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Course in Energy Efficiency and Management
1997
Association of the Energy Engineers, Bulgaria, Plovdiv

Goal:

Training of energy managers as part of the American Association of Energy Engineers’ program.

Topics:
Theoretical and practical aspects of energy efficiency.
Practical training in using modern monitoring equipment for energy analysis.

Materials:
Full set of proceedings, charts, tables, and materials used and distributed during the lectures.
Workbook (guidelines) of energy management (in English)

Duration:
10 school days, 6 academic hours a day (1 academic hour ~ 45 min.)

Price:
10,000 leva

Necessary qualifications:
Graduate technical degree

Time and place:
The course will be held in an academic hall and laboratory of the Institute of Food Industry,
Plovdiv; every day from 9:30 am - 4:30 pm.

First course will start: May 1997
Second course will start: October 1997
Third course will start: December 1997

Academic Program/Lectures

“1. Energy and Ecology: Dr. Stefan Dichev (2 hours)
2. Technical and economic aspects of the energy technologies: Dr. G. Raichev (2 hours)
Z 3. Energy audit: E. Genchev (2 hours)
-4. Economic analysis of projects for energy efficiency improvements already identified through
energy analysis: M. Ruslanov (2 hours)
" 5. Types of contracts for energy services: T. Georgiev (2 hours)
6. Improvement of the energy efficiency of burning systems: Dr. G. Vulchev (2 hours)
" 7. Steam and condensing systems:
- 8. Insulation for hot and cold conditions:
—9. Heating and ventilation systems:



-10. Air-conditioning systems:
~11. Energy efficiency of refrigerators and thermal-pump systems:
.~ 12. Optimization of the efficiency of the heat-exchange equipment:
* 13. Systems for air condensation (?)
"~ 14. Energy efficiency improvement of hydraulic systems for starting and operation of machines
and equipment:
~ 15. Energy efficiency improvement of electrogenerators and transformers:
'.16. Energy efficiency improvement of lighting installations:
~17. The role of automatic systems for energy efficiency improvement:
" 18. Integrated systems for energy management:
19. Practical training:

The program was prepared by:
B. Petkov, Dr. St. Dichev, Dr. Ivan Dragotinov

Course Staff:

Cource manager: B. Petkov tel. (32) 455 505

Academic supervisor: Dr. Stefan Dichev tel. (32) 437 841
Coordinator: Dr. Emanuilov tel. (32) 44 181-250

Note:
For more information, please contact the above peolpe.
There will be other modular courses (specific topics and areas) organized in the future.

Energy Management as a profession:

Energy manager is a specialist who has the knowledge of how to optimize energy consumption.
He must be able to identify problems related to the effective energy use, find efficient technical
solutions and implement them successfully. In order to accomplish professionalism, the energy
manger needs to have a broad engineering knowledge, as well as skills for good economic
analysis of alternative technical solutions.

If energy efficiency and management is of interest to you, we would like to invite you to
participate in this course for energy efficiency and management. Space is limited.

The Association of Energy Engineers (AEE) is a professional non-profit organization with a
mission to unite engineers, architects, and other specialists working in the area of energy
efficiency and management. The organization has more than 10,000 members and chapters in
more than 71 countries.

(Follow history of the Bulgarian chapter, available literature and resources, and invitation for
professional improvement and development of those who are interested in energy efficiency. Do
you need the details of this section?)



E HEDMMHWMAT MEHVIPKLD € CMEUMANCT, BbOPbKEH ChC

3HAHUA KaK A ONTUMM3VPA EHEPIMAHWTE Pasxoan T0M
1pA6Ba Aa MOorke Aa uaeHmbrLpa NPobneM1ie CBbLP3aHN
C edexIMBHOTO M3NON3saHe Ha eHepruATa, fOa Hamupa
PALMOHEIIHA  TEXHYECKW DEWEHWA W yCnelHo fa m
BHEOPABA 34 MOCTWaHE HA BUCOK MPOMECHOHENM3bM
SHEPIAAHMAT  MeHKLD  TpHDBA  fd WM LUMPOKK
VIDKEHEPHW NO3HaHWA, HO Taka cbwo u naobpe fda
MPELIeHABE  MKOHOMMHECKATa  u3rofa  Ha  pasnudHaTe
TEXHUHECKI PELLIBHMA

AKO EHEPIMHATA EPEKTUBHOCT Y MEHNIPKMBHT,
MnpencTasnAea NHTEPEC 3a Bac, Han-nubesHo Bu kaHvM aa
y4aCTBaTe B MbPBUA KYPC MO EHEPMAVIHA EPEKTBHOCT 1
MaHUIPKMBHT MecTata ca orparuyeHi, nobbpaanre!

ssoctation of Energy Engineers (AcouvAauma Ha
A EHEPMMNHATE UHIKEHEPW) € NpodecuoHanHa
OpraMv3auvA ¢ HECTOMNarHCKa Uen, CAPYKEeHne Ha
VIHYKEHEPY, aDXTEKTW 1 APy CneumanicTy, paboteum
B 0BnacTTa Ha eHepriHaTa eheKTUBHOCT 1
MeHAKMBHT OpranvaaumAara va Hag 10 000 dunera u
KNOHOBE B NOBeYe 0T 71 CTpanu

Mpe3 1995 roanHa B Bbnrapua Baxa pervcrpypati Aga
KNOHA - MLPBO B rpag [Nosams, a CNefl HAKONKO MeceLa
n B rpag Codua YneHoseTe Ha Bbnrapckute KNoHOBE
y4acTear 8 poeKtv 38 eHEPIviHa SPeKTUBHOCT,
CNOHCOPUPAHW OT MEXKOYHEPOAHA UHCTUTYLIM
PaznpoctpaHABat MHPOPMALWA 38 CBOW NPOAYKTA 1
YCNYri B PEFVIOHANHU U MEYKOYHAPOLHW M3AaHNA

B MNMnosavsckua knoH Ha Association of Energy Engineers
pasnnara ¢ 6orara rama oT CbBPEMEHHO U3MEPBATENHO
060pYABaHE 38 N3rOTBAHE HA BHEPTIAHN aHANW3N 1
HanaHcw, ¢ uHhopmauma B obnacTia Ha erepriiHata
CKIMBHOCT 3 CPOIHA ROHCYNTANHTCKI (pMi,

060pyaBaHe, MEXKYHAPOAHN NPOABK, KOHTAKIV ¢
MEMEYHAPOHM GOHAOBE, UHAHCUPALLIA NPOBKIV B
obnacta Ha eHeprunHaTa epexkTMBHOCT

Pasnonarame ¢ Internet Bpb3ka C KNOHOBETE Ha
oprarHmsaumATa B UAn CeAT

B MnosauBCK1A OMUC Ha acoumaLmaTa wma borata
CNPaBOoYHa NuTepaTypa Ha aHrMAcKM esuk 8 obracria
Ha eHepriHaTa eeKTUBHOCT.

AcoumaumaTa € OTBOPEHa 3a BCUYKK, KOWTO JKENan! aa
paboTAT 38 MNOBVLLIABAHETO Ha eHeprumHaTa
€PEeKTMBHOCT 1 C YAOBONCTBME LLIE NOJIIOMII ME
ycnewHoTo Br npodecroHanHo passutve B eHepriiima
MEHUIPKMBHT 11 YCTyrv B eHepruiHara obnacT (oaur,
aHanuaun 1 Ap ) Toea we By noMorHe ga Hamepure MACTO
HA KOHKYPEHTHWA NAasap 30 KOHCYNTaHCKK W
WHIKEHEPUHIOBY YCNyrv 8 00NaCcTTa Ha eHepryiHara
edexmaHoct

Qee

Association of Energy Engineers

Acolpaima Ha Enepruiannte Vinxerepn,
bbrrapua, [nosawe

Byn. “Ceobopa” N 56, et 9

rpan MNnosawve 4002

Ten. 455505

dakc: 455505

En. nowa: ipetkov@mbox.digsys.bg

KYPC MO EHEPTUVHA
EQEKTMBHOCT U
MEHWOXKMbBHT

1997

Acoumauma Ha EHepruiHuTe ViHxkerepw,
bvnrapva, INnosave

A. LEN HAKYPCA:



o ObyueHrie v NOArOTOBKA HA EHEPTUHI
MEHNIXKBbDW MO NMporpama Ha AMeprKaHcKara
Acouvauwa Ha Exeprwithute HxeHepn

B. TIPEAMET HA KYPCA,

. TeopeTNHHI 1 NPBKTUHECK ACTIEKTW HA
eHeprHaTa epexkTnsHOCT

. [pakTM4eCcKo 3ano3HaBaHe CbC CbBPEMEHHA
W3MEPBATENHA anapartypa 3a eHeprieH aHanma

B. MATEPWANK 3A KYPCUCTA.

. Mbner COOPHYK OT aHOTALIMA HA NEKLMATE,
NOMOLLIHY TaBRKLK, rpadrki 1 NDOCMIEKTH

e HapbtHuk N0 eHEPreH MEHUOMMBHT (Ha
HIMAACKY E3UK)

[ (IPOALMKUTENHOCT HA KYPCA:

e 10 y4ebrun gHv NO 6 akaaemmyHK Yaca

¢ 10000 nesa 3a kypcvicT

[l HEOBXOAMMA KBANUOUKALIMA ;

e Buciue TexHIecKo 0bpasoBaHmne Ha KaHaMEaThTe

E. BPEME 1 MACTO HA NPOREXAAHE:

e Kypcwr ule ce npoeege B y4ebna 3ana wu
nabopatopun Ha TEPUTOPUATA Ha BUCLLMA UHCTUTYT
NO XPaHWTENHa W BKYCOBA MPOMWLLINEHOCT, fpag
Mnosams CbBMeCTHO ¢ fexaHara no COK, npu
AHeseH rpaduk ot 9 30 1o 16 30
Mbpso v3naHve Ha kypca - Maw 1997
Biopo usiuime va nypea  Oxiomspy 1997
Tpeto napaHue Ha kypca - dexkemspy 1997

K. YYEBHA NPOTPAMA.

10.

1.

12.

13

14,

15

16

Exepretuka n ekonorvs, npod a4t Cr [vues, 2
vaca

TexHYKO-NKOHOMUYECKY aCNEKT HA eHEPrMAHUTE
TexHonorvn, oy [ Pamudkos, 2 vaca

Ereprued oaur, ac E. leryes, 2 yaca
VIKOHOMUUECKE OUEHKA Ha NPOEKTH 3a
nonobpAsaHe Ha eHepPruiHATA 8hEKTMBHOCT,
waeHmMduUmMpany 8 eHepriuer ananna, M Pycanos,
2 Yaca

Buose [OroBopY 3a eHepruiHA yenyrv, ags 7.
Teoprues, 2 vyaca

MopoBpAsaHe Ha EHEPrUAHATA EPEKTVBHOCT Ha
ropvisHn cuctemu, goy a-p I Benues, 4 yaca
MapHu 1 KOHOEHSHW CUCTeMK, fou. A-D A
Emarywnos, 2 yaca

Tonno v cTyao nscnauwvy, Aoy a-p A Emanyvnos,
2 4aca

OTONMMTENHY 1 BEHTUNALIMOHHY CUCTEMW, JOL. A-P
M MwHues, 4 vaca

Cvictemn 3a knuMaTnanpade Ha Bb3flyxa, rn ac H
Aurenos, 3 Yaca

EHepriHa edekivBHOCT Ha XNaawHX 1
TEPMONOMNEHW nHCTanaumn, npod ATH Cr
Huyee, 4 yaca

OnTuMnaupaHe epeKTMBHOCTTA Ha TONNOOBMEHHIA
anapam, oy, g-p I Pavukos, 2 yaca

CwucTemin 38 CreCTABaHE Ha Bb3ayx, A0Y A-p M
Anrenos, 3 1aca

MNopobpsABaHe Ha eHeprMHATA SR TMBHOCT Ha
XAAPABNVNHN CUCTEMI 33 33ABUKBAHE U
YNPaBnEHWE Ha MALLIMHI 11 CbOPBXKEHNUA, 10U A-P
T Hwvkonos, 2 vaca

MNonobpsABaxe Ha eHEPrNAHATA SR TMBHOCT

Ha enekTpoasurateni k TpaHchopMaTopn, M ac
o-p I HOwnkos, . ac. N Koctaguosa, 5 Yaca
MonobpAasaHe eHepriHaTa ebekTVBHOCT Ha
QCBETATENHW uHCTanauwm, a-p H Mpyes/vrix 1
RaHrenos, 2 yaca

Ponaia na crcieMmuie 3a asioMaim o yiipasneHne
npw NogobPABaHE EHEPMMIAHATA EPERTUBHOCT,
ooy a-p Vs [iparotunos, 4 Haca

18 ViHterpypaxu CUCTemmn 3a eHeprueH MEeHNIMKMBHT,
ac E leHyes, 34aca
19 [MNpaxktuecku 3aHaTHA
Motema 3, acn. MNambpes, 14ac
Motema 6, goy I Benues, 3uaca
Mo tema 10, m ac. H Axrenos, 3 yaca
MNotema 14, m ac. T [uHkos,
N KocraauHosa, 3 vaca
Mo tema 18, ar. E TerHues, 2 vaca

CrCTasuteny Ha nporpamara

1wk B Metkos, Mpepcenaren Ha AEVIBN
2 npod aT1H. C1 [lnves, unex Ha AEVBT
3 pou o-p Ve [IparowvHos, uneH Ha AEVBN

PwKoBOACTBO Ha kypca:

1. Mermmxep Ha Kypca: uk B Metkos, MBA, CEM - AEVBN
Ten. (032) 455 505

2 HayueH pbroBOMTEN Ha Kypca

npod gTH C1 Oudes - AEVBI, Ten (032) 437 841

3 OtrosopHYK Ha kypca. fou A4-p Emaryrnos - BAXBI,

Ten (032) 44 181 - 250

3abenexka:
1 3a noseve MHGOPMALIMA 1 3aABKM 38 YHACTAG B KyPCa,
NOM3yBanTe 1 TeNehOHTE NOCONEHY 33 PEKOBOACTEO Ha

Kypca

2 B Bepele wWe Bupar opraqvsmparin MOaynHK Kypeose (No
OTAENHA LANPABNeHMA 1 obnacv)



POWER ENGINEERING AND ECOLOGY
Prof. Stefan Ditchev, PhD
Summary

Power engineering is a basis for normal functioning of modern industry,
but at the same time it is necessary to preserve nature in order to secure
normal life conditions on our planet. In this aspect every power engineering
technology should be evaluated not only from technical and economical
point of view, but also from ecological.

The lecture covers the following topics:

1. Distribution of the energy sources for electricity generation in
Bulgaria.

Nuclear Power Thermo- Thermo- Hydro-
Stations Electric Electric Electric
Power Power Power Station
Stations with  Stations with
Local Coal Imported
Coal
Installed 38 % 25 % 17 % 20 %
Capacity
Electricity 45 % 41 % 9% 5%
Produced in
1994

2. Emissions of harmful substances ( dust, SO, NOy, CO2) in the
atmosphere from recent and future power generation in Bulgaria. For
instance, the emissions of CO7 from the total electric power generation in
Bulgaria in 1990 were 19.2 x 106 tons, while in 1994 they were 16.6 x 100
tons. The CO» emissions per 1 kW electricity generation with 0.33 system
efficiency ratio for different kinds of fuels are: 1.14 kg CO2/kWh for coal;
0.96 kg CO2/kWh for oil; 0.58 kg CO»/kWh for natural gas; 0 kg CO2/kWh
for hydro-, nuclear and solar energy.

3. Tendencies in the development of energy generation in Bulgaria , as
priority will be given to the development of energy sources that do not emit



harmful gases as SOp, NOx and CO7 ( i. e . water, nuclear reactions, winds
and tides, geothermal sources and solar radiation).

4. Environmental pollution that results from energy production and
consumption an the global warming ( greenhouse effect).

Special attention is paid to the negative effects of some working fluids (
halogenated refrigerants ) of certain power- consuming and/or power-
generating systems such as refrigeration, air- conditioning and heat- pump
equipment on the ozone layer. There are two basic measures for the
ecological effect of certain refrigerant:

- Global Warming Potential ( GWP );

- Ozone Depletion Potential ( ODP );

Supplements:

N 1 - Diagram exhibiting the relative parts of the different energy
generation technologies and capacities in Bulgaria.

N 2 - Tables and diagrams of the emissions of harmful substances ( dust,
SO», NOy, CO») in the atmosphere from the energy generating capacities.

N 3 - Table of the values of the Ozone Depletion Potential and Global
Warming Potential.



TECHNOLOGICAL AND ECONOMICAL ASPECTS OF ENERGY
TECHNOLOGIES

Assoc. Prof. Georgi Raitchkov, PhD

The quantity of the energy used by man and society is a criteria for their
standard of living. The increasing energy consumption that leads to
increasing energy production leads to serious technological, economical,
ecological, social and geopolitical problems.

The efficiency of the modern energy technologies is the basic
technological and economical problem.

ENERGY TECHNOLOGY

Every set of energy conversion, energy transfer and concomitant
secondary processes and technological systems that makes it possible to
utilize the energy of a certain energy source. An example: Structure
diagrams of energy technology for electricity generation from organic fuel-
figures 1.1 and 1.2.

QUALITY OF THE DIFFERENT KINDS OF ENERGY

The quality of certain kind of energy is determined by the degree of its
transformation in mechanical or electrical energy when the necessary
conditions exist. The mechanical and electrical energy are of high quality.
The quality of heat depends on the temperatures of the hot and the cold
sources. The degree of transformation of the heat into mechanical work in
the Carnot cycle is given in figure 1.3.

EFFICIENCY OF THE ENERGY CONVERSION PROCESSES AND
TECHNOLOGIES

Every process of energy conversion, transition and transfer lead to
energy losses. These losses depend on the type of the energy conversion
process and on the process conditions. Increasing of the technical level of
the systems and improving the process organization are the human factors
that lead to improving the energy efficiency.

CONSUMERS play a significant part in increasing the overall
efficiency of the energy technologies. The losses in all steps of energy
conversion and energy transfer for a given activity are pointed out on figure
1.4. The most important CONCLUSIONS are: The energy that is used is
only a small part of the primary energy of the source and that makes
necessary to fulfill the following tasks:



1. Proper assessment of the perspectives, yields, processing and
transportation;

2. Choosing an efficient energy conversion and transfer systems and
technologies;

3. Optimal parameters of the consumers.

SOME POSSIBILITIES FOR INCREASING THE UTILIZATION
EFFICIENCY OF THE HEAT SOURCES.

The following energy technologies for heat supply are analyzed and
compared: direct fuel combustion; heat supply from a steam- power station;
heat supply with a heat- pump; combined system of heat supply (figure 1.5).
CONCLUSION: Every system has its relative priorities and disadvantages
and the choice of a certain system should be made according to the specific
conditions and requirements.

ECONOMIC EFFICIENCY OF THE NATIONAL ENERGETIC
COMPLEX OF BULGARIA - current state; tendencies and perspectives.



Lecture No 3

Energy Audit Definition

An energy audit is a report to management that identifies a plan of action to
reduce energy cost.

An energy audit is the second step in a total energy management program:

1. The company’s top management must make a commitment to reduce energy
costs for a program to succeed.

2. Experts work together with company staff carry out an energy audit to analyze
energy usage and costs, to identify ideas for energy saving projects, to analyze
the costs and benefits of these ideas, and to develop an action plan to reduce
costs.

3. Financing is arranged and the action are implemented to achieve
improvements.

4. The company adopts a continuous energy management system, monitoring

energy usage and costs, conducting follow-up energy audits, identifying and
implementing additional improvements.

Energy Audit Objectives

1. Provide management with better information concerning energy use and
energy costs.

2. Develop an improved energy management system.
3. Identify energy conservation opportunities (ESCo)
4. Achieve real savings during the audit.

5. Develop action plan for implementation.

6. Win management commitment for implementation

Energy Audit Meeting The Objectives
A2
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. Provide management with better information on:

Energy use

Energy costs

Energy as a function of production

Energy as a function of other factors

Waste of energy (losses, leaks)

Efficiency of key equipment

Equipment reliability & energy loss impact

Energy cost of equipment operations and downtime

Model of the plant energy characteristics
Baseline of plant energy performance
Simulation of process design

Energy Audit Meeting The Objectives
2. Develop an improved energy management system

Energy department in the broader organizational structure
relationship to production department
relationship to maintenance department

Organization of the energy department itself

Allocation of responsibility for energy efficiency

Setting up energy teams

Management report designs and reporting methods

Role of computerization

Metering and other instrumentation needs

Feedback system for motivation

Energy Audit Meeting The Objectives
3. Identify energy conservation opportunities (ECOs)
By interviewing plant staff

directors

managers

process engineers
shift supervisors
equipment operators



maintenance mechanics and electricians
janitors

By inspecting facilities
during normal working hours
during nights and weekends
By testing and measurement, using
existing plant instruments
portable energy monitoring instruments
additional fixed instruments
By analyzing data

By experience

By research

Energy Audit Meeting The Objectives

4. Implement operations & maintenance ECOs as they are identified to achieve
real energy savings during the audit

combustion excess air adjustment

combustion burner adjustments

electric motor loads

filter maintenance

cleaning and lubrication

speed reduction

repairing leaks

help institute changes to energy management and reporting systems

form energy efficiency teams

|~



Energy Audit Meeting The Objectives

5. Develop action plan for implementation
Rank ECOs and select projects based on:
economic performance
funding available
other constrains

Identify financing
internal sources, such as energy budget
loans from banks and other external sources
third party investors

Develop implementation schedule

ranking of projects

scheduling of projects based on ranking, funding availability and

technical factors

Energy Audit Meeting The Objectives

6. Win management commitment for implementation
Making contacts
Good communication
Effective written report
Effective oral report

Doing your homework



Negotiation and persuasion

Energy Audit Reports

1. Executive summery

Brief introduction

Key findings on energy use and efficiency
Documentation of energy savings achieved during the audit
Action plan

2. Introduction

Description of plant and scope of audit
Description of audit activities

3. Energy data analysis

Historical energy database

Historical energy graphical analysis
Energy intensity

Equipment database

Energy balance

Energy costs

Reliability analysis

Plant energy model

Energy Audit Reports



4. Energy management action plan

Introduction
Listing of ECOs
Financing plan
Implementation schedule
5. Details of recommendation, description of each ECO
Name and number of ECO, location affected
Findings on existing conditions
Description of recommended action
Analysis of ECOs costs and benefits (inventory level, not full feasibility study)
expected energy efficiency results
estimate of costs
cost-benefit analysis

Risk and other possible effects

Schedule for implementation
Technical data on equipment required
Ranking of ECOs based on economical criteria

Action plan

Energy Audit Scope



The scope of an energy audit | determined by the customer’s willingness to pay
for the information.

Lower limit

Scope can be defined across two dimensions, giving six possible levels of cost:
Level of detail of analysis

Walk-through audit

Mini-audit

Maxi-audit

Extent of plant covered

Focused audit
Comprehensive audit

Energy Audit Quality

The main factors which determine the quality of an energy audit are:
1. experience and expertise of the energy audit team

2. scope of audit

3. instrumentation available

4. degree of support and cooperation from the company being audited
The quality of an energy audit is shown by:

1. cost reduction

2. energy savings identified

3. number of ECOs identified

4. degree of detail in ECO recommendations



5. actual energy saved during the audit

8. clear, logical presentation of information in useful format

Energy Audit Data Collection

1. Source of data

3. Historical data periods

Long-term data

4. Historical data selected for collection
Production for all products

Energy consumption....

Energy generation....

Submetered energy consumption
Measures of reliability

Instrument reading data....

Energy Audit Database Development

Databases and data analysis can help identify ECOs

17



Depending on the scope, various databases, tables or graphs may be developed
for energy-related information, such as:

Historical long-term trend data
Historical short-term data, scatter diagrams
Reliability data
Plant and progress design data
Equipment inventory and design specs
Energy balance for:

Peak steam demand

Steam consumption

Fuel usage

Peak electrical demand

Electrical energy consumption

Process modeling and simulation

Statistical regression models

Energy Audit Data Analysis

Results Desired Database(s) Analysis Required



Lecture No 4
Energy efficiency project finance

Minko Russalov, MBA

1. Understanding project finance

The project financing related to energy efficiency is similar to any other capital
decision and evaluation process. The key to successfully evaluating the financing
decisions are to:

understand the cost of capital

understand the cashflows of projects

understand the basic evaluation techniques to determine project viability
understand the types of resources available to fund the project

Although project finance provides the tools and means for evaluating he economic
viability of a project, it is important to recognize that all of the financial analysis is
founded on the accuracy of the savings estimates generated by the energy efficiency
engineers and the associated baseline cost analysis coordinated with the entities
management, accounting and finance group.

Cost of Capital

Capital represents the funds used to finance an organization assets and operations.

In a market economy capital can be generated from a variety of sources including
both short and long term debt, equity. The cost to acquire these funds is referred to as
the cost of capital. In financing a project the most common resource of capital will be
the cost of debt. The cost of capital represents the minimum return required to ensure
the creation of wealth to the organization. From an analysis perspective, the cost of
capital should be used as the discount factor when evaluating the net present value of
a project.

Project Cash Flows

A project cash flow analysis is critical in evaluating the viability of the project.
Developing the cash flow analysis is more of an art than an exact science. In any
energy savings project the analysis should result in a table such as the following:

Year Program Cost  Energy Operation& Net Savings
Savings Maintanace.
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Savings

1997 (XXX, XXX.XX) XX, XXX XX, XXX XX, XXX

1998 0 XX, XXX XX, XXX XX, XXX

1999 0 XX, XXX XX, XXX XX, XXX

The program cost represents the cost of the energy efficiency project. The energy
savings is the amount of savings anticipated as a result of implementing the project.
These numbers include direct savings such as reduced energy bills. The O&M
figures are estimates of reduced costs associated with operating and maintaining the
equipment. These generally include reduced repair costs and potentially reduced
labor costs and increased productivity.

[n calculating the cash flow estimates the energy savings will include an energy price
escalation factor. This variable is typically included as an increase in the estimated
cost of energy in the future. Be wary of these escalation factors since the higher the
escalation the higher the anticipated savings. In the current situation in Bulgaria you
have to account for inflation and a decrease in energy subsidies so that escalation
factors is correctly estimated.

The cash flow analysis serves as the input for the financial evaluation such as the net
present value analysis below. Overall, the cash flow analysis is very subjective. It is
recommended that as part of any analysis, a range of potential savings should be
estimated. These estimates should be altered by calculating a variety of scenarios. As
a rule of thumb it is important to evaluate the probability of the projections from those
that may be considered a best case scenario to those that are the most conservative
scenario.

2. Evaluation of Project Viability

In evaluating an energy efficiency investment the project should be evaluated to
determine if it will provide an adequate return on the investment while at the same
time meet existing and future cash flow requirements. There are a variety of
measures to analyze a project with the most common being the Simple Payback
Period, Net Present Value, and Internal Rate of Return. On a typical project analysis
all three methods are recommended to be used since they provide different financial
measures about the project.

The_Simple Payback is a measure of the expected number of years required to
recover the original investment in the project. This method should be used in
conjunction with the others. It is limiting in that it ignores the time value of money. It
provides an indication of the project’s risk and liquidity since it outlines how long the
capital is at risk. The longer the payback period the riskier the project.

The net present value is found by discounting all cash flows (positive and negative) at
the projects cost of capital and then summing those cash flows. The project is viable if
the NPV is positive. This is generally considered the best evaluation tool since it

3
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utilizes the time value of money and provides a measure in current dollars of the
estimated economic value of the project. The effectiveness of the evaluation is driven
by a thorough understanding of the discount factor being used and the accuracy of
savings estimates.

The internal rate of return (IRR) is defined as the discount rate which forces the
present value of the project’s future cash inflows to equal the present value of the
project’s outflows. The accuracy of the IRR calculation can be tested by using IRR as
the discount rate used in NPV calculation. If the IRR is accurate the NPV will equal
zero. When evaluating projects with leases IRR calculations typically are not
applicable since leases typically result in all positive cash flows.

The valuation methods described, are designed to provide a background of the most
common techniques used in evaluating the economic viability of many different types
of projects. In practice, care must be taken to understand the mechanics of the
valuation since it is easy to manipulate any set of numbers to make a project look
good when in reality it may not be.

Financing Resources
As part of the evaluation process, a key consideration will be the financing options.
There are a variety of methods of financing an energy savings projects:

Commercial bank borrowing - extremely difficult in Bulgaria

Own funds - restricted availability

Endowments

Fund Raising - foreign aid agencies

Leasing and vendor financing - limited availability

Shared savings contracting - energy end users are not familiar with it so very
suspicious.

With financing decisions there is no one correct and best method of financing. Each
decision should be evaluated based on the econonomics of the energy efficiency
project. Considerations should be given to the cash flow expectations.



INCREASING THE ENERGY EFFICIENCY OF THE COMBUSTION
SYSTEMS

Assoc. Prof. G. Valtchev, PhD

OPTIMIZATION OF THE AIR FLOWRATE

In combustion systems usually organic fuels are used, and they can be
solids, liquids or gases. Their chemical energy is transformed to heat due to
reactions between oxygen and the burning substances- carbon, hydrogen
and sulphur for solid and liquid fuels, hydrocarbons (C,Hyy,), hydrogen
sulphide and carbon oxide for gaseous fuels.

During complete oxidation of carbon to carbon dioxide 35 615 kJ/kg
heat is released, and during incomplete oxidation to carbon monoxide
10 080 kJ/kg heat is released. During oxidation of hydrogen 142 124 kJ/kg
heat is released if the water that is formed is in liquid state, and 118 666
kJ/kg heat is released if steam is formed. During burning of 1 kg sulphur
9050 kJ/kg heat is released. Very important for the complete oxidation is the
amount of air that carries the oxygen that is necessary for the process. The
theoretical quantity of oxygen (and air) is determined by the stoichiometry
of the combustion process. In practice for complete combustion more air is
fed into the system, and this quantity is determined by the excess air
coefficient.

The real quality of air influences the heat losses from incomplete
combustion as well as the losses from the flue gases. The presence of
products of incomplete combustion in the flue gases causes heat losses
which are 12 600 kJ/m3 for carbon monoxide, 11 190 kJ/m3 for hydrogen
and 3 570 kJ/m3 for methane. If an excess of air is available, then losses
from incomplete oxidation diminish, but the heat losses with the flue gases
increase. That is why an optimum value should be found. The air flow is
controlled either with valves and depends on the quantity of the fuel that is
fed to the burning chamber, or with variation in the rotation speed of the
motor of the fan.

FLUE GASES TEMPERATURE CONTROL
Combustion temperature- influences significantly the formation of
nitrogen oxides. High temperature favors their formation. It is necessary to
comply with the regulations for release of hazardous substances in the
atmosphere.
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Temperature of the flue gases- The prescriptive temperature when
burning solid fuels lies in the interval 110-180 °C; and when burning fuel
oil and natural gas, the values are given in table 1.

Table 1.
Fuel Temperature of
the flue gas,
°C
Fuel oil with high sulphur content ( $>2.0 % ) 150 -160
Fuel oil with normal sulphur content ( 0.5<S8<2.0 % ) 130 - 140
Fuel oil with low sulphur content ( $<0.5 % ) 110 -120
Natural gas 110-120

The lower temperatures of the flue gases refer to energy systems that use
low sulphur content fuel, while the higher temperatures refer to energy
svstems with lower capacities and higher sulphur content. The decrease of
the flue gas temperature requires bigger capital investments due to the
increased heat exchange surface. Due to temperature decrease the dew point
temperature may be reached, and that may cause the condensed water to
react with the sulphur trioxide and form sulphuric acids. This leads to
corrosion of the metal surfaces. The increase of the flue gas temperature
decreases the system's efficiency, but also decreases the required capital
investments. Contamination of the heat transfer surface impedes the heat
exchange and thus increases the flue gas temperature. The temperature of
the flue gases should be determined by a technical and economical analysis.
Fig. 1 reveals the interval of the optimum flue gas temperature.

COMBUSTION SYSTEM EFFICIENCY

An energy balance have to be done for every combustion system. This
balance is based on the law of conservation of energy. According to this law
the sum of the incoming energy in the combustion systems in the form of
heat equals the outgoing. The outgoing energy is divided in two parts- one
of them is that helps to achieve the purpose of the process and the other is
that diverts from that purpose. The results of this balance help in carrying
out a profound technical and economical analysis.

The energy balance helps to determine the quality of heat transferred
from the combustion products to the heat transfer surface. If the heat flow
calculations are performed for the design of a new combustion system, they
are called "design calculations", and if their goal is to examine an existing
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system, they are called " examination calculations". An examination energy
balance is performed when it is necessary to determine the temperatures and
the velocities of the flue gases in the ducts and those of the working fluid
(steam, water or air) for regimes that differ from the design regimes. This
balance is always done when a transition to another kind of fuel or either a
reconstruction of the combustion chamber or of the heat transfer surface is
done, and afterwards the necessary heat transfer surface is determined. The
examination calculations are performed in the same scheme as the design
ones until the fuel consumption and the efficiency of the system are
computed. When the heat transfer surface is determined, an iterative method
is used, as the temperatures of the air entering the combustion chamber and
of the flue gases are assigned.

WAYS FOR INCREASING THE EFFICIENCY

Research on combustion system efficiency reveals that the flue gases
give best opportunities for its improvement. Systems with contact
economizers exist, and their purpose is to utilize the flue gas heat for
warming of water. They can be very useful for boilers that use natural gas.
The temperature of the water can reach 63 °C. The diagram of flue gas heat
utilization system for KIM12 boilers, installed in Plovdiv is shown on figure
2. It is designed by a team lead by Prof. D.Sc. N. Kolev. Not only a high
level of heat utilization , but also small hydraulic resistance and decrease of
hazardous gas emissions are achieved.

An additional water spraying device can be mounted to the installation
for water cooling. The cooling if done with air that increases its temperature
and moisture content before entering the combustion chamber. Figure 3
reveals the real efficiency of the KM12 boiler according to the gas
consumption without heat utilization and water spraying (curve 1); with
heat utilization but without spraying (curve 2). The curves illustrating the
efficiency as a function of the fuel consumption when the installation works
with heat utilization and water spraying, and for air temperatures equal to
35°C, 40°C and 45°C after spraying are listed.

For energy efficiency improvement of heating installations the low
temperature boilers produced by VIESSMANN - Germany can be used. The
company offers oil- and gas- boilers with multi-layer corrosion- resistant
heat transfer surfaces ranging from 70 to 1 750 kW. They use the latent heat
of condensation of steam from the flue gases. Their efficiency reaches as
high as 96 %.



AUTOMATIC COMBUSTION CONTROL

In modern combustion systems the control of the combustion is
performed by a computer. The existing software uses the stoichiometry of
the process to compute the minimum amount of oxygen and air for
complete oxidation of the combustible elements. The air flow is controlled
according to the fuel consumption. The quality of oxygen and carbon
monoxide in the flue gases is monitored and the air flow is regulated. Figure
3 lists the data received from computations performed for the KM12 boiler,
and figure 4 reveals the relationship between the volume of the flue gases
and the energy consumption.

The water boilers use computer control units for automatic regulation as

a function of the ambient temperature, with daily and weekly programs,
produced by VIESSMANN.

BLOWING THROUGH THE BOILERS

During warming of water on the surfaces of the heat exchangers a hard
film that consists of crystals of calcium, magnesium and silicon salts is
formed, and it is called "scale". It is a bad thermal conductor and the
thickness of the scale in the different parts of the heat exchanger is different
and that may lead to superheating and accidents. The scale decreases the
efficiency of the heat transfer surfaces. From fig. 5 it can be seen that 1 mm
of scale increases the energy consumption by 8 %. In order to prevent
scaling, different methods of water treatment exist-thermal (destillation),
chemical, mechanical and water softening . Blowing of the boiler aims to
remove the sediments from the lowest parts of the boiler and to preserve the
constant salt content of the water in the boiler, which impedes the scale
forming, foaming and removing the salts by the steam.

The scale formation can be prevented with the use of the substance
called "HYDRO-X", produced by "HYDRO-X S/A". It is used for water
treatment for industrial installations and has four basic characteristics:

1. Softens water and regulates the total salts content and the alkalinity;

2. Continuously cleans the scale;

3. Prevents corrosion;

4. Impedes foaming and facilitates clean steam production for food
treatment.



Magnetic water treatment is also used in industry. A device called
"ABROT-91" is offered by a Bulgarian company called ECOTECHNIKA
Ltd. The magnetic field influences the crystal structure of the scale forming.
As a result the scale structure becomes loose instead of hard and falls down
from the heat exchange surfaces in the form of slime that is removed from
the system with the blowing. Fig. 6 reveals the iron content in industrial
condensate before and after magnetic treatment with the "ABROT-91"
device.

INFLUENCE OF THE EXPLOITATION AND MAINTENANCE ON THE
ENERGY EFFICIENCY

The proper exploitation of the combustion systems influence
significantly the energy efficiency. Pollution of the heat exchange surfaces
is one of the reasons for diminishing the efficiency. It can be both on the
flue gas side and on the working fluid side, and it increases the flue gas
temperatures due to the insufficient heat transfer. If this increase is 12 °C, it
leads to an increase in flue gas losses by 1 %. The normal exploitation of
the combustion systems requires a recurrent cleaning of the heat transfer
surfaces, blowing through the boilers, continuous control both on the
process of combustion and on the working fluid. If a transition from one to
another fuel is made or a repair is done, an energy balance of the equipment
should be done.

For corrosion prevention the norms for exploitation are to be followed,
and the quality of the water should be continuously monitored.

APPENDIX:

Fig. 1. Choosing the optimum flue gas temperature.

Fig. 2. Simplified diagram of the flue gas heat utilization unit for KM12
boilers.

Fig. 3. Computational data of the KM12 boiler.

Fig. 4. Relation between the volume of the flue gases and the energy
consumption of the boiler.

Fig. 5. Relation between the scale thickness and energy consumption.



HEAT AND COLD INSULATION
Assoc. Prof. Angel Emanuilov, PhD

Insulating the pipelines and the industrial equipment is an important
step that leads to energy savings.

Definitions and Concepts

Insulating the pipelines and the apparatuses helps in achieving one or all
of the following goals: decreasing the heat losses (or the heat flows);
creating safe conditions and technological parameters for carrying out of the
processes.

Insulating materials are considered to be all materials that have thermal
conductivity less than 0.2 W/(mK). these materials can be natural or
synthetic.

The most widely used insulating materials are glass wool, slag wool,
penopolyurethane, foam concrete etc., and in refrigeration expanded
polystyrene, foam concrete, penopolyurethane and foam plastic are used.

The requirements that the insulating materials have to fulfill are very
diverse and differ for heat insulation and cold insulation.

For heat insulation the most important are: low thermal conductivity,
high combustion temperature, strength, low price, etc. For cold insulation in
addition to the listed above the materials should have low vapor and water
permeability, which is achieved with a specific pore structure that consists
of closed pores.

The construction of the insulation is done on the spot over the
apparatuses and the pipelines, and together with the walls of the cold rooms.
The modern development leads to industrial manufacture of the insulating
elements- insulating panels, shell structures, etc. Some insulation materials
like penopolyurethane are placed in the prepared wall cavity, together with
a foaming agent and a curing agent. The plastic foams up and fills the
cavity, where the curing agent hardens it.

Special attention is paid to the reliability and the durability of the
insulating material.

Assessment of the Thermal Losses and Flows
The Thermal losses and flows are determined with the Heat Transfer
equations or measurements. The most often used conditions are:
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- specified thermal losses;

- specified or accepted surface temperature;

- specified temperature difference of the fluid on both ends of the pipes;

- quantity of the condensate in the steam line;

- location of the pipes- indoor or outdoor, on the ground or
underground;

- influence of the heat conducting elements in the construction;

- specification of surface temperatures that prevent water condensation.

The proper assessment of the thermal losses and flows directly concerns
the energy consumption.

Methods for Decreasing the Energy Losses

Priority is given to the optimal design and proper calculations of the
thickness of the insulation layer according to the working conditions.

It is rather more rational to determine the thickness of the insulation of
every element or section of a branched pipe system than to adopt an equal
insulation, which is often used in practice.

The applying of multi layer insulation gives very good results.

When it is necessary, a vapor and water insulation should be included.

A special attention should be paid to the decreasing of the thermal
bridges to a minimum when designing the insulation.

If it is possible, not only the equipment and the pipes but all accessible
elements of the pipeline should be insulated

Influence of the Exploitation and Maintenance on the Energy Efficiency

The periodical energy audit of the equipment is very important, and
steps should be taken to decrease the thermal losses.

The insulation should be monitored and repaired. Practice reveals that
greater part of the materials remain their quality for not more than 25-30
years. This is very important for refrigeration equipment insulation.

For longer and effective insulation performance it is necessary:

- Prevention of mechanical damages;

- Regular inspection and repair of the layer that covers the insulation;

- Prevention of damping and moisture leaks.

The faster detection of damages in the insulation and their repair leads
to minimizing the losses and directly effects the energy efficiency.



Note: Several schemes of insulation materials as well as some constructions
are included in the lecture.



Lecture No 9

Assoc. Prof. M. Minchev, PhD

7. Heating and Ventilation Systems.

Real assessment on basic factors having direct relation on energy efficiency has an
important significance in heating and ventilation systems design.

1. Design Standards.

The calculating parameters selecting have a relationship to the overall energy efficiency
in heating and ventilation systems, which impact on the capital and operation expenses.

2. Enhanced Energy Losses.

The energy losses are unavoidable for heat transmission systems, but the strategy in
this area must be oriented to their restriction through total expense minimisation.

3. Insufficient Systems Control.

These type of energy expenses in insufficient control systems are frequently
measurable with all remaining losses. These require a special attention on the problem, which is
actually the main care of the most leading companies in this area ( USA, Germany, France,
Denmark e.c.), as well and Bulgarian’s.

7.1. Standards for Design of Heating and Ventilation Installations ( Networks ).

The designing standards give an account of environmental specific features (climate),
building up of constructional fund, the rational creation of heating and ventilation installations
and maintenance of an economically efficient indoor microclimate.

1. Environment (fig.).

+ Calculation parameters for heating and ventilation systems - relation with capital

costs, operating expenses and energy efficiency.



¢ Calculation fuel consumption for a heating season.

2. Building envelope.

¢ Thermal resistance.

# outdoor airinfiltration

# Building envelope humidity mode.

3. Microclimate.

+ Human self-regulation mechanism.

# Indoor heat supply mechanism - convective and radiant.
7.2. Heating Systems.

1. Heating systems feature - efficiency, capital investments, energy losses, control

equipment and harmful emissions.

+ Individual heating.

+ Central heating.

+ District heating.

2. Main sources of energy losses.

# Inefficient process control in the heating plant and boiler houses.
+ Heat - transmission network losses.

& Heat exchanger and distribution losses.

¢ Consumers’ Losses.

7.3. Strategies for energy saving in the heating and ventilation systems.
1. Thermal resistance reduction of building envelope.

# Ceiling insulation.

+ Cavities and air cushion insulation.

& External insulation.



¢ Reflectors assembly behind radiators.

¢ Seasonal preparation and maintenance.

2. Infiltration air restriction.

3. Maintenance of an economically efficient microclimate.

+ 1 °C more costs 6 % more or 1 °C less saves 6 % of expenses (fig.1).

+ Variable temperature mode - nights and holidays cycles.

4. No motivation to consumer, as regards energy saving.

+ No energy metering and allocation to consumer.

+ No motivation ( legislative basis ) to follow a common interest (or no total energy
responsibility).

+ Unstable national energy resources price policy.

5. Heat exchange station losses restriction.

+ Imperfect control systems.

+ Operating problems with executive mechanisms ( regulating valves).

6. Losses restriction in supply systems for domestic (technological) hot water.

< Pipeline insulation.

+ Building ( where not available ) a recirculating pump line.

7. Operating and maintenance discipline.

+ Pipeline rehabilitation and equipment maintenance.

+ Loses restriction from systems draining.

8. Losses restriction in ventilation systems.

+ Fresh air limitation ( cold seasons ).

< Flow rate limitation in the systems.

¢ Heat losses decrease in the air duct.
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& Heat utilisation of outlet air.

7.4. Renewable and secondary energy sources. Combined systems for heating and hot

water supply.

1. Renewable energy sources.

¢ Geothermal water.

- low mineralized ( C,, < 10 mg/l).

- high mineralized ( C, = 10 mg/l ).

¢ Solar energy.

- Characteristics.

- Passive systems.

- Active systems.

- Combined systems ( uses two or more energy sources).
2. Secondary energy sources.

+ Secondary steam.

<+ condensates and high-potential streams.

+ Outlet (waste) gases.

3. Energy storage systems.

+ Nature.

¢ Regenerative and recuperative storage systems.

+ Water storage systems.

& Storage systems with filling (rock-bed-type storage systems).

7.5. Main equipment selection.
1. Basic rules in pumps selection. Hydraulic regime.

2. Heat exchangers optimal selections.

od



5
3. Basic rules for selecting ventillators. Operating coordination of consecutively and

parallelly connected ventillators. Noise level, sources and restriction approaches.
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AIR CONDITIONING SYSTEMS
Assoc. Prof. Nikola Angelov

The purposes for installing and operating an Air Conditioning (AC)
System are providing and maintaining prescribed air parameters, which are
not influenced by the outdoor air temperature or the working conditions in
the room. These systems require significant capital investment and
operating costs. The energy efficiency of the AC system depends on the
design concepts as well as on the proper functioning of the automatic
control system and on the proper exploitation.

1. Air Conditioning parameters

Properly chosen parameters for design calculations are the basic factors
that determine the energy efficiency of the AC System.

1.1 Outdoor air parameters- analyzing the influence of the outside air
conditions the energy costs. Climate data for long term assessments;

1.2 Indoor Air Quality (Appendix 1)- prescriptive temperatures;
Analysis of the micro climate parameters and the preciseness of the
automatic controls on the energy expenditures; Hygienic and technological
requirements for indoor air quality;

1.3 Prescriptive for the outside air flow.

2. Energy Assessment of the AC System

2.1 Assessment based on thermodynamic and energy balance;

2.2 Solutions for increasing the energy efficiency of the AC System
(Appendix 2);

- Optimal volumetric planning;

- Removing or correcting existing sources of indoor pollutants;

- Providing adequate and effective work of the AC System; its
components and the heating and cooling systems;

- Heat utilization in the AC System.

3. Energy optimization of the automatic control systems of the AC.

3.1 Automatic Control Systems of the AC;

3.2 Automatic devices and controls (Appendix 3);

3.3 Optimization of the automatic controls based on the optimal
regimes.

4. Influence of the exploitation of the AC System on its energy
efficiency

4.1 Exploitation discipline.



4.2 Technical measures for increasing the energy efficiency during the
exploitation of the AC System.

4.3 Testing the AC System in exploitation.
APPENDIX:
N 1 - Air parameters for comfort and technological AC.
N 2 - Design and technical solutions for increasing the energy efficiency of
the AC System.
N 3 - Schemes of AC System's automatic controls.
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ENERGY EFFICIENCY IN REFRIGERATION AND HEAT- PUMP
INSTALLATIONS
Prof. Stefan Ditchev, PhD
Summary

Refrigeration is widely used in modern industry- in agriculture and food
processing, refrigerated transport, petroleum and chemical industries,
medicine and construction.

Refrigeration equipment is energy consuming, as it is based on the
second law of thermodynamics.

Several refrigeration systems exist according to the power that is used to
carry out the cycle:

- Vapor compression cycles- use mechanical power;

- Heat - using cycles- absorption, steam- jet;

- Stream ( vortex ) cycles - use the power of streams and vortexes;

- Thermoelectric cycles- use electric power

The vapor compression cycles and the heat- using cycles are most often
used in modern refrigeration.

This lecture emphasizes on the energy efficiency in refrigeration
machines and installations, based on the vapor compression cycles.

The refrigeration cycles can be used both for chilling and heating. When
the refrigeration equipment is used for heating or for simultaneous heating
and chilling, it is called a heat- pump, and the installation that utilizes that
heat (or both heat and cold), it is called a heat- pump installation.

A. Refrigeration machines and installations

The lecture covers the fundamentals and the most widely used schemes
of vapor compression machines and installations (Appendix 1). The sources
and the reasons for energy losses are pointed out for these schemes, and the
ways for decreasing these losses are revealed. The ways for decreasing the
energy losses are elucidated both on design and maintenance stages (Table
1).

B. Heat- pump systems

In this lecture the heat- pump is examined as a step- up heat transformer
that gives opportunities for better low- potential heat recovery. The energy
deficiency that exists all over the world is the most important reason that
draws our attention to the usage of heat- pump installations as an energy-
saving source of heating or heating and cooling.
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In Appendix 2 a simplified line diagram of a heat- pump system is
given, as well as the theoretical heat- pump cycle , the coefficient of
performance (COP) and a simplified diagram of a heat- pump to be used
with different low potential heat sources.

The practical applications of the heat- pump are revealed, as well as
some of the latest trends in their development, and the different sources of
low potential heat are evaluated.

Appendix:

N 1 - Line diagrams of refrigeration machines and installations and the
influence of their arrangement on their energy efficiency.

N 2 - Functional diagram of heat- pump installation that can use
different sources of low potential heat.
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ENERGY LOSSES IN REFRIGERATION MACHINES AND INSTALLATIONS

Name of Object / Ahbreviation Source and reasons for energy losses Ways of decreasing the energy losses Notes
Element of the
Element
2 3 4 5 6
Compressor Ei +Energy losses due to compression; - Decreasing the compression ratio, o The energy lo
+ Energy losses due to friction - Securing normal lubrication of the work pairs of in the compre
the compressor depend on its
+Volumetric losses that lead to energy losses:
- losses due to the clearance; - proper compressor choice,
- losses due to throttling in the valves; - proper compressor choice;
- losses due to heat exchange in the cylinder; - proper choice and cooling of the compressor;
- losses due to valve leakage - maintaining the operating state of the compressor
Condenser Ei +Way of cooling: B The type of the
- water cooling - using water with lower temperature; condenser
- air cooling - choosing the right type of the condenser unit; determines the
- evaporative cooling - proper circulation regime of cooling water or air; energy costs as
- cooling with boiling refrigerant - proper choice of refrigerant and its evaporating as the condensi
temperature temperature an
+ State of the heat-exchange surface (greater heat pressure
resistance):
- pollution on the side of the cooling fluid; - cleaning the outer surface from corrosion, fouling,
duckweed dust, elc. .;
- pollution on the side of the refrigerant; - cleaning the inner surface from corrosion,
lubricant film, etc.;
- existence of temperature difference in the - decreasing the temperature difference to its
condenser. optimum limits.
Evaporator and/or E (IN) +Pollution of the heat- exchange surface and Frost forming i

cooling device

increase in the heat and hydraulic resistance:

- on the side of the refrigerant or the cooling liquid;

- cleaning the surface from corrosion, lubricant
film, etc.;

- on the side of the cooled fluid ( when a liquid is
cooled)

- cleaning the surface from corrosion and other
pollutants when cooling liquids.;

- on the side of the cooled fluid ( when air is
cooled)

- defrosting when cooling air

disaster for air
cooling device
it should be
prevented
effectively in o
to

decrease pow
consumption
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2 3 4 5 6
+ Existence of temperature difference in the - decreasing the temperature difference to its
evaporator or the cooling device. optimum limits.
Expansion valve Bl (BA) + Throttles the liquid refrigerant. Throttling is - subcooling of the liquid refrigerant before The degree of
(ODA) internally irreversible process that depends on the | throttling in water- cooled heat exchanger or subcoaling sh
kind of the refrigerant. internal heat exchanger. match the
irreversible lo
during throttlin
Refrigeration Machines | from fig.1.1. | ¢Working conditions and working range: The specific e
to fig. 1.4
- uneven heat loads - regulating the refrigeration capacity of the consumption
compressor and use of accumulators of cold depends on th
- temperature range between t; and t, - decreasing the temperature range work paramet
- compressiaon ratio, ¢ - compression ratio c<8 and the refrig
- high discharge pressure - should be kept lower
Refrigeration from fig.2.1. | ¢Working conditions: The chosen s
Installations to fig. 2.5 of cooling
- presence of air in the system; - removing of the air from the system; and the prope
- presence of lubricant oil film in the heat exchange | - draining the lubricating oil from the different units | exploitation
units; and removing the oil film from the inner surface of | influence stro
the evaporator with refrigerant vapors the energy
consumption

- Pollution of the heat exchangers’ surfaces (
increased heat and hydraulic resistance);

- cleaning of the heat exchange surfaces

+Cooling system:

- presence of temperature difference only in the
evaporatar,

- decreasing of the temperature difference

- presence of two temperature differences in the
evaporator and in the cooling devices with indirect
cooling

- decreasing of both temperature differences




OPTIMIZING THE EFFICIENCY OF HEAT EXCHANGERS
Assoc. Prof. Georgi Raitchkov, PhD

I. POSSIBLE PROBLEMS OF OPTIMIZATION:

1. Searching for an optimum construction of a determined type of heat
exchanger

2. Searching for an optimum work regime of a given heat exchanger.

3. Choice of the optimum dimensions from a series of heat exchangers of
one and the same type.

4. Optimization of a system of one or several heat exchangers and the
connecting elements.

II. COMPARISON OF HEAT EXCHANGERS:

1. Efficiency;

2. Energy coefficient;

3. Efficiency of unit's mass and volume utilization;
4. Efficiency of utilization of the heat source.
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III. POSSIBLE TECHNICAL SOLUTIONS AND RECOMMENDATIONS
for INCREASING THE HEAT EXCHANGERS' EFFICIENCY

1. Design aspects of heat exchange intensity:

- Pollution of the heat exchange surface. Recommendations to the designer
and the maintenance personnel;

- Unevenness of the velocity field. Reasons. Recommendations for removal
or decreasing of the unevenness;

- Shadow areas with inert fluids. Ways for removing them.

2. Hydro-dynamic aspects of the intensity of heat transfer.

- Optimum fluid velocities;

- Creating a turbulent flow and decreasing the thickness of the boundary
layer. Vibrations, rotations, increasing the roughness of the heat exchange
surface;

- Thin layer flow. Thin layer apparatuses;

- Flat passage flow. Plate apparatuses.

3. Thermophysical aspects of the heat exchange intensity and the efficiency
of the heat exchanger

- Movement of the fluid flows. Parallel flow, counter flow, mixed flow,
cross flow;

- Organization of the temperature regime. Optimum temperature difference;
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- Heat recovery of the heated fluid. Optimum recovery coefficient;

- Putting fins on the heat exchange surface. Optimal fins. Recommendations
for the choice of the form, dimensions and the material of the fins.
economic efficiency of finned water and air cooling devices.

IV. MODERN HIGHLY EFFECTIVE HEAT EXCHANGERS:

1. Pipe Apparatuses;

2. Plate apparatuses;

3. Compact apparatuses;

4. Heat exchange systems.



AIR COMPRESSION CYCLES
Assoc. Prof. Miltcho Angelov

1. Technological requirements for compressed air.

The design calculations, construction and exploitation of the
compressors are made with considering the real air properties. The air
properties determine the dimensions and the construction of the main units
and details of the compressor. The requirements for work with highly
inflammable gases, toxic gases, chemically active gases (that react with
oils) , as well as the work temperature should be taken into consideration.
The ambient pressure and the air filtration also influence the energy
efficiency.

2. Energy efficiency of the compressed air systems.

The energy efficiency of the compressed air systems is mainly
determined by the compressor parameters that should be maintained at
constant levels according to the technological requirements. According to
the values of these parameters the type of the compressor is determined. A
diagram that helps to determine the appropriate compressor type
(reciprocating, centrifugal, screw, rotary) according to the application is
given.

The power and the specific energy consumption for compression are the
main parameters for air compression system's efficiency. Two diagrams that
help to compare the specific energy consumption as a function of the
pressure and the specific energy consumption as a function of the flow- rate
are given.

3. Energy efficiency of the systems for automatic control of the
compressed air installations.

Modern compression units are equipped with automatic control systems
that maintain the necessary regime with low energy consumption. Two
diagrams of automatic pressure- and flow control are given, and a
comparison of their efficiency is made.

4. Influence of the exploitation an maintenance on the energy efficiency.



The compressor regulation is made in order to assure the necessary
parameters according to the consumers' demands for pressure and flow-
rate.

4.1 Regulating the turbo compressors and the axial compressors

It can be performed in one of the following ways

4.1.1 Throttling on the discharge line of the compressor. A diagram is
given that elucidates this type of regulation and the optimum regime choice.

4.1.2 Throttling on the suction line. A diagram reveals both the type of
regulation and the choice of an optimum regime ,avoiding dangerously low
pressures in the suction line.

4.1.3 Use of flow directing unit. It changes the energy of the flow
through its rotation and facilitates maintaining the necessary parameters.

4.1.4 Rotating the diffuser blades. This changes the compressor
characteristics.

4.1.5 Changing the rotation speed. This is simple and cheap, but requires
a variable speed drive. A diagram on this method is given.

4.2 Reciprocating compressors regulation

4.2.1 Regulation through variation of the rotation speed. Requires a
variable speed drive or a steam ( gas ) turbine.

4.2.2 Throttling on the suction line- The lower suction pressure
decreases the volume of the gas that enters the chambers.

4.2.3 Acting on the suction valve- a diagram is given that elucidates the
method.

4.2.4 Regulating through the clearance variation. An indicator diagram
is given for the different work conditions.

4.3 Analysis of the compressor performance with its indicator diagram.

Several types of indicator diagrams are included, and comparison
between their efficiencies is made with their help. Indicator diagrams can be
used for early diagnostics of the system ( valves performance, leaks ), and
thus the energy efficiency in every moment can be monitored.

i



INCREASING THE ENERGY EFFICIENCY OF HYDRAULIC
SYSTEMS FOR MACHINE DRIVES AND CONTROL UNITS

Assoc. Prof. Todor Nikolov

Due to a number of advantages hydraulic drives are modern devices for
mechanization and automation of the technological processes in industry.
They are widely used in construction, machine- building, transport, etc.
That is why the problem of their energy efficiency is a part of the energy
balance of every country.

It is known that the hydraulic systems have efficiency of approximately
50- 70 %, which is a significantly better performance that this of the similar
pneumatic systems. But compared with the mechanical and electric systems,
their efficiency is much lower. This gives opportunities to apply a number
of general and specific steps for increasing the energy efficiency of the
hydraulic systems during their design and exploitation.

In general, the energy that a system consumes equals the sum of the
work performed and its energy losses. So the most important problem in the
search for more efficient system performance is the application of new,
more energy- efficient technologies, with reduced force- and velocity
regimes, with lower energy consumption, which is possible in some of the
non-hydraulic drive systems. In most cases it is more possible to decrease
the energy losses than to change the system as a whole.

The total efficiency of the hydraulic systems is influenced by a lot of
factors, some of which are: pressure losses (hydraulic resistance); flow- rate
losses (the quality of the liquid discharged from the pump that is not used in
the hydraulic drives i. e. the internal and external leaks, etc.).

Here are some of the prescriptive which realization will increase the
efficiency of the hydraulic systems:

1. When designing a hydraulic system that consists of a single hydraulic
drive, the optimum case is when its velocity is controlled by a three-way
flow controller. In this case the pressure in the system adapts to the external
force that is applied to the drive.

2. If the system consists of more drives, then:

- volumetric instead of throttle control of the drive's velocity should be
preferred;

- a pump that allows flow control is to be used;



- a hydraulic accumulator should be attached to systems without flow
control pump and uneven Q-t diagram;

- usage of self- relief (of power N and flow- rate Q) pumps when the
drives are inert during a significant part of the total cycle, i.e. when Q is
equal to 0 and the value of the pressure P is not equal to 0 for applying the
power regime of the system;

- The parameters of the systems should be appropriately chosen. They
are: flow- rate, pressure, temperature, dimensions of the pipes and elements,
oil's viscosity, etc.;

- The elements should possess appropriate functional characteristics
(small hydraulic resistance);

- reliable seals for the movable and steady joints are to be used;

- bending of the pipes should be made in order to decrease their
hydraulic resistance.



IMPROVING THE ENERGY EFFICIENCY OF LIGHTING SYSTEMS
Dr. Nikola Gruev

The low power consumption is a major requirement in industry. With its
10% of the total electricity consumption artificial lighting is among the
greatest consumers in modern economy.

The design and exploitation of lighting instalations give a lot of
opportunities for energy savings without violating the norms for adequate
lighting.

- Steps can be taken to diminish the complexity of visional work and
thus decreasing the required light parameters ( superseding visional
information with another kind of information; simplifying the information
through its coding with color, symbol, form, etc.; optimization of the vision
angle; creating an appropriate color and brightness contrast between the
object and the background; optimization of the viewing duration, etc.)

- Proper distinction of the category and the sub category of visional
labor to prevent installing too much lighting capacity.

- Considering the complex impact of the quantitative and the
quantitative lighting parameters on the process of viewing, it is possible to
decrease the illumination (which requires increased energy consumption) to
a certain level by improving the other parameters such as lighting
uniformity, preventing direct and indirect glitter, etc.

- Giving prior