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NOTICE 

Thls report was prepared as an account of work sponsored by an agency of the 
United States Government Nelther the Unlted States Government nor any agency 
thereof, nor any of thelr employees, makes any warrantee, express or implled, or 
assumes any legal liablllty or responslblllty for the accuracy, completeness or 
usefulness of any information, apparatus, product or process disclosed, or represents 
that its use would not rnfrlnge privately owned rlghts Reference hereln to any speclfic 
commercial product, process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarlly constltute or imply its endorsement, recommendation, 
or favoring by the United States Government or any agency thereof The views and 
opinions of authors expressed hereln do not necessarlly state or reflect those of the 
Unlted States Government or any agency thereof 

Further, this work involves an evaluation of systems and processes In a country whlch 
employs assumptions and work methods slgnrf~cantly different from therr United States 
counterparts Whrle an attempt has been made to represent these systems, processes 
and work methods as accurately as possible, the budget for thls work IS Irmrted, and 
commensurate wfih conceptual work Follow-on work is requlred before large caprtal 
budget declslons can be made, therefore, the authors do not take responslb~llty for 
decisions which are based on the conceptual results presented in this study 
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EXECUTIVE SUMMARY 

This work was sponsored by the U S  Agency for International Development (AID), and 
under contract to the U S  Department of Energy (DOE), and performed by 
Gilbert/Cornmonwealth (G/C) G/C was assisted by four Czech subcontractors 
EGU Praha, Energoprojekt, RAEN, and Cityplan Pacific Northwest Laboratones (PNL) 
is responsible for integrating this supply-side work wth  the~r  demand-side effort 

The pnmary objective of this study is to deterrmne the most cost effective heat supply 
option(s) for the Plzen District Heating compames that meet the anticipated heat and 
steam demands, and the new ermssion regulations The G/C scope includes an analysis of 
the current supply-side situation of the district heating systems in Plzen, excludmg Skoda, 
who independently supplies heat to the Skvrnany area Recommendations for future 
ermssions compliance and potential expansion/upgrading of the exlsting systems are 
offered 

The pnmary basis for the supply-side work is a comprehensive study performed previously 
by Energoprojekt (EGP) A revlew by G/C found that the choice of variants by EGP was 
appropriate, the techmcal approach excellent, and the econormc analysis accounted for the 
Important vanables when combmed wth  sensitimty analyses However, since the EGP 
report was completed, many conditions have changed in the Czech Republic, requiring this 
re-assessment 

While the ~mtial focus of this study was the revlew of the 1991 Energoprojekt supply-side 
report, additional tasks performed are intended to provlde the City of Plzen wth  a stronger 
basis for decis~on malung 

Several key considerations influenced this study 

the need to reassess energy use patterns, 

the future of many of the 595 small boilers in light of pending 
enmronmental regulations, i e , their potential for retrofit, or retirement as 
their consumers connect to the Distnct Heating (DH) system, 

competitiveness of current and projected DH operating costs, 

economc inputs to the study in the context of a changing Czech economy, 
including the future pnce of fuels, especially imported natural gas, 
the relative capital cost of foreign vs domestic expenditures, 
the long-term cost of ermssions compliance, and 

the potential to expand the present centralized DH system to include the 
area served by Svetovar (1 e decision to complete Heat Line East 11) 
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The heat supply sources in the Plzen area can be categonzed into three groups, which were 
addressed in this study as follows 

Central heating plants 
The central heating plants are the focus of this study wth  special emphasis 
placed on CP Plzen, the cooperating sources, and the future of Heat 
Station Svetovar , 
Decentral~zed 595 small boilers 
The decentralized 595 small boilers were considered for efficiency 
improvement, ermssions reduction, and retirement (wth consumer 
connection to DH system), and 

Small home furnaces 
Small home furnaces emssions estimates were made without a detaled 
consideration for potential improvement of efficiency or emssions 

The followng sections summarize the findings of this study 

Current Centralized District H e a t ~ n ~  Sup~lv  Svstem 

Centralized DH is presently supplied to the City of Plzen by the followng sources 

Cogeneration Plant (CP) Plzen, wth collaborating sources Bory and peak 
source Kosutka, 

cooperating (wth CP Plzen) steam source, West Boheman Brewery Boiler 
House (Zapadoceske Pivovary), 

cooperating steam source (wth CP Plzen), Railway Maintenance Company 
Boiler House (Zos), 

independent hot water DH system Doubravka (Letna and Doubravka 
stations), 

independent hot water DH system Svetovar, and 

on the west side, Skoda Works, supplying large quantities of heat and steam 
to ~ t s  own production facilities, and heat to the habitat~on Skvrnany 

The Central DH system is the focus of tbs  study The relative location of these sources is 
shown schematically in Exhibit E-1, and described m Section 2 0 

Several of the existing boiler units are near the end of their useful life, especially in the 
older Independent DH systems (Doubravka and Svetovar) These boilers may soon need 
replacement, or significant upgrading W~th the onset of environmental regulations, a 
decision to invest capital in the upgrade, or to invest in a higher efficiency replacement 
plant w~ll soon be made This study offers a basis for this decision 
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Evaluation of Small Decentcallzed Sources 

In addition to the centralized supply, there are 595 small boilers which provlde a sigmficant 
contribution to local pollution The total capacity of these boilers is approximately the 
same as the central DH system, excluding Skoda The status of these boilers, their 
potential to improve efficiency and emssions, and potential to connect to the DH system 
are characterized in Section 3 0 of this study a 

A related study concluded that small cogeneration system retrofits are not econormcally 
vlable for these boilers, unless some special circumstance exlsts Further, it is concluded 
that small boiler consumers which have the possibility to be connected to the DH system, 
should do so, and that the City of Plzen should strongly encourage compliance wth  
enwonmental regulations among small boiler owners and provlde incentives to do so 

Finally, there are numerous small home furnaces wh~ch contribute sigruficantly to pollution 
in Plzen Some characterization of these furnaces was done ~n accounting for their 
emssions, but development of specific recommendations for improvement of these small 
uruts was outside the project scope The U S AID and DOE sponsored projects m Krakow 
should provlde a wealth of information on methods of improving small furnace technology 

The Revlsed Demand Assessment 

The demand projection was reassessed to include additional parameters, including 
conservation by exlsting consumers, population growth (mnlmal), comrnercial/mdustrial 
growth, and new DH consumers from the pool of 595 small boilers Resulting costs of 
operation, and therefore competitiveness of DH wth other energy sources, w11 depend 
heavlly on the realization of these forecasts In turn, a reduction in the cost of energy 
supply wll encourage new consumers to connect to the DH system The resulting supply 
costs will also have an impact on the incentive to conserve energy 

The range of projected total demand through the year 2010, as used in this study, is 
presented in Exhibit E-2 Variants were evaluated for both the high (expected) and low of 
this range Note that in the high demand projection, about 25% increase in current overall 
demand is expected over the study period Most of this increased demand is located on 
Heat L~nes South and East, and is attributed to anticipated connections of small boiler 
consumers Demand from exlsting consumers is expected to decrease through conservation 
efforts The low demand projection rises for the first few years, and then falls to its origmal 
level by 2010 

Technolow Review and Develo~ment of New Variants 

Based on the changes to the demand projections, and on other requirements, new/revlsed 
variants (options) were developed Variants consider the operating method and economcs 
included in a range of demand projections Improvement in system efficiency, summer 
operation, and reliabil~ty are considered The result is the expected "least cost" approach to 
meet the range of projected demands and the environmental regulations 
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Exhrbrt E-2 
TOTAL PUEN DISTRICT HEATING DEMAND PROJECTION (excluding Skvrnany area) 

Year 

~ l c j h  Demand North m ~ 1 9 h  Demand South H H I ~ ~  Demand East 

L o w  Demand North L o w  Demand South L o w  Demand East 
Note East demand lncludes area served by Letno Doubravka and Svetovar plants 

The vanants (options) considered in the Plzen analysis are mainly distinguished by the 
selection of the plant technology for CP Plzen IV The basic plant technologies selected 
for analysis as Plzen IV are a (1) Gas-Fired Gas Turbine Combined Cycle, and (2) a 
Circulating Fluidized Bed (CFB) boiler The variant narmng convention was selected to 
avoid confusion with the prevlous Energoprojekt designations Not all of the vanants were 
investigated by each company The table below characterizes each variant by the Plzen IV 
technology selection and the investigating company 

Not all vartants were tnvesttgated by each company The EGU and EGP analyses are presented In Sectton 7 0 and the G/C 
analys~s IS found In Sectlon 8 0 
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Description of Drstrnguishing Feature (Chowe of CP Plzen IV) 

Comblned cycle plant wlth two 60 9 MWe (ISO) Gas Turblnes 

Comblned cycle plant with one 60 9 MWe (ISO) Gas Turblne 

Comblned cycle plant wlth one 47 MWe (ISO) Gas Turbrne 

Cornb~ned cycle plant wlth one 90 MWe (ISO) Gas Turb~ne 

Cogeneration plant with one CFB bo~ler and a 32 MWe steam turblne 

Llfe extensron of exrstrng unlts and subsequent lntroductlon of a 
CFB boller wlth a 32 MWe steam turblne In 2003 

Variant 

A1 

A2 

A3 

A4 

61 

C1 

Investigator 

EGU 

EGU & G/C 

G/C 

EGP 

EGU & G/C 

G/C 
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A revlew of suitable technologies for the Plzen district heating systems resulted in a 
selection of technologies simlar to those originally investigated in the 1991 Energoprojekt 
study In the G/C study, emssions reduction/system upgrade technologies were 
qualitatively considered and screened, while the selected options were analyzed 
quantitatively Ermssions reduction technologies considered for district heating boilers 
include the followng 

Integrated Gasification Combined Cycle (IGCC), 

Fuel cells, 

Conventional Pulverized Coal Fired (PC-fired) wth  Flue Gas 
Desulfurization (FGD), 

Fluidized Bed Combustion (FBC), . Gas Turbine Combined Cycle (GTCC), 

Flue Gas Desulfurization (FGD) Retrofit, 

Duct Sorbent Injection (DSI), 

Gas Engine or Gas Turbine Repowering, 

Fuel Switching (including gas conversion), and - 
Baghouse for particulate cleanup 

The primary technologies selected for the study variants included FBC, GTCC, Fuel 
Swtching and Baghouse 

Two sigmficant findings resulting from the technology evaluation are 

1 Pressurized Fluidized Bed Combustion (PFBC) is a promsing technology to burn low 
grade, low cost indigenous fuels in district heating systems, and at a much higher 
electnc to heat ratio than conventional cogeneration systems Since PFBC is now 
reaching technical maturity, it could be available in a few years for wdespread 
commercial use Chooslng Vanant C1, which postpones a decision for increased 
capacity, could result in this additional optlon 

2 Duct Sorbent Injection (DSI) technology uses a lime slurry to capture SO2 wthin a 
flue gas duct, and is feasible for moderate levels of SO2 removal It provldes a vlable 
option to the fuel swtch for CP Plzen 11, in the case of potential problems caused by 
swtching to black coal While the fuel swtch is included in all of the investigated 
variants, DSI should not be elirmnated as a possible alternative 

G~lbert/Commonweatth, Inc November 1993 
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PLZEN DISTRICT HEATING SYSTEM STUDY 

As descnbed in Section 8 0, capital and operating costs developed for each vanant are 
based on vendor quotes, in-house experience, and engineering judgement Capital cost of 
all new equipment, and cost associated wth  retirement of units is included Maintenance 
costs were estimated according to avalable ZCE information, and projections were 
prorated by the age of each umt Fuel cost projections were based on current Czech prices, 
evaluation of remamng subsidies, and comparisons wth world pnces and trends 

In the G/C analysis, a simplified approach is used to "model" the system The performance 
of each studied plant is deterrmned, and then an annual stream of costs is developed for 
each vanant through the year 2010 

Each variant is then structured to meet a demand and energy forecast of hot water and 
steam The production of electricity is also considered Calculations performed by EGU 
and EGP were evaluated and compared for the common vanants investigated 

Comparisons of G/C results made wth  the results of EGU for Variant A2 and B1 showed 
that the G/C simplified approach ylelds results which are accurate in terms of fuel use On 
a relative basis, the comparisons appear to be valid 

Plant O ~ e r a t ~ n e  Charactenstlcs In the G/C model (Section 8 2), fuel usage to meet hot 
water and steam demands is deterrmned by charactenzing the ability of each umt to meet a 
given thermal demand for both steam and hot water on a delivery of heat (MWt) basis 
Generating umts are dispatched in the model in a prioritized order until demand and 
mmmum load cnteria are met The boiler duty is estimated as the sum of the steam duty, 
hot water duty, turbine power and heat rejected to the cooling tower This boiler duty is 
augmented by an operating factor to capture operational influences like startup, shutdown, 
and equipment degradation 

Some simpifylng assumptions were made to model each steam turbine to account for 
varylng extractions and steam flows A turbine curve was received from CP Plzen 
personnel for Plzen I1 Electnc production of each turbine component is based upon the 
exhaust flow of the turbine The performance data for the other turbines were based upon 
typical turbine efficiencies for the sizes of interest, a simple heat balance, and 
rmscellaneous support calculations 

Gas turbines are sigmficantly affected by ambient temperature, elevation and operating 
load As a result, developed performance data for the gas turbines of interest accounts for 
these major variables 

Econom~c Analvsls Several assumptions, found in Section 8 6, were made to support the 
economc analysis The primary tool for investigating the economc merit of each proposed 
variant is a spreadsheet model designed to simulate plant operations Avalable facilities 
are dispatched to meet steam and hot water demands in accordance wth  an established 
dispatching order 

-- 

Gclben/Commonwealrh, Inc November 1993 

-r \ 



PLZEN DISTRICT HEATING SYSTEM STUDY 

Cost streams associated wth fuel requirements to meet steam and hot water demands are 
developed along wth  revenue from electrical production in a step-by-step procedure As 
the result of model simulations performed for each variant (detad presented in 
Appendlx F), the cumulative present worth of projected operating and capital expenditures 
is presented 1n Exhibit E-3 and summarized below 

Total Operat~ng Present Worth Present Worth Internal 
& Capital Costs of Total Cost of Cost Savlngs Rate of Return 

Var~ant US $(OOO) US $(0001 vs Base Case on Cost Sav~nas 

C1 (Base Case) 266,422 137,991 Base Base 
A2 325,436 179,443 (41,452) Negat~ve 
A3 327 521 177 438 (39 477) Negat~ve 
B1 251,302 141,052 (3,061 ) 5 97% 

It is concluded that, gven the level of gas pnces, power sales revenues and capital costs 
anticipated, gas turbine variants (A2 and A3) are not cost competitive either urlth the 
FBC vanant (Bl) or the Base Case (Cl) representing FBC and life extension In terms of 
the cumulative present worth of projected costs, the Base Case (Cl) is superior to Variant 
B1 although results are wthin 2% 

The economc analysis of variants investigated by EGU and Energoprojekt (Al, A2,A4 and 
Bl), using quantities developed by EGU and EGP and economc assumptions consistent 
wth  G/C, is presented in Section 7 0 Generally, the variant which would be selected 
based on these calculations is B1, which is consistent G/C's results (EGU and EGP did not 
evaluate Variant C1, Life Extension) 

Sensltlvlty Analyses Several sensitivlty analyses were conducted, including the impact of 
lower demand, escalation, and then an "Indifference Analysis," which explores several 
parameters independently 

As presented in Section 8 6, the results of applylng the lower demand did not change the 
conclusions Another sensitivlty of removlng all escalation left the conclusions unchanged 

In the "Indifference Analysis," we have represented, for each major component of cost, the 
umt cost adjustment that would be required for the overall present worth of each respective 
variant to be equivalent to that of the Base Case (Cl) Exhibit E-4 indicates the magmtude 
of adjustments required under the assumption that all other cost components remain 
unchanged An indication of "NA" means that it is not possible to attan equilibrium 
through any logical adjustment of this factor in isolation 

An example of the use of this method is the adjustment of natural gas prices The exhibit 
shows that a 43% adjustment to gas prices would be needed to make Variant A3 and C1 
(Base) equivalent A simliar exercise can be conducted for other numbers on this table 

While negative adjustments of greater than 100% in total operating expenses would appear 
to be illogical, such expense totals include "expense credits" for excess power sales, which, if 
of sufficient magmtude could more than offset expenses othenvlse incurred 

Gtlben/Cornrnonwealth, Inc 
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November 1993 
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Exh~btt E-3 

SUMMARY OF ECONOMIC ANALYSIS RESULTS 

CUMULATIVE COST 1993 - 2010 $(000) 

CUMULATIVE PRESENT WORTH $(000) 

Elm 

PRESENT WORTH COST SAVINGS S(000) (Versus Base Case) m 

Nalural 
FUEL COST 

011 Lignite Black Total 
Gas Coal 

898 1 887 68 465 165 575 238 825 

222 345 8 741 27 429 146 989 405 504 

208 226 9 921 27 429 148 785 392 36 1 

4 170 1 982 98 647 134 078 238878 

C1 (Ease) 

A2 

A3 

B 1 

- 
57 020 

- 
79 033 

- 
70 020 

64 490 

FUEL COST 

Gas Coal - lnterchan~el Expenses Pe"a& 

BASE BASE BASE BASE BASE BASE BASE 

Net 
Power 

lnterchanqe 

(193 610) 

(298 270) 

(273 027) 

(222 61 1) 

Net 
Power 

lnterchanqe 

(95511) 

(146 346) 

(135081) 

(112 526) 

53 1 

97 495 

47 283 1 379 

4 E l I  Natural 

BASE I BASE I BASE /I BASE 

FUEL COST Net 
011 1 Llgnlte I Black I Total Power 

Fixed & 
Varlable 

Expenses 

79 158 

71 102 

70 790 

81 212 

F~xed & 
Var~able 

Ex~enses 

41360 

38 398 

38 283 

42 995 

011 

922 

4 732 

5 376 

982 

NOTE (1) Based on Cost Savings vs Base Case 

Fixed R 
Variable 

(39 447 2 0 )  1 
11 999 (3061) 

Sorbent Ash 
Removal & 
Penalties 

24 398 

10 031 

10 117 

31 573 

Sorbent Ash 
Removal R 
Penalties 

10 098 

4 923 

4 968 

14 300 

Lignite 

37 884 

23 695 

23695 

55 599 

Sorbent Ask 
Removal R 

Negative 

597% 

Malntenance 

62631 

58 037 

57 261 

57 759 

Maintenance 

30713 

290BO 

28835 

29 075 

Black 
Coal 

79771 

68 641 

69622 

61 966 

Total 

119108 

194 563 

168765 

119 928 

Total 
Operating 
Expenses 

209 401 

246 404 

257 502 

186 811 

Total 
Operating 
Ex~enses 

105768 

120818 

125771 

93 769 

Total Capltal 
& Operating 

Expenses 

266 422 

325 436 

327 521 

251 302 

Total Capital 
8 Operating 
Ex~enses 

137 991 

179 443 

177 438 

141 052 



Exhlblt E-4 
INDIFFERENCE ANALYSIS SUMMARY 

CUMULATIVE PRESENT WORTH $(000) 

(1 VARIANT /I %::: Il=i 011 I 
FUEL COST Net Ftxed & 1 Sorbent A d  

Llgnlte T - ~ l a c k  I Total Power I Var~able Removal 6 
I (Case) 1) Costs 1 Gas Coal lnterchanqe Expenses Penalbes 

FC1IBsss)1)32223/ 531 922 37 884 79 771 
119108 (95511) 41360 10 098 

ADJUSTMENT REQUIRED IN SPECIFIC COST ELEMENTS IN ORDER TO EQUATE 
CUMUUTIVE PRESENT WORTH OF THIS CASE WITH THAT OF THE BASE CASE 

Total Total Caprta 
Marntenance Operabng & Operabng 

Expenses Expenses 

NOTE (1) Adustment In Capltal Cost for alternative case only I e no corresponding adjustment In Base Case 
All other adjustments apply for both Base Case and Alternative Case 

ElEl Natural 
FUEL COST 

011 Llgnlte Black Total 
Gas Coal 

BASE BASE BASE 

-705% -428% N A N A 372 4% -54 9% 

A3 -76 3% -44 1% N A N A 388 7% -56 6% 

B1 -65% NA N A -17 3% 172% -3745% 

Net 
Power 

lnterchanqe 

BASE 

181 5% 

199 7% 

1180% 

Total Caplta 
& Operating 
Expenses 

BASE 

-231% 

-222% 

-2 2% 

Flxed & 
Varlable 

Expenses 

BASE 

N A 

N A 

-1871% 

Sorbent Ash 
Removal & 
Penalties 

BASE 

N A 

N A 

-728% 

Maintenance 

BASE 

N A 

N A 

186 9% 

Total 
Operating 
Expenses 

BASE 

-2791% 

-1972% 

25 5% 



PLZEN DISTRICT HEATING SYSTEM STUDY 

Financial Analvsis While sufficient information is not available to make a complete 
revlew of the financial consequences of alternative decisions regarding future operations of 
CP Plzen, some additional perspective may be gained from even a somewhat limted 
analysis 

The financial analysis results for Variant B1 are presented in Exhibit E-5 Also shown is an 
attempt to estabhsh some indication of the resulting cost of hot water, at least to the extent 
that it is impacted by prospective capital costs and operating expenses As noted, no 
reliable data were avalable for the inclusion of debt semce, if any, and remairung 
depreciation charges related to plants presently in semce In other respects, however, 
estimated hot water costs are derived by subtracting from total costs the costs directly 
attnbutable to, or allocated to steam delivenes Qualifying assumptions and conditions are 
presented in Sections 8 6 and 8 8 

The levelized cost of hot water as developed over the complete analysis period follows 
? 

Levelized Cost of Hot Water 
Variant $ U S /MWh kC/GJ 

While these costs are mcomplete, they represent a second useful measure of the relative 
ment of the vanants The relative level of costs is generally consistent wth economc 
analysis results Detailed data for vmants other than B1 are contained in Appendur F 

AS a comparison to the "costs" above, it is of interest to note the historical and projected 
pnce of heat for dwellings in Plzen as summarized below 

Cost of Hot Water for Dwellings 
Year $ U S / M W h  kC/GJ 

These values show a transition from pncing during the 1992-1993 heating season which was 
still subsidized/controlled, to actual market prices, expected to occur in 1935-96 For 
subsequent years the price of heat will reflect the escalation of the associated fuel costs 
(Reference Appendlx D, p 36 ) 

Care must be taken when makmg comparisons of these annual projected costs wth the 
levelized costs resulting from the G/C financial analysis, and in recogming that the 
developed costs are incomplete for the reasons previously stated However, a companson 
brings credibility to the costs which were independently developed by the G/C model 

~i~ben/Cornmonwea~tlr, Inc E-11 November 1993 / 
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VARIANT B 1  
Exh~b~t E-5 

PROJECTED FINANCIAL COSTS OF VARIANT 81 High Demand 

F I N A N C I A L  COST (000) (Includlna l n n a t l o n l  

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2- 2007 2008 2009 2 s  - - -  
A C C R U A L  BASIS (Exclusive o f  Interest Expense d any a n d  Depreciatnn Charges related to exlsttng plant (Productan Transmission D~slrlbulion et al) 

I Operat ing Fxpenses 
I Operation 6 Maintenance 5544 6 2 3 4  6 9 2 2  12534 16668 14 022 15 474 17 753 18 378 19485 20 703 22623 22290 28 447 24  795 26 337 28898 30477 
I Depreclat~on Expense 8 44 1 1 8 6  2 357 2 3 8 3  2397 2 412 2 428 2 430 2 432 2 6 6 6  2 9 1 2  2915 2 9 1 7  2 9 1 9  2 9 2 1  2 9 2 4  2926 

i Total Oparatlng Expenses 5 552 6 2 7 7  8 108 14 891 19049 16 419 17 885 20 181 20808 21 916 23 369 25 535 25205 31 364 27  713 29 258 31 822 33 403 
Interest Expense 9 57 1369 3 895 4 973 4 575 4 107 3 576 2 959 2 247 1 714 1 4 7 8  1330 1 2 0 3  1 0 6 8  924 769 600 
Equl ty Retbrn 9 9 55 1 3 7 9  2 735 2 787 2 784 2 803 2 823 2 825 2 828 3 121 3 428 3 432 3 434 3 437 3 440 3 443 

I Tolal  Expense 6 Return 5 570 6 3 4 4  9 532 20 166 26756 23 760 24 776 26 560 26 589 26989 27 912 30 133 29964 35 998 3 2  216 33619 36030 37 446 

I 

Income Tax Effect Q 45% 8 8 45 1 129 2 238 2264 2 278 2 293 2309 2 312 2 314 2 553 2 8 0 5  2 808 2 810 2 812 2814 2 817 
Total Cost 5.577 6,352 9.578 21.295 28.994 26.023 27.054 28.853 28,899 29301 30.226 32687 32.769 38,806 35,026 36,4_3138,845 40,263 -- - -- -- -- 

E s L m a b d  Hol Water Revenue Requirement (Exclualve o f  lnleresl Expense 11 any and Depraccaton Charges related to extsting plant (Produclan Transmlss~on D ~ s l r ~ b u t ~ o n  e l  al) 
Total Cost (Above) less 

Cost o f  Steam 
Operal~on 6 tAainlenance 4 251 4 632 4 933 6 298 6 570 7 615 7 644 8 970 8 807 9 418 9 613 10 360 8 990 9 439 9 911 10 406 10 925 11 471 II Allocated Oepreclnt~on 3 16 432 747 749 751 754 757 756 756 827 902 901 901 900 900 900 900 

/I Allocated Return 4 4 20 437 860 867 870 874 879 878 877 966 1060 1 0 6 0  1 0 5 9  1 0 5 9  1059 1059 I /  Income Tax Elecl 3 3 16 358 704 710 712 715 719 - 7 1 8  718 791 867 867 867 867 867 867 
Tctal Steam 4 260 4 654 5 401 7 8 4 0  8 883 9943 9 980 I t  315 I 1  161 11 770 12035 13019 11 817 12266 12 737 13 232 13 751 14 297 

I/ Equals C o t  of HoI Water 1317 1 6 9 7  4 175 13455 20 111 16080 17074- 17 538 17 737-17531 18 190 19668 2 0 9 5 1 2 6  540 22  288- 23 199 25093 25966 

I 
HOT WATER - VMWH $ 2 4 6  $ 3 0 7  $ 7 2 8  $17 31 $2554 $2033 $21 50 $21 99 522 20 521 91 $2269 $24 50 $2605 53296 $27 64 $28 73 $31 04 $3207 

I 
1 Preaenl Worth $2 46 $2 62 $5 31 $1081 $13 63 $9 27 $8 38 $7 33 $6 32 55 33 $4 72 $4 36 $3 96 54 28 $3 07 52 73 $2 52 $2 22 

I 
1 Levellzed Coat lo Dale $3 07 $ 5 0 1  $8 49 $11 80 $1302 $13 94 $14 62 $15 14 $15 51 515 83 $16 15 516 45 $16 87 517 10 517 30 $17 51 $17 69 
I 

[ C A S H  BASIS (Exclusive of Debl Sarv~ce related to existing plant (Pmduclbn Transrn~ssion Dlsl r~buton at al) 

I 0 6 M Expanses 5 544 6 234 6922 12534 16 666 14 022 15 474 17 753 18 378 19 485 20 703 22623 22290 28 447 24 795 26337 28898 30477 
Equtry Return 9 9 55 1 3 7 9  2 735 2 767 2 784 2 803 2 823 2 825 2 828 3 121 3 428 3 432 3 434 3 437 3 440 3 443 

I Deb l  Servlce ' F o r e ~ g n  Interest - - 
I 

82 251 333 326 317 308 299 288 277 264 251 236 221 204 186 166 
Prlnc~psl - - 44 95 102 1 1 1 - - 1 2 0  129 140 151 164 177 191 207 224 242 262 - 

I Tolal - - 
I 

82 295 428 428 428 428 428 428 428 428 428 428 428 428 428 428 

I Domest c Interest 9 57 1287 3 645 4 639 4 249 3 789 3 268 2 6 6 1  1959 1 438 1213 1080 966 848 720 583 434 

li Prlnc~pal - 11 67 1 6 7 0  3 508 3 980 4 423 5 0 7 0  5 721 6 402 7 059 4 233 982 1 0 1 0  1 084 I 1 2 5 2  1402 
Total 9 69  1354 5 315 8 147 8 229 8 282 8 338 8 382 8 362 8 497 5 446 2 062 1977 1 932 1 8 8 5  1835 1836 

~ o l a l  COSI belore lncome T ~ X  5 562 6 312 8 413 19 523 27 976 25 445 26 968 29 322 30010 31 099 32 456 31 618 28 208 34 283 3 0  589 32 086 34 600 36 183 

Tax Effect Q 45% 8 8 45 1 129 2238 2264 2 278 2 293 2 3 0 9  2 312 2 3 1 4  2 553 2805 2 808 2 810 2 8 1 2  2 814 2817 
Total F~nnnciel Cosl 5.570 6.319 8.458 20.652 30.214 27.708 2E246-3L615 32,320 33411 34,770 34,171 31.013 37091 3 3 3 9 8  34898 37.415 39,000 

-- -- 



PLZEN DISTRICT HEATING SYSTEM STUDY 

A primary assumption is that envlronmental requirements are satisfied for all variants 
However, each variant results m a different quantity of pollutants produced by the system 
The envlronmental analysis study area is larger than the one selected for the mvestigation 
of pnmary variants (described in Section 2 0) This was done to capture a larger fraction of 
the emssions sources in Plzen and obtain a better representation of the relative changes in 
total emssions as changes are made to the central DH systems 

The plants/plant groups selected for this emssions analysis include the followng 

II Central Heating Plant Plzen (ZCE) and cooperating sources (CP Plzen, 
Brewery and Railway Station Zos), 

II Heatmg Plant Doubravka, mcluding Letna (Vl) and Doubravka (V2), 

II Heatlng Plants Svetovar and Bory, 

II Cogeneration Plant Skoda, 

II Small Decentralized Boilers, and 

Home Heating Furnaces (very rough estimate) 

The present distribution of particulate, SO2, NOx, and CO emssions for the city of Plzen is 
shown in Exhibit E-6 All emssions source types share sigrllficant fractions of these 
emssions Note the followng 

CP Plzen has a lower share of particulate since high efficiency ESPs are 
used for particulate removal on their large plants, 

II CP Plzen has a higher share of NOx emssions because uncontrolled large 
boilers are generally higher in NOx, 

The CP Plzen share of SO2 emssions is high because lower grade, higher 
sulfur fuels are generally burned in central stations and heating plants, and 

II home furnaces have a disproportionate share of CO emssions, which is 
typical of these hnds of umts 

Using Variant B1 as a basis, emssions improvement in the entire Plzen area is represented 
in Exhibit E-7 for the years 1993 and 2010 Assumptions include 

II Skoda and Svetovar assume SO2 emssions reduced by 70% 

Decentralized small boilers assume 22% of capacity swtches to district 
heating, 10% conservation through the study period, and other 
improvements are made as recommended in Section 4 0 

Home furnaces assume 10% conservation (no other improvements) 

Reductions in emssions, especially SO2 and particulate, are sigmficant 

G~lbert/Commonwealth, Inc 

- - 

November 1993 



PLZEN DISTRICT HEATING SYSTEM STUDY 

Exhlb~t E-6 
1993 DISTRIBUTION OF EMISSIONS FOR THE CITY OF PLZEN 

PARTICULATE EMISSIONS 

SOz EMISSIONS 

Other DH (21 6') 

CP Plzen (1 5 07) 

Decentral~zed Boll  (41 17) 

Home Furnaces (22 37) 

CP Plzen (50 97) 

Other DH (41 07) 

NOx EMISSIONS 

CO EMISSIONS 

CP Plzen (49 07) 

Home Furnaces 

Decentralbzed Belle 

( 6  47) 

(6 471 

Home maces 

Other OH (3 5") 

I CP Plzen ( 2  071 

Gclbm/Commonwealt~ Inc E 14 November 1993 



PLZEN DISTRICT HEATING SYSTEM STUDY 

Exh~bit E-7 
1993 vs 2010 EMISSIONS IN CITY OF PLZEN 

WITH SMALL BOILER CHANGES IMPLEMENTED (Varrant B1) 

b 
(U 10 -? 
m 
a, 
c 
c 
0 
4 

8 

In 
r d 
2 6 
m 3 6  
2 2  
E I- 

W 

C 4 
a, 
N - 
a - 
0 
4 2 
0 

I- 

0 0  
Year 1993 Year 20 10 

NNote Includes ~rnprovernents t o  small bo~lers but 
no changes to home furnaces except conservat~on 

Focusing now on variants for CP Plzen, as shown in Exhibit E-8, particulate emssions are 
reduced dramatically from current (1993) levels when environmental controls are in place 
in the year 1997 There are sig~llficant expected differences between the gas turbine 
variant (A3) and both of the FBC variants (B1 and C1) 

A comparison of SO2 emssions is shown in Exhibit E-9 A benefit to Increased operation 
wlth natural gas (Vanants A2 and A3) is the reduced level of SO2 emssions A simple 
"cost of removal" was calculated using the Czech emssion penalties as a weighting criteria 
between particulate and SO2 Calculated values of removal for particulate and SO2 are 
8,169 and 2,723 $/tonne respectively Comparing to a value of 500 to 1500 $/tonne in the 
U S , this result implies that additional envlronrnental correction by selecting Vanant A2 or 
A3 is unwarranted 

Simlar comparisons are presented in Section 9 0 for NOx and CO emssions, for which 
large changes are not projected 

Gilben/Cornrnonweal~h, Inc November 1993 
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PLZEN DISTRICT HEATlNG SYSTEM STUDY 

Exhlb~t E-8 
CP PLZEN PARTICULATE EMISSIONS BY VARIANT 

Note Assumed connectlon of Heat Llne East I by 1997 
Heat L ~ n e  East l l  (Svetovor) not ~ncluded 

Exhlb~t E-9 
CP PLZEN SO2 EMISSIONS BY VARIANT 

1993 1997 2000 2005 201 0 

~ a r ~ a n t  A 3  H v a r l a n t  B l  m v a r ~ a n t  C l  
Note Assumed connectlon of Heat Llne East I by 1997 
Heat L ~ n e  East II (Svetovar) not ~ncluded 

Gilben/Commonweal~h, Inc November 1993 
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PtZEN DISTRICT HEATING SYSTEM STUDY 

The changes planned for CP Plzen and cooperating district heat sources, combined with 
implementation of reasonable changes to many of the 595 small boilers, w11 produce 
dramatic changes to particulate and SO2 ermssions in the City of Plzen Potential changes 
to small home furnaces should also be investigated due to the large fraction of emssions 
contributed by these sources Wherever possible and econormcally justified, these sources 
should be connected to the district heating system The programs being conducted in 
Krakow, Poland by U S  AID and U S  DOE w11 be useful to the City of Plzen in 
establishing policies to deal wth  these significant sources 

CONCLUSIONS AND RECOMMENDATIONS 

Conclusions and Recommendations have been developed in two general areas "Selection 
of Promsing Variants" and "Recommendations for Plant Improvements / Further Study " 

Selection of Promlsln~ Vanants 

The followng conclusions/recommendations are offered 

1 The CFB boiler vanants (B1 and C1) are recommended over the GTCC 
vanants (A2, and A3) on the basis of the Cumulative Present Worth of 
Projected Costs resulting from the G/C economc analysis (Sectlon 8 6) 
The GTCC variants are clearly higher in cost (between 26 and 30% higher) 
than the CFB boiler variants The selection of the CFB boiler variants over 
the GTCC variants are further supported by the following 

Sensitivity analyses (Section 8 7 3 )  show that in order for 
Variant A2 (60 9 MWe GTCC) to be competitive wth  the C1 
base case (Life Extension wth future CFB), sigmficant changes in 
fuel or capital costs would be required Any one of the following 
sigmficant changes would be required to make Variant A2 
competitive wth C1 on a Cumulative Present Worth of Projected 
Costs basis 
- a decrease in the cost of natural gas of approxlmately 43%, 
- a decrease in capital and demolition costs of approxlmately 

71%, or 
- an increase in the cost of black coal by approxlmately 370% 
The G/C Financial analysis (Section 8 8) results further support 
this conclusion 

The sensitivity analysis (8 7 1) based on the low demand 
requirements did not alter the conclusions based on the hlgh 
demand requirements The GTCC variants are clearly higher in 
cost than the CFB bo~ler variants B1 and C1 

Gilben/Commonwealth, Inc November 1993 
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PLZEN DISTRICT HEATING SYSTEM STUDY 

Economc analyses (Section 7 0) based on techmcal input from 
EGU, and Energoprojekt are consistent in this conclusion 

The GTCC depends on imported natural gas which gives rise to 
secunty concerns The CFB boiler burns low quality, low price, 
indigenous lig~llte 

2 The Cumulative Present Worth of Projected Costs for Variant B l  
(160 tonne/h CFB boiler) and Variant C1 (Life Extension wth  future CFB) 
are virtually the same (C1 at $141 mllion, B1 at $137 mllion ) Therefore, 
a decision should be based on other factors such as 

Concern that future emssion compliance requirements may be 
more stnngent (favors C1 by deferring the technology comrmtment 
and allowng time for the Czech emssions regulations to catch up 
wth  the rest of the European commumty), 

deslre to mmrmze capital expenditures in the early years of 
privatized operation, and ease the cost burden to either the 
consumer or the DH company as state subsidies are removed, 
(favors C1 by defernng the addition of capacity), 

desire to delay capital expenditures because future financing 
interest and terms may become more attractive as they approach 
Western conditions (favors Cl), 

concern over the uncertain demand projections (favors C1 because 
the addition of CP Plzen IV is not required until 2003), 

desire to implement a more advanced technology such as 
pressunzed fluidized bed combustion (PFBC), which offers a 
higher electnclheat ratio (favors C1 by deferring the technology 
decision for more than five years), 

desire to take advantage of current potential long term fuels 
contracts (favors Bl), and 

concern over potentla1 effective equipment price increases 
(favors B1 because capital investments are made in the near term) 

Based upon the preceding considerations, Variant C1 (the Base Case) is 
recommended by Gllbert/Commonwealth 

3 Further investigation of Variants B1 and C1 wth regard to an accelerated 
construction schedule for plant modifications reveals that an approximate 
12% Improvement in Present Worth of Projected Cost for Variants B1 and 
C1 is possible during the years 1995 and 1996, when the reconstruction 
occurs (Section 8 3) This analysis assumes that both Plzen I1 cogen boilers 
would be available during these years 
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4 Based on Conclusion3, it may not be necessary to build the Plzen I11 
gas/oil steam boiler as premously planned, especially if additional 
cooperation wth  the Brewery is possible In fact, in the G/C analysis 
(Section 8 6), plants were successfully dispatched to meet load wthout 
utilizing Plzen I11 by relylng on cooperation of the Brewery 

5 Emssions compliance for all stoker (grate) boilers can be met most cost 
effectively by swtching to low sulfur black (biturnnous) coal and installing 
a baghouse For the Letna plant, however, swtching to gas and standby 
duty should be considered because of the close proxlmty to residential 
housing 

6 The distnct heating operation in Svetovar is not presently interconnected 
wth  the CP Plzen DH system In order for the Svetovar DH system to 
meet the new ernssion requirements by 1997, they could either modify the 
present supply system for compliance, or connect to the Plzen district 
heating system Three categories of plant modifications were considered 
(1) a cogeneration retrofit, (2) a swtch to coal, and (3) a swtch to gas 
(Section 8 9)The followng comments and recommendations are offered 

It is unlikely that the cogeneration retrofit option wll be able to 
compete wth  the District Heating Company as presently 
structured Unless dramatic changes occur in the priclng schemes 
for the two basic commodities provlded (1 e , the pnce of heat and 
electricity), emphasis should still be placed on impromng the 
efficiency of the exrsting system through modifications in the 
distribution system and replacement of antiquated equipment when 
its useful life is over 

With respect to the fuel swtching options, the swtch to black coal 
and the addition of a baghouse is more cost effective than the 
swtch to natural gas 

Based on a break-even analysis and constant demand, connecting 
the Svetovar district heating system to the Plzen district heating 
system is more economcal than the black coal or natural gas fuel 
switch option The payback period for estimated costs incurred in 
connecting Svetovar should be on the order of two to three years 
If demand could be increased with new consumers, the payback 
period would be even shorter 
It is recommended that Svetovar be connected to the central 
district heating system through the proposed Heat Line East I1 

With the interconnection of Svetovar, the demand seen by the 
centralized system would be higher, offering the potential to 
provide additional cogeneration during the summer months The 
reliability of heat supply to the Svetovar consumers would be 
improved and the cost of heat in Plzen could be more competitive 
with other forms of energy 
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7 Without considering a swtch to distnct heating, potential exlsts to make 
sigmficant improvements to many of the 595 small boilers, including 
swtching to natural gas, installing new burners, boiler tu~mg,  installing 
boiler controls, and boiler replacement wth  more efficient umts This 
potentially can result in 

reduced fuel use by more than 22%, 

reduced particulate and SO2 emssions by 80%, 

reduced NOx emssions by 72%, 

reduced CO emssions by more than 80%, and 

reduced VOC emssions by more than 80% 

8 At least 64 MWt (representing 80 boilers) of small boiler capacity should be 
retired and their consumers connected to the district heating system More 
boilers may be suitable along Heat Line East 11, if ths  project continues 

9 Small cogeneration alternatives should be considered only under special 
circumstances, and in isolated or remote areas of the City where the 
Central DH System cannot be extended It is highly unlikely that small 
cogeneration systems wll be able to compete wth  distnct heating as 
presently structured Exceptions may include situations where (1) large 
numbers of cogeneration units apply wth  the utility as a group to negotiate 
an electric rate, or (2) some combination of government incentives are 
available to offset the imtial capital cost Unless dramatic changes occur in 
the pricing schemes for the two basic commodities (electricity and heat), 
emphasis should still be placed on improving the efficiency of the ex~sting 
system through modifications in the distribution system and replacement of 
antiquated equipment when its useful life is over (Section 4 4 and 8 9 1) 

10 Emssions analysis conclusions 

The changes planned for CP Plzen and cooperating district heat 
sources, combined wth implementation of changes to many of the 
595 small boilers, will produce dramatic reductions to particulate 
and SO2 emssions in the City of Plzen of 35% and 55% 
respectively (Section 9 0) 

Potential changes to home furnaces should be investigated due to 
the large fraction of emssions contributed by these sources 
Wherever econormcally justified, these sources should be 
connected to the district heating system Programs being 
conducted in Krakow, Poland by U S  AID w11 yield good 
characterizations of performance and potential improvements to 
operation of these furnaces and should be useful to the City of 
Plzen in establishing policies to deal with these sigmficant sources 
(Section 9 0) 
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Recommendat~ons for Plant Improvement / Further Studv 

Several issues emerged during the study whieh were not directly compared between 
variants, but may be important for the future of centralized distnct heating (DH) in Plzen 

1 A well mantained and managed CP Plzen central distnct heating system 
should prove to be econormcally superior to other competing heat or 
cogeneration sources for the followng reasons 

larger scale plants result ~n better cost economy of scale, better 
performance, and can more efficiently generate electricity, 

wth  the plants and systems "in place" only the costs of 
improvements and maintenance need to be considered, 

distnct heating technology is constantly improvmg, and 

a central plant can burn inexpensive low grade fuels control 
emssions 

2 The future of the 595 small boilers spread through the city offer a 
sigmficant expansion potential for centralized DH, however, not all of the 
true interconnection potential is expected to be realized The future 
disposition of these small heat sources can be strongly influenced by 
incentives offered by the government, attractive connection arrangements 
by ZCE, the completion of heat line East 11, and by education of the people 
in the econormc/financial evaluation of centralized DH verses individual 
boilers 

Sigmficant improvement in the operation of all plants is possible wth 
addition of more sophisticated controls Currently, a boiler "factor" of 107 
is used to account for boiler age, changing loads, etc This factor should be 
reduced to half simply by better and safer control of O2 during load change, 
and may offer the potential to reduce the current safe mmmum load 
setting This change, which is relatively inexpensive, could result in a 
savlngs of 3 to 4% of current coal requirements Controls improvements 
could also be extended to improve the operation and dispatch of umts 

4 Reduction of system leakages can be Improved through the gradual 
replacement of primary piping w t h  corrosion resistant pipe wth  Integrated 
leak detection and by the replacement of secondary systems wth  more 
modern two pipe systems, where possible It appears that losses equivalent 
to 4 to 5% of the overall heat generation may be saved through these 
changes The future metering of heat and required measurements wll also 
help to better assess the true magmtude of these losses 

5 The management of Plzen district heating activities w11 best be 
consolidated into a single privatized company, and governed by a regulatory 
body Based on interviews wth  modem distnct heating compames, 
significantly greater efficiency in utilization of operations and maintenance 
personnel is possible 

Gclbert/Commonweairh, Inc November 1993 / 



PLZEN DISTRICT HEATING SYSTEM STUDY 

1.0 INTRODUCTION 

This work was sponsored by the U S  Agency for International Development (AID), 
Bureau for Europe, and under contract to the U S  Department of Energy (DOE), 
Fossil Energy This report is written to the City of Plzen, and takes into account their 
knowledge of thelr own system and present situation 

Gilbert/Commonwealth, Inc (G/C) was contracted to evaluate a study conducted in 
1989-90 by Energoprojekt Praha for the City of Plzen, analyze the current supply-side 
situation of the distnct heating system in Plzen, and offer recommendations for future 
emssions compliance and potential expansion/upgrading of the exlsting system 

Pacific Northwest Laboratories (PNL), also under contract to U S  DOE, through 
U S  AID, is responsible for a demand-side evaluation, and also integration of the supply- 
and demand-side efforts 

1 1 BACKGROUND 

When this study was imtiated, the split of Czechoslovalua was only a plan The 
Czech Republic is now an independent state, and considerable effort by government has 
been directed toward the affars and issues related to the split and related changes The 
first wave of pnvatnation is completed, and the second wave is underway However, there 
is st111 considerable emphasis on compliance wth Law 309, and Industry is movlng in the 
direction of meeting these environmental regulations Plans are being finalized to make 
appropnate modifications to facilities which are affected by the legslation 

Under the old system, operation of the Plzen district heating compames and cooperating 
industries has been conducted on the basis of economc policies and central plamng, with 
little freedom to assess alternatives based on economc least cost and financial 
attractiveness The incentive was not provlded to deliver energy at competitive rates, 
explore the benefits of new technology, improve plant operating efficiency, or manage an 
efficient organization 

In spite of the work/business envlronment, a desire to improve was provlded within many 
of the indivlduals themselves It is apparent that excellent engineering capability exlsts 
within the design and operating orgamzations, and that under the new system, there IS a 
desire to "privatize" and begin to operate ~n a market dnven economy While the tlrmng of 
prlvatlzation IS always a question, the steps requlred to make prlvatlzatlon successful are 
quite clear The prioritization of these steps and asslstance In dec~s~on malung are areas, In 
addition to new technology, where the U S can be of assistance 

This effort, and others like it, are the first steps toward upgrading the exlsting system in 
Plzen using "least-cost" plamng techniques The followng sections describe the 
basis/objectives for the work, introduce the project team, and list the overall approach and 
assumptions 
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1.3 SUPPLY SIDE TEAM AND SCOPE 

This supply side work was conducted by Gilbert/Commonwealth, Inc, wth slgmficant 
assistance from four Czech subcontractors 

EGU Prague, 

o Energoprojekt Prague a s , 
RAEN s r o , and 

CityPlan s r o 

Each subcontractor contributed sipficant portions of input to the work Their assistance 
was necessary to insure the accuracy of the study by G/C, and was also required to gather 
the necessary data Four subcontractors were chosen to promde several opiruons of the 
situation, different mputs according to their expertise Subcontractors selectively 
performed each of the 18 designated tasks shown in Exhibit 1-1, wth some overlap where 
more than one opinion or additional input was considered necessary A more detailed 
scope of work is included in Appendur. A to this Volume 

EGU Prague performed sigruficant assessment work on the Plzen District Heating system 
prior to the Energoprojekt (EGP) study1, and therefore were well qualified to contnbute to 
the current study EGU was awarded the largest portion of the subcontracted work 

Energoprojekt a s  (EGP), the onginal author of the 1991 report, was responsible for 
promding key data inputs, as well as contribution of new ideas relative to the i~utial work 
EGP has conducted two additional studies pertinent to the subject work, and therefore, 
EGP has promded current knowledge of the system based on these most recent efforts 

RAEN, s r o was selected for tasks involving the 595 small decentralized boilers, fuels 
information/pncing, and a general review of the report They are experienced in the 
thermal analysis, industrial boilers, and have access to useful information about these small 
boilers 

CityPlan s r o is a new engineering consulting firm located in Prague CityPlan was 
selected because of their expertise m energy matters Because they were not premously 
directly involved in the Plzen work, an objective assessment is assured 
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1 4 OVERALL APPROACH AND ASSUMPTIONS 

The imtial focus of this study was the revlew of the 1991 Energoprojekt supply-side report1 
Additionally, several tasks are intended to further characterize the EGP study work and 
provlde the City of Plzen wth  a basis for decision mahng 

There are three categories of sources to be considered They were addressed in this study 
as follows 

Central heating plants focus of this study wth special emphasis on 
CPPlzen and cooperating sources, and consideration of future of 
HS Svetovar, 

decentralized 595 small bollers considered for efficiency improvement, 
emssions reduction, and retirement (consumer connection to DH system), 
and 

small home furnaces emssions estimate only wth no consideration for 
potential improvement of efficiency or emssions 

Our general assumptions used in the analysis are summanzed as follows 

Emphasis for this study is on the Central Cogeneration Plant (CP) Plzen 
Selection of vanants, techmcal assessments, economc analyses, and 
recommendations are emphasized for the CP Plzen faality Conclusions 
and recommendations, however, should also generally apply to Skoda 
works, independent steam producers, and Heating Plant Svetovar 

The assumed demand profile relies on the followng 
- prevlous information developed by Energoprojekt, 
- current projections solicited from ZCE regarding conservation, 

comrmtted and potential new DH consumers, and likely retirement 
scenarios for exlsting umts, 

- an assessment of the potential to add new DH consumers from the 
pool of 595 small boilers, 

- current projections solicited from Skoda regarding the trends in 
their business, and their plans or intent to change the quantity of 
DH energy supplied, 

- current assessment of energy demand and plans for boiler 
expansion from the Plzen Brewery and Paper Ml11 Jatecm, and 

- potential energy savlngs m the residential, commercial, and 
government sector coupled with an assessment of likely savings in 
those sectors based on energy price 
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Wnte a Final Report to the City of Plzen including specific 
recommendations for action 

Assist PNL in their effort to integrate the supply- and demand-side reports 

Generally, each situation was explored using a range of input parameters supported by 
reasonable assumptions This is necessary because of the uncertainty in the 
Czech Republic of many economic issues The favored solution(s) are recommended to 
address a range of potential outcomes Variants which enhance system flexibility are 
recommended to satisfy a range of potential demand situations Future work or detailed 
studies concerning the favored vanant(s) are recommended 

Section 2 0 introduces a summary of exrstlng centralized systems in Plzen Section 3 0 
presents a brief revlew of the Energoprojekt report ' Section 4 0 includes the results of a 
study to investigate the potential for efficiency improvement and ermssions reduction for 
decentralized heat supply systems (595 small boilers) In Section 5 0, an estimate of future 
demands is presented Sections 6 0, 7 0, and 8 0 present the technical and economc 
analysis conducted by G/C and its subcontractors, Section 9 0 presents an analysis of 
present and future ermssions in the City of Plzen, and Section 10 0 provides specific 
conclusions and recommendations to the City of Plzen Several appendices, which contain 
analysis detail and background, follow the m a n  report 

1 5  REFERENCES 

1 Energoprojekt Praha, The Study to Finalize the Concept of the Pilsen Heat Supply 
System, Part 1 - Techmcal Report and Part 2 - Econormc Report, EGP 22210, 
December 1991 
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2.0 BASELINE DESCRIPTION OF EXISTING CENTRALIZED 
HEAT SUPPLY SYSTEM 

Centralized district heat is presently supplied to the City of Plzen by Cogeneration Plant 
(CP) Plzen, wth collaborating sources Bory and peak source Kosutka Sources which 
cooperate wth  CP Plzen include West Boheman Brewery Boiler House (Zapadoceske 
Pivovary) and the Rarlway Marntenance Company Boiler House (Zos) On the west, 
Skoda supplies large quantities of heat and steam to its own production (about 80%), and 
also supplies heat to the habitation Skvrnany Independent district heating sources include 
Letna (Vl), Doubravka (V2), and Svetovar 

The exsting connections in the centralized systems are presented in Exhibit 2-1 A Plzen 
map, obtained from the Energoprojekt study, is provlded in Appendur H Heat Line East I, 
which will connect the Plzen system to LetnaIDoubravka, is nearing completion Plans for 
Heat Line East 11, connecting the area served by Svetovar, have been suspended, but may 
be considered at a later date 

The exsting DH system boiler umts are presented in summary form in Exhibit 2-2 
Exhibit 2-3, from the premous Energoprojekt study, shows the general layout of exsting 
equipment at CP Plzen wth  enmronmental controls It has been demonstrated that there 
is sufficient space at the site to accommodate the technologies of each of the primary 
variants investigated in this study 

The primary variants analyzed in this study focus on the CP Plzen distnct heating plant, as 
well as current and planned cooperating umts A sensitimty study addressing whether 
Svetovar should be connected to the central heating system was performed and is discussed 
in Section 8 9 

