. The additional electrical 
energy will be sold to the RENEL grid. The capital cost of this option is higher 
than Option I A or I B and will be a good solution if financing is the limiting 
factor. 

Option IIIA meets the existing demand and allows for future growth of district 
heating demand. In addition, this option will permit the highest sale of electricity 
to RENEL, 41 MW during the winter and 63.7 during the summer, allowing 5 
MW for GRIRO use. This option meets the technical and economic conditions 
and it is our recommendation that this option be implemented. The technical 
characteristics of this option will permit an excellent flexibility of operation 



through all operating ranges; district heating and steam outputs versus electrical 
outputs can be controlled to obtain the most efficient operational mode under all 
conditions. 

Option IIIB offers more operating flexibility and reliability; however, this is the 
only advantage. Electrical output and internal rate of return on the investment are 
lower than Option IIIA; taking into consideration that the availability of 
combustion turbines is over 95%, additional operating flexibility cannot offset the 
advantages offered by Option IIIA. 

4.2 Plant Description and Features 

4.2.1 Configuration 

The combined cycle power plant will be housed in the existing GRIRO boiler 
building, in the area occupied by the 5-13 Mtlh boilers being demolished at this 
time. The existing 50 Mtlh boiler in the southwest corner and the 13 Mtlh boiler 
in the northeast corner will remain in operation. A wall dividing the existing 
boilers from the new combustion turbine will be built inside the building prior to 
the start of erection of the turbine. 

The building will have to be upgraded and repaired prior to the erection of the 
combustion turbine; the general arrangement Drawing No. GOO1 shows the 
arrangement of the new facility. 

The new 21.2 MW steam turbine generator will be erected in the turbine building 
to allow space for the new turbine pedestal; the existing turbine pedestal in this 
area and the 1.6 MW turbine pedestal will have to be demolished. The general 
arrangement drawing shows the proposed location of this pedestal. 

The existing control room will have to be upgraded to house the required controls 
and instrumentation for the new facility and air conditioning will have to be 
installed. 

The equipment has been sized according to the following criteria: 

Thermal load and output 
Appropriate combustion turbine capacity availability to match the thermal load 
Optimum use of the existing facilities 
Economic optimization based on benefit - cost analysis 
Plot area constraints 
Availability of water 
Environmental considerations 



An important consideration in sizing the plant has been the selection of 
commercially available gas turbines. A manufactured standard product has been 
selected to obtain the cost benefits of the procurement process and to meet the 
target schedules for delivery of equipment. 

The most critical constraint in selecting the equipment has been the space 
availability; no additional space is available at the GRIRO facility. 

The combined cycle facility is a low cost, efficient process for generating power 
and meeting the thermal demands. Additional advantages of the combined cycle 
include: 

Higher generation efficiency than steam plants 
High ratio of power output to occupied ground space 
Rapid start-up capability 
High reliability 
Good operating flexibility from minimum and maximum loadings 

The recommended combined cycle facility offers the latest power plant technology 
with very high efficiency and reliability. Proper operation and maintenance of the 
facility is a decisive factor on the availability of the power plant. The personnel 
assigned to operate the combustion turbine should be highly trained in operations 
and maintenance. It is recommended that this personnel be trained for several 
months on an existing, similar facility prior to start-up of the combustion turbine. 

Spare parts for several years of operation should be purchased with the original 
equipment; all spare parts for the combustion turbine and related equipment shall 
be purchased from the original manufacturers and no substitutes should be 
accepted. 

4.2.2 Mechanical Svstems 

Combustion Turbine Generator (CTG) 

The combustion turbine will be a conventional machine in the 33.1 
nominal class. This sizing was selected to achieve a facility that best 
integrates with the existing building and equipment. This design results 
in an excellent thermal match while effectively utilizing the existing 
facilities, thus resulting in the lowest installed capital cost on a per kW 
basis. 

The gas turbine will normally operate on light oil, utilizing heavy fuel oil 
and gas for the duct firing. Emissions of NOx will be controlled using 
low NOx combustion technology to a level of 25 ppmvd when firing 



mtud gas. When oyetxiliug on diskillate fuel, wdter iqjection will be 
e~nplcayed to limit NOx mnissions to not more than, 75 ppmvd, 

4,2,2.2 $team Turbine 

The steam turbine tw be ack-lai at tbe power plant win be a 21.2 W e  
combinazlon exmcciou md cclndcnsing turbinz, ~riith tb.ttte stearn at 30 
bar and exhausting at 0,OB bar for mnaXitutita.1 h n ~ ~ a l  ouiput, 

r h o  wmplctc; mam n~sbinc gcncmmr package wiM indade the t h r o ~ k  
valve, speed reguimr, contmllecl extractio~a valve, and ~nc011imlIl?lf 
exhaust to the condenser. The steam header, gmrator, Inbe and eml oil 
sy&m is could by .a circulating glycal sohption. 

42.2.3 -ve.n Steam Genemtur 

Thc FIR36 will bc a duct fired, single pressure, natural chmlatlon boiler. 
The hi@ pmssux steam wU be gcnewteb at 3g bar anil 430" C, 
Tha faxiwater to the HP boiler will be p r e M  'by a low tempmture 
mnonlimr and 01en a high tempratuE economizer. 

The HRSG system is comprised of: fie idct duct from drei CTG, the 
tmdtion piece that i n c m s  to the full ems-section of the HRSG, 
superheater coils, duct burner assembly, high pressure stem drum, 
evapommr coil, high pressure momizer ,  and exhaust mck. 

The W G  is a natural cii-culati~n boiler, insulated to maintain heat Imses 
to 1. I or less. The blowdown ftm the HP steam rJmm is flashed in Ule 
continuous Mowdown drum, Ibe steam passes to the dmoator and the 
Liquid flows to thc amosphcric blowduwn dm11 befm bing dumped to 
drab, after being cooltxl by make-up water. 

The Wiler tubes are finned to m d m h  heat recovery. 

The HRSG s t a a  height is g ~ ~ e m e d  by x number of factors irrcluding: 
local topography, building haigllta, prevailing wind directions, an# 
permissible ground level concemratiuna of pollutimtu. It is &cly to be: 60 
m m  in Wght. 



5.0 Ma.ior Equi~rnent Preliminary Specifications 

The following preliminary specifications do not include all the necessary information to 
request firm prices from the manufacturers, and are issued only with the purpose of 
obtaining preliminary pricing for the preparation of the final feasibility study prior to 
project implementation. 

In order to obtain final firm prices from the manufacturers, additional information will 
be required on the detailed scope of the project, and preliminary detailed design 
information beyond the scope of this study will be required. 

5.1 Combustion Turbine Generator 

5.1.1. General 

The project will include furnishing and erecting a complete combustion 
turbine directly coupled to a 50 Hz generator. The combustion turbine 
generator shall deliver approximately 33,000 kW at IS0  conditions. (15°C 
- sea level). 

The combustion turbine generator shall be designed for continuous 
operation with a fuel oil (which is available in Romania) of the following 
chemical characteristics: 

Specific gravity at 20°C, max. 
Flash point, "C, min. 55 
Viscosity &nematic), m2 e-' (cSt) 
Pour point "C 
Sediment 
Water content % max. 
Ash content % max. 
Carbon %, max. 
Total Sulphur content %, max. 
Neutralization number mg KOWlOO cm3, max 
Lower heating value kcallkg, min. 9900 

The combustion turbine exhaust will be discharged to a heat recovery 
steam generator to produce cogeneration steam to drive a 21.2 MW 
combination extraction and condensing steam turbine generator; the 
combustion turbine exhaust flow temperature as rated should be no less 
than 438°C at IS0 conditions. Additional duct firing of the heat recovery 
steam generator will be required during the time of high thermal demand. 



5.1.2 Electrical Power Requirements 

The CTG shall be suitable for continuous operation. High CTG 
reliability and availability under intended operating conditions are 
extremely important and will be major factors in the evaluation. 
Unit thermal efficiency should not detrimentally affect operating 
reliability. 

If while carrying load, the CTG unit is disconnected from the 
power grid, the CTG controls shall automatically re-adjust to the 
zero load setting, or trip and lock-out if a fault condition generated 
the trip. The CTG can be selectively shut down manually or 
resynchronized with the grid, if required. The generator breaker 
shall enable resynchronization of the plant after main line voltage 
is restored. 

The plant equipment life shall not be less than 20 years and shall 
be designed to operate continuously at maximum continuous rating, 
high efficiency and reliability. 

The design, construction, and operation of the CTG plant with 
regard to aqueous discharges, emissions, noise levels etc. shall be 
subject to constraints imposed by the national or local laws and 
regulations of the relevant authorities of Romania and in 
accordance with the World Bank environmental guidelines. 

The power station operational mode, site conditions, and electrical 
equipment design conditions shall be considered in equipment 
selection and design. 

5.1.3 Sound Levels 

The gas turbine generator shall be provided with silencing equipment so 
that the sound pressure levels do not exceed the local requirements: 



NOTE: A price change for the supply of the plant to meet the optional Sound Pressure 
Level (SPL) figures given above shall be stated. 

5.1.4 Safety 

Octave 
Band 

1 

2 

3 

4 

5 

6 

7 

8 

9 

The CTG manufacturer shall, prior to the shipment, insure that all 
safety measures and protective devices function. 

Sound Pressure 
Level db at 122m 

76 

73 

65 

58 

53 

49 

46 

43 

40 

Center 
Frequency-Cps 

31.5 

63 

125 

250 

500 

1000 

2000 

4000 

8000 

Rotating Components 

Optional (See Note) 
S.P.L. db at 122m 

73 

70 

6 1 

53 

48 

44 

4 1 

38 

34 

All exposed rotating components shall have suitable guard covers 
designed to prevent accidental contact. The guard covers shall be 
substantially constructed, securely fastened in place, and shall be 
easily removable for maintenance purposes. 

High Temperature Surfaces 

High temperature surfaces shall be covered with insulating material 
for personnel protection. 

5.1.5 Combustion Turbine Generator 

The combustion turbine exhaust should discharge to a heat 
recovery steam generator to produce steam to drive a 21.2 MW 
combination extraction and condensing steam turbine generator. 
The heat recovery steam generator will have provisions for 
additional duct firing; the duct firing should be dual, gas or oil. 

Control of the CTG and auxiliary systems will be accomplished 



from an existing climate controlled, weather tight central control 
room in a building provided by the Owner. 

The CTG will be installed indoors in a existing building. 

A steam injection system for power augmentation shall be supplied; 
the steam injection module should contain metering and shut-off 
valves and be self-contained on its own base plate. The vendor 
shall furnish all the required piping, valving, wiring and 
instrumentation. 

Based on a survey of the existing building, the vendor shall 
propose the ventilation and air intake system. 

Each rotating equipment compartment shall contain optical fire 
detectors and rate of rise temperature detectors to protect the 
equipment. 

The vendor shall furnish a complete instrumentation package, 
subject to Owner's approval, that will protect the entire combustion 
turbine and permit continuous monitoring of the operating 
equipment conditions. 

The vendor shall provide ladders, stairs, and platforms which meet 
the Romanian safety requirements for access to the equipment. 

The vendor shall provide a list with pricing of the recommended 
spare parts for five years of operation. 

The vendor shall include in his quotation the necessary training in 
a similar operating unit of the required GRIRO S.A. personnel for 
maintenance and operations of the GRIRO S.A. combined cycle 
power plant. 

5.1.6 Overall Responsibility 

A single Contractor could be retained with overall responsibility to 
provide engineering coordination of combustion turbine, generator, 
switchgear, and any mechanical components. The Contractor has 
the responsibility for the operational mechanical integrity of all 
equipment. He would handle and expedite drawings, supervise, 
and coordinate all tests as they pertain to the CTG package as 
required. 



Electrical apparatus, equipment, devices and wiring shall be 
suitably enclosed in vermin-proof enclosures. 

The Contractor should carry out the Protective Relaying System 
Coordination with GRIRO S.A. and the Romanian Electricity 
Authority; and the Electrical Systems Stability Study to ensure that 
the new generating units shall operate successfully in parallel and 
that no adverse stability problems shall arise from their introduction 
onto the Romanian Electricity Authority grid system. 

The gas turbine generator should be capable of performing 300 
startslyear for 20 years for a lifetime total of 6000 starts. 

The unit should be capable of rapid start and shall have black start 
capability. 

Vibration monitoring system (Bentley Nevada proximity type or 
equivalent) should be provided. Each bearing, including gear and 
generator, shall include multiple sensors. Under unfiltered and 
steady state conditions, the normal running velocity levels shall 
typically be less than 0.64 cdsec., with alarm at 1.27 cmlsec. and 
trip at 2.54 cdsec.  Under transient conditions, the vibration levels 
shall not exceed 1.0 cmlsec. 

The critical speeds of the rotor assembly shall be at least 20% 
above or below the operating speed of the unit. 

The smoke density of the turbine exhaust shall not exceed the 
ASTM-D-2 156 Smoke Spot (Bachrach) Number 4.5. 

5.2 Heat Recoverv Steam Generator 

5.2.1 General 

The project will include furnishing and erecting a vertical single pressure 
heat recovery steam generator designed to remove heat from the 
combustion turbine exhaust and generate: 

Steam for power production in a steam turbine generator. 

Steam for power augmentation in the combustion turbine. 

Provisions for partial and full duct firing using fuel oil or gas shall be 
incorporated in the design. 



Due to the reduced space available for the HRSG in the existing building, 
the design should minimize the floor surface area occupied by this 
equipment; drawings showing plans and elevations shall be provided with 
the proposal. 

The approximate CGT exhaust conditions under rated power of IS0  
conditions are: 

- Exhaust Flow - 447.0 x lo3 kg/h 
- Exhaust Temperature 438°C 

The vendor shall furnish the thermal production capability of the 
heat recovery steam generator at 30 bar, 450°C using partial and 
full duct firing, and the pressure and thermal production capability 
steam pressure and temperature without duct firing. 

The vertical HRSG heat absorbing sections will be contained within 
shop assembled ductworMcasing modules. Each module shall 
incorporate pressure parts and interconnecting piping, baffles, 
insulation, liners and ductwork casing; the modules will minimize 
the field erection time. The HRSG shall be complete with the 
following: 

- All heat transfer and pressure parts 
- Inlet and outlet duct 
- Necessary expansion joints 
- Self supporting exhaust stack including electric grounding 
- Steel drums, water columns, gauges, glasses, level 

indicators and all the required instrumentation, local and in 
the central control room 

- Pressure, temperature and flow transmitters 
- Deaerator 
- Desuperheater assembly 
- Platform ladders and stairs 
- All piping, from valves and instruments for safe and 

reliable operation of the boiler 
- Safety relief valves and silencers 



All steam drums will be welded construction, fabricated from 
carbon steel plate and equipped with manways at each end. Drum 
internals shall include primary centrifugal steam separators and 
secondary Chevron-type steam dryers to provide suitable steam 
purity. The steam drums shall be provided with internal 
distribution piping for feedwater, blowdown and chemical feed. 
The steam drums shall be completely insulated on the outside. 

The furnished HRSG shall be a conventional natural circulation 
evaporator requiring no circulating pump. The HRSG shall be 
fully drainable. Large diameter tubes shall be used to minimize the 
effect of scaling; all tubes in the economizer shall be welded to 
headers. 

All the necessary ductwork will be provided to make the transitions 
between the heat recovery components. All ductwork shall include 
double cased construction that includes insulation. 

The exhaust stack shall be self-supporting, all welded construction 
with allowance for corrosion. The stack shall include service 
platforms, access ladders, sampling points and service listing. The 
stack should be insulated to prevent the gases cooling below the 
due point within the stack. 

5.3 Steam Turbine Generator 

5.3.1 General 

The project will include a complete combination extraction and condensing 
steam turbine directly coupled to a 50 Hz, 17.1 MWe generator. 

The turbine generator should be designed to operate with 30 bar, 450 "C 
steam; the controlled extraction steam will discharge to district water 
heating exchangers operating at various load conditions, and the 
condensing to a surface condenser. 

The turbine generator will take throttle steam at 30 bar, 450°C; the steam 
turbine should be designed to meet variable summer and winter demands 
by condensing excess steam; the maximum steam rate, corresponding to 
CTG and boilers in operation will be 87.8 Mt/h for winter and 67.8 Mt/h 
during the summer. 



5.3.2 Description 

The complete steam turbine generator package will include throttle valve, 
speed regulator, controlled extraction and uncontrolled exhaust to the 
surface condenser, generator, lube and seal oil systems. 

5.3.3 System Operation 

There are two modes of operation, summer and winter. During the 
summer mode the steam turbine will condense any excess steam not 
utilized for district heating or combustion turbine steam injection; during 
the winter the condenser will be utilized as needed to condense any excess 
steam not used for district heating and cogeneration steam. 

5.4 Existing Esuipment Rehabilitation 

Some of the existing equipment needs urgent rehabilitation to continue operating. 
The following are recommendations based on visual observations; a more detailed 
inspection should be performed to verify the condition of the equipment; final 
recommendations for repair should be made based on this detailed inspection; and 
the possible use of the existing equipment in conjunction with the new equipment 
to be installed for the new combined cycle facility should be considered. 

5.4.1 Mechanical 

Steam Generators 

The existing 50 Mtfh steam generator should be modified for dual 
firing (oivgas). 

rn Sootblowers should be installed and/or provided on the existing 
steam generators. 

Boiler tubes should be replaced where required. When the decision 
is made to use the existing steam generators, they should be acid 
cleaned prior to placing same back in service. 

Relocate the fuel oil pumps from present locations, due to fire 
hazards andlor explosion; new pumps may be required. 



Miscellaneous Pumps 

Upgrading of the existing boiler feed and condensate pump is 
required. 

Condensate Return System 

The replacement or repair of the steam and condensate piping to 
the district water heating system should be done, to prevent 
unnecessary losses. 

Steam traps must be installed on the condensate return piping of 
the district water heating system. 

District Water Heat Exchangers 

Replace the existing district water heat exchangers. The new heat 
exchangers should be designed for the maximum capacity of the 
upgraded system. 

Water Treatment System 

Provide a flow orifice on the demineralizer discharge, to enable 
determination of the demineralizer capacity. 

Obtain a sufficient storage supply of sulfuric acid to prevent any 
shortcomings when required for anion resin regeneration. 

Cooling Towers 

Repair or replace defective underground cooling water piping. 

Rebuild cooling tower. 

5.4.2 Electrical 

Replace the existing 4 MVA and 10/5 kVA transformers, due to 
their unreliability. 

Replace existing motor control centers. 

Replace existing cables, and upgrade control room to state-of-the- 
art conditions. 



]Repair or replace defective coolling tower fms. 

5.4.3 Insmmcntatfnn and Controls 

Wpgmd~ 5 MW stcam turbine% with a t - f - t -  cantrols. 

a Repair or replace the: simm pressure ctnrtrol valve8 an the stem 
stippfy h e  to the distPir,t hearing system. 

5.4.4 Civil Works 

* Repair cooling tower st.mctu~. 

Repair existing bulldinge, stich as the b d e r  r~r;~:rr, s~utm1 mom, 
etc, 

Ths Bu- Council Directive E 33M1 of November 2s-, 1888 h i t s  the 
emissions of certain pllurants into the air h l n  large wrub~~stion pLmts; this 
directive ineludes 'the limitations given on directhe L 229/30 of July 15, 1980 an 
air quality values and guide values for sulphtsr dioxide md ~8~pimded panicles 
and tnt: Council uirtxrive L 87/1 on air quallrq. sfandards fur ijlrmpn dioxlde of 
March 3, 1985. 

These directives s&aU apply to combustion plmts: the rat& thermal input of 
which is quai to or grcattr than 50 MW tfiennal, itr't:w!c of the type of fuel 
used (solid7 Ilquld or gaseous). I n  a l l  cases, the addition of new biler6 or the 
installation of a combined cycle power plant is envhsmeobaliy amptnbb, 
meeting the European Community and the Romanian standards (if and when snch 
sfandatds exist). 

Please note thaP for the purpose of U& study, Lhe assumption is behg made &at 
the Buropean Council Directives for Lunitation of emissions of csrtRin poilwtants 
intd the air applies also in Romania. In all wes described, envtromentaf 
requh~a~etlts of the &tropean Col~mnutaity and the Ro~llanian .pvernment will be 
met. 



2.0 Air Qualitv 

Impacts to ambient air quality during the construction phase are anticipated to be 
moderate. Temporary increases in dust loading can be expected, but no 
irreversible impacts to ambient air quality are expected to occur. During 
operation, it is anticipated that the installation of the new gas turbine unit and 
retirement of the existing steam boilers will result in a noticeable improvement in 
ambient air quality, especially with respect to nitrogen oxides. The new unit has 
projected emissions that are well within the established guidelines. 

3.0 WaterNastewater Discharge Quality 

No adverse water and/or wastewater impacts are expected for the proposed project. 
Because the gas turbine combined cycle unit is essentially a replacement in kind, 
additional water consumption should be minor. The proposed project will not 
cause any additional impact to the existing cooling towers since any extra steam 
which becomes available in the summer will be injected into the gas turbine, 
thereby increasing the gas turbine electrical output. 

4.0 Noise and Other Social Impacts 

No additional noise impacts are predicted at the GRIRO thermal power plant. No 
adverse noise impacts are anticipated as a result of operation of the proposed gas 
turbine combined cycle installation. 

VI. PROJECT COST AND SCHEDULE 

1.0 Scope Definition 

Two cost estimates for each option were prepared for the same scope of work. 
The basis of the first estimate was to maximize the Romanian (local) supply for 
major mechanical and electrical equipments. The second estimate used 
competitive international bidding to determine the costs for major mechanical and 
electrical equipments. 

The scope of the cost estimate is defined by the general arrangement drawings, 
major equipment list and process diagrams which are included in the technical 
description part of this study. 

2.0 Estimate Basis 

2.1 Quantities 

Quantities were available for major and electrical equipment. Allowances 



were provided for civil, mechanical, and electrical works based on the 
sharing of existing facilities by the new equipment and the experience 
gained from a similar power plant design in a Central European country. 

2.2 Equipment and Material Prices 

Budgetary quotes from manufacturers were obtained for gas turbine 
generators, steam turbine generators, heat recovery steam generators, major 
pumps, and heat exchangers. The quotes were obtained from 
manufacturers in the United States or Western Europe and Romania. The 
industries in Romania have the capability of supplying this equipment with 
the exception of the gas turbine generators. Some materials for the 
balance of plant will have to be imported by the Romanian manufacturers. 

2.3 Installation Labor 

Manhour productivity rates and manual labor rates are based on bid 
proposals by Central Europe contractors for recent power plant 
construction. The manual composite labor rate used is US$S/hour and 
includes salary, fringe benefits, non-manual supervision, construction 
support items such as equipment and temporary facilities and services 
required by construction forces and contractor profit. See Table VI-1 
(page 37) for determination of the manual labor rate of $5/hour. 

2.4 Other Cost Items 

rn Freight, Marine Insurance and Local Transportation costs for major 
plant equipment are included at 12% FOB factory costs for 
international supply. Freight and Local Transportation costs for 
major plant equipment are included at 9% FOB factory costs for 
Romanian supply. 

Costs for spare parts are included at 3% of plant equipment costs. 

Project A/E services are included of 6% of construction cost and 
this percentage is based on estimates in recent feasibility studies for 
similar power plants. 

Insurance costs for builders risk, third party liabilities are included 
at 2% of construction costs. 

Contingency costs are estimated at 10% of major mechanical and 
electrical equipment and 20% of remainder of project construction 
costs. 



2.5 Future Escalation 

Future escalation has not been considered in this study. The BenefitJCost 
Analyses in Section VII use present day investment costs and present 
values for comparing the design options. 

2.6 Custom Duty 

The level of Romanian custom duties for imported plant equipment at the 
outset of the study effort was 15 percent. This figure was utilized for all 
economic analyses and calculations in this prefeasibility report. However, 
this level is subject to change on short notice by appropriate taxing 
authorities, and under certain circumstances can even be waived as 
provided under Romanian Foreign Investment Law No. 3513. For instance, 
in amendments adopted in June of 1993, imported machinery, equipment, 
and installations are exempt from import customs duties provided that such 
imported items do not exceed the equity contribution of the foreign 
investor. 

2.7 Owner Costs 

An allowance has been provided for Owner costs such as: 

Project development and feasibility study cost 
Owner supervision and start-up costs 
Operating costs that can be capitalized 

2.8 ForeinnILocal Currency Split 

Two scenarios have been used for major plant equipment cost estimates: 
one is maximizing the use of Romanian suppliers and the other is the use 
of international or foreign suppliers. Insurance costs for Builders Risk and 
Third Party Liabilities and 50% of the Project AE services are assumed 
to be in foreign currency. The remainder of costs, such as field erection, 
specialty subcontractors, plant materials and 50% of the Project A E  
services are assumed to be in local currency. In the following Section 3.0, 
the Summary of Project Costs shows the amounts required in US $ and Lei 
for each option. 

2.9 Exclusions 

The project cost estimates do not include items such as: 
rn Renovations to existing plant other than equipment requiring 

replacement 
Interest during construction 
Future or forward escalation 
Financing costs such as commitment fee, arrangement for exposure 
fee, and equity placement, .and other financial advisory fees 
VAT 
Working capital 



TABLE VI-1 
GRIRO PROJECT, ROMANIA 

Manual Composite Labor Rate Development 

In the U.S.A., the average construction distributable cost for power plants is 75% of construction 
labor. Therefore, the composite labor rate breakdown for construction labor is as follows: 

Wages (Including Fringes) $24.00/h 
Distributable Cost (75%) 1 8.00lh 

Total $42.0O/h 

The distributable cost breakdown of 18.00h is as follows: 

Non Manual - Construction Supervision, Engineering and Administration, 113 or $6.00/h 
Other Distributables - Temporary Construction Facilities, Miscellaneous Construction 
Services, Construction Equipment and Tools, 213 or $12.00h (50% Labor, 50% Material) 

Note: 780 Lei = 1 US$ - 

F:\1060\GRIRO.PIN 

USA 

$/h - 
Wages including Fringes 24.00 
Non-Manual25%x24.00 = 6.00 

Other Distr. 

Temp. Construction Facilities 
Misc. Construction Services 
Construction Equipment & Tools 

Material 6.00 
Labor - 6.00 
Total (Composite Labor Rate) 42.00 

ROMANIA 

- $/h 

Wages incl. Fringes 1 .OO 
Non Manual 1 .OO 

Other Distri. 

Temp. Constr. Facil. 
Misc. Constr. Serv. 
Const. Equip. & Tools 

Material 2.00 
Labor 0.50 

Total (Composite Labor Rate) 4.50 
Add 10% Profit - 0.50 

5.00 or 

3900 
Leith 



3.0 Summary of Pro-iect Costs (Includes Interest During Construction) 

The project costs in present day 1993 dollars for the options are as follows: 

(In Millions) 

For the details of the cost estimates, please refer to Table VI-2 (page 93). 

Maximizing Romanian (Local) Supply 

4.0 Pro-iect Milestone Schedule 

4.1 Introduction 

Options 

I A 
IB 
I1 
IIIA 
IIIB 

The Preliminary Project Milestone Schedule has been prepared for the design and 
construction of the GRIRO S.A. power plant. The schedule, which is based on plant 
size and configuration as described in other sections of this report, considers the 
location and general physical conditions of the building, construction access, 
manufacturing, and delivery time for the major equipment, the requirements of 
international competitive bidding and other factors. 

Foreign currency 

US $ 

.26 

.27 

.73 
29.37 
33.16 

The schedule is based on a replicated contracting plan and includes separate contracts 
for: 

Total US $ 

2.1 1 
2.35 
5.54 

37.80 
42.36 

Local Currency 

International Supply 

Equiv. US $ 

1.85 
2.08 
4.81 
8.43 
9.20 

Lei 

1,443 
1,622 
3,752 
6,575 
7,176 

Options 

I A 
IB 
I1 
IIIA 
IIIB 

Foreign currency 

US $ 

3.35 
3.36 
10.52 
36.67 
40.46 

Total US $ 

4.64 
4.68 
12.68 
41.90 
46.46 

Local Currency 

Equiv. US $ 

1.29 
1.32 
2.16 
5.23 
6.00 

Lei 

1,006 
1,030 
1,685 
4,079 
4,680 



Project AIE Services 

Gas Turbines 

Conceptual Engineering 
Technical Specifications 
Procurement Services 
Construction Management Services 

- Supply and Erection 

Heat Recovery Steam Generators (HRSG) 

- Supply and Erection 

Steam Turbine Generator and Condenser 

- Supply and Erection 

Civil Works 

- Detail Design 
- Material Supply and Erection 

Mechanical and Electrical Works 

- Detail Design 
Material Supply and Erection 

Switchyard 

- Detail Design 
- Material Supply and Erection 

Demolition 

Insurance 

- Project Wrap-up Insurance 

The sequence, duration and relationship among the activities displayed on the schedules 
is based on the need to purchase long lead time equipment, a design and process which 
depends on the systematic and logical flow of design information; and a procurement 
process which will be extended because of the requirements of the review and approval 



process imposed by the international lending agencies. 

The engineering and procurement process requires a significant coordination effort, as 
much of the detailed design information will be supplied by equipment manufacturers 
who will be located throughout the industrial world. Specifications and other design 
criteria provided by the Project Architect Engineer (AIE) will be prepared in such a 
manner so as to maximize the number of equipment and material manufacturers who 
could submit proposals, yet maintain the desired operating parameters of the facilities. 

For the purpose of clarity, the interrelationships among the design disciplines during 
the design process has been simplified in the schedules provided. The design of the 
plant will heavily depend on the specific combustion turbines, steam turbines, and heat 
recovery steam generators selected. The logic followed in schedule development is 
described below. 

The combustion turbine specification and specific operating parameters, provided by 
the selected gas turbine manufacturer, will be used in part as the design criteria by the 
heat recovery steam generator (HRSG) manufacturer. The HRSG manufacturer will 
in turn provide design and operating information to steam turbine manufacturers, to be 
used for both proposal preparation and final design. 

In order to accelerate the design and procurement process, the selection of the 
combustion turbine, HRSG, and steam turbine suppliers occurs somewhat in parallel 
rather than in series. This is possible because the specifications prepared by the 
project NE are tailored to provide enough information for the various equipment 
manufacturers to prepare the major portion of their proposals, which can then be 
modified, as necessary, as contracts for major equipment are awarded and specific 
design and operating parameters are available. 

Upon the selection of the major mechanical components, the specifications and 
conceptual design can be completed for the other engineering disciplines, and bid 
packages issued to contractors interested and qualified to provide civil 
mechanicaVelectrical, and other necessary equipment, materials, and services. 

As these contracts are awarded, there is a continued and active coordination effort 
required by the project AIE to ensure the various project contractors are providing the 
necessary design information in support of the integrated design effort, as scheduled 
and in specified detail. The project All3 responsibilities will include the review and 
approval of detail designs and specifications. 



As the project moves from the design to the manufacturing and supply stage, the 
project A/E will monitor the manufacturing process to ensure quality controls are 
followed and equipment is delivered as scheduled. 

During the construction stage, the project A/E will provide construction management 
services in support of the client assuring that the construction effort meets all 
contractual obligations and the plant operates and performs as designed. 

4.2 Plant Schedules 

The Milestone Schedule developed for GRIRO S.A. power plant shows the sequence 
of activities and overall duration of 36 months. The current critical path evaluated is 
shown through the purchase order and delivery of steam turbines. As the combustion 
turbine market is quite volatile, the actual delivery time may be equal or longer in 
duration than that for the steam turbine. Though the actual implementation schedule 
cannot be prepared until later in the project development process, based on experience 
working with international financing institutions, equipment suppliers, and contractors, 
the schedule duration displayed should be attainable under normal conditions. 

The actual duration for project implementation will in a great part be controlled by the 
lead times for major pieces of equipment which will be dictated by the supply and 
demand situation at the time of purchase. 

With the above in mind, plus the thought of producing more electricity for resale to 
the national grid, Case A is the more attractive option. 

In addition, more thermal heat is produced, thereby providing a means to accommodate 
possible increases in thermal heat demand and making the GRIRO thermal power plant 
project the first privatized power producing company in Romania. 
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VII. ECONOMIC ANALYSIS 

1.0 Benefit-Cost Analvsis of Options 

Benefit-cost analyses were performed for the five Options IA, IB, 11, IIIA and IIIB. A discount 
rate of 9% and an economic life of 20 years was used in these analyses. Project schedules of 
two years were used for Options IA, IB and 11, and three years for Options IDA and IIIB. 

Present values of the additional benefits and plant costs were determined for comparison 
between the options. 

The benefits are the additional sales of electricity and heat experienced when the new power 
station is put into operation in 1996 or 1997. 

The costs are additional, also, and include: 

Investment costs, made up of existing plant upgrades and construction of new facilities. 

Fuel consumption 

Maintenance costs estimated at 1.5% of investment costs. 

Factory overhead costs also estimated at 1.5% of investment costs. 

These analyses simulated the operation of the new plants which meet the heat supply and 
electricity demands furnished by Griro S.A. Furthermore, the additional benefits and costs were 
determined for each option from a base which is the power plant, today, and the 1992 
production rates of 

Electric power - 23.6 GWh 
Heat - 296,600 G cal 
Fuel consumption - 

Fuel oil 398 Mt 
Natural gas 48.8 million m3 

The Benefit/ Cost Analyses are based on the rates for electricity, heat and fuel as follows1: 

Fax from Serban Stree, GRIRO, to K&M Engineerhg and Consulting Corporation, 23 July 1993, "Cost 
Components Gcal (in lei)". 



Electricity $.035/kWh (28 LeiIkWh) 
Heat Supply $9.681Gcal (7248 LeiIGcal) 
Fuel: 

Light Oil $. 12811 (100 Leuliter or 48.64 U.S. cents per gallon which is 
average World Price) 

Heavy Oil 71,800 LeiIMt (Based on World Price of $92/mt) 
Natural Gas 11.7 Lei/m3 (Based on World Price of $15/1000m3) 

The summary of the Benefit1 Cost Analyses are as follows: 

TABLE VII-1 

The following observations can be made: 

Options 

Romanian Supply is more economical than International Supply because the equipment 
costs are lower. For all of the options the Benefit1 Cost Ratios are higher for 
Romanian supply. 

I A 

Investment Costs Based on Romanian Supply of Equipment and Materials 

IB 

Benefits (Mil Lei) 
(Mil Dollars) 
Electric and Heat Sales 
Present Value (PV) 

Costs (Mil Lei) 
(Mil Dollars) 
Investment, Fuel, 
Maintenance, Factory 
Overhead 

PV BenefitsIPV Costs 

I1 

21,735 
27.404 

7,774 
9.967 

2.796 

Investment Costs Based on International Supply of Equipment and Materials 

IIIA 

21,735 
27.404 

7,943 
10.183 

2.736 

IBB 

Benefits (Mil Lei) 
(Mil Dollars) 
Electric and Heat Sales 
Present Value (PV) 

Costs (Mil Lei) 
(Mil Dollars) 
Investment, Fuel, 
Maintenance, Factory 
Overhead 

PV BenefitsIPV Costs 

37,075 
47.532 

23,924 
30.672 

1.550 

37,075 
47.532 

27,958 
35.844 

1.326 

21,735 
27.865 

9,203 
11.799 

2.362 

95,562 
122.515 

64,811 
83.091 

1.474 

21,735 
27.865 

9,259 
11.871 

2.347 

95,562 
122.515 

66,995 
85.891 

1.426 

79,448 
108.856 

63,777 
81.765 

1.246 

79,448 
101.856 

65,961 
84.565 

1.204 



All of the options have more benefits than costs. Option IA Romanian Supply is the 
most beneficial on this basis, however this option generates little electricity. 

Option IIIA generates the most electricity, the benefitjcosts ratio is very favorable 
(1.474) and the demand for additional electricity in the region of this plant exists. 

For Option IIIA the difference in performance and quality of equipment between 
International Supply and Romanian Supply may be sufficient to offset the lower costs 
experienced when construction relies on maximizing utilization of in-country supplies 
(64,811 mil Lei vs. 66,995 mil Lei, or a $2.8 million difference). 

2.0 Economic Evaluation and Recommendation 

Internal Rate of Return (IRR) was determined for each option, maximizing Romanian 
Supply in the first instance and competitive international supply in the second instance. 
For the calculation of IRR, refer to Section VI for the description of the components of 
the investment costs. 

The prices used in this economic evaluation of the options are: 

Unit - - us $ Lei - 
Electricity kwh .0359 2 8 
Heat Supply Gcal 9.29 7248 
Fuel 

Heavy Oil mt 92 7 1,800 
Natural Gas 1000 m3 15 1 1,700 
Light Oil liter ,128 100 

Other assumptions that have been made in performing this economic evaluation are: 

The plant life for the rehabilitated or new facilities is 20 years. 

The discount rate is 9%. 

The exchange rate is $US = 780 Lei. 

The production is additional resulting from the investment. 

Investments are in constant 1993 prices and include physical contingencies. 

The fuel estimate is for additional fuel consumption after GRIRO rehabilitation. 



Summarized in Table VII-6 below are the IRR's and Present Values Cumulative Net 
Benefits for each of the options. 

Table VII-6 

Tables VII-7 (Pages 120 through 129) supply the details that determine the numbers 
above. 

It is recommended that Option ITIA Romanian Supply be selected because the present 
value of the cumulative net benefits is $29.75 million (the highest value of all of the 
options) and the IRR of 25.2% is reasonable. However, if the performance and quality 
of Romanian-supplied equipment is doubtful (steam turbine generator and heat 
exchangers) then Option IIIA International Supply should be selected because the 
cumulative net benefits is $26.64 million ($3.11 million less than Romanian supply) and 
the lRR of 22.9% is still reasonable. This option produces 516 GWh annually and a 
substantial portion can be sold to the RENEL grid (466 GWh). 

Table VII-2 (Pages 105-1 15) shows the present values of additional benefits and costs for 
all of the options and the benefithost ratios. Also attached to support these benefidcost 
analyses are: 

IB Options 

Calculated annual power and heat production and fuel consumption (Table VII-3, 
Page 116). 

IIIB I1 I A 

Basis - Romanian Supply of Major Equipment and Materials 

Parameters used (Table VII-4, Page 117). 

IIIA 

Calculated additional benefit. and costs (Table VII-5, Page 119). 

29.75 

.252 

Present Values 
Cumulative 
Net Benefits 
$ Millions 

IRR 

11.83 

.I71 

12.62 

.954 

12.89 

1.120 

Basis - International Supply of Major Equipment and Materials 

12.03 

.530 

26.64 

.229 

Present Values 
Cumulative 
Net Benefits 
$ Millions 

IRR 

8.95 

.I56 

11.19 

.565 

1 1.23 

.570 

7.35 

243 



ALTERNATIVE FINANCING OPTIONS 

1.0 Overview of Relevant Project Development Alternatives 

In today's uncertain and generally difficult investment climate in Eastern 
Europe, the great paradox is that oftentimes the larger the project, the 
easier it is to arrange financing. In the case of the GRIRO S.A. project, 
total project costs (as opposed to total financial requirements) for the 
various rehabilitation options evaluated in this preliminary feasibility study 
range from US$2.11 million for Option IA to US $42.36 million for 
Option IIIB under a scenario that attempts to maximize local Romanian 
supply. While Option IA possesses the highest benefithost ratio as well 
as internal rate of return for all options evaluated, it is next to impossible 
to arrange external financing from an international financial institution for 
such a project because it is simply too small to consider. For instance, the 
development banking group of the European Bank for Reconstruction and 
Development (EBRD) is really only looking for larger projects in the 
US$30-40 million range. Accordingly, if GRIRO decides to select either 
Option IA, IB, or 11, it will in all probability have to arrange its own 
project financing through a commercial bank already familiar with doing 
business in Romania. The only other viable alternative is covering the 
foreign exchange requirements through cumbersome countertrade or barter 
arrangements. 

On the other hand, assuming that GRIRO agrees with K&M's 
recommendation that Option mA presents the greatest opportunity for 
generating additional profits through the increased sale of both electricity 
and thermal energy while at the same time providing fully for its own 
energy requirements, a number of interesting financing options are 
possible. However, for the purposes of this preliminary analysis, K&M 
has only selected two project financing structures for developing a major 
cogeneration pilot project at the GRIRO S.A. steel fabrication facility in 
northwest Bucharest. Each of these approaches is briefly summarized 
below. 

1.1 The Government-S~onsored Proiect Approach 

In the event that privatization and free market reforms remain on 
a slow track in Romania, then based upon the prevailing notion that 
GRIRO has a social obligation and corporate commitment to 
provide thermal energy to at least 10,000 residential apartments in 
district heating zone 1 and possible additional units in zone 6, a 
case can be made that the Government of Romania should be 
prepared to provide a sovereign guarantee on all debt associated 



with implementation of such a worthy social investment. 
Government sponsorship for this project could be justified on the 
following grounds: ( I )  it will make available to the grid 
approximately 60 MWe of additional installed capacity at a 
location where RENEL presently has difficulty providing reliable 
electricity; and (2) it will generate about 77 GCallhr of thermal 
energy for residential users in RADAT's district heating zones 1 
and 6. 

Under such a scenario, GRIRO would serve as the owner and 
operator of the facility, possibly in partnership with RENEL and 
RADAT. However, the only major sources of debt financing 
available today for such a government-sponsored project are from 
either the World Bank or the European Bank for Reconstruction 
and Development in London. Long-term sovereign risk debt with 
twelve year payback period from most major export credit lending 
agencies is no longer available to Romania. For instance, the only 
window that is open for Romania today at the Export-Import Bank 
of the United States is the short-term insurance program. Even the 
short-term sovereign risk lending window requiring repayment 
within 360 days is presently closed for export credit financing of 
equipment sales to Romania. 

1.2 The Privatized Build-Own-Operate Apuroach 

In the event that the Government is either unwilling or unable to 
provide a sovereign guarantee for the repayment of all debt 
associated with the project, it may be possible to arrange project 
financing on a limited recourse basis if the project is to be 
developed as a private cogeneration project under the auspices of 
one or more sponsors who will actually build, own, and operate 
this new cogeneration facility. While the plant will be located at 
the GRIRO site in northwest Bucharest, it would have a fence 
around it, so to speak, to ensure that it is a separate corporate 
entity from GRIRO S.A. However, it would still be desirable to 
have GRIRO as one of the project sponsors and equity owners of 
the facility, along with RENEL and possibly RADAT. 

An important ingredient to financing Option IIIA as a private cogeneration 
facility would be RENEL7s intent to purchase electricity from the project 
under a long-term power purchase arrangement at a tariff rate to be 
negotiated between the sponsors and RENEL prior to financial close for 
the project. This tariff will be comprised of three components: 



(a) A capacity charge sufficient to cover all fixed costs associated with 
the project plus a fair return to the investors; 

(b) An energy charge for all variable costs associated with operation 
of the plant; and 

(c) A fuel charge. 

The details of such a tariff, as well as the tariff adjustment mechanism and 
any bonus or penalties that may be assessed for performance at or below 
certain levels, will be set forth in a Power Purchase Agreement to be 
negotiated between the project company and RENEL. 

Similarly, a Thermal Energy Purchase Agreement will be negotiated 
between the project company and RADAT prior to financial close. 

In developing Option IIIA as a private cogeneration project on a build- 
own-operate (BOO) basis, several agreements will be required between the 
proponents and various government or parastatal entities in Romania as 
part of the overall Security Package structure designed to address and 
mitigate project risks. The most frequently required agreements include: 

Implementation Agreement -- an agreement between the 
Government of Romania and the project company establishing the 
terms and conditions, responsibilities, and privileges of the parties. 
In addition, this agreement sets forth the fundamental risk sharing 
framework including guarantees of payment for revenues to be 
generated under the Power Purchase Agreement. 

Power Purchase Agreement -- an agreement that specifies the 
base tariff rate, method of payment, adjustments to payment, and 
the conditions under which the power plant should operate. 

Thermal Energy Purchase Agreement -- an agreement that 
specifies the base tariff rate, method of payment, adjustments to 
payment, and the conditions of providing heat to residential and 
other customers. 

Fuel Supply Agreements -- agreements between the project 
company and the natural gas and liquid fuel suppliers. 

Other Documents in the Security Package -- these agreements 
typically include a Construction Contract, Land andlor Lease 
Agreement, Shareholders Agreement, Legal Charter of the Project 



Company, Escrow Agreement, and Financing Agreements among 
others. 

Private sector involvement in general, and innovative financing options in 
particular such as build-own-operate concepts, can provide several major 
advantages to Romania and GRIRO. These include, but are not limited to, 
the following benefits: 

A private cogeneration project can facilitate the introduction of 
more efficient market forces into the electric power and district 
heating subsectors. 

It has the potential for adding new generating and district heating 
capacity without any increase in official Romanian debt. 

Neither RENEL, RADAT, nor GRIRO S.A. will have to bear the 
risk of potential cost overruns, construction delays, or operation 
risks associated with bringing the facility on-line. 

It will in all probability give both RENEL and RADAT access to 
new and upgraded electricity and thermal energy generating 
capacity at an earlier date than if they tried to build such capacity 
themselves. 

Similarly, O&M costs and administrative costs will be significantly 
less than those associated with government-owned and operated 
projects. 

The Government of Romania only has to guarantee payment by 
either utility if electricity or thermal energy is received or capable 
of being received by the purchaser. 

It will be consistent with Romania's desire to encourage greater 
international investment in its economy. 

It will provide potential domestic investors and local partners with 
an opportunity to receive profits from a sound industrial 
undertaking in their own country, as well as provide stimulus to 
future local financial and stock markets. 

Finally, it will free up much needed investment capital for other 
sectors of the economy. 



2.0 Overall Financing Requirements 

Total project financing requirements are estimated in Table VIII-1 (Page 
54) for Option IIIA, both as a government-sponsored infrastructure project 
and a private cogeneration project on a build-own-operate basis. 

3.0 Preliminary Financing Schemes 

For the purposes of this preliminary feasibility analysis, it has been assumed that 
the GRIRO cogeneration project (Option IIIA) will be financed on the basis of a 
70130 debt to equity ratio (inclusive of interest and financing costs during 
construction) throughout the repayment period regardless of overall project 
development approach. K&M feels that for a captive cogeneration project selling 
thermal energy and electricity over the fence under long-term purchase 
agreements, a 70130 ratio represents an appropriate level of gearing given the 
potentially constant level of revenues over the project's life, as well as the risk 
profile of the project--especially on a project finance basis as a build-own-operate 
(BOO) project. 

Illustrative approaches to potential sources of debt and equity for financing Option 
IIIA are highlighted below for both a government-sponsored and privately- 
financed project on a build-own-operate basis. However, it should be kept in 
mind that a detailed evaluation based upon a more complete estimate of project 
costs will be available upon completion of a detailed feasibility report, as well as 
the identity of the contracting parties, and that these essential updates will enable 
a more clearly defined financing plan to be developed. 

In any event, K&M feels that the sources of debt and equity referred to in each 
of the project development cases presented below access or represent an 
appropriate blend of multilateral, bilateral, and commercial providers in amounts 
which should encourage them to form a positive view of this project, either as a 
sovereign credit or BOO project risk. 

3.1 Full Sovereign Debt Scenario 

The potential sources of debt for financing this project utilizing the full 
faith and credit of the Government of Romania to guarantee repayment of 
the loan are set out below. Since major export credit lending agencies are 
not presently active in Romania given the current economic climate and 
their assessment of attendant risks, the major portion of the debt will, out 
of necessity, have to be provided by international financial institutions. To 
date, K&M has found that the European Bank for Reconstruction and 



TABLE VIII-1 

COMPARISON OF OVERALL FINANCING REQUIREMENTS BETWEEN A 
GOVERNMENT-SPONSORED AND PRIVATE COGENERATION APPROACH 

(In thousands of 1993 U.S. dollars) 

Major Capital Costs I 
Equipment, Shipping, & Insurance 
Civil, Mechanical, & Electrical 
Project AIE Services 
Liability Insurance 
Contingency 
Custom Duty 
Owner Costs (Feasibility Study, Owner Supervision and Start- 
up, and Operating Costs that can be Capitalized) 

Subtotal 

B. Additional Project Development Costs 

Formation of Project Company 
Tariff Negotiations for Electricity & Heat Sales 
Power Purchase and Heat Purchase Agreements 
Security Package Negotiation 

II Subtotal 

II C. F'inancing Costs I 
Project Implementation Memorandum 
Commitment Fees with Lenders 
Arrangement Fee 
Equity Placement and Other Financial Advisory Fees 
Exposure Fee for Romania 

11 Subtotal I 
D. Other Capitalized Costs 

Interest During Construction 

Subtotal 

TOTAL PROJECT FINANCING REQUIREMENTS 

ote: * Although project costs appear larger for a private cogeneration project, such an approach better assures completion 
at the original price since cost overruns will be absorbed by the project company. 
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Development has expressed the greatest amount of interest in this particular project. On the other 
hand, it still may be possible to incorporate the project into a future energy sector loan from the 
World Bank, but this process will probably take longer than dealing with the EBRD, which is 
actively seeking good projects in the US$30-40 million range at the present time. However, 
except for the possibility of expanded participation on the part of multilateral institutions, 
additional loan commitments on the debt side will be extremely difficult to arrange for a 
government-sponsored project in Romania today. 

3.1.1 Potential Sources of Debt 

The potential sources of debt that can be anticipated for a 
government-sponsored project selling electricity to RENEL under 
long-term contract and meeting social requirements by providing 
hot water to 10,000 apartments in district heating zone 1 include 
the following: 

TOTAL DEBT OF 70 PERCENT 

European Bank for Reconstruction 
& Development (Direct Lending 

Convertible Debentures through 
Multilateral Institutions 

DebtlDebt Swaps and Local Banks 
(to meet additional local currency 

Finally, it should be noted that in the event a portion of the 
convertible debentures must be treated as equity, then it might be 
necessary to seek additional sources of public sector debt. 
Possibilities that need to be explored further include, but are not 
limited to, grants from either bilateral or multilateral assistance 
programs or a government loan guarantee. 



3.1.2 Potential Sources of Eauitv 

The potential sources of equity and in-kind contributions that can 
be anticipated for the government-sponsored project option include: 

TOTAL EQUITY OF 30 PERCENT* 

Note: * Thirty (30) percent equity will be required by the international lenders as a result 
of current risk assessments and the overall state of the Romanian economy today. 
In addition, this project will require significant amounts of local currency as a 
result of the high Romanian content that can be anticipated. 

** Local currency requirements in equivalent U.S. dollars. 

3.2 Limited Recourse Financing. Scenario 

A second approach to financing this proposed cogeneration facility is 
through project financing backed by a combination of owner's equity (on 
the part of the project sponsors) and the value of long-term Power 
Purchase and Thermal Energy Purchase Agreements with RENEL and 
RADAT, respectively. In this case, by arranging to put up 30 percent of 
the total financing requirements for this project, the project sponsors will 
have the right to build, own, and operate this cogeneration facility for a 
specified duration (generally 15-20 years). The balance of project 
financing will be secured on a limited recourse basis and backed by the 
value of the long-term Power Purchase and Thermal Energy Sales 
Agreements, as well as possible secondary guarantees from governmental, 
bilateral, and multilateral organizations. 



Previous experience with build-own-operate concepts indicates that the 
commitment of the host government, coupled with the credibility and track 
record of the sponsoring group, are the key ingredients of success in a 
private energy project of this nature. Moreover, the intent is to allocate 
risks to the various participants in the project according to their ability, 
suitability, and willingness to bear them. Within such a framework, the 
intent is to seek to transfer as many of the project risks (especially 
commercial risks) as possible from the Government of Romania to the 
project sponsors, contractors, and other private sector participants in an 
effort to ensure that financing can proceed on a limited recourse basis 
without direct government guarantees for debt repayment. Typically, the 
risks associated with such limited recourse projects can be divided into two 
broad categories of risks: pre-completion and post-completion risks. 

With respect to pre-completion risks, the project sponsors agree to enter 
into a date-certain, cost-certain turnkey contract with appropriate 
completion guarantees and liquidation damages to support debt service 
during unanticipated delays. This aspect is crucial since debt service must 
be paid when due regardless of completion. Additional backstopping can 
be provided by business interruption insurance and physical force majeure 
insurance to minimize any residual exposure to GRIRO S.A., RENEL, or 
RADAT. 

After the plant has been constructed and is selling electricity to GRIRO 
and RENEL as well as thermal energy to GRIRO, RADAT, and interested 
commercial customers, additional backstopping will be provided by 
insurance not only for asset loss, but also for business interruption to cover 
debt service. Moreover, physical force majeure interruption will be 
covered by insurance to minimize any residual exposure to GRIRO, 
RENEL, or RADAT. These arrangements will be supported by suitable 
debt reserve provisions to ensure that an adequate level of comfort is 
available to sources of finance without the requirement for direct 
government intervention. 

3.2.1 Potential Sources of Debt 

The potential sources of debt that can be anticipated for a privatized 
energy project on a BOO basis selling electricity to GRIRO S.A. and 
RENEL under a long-term power purchase contract and thermal energy to 
GRIRO S.A., RADAT, and other interested commercial customers under 
long-term thermal energy sales agreements include the following: 



TOTAL DEBT OF 70 PERCENT 

Overseas Private Investment 
Corporation (Finance Program) 

Commercial Banks through Co- 
financing with Multilateral 

DebtIDebt Swaps and Local Banks 
(to meet additional local currency 



3.2.2 Potential Sources of Eauitv 

The potential sources of equity and in-kind contributions that can be 
anticipated for a privatized energy project on a BOO basis include: 

TOTAL EQUITY OF 30 PERCENT 

Project Sponsors 

European Bank for Reconstruction 
& Development (Merchant 
Banking) 

Other  Mult i la tera l  Equity 
Participation (possibly by the 
International Finance Corporation) 

RENEL 

RADAT 

Local Institutional, Corporate, and 
Individual Investors 

2,724 

2,724 

2,724 

2,724 

1,361 

1,36 1 

13,618 

20 

20 

20 

20 

10 

10 

100 

6 

6 

6 

6 

3 

3 

30 



RECOMMENDED NEXT STEPS 

Assuming that GRIRO concurs with the selection of Option IDA, K&M 
recommends that the following project-related activities be undertaken. 

1.0 Preliminarv Actions for GRIRO 

It is suggested that GRIRO initiate discussions with both RENEL and 
RADAT regarding their potential interest in participating in such a project 
from the standpoint of becoming future customers for the electricity to be 
generated and hot water and possibly steam to be produced from the 
proposed cogeneration facility, as well as exploring whether they are 
interested in becoming one of the project sponsors. 

In this regard, K&M feels that at the present time, it may prove extremely 
difficult to arrange sufficient financing for this project if it proceeds as a 
government-sponsored infrastructure investment. 

Accordingly, K&M recommends that GRIRO, RENEL, and RADAT 
consider signing a Memorandum of Understanding (MOU) setting forth 
their intentions to encourage the development of this proposed 
cogeneration facility on a privatized basis. For its part, GRIRO should 
be prepared to provide a suitable site located on the grounds of its steel 
fabrication plant in the northwestern part of Bucharest. Further, GRIRO 
should be willing to state its intent to promote the establishment of a 
separate project company on a privatized basis to build, own, generate, 
and sell electricity to RENEL and thermal energy to RADAT and possibly 
other commercial customers. However, no commitments should be made 
in this MOU regarding final management and ownership structure of the 
project company which will ultimately be formed to develop this 
privatized project. Similarly, RENEL and RADAT should be prepared 
to state their intent to purchase specific quantities of electricity and 
thermal energy from the proposed project. 

2.0 b e s t e d  Follow-UD Activities for GRIRO and Ministrv of Industrv 

Moreover, GRIRO and the Romanian Ministry of Industry and Material 
Resources should be prepared to encourage and support the following 
additional actions: 

The initiation of a financial risk assessment and institutional 
framework analysis to be prepared by outside technical consultants 
in an effort to assess both the current investment climate and 
potential institutional constraints that may hinder private 
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Existing Equi~ment List 

Boilers No. 1 through 6 

Boiler No. 7 

Deaerator 

Turbine No. 1 

Turbine No. 2 

Cooling Towers 

Circulating Water Pump 

6 

1 

1 

1 

1 

1 

2 

1 

13 MTIH 
450°C - 30 bar 

50 MTIH 
450°C - 30 bar 

Capacity 1 10 T/hr 

1.6 MWe 
Extraction and condensing 

6 MWe 
Back pressure 

800 m3/hr 
20 at 
50 kW fans 

500 m3/hr 
20 at 
50 kW fans 

1,000 m3/hr 
2 bar head 

4 to be decommissioned 
2 under repair 
Gas and oil burners 

Good condition 
At this time only gas burners. Will be 
back fitted to burn also oil 

Good condition 

In poor condition in need of major 
overhauled 

Good condition 

Good condition 

One in good condition 
One under repairs 

Good condition 



District Heating water Pumps Electric driven 
Good condition 

Boiler Feed Pumps I 1 100 m3/hr 
42 bar head 

Condensate Pumps I 1 70 m3/hr 
4 bar head 

Electric driven 
Good condition 

Good condition 
Electric Driven 

Fuel Oil Pumps 

Fire Pumps 

Water Storage Tanks 

District Heating Heat Exchangers 

Water Treatment Plant 

500 m3 (underground) 
200 m3 (water tower) 
100 m3 (water tower) 

2 

2 

Good condition 
Good condition 
Good condition 
Note: No fire water storage tank exists. 
During a fire, the fire water pump takes 
suction from the 500 m3 underground 
water storage tank. 

3 
1 

'Information based on verbal input from GRIRO personnel. 

9.6 Tlhr 

Electric 200 m3/hr driven 

Poor condition to be replaced 

Good condition 

Unknown 

60 m3/hr 

To be replaced. Very poor 

Good condition 





















Design Heat Exchangers for 1150 m3/H (3) or 350 m3/H each. 



FIGURE I - Typical Week-Winter Energy Produdion 

Thermal Energy (Gcal) 

Electricity (Thousand kwh) 

From Resource Management Association of Madison Report 
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FIGURE 11 - Typical Week-Summer 7/16-22 
Energy Production 

Theft I ~al  Energy (Gcal) 

(Thousands) 

Electricity (Thousand kwh) 

From Resource Management' Association of Madison Report 



F'IG
U

R
E

 III - E
xisting F

acility 

I 
'~

ro
m

 Resource M
anagem

ent A
ssociation of M

adison R
eport 

F:\1060\ou(lincJL
T

 



FIGURE IV - Electrical System Schematic 
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Electricity (miIlion kwh) 
From Resource Management Association of Madison Report 
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FIGURE VTi 

BUCHAREST GAS DISTRIBUTION 

February 16 

Pressure reducing Main Outside 
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Case III A 
Winter Load (-8 "C). Full Firing 

Heat Output from HRSG, GcdHr 
Heat Input with Firing, GcaVHr 
Heat Output from Exist 30 Bara Blrs, GcdHr 

Heat with HP Steam Export, GcaVHr 
Heat with LP Steam Export, GcaVHr 
Heat Output for District Heating, GcalJHr 
Heat Output from Peak HTRS, GcaUHr 

Total Thermal Output 

Existing Steam Turbine Electrical Output, W e  
New Steam Turbine Electrical Output, MWe 
GTG Electrical Output, MWe 

Total Plant Electrical Output, MWe 

District Heating 

Heat Output from New LP DW Heaters, GcalJHr 
Heat Output from LP Peak HTRS, GcaVHr 

Total Heat Output for Distr. Heating, MWth 

Fuel Consumption 

Natural Gas Demand for Firing, N CU M/Hr 
Fuel Oil Demand for Firing, MT/Hr 
Natural Gas Demand for Full Load Firing, N CU M/Hr 
Fuel Oil Demand for Full Load Firing, MT/Hr 



Case III A 
Winter Load (-8 " C). Full Firing 

11 3 1 52.5 1 450 1 30 1 798.1 STM to the New S T G ~ I  

Point 
kts 
1 

2 

6 I 0.0 1 450 1 30 1 798.1 30 ATA STM to PRS 30/13 1 1  

Flow 
MTIHr 

100.0 

23.7 

4 

5 

7 1 15.0 1 354 1 13 1 753.9 13 ATA STM From Exist STG II 
8 10.0 1354 1 13 1 753.9 13 ATA STM from PRS 30113 11 

Temp. 
"C 

450 

450 

71.2 

0.0 

Press 
ATA 

30 

30 

450 

450 

9 

10 

Enth 
Gcal/Hr 

798.1 Steam from HRSG j 
798.1 STM from Exist 30 Bara Blrs 

11 

12 

I I I 

15 1 8.5 I 283 17  j 721.4 7 ATA sTM for HW Deaeration (1 

30 

30 

15.0 

0.0 

13 

14 

798.1 Steam to Existing Turbine 

798.1 30 ATA STM to PRS 30/7 

0.0 

56.2 

354 

354 

15.0 

4.9 

16 

17 

283 

283 

18 

19 

20 

21 

22 

23 

24 

25 
26 
27 

28 

29 

13 

13 

283 

2 83 

27.7 

42.5 

753.9 13 ATA STM Export 

753.9 13 ATA STM to Hot Water HTRS 

7 

7 

10.0 

101.0 

23.9 

40.1 

0.0 

51.6 

0.0 
0.0 
560.9 
621.0 

621.0 

0.4 

721.4 7 ATA STM from PRS 3017 

721.4 7 ATA STM from Exist STG 

7 

7 

283 

107.1 

721.4 7 ATA STM Export 

72 1.4 7 ATA STM for FW Deaeration 

36.2 

104.8 

104.8 

7.0 

85.0 

7.0 

104.8 
104.8 
62.0 
99.1 
124.0 

104.8 

7 

1.3 

721.4 7 ATA STM to HW HTRS 

649.5 STM from New STG to DWHl 

0.06 

40.0 

40.0 

8.0 

8.0 

8.0 

40.0 
40.0 
3.5 

7.5 

7.5 

4.5 

564.2 STM from New STG to Condens 

104.9 Feed Water Flow to HRSG 

104.9 FW to Exist 30 ATA BLR 

7.3 Dernin Water Flow to FW Deaer 

85.0 Cond. Return 

7.3 Demin Water to HW Deaer 

104.9 FW to PRS 30/13 
104.9 FW to PRS 30/7 
62.0 Water from District Heating 

99.1 Water Downstream DWHl 
124.0 Water to District Heating 

640.4 Deaer Vent 



Case IlI A 
Summer Load. Full Firing 

Heat Output from HRSG, GcdHr 
Heat Input with Firing, GcaVHr 
Heat Output from Exist 30 Bara Blrs, GcaVHr 

Heat with HP Steam Export, GcaUHr 
Heat with LP Steam Export, GcalIHr 
Heat Output for District Heating, GcaVHr 
Heat Output from Peak HTRS, GcaVHr 

Total Thermal Output 

Existing Steam Turbine Electrical Output, MWe 
New Steam Turbine Electrical Output, MWe 
GTG Electrical Output, W e  

Total Plant Electrical Output, W e  

District Heating 

Heat Output from New LP DW Heaters, GcaVHr 
Heat Output from LP Peak HTRS, GcdHr 

Total Heat Output for Distr. Heating, MWth 

Fuel Consumption 

Natural Gas Demand for Firing, N CU M/Hr 
Fuel Oil Demand for Firing, MT/Hr 
Natural Gas Demand for Full Load Firing, N CU hUHr 
Fuel Oil Demand for Full Load Firing, MT/Hr 



Case III A 
Summer Load. Full Firing 

Temp. Press Enth 1 ATA 1 K c ~ V H ~  

1 100.0 450 30 798.1 Steam from HRSG 

2 18.5 450 30 798.1 STM from Exist 30 B m  Blrs 

3 1 67.8 1 450 1 30 1 798.1 STM to the New STG 11 
4 50.6 450 30 798.1 Steam to Existing Turbine 

5 0.0 450 30 798.1 30 ATA STM to PRS 3017 

6 0.0 450 30 798.1 30 ATA STM to PRS 30113 

7 15.0 354 13 753.9 13 ATA STM From Exist STG 

8 10.0 I354 1 13 1 753.9 13 ATA STM from PRS 30/ 13 11 
9 1 15.0 1 354 1 13 1 753.9 13 ATA STM Export II 
10 I 0.0 1 354 1 13 1 753.9 13 ATA STM to Hot Water HTRS 11 
11 0.0 283 7 721.4 7 ATA STM from PRS 3017 

12 35.6 283 7 72 1.4 7 ATA STM from Exist STG 
I 

13 1 15.0 1 283 17 1 721.4 7 ATA STM Export 11 
12.1 283 7 72 1.4 7 ATA STM for FW Deaeration 

8.5 283 7 72 1.4 7 ATA STM for HW Deaeration 

0.0 283 7 721.4 7 ATA STM to HW HTRS 

18.6 78.0 0.4 617.7 STM from New STG to DWHl 

49.2 36.2 0.06 564.2 STM from New STG to Condens 

101.0 104.8 40.0 104.9 Feed Water Flow to HRSG 

18.7 104.8 40.0 104.9 FW to Exist 30 ATA BLR 

40.1 7.0 8.0 7.3 Demin Water Flow to FW Deaer 

0.0 85.0 8.0 85.0 Cond. Return 

51.6 7.0 8.0 7.3 Demin Water to HW Deaer 

0.0 1104.8 120.0 1 104.9 FW to PRS 30/13 11 

319.9 1 45.0 1 3.5 1 45.0 Water from District Heating 11 
380.0 70.0 7.5 70.0 Water Downstream DWH1 

380.0 70.0 7.5 70.0 Water to District Heating 

0.4 104.8 1.2 640.4 Deaer Vent 
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Case III A 
Summer Load. Full Firing. Steam Injection 

Heat Output from HRSG, GcdHr 
Heat Input with Firing, GcaVHr 
Heat Output from Exist 30 Bara Blrs, GcaVHr 

Heat with HI? Steam Export, GcaVHr 
Heat with LP Steam Export, GcaVHr 
Heat Output for District Heating, GcaVHr 
Heat Output from Peak HTRS, GcaVHr 

Total Thermal Output 

Existing Steam Turbine Electrical Output, MWe 
New Steam Turbine Electrical Output, MWe 
GTG Electrical Output, MWe 

Total Plant Electrical Output, MWe 

District Heating 

Heat Output from New LP DW Heaters, Gcal/Hr 
Heat Output from LP Peak HTRS, Gcal/Hr 

Total Heat Output for Distr. Heating, MWth 

Fuel Consumption 

Natural Gas Demand for Firing, N CU M/Hr 
Fuel Oil Demand for Firing, MT/Hr 
Natural Gas Demand for Full Load Firing, N CU M/Hr 
Fuel Oil Demand for Full Load Firing, MTIHr 



Case III A 

Point # 

1 

2 
3 
4 
5 

6 
7 

8 
9 
10 
11 
12 
13 

14 

15 

16 
17 

18 
19 
20 
2 1 
22 
23 
24 

25 
26 
27 
28 
29 
30 
m: 

Flow 
MT1H.r 

100.0 

59.1 
28.6 
57.8 
0.0 

0.0 
15.0 
0.0 
15.0 

0.0 
0.0 
42.8 
15.0 

19.3 

8.5 

0.0 
18.6 
10.0 
101.0 
59.7 
113.1 
0.0 
51.6 
0.0 
0.0 
319.9 
380.0 
380.0 
0.4 
72.6 

Injected steam 

Summer 

Temp. 
" C 

450 

450 
450 
450 
450 

450 
354 
354 
354 

354 
283 
283 
283 

283 

283 
283 
78.0 
36.2 
104.8 
104.8 
7.0 
85.0 
7.0 
104.8 
104.8 
45.0 
70.0 
70.0 
104.8 
450 
pressure 

Load. 

Press 
ATA 

30 

30 
30 
30 
30 

30 
13 
13 

13 
13 
7 
7 
7 

7 

7 

7 

0.4 
0.06 
40.0 
40.0 
8.0 
8.0 
8.0 
40.0 
40.0 
3.5 
7.5 
7.5 
1.2 
30 

Full Firing. Steam Injection 

Enth 
KcalJHr 

798.1 Steam from HRSG 

798.1 STM from Exist 30 Bara Blrs 

798.1 STM to the New STG 
798.1 Steam to Existing Turbine 

798.1 30 ATA STM to PRS 30/7 

798.1 30 ATA STM to PRS 30/13 
753.9 13 ATA STM From Exist STG 

753.9 13 ATA STM from PRS 30/13 
753.9 13 ATA STM Export 

753.9 13 ATA STM to Hot Water HTRS 

72 1.4 7 ATA STM from PRS 30/7 
721.4 7 ATA STM from Exist STG 
72 1.4 7 ATA STM Export 

72 1.4 7 ATA STM for F W  Deaeration 

721.4 7 ATA STM for HW Deaeration 

721.4 7 ATA STM to HW HTRS 
617.7 STM from New STG to DWHl 
564.2 STM from New STG to Condens 
104.9 Feed Water Flow to HRSG 
104.9 FWtoExist30ATABLR 
7.3 Demin Water Flow to FW Deaer 

85.0 Cond. Return 

7.3 Demin Water to HW Deaer 

104.9 FW to PRS 30/13 
104:9 FFCI to PRS 30/7 
45.0 Water from District Heating 
70.0 Water Downstream DWHl 
70.0 Water to District Heating 

640.4 Deaer Vent 

798.1 Steam Injection to GTG 



Case III A 
Summer Load. Full Firing. Maximum Electrical Output 

(CTG and all boilers in operation) 

Heat Output from HRSG, GcaUHr 
Heat Input with Firing, GcaVHr 
Heat Output from Exist 30 Bara Blrs, GcaVHr 

Heat with HP Steam Export, GcaUHr 
Heat with LP Steam Export, Gcal/Hr 
Heat Output for District Heating, Gcal/Hr 
Heat Output from Peak HTRS, GcaVHr 

Total Thermal Output 

Existing Steam Turbine Electrical Output, MWe 
New Steam Turbine Electrical Output, MWe 
GTG Electrical Output, MWe 

Total Plant Electrical Output, MWe 

District Heating 

Heat Output from New LP DW Heaters, GcaVHr 
Heat Output from LP Peak HTRS, GcaUHr 

Total Heat Output for Distr. Heating, MWth, GcaUHr 

Fuel Consumption 

Natural Gas Demand for Firing, N CU M/Hr 
Fuel Oil Demand for Firing, MT/Hr 
Natural Gas Demand for Full Load Firing, N CU M/Hr 
Fuel Oil Demand for Full Load F&g, MTIHr 
Natural Gas Demand for Exist Boilers, N CU MB'I 
Fuel Oil Demand for Exist Boilers, MT/Hr 



Case III A 
Summer Load. Full Firing. Maximum Electrical Output 

(CTG and all boilers in operation) - 

Point # I Flow I Temp. 1 Press 1 Enth 

798.1 Steam from HRSG 

798.1 STM from Exist 30 Bara E3ks 

798.1 STM to the New STG 
798.1 Steam to Existing Turbine - 
798.1 30 ATA STM to PRS 3017 
798.1 30 ATA STM to PRS 30113 

753.9 13 ATA STM From Exist STG 
8 0.0 354 13 753.9 13 ATA STM from PRS 30113 

9 15.0 354 13 753.9 13 ATA STM B w r t  

7 721.4 7 ATA STM from PRS 3017 
7 72 1.4 7 ATA STM from Exist STG 
7 721.4 7 ATA STM Export 
7 72 1.4 7 ATA ST' for FW Deaeration 

7 72 1.4 7 ATA STM for HW Deaeration 

7 721.4 7 ATA STM to HW HTRS 
0.4 617.7 STM from New STG to DWHl 
0.06 564.2 STM from New STG to Condens 

40.0 104.9 Feed Water Flow to HRSG 
40.0 104.9 FW to Exist 30 ATA BLR 
8.0 7.3 Demin Water Flow to FW Deaer 

8.0 85 .O Cond.. Return 

8.0 1 7.3 Demin Water to HW Deaer 
40.0 104.9 FW to PRS 30113 
40.0 104.9 FW to PRS 3017 
3.5 45.0 Water from District Heating 
7.5 1 70.0 Water Downstream DWHl 
7.5 1 70.0 Water to District Heating 
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Table VI-2 

GRIRO, ROMANIA - OPTION IA - CAPITAL COST ESTIMATE (1000 $ 1993) 
MAXIMIZE ROMANIAN SUPPLY 
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Table VI-2 

GRIRO, ROMANIA - OPTION IA - CAPITAL COST ESTIMATE (1000 $1993) 
INTERNATIONAL SUPPLY 
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Table VI-2 

GRIRO, ROMANIA - OPTION IB - CAPITAL COST ESTIMATE (1000 $1993) 
MAXIMIZE ROMANIAN SUPPLY 
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Table VI-2 

GRIRO, ROMANIA - OWION IB - CAPITAL COST ESTIMATE (1000 $1993) 
INTERNATIONAL SUPPLY 
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Table VI-2 

GRIRO, ROMANIA - OPTION I1 - CAPITAL COST ESTIMATE (1000 $1993) 
MAXIMIZE ROMANIAN SUPPLY 
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Table VI-2 

GRIRO, ROMANIA - OFI'ION IIIA - CAPITAL COST ESTIMATE (1000 $1993) 
MAXIMIZE ROMANIAN SUPPLY 

SIC 

3612 

3612 

EQUIPMENT 

23645 
3278 ---- 

26923 

WORK ITEM - 
Subtotal 

Custom Duty 15 % 

TOTAL 

31081 
3278 

34359 
3441 

37800 

loo0 MHS 

Total Costs - 1993 Cost hevet , , 
, , ,  , , 

Owner Costs 10% 

Total Investment (1993 $1 , , 

LABOR 

2426 

MAT'L 

1398 

, 
2426 1398 



1 1 1 1 1 ~ 1 1 ) m 1 1 1 u s s e r r p l e r u 1 % r  
Table VI-2 

GRIRO, ROMANIA - OlPTlON LIIA - CAPITAL COST ESTIMATE (1000 $ 1993) 
INTERNATIONAL SUPPLY 

WORK ITEM LABOR MAT'L I EQUIPMENT TOTAL I 
  is mantle four 14) 13 MTM boilers I 3 1  1 5 1  I I I 15 

-- 

Upgrade existing 50 MTM boiler and 2-13 MTIH - 50% of 
new boiler costs - Romanian Supply 1 l2 1 60 1 210 1 

- -- 

Install one (1) LM 5000 gas turbine generators 
Stewart Stevenson quote 6/93 

Freight, insurance, spare parts - 15% 

Install two (2) vertical HRSG's 
Deltak quote 6/93 

Freight, Insurance, spare parts - 15% 

Dismantle one (1) steam turbine generator 1.6 MWe 

Install three (3) district water heat exchangers J.P.D. Tube r mote - 7/93 I 

- 

Upgrade existing 6 MWe steam turbine generator - 50% of 
new STG Romanian Supply 

Install one (1) new steam turbine generator - 20 MWe - GE 
quote Hungary (Inel. Frt., etc.) 

Install 2 F.O. Pumps 

1 Other Improvements - Bulk Allowances 

30 

30 

1 

5 

15 

--  

Civil works - 4% 

I Mechanical works - Allow 

Electrical works - Allow 

150 

150 

5 

Subtotal 1 97 1 485 

Project A/E Services - 6% I 1 1681 

13500 

2025 

2825 

424 

13650 

2025 

2975 

424 

5 

Insurance - 2% 

Contineencv - 10% of euui~ment & 20% of remaining costs 433 " .  . . - I I I I I I 

Subtotal 2599 1459 26294 I 3612 33964 



I ) u L I a U I m m I I P I I I ) ~ I D I I I ~ I I I I  
Table VI-2 

GRLRO, ROMANIA - OITION IIIA - CAPITAL COST ESTIMATE (1000 $1993) 
INTERNATIONAL SUPPLY 

11 Custom Dutv 15% I I I I 4124 1 I 4124 11 - - -. - - - -. a -- - -  11 Total Costs - 1993 Cmt L n d  
I I I I 

I 1 2599 1 1459 30418 1 3612 38088 
I I 



I I u . m m u U U U ~  
Table VI-2 

GRIRO, ROMANIA - OYI'ION IIlB - CAPITAL COST ESTIMATE (1000 $1993) 
MAXIMIZE ROMANIAN SUPPLY . -. - - - -. - - - - - - - 

WORK ITEM 1 1000 MHS I LABOR I MAT'L I EQUIPMENT I SIC I TOTAL 

Total Investment (1993 $) I 1 I I I I 42360 

CI 
0 
tA 

Dismantle four (4) 13 MTIH boilers 

Upgrade existing 50 MTM boiler and 2-13 MT/H - 50% of 
new boiler costs - Romanian Supply 

Install two (2) LM 1600 gas turbine generators 
Stewart Stevenson quote 6/93 

Freight, insurance, spare parts - 15% 

Install two (2) vertical HRSG's 
Deltak quote 6/93 

Freight Insurance, spare parts - 9% 

Dismantle one (1) steam turbine generator 1.6 MWe 

Upgrade existing 6 MWe steam turbine generator - 50% of 
new STG Romanian Supply 

Install one (1) new steam turbine generator - 17 MWe - 
Romanian Supply +50% (Incl. Frt., etc.) 

Install three (3) district water heat exchangers Romanian 
Supply 
Install 2 F.O. Pumps 

Other Improvements - Bulk Allowances 

Mechanical works 

Civil works 

Electrical works - Allow 

Svbtntal 
Project A/E Services - 6% 

Insurance - 2% 

Contingency - 10% of equipment & 20% of remaining costs 

Subtotal 
Custom Duty 15 % 

Total Costs - 1993 Cost Level 
, Owner Costs 10% 

3 

12 

40 

40 

1 

5 

15 

1 

117 

15 

60 

200 

200 

5 

25 

75 

5 

585 
1720 

46 1 

2766 

2766 

2 10 

412 

622 

608 

246 

1476 

1476 

15000 

2250 

3370 

506 

2595 

126 

23847 

2385 

26232 
3702 

29934 

10 

1200 

1 200 

1200 

3610 

722 

4332 

4332 

15 

270 

15200 

2250 

3570 

506 

5 

437 

2670 

131 

10 

1200 

1200 

1200 

28664 
1720 

608 

3814 

34806 
3702 

38508 

, 3852 , 



I u n u I I I I I u I I , . I I C I I n . I u ~  
Table VI-2 

GRlRO, ROMANIA - OPTION IllB - CAPITAL COST ESTIMATE (1000 $1993) 
INTERNATIONAL SUPPLY 

WORK ITEM M AT'L EQUIPMENT SIC TOTAL 

Dismantle four (4) 13 MTIH boilers 3 15 

Upgrade existing 50 MT/H boiler and 2-13 MT/H - 50% 12 60 210 
of new boiler costs - Romanian Supply 

Install two (2) LM 1600 gas turbine generators 40 200 15000 
Stewart Stevenson quote 6/93 

Freight, insurance, spare parts - 15% 2250 

Install two (2) vertical HRSG's 40 200 3370 
Deltak quote 6/93 

Freight, Insurance, spare parts - 15 % 506 

Dismantle one (1) steam turbine generator 1.6 MWe 1 5 

Upgrade existing 6 MWe steam turbine generator - 50% 5 25 412 
of new STG Romanian Supply 

Install one (1) new steam turbine generator - 17 MWe - 15 75 4950 
GE quote Hungary (Incl. Frt., etc.) 

Install three (3) district water heat exchangers J.F.D. 1 5 180 
Tube quote 7/93 

Install 2 F.O. Pumps 

Other Improvements - Bulk Allowances 

Civil works - 4% 

Mechanical works - Allow 

11 Project AIE Services - 6% 1864 

Insurance - 2 46 659 

Contingency - 10% of equipment & 20% of remaining 490 256 2626 
costs 

Subtotal 2939 1537 28882 4332 37690 



- l l l r m c l l r - w m ~ ~ $ ~ ~ n m  
Table VI-2 

GRIRO, ROMANIA - OPTION IIIB - CAPITAL COST ESTIMATE (1000 $1993) 
INTERNATIONAL SUPPLY 

WORK ITEM 

Subtotal 
Custom Duty 15 % 

Total Costs - 1993 Cost Level 
Owner Costs 10% 

Total Inv~tment (1993 $1 

MAT'L 

I537 

1537 

lQOOMHS EQUIPMENT 

28882 
4548 

33430 

LABOR 

2939 

2939 

SIC 

4332 

4332 

TOTAL 

37690 
4548 

42238 
4222 

46460 



TABLE Vll-2 

JOB # 1060 ROMANIA PROJECT K & M ENGINEERING & CONSULTING CORPORATION 

REHABILITATED POWER PLANTS 
GRlRO 

BENEFIT-COST ANALYSIS (MLEI) PRICED: MAHYLIS 
DATE: 30-Aug-93 

ITEM# YEAR ELECTRIC HEAT TOTAL INVEST -FUEL MAINT. FACTORY TOTAL 
SALES SALES BENEFIT COST COST COST OVERHEADS COST 

NOTES: 
OPTION IA MAXIMIZES ROMANIAN SUPPLY. 



TABLE Vll-2 

JOB # 1060 ROMANIA PROJECT K & M ENGINEERING & CONSULTING CORPORATION 

REHABILITATED POWER PLANTS 
GRlRO 

BENEFIT-COST ANALYSIS (MLEI) PRICED: MAHYLIS 
DATE: 30-Aug-93 

ITEM# YEAR ELECTRIC HEAT TOTAL INVEST FUEL MAINT. FACTORY TOTAL 
SALES SALES BENEFIT COST COST COST OVERHEADS COST 

-----------------------.----------------------------------.----------------.--------. 
01 1993 
02 1994 
03 1995 905 
04 1996 2,714 
05 1997 1,041 2,320 944 27 27 
06 1998 1,041 2,320 944 27 27 
07 1999 1,041 2,320 944 50 27 
08 2000 1,041 2,320 944 27 27 
09 2001 1,041 2,320 944 27 27 
10 2002 1,041 2,320 944 100 27 
11 2003 1,041 2,320 944 27 27 
12 2004 1,041 2,320 944 27 27 
13 2005 1,041 2,320 944 50 27 
14 2006 1,041 2,320 944 27 27 
15 2007 1,041 2,320 944 27 27 
16 2008 1,041 2,320 944 150 27 + 

3 17 2009 1,041 2,320 944 27 27 
18 2010 1,041 2,320 944 27 27 
19 2011 1,041 2,320 944 50 27 
20 2012 1,041 2,320 944 27 27 
21 2013 1,041 2,320 944 27 27 
22 2014 1,041 2,320 944 300 27 
23 2015 1,041 2,320 944 27 27 
24 2016 1,041 2,320 944 27 27 
25 2017 
26 2018 
27 2019 
28 2020 

NOTES: 
OPTION IA INTERNATIONAL SUPPLY. 



TABLE VII -2 

JOB # 1060 ROMANIA PROJECT K & M ENGINEERING & CONSULTING CORPORATION 

BENEFIT-COST ANALYSIS (MLEI) PRICED: MAHYLIS 
DATE: 30-Aug-93 

ITEM# YEAR ELECTRIC HEAT TOTAL INVEST FUEL MAINT. FACTORY TOTAL 
SALES SALES BENEFIT COST COST COST OVERHEADS COST 

-----------------------.-------.--------------------------.-------------------------. 
01 1993 
02 1994 
03 1995 459 
04 , 1996 1,375 
05 1997 1,041 2,320 944 30 
06 1998 1,041 2,320 944 30 
07 1999 1,041 2,320 944 50 
08 2000 1,041 2,320 944 30 
09 2001 1,041 2,320 944 30 
10 2002 1,041 2,320 944 100 
11 2003 1,041 2,320 944 30 
12 2004 1,041 2,320 944 30 
13 2005 1,041 2,320 944 50 
14 2006 1,041 2,320 944 30 
15 2007 1,041 2,320 944 30 
16 2008 1,041 2,320 944 150 

' 17 2009 1,041 2,320 944 30 
18 2010 1,041 2,320 944 30 
19 2011 1,041 2,320 944 50 
20 2012 1,041 2,320 944 30 
21 2013 1,041 2,320 944 30 
22 2014 1,041 2,320 944 300 
23 2015 1,041 2,320 944 30 
24 2016 1,041 2,320 944 30 
25 2017 
26 2018 
27 2019 
28 2020 

NOTES: 
OPTION!B MAXIMIZES ROMANIAN SUPPLY. 



TABLE V11-2 

JOB # 1060 ROMANIA PROJECT K & M ENGINEERING & CONSULTING CORPORATION 

REHABILITATED POWER PLANTS 
GRlRO 

BENEFIT-COST ANALYSIS (MLEI) PRICED: MAHYLIS 
DATE: 30-Aug-93 

ITEM# YEAR ELECTRIC HEAT TOTAL INVEST FUEL MAINT. FACTORY TOTAL 
SALES SALES BENEFIT COST COST COST OVERHEADS COST 

-----------------------.----------------------------------.----------------.--------, 
01 1993 
02 1994 
03 1995 913 
04 1996 2,738 
05 1997 944 
06 1998 944 
07 1999 944 
08 2000 944 
09 2001 944 
10 2002 944 
11 2003 944 
12 2004 944 
13 2005 944 
14 2006 944 
15 . 2007 944 

w 16 2008 944 
17 2009 944 
18 2010 944 
19 2011 944 
20 2012 944 
21 2013 944 
22 2014 944 
23 2015 944 
24 2016 944 
25 2017 
26 2018 
27 2019 
28 2020 

NOTES: 
OPTION IB INTERNATIONAL SUPPLY 



TABLE Vll-2 

JOB # 1060 ROMANIA PROJECT K & M ENGINEERING & CONSULTING CORPORATION 

REHABILITATED POWER PLANTS 
GRlRO 

BENEFIT-COST ANALYSIS (MLEI) PRICED: MAHYLIS 
DATE: 30-Aug-93 

ITEM# YEAR ELECTRIC HEAT TOTAL INVEST FUEL MAINT. FACTORY TOTAL 
SALES SALES BENEFIT COST COST COST OVERHEADS COST 

- - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - . . . - - - - _ _ _ _ .  
01 1993 
02 1994 
03 1995 1,080 
04 1996 3,241 
05 1997 3,039 7 1 7 1 
06 1998 3,039 7 1 7 1 
07 1999 3,039 100 7 1 
08 2000 3,039 71 7 1 
09 2001 3,039 7 1 7 1 
10 2002 3,039 200 7 1 
11 2003 3,039 71 7 1 
12 2004 3,039 7 1 7 1 
13 2005 3,039 100 71 
14 2006 3,039 71 71 
15 2007 3,039 7 1 7 1 
16 2008 3,039 300 7 1 

> .  17 2009 3,039 7 1 7 1 
18 2010 3,039 7 1 7 1 
19 2011 3,039 100 71 
20 2012 3,039 71 7 1 
21 2013 3,039 71 7 1 
22 2014 3,039 600 71 
23 2015 3,039 71 71 
24 . 2016 3,039 71 71 
25 2017 
26 '2018 
27 2019 
28 2020 

NOTES: 
OPTION II MAXIMIZES ROMANIAN SUPPLY. 



TABLE Vll-2 

JOB # 1060 ROMANIA PROJECT 

REHABILITATED POWER PLANTS 
GRlRO 

K & M ENGINEERING & CONSULTING CORPORATION 

BENEFIT-COST ANALYSIS (MLEI) PRICED: MAHYLIS 
DATE: 30-Aug-93 

ITEM# YEAR ELECTRIC HEAT TOTAL INVEST FUEL MAINT. FACTORY TOTAL 
SALES SALES BENEFIT COST COST COST OVERHEADS COST 

___-___-_-_------------.----------------------------------.----------------.--------. 
01 1993 
02 1994 
03 1995 2,473 
04 1996 7,418 
05 1997 3,039 7 1 7 1 
06 1998 3,039 71 7 1 
07 1999 3,039 100 71 
08 2000 3,039 7 1 7 1 
09 2001 3,039 7 1 7 1 
10 2002 3,039 200 7 1 
11 2003 3,039 7 1 7 1 
12 2004 3,039 7 1 7 1 
13 2005 3,039 100 7 1 
14 2006 3,039 7 1 7 1 
15 2007 3,039 7 1 71 

CL 
16 2008 3,039 300 7 1 

w 17 2009 3,039 7 1 7 1 
CL 18 2010 3,039 7 1 71 

19 2011 3,039 100 7 1 
-- 20 2012 3,039 7 1 71 

21 2013 3,039 7 1 7 1 
22 2014 3,039 600 71 
23 2015 3,039 7 1 7 1 
24 2016 3,039 7 1 7 1 
25 2017 
26 2018 
27 2019 
28 2020 

NOTES: 
OPTION I1 INTERNATIONAL SUPPLY 



TABLE Vll-2 

JOB # 1060 ROMANIA PROJECT K & M ENGINEERING & CONSULTING CORPORATION 

BENEFIT-COST ANALYSIS (MLEI) PRICED: MAHYLIS 
DATE: 30-Aug -93 

ITEM# YEAR ELECTRIC' HEAT TOTAL INVEST FUEL MAINT. FACTORY TOTAL 
SALES SALES BENEFIT COST COST COST OVERHEADS COST 

NOTES: 
OPTION lllA MAXIMIZES ROMANIAN SUPPLY 



TABLE Vll-2 

JOB # 1060 ROMANIA PROJECT K & M ENGINEERING & CONSULTING CORPORATION 

REHABILITATED POWER PLANTS 
GRIRO 

ITEM#. YEAR ELECTRIC HEAT TOTAL 
SALES SALES BENEFIT 

BENEFIT-COST ANALYSIS (MLEI) PRICED: MAHYLIS 
DATE: 30-Aug-93 

INVEST FUEL MAINT. FACTORY TOTAL 
COST COST COST . OVERHEADS COST 

.-___---------------.----------------.--------. 

NOTES: 
OPTION lllA INTERNATIONAL SUPPLY 



TABLE Vll-2 

JOB # 1060 ROMANIA PROJECT K & M ENGINEERING & CONSULTING CORPORATION 

REHABILITATED POWER PLANTS 
GRlRO 

BENEFIT-COST ANALYSIS (MLEI) 

ITEM# YEAR ELECTRIC HEAT TOTAL l NVEST 
SALES SALES BENEFIT COST 

-----------------------.--------------------------- 
01 1993 
02 1994 
03 1995 4,956 
04 1996 8,260 
05 1997 19,824 
06 1998 
07 1999 
08 2000 
09 2001 
10 2002 
11 2003 
12 2004 
13 2005 
14 2006 
15 2007 
16 2008 

+ 17 2009 

z 18 2010 
19 2011 
20 2012 
21 2013 
22 2014 
23 2015 
24 2016 
25 2017 
26 2018 
27 2019 
28 2020 

PRICED: MAHYLIS 
DATE: 30 -Aug -93 

FUEL MAINT. FACTORY TOTAL 
COST COST OVERHEADS COST 

NOTES: 
OPTION lllB MAXIMIZES ROMANIAN SUPPLY. 



JOB # 1060 ROMANIA PROJECT 

REHABILITATED POWER PLANTS 
GRlRO 

TABLE Vll-2 

K & M ENGINEERING & CONSULTING CORPORATION 

BENEFIT-COST ANALYSIS (MLEI) PRICED: MAHYLIS 
DATE: 30-Aug-93 

.D 

ITEM# YEAR ELECTRIC HEAT TOTAL INVEST FUEL MAINT. FACTORY TOTAL 
SALES SALES BENEFIT COST COST COST OVERHEADS COST 

NOTES: 
OPTION lllB INTERNATIONAL SUPPLY 
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TABLE VIl - 4 (Continued) 

THE PARAMETERS USED ARE AS FOLLOWS: 

OPTIONS 

1II.INVESTMENT COST - 
MAX. ROMANIAN SUPPLY 
INT'L SUPPLY 

IV. UNIT COSTS 

Fuel - Energy charge 

Light Oil - GTG 

Heavy Oil (Boilers) 

Natural Gas 

Electric 

Power Charge 

Heat Supply 

Energy Charge Average 

Maintenance 

Factory Overhead 

V. OTHER 

Discount Rate 9% 
Currency 1 US$ = 780 Lei 
Capacity Factor (Availability) 9 1 % 

UNIT 

MuS$ 

Lei/MT 

Lei/MT 

Lei/m3 

Leitkwh 

LeiIGcal 

% Invest 

% Invest 

IA 

2.23 
4.89 

71,800 

11.7 

28 

7248 

1.5% 

1.5% 

IB 

2.48 
4.94 

71,800 

11.7 

28 

7248 

1.5% 

1.5% 

I1 

5.85 
13.37 

71,800 

11.7 

28 

7248 

1.5% 

1.5 % 

IIIA 

40.88 
44.06 

84,825 

71,800 

11.7 

28 

7248 

1.5% 

1.5% 

IIIB 

47.27 
51.85 

84,825 

71,800 

11.7 

28 

7248 

1.5% 

1.5% 
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TABLE V I  1 - 7  

JOB# 1 0 6 0  RDMANlA PROJECT K & M ENGINEERING & CONSULTING CORPORATION 

REHABILITATED POUER PLANTS RATE OF RETURN ESTIMATE PRICED: MAHYLIS 
GR 1 RO DATE: 3 0 - A u g - 9 3  

PRODUCTION BENEFITS-SALES COSTS 
ITEM# DESCRIPTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  NET PRESENT VALUES 

ELECTRIC HEAT ELECTRIC HEAT TOTAL INVEST. FUEL O&M TOTAL BENEFITS CUMUL. YEARLY 
(GUH) ( T e a l )  ( H I L L )  ( W I L L )  ( W I L L )  ( W I L L )  ($MILL) ($MILL) ( S H I L L )  ( W I L L )  ( W I L L )  ( W I L L )  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

01 1993 
0 2  1 9 9 4  
0 3  1 9 9 5  0 .53  0.53 -0.53 -0.38 -0.38 
0 4  1996 1 . 5 8  1.58 -1 .58  -1.38 -1 .01  
0 5  1997 37 3 2 0  1.34 2 .97  4.31 1.21 0.07 1.28 3 .03  0 . 3 4  1 .72  
0 6  1998 37 3 2 0  1.34 2.97 4 .31  1.21 0.07 1.28 3.03 1.87 1.53 
07 1999 37 3 2 0  1.34 2.97 4.31 1.21 0.10 1.31 3.00 3 .23  1.36 
08 2 0 0 0  37 3 2 0  1.34 2.97 4.31 1.21 0.07 1.28 3.03 4 . 4 5  1.22 
09 2 0 0 1  3 7  3 2 0  1.34 2.97 4.31 1.21 0.07 1.28 3.03 5.54 1.09 
1 0  2 0 0 2  3 7  3 2 0  1.34 2.97 4.31 1.21 0.16 1.37 2.94 6 .49  0.95 
11 2 0 0 3  3 7  3 2 0  1.34 2.97 4.31 1.21 0.07 1.28 3.03 7.36 0.87 

IRR = 1.11999 PV= 1 

ASSUMPTIONS: 
1.THE PRODUCTION I S  ADDITIONAL PRODUCTION RESULTING FROM THE INVESTMENT. 
2-ELECTRICITY PRICE S35.90/MUeH. 
3.HEAT PRICE S9.29/Gcal. 
4.INVESTMENTS ARE I N  CONSTANT 1993 PRICES AND INCLUDE CONTINGENCIES,INTEREST DURING CONSTRUCTION. 
5.THE FUEL ESTIMATE I S  FOR ADDITIONAL FUEL CONSUMPTION. 
6.FUTURE ESCALATION,INTEREST ON LOANS,CLIENT OR OWNER COSTS ARE NOT INCLUDED I N  T H I S  ANALYSIS. 
7-EXCHANGE RATE US$l = 780LEI .  
8.FOR OPTION IA-RONANIAN SUPPLY. 

GRIRO 1-PROPOSED RATE OF RETURN 



TABLE V I I - 7  

1 0 6 0  ROMANIA PROJECT K 8 M ENGINEERING & CONSULTING CORPORATION 

REHABILITATED POWER PLANTS RATE OF RETURN ESTIMATE 
GR I RO 

PRODUCT I ON BENEFITS-SALES 
DESCRIPTION . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ELECTRIC HEAT ELECTRIC HEAT TOTAL 
(GWH) ( T c a l )  ( W I L L )  ( M I L L )  ( W I L L )  .------------------------------------------------------------------ 

1993 
1 9 9 4  
1 9 9 5  
1996 
1997 3 7  3 2 0  1.34 2.97 4.31 
1998 37 3 2 0  1.34 2.97 4.31 
1 999 37 3 2 0  1.34 2.97 4.31 
2 0 0 0  37 3 2 0  1.34 2.97 4.31 
2 0 0 1  37 3 2 0  1.34 2.97 4.31 
2 0 0 2  37 3 2 0  1.34 2.97 4.31 

PRICED: MAHYLIS 
DATE: 3 0 - A u g - 9 3  

COSTS 

INVEST. FUEL OBM TOTAL 
( M I L L )  (.w4ILL) ($MILL) ( M I L L )  

, - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

NET PRESENT VALUES 
BENEFITS CUMUL. YEARLY 

( S H I L L )  ($MILL) ($MILL) . . . . . . . . . . . . . . . . . . . . . . . . . . .  

IRR = 

ASSUMPTIONS: 
1.THE PRODUCTION I S  ADDITIONAL PRODUCTION RESULTING FROM THE INVESTMENT. 
2.ELECTRICITY PRICE 535.90/MUeH. 
3.HEAT PRICE S9.29/Gcal. 
4.INVESTMENTS ARE I N  CONSTANT 1993 PRICES AND INCLUDE CONTINGENCIES,INTEREST DURING CONSTRUCTION 
5.THE FUEL ESTIMATE I S  FOR ADDITIONAL FUEL CONSUMPTION. 
6.FUTURE ESCALATION,INTEREST ON LOANS,CLIENT OR WNER COSTS ARE NOT INCLUDED I N  T H I S  ANALYSIS. 
7.EXCHANGE RATE USSl = 780LEI .  
8. FOR OPTION I A -  INTERNATIONAL SUPPLY. 

GRIRO 6-PROPOSED RATE OF RETURN 



TABLE VI I -7  

JOB# - 1060 ROMANIA PROJECT K & M ENGINEERING & CONSULTING CORPORATION 

REHABILITATED POWER PLANTS RATE OF RETURN ESTIMATE 
GRIRO 

PRWUCT ION BENEFITS-SALES 
ITEM# DCSCRIPTION . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ELECTRIC HEAT ELECTRIC HEAT TOTAL 
(GWH) (Tcal) (HILL) (SHILL) (WILL) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

01 1993 
02 1994 
03 1995 
04 1996 
05 1997 37 320 1.34 2.97 4.31 
06 1998 37 320 1.34 2.97 4.31 
07 1999 37 320 1.34 2.97 4.31 
08 2000 37 320 1.34 2.97 4.31 
09 2001 37 320 1.34 2.97 4.31 
10 2002 37 320 1.34 2.97 4.31 
11 2003 37 320 1.34 2.97 4.31 
12 2004 37 320 1.34 2.97 4.31 
13 2005 37 320 1.34 2.97 4.31 
14 2006 37 320 1.34 2.97 4.31 
15 2007 37 320 1.34 2.97 4.31 
16 2008 37 320 1.34 2.97 4.31 
17 2009 37 320 1.34 2.97 4.31 
18 2010 37 320 1.34 2.97 4.31 
19 2011 37 320 1.34 2.97 4.31 
20 2012 37 320 1.34 2.97 4.31 
21 2013 37 320 1.34 2.97 4.31 
22 2014 37 320 1.34 2.97 4.31 
23 2015 37 320 1.34 2.97 4.31 
24 2016 37 320 1.34 2.97 4.31 

PRICED: MAHYLIS 
DATE: 30-Aug-93 

COSTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
INVEST. FUEL 08M TOTAL 
(WILL) (WILL) (WILL) ($MILL) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NET PRESENT 
BENEFITS CUMUL. 

(SMILL) (OMILL) 
- * - - - - - - - - - - - - - - - -  

I R R  = 0.95378 PV= 

ASSUMPTIONS: 
1 .THE PRODUCTION I S  ADDITIONAL PRODUCTION RESULTING FROM THE INVESTMENT. 
2.ELECTRICITY PRICE $35.90/MWeH. 
3.HEAT PRICE S9.29/Gcal. 
4.INVESTMENTS ARE I N  CONSTANT 1993 PRICES AND INCLUDE CONTINGENCIES,INTEREST DURING CONSTRUCTION. 
5.THE FUEL ESTIMATE I S  FOR ADDITIONAL FUEL CONSUMPTION. 
6.FUTURE ESCALATION,INTEREST ON LOANS,CLIENT OR OUNER COSTS ARE NOT INCLUDED IN THIS ANALYSIS. 
7.EXCHANGE RATE USSl = 78OLEI. 
8.FOR OPTION IB-RWANIAN SUPPLY. 

VALUES 
YEARLY 
(SHILL) 

. - - - - - - - -  

GRIRO 2-PROPOSED RATE OF RETURN 



TABLE V I I - 7  

JOB# 1060 ROMANIA PROJECT K & H ENGINEERING & CONSULTING CORPORATION 

REHABILITATED POWER PLANTS RATE OF RETURN ESTIHATE PRICED: HAHYLlS 
GRIRO DATE: 3 0 - A u g - 9 3  

PRODUCT ION BENEFITS-SALES COSTS 
ITEM# DESCRIPTION . . . . . . . . . . . . . . . . . . . . . . . . . . .  NET PRESENT VALUES 

ELECTRIC HEAT ELECTRIC HEAT TOTAL INVEST. FUEL O&H TOTAL BENEFITS CUHUL. YEARLY 
(GWH) ( T c a l )  (SHILL)  (SHILL)  ( S H I L L )  ( S H I L L )  ( S H I L L )  ( S H I L L )  (OHILL)  ( S H I L L )  ( H I L L )  ($MILL) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 1  1993 
0 2  1 9 9 4  

IRR = 0 .56477 PV= 0 

ASSUMPTIONS: 
1.THE PRODUCTION I S  ADDITIONAL PRODUCTION RESULTING FROM THE INVESTMENT. 
2.ELECTRICITY PRICE S35.90/MWeH. 
3.HEAT PRICE S9.29/Gcal. 
4.1NVESTHENTS ARE I N  CONSTANT 1993 PRICES AND INCLUDE CONTINGENCIES.INTEREST DURING CONSTRUCTION. 
5.THE FUEL ESTIHATE I S  FOR ADDITIONAL FUEL CONSUMPTION. 
6.FUTURE ESCALATION, INTEREST ON LOANS,CLIENT OR OUNER COSTS ARE NOT INCLUDED I N  T H I S  ANALYSIS. 
7.EXCHANGE RATE USSl = 780LEI .  
8. FOR OPTION I B -  INTERNATIONAL SUPPLY. 

GRIRO 7-PROPOSED RATE OF RETURN 



TABLE V l l - 7  

JOB# 1060 ROHANIA PROJECT K & M ENGINEERING & CONSULTING CORPORATION 

REHABILITATED POWER PLANTS RATE OF RETURN ESTIMATE 
GR I RO 

PRODUCT ION BENEFITS-SALES 
ITEM# DESCRIPTION 

ELECTRIC HEAT ELECTRIC HEAT TOTAL 
(GUH) ( T c a l )  ( W I L L )  ( W I L L )  ( W I L L )  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

01 1 9 9 3  
0 2  1994 

PRICED: MAHYLIS 
DATE: 3 0 - A u g - 9 3  

COSTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
INVEST. FUEL O&M TOTAL 
(OMILL) ( W I L L )  ( W I L L )  ( S H I L L )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NET PRESENT VALUES 
BENEFITS CUMUL. YEARLY 

($MILL) ( W I L L )  (OMILL) . . . . . . . . . . . . . . . . . . . . . . . . . .  

IRR = 0 .53064 PV= 0 

ASSUMPTIONS: 
1.THE PRODUCTION I S  ADDITIONAL PRODUCTION RESULTING FROM THE INVESTMENT. 
2.ELECTRICITY PRICE $35.90/HUeH. 
3.HEAT PRICE S9.29/Gcal. 
4.INVESTMEMTS ARE I N  CONSTANT 1993 PRICES AND INCLUDE CONTINGENCIES,INTEREST DURING CONSTRUCTION. 
5.THE FUEL ESTIMATE I S  FOR ADDITIONAL FUEL CONSUMPTION. 
6, FUTURE ESCALATION, INTEREST ON LOANS, CLIENT OR OUNER COSTS ARE NOT l NCLUDED I N  T H I S  ANALYSIS. 
7.EXCHANGE RATE USSl = 780LEI .  
8.FPR OPTION 11-ROMANIAN SUPPLY. 

GRlRO 3-PROPOSED RATE OF RETURN 



TABLE '411-7 

JOB# 1060 ROHANlA PROJECT K & M ENGINEERING & CONSULTING CORPORATION 

REHAB I L l TATED POUER PLANTS RATE OF RETURN ESTIMATE 
GR l RO 

PRODUCT ION BENEFITS-SALES 
ITEM# DESCRIPTION . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ELECTRIC HEAT ELECTRIC HEAT TOTAL 
(GUH) ( T c a l l  ( S H I L L )  (SHILL)  (SHILL)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

01 1993 
02 1 9 9 4  
0 3  1 9 9 5  
0 4  1996 

PRICED: MAHYLIS 
DATE: 3 0 - A u g - 9 3  

COSTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  NET PRESENT VALUES 
INVEST. FUEL OBM TOTAL BENEFITS CUMUL. YEARLY 
(SMILL) ( W I L L )  (SHILL)  (OMILL) ($MILL)  (SMILL)  ( W I L L )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ASSUMPTIONS: 
1.THE PRODUCTION I S  ADDITIONAL PRODUCTION RESULTING FROM THE INVESTMENT. 
2.ELECTRICITY PRICE $35.9O/MUeH. 
3.HEAT PRICE $9.29/Gcal. 
4.1NVESTMENTS ARE I N  CONSTANT 1993 PRICES AND INCLUDE CONTINGENCIES,INTEREST DURING CONSTRUCTION. 
5.THE FUEL ESTIHATE I S  FOR ADDITIONAL FUEL CONSUMPTION. 
6. FUTURE ESCALATION, INTEREST ON LOANS,CL IENT OR OUNER COSTS ARE NOT 1 NCLUDED I N  T H I S  ANALYSIS. 
7.EXCHANGE RATE USSl = 7 8 0 L E I .  
8. FOR OPTION I I - INTERNATIONAL SUPPLY. 

GRIRO 8-PROPOSED RATE OF RETURN 



TABLE VII-7 

JOB# I060 ROMANIA PROJECT K & M ENGINEERING & CONSULTING CORPORATION 

REHABILITATED POWER PLANTS RATE OF RETURN ESTIMATE PRICED: MAHYLIS 
GR 1 RO 

PRODUCT I ON BENEFITS-SALES 
ITEM# DESCRIPTION 

ELECTRIC 
(GWH) --------------------------. 

01 1993 
02 1994 
03 1995 
04 1996 
05 1997 
06 1998 492 
07 1999 492 
08 2000 492 
09 2001 492 
10 2002 492 
11 2003 492 
12 2004 492 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  
HEAT ELECTRIC HEAT TOTAL 
(Tcel) (MILL) (MILL) (MILL) 

DATE: 30-Aug-93 
COSTS . . . . . . . . . . . . . . . . . . . . . . . . . . .  

INVEST. FUEL O&M 
(SMILL) (WILL) (SHILL) 

- - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - -  

, - - - - - - - - - -  NET PRESENT 
TOTAL BENEFITS CUMUL. 
($MILL) (SMILL) (SMILL) 

. - - - - - - - - - - - - - - - - - - - - - - - - - - - - .  

VALUES 
YEARLY 
(WILL) 
. - - - - - - - - 

IRR = 0.25203 PV= 0 

ASSUMPTIONS: 
1.THE PRODUCTION IS ADDITIONAL PRODUCTION RESULTING FROM THE INVESTMENT. 
2.ELECTRICITY PRICE S35.90/MWeH. 
3.HEAT PRICE S9.29/Gcal. 
4.INVESTHENTS ARE IN CONSTANT 1993 PRICES AND INCLUDE CONTINGENCIES,lNTEREST DURING CONSTRUCTION. 
5.THE FUEL ESTIMATE IS FOR ADDITIONAL FUEL CONSUMPTION. 
6.FUTURE ESCALATION,INTEREST ON LOANS,CLIENT OR OWNER COSTS ARE NOT INCLUDED IN THIS ANALYSIS. 
'I-EXCHANGE RATE USSl = 780LEI. 
8.FOR 0PTION.IIIA-RWNIAN SUPPLY. 

GRIRO 4-PROPOSED RATE OF RETURN 



TABLE VII-7 

JOB# 1060 ROMANIA PROJECT K & M ENGINEERING & CONSULTING CORPORATION 

REHABILITATED PWER PLANTS RATE OF RETURN ESTIMATE 
GR I RO 

PRODUCTION BENEFITS-SALES 
ITEM# DESCRIPTION . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ELECTRIC HEAT ELECTRIC HEAT TOTAL 
(GWH) (Tcal) (SMlLL) (WILL) (WILL) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

01 1993 
02 1994 
03 1995 
04 1996 
05 1997 
06 1998 492 320 17.68 2.97 20.65 
07 1999 492 320 17.68 2.97 20.65 
08 2000 492 320 17.68 2.97 20.65 
09 2001 492 320 17.68 2.97 20.65 
10 2002 492 320 17.68 2.97 20.65 
11 2003 492 320 17.68 2.97 20.65 
12 2004 492 320 17.68 2.97 20.65 
13 2005 492 320 17.68 2.97 20.65 
14 2006 492 320 17.68 2.97 20.65 
15 2007 492 320 17.68 2.97 20.65 
16 2008 492 320 17.68 2.97 20.65 
17 2009 492 320 17.68 2.97 20.65 E 18 2010 492 320 17.68 2.97 20.65 

4 19 2011 492 320 17.68 2.97 20.65 
20 2012 492 320 17.68 2.97 20.65 
21 2013 492 320 17.68 2.97 20.65 
22 2014 492 320 17.68 2.97 20.65 
23 2015 492 320 17.68 2.97 20.65 

PRICED: MAHYLIS 
DATE: 30-Aug-93 

COSTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
INVEST. FUEL O&M TOTAL 
(WILL) (WILL) (WILL) (WILL) 

NET PRESENT VALUES 
BENEFITS CUMUL. YEARLY 

(SMILL) ($MILL) (SHILL) . --------------------------  

I R R  = 0.22892 PV= 0 

ASSUMPTIONS: 
1.THE PRMUCTlON I S  ADDITIONAL PRODUCTION RESULTING FROH THE INVESTMENT. 
2.ELECTRICITY PRICE S35.90/MWeH. 
3. HEAT PRICE S9.29/Gcal. 
4.INVESTMENTS ARE IN CONSTANT 1993 PRICES AND INCLUDE CONTINGENCIES,INTEREST DURING CONSTRUCTION. 
5.THE FUEL ESTIMATE I S  FOR ADDITIONAL FUEL CONSUMPTION. 
6.FUTURE ESCALATION,INTEREST ON LOANS,CLIENT OR OWNER COSTS ARE NOT INCLUDED IN T H I S  ANALYSIS. 
7.EXCHANGE RATE ikiS1 = 780LEI. 
8.FOR OPTION IIIA-INTERNATIONAL SUPPLY. 

GRIRO 9-PROPOSED RATE OF RETURN 



TABLE V I  I - 7 

JOB# 1060 ROMANIA PROJECT K & M ENGINEERING & CONSULTING CORPORATION 

REHAB1 LITATED POWER PLANTS RATE OF RETURN ESTIMATE PRICED: MAHYLIS 
GRIRO DATE: 30-Aug-93 

PRODUCT ION BENEFITS-SALES COSTS 
ITEM# DESCRIPTION . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - -  NET PRESENT VALUES 

ELECTRIC HEAT ELECTRIC HEAT TOTAL INVEST. FUEL O&M TOTAL BENEFITS CUMUL. YEARLY 
(GbiH) (Tcal) (SHILL) ($HILL) (SHILL) (SMILL) (WILL) (SHILL) (WILL) ($HILL) (SHILL) ($MILL) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

01 1993 
02 1994 
03 1995 6.35 6.35 -6.35 -5.67 -5.67 
04 1996 10.59 10.59 -10.59 -14.12 -8.44 
05 1997 25.42 25.42 -25.42 -32.21 -18.09 
06 1998 395 320 14.19 2.97 17.17 7.33 1.42 8.75 8.42 -26.86 5.35 
07 1999 395 320 14.19 2.97 17.17 7.33 1.42 8.75 8.42 -22.08 4.78 
08 2000 395 320 14.19 2.97 17.17 7.33 1.42 8.75 8.42 -17.82 4.26 
09 2001 395 320 14.19 2.97 17.17 7.33 1.42 8.75 8.42 -14.01 3.81 
10 2002 395 320 14.19 2.97 17.17 7.33 1.42 8.75 8.42 -10.61 3.40 
11 2003 395 320 14.19 2.97 17.17 7.33 1.99 9.32 7.85 -7.78 2.83 
12 2004 395 320 14.19 2.97 17.17 7.33 1.42 8.75 8.42 -5.07 2.71 

I R R  = 0.17105 PV= 0 

ASSUMPTIONS: 
1.THE PRODUCTION I S  ADDITIONAL PRODUCTION RESULTING FROM THE INVESTMENT. 
2-ELECTRICITY PRICE S35.90/MUeH. 
3.HEAT PRICE S9.29/Gcal. 
4.INVESTMENTS ARE I N  CONSTANT 1993 PRICES AND INCLUDE C0NTINGENCIES.INTEREST DURING CONSTRUCTION. 
5.THE FUEL ESTIMATE I S  FOR ADDITIONAL FUEL CONSUMPTION. 
6.FUTURE ESCALATION,INTEREST ON LOANS,CLIENT OR OUNER COSTS ARE NOT INCLUDED IN THIS ANALYSIS. 
7.EXCHANGE RATE USSl = 780LEI. 
8.FOR OPTION IIIB-ROHANIAN SUPPLY. 

GRIRO 5-PROPOSED RATE OF RETURN 



JOB# 1060 ROMANIA PROJECT 

TABLE VII-7 

K & M ENGINEERING & CONSULTING CORPORATION 

REHABILITATED POWER PLANTS RATE OF RETURN ESTIMATE 
GR I RO 

PROOUCT ION BENEFITS-SALES 
ITEM# DESCRIPTION . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ELECTRIC HEAT ELECTRIC HEAT TOTAL 
(GUH) (Tcal) (WILL) (SHILL) (SMILL) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

01 1993 
02 1994 
03 1995 
04 1996 
05 1997 
06 1998 395 320 14.19 2.97 17.17 
07 1999 395 320 14.19 2.97 17.17 
08 2000 395 320 14.19 2.97 17.17 
09 2001 395 320 14.19 2.97 17.17 
10 2002 395 320 14.19 2.97 17.17 
11 2003 395 320 14.19 2.97 17.17 
12 2004 395 320 14.19 2.97 17.17 
13 2005 395 320 14.19 2.97 17.17 
14 2006 395 320 14.19 2.97 17.17 
15 2007 395 320 14.19 2.97 17.17 
16 2008 395 320 14.19 2.97 17.17 
17 2009 395 320 14.19 2.97 17.17 

F5 18 2010 395 320 14.19 2.97 17.17 
to 19 2011 395 320 14.19 2.97 17.17 

20 2012 395 320 14.19 2.97 17.17 
21 2013 395 320 14.19 2.97 17.17 
22 2014 395 320 14.19 2.97 17.17 
23 2015 395 320 14.19 2.97 17.17 
24 2016 395 320 14.19 2.97 17.17 
25 2017 395 320 14.19 2.97 17.17 

PRICED: MAHYLIS 
DATE: 30-Aug-93 

COSTS 

INVEST. FUEL O&M TOTAL 
(SHILL) (SHILL) ($MILL) ($MILL) 

-------------------------------------- .  

ASSUMPTIONS: 
1.THE PRODUCTION IS ADDITIONAL PRODUCTION RESULTING FROM THE INVESTMENT. 
2-ELECTRICITY PRICE 035.90/MUeH. 

IRR = 

NET PRESENT VALUES 
BENEFITS CUMUL. YEARLY 
($MILL) (WILL) ($MILL) .------.------------------- 

3.HEAT PRICE s9.29fGcal. 
4. INVESTMENTS ARE IN CONSTANT 1993 PRICES AND INCLUDE CONTINGENCIES, INTEREST DURING CONSTRUCT ION. 
5.THE FUEL ESTIMATE IS FOR ADDITIONAL FUEL CONSUMPTION. 
6.FUTURE ESCALATION,INTEREST ON LOANS,CLIENT OR OUNER COSTS ARE NOT INCLUDED IN THIS ANALYSIS. 
7.EXCHANGE RATE USSl = 78OLEI. 
8.FOR OPTION IIIB-INTERNATIONAL SUPPLY. 
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XI. LIST OF UNITED STATES MANUFACTURERS OF EQUIPMENT TO BE USED 
ON GRIRO REEIABILITATION 

1.0 Combustion Turbines Telephone Number 

General Electric Company 
Albany, New York 800-626-2004 

Solar Turbines 
San Diego, California 

Stewart & Stevenson 
Houston, Texas 

Westinehouse Electric Co. 
Orlando, Horida 

2.0 Heat Recoverv Steam Generators 

Foster Wheeler Corn. 
Clinton, New Jersey 

Deltak Corp. 
Minneapolis, Minnesota 

Arnetek Inc. 
Wilmington, Delaware 

Entec - 
Houston, Texas 

3.0 Steam Turbines 

General Electric Co. 
Albany, New York 

ABB Power Generation Inc. 
North Brunswick, New Jersey 

Westinehouse Electric Co. 
Orlando, Florida 



4.0 Condensers 

Foster Wheeler Corp. 
Clinton, New Jersey 

Nash Engineering 
Norwalk, Connecticut 

Nooter Cog. 
St. Louis, Missouri 

Southwestern Eneineerincr Co. 
Los Angeles, California 

Incrersoll Rand. Co. 
Phillipsburg, New Jersey 

IMO Industries Inc. 
Lawrenceville, New Jersey 

Goulds Pumps 
Seneca Falls, New York 

Dresser Industries Inc. 
Comersville, Indiana 

6.0 Heat Exchanaers 

Eastern Wheeler Corp. 
Clinton, New Jersey 

Yuba Heat Transfer Cog. 
Audubon, Pe~sylvania 

Tele~hone No. 

201 -730-4000 

203-852-3724 

314-621-6000 

2 13-726-0641 



. ~ O ~ A L  IMPACT OF ATMOSPHERIC REL&ME OF TIBE 
PROPOSES FACEL;I[TY 

At this timc then arc no spccitlc ~gul~~cinos in Kaarnania to cover the envL.rc!menM 
emjssions of curnbusticm turbines, The existing puplation i s ~ ~ e  5 2  Dcceinber l a79 dam 
not address rhe Nitmgen Oxide (NOx) ernissiai~ to aunasphm. N m  i s  she m o ~ t  
damagbg mvironmenEsl rdme fr~,?: mbtnsdan rurblnes using g ~ s  or d2stillaralo31. 

the: absenm af Romania re;,rmlations llmtrhg tlae NCXx arraasssp~oxPc releases, I'CT the 
purpose o f W  study, we have adopted as guidelines tbe Ikrrspean Colsirn~unity Directive6 
(EC) assuming that my firmre Romania p,~fvironmentid regulation fcir this ryyte OFT 
i n a m o n  w u  establhh sh~lilar llmitn as tlae BC directtves- 

EC! Directive$ concerning a~nbiw~t air quality. 

2.1 Coarneil dirwive of July 15, 1986 on Ah Quality Waits ;durn of pride values 
for sulfur dioxide and suspended particles, (B0/779/K O l E  33.8.801, 
L229130) 

Annex I to this Directive gfxev mnlr values for si$hur dtoxf& 8ndl supnde$ particuO.ate 
(smoke) in the atmoyhem. 



LIMIT VALUES IPOR S~~ TjTOXIDB AND SUSPIWID3Il PAR.%3C"i7LAT3§ 
(h mcasutwl try thc black-smob muhad) 

Limit values for sulphur dioxide f:xpsspd in pg/m3 with the associated v&~lao fi3r $susp.~nded 
partiwlaies (as measured by the black-smoke met$~r?J(~) expressed in pglm" 

(~nade up of units of 

c0i;lveml into gravimetric units as desribcd by the OECD. 



Table 2-2 

Limit Vdues for SuBpended Particulates (as mcasured by the black-~rnok~ incthod ")) 
expmsed in &tna 

1 

me mulb of the meawEmetlts of black smoke taken by the OECD mst?md have b c n  

I 
c a n v d  into gminaetric units as dedbed by the OBCID. 7 
@ Member States must take all approprim s q s  to cnsurc rfiat this v&lc is nut excdcd 
fur more than three consecutive days, Moreover, Member States must endeavour to 
Bmr:nt and to reduce any such instances m which this value hes beex1 exceeded. L li 

Referno Period 

Year 

..-- 
Winter 

(I Octobw to 31 March) 

Limit Value for Suspended P&&tes 
- 

SO 
(median of daily mean vdues +&en thmughoat 
the year] 

130 
(median of daily mean valntes taken thmaphmt 
the winter) 

Year 
(made up of units of measuring periods 
of 24 houmj 

250" 
(98 percentile of aU daily n:em vitlws taken 
tluoughout the year) 



2.2 Council Directive of 7 Nawh 1985 on Air Quality Stundarde for Nimgexf 
Dioxide (85/203/EC OJBC 27.3.85, L$7i 1) 

'Flae Directive lays down limit values to protect human health (Annex 1 to the 
Di.ec~ive) and smcler guide v3ilues to ~mpmve prixecti~n of b3mm heal* r~~ and to 
pmtect the environment (Annex IP) fsr nitrogen dioxide in dr. It do= ncx apply 
to occupational exposure or indoor Jr quality, 

The m. vaftle: is 200 j~gltn~ (baed on the 98th of in@"urly matt, udua 
over the year) and has b m  applicable silnm 1 July 1987. -163 Iw[eml>~r States 
must inform the EC af areas where this ~alue is exC88deA rrnd draw up p h ~ s  to 
mflet the limit value "as ralpidiy as possible" and by I Jarmary 1994 at the l a l e ~ .  
There axe two guide value: a 50th pwcmtile of 50 pglll? m d  a 98th p m ~ . t i l e  
of 135 pg/m3, based an hwrfy mean vzllues over the year. 

Member Smes may set lower Urnit values it3 zones whew there is a bismswbb 
ific~wrse in NO, from urban m industrial developnlent. Loww glide values may 
be set in areas wiiich are considered &o need special e ~ ~ & ~ e n & l  protation, 

Member States must establish masusing sWons in K~)TT&ATICZ with -4nnex Etr 
of the W i v e ,  md repun annually to the EC, supplying d~ttiled rdnfomatian 
about NOx concentrations and abatelnant m n ~ r e s .  Some s p ~ ~  fnfmation 
must be made available to the public as wdl. A mfemnw m&& for 81nSJysi6, 

baaed on cheini3.~ihescence principlfis, is described in Annex XV of the 
Dimtive. 

Measures Wen under the Mrectlve may nw lead to a slgnlacm~ dermraeon in 
air quality in zones where NOx plut ion  levels am low in reladon to the limit 
values* 

3 &0 merit R e l w  of the New RCilitv 

The NC?x releami to atmosphere from a coubustion h ~ h k  opernhg on ps @r 
diallatixi oil can bc ~ninitnized by the use of water or steam ir;jection hto the high 
pressure section or in some cases on the low pressure aection of the turbine, this feature 
has bccn incorpomted in the design of the GMFtO facility for the preferred option ?XI 

limit even mote the NOx i~sfeases. Du- the summer operation, thls wil l  be tist: norm81 
o p t i n g  mode since in order to operate unit at oue hundred ~erca i t  eiectrid lotad 
may be nmssiry k utilize this feituw as a t~wt sink to USG the cx;)iCra sltxr11 gcneni~ed 
by the heat recovery steam gene-. 

The us;: of additional duct firing tn the heat f e c o v t : ~  smm gemmr uslag otl will 
introduce to the atmosphere addhjonal. pollutante, However, the cbbclltionaf d ~ c t  m a g  
planned for the GRlRO faciIity will be very ~ m M ,  atrd it is expected to operate on fud 
oil only during the 2 to 3 seven? winter months when gas availability is limited, This 
limited use wiU reduce the environmental mlwm well within the estab%iahcdi EC litnifa, 



The use of gas for duct Mng will reduce the release of sulfur dioxide and suspended 
particles to a minimum- During the summer, with a reduced hait den~md tire duct f i g  
will not be in opemtion, it is anticipated that duct b.dng wil l  ba required only 6 months 
a year. 

FOT prirjccts uing combua'o'sn turbines similar as the proposed mnfigumiion far the --- 
GURO facility, manufsctuners have gumtad the emiseion mlmsrjs. n t e  following 
table abws a co-m Wwem the RC gunrleks a d  ahr: nmanufm~rer gua~antw 
using disdlhled oil for an acraxlerivivc coxnbustion turbine without stem1 hj~ctirsn. 

'EC Guideline Mtlar~fac~m 

(I )  100% load 180 ccmditions 
(2) Wirnter fmedtaa Of &illy value Wccn throughrrul il~c ycar) 
(3) No steam or water injdon 

With stam injection using distjllated ail, NOx &ssions as low as 75 ppm Iwe been gumteed 
by manufacturn of t h m  type of colnhstion turbines. 
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$utaacc *nhs, 28 weld ps q cwhcr B C C A ~ ,  for i 
petlad ot tcacr a) yeam fnm c o w t a g  the Wa 

s w v w  
Fwel~sr imwmena d&ad az rkrt.1, kmr o) of 

t h i , i a W d ~ k & b o m d t s l r n r ~ p d ~ p t c *  
ttiW by -14 hehubow an waclidsloa that the 
l a h l ~ n t r m u t l a a m ~ P n r f c l ~ ~ h ~ l y ~  
bU& by the fO&p 4 k W D  for k#S? 
20% of the mgismcd otpid bur ruc lcss than 
U S l l V W .  

Pcri Jm ia- thpt do wi meet tbw coadi- 
riops be: suigca to t t ~  prmtaar d w cQm+ 
moo Lnr* 

-35. b rddidcm the cxwpriorr, ptwtded 
far harsh srbovs, mductfcuks Q# &a #X OA proiiet ata 
fulhdt 8lmmd aPtcr rht crpirnrlolr d e h C  I W  pnr: 
holiday petM a& foilom 

r)  a $O% duclCon ef tht ttr due fir thc p m b  
ninvrvted in ~~ set up in Romania with P 
vlcw a, *de&hg upOnJfag tile tnehlhhl nmf 
~ a n t s p l  basla, rmpmng ehe rsmu&;rumg tech. 
a010 i r ~  or expanding the rctinlty, to oobtldn sldi. ttMS p t i w .  -JL w ~ O Z  JI. 11vematr rn 
prortcdan of ttac envimaedt: 
b) a 25% rcductton of dac I;~L due, ~ W c d  rhar 

one of the following tondidoas b met; - at l e s t  50% of the mcercmry raw mxcrfala, 
energy aFPd Ittci an provaW through imgortatlonr - as leash 90% d rhe ptcwlucrs and stracer aee 
=QQd - more rtvso 10% al the cndltunes nn made 
for den&. re-~tr md ~ ~ ~ r n e n t  dnnv  re*. 
nolonlcs in Rc~tomnnlP llnd for mfcmsialmd WQ: 

Chap= ill hcmtiva --&L tcpsr 90% of the roa&w and orhcr c35p 
mcnt nermmy for devcloptng existag Invarmenu 

m L Z .  IwpOrWI mzchinory, cqulpmcnr, imaiirr. ye obWncd &am damuric prdusuon: 



- at lctst 50 (ti&) sdiw jobs are crear~t thmugh a 
new tsvcstmcnr w cxpwrotls vf cxlrtlng 
i n w a s ,  

-1b. FOP Invcsmena s-d B ths gdds d 
prt#mhr fnrcnrt f ~ r  the W c a  mnaary, on gm 
pl d ~ h c  G ~ ~ ~ C I I C ,  addflma ~ ' ~ l l l ~ e s  Q S ~  be 
grmr*d by law. 

ma7. I= c;pw wi~ntnry fiqufdarioa of fecrrfgn 
fdvemnrcna wan utllhla 3 time sp4n shorter t.Jm 
M c e  #c perlad far which darelrpr investors enfoy 
the csrempriwu prwldtrj. fir  by -14 htrtiatbaff, 
f~ei8o inwm shall pap t5c raxes on prodks lm. 
p d  by h w  kt %he whole i3uzztlon of cbc 
nnvcakncnt, The due la a c m c e  with &C 
pds19n;r cl cbt a h  p a n ~ r ~ p t r  b p w  wtth 
?riorAty out oE thr cddulw d6rivlag ken\ tks U q a -  
noa of the inurtrment out of rhc d e r  fightP the 
famum inmom arc cmded to. 

cnnptcr IV PmmatHln mi xqpstrwm 
of Pmf@ 1- 

AR;lI. Fwzlgn mvcsmtnw rrr Romonla, irmpcm 
r m  of their Legat sntus, shall be nrtaft an rke basis 
af an appitcudvn by rbe foreign hvaxcw rsgbtutd 
with the R e n u a i m  &walopmuat *ency. 

-9. m ~ b m 4 l l l ~ 1  miapment  Agency -1 
srudlr rht r e l U ~  of [he Investor, the field and rhc 
kgd C ~ r r n  ot the inveaaat~1~ md L\C amoutst of tke 
capital to be messed. 

Ai%aQ The Romanian. Developzient Agency an- 
mas at? appi~csrrana ix lbrelgn rnvcmm on T R ~  
wrs of &a and laSonaotlvn dut it awUk rrr 
that It may obdn upon reqxest ~ I C  Ehs c m d  mad 
i-1 WGatlon of pnbk admtafsnnrlon zs wdl ns 
%om auronomwr a r e  enruprlses and cornmemal 
G O I R ~ ~ ~ W  fn the Lld ~f anlnlry where the farel 
rnwrmcor SM aacie. me rrrinimieci and E 
ocher CUI~I md heal ~ t t p n t ~ W ~ ~  of Pbtk td- 
muuouawn shall ;rarc~w Wcbln 20 days nr rhe rc- 
q u w  of rhc R o M n l . n  bmtopmmr *c:ucy, 
-21. Th* Remm.kul Oevelopmant Agaacy rhall 

ansmr me appticauons or rm~gn ~mwton mum 
:W days from rhcir re-on. in \be event that a0 
sdr*ordon i s  received by rbe herrot dur- 
4 y the ttmt p r ~  r a  fonh a thc Ern pur,mP~ 
ihe hmtmmt shsil be deemxi UI hwe htcn tp 
pmcd artd mop be firap1cmcntCQ. 

M X Z .  The h l g d  LrrCJtFlm h v w  the Fj@t to 
elfeet fnrenmente under the conditions set hIQg h 
che Romminn law, either cur ~ h c  b y t o  af rhe canftc. 
marton &sued by me R Q ~ ~ M  Dwe10pmen1 men* 
c,; 01 on chc h i s  of focetgn invcstar's appkation ia 
e h *  nb~cacc of ury tecpu.nse from rhs ~g.ncy. 

-3. 'Illf SUW Of brciw investor In R a t z a d a  
!r plwea by the ''Ccrrrdwrc of Imwtof' mucd by 
ttrc Romaniau hvolapmenr Apncy. 

The "Ccrti&rtc of Investor" h i i  be izrrud a8 the 
foreign rnvmofs request Within 15 18fteen) dlgra; 
from rrgistfr~lhg she a~pllf3tiod, upon urmcnt3~I00 
of scfevont documents - che concmcr of ~ ~ s t g u a  

and h e  mtw, the cQmmrrrcirl conmcw irrrd other 
t ~ & d  p a p 8  dnttsd h b  a h  Ydth ehc p d .  
3 1 0 ~  of Ifir? bmdm &w md raking turn mwtdcr* 
rcion the kgrl stms aF the icrrstmwrt. 

I?E '*tcrudare d Investos 3 oppspblc w ?be 
Rcmaniiia aurhmidc~ h r  the e~nbbhmcnx of tho 
fosGign hwW fl@. 

C i ~ p a ~ r  V F W ,  b L g p  CU~OCY 
a d  Cs-ial Opatioars 

W 4 .  The C Q ~ ~ K U ~  nn3 yapant  spcsaom 
n h d  to ?he Ponign knvmtmitn?s ~)tnfti bl & a d  
tsrauge O~EOWB egentri wlm ~anits 1m8 the 
hadgumem m laomam or atmm, mrr mme 
with tiit re@wtolas w luxtb by the nraod a& 
d ROUWW.. ~anmmia i  WL-E WWI 
pdclpuon and huctp investors ~1 ham me 
ti& m, dhpm j rbt mourn mailable In &their 
OWQ Keountsl The Cvma?ars.-dal compmiL3 an#y keep 
in ?kit?& m acealum the amOUIIB hl ti,reign amen* 
cy dcpopltcd as equitp codhullan to lplc e v  

a r ~ r 5 . T h e a o c o m t s s i & ~ M : f r u m t h c ~  
wra' d m d d  conuaburforr, euntwaed l o w  md 
rewaatw? 

Ar~26. Jam mmc~ md 9rber tocclgn i r a ~ o r s  
~ c ~ n ~ ~ t t  iaW at&ftrcuncad#honr 
loot h m c h g  l a j t & W ~  eic 1~nw in Rmly ccn- 
wmbb cwencltil ftom f[13eign bsnk.3 wnd ftnoaclltl 
1-ODs. 

nng.r. m e  of Jhe PPrsr venture@ u d  or 
r k t ~ g 8 ~ ~ ~ ~ t d o u t 0 1 1 & e  
buli 4 cun- condwdd with ehe 
o m c a  of the h@ prdsions. at sped-upmn 
P-b 

Art.29. The prgnre~~l ln foreign mm~cy, indud* 
$a@ &a mowu due to the fed  lamton, sba1 
be dfececled horn &@ rmouno La lb& awn 
a~owurs 89 by plucbtflng bmw cumncg or me 
o&warburgc clrc. 

U p ,  The poiirr In fL&y cuwertlbl. r u m e n q  
?nd ia lei due to thc fh-alp isvestarr cnn be wed rn 
*C w 1-Wt98 in $Oram, TO buy R O ~ ~ L I L A  
ooda and a p K X J  or drty may be whungcd orr C&G b muim M* o w e  ihe lepl 

pmptslan* 

CLrPper V! RFlnol F m e f 6 a s  
' 

W30. In the evcnr 6cuclm inveWaa~# In Kom. 
r ~ a  ?n me try scamg-bp t s a s d i ~ ~ f t s  ixt 
associadon wkh Rommim mtml or legal priions. 
the conulbutkrn d chs IIZL-laa asdOCL0~06 w h e  
ngtraerccl npltxl c m i s t  elf the tigh~ of propew 
CK oorlbw ml rights m r  Land or wher tmmwlb!e 
neccwq for the whole duration pf rhc totnt 
uCnNre, 

ArrJl. I'hc e x p u k a  pee~nl)$L n.za%llrp w OF 

era= rhr fanfgn Jnvcsmcni sWl be aerctd uwrr trv 
rtrc coamatng pwtirs or by thc Zarcfgn iav2stcx, i& 



t h e c w m g b r o d a u y ~ ~ a ~ e m e r V ~  
experrporwonr, . 

The wagra of l e d  and crparrlm persan- 
n+S cmpl d 6k opsftt(ng of thti f-p Imlert- 
lncnu s s  trr settled by ,the .s.remat of the 
patties. 
w3. r n r ~ i m u  of thU !&wahril ba @led 

to th. w d ,  . .  . th .  b;lmmtlea;rl ap+rnme rtnd 
. . - 1  



Chapters I thmgh XL of thie redport reflect the basis for the recsmnaendations 
made by KgtM mgineerlng and Consulting Corpamtion for the rehalS.h&on of 
the t3;LURO Power Plant; t h t w  sec.tJrsrss, b final draft fm, wew ~abmitfed to 
GRlRO far review and comn~enis on September 1993. K&M p?mmnel attedcd 
meetings in Budapest in early Dexemnhr 1993 with GPURO a%niigemwL, power 
plant personnel anrl engineering consultants to review tile Septembm drift report 
and obtain GRIRO comments prim to issuitkg the final re.epJrt. 

GBIBO, m cbafnraticm with their enginpperiog mnscalraslf PCMG S.A. of 
Bucharest, had reviewed the draft rep* submitted by P&Zd and agreed wit11 
Klkh9's recrmrinefidation d instain& a combined cydc p w c r  pltvr~nt. thh option 
will not only m e  the presetat demand but will also provide fm the forecastd 
hm in di~trici heating demand and the salc d e ldc i ty  (the I a g ~ i  amount 
of all of the options) to RBNEL, However, &er cawiting ivith Ministry of 
Industry and other government rrutfioritics, the hpletnen&tion of the 
recommended cumbined cyc1e p w s s  plant will be wtegattxl io a fitt1re date due 
to the! fdlowing m o n s :  

r Contrary to previozlrr commilmenua: of hel availabiiity frtr thc combt~stion 
Wim, the Ministry af Indus&y, due to an increa@ it1 a ~ c u l t u d  
pductiun, cannot guarantee the availability of fael for year-mnd 
0 M o n .  

* Afkr discussioaa with the Ri;&tl; gclvernmcut, GXIRO, at this th0, 
cannot fibace the prop& cornhind cyclrr power p h t .  

After reviewing the drafi report aqd c d e r i n g  the technid md Fmncial 
constmin~s, GRIRO bas selmed a variation of Option 'iB for im~letnentatbn; this 
option cons idd  the Qo@htion of two 29 hNh gas md oil fired boiiera. 
GRIRO would like to install three 25 h&lh gas and 03 Fixed Soflers, keeping the 
&sting 50 MTiH boiler in service; tMs option will most the present district 
heating demand witb a s m d  exceso to meet soma id tke f i x t u ~  Yomasted 
demand, and, in addition, will permit the m h e n t  of' the 81ri&ng 1,6 h W  
steam turbine and insidlatio~~ of a new 2.7 MW smrn rnibirx. The intttdiatjon 
sf ttis new equigrnent in the GRIRO bailer room will allow sufli9cien qaca for 
the instllllsrtion of the recommended combined cycle power phnt at B Wura date, 



During the Dcctmbcr, 1993 meetings, GFUR@r mquestd cw~mdm froin 
RCGIHagler, EWfy Hikc. and KBtM E q m g  and Cons~altiw C~rpomIon for 
hp1cmentatimk of the installation of  the new 25 Mt/h M e r s  afid t b  2,7 MW 
&am turbine, including thc following: 

A, 25 Mt/h boilers are not cumtmtly rnmuf~cwt.;sd ki Romania. GN%CO 
would like to obtain a licensing agreement with a i ~  kmarrican boil@r 
manufacturer to build some of the hiler corr~pne:nts in U~eir shop ad 
Q m  tho b630m. 

The foUowing boiler campnen~s are not rnm~Eac~t?~rcd Lq Romania and 
will  haye to be supplied by the American bi lm ~im~fBCture~: 

* insulation 

Sollac of the h m y  co~npcmw~ts fiucti is, boiler drums a . d  p s n g  wifl be 
mmufaGturcd in Ram&. 

URIRQ will need coope~atian to &cct md e:sfabXislh confacts with 
Aanerim boiler manufa~~urrrs b implement the project m~uxpt. One 
possibility aleo discuweri is that the UcemsfRg agmmmt cnn tK; &x.kndcd 
ta matlufwiurhg biiafs far side in Rma~h and c=trg&m Europe; a 
GRlRO survey indicates that thew 1s a market for SEIBU boihra. 

8, GREO will ~eed engineering support to perfom the t b d  an3 rutancia1 
analysis in the same &ail as performed far the ' 5~1~ted  rrptiim k~ the 
-* 

The steps d a d  to itnplepnent the option seJe.cte3 by G m O  em outside 
the scope of tlis study; QPJPIO p b a  to contact L T S U  to tquest 
additional eupprt. 



An order of magnitude &ate for the instaliatim of ths; r . l - s ~  25 34th boilerr 
and the new 2.7 2kIW steam turbine is 7.0 million dollxra Daring the Iadc~lskr,  
1993 mlwtings in Bucbresr. GRWO s W  titat they are w W ~ g  ko finance 40% 
d the cast in lei; thig amout~t sbuM be sufficimt to cover the ~mmian  supply, 
however, outside hard currency fistmcjng will be required for ttle 4.2 rdiim 
dallm b&w. 

K&M met in Euchnuu3sl with Chemical &ank md thc: E ~ s s u p n  Ranis for 
Reoonstmctiirn md Development ~ R D )  tn review the possibility d sbtainitlg 
the necessary hard c ~ r m c y  financing for this rnadifW cyp~a. Accord'i to 
tbse  contact s o u m ,  4.2 million doliar Imn i s  ccmsihiard to be s very small 
Jw, and will be difficdt tc~ obtain, especially under presmt ~ i ~ i i f ~ l s a f i ~ a .  Tha 
only possibility is to add this amaunt to a larger ioan. %m this regard. &e EBRD 
is c m n t i y  negotiating 125 mmon HCUs (1 ECfJ = $1,1299 as of X2!21/93j 
Im with the Bucharest City Hdl. to fiuance the upgrading of IRAUAT Distd~t 
Hcathg Facititieg, and mTCTS &&v~?s that it i s  stiU. posdblc to atid the 4.2 
million d o h  needed by GRFRO to the p~~posed BAI)PIT ban, A3 RADAT 
will b the major benef~ckuy af the C3RIRO facility u p p f e ,  GWRO should 
discuss this ponibility with FGtDAT and the Bucharest City Hail. 