2 1 COGENEXATION PLANT PLZEN 

The hot water system of CP Plzen supplies heat to buildings in the North and part of the 
South The peak des~gn parameters of the water are 160/70"C CP Plzen also supplies 
steam to Zapadoceske Pivovary (West Boherma Brewenes), and CSD Czechoslovak 
Ralways Dunng the summer period, the Brewery assumes the supply of steam to the 
system, while the larger CP Plzen steam boilers are out of semce One mew of CP Plzen IS 

shown in Exhibit 2-4, and the coal yard, including space for the new facility, is shown in 
Exhibit 2-5 The plant appears to be well mantained, and the operators are proud of the 
facility 

Minimum continuous steam output of the pulvenzed coal boilers of 170 t/h capacity (each) 
is 104 t/h, i e 61% of nomnal output The high pressure cogeneration equipment in (CP), 
part I1 only operates during the heating period In summer months the heat delivery In hot 
water is covered by operation of the hot water grate boilers, while the steam supply is met 
by the Brewery and the railway 
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Exhlb~t 2-4 
COGENERATION PLANT P E E N  MAIN PLANT 

In case of an outage of the 170 t/h boiler, the maxunum possible heat delivery from the 
cogeneration plant m hot water is 144 MWt, and steam 34 MWt 

Presently, brown coal is burned wth  the followmg characteristics 

Grate hot water boilers are equipped wth  cyclone flyash separators wth  efficiency of about 
80% Pulverized coal-fired steam boilers are equipped wth  electrostatic filters wth overall 
efficiency of 99 5 % 

Several changes to the CP Plzen plant equipment w11 be necessary to comply wth 
environmental regulations 
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Exhlb~t 2-5 
COGENERATION PLANT PKEN COAL YARD 

2 2 PEAK LOAD PLANT KOSUTKA 

Kosutka contans hot water boilers of 2 x 17 4 MWt capacity finng heavy heating oil, and 
were cornrmssioned in 1981 The heating plant cooperates wth the cogeneration plant in 
wnter peak load penod when outside temperatures fall below -100C Kosutka also serves 
as a stand-by heat source in cases of the CP boiler failure 

During the moderate wnters in years 1991 and 1992 the heating plant was not in operation, 
whereas this year, in the end of January and early February, Kosutka had to be used 

This year the heatlng plant is being reconstructed far the use of natural gas as fuel The 
peak-load supply of natural gas for the heating plant Kosutka has been contracted with the 
West-Boheman Gas Works (Zapado eske plynarny) in a special tariff price Burrung of oil 
is not being considered, because the exlsting oil handling equipment is outdated and does 
not meet the present regulations 
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2 3 ENTERPRISE TEZA 

Town enterprise TEZA conslsts of three separate systems (four stat~ons) Bory, 
Letna Vl/Doubravka V2, and Svetovar They are described in the followng sectlons 

2 3 1 Heat~ng Plant Bow 

Heating plant Bory consists of hot water and steam boilers burmng Sokolov brown coal 
(hgmte simlar to CP Plzen) and light heating oil, wth a total Installed capacity of 
54 5 MWt The attamable plant thermal output 1s 49 8 MWt, of whlch 16 4 MWt can be 
supplled as steam A vlew of the Bory facll~ty is shown in Exhlbit 2-6 

Exh~b~t 2-6 
HEATING PLANT BORY (TEZA) 

The heatlng plant Bory supplies the llvlng quarter Bory wth hot water of parameters 
150/700C (mwmum delivery is 24 3 MWt), and nelghborlng consumers w t h  steam of 
parameters 0 95 MPa, 220°C (mwmum delivery of 13 1 MWt) A heat exchanger makes it 
possible to deliver hot water from the steam boilers Thls is converuent because a large 
consumer is the neighbonng hospital whlch has a higher steam load dunng the day, while 
the residence loads peak during the mght 
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The heating plant is near the end of its life span, and some modification of the hot water 
network is required to connect to the system of CP Plzen The connection with the m a n  
pipe line South has already been realized, but the pressure conditions at the end of the 
feeder need some improvement 

2 3 2 Letna V1 and Doubravka V2 

These interconnected heating plants supply heat in hot water of 130/40°C to living quarters 
Letna and Doubravka The total output thermal capacity of both heating plants is 
46 5 MWt The heating plants are connected \nth a pipeline conduit 2xDN 250 

The heating plants contribute sipficantly to pollution in the eastern part of the city 
Letna V l  is located in close proxlrmty to residences, and there is lirmted space for 
reconstruction for enmronmental compliance Doubravka V2 is not far away 

The connection of the respective hot water distribution networks is now under 
construction Construction preparation for the hot water pipe line East I has been 
completed The East I hne wll consist of 795 meters of 2xDN 500 pipe and 950 meters of 
2xDN 350 pipe The connection wll be completed in the year 1994 

2 3 3 Heatln~ Plant Svetovar 

These hot water grate boilers were erected in years 1957-58, and supply a part of the limng 
quarter Slovany wth  heat Their total capacity is 23 2 MWt, and the hot water has 
parameters 130/80"C The units are enclosed wthin a building, as the budding was 
formerly a brewery An outside vlew of the Svetovar facility is shown in Exhibit 2-7 

This plant is not in good condition, and modification of the plants wth  pollution control 
equipment is difficult because of lirmted space at the site Several proposals have been 
made to promde a connection to the centralized system, and to retire these units 

2 4 SOURCES COOPERATING WITH CP PLZEN 

Sources which cooperate with CP Plzen include West Boherman Brewery Boiler House 
(Zapadoceske Pivovary) and the Ralway Maintenance Company Boiler House (20s) 

2 4 1 West Bohemian Brewery Boller House 

The Brewery operates four gas boilers, installed dunng the years 1974-1989, wth a total 
capacity 86 t/h = 56 1 MWt The boiler house cooperates with CP Plzen during wnter 
peak load penods by steam delivery to the system using the capacity of two boilers In 
summer penods, CP Plzen does not deliver steam and the brewery boiler house takes over 
the supply of steam to the system 

Current plans are to install a fifth gas-fired boiler of 25 t/h capacity Further cooperation 
is in the best interest of both parties 
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Exh~b~t 2-7 
HEATING PLANT SVETOVAR (TEZA) 

2 4 2 Rallwav Maintenance Com~anv  Boller House 

The Ralway company operates two steam grate boilers wth steam parameters of 1 5 MPa, 
280°C The output capacity 1s 16 5 MWt The factory is connected to the steam 
distnbutlon system of the CP Plzen The boiler house cooperates with the CP Plzen in the 
wnter peak load period and supplles the system m summer, when CP Plzen does not 
dellver steam The boilers are at the end of thelr life span and then retirement is 
immment 

2 5  SKODAWORKS 

The Skoda plant supplies the main factory wth  hot water and steam, and through the 
feeder 2xDN 400, delivers heat to the Skvrnany habitation areas There are several large 
and efficient high pressure boilers and cogen umts with a total thermal output capacity of 
245 MWt The construction of an additional unit, K3, has been resumed 

- 
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After comssiomng of the new u ~ u t  in the year 1994, the output capacity of the plant wll 
increase up to 323 MWt This wll make it possible to successively retire indlvldual boilers 
for reconstruction wth  envlronmental controls The pulvenzed coal-fired boilers wlll be 
equlpped wth  a desulphunsation plant and new flyash separators Boilers K5 and K6 wll 
be fired wth  tar oil wth a sulphur content as low as 0 6 % 

Followng the installation of envlronmental controls, umt K4/TG10 d l  be retired and 
mothballed (preserved) The heat supply to the factory and to the livlng quarters w11 
satisfy the umts Kl/TG8 and K3/TG1, and oil fired boilers KS and K6 The total output 
capacity of the plant wll then be 251 MWt 

The future of Skoda works urlth a new corporate restructunng is a question The level of 
production achieved wll influence the amount of steam and hot water needed Although 
the Skoda works is described here for completeness, it is not considered in the dispatch 
analysis of CP Plzen and the cooperating umts for the analyzed vanants 

2.6 SYSTEM INTERCONNECTIONS 

As shown schematically in Exhibit 2-1, the exlsting centralized system is served by a 
network of supply and return piping of various sizes The piping is maintamed in relatively 
good condition It is estimated that about half of the exlstmg piping system has already 
been replaced The leakage in the primary circuit is estimated to be 0 125% of system 
volume, well within the 5% Czech requirement Greater leakages are estlmated for the 
secondary circuits, where many of the older four-pipe systems are not well mamtained 
The new heat line East I is bemg constructed using a new plastic pipe, a product of 
Denmark While lirmted in maxlmum temperature to about 13@C, it is corrosion free, 
resulting in rmmmum to zero leakage 
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3.0 TECHNICAL REVIEW OF ENERGOPRO JEKT REPORT (EGP 222) 

The followmg sections present our renew of the onginal Energoprojekt work1 The 
Energoprojekt report served as a basis and promded sigmficant input to the G/C and 
subcontractor effort Only this section, Section 3 0, wll address the Energoprojekt report, 
the remamng sections and the Appendur d l  consist of the Gdbert/Commonwealth (and 
subcontractors) analysis of the Plzen distnct heating situation 

3.1 GENERAL REVIEW 

The EGP report was a good professional effort, and was organued m a manner where 
information could be found However, informa~on, such as descriptions of the vanants, 
could have been presented in additional tables for quick reference, such as shown m 
Exhibit 3-1 

The choice of vanants by EGP was logical (except the nuclear option IIc, which is not 
discussed here), and represented a reasonable range of choices, based on the assumptions 
Fluidized bed combustion (FBC) is a good choice, considering the quality of avalable 
indigenous coals, and allows contmued use of low-cost fuels, support of the rmntng mdustry, 
and represents less reliance on imported natural gas fuel 

The investigation of a hgh efficiency gas turbine combined cycle to deterrmne the 
mtegration of ths  type of unit into the system, and consider costs and its operation m a 
sensitimty analysis wth natural gas pnces is also a logcal choice 

The EGP approach was straghtforward and was based on some sunphfymg assumptions 
For example 

a general change in residential demand due to conservation was assumed, 
as directed by the clty, 

the demand requirement estimates Qd not allow for a range of outcomes, 

the decentralized supply of heat to several areas would be served by natural 
gas, 
changes in efficiency and operations due to ermssions reduction equipment 
was not mcluded in the performance calcula~ons, and 
changes in the cost of plant operabons wth privatization were not 
considered 

The demand assumptions may be the most critical, as outlined in the next section The 
demand forecast must include an analysis of the potenQal and likely change m the number 
of consumers due to growth and retirement of small decentralized boilers, as well as 
conservation efforts prompted by legislative actions (for metemg, billing) and nsing costs 
of energy While these aspects were all addressed m the EGP report, simphfylng 
assumptions made could under- or over-estimate the overall demand forecast 
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The cost of plant operations, espenally labor, wll change vnth pnvatlzation Labor costs 1 by productive manhour wll rise, but efficiency of this labor wdl also nse 

ExhIblt 3-1 
SUMMARY OF VARIANTS INVESTIGATED BY ENERGOPROJEKT 

Gdben/Cornrnonwealth, Inc 3-2 November 1993 

Parameter for Year 2000 

Demand Project~on 
New Consumers 
Hot Water Heat Requrrernent 
Steam Requlrernent 

Meet 1996 Ernlssron Requirements 

Extension of Heat 
Drstrrbutron Lrnes 

Vanants 

lllb I llla 

Natural gas 
423 MWt 
237 MWt 

Tied to DHS 
482 MWt 
240 MWt 

Consrdered for all operating units 

No change Heat Llne East I by 1994 
Heat Llne East II by 1996 
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Smce the EGP work was completed, some conQtlons have changed 

natural gas conversion of the local boder rooms is proceeding in the central 
part of the town and the Slovany area, 

the forecasts of future energy costs have changed, 

the construction of Skoda boiler IS3 has resumed, 

the heat demands in steam of Pilsner Brewery are gomg up due to 
mcreaslng beer production, and 

signtficant progress has been made toward privatization of ZCE 

These changed conditions can slgmficantly impact the approach taken for selemon of 
vanants, and also their evaluation 

3 3  REVIEW OF SPECIFIC ENERGOPRO JEKT VARLANTS 

The followmg sechons provlde specific comments wth regard to each vmant analyzed 

33.1 Vanant I 

Vanant I provldes a good baseline, examnlng the effect of m m a l  capltal changes to the 
system, whde still trylng to meet the projected demand Vanant I assumes that the 
emssions problems presented by 595 small boilers d l  be solved by conversion to 
natural gas, and that exlsting umts wth short remamng life wll be upgraded and retrofit to 
burn natural gas/oil to solve environmental problems 

Vmant I slmply tnes to meet demand, and does not attempt to make the entlre DH system 
more efficlent and cost competitive in the long term With privatization, the DH System 
wdl be 1n compeohon wth decentralized natural gas and electricity, and therefore must be 
effiaent m operations, and wthout subsidy Whlle this vanant may be attractive from a 
capital mvestment standpoint, its inefficient operahon would probably result in the future 
loss of additional DH consumers 

3 3 3  Vanant IIIa (and IIa) 

Vanant IIIa presents a more conservative approach than its counterpart Vmant IIa toward 
meetmg assumed add~tlonal demand Vanant IIa entaled the lnstallatlon of more supply 
capacity than Varlant IIIa In llght of the reducoon m the anticipated demand, only 
Varlant m a  was renewed in detall 

Vanant IIIa shows an lrnprovement m operating efficiency of the whole DH system by 
suggesting installation of an efficlent hlgh-pressure FBC boiler wth cogen, retirement of 
lnefficlent boilers, and also lmprovlng system relablllty by connections of now Independent 
systems In the EGP report, addltlonal consumers are added to the system, prefermg the 
DH system to natural gas conversion 
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3.2.3 Vanant IIIb (and IIb) 

Vanant IIIb also presents a more conservative approach than its counterpart Vanant IIb, 
but wth the same intent Variant IIb entailed the installation of more supply capaclty than 
Vanant IDb In light of the reduction in the anbcipated demand, only Vanant IIIb was 
renewed m detal 

Vanant IIIb shows a large improvement in the efficiency of the DH system, but also results 
in a larger dependency on natural gas fuel Combined cycle systems are now very efficient 
m fuel uthzation, and allow more electricity to be generated and sold Assurmng that the 
Combmed Cycle wll integrate well wth dispatch of current umts, the benehts of h s  
vanant wdl be d e t e m e d  on economcs and nsk 

3.3 OTHER VARIANT CONSIDERATIONS 

There were other analyses conducted in the EGP study such as distribution h e s ,  fuels 
analysis, and waste disposal These unportant areas wll be exarmned m the G/C work as 
part of the overall costlbenefit analysis 

3 3.1 Additional Vanants to be Considered 

Pmanly due to the new demand projecbons, addi~onal or modlfied vmants are reqwred 
to address the new situation These are necessary to provlde the lowest cost of rehable 
energy supply 

3 3.2 Im~hcat~ons of 595 small bo~lers 

The 595 small boilers present a potentially sigmficant influence on p l m n g  for the DH 
system Many of these boiler owners d be forced to choose between only a few 
alternatives, such as a fuel switch or a tie-m to the DH system The decision wll likely be 
based solely on econormcs of the situation as perceived by the owner or cooperative 
Certanly, there w11 be an impact of regulations of the DH industry, the availability of DH 
supply, the accessibility to natural gas connections and/or better quahty solid fuel 

The potential to add even a small percentage of the 586 bollers to the DH system can 
sipficantly impact the demand projections Because supply and demand are now close, 
supply requirements wll be affected The influence of emssion regulations plays a very 
sigmficant part in this analysis 

3.4 REVIEW OF ECONOMIC REPORT 

This revlew follows the order presented m the EGP report 

3.4.1 General Revlew 

Overall, the economc analysis conducted by Energoprojekt was conducted in a 
professional manner There are certan aspects of the analysis which may lead to Merent 
conclusions and recommendations under today's conditions 
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In the follourlng sechons of this Report, a basic methodology wll be presented which 
mcorporates those approaches found acceptable in the Energoprojekt Report, combmed 
wth enhancements planned for this effort 

In particular, there is concern that the demands may change wth each of the vanants under 
consideration due to efficiency differentials, pnclng impacts at the end-use, and mpacts 
due to higher conservation impacts on the baselme demand projection 

Insuffiaent detal was promded in the report on the indimdual breakdown of capital costs 
between local and foreign expenditures In economc terms, the expected cost to the Czech 
economy for sipficant foreign costs for matenal and labor could influence the decision 
process Also, the level of local expenditures for capital does not include breakdowns of 
labor, matenal, or alternatives when selechng specific locally produced equipment 

Fmally, much of the analysis focused on the expected quantities and pnce of the electnclty 
produced by the Distnct Heating variants This is certainly an mportant consideration as a 
benefit to the projects under consideration However, by mcludmg that benefit m the 
Present Worth Analysis to the degree presented in the EGP report, biases the selec~on of 
larger projects when compared to the smaller projects wlth less electrical output l k s  may 
be the correct approach, but some considerahon may be given to the pnang levels of the 
d~stnct heatmg outputs to ensure that the primary objective of meeting demands m distnct 
heatmg at the lowest possibte cost is likewse met 

3.4.2 Descnption of Evaluation Met hod 

The methodology chosen by Energoprojekt was appropnate m that standard economc 
analysis utilizing Net Present Values (NPVs) as the basis of selection rehes on the 
dlfferenhals in costs and benefits as conducted 

In any cogeneration project, the allocation of costs between three products is often open to 
criticism depending on the method chosen m assigmng costs While Energoprojekt may 
very well have captured all of the appropnate costs and benefits in its analysis, it would be 
better to show the vanous components to be sure 

The sensitivity analysis was performed in an extremely appropnate fashion and focused on 
those costs and benefits important to the analysis 

3 4.3 Charactenzat~on of Evaluated Vanants (Sectlon 3) 

While the wntten descnptions of each vanant was necessary in this section, it would have 
been helpful to introduce another diagram or table which highlighted the Merences for 
ease of the reader 
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3.4.4 Values Requ~red for Economic Evaluation (Sect~on 4) 
- 

Investment Costs The inclusion of an appendur, delineating the level of detal for each - 

vanant, spht between local and foreign expenditures would have been helpful to the 
reader As such, no comment can be made as to the appropriateness of the expenditures - 

It would also be appropriate to prowde summary tables rather than graphs, or m addition 
to the graphs prowded for each variant I 
Onerat~np and Other Cost Factors The basic analysis, whlch included the pnmary 
operatmg costs, was appropnate An attempt could have been made to identlfy the real 
growth hfferenbals between competmg fuels, show the quantities used, and provlde detads 

I 
- 

on the quantities of ermssions used in the cost analysis The discount rate utillzed m the 
analysis was considered to be appropnate for the Czech Republic - 
3.4.5 The Economic Calculat~on Result (Sect~on 5) I 
The comment regarding the pricing of heat is considered to be accurate w t h n  the context 
of the analysis undertaken However, the prime benefit analyzed was the electnc energy 
sold rather than the least cost plan to sell heat energy (GJ) As previously discussed, a 
project that meets the objective of supplyrng heat only, regardless of the amount of 
electricrty, would m fact be the least cost option to pursue As long as the NPV is positive, 
then ~t has met its objective Again, the economc analysis could have included an 
economc rate of return as an additional measure of results 

I 
Lkewse, the sensiowty analysis could have included the Economc Rate of Return for 
each case Investigated to further support the recommended decislon The dynarmc 

I 
calculabon was a good first step in attempting to capture this aspect of change in costs and 
pnces I 
3.4.6 IClsks and Uncerta~nt~es (Sect~on 6) I 
The discussion itself mentions the problems associated wth electnc producbon pncmg and m 
its Impacts However, no mentlon is made of country risks where fuel IS prowded, or the 
uncertainties of sufficient foreign exchange Attempts should be made to at least discuss 
those items and provlde quantltles where possible I 
3.4.7 Conclusions and Recommendations (Section 7) I 
Given the revlew conducted and the discussion on each of the chapters m the economc 
analysis, there is reason to believe that some uncertsunty still exlsts, especially when one 
considers the changes that have occurred to date However, gven the level of effort and 
the complexity of the project, it should be mentioned that the analysis was performed m a 

I 
professional manner I 
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4.0 SMALL DECENTRALIZED SOURCES 

The city of Plzen has approxlmately 595 boilers that are currently supplying hot water to 
both residential and commercial buildings These boilers range in size from 0 035 MWt to 
3 MWt and burn a wide variety of coals, city gas, natural gas and fuel oils Generally the 
stacks for small boilers are low which causes the pollutants to affect the immediate area 
According to the new emssions regulations, all boilers above 0 2 MWt must, by 1997, 
conform to emssion limts for pollutants Those coal-bumng units greater than 0 2 MWt 
must therefore clean the flue gas, switch to natural gas, or, shut down since paying penalties 
may not be acceptable or cost effective A promsing alternative IS to extend &stribution 
lines from the central heating system to the distribution point of the decentralized source 
A study was performed to investigate options for the small boilers (1) determne how 
many of the small boilers could potentially be retired, with their consumers connected to 
the central system, (2)  how many could or should convert to natural gas, and (3) also 
investigate other possiblities 

The scope of the G/C analysis includes only the approxlmately 595 small boilers, and does 
not include individual residential furnaces However, the recommendations offered for the 
595 boilers could be extended to many of these individual furnaces The following sections 
include characterization of the boilers and consideration of options for emssions reduction 

4 1 CHARACTERIZATION OF SMALL BOILERS 

A comprehensive data base exists, based on records kept by the state, which charactenzes 
the 595 boilers It provldes location, fuel type, emssions, boiler efficiency, rated output in 
MWt and fuel consumption Exhibit 4-1 summarizes the types of small boilers in Plzen by 
fuel use and capacity, and presents information on fuel consumption, total output, efficiency 
and the number of boilers It also provides an indication of the potential for use of 
emssion control equipment Note that 591 bollers are accounted for in this data base 
compared to 595 in other references For the purposes of this study, it was not considered 
necessary to reconcile or adjust these numbers 

Hand-fired boilers especially are not conducive to modification or to the addition of back- 
end equipment Note that there are 61 hand-fired coke boilers and 68 hand-fired ligmte 
boilers identified In addition to the hand fired boilers, the other solid fuel boilers are 
typified by steel boilers with counter-rotating chain grates for the production of low or 
mddle pressure steam, and steel boilers wth  reciprocatmg grates for the production of hot 
water or low pressure steam 

Of the 595 boilers, 65 are burmng coal (including coke) and 165 burn ligmte (including 
brown coal) These are the boilers that have a potential to be retired, and their consumers 
connected into the central heating system if they cannot comply with the ermssion regulation 
economically Exhibit 4-1 (located in Appendur H) is a map of Plzen which shows where 
these and other boilers are located 
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E~h~bit  4-1 
CHARACTERIZATION OF SMALL DECENTRALIZED BOILERS 

Gilbert/Commonwealth 4-2 November I993 

Average 
Eff~c~ency 

42 0 

59 2 

65 1 

70 3 

63 6 

70 0 

55 4 

39 9 

Annual 
Fuel Use 

60,000 

427,205 

2,061,199 

22,969 

2,571,373 

45,444 

27 182,570 

537 421 

Total 
MW Out 

0 680 

3 088 

12 379 

0 394 

16 541 

0 230 

90 718 

3 556 

Category 

Stoker Coke Fred Bo~lers > = 0 2 MW 

Hand Fred Coke Bo~lers < = 0 2 MW 

Hand Fred Coke Bo~lers > = 0 2 MW 

Other Coke Bo~lers c 0 2 MW 

Subtotal Coal/Coke Bo~lers 

Stoker Fred Llgnite Bollers < 0 2 MW 

Stoker Fred L~gnlte Bollers > = 0 2 MW 

Hand Fred L~gnite Bollers < 0 2 MW 

Fuel Use 
Un~ts 

kg 

kg 

kg 

kg 

kg 

kg 

kg 

kg 

Number 
of Bo~lers 

1 

21 

40 

3 

65 

2 

92 

23 



The 248 boilers currently burmng city gas are expected to convert to natural gas by 1996 
They are now supplied from two North Boherman gasifiers which are over 20 years old and 
w~ll be decomrmssioned in the year 2000 The city of Prague has already completely 
smtched from city gas to natural gas Other Czech cltles are following this example 

The small boiler data base was used by RAEN to arrange the data into a useable form for 
this study, and to propose a scenario for the City of Plzen for likely fuel switching, 
connection to the central system, or electrification EGU and Energoprojekt independently 
developed additional data, based on several discussions with ZCE, and then corroborated 
with RAEN to develop a reasonable scenario for the demand requirements which could be 
assumed for the centralized heat supply system 

The follomng sections explme ermssions reduction options for the small boilers 

4 2 BOILER MODIFICATIONS AND CONVERSIONS TO NATURAL GAS 

Many of the coal/lignite burning boilers can be converted to natural gas To assess the 
potential of natural gas conversion, a survey was completed which categorized the boilers 
according to capacity and age as follows 

over 0 5 MWt 
under 0 5 MWt 
over 20 years old 
under 20 years old 
between 14 and 20 years old 

This first analysis was conducted independent of potential connection of the small boilers 
to district heating Exhibit 4-2 shows these categories and provides recommendations for 
conversion to natural gas, where available The "Modification/Option Number" is a 
convement designation to divide the ermssion control approach by boiler capacity, fuel, 
boiler age, and the near-term availability of a natural gas connection 

The next senes of rune exhibits is divlded into two distinct categories (1) boilers that do 
not need a connection of natural gas, and (2) boilers that will need such a connection A 
further subdivision is by age and boiler capacity Those boilers suitable and recommended 
for natural gas and other modifications are indicated in the series of exhibits Also shown 
is the resulting fuel usage benefit if the fuel changes and efficiency measures are 
implemented Exhib~t 4-3 provides a summary of this work, and presents the exlsting and 
future ermssions for each category of boilers after the conversions have been made to satisfy 
pollution regulations While the tirmng, cost, and potential for implementation is not 
known, these changes represent goals for the boiler owners and the city 
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Exhibit 4-2 
SPECIFICATION OF POTENTIAL BOILER IMPROVEMENTS 

Note a Fuel deslgnatton 
b = Lgnlte CG = City Gas LO = Lght 011 
C = Coal NG = Natural Gas HO = Heavy 011 

G~lbert/Commonwealth 4-4 November 1993 I 

Suggested 
Arrangements and 
Bo~ler Mod~f~cat~ons 

Replace the present bo~lers wlth 
NG bollers wrth low-NO, burners, 
eff lc~ency 90%, NO, 60% 

Replace the present bollers wlth 
new coal bollers, efflcrency 75% 

Replace the present bollers with 
elek-trobo~lers 

No exchange 

lnstallatlon of new NG burners wlth 
low-NO, to the present bollers, 
efflclency 90% NO, 60% 

lnstallatlon of control of quantlty of 
cornbustlon air by oxygen probe 
to the present bo~lers, 
eff lclency 75% 

Replace the present bollers wrth 
NG bollers w~th low-NO, efflc~ency 
90%, NO, 60% 

The same as No 7 

lnstallatlon to the present bollers 
of new NG burners wlth low-NO,, 
efflclency 90%, NO, 60% 

No exchange 

Replace the present bo~lers wlth 
new 011 bo~lers wlth low-NO, 
burners, efflc~ency 87%, NO, 80% 

Boiler 
Age 

[Year] 

> =  20 

> =  20 

> =  20 

c 20 

< 20 

> 14 

14 > 20 

>=  20 

< 20 

c 20 

> =  20 

Current 
Fuela 

L C 

L, c 

L,C 

L,C 

L,C 

L C 

L,C 

CG, NG 
L+CG, C+CG 

CG, NG 

LO, HO 

LO, HO 

Moddcat~on/ 
Option 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Natural Gas 
Connection 
Avadable? 

Yes 

No 

No 

No 

Yes 

No 

Yes 

Yes 

Yes 

No 

No 

Bo~ler 
Capac~ty 

[MWtl 

All 

All 

< 0 5  

< 0 5  

< 0 5  

> = 0 5  

> = 0 5  

All 

All 

All 

All 



Exhlblt 4-3 
SMALL BOILER EMISSIONS AND ENERGY USE SUMMARY TABLE 

Note a Exhlb~t 3-4 Age >20 years, Capaclty >0 5 MWt, Gas Connectlon requlred 
Exhlb~t 3-5 Age >20 years Capaclty >O 5 MWt, Gas Connectlon not requlred 
Exhibit 3-6 Age <20 years, Capaclty >0 5 MWt, Gas Connectlon requlred 
Exhlb~t 3-7 Age <20 years, Capac~ty >0 5 MWt, Gas Connectlon not requlred 
Exhlblt 3-8 Age >20 years Capac~ty <O 5 MWt Gas Connect~on requlred 
Exhlblt 3-9 Age >20 years Capaclty <O 5 MWt Gas Connectlon not requlred 
Exhlblt 3-10 Age <20 years Capaclty <0 5 MWt Gas Connectlon requ~red 
Exhlbrt 3-1 1 Age <20 years Capac~ty <O 5 MWt Gas Connectlon not requ~red 
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60 

Exhrblt 
NumbeP 

4-4 

4-5 

4-6 

4-7 

4-8 

4-9 

4-1 0 

3-1 1 

TOTAL 

Status 

Exlst 

Sugg 

Exlst 

Sugg 

Exlst 

Sugg 

Ex~st 

Sugg 

Exist 

Sugg 

Exlst 

Sugg 

Exlst 
' 

Sugg 

Ex~st 

Sugg 

Ex~st 

Sugg 

CxHy 

31 7 

0443 

3 33 

2 28 

9 07 

2 31 

6 42 

5 05 

3348 

0 2 

1318 

6 66 

6 51 

0 06 

1 86 

1 27 

10555 

18273 

Fuel 
Consumption 

[GJ/y] 

213,268 

117,403 

84,846 

65,931 

79,440 

65 802 

388,166 

346,284 

82 781 

52,551 

104,529 

73,176 

24 790 

15,385 

223 507 

195,429 

1 201 327 

931,961 

Number 
of 

Bollers 

42 

18 

21 

70 

90 

100 

23 

226 

590 

[t/y] 

CO 

82 21 

1107 

1031 

6 99 

2951 

6 14 

22 95 

1575 

15787 

0 49 

6104 

31 02 

29 37 

0 15 

6 21 

4 27 

39947 

65917 

Partl- 
culate 

306 01 

1 046 

4909 

34 63 

12391 

29 73 

62 5 

4774 

6909 

0 48 

4806 

1779 

1916 

0 14 

4 467 

2 74 

682 29 

13430 

Total 
Output 
[MW] 

44 49 

24 17 

26 83 

95 6 

23 08 

25 15 

593 

46 083 

291 3 

SO, 

223 74 

0 03 

4545 

32 82 

1037 

24 55 

46 

4041 

6864 

0 006 

2877 

1256 

21 21 

0 005 

2 59 

1 81 

540 1 

11219 

Ernlss~ons 

NO, 

47 15 

3 98 

1339 

6 42 

1763 

5 75 

4929 

1995 

1247 

1 77 

1102 

4 05 

4 29 

0 53 

22 66 

7 63 

1779 

5008 



PLZEN DISE T HEAIZNC ';rSTEM STUDY 

Details to support the values in Exhibit 4-3 are presented in the next eight exhibits 
Exhibits 4-4, 4-6, 4-8, and 4-10 show the number of boilers, total output, option 
cl i;ification rlnnual fuel use and emssions for the first category, i e where a gas connection 
is required, and by four combinations of age/capacity 

Exhibits 4-5, 4-7, 4-9, and 4-11 give simlar information for boilers of the second category, 
i e ,  where a gas connection is not required Calculation results are provlded for the 
"existing" situation and also the resulting situation if suggestions are implemented Each 
exhibit also includes reduced fuel use, where applicable, as a result of implementing the 
changes 

The solid fuel-fired small boiler decisions will ultimately be based on the cost or perceived 
cost to convert to natural gas versus the cost of hot water supplied from the central system 
Each case will be different depending on the type of boiler, age, size and other factors 
Because natural gas costs are currently low, it 1s possible that conversion to gas wll appear 
more economcal than a connection to the central system In the long term, the real 
comparison will depend more on the relative increases in energy cost to the small consumer 
between the present fuel and the optlons 

Regulations issued by the city could influence the choice of gas or district heating by 
requiring that all boilers adjacent to existing hot water pipelines utilize the district heating 
option, or they could influence the location of natural gas line extensions A more 
acceptable form of influence which can motivate boiler owners/operators could be provided 
by incentives in the form of tax relief or credits 

While capital costs were not generated for these modifications, the tables represent the 
benefits which can potentially be achieved As fuel prices nse, energy efficiency policies are 
introduced, and competing efficient energy sources are available, these benefits wll be 
realized 
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Exh~b~t 4-4 
EMISSIONS FOR BOILERS WITH GAS INTRODUCTION (Age >20 years, Capac~ty >O 5 MWt) 

1 Note a Mod~f~cat~on Category Number refers to categor~es In Exhlblt 4-2 

Exh~b~t 4-5 
EMISSIONS FOR BOILERS WITHOUT GAS INTRODUCTION (Age > 20 years, Capac~ty >O 5 MWt) 

Boller Capacrty > = 0 5 MWt 
Age > = 20 years lntroductlon to Gas Required? Yes 

Fuel 

C 

NG 

L 

NG 

1 ' 
Note a Mod~ficat~on Category Number refers to categories In Exh~b~t 4 2 

Number 
of 

Bollers 

1 

41 

42 

Gilbert/Commonwealth 4-7 November 1993 

Fuel 
Consumption 

[GJ/y] 

1 560 

728 

21 1,708 

116,675 

21 3,268 

1 17,403 

Modlfr- 
catlon 

Category 
Number" 

1 

1 

Total 
Output 
[MW] 

0 68 

43 81 

44 49 

ER- 
clency 

[%] 

42 

90 

50 

90 

Heatlng 
Value 

[MJ/kg] 
[MJ/Nm3] 

26 

34 

13 5 

34 

Status 

Exist 

Sugg 

Exlst 

Sugg 

Exlst 

Sugg 

Borler Capaclty > = 0 5 MW 
Age > = 20 years lntroductlon to Gas Required? No 

Fuel 

CG 

NG 

L 

L 

LO 

LO 

Number 
of 

Bollers 

5 

9 

4 

18 

Fuel 
Consumption 

[GJ/y] 

49,369 

40,044 

26,028 

18,393 

9 449 

7 494 

84 846 

65 931 

Emlsslons [t/y] 

Total 
Output 
[MW] 

1033 

10 8 

3 04 

2417 

CxHy 

06 

0003 

31 1 

044 

31 7 

0443 

Partl- 
culate 

114 

0 006 

3049 

104 

306 0 

105 

Heatlng 
Value 

[MJ/kg] 
[MJ/Nm3] 

15 

34 

13 5 

13 5 

40 

40 

Moddl- 
catlon 

Category 
NumbeP 

8 

2 

1 1  

Effl- 
clency 

[%I 
73 

90 

53 

75 

69 

87 

Status 

Exrst 

Sugg 

Exrst 

sugg 

Exrst 

Sugg 

Ex~st 

sugg 

Em~ss~ons [t/y] 

SO, 

103 

0 

222 7 

003 

223 7 

003 

Partl- 
culate 

0 97 

0 36 

4762 

33 87 

05 

04 

4909 

3463 

NO, 

019 

0 03 

47 0 

395 

47 2 

398 

CO 

265 

0 007 

796 

1 1  

82 2 

1 1 1  

SO, 

0 29 

0 01 

3829 

2733 

687 

548 

4545 

3282 

CO 

1 04 

0 38 

913 

65 

014 

011 

1031 

699 

NO, 

6 04 

1 35 

499 

3 56 

236 

151 

1339 

642 

CxHy 

0 35 

0 15 

2 89 

2 05 

0 09 

0 08 

3 33 

2 28 



Exhibit 4 6  
EMISSIONS FOR BOILERS WITH GAS INTRODUCTION (Age c20 years, Capac~ty >O 5 MWt) 

Note a Mod~flcat~on Category Number refers to categorles In Exh~b~t 4-2 
I 

Exh~b~t  4 7  
EMISSIONS FOR BOILERS WITHOUT GAS INTRODUCTION (Age c20 years, Capac~ty >O 5 MWt) 

Number 
of 

Boilers 

21 

21 

November 1993 

&?I 

Boiler Capacity > = 0 5 MW 
Age < 20 years lntroduct~on to Gas Required? Yes 

Total 
Output 
[MW] 

2683 

2683 

Number 
of 

Bo~lers 

39 

12 

3 

4 

Fuel 
Consumption 

[GJ/y] 
79,440 

65,802 

79,440 

65,802 

1 
4 
I 
1 

Note a Mod~flcatlon Category Number refers to categorles rn Exhlblt 4-2 I 

Mod~fl- 
cation 

Category 
NumbeP 

7 
6 

Heat~ng 
Value 

[MJ/kg] 
[MJ/Nm3] 

13 5 

34,135 

Effi- 
clency 

[%I 
71 

90,75 

I 
Total 

Output 
[MW] 

4747 

1978 

1 95 

10 59 

Boiler Capacity > = 0 5 MW 
Age < 20 years lntroduct~on to Gas No 

Heatlng 

Status 

Exlst 

Sugg 

Exlst 

SWg 

Em~ssions [t/y] 

Modd- 
cation 

Category 
NumbeP 

9 

9 

9 

9 

Fuel 
Consumption 

[GJ/Y~ 
21 0,316 

179,937 

75,740 

69,849 

3,692 4 

3405 

32,576 

28,956 

Emlss~ons [t/y] 

Fuel 

L 
NG, L 

Partl- 
culate 

12391 

2973 

12391 

2973 

Status 

Ex~st 

Sugg 
Exist 

Sugg 
Exist 

Sugg 
Exist 

Sugg 

Value 
[MJ/kg] 

[MJ/Nm31 

15 

34 

34 

34 

15 

34 

20 

34 

Fuel 

CG 

NG 

NG 

NG 

CG, NG 

NG 

CG, LO 

NG 

CxHy 

907 

231 

907 

231 

SO, 

1037 

2455 

1037 

2455 

Effl- 
clency 

[%I 
77 

90 

83 

90 

83 

90 

80 

90 

NO, 

1763 

575 

1763 

575 

Partl- 
culate 

4 1  

187 

067 

0 62 

0 07 

048 

CO 

2951 

614 

2951 

614 

SO, 

119 

006 

002 

0 02 

0 02 

0 0 3 0 0 0 1  

029 

0 2 9 0 0 0 9  

NO, 

2639 

711 

421 

2 38 

0 47 

013 

309 

1 1  

co 

434 

198 

072 

0 66 

0 08 

004 

053 

031 

cxHy ! 
154 

079 

025 

0 23 

0 03 

001 

018 

012 

- 

1 
I 
1 



PLZEN DISTRICT HEATING SYSTEM m Y  

Exhrbrt 4-8 
EMISSIONS FOR BOILERS WITH GAS INTRODUCTION (Age >20 years, Capacrty cO 5 MWt) 

Note a Mod~f~cat~on Category Number refers tEcategortes In Exh~b~t 4 2 

Gtlben/Comrnonwealth 4-9 November 1993 

Number 
of 

Borlers 

3 1 

42 

17 

90 

Borler Capacrty < 0 5 MW 
Age > = 20 years lntroductron to Gas Yes 

Total 
Output 
[MW] 

7 6 

11 04 

444 

23 08 

Fuel 
Consumptron 

[GJ/y] 
17 676 

9,622 

49,230 

33 914 

15,875 

9 015 

82,781 

52,551 

Modrfl- 
cation 

Category 
NumbeP 

1 

1 

1 

Heatrng 
Value 

[MJ/kg] 
[MJ/Nm3] 

13 5 

34 

26 

34 

18 

34 

Status 

Exrst 

Sugg 
Ex~st 

Sugg 
Exrst 

Sugg 
Exrst 

Swig 

Effr- 
clency 

[%I 
48 

90 

62 

90 

51 

90 

Fuel 

L 

NG 

C 

NG 

L, C 

NG 

Em~ssrons [t/y] 

Partl- 
culate 

2804 

0 085 

2253 

031 

0 08 

6909 

0 475 

SO, 
20 53 

0 003 

3095 

0001 

18521716  

0 002 

6864 

0 006 

NO, 
3 94 

0 32 

587 

115 

266 

0 3 

1247 

1 77 

CO 

31 47 

0 09 

8642 

032 

3998 

0 08 

15787 

0 49 

CxHy 

6 48 

0 04 

1887 

013 

813 

0 03 

3348 

0 2 



Exhrbit 4-9 
EMISSIONS FOR BOILERS WITHOUT GAS INTRODUCTION GAS (Age >20 years, Capacity < O  5 MWt) 

Note a Modlflcatlon Category Number refers to categories In Exh~b~t 4-2 

G~lbert/Cornmonwealrh 4-10 November 1993 

Boiler Capac~ty < 0 5 MW 
Age > = 20 Introduction to Gas No 

Number 
of 

Bollers 

7 

Modifi- 
cation 

Category 
Number" 

7 (70%) 
3 (30%) 

Total 
Output 
[MW] 

14 

Fuel 
Consumption 

[MJ/y] 
6,102 

3,588 

259 2 

Effl- 
clency 

[%] 
63 

75,100 

69 

Status 
Exist 

Sugg 
Exlst 

Heating 
Value 

[MJ/kg] 
[ M J / N ~ ~ ]  

26 

26 

30 

Fuel 
C 

C, E 
C NG 

Emissions [t/y] 

CxHy 
243 

143 

009 

Parti- 
culate 
245 

144 

017 

SO, 
373 

22 

012 

NO, 
08 

047 

003 

CO 
1042 

613 

038 



PLZEN DZSTlUCTHEAmG SYSTEM STUDY 

E ~ h ~ b l t  4-10 
EMISSIONS FOR BOILERS WITH GAS INTRODUCTION (Age c20 years, Capacity cO 5 MWt) 

Note a Modificat~on Category Number refers to categor~es In Exh~bit 4 2 

G~lbert/Commonwealth 4-11 November I993 

Bo~ler Capacity < 0 5 MW 
Age < 20 Introduction to Gas Yes 

Number 
of 

Borlers 

9 

7 

7 

23 

Fuel 
Consumpt~on 

[GJ/y] 
10,225 

6,476 

11,596 

6996 

2,969 

1,913 

24,790 

15,385 

Total 
Output 
[MW] 

2 31 

2 46 

116 

5 93 

Fuel 

C 
NG 

L 

NG 

L, C 
NG 

. 

Modifl- 
cation 

Category 
NumbeP 

5 

5 

5 

Heating 
Value 

[MJ/kg] 
[MJ/Nm3] 

26 

34 

13 5 

34 

18 

34 

Status 

Exist 

Sugg 
Exist 

Sugg 
Ex~st 

Sugg 
Ex~st 

sugg 

Effl- 
clency 

[%I 
57 

90 

54 

90 

58 

90 

Em~ss~ons [t/y] 
Partl- 
culate 

483 

006 

1187 

0 06 

246 

002 

19 16 

014 

SO, 
615 

0002 

1242 

0 002 

264 

0001 

21 21 

0005 

NO, 
122 

022 

258 

0 24 

049 

007 

429 

053 

CO 

1774 

006 

425 

0 07 

738 

002 

2937 

015 

CxHy 

388 

002 

101 

0 03 

162 

001 

6 51 

006 



PLZEN DISTRICT XE4TRUG SYSTEM STUDY 

Exhlb~t 4-1 1 
EMISSIONS FOR BOILERS WITHOUT GAS INTRODUCTION (Age c20 years, Capacity C O  5 MWt) 

Note a Mod~frcat~on Category Number refers to categories In Exh~b~t 4 2 

November I993 

1 27381 18081 76311 42711 1271 

Boiler Capacity < 0 5 MW Age < 20 lntroduct~on to Gas 
Requ~red? No 

Number 
of 

Bo~lers 

1 

122 

Fuel 
Consumption 

[GJ/y] 
151 8 

1198 

1 17,403 

100,445 

Status 

Ex~st 

Sugg 
Ex~st 

Sugg 

Fuel 

C 
NG 

L 

NG 

Total 
Output 

[MW] 

0 13 

273 

Heat~ng 
Value 

[MJ/kg] 
[MJ/Nm31 

30 

34 

15 

34 

Modlfl- 
cation 

Category 
NumbeP 

9 

9 

Effl- 
clency 

[%I 

71 

90 

77 

90 

Emlsslons [t/y] 

Partl- 
culate 

0 1  

0 001 

239 

105 

SO, 
007 

0 01 

067 

004 

NO, 
002 

0 005 

1495 

396 

CO 

022 

0 001 

251 

1 1  

CxHy 

005 

0 001 

088 

045 



4.3 CONNECTION TO THE DH SYSTEM 

A subsequent analysis was conducted to deterrmne the potential to connect selected small 
boilers to the central distnct heating (DH) system The central heating system offers the 
following advantages 

ability to use inexpensive fuels with cost-effective environmental controls 

ability to cogenerate on a large, cost effective scale 

utilization of large efficient power plants 

ability to mmrmze overcapacity 

ability to provide greater reliability of semce 

The primary disadvantage of the central DH system is that heat must be transferred over 
a distance The heat loss, maintenance cost, and control of this "distribution" system is 
important to efficient operation of the DH system, and its competitiveness wth  other energy 
forms The technology asociated with heat distribution is continually being improved, 
resulting in a reduction of losses as this new technology is implemented 

It has been shown in many situations that DH is cost effective In the City of Plzen, much 
of the cost of the DH system has already been expended, and so it can be concluded that 
if the system is operated in an efficient manner, it w11 be cost-effective for reasonably dense 
population centers 

ZCE has been active in deterrmnlng the potential for new markets in the central DH system 
area Agreements between 20 small boiler plants and ZCE have already been made to 
connect them to the DH system by 1994 A listing of these plants is shown in Exhibit 4-12 
The total demand for these plants is about 27 MWt after adjusting for capacity margin, 
conservation and coincident demand Note that this adjustment is sigmficant and represents 
an advantage of a central system A small boiler must be purchased in certain available 
sizes, and could represent 20-30% overcapacity Also, the fact that all heat loads do not 
occur exactly at the same time results in a savings for "non-coincident" demand 

The low balance figures in Exhibit 4-12 assume by judgement that 25% wll not connect to 
the DH system This 1s because the agreements are not firm, and it is stdl possible that 
some users may change their mnd and select another option Note that some of the plants 
are now burning city gas and natural gas 

Exhibit 4-13 lists additional boiler plants that have a potential for connecting to the central 
system This list was prepared by RAEN, independently from that provided in Exhibit 4-12 
and then corroborated with EGUYs findings Engineering judgement was used to deterrmne 
which boilers were suitable for connection This judgement, based on the "econormc 

~dberr/Comrnonwealth 4-13 November 1993 



PLZENDIrncTHEATING sYxlEhf STUDY 

Exhfb~t 4-12 
HEAT SUPPLY PROMISED FROM DHS ZCE UP TO 1996 

Appl~cant 
(customer) 

Address Start Demand Requesteda Reducedb 
of the Customer u P Therm Therm 

G J/Y Power Power 
kWt kWt 

PIPELINE SOUTH 

1 Maglstrat mk ta  Lukavrcka 9 09/1993 401 5 544 435 2 

3 Mag~strat mgsta Pod Zahorskem 26 0911 993 1 1247 3050 2440 0 

4 Mln .5kolstv~ Gymnaz~um Petakova 2 1993 9000 2566 2052 8 

5 Vojenska nemocnlce Sklad Koztnova 6 09/1993 800 130 104 0 

6 Mln zdravotntctvl I pol Den~sovo nab? 1 993 8580 2000 1600 0 

7 Plzefiske komun~kace ' Preslova 13 1 993 828 21 0 168 0 
I 

8 Mln $kolstvl Chodske nam 1 (navy$) 1 993 13005 1880 1504 0 m 

9 RECOOP TOUR a s  Praha Sady 5 kvgtna 1993 29299 3045 2436 0 L 

10 SCM vjirob druistev RadobyE~cka 24 1 993 4500 700 560 0 

1 1  Kmart CR a s Praha OD Pr~or Amer~cka 47 1993 12000 1800 14400 I 
15 Skoda a s Plzeii Ztmnl stad~on 1994 12500 2273 1818 4 

16 OD + garaZe Gerska 1 995 13772 2500 2000 0 

19 MlnO hospoda?stvi Dum obuv~ Amer~cka 3 1876 1240 992 0 I 
20 ISRAM s r o PlzeA Struncovy sady 7 1100 150 

SUBTOTAL - reduced power - htgh balance 123753 22279 17823 l2O0 2 I 
- low balance 13367 4 

PlPELlNE NORTH 

12 Mln stavebntctvl Sti GERA + garaie 1 993/94 2880 570 456 0 

13 CURAMED EDEKA PlzeA - Bolevec 1994 1 470 260 208 0 

18 Spr post a telekom SOU spoju Lochotln 1996 15000 2260 1808 0 # 
SUBTOTAL - reduced power - high balance 19350 3090 2472 0 - 

low balance 1854 0 

PIPELINE EAST 
I 

14 Mln prumyslu CR Stavebn~ stroje 1994 28588 7000 5600 0 

17 Mln prumyslu CR EPRO s p Cvokaiska 10 1995 9800 1900 1520 0 

SUBTOTAL reduced power - h~gh balance 38388 8900 71 20 0 

D 
- low balance 5340 0 

TOTAL - reduced power - hlgh balance 34269 2741 5 2 

low balance 20561 4 

Notes a Current demand 
e 

b Projected demand based on eff~c~ency Improvement and co~nc~dent demand 
$ 

I 
G~lbert/Commonwealth 4- 14 November 1993 

9 
I 



Bo~ler No lnst Therm Fuel Heat Consultation Effic~ency Demand Time Power 
Output Value 

t / ~  GJ/Y 
Factor 

k Wt MJ/kg % GJ/Y h/y kWt 

PIPELINE SOUTH 
10 4640 HU 145 815 118175 0 73 8626 8 2200 1089 
12 461 0 HU 145 1566227070 073 16576 1 2000 2302 
40 2320 HU 145 47 6815 073 4975 2200 62 8 
46 21 58 HU 14 5 500 7250 0 0 73 5292 5 2200 668 2 
75 1000 HU 145 147 21315 073 1556 0 2200 196 5 
76 990 KOKS 26 4 243 6415 2 0 73 4683 1 2200 591 3 
78 954 KOKS 264 233 6151 2 0 73 4490 4 2200 567 0 
84 874 KOKS 26 4 174 4593 6 0 73 3353 3 2200 423 4 
96 750 KOKS 26 4 154 4065 6 0 73 2967 9 2200 374 7 
112 636 KOKS 26 4 232 6124 8 0 73 4471 1 2200 564 5 
117 636 HU 145 560 81200 073 5927 6 2100 784 1 
131 543 HU 150 112 16800 073 1226 4 2200 154 8 
134 524 KOKS 264 61 16104 073 1175 6 2000 163 3 
1 60 708 HU 150 132 19800 073 1445 4 2200 182 5 
1 74 353 KOKS 264 69 18216 073 1329 8 2200 167 9 
181 31 8 HU 150 80 12000 073 876 0 2200 110 6 
1 83 318 KOKS 26 4 85 2244 0 0 73 1638 1 2200 206 8 
1 84 318 * H U  150 93 13950 073 1018 4 2200 128 6 
200 295 KOKS 26 4 56 1478 4 0 73 1079 2 2200 136 3 
202 280 KOKS 26 4 60 1584 0 0 73 11563 2100 153 0 
205 273 KOKS 264 14 3696 073 269 8 2200 34 1 
207 272 HU 150 81 12150 073 887 0 2200 1120 
220 234 LTO 41 5 3 1245 0 8  99 6 1000 27 7 
222 234 HU 16 66 10560 073 770 9 2200 97 3 
223 234 LTO 415 3 1245 0 8  99 6 1000 27 7 
225 232 KOKS 26 4 30 792 0 0 73 578 2 2400 66 9 
226 232 KOKS 26 4 50 1320 0 0 73 963 6 2400 111 5 

TOTAL 24936 73056 1 2135 9504 
PIPELINE NORTH 

3 8730 LTO 41 5 1041 43201 5 0 8 34561 2 2200 4363 
TOTAL 8730 34561 2 2200 4363 
PIPELINE EAST 

1 10590 SP x 146 1629 23780 1 0 81 19261 9 1200 4458 
6 5820 HU 145 304 44080 073 3217 8 2000 446 9 
13 4210 HU 145 350 50750 073 3704 8 2000 514 5 
20 3480 HU 145 857124265 073 9071 3 2000 1259 
27 3060 HU 145 1011 146595 073 10701 4 2000 1351 
72 1050 HU 145 65 9425 073 688 0 2000 95 6 
106 680 KOKS 26 4 60 1584 0 0 73 1156 3 2000 160 6 
129 544 KOKS 26 4 88 2323 2 0 73 1695 9 2200 214 1 
1 69 375 KOKS 26 4 127 3352 8 0 73 2447 5 2200 309 0 

TOTAL 29809 519451 1638 881 0 
BOILERS 63475 159562 3 1954 22679 
x fuel consumpt~on In lo3 m3/y HU l~gn~te KOKS coke LTO fuel 011 l~ght SP c~ty  gas 

G~lbert/Commonwealth 4-15 November 1993 



distance" of the boiler from an exlsting primary distribution line, accounts for the price 
differential in fuels, the capital cost associated wth  the DH installation, the number of such 
boilers in close proxlrmty, and available capacity on exlsting substations 

In this l~sting it is known that there are plants that may not connect to the DH system 
Therefore the potential effect on the heat demand has been separated Into a "high" balance 
and a "low" balance The high balance is shown m Exhibit 4-13 The low balance excludes 
the following power plants 1, 12, 40, 72, 84, 134, 160, 183, 202, 220, 223, and 225 These 
numbers correspond to the plant numbers in the data base The high and low balance 
provide a reasonable range, knowing that even dunng the publication of this work, decisions 
are being made by the small boiler owners 

The total number of boilers (33) represented by the 12 plants shown in Exhibit 4-12 are 
summarized by fuel in m b i t  4-14 The combination of both "promsed boilers and 
"connected (potential), for both high and low demand situations summanzed in 
Exhibit 4-15, was used in the calculation of central DH system demand requirements to 
support the study 

The cost associated with the proposed DH connectlons for the high and low balance 
scenarios is provided in Exhibits 4-16 and 4-17 Estimates were made for heat exchanger 
stat~ons, braqch pipelines, and connectlons to each new consumer These costs are included 
In each variant for both the high and low balance, and also included connections for 
expected new commercial enterprises 

In summary, of the approximately 300 MWt demand now being provided by independent 
power plants, 27 MWt has been promsed a connection to the DH system by 1994 and there 
is a potential to connect an additional 23 MWt for a total of about 50 MWt From another 
viewpoint, of the 595 boilers, there is a potential of retiring 113, practically all wh~ch burn 
coal or ligmte This has the potentla1 to provide a significant environmental benefit, as 
d~scussed in Section 9 0 

Exhlb~t 4-1 4 
PEEN "PROMISED" BOILER SUMMARY 

November I993 

a I I 

Prrmary Fuel 

Coal 

Clty Gas 

Unknown 

L~gnlte 

Natural Gas 

TOTAL 

No of Bo~lers 

4 

2 

9 

16 

2 

33 

Or~g~nal Total MWt 

1 160 

0 986 

11 050 

18 044 

0 546 

31 786 

% MW 

3 65 

3 10 

34 76 

56 77 

1 72 

100 00 



Exh~b~t  4-15 
PLZEN "HIGH BALANCE" BOILER SUMMARY 

(rnclud~ng both "promised" and "connected" botlers) 

Exhlblt 4-16 
CP PEEN "HIGH BALANCE" COST OF DISTRICT HEAT CONNECTION 

Oh MW 

13 09 

16 68 

55 73 

14 29 

100 00 

Pr~mary Fuel 
r 

Coal 

Clty Gas 

L~gnlte 

Llght 011 

Total 

G~lbert/Commonwealth 4-17 November 1993 

No of Bo~lers 

29 

4 

42 

5 

80 

PIPELINE NORTH 
New Consumers 

Prom~sed from ZCE 
Connected Bollers 
New Commerc~al 

Total 
Increase of Dellvery 
Cost-New Branch P~pel~nes 
Cost-New Heat Exch Statlons 

PIPELINE SOUTH 
New Consumers 

Promrsed from ZCE 
Connected Bo~lers 

Total 
Increase of Dellvery 
Cost-New Branch P~pel~nes 
Cost-New Heat Exch Stat~ons 

PIPELINE EAST 
New Consumers 

Prom~sed from ZCE 
Connected Bo~lers 

Total 
Increase of Dellvery 
Cost-New Hot Water Ma~ns 
Cost-New Branch Plpelrnes 
Cost-New Heat Exch Statrons 

Total Investment Cost 

Total MWt 

8 310 

10 590 

35 375 

9 198 

63 473 

Unlts 

MWt 
MWt 
MWt 
MWt 
MWt 
1 06Kc 
106Kc 

MWt 
MWt 
MWt 
MWt 
106Kc 
106Kc 

MWt 
MWt 
MWt 
MWt 
10% 
1 06Kc 
1 06Kc 

106Kc 

1996 

0 7  
4 4  
2 9  
8 0  
1 0  
0 6  
0 8  

167 
7 8  

245 
4 3  
2 6  
3 4 

5 6  
4 5  
101 
101 

6 1 
8 1 

21 6 

1993 

- 

3 0  

3 0  
3 0  
1 8  
2 4 

4 2  

1994 

0 5  

0 5  
0 5  
0 3  
0 4  

128 
2 9  
157 
127 
7 6  
10 2 

185 

1995 

0 7  
4 4  
1 9  
7 0  
6 5  
3 9  
5 2  

148 
5 4  
202 
45  
2 7  
3 6 

32 3 

477 

1997 

2 5  
4 4  
4 0  
109 
2 9  
1 7  
2 3  

178 
9 5  
273 
2 8  
1 7  
2 2 

7 1  
5 1  
122 
2 1  

1 3  
1 7  

109 

2005 

2 5  
4 4  
151 
220 
2 6  
1 6  
2 1  

178 
9 5  
273 
0 0  
0 0  
0 0 

7 1 
8 8  
159 
0 0  

0 0  
0 0  

3 6  

2000 

2 5  
4 4  
125 
194 
8 5  
5 1  
6 8  

178 
9 5  
273 
0 0  
0 0  
0 0 

7 1 
8 8  
159 
3 7  

2 2 
3 0  

171 

2010 

2 5  
4 4  
171 
240 
2 0  
1 2  
1 6  

178 
9 5  
273 
0 0  
0 0  
0 0 

7 1 
8 8  
159 
0 0  

0 0  
0 0  

2 8  



Exhlbrt 417  
CP PEEN "LOW BALANCE" COST OF DISTRICT HEAT CONNECTION 

(rncludrng both "promrsed and "connected" borlers) 

Low Balance Parameters 

PIPELINE NORTH 
New Consumers 

Prom~sed from ZCE 
Connected Bo~lers 
New Cornmerc~al 

Total 
Increase of Dellvery 
Cost-New Branch P~pelrnes 
Cost-New Heat Exch Stat~ons 

PIPELINE SOUTH 
New Consumers 

Prom~sed from ZCE 
Connected Bo~lers 

Total 
Increase of Dellvery - 
Cost-New Branch P~pel~nes 
Cost-New Heat Exch Stat~ons 

PIPELINE EAST 
New Consumers 

Prom~sed from ZCE 
Connected Bollers 

Total 
Increase of Dellvery 
Cost-New Hot Water Mans 
Cost-New Branch Plpel~nes 
Cost-New Heat Exch Stat~ons 

Total Investment Cost 

Un~ts 

MWt 
MWt 
MWt 
MWt 
MWt 
1  06Kc 
106Kc 

MWt 
MWt 
MWt 
MWt 
106Kc 
1 0 % ~  

MWt 
MWt 
MWt 
MWt 
1  06Kc 
1 0 % ~  
106Kc 

1 0 % ~  

1993 

2 3  

2 3  
2 3  
1 4  
1  8  

3 2  

1995 

0 5  
3 5  
1 0  
5 0  
4 6  
2 8  
3 7  

11 1  
3 2  
143 
3 0  
1 8  
2  4  

32 3 

429 

1994 

0 4  

0 4  
0 4  
0 2  
0 3  

9 6  
1 7  
113 
9 0  
5 4  
7  2  

132 

1996 

05 
35 
1 0  
5 0  
0 0  
0 0  
0 0  

125 
4 7  
172 
2 9  
1 7  
2  3  

4 2  

4 2  
4 2  

2  5  
3  4  

9 9  

1997 

1 9  
35 
1 0  
6 4  
1 4  
0 8  
1 1  

134 
5 7  
191 
1 9  
1 1  
1 5  

5 3  
0 6  
5 9  
1 7  

1 0  
1 4  

7 0  

2000 

19 
35 
1 0  
6 4  
0 0  
0 0  
0 0  

134 
5 7  
191 
0 0  
0 0  
0 0  

5 3  
2 2  
7 5  
1 6  

1 0  
1 3  

2 2  

2005 

1 9  
3 5  
1 0  
6 4  
0 0  
0 0  
0 0  

134 
5 7  
191 
0 0  
0 0  
0 0  

5 3  
3 4  
8 7  
1 2  

0 7  
I 0  

1 7  

2010 

1 9  
35 
1 0  
6 4  
0 0  
0 0  
0 0  

134 
5 7  
191 
0 0  
0 0  
0 0  

5 4  
3 4  
8 7  
0 0  

0 0  
0 0  

0 0  



4 4 THE COGENERATION OPTION FOR SMALL BOILERS 

An independent study was performed by CityPlan, as subcontractor on this project, to 
determne the potential for cogeneration retrofits in small boiler houses The complete 
study is provided in Appendm C Cogeneration is an option which is techrucally feasible, 
and the CityPlan evaluation focuses on the "economic" feasibility of the opporturuty The 
configuration set forth by C~tyPlan includes a small gas engine, manufactured in the Czech 
Republic, which exhausts into an exlsting boiler, modified for such a connection The gas- 
fired engine would produce electricity to be used by the building or building group which 
consumes the heat 

A separate analysis was performed by Gilbert/Commonwealth to augment the CityPlan 
work, and to provide perspective on these lunds of arrangements in the Uruted States Also, 
assumptions in the CityPlan study were modified to be consistent with U S practices as a 
prediction of the direction of cogeneration arrangements in the Czech Republic Important 
assumptions which strongly influence this option are (1) the sale price of cogenerated 
electricity to the grid, (2) the sale price of hot water energy to consumers, and (3) the 
amount of equity assumed to be available from the government or private investors 

A discussion of these assumptions is provlded in more detail in Section 8 9, where 
cogeneration options are explored for Svetovar on a slightly larger scale 

The net effect of a change in the price of two important commodities produced by the "rmru- 
cogeneration" option is a reduced level of revenues from the CityPlan estimate by about 
14% A final adjustment to the CityPlan work is a change to the assumed capitalization 
structure When these adjustments are made, the "project" produces a negative cumulative 
cash flow through the study period of twenty years No consideration was given to a 
potential government subsidy or special financial arrangements, i e , the project was 
considered to stand on its own 

Unless dramatic changes to pricing schemes occur for the two basic commodities considered, 
emphasis should be placed on improving the present systems and strive to produce heat in 
the most economcal manner 

4 5 CONCLUSIONS AND RECOMMENDATIONS 

The results of this study were derived from work done by RAEN, EGU, and Energoprojekt 
Data, calculat~ons and demand projections were correlated so that the results were 
consistent 

It has not been determned why those 113 power plants close to exlsting DH pipelines d ~ d  
not in the past choose to connect to the central system Now that the central system must 
be upgraded to meet pollution regulations and perhaps be increased in capacity, it is 
recommended that, for environmental reasons, and where feasible, those boilers should be 
shut down and their current consumers should be tied to the central system Not only will 

November 1993 

--'IV 



PLZEN D I m m  HEATING SYSTEM STUDY 

this reduce the pollutants m densely populated areas but the added consumers wlll help to 
reduce overall DH costs Depending on future gas prlce mcreases, ~t should also be more 
economcal to the consumers 

It 1s also recommended that the power plants that cannot now connect to the DH system 
be notified of the importance of complying with the new environmental regulations The 
suggested changes as shown in Exhibit 4-2 should be presented to the operators of the 
power plants and the implementation should be momtored by Plzen city offic~als Policies 
and regulations Implemented by the c~ty could expedite this effort 

For the long term, however, the objective should be to discontinue operation of the small 
solid fuel boilers located in the city residential areas This may require an analys~s of the 
DH pipelines which could result in a deta~led hydraulic model of the system With a model, 
line extensions and utilization can be added to the exlsting system and predictions made of 
the effects on the entire system The model could also estimate costs of these changes 

With regard to mm-cogeneration options for small boiler houses, the G/C analysis showed 
that this arrangement wll not be cost effective under normal conditions which are projected 
by the Czech Republic, and that an investment In the central DH system w11 be more cost 
effective 

G~lbert/Comrnonwealth 4-20 November 1993 
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5.0 THE REVISED DEMAND ASSESSMENT 

As introduced in Section 13, the demand projection has been reassessed to include more 
parameters than previously considered in the Energoprojekt (EGP) report Forecasting 
demand is the most important aspect of plamng for the supply-side Resulting costs of 
operation, and therefore competitiveness of district heating wth other energy sources, will 
depend heavlly on the realization of these forecasts In turn, reducing the cost of energy 
supply wll encourage new consumers to connect to the DH system Further, the resulting 
supply costs wdl have an impact on the incentive to conserve energy The process of 
deterrmnlng a compatible supply and demand is therefore iterative by nature 

Demands were evaluated for each of the distnct heating systems, including Cogeneration 
Plant (CP) Plzen, Doubravka, and Svetovar, but exclusive of Skoda Works It was assumed 
in each variant that the areas served by Letna and Doubravka plants (V1 and V2) would be 
combined wth  the area now served by CP Plzen starting in 1997 In the studied variants, 
the area served by Svetovar was not considered to be connected based on current plans of 
the city, however, a separate analysis was performed (reported in Section 8 9) which 
evaluated the economc possibilities of such a connection Therefore, the "study area" was 
evaluated from the viewpoint of CP Plzen, i e from today's current situation to an 
"enlarged" system in 1997 when the area served by Letna and Doubravka is added, and 
continuing wth  this "enlarged" system through the year 2010 

A projection of the total district heat demand through the year 2010 for CP Plzen, Letna, 
Doubravka and Svetovar distnct heating plants is presented in Exhibit 5-1 These 
projections have not been influenced by price or competition of competing energy sources 
The higher demand has been assumed as the expected projection, while the low demand 
case was used to assess conditions and results if the expected demand was not reahzed 
The high demand is used in most comparisons and discussions 

Note in Exhibit 5-1 that demand does not increase dramatically even in the high demand 
case Increases shown are due primarily to the addition of a few new consumers and a 
swtch of small decentralized boiler consumers to district heating In the low demand case, 
the total demand is reduced through the study period due to conservation efforts, and a 
lower estimate of new consumers 

A summary of the range of projected total demand for CP Plzen through the year 2010 is 
presented in Exhibits 5-2 through 5-5 The demand for CP Plzen represents the primary 
"study area" of this work Exhibit 5-5 shows the connection of the Doubravka system 
(Letna and Doubravka plants) to CP Plzen occunng in 1996 Prior to 1996, the Doubravka 
system operates independently 

These exhiblts show a rather steady demand for all areas except the south line, which 
benefits from new consumer additions (primarily a swtch to district heating) The 
differences between high and low demand shown in all exhibits reflect high and low 
estimates of new consumers and conservation efforts 

G~lbert/Commonwealzh, Inc November 1993 
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Exh~b~t 5-1 
TOTAL PLZEN DISTRICT HEATING DEMAND PROJECTION (exclud~ng Skvrnany area) 

Exh~btt 5-2 
CP PEEN DISTRICT HEATING DEMAND PROJECTION 

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 009 2010 

Year 

~ ~ q h  Demand North a ~ ~ ~ h  Demand South m ~ ~ q h  Demand East 

 LOW Demand North m ~ o w  Demand South a LOW Demand East 
Note Does not ~nclude Svetovar Letna and Doubrovko ~ncluded after 1995 
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Exhib~t 5-3 
CP PLZEN DISTRICT HEATING DEMAND PROJECTION NORTH 

Year 

H I C J ~  Demand 0 Low Demand 

Exhibit 5-4 
CP PLZEN DISTRICT HEATING DEMAND PROJECTION SOUTH 

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

Year 

H 19h Demand 0 L o w  Demand 

G~lben/Comrnonwealth, Inc 5-3 November 1993 
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Exh~b~t 5-5 
CP PLZEN DISTRICT HEATING DEMAND PROJECTION EAST 

0 
1992 1993 1991 1995 1996 1997 199.3 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

Year 

a High Demand 0 Low Demand 

5 1  INFLUENCE OF CONSERVATION BY EXISTING DISTRICT HEAT 
CONSUMERS 

Residential and commercial consumers are expected to conserve from their present level of 
consumption, as discussed in the compamon demand-side study performed by Pacific 
Northwest Laboratories (PNL) The PNL study identified a 40% conservation potential 
for many district heating buildings 

There are a variety of changes that can be made to better control heat and to reduce losses 
on the demand side Implementation of these changes will depend on availability of 
controls, legislation, and enforcement, along wth  other incentives and choices to 
consumers 

It is assumed that the reduction in heat demand by the exlsting DH consumers in groups of 
residential flats will range from 13% to 20%, being gradually developed over the entire 
study period Recent legislation requires that heat be metered at the lowest denormnator 
of end use Background supporting the potential to conserve, and the cost associated with 
this conservation, 1s presented in the demand-side study by PNL 

Even though the legislation unposes many requirements by the year 1994, it was assumed 
that actual implementation w11 require more time due to specific end use problems, 
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farmliarity wth  new pricing structures, and time required to actually install all required 
equipment, including instrumentation 

The impact of conservation in the residential sector was extrapolated to the commercial 
and public sectors, where it is assumed that the same physical conservation measures will 
be applied The potential to reduce consumption in these sectors may actually be greater, 
especially in the public sector, since implementation can be controlled by the government 

The resulting savings in peak capacity requirement is commensurate with these 
conservation assumptions The savings estimate is phased in gradually, and is reflected in 
Exhibits 5-2 through 5-5, as well as in the economc analysis presented in Section 8 0 

5 2 INFLUENCE OF NEW DISTRICT HEAT CONSUMERS (exclusive of decentrallzed 
small bollers) 

Based on input from the City of Plzen regarding the population growth of the city, this 
component of demand results from the addition of new residences, and associated 
commercial services, and is extremely small 

Development of exlsting cornmumties by commercial enterprises adds to this component 
This is possible in the Pipeline North, where residential systems are newer 

The result is included as new demand in Exhibits 5-2 through 5-5 

5 3 INFLUENCE OF EXISTING HEAT/STEAM BOILER RETIREMENT 

Several boilers in the Plzen area are neanng the end of their useful life, namely the 
Svetovar, Doubravka, Letna grate boilers The enforcement of environmental regulations 
may encourage retirement, since costly renovations are needed for each plant, or a 
conversion to low sulfur coal or gas/oil wll be required For the lower efficiency plants, 
the more expensive gas or light oil fuel wll not be an attractive option for other than 
emergency status 

In Vanants A1 through A4 and B1, retirement of older umts in 1997 has been assumed, 
while in Variant C1, the older plants' life is extended to a total of approximately 40 years in 
order to save capital 

The primary influence of considered boiler retirements is generally to shift demand to 
CP Plzen However, the secondary ~nfluence is to lower the overall cost of supplyrng heat 
by increasing electrical revenues Thus, as overall costs are reduced, boiler retirements 
may result in more new consumers than in the case of no boiler retirements 

5 4  INFLUENCE OF NEW DH CONSUMERS FROM THE POOL OF 
DECENTRALIZED SMALL BOILERS 

The current status of the decentrallzed small boilers IS presented in Section 4 0 These 
boilers represent a considerable source of energy use and emssions The decisions made 
by individual owners, and the options which are made avalable to them could have a 
profound effect on the energy future of Plzen 

G~lben/Commonwealth, Inc 
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Emssion reductions are required for all boilers above 0 2 MWt in size (further discussed in 
Section 6 3 1) This will require a decision on the part of these solid fuel-fired boiler 
owners to make a change Umts finng liquid fuel may also require controls In most cases, 
the choices wll be as follows 

Provide the appropriate environmental controls to the umts, 

Swtch to a smokeless low sulfur coal, gas, or oil fuel, 

Collaborate wth  other owners and mstdl a larger environmentally 
acceptable umt to serve the community or cooperative, or 

Tie in to the distnct heat system, If possible 

For small uruts, the first option w11 probably not be economcally feasible The second 
option wll be an economc choice dependent on fuel price and avalability The thlrd 
option wll be a choice based on geographical location, size of heat requirement, and 
economcs Such an analysis is done in terms of a cafculation of "economc distance" which 
accounts for price differential of fuels, capital cost associated wth  the installation, the 
number of boilers in close proxmuty, capacity requirements, and demand use patterns 

The last option, a tie-in to  the DH system, should be considered for all owners for whom 
this option is techrucally feasible An analysis is done slmlar to the "economc distance" 
calculation mentioned above An additional circumstance may be flow capacity on the 
exlsting primary network line, and also nearby substation capacity Their choice w11 also 
be dependent on the cost of other comparable optmons The uncertmnty of the future price 
of natural gas is certainly a key variable in this decision Also, the uncertainty of the future 
cost of heat from the newly pnvatized DH system w11 be a factor 

If costs are perceived to be equal wth natural gas options, the inherent convemence of gas 
would be the preferred choice Therefore, the cost of supply for the DH system must be 
lower by some margin 

A detalled analysis was performed by RAEN, in which the current small boilers were 
categorized, and reconunendations made for gas conversion or connection to the 
DH system according to size, boiler type, current fuel type, and location (proxlmty to the 
DH distribution lines A subsequent analysis resulting from discussions between EGU, 
ZCE, and RAEN identified the current c o m t m e n t s  and potential addition of new 
consumers G/C, EGU, and RAEN met in Prague to finalize this assessment, and the 
result is presented in Section 4 0, and also included m the demand estimate 

The result is included in Exhibits 5-2 through 5-5 

November I993 



PLZEN DISTRICT HEATING SYSTEM STUDY 

5 5 INFLUENCE OF INDUSTRIAL CONSUMERS/SUPPLIERS 

Industnal consumers comprise a sig~llficant percentage of energy use in the exlsting 
DH system, and are also large users of energy for processes and production For the 
purposes of this study, however, industnal demand was not addressed as a major influence 
on the DH demand for the followng reasons 

While industrial DH consumers are major users of energy, they also utilize 
a large portion of produced energy in their own operations Potential 
changes in these operations cannot be quantified at this time 

In the case of a downturn of industrial production, industry may pursue DH 
consumers to offset some operating losses, however, in this unstable 
condition, the cost of that produced energy may be high, and also the 
surplus energy may also be unstable as they seek to reduce overall 
operation costs or to restore ongrnal production levels 

In the case of an upturn in industnal production, industry may desire to 
decrease delivery of heat to the DH system, and thus create a weak supply 
situation 

In the case of the arrival of new industry to the Plzen area, it would 
certanly be possible to negotiate wth the industry to either provide excess 
energy to the DH system or become a consumer The price/cost of this 
energy would also be negotiated Therefore, some flexibility exlsts wth this 
situation 

Current plans of the three major industnal users were briefly considered in the analys~s, 
however, projected changes were not included for the reasons stated above Generally, 
cooperation of industrial users wth  the centralized system may serve to improve system 
reliability, and reduce overall cost of heat supplied The reader may refer to the PNL 
demand side study1, which provides a short discussion on industry groups in Plzen, wth 
some basic estimate of potential energy samngs Industries remewed by PNL include 

Steel and Machine Tool Industry, 

Food Industry (including the Pilsner Urquell Brewery as the most stable 
member), 

Pulp and Paper Industry, and 

Other smaller industries 

G/C's review of Skoda, through subcontractor Cityplan, revealed that the future is quite 
uncertain Skoda uses 80% of the energy it generates, and sells 20% to heat consumers 
Skoda is now imtiating new business lines and malung alliances wth  foreign manufacturers 
in an effort to prepare for the future Therefore it is very difficult to look beyond the next 
few years in terms of energy supply to district heating 
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A primary heat line connecting Skoda to the CP Plzen system is in place, but IS not 
currently used While not a part of thls study, it would be worthwhile to investigate the 
future use of this connection to improve overall system reliability and flexibility 
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6.0 TECHNICAL DESCRIPTION OF NEW/REVISED VARIANTS 

New and revlsed variants are considered, selected and descnbed m this section The 
vmants (options) considered m the Plzen analysis are m d y  distinguished by the selection 
of the plant technology for Plzen IV The basic plant technologies selected for analysis as 
Plzen IV are a (1) Gas-Fired Gas Turbme Combined Cycle, and (2) a Cuculating 
FluQzed Bed (CFB) boiler The variant narmng convention was selected to avoid 
confusion wth the prevlous Energoprojekt designations Not all of the variants were 
Investigated by each company The table below charactemes each variant by the CP IV 
technology selection and the investigating company 

Not all vartants were ~nvesttgated by each company The EGU and EGP analyses are presented In Sect~on 7 0 and the G/C 
analysls 1s found In Sect~on 8 0 

Var~ant 

A1 

A2 

A3 

A4 
C 

B 1 

C1 

Secoon 6 1 describes the approach used in developmg or revlsing the vanants Section 6 2 
describes the spectrum of technologies which were considered for analysis and identifies 
the selected technologies to be applied to the Plzen situation The selected variants are 
descnbed more fully in Section 6 3 

6.1 APPROACH TO THE DEVELOPMENT OF NEW/REVISED VARIANTS 

lnvestlgator 

EGU 

EGU & G/C 

G/C 

EGP 

EGU & G/C 

G/C 

Based on the demand projections presented m Section 5 0, and on the requirements for 
other considerations descnbed in Section 1 3, variants have been developed Improvement 
in system efficiency, summer operation, and reliabihty are considered The result is the 
"least cost" approach to meet the range of projected demands 

Descr~pt~on of Dlstlngu~shlng Feature (Cho~ce of CP IV) 

Combined cycle plant with two 60 9 MWe (ISO) Gas Turb~nes 

Comblned cycle plant wlth one 60 9 MWe (ISO) Gas Turb~ne 

Comb~ned cycle plant wrth one 47 MWe (ISO) Gas Turblne 

Comb~ned cycle plant wlth one 90 MWe (ISO) Gas Turblne 

Cogeneration plant with one CFB boller and a 32 MWe steam turbine 

L~fe extension of existing unlts and subsequent ~ntroductlon of a 
CFB boller with a 32 MWe steam turblne In 2003 

One of the considerations in evaluating the variants is performance at low load penods 
Currently, CP Plzen is llrmted in the production of electricity because the large pc-fired 
umts can operate only at 6070 load This means that when the system requirement drops 
below this load, the load must be supplied by Plzen I umts, which produce hot water and no 
electricity The ability to produce electricity 1s lost for more than four months of the year, 
representing a considerable loss of potential revenue from electricity sales The connection 
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of nearby district heating systems served by Letna and Doubravka plants and the 
consideration of vmants wluch can cogenerate at lower loads serve to sigruficantly Increase 
the flembllity of the system and provlde for addihonal electricity sales/revenue Further, 
the comechon of Svetovar can also help h s  situation 

Note that for each of the vanants, the analysis addresses both a high and low demand 
projection The tlrmng of capacity decisions is important If a decision must be made at 
the present, i e wthout knowledge of future demand, then the installed capaclty must be 
able to meet the high demand If such a decision appears later, or can be postponed, then 
a different equpment requirement may be possible, since there is "knowledge" of what is 
now the future demand 

6.2 TECHNOLOGY DISCUSSION 

A remew of suitable technologies for the Plzen district heating systems resulted m a 
selection of basic technologies sirmlar to those orignally invesbgated m the 
1991 Energoprojekt study Technolo~es ongmally considered can be dimded lnto three 
groups ermssions reduction, ermssions reduction/system upgrade, and operations 
improvement This study quantitatively addresses ermssions reduction/system upgrade 
technologres, and qualitatively addresses other options Ermssions reduction technologies 
which were considered for district heating boilers include the followng - 

Integrated Gasification Combined Cycle, 

Fuel cells, 

Conventional Pulverized Coal Fired (PC-fired) mth Flue Gas 
Desulfunzation (FGD), 

Fluidued Bed Combustion (FBC), 

Gas Turbine Combined Cycle, 

Flue Gas Desulfurization (FGD) Retrofit, 

Duct Sorbent Injection (DSI), 

Gas Engme or Gas Turbine Repowemg, 

Fuel Smtching (including gas conversion), and 

Baghouse for particulate cleanup 

Whde Integrated Gasification Combined Cycle and Fuel Cells are feasible technologes for 
distnct heating, they are relatively capital intensive, and were not included m the selected 
vanants Also, PC-Fired boilers are the technology currently employed for Plzen 11 and, 
while feasible, are felt to be higher cost for locally available fuels when FGD must be 
included for SO2 removal The remaimng technologies are descnbed in the followmg 
sections 
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I 

November 1993 



PLZEN DISTRICT HEATING SYSTEM S r n Y  

63.1 Atmos~henc Fluidized Bed Combustion 

Atmospheric Fluidized Bed (AFB) Combustion (AFBC) technology is charactenzed by the 
use of a solid matenal contained in a vessel in which air and fuel are mtroduced and 
combustion takes place The solid material may be limestone, allowmg a high level of SO2 
removal to take place dunng the combushon process Therefore, no post-combustion 
technology is needed to remove SO2 Combushon temperatures are generally designed 
between 780 and 870°C and provlde inherently low NOx emssions h b a l  designs were 
"bubblmg" types, characterized by air velocities of 1 2  to 3 m/s Current designs called 
"circulating" fluidzed beds (CFBs) have much hlgher velocities, and continuously 
recnculate entraned solids using cyclones 

The progress of AFBC development has been momtored in several conferences, 
hlghhghted by the International Conference on FBC which has been held bl-annually for 
apprommately 25 years FBC technology is available wth "commercial" guarantees by 
many international vendors and is cost-competitive with pc-fired designs 

CFB bollers can be designed for a wde vanety of fuels, and for lower quahty sohd fuels, 
CFB has become the "technology of choice " They are very suitable for the types of coals 
found m eastern Europe, and can also co-fire biomass and waste matenals 

CFB Gtallations can be accomplished as a retrofit, utilizing emsting steam turblne 
equipment, and someomes even exlsting boiler foundations and other equipment In this 
case, the emstmg boller would be removed 

A few mtallations have utilized a boller retrofit concept which involves removal of the 
bottom portion of an emsting top-supported boiler and substituting a bottom-supported 
bubbhng-type FBC unit beneath the emshng boiler Considerabon of this type of retrofit 
requlres a more detailed design study to determne feasibility Vendors of FBC boilers are 
generally less vvlllmg to bid on this type of retrofit due to problems which have occurred 
wth premous lnstallations Since FBC boilers are shown to be one of the favored vanants 
m this study, a follow-on study to be performed by the City or ZCE could include the 
mveshgation of an FBC boiler retrofit Since some cost savlngs may result, this ophon may 
be favorable from a financial mewpoint 

The FBC technology chosen for Variants B1 and C1 is a circulating-type FBC (CFB) boiler 
whch is offered by several international vendors The vendor on the U S  side who 
supplied design information and costs for CP Plzen CFB boiler is the Foster Wheeler 
Energy Corporation (FWEC) FWEC has imtiated discussions wth a Slovak boiler 
manufacturer, where most of the fabricahon of a boller would take place Foster Wheeler 
would provlde most of the boller design and the manufacture of a few of the components 
Competitive bidding for the FBC boiler would result in the least-cost design whch 
conforms to the specification 

6.2.2 Pressunzed Fluldlzed Bed Combust~on 

Pressunzed Fludzed Bed Combustion (PFBC) is a promsing technology to burn low 
grade, low cost indigenous fuels in distnct heating systems PFBC results in a much higher 
electric/heat ratio compared to its AFBC counterpart, and is actually more comparable to 
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a gas-fired gas turbine combined cycle PFBC is also lower m NOx emssions A schema~c 
IS presented m Exhibit 6-1 

Exh~blt 6-1 
PRESSURIZED FLUIDIZED BED COMBUSTION COMBINED CYCLE CONCEPT 

There is currently a project in the Ostrava area to construct a PFBC plant for distnct 
heatmg Thls plant w11 be sirmlar to four others which have recently been bllllt and 
operated I 
M e  h s  technology is promsing, it is not ready for commercial application m the tune 
requlred for this project However, the selection of Vanant C1 would allow 
re-consideration of PFBC technology when adQtional demonstration tune has been 

I 
accrued 

6.2.3 Gas Turbine Cornblned Qcle 

Gas turbmes are avalable in discrete sizes from less than one MWe to over 150 MWe m 1 
electrical output Waste heat boilers are avalable for almost any gas turbine Gas turblnes 
and waste heat boilers are used in combination wlth steam turbmes m the gas turbme 
combmed cycle (GTCC) The efficiency of the gas turbme has nsen through the years, and [ 
the populanty of GTCC technology has nsen si@cantly throughout the world Two 
pmary  advantages of this technology are the relatively low capital cost and the short 
constmchon tune In the Uwted States, gas turbmes are generally used to meet peak loads, 1 but the GTCC has also recently been used to meet some mtemediate electncal loads The 
short lead tlmes have been useful because there has been a long delay in construction of 
larger coal-fired baseload plants, and the recent low natural gas prices have encouraged its ( 
use 
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A disadvantage of the use of large gas turbines in the Czech Republic is the requirement to 
import the most expensive portion of the equipment, malang this technology less cost 
compebtive than m the West Mantenance for this equipment is also considered to be 
higher due to the Import of spare parts In the near future, it may be possible to lower the 
cost since there have been discussions about the manufacture of large gas turbines m the 
Czech Repubhc by Brno Since most of the manufacturing work would be done wrthin the 
Czech Republic, the cost would be considerably reduced, however, the situation would not 
be as compebtive as in the western world, so that the cost advantage may be somewhat 
dununshed Also, special financing and other arrangements proposed by the manufacturer 
m a competitive bid may soon enhance the compebtlveness of this technology A vanatlon 
m capital cost is explored in the "Indifference Analysis" m Section 8 7 

Natural gas pnces wdl also control the apphcation of GTCC in the Czech Repubhc W e  
the world capital cost of the gas turbme is relatively low, compared to coal bumng 
technologies, fuel pnces remain higher In the Umted States, natural gas pnces are very 
low and many competitive situations have been created for GTCC However, in the 
Czech Repubhc, we expect that the competitiveness of imported natural gas pnces is 
expected to be less, and certainly, the secunty considerations associated wth heavy 
dependence on this fuel are also greater 

For the purposes of this study, the gas turbme portion of the GTCC is assumed to be 
unported and to carry a world market price Several different sizes and configurations of 
gas turbmes were considered in Vanants A1 (EGU only), A2, A3, and A4 (Energoprojekt 
only) 

6.2 4 Gas Turb~ne or Enplne Re~owenng 

A gas turbine or reciprocating engine can also be used to "repower" an exlstmg boller to 
allow production of electnclty from an exlstlng low pressure steam or hot water boiler, or 
to obtmn a higher electnc to heat ratio for an exlstmg cogeneration system 

In this configuration, the exhaust from a gas turbine or engme fmng natural gas or 011 is 
used as a heat source input for an exlsting boiler Supplementary fuel is used m the boiler 
to obtam full steam or hot water output Thermodynarmcally, there are many advantages 
to such a system The cost effectiveness of any mtallation is dependent on the pnce of 
premum gas/oil fuels and the sales pnce of electnclty that can be negotlated wrth the 
electnc ublity 

There have recently been many opportumties for small boiler repowenng and cogeneration 
systems in the Umted States While overall efficiency cannot compete unth larger umts, a 
potential advantage is often Qed to "peak shavmg," where the equipment and operatmg cost 
are justified by the savlngs of peak demand charges assessed by a utihty These situations 
are very site specific and require a slte speclfic assessment to determme econormc 
attractiveness Where electricity is generated only for mternal use by a customer, there 
may also be an savlngs Where a single umt is proposed, a uthty would be required to 
provlde standby power to the user, in the case of a unit outage It is possible that if a large 
number of units were proposed, less standby power would be required, because the 
comblned reliability of many umts would be higher than a single umt 

Grlbert/Commonwealth, Inc November 1993 
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Whde not selected as a primary variant, this situation applied to the Svetovar area and a 
potential smaller substation-sized umt is d~ -ussed further in Section 8 9 

6.2.5 Flue Gas Desulfunzation Retrofit 

Flue Gas Desulfunzation (FGD) retrofit was considered for the Plzen II umts to reduce 
SO2 emssions to or below compliance levels A study was recently completed by ZCE 
which compared thls technology, and it was considered as Alternate 2 to Vmant B by 
EGU Prague Their complete study is found m Appendlx C While FGD has become 
much more cost competitive in recent years, \nth the development of dry systems, and wet 
systems wth fewer major vessels, the FGD system stdl requires an extensive reconstruction 
of the fachty, and the cost is expected to be prohbibve 

6.2.6 Duct Sorbent Iniection 

Duct Sorbent Iqecaon (DSI) technology was developed as a low capital cost altername to 
convenbonal FGD scrubber systems In addition to low initial investment, other sigTllficant 
advantages of a duct injecbon system are its simplicity and that it may be applied at plants 
wth llrmted avadable space and/or difficult construction access because the exttmg duct(s) 
is used as the reaction vessel Modifications to the duct(s) are required to install the 
mjection equipment (hurmdification and/or sorbent mjecbon nozzles), but no large reactor 
vessels are requlred A duct injecbon process results in few changes to the exlsting flue gas 
system, and rmnunal plant real estate is requlred The retrofit of a duct mjemon system is 
relatwely slrnple, and it can be accomphshed qulckly 

AdQtional advantages to using a duct mjemon system Include 

m m a l  operation and mantenance personnel requirements, 

generation of a dry solid waste product, 

no requrement for a gas reheat system, and 

wrll not affect umt operation and heat transfer surface requirements 

Few O&M personnel are requred for a duct mjection system due to its simplicity and 
limted new equipment requirements The dry solid waste produced is an advantage 
because it can typically be handled by the exlstlng fly ash handling system No dewatemg 
equipment such as thickeners or vacuum filters are needed A flue gas reheat system is not 
required m the system design because the temperature of the gas &er sorbent 
mjection/humdificabon is sufficiently above the saturation temperature as to mlnlrmze 
corrosion potential in the duct leading to the ID fans and chimney and m the ID fans and 
chlmney themselves 
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Disadvantages of duct injection technology are 

SO2 removal is limted to 50-70% 

low reagent utilization efficiency 

use of relatively expensive reagents 

an mcrease in particulate loading to the ESP 

the potential for solids deposition in the ductwork and ESP 

little full-scale operating experience in the U S 

Duct injection technology has been successfully demonstrated at the pilot plant scale 
However, full scale applications of this technology are lirmted 

Although lower in capital cost than conventional scrubber systems, the inherently moderate 
SO2 removal and low sorbent utilization tend to drive the levelized cost of duct injection 
(in terms of dollars per ton of SO2 removed) relatively hgh Factors which favor a low 
capital cost, high levelized cost technology are 

low sulfur coal 

requirement for a moderate SO2 removal 

small to medium-sized plants 

low plant capacity factors 

short remaimng plant life 

These are the general plant criteria which should be considered when evaluating the 
application of duct inject?on technology to a specific plant 

Exhibit 6-2 is a flow sheet for a lime slurry injection system Exhibits 6-3 and 4 show $/ton 
of SO2 removal as a function of % sulfur in the coal and % sulfur removal based on 
U S economcs 

DSI technology provldes a vlable option to the fuel swtch for Plzen 11, in the case of 
potential problems caused by swtchmg to black coal While the fuel swtch is included in 
all of the investigated vanants, DSI should not be elimnated as a possible alternative 
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Exh~blt 6-2 
DUCT SORBENT INJECTION PROCESS FLOWSHEET 

Exh~bit 6-3 
U S LEVELIZED CONTROL COST vs SO2 REMOVED WITH DUCT SORBENT INJECTION 

30 40 50 60 70 80 

SO2 REMOVAL, % 
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Exhibrt 6-4 
U S LEVELIZED CONTROL COST vs COAL SULFUR % WITH DUCT SORBENT INJECTION 

COAL SULFUR, % 

6.2.7 Fuel Swtch~ng 

Fuel s w t c h g  is a common option which can be used to meet environmental regulations 
Umts designed to bum high- or mehum-sulfur coal can be successfully swtched to low- 
sulfur coal or natural gas in order to meet SO2 enmronmental regulations The effects of 
fuel swtchng on the emstmg umt are dependent on the ~ ~ l l t ' s  design and the charactenmc 
of the proposed fuel For proposed fuels that are similar in nature to the design fuel, the 
unpact on the plant performance and fachties is low Conversely, when the proposed fuel 
is considerably different from the design fuel, the changes may reqwe extensive 
modlficatlons and result in a loss in generating capacity 

In evaluating a potential fuel swtch, consideration must be given to the effect of the 
proposed fuel on the followng areas 

steam generator, (burners, superheaters, economzers, sootblowers, etc ) . balance of plant equipment, (pulvemers, ESP, ax heaters, fans, etc ), 

plant facilities, (coal and ash handling, fire protection, etc ), 

effects on performance/operation, (awliary load changes, boller efficiency, 
rmnunurn load, etc ), and 

effects on capacity (slagging, erosion, fouling, corrosion, throughput 
Iirmtations, etc ) 
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Any coal swtching program which proceeds beyond the lmtial study phase should utilize 
long and short term test burns to verify des~gn and operational impacts 

The advantages of fuel swtching to a low -Impact low-sulfur coal include 

potent~ally limted cap~tal costs, 

no additional reagent handling required, and 

no additional real estate is requlred 

The advantages of swtchmg to natural gas are slmlar to those for the low-impact low- 
sulfur coal, except that the cap~tal cost w11 sometimes be higher The disadvantages of fuel 
swtching include 

l~kely higher fuel costs, and 

potential umt derating, performance loss, or Impact to mmmum load 
capability 

Factors which may favor fuel swtching Include 

avalabihty of low sulfur fuel at a reasonable cost, 

small to medium-plant slze, 

low plant capacity factor, and 

short remairung plant life 

For the Plzen I1 umts, the boiler was ongnally designed for a low grade ligmte fuel 
Swtchig to low sulfur coal w11 present design problems that must be overcome Flrst, 
pulverization of the harder black coal w11 requlre rework or replacement of the four coal 
rmlls on each u1l.t Second, the umt must be retrofitted wth add~t~onal partlculate control, 
slnce the exlstlng electrostatic precipitator (ESP) performance w~ll be reduced with the 
lower sulfur coal due to an anticipated change in ash reslstivlty While this can sometimes 
be accommodated through ESP modificat~on or flue gas condlt~orung wth SO3 or NH3, 
projected performance improvements are not quant~fiable wthout a detailed analys~s 
Therefore, a baghouse was specified In this study for partlculate control If cap~tal 
requirements are too high, the ESP modification alternate approach should be Investigated 
further 

With regard to boller performance, tests were conducted on Plzen I1 wth the proposed 
black coal m April 1993 in cooperation wth  the firm Prvm Brnenska Strojlrna Sat~sfactory 
results were obtained for emssions, but there were some problems wth steam 
temperatures and boiler control Also, some testlng of NOx reduct~on techmques by 
different rmll arrangements was carried out Some comments on these tests are contalned 
in Appendur B m a report by CityPlan 

Gilben/Commonwealth, Inc 
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Recommendations by the manufacturer of the boilers, CKD Dukla, and Prvnl Brnenska 
Strojlrna are 

retrofit of coal mlls, 

retrofit of coal burners, 

ash handling system retrofit, 

mo&ficaoon of superheat surface, and 

retrofit ESP or install baghouse particulate controls 

The extent of all of these modifications is now unknown The detds  should be resolved by 
the competitive bidding process by more than one boiler manufacturer Guarantees on 
emssions, mcluding CO and NOx are requlred as part of the bid 

Some p r e h n a r y  cost numbers are reported in Section 8 0 for the fuel swtching option If 
extensive boller work is required, DSI technology should be considered as an alternate 
approach, and the capital cost compared 

6.2.8 Baghouse - for Particulate Removal 

~ a ~ h o u s e i  are gamng in populanty because of their capabihty to routmely reduce 
particulate emssions to extremely low levels In the past, their cost has been hgher than 
comparable ESP installations, but recent trends toward extremely low particulate emssion 
standards have made the cost more cornpetitwe Also, the recent trend toward fuel 
swtchng has increased the popularity of baghouses because of their reduced sensitivity to 
coal type 

A swtch to low sulfur coal wlll generally cause problems m an ESP because the ongnal 
design plate area and electrical equipment is sized to correspond to a particular ash 
resistnnty and other ash charactenstics Lower sulfur coals generally have hgher ash 
resistivities and requlre addiQonal surface area, which is not a simple retrofit Whlle 
performance can be enhanced by flue gas con&bomng, the baghouse offers a reasonable 
solution, especially for a small to medium sized plant 
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6 3 DESCRIPTION OF NEW/REVISED VARIANTS 

Vmants were selected using the 1991 Energoprojekt report as a starting point The 
vanants (options) considered are manly distmguished by the selection of the plant 
technology for Plzen IV The basic plant technologes selected for analysis as Plzen IV are 
a (1) Gas-Flred Gas Turbine Combined Cycle, and (2) a Circulating Fluidized Bed 
(CFB) boiler The variant namng conventron was selected to avoid confusion wth the 
prevlous Energoprojekt designations Not all of the vanants were investigated by each 
company The table below characterizes each variant by the CP IV technology selection 
and the investigatrng company 

I 

Not all varlants were lnvestfgated by each company The EGU and EGP analyses are presented n Sect~on 7 0 and the G/C 
analysls IS found In Sect~on 8 0 I 

Vanant 

A1 

A2 

A3 

A4 

B1 

C1 

Characteristics of Vmants A2, A3, A4, B1 and C1 are summarized in Exhibit 6-5 and 
described m the paragraphs which follow A1 is not included in the exhibit, smce it is 
essentially a larger version of the described variants Information on this variant is found in 
Secaon 6 3 1 and in Appendlx C I 
A table illustrating the introduction and retirement of each umt for variants A2, A3, B1 and 
C1 through the year 2010 is presented as Exhibit 6-6 These values in a simlar expanded 
e h b i t  were used to establish a reasonable operatmg margin for the system It was 
assumed that 85% of the peak load must be satisfied when the largest smgle u t  was out of 

I 
semce Czech regulations use an even lower value of 78% While the loss of the largest 
boiler umt for a substantial period of time is unlikely, it is possible and should be 
accounted for This exerclse also served to balance the approach of each vanant 

I 
Investigated in terms of supplying this margm 

Common to all variants are a swtch to low sulfur coal for Plzen I and Plzen 11, and the 
adhaon of baghouse filters to those umts These technologies were described previously, 

I 
as well as alternatives to these technologes which can also be considered by the City of 1 
Plzen 

lnvest~gator 

EGU 

EGU & G/C 

G/c 

EGP 

EGU & G/C 

G/c 

A more detsuled desmption of each vanant is provlded in subsequent sections i 

Descr~pt~on of D~stingu~sh~ng Feature (Cho~ce of CP IV) 

Combined cycle plant wlth two 60 9 MWe (ISO) Gas Turbines 

Comb~ned cycle plant with one 60 9 MWe (ISO) Gas Turb~ne 

Comb~ned cycle plant wlth one 47 MWe (ISO) Gas Turb~ne 

Combined cycle plant w~th one 90 MWe (ISO) Gas Turb~ne 

Cogenerat~on plant w~th one CFB boiler and a 32 MWe steam turbine 

L~fe extenson of existing unlts and subsequent introduction of a 
CFB bo~ler wlth a 32 MWe steam turb~ne In 2003 

Gtlbert/Commonwealth, Inc 6-12 November 1993 
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Exhrb~t 6-5 
SUMMARY OF SELECTED VARIANTS 

G~Ibm/Commonwea[th, Inc 6- 13 November 1993 

Parameter 

Respons~ble Company 

Emlsslon Requ~rements 

Extensron of Heat 
Dlstrlbut~on Llnes 

Exlstlng Plzen I Bo~lers 

Exlstlng Plzen II Cogen 

Plzen Ill Steam Bo~ler 
(cons~dered only 
~n EGU study) 

Plzen IV Cogen 
(performance @ -1 2OC) 

Plzen V Boller 

Kosutka HW Boller 

Bory HW Bo~lers 

Bory Steam Botlers 

Letna HW Bollers 

Doubravka HW Bo~lers 

Svetovar HW Botlers 

Brewery Bo~lers 

Ra~lway (Zos) Bollers 

Prrnclpal Varlants for Hlgh Demand 

C 1 

G/C 

B1 

EGU, G/C 

A2 & A3 

EGU G/C 

A4 

Energoprojekt 

1997 Emlssrons Compliance Requlred for all units 

Heat Llne East I by 1994 
Heat Line East II consrdered ~n separate analysts ~n Sectlon 8 0 

Retroflt to Low Sulfur B~tumlnous & Baghouse Part~culate Control 

Retroflt to Low Sulfur B~tum~nous & Baghouse Part~culate Control 
(G/C alternate IS retroflt to Duct Sorbent Inject~on) 

not requlred 

Fluldlzed Bed 
l~gnite flred 

160 t/h 
75 MWt 32 MWe 

2005 ~ntroduct~on 

None 
(extend Plzen I) 

Gas-Fired 
43 5 MWt 

1 994 tntroduct~on 

Gas Turblne CC 
gas frred 

65 MWt 89 MWe (A2) 
60 MWt 73 MWe (A3) 
1997 lntroductlon 

2x58 MWt 
2004 lntroduct~on 

not requ~red 

Gas Turblne CC 
gas flred 

133 MWt 141 MWe 

1997 rntroductlon 

23 5 MWt 
2004 lntroductron 

Convert to gas use as emergency unlt 

Gas-F~red 
43 5 MWt 

1994 lntroductron 

Flu~drzed Bed 
lrgnrte flred 

160 t/h 
75 MWt 32 MWe 

1997 ~ntroduct~on 

2x58 MWt 
2004 lntroductlon 

Ret~re 1997 Low sulfur coal 
Baghouse 
Retlre 2003 

Cont~nue serving exlstlng steam customers 

Ret~re 1997 

Retlre 1997 

Convert to gas 
Retlre 2003 

Low sulfur coal 
Baghouse 
Retlre 2003 

Constdered separately for connection to CP Plzen or ~ndependent operation 

Assumed addrtron of 25 MWt gas-flred boller, continued DH cooperatlon 

Mod~flcat~on needed but requ~red changes not considered In study 



Exhibit 6 6  
PEEN DISTRICT HEATING SYSTEM UNITS IN SERVICE BY YEAR 

. 
Parameter 
Htgh HW Demand 
Low HW Demand 
Hlgh Stm Demand 
Low Stm Demand 
Adj H ~ g h  Stm Dem 
Adj Low Stm Dem 
Brewery Offser 
Plzen H ~ g h  Stm Demand 
Plzen Low Stm Demand 
Total Adj High MWt Peakb 
Total Adi Low MWt Peakb 

Notes a brewery total here does not consider potential add~tion of capacity 
b Totaladjusted MWI peak is set for analysis of margin requlrernerts only 
c Thls analysis is not detailed sun~iently to consider all possible demand and coincident demand cornbinattons 

1992 
2070 
2070 
930 
930 
791 
791 
56 1 
230 
230 

230 0 
230 0 

Summary High Demand Margin MWt  

Summary Low Demand Margin MWt (wfo largest unit)' 

(wfo largest unit)O 

Case A2 
Case A3 
Case 01 
Case 82 
Case C1 

Case A2 
Case A3 
Case E l  
Case 82 
Case C1 

1993 
2098 
2066 
924 
924 
785 
785 
56 1 
22 4 
224 

232 2 
229 0 

4 
4 
4 
4 
4 

1996 
291 8 
2728 
998 
905 
848 
769 
56 1 
287 
208 

320 5 
293 6 

1 7  
1 

2 8  
2 8  
3 2  

2 
2 
2 
2 
2 

-1  
- 1  
-1  
- 1  
-1 

4 
4 
4 
4 
4 

1994 
2127 
2062 
917 
917 
780 
780 
56 1 
21 9 
219 

234 5 
228 1 

-42 
-42 
-42 
-42 
-42 

6 
6 
6 
6 
6 

5 
5 
5 
5 
5 

1995 
2155 
2058 
911 
911 
774 
774 
56 1 
21 3 
213 

236 8 
227 1 

17 
1 

28 
28 
37 

-42 
-42 
-42 
-42 
-42 

1997 
2957 
2727 
1000 
889 
850 
756 
56 1 
28 9 
195 

324 6 
292 2 

19 
3 

30 
30 
34 

-32 
-32 
-32 
-32 
-32 

1999 
2982 
2634 
1000 
889 
850 
756 
56 1 
28 9 
195 

327 1 
282 9 

1998 
2970 
2681 
1000 
889 
850 
756 
56 1 
289 
195 

325 9 
287 5 

16 
0 

27 
27 
37 

22 
6 

32 
- 5  
37 

21 
4 

31 
- 6  
36 

18 
2 

29 
29 
33 

-16 
-16 
-16 
-16 
-16 

27 
11 
38 
38 
37 

18 
2 

28 
28 
33  

2000 
2995 
2588 
1000 
889 
850 
756 
56 1 
28 9 
195 

328 4 
278 3 

53 
36 
63 
26 
68 

2002 
3005 
2582 

9 9 8  
8 8 9  
8 4 9  
7 5 6  
56 1 
28 8 
195  

329 3 
277 7 

2001 
3000 
2585 
999  
889  
849  
756 
56 1 
28 8 
195 

328 8 
278 0 

27 
11 
37 
37 
36 

2003 
301 0 
2579 
998 
889 
848 
756 
56 1 
287 
195 

329 7 
277 4 

26 
10 
37 
37 
36 

26 
10 
37 
37 
35 

57 
41 
68 
30 
72 

6 6  
5 0  
7 7  
40  
81 

26 
9 

36 
36 
35 

61 
45 
72 
35 
76 

2004 
301 5 
2576 
997 
889 
847 
756 
56 1 
28 6 
195 

330 1 
277 1 

25 
9 

36 
36 
35 

67 
51 
77 
40 
50 

2006 
3024 
2573 
996 
889 
847 
756 
56 1 
286 
195 

331 0 
276 8 

2005 
3020 
2573 
996 
889 
847 
756 
56 1 
286 
195 

330 6 
276 8 

66 
50 
76 
39 
81 

66 
50  
77 
39  
81 

67 
51 
78 
40 
50 

2007 
3028 
2573 
996 
889 
847 
756 
56 1 
28 6 
195 

331 4 
276 8 

2008 
3032 
2573 
996 
689 
847 
756 
56 1 
28 6 
195 

331 6 
276 8 

20 

31 
31 
50 

20 
4 4 4  

31 
31 
50 

2009 
3036 
2573 
996 
889 
847 
756 
56 1 
28 6 
195 

332 2 
276 8 

20 

31 
31 
50 

2010 
3040' 
2573 
996 
889 
847 
756 
56 1 
28 6 
195 

332 6 
276 8 

20 
4 4 4  

31 
31 
50 

20 

31 
31 
50 

20 

31 
31 
50 
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6 3  1 Var~ant A1 Combined Cycle Plant emplovin~ Two 60 9 MWe (ISO) Gas 
Turb~nes 

Variant A1 orignally resulted from a proposal by Siemens to install two V64 3 gas turb~nes 
in a combined cycle (GTCC) configuration By competitive bidding, the turbine could be 
supplied by another comparable manufacturer Vanant A1 is charactenzed in Exhibit 6-7 
and 6-8 

Exh~b~ t  6-7 
CHARACTERISTICS OF VARIANT A1 

G;lbert/Commonwealrh, Inc 6- 15 November 1993 
%l 

Output/ 
Character~st~c 

65 tonne/h 

2x60 9 MWe (ISO) 
2x66 9 MWe ( -12'~) 

2x88 5 MWt 
8 1 MPa 505 '~  
0 5 MPa, 200 '~  

45 MWe 
1 0-1 4 MPa 

0 06-0 12 MPa 
125 MWt 

168 4 MWe 

58 MWt 

Changes 

Major Equ~pment Descrtptron 

Two baghouse units for part~culate control 

New pulvertzers for hard coal f~rtng 
Two baghouse unrts for parttculate control 

New gas/oil-ftred steam boiler 

Two gas turbines, S~emens V64 3 

Dual-pressure waste heat botler 
htgh pressure steam 
low pressure steam 

Condensrng steam turbrne 
w/ two regulated extracttons 

1 st extractron pressure 
2nd extractton pressure 

Maxrmum total thermal output 
Maximum total electr~cal output 

Convert to gas operation 

Ret~re 
Rettre 
Retire 
Ret~re 

New gas/oil-fired hot water bo~ler(s) 
(high demand only) 

Major System 

Plant 

Plzen I 

Plzen II 

Plzen Ill 

Plzen IV 

Kosutka 

Letna 
Doubravka 
Bory (HW) 
ZOS 

Plzen V 

Equrpment 

Installed 
Year 

1 997 

1997 

1994 

1997 

1997 

1997 
1997 
1997 
1997 

2005 
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It is assumed that the GTCC will cover the basic heat supply during the week days of the 
heating period For week days in the summer, the GTCC wll supply heat in both steam 
and hot water Because of the low price of electricity, the GTCC wll be shut down on the 
weekends This operating sequence provldes the best opportumty to prove econormc 
attractiveness of the GTCC 

The large size of this combined cycle allows the older plants Letna, Doubravka, Bory (hot 
water only), and Railway Maintenance Company, as well as one of the Plzen I 35 MWt 
plants to be shut down Heating Plant Kosutka would be mantamed as a standby source 

In the high demand case, a new oil/gas-fired umt w included in the year 2005 to replace the 
remaimng 2x35 MWt hot water boilers of Plzen I For the low demand case, this boiler is 
not needed, and the steam and hot water demand can be realized by the remaimng umts 

Calculations performed by EGU and techmcal results are presented in Appendlx C The 
operation of the Cogeneration Plant (CP) can be seen m Diagrams D l  and D2 
(Appenduc C) for the High Balance condition, and in Diagrams D4 and D5 for the Low 
Balance It can be seen that the GTCC cooperates wth the Brewery boiler house and wth 
the exlsting umts to supply both steam and hot water to the system 

The gross electric power generation, including both the GTCC and the exlsting back - 
pressure turbine, as well as the natural gas consumption are presented in Diagrams D3 and 
D6 for the high and low balance respectively 

The results of the production balance of heat and electnclty in CP Plzen and the 
corresponding fuel consumption in selected years are shown in Table 11 and 12 
(Appenduc C) for the high and low balance Tables l l a  and 12a provlde operational results 
for only the combined cycle 

It is assumed that Plzen I1 umts wll be out of service in successive years 1995 and 1996 to 
be reconstructed for hard coal firing To make up for the shortfall during this per~od, a 
planned gas-fired boiler is installed early to cover the steamlhot water shortfall In 
Section 8 0, a case is made for keeping the Plzen I1 umts in semce dunng the entire wnter 
penod, and performng the plant modifications during the summer shutdown period 

November 1993 
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6 3 2 Var~ant A2 Comb~ned Cvcle Plant E m o l o v ~ n ~  a S in~ le  60 9 MWe (ISO) Gas 
Turb~ne 

Variant A2, investigated by voth Gilbert/Commonwealth and EGU, uses much of the 
same equipment as Variant Al, except that a single Siemens V64 3 Gas Turbine and 
associated equipment are specified Again, by competitive bidding, the turbine could be 
supplied by another comparable manufacturer Variant A2 is characterized in Exhibit 6-9 
and 6-10 

Exh~blt 6-9 
CHARACTERISTICS OF VARIANT A2 

Gclbm/Comrnonwealt~ Inc November 1993 

1 

A 

Output/ 
Characterrstrc 

- 

65 tonne/h 

1x60 9 MWe (ISO) 
1x66 9 MWe ( -1 2'~) 

1 x88 5 MWt 
5 9 MPa 505 '~  
0 5 MPa 200 '~  

21 MWe 
1 0-1 4 MPa 

0 06-0 12 MPa 
65 MWt 
89 MWe 

2x58 MWt (hrgh demand) 
1x58 MWt (low demand) 

Major System 

Plant 

Plzen I 

Plzen I1 

Plzen Ill 
(EGU only) 

Plzen IV 

Kosutka 

Letna 
Doubravka 
Bory (HW) 
ZOS 

Plzen V 

Plzen I 

Equ~pment 

Installed 
Year 

1997 

1997 

1994 

1997 

1 997 

1997 
1997 
1997 
1 997 

2004 

2004 

Changes 

Major Equrpment Descrrption 

Three baghouse unrts for partrculate control 

New pulver~zers for hard coal frrrng 
Two baghouse unrts for partrculate control 

New gas/orl-fired steam bolter 

One gas turbine, Siemens V64 3 

Dual-pressure waste heat borler 
hrgh pressure steam 
low pressure steam 

Back Pressure steam turbine 
w/ one regulated extraction 

extractron pressure 
exhaust pressure 

Maxrmurn total thermal output 
Maxrmum total electrrcal output 

Convert to gas operation 

Retrre 
Retrre 
Retire 
Ret~re 

New gas/orl-frred hot water borler(s) 

Ret~re 
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In this variant Plzen IV will operate in a simlar way as Variant Al, except that the smaller 
size GTCC w11 necessitate the operation of additional urllts to satisfy demand Retirement 
of older plants, however, with the exception of Plzen I, wll be the same as In Variant A1 

Calculations performed by EGU and techmcal results are presented in Appendu D The 
operation of the Cogeneration Plant (CP) can be seen in Diagrams D7 and D8 for the Hlgh 
Balance condition, and in Diagrams Dl0 and Dl1  for the Low Balance It can be seen that 
the GTCC cooperates wth the Brewery boiler house and wth the exlsting units to supply 
both steam and hot water to the system 

The gross electric power generation, Including both the GTCC and the exlsting back 
pressure turbine, as well as the natural gas consumption are presented in Diagrams D9 
and Dl2 for the high and low balance respectively 

The results of the production balance of heat and electnclty in CP Plzen and the 
corresponding fuel consumption in selected years are shown in Table 13 and 14 for the high 
and low balance Tables 13a and 14a provlde operational results for only the combined 
cycle - 

6 3 3 Variant A3 Comb~ned Cvcle Plant Em~lovlne a Single 47 MWe (ISO) Gas Turb~ne I 

-.. 
Gilbert/Comrnonwealth introduced a third Gas Turbine Combined Cycle option as 
Variant A3 This option utllizes a Westinghouse 251 of output approximately 47 MWe, 
and a waste heat boiler and steam turbine sized accordingly For consistency, other aspects 
such as plant retirements, and supplementary plant introductions, were prepared simlar to 
the prevlous variants As wth the prevlous cases, by competitive bidding, the turblne 
could be supplied by another comparable manufacturer Variant A3 is charactenzed in 

S 
Exhibit 6-11 The configuration is simlar to Variant A2, except for the smaller heat and 
electrical output 

In this variant, Plzen IV will operate in a simlar way as Variant Al, except that the smaller 
size will necessitate the operation of different umts to satisfy demand Retirement of older 
plants, with the exception of Plzen I, will be the same as in Vanant A1 

I 
Calculations for Vanant A3 are reported in Section 8 0, where the G/C techmcal and 1 
economc modelling effort is presented 

C~lben/Commonwealth, Inc 6-20 November 1993 
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Exhibit 6-1 1 
CHARACTERISTICS OF VARIANT A3 

Gclben/Commonweallh, Inc 6-21 November 1993 

Output/ 
Character~stic 

65 tonne/h 

1x 47 MWe (ISO) 
1x54 MWe ( -12'~) 

1x81 MWt 
5 9 MPa, 5 0 5 ~ ~  
0 5 MPa 200'~ 

19 MWe 
1 0-1 4 MPa 

0 06-0 12 MPa 
60 MWt 
73 MWe 

2x58 MWt (hlgh demand) 
1x58 MWt (low demand) 

Changes 

Major Equrpment Descr~ption 

Three baghouse unrts for partrculate control 

New pulverrzers for hard coal flrlng 
Two baghouse unrts for part~culate control 

New gas/o~l-f~red steam bo~ler 

One gas turb~ne, Westrnghouse W251 B1 1 /I 2 

Dual-pressure waste heat borler 
hlgh pressure steam 
low pressure steam 

Back Pressure steam turbine 
w/ one regulated extractron 

extraction pressure 
exhaust pressure 

Max~mum total thermal output 
Max~mum total eiectrrcal output 

Convert to gas operation 

Ret~re 
Retire 
Retrre 
Ret~re 

New gas/oil-fired hot water bo~ler(s) 

Ret~re 

Major System 

Plant 

Plzen I 

Plzen I1 

Plzen Ill 

Plzen IV 

Kosutka 

Letna 
Doubravka 
Bory (HW) 
ZOS 

Plzen V 

Plzen I 

Equ~pment 

Installed 
Year 

1997 

1997 

1 994 

1 997 

1997 

1997 
1997 
1997 
1997 

2004 

2004 
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6.3 4 Vanant A4 Combined Cvcle Plant E m ~ l o y n ~  a Sinde 90 MWe (ISO) Gas Turbine 

Vanant A4 was proposed independently by subcontractor Energoprojekt Vanant A4 uses 
much of the same equipment as Variant Al, except that a single 90 MWe ABB Type 13 
Gas Turbine and associated equipment are specified Again, by competitive biddmg, the 
turblne could be supplied by another comparable manufacturer This vanant does not call 
for the construction of a new Plzen 111 steam boiler, but Energoprojekt proposes that steam 
demands can be covered by cooperation with the Brewery boller house They agree that 
the Plzen 11 retrofit can be accommodated outside of the peak segment of the heatmg 
season Vmant A4 is charactenzed in Exhibit 6-12 and 6-13 

Exhibit 812 
CHARACTERISTICS OF VARIANT A4 

- 
November 1993 

Major System 

Plant 

Plzen I 

Plzen I1 

Plzen IV 

Kosutka 
Letna 
Doubravka 
Bory (HW) 
ZOS 

Plzen V 

Plzen I 

Equipment 

Installed 
Year 

1997 

1997 

1997 

1 997 
1997 
1997 
1997 
1997 

2004 

2004 

Changes 

Major Equipment Descr~pt~on 

Three baghouse unrts for particulate control 

New pulvertzers for hard coal f~rlng 
Two baghouse unrts for part~culate control 

One gas turb~ne, ABB Type 13 

Dual-pressure waste heat boiler 
h~gh pressure steam 
low pressure steam 

Condensing steam turblne 
w/ two regulated extractions 

1 st extraction pressure 
2nd extract~on pressure 

Maximum total thermal output 
Max~mum total electrical output 

Retire 
Ret~re 
Ret~re 
Ret~re 
Ret~re 

New gas/oil-fired hot water boiler(s) 

Retire 

outpa/ 
Characterist~c 

1 x94 MWe (ISO) 
1x105 MWe ( -12'~) 

1x93 MWt 
6 5 MPa, 475'~ 
0 55 MPa, 1 5 5 ~ ~  

36 MWe 
1 0-1 4 MPa 

0 06-0 12 MPa 
133 MWt 
141 MWe 

35 MWt (high demand) 
28 MWt (low demand) 
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In Variant A4, Plzen IV wll operate in a sirmlar way as Vanant Al, except that the smaller 
slze vvlll necessitate the operation of different units to satisfy demand Retirement of older 
plants, wth the exception of Plzen I, wll be the same as in Variant A1 Coo~eration wth 
ihe ~ i e w e r ~  wll result in the replacement of capacity of two of the ~rewery's'older bollers 
m CP Plzen 

Calculations performed by Energoprojekt and techmcal results are presented m 
Appendlx D The operation of the CP Plzen and the results can be seen in Tables I/1-I/3 
(Appendlx D) for the Low Balance condition, and II/l-II/3 for the High Balance conchtion 
The GTCC cooperates wth the Brewery boller house and wth the exlsting m t s  to supply 
both steam and hot water to the system 

6.3.5 Vanant B1: Combined Cycle Plant Employing a Single Large Clrculating Fluihed 
Bed Boiler 

Vmant B1 mtroduces the Clrculating Fluidized Bed (CFB) boller Unltke the Gas 
Turbme, whch must be imported to the Czech Repubhc, the CFB boiler could be designed 
by a U S or other manufacturer, and then fabncated and constructed m the 
Czech Repubhc Foster Wheeler of the U S has preluIllnary agreements wth a Slovak 
manufacturer to produce boilers m ths mode By competitive biddmg, the best 
arrangement could be obtaned Vmant Bl is charactenzed in Exhibit 6-14 and 6-15 

The analysis of t h  vmant currently assumes the new extracbon/condensmg turbme 
promdes the first stage of distnct heating, the exlsmg back pressure turbme promdes the 
second stage, and the hot water boilers prowde the t h ~ d  stage An unproved arrangement 
may result by swtchmg the exlsting back pressure turbme and the new condensing turbme 
Tlus would m-e the electnc generabon for the exlsting turbine, by mummmg the 
exhaust pressure, whde hawng little unpact on the power output of the new condensmg 
turbme 

Two options are gven for enmronrnental comphance for the exlsting CP Plzen I1 wts 
The first opbon considers a fuel swtch to low sulfur black coal, as shown above A second 
option is the installation of FGD systems, designated as B2 Vmant B2 was not 
mvestigatcd in detad, slnce prevlous studies by ZCE have independently shown t h  vanant 
to be less cost effective than B1 

Another vanant was considered as an alternate to Vmant B1 Slnce future demand is 
uncertam, it may be prudent to add less capacity at first, assumed to be half the slze of the 
Cm3 boller m Vmant B1, and then If demand does not matenallze, the second "half-slze" 
m t  need not be added While this approach is logcal, it does not add much to the study of 
Vanant B1 since the Plzen I units are also neamg rettrement, and any excess capaaty 
mtalled early could offset this capacity This alternate was also not considered in detad m 
the model approach 

Gdben/Commonweakh, Inc 6-24 November 1993 
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Exhlb~t 6-14 
CHARACTERISTICS OF VARIANT B1 

G~lben/Commonwealth, Inc 6-25 November 1993 

Output/ 
Characterist~c 

43 5 MWt 

1x1 60 tonne/h 

13 63 MPa 
540°C 

32 MWe 
1 0-1 4 MPa 

0 06-0 12 MPa 
75 MWt 

2x58 MWt (hrgh demand) 
1 x58 MWt (low demand) 

Major System 

Plant 

Plzen I 

Plzen I1 

Plzen I11 

Plzen IV 

Kosutka 

Letna 
Doubravka 
Bory (HW) 
ZOS 

Plzen V 

Plzen I 

Equrpment 

l nstalled 
Year 

1997 

1997 

1994 

1997 

1997 

1997 
1997 
1997 
1997 

2004 

2004 

Changes 

Major Equrpment Descrrptron 

Three baghouse unrts for part~culate control 

New pulverrzers for hard coal firrng 
Two baghouse units for partrculate control 

New gas/orl-frred steam borler 

One Foster Wheeler CFB borler 

Condensrng steam turbrne 

w/ two regulated extract~ons 
1 st extractron pressure 
2nd extractron pressure 

Maxrrnurn total thermal output 

Convert to gas operatron 

Retrre 
Retrre 
Retrre 
Retrre 

New gas/orl-frred hot water boder(s) 

Retrre 
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6.3.6 Vanant Cl* Extend the Life of Exlstin~ Units 

In ths  vmant, exlsbng plants are run beyond thelr presently planned llfe It is not unusual 
to operate a boller in the U S  for 40 or even 50years Generally, the lntegnty of 
hck-walled high pressure parts are a controlling llfe factor In light of the uncertambes 
associated wth ermssions regulations, financrng terms/interest rates, and the uncertamty of 
profitable operabon in a privatized environment, it may be prudent to mamtam the u111ts in 
operabon for 6 to 8 more years, and then proceed wth replacement wth more efficient 
and environmentally capable technology 

The major equipment associated wth Vanant C1 is charactenzed in Exhibit 6-16 

Exh~bd 616 
CHARACTERISTICS OF VARIANT C1 

November 1993 

\ (0 

output/ 
Character~st~c 

43 5 MW 

1 x160 tonne/h 

13 63 MPa 
540°c 
32 MWe 

1 0-1 4 MPa 
0 064 12 MPa 

75 MWt 

Major System 

Plant 

Plzen I- 

Plzen ll 

Plzen Ill 

Plzen IV 

Kosutka 

Letna 
Doubravka 
Bory (HW) 
ZOS 

Equ~pment 

Installed 
Year 

1997 

1997 

1 994 

2003 

1997 

2003 
2003 
2003 
2003 

Changes 

Major Equipment Description 

Three baghouse unds for particulate control 

New pulverizers for hard coal firing 
Two baghouse unds for part~culate control 

New gas/o~l-f~red steam boiler 

One Foster Wheeler CFB boiler 

Condensing steam turbine 

w/ two regulated extractions 
1 st extraction pressure 
2nd extraction pressure 

Maxrrnurn total thermal output 

Convert to gas operation 

Retrre 
Ret~re 
Ret~re 
Retrre 
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Mamtenance (discussed in Section 8 5) is considered to increase at a substantial rate for 
the older equipment, and thus a difference for mantenance between old and new 
equipment has been established The purchase of a new CFB boiler unit 1s still envisioned, 
but at a later date This provldes an opportumty to utlllze a more advanced technology 
such as a Pressurized Fluidized Bed boller Another feature of Vanant C1 is that Plzen I 
umts are mamtamed operabonal through the end of the study penod, thus e h a t m g  the 
need for purchase of another gas/oil umt dunng the penod 

6 4 EMISSIONS COMPLIANCE CONSIDERATIONS 

Comphance wth new ermssions regula~ons is a cntical consideration for the least cost 
plan Regulabons reqwe that new particulate removal equipment be purchased for every 
sohd fuel umt, that fuel quality be upgraded, and/or new technology be employed A bnef 
descnpbon of these regulations are provlded m SecUon 9 0 It is assumed for thls study - 

that emsaons regulations w-dl be met, and that the payment of fines is unacceptable, - 

except for bnef penods of reconstruction 

6.5 COMMENTS ON IMPLEMENTATION SCHEDULES 

The schedule of introduction of new umts was presented in Exhtbit 6-6 Dunng the years 
1995-1997, the plant modtfications should occur m a tmely fashion m order to acheve the 
least cost Plans by ZCE include t a g  each of the Plzen II plants out of semce m 
successive years 1995 and 1996, so that modlficabons to hard coal h g  may take place - 

In the U S ,  outages caused by modifications to power plants are generally held to a 
m u m  To acbeve a pulvenzer replacement, for example, one pulvenzer at a tune 
would be replaced while the plant was m operaQon Cnt~cal changes would be made whle 

R 
the plant was out of semce, for example, on weekends, or other low-demand tlmes In the 
case of CP Plzen, there is a sipficant penod where the plant is currently out of servlce 
With careful planmng/scheduling, engmeenng, and possibly through the use of an outside 

I 
contractor, the job could be done dunng the normal outage penod, or perhaps such a 
penod extended by one or two months 1 
Consideration should also be gven to seekmg an extension to the compliance date 
Plzen IV (the CFB boller or GTCC) could be constructed first, followed by modhcahon to 
the exlstmg Plzen I1 umts dunng the year 1997 There are so many changes planned, that it 

I 
would be prudent to spread the capital expenditures and construction work over a longer 
penod than one or two years 

GJben/Commonwe~ Inc November 1993 

\ 
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7.0 ANALYSIS OF VARIANTS BY EGU AND ENERGOPRO JEKT 

A sig~llficant effort was put forth by EGU to deterrmne the performance and operating costs 
for Variants Al, A2, and B1, and by Energoprojekt for Variant A4 This section presents 
an economc analysis (Section 7 1) which applies G/C assumptions to the EGU and 
Energoprojekt effort, and a summary of their effort/results (Sections 7 2  and 7 3  
respectively) Their detailed reports are likemse found in Appendices C and D Results 
from EGU and Energoprojekt were also used to validate independent calculations 
performed by Gilbert/Commonwealth, whch are reported in Section 8 0 

A separate analysis of small cogeneration units was performed by CityPlan This analysis 
was used in the development of options for Svetovar (Section 8 9), and also in the 
evaluation of the 595 small boilers (Section 4 0) It is not addressed in this section The 
complete CityPlan analysis is found in Appendlx B 

Thls summary is presented in exhibits which compare key operating parameters for the year 
2000, and the High Demand Several parameters are summanzed in Exhibit 7-1 from the 
results found in Appendu C 

The analyses results found in Appendlx C and D show a substantial reduction in emssions 
from the base year 1992 As expected, ermssions are much lower for the gas turbine 
vanants, however, all variants are designed to meet emssions regulations in the year 1997 
There is some decrease in ermssions from the year 2000 to 2010 for all variants The EGU 
and Energoprojekt ermssions results differ substantially from the Gilbert/Commonwealth 
analysis, prmarily in the estmate for gas turbme ermssions G/C assumed a low-NOx 
combustor for the gas turbmes, typical of today's installations This combustor would 
prowde NOx emssions at about 25% of the Czech regulation The G/C analysis of 
ermssions is found in Section 9 0 

7 1 ECONOMIC ANALYSIS OF VARIANTS Al, A2, A4, AND B1 

Using many of the same assumptions and methods discussed in detail in Section 8 0, an 
analysis was performed by using inputs prepared by EGU and Energoprojekt into a 
spreadsheet which calculated Cumulative Present Worth of projected costs as a 
figure-of-merit Detailed calculations of performance were prowded by EGU (Vanants Al, 
A2 and B1) and Energoprojekt (Vanant A4) Both parties worked to the same set of basic 
assumptions, wth  only some slight differences Quantity information for fuel usage, 
limestone use, water use, ash disposal quantities, electric generation, and capital 
requirements was calculated independently by EGU and Energoprojekt G / C  made certain 
adjustments to the capital costs to be consistent between cases and to allow for uncertainties 
and contingencies in the capital expenditures 

G~lben/Commonwealfh 7-1 November 1993 
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ExhIblt 7-1 
SUMMARY OF KEY OPERATING PARAMETERS AND RESULTS 

The basis for calculations 1s the assumption of real escalation provlded In Exhibit 8-3, and 
repeated here as Exhibit 7-2 Quantity lnformat~on provided by the subcontractors are 
summarized in E x h ~ b ~ t  7-3 (two pages) With real escalation applied, and costs on the same 
basis, present worth and cumulative present worth of projected variant cost streams are 
calculated as shown in Exh~bit 7-4 (two pages) A summary of the results of the analysis is 
shown below 

r 

Engineering Organization 

Installed output of steam bo~lers 

Installed output of hot water boilers 

Installed output of waste heat boilers 

Heat supply per year - steam 

Heat Supply per year - hot water 

Heat product~on - total 

Net Electric power productron 

Specific heat consumption - heat 

Spectf~c heat consumption - electric 

Total fuel consumption 

Lignlte, 10 05 MJ/kg 

Coal, 18 47 MJ/kg 

Coal, 17 38 MJ/kg 

Natural gas 33 4 MJ/rn3 

Oil, 41 6 MJ/kg 

Gilben/Commonwealth 7-2 November 1993 

Unlts 

MWt 

MWt 

MWt 

TJ/Y 

TJ/Y 

TJ/Y 

MWh/y 

TJ/Y 

TJ/Y 

TJ/Y 

TJ/Y 

TJ/Y 

TJ/Y 

A 1 

EGU 

276 2 

70 0 

177 0 

1277 

2905 

41 82 

959 8 

1 19 

5 54 

10,644 

0 

371 

3379 

6853 

41 

Change from 
Varlant 61 

+ 48% 

+ 26% 

+ 19% 

Variant 

A2 

EGU 

276 2 

105 0 

88 5 

1235 

2905 

41 40 

569 1 

1 22 

5 02 

8 157 

0 

657 

3745 

3714 

41 

Varlant 

A1 

A2 

A4 

B 1 

Englneer 

EGU 

EGU 

Energoprojekt 

EG U 

Varlant 
Description 

120 MWe GTCC 

60 MWe GTCC 

90 MWe GTCC 

75 MWt CFB 

A4 

EGP 

232 9 

105 0 

180 0 

1300 

2871 

41 71 

952 2 

9 601 

0 

55 

2769 

6777 

Curnulat~ve 
Net Present Worth, 

m~l l~on Kc 

5 569 

4 739 

4 458 

3 758 

B1 

EGU 

396 5 

105 0 

1286 

2905 

41 91 

373 4 

1 25 

5 33 

7,554 

2857 

209 

4315 

91 

82 
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Cumulative Present Worth provides the best single measure of the real cost of alternatives 
It does not directly consider financing requirements, but rather provides a least-cost 
representation of each variant considering all applicable cost streams In this approach, 
capital costs are treated in the year they occur It is apparent that the cost of each of the 
gas turbine variants is sig~llficantly hgher than the CFB variant, and that small adjustments 
in fuel pricing, capital charges, etc, will not alter this outcome Three reasons are apparent 
for this difference 

First, the gas turbines for all three variants must all be imported, which increases the 
cost of gas turbines relative to the equipment used in Variant B1, which is 
subtantially supplied wthin the Czech Republic, 

Second, natural gas prices are expected to rise sigmficantly above the price for low 
quality ligrute, which can be effectively used m the CFB, and 

Thlrd, and perhaps less sigmficant, is the fact that peak periods of electricity revenue 
are not necessarily coincident wth  peak periods of heat requirement 

These three reasons do not take into account any risk associated wth  natural gas supply, 
which may introduce another cost, depending on the secunty of supply If the analysis 
results were otherwise equivalent, or within lo%, other factors should be considered in the 
decision, e g the security of fuel supply, and the effect on local and state econormes of using 
imported fuel 

Grlben/Cornmonwealth 7-3 November 1993 



Exhlblt 7-2 
ESCALATION FACTORS ASSUMED FOR ECONOMIC ANALYSIS 

(see Exh~brt 8-3) 

Cost item 
General ln f l lbn 

Foreign 
Domest~c 

Real Escalat~on 
Lignite 10 05 MJkg 
Llgnlte 12 7 MJIkg 
Black Coal 18 47 MJIkg 
Black Coal 17 36 MJlkg 
Natural Gas 
011 

Purchased Steam 
Purchased Power 
Power Sales Revenues 
Ash disposal 
Limestone 
Water cost 
Labor 
Other OBM 
Ernissbns Penalties 
Capital Cost -Foreign 
Capllal Cost - Domest~c 

COMPOUNDED 
General lnfhtbn 

Foreign 
Domestic 

Real Escalation 
Lignite 10 05 MJkg 
Llgnlle 12 7 MJIkg 
BlackCoal 1847 MJkg 
BlackCoal 1738 MJkg 
Natural Cas 
Oil 
Purchased Steam 
Purchased Power 
Power Sales Revenues 
Ash d~sposal 
Llrnestone 
Water cost 
Labor 
Other OBM 
Emlssbns Penalt~es 
Capital Cost - Foreign 
Capllal Cost - Domestlc 

2009 

40% 
50% 

00% 
00% 
00% 
00% 
00% 
00% 
00% 
00% 
00% 
00% 
00% 
00A 
00% 
0 0 1  
00% 
10% 
00% 

18021 
23768 

12429 
12429 
10780 
10780 
1 2435 
13789 
10000 
12429 
12429 
25186 
10000 
12277 
10000 
10000 
10000 
13319 
10000 

Escalatian 
1993 

-700% 

10000 
10000 

1 OOUO 
10000 
10000 
10000 
1 0000 
10000 
1 0000 
10000 
1 MH)O 
10000 
10000 
10000 
10000 
10000 
0 3000 
10000 
10000 

2010 

40% 
50% 

00% 
0 0 /  
00% 
0 0 1  
OOA 
0 0 1  
00% 
OOY 
OOY 
00°/ 
OoA 
0 0 6  
00% 
0 0 1  
00% 
10% 
00% 

16742 
24956 

12429 
12429 
10780 
10780 
1 2435 
13789 
10000 
12429 
12429 
25186 
10000 
12277 
~ O O O O  
10000 
1 OW0 
13452 
10000 

2006 

40% 
50% 

00% 
00% 
00% 
00% 
00% 
00% 
00% 
00% 
00% 
00% 
OOA 
00% 
00% 
OOA 
00% 
10% 
00% 

16021 
20532 

12429 
12429 
10780 
10780 
1 2435 
13789 
10000 
12429 
12429 
25188 
10000 
12277 
10000 
10000 
10000 
12827 
10000 

2007 

40% 
50% 

OOA 
00% 
00% 
0 0 1  
00A 
0 0 1  
0 0 1  
0 0 6  
OOA 
00% 
00% 
OOA 
00% 
00% 
OOA 
1 0 /  
0 0 1  

16661 
2 1558 

12429 
1 2429 
1 0780 
10780 
1 2435 
13789 
10000 
12429 
12429 
25186 
10000 
12277 
10000 
10000 
10000 
13056 
10000 

Facbn 
1994 

30% 
75% 

49% 
49% 
00% 
00% 
37% 
72% 
00% 
49% 
49% 

140% 
00% 
60% 
00% 
00% 

1000% 
45% 
00% 

10300 
10750 

10486 
10486 
10000 
10000 
1 0367 
10717 
10000 
10486 
10488 
11400 
10000 
10600 
1 WOO 
1 0000 
06000 
10450 
10000 

2008 

40% 
5 0 1  

00% 
007' 
0 0 9  
00% 
0 0 1  
0 0 1  
O O /  
00% 
00% 
00% 
00% 
009 
0 0 6  
00A 
007  
1 0 1  
0 0 1  

17328 
22636 

12429 
12429 
10760 
10780 
1 2435 
13769 
10000 
12429 
12429 
25186 
10000 
12277 
10000 
10000 
1 0000 
13187 
10000 

1997 

35% 
60% 

19% 
19% 
19% 
19% 
28% 
29A 
00% 
19% 
19% 
00% 
00% 
10% 
00% 
00% 
00% 
25A 
00% 

1 1420 
12864 

1 1747 
1 1747 
10188 
10188 
1 14-49 
12662 
10000 
1 1747 
1 1747 
14815 
10000 
1 1916 
10000 
10000 
0 8000 
1 1308 
10000 

by Ymr 
1995 

35% 
65% 

49% 
49% 
00% 
00% 
37% 
72% 
00% 
49% 
49% 

140% 
00% 
80% 
00% 
00% 
00% 
30% 
00% 

10681 
1 1449 

10996 
10996 
1 0000 
1 0000 
1 0747 
1 1485 
10000 
1 0896 
10996 
12996 
1 WOO 
1 1236 
10000 
10000 
0 6000 
10764 
10000 

2003 

40% 
50% 

00% 
00% 
00% 
00% 
00% 
00% 
00% 
00% 
00% 
00% 
00% 
00% 
00% 
00% 
00% 
10% 
00% 

14242 
1 7736 

12429 
1 2429 
1 0780 
1 0780 
1 2435 
13789 
1 0000 
12429 
12429 
25186 
1 0000 
12277 
10000 
10000 
10000 
12547 
10000 

1996 

35% 
60% 

49% 
49% 
00% 
00% 
37% 
72% 
00% 
49% 
49% 

140% 
00% 
50% 
00% 
00% 

333% 
25% 
00% 

1 1034 
12136 

1 1530 
1 1530 
1 0000 
10000 
1 1142 
12309 
1 0000 
1 1530 
1 1530 
14815 
1 0000 
1 1798 
1 0000 
10000 
0 8000 
1 1033 
10000 

20041 

40% 
5 0 k  

00% 
00% 
00% 
00% 
00% 
00% 
00% 
00% 
00% 
00% 
00% 
0 0 L  
00% 
00% 
00% 
10% 
00% 

14812 
1 8623 

12429 
12429 
10780 
10780 
1 2435 
13789 
10000 
12429 
12429 
25186 
10000 
12277 
10000 
10000 
10000 
12672 
10000 

1988 

35% 
60% 

19% 
19% 
19% 
19% 
28% 
29% 
00% 
19% 
19% 
00% 
00% 
10% 
00% 
00% 

250% 
25% 
00% 

1 181s 
13638 

1 1969 
1 1969 
10381 
10381 
1 1768 
13027 
10000 
1 1969 
1 196s 
14815 
10000 
12035 
10000 
10000 
10000 
1 1591 
10000 

2005 

4 0 %  
5 0 %  

0 0 %  
0 0 %  
0 0 %  
0 0 %  
0 0 %  
0 0 %  
0 0 %  
0 0 %  
0 0 %  
0 0 %  
0 0 %  
0 0 %  
0 0 %  
0 0 %  
0 0 %  
1 0 %  
0 0 %  

15404 
1 9554 

1 2429 
1 2429 
10780 
10780 
1 2435 
1 3789 
1 0000 
1 2429 
1 2429 
25186 
10000 
12277 
10000 
10000 
1 0000 
12789 
10000 

2000 

35% 
60% 

19% 
18A 
19% 
18% 
28% 
29% 
00% 
18% 
18% 

700% 
00% 
10% 
00% 
00% 
00% 
25% 
00% 

12681 
15321 

12429 
12428 
10760 
10780 
1 2435 
13789 
10000 
12429 
12420 
25166 
10000 
12277 
10000 
1 0000 
10000 
12178 
10000 

1999 

35% 
60% 

19% 
19A 
19A 
18% 
28% 
29A 
OOA 
19% 
19% 
00% 
OOA 
10% 
00% 
00% 
00% 
25% 
00% 

12233 
14454 

12196 
1 2196 
1 0578 
10578 
1 2096 
13402 
10000 
12196 
1 2186 
14815 
10000 
12155 
10000 
10000 
1 0000 
1 1681 
10000 

2001 

40% 
5 0 A  

00% 
00% 
0 0 k  
00% 
00% 
OOA 
00% 
00% 
00% 
00% 
00% 
OOA 
00% 
0 0 A  
00% 
10% 
00% 

13168 
16087 

12429 
12429 
10780 
10780 
1 2435 
13789 
10000 
12429 
12429 
25186 
10000 
12277 
10000 
10000 
10000 
12300 
10000 

2002 

40% 
50% 

00% 
00% 
OOL 
00% 
0 0 1  
00% 
00% 
00% 
00% 
00% 
00% 
00% 
00% 
00% 
00% 
10A 
00% 

13694 
1 6891 

12429 
12429 
10780 
10780 
1 2435 
1 3789 
1 0000 
1 2429 
12429 
25186 
10000 
12277 
1 0000 
10000 
1 WOO 
12423 
1 0000 



Exh~b~t 7-3 
QUANTITY INFORMATION FOR ECONOMIC ANALYSIS 

Varient A1 High Demand 

Quantity 
Fuel Quant~ty 

Lignlte 10 05 MJlkg 
Lignite 12 7 MJlkg 
Coal 18 47 MJlkg 
Coal 17 38 MJlkg 
Natural Gas 33 4 MJlm 
Oil 41 6 MJIkg 

Limestone quantlty 
Ash quanl~ty 
Water quantltles 

raw water 
softened water 
demineralized water 

Labor 
Electricpowerprod-gross 
Electricpower sales -net 

durlng peak per~od (gr) 
dur~ng high tarr~ff (gr) 
during low larriff (gr) 

Total Fuel 
Capital Cost - Foreign 
Capital Cost - DomesUc 

Variant A2 High Demand 
Ouant~ty 
Fuel PuanttIy 

TJ& 
TJ& 
TJk 
TJk 

10 tonne 
IOtonne; 

10miy  
10miy  
10 m ly 

staff 
GWhiy 
GWhb 
GWhIy 
GWh/y 
GWhiy 

TJh 
10 Kc& 
10 Kc& 

-- 

Annual PuanUty by year 

19921 19931 19941 isgsl l996l 19971 19981 19991 2 0 ~ 1  20011 20021 20031 20041 2005) 20061 2007) 20081 2009) 2010 
I I I I 1 I 1 I I 1 I I I 1 I I I I 

Llgnite 10-05 MJIkg 
Llgn~te 12 7 MJkg 
Coal 18 47 MJlkg 
Coal 17 36 MJIkg 
Natural 1 3 s  33 4 MJlm 

raw water , 10 m iy ll=I 110Ol 1 11651 14071 2 0 ~ 1  2 0  2 0  2 1 ~ 1  2 1 4  2 1 ~ 1  21l31 21l31 2 ; z l  2;;l 2 i z l  2 ; ~ l  2 ; z l  28;;l I softenedvater 

Oil 41 8 MJlkg 
Limestone quant~ty 
Ash quanbty 
Water quantltles 

demineral~zed water 
Labor 

durlng high tarrlff (gr) 
durlng low tarriff (gr) 

Annual 

1992 

4229 

18 

485 

1100 
68 

359 
293 

1580 
1193 
26 1 
305 

101 4 

4,247 

TJk 
TJk 
TJk 
TJk 
TJk 

-- -- 
Total Fuel 8167 8 167 8 167 8 167 9 167 8 , 2 q  
Capital Cost - Foreign 000 000 OW 000 OW 000 000 OW 
, Cepltal Cost - Domestic 724 093 093 9244 9244 093 071 071 071 071 , 0 7 1  

TJ& I 18 
10 tonneM 
lotonne4 489 

I 

Quanbty by 

1993 

0 
4229 

0 
0 
0 

16 
0 

495 

1100 
69 

359 
293 

1560 
1193 
28 1 
30 5 

101 4 

4247 
OW 
530 

4229 

18 
0 

495 
0 

year 

1994 

0 
4229 

0 
0 
0 

18 
0 

495 

1100 
68 

359 
293 

1580 
1193 
26 1 
30 5 

101 4 

4247 
OW 

10308 

0 
4229 

0 
0 
0 

18 
0 

495 
0 

1995 

3963 

418 
117 

464 

1165 
71 

352 
283 

1387 
1080 
228 
284 
877 

, 4,498 
80281 
888281 

0 
4229 

0 
0 
0 

1171 1171 40 
I I , ,  

4641 5 6 g (  817 
I I 

1996 

4862 

455 
, 117 

589 

1407 
86 

385 
293 

1587 
1182 
25 9 
30 3 

100 5 

5434 
80287 
87828 

3983 

418 
40 

0 
817 

0 

1997 

365 
3340 
8835 

37 

694 

2739 
97 

366 
300 

10167 
9596 
251 8 
2782 
4887 

10577 
OW 

1883 

4882 

455 
40 

0 
817 

0 

1998 

0 
0 

365 
3340 
6835 

37 
0 

694 

2739 
97 

386 
300 

10167 
9598 
251 8 
276 2 
4867 

10,577 
OW 
724 

851 
3715 
3877 

41 

823 

1999 

0 
0 

365 
3340 
6835 

37 
0 

694 

2739 
97 

388 
300 

10187 
9598 
251 8 
278 2 
486 7 

10577 
000 
724 

0 
0 

651 
3715 
3677 

41 
0 

623 
0 

0 
0 

651 
3715 
3877 

2000 

371 
3379 
6953 

41 

702 

2757 
99 

386 
300 

1021 3 
9638 
2628 
278 5 
4689 

10,644 
OW 
724 

41 
0 

623 
0 

857 
3745 
3714 

2001 

0 
0 

371 
3379 
6653 

41 
0 

702 

2757 
99 

366 
3W 

1021 3 
9838 
252 S 
279 5 
4889 

10,644 

093 

41 
0 

823 
0 

2002 

0 
0 

371 
3379 
6853 

41 
0 

702 

2757 
99 

366 
300 

1021 3 
9636 
252 9 
279 5 
488 9 

10644 

093 

2005 

3127 
7518 
273 

586 

2826 
99 

384 
270 

10702 
10126 

265 
2929 
5123 

10,810 

0 %  

2006 

0 
0 
0 

3127 
7518 
273 

0 
586 

2828 
99 

384 
270 

10702 
10126 

265 
292 9 
5123 

10918 

071 

2003 

0 
0 

371 
3379 
6853 

41 
0 

702 

2757 
99 

396 
300 

1021 3 
9638 
252 9 
279 5 
4889 

10644 

4868 

0 
0 

657 
3745 
3714 

2004 

0 
0 

371 
3379 
6853 

41 
0 

702 

2757 
99 

388 
300 

1021 3 
9638 
2529 
279 5 
4889 

10,844 

4868 

41 
0 

823 
0 

2007 

0 
0 
0 

3127 
7516 
273 

0 
586 

2828 
99 

384 
270 

10702 
10126 

265 
2929 
5123 

10918 

071 

0 
0 

657 
3745 
3714 

468 

713 

2006 

0 
0 
0 

3127 
7518 
273 

0 
566 

2828 
99 

384 
270 

10702 
10126 

265 
292 9 
5123 

10918 

, 071 

0 
0 

657 
3745 
3714 

468 
0 

713 
0 

2009 

0 
0 
0 

3127 
7518 
273 

0 
586 

2828 
99 

384 
270 

10702 
10126 

265 
292 9 
512 3 

10918 

071 

0 
0 

657 
3745 
3714 

2010 

3134 
7539 
280 

687 

2937 
100 
384 
270 

10734 
10155 

285 8 
2938 
5138 

10953 

0.71 

468 
0 

713 
0 

3802 
3897 

468 
0 

713 
0 

0 
0 
0 

3602 
3897 

468 
0 

713 
0 

0 
0 
0 

3802 
3997 

474 

715 

0 
0 
0 

3602 
3897 

0 
0 
0 

3902 
3897 

3814 
3912 



$ 
l? ' 

$ 

Exh~b~t 7-3 (conttnued) 
QUANTITY lNFORMATlON FOR ECONOMIC ANALYSIS 

Varlant 01 High Demand 

Quantity 
Fuel Quantity 

Lignite 10 05 MJIkg 
Lignite 12 7 MJ/kg 
Coal 18 47 MJIkg 
Coal 17 38 MJIkg 
Natural Gas 33 4 MJIm 
Oil 41 6 MJhg 

Limestone quantity 
Ash quantlty 
Water quant~tles 

raw water 
softened water 
demlneral~zed water 

Labor 
Elechrc power prod -gross 
Electric power sales -net 

duringpeak per~od (gr) 
during high tarrlff (gr) 
durlng low tarriff (gr) 

Total Fuel 
Cepltal Cost - Foreign 
Capital Cost - Domestlc 

Varant A4 High Demand 

Quant~ty 
Fuel Quant~ty 

L~gnlte 10 05 MJlkg 
Lignite 12 7 MJlkg 
Coal 18 47 MJlkg 
Coal 17 38 MJ/kg 
Natural Cas 33 4 MJ/m 
011 41 6 MJIkg 

TJ& 
TJM 
TJ& 
TJ& 
TJ& 
TJ& 

TJ& 
TJ& 
TJ& 
TJ& 
TJ& 
TJ& 

Annual 

1992 

4229 

16 

Annual 

1992 

4652 

263 
20 

Limestone quantlty 10 tonne& 
Ash quantlty 10tonne/y 
Water quantltles 

raw water 10m/y 
softened water 10 m Jy 
dem~neral~zed water 10m/y 

624 

1100 
68 
359 
293 

2099 
1657 
347 
406 
134 7 

4935 

Labor 
Electric power prod -gross 
Electric power sales -net 

dur~ngpeakperiod(gr) 
during high tarrlff (gr) 
durlng low tarriff (gr) 

Total Fuel 
Cap~tal Cost - Forelgn 

= Cap~tal Cost - Domestic 

Quantity by 
1993 

0 
4229 

0 
0 
0 
18 

10 tonne/+ 
lOtonne/y 

lo rn&  
10 m /y 
10 m /y 

staff 
GWh/y 
GWh/y 
GWhIy 
GWh/y 
GWhIy 

TJ& 

Quanbty by y 

1993 

0 
4652 

0 
0 

263 
20 

staff 
GWh/y 
GWhIy 
GWhIy 
GWh/y 
GWhJy 

TJ& 

0 
495 

1100 
68 
359 
293 
168 

119 3 
26 1 
305 
101 4 

4 247 

496 

1lW 
BB 
359 
293 
168 

1193 
28 1 
305 
101 4 

4 247 

0 
624 

0 
1100 
68 
359 
293 

2099 
1657 
347 
405 
134 7 

0 
0 

4935 

631 

year 
1994 

0 
4229 

0 
0 
0 
18 

ear 

1994 

0 
4652 

0 
0 

263 
20 

0 
495 

1100 
68 
359 
293 
158 

119 3 
26 1 
305 
101 4 

4 247 

0 
624 
0 

1100 
68 
359 
293 

2099 
1657 
347 
405 
134 7 

0 
0 

4935 

23Ul 

5311 2348 

1995 

3883 

418 
117 

1995 

4370 
84 

269 
20 

484 

1165 
71 
352 
293 

136 7 
I06 
226 
284 
87 7 

4,498 
5014 

661 

1165 
71 
352 
293 

1447 
994 
239 
279 
92% 

4743 
52943 
50993 

84808 

1996 

4882 

455 
117 

569 

1407 
96 
385 
293 

158 7 
118 2 
259 
303 
100 5 

5434 
6014 

1996 

1058 
135 
3817 
887 
20 

625421 1383 

1997 

2857 

209 
421 
91 
82 

1997 

51 
2556 
6747 

717 

1407 
96 

305 
293 

151 2 
1004 
249 
29 2 
97 1 

5 917 
62943 
64730 

27 
1371 

1940 
87 
988 
323 

431 8 
3703 
71 4 
833 
2769 

7,491 

458 

2416 
97 
386 
310 

9846 
941 1 
2066 
233 1 
5429 

9,354 

la83 

1998 

0 
0 
51 

2556 
6747 

0 

724 

1998 

2857 
0 

209 
4252 
91 
82 

1999 

0 
0 
51 

2556 
6747 

0 
0 

458 
0 

2416 
97 
388 
310 

984 6 
941 1 
2086 
233 1 
542 9 

0 
0 

9354 

724 

2000 

55 
2769 
6777 

27 
1371 

1940 
97 
386 
323 

431 8 
370 3 
71 4 
833 
2769 

7491 

0 
456 

0 
2416 
97 
396 
310 

9846 
941 1 
2086 
233 1 
5429 

0 
0 

9354 

724 

493 

2435 
99 
386 
310 

9988 
9522 
211 1 
2369 
548 6 

9,601 

724 

2001 

0 
0 
55 

2769 
8777 

0 

724 

1999 

2857 
0 

209 
4252 
91 
82 

0 
493 

0 
2435 
99 
386 
310 

996 8 
9522 
211 1 
2369 
548 8 

0 
0 

9601 

093 

27 
1371 

1940 
97 
386 
323 

431 6 
370 3 
71 4 
833 
2769 

7,491 

093 

2002 

2857 
0 

209 
4315 
91 
82 

2002 

0 
0 
55 

2769 
6777 

0 

724 

2000 

2BJ7 

209 
4315 
91 
82 

27 
1383 

1956 
99 
386 
323 

4353 
373 4 

72 
841 
2793 

7 654 

0 
493 

0 
2435 
99 
388 
310 

9968 
9522 
211 1 
2369 
548 8 

0 
0 

9 601 

093 

083 

2001 

2857 
0 

209 
4315 
91 
82 

27 
1383 

1956 
99 
388 
323 

4353 
3734 
72 

841 
2793 

7 654 

, 9 2 4 4  

2003 

2857 
0 

209 
4315 
91 
82 

2003 

0 
0 
55 

2769 
6777 

0 

27 
1383 

1956 
99 
366 
323 

4353 
373 4 

72 
841 
279 3 

7,554 

27 
1383 

1956 
99 
386 
323 

435 3 
3734 

72 
841 
279 3 

7 554 

0 
493 

0 
2435 
99 
386 
310 

9968 
9522 
211 1 
2369 
548 8 

0 
0 

9601 

093 

,9244 

2004 

2857 
0 

209 
4315 
91 
82 
27 

1383 

1956 
99 
386 
323 

4353 
3734 

72 
841 
279 3 

7 654 

2004 

0 
0 
55 

2769 
6777 

0 

093 

2005 

2057 

4208 
171 
283 

2005 

2779 
6840 

0 
493 

0 
2435 
99 
386 
310 

996 8 
9522 
211 1 
2369 
548 8 

0 
0 

9 601 

093 

2006 

0 
0 
0 

2779 
6840 

0 

27 
1324 

1947 
99 
384 
295 

428 9 
387 6 
709 
828 
2752 

7517 

486 

2476 
100 
384 
275 

1004 8 
9598 
2128 
2388 
5532 

9,619 

093 

0 
486 

0 
2476 
100 
384 
275 

10048 
9598 
2128 
238 8 
5532 

0 
0 

9619 

071 

, 071 

2006 

2857 
0 
0 

4206 
171 
283 

2007 

0 
0 
0 

2779 
6840 

0 

27 
1324 

1947 
99 
384 
295 

428 9 
367 6 
709 
828 
2752 

7,617 

0 
466 

0 
2476 
100 
384 
275 

1004 8 
9598 
2128 
2388 
553 2 

0 
0 

9619 

071 

071 

2007 

2857 
0 
0 

4206 
171 
283 

2008 

0 
0 
0 

2779 
6840 

0 

27 
1324 

1947 
99 
384 
295 

428 9 
367 6 
709 
828 
2752 

7 517 

0 
486 

0 
2476 
100 
384 
275 

10048 
9598 
2128 
238 8 
5532 

0 
0 

9619 

071 

2009 

0 
0 
0 

2779 
6840 

0 

071 

2010 

2857 

4237 
171 
283 

071 

2008 

2857 
0 
0 

4208 
171 
283 

2010 

2798 
6854 

0 
486 

0 
2476 
100 
384 
275 

10048 
959 8 
2128 
238 8 
5532 

0 
0 

9619 

071 

27 
1329 

1955 
100 
384 
295 

4307 
369 1 
712 
832 
2763 

7,548 

071 

2009 

2857 
0 
0 

4206 
171 
283 

27 
1324 

1947 
99 
384 
295 

4289 
367 6 
709 
828 
2752 

7,617 

489 

27375 
85 
343 
275 

10072 
982 1 
2133 
2394 
554 5 

0652 

071 

27 
1324 

1947 
99 
384 
295 

4289 
387 6 
709 
828 
2752 

7 517 



Exh~b~t 7-4 
ECONOMIC ANALYSIS RESULTS OF EGU AND ENERGOPROJEKT VARIANTS 

Variant A1 H ~ g h  Demand Annual Casts mllllon Kc& 
Cost Item uniffref 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 
Feedstock Cost 

Llgnite 10 05 MJIkg 4 0 0  0 0  0 0  0 0  0 0  0 0  0 0  0 0  0 0  0 0  0 0  0 0  0 0  0 0  0 0  0 0  0 0  0 0  
Llgn~te 12 7 MJlkg 1 1475 1547 1520 1955 0 0  0 0  0 0  0 0  0 0  0 0  0 0  0 0  0 0  0 0  0 0  0 0  0 0  0 0  
Coal 18 47 MJIkg 2 0 0  0 0  0 0  0 0  229 233 237 246 246 246 0 0  0 0  0 0  0 0  0 0  0 0  
Coal 17 38 MJlkg 3 0 0  0 0  0 0  0 0  1776 1809 1844 1901 1901 1901 1759 1759 1759 1759 1759 1763 
Natural 13s 33 4 MJIm 8 0 0  0 0  449 507 7827 8044 8269 8523 8523 8523 935 0 935 0 935 0 935 0 935 0 937 6 
Oil 41 6 MJIkg 7 14 1 5  107 114 3 7  3 8  3 9  4 5  4 5  4 5  299 299 299 299 299 306 
Limestone 340 0 0  0 0  0 0  0 0  0 0  0 0  0 0  -- 0 0  0 0  0 0  0 0  0 0  0 0  0 0  0 0  0 0  ----- 

Ash d~sposai cost 100 5 0  5 6  6 0  8 4  103 103 103 177 177 177 177 177 148 148 148 148 148 148 

Variant A2 High Demand Annual Costs mlfllon Kc& 

Cost Item 
Feedstock Cost 

Lignite 10 05 MJlkg 
Lign~te 12 7 MJRg 
Coal 18 47 M J R ~  
Coal 17 38 MJtkg 
Natural Ges 33 4 MJlm 
Oil 41 6 MJRg 
Limestone 

Ash d~sposal cost 
Water cost 

raw water 
softened water 
demineral~zed water 

Labor 
Electrrc power prod -gross 
Electric power sales-net 

durlng peak perlod (gr) 
during h~gh larr~ff (gr) 
during low tarriff (gr) 

Ma~ntenance 
Overhmd 
Other material 
Capital cost - Forelgn 
Capital cost - Domestic 

TOTAL COST-Variant A2 

PRESENT WORTH (PW) 

CUMULATIVE PW 

uniffref 

4 
1 
2 
3 
8 
7 

340 
100 

0 56 
12 75 
34 43 

121 

880 
780 
690 

488 
248 

1 5  

0 0  
1475 

0 0  
0 0  
0 0  
14 
0 0  
5 0  

0616 
0867 

12360 
355 

-1931 
-1796 
-52 83 

489 
246 

15 
0 0  
5 3  

193 

- 1 0 3  

103 

0 0  
1547 

0 0  
0 0  
0 0  
1 5  
0 0  
5 8  

0653 
0919 

13 102 
355 

-2025 
-1884 
-5540 

489 
248 

1 5  
0 0  

1031 

298 

274 

487 

0 0  
1520 

0 0  
0 0  

440 
107 
0 0  
8 0  

0733 
1017 

13817 
355 

-1889 
-1756 
-51 59 

499 
246 

1 5  
4321 
4688 

1152 

986 

1455 

0 0  
1955 

0 0  
0 0  

507 
114 
0 0  
8 4  

0930 
1444 

15639 
355 

-2209 
-2055 
-60 31 

499 
246 

1 5  
4429 
4462 

1181 

037 

2392 

0 0  
0 0  

408 
1975 
4210 

4 0  
0 0  

121 

1397 
1474 

15836 
375 

-15523 
-12943 
-232 79 

66 
331 

1 5  
0 0  

138 

329 

242 

2 63P 

0 0  
0 0  

415 
201 3 
4328 

4 1  
0 0  

121 

1411 
1468 

15994 
375 

-15816 
-13186 
-237 19 

66 
331 

1 5  
0 0  
7 2  

329 

224 

2858 

0 0  
0 0  

423 
2051 
4448 

4 3  
0 0  

121 

1425 
1503 

16 154 
375 

-18117 
-13438 
-241 69 

66 
331 

1 5  
0 0  
7 2  

336 

212 

3 069 

0 0  
0 0  

435 
2107 
4619 

4 5  
0 0  

207 

1453 
1 550 

16316 
375 

-16592 
-13838 
-248 03 

66 
331 

1 5  
0 0  
7 2  

353 

208 

3275 

0 0  
0 0  

435 
2107 
4619 

4 5  
0 0  

207 

1453 
1550 

16316 
375 

-18592 
-13838 
-248 83 

66 
331 

1 5  
0 0  
0 0  

347 

187 

3482 

0 0  
0 0  

435 
2107 
4619 

4 5  
0 0  

207 

1453 
1550 

18316 
375 

-16502 
-13938 
-248 83 

68 
331 

15 
0 0  
0 9  

347 

173 

3638 

0 0  
0 0  

435 
2107 
4619 

4 5  
0 0  

207 

1453 
1550 

18316 
375 

-16592 
-13838 
-248 83 

66 
331 

15 
0 0  

924 

438 

203 

3836 

0 0  
0 0  

435 
2107 
4619 

4 5  
0 0  

207 

1453 
1550 

16316 
375 

-18592 
-13838 
-248 93 

66 
331 

15 
0 0  

924 

439 

188 

4 028 

0 0  
0 0  
0 0  

2139 
4846 

512 
0 0  

180 

1460 
1565 

16231 
333 

-16797 
-14010 
-251 96 

65 1 
324 

1 3  
0 0  
0 9  

360 

143 

4 169 

0 0  
0 0  
0 0  

2139 
4846 

512 
0 0  

180 

1460 
1565 

16231 
333 

-16797 
-14010 
-251 96 

65 1 
324 

1 3  
0 0  
0 7  

360 

132 

4 301 

0 0  
0 0  
0 0  

2139 
4846 

512 
0 0  

180 

1460 
1565 

16231 
333 

-16797 
-14010 
-251 96 

65 1 
324 

13  
0 0  
0 7  

360 

122 

4424 

0 0  
0 0  
0 0  

2139 
4846 

512 
0 0  

180 

1460 
1565 

16231 
333 

-16797 
-14010 
-251 96 

85 1 
324 

1 3  
0 0  
0 7  

380 

113 

4 537 

2009 

0 0  
0 0  
0 0  

2139 
4846 

512 
0 0  

180 

1460 
1 565 

16231 
333 

-16797 
-14010 
-251 96 

65 1 
324 

1 3  
0 0  
0 7  

360 

-105 

4 842 

2010 

0 0  
0 0  
0 0  

2146 
4865 

518 
0 0  

160 

1 814 
1 331 

14496 
333 

-16864 
-14063 
-252 63 

65 1 
324 

13  
0 0  
0 7  

359 

97 

4 739 



Exhlblt 7-4 (continued) 
ECONOMIC ANALYSIS RESULTS OF EGU AND ENERGOPROJEKT VARIANTS 

Varlent A4 High Demand 

Cost Item 
Feedstock Cost 

Llgnite 10 05 MJlkg 
Lignite 12 7 MJ/kg 
Coal 18 47 MJlkg 
Coal 17 38 MJlkg 
Natural Gas 33 4 MJlm 
011 41 6 MJkg 
Limestone 

Ash d~sposal cost 
Water cost 

raw water 
softened ~ a t e r  
deminerai~zed water 

Labor 
Electr~c power prod -gross 
Electric power sales-net 

during peak perlod (gr) 
during high hrriff (gr) 
during low tarriff (gr) 

Maintenance 
Overhead 
Other material 
Capital cost - Forelgn 
Capital cost - Domestic 

TOTAL COST-Variant A1 

PRESENT WORTH (PW) 

CUMULATIVE PW 

Variant 6 1  High Demand 

Cost item 
Feedstock Cost 

Lignite 10 05 MJIkg 
Lignite 12 7 MJkg 
Coal 18 47 MJIkg 
Coal 17 38 MJlkg 
Natural Ges 33 4 MJlm 
Oil 41 6 MJlkg 
Limestone 

Ash disposal cost 
Water cost 

raw water 
softened water 
demineralized water 

Labor 
Electr~c power prod -grass 
Electric power sales-net 

durlng peak period (gr) 
during hlgh tarrlff (gr) 
during low tarr~ff (gr) 

Maintenance 
Overhead 
Other mater~al 
Capital cost - Foreign 
Capital cost - Domesttc 

TOTAL COST-Variant A1  

PRESENT WORTH (PW) 

CUMULATIVE PW 

unltfref 

4 
1 
2 
3 
8 
7 

340 
100 

0 56 
12 75 
34 43 

121 

980 
780 
690 

unltfref 

4 
1 
2 
3 
8 
7 

340 
100 

0 56 
12 75 
34 43 

121 

980 
780 
690 

Annual 

1992 

489  
248 

1 5  

1999 

0 0  
0 0  
3 3  

141 1 
8162 

0 0  
0 0  
6 8  

1645 
1 503 

18 154 
375 

-23831 
-211 95 
-43669 

66 
331  

1 5  
0 0  
7 2  

245 

154 

3 309 

2000 

0 0  
0 0  
3 6  

155 8 
8429 

0 0  
0 0  

124 

1674 
1550 

16316 
375 

-24563 
-21939 
-44960 

66 
3 3 1  

1 5  
0 0  
7 2  

265 

155 

3483  

Costs mlllion 

1993 

0 0  
1623 

0 0  
0 0  

263 
1 6  
0 0  
6 2  

0616 
0667 

12360 
355 

-2685 
-2494 
-7337 

489 
246 

1 5  
0 0  
5 3  

201 

201 

201 

Annual 

1992 

489  
246 

1 5  

1995 

0 0  
1676 

5 2  
0 0 

289 
1 8  
0 0  
7 3  

0733 
1017 

13617 
355 

-1769 
-1644 
-4842 

489  
246 

1 5  
5699 
5699 

1394 

1195 

1803 

2001 

0 0  
0 0  
3 6  

1558 
8428 

0 0  
0 0  

124 

1674 
1550 

18316 
375 

-24563 
-21939 
-44960 

66 
331 

1 5  
0 0  
0 9  

258 

140 

3 803 

Kc& 
1994 

0 0  
1702 

0 0  
0 0  

273 
1 7  
0 0  
7 1  

0853 
0919 

13 102 
355 

-2815 
-26 15 
-7694 

489 
246 

1 5  
0 0  

235 

224 

207 

408 

2004 

0 0  
0 0  
3 6  

155 8 
8428  

0 0  
0 0  

1 2 4  

1 674 
1550 

16316 
3 7 5  

-24563 
-219 39 
-44960 

66 
3 3 1  

1 5  
0 0  
0 9  

258 

111 

3 863 

Costs 

1993 

0 0  
1475 

0 0  
0 0  
0 0  
1 4  
0 0  
5 0  

0616 
0867 

12380 
355 

-1931 
-1796 
-5283 

489 
246 

1 5  
0 0  
5 3  

193 

183 

183 

2001 

1166 
0 0  

138 
242 7 

113 
9 0  
9 2  

348 

1 345 
1550 

16316 
391 

-7523 
-6994 

-20547 
739 
372 

2 
0 0  
0 9  

259 

140 

2790 

1998 

0 0  
428 

8 3  
1992 
988 

2 0  
0 0  

106 

0930 
1444 

15639 
355 

-1868 
-1744 
-51 30 

489  
246 

1 5  
5841 
5473 

1534 

1218 

2 821 

2002 

0 0  
0 0  
3 6  

1558 
8428 

0 0  
0 0  

124 

1674 
1550 

18316 
375 

-24563 
-21939 
-44960 

86 
331 

1 5  
0 0  
0 9  

259 

128 

3 732 

2002 

1166 
0 0  

138 
242 7 

113 
9 0  
9 2  

346 

1 345 
1550 

16316 
391 

-7523 
-6994 

-20547 
739 
372  

2 
0 0  
0 9  

259 

130 

2820  

2003 

1166 
0 0 

138  
242 7 

113  
9 0 
9 2  

3 4 8  

1 345 
1550 

16316 
3 9 1  

-7523 
-6994 

-20547 
7 3 9  
3 7 2  

2 
0 0 

9 2 4  

351 

162 

3 0 8 2  

2005 

0 0  
0 0  
0 0  

1563 
8506 

0 0  
0 0  

122 

1702 
1565 

16231 
333 

-24759 
-221 14 
-453 18 

65 1 
324 

1 3  
0 0  
0 9  

250 

88 

4 082 

2003 

0 0 
0 0  
3 6 

1558 
8428 

0 0 
0 0  

124 

1 674 
1 550 

16316 
3 7 5  

-24563 
-219 39 
-44980 

66 
3 3 1  

1 5  
0 0  
0 9 

258 

120 

3 852 

million Kc& 
1994 

0 0  
1547 

0 0  
0 0 
0 0  
1 5  
0 0  
5 6  

0653 
0919 

13 102 
355 

-2025 
-1884 
-5540 

489 
246 

1 5  
0 0  

235 

218 

200 

383 

1997 

0 0  
0 0  
3 2  

1359 
7726 

0 0  
0 0  
8 8  

1812 
1474 

15836 
375 

-22953 
-204 14 
-42059 

68 
331  

1 5  
0 0  

138 

235 

173 

2 983 

2004 

1166 
0 0  

1 3 6  
242 7 

11 3 
9 0  
9 2  

3 4 6  

1 345 
1550 

16316 
3 9 1  

-7523 
-6894 

-20547 
7 3 9  
3 7 2  

2 
0 0  

9 2 4  

351 

150 

3 2 3 2  

2006 

0 0  
0 0  
0 0  

1563 
8506 

0 0  
0 0  

122 

1 702 
1565 

16231 
333 

-24759 
-221 14 
-453 16 

65 1 
324 

1 3  
0 0  
0 7  

250 

02 

4 154 

1998 

0 0  
0 0  
3 3  

1385 
7941 

0 0  
0 0  
6 8  

1628 
1486 

15994 
375  

-23382 
-20800 
-42854 

68 
331  

1 5  
0 0  
7 2  

237 

161 

3 154 

1995 

0 0  
1520 

0 0  
0 0 

449 
107 
0 0  
8 0  

0733 
1017 

13617 
355 

-1888 
-1756 
-51 59 

489 
246 

1 5  
540 

6461 

853 

817 

1211 

2005 

1166 
0 0  
0 0  

236 6 
213 
310  

9 2  
333 

1339 
1550 

16231 
357 

-7402 
-6880 

-20226 
897  
364 

1 7  
0 0  
0 9  

265 

105 

3338 
- -  

2007 

0 0  
0 0  
0 0  

156 3 
6506 

0 0  
0 0  

122 

1 702 
1 565 

16231 
333 

-24759 
-221 14 
-453 18 

65 1 
324 

13  
0 0  
0 7  

250 

85 

4 239 

1996 

0 0  
1955 

0 0  
0 0 

507 
114 
0 0  
8 4  

0930 
1444 

15639 
355 

-2208 
-2055 
-60 31 

489 
246 

1 5  
553 

6254 

972 

772 

1883 

2008 

1186 
0 0  
0 0  

236 8 
213 
310 

9 2  
333 

1 339 
1550 

16231 
357 

-7402 
-6680 

-20226 
697 
354 

1 7  
0 0  
0 7  

285 

98 

3435 

2006 

0 0  
0 0  
0 0  

1563 
8506 

0 0  
0 0  

122 

1702 
1565 

18231 
333 

-24759 
-221 14 
-453 18 

65 1 
324 

1 3  
0 0  
0 7  

250 

79 

4 318 

1997 

1102 
0 0  

131 
226 1 

104 
8 2  
9 2  

203 

1 295 
1474 

15836 
391 

-7052 
-8548 

-19256 
f 3 9  
372  

2 
0 0  

138 

254 

188 

2188  

2007 

1168 
0 0  
0 0  

236 6 
213 
310 

9 2  
333 

1 339 
1550 

16231 
357 

-7402 
-6980 

-20226 
697 
354 

17  
0 0  
0 7  

265 

90 

3528 

2009 

0 0  
0 0  
0 0  

1563 
8506 

0 0  
0 0  

122 

1702 
1565 

16231 
333 

-24759 
-221 14 
-453 18 

85 1 
324 

1 3  
0 0  
0 7  

250 

73 

4 391 

1998 

1123 
0 0  

133 
230 3 

107 
8 5  
8 2  

203  

1 307 
1488 

15994 
391 

-7185 
-6672 

-19620 
739  
372  

2 
0 0  
7 2  

248 

189 

2338  

2010 

0 0  
0 0  
0 0  

1574 
8524 

0 0  
0 0  

123 

1882 
1 331 

14498 
333 

-24818 
-221 70 
-45425 

65 1 
324 

1 3  
0 0  
0 7  

248 

87 

4 458 

2008 

1166 
0 0  
0 0  

236 6 
213 
310 

9 2  
333 

1339 
1550 

16231 
357 

-7402 
-6880 

-20228 
697  
354 

1 7  
0 0  
0 7  

265 

84 

3609 

1999 

1144 
0 0  

136 
234 7 

110 
8 7  
8 2  

203 

1321 
1503 

16 154 
391 

-7322 
-8799 

-19993 
739  
372  

2 
0 0  
7 2  

249 

157 

2495 

2000 

1166 
0 0  

139 
242 7 

113 
9 0  
8 2  

348 

1345 
1550 

18316 
391  

-7523 
-8994 

-20547 
739  
3 7 2  

2 
0 0  
7 2  

285 

155 

2850  

2009 

1166 
0 0  
0 0  

238 6 
213 
310 

9 2  
333 

1339 
1550 

16231 
357 

-7402 
-6980 

-20228 
697 
354 

17  
0 0  
0 7  

285 

77 

3687 

2010 

1166 
0 0  
0 0  

238 4 
213 
310 
9 2  

335 

1 344 
1565 

16231 
357 

-7432 
-6912 

-20307 
697 
354 

17  
0 0  
0 7  

286 

72 

3758 



PLZEN DISTRICT HEATNG SYSTEM STUDY 

The followng sections include a summary of the work conducted by EGU and 
Energoprojekt 

7 2 SUMMARY OF EGU ANALYSIS OF VARIANTS Al, A2, AND B1 

EGU started with the 1991 study by Energoprojekt and developed variants quite simlar in 
concept to those previously investigated EGU played a sigmficant role in the analysis of 
the small boiler population in Plzen to determne the potential for additional capacity 
requirements They established the followng conditions to begin the analysis 

Conservation measures will be effective in reducing the heat requirements for the 
central system 

* Construction of concentrated blocks of new multistory housing is not likely in the 
near future 

No increase of heat requirements from industrial concerns is expected due to the 
likely implementation of heat saving technologies 

A large scale reconstruction of gas supply in the City of Plzen is talung place, 
focusing on the change from Town Gas to Natural Gas Also a swtch from solid 
fuels (coke and coal) to gas is occurring now This swtch to gas is also available for 
major heat sources as soon as the capacity of the high pressure gas system is 
completed in Plzen 

All heat sources are required to comply with the new Clean Azr Act 

EGU considered that the development of the District Heating system (DHS) wll now be 
in competition with natural gas, i e people wlll have choices between the DHS and forms 
of decentralized supply 

It was EGU's opimon that the sources operated by TEZA are obsolete, past their useful life, 
and are not suitable for reconstruction to meet environmental standards, and that the best 
alternative is to connect these small systems to the central CP Plzen system, and liquidate 
the boilers If the systems are not connected, EGU recommends converting these boilers 
to natural gas 

EGU has investgated the needs of other boilers operated by ZCE to convert to biturnnous 
coal finng, and have calculated the associated capital costs 

In general, EGU supports cogeneration for the system, and its capability to reduce the 
overall cost of heat by the increased production of electricity for internal use and sale To 
further improve the effectiveness of the system, cogeneration umts should be run for more 
hours in the year, instead of the current situation where the large turbine-generator is not 
able to run during low demand periods due to mmmum load restrictions 



PLZEN DISTRICT HE4 T N G  SYSTEM STUDY 

While the capacity of existing network mains was not the focus of this study, EGU suggests 
that overcapacity, especially in the oversized South main, should be exploited by addlng new 
consumers wherever possible 

EGU proceeded to develop variants (presented in Section 6 O), and performed calculations 
necessary to develop fuel requirements and commodity uses as input to the economc 
analysis The~r  development of plant sizes is logical, and covers the projected high and low 
demands 

An example of the procedure used by EGU is presented below for Variant A2, 
High Demand Their general approach was also used by Gilbert/Commonwealth as a 
template in the development of a computer model to evaluate the variants 

Baseline input for the economc analysis included projected cost of fuels and other - 

commodities, as well as capital costs of equipment modifications and additions were 
prepared They are contained in Appendur C 

First, the demands were characterized as outlined in Sectlon 5 0 The hot water and steam 
demands were represented as being covered by heat sources as shown in Exhibit 7-5 
Calculations were made for each tariff period for the points shown in Exhibits 7-6 and 7-7 
for hot water and steam dellvery respectively Gas consumption and power output, as 
intermediate calculations, are shown in Exhibit 7-8 A summary of the calculation results 
are shown in Exhib~t 7-9 Contained in this table are many of the necessary inputs to the 
economc analysis Further results contai~llng calculations of emssions, ash production, 
operating personnel and water consumption are shown in Exhibit 7-10 

Grlben/CornrnonweaW 7-10 November 1993 

I 



PLZEN DISTRICT HUTING SYSTEM STUDY 

Exh~blt 7-5 
SUMMARY OF REQUIRED HEAT SOURCES BY YEAR - VARIANT A2 (EGU) 

i 
IAlltrnat A t a r  2 Real supply hol r a l t r  h ~ q h  balance Tab 7 a )  

1- 
\Yea  1992 19% 19% 1 9 7  2000 2005 2010 

1 
1001 t a l e r  derrnC brut to  1111 207 0 215 5 291 8 295 7 299 5 302 0 304 0 
I TJly 1990 2074 2801 2836 2871 2889 2906 
1 
(Eta1 supply 

I 
(CP Plze6 1 BPI H V l  105 0 105 0 105 0 105 0 105 0 

I 
1 TJly 670 750 1100 482 486 
1 I1 BPP Hut 9 5 0  7 0 0  7 0 0  8 2 7  8 6 5  7 8 0  8 0 0  

i 
TJl y 1311 1245 1460 1230 1247 1243 1250 

111 Sl Q l l h  HVt 4 3 0  4 3 0  4 3 0  4 3 0  
TJly 34 35 36 36 

IV CC 1 x V 64 3 HVL 65 0 65 0 65 0 65 0 

I TJl y 1090 1103 1115 1120 
V HlfU HPl 116 0 116 0 

I TJl y 4% 540 

10 )lni 

nut 200 0 175 0 175 0 295 7 299 5 302 0 304 0 
TJl y 1981 1995 2560 2836 2871 2889 2906 

I 
I Iatercontnntcted u n i h  
Peak BP M u t h  HY t 7 0  3 2 0  3 2 0  
(BP lbrr H Y ~  30 o 
le vt 4 n HY t 6 o 
(Inttrconemeeted uni ts  t o t a l  HVt 7 0  3 2 0  1070 

TJly 9 79 241 

I 
I 

I 
\Units k t a l  HY t 207 0 207 0 1 2  0 295 7 299 5 302 0 3 4  0 

TJl y 1990 2074 1 0 1  2836 2871 2889 

I 
I 
( l o t  covered WL 0 0  8 5  9 8  0 0  0 0  0 0  0 0  

I 
Al temr t l t e  A t a r  2 Btr l  supply s tern  htph balanct Tab 7 bl I 

I 
1992 1995 1 1997 2000 2005 20101 1;:: balUct P l z t i  s t e u  UVt 

I 
9 3 0  9 1 1  9 9 8  1000 1000 9 9 6  9 9 6 )  

I TJl y 1125 1102 1207 1300 1300 1290 

JBed  supply 
ICP P l n i  I1  BPP llYt 7 0 0  1 1 0  1 1 0  7 8 5  7 8 5  8 5 0  8 5 0  
I TJl y 

I 
730 500 540 850 850 t86 886 

i 
111 P 65 11b llVt 435 4 3 5  (415) 1415) (415) (415) 

TJl y 467 500 005 285 005 2a5 
IT CC 1 I V 64 3 nut (25 01 (25 0) (25 0) (25 0) 

TJly 100 100 100 100 
CP Plmll lokl HYt 7 0 0  5 4 5  5 4 5  7 8 5  7 9 5  8 5 0  1 5 0  

TJ l r  730 967 1040 1235 1235 1271 1271 

~n le rco rna~rc l ed  units 
111 Brewery UP1 2 3 0  366 4 5 3  2 1 5  2 1 5  1 4 6  1 4 6  

I TJl y 395 135 167 65 65 19 19 

Units t o k t  UYt  9 3 0  91 1 9 9 9  1000 1000 9 9 6  

I TJly 1125 1102 1207 1300 1300 111) 01 
1101 c a n d  US1 0 0  0 0  0 0  0 0  0 0  0 0  0 0 1  

i b n t l a t l o w  UN Boil t r  Bow CC b r b i m d  bit 
W SL#u b i l e r  EFl Bol l a t e r  Boiler BPP R ~ r b  Prtm P u t  of e) 
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PLZEN DISTRICT HEATING SYSTEM STUDY 

Exhlblt 7-30 
OTHER OPERATIONS RESULTS YEAR 2000 - VARIANT A2 (EGU) 

A1 ternat ive A - Emission, slaqq production personnel, wat*r cosumptim lab 19 .. s . 
1 Units ( y 1992 y 1995 v 199b Y 1991 v 2000 y 2005 y 2010 . I. .. . . 

Alternat ive A Var 1 - High balance 
Emission ash I tlv 1 415 5 401 5 493 1 111 9 116 9 I15 I 129 7 
Emission SO2 I t r y  1 4431 4 4rUb 5 514b 20j1 2 2057 5 1640 5 1841 7 
Emission N9x I t o  1 1013 3 1010 b 1227 0 2643 3 1609 4 2511 I 2515 4 
Emission CO I t t y  ( lbo b 1b1 1 19t € 171 e 173 3 154 6 155 1 
Enission LxHx I t l v  1 50 1 48 6 59 3 49 3 49 9 40 9 41 1 -------------------------------------------- ---------*------- ....................... ---- ----- 
S l a w  product ~ o n  I t h  t / v  1 49 5 40 4 56 9 69 4 10 2 38 b 53 7 - ------- ------ ------- ------- --------- ------------------------------------------------- -------- ---.,--------- 
number of  personnel I pers ( 293 293 293 300 300 270 270 -- -----------*------------------*------------------ - .------------------------------------------ ----- ---- 
Water consunption - raw I t h  cs/vl l lOU 1105 14U1 2739 2757 2229 1831 - softened ( t h  a i l y l  b8 I1 9b 97 99 99 1UO 

- demineral . f ....*. * . I  .. . . . . .. I thm3/y( 359 352 385 386 380 384 384 

Al ternat ive A Var 1 - Low balance 
Emission ash I t l v  I 425 5 390 0 466 1 111 1 107 6 111 6 111 3 
E l i  ssion S02 ( t l v  1 4437 4 4024 3 4619 1 1831 3 1732 2 1664 4 1655 7 
Emission NOx 1 t / v  I 10U3 3 909 1 1147 9 2452 0 2379 8 2363 1 2355 5 
Emission CO I t / y  I 160 8 154 2 184 0 151 1 1Sb 0 145 1 144 7 
Em~ssion CxHx I t / v  I 50 1 46 5 55 5 4b 2 44 7 37 0 3b 9 ------------------ ------- - -------------------------------- - -----*------ ----------------------*------- 

S law production I t h  t / v  ( 49 5 44 4 53 3 b2 7 b l  1 56 7 56 4 ------------------------------------------------------------------------------------------------- --*------ 

Number of personnel I pers I dl 293 233 300 300 L O ~  206 
-----------------*----------------------------------------------------------------------------------------- 

Water consumotion - raw I t h n 3 / y l  1100 1119 1714 2633 2515 2642 2036 
- sortened I t h  n k y l  b8 68 90 90 85 e3 € 5  - demineral . 8 * .. I t h  131vi 359 352 349 343 343 34j 343 

Al ternat ive A Var 2 - Hiqh balance 
Enission ash I t l v  1 425 5 407 5 493 1 99 2 100 1 118 4 119 0 
Emission SO? ) t l y  1 4537 4 42N 5 5140 G 2364 7 2404 i 2303 2 2312 6 
Emission NOx I t l y  I 1003 3 1010 6 1221 0 2605 1 2627 4 2513 O 2522 3 
Emission CD 1 t / y  ( 166 6 161 1 190 8 172 4 l i 3  9 147 5 148 1 
Em1 ssion CxHx [ t / y  ) 50 1 46 6 59 3 55 6 56 1 43 3 43 4 ---------------------------------------------------------------------------------------------------------- 
S law production 1 t h  t / y  1 49 5 46 4 5b 9 81 7 82 3 71 3 71 5 
-me-------------------------------------- ---- ----------------------- ------- ------- ------ ------------------- 
Number of  personnel I p e r ~  1 293 293 293 310 310 275 275 ----------------------------------------------------------------------------------------------------- 
Yater consumption - raw I thm3/y( 1100 1165 1407 2093 2113 2115 2124 - softened I th.13lyl 68 71 96 97 99 99 100 - 

- denincral I t h d / v (  359 352 385 386 38b 384 384 
s a * s a ~ 8 a n a 1 a * ~ a a ~ ~ ~ s 1 a a a a t a ~ a ~ a a ~ ~ ~ 1 a a a a a a a a a a a  a.ss.m. s w a * s a s * ~ s ~ a s n t i *  - 

Alternat ive A Var 2 - Low balance 
Em1 ssion ash I t l y  1 425 5 390 0 466 1 101 4 97 5 96 3 96 3 - 
Em1 ssion SO2 ( t / y  ( 4437 4 4024 3 4819 1 2189 2 2123 2 1938 9 1938 9 
Emrsslon NOx I t l y  1 1003 3 969 1 1147 9 2387 8 2317 1 2191 0 2191 0 I 

Emissron CQ I t /y  I 166 8 154 2 184 0 151 2 146 4 128 9 128 9 
En1 ssion CxHx I t l y  1 50 1 46 5 55 5 47 3 45 6 3b 6 36 6 ------------------------------------------------------------------------------------------------------------ 
S law production I th t l y  1 49 5 44 4 53 3 71 5 69 6 62 8 62 8 I 
Number of  personnel I pers ) 293 293 293 310 30 271 271 
--*--------------------------------------------------------------------------------------------------- 

Yater conwmpt~on - raw I th r31yl 1100 1119 1314 1971 1904 1866 1866 - softened I t h r 3 l y l  68 68 90 90 85 85 85 

u 
- deninera1 ( t h  m3/y( 359 352 349 343 343 343 343 

...***.****.....*......I a*.... B.... I . .**.*.*1*.. . . ........ ...... m...... *..I.*... ...a * I .- 
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PLZEN DISTRICT HEATING SYSTEM STUDY 

7 4 ENERGOPROJEKT ANALYSIS OF VARIANT A4 

Energoprojekt analyzed the potential of Variant A4, which adds capacity to the system with 
a Gas Turbine Combined Cycle based on an ABB 90 MWe gas turbine Energoprojekt also 
recommended greater cooperation with the Brewery source of steam, and suggested that the 
Plzen I11 steam generator suggested by EGU would not be required This section provldes 
a summary of their activities A full report supplied by Energoprojekt is prov~ded as 
Appendur D 

Energoprojekt utilized the high and low demand scenarios agreed upon by G/C, RAEN, and 
EGU, which assumes the connection of Heat Line East I, and also the same connections of 
new users and connection of other users from the area of feeders South, North and East I 
(after construction) Energoprojekt also used data on the current state (heat sources) and 
some other data (such as bitumnous coal data from Zbuch) provlded through the work of 
EGU and RAEN 

Energoprojekt agreed with EGU in the opimon that many of the older umts should be 
retired because of age and the difficulty to retrofit environmental controls 

Energoprojekt assumed that Plzen I1 would not be out of service for the peak of the heating 
season, and that reconstruction of these boilers to meet environmental regulations could 
take place during the interim period If this was not possible, they recommended using a 
mobile hot water boiler to meet the shortfall 

Results prepared by Energoprojekt are simlar in form to the EGU work The full 
deliverable provided by Energoprojekt is presented in Appendlx D In summary, their work 
shows consistency with the results of EGU and G/C in their gas turbine based variants 
Their ideas about enlarged cooperation of the Brewery and maintaimg capability of 
Plzen I1 during the peak season deserve further consideration 

Energoprojekt provided independent cost estimates to match the strategy they prepared for 
Variant A4 They took into account the cost of prowding an ash disposal site for CP Plzen 
to accommodate future ash disposal requirements Also, they prowded costs for 
changes/upgrades to the Brewery boilers which cooperate wth  the steam distribution 
system 

Energoprojekt also prowded some good insight into comng changes in commodity prices, 
financing possibilities, and other issues They prowded a sound basis for changing prices in 
fuels This information was used extensively to guide the study effort 

The Energoprojekt calculations proceeded in a simlar fashion to EGU, using the same 
demands as characterized m Section 5 0 The hot water and steam demands were 
represented as being covered by heat sources as shown in Exhibit 7-11 Calculations were 
made for each tariff period for the points shown in Exhlbits 7-12 and 7-13 for hot water and 
steam delivery respectively Power output was then calculated as shown in Exhib~t 7-14 
A summary of the calculation results are shown in Exhibits 7-15 and 7-16 Contained in 
these tables are many of the necessary inputs to the economc analysis 
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PLZEN DISTRICT HEATLNG SYSTEM STUDY 

Exh~b~t 7-1 1 
SUMMARY OF REQUIRED HEAT SOURCES BY YEAR - VARIANT A4 (ENERGOPROJEKT) 

HIGH BALANCE 

CP Plzen wrth CC 1 x GT 13 ABB + 1 x condense steam turbine wrth two heat axbacbons 

Units y1992 y1995 y1996 y1997 y2000 y2005 y2010 

Total ~nstalled heat output of steam botlers [MW] 2329 232 9 232 9 232 9 232 9 232 9 2329 

Total steam mass flow [tlh] 340 340 340 340 340 340 340 

Total cnstalled heat output of brewery [Mw 56 1 56 1 56 1 56 1 56 1 56 1 56 1 

Total steam mass flow [m 86 8 6 8 6 8 6 8 6 8 6 8 6  

Total cnstalled heat output of hot water boclen [MWtl 105 105 105 105 105 35 35 

Total cnstalled output of waste heat bocler IMWt] 180 180 180 180 

Total heat demand ( 12 C ) [MWt] 3035 3101 3951 3992 403 4051 4071 

from whcch own consumpbon HP Plzen [MWt] 3 5  3 5  3 5  3 5  3 5  3 5  3 5  

external consumption [MWt] 300 3066 391 6 3957 3995 401 6 4036 

from whlch steam [MWt] 93 911 998 100 100 996 996 

hot water [MWt] 207 215 5 291 8 295 7 299 5 302 304 

Covered by sources (external consurnpbon) 

HP Kosutka [HI 18 1 

HP Bory [MWtl 22 9 

HP Letna Doubravka (V 1 V 2) [HI 395 

HP ZOS (Rulway Macnt Co ) [HI 
HP P~vovar (Brewery) [MWt] 205 271 316 545 545 

HP Plzen [MWt] 2795 2795 279 5 395 7 399 5 3425 3425 

uncovered [Wl 4 6  6 6  

Heat supply per year steam [TJIy] 1125 1102 1207 1300 1300 1290 1290 

Heat supply per year hot water [TJIy] 1990 2074 2801 2386 2871 2889 2906 
from whlch own consumpbon [TJIYI 34 3 4 3 4 3 4 3 4 3 4 3 4  

external consumpbon FJIy] 1956 2039 2766 2802 2837 2854 2872 

Heat producbon total ITJ/y] 3115 3176 4008 4136 4171 4179 4196 

Power output CP II [ m e ]  55 55 55 55 55 55 55 

Power output cc ( 12 C) [ m e 1  141 141 141 141 

Total power output of CP ( 12 C) [ m e ]  55 55 55 196 196 196 196 

Total electnc power generabon brutto [GWhIy] 2099 1447 1512 9846 9968 10048 10072 

from whcch In peak load tenff zone [GWhIy] 347 239 249 2086 2111 2128 22133 

cn hcgh load tad zone [GWhIy] 405 27 9 292 233 1 236 9 2388 2394 

~n low load tanff zone [GWhly] 1347 92 9 97 1 542 9 5488 553 2 554 5 

Own electncrty consurnpbon [GWh/y] 382 373 389 31 3 321 324 324 

Pumpcng energy [GWhM 6 6 1  119 122 125 126 127 
Total electnclty consumpbon [GWhIy] 442 453 508 435 446 45 45 1 

Total electnc power generabon netto [GWh/y] 1657 994 1004 9411 9522 9598 9621 
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PLZEN DISTRICT HEATING SYSTEM STUDY 

Exh~blt 7-12 
HOT WATER DELIVERY LOGIC - YEAR 2000 - VARIANT A4 (ENERGOPROJEKT) 

GRAPH No 4 
HIGH BALANCE HOT WATER 

low loud tanff 

low load tanff 

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 
TAU [h] 
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PLZEN DISTRICT HEATLVG SYSTEM STUDY 

Exh~bit 7-13 
STEAM DELIVERY LOGIC - YEAR 2000 - VARIANT A4 (ENERGOPROJEKT) 

260- - 
240- - 
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200- 
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PLZEN DISTRICT HEATING SYSTEM STUDY 

Exh~bit 7-14 
ELECTRIC POWER PRODUCTION - YEAR 2000 - VARIANT A4 (ENERGOPROJEKT) 

low load tanff 

200 load 
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300 

tanif tanff 
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280- 
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PLZEN DISTRICT HEATING SYSTEM STUDY 

Exhibit 7-15 
TOTAL FUEL CONSUMPTION RESULTS - YEAR 2000 - VARIANT A4 (ENERGOPROJEKT) 

HIGH BALANCE total fuel consumption 
CP Plzen wlth CC 1 x GT 13 ABB + 1 x condense steam turbrne wrth two heat extracbons 

Total fuel consurnpbon pJ/y] 4935 4743 5917 9354 9601 9619 9652 

from wh~ch brown coal 12 7 MJIkg VJIy] 4652 4370 1058 
[th Uy] 3663 344 1 833 

brtumrnous coal 18 47 MJIkg VJ/Y] 84 135 51 55 
4 5  7 3  2 8  

brturn~nous Coal 17 38 MJkg [TJfyl 3817 2556 2769 2779 2798 

tm WI 2196 147 1593 1599 161 
natural ges 33 55 MJlm3 [TJIy] 263 269 887 6747 6777 6840 6854 

[mil m3/y 7 8  8 264 2005 2022 2039 2043 

VJlyl 20 20 20 
tth U Y ~  0 5 0 5  0 5  
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PLZEN DISTRICT HEATNG SYSTEM STUDY 

Exhib~t 7-16 
OPERATIONS RESULTS - YEAR 2000 - VARIANT A4 (ENERGOPROJEKT) 

HIGH BALANCE 

Bas~c operatton charactertsttcs of CC wdh 1 x GT 13 ABB 

Nomtnal power output of CC 

from wh~ch nomlnal power output of GT I [MWe] 1 105 

nomtnal power output of ST I [ W e ]  1 36 

Max thermal output n hot water ( 12 C) I [MWt) 1 133 

Heat productton of CC steam I VJly] 1 172 

hot water I FJIy] 1 2002 1999 2004 2014 

I FJly] 1 2174 2190 2194 2202 

Max power output of CC with delivery of heat 

I [ W e ]  1 1 3 4 5  1345 1345 1345 

Electrlc power generatton of CC brutto 

I [GWhly] 1 625 5 630 9 632 1 634 7 

from steam turb~ne I [GWhIy] 1 2344 2363 236 8 2377 

combtned cycle total I [GWh/y] 1 859 9 8672 868 9 8724 

from wh~ch 1n peak load tartff zone I [ G W h / y ] l  182 1835 1839 1846 

~n h~gh load tartff zone I [GWhIy] 1 2101 2119 2123 2132 

~n low load tartff zone I [GWhly] 1 467 8 471 8 4727 474 6 

I I 

Total heat consumption fuel I FJ/y] 1 6737 6757 6763 6778 
natural gas 33 55 MJlm3 I [m~l m3/y] 1 200 8 201 4 201 6 201 9 

I I 

I I 

Average year efftc~ency for heat and power generatton % 1 78 2 78 6 78 7 78 8 

I I 
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PLZEN DISTRlCT HEATlNG SYSTEM STUDY 

8.0 ANALYSIS OF NEWIREVISED VARIANTS BY 
GILBERT/COMMONWEALTH 

This section summarizes our approach to the analysis of the primary variants introduced in 
Section 6 0 The variants (options) considered in the Plzen analysis are mainly 
distinguished by the selection of the plant technology for Plzen IV The basic plant 
technologies selected for analysis as Plzen IV are a (1) Gas-Fired Gas Turbine Combined 
Cycle, and (2) a Circulating Fluidized Bed (CFB) boiler The variant narmng convention 
was selected to avoid confusion with the previous Energoprojekt designations Not all of 
the variants were investigated by each company The table below characterizes each 
variant by the CP IV technology selection and the investigating company 

Not all varlants were ~nvest~gated by each company 
analysls IS found ~n Sectlon 8 0 

Varlant 

A1 

A2 

A3 

A4 

B1 

C1 

The EGU and EGP analyses are presented In Sectlon 7 0 and the G/C 

The technical bass and approach, economc basis and approach, the results of the analysis, 
and sensitivrty studies are presented 

lnvestlgator 

EGU 

EGU & G/C 

G/C 

EGP 

EGU & G/C 

G/C 

8 1 BASIS AND APPROACH FOR ANALYSIS 

Descr~pt~on of Dlstlngulshlng Feature (Cholce of CP IV) 

Comblned cycle plant wlth two 60 9 MWe (ISO) Gas Turb~nes 

Comblned cycle plant wlth one 60 9 MWe (ISO) Gas Turblne 

Comb~ned cycle plant wlth one 47 MWe (ISO) Gas Turblne 

Comb~ned cycle plant w~th one 90 MWe (ISO) Gas Turblne 

Cogeneration plant wlth one CFB boller and a 32 MWe steam turblne 

Llfe extension of exlst~ng unlts and subsequent lntroductlon of a 
CFB boller with a 32 MWe steam turblne in 2003 

Applicable capital and operating costs assoelated with each station and for each variant 
were identified The performance of each plant studied was deterrmned, and then a stream 
of costs were developed for each variant on a year to year basis through 2010 Each vanant 
is structured to meet a demand and energy forecast of hot water and steam, and the 
production of electricity is also considered 

In the prevlous section, the results of calculations of EGU and Energoprojekt were 
summarlzed These calculations determned the production of steam, hot water, and 
electricity, fuel requirements, ash quantities, ermssions, and other cost inputs, by analyzing 
selected operating points on the load duration curve for the postulated variants The bulk 
of these analyses were performed with a detaled, but time consumng, manual analysis 
method 
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PLZEN DISTRICT HEATING SYSTEM STUDY 

In the G/C analysis, a sirmlar, but more simplified, approach is used to "model" the system 
In this way, sensitivity analyses can be conducted by changng model inputs Comparisons 
were made with the results of EGU for Variant A2 and Bl to validate the work done by A 

G/C, and it was found that the simplified approach ylelds results which are slightly higher 
in terms of fuel use Some different assumptions of losses, efficiencies account for most of 
the differences However, on a relative basis, the comparisons appear to be valid, and the 
conclusions drawn from the result should also be valid 

The emphasis of the G/C analysis is placed on a least-cost plamng model, which is based 
on an econormc comparison of the variants Some lnslght into the financial requirements L 

for each vanant is used as a secondary evaluation, and is Qscussed in a later section 

A demand forecast range, as well as a range of important econormc variables is considered 
through the analysis in an effort to identify the least. cost variant which also has the 
flexibility to adapt to the uncertan future 

The followng sections present the input to G/Cs t echca l  and econormc model, the basis 
for the cost assumptions, and then an illustrat~ve description of a model example 
(Variant B1) The detail for each of the model vanants is contained in Appendur F 

8 2 PLANT OPERATING CHARACTERISTICS - 
This section documents the overall plant modelmg methodology, key assumptions and 
sources of various input for the plant operation 

The objective of modeling the plant operating charactenstrcs is ultimately to develop the 
fuel usage associated wth meeting the hot water and steam demands through the use of the 
avadable generation units in a given vanant scenano This is accomplished by 
charactenzing the ability of each umt to meet a gven thermal demand for both steam and 
hot water on a MWt basis Most of these capacities were taken from EGU supplied data 
The boiler capacities and steam turbines are assumed to be independent of the ambient 
conditions, and operational mode The capacity of the gas turbine and HRSG, however, 
are modeled wth a temperature functionalitv described in Section 8 2 3 

The generating umts are dispatched in a pnoritized order until the demand is met The 
units are checked to ensure all mmmum load cntena are met and operational loads are 

I 
adjusted if required The associated electncity production from the cogeneration steam 
turbines are estimated by flow to power relationships 

The boiler duty (1 e , the heat imparted to the worlung fluld ) is estimated as the sum of the 
steam duty (QSt,), hot water duty(Qhw), turbine power (MW,) and heat rejected 
(Qrqechon) to the cooling tower by the followng equation 

G~lben/Comntonwealth, Inc November 1993 
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PLZEN DlSTRlCT REATlNG SYSTEM STUDY 

This boiler duty is augmented by an operating factor, (Kop), to capture operational 
influences like startup, shutdown, and equipment degradation, and then divlded by the 
boiler efficiency to determne the estimated fuel use 

The fuel consumed and electricity generated in the gas turbine is determned by first 
deterrmmng the operating load point required to met the thermal demand as dispatched 
With the gas turbine load point, fuel consumption and electricity is determned through the 
use of part load tables developed for the model (found on the last page of the GT 
appendices in Appendur F) 

8 2 1 Load Duration and Demand Data 

The distnct heating plants are dispatched to meet the required hot water and steam 
demand The utilized demand curves for the steam and hot water were based on the 
demand curves from the EGU analysis for the year 2000 Demands for other years were 
simply adjusted by the ratio of peak demand for the year of interest to the peak demand for 
the year 2000 The demand data defined by the load duration has been broken down into 
12 perlods to facilitate the analysis These divisions are consistent wth  the EGU dimsions 
for the gas turbine analyses The principal division is simply a dimsion between summer 
and wnter Both of these seasonal dlvlsions are further dimded into four subpenods 
defined by four different price levels (tariffs) for the external sale of electricity The four 
summer perlods where further subdivided into heating and non-heating periods The 
resulting twelve load duration periods are characterized by the period duration, peak load, 
mnlmum load and total energy consumed The charactenstic data was based on data 
supplied by EGU and is presented in Exhibit 8-1 

From this data, a load duration curve was simulated for each of the periods by an equation 
whlch precisely satisfies the peak energy demand and the total ener consumed This v equation was based upon an equation utilized in the HEATMAPTM, ) District Heating 
program The equation predicts the heat requlred for a given point in time (Q,) by the 
equation below 

where Qt = Hourly heat demand above the mmmum demand for that 
penod, MW, 

Qpeak = Peak heat demand above the rmrllrnurn demand for that 
period, MW, 

slope = (penod hrs)(Qpeak, MW,)/(Period MWh) -1 

Period MWh = Period MWh for loads above the m m u m  demand, MWh 

Heat demands for intermediate points in time predicted by this equation match the EGU 
intermediate points reasonably well 
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PLZEN DZSTRlCT REATWG SYSTEM STUDY 

Exh~b~t 8-1 
SUMMARY OF SYSTEM OPERATING CHARACTERISTIC DATA FOR THE YEAR 2000 

The plant send out heat demand (1 e , customer requirements plus the network losses), was 
augmented by an additional station semce requirement of 15% of the demand for both 
hot water and steam The hot water demand was further increased by an additional 1% to 
reflect the heat loss in the steam to hot water heat exchanger Thus hot water demand was 
effectively increased by 2 52%, while the steam demand was Increased by 1 5% This 
approach may not be in exact alignment wth the approach taken by EGU EGU utilized a 
station semce of 3 5 MW,, which corresponds to approximately 1% of the total thermal 
demand The larger station semce assumption by G/C wll predict slightly larger fuel 
usage values, as well as potential short falls where EGU would have none 

- 

8.2 2 Steam Turblne Performance Data 

Per~od 

W~nter 
Peak 
Hlgh 
Low 
Weekend 

Summer- Heatlng 
Peak 
Hlgh 
Low 
Weekend 

Summer- Non-heatlng 
Peak 
Hlgh 
Low 
Weekend 

The steam turbines associated with the cogeneration units produce electricity that depends 
upon the amount of steam entering the turbine, and the amount of steam being extracted 
In the model the steam turbines were simulated by artificially defirung turbine components, 
so that it is possible to estimate the amount of electricity produced from a turbine 
component associated wth the process steam extraction, designated as turbine (a), and a 

I 
turbine component associated with the hot water requirement, designated as turbine (b) a 

Per~od 
Duratlon 

(hours) 

91 4 
783 

1435 
1248 

181 
31 8 
589 
435 

306 
535 
994 
734 

G~lbert/Comrnonwealth, Inc 

Hot Water Demand 

November 1993 

18 ' 

Steam Demand 

Peak 
Load 
(M W) 

299 5 
299 5 
254 6 
254 6 

102 8 
102 8 
80 5 
80 5 

36 1 
36 1 
30 7 
30 7 

Peak 
Load 
(MW) 

100 0 
100 0 
85 0 
85 0 

41 5 
41 5 
32 6 
32 6 

38 5 
38 5 
32 7 
32 7 

Mln 
Load 
(MW) 

1028 
102 8 
805 
805 

65 2 
65 2 
51 4 
51 4 

28 6 
28 6 
175 
175 

Mln 
Load 
(MW) 

41 5 
415 
32 6 
32 6 

29 0 
290 
229 
22 9 

305 
30 0 
186 
186 

Total 
Energy 
(MWh) 

148,997 
127,628 
183233 
159414 

15,204 
26,712 
38 845 
26,688 

9,899 
17,307 
23995 
17689 

Total 
Energy 
(MWh) 

58,240 
49851 
71,588 
62,276 

6,380 
11,210 
16345 
12,071 

10557 
18,324 
25496 
18827 
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In this model, electric production of each of these turbine components is based upon the 
exhaust flow of the turbine, since both the steam and hot water demands correlate to the 
turbine exhaust flows of the defined turbine components The exhaust flow for both the 
''process steam" turbine, turbine (a), and the "district heat" turbine, turblne (b), is 
determned by dividing the heat requirement of the process steam or district heat by the 
enthalpy drop associated with the end use From this exhaust flow, the generated power is 
predicted The utilized enthalpy drop value for the supplied process steam reflects the 
40% makeup requirement 

The performance data for CP I1 turbine was based upon a turbine performance curve 
received from the plant This information was mmpulated so that it could be put in the 
form required by the model As part of this effort, a simple heat balance model was 
exercised in order to correlate the throttle flow wth the exhaust flow This was required 
because the steam extraction used for regenerative feedwater heating reduces the exhaust 
flow as compared to the throttle flow 

The performance data for the other turbines were based upon typical turbine efficiencies 
for the sizes of mnterest, a simple heat balance, and mscellaneous support calculations 

The steam turbine associated wth the CFB boiler (CP IV) is a condensing turbine wth a 
coollng tower This required a third artificial turbine component, turbine (c), in addition 
the "process steam" and "hot water" turbines, turbines (a) and (b) The third component 
represents the steam that goes from the throttle all the way through to the condensing 
exhaust Logic was built into the model to make sure the cooling tower capacity is not 
exceeded A cooling tower capacity of 25 MW, was assumed in the CFB case This is in 
line wth  the Energoprojekt methodology which sized the cooling tower to 75% of the 
turbine rating size, (75% of 32 MW, = 24 MW,) The cooling tower capacity of 25 MW, 
was chosen as being reasonable, and should be evaluated further if the CFB option is 
chosen 

The steam turbine associated wth the GTCC (CP IV) is a back pressure turbine \nth a low 
pressure steam induction In developing the performance data for this turbine, the low 
pressure induction flows were modeled and accounted for, although the effect of a varying 
process steam extraction on the ratio between the low pressure induction flow and the 
intermediate steam turbine flow was not accounted for This approximation should not 
introduce a sigmfmcant error in lmght of the low pressure and low flow of the induction 
steam 

Associated \nth the turbine components are maxlmum capacity values for both the high 
pressure extraction steam and the total thermal delivery (both steam and hot water) Since 
the extraction flow of a turbine is limted to by a maxlmum flow it is therefore limted in 
the maxlmum steam heat demand it can meet The turbine's total heat delivery (for both 
steam and hot water) is also limted since the throttle inlet flow and generator are both 
limted 

This model predicts the steam turbine electnc power generation by assurmng the high 
pressure extraction steam, from turbine (a), is only utillzed for meeting the steam demand, 
and the low pressure extraction or exhaust, from turbine (b), is only utilized to meet the hot 

Gilbert/Commonweal~h, Inc 8-5 November 1993 
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water demand Under some conditions, operational requirements may mandate that some 
of the delivered hot water demand be supplied from h~gh pressure extraction steam vra a 
steam to hot water heat exchanger in order not to exceed the turbine generator limt Since 
our model does not account for this alternate hot water supply, the model limts the 
predicted electric generation to that of the known turbine generator 11mt to avoid 
predicting too large an electric production 

It should be mentioned that because the simulation program models each of the twelve 
periods individually, the electricity production is based on the average steam flows for the 
turblne vvlthin that period Specifically, the model calculates the MWhs of both hot water 
and steam supplied by a given turbine, and deterrmnes the hours of operation required by 
the load duration curve An average thermal delivery (MW,) for steam and hot water are 
then determned These average supplied levels are converted to turbine exhaust flows and 
ultimately to electric power generation 

The performance of the steam turbines is modeled by one set of performance values for all 
of the twelve periods That is, the varylng ambient and hot water return temperatures do 
not impact the performance of the steam turbines in the model This is a simplification 
that potentially could be improved in future models 

A generator efficiency is associated wth each of the turbine components so that the 
electric generation can be converted to a thermal equivalent The thermal equivalent and 
the steam and hot water demands are added in order to determne the required thermal 
duty of the associated boiler or HRSG 

Gilbert/Commonwealth, Inc November 1993 
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8.2 3 Gas Turbine Data 

Gas turbines are sigmficantly affected by ambient temperature, elevation and operating 
load As a result, developed performance data for the gas turbines of interest accounts for 
these major variables The developed performance data 1s based on an elevation of 
330 meters (1083 ft), and accounts for a spectrum of ambient temperatures (0 to 100°F) 
and load points (25, 50, 75 and 100%) The developed gas turbine performance data 
assumes low NOx burners, with no steam or water injection, and a 13" Hz0 exhaust 
pressure drop (consistent wth HRSG operation) The developed performance data 
includes the gas turbine electric power generation, the required fuel flow, and the exhaust 
gas temperature and flowrate 

The Westinghouse 251B11/12 performance data was developed from current IS0 values(2) 
and ~ e s t i n ~ h o u s e ( ~ )  corrections for temperature, load, elevation, and the exhaust pressure 
drop 

The Siemens V64 3 performance data was also developed from current IS0  data(2) and the 
Westinghouse correction factors for temperature, load, elevation, and the exhaust pressure 
drop Correction factors for the Siemens gas turbine were not available at the time of the 
analysis, so the Westinghouse corrections were used The Westinghouse corrections should 
be reasonable for any sirmlarly sized industrial gas turbine 

The twelve load duration bins consistent of three different ambient temperature bins 
Winter, Summer heating, and Summer non-heatmg The average temperatures for these 
three periods are 3 0, 11 6 and 18 3OC ( 37 4, 52 9, and 64 g°F) respectively Use of the 
average temperature in a period allows a single temperature to reasonably predict the total 
MWh by predicting an average MWe output for the penod This average may be notably 
different than the output at the coldest or warmest point in the period, but the predicted 
MWh should be very reasonable 

The usable heat avalable from the Heat Recovery Steam Generator (HRSG) has been 
estimated by assurmng a HRSG gas exhaust temperature of 215OF, a gas heat capacity of 
0 25 Btu/lb,OF and the gas turbine exhaust flow and temperature predicted for the required 
load point and specific ambient temperature The HRSG exhaust temperature of 215OF is 
based on a hot water return temperature of 160°F, a dram cooler approach of 15OF, and an 
economzer approach of 40°F The HRSG heat available is detemned by the following 
equation 

HRSG Heat Available = (Gas flowrate)(TeAausto - 215OF)(Cp) 

A cooling tower has been added on the distnct heating loop for the gas turbine case in 
order to allow operation of the gas turbine at hgher load levels than would othenvlse be 
allowed by the thermal demands alone This allows for an increased electric production 
dunng the high tariff electnc rate penods The selection of the cooling tower size is a 
subject for future study, should the gas turbine combined cycle option be chosen 
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All of the boilers have unique boiler efficiency and mmmum load data in the model 
Steam and hot water capacities are also associated wth the hot water and steam boilers 
(The capacity values of the cogeneration umts are not associated with the boller but the 
turbine components as previously mentioned ) 

i 

The required fuel deterrmned for each of the boilers is augmented by an operating factor 
which reflects numerous operating phenomena such as startup and shutdown, operation at 
less than full load, equipment degradation from design, and less than optimal control 
These operating factors have been developed by EGU and are based on operating history 
of these u a t  types (e g ,  7% for the Brewery, and 2% for Plzen V) The operating factor 
inputs in the model include both the station servlce factors discussed prewously and the 
operating factors, and are summarized in Exhibit 8-7, (e g , 7% t 1 5% for the Brewery, 
and 2% + 2 5% for Plzen V) Improvement in these operating factors are possible through 
the use of more advanced control systems, which allow better control of boiler Oz, and 
possibly a more optimzed balance of heat wthin the system 

8 3 CAPITAL COSTS 

For each of the vanants, capital costs were developed for additional equipment required to 
meet the expected loads and comply wth enwronrnental regulations New plant 
configurations and modifications to older plants were estimated Where possible, the 
capital costs were diwded between labor, materials, equipment, construction costs, and 
other costs, as necessary A further breakdown between Czech costs and foreign costs are 
also provlded by category This is helpful in estimating the future price of foreign costs as a 
result of currency exchange considerations 

The complete capital cost estimate summary is prowded in Appenduc E. Summaries which 
include the costs for each of the variants studied by G/C, are represented in the first 
8 pages of Appendlx E Many of the costs were supplied by EGU, based on recent input 
from equipment vendors, and are representative of costs to obtan equlpment/systems 
wthin the Czech Republic The only large expenditure for imported equipment are the gas 
turbines, since gas turbines in these large sizes are not currently manufactured wlthin the 
Czech Republic 

Three additional costs were included Engineenng, Owner's Cost, and Contingency 
I Engineering was assumed to be S%, Owner's Cost was assumed to be 4% of the capital 

cost Engineering covers the requirement of any outside semces procured as part of the 
project Even though these projects wll probably be fixed price supplied by the vendor, I there wll be rmscellaneous charges incurred through the course of the project 

Owner's Cost provides recogation of the effort required by the owner to ~mplement capital 
projects Bid request preparation, bid evaluation, design revlews, construction momtoring, 
environmental permt preparation, public relations, engineenng/vendor relations, and 
other costs require recogmtion to properly compare variants I 

Gclben/Commonwealth, Inc 
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A 15% Project Contingency was added to all capital costs to account for the cost of 
additional equipment or other costs that would result if a more detailed design effort were 
carried out With a contingency, the cost becomes more representative of he end result of 
the project, and is a better indication of the required budget 

A brief summary of the total capital costs (wthout inflation or escalation) associated wth 
selected variants for the High and Low Demand is presented in Exh~bit 8-2 All costs are 
presented in Kc x 1000, and include a combination of in-country costs and foreign exchange 
costs 

8 3.1 Capital Costs of Environmental Controls 

The environmental control options available for each of the variants included swtching to 
low sulfur coal for SO2 control, addlng bag filters for particulate control, and using CFB 
technology or natural gas-fired combined cycle technology for added system capacity This 
section wll address only those plant modifications required for enmronmental controls 
The addition of a new CFB or gas turbine plant is discussed in Section 8 3 2 

The swtch to low sulfur coal requires several changes to the pc-fired boilers, including a 
changeout/modification of the rmlls, which are currently designed for the softer 
ligmte/brown coal Tests have already been conducted wth the boller, and it has been 
found that combustion performance is satisfactory and the ash handling capacity should be 
sufficient to handle the higher ash black coal Plant controls were assumed to be changed 
only to accommodate the new systems 

There is a concern that the boilers may need additional modification to accommodate the 
change to black coal Modifications to heat transfer surfaces wthin the boiler or changes 
to the present ash handling system may be required A choice between boiler 
modifications and a boiler capacity derate may also be possible All variants share this 
expense, and so this additional work does not affect the selection of the most promsing 
variant 

An alternative to a swtch to low sulfur coal is Duct Sorbent Injection (DSI) technology, as 
introduced in Section 6 0 DSI capital cost 1s relatively low For both Plzen I1 boilers, the 
capital cost for such an installation would be approximately $US 6 rmllion, or almost 
170 nullion Kc In addition, a baghouse filter would be required, as currently planned for 
the swtch to black coal Operating costs, ~ncluding the cost of lime for SO2 removal, would 
be offset by the reduced cost of continued use of the current ligrute fuel Further 
investigation should be undertaken to deterrmne the complete project cost associated wth 
a swtch to low sulfur coal If this cost is prohibitive, a more detailed evaluation of DSI 
technology should be undertaken to deterrmne the benefits 

Capital costs for replacing the coal rmlls were promded by EGU These costs were 
compared to vendor costs obtained by G/C on simlar projects, and they are wthin a 
reasonable range 

G~lben/Cornrnonwealfh, Inc November 1993 
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Exhlb~t 8-2 
SUMMARY OF CAPITAL COSTS FOR SELECTED VARIANTS 

(1993 Kc x 1000, wlthout ~nflatlon or escalat~on) 

G~lbert/Commonweallh, Inc 

High Demand 

November 1993 ' 

Year 

1993 
1 994 
1995 

1996 
1 997 
1 998 
1 999 
2000 

200 1 
2002 
2003 
2004 
2005 

2006-1 0 

Total 

Var~ant 
A3 

5,307 
23,480 

751,269 

728,633 
13,831 
7 237 
7 237 
7 237 

933 
933 

92,438 
92,438 

933 
3,538 

1,735,447 

Variant 
A2 

5 307 
23,480 

870,239 

847,578 
13,831 
7,237 
7,237 
7,237 

933 
933 

92 438 
92,438 

933 
3,538 

1,973,362 

Low Demand 

Varlant 
B1 

5,307 
23 480 

698 196 

675 560 
13,831 
7,237 
7,237 
7 237 

933 
933 

92 438 
92 438 

933 
3,538 

1,629,299 

Varlant 
C1 

5 307 
23,480 

178,264 

155,628 
13 831 
7,237 
7 237 
7 237 

534,923 
534 923 

933 
933 
933 

3 538 

1,474 405 

1993 
1994 
1995 

1 996 
1997 
1998 
1 999 
2000 

2001 
2002 
2003 
2004 
2005 

Total 

1,712 
7,063 

832,348 

825 41 0 
3,724 

428 
385 
385 

21 4 
171 

56,539 
56,539 

171 

1,785,089 

1,712 
7,063 

713 378 

706,440 
3 724 

428 
385 
385 

21 4 
171 

56,539 
56,539 

171 

1,547,151 

1,712 
7,063 

660,305 

653 367 
3 724 

428 
385 
385 

21 4 
171 

56,539 
56 539 

171 

1,441,002 

1 712 
7,063 

140,373 

133 435 
3 724 

428 
385 
385 

307,260 
307,217 

171 
171 
171 

902,493 



PLZEN DlSTRlCT HEATING SYSTEM STUDY 

50, 60, 90 and 120 MWe (approxlmate) gas turbine combined cycle systems 
(Plzen IV) 

A plant shutdown for one heating season was considered by EGU to implement the 
modifications to the Plzen I1 umts In a June 1993 meeting between G/C, Energoprojekt, 
and EGU, a consensus was reached that a shutdown for the whole season is not necessary 
Plant modifications of this type are frequently made in the U S while the plant experiences 
only a mnunal shutdown for critical connections/tests In the case of CP Plzen, each spare 
rmll could be replaced or modified in sequence, wth  an outage required only for a short 
period Since the plant is normally out for an extended period of 3 to 4 months, this 
approach should be feasible The overall cost benefit of keeping the pc-fired plants 
operational during the peak periods vs providing capacity from coal-fired stoker (grate) 
boilers and gas-fired boilers was analyzed in a separate study by G/C and found to reduce 
the annual operating cost of the affected years by approxlmately 12% 

It has been assumed that the stoker boilers can burn the black coal wth little or no 
modification Again, tests have been conducted to verify this performance 

All boilers w11 be reqwred to modify their exlsting system for particulate control The 
higher resistivity of the lower sulfur coal is expected to reduce the performance of the 
exlsting ESP umts on the pc-fired plants As a result, either an upgraded ESP system or a 
bag filter replacement w11 be required The study assumed a bag filter, although an 
investigation of potential ESP improvements or flue gas conditiomng should be conducted 

- 
The exlsting stoker boilers have only cyclones as particulate control wth an efficiency of 
between 70 and 85%, although Letna has no particulate control All of these umts w11 
require either ESPs or bag filters Bag filters are assumed for the study 

Baghouse costs were provlded by EGU for the two large pc-fired boilers and the 3x35 MW, 
stoker boilers at CP Plzen These costs were reasonable and equivalent to approxlmately 
60-65% of U S pnces A recent installation in the T m c e  DH plant in Usti-nad-Labem 
reported costs slightly higher than we are using in this study, however, they are wthin a 
reasonable range 

For the smaller boilers, the baghouse costs were scaled by an appropriate factor, and then a 
substantial difficulty factor (overall, about 25%) was added to account for the lack of space 
at the smaller sites A more detailed design assessment should be conducted to verify 
feasibility for these modifications The result of modifications to the stoker boilers should 
be to reduce particulate ermssions by a factor of 100 or more 

8 3 2 Cap~tal Costs of New Facilit~es 

New facilities are added in all of the variants as described in Section 6 0 They include 

gas/oil fired steam boiler (Plzen III, EGU only) 
gas/oil fired hot water boiler (Plzen V) 

160 tonne/h Circulating Fluidized Bed boiler (Plzen IV) 

Cilbmt/Commonwealth, Inc 
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New facility costs were prepared by EGU and Energoprojekt and venfied by 
Gilbert/Commonwealth Some factors were added as mentioned above All plants are 
considered to be purchased through normal competitive bidding Certainly, through the 
bidding process, special financing arrangements may be possible which could reduce capital 
requirements, reduce or defer interest payments, or extend the term of financing No 
special financial arrangements were assumed by G/C in this analysis 

When a variant is selected, further study should be conducted by ZCE/TEZA to optimze 
the size, design, and operating philosophy of the new plant The results of this study 
provide only a preference for a speclfic technology, and not the details associated wlth 
project implementation 

8.3.3 Other Cawital Costs 

Capital costs were included for retirement of exlsting units (in appropriate variants) and for 
connection of decentralized boilers 

Very rough estimates of costs for boiler retirement were assumed to be 5 6 rmllion Kc for 
site costs plus 5 6 rmllion per boiler for the smaller 5 8 MW, stoker uruts Costs for larger 
boilers were scaled accordingly, but the site charge remained the same While these costs 
may vary sipficantly according to how the job of equ~pment~emoval and site restoration 
is accomphshed, recogrution of the expense has been provided, and relative differences 
between different boiler slzes has been recogmzed 

Costs for connections of decentralized boilers to the CP Plzen system were prepared by 
EGU and ZCE and include costs for piping, heat exchangers, and associated equipment 
For the purposes of this study, it is assumed that this cost is borne solely by ZCE 

8 4 FUEL AVAILABILITY / COST 

Fuel costs were obtained from a variety of sources, and were compared to world prices(4) 
and to the relative value of other fuels available in the Plzen area The fuels considered in 
this analysis include ligmte/brown cod of varylng quahty, black or hard coal (biturnnous) 
wth  low sulfur content, natural gas, and no 2 oil (light oil) 

A generic discuss~on of the world fuel pricing trends for Eastern Europe is included in 
Section 8 4 1 Fuel prlces, ava~lability and analysis assumptions specific to the Plzen area 
are discussed in Sect~on 8 4 2 to 8 4 4  for coal, natural gas, and oil respectively The - 
characteristics and lnltial prices assumed for this study are included as Exhibit 8-3 

The real escalation assumed in connection wth these fuel prices is presented in Section 8 6, 
along wth other escalation factors 

- - - - - - - - -- - -- 

Gi[ben/Commonwea~th, Inc 8-12 November 1993 
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PLZEN DISTRICT HEATING SYSTEM STUDY 

8 4 1 World Fuel Pricin~ Trends of Eastern Europe 

The influence of oil pricing on the price of competitive fuels, primarily natural gas and 
coal, is well known in the energy field Oil has always been the price driver for all energy 
forms over the last several decades At the same time, the cost of production for oil has 
had little impact on the ultimate price of oil in today's energy pricing scenario's 

For the eastern block countries of Europe, those prewously associated wth the Soviet 
Umon, the price of energy was dictated by the Sovlet Union through the sale of its oil and 
natural gas Into the region With the rapid decline of the Somet economy, there is 
currently a distorted view of energy priclng throughout the region The continuation of 
subsidized energy pricing is on its way out as market forces dnve each country to seek its 
own deals wth international suppliers of energy Even the old Somet empire must now 
compete in order to sell its vast energy resources 

Oil Pncing Trends 

Since 1990-91 when the Gulf War Influenced the pnce of oil from a low of 
approxlmately $15 per barrel to a high of about $40 per barrel, oil has maintained a 
relatrvely stable price level The price of oil has ranged from about $17-$19 per 
barrel, wth current md-year 1993 pricing about $18 74 per barrel Despite continued 
efforts by OPEC to dnve the price up, market forces have kept it at the levels 
indicated 

With the industrial world in a prolonged business slump, the price of oil is expected to 
maintain its current level throughout 1994 The supply situation is such that even 
wthout Iraq production, there remains sufficient supplies to meet all of the expected 
demand in both the industrialized nations and the third world 

With the industrial nations focusing on conservation and clean fuel technologres, the 
underdeveloped countries will have adequate access to the producing nations In 
many of the producing countries, the sale of oil is crucial to their development 
schemes as a means of securing foreign exchange No shortage of oil production is 
currently predicted through the 2010 time frame 

Natural Gas Pncing Trends 

Unlike oil, natural gas is highly dependent on pipeline capacity as the means for 
delivery to the markets of eastern Europe Except for a mnor amount flowng west 
to east from the North Sea fields, almost all of the natural gas flows east to west from 
the Sovlet Umon through the Ukraine into Eastern Europe This dependence on a 
single source of supply is an area of concern for many of the countries m the regon 
However, it would appear that the need for foreign currency outweighs political 
events in the exlsting countries of the prewous Soviet Block The pnce of natural gas 
from the region is based on exlsting contracts between the satellite countries of 
eastern Europe and the Sowet Umon 

In terms of world fuel pricing, the price of natural gas has for many years been tied to 
the prlce of oil Prior to the 19703, natural gas was considered as a throwaway fuel 

- - 
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with little or no value Once the pipelines throughout the Middle East and Europe 
were constructed, the price of gas rose dramatically as a replacement fuel for oil, 
which was rapidly increasing in price As more demand was created for natural gas in 
the residential and industrial sectors, its price actually exceeded that of oil It has 
now taken on the mantle of a prermum fuel due to its clean bumng characteristics 

As the price of natural gas increased relative to the price of oil, more drilling activity 
was directed toward gas rather than oil supplies This resulted in an overabundance 
of gas through the 1980's and a drop in the pnce of gas The traditional relationship 
between gas and oil was in the range of 1 5  times the price of oil, accenting its 
premum fuel characteristics As supplies mcreased, the price dropped until today its 
relationship is more along the lines of 1 15 times the pnce of oil While rmnor 
disruptions are likely to occur in Eastern Europe due to political events, there are 
other alternatives currently being investigated from the Middle East 

Coal Priclng Trends 

As wth  natural gas, coal prlclng is likewse dnven by the price of oil In Eastern 
Europe, there are indigenous supplies of "brown coal" which is utdtzed to a great 
extent throughout the region Without environmental controls, this has been a 
sigmficant source of pollution, which is just now being addressed by eastern European 
countries This wll lead to a reduced demand for this coal unless coal cleamng is 
initiated at the production rmnes Current pricing is approxlmately $45 per ton for 
the better coals in the Czech Republic While it is true that coal pncing is highly 
dependent on oil prices, this is only one aspect of coal pricing Of the prlrnary fuels, 
coal is w q u e  slnce coal pricing is somewhat tied to the actual cost of production 
Nevertheless, the price of good quality coals have hstoncally ylelded an oil to coal 
pncing ratio of approxlmately 1 7 to 2 0 

8 4.2 Local Coal Availabilitv / Cost 

There is a considerable supply of low quality fuel avalable in the Czech Republic 
Orgmzational changes have altered or wll soon alter the structure of mmng and supply 
Currently, most rmnlng operations are losing money, but as subsidies are removed, rmnes 
with marketable and competitive products w11 be profitable, while those wth 
uncompetitive products discontmued 

In this study, we have assumed that contract quantities of both ligmte and higher quality 
black coal will be available The pnces of low quality ligmte/brown coal have not yet 
escalated, and they are expected to rise, but wll still be lower than higher quality fuels 
Fluid~zed bed combustion technology can capitalize on the avalabllity and relative low cost 
of low quality fuel 

The current price of brown coal at 12 7 MJ/kg is purchased for 443 Kc/t, including VAT 
and transport It is expected that this price wll nse by 25-50% by 1996, wth  a ceiling of 
660 Kc/t From this time it is expected that the price will rise only wth inflation 
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High quality black coal (biturnnous) coal is not vlewed as a long term solution, since the 
quantity of reserves is more lirmted The prlces of this higher quality coal have already 
escalated such that further Increases are not ant~clpated in the near term Contract prices 
have been offered in the range of 900 to 1135 Kc/t for pc-fired and stoker-fired boilers 
respectively The respective heating values assumed are 17 4 and 18 5 MJ/kg When 
compared to offerings for import of sirmlar quality fuel, it is not expected that these prices 
w11 rise significantly They are expected to nse perhaps 8 to 15% by 1996 and then by 
inflation, or slightly less, in the future Sigmng of long-term contracts for this fuel will help 
to stabilize the price 

The Urnted States pricing structure was not used directly in this study as an example, or for 
companson Here in the U S , a mured situation including long term contracts, spot f 

markets, competition from natural gas markets, rampant gas turbine construction, and 
reaction to clean air legislation have served to upset pricing structures U S pricing is now 

- 
in a state of transition 

8 4 3 Local Natural Gas Availability / Cost 

Since almost all of the gas fired options incorporate imported gas from either Russia at the 
current time, or possibly from European sources in the future, each variant wth sigmficant 
amounts of gas utilization must be mewed wth a risk factor for foreign supply Gas 
contracts are now being negotiated wth Russia Also, the split of Czech and Slovak 
Republics has caused concern (for some) over the control of gas distribution, slnce the 
pipeline from Russ~a travels the length of the Slovak Republic Thus, political issues enter 
into a consideration for the future of gas supply which may not be of concern wth coal 
supply 

7 

4 

The current price of natural gas for large scale consumers is 3 3 ~ c / m ~ ,  including 5% VAT 
A complete change in pricing of this fuel is sigmficantly affecting the pnce of gas for small 
consumers, who formerly p a d  a lower price than large consumers However, the price for 
large consumers is still expected to rise by 25% in 1994, and then from 1995, it is expected 
to follow the movement of world prices 

8 4 4 Local Oil Availabilitv / Cost 

011 is currently used in standby umts and for startup of the larger plants It is expected that 
new gas fired boilers will be equipped wth dual-fuel capability, but w11 predormnantly use 
gas Oil is excellent as a standby fuel, and can be used as a backup emergency supply in the 
case of gas interruption 011 can also used strategcally as a tool for negotiating the price of 
natural gas wth  the distribution/supply company 

The price of oil is volatile in the Czech Republic, but the growth is expected to be slow, 
increasing by 10-20% in 1996 from a current price of 3000 Kc/t Since not much oil use 1s 
anticipated compared to the use of other fuels, this price wll not substantially affect the 
comparison of variants 
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8 5 OPERATING AND MAINTENANCE COSTS 

As with the capital costs, operating and mantenance (O&M) costs, exclusive of fuel, for 
each of the variants were developed based on operating history of the exlsting facilities, 
whle for new plants, vendor estimates were reviewed and utilized wthin the context of 
Czech operating conditions 

Some operating costs were supplied by EGU for CP Plzen TEZA operating costs were not 
avalable Based on CP Plzen and in-house G/C estimates, operating and maintenance 
costs for each facility were estimated Several assumptions are used in these estimations 

Operating and mamtenance crews were assumed to continue to be large as 
in the current situation, 

Mmntenance costs are based on very rough industry averages and do not 
necessanly represent the approach of a specific mantenance program, 

There is a charge for retirement of a plant which wll include demolition 
and reclamation 

There are no unusual increases in the price of water 

The price of ash disposal is as defined in Section 8 5 1 

The cost of raw and treated water was included by operating unit Also, the cost of 
limestone for the CFB boiler and the cost of ash disposal was included 

Labor cost was supplied by EGU in terms of exlstmg staffing for CP Plzen It is expected 
that labor requirements w11 be reduced considerably through the years of the study, 
however, since these projections could not be made wth  a sound basis, they were left 
constant By example, the current number of employees for ZCE (CP Plzen) were 
reported as nearly 300, which does not include those plants operated by TEZA A recent 
visit to a U S  district heating facility in St Paul, Minnesota revealed that the entire 
company mcluding management, secretanal, accounting, plant operations, maintenance, 
and field personnel are a total of 39 people While this facility is smaller (199 MWt, 
146 MW, billed, wth 0 89 MWe electnc generation and a 4500 ton chilled water system), 
the large ZCE staff still represents a substantial difference in efficiency of operations It is 
true that, in the U S ,  personnel are contracted for non-routine maintenance and plant 
modifications, but even if this were accounted for, it would still be a sigmficant difference 
Over a period of time, Plzen operations are expected to approach the same level of 
operating efficiency Labor cost trends w11 see less of a change as wages rise concurrently 
wth  changes in operating efficiency Some general information about the St Paul facility 
is included as Appendur G 

Maintenance costs were distributed among the uruts according to the schedule and method 
presented m Exhlblt 8-4 Maintenance estimates are keyed from the relative imtial capltal 
cost of each umt, by varying percentages based on industry averages Input recelved from 
the Plzen cornparues was not detailed, and it was difficult to obtan current operating costs 
for these facil~ties The approach taken in the study is very general, but should be 
consistent on a relative basis 
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ASSUMED MAINTENANCE SCHEDULES AND COST SUMMARY 

RANDOM NUMBER MAINTENANCE ACTIVITY 
UNSCHEDULED MAINTENANCE Scale = 1 10 

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2W8 2009 2010 
Y E A R 

unit Code 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 I 6  17 18 
I I 

' 11 SCHEDULED MAINTENANCE 

Ex~sbng Brewry 
Ex~sbng Plzen I 
Extsbng Plzen II 
hlsbng Kosutka 
Ex~sbng Letna I 
Exlsbng Letna II 
Exisbng Doubrer 
Exlsbng Bory 
Ex~sbng T/G # I  
Plzen Ill Plzen Ill 
Plzen IV-IxCFB 
Plzen RI-2xCFB 
Plzen IV- IxGTCC 
Plzen N-aGTCC 
PlzenV PlzenV 
T/G #2 T/G #2 

36 38 33 45 34 41 375 455 365 455 45 535 40 425 455 44 42 53 

BR 
PI 
PZ 
K 
L1 
L2 
D 
80 
TI  
P3 

P4FB1 
P4FW 
P4GT1 
P4GT2 
P5 
T2 

5 5 8 8 5 6 5 9 6 6 6 8 6 7 10 10 8 6 
4 7 4 5 8 7 8 7 6 7 7 8 6 8 9 8 7 8 
8 7 4 8 7 9 8 7 6 9 8 9 9 7 7 7 7 10 
8 7 8 5 8 5 7 8 6 5 6 7 8 8 9 10 6 10 
4 8 8 6 6 6 9 9 9 9 5 8 9 8 6 8 10 7 
4 4 4 5 6 7 9 9 7 9 7 6 6 10 9 6 7 7 
8 5 6 6 7 5 7 5 6 9 6 8 7 6 10 10 8 6 
5 7 7 4 7 5 8 9 7 8 9 9 8 8 8 7 8 7 
6 6 8 6 5 6 5 7 6 7 9 10 8 10 7 6 6 8 
1 2 I 2 1 - 1 2 - 1 2 3 3 1 3 3 2 3 

- 2 - 2 2 2 1 1 1 1 2 3 - 1 1 - - 2 
1 - 1 - 2 - 2 1 - 1 - 3 3 3 2 3 2 1 
1 1 - 1 - 1 - 2 - 2 3 - 1 2 1 3 2 I 
2 1 2 2 2 - 2 - 1 1 3 I 3 I 1 2 2 1 
1 1 - - - - 2 2 - 2 - 1 I - - 1 3 3 
2 1 1 2 - - - - - 2 3 - - 2 2 2 - 2 
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In Exhlbit 8-4, there is a general umt age factor which assigns Increased maintenance costs 
for older umts While these costs are high, they are expected to include some value for 
increased forced outages of older umts, i e reduced reliability In Vanant C1, the 
continuation of umts Letna, Doubravka, Bory, and Plzen I were considered These umts 
are substantially penalized for age by increased mantenance costs, and also by efficiency, 
since newer umts are more efficient The tradeoff between increased operating cost and 
capltal investment is a useful result of the study 

I I 

8 5.1 Ash D~sposal Reuu~rements 

Ash disposal is an increasingly serious problem in the Unlted States Ash properties are 
umque for each coal and are influenced by not only original chemcal composition of the 
ash, but also the coal preparation and combustion process, which tend to produce umque 
ash physical and chemcal characteristics 

In the U S ,  according to the Environmental Protection Agency (EPA), fly ash waste, 
bottom ash waste, slag waste, and flue gas emssion control waste generated primarily from 
the combustion of coal or other fossil fuels are solid wastes which are exempt from being 
characterized as hazardous wastes (EPA 40CFR2614) Instead, these are designated as 
"high volume" wastes Therefore, coal combustion waste is regulated only by the state 
authonties - 

State laws are changing which govern disposal of solid waste, and increasing measures are 
belng taken to protect groundwater from coal waste leachate A recent survey was taken of 
ten states to determne what requirements wll be imposed for the landfill of solid waste 
While the requirements in each state vary, common requirements for landfill appear in 
most of the legislation, Including 

Liners, which generally specify clay in thicknesses varylng from 2 to 5 feet, 
synthetic liners are usually accepted as alternates, 

leachate collection and treatment, 

groundwater momtonng, and 

site closure 

Haulback to the m n e  is allowed m most states, and come under the jurisdiction of a waste 
management bureau or a bureau govermng such activities at an active m e  slte, such as 
"Bureau of Mimng and Reclamation This is an attractive option and should be used to 
reduce costs whenever possible 

It is difficult to anticipate the direction of Czech legislation regarding ash disposal In this 
study, recognition is given to the differences between ash marketability of black coal, 
ligmte, and FBC ligmte ash Also, the impact of likely stricter landfill requirements in the 
near future is recogmzed by including an increased cost for landfill preparation or rmne 
haulback 
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The ash disposal costs for the Plzen study was addressed in the following manner 

Current and near future ash disposal costs (1993-1996) were provided by 
EGU through ZCE for the currently used ligate fuel 

The incremental cost of the new U S  regulation as estimated by the 
U S EPA was applied at 60% of the projected U S cost, arbitranly starting 
in the year 2000 

Because the black coal reportedly has the potential to receive byproduct 
credits, we have arbitrarily credited the black coal ash disposal at 50% of 
the established disposal cost for all years of the analysis Certainly this will 
be dependent on the development of markets for this ash, and so we have 
been conservative to apply a 50% factor 

Fluidized Bed Combustion sirmlarly may develop markets for its ash Since 
it is a new technology, we have more conservatively applied a 25% 
byproduct credit m the year 2000, and then a 50% credit in the year 2005, as 
this market develops Uses for FBC ash are being investigated around the 
world, wth promsing results 

From the year 2000, ash disposal costs are assumed to follow the cost of 
inflation - 

The costs used for ash disposal are embodied into a single Kc/tonne value which 
incorporates the cost of landfill development, haulage, and regulatory requirements for 
morutonng Actual costs wll depend on a more detaled in-country investigation into 
available options 

The costs represented in the study are as follows (not including inflation) 

Ash disposal is a very complex issue and one that is difficult to predict in terms of what is 
expected to happen in the next 10 to 15 years in the Czech Republic For this reason, we 
have adopted a general approach, and one that does reflect tightemng regulation, increased 1 
costs, and recogmtion of potential markets for ash 

year 

1993 
1996 
2000 
2005 
2010 

- -- - 
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Total Disposal Cost in Kc/tonne 

black coal 

NA 
74 
126 
126 
126 

ligate 

100 
148 
252 
252 
252 

ligmte wth  FBC 

NA 
148 
189 
126 
126 
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8 6 ECONOMIC ANALYSIS 

In order to provlde a basis for the evaluation of each primary variant previously defined, 
the economc analysis described in this section compares projected operating results under 
each circumstance wth  that projected under a continuation of the status quo, modified only 
to the extent required to meet system growth and to satisfy environmental constraints 

To accomplish this purpose, a computer spreadsheet model was specifically created as a 
vehicle for the slmulatlon of annual system operations over the projected period through 
the year 2010 Typical model output data is illustrated in the discussion of the analysis 
application as contained m Section 8 6 2 Analysis results developed for each variant are 
summarized in Section 8 6 3, and various sensitivity analyses are accomplished in 
Section 8 7 

As a prerequisite, however, the major assumptions underlying the analysis are set forth in 
the followng paragraphs 

By its nature, any projection of future circumstances necessitates the adoption of certain 
assumptions wth  respect to study elements that cannot be predeterrmned wth  any degree 
of certainty In order to ensure credible analyses, it is important that assumptions remain 
consistent for all variants studled unless specific conditions, properly noted, requlre 
othenvlse Further, it is essential that such assumptions be exphcitly stated so that analysis 
results may be properly interpreted Details of the technical assumptions are defined in 
earlier sections Other major assumptions employed m this analysis are presented in the 
followmg paragraphs 

Because District Heating demands vary sign~ficantly throughout the year, 
simulations are developed for a range of representative operating 
conditions Winter and summer penods are obviously distinct Within each 
season, this analysis further addresses both steam and hot water demands in 
subperiods defined pnmarily on the basls of variations in price levels 
associated wth  opportumties for external sales of electncity The twelve 
simulation periods and representative characteristics assumed in each were 
presented in Exhibit 8-1 

2 Demand data Indicated in Exhibit 8-1 are for the year 2000 Although all 
demands and total duty MWh's are varied each year in accordance wth  the 
overall demand projections developed in Section 5 0, it is assumed that the 
same relative period characteristics are mantamed for all years 

3 Load characteristics in each penod are further defined in terms of load 
duration curves as indicated in Exhibit 8-5 

- - -- 
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Exhibit 8-5 

ASSUMED LOAD DURATION CURVES FOR STUDY PERIODS (high demand) 

TESTYEAR PERIODS - W-Pk W-HI W-Lo W-WkndS-Pkl S-Pk2 S-Hll S- HI^ S-Lo1 S-Lo2 S -~knd ls -~kndd  
Percenhle 

Hot Water Hours et % Level - 914 783 1435 1248 181 306 318 535 589 994 435 734 
10 914 783 1435 1248 181 306 318 535 589 994 435 734 
20 914 783 1435 1248 181 306 318 535 589 994 435 734 
30 914 783 1435 1248 181 306 318 535 589 994 435 734 
40 745 638 1010 878 181 306 318 535 589 994 435 734 
50 493 422 618 538 181 306 318 535 589 994 435 734 
60 297 254 339 296 181 306 318 535 589 925 435 583 
70 155 132 157 137 148 306 261 535 489 694 361 512 
80 62 53 53 46 99 295 174 515 326 462 241 341 
90 13 11 8 7 49 147 87 258 163 231 120 171 

100 - - - - - - - - - - - - 

Max Full Duty Load as % of Peak Load 343 343 316  316 634 792 634 792 639 570 639 570 

Steam - 914 783 1435 1248 181 306 318 535 589 994 435 734 
10 914 783 1435 1248 181 306 318 535 589 994 435 734 
20 914 783 1435 1248 181 306 318 535 589 994 435 734 
30 914 783 1435 1248 181 306 318 535 589 994 435 734 
40 914 783 1358 1181 181 306 318 535 589 994 435 734 
50 707 603 938 816 181 306 318 535 589 994 435 734 
60 491 420 596 519 181 306 318 535 589 922 435 681 
70 307 262 332 290 100 306 317 535 589 692 435 511 
80 158 135 146 127 120 295 211 485 396 461 292 340 
90 51 43 36 31 00 147 106 242 198 231 148 170 

100 - - - - - - - - - - - - 

Max Full Duty Load as % of Peak Load 41 5 41 5 384 384 699 792 699 792 702 569 702 569 

Max Full Duty - Hot Water MW 1028 1028 805 805 652 286 652 288 514 175 514 175 
Max Full Duty - Steam MW 415 415 326  326 29 30 5 29 305 229 186 229 186 
Peak Load - Hot Water MW 29950 29950 25460 25460 10280 3610 10280 3610 8050 3070 8050 3070 

Peak Load - Steam MW 10000 10000 8500 8500 4150 3850 4150 3850 3260 3270 3260 3270 
MWH -Hot Water MWH 148997 127628 183233 159414 15204 9899 26712 17307 38845 23955 28688 17689 

MWH - Steam MWH 58240 49851 71588 62276 6380 10557 11210 18324 16345 25496 12071 18827 
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4 In addition to indicated demands, which account only for customer 
requirements (adjusted for system losses, etc), additional loads are 
assumed for the station semce and related requirements on the basis of the 
followng percentage increments 

Steam 1 5 0 %  
Hot Water 2 52% (See Section 8 2 1 for basis) 

Since boiler and other operating unit capabilities applied are net of 
considerations for these requirements, the above factors are recogmzed 
only in the determnation of fuel costs 

5 Electncal loads including pumping and operational requirements are 
assumed generally on the basis of information supplied by EGU 

6 Purchase power costs are established at the followmg 1993 pnce levels as 
assumed under Rate B2 in the price hst for electric energy published by the 
Mimstry of Industry and Trade 

Capaclty Charge 222 Kc (US $7 93) per kW/Mo 

Energy Charge 
Peak Period 0 980 Kc (US $0 0350) per kwh 
High Period 0 780 Kc (US $0 0279) per kWh 
Low Period 0 690 Kc (US $0 0246) per kWh 
Weekend Period 0 690 Kc (US $0 0246) per kWh 

Since the periods utilized in the simulation analysis were established in 
accordance wth  the peak, high and low periods defined for electnc tariff 
purposes, the respective energy rates could be applied as appropriate for 
individual analysis periods In addition, a capacity charge was assessed on 
the basis of that rate indicated above and assumng a 75% capacity factor 

The peak period energy rate is m effect up to seven hours per weekday m 
the wnter months and up to four hours per weekday in the months of April 
through September Recopzing this and simlar critena for the high and 
low tmff penods to establish the number of annual hours in each period, 
and by applylng the respective period energy charges indicated above, the 
composite annual rate for energy purchases under the assumed Tmff 
Schedule (B2) is approxlmately $0 0273 (0 764 Kc) per kwh However, 
considering the effect of the capacity charge at the assumed capacity factor 
(75%), the average effective cost per kwh is approxlmately $0 0418 
(1 171 Kc) per kwh 

7 It is assumed that a market exlsts for all electncal generation in excess of 
internal requirements Revenues from the sale of electricity are assumed to 
be priced at the same level as the above energy charges However, no 
payment equivalent to the capacity charge has been applied In order to 
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qualify for a capacity payment, it is generally required that firm energy 
(energy that is avalable for dispatch by the electric utility) be continuously 
available to the grid, and that the utility system be sufficiently in deficit to 
warrant payment of capacity related charges Given the current situation 
regarding electricity supples in the Czech Republic, it is assumed that the 
DH company would not presently qualify for capacity payments 

Under the above treatment, the composite cost of electncity purchased for 
the semng utility (1 171 Kc per kwh) is approximately 53% greater than 
the assumed composite payment for electricity sold to the grid (0 764 Kc 
per kwh) In fact, considering a potential additional capacity charge of 
95 Kc per kW per month for contract demand (as stipulated for Rate Tariff 
B2 but impractical to apply in thls analysis wthout specific knowledge of 
potential contract arrangements), the cost for purchased power could 
exceed the level of payments for electricity sales by a ratio of up to 
175 to 1 This relative distinction between purchase and sales pnce levels 
is not inconsistent wth  experience in the Unlted States where ratios of 
2 to 1 or more are not uncommon 

8 All umt price and umt costs are assumed at Year 1993 levels Where 
currency conversions were required, an Exchange Rate of 28 Kc/$US has 
been applied 

9 The followng (1993) umt costs have been adopted in the development of 
Operation and Maintenance Expenses 

Fuel Cost Other O&M Cost 
Fuel T v ~ e  U S $ l l ~ ~ B t u  KcIGJ 0 & M Cateqory US $/MWh KcIMWh 

Natural Gas $377  100 00 Raw Water & Treating $ 0  10 2 8 
#2 011 $299 79 30 Demineralized Water $ 1  41 39 5 
L~gnite (CFB) $ 1  24 32 84 Other O&M $041 11 5 
Black Coal 

PC-Fired $ 1  96 52 20 US $/ton Kc/tonne 
Stokers $ 2  31 61 50 

Sorbent (L~mestone) $11 01 340 
Ash & Waste Disposal $ 3  24 100 

Refer to prewous Sections 8 4, 8 5, and 8 5 1 for discussions on fuel, O&M, 
and ash disposal costs respectively 

10 Assumed scheduled mantenance is based on estimates for indiwdual plants 
as indicated in Exhibit 8-4 This table also contans random number 
generated assumptions of unscheduled maintenance ep~sodes 
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11 In order to give consideration particularly for the temperature sensitive 
charactenstics of gas turbines (Variants A2 and A3), the followng ambient 
temperatures are adopted for the relevant periods 

Wmter 3 O°C 
Summerl 11 6OC 
Summer2 18 3OC 

.2 Urut dispatching is prioritized generally giving consideration to fuel types, 
operating efficiencies and power cogeneration capabilities Load dispatch 
results predicted by EGU provlded input to the prioritization selected for 
the G/C model While we believe dispatching sequences to be a 
reasonable representation of probable operations, no attempt has been 
made to fully optimze urut dispatch 

13 In isolated cases where relatively mnor commodity shortfalls occur, 
recogrution is given in operating statistics and the case is penalized at an 
assumed level of U S $10 00 per MWh (HW) This assumed value turns 
out to be immaterial, since no material shortfalls developed 

14 For purposes of Economc Analysis, projected costs are developed in 
thousands of U S Dollars, in all cases exclusive of general inflation Where 
appropriate, however, estimated levels of real escalation have been 
assumed as shown in Exhibit 8-6 (Real escalation is the annual rate of 
increase of an expenditure that is due to factors such as resource depletion, 
increased demand, and improvements in design or manufacturmg [negative 
rate] The real escalation rate does not include inflation ) 

In the case of fuel costs, it is assume that local costs for natural gas, oil and 
ligmte w11 increase to world price levels by year 1996 and follow World 
Bank fuel cost projections beyond that point The price for black coal, 
however, appears to have already achieved or exceeded world price levels, 
and no real escalation is assumed through 1996 Thereafter, black coal is 
also trended at world pnce projection levels 

Because fuel pnces are generally among the most sigruficant cost factors in 
electric utility operations, trends simlar to those adopted for fuel costs have 
been applied for both purchased power and electric sales pnce levels Real 
escalation associated wth  emssion penalties reflect the distinct steps 
stipulated in the staged introduction of such regulations 

15 Capital cost estimates have been segregated between domestic and off- 
shore requirements In the latter case, future costs are escalated on a basis 
representative of assumed relative domestic and foreign inflation rates as a 
surrogate for possible Exchange Rate variances 
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General Inflatton Rate 
Forelgn 
Domestlo 

Real Escalatbn 
Natural Gas 
011 
L~gnlte 
Black Coal 

Purchased Steam Cost 
Purchased Power Cost 
Power Sales Revenues 
Ash Disposal Costs 
Other O&M 
Emissions Penalties 
Capital Cost - Foreign 
Cap~tal Cost - Domsslio 

COMPOUNDED 
General Inflat~on - Forelgn 
General Inflatton - Domestic 
Real Escalalan 

Natural Gas 
011 

Llgn~te 
Black Coal 

Purchased Steam Cost 
Purchased Power Cost 
Power Sales Revenues 
Ash Disposal Costs 
Other O&M 
Emissions Penaltss 
Cap~tal Cost - Foreign 
Capttal Cost - Domest~c 

ExhlbH 8-6 
ASSUMED ESCALATION FACTORS AND SCHEDULES 

1 0000 
1 0000 
1 0000 
1 0000 
1 0000 
10000 
1 0000 
1 0000 
loo00 
0 3000 
1 0000 
1 moo 



PLZEN DISTRICT REATlNC SYSTEM STUDY 

16 Since the analysis of all variants develops projected results of operations 
over a series of years (through Year 2010), consideration of the time value 
of money necessitates the application of an appropriate discount rate in 
order to establish the present value of the each alternative cost stream 
This procedure has the additional advantage of promding a umform basis 
and a single quantity (the cumulative present worth) for the comparison of 
each option proposed 

The discount rate applied, in order to properly represent anticipated 
carrying charges, is most commonly established as the assumed composite 
cost of money, expressed in the same terms as those reflected in the steam 
of costs to be discounted Since, for purposes of this analysis, all costs as 
developed in current (1993) dollars are adjusted only for "real" escalation, 
the appropnate discount rate is established as the composite cost of money 
expressed in real terms under the following assumed capital structure 

Source % of Total Real Cost(') We~ahted Cost 

Equlty 25 % 11 % 2 75 % 
Debt 75 % 7 %  5 25 Oh 

Compos~te 8 00 % 

Note (1) Rates as assumed are equ~valent to apparent rates 
(lncludlng ~nflat~on) of 20% and 15% respect~vely for equ~ty 
and debt the baas appl~ed for flnanc~al analys~s In 
Sectlon 8 8 

According to this basis, a Real Discount Rate of 8% is applied for 
econormc analysis purposes 

As premously indicated, the primary tool for investigating the economc merit of each of 
the several system configurations proposed is a spreadsheet model designed to simulate 
plant operations under each alternative circumstance Since, except for specific component 
operating characteristics and relevant inputs, the same methodology have been imposed in 
each case, a description of model outputs for the Circulating Fluidized Bed (CFB) boiler 
vanant (Bl) w11 be generally descriptive for all 

The umque charactenstics of each vanant are represented in a "Facilities Data Sheet" 
descriptive of all plant facilities in place As illustrated in Exhibit 8-7, which characterizes 
the situation m Year 2005, data include specifics as to the operating efficiencies, rmnlmum 
operating levels, and maxlmum outputs of each applicable commodity (steam, hot water, 
electricity) In addition, primary and secondary fuels and other operation and maintenance 
expenses critena are identified, as well as each umt's availability during each analysis 
operating period Individual Data Sheets of this type are, in fact, the essence of each case 
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PLZEN DISTRICT HEATINC SYSTEM STUDY 

Exhibit 8-7 
FACILITIES DATA INPUT SHEET 
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PUEN DISTRICT HEATING SYSTEM STLTDY 

Since, however, system components and characteristics obviously vary over time even 
within a given c 75e, multiple Data Sheets are required to represent the evolmng situation at 
each pertinent lliterval For example, in connection wth  the year by year simulation of 
operating results under the subject variant, replacement Facilities Data Sheets, simlar in 
form but different in content, are read into the model in the respective years on account of 
the followmg circumstances 

1993 Present Situation 

1996 Other plants (Letna, Bory, etc ) are made available for single year 
New Fluidized Bed boiler (Plzen IV) comes into semce 

1997 Plzen 11 modified to reflect installation of baghouse and swtch to low grade 
black coal finng 
Other Plants modified to reflect changes in efficiencies, environmental 
impacts, etc 

2005 Plzen I retired Plzen V introduced 

In the simulation for intervemng years, facilities as represented in the most recently 
introduced data sheet are utilized in meeting current loads For example, the Data Sheet 
m Exhibit 8-7, although indicated for the year 2005, remains in effect for all years 
through 2010 

In the simulation for each year, available facilities are dispatched to meet steam and hot 
water demands in accordance wth  a dispatching order stipulated m the currently effective 
data sheet Loading is assumed in accordance wth load duration curve characteristics 
defined for each simulation period as illustrated prevrously in Exhibit 8-5 

Load durations, measured in hours for each tenth percentile increment of peak demand, as 
shown in this Exhibit, are developed from data representative of historical loading 
conditions in the respective seasonal and subseasonal periods Absolute requirements in 
terms of peak MW demands and total kwh of energy in each of the twelve representative 
duty cycles are illustrated at year 2000 levels All data are modified for each analysis year 
in accordance wth overall projections of maxlmum demand requirements for both steam 
and hot water Further exhibits, illustrative of model outputs are based on the simulation 
of system operations under Vanant B1 conditions as applied in the year 2010 

The projected energy requirements of each commodity in the year 2010 and the asslgned 
duty cycles for each of the then available plants in meeting the respective loads are shown 
in page 1 of Exhibit 8-8 Irlltially ~ndicated wthout regard to rmmmum load restrictions, 
loadings are subsequently adjusted m recogmtlon of individual plant critena 

In page 2 of Exhiblt 8-8, semce to meet steam and hot water loads are consolidated as 
cumulative outputs for indimdual facilities although it may be noted that Plzen I1 and Plzen 
IV each retain two component designations, "a" and "b" This convention has been adopted 
to maintan the identity of steam and hot water deliveries through the extraction stage (a) 
and the exhaust stage (or secondary extraction stage) (b) of steam turbine generators I and 
I1 and the associated electric generation 
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PLZEN DISTRICT HEjllZVG SYSTEM STUDY 

Exhlbrt 8-8 
VARIANT 01 LOAD DISPATCH AND ENERGY USE CALCULATIONS (page 1 of 3) H gn Oema 

WINTER 1 SUMMER 
Peak Weekend Peak i peek2 -2 Low2 Wkend 1 Wkend 2 

I 

35872J 
SteamNatServed MWH - - - - - - - - - - - - - 

Total excludmg WSG supply 58007 488516 713016 820269 835448 105146 111652 1 8 2 x 7  162796 25394 120227 187517 

PAOOUCT - HOT W A m  1 

359720 - 
35972) 

CwtanerRequlrament MWH 151226 128546 1- 161808 15432 10048 Z113 17567 39429 24315 29119 17955 8095% 
MWH - - - - - - - - - - - - - - 

15129 1 129546 ( 1- I 161808 I 154321 103461 27113 1 17567 1 394291 243151 291181 17955 8095s 

CustomerRequlremenl MWH 
MWH - 

80B555 
HotWatarNotSenred MWH - - - - - - - - - - - - - 

TOW excluding MSG wly 15129 1- 1- 161B08 151324 100177 271133 17581 384286 243149 28119 178546 
ADJUSIEI) FCLI MINIMUM LOADING - MWH 
I s 6 a m  I I I I 

-71 485521 713021 820271 63541 105151 11185( 18251 1 162801 253B4/ lXQ31 18752 

-7 - 40652 - 71302 - 

I 

Gilbert/Commonwealth, Inc 

! I unn Utl~kmson aftm MI-a for M~n!mum ~oedlng - MWH (steam) 

- - - - - - - - - - - - - - 
Peen llll 156881 1 ~ 1 1  85461 63141 65541 - 1 111851 - 1 182801 - 1 1X)231 - 

November 1993 

1bY 0 

Peen lVB 
Total 

82027 - 

423181 36251 1 817561 537131 - l 105151 - 1 18251 1 - 1 25394 1 - 1 18752 
58007 48852 713M 82027 63% 10515 11165 16251 16260 25394 12023 18752 

1Z?3 - 18752 - 63% - 16280 - 25394 - 10515 - 11185 - 18251 - 



PLZEN DISTRICT HEAiTNG SYSTEM STUDY 

VAAlANT 81 Exh~blt 8-8 H gh Detra 

LOAD DISPATCH AND ENERGY USE CALCULATIONS (page 2 of 3) 
WNTER SUMMER - -- 

P s  Wwnendl Pesk 1 p H  -I end 1 ~ k e n ~ ?  

TOTAL UNlT UTlUZATlON BEFORE REQUIREMENT FCf3 ELECTRIC GENERATION - MWH 

ADDITIONAL REQUIREMENT FOR BACK PRElSSURE STEAM TURBINES - MWH 
BPsn 
%I Thermal oulput repmented In decbr; generanon - MWHl 

I _ I  - 1  _ I  - I  - 1  - 1  - I  _ I  _ I  - 1  _ I  _ I  - 

STEAM TO WMlENSlNG TURBINES AN0 RWECTION - MWH 
I I 

Turb IB 
'Turn 118 
TUrb IA 
Turb IIA 

1 !ncmenhll thermal ou!qut represented m e m  uenerah and mrn - Mwkn 

I - I  - I  - I  - I  - I  - I  - I  - I  - I  - I  - I  - - - 

T ~ r b  IIC I 19221 1 16465 1 28451 1 24745 1 - 1 8889 1 - 1 157051 - 1 374081 - 1 27623 
! I I - - - I - I  - I  - I  - I  - I  - 

Total 73236 62742 11830) 1011W 8739 7268 17111 12678 23969 16724 17701 12349 

0885 
086 

0885 
086  

UNlT UTlUUTION - TOTAL MWH 

301703 2584(36 U12047 349761 31Y6 36720 55390 64PO 78677 103841 58843 76679 - 
INPUT ENERGY REWlRm B E F W  EFFICIENCY ADJUSTMENT 

48611 
13873 
1718 
8235 

EFFICIENCY 

INPUT ENERGY REQUIRED 
I I 

42507 
11715 
1466 
7055 

I Unit Enwgl Input MMBTU 
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79140 
24241 

1044 
11883 

8865 - 
874 - 

88859 
21080 

609 
10335 

- 
5327 - 
1941 

15575 - 
1536 - 

- 
9314 - 
3364 

22101 - 
1867 - 

- 
9139 - 
3211 

I - 
12376 - 
4348 

16322 - 
1379 - 



PLZEN DISTRICT HEATNG SYSWM STLrDY 

VARUNT a1 E ~ h ~ b d  8-8 
LOAD DISPATCH AND ENERGY USE CALCULATIONS (page 3 of 3) 

WINTER I SUMMER 
P.U !&? W..undP..*l P..*2 LO*1 &=2 wk.ndlW.nd2 

FUELCOST - BOILERS RbmI.) 
UOIl w- 
I uwtmf 

FUEL COST - BOILERS (0.i) 
Or mprra 
8 - Fwl Call - NatraI G u  $(000) - I - 1  - 1  1 - 1  - 1  - 

FUELCOST - BOllERS fOP 
QI **ara 
% lYYrrU I 

9.2 

HOT W A E R  SHoRlFNl *cmc - - - - - - - - -  
A s u m d E g m k l C m l  SIUm( $1000 

SUPPLEMENTU HOT WAlER COST - $(om) - - - - - - -  - - - 

2249 

1- 
R-~cmb or* i i  im 107 145 10 20 1s ss n 57 to  42 7% 

Jg) 

1 - 1  - - I - I  - - - - I  - I  - I  - ]  
Total - - - - - - -  - - 

E m s a  by T y p  - T o n  
I  u n l  1 

Gdben/Commonweaith, Inc November 1993 
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P U E N  DISTRICT HEATING SYSTEM STUDY 

Although electric outputs are summarized in subsequent exhibits, related thermal 
requirements for both back pressure and condensing turbines are combined at this point to 
establish total umt utilization as represented in MWh's (MWh) In this connection, a third 
turbine designation, turbine (c), has been utihzed to denote a turbine which exhausts steam 
through the condensing exhaust and rejects heat through the cooling tower Finally, energy 
requirements are stated m MMBtu's before the adjustment for indiv~dual plant efficiencies 
and operating factors in establishing necessary gross energy inputs 

Based upon this data, fuel costs are developed in page 3 of Exhibit 8-8 recogmzing the 
specific fuel or fuels applicable for each operating unit Umt prices Indicated in this 
schedule are a weighted composite expressing the relative utilization of primary and 
secondary fuels This exhibit serves further to demonstrate the manner and basis under 
which other vanable expenses are incorporated in total projected costs 

Average electrical output (in kW) of back pressure turbine/generators I and I1 is shown in 
Page 1 of Exhibit 8-9 giwng recogmtion to the level of flow through each turbine 
component of the respective turbines measured relative to the level of flow necessary to 
attan maxlmum electrical output Output at reduced flow levels is interpolated linearly 
from data at 25% flow intervals for the respective turbine components included in the 
currently effective Facilities Data Sheet The electncal output indicated for the condensing 
turbine component (modeled as component C of Turbine/Generator 11) is established as a 
fxed percentage of the steam output available to the turbine while accounting (in page 2 of 
Exhibit 8-9) for the rnaxlmum heat absorption capacity of the cooling tower associated wth 
this scenano 

To the extent that electrical generation is in excess of system requirements, it is a basic 
assumption of this analysis that a ready market for sales of this commodity exlsts at varying 
price levels, which, in fact, establish the critena for the segregation of annual loads into the 
time periods adopted for this analysis As further shown in page 1 of Exhibit 8-9, in the 
sample case, substantial excess generation (represented as negative requirements) exlsts in 
all 12 time periods Revenues from external sales are credited to Variant B1 in aggregate 
amounts developed by applying the appropnately assumed pnce to the level of excess 
generation represented in the respective periods 

Model output data simlar to that discussed above is contained in Appendlx F for each 
vanant investigated In those cases involving gas turbines, the electncal outputs and the 
utilization of their exhaust heat is treated in detal considering the performance 
character~stics of the respective gas turbines at various ambient temperatures (as 
represented by the respective analysis periods) and at various load levels as dictated by 
steam and hot water load requirements Such data are developed in the schedule 
represented here as page 2 of Exhibit 8-9 For the subject case, however, this reference 
prowdes only for a summary of the level of heat rejection to the cooling tower necessary in 
each time period 

A graphical representation of umt utilization and electncal output in each time period is 
shown in Exhibit 8-10 

GcIben/Commonwealrh, Inc 8-33 November 1993 

rid? 



PLZEN DISTRICT HEATlNG SYSTEM STUDY 

VARIANT E l  

Exh~brt 8-9 
ELECTRIC GENERATION AND INTERCHANGE (page 1 of 2) High Dema 

WINTER SUMMER 

BACK PRESSURE TUREINEIGENERATOR OUTPUT - AVERAGE KW 
BASIS I 1 

Avg KWRequtred -Pumpmg 3020 3020 2567 2567 1036 364 1036 364 812 310 812 310 
Sta Use 8899 8897 7625 7627 4936 2867 4936 2862 3825 2286 3825 2286 

Total 1101B 11917 10182 10194 5473 3231 5973 3226 4637 2595 4637 2595 

1 UNlTe Beck Pressure TurbmdGenerator Output & Conbgct Purchase 

1676 
5701 
73i7 

Balance Requtred -66093 -66096 -88540 -68561 -45952 -19571 -45952 -19523 -34633 -13557 -34632 -13557 

- - 
I I 

CONDENSING TURBINE OUTPUT - AVERAGE I<W 

Condensing Turb~ne Output - KW 
I - I  - I  - I  - I  - I  - I  - I  - I  - I  - - - - 

Turb 18 
Turb IA 
Turb 118 
Turb IIA 

- - - - - - - - - - - - - 
Turb IIC 96 0% 6777 6777 6389 6390 - 0362 - 9460 I - 1 12128 - 12128 1 PJ 

- - - - - - - - - - - - 
- - - - - - - - - - - - 

TotalCondensTurbOutput 6777 8777 8389 8390 - 9362 - 9460 - 12128 - 12128 67w 

Balance Requwd -72870 -72872 -74828 -74851 -45952 -28933 -45952 -28983 -34633 -25685 -34632 -25685 

Total TIG Output 78011 78013 78731 78756 51824 PB02 51925 22749 38270 16152 35269 16152 53923 

52380 
2820 
14362 
8650 

GT Capab~lity @ Full Load 48627 48627 49627 49627 47720 46233 47720 46233 47720 46233 47720 46233 

GAS TURBINE OUTPUT - AVERAGE KW 

52387 
2613 
14363 
@348 

Gas Turbtne Output - KW 
1 - 1  - I  - I  - 1  - 1  - I  - I  - I  - 1  - I  - 1  - 

Total GT W u t  (KW) - - - - - - - - - - - - I -  

53220 
1345 
16217 
7850 

Balance Requtred (KW) -72870 -72872 -74828 -74951 -45952 -28933 -45952 -28883 -34633 -25685 -34832 -25685 

Houn In Perlod 914 783 1435 1248 181 306 318 535 588 994 435 734 

53244 
1346 
16215 
7950 

P U F ~ H A S ~  POWER 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 
Peak Demand KW - - - - - - - - - - - - -- 

Demand Charge - $/KW 7 93 7 93 793 783 793 793 793 793 7 83 783 783 793 
EnergyCharge -$/KWH 00350 00279 00246 00246 00350 00350 00270 00279 00246 00246 OM46 00246 

- 
WWERSALES 
Energy Credft - CentslKWH 0 0350 OM79 00246 0 0248 0 0350 00350 00279 0 rmg 0 0248 0 0246 0 0246 OM46 - 
Energy CredR S(000) 22383 15263 25190 21915 2811 2086 4071 2810 5027 3321 3712 245211 

47263 
4662 - - 

- 
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- - 
16712 
6089 

47263 
4662 - - 

- - 
16712 
6038 

36210 
?c69 - - 

- - 
11953 
4199 

36209 
3058 - 
- 

- 
- 
11953 
4199 
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PLZEN DISTRICT HEATING SYSTEM STUDY 

VARIANT 81 

Exhibit 8-9 
ELECTRIC GENERATION AND INTERCHANGE (page 2 of 2) Htgh Dema 

I Exhaust Temperature S 
1 - I - I - I - I - 1 - 1 - 1  - I  - 1  - I  - 1 -  

WINTER 

Interpolated Exhaust Flow M#/Hr 

SUMMER 

Exhaust Flow M#IHr 

Peak Weekend 1 2 - 
Interpolated Exhaust Temperature S 

I I 

Available Exhaust Heat MMBTUlHr 
I I I 

Steam Available - MW per Hour (Wmout Supplementary F~nng) 
Enmalp 

Rtse Total Steam Available without Supplementary F~nng MXlHr 
I - I  - - - - - - - - - - - - 

I I - I  - - - - - - - - - - - - 
1 3 4 1 2 1  - - - - - - - - - - - - - - - - - - - - - - - - - 

Supplementery hnng - Max~mum Exhaust Heat MMBTUIHr 
I 

Steam Repcnon - Avo MW (To Cooling Tower) 
I M U ~ M I  I 
I capacd  Steam Reiecuon - Average MW 

From Condensing 1 25 MX) I  14 o 14 o 13 2 132 - 183 - 195 - 250 - 25 o 
From Gas Turblnd 25 MX) I  - - - - - - - - - - - - 

Total 14 0 14 0 13 2 132 - 193 - 195 - 250 - 25 0 
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PLZEN DISTRICT HEAlliVG SYSTEM STUDY 

VARIANT B1 Hlgh Dema 

Exh~brt 8-10 
GRAPHICAL REPRESENTATION OF LOAD DISPATCH 

AND ENERGY USE CALCULATIONS 
500 

Plzen IVa 
PERIOD 

Plzen Ila 

-.. 

Plzen IVb and Plzen IVc 
KS?l ~ l z e n  llb fZZd ~ l z e n  v Brewery 

90 1 ELECTRICITY PRODUCED - YEAR 201 0 

Turb IIA Turb IlB Turb IA Turb IB Turb IIC 
- 

November 1993 
- 
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PLZEN DlSTRlCT HEATlNC SYSTEM STUDY 

In the manner described above, available facilities were hypothetically dispatched to meet 
projected load requirements in each analysis year 1993 through 2010 For each year, fuel 
costs, other variable operating expenses and revenues (expense credits) for sales of 
electricity and ash disposal by-products were developed, but at this stage, always in terms of 
base year (1993) dollars Exhibit 8-11, which also characterizes the facilities in place in 
year 2010, provides a summary of net operating expenses on this basis, by time periods for 
that year Maintenance expenses are not include at this point 

For economc analysis purposes, annual expenses determned m the manner described 
above are adjusted only for estimated real escalation in the summary of projected 
operating and capital expenditures shown for Vanant B1 in Exhibit 8-12 and graphically in 
Exhibit 8-13 In addition to those expenses detailed through the discussion of the 
preceding model outputs, maintenance expenses are included in this summary on the basis 
of the maintenance schedule previously referenced in connection wth the list of 
assumptions set forth above, but only to the extent that specific facilities are among those 
avalable for this specific case in any projection year 

Estimated capital expenditures assumed in connection wth modifications of exlsting plants 
or the installation of new facilities are shown in the year incurred, and are subject only to 
the escalation of off shore costs, to the extent represented, under rationale considering 
assumed relatlve domestic and foreign inflation levels Finally, in Exhibit 8-12, the present 
worth of annual expenditures is established by applylng a real discount rate of 8% under 
the convention of average expenditures occurring at rmd-year The cumulative present 
worth of such annual costs is then considered the primary figure of merit in the evaluation 
of the proposed alternative system configurations 

Exhlbit 8-12, however, also develops data further indicative of operating consequences 
under the example cases Total production of each commodity, while generally dictated by 
demands in the case of steam and hot water, is useful in demonstrating the predicted level 
of electrical production, and, in isolated cases, of shortfalls occurring primarily in the 
production of hot water Umt costs represented in connection wth the production of each 
commodity are developed from a detailed recapitulation of each facilities utilization and 
may be useful in further comparison of variant or for other purposes It should be noted, 
however, that while these costs include fuel and other variable expenses, they do not 
include maintenance costs, personnel and general plant costs or capital expenditures 

G~lben/Commonwealth, Inc November 1993 



PLZEN DISTRICT HEATING SYSTEM STUDY 

VARIANT 01 
Exh~btt 8-1 1 

FACILITIES DATA INPUT SHEET 

WINTER I SUMMER 
TEST YEAR MYULATION RESULTS && M W m  W .&&2 W W Wk- 1 W k n d  2 
OPERATINO aPENSES 

N-l Ou 242 201 U a - - - 54 
OM 1 5 1 3 2 1 1 6 2  2 5 3  4 5 3 4 0 2  

1 480 M 1  700 - la - 3.29 - UZ - 4 1 8  
B W W  1524 1- 1- 1709 m - 4W - 890 - 510 - 1455 

1d.l Cud C a t  2241 2005 2016 ~ U O  m lm UD 332 M 5.97 513 3- 1 3 p 4  
~ U l W l C a l - S h ~ W t h M  PrUW - - - - - - - - - - - 
Rrc(l...dPWUCat - - - - - - - - - 

 dl for pal.T saw e n s ]  ( 1 ~ )  (251s) 0101) ~ 1 )  (2101 (47) (zSr) w) 0 0771 P*) (1112?51 
N.l P o r r h l r s h n p o C a l  02381 (1 W) 0 519) 0 1Sll (291) 010) (407) (ZO11 (5031 1332) (3711 (2451 I11 1251 

mu OM - OH a om* 252 216 SIE su 50 M M 1 163 274 120 203 P UP 
V r v W  351 J00 4 M  424 7 5. @5 M 03 157 81 116 2 . 9  

Lmrtcne h p c t k a a & h  R m m a l  213 1IY 511 277 10 5.9 11 Ot 25 140 i s  110 1405 
P.dll lor By-Pr-1 S e w  MI (41) w MI m m @I (121 (131 ( 1 ~  @I (141 -1 

Embslorn P a u R k  - - - - - 
Teal E l c b d ~ 7 ~  M8ntn.n~.  871 1137 15.95 1555 71 164 236 363 1 - 3Y) 568 7851 
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---. ---- .... -...-.. .---. -- 
1993 1994 1995 1998 1997 1993 2- 2003 2004 2005 2 s  2007 2008 2009 2 ~ -  - - 

OPERATING EXPENSES 
Fuel Cost - Natural Gas - - - 105 4 4 4 5 5 5 5 5 660 665 669 674 678 683 

Oil 62 68 74 15 117 121 124 128 129 129 129 129 126 126 126 126 126 127 
Lignlb 6 790 7255 7 752 5631 4 840 4 933 5029 5 126 5 127 5 127 5 128 5 128 5 129 5 129 5 130 5 130 5 131 5 131 
Black Coal - - - 5 370 8 782 8 968 9 19_6 9 413 9 429 9442 9 455 9 468 9064 9 074 9084 9 094 9 104 9 114 

Total Fuel Cosl 6852 7323 7 827 11 121 13 742 14 045 14 353 14 673 14 690 14 703 14 716 14 730 14 980 14 995 15010 15 025 15040 15 055 
Supplemental Cost (Shordall) - - 0 - - - - - - - 0 - (0) - (0) - - - 
Purchased Power Cost - - - - - - - - - - - - - - - - - - 

Cred~l lor Power Sales (7290) Q 768) (8216) (8225) (12 893) (13 167) (13 448) 113 735) (13 7481 (13 758) (13 768) (13 775) (13 779) (13 789) (13 800) (13 807) (13 817) (13 8281 

Net Power Interchange (7290) (7 768) (8216) (8225) (12 893) (13 167) (13 448) (13 735) (13 748) (13 758) (13 768) (13 775) (13 779) (13 789) (13 800) (13 807) (13 817) (13 828) 

Fixed O I M  and Overheads 2300 2300 2 300 2 510 2 542 2 542 2 542 2 542 2 542 2 542 2 542 2 542 2 339 2 339 2 339 2 339 2 339 2 339 

Other Variable 0 & M 1457 1473 1 488 1642 2228 2 232 2 235 2 239 2 241 2241 2 242 2243 2 243 2 244 2 245 2 246 2 248 2 249 

Sorbent and Ash Removal 245 285 331 651 1832 1835 1837 2632 2633 2635 2636 2 637 2 608 2609 2 610 2611 2612 2 613 
Cred~l By - Product Sales - - - (197) (302) (303) (303) (304) (304) (305) (305) (305) (299) (299) (299) (300) (300) UOOJ 

Emlsslon Penalties 24 48 49 25 - - - - - - - - - - - - - - 
Maintenance Expenses 1956 2 137 2 268 2801 2 290 3 099 3 490 3 542 3 372 3 478 3 610 4 077 3 308 3 296 3 397 3 520 4 037 4 084 
Plant Removal Costs - - - - 3517 - - - - - - - - 2 462 - - - - 

Total O&M Expense 5544 5 799 8048 10328 12956 10283 10 706 11 587 11 424 11 535 11 673 12 148 11 399 13 855 11 501 11 635 12 158 12 212 

CAPITAL COSTS 
Forelgn - - 1927 1976 - - - - - - - - - - - - - - 
Domestlc 180 839 23145 22336 494 259 259 259 33 33 3301 3301 33 25 25 25 25 25 

Total 190 839 25072 24312 494 259 259 259 33 33 3301 3301 33 25 25 25 25 25 

TOTAL COST 5.734 6.637 31.118 34.640 13.450 10.542 10.964 11.846 11.457 11.5_68 14.974 15.449 11.433 13.881 11.527 11,660 12,184 12 23L 

Present Worth 5517 5 914 25672 28460 9513 6 904 6 648 6 651 5956 5569 6 674 6376 4 369 4 911 3 776 3 537 3422 3 183 
Cumulati~ Presenl Worth 5517 11 431 37 102 63563 73078 79979 88 628 93279 99235 104 804 111 478 117 854 122223 127 134 130910 134 447 137 869 141 052 

OPEnATlNG STATlSTlGS 
TOTAL PRODUCTION - MWH 

LP Steam 333355 331 188 329021 360443 361 165 381 165 361 165 361 165 361 165 360 804 360 443 360082 359720 359 720 359 720 359 720 359 720 359 720 
Hol Water 534 468 552 841 573 853 777 068 787 452 790 913 794 109 797 571 798 903 800 234 801 566 802 897 804 229 805 294 806 359 807 424 808 489 809 555 
Eleclrlclty 306 534 312 254 315 750 312 792 463 516 464 729 465 848 487 082 487 528 467 891 468 253 468 616 468 799 469 169 469 538 469 907 470 276 470 645 

COST OF PRODUCTION - S/MWH (Variable Costs only) 
LP Steam $1048 $1077 $11 08 $12 38 $11 93 $1205 $12 18 $12 96 $1296 $1296 $1296 $1296 $12 78 $12 78 $12 78 $12 78 $12 78 $12 78 
Hot Water $858 $885 $9 15 $1008 $11 00 $11 16 $1132 $11 82 $11 82 $11 82 $11 82 $11 82 $1201 $1201 $1201 $1201 $1202 $1202 
Electrlclly $920 $951 $981 $11 08 $1526 $1544 $1562 $16 43 $16 42 $1642 $1641 $16 41 $1624 $1623 $1623 $16 22 $16 22 $1621 

NOT SERVED - MWH 
LP Sleam - - - - - - - - - - - - - - - - - - 
Hot Waler - - 28 - - - - - - - 0 - - (0) - (0) - - 
Electrtc~ty - - - - - - - - - - - - - - - - - - 

EMISSIONS - TONNES 
Parl~culates 248 259 272 416 131 131 131 132 132 132 132 132 131 131 132 132 132 132 

So. 5745 5 854 5 965 3620 3020 3 029 3 037 3 046 3 050 3053 3 055 3058 2 983 2 986 2 988 2990 2992 2 995 
NOx 1373 1398 1423 1605 1590 1594 1599 1604 1605 1607 1608 1610 1588 1569 1591 1592 1593 1594 
CO 56 59 62 144 78 76 77 77 78 78 78 78 63 63 63 63 %- 6 i  

l VARIANT 01 

CnST FYE l  1UFI A T t n N  Mnfll 

Exhibit 8-12 
PROJECTED OPERATING AND CAPITAL EXPENDITURES SUMMARY 

High Demand 
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Exhibit 8-13 
PROJECTED OPERATING AND MAINTENANCE COSTS SUMMARY High Demand I 

30 
PROJECTED OPERATING & MAINTENANCE COSTS - VARIANT B1 

I 

GAS IS! OIL LIGNITE 
U BLACK COAL ELECTRIC (Net) a OTHER O&M 

1 NOTE Costs rnclude Real Escalat~on only and do not reflect lnflat~on 
' 



PLZEN DISTRICT REATlNG SYSTEM STUDY 

8 6 3 Analvsis Results 

As the result of model simulations performed under each alternative configuration of plant 
components, and as represented in Appendx F for each vanant, the cumulative present 
worth of projected operating and capital expenditures was developed for each variant as 
detaled in Exhibit 8-14, as shown graphically in Exhibit 8-15, and as summanzed below 

Total Operat~ng Present Worth Present Worth l nternal 
& Capltal Costs of Total Cost of Cost Sav~ngs Rate of Return 

Var~ant US $(OOO) US $(000) vs Base Case on Cost Sav~ncls 

C1 (Base Case) 266,422 137,991 Base Base 
A2 325,436 179 443 (41 452) Negat~ve 
A3 327,521 177,438 (39 477) Negatlve 
B 1 251,302 141,052 (3,061) 5 97% 

From the results summarized above, it may be concluded that, given the level of gas prices, 
power sales revenues and capital costs anticipated, those variants developed around gas 
turbines (A2 and A3) are not cost competitive either wth the Fluidized Bed variant (Bl) or 
the Base Case (Cl) representing essentially life extension In terms of the cumulative 
present worth of projected costs, Base Case (Cl) is supenor to Variant B1 although results 
are within 2% of each other and total non discounted costs for the vanant are actually 
somewhat lower This apparent contradiction results because the discount rate applied 
(8%) is higher than the indicated internal rate of return of 5 97% (the discount rate which 
would equate the present worth of the two cases) That is to say, a discount rate of less 
than 5 97% would have to be applied in order for the present worth of projected costs for 
Variant B1 to be less than that for the Base Case 

The above results and related conclusions are, of course, predicated on those capital costs 
and other assumptions underlying the analyses as thus far described In order to investigate 
the potential impact of alternative factors on initial conclusions, additional sensitivrty 
analyses were performed as set forth in Section 8 7 

G~lbmr/Commonwealth, Inc 8-41 November 1993 
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P U N  DISTRICT HEATNG SYSTEM STUDY 

Exh~bit 8-16 
GRAPHICAL SUMMARY OF ECONOMIC ANALYSIS RESULTS 

500 PROJECTED TOTAL COSTS 1993 - 2010 

- 
-400 Cap~tal Gas UII ugn"e Coal All Fuel Power O&M Ash etc Mtce Total O&M 

BASE  CASE^ CASE A2 0 CASE A3 CASE B1 

PRESENT WORTH OF PROJECTED COSrS 1993 - 2010 

1 

Capfiat Gas 011 mn*e Coal All Fuel Power O&M Ash etc Mtce lotal O W  
J 

BASE CASE= CASEA2 0 CASE A3 CASE Bl 
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PLZEN DISTRICT HEATING SYSTEM STUDY 

8 7 SENSITIVITY ANALYSES 

Several sensitivity analyses were conducted to explore the effect of changes to selected 
imtial assumptions and potential outcomes The impact of lower demand and escalation 
are specifically addressed, and an "Indifference Analysis" IS employed to quantify the 
magmtude of adjustments necessary to make costs associated wth each variant comparable 
to those projected under the Base Case 

8 7 1 The Effect of Lower Demand Levels 

Whlle it is considered that those levels of steam and hot water demands reflected in the 
above analyses are more probable, the realization of reduced demand levels, if anticipated 
in a timely fashion, could cancel, modify or at least postpone the construction of facilities 
considered essential under the higher demand scenano Since the gas turbine variants 
focus on the cogeneration advantage (m a favorable environment) of maxlmzlng electric 
energy for external sale, reduced demand levels would have little Impact on results already 
developed Consequently, cons~derlng t h ~ s  factor only vanants C1 and B1 were reanalyzed 
wth  a low demand In anticipation of lower demand levels, the followng modifications 
were made to the respective cases 

Case C1 Circulating Fluidized Bed boiler Plant Plzen I?, in semce in year 2003, 
was reduced to 112 of the capacity previously proposed 

Case B1 Gas1011 fired Hot Water Grate Plant Plzen V, m semce year 2005, was 
reduced from two 58 MWt umts to one 58 MWt umt 

Under the revised circumstances described above, model simulations were completed for 
both cases in order to develop projected costs in the reduced demand enironment 
Results as summarized in Exhibits 8-16 and 8-17 indicate cumulative present worth costs of 
$119 7 mllion (3,673 2 mllion Kc) and $132 8 rmllion (3 940 mllion Kc) for C1 and B1 
respectlvely, suggesting that the Base Case is even more superior to Variant B1 under 
reduced demand conditions 

8 7 2 The Effect of Real Escalation 

As is generally the case, only real escalation has been recognized in the performance of this 
economc analysis To the extent that this factor has slgmficant impact on some cost 
elements and little or none on others, it is qulte possible that results may be influenced 
either favorably or unfavorably by escalation factors which whlle presently perceived as 
appropriate may not actually be realized Real escalation factors as applied in this analysis 
are summarized in Exhibit 8-6 Of particular impact, especially for the gas turbine variants, 
are those factors illustrated in Exhlbit 8-18 that are related to the projected cost of natural 
gas and the revenue levels associated wlth projected sales of excess electric power It is 
sigmficant to note that foreign costs also reflect a sigmficant escalation introduced in 
recognition of a potential for upward pressures in currency exchange rates While it is by 
no means suggested that this situation will occur, it was considered prudent to at least 
recogmze the eventuality 

Gtlbert/Comrnonweal~h, Inc 

- 
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Sensitivity Analysis - VARIANT C1 Exhibit 8-16 
PROJECTED OPERATING AND CAPITAL EXPENDITURES 

Low Demand 

:OST EXCL INFLATION 1000) 
VARIANT C1- LOW DEMAND 

1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9 2 0 0 0 2 0 0 1 2 0 0 2 2 0 0 3 m 2 0 0 5 2 0 0 6 2 0 0 7 2 0 0 8 2 0 0 9 2 0 1 0  - - 
OPERATING EXPENSES 

Fuel Cost - Natural bas - - - 494 57 43 37 32 32 31 - - - - - - - - 
011 62 67 72 111 92 94 96 97 97 97 243 242 242 242 242 242 242 242 
Lignite 6774 7 149 7 552 2 909 - - - - - - 2 649 2 649 2649 2 649 2649 2649 2 649 2 649 
Black Coal - - - 7021 12379 12486 12 565 12687 12 678 12669 9 668 9 858 9 849 9 849 9 649 9 849 9 849 9 849 

Total Fuel Cost 6636 7216 7624 10536 12528 12623 12716 12 817 12807 12 798 12781 12 750 12 740 12740 12740 12 740 12740 12 740 

Supplemental Cost (Shorttsll) - - - - 0 - - - - - - - - - - - - - 
Purchased Power Cost - - - - - - - - - - - - - - - - - - 

Credlt lor Power Sales (7 275) (7 674) (8 101) (4 639) (8 190) (8 330) (8 475) (8 621) (8 621) (8 621) (11 68'1) (11 659) (1 1 653) (1 1 654) (11 655) (11 652) (1 1 653) (1 1 653) 
Net Power Interchange (7 275) (7 674) (8 101) (4 639) (8 190) (8 330) (0 475) (8 621) (8 621) (8 621) (11 667) (11 659) (11 653) (1 1 654) (11 655) (1 1 652) (11 653) (1 1 653) 

Fixed O I M  and Overheads 2300 2300 2300 2510 2510 2510 2510 2 510 2510 2510 2 592 2592 2592 2592 2592 2592 2592 2592 

Other Varlable 0 & M 1454 1458 1463 1330 1532 1524 1516 1508 1507 1508 1777 1776 1776 1776 1776 1776 1776 1776 

Sorbent and Ash Removal 4 260 322 514 645 639 633 1065 1064 1064 1765 1785 1784 1784 1764 1764 1784 1784 
Credfl By- Product Sales - - - (129) (216) (216) (214) (211) (211) (211) (242) (241) (241) (241) (241) (241) (241) (241) 

Emiss~on Penalties 23 47 40 46 - - - - - - - - - - - - - - 
Ma~ntenance Expenses 1956 2 137 2268 2601 2 890 2993 3 247 3 447 3 265 3 369 3696 4 163 4 205 4 031 4 156 4 291 4 819 4 896 
Plant Removal Costs - - - - - - - - - - - - 3 517 - - - - - 

Total O&M Expense 5539 5766 5925 12989 11698 11744 11935 12514 12322 12415 10703 11166 14719 11026 11151 11289 11816 11895 

CAPITAL COSTS 
Fore~gn - - - - - - - - 1266 1279 - - - - - 
Domesl~c 61 252 SO13 4766 133 15 14 14 9944 9942 6 8 8 - - 

Total 61 252 5013 4766 133 15 14 14 11210 11221 8 8 6 - - 

TOTAL COST 5.600 1.018 10.938 17.734 11.831 11.760 11.949 12.528 23.532 23.637 10.709 11.172 14.725 11,026 11.151 11.289 11.816 11,695 11 
Presenl Worth 5 389 5 362 9 024 13 546 8 368 7 701 7 246 7 034 12234 11 378 4 773 4 610 5 627 3 901 3 653 3 424 3 319 

Cumulative Present Worth 5389 10 751 19 775 33 321 41 669 49 390 58 638 83 670 75 904 87 282 92 055 96685 102 292 106 193 109 647 113 271 116 590 119 683 
I 

TPERATINQ STATISTICS 
TOTAL PRODUCTION - MWH 

LP Steam 333 355 331 186 329 021 326 054 321 076 321 076 321 078 321 078 321 076 321 076 321 076 321 076 321 076 321 076 321 076 321 076 321 076 321 076 
Hot Water 532 335 539 792 548 047 728 469 726 193 713 953 701 436 689 187 668 366 687 589 666 790 685 991 685 192 665 192 685 192 685 192 685 192 665 192 
Electrlcdy 305 649 306 042 310 497 193 400 306 508 305 494 304 450 303 445 303 378 303 312 396 893 396 651 396 410 396 410 396 410 396 410 396 410 396 410 

COST OF PRODUCTION - $/MWH (Variable Costs only) 
LP Steam $1048 $1060 $11 13 $14 61 $1368 $14 06 $14 25 $14 95 $14 95 $14 95 $1391 $1391 $1391 $13 91 $1391 $1391 $1391 $1391 
Hot Water $856 $887 $9 19 $1045 $1200 $12 16 $1236 $12 81 $1281 $1281 $1231 $1231 $1231 $1231 $1231 61231 $12 31 $1231 
Electricity $920 $9 53 $988 $1262 $1248 $1287 $1288 $13 39 $1339 $1339 $14 49 $14 49 $1449 $14 49 $14 49 $14 49 $14 49 $14 49 

NOT SERVED - MWH 
LP Steam - - - - - - - - - - - - - - - - - - 
Hot Water - - - - - - - - - - - - - - - - 10 - 
Electrlclty - - - - - - - - - - - - - - - - - - 

EMISSIONS - TONS 
Particulates 272 276 281 729 102 101 101 100 100 100 117 117 117 117 117 117 117 117 

So* 6 318 6 359 6 406 4 181 3 096 3 066 3035 3 004 3002 3 000 2 937 2935 2932 2932 2932 2932 2932 2 932 
N Ox 1033 1046 1060 1 134 1268 1251 1233 1216 1215 1214 1022 1021 1020 1020 1020 1020 1020 1020 
CO 1 1 1 41 7 7 6 8 6 6 42 42 42 42 42 42 42 42 - 



Sens~tlwty Analysis - VARIANT 01  

*ACT C Y F ~  aura a n n u  rnnna 

Exhibit 8-17 
PROJECTED OPERATING AND CAPITAL EXPENDITURES 

VARIANT B1- LOW DEMAND 

Low Demand 

""I. LII".. .... M..".. .""", 
l g g 3 ~ ~ ~ ~ ~ ~ 2 0 W 2 0 0 1 ~ ~ 2 0 0 1 2 0 0 5 2 0 0 6 2 0 0 7 2 0 0 8 2 0 0 9 2 0 1 0  

OPERATING EXPENSES 
Fuel Cost - Natural Gas - - - 494 - - - - - - - - 153 153 153 153 153 153 

011 62 67 72 111 109 111 112 114 114 114 114 114 113 113 113 113 113 113 

Lignite 6774 7149 7552 2909  4 7 6 6  4846 4927 5011 5010 5009 5009 5008 5011 5011 5011 5011 5011 5011 

Black Coal - - - 7021 7 7 5 1  7755 7755 7756 7747 7737 7727 7718 7611 7611 7611 7611 7611 7611 

Total Fuel Cost 6 836 7 216 7 624 10 538 12 626 12 712 12795 12 882 12 871 12861 12850 12840 12 889 12889 12 889 12 889 12 889 12 889 
Supplemental Cost (Shortfall) - - - - - - - - - (0) (0) - 0 0 0 0 0 0 
Purchased Power Cost - - - - - - - - - - - - - - - - - - 

Credit for Power Sales (7 275) (7 674) (8 101) (4 639) (12 184) (12 295) (12 408) (12 520) (12 512) (12 505) (12 497) (12 487) (12 481) (12 481) (12 482) (12 480) (12 480) (12 481) 

Net Power Interchange (7 275) (7 674) (8 101) (4 639) (12 184) (12 295) (12 408) (12 520) (12 512) (12 505) (12 497) (12 487) (12 481) (12 481) (12 482) (12 480) (12 480) (12 481) 

Ftxed O6M and Overheads 2 300 2 300 2 300 2 510 2 542 2 542 2 542 2 542 2542 2 542 2 542 2 542 2 339 2 339 2 339 2 339 2 339 2 339 

Other Variable 0 & M 1454 1 458 1 463 1 330 2 081 2 066 2 051 2038 2035 2 034 2 033 2 032 2031 2031 2031 2 031 2 031 2031 

Sorbent and Ash Removal 244 280 322 514 1 7 5 8  1 748 1 738 2 452 2 451 2 450 2 449 2 448 2441 2441 2441 2 441 2 441 2 441 
Credit By-product Selas - - - (129) (282) (279) (276) (273) (273) (273) (273) (273) (271) (271) (271) (271) (271) (271) 

Emtsston Penalties 23 47 48 46 - - - - - - - - - - - - - - 
Maintenance Expenses 1 956 2 137 2 268 2 801 2 290 3 099 3 490 3 542 3 372 3 478 3810 4 077 3308 3 296 3 397 3 520 4 037 4 084 
Plant Removal Costs - - - - 3 5 1 7  - - - - - - - - 2 462 - - - - 

Total O6M Expense 5 539 5 766 5 925 12969 12348 9 592 9930 10680 10 485 10 588 10 714 11 178 10256 12705 10 343 10 469 10 986 11 032 

CAPITAL COSTS - 
Foreign - - 1927 1976 - - - - - - - - - - - - - - 
Domest~c 61 252 21792 21544 133 15 14 14 8 6 2019 2019 6 - - - - - 

Total 61 252 23719 23519 133 15 14 14 8 6 2019 2019 6 - - - - - 
- - -- 

TOTAL COST 5.600 6.018 29.644 36.488 12.481 9.607 9.944 10.673 10.492 10.592 12.733 13.198 10.262 12.705 10.343 10.469 10.986 11,032 

Present Worth 5 369 5 362 24 456 27 872 8 828 6292 6 030 5993 5 455 5099 5675 5 447 3921 4 495 3 389 3 176 3 086 2 869 
Cumulalive Present Worth 5 389 10 751 35 206 83078 71 906 78 198 84 228 90220 95675 100 774 108 449 111 895 115817 120312 123 700 126 876 129 962 132 831 

OPERATINQ STATISTICS 
TOTAL PRODUCTION - MWH 

LP Steam 333 355 331 168 329 021 326 854 321 076 321 076 321 078 321 076 321 076 321 078 321 076 321 078 321 076 321 076 321 076 321 076 321 076 321 076 

Hot Water 532 335 539 792 548 047 726 469 726 202 713 953 701 436 689 187 688 388 687 589 686 790 685 991 685 192 685 192 685 192 685 192 685 192 685 192 

Electricity 305 849 308 042 310 497 193 400 434 681 430 069 425 359 420695 420 389 420082 419 776 419 469 419211 419 211 419211 419 211 419 211 419 211 

COST OF PRODUCTION - SMWH (Variable Costs only) 
LP Steam $1046 $1080 $11 13 $14 61 $12 01  $12 15 $1229 $1309 $1309 $1309 $1309 $1309 $1291 $1291 $1291 $1291 11291 $1291 

Hot Water $856 $887 $919 81045 $1103 $1119 $1135 $1187 $1187 $1187 $1188 $1188 $1185 $1185 $1165 $1185 $1185 $1185 

Electricity $920 $953 8986 $1262 $1576 $1604 $1631 $1724 51724 $1725 $1725 $1726 $1708 $1708 $1708 $1708 $1708 $1708 

NOT SERVED - MWH 
LP Steam - - - - - - - - - - - - - - - - - 
Hot Water - - - - - - - - - (0) (0) - 0 0 0 0 0 0 
Electricity - - - - - - - - - - - - - - - - - - 

EMISSIONS - TONS 
Particulates 272 276 281 729 135 134 132 131 131 131 131 131 131 131 131 131 131 131 

so, 6 318 6359 6 406 4 181 3 0 5 6  3019 2981 2944 2942 2939 2937 2934 2913 2913 2913 2913 2913 2913 
N OX 1033 1046 1060 1 134 1 196 1 182 1 188 1155 1154 1153 1 152 1151 1149 1 149 1149 1149 1 149 1149 
CO 1 1 1 41 50  49 48 48 48 48 48 48 47 47 47 47 47 47 



PLZEN DISTRICT HEA TING SYSTEM STUDY 

Exhtblt 8-18 
PROJECTED FUELS AND POWER SALES COST ESCALATION 

FUEL COSTS - REAL ESCALATION ONLY 

1994 1 1 1 1 1 1 

PERIOD - Gas + 011 -+ L~gn~te - Coal - Plzen + Coal - Other 

PROJECTED ELECTRIC ENERGY PRICE (1) - REAL ESCALATION ONLY 

YEAR 
+ H~gh Per~od - Low Per~od - Coal - Plzen 

NOTE (1) Energy pnce levels shown are assumedfor both power purchases and power sales 
In addrbon a capacrty charge establ~shed at a 1993 level of $7 93 per KW per month 

and escalated In the same fashion IS assumed for power purchases only 

Gtlbert/Commonweal~~ Inc 8-47 November 1993 
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PLZEN DISTRICT HEATING SYSTEM STUDY 

Although it would have been possible to modify escalation factors on a selective basis, the 
risk remans that umntended bias rmght continue to influence results Further, since it was 
perceived that the gas turbine cases were potentially the most severely impacted by 
escalation considerations, the ellnunation of all escalation, while not realistic, would 
probably represent somewhat of a "best case" scenario for Vanants A2 and A3 Indeed, 
reanalysis on this basis, as summarized in the two pages of Exhibit 8-19, do result in a 
reduced cost level for each variant However, it is apparent that even on this basis, C1 
and B1 remain superior to the gas turbine vanants, and, although the margin is reduced, 
the present worth of projected costs for the Base Case is still less than that for Variant B1 - 

Rather than performng reanalysis under conditions reflecting somewhat arbitrarily 
estabhshed increases or decreases m sensitive assumptions, i e ,  Capital Costs +20%, 
Fuel Costs -IS%, etc , we have chosen instead to represent, for each major component of 
cost, the unit cost adjustment that would be required in order for the overall present worth 
of each respective vanant to be equivalent to that of the Base Case (Cl) 

The table at the bottom of Exhibit 8-20 indicates the magmtude of adjustments requ~red 
under the assumption that all other cost components for that case and the Base Case 
reman unchanged For example, in order for the present worth of costs for Vanant A2 to 
equal that of the Base Case (Cl), the pnce of natural gas would have to be reduced by 
approximately 43%, or conversely, the price of black coal would have to be increased by 
372% An indication of " N A  means that it is not possible to attain equilibrium through 

- 

any logical adjustment of this factor in isolation While negative adjustments of greater 
than 100% in total operating expenses would appear to be illogical, it must be remembered 
that, as developed, such expense totals include "expense credits" for excess power sales, 
which, if of sufficient magmtude could more than offset expenses othenvlse incurred 
Whether this circumstance is likely to occur to the degree indicated as being required is 
another matter 

Finally, in order to add further perspective to this analysis, Exhibit 8-21 provldes the same 
type of data except that in this case, it addresses present worth values developed in the 
absence of real escalation in the manner described above 

Grlben/Commonweallh, Inc November 1993 



ExhlbH 6-19 
PROJECTED OPERATING AND CAPITAL EXPENDITURES SUMMARY 

EXCLUDING REAL ESCALATION (page 1 of 2) P a p  lo12 

B B E  CASE (Cl) - 1 W ~ J g g ( g B ( 1 ( 8 8 7 ~ ~ ~ ~ ~ 2 m J 2 0 0 1 ~ M O B 2 a ) 7 ~ 2 0 0 9 m  
OPERATING MPENSES 

Fuel Corl - Naluml Gas - - - 65 83 98 1m 100 lC4 110 4 4 4 4 5 5 5 5 
011 82 83 85 12 78 78 78 79 78 78 83 83 93 91 91 94 91 94 
Llgnlte 8780 8818 7050 4884 - - - - - - 4128 4128 4128 4127 4127 4128 4128 4128 
BhckC-xf - - - 11370 13188 13ZN 13256 13281 13305 13315 0771 0783 0791 8818 8830 8642 88% 

ToBlFuel Cod 8852 (IBBJ 7115 10380 13360 13400 13437 13477 13483 13504 12881 $3006 13018 13031 13044 13058 13089 13081 
Supplemenhl Cost (Sho~Wl) - - 0 - - - - - - - 0 - - 0 - 0 - - 
Purchased Power Cost - - - - - - - - - - - - - - - - - - 

Lmr Salm of Ekbkl ly  ( 7 , W  6,408) (7.47'4 6,133) (7,058) (7.084 8 , m  (7,087) (1.- 8,071) (11.077) (11,082) (11,084 (11,088) (11,107) (11,113) 111,121) (11,130) 
NetPowerInlerchn~ (7280) (7408) (7472) (7133) (7058) (7080) (7085) (7087) (7089) (7071) (11077) (11- (11080) (11088) (11 107) (11 113) (11 121) (11 130) 

Fked OhMand O w h a d l  2 3 X  2300 2300 2510 2510 2510 2510 2510 2510 2510 2582 25-92 2Z42 2592 25-92 2592 2582 2592 
Varbble OhM 1457 1473 1488 1642 1 BK) 1852 1854 1857 1 057 1 858 2242 2243 2243 2244 2240 2 247 2 248 2248 
Sorbenland Aah Remoral 245 250 254 440 470 472 473 474 474 475 1047 1017 1017 1 010 1098 1 018 1048 1050 

credit B ~ - P ~ O ~ U C ~ S ~ I M  - - (133) (158) ( t w  ~t so )  191) (91) (91) 1121) (120 (120 (121) 1121) (120 ( in )  ( i n )  
EmlsslonPenaltlu 70 W 82 31 - - - - - - - - - - - - - - 
Malnlenanca Expenses 1858 2137 2288 2801 2 -  2885 3247 3447 3285 3 j e e  3888 41W 4205 4031 4158 4281 4818 4808 
Phnl Remoml Corb - - - - - - - - - - - - 3,517 - - - - - 

Tohl OhM Erpanso 5588 5615 8035 10517 13064 l3BOd 14097 144M 14237 14351 11372 11647 15412 11728 11058 12MO 12534 12818 

CAPITAL COSTS 
Forelgn - - - - - - - - 1781 1781 - - - - - - - - 
Dommtlc 180 838 8387 ( I !$ !% 48( 258 259 258 17314 17314 33 33 33 25 25 25 25 25 

Tohl 180 IUB 8387 5 %  494 259 259 259 18104 18101 33 33 33 25 25 25 25 25 

TOTM COST 5.788 0 .W 12,402 10.075 1 4 . 1  1 4 . M  14,350 14.882 33.341 33.455 1 1 . M  11.880 15.445 11.751 11.882 12.02% 12,558 12.644 

Praenl worth 5570 ma i o n c  t22m 10014 8212 0705 0232 17333 16101 8083 4803 5802 4158 3893 3848 3528 3288 
Cum Present Worlh 5570 11488 21728 34000 44022 53234 6 1 W  70172 075W 1 0 3 W  108083 113565 119487 123855 127548 131188 134723 138011 

CASE A2 ~ ~ ~ ~ t e e s ~ ~ 2 M ) 1 Z ? ? Z ~ 2 0 0 1 ~ 2 0 0 8 2 0 0 1 2 & % ! 2 0 0 8 2 0 1 0  
OPERATING MPENSES 

Fuel Cost - Naluml Q r  - - - 85 11913 11984 12021 12M3 12079 12080 12101 12112 1 3 W  14013 14032 14OS1 14070 14089 
011 82 03 85 12 723 732 741 750 754 757 780 783 53 53 53 53 53 53 
Llgnke 0780 0818 7050 4884 - - - - - - - - - - - - - - 
BhCk W l  - - - 5,370 8,Wd 8,992 10.014 10,036 10,047 10,OY lo,= 10,068 8,701 8,703 8,705 8,707 8,709 8711, 

TohlFud Corl 60% 88BJ 7115 10380 22634 227M 22778 22850 P a e O  22802 22923 22915 22748 22789 22780 22811 22832 22853 
SupplemenhlCost (ShotUall) - - 0 - ( 4  - - 0 0 0 0 - - - - 0 - - - - 45 

(0) 
Purchsed Power Cost 45 46 46 48 48 46 48 48 48 48 48 48  48 

Less Salm of Elabklly (7- ( 7 W )  (7472) (7133) (15318) (15353) (15417) (15487) (15488) (15502) (15518) (15527) (15527) (15541) (lS!S!i) (15SBB) (15580) (15594) 
NetPowaInbrchng6 (7290) (7408) (7472) (7133) (15274) (15323) (15371) (15421) (15442) (15458) (15474 (154821 (15481) (15485) (15508) (15520) (I5-b ((5548) 

Flxed OhM and O ~ h m d a  2300 2300 2- 2510 2 372 2 372 2 372 2 372 2372 2372 2372 2372 2237 2237 2237 2 237 2237 2237 
Varhble OhM 1457 1473 1488 1642 1851 1851 1656 1859 1880 1880 1660 1880 1880 1661 1682 1683 1883 1664 
Sorbenland Ash R~m0val 245 250 251 440 356 359 360 361 381 361 361 382 319 318 318 318 318 318 

Credlt By-Produ~tSsl~a - - - (133) (121) (121) (121) (72) (72) (72l (72) (72) (81) (83) (83) (63) (83) (83) 
EmlarlonPenaltles 78 00 82 31 - - - - - - - - - - - - - - 
Maintenance Erpsnra 18% 2137 2268 2 0 1  2285 3017 3438 3488 3315 3421 3562 4008 3415 3403 3506 3642 4152 4204 
Phnt Removal Cosb - - - - 3,517 - - - - - - - - 2482 - - - - 

Tohl OhM Erpan.0 LTS 58l5 8035 10517 17423 14885 15107 15237 15074 15188 15328 15794 14835 17283 14844 1 5 W  15- 15688 

CAPITAL COSTS 
Forelgn - - 14337 14337 - - - - - - - - - - - - - - 
Dommtlc 180 8 3  18,743 11,835 4B4 259 258 250 33 33 3,301 3.301 33 25 25 25 25 25 

Total 1 0  839 31 080 30272 494 258 258 258 33 33 3301 3301 33 25 25 25 25 25 

TOTAL M S T  1 788 11 4 0 7 8  1781 14 

Present Worth 5570 5820 30818 31157 12873 8783 8317 0700 7054 7327 0302 7881 5881 8128 4604 4585 4381 4081 
Cum Pruent Worth 5570 11488 42117 73274 85947 85740 105057 113757 121811 128830 137241 145121 150803 158830 181834 166418 170808 174890 
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Exhibit 8-20 
INDIFFERENCE ANALYSIS SUMMARY 

CUMULATIVE PRESENT WORTH $(000) 

1 1  Natural 
FUEL COST Net Futed & Sorbent, Ash Total Total Capda 

Oil Lignde Black Total Power Vanable Removal & Maintenance Operabng & Operabng 
Gas Coal lnterchanae Expenses Penalties Expenses Expenses 

C1 IBase) 32 223 531 922 37 884 79771 119108 (95511) 41360 10 098 30 713 105,768 137 991 

58 825 97 495 4 732 23 695 68 641 194 563 (1 46 346) 38 398 4 923 29080 120618 179443 

51 667 90 072 5,376 23 695 69 622 188 765 (135 081) 38 283 4 968 28 835 125 771 177 438 

47 283 1 379 982 55 599 61966 119,926 (112526) 42995 14 300 29 075 93 769 141 052 

ADJUSTMENT REQUIRED IN SPECIFIC COST ELEMENTS IN ORDER TO EQUATE 
CUMULATIVE PRESENT WORTH OF M I S  CASE W I N  M A T  OF THE BASE CASE 

NOTE (1) Adustmmt In Capltal Cost for altemat~e case only I e no corresponding adjustment In Base Case 
All other adjustments apply for both Base Case and Altematwe Case 

ElEl Natural 
FUE COS 

011 Lignrte Black Total 
Gas Coal 

BASE BASE BASE 

N A N A 3724% -54 9% 

A3 N A N A 388 7% -566% 

B1 N A -17 3% 172% -3745% 

s 
Power 

Interchange 

BASE 

181 5% 

199 7% 

I 

1180% 

Vanable 
Expenses 

BASE 

N A 

N A 

-1871% 

Removal & 
Penalbes 

BASE 

N A 

N A 

-728% 

Total Cap~ta 
& Operating 
Expenses 

BASE 

-231% 

-222% 

-2 2% 

Maintenance 

BASE 

N A 

N A 

186 9% 

Total 
Operating 
Expenses 

BASE 

-2791% 

-1972% 

25 5% 



Exhibit 8-21 
INDIFFERENCE ANALYSIS SUMMARY EXCLUDING ESCALATION 

CUMULATIVE PRESENT WORM - EXCLUDING REAL ESCALATION $(m 

ElEJ Natural 
FUEL COST Net Fixed & Sorbent Ask Total Total Cspital 

011 Lign~te Black Total Power Var~able Removal & Maintenance Operabng & Operabng 
Gas Coal Interchange Emenses Penalbes b n s e s  Expenses 

31 800 445 71 6 33 661 75281 110103 (80878) 41 360 4 913 30713 106211 138011 

56 791 79 702 3 552 22 245 64715 170215 (122332) 38398 2 798 29080 118099 174 890 

50 040 73 623 4 031 22 245 65641 165540 (11322) 38283 2 820 28 835 122,256 172 296 

47,029 1117 762 48 221 58 423 108 522 (94 86C4 42 995 7 167 29 075 92 899 139 927 

ADJUSTMBJT REQUIRED IN SPECIFIC COST ELEMENTS IN ORDER TO EQUATE 
CUMULATIVE PRESENT WORTH OF M I S  CASE WITH THAT OF THE BASE CASE 

NOTE (1) Adustment in Capital Cost for alternatrve case only i e no corresponding adjustment in Base Case 
All other adjustments apply for both Base Case and Alternatnre Case 

Total Capdal 
& Operabng 
Emenses 

BASE 

-21 1% 

-199% 

-1 4% 

IaEI 
BASE 

-649% 

-685% 

-41% 

Natural 
FUEL COST 

011 Ugnlte Black Total 
Gas Coal 

BASE BASE BASE BASE BASE 

-465% NA N A 3491% -614% 

-469% NA N A 3556% -618% 

NA N A -13 2% 1 1  4% 121 2% 

Total 
Operabng 
Expenses 

BASE 

-310 2% 

-213 7% 

14 4% 

Sorbent Ask 
Removal & 
Penalbes 

BASE 

NA 

NA 

-850% 

Net 
Power 

lnterchanw 
I 

BASE 

1888% 

2060% 

1137% 

Maintenance 

BASE 

N A 

N A 

1170% 

Fixed & 
Varlable 

Emenses 

BASE 

12452% 

11145% 

-1171% 



PLZEN DISTRICT HEATlNG SYSTEM STUDY 

8 8 FINANCIAL ANALYSIS 

While sufficient information is not available to make a complete review of the financial 
consequences of alternative decisions regarding future operations of the District Heating 
System, some additional perspective may be gamed from even a somewhat lirmted analysis 

Buildlng upon data previously established in the economc analysis a financial perspective 
on projected results under sample case, Variant B1, is presented in Exhibit 8-22 Where 
capital costs in the economc analysis were treated as full requirements in the year of 
occurrence, and only the impact of estimated real escalation was recogmzed, the financial 
analysis includes the impact of general inflation and treats capital requirements alternately 
on an accrual basis (wth depreciation based on an assumed 25 year semce life) and a cash 
basis incorporating debt serwce under terms of the assumed capital structure set forth 
below General inflation assumptions applied are those indicated in prevlously referenced 
Exhibit 8-6 It was assumed that foreign costs would be funded by loans at 8% to be repaid 
in 20 years (These terms are typical of current loans both in Western Europe and the 
Unlted States, and are notably different from the domestic loan terms in the Czech 
Republic ) The capital structure assumed in funding foreign and domestic capital costs 
respectively are as follows 

Fundrna Source % of Total Assumed Cost Werahted Cost Assumed Term 

Foreign 
Debt 100 % 8 %  8 %  20 Years 

Domest~c 
Equity 25 % 20 % 5 % 
Debt 75 % 16 % 12 % 8 Years 

Composrtea 17 % 

Note a Applred as Drscount Rate on Frnancral Basts 

Reflecting these terms, interest expense and, where applicable, principal repayments shown 
in Exhiblt 8-22 reflect serm-annual equal payment debt semce installments Annual equity 
return is established at 5% of cumulative domestic capital costs including inflation through 
the prevlous year The effect of Income Taxes is incorporated at a rate of 45% and in an 
amount derived by divlding the Equity Return by one rmnus the assumed tax rate 

Further ln Exhibit 8-22, we have attempted to establish some indication of the resulting 
cost of hot water, at least to the extent that it 1s impacted by prospective capital costs and 
operating expenses As noted, no reliable data were avalable for the inclusion of debt 
semce, if any, and remalmng depreciation charges related to plant presently in servlce 
Such costs would obviously represent an additional factor to consider in defimng total 
commodity costs, In other respects, however, estimated hot water costs are derived by 
subtracting from total costs the costs directly attributable to, or allocated to steam 
deliveries 

- -  

G~lbert/Comrnonweal~h, Inc 8-53 November 1993 



VARIANT 01 
Exhlbli &22 

PROJECTED FINANCIAL COSTS OF VARIANT B1 

FINANCIAL COST (000) (Includlnp Inflation) 
1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2 m  2005 2006 2007 2 3  2009 2010 - - - - - - - 

ACCRUAL BASIS (Exclusha of Interest Expense H any and Depreciatbn Charges related to existing plant (Productbn Transmlsdon D~strlbution st at) 

Operating Expenses 
Operation & Malntenance 5544 8234 8922 12 534 16 866 14 022 15 474 17 753 18 378 19 485 2 0 7 0 3  22623 22290 28447 24 795 26 337 28 898 30477 

Depreclet~on Expense 8 44 1 186 2357 2 383 2 397 2 412 2 428 2 430 2 432 2 6 6 6  2912 2915 2917 2919 2921 2924 2926 

TotalOperating Expenses 5 552 8 277 8 108 14 891 19049 18 419 17 885 20 181 20 808 21 916 2 3  369 25 535 25205 31 364 27713 29258 31 822 33403 

Interest Expense 9 57 1369 3 895 4 973 4 575 4 107 3 576 2 959 2 247 1 714 1478 1330 1 203 1068 924 769 600 

Equ~ty Retbrn 9 9 55 1379 2 735 2 767 2 784 2 803 2 823 2 625 2 826 3 121 3 428 3 432 3 434 3 437 3 440 3 443 

Total Expense 6 Return 5 570 6 344 9 532 20 166 26 758 23 760 24 776 26 560 26 589 26 989 27 912 30 133 29 964 35 998 32 216 33 619 36 030 37 446 

Income Tax Effect @ 45% 8 8 45 1129 2238 2264 2278 2293 2309 2312  2 3 1 4  2553 2805 2808 2810 2812 2814 2817 

Tolal Coar 5.577 6.352 9.576 21.295 28.994 26.023 27.054 28,853 28.899 29.301 30.226 32.687 32,769 38.806 35.026 36.431 38,845 40.263 

Estlmaled Hot Water Revenue Reaulrement (Exclusim ollnterest Expense if any and Depreclatan Charges related to ex~stlng plant (Produclan Transmlsslon Distribution et al) 

Total Cost (Above) less 
Cost of Steam 

Operat~on &Maintenance 4 251 4 632 4 933 6 298 6 570 7 615 7 644 8970 8 807 9 418 9 613 10 360 8990 9 439 9911 10 406 10925 11 471 

Allocated Depreclatlon 3 16 432 747 749 751 754 757 756 756 827 902 901 901 900 900 900 900 

Allocated Return 4 4 20 437 880 867 870 874 879 876 877 966 1060 1060 1059 1059 1059 1059 

1 Income Tax Effect 3 3 16 358 704 710 712 715 719 718 718 791 867 867 867 867 867 867 

Total Steam 4 260 4 654 5 401 7 840 8 883 9943 9 980 11 315 11 161 11 770 12035  13019 11 817 12 266 12 737 13 232 13 751 14 297 

II Equals Cost of Hot Water 1317 1697 4 175 13 455 20 111 16080 17 074 17 538 17 737 17 531 18 190 19668 20951 26 540 22288 23 199 25093 25966 

11 HOT WATER - $/MWH $2 48 5307 $7 28 $17 31 $25 54 $20 33 $21 50 $21 99 $22 20 $21 91 $22 69  $24 50 $2605 $3296 $27 64 $28 73 $31 04 $3207 II 11 Present ~ o n h  $2 46 $262 $531 $1081 $13 83 $927 $8 36 $7 33 $6 32 $5 33 $4 72 $4 36 $396 $4 28 $3 07 $2 73 $2 52 $22211 
L 

Level~zed Cost to Date $307 $501 $849 $11 80 $1302 $1394 $14 62 $15 14 $15 51 $15 83 $16 15 $1645 $1687 $17 10 $1730 $1751 $1769 I! - 
CASH BASIS (Exclusive of Debt Service related to existlng plant (Pmduclbn Tranamlsslon Dlstrlbutlon et al) 

0 6 M Expanses 5 544 6 234 6922 12 534 16666 14 022 15 474 17 753 18 378 19 485 20 703 22623 22290 28 447 24 795 26 337 28 898 30 477 
Equity Return 9 9 55 1379 2 735 2 767 2 784 2 803 2 823 2 825 2 8 2 8  3 121 3428 3 432 3 434 3 437 3 440 3443 
Debt Serv~ce 

Fore~gn Interest - - 82 251 333 326 317 306 299 288 277 264 251 236 221 204 186 166 

R Prcnc~pal - - 44 95 102 111 120 129 140 151 164 177 191 207 224 242 262 
Total - - 8 2  295 428 428 428 428 428 428 428 428 428 428 428 428 428 4281 

11 Domest c Interest 9 57 1287 3645 4 639 4 249 3 789 3268 2 661 1959 1 438 1213 1080 966 848 720 583 43411 

II Pr~nclpal 11 67 1670 3 508 3 980 4 493 5 070 5 721 6 402 7 059 4 233 982 1010 1084 t 165 1 252 1 402 
Total - 9 69 1354 5315 8 147 8229 8282 8338 8 382 8 3 6 2  8 497 5446 2062 1977 1932 1885 1835 1 836J( 

II Total Cost belore Income Tax 5 562 6 312 8 413 19 523 27 976 25 445 26 968 29 322 30 010 31 099 32 456 31 618 28 208 34 283 30 589 

income Tax Effect Q 45% 8 8 45 1129 2236 2264 2278 2293 2309 2 3 1 2  2314  2553 2805 2808 2810 2812 2814 
Total Fln~ncial Cost 5.570 6.319 8.458 20.652 30.214 27.708 29.246 31.615 32.320 33.411 34.770 34.171 31.013 37.091 33.398 

1 
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It was assumed that the value of electricity was already compensated for in terms of 
revenues from external sale, credits for which have already been recog~uzed in the 
development of (net) operating expenses Consequently, remaimng costs, whether 
subsidizing or subsidized by, electrical sales were assumed to be associated with the 
production of heat mamfested in the form of steam and ultimately hot water 

Having previously established (m connection wth the econormc analysis) an indication of 
the variable expenses attributable to meeting steam requirements, these costs could be 
directly recogmzed by adjusting for inflation Fured O&M expense and maintenance costs 
are included on an allocated basis considering relative steam and hot water production m 
that year Depreciation and return on equity are simlarly allocated in order to r ecopze  a 
capital component of steam costs In the composite, these costs were then deducted from 
total costs to derive the annual cost of hot water to the limted extent defined above 
Annual umt costs, measured in $per  MWh produced, were then a function of annual 
production wth  the results indicated Finally, through discounting at the discount rate 
denved above, a levelized cost for hot water was extrapolated as an indication of revenue 
requirements through each time segment For example, if a single price were to be 
adopted to apply through the entire analysis period, in the Illustrated case, that price would 
be $17 69, If an imtially adopted pnce were to remain constant through the first five years, 
that pnce would be $13 02, and so forth 

It must be emphasized that these costs, as presented, are incomplete for the reasons stated 
above and are in any case somewhat crude, and therefore not fully credible bases for 
establishing fimte pncing policies They may, however, represent a further useful measure 
of the relative merit of the variants analyzed, for each of which the levelized cost of hot 
water as developed over the complete analysis period follows It may be noted that the 
relative level of costs is generally consistent wth economc analysis results 

Levelized Cost of Hot Water 
Variant $US/MWh kC/GJ 

Detailed data supporting results reflected above for variants other than B1 are contained in 
Appenduc F 

It is of interest to note the present and projected price of heat for dwellings During the 
1992-1993 heating season, the price of heat was state subsidized and controlled to a ceiling 
of 120 Kc/GJ This level was nsen to 137 Kc/GJ for the 1993-94 heating season, and is 
anticipated to rise to approxlmately 170 for 1994-95 The difference between these values 
and the true cost of heat is covered by state subsidies (Reference Appenduc D, p 36 ) 

The removal of subsidies and the transition to actual prices is expected to occur in 1995-96 
The unsubsidized price is expected to rise to approxlmately 250 Kc/GJ (wth a projected 
range of 220-270 Kc/GJ) For subsequent years the price of heat w11 reflect the escalation 

G~lben/Commonwealth, Inc November 1993 ,Qq 
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of the associate fuel costs These historical and projected prices of heat are summarlzed 
below 

Cost of Hot Water for Dwellings 
Year $ U S /MWh kC/GJ 

Care must be taken m malung comparisons of these annual projected costs with the 
levelized costs resulting from the financial analysis, and in recognlzing that the developed 
costs are incomplete for the reasons previously stated 

8.9 EVALUATION OF THE SVETOVAR OPTIONS 

The district heating operation in Svetovar is not presently interconnected with the Plzen 
- 

District Heating system In order for the Svetovar district heating system to meet the new 
emssion requirements by 1997, the Svetovar DH system could either modify its present 
supply system for compliance, or connect wth the Plzen district heating system Plans to 
extend the central CP Plzen system (Heat Line East 11) were suspended because the 

- 

economcs of continuing the work were uncertain It was suggested that this study include 
an analysis of the potential of proceeding wth Heat Lme East I1 

- 

The modification options available to Svetovar for continued independent operation 
include 

swtching to low sulfur coal and adding a baghouse, 

converting the hot water boilers to natural gas firing, and 

retrofitting the boilers wth a small gas turbine or engine cogeneration u~llt 

Section 8 9 1 discusses the independent operation options, while Section 8 9 2 presents the 
option of connecting Svetovar to the Plzen district heating system 

8 9 1 Indeuendent Operation of the Svetovar DH Svstem 

The followng subsections present the fuel swtching and the cogeneration retrofit options 
for the continued independent operation of the Svetovar DH system - 

Fuel Swtchlng 

The first two modification options, swtching to low sulfur coal and switching to natural gas 
would require modifications simlar to those estimated for the Letna and Doubravaka units - 

in the main Plzen heating analysis of Section 8 0 Letna was retrofitted for a fuel swtch to - 

natural gas, while Doubravka was swtched to black coal including the addition of a 
baghouse The capital cost of the Letna and Doubravka conversion should be applicable to 

- 

Gtlben/Commonwealzh, Inc 8-56 November 1993 - 
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Svetovar because of the simlarity in the umt size and design (Each of the plants has four 
5 8 IW, hot water grate boilers ) 

Operating and maintenance expenses were estimated in a manner consistent wth the 
prevlous analysis described in Section 8 6, and using the same assumptions for fuel price 
and ash disposal The projected operating and capital cost for the gas conversion case and 
the black coal / baghouse conversion case are presented in Exhibits 8-23 and 8-24 
respectively Since, it was assumed that interconnection wth the Plzen system was 
physically impracticable prior to 1993, analyses were imtiated from that date The 
cumulative present worth of projected costs for these modification options as applied to 
Svetovar are summarized for the second, third, fifth, and tenth year in the table below 

Cumulative Present Worth of Projected Cost of Svetovar Operations ($ Mlll~ons) 

Since the fuel swtch to black coal is less costly, that option is compared to the cost of 
operating Svetovar as part of the centralized district heating system in Section 8 9 2 The 
rest of this section addresses the independent operation option of retrofitting the umts for 
cogeneration 

A separate analysis on small cogeneration options was carried out by 
G~lbert/Commonwealth's subcontractor (CityPlan, Ltd ) This was considered to be an 
alternative option in certain instances where the District Heating System was either 
unavailable or for areas of the City of Plzen where consumers may have the option of 
extensions to the system or installing a private cogeneration plant in competition to the 
system 

Years after Fuel Swltch 

Swltch to Gas 

Sw~tch to Black coal 

In the review of the analysis conducted by CityPlan Ltd , several portions of the analysis are 
considered key to the results presented wthin their Report These specific elements 
include (1) the sale price of cogenerated electricity to the grid, (2) the sale price of hot 
water energy to consumers, and, (3) the amount of equity assumed to be avalable from the 
Government or private Investors 

2 

3 39 

3 39 

3 

6 11 

5 26 

In order to measure the impact of diffenng assumptions on the overall results presented 
wthin CityPlanYs analysis, a separate but simlar analysis was conducted using d~fferent 
prices and capitalization structure from that utilized by CityPlan It 1s first necessary to 
descnbe the proposed modifications to CityPlan7s analysis 
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SVETOVAR 
EXHIBIT 8-23 

Independent System (Convert b Gas) 
PROJECTED FINANCIAL COSTS OF THE INDEPENDENT SVETOVAR SYSTEM 

CONVERTED TO GAS IN 1997 
COST EXCL INFLATION (000) 

1993 1994 1995 1996 1997 1998 1999 2ooo 2001 2002 2003 2004 2005 2008 2007 2008 2009 2010 - - - - - - - 
OPERATING EXPENSES 

Fuel Cost - Natural Gas - - - - 3 287 3 378 3 472 3 570 3570 3 570 3 570 3 570 3 570 3 570 3 570 3 570 3 570 3 570 
011 - - 12 13 - - - - - - - - - - - - - - 
Llgn~e - - 1258 1 320 - - - - - - - - - - - - - - 
Black Coal - - - - - - - - - - - - - - - - - - 

Total Fuel Cost - - 1270 1 332 3 287 3 378 3 472 3 570 3 570 3 570 3 570 3 570 3 570 3 570 3 570 3 570 3 570 3 570 
Supplemental Cost (Shornall) - - - - - - - - - - - - - - - - - - 
Purchased Power Cost - - 50 52 53 54 55 56 56 56 56 56 56 56 56 56 56 56 

Cred~t for Powr  Sales - - - - - - - - - - - - - - - - - - 
Net P o w r  Interchange - - 50 52 53 54 55 56 58 56 56 56 56 56 56 56 56 56 

F~xed O4M and Overheads - - 119 119 102 102 102 102 102 102 102 102 102 102 102 102 102 102 
Other Vanable 0 4 M - - 94 94 94 94 94 94 94 94 94 94 94 94 94 94 94 94 
Sorbent and Ash Removal - - 53 60 - - - - - - - - - - - - - - 

Cred~t By -Product Sales - - - - - - - - - - - - - - - - - - 
Em~ssion Penalt~es - - 17 22 - - - - - - - - - - - - - - 
Malnbnance Expenses - - 287 291 299 308 323 332 342 352 354 370 383 392 400 416 432 438 
Plant Removal Costs - - - - - - - - - - - - - - - - - - 

Total OLM Expense - - 1889 1971 3835 3937 4 047 4 154 4 164 4 174 4 176 4 192 4 205 4 214 4 222 4 236 4 254 4260 

CAPITAL COSTS 
Foreign - - - - - - - - - - - - - - - - - - 
Domest~c - - 208 206 3 3 3 3 3 3 3 3 3 3 3 3 3 3 

Total - - 208 206 3 3 3 3 3 3 3 3 3 3 3 3 3 3 

TOTAL COST - - 2.095 2.177 3.838 3.940 4.050 4.157 4.167 4.177 4.179 4.195 4.208 4.217 4.225 4,241 4.257 4.263 

Present Worth - - 1729 1 663 2 715 2 580 2 458 2 334 2 166 2011 1863 1 Z31 1608 1 492 1364 1287 1 196 1 109 
Cumulative Present Worth - - 1 729 3 391 6 106 8 688 11 142 13 476 15843 17 654 19 516 21 248 22 856 24 348 25 732 27 019 28 214 29 323 

OPERATING STAllSTlCS 
TOTAL PRODUCTION - MWH 

LP Steam - - - - - - - - - - - - - - - - - - 
Hot Water - - 61 249 61 249 61 249 61 249 61 249 61 249 61 249 61 249 61 249 61 249 61 249 61 249 61 249 61 249 61 249 61 249 
Electnc~ty - - - - - - - - - - - - - - - - - - 

COST OF PRODUCTION - SlMWH (Variable Costsonly) 
LP Steam - - - - - - - - - - - - - - - - - - 
Hot Water - - $25 35 $26 57 $56 87 $58 36 $59 90 $61 48 $61 48 $61 48 $61 48 $61 48 $61 48 $61 48 $61 48 $61 48 $61 48 $61 46 
Electnctty - - - - - - - - - - - - - - - - - - 

NOT SERVED - MWH 
LP Steam - - - - - - - - - - - - - - - - - - 
Hot Water - - - - - - - - - - - - - - - - - - 
Electr~c~ty - - 1647 1647 1647 1647 1647 1 647 1647 1647 1647 1647 1647 1647 1647 1647 1647 1647 

EMISSIONS - TONNES 
Particulates - - 287 287 - - - - - - - - - - - - - - 

so, - - - - - - - - - - 968 968 - - - - - - 
NOx - 172 172 4 1 41 41 41 41 41 4 1 4 1 41 41 4 1 4 1 4 1 41 - 
CO - - 90 90 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

TG 
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SVETOVAR 
EXHIBIT 8-24 

Independent System (Black Coal 6 Baghouae) 
PROJECTED FINANCIAL COSTS OF THE INDEPENDENT SVETOVAR SYSTEM 

:OST EXCL INFLATION (0001 
WITH BLACK COAL AND A BAGHOUSE 

- 
1993 1994 1995 199B 1997 1998 20M) 2001 2M)2 2003 2004 2005 2008 2007 2008 2009 2010 - - -  

OPERATING EXPENSES 
Fuel Cost - Natural Qas - - - - - - - - - - - - - - - - - - 

011 - - 12 13 13 14 14 15 15 15 15 15 15 15 15 15 15 15 
Lignm - - 1258 1320 - - - - - - - - - - - - - - 
Black Coal - - - - 2067 2106 2146 2187 2167 2167 2167 2187 2167 2187 2187 2167 2187 2167 

Total Fuel Cost - - 1270 1332 2060 2 119 2 160 2 201 2201 2201 2201 2201 2201 2201 2201 2201 2201 2201 
Supplemental Cost (Shorttall) - - - - - - - - - - - - - - - - - - 
Purchased Power Cost - - 50 52 53 54 55 56 56 56 56 56 56 56 56 56 56 56 

Credit for Powr  Sales - - - - - - - - - - - - - - - - - - 
Net Powrfnterchange - - 50 52 53 54 55 56 56 56 56 56 56 56 56 56 56 56 

Fixed OhM and Overheads - - 119 119 119 119 119 119 119 119 119 119 119 119 119 119 119 119 
Other Ver~eble 0 & M - - 94 94 94 94 94 94 94 94 94 94 94 94 94 94 94 94 
Sorbenl and Ash Removal - - 53 60 - - - - - - - - - - - - - - 

Credd By - Product Sales - - - - - - - - - - - - - - - - - - 
Emlsslon Penalties - - 17 22 - - - - - - - - - - - - - - 
Maintenance Expenses - - 287 291 299 308 323 332 342 352 354 370 363 392 400 416 432 438 

ii Plant Removal Costs - - 
Total OhM Expenm - - i 8 8 9  ;971 i 6 4 5  i 6 9 5  7 5 1  L O 2  i 8 1 2  8 2 2  6 2 4  8 4 0  A 5 3  ;a62 2-670 ;a66 2-902 ;9061/ 

CAPITAL COSTS I/ """1. 

I Total 

TOTAL COST 

Present Wotth - - 1729 1663 1873 1767 1670 1575 1464 1360 1260 1173 1092 1014 941 876 616 
Cumulatm Pressnt Worth - - 1729 3391 5264 7031 8701 10276 11 740 13100 14360 15534 16625 17639 16560 19457 20273 21 030 

OPERATINO STATISTICS 
IITOTAL PRODUC~ON - MWH il 

LP Steam - - - - - - - - - - - - - - - - - - 
Hot Water - - 61 249 61 249 81 249 61 249 61 249 61 249 61 249 61 249 61 249 61 249 61 249 61 249 61 249 61 249 61 249 61 245 
Electricdy - - - - - - - - - - - - - - - - - - 

COST OF PRODUCTION - $lMWH (Vadable Costs only) 
LP Steam - - - - - - - - - - - - - - - - - - 
Hot Water - - $25 35 $26 57 $37 43 $38 08 $38 74 539 41 $3941 $39 41 $3941 $3941 $39 41 $39 41 $39 41 $39 41 $39 41 $39 41 
Electdclly - - - - - - - - - I -  - - - - - - - - 

NOT SERVED - MWH 
LP Steam - - - - - - - - - - - - - - - - - - 
Hot Water - - - - - - - - - - - - - - - - - - 
Electncity - - 1647 1647 1647 1647 1647 1647 1647 1647 1647 1647 1647 1647 1647 1647 1647 1641 

EMISSIONS - TONNES 
PettlculaCIs - - 287 287 - - - - - - - - - - - - - - 

so, - - - - 968 968 - - - - - - - - - - - - 
NOx - - 172 172 48 48 48 48 48 46 48 48 48 48 46 46 48 4e 
CO - - 90 90 6 6 6 6 6 6 6 8 6 6 6 6 6 € 
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PLZEN DISTRICT HEATlNG SYSTEM STUDY 

In regards to the proposed sale of electricity to the grid, CityPlan assumed a sale pnce of 
1500 Kc per MWh from the proposed variants At this sale price level, a capacity payment 
must be included since the energy component 1s approxlmately 770 Kc per MWh based on 
the most recent prices for energy from the distribution company In order to achieve a 
capacity payment, it is generally required that firm energy is available to the grid, and that 
the system is sufficiently in deficit to warrant payment of capacity related charges Given 
the current situation regarding electricity supplies in the Czech Republic, and the fact that 
the estimated load factor is about 71%, it would appear that the rmm-cogen options would 
not qualify for capacity payments at the current time Therefore, it is assumed in thls 
alternate analysis that the energy payments of 770 Kc per MWh would be the sale price of 
any electricity generated for the gnd 

Likevvlse, the sale of thermal energy utrlized in the CrtyPlan analysis was at a level of 112 5 
Kc per GJ Current pricing in Plzen has been estimated at a much higher rate based on the 
analyses prepared for the feasibility study by Gilbert/Cornrnonwealth Therefore, for this 
analysis, a rate of 180 Kc per GJ has been assumed for the sale of thermal energy 

The net effect of the changes in price for the two commodities produced by the rmm- 
cogeneration option (Variant #1) is a reduced level of revenues from that estimated by 
CityPlan Overall revenues are reduced by approxlmately 14% Electricity sales have been 
reduced by about 50%, whrle thermal sales have increased by almost 60% This reduction 
in revenue has obviously had a sigmficant impact on the overall results of the mm- 
cogeneration options 

- 

The final adjustment to the CityPlan analysis is the capitalrzation structure proposed for 
either a pnvate concern or wth Government subsidies Due to the current frnanc~al - 

situation of the Government, it is unlikely that any project is going to be subsidized to a 
50% level by Government Also, a pnvate entity would not provlde a 50% equity posrtion 
in competition with subsidized alternatives More likely is a capitalization structure for 
project financing along more tradrtional lines of a 20-80 or 25-75 split between equity and - 

debt respectively - 
Using a 25-75 split for equity and debt results m higher payments for debt servlce over the - 

life of the project No attempt was made to change the repayment period for the debt (10 
years) or the interest rate of 10% Although such terms are somewhat different than those I 

applied in our base analyses, they were considered to be not unreasonable for project 
financing options in the Czech Republic The net result of the change in capital structure 
was an lncrease in debt semce payments from 2 5 mllion Kc per year to a levelized I 
payment of 3 7 rmllion Kc per year- - 

After the above adjustments were made to the analysis, the mm-cogeneration options I 
became much less vlable as alternatives to the centralized district heating alternative 
Exhibit 8-25 prowdes the details in the same manner as those prowded in the CityPlan 
report (see Appendm B) As shown, the net cumulative cash flows remain negatlve 
throughout the study penod of twenty years 

I 
I 

G~lben/Commonwealr~ Inc November 1993 
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VARIANT 81 

COST EXCL INFLATION 10001 

ExhlbR 6-25 
SMALL COGENERATION OPTION FINANCIAL ANALYSIS SUMMARY 

High Demand Plus Svetovar 

1 9 9 3 1 9 9 1 1 9 9 5 1 9 9 8 ~ ~ 1 9 9 9 2 0 0 0 2 0 0 1 2 4 0 2 2 ~ ~ ~ ~ 2 0 0 f 2 0 0 8 2 ~ 2 ~  
OPERATING EXPENSES 

Fuel Cost - Natural Gas - - 6 185 18 20 22 24 25 26 26 27 993 999 1 005 1 011 1 017 1 023 
011 62 68 78 17 122 128 129 133 134 134 134 134 130 130 130 130 130 130 
Lignie 6 790 7 255 8 195 5 988 4 871 4 964 5060 5 159 5 160 5 160 5 160 5 161 5 161 5 162 5 162 5 163 5 163 5 164 
Black Coal - - - 5 461 9 402 9 612 9 825 10046 10 059 10068 10078 10088 9 488 9 495 9 501 9 508 9 514 9 521 

Total Fuel Cost 6852 7 323 8279 11 651 14 413 14 722 15037 15363 15377 15388 15398 15409 15772 15 785 15799 15 812 15825 15838 
Supplemental Cost (Shortfall) - - - - - P )  - (0) - 0 - 0 - - - - - - 
Purchased Power Cost - - - - - - - - - - - - - - - - - - 

Credit for Povrntr Sales (7290) (7 768) (8 381) (8 324) (13245) (13 504) (13 771) (14 041) (14 044) (14 044) (14 045) (14 042) (14 043) (14 046) (14 048) (14 047) (14 049) (14 052' 
Net Povrntr Interchange (7290) (7 768) (8 381) (8 324) (13245) (13 504) (13 771) (14 041) (14 044) (14 044) (14 045) (14 042) (14 043) (14 046) (14 048) (14 047) (14 049) (14 052) 

F~xed O6M and Ovarhaads 2300 2 300 2 419 2 629 2 661 2 661 2661 2 661 2661 2661 2 661 2 661 2 458 2 458 2458 2 458 2 458 2 458 
Other Vanable 0 h M 1457 1 473 1 532 1 682 2 279 2 282 2 284 2 286 2 287 2 287 2 287 2287 2 287 2 288 2289 2 269 2 290 2 290 
Sorbent and Ash Removal 245 285 349 674 1 873 1 875 1 877 2 695 2 697 2 697 2698 2 699 2 656 2 657 2 657 2 658 2 659 2 660 

Credit By - Product Sales - - - @OO) (313) (314) (315) (315) (315) (316) (316) (316) (307) (307) (308) (308) (306) (308) 
Em~sslon Penalties 24 48 53 30 - - - - - - - - - - - - - - 
Maintenance Expenses 1956 2 137 2 539 2 801 2 577 3 395 3795 3 856 3 696 3 812 3 954 4 431 3 673 3 672 3 785 3 920 4 449 4 508 
Plant Removal Cosls - - - - 3517 - - - - - - - - - - - 2462  - 

Total O6M Expense 5544 5798 6 790 10943 13760 11 116 11 567 12 504 12357 12484 12638 13 128 12 496 14 969 12632 12 783 13324 13 395 

CAPITAL COSTS 
Foreign - - 1927 1976 - - - - - - - - - - - - - - 
Domestic 190 839 23351 22543 494 259 259 259 33 33 3301 3301 33 25 25 25 25 25 

Total 190 839 25278 24518 494 259 259 259 33 33 3301 3301 33 25 25 25 25 25 

TOTAL COST 5.733 6.637 32.069 35.461 14.254 11.375 11.826 12.763 12.390 12.517 15.939 16.430 12.529 14.994 12.657 12.808 13.349 13,420 

Present Worth 5517 5 913 26 456 27 088 10 082 7 449 7 171 7 166 6 441 6 025 7 104 8 780 4 788 5 305 4 147 3 865 3749 3 490 
Cumulat~ve Present Worth 5 517 11 430 37 888 64 973 75 055 82 505 89675 96 841 103283 109 308 116 412 123 193 127 980 133 285 137 432 141 317 145 067 148 557 

0 PERATINO STATISTICS 
TOTAL PRODUCTION - MWH 

LP Steam 333355 331 188 329 021 360 443 361 165 361 185 381 165 361 165 361 165 360 804 360 443 360 082 359 720 359 720 359 720 359 720 359 720 359 720 
Hot Water 534 466 552 841 635 127 838 315 848 701 852 163 855 358 858 820 860 152 861 483 862 815 864 146 865 478 866 543 867 608 868 673 869 739 870 804 
Electricity 306 534 312 254 323 285 317 861 477 240 477 696 478 117 478 531 478 664 478 727 478 790 478 852 478 915 479 021 479 128 479 235 479 341 479 448 

COST OF PRODUCTION - $/MWH (Variable Costsonly) 
LP Steam 51060 $10 91 $11 12 51242 $11 98 $12 11 $1224 $13 03 $1303 $1303 $1303 $13 03 $1285 $12 85 $1285 $1285 $1265 $1265 
Hot Water 1864 $893 $9 14 $10 10 $11 04 $11 20 $11 37 $11 87 $11 87 $11 87 $11 87 $11 67 $12 16 $12 17 $12 17 $12 17 $12 17 $12 17 
Electrioty $929 $960 $980 $11 08 $15 11 $1529 $15 48 $16 28 $1628 $1628 $16 28 $16 27 $16 11 $16 11 $16 10 $16 10 $16 10 $16 09 

NOT SERVED - MWH 
LP Steam - - - - - - - - - - - - - - - - - - 
Hot Water - - - - - Q) - (0) - 0 - 0 - - - - - - 
Electricity - - - - - - - - - - - - - - - - - - 

EMISSIONS - TONS 
Particulates 274 286 347 527 149 149 150 150 150 150 150 150 149 149 149 149 149 $49 

So, 6333 6 454 6952 4 271 3 488 3 496 3503 3 511 3 514 3 517 3 519 3 521 3 398 3 400 3 402 3 403 3405 3407 
NOx 1514 1541 1650 1838 1835 1839 1843 1847 1649 1850 1851 1852 1816 1817 1818 1619 1620 1821 
CO 61 65 83 181 94 94 95 96 96 96 96 96 72 72 72 72 72 72 



PLZEN DISTRICT HEATING SYSTEM STUDY 

In summary, it is highly unlikely that small cogeneration alternatives wll be able to 
compete with the District Heating Company as presently structured Exceptions may 
include situations where (1) large numbers of these cogeneration umts apply wth the utility 
as a group to negotiate a better electric rate, or (2) some combination of government 
incentives are avalable to offset the imtial capital cost Unless dramatic changes occur in 
the pricing schemes for the two basic cornrnodities provided, emphasis should still be 
placed on improving the efficiency of the exlsting system through modifications in the 
distribution system and replacement of antiquated equipment when its useful life is over 

8 9 2 Connection of Svetovar to the Plzen Distnct Heat~np Svstem 

While it is tech~llcally feasible to link the two systems, the connection would make 
economc sense only if the anticipated operational cost sawngs at least offset the cost of the 
connecting pipeline within a desired payback period In light of the above conclusions in 
the analysis of the independent operation options, a break-even analysis of connecting 
Svetovar to the central district heating system was performed considering only the lowest 
cost independent operation option - a swtch to black coal firing 

Since the combined capacity of the exlsting Svetovar boilers, at 23 2 MWt (4 x 5 8 MW,), is 
barely adequate to meet the indicated peak hot water demand of approxlmately 23 MW,, a 
requirement for additional capacity is apparent, should further growth be anticipated by 
connection of additional consumers, or increased usage by exlsting residential or 
commercial customers However, the necessity for substantial additional investment would 
only serve to add further support to a decision to merge wth the Plzen system should that 
appear beneficial under present conditions As a result, no attempt was made to consider 
future growth in Svetovar, and the analysis was conducted by adding a constant 23 
megawatts to Plzen's hot water demands and alternatively by maintaimng that demand 
level for a projection of independent system operations 

The break-even analysis was performed by using the G/C simulation model to project the 
production costs of providing Svetovar's hot water requirements alternatively from the 
Plzen system and as an independent operation To the extent that the present worth of 
costs associated with continued independent operation exceed those under consolidated 
operations, an outer bound of feasible connection costs may be established Since this 
margin will obwously vary over different time frames, it is appropriate to establish a 
reasonable point of reference 

G~lben/Cornrnonweall/t, Inc 8-62 November 1993 - 



PLZEN DISTRICT HEATING SYSTEM STUDY 

In the U S , non-regulated industrial and commercial enterprises would generally try to 
achieve payback on then investment in no more than 2 to 3 years However for 
completeness, the break-even results for time frames from two through ten years are 
summanzed in the table below 

Cumulative Present Worth of Projected Cost of Svetovar Operations ($, Milltons) 

For the sake of illustration, the development of the 3 year payback break-even investment 
figure is discussed in the followng paragraphs 

Years after Fuel Sw~tch 

Inde~endent Ol~eration 
Svetovar (Black coal) 
B1 wlthout Svetovar 

Total Costs 

Connected O~eration 
B1 with Svetovar 

Break-even Amount of 
Connect~on for Payback 
with~n ~nd~cated perrod 

The coal swtch option was prevlously shown to be the most cost effective independent 
operation option Therefore, it was adopted for the independent operation cost element 
The cumulative present worth of projected costs for Svetovar under this continued 
independent operational mode is $5 26 mllion (after year 3) 

As a basis for measuring costs in a consolidated system, the 111ltial results developed under 
Variant B1 were adopted From the summary of projected costs shown in Exhibit 8-12, ~t 
may be seen that the present worth of projected costs through year 1997 (the third year of 
operation assurmng a 1995 Svetovar interconnection), for the Plzen system excluding 
Svetovar is apprommately $75 06 mllion Reanalysis of Variant B1 adjusted to include 
incremental hot water demands of 23 megawatts and other pertinent facets of Svetovar 
operations produced a modified Variant B1 cost of $73 08 mllion as shown in Exhibit 8-26) 
at corresponding year 1997 This represents an increase of apprommately $2 0 mllion over 
the present worth of projected costs as prevlously determned 

S~nce thls difference of approxlrnately $2 0 rmllion is $3 3 rmllion less than the cost of 
continued independent operation ($5 26 mllion), it would appear that merging Svetovar 
into the CP Plzen system would be justified on a 3 year payback critena if the Heat Line 
East I1 pipeline project could be completed for less than that same $3 3 mllion Under this 
same methodology, the break-even amount for other lengths of time are developed in the 
preceding table 

10 

15 53 
11785 
133 38 

123 19 

10 19 
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8 70 
- 86 63 
95 33 

89 68 

5 65 

2 

3 39 

66 95 

64 97 

I 98 

3 

5 26 
- 73 08 
78 34 

75 06 

3 29 



EXHIBIT 8-26 

PROJECTED FINANCIAL COSTS OF THE CONNECTED SVETOVAR SYSTEM 
AND VARIANT B1 (HIGH DEMAND) 

I STATEMENTS OF INCOME AND EXPENSES I 
Elactrlcky S d m  10'Kc 9 587 9 587 9 587 8 587 8 5.97 9 587 9 587 8 587 8 5.97 9 587 9 507 9 587 €I 587 9 587 9 587 9 587 9 587 9 587 9 587 
Thermal ENergy Sakr 1 0 ' ~ ~  15 143 (6.143 !$.(43 15 143 15,143 15.143 15.143 15.?43 (5.149 15.143 15.143 (5.149 15.(43 15.143 

Gross Rsvenum I- 10'Kc 24731 24751 24731 24731 24731 24731 24731 24731 24731 24731 24731 24731 24731 24731 24731 24731 24731 24731 24731 24731 

EXPENSES 
Fuel Cofts 1 0 ' ~ ~  20215 20215 20215 20215 20215 20215 20215 20215 20215 20215 20215 20215 20215 20215 20215 20215 20215 20215 20215 20215 

ObMCasls ~ O ' K C  1433 1433 1439 1433 1433 1 4 3  7383 1433 1439 1433 1433 1 4  1433 7383 1433 1 1433 1433 1433 1433 

Emisslon Fees 10' Kc 20 25 25 25 25 25 25 25 26 25 25 2 5  25 25 25 25 25 25 25 25 

DepreclaUon l d ~ c  1 , 0 3 7 e 2 . 1 M 1 . ( 0 1 w 2 . 1 0 4 2 . 1 0 4 - 2 . 1 0 1 U e 2 . 1 W ? . 1 0 4 W 2 . 1 0 4  0 0 0 0 0 
TdOperaUngExpenon I O ' K ~  22705 23777 23 n 7  23777 23 777 23 777 20557 23777 25 777 23 777 23 n 7  23 777 29 777 29737 23 777 21 873 21 813 21 813 21 813 21 613 

( N& A C O ~ ~  CO'KC 

I AFER-TAX CASH FUN) ANALYSIS 

10' Kc 
Dspreclation 10' Kc 

Total Sources 10'Kc 

Net Cash Flow 10' Kc 
Cunmulative Cash Flow 10' Kc 

(329) (1 e n )  (1 40) (1 184) (901) (590) (8 Om) 50 208 383 525 525 625 (7 258) 525 1 662 18@2 1662 1 8@2 16@ 
2 . 1 0 1 ? . ( O 1 2 . 1 W 2 . 1 0 4 ~ P . 1 Q Q Z . 1 W ? . 1 W 2 . 1 0 4 2 , 1 M 2 . 1 0 4  0 

7 2 8.4 920 i 2m 1 514 ( 8 7 6 )  2 1, 2312 2 w 2, 2 2 8. (5 1%) 28. 18. 1 8 6  $ 8  1 . 6  dl 



PLZEN DISTRICT HEAmG SYSTEM STUDY 

A rough estimate of the cost to connect Svetovar to the CP Plzen plant was d e t e m e d  by 
G/C to be $1 93 rmllion (54 Kc rmllion) This is based on an approximate pipeline length 
of 3 5 km for a 400 DN two pipe system These numbers have been developed by 
information supplied by EGU and in a manner consistent wth other capital projects The 
cost of connecting substations along the pipehne is not included m this evaluation The 
actual pnce can differ from the estimated figure due to real techmcal conditions and quotes 
of suppliers 

Slnce the estunated pipeline cost of $1 9 mlhon is approximately equal to the two year 
break-even value and less than the three year break-even value of $3 3 mlhon, it is 
recommended that Heat Line East I1 be constructed to connect Svetovar to CP Plzen 
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PLZEN DlSTRlCT HEATING SYSTEM STUDY 

9.0 ENVIRONMENTAL ANALYSIS 

The objective of this study is to investigate the least cost approach for satisfying heat and 
steam requirements of the Plzen District Heating system One of the primary analysis 
assumptions is that envlronmental requirements are satisfied for each variant However, 
each variant results in a different quantity of pollutants produced by the system While no 
monetary credit was associated wth over-compliance, such a value could be applied by the 
City in their decision process 

This section provldes an analysis of the emssions for each variant described in Section 6 0 
The followng sections present the envlronmental study area, calculation basis, applicable 
emssions regulations, and then the emssions evaluation 

9 1 ENVIRONMENTAL STUDY AREA 

The study area included in the envlronmental analysis is larger than that selected for the 
investigation of primary variants (described in Section 2 0) This was done to capture a 
larger fraction of the emssions sources in Plzen and obtain a better representation of the 
relative changes in total emssions as changes are made to the central system 

The plants/plant groups selected for this emssions analysis include the followng 

Central Heating Plant Plzen ZCE) and cooperating sources (Plzen, 
Brewery and Railway Station Zos \ , 
Heating Plant Letna (Vl) and Doubravka (V2) semng the Doubravka 
area, 

Heating Plant Svetovar, 

Heating Plant Bory, 

Cogeneration Plant Skoda, 

Small Decentralized Boilers, and 

Home Heating Furnaces (very rough estimate) 

9 2 BASIS FOR EMISSIONS CALCULATIONS 

Ermssion factors for ZCE (CP Plzen and Kosutka), TEZA (Letna, Doubravka, and Bory), 
and Skoda units were developed from a small amount of data available from measurements 
for some of the ZCE boilers, past experience in emssions measurements for sirmlar 
boilers, and judgement in applying the available data to boilers of different sizes or 
configurations The emssions factors and calculations used for various boiler types are 
presented in Appenduc A 

Gtlbert/Commonwealth, Inc 9- 1 November 1993 



PLZEN DISTRICT HEATING SYSTEM STUDY 

The home heating furnace ermssions estimates are based solely on fuel use information 
provrded in a demand-side report prepared by PNL and subcontractors and are provided 
only for rough comparison purposes 

9 3 EMISSIONS COMPLIANCE REGULATIONS 

Compliance wth new ermssions regulations is a critical consideration for the least cost 
plan Regulations require that new particulate removal equipment be purchased for every 
solid fuel umt, that fuel quality be upgraded, and/or new technology be employed 

The applicable envrronmental acts are 

Envrronmental Act No 17/91, and 
Act No 388/91 (Government Envlronmental Fund) 

Specific acts for air pollution control are 

Act No 309191 regarding atmosphere pollution protection 
Act No 389191 regarding governmental control of atmosphere protection and air 
pollution fees 
Provision to the act No 309/91 from 10/1991 

Sources are categorized according to thermal output as follows 

Small up to 0 2 MWt 
Medium from 0 2 MWt to 5 MWt 
Large greater than 5 MWt 

Fines for pollution above stated limts for rmddle and large sources 

Particulate ermssions 3000 Kc/t 
SO2 ermssions 1000 Kc/t 
NOx ermssions 800 Kc/t 
CO emssions 600 Kc/t 

These fines wll be assessed at partial levels according to the followng schedule 

Years 1992- 1993 30% 
Years 1994- 1995 60% 
Years 1996 - 1997 80% 
After 1998 100% 

Fines may also be assessed to small boiler owners, at the discretion of local agencies 

Measurement of ermssions for regulatory purposes w111 be by an "independent office" of the 
state Larger plants wll probably require Continuous Ermssion Momtors (CEMs) 
Regulations are now being developed for "enforcement" purposes 

A summary of A r  Ermssion Regulations is presented in Exhibit 9-1 

G~lbert/CommonweaIth, Inc 



PLZEN DISTRICT HEATING SYSTEM STUDY 

Exhib~t 9-1 
MAXIMUM STANDARDS FOR AIR POLLUTION FROM 

MIDDLE AND LARGE SOURCES 

Notes 

a All standards In m /m3 and related to dry flue gas at 101 32 kPa OC and 3% O2 for llquld and gaseous fuels and 
6% O2 for soltd fueys 

b Maximum standard 1s not yet def~ned except that only 1 % sulfur content IS allowed 

c Specral regulatlons for Flu~dlzed Bed Combust~on bollers 

d Specla1 regulatlons for gas tyrb~nes Smaller size IS less than 60 000 m3/h actual volumetr~c flow of flue gas larger 
slze IS greater than 60 000 m /h 

Gclben/Commonwealth, Inc 9-3 November 1993 

Regulated ParameteP 

Sol~d Fuel Emlsslons 
Particulate 
s o 2  
NOx 
CO 

L~qu~d Fuel Em~sslons 
Particulate 
s o 2  
NOX 
CO 

Gas Fuel Emlsslons 
Particulate 
s o 2  
NOx 
CO 

FBC ~ m ~ s s ~ o n s ~  
Particulate 
s o 2  
NOx 

Gas Turblne Emlsslons d 

Son 
NOX 
CO 

M~ddle Sources 

0 2 to 5 MWt 
(ms/m3) 

250 
2500 
650 
250 

1 00 
Note b 

500 
1 75 

10 
35 
200 
100 

5 to 50 MWt 
(ms/m3) 

1 50 
2500 
650 
250 

100 
1700 
450 
1 75 

10 
35 
200 
100 

50 
500 
400 

1700 
350 
100 

Large Sources 

50 to 300 MWt 
(ms/m3) 

100 
1700 
650 
250 

50 
1700 
450 
1 75 

10 
35 
200 
100 

50 
500 
400 

1700 
300 
100 

z 300 MWt 
(ms/m3) 

100 
500 
650 
250 

50 
500 
450 
1 75 

10 
. 35 

200 
100 

50 
500 
400 
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9 4 COMPARISON OF EMISSIONS FOR SELECTED YEARS 

Ermssions cornpansons were made for years 1993 (present situation), 2000 (following 
implementation of emssion controls and boiler upgrades, irlltial conservation efforts, and 
demand growth) and 2010 (followng retirement of several exlsting boilers and demand 
growth from the year 2000, and full realization of conservation efforts) The comparison is 
presented in Exhibit 9-2 

The distribution of particulate, SO2, NOx and CO emssions for the city of Plzen is shown 
in Exhibit 9-3 for the years 1993 and 2010 (projected) All emssions source segments share 
a sigmficant fraction of these emssions Note that home furnaces have a disproportionate 
share of CO emssions, which is typical of these l a d s  of umts 

Emssion values in the future years for small boilers are reduced by 22% to represent the 
fraction of boiler load which is transferred to district heating in 1997, and then further 
reduced 10% for conservation, 5% in the year 2000 and 5% in the year 2005 Specific 
changes to improve operations recommended in Section 4 0 are not considered, in this set 
of graphs, to be Implemented since a cost-benefit analysis for these changes was not - 

performed Home furnaces are also reduced by 10% for conservation, 5% in the year 2000 
and 5% In 2005, but no other changes/improvements are recognized 

The entire Plzen area is now explored In Exhibit 9-4, the change in emssions for the city 
between years 1993 and 2010 is depicted Many assumptions are ma'de, including 

Skoda and Svetovar reduce SO2 emssions by 70%, 

decentralized small boilers benefit from conservation and 22% of capacity 
of boilers switch to distnct heating, 

decentralized small boilers and home furnaces benefit from 10% 
conservation, and 

Variant B1 is implemented 

The two sets of values represent the result of implementing changes to boilers as 
recommended in Section 4 0 as well as other benefits from implementing emssions control I 

options 
A 

G~lben/Commonwealth, Inc November 1993 

I 



Year 1993 
Partlcuiate 

so2 
NOx 
CO 

Year 1997 
Particulate 

so2 
NOx 
CO 

Year 2000 
Particulate 

so2 
NOx 
CO 

Year 2005 
Particulate 

so2 
NOx 
co 

Year 2010 
Particulate 
SO 
NOx 
co 

Exhibit 9-2 
SUMMARY OF PARTICULATE, SO2 AND NOx EMISSIONS FOR PLZEN 

Emissions by Variant tonnes per year 

1 Notes a Including cooperating sources include Plzen Brewery Railway Los Stamng in  1997 includes Letna Doubravka and Bory (HW only) 

b Other District Heating includes Letna and Doubravka prior to 1997 Also Includes a rough estimate of Skoda Works and Svetovar through entire period 

c This estimate based on values developed In Section 3 0 assuming that recornmendations are not Implemented Also reduced emisslons for boilers connected to  District Heat~ng 
for the Hlgh Demand case and assumed a total of 10% conservation impernented In the years 2000 and 2005 

d Rough estimate based on demand-side analysis presented in Reference 1 (PNL 1993) Conservation measuresto reduce energy requirements by a total of 10% assumed to be 
implemented in the years 2000 and 2005 Otherwise no Improvements assumed to  furnaces Total solid and gas fuel consumed = 857212 and 1157834 GJ/y respectively 
based on 1989 data 

e Content of this value assumed to be the same as Variant A2 

CP 
Pizena 

248 
5745 
1 373 

56 

77 
2 307 
1 303 

96 

77 
2 321 
1310 

99 

75 
2054 
1232 

45 

75 
2 056 
1 234 

45 

t 111 1/93 k \plzsn\wukwoaUw\GC EMS nk3 

Other 
D H ~  

358 
4637 
1 070 

97 

136 
1 318 

978 
71 

132 
1 295 

956 
73 

136 
1329 

982 
73 

136 
1 329 

982 
73 

Varlant 
Decentral 
Small BlrsC 

682 
540 
178 
400 

532 
421 
139 
312 

506 
400 
132 
296 

479 
379 
125 
280 

479 
379 
125 
280 

CP 
Plzen' 

248 
5745 
1 373 

56 

78 
2349 
1316 

105 

78 
2 364 
1 324 

107 

75 
2 054 
1233 

45 

75 
2 056 
1 236 

45 

A2 
Home 

~ u r n a c e s ~  

370 
375 
178 

2 230 

370 
375 
178 

2230 

351 
356 
170 

2 119 

333 
337 
161 

2 007 

333 
337 
161 

2007 

- Variant 
Other 

Sourcese 

1410 
5552 
1 426 
2 726 

1 038 
2113 
1295 
2 613 

989 
2 051 
1 257 
2 487 

948 
2 045 
1268 
2361 

948 
2 045 
1 268 
2361 

CP 
Pizen' 

248 
5745 
1 373 

56 

131 
3020 
1590 

76 

132 
3 046 
1 604 

77 

131 
2 983 
1588 

63 

132 
2 995 
1 594 

63 

CP 
Plzens 

248 
5745 
1 373 

56 

98 
3027 
1621 

146 

98 
3 049 
1 631 

149 

132 
3 061 
1611 

78 

133 
3 075 
1 618 

79 

Total 

1 658 
11297 
2 799 
2 782 

1 115 
4420 
2 598 
2 709 

1 066 
4 373 
2 567 
2 586 

1 023 
4 099 
2500 
2 406 

1 023 
4 101 
2 502 
2406 

A3 

Total 

1 658 
11297 
2 799 
2 782 

1 116 
4462 
2 611 
2 718 

1 067 
4 415 
2 581 
2 594 

1 023 
4 099 
2501 
2406 

1023 
4 101 
2 504 
2406 

B 1 

Total 

1 658 
11297 
2 799 
2 782 

1 169 
5133 
2885 
2689 

1 121 
5 097 
2 861 
2 564 

1 079 
5 028 
2856 

2 424 

1080 
5 040 
2 862 
2 424 

Variant 
Other 

Sourcese 

1 410 
5552 
1 426 
2 726 

1 038 
2113 
1295 
2613 

989 
2 051 
1 257 
2 487 

948 
2 045 
1268 
2 361 

948 
2 045 
1 268 
2 361 

Change 
from 1993 

0 0% 
00% 
0 0% 
0 09' 

-32 7% 
-609 /  
-7  2X 
-2  6% 

-35 7% 
-61 3% 

-8 3% 
-7 O /  

-383% 
-637% 
-107% 
-13 5% 

-383% 
-637X 
-106% 
-1357' 

Change 
from 1993 

0 0% 
00% 
0 0% 
0 0% 

-327% 
-605% 

-6 7% 
-2 3% 

ppp--- 

-356% 
-609% 

-7 8% 
-6 8% 

-383% 
-637% 
-107% 
-135% 

-383% 
-637% 
-106% 
-135% 

Change 
from 1993 

0 0% 
00% 
0 0% 
0 0% 

-29 57  
-546% 

3 1% 
-34% - 

-324% 
-54 9% 

2 2% 
-7  8% 

-34 9% 
-555% 

2 0 %  
--129% 

-349% 
-55 4% 

2 2% 
-12 9% 

Variant C1 
Other 

Sourcese 

1 410 
5552 
1 426 
2 726 

1038 
2113 
1295 
2 613 

989 
2 051 
1 257 
2 487 

948 
2 045 
1268 
2361 

948 
2 045 
1 268 
2361 

(baselme) 

Total 

1658 
11297 
2 799 
2 782 

1136 
5140 
2 916 
2 759 

- 

1087 
5 100 
2 888 
2 636 

1 080 
5 106 
2879 
2439 

1081 
5 120 
2 886 
2440 

-- 

Change 
from 1992 

0 0% 
0 0 %  
0 0% 
0 0% 

-315% 
-545% 

4 2% 
-0 8 /  

-34 4% 
-54 99' 

3 2% 
-5 2% 

-34 9% 
-54 8% 

2 8 Y  
-123% 

-348.4 
-54 7% 

3 19' 
-123% 



Exh~b~t 9-3 
EMISSIONS FOR CITY OF PLZEN 1993 vs 2010 (Variant B1) 

CURRENT PARTICULATE EMISSIONS YEAR 2000 PARTICULATE EMISSIONS 

Other DH (21 6 7 )  
Othe DH ( 1 2 6 7 )  

CP Plzen ( 1  2 &") 
CP Plzen ( 1  5 0 7 )  

Decentrollzed Bo (44 3') 

/ Home Furnaces (22 3 7 )  - - Home Furnaces (30 8 7 )  

CURRENT SOz EMISSIONS 

CP Plzen ( 5 0  9 7 )  

YEAR 2000 SO2 EMISSIONS 

CP Plzen (59 4 7 )  

Other DH (41 0 7 )  Other DH ( 2 6  4 7 )  

Gtlbert/Commonweallh, Inc November 1993 
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Exhrblt 9-3 (continued) 
EMISSIONS FOR CITY OF PLZEN 1993 vs 2010 (Vanant B1) 

CURRENT NOx EMISSIONS 

CP Plzen (49 0") 

Home Furnaces (6 4-1 

Decentrollzed Boder (6 4") 

CURRENT CO EMISSIONS 

ecentraltzed Bo lers (14 47) 

ther OH I3 5 7 )  

CP Plzen ( 2  09) 

YEAR 2000 NOx EMISSIONS 

CP Plzen (55 77) 

Other DH (34 3') 

YEAR 2000 CO EMISSIONS 

Oecc=ntrol~zed Batlers ( 1  l a7) 

ther OH (3 0") 

CP Plzen ( b'*) 

Home Furmces (80 2 9 )  u Home Furnaces I82 87) u 

G~lbert/Commonwealth, Inc November 1993 
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Exh~blt 9-4 

1993 vs 2010 EMISSIONS IN CITY OF P E E N  
WITH SMALL BOILER CHANGES IMPLEMENTED (Vanant B1) 

A comparison is now made between variants and is confined to ermssions of CP Plzen only 
In this context, the Brewery is included as a cooperating source, and Letna and Doubravka 
are Included b e g m n g  in 1997 These results are somewhat skewed because the study area 
changes between 1993 and 1997 Later, a set of graphs for the total ermssion values is 
presented 

As shown in Exhibit 9-5, particulate ermssions are reduced dramatically when 
envlronrnental controls are in place in the year 1997 There are also sigmficant expected 
differences between the gas turbine variant (A3) and both of the FBC variants (B1 and 
C1) 

A sirmlar companson of SO2 ermssions is shown in Exhibit 9-6 A benefit to increased 
operation wth  natural gas is the reduced level of SO2 emissions This is also expected To 
determne the "value" of removlng the additional SO2, a slrnple cost of removal was 
calculated Using Variants A3 and B1 as examples, the followmg numbers are used 

Cumulat~ve 
Present Worth Cumulatrve Particulate Cumulat~ve SO2 

Variant of Prolected Costs Cumulative Costs Em~ss~ons, tonnes Emrss~ons, tonnes 

G~lben/Cornrnonwealth, Inc November 1993 1 
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There is not sufficient variation in NOx emssions to allow for this difference, since either 
technology is capable of further NOx reduction Using these values, and providing a 
weighted priority to each pollutant according to the Czech established penalties for each 
pollutant, it was determned that the costs of obtaimg this additional ermssions control by 
choosing Variant A3 would be as follows 

SO2 = 2,723 $/tonne 

Particulate = 8,169 $/tonne 

These results can be used to compare to other alternatives of SO2 removal In the U S , for 
example, SO2 removal is worth less than 1200 $/ton, and more appropriately 
400-500 $/ton, in their system of tradlng and emssions Even wth  the correction for tons 
to tomes, there is insufficient motivation for selecting Variant A3 on the basis of improved 
emssions reduction 

The NOx emssions comparison is shown in Exhibit 9-7 Comparing A3 to B1 or C1 shows 
that NOx is also reduced We have made certain assumptions regarding NOx levels which 
appear to favor the gas turbine, but further reductions of both the gas turbine and FBC are 
possible, if this is required The starting assumption is that emssions regulations would be 
met, this is accomplished by all variants 

A sirmlar comparison is made for CO emssions in Exhibit 9-8 CO emssions can be 
extremely variable and can depend as much or more on the method of operation and 
"tumg" of the equipment, as to the type of equipment Very often, a reduction in CO can 
be achieved by improving boller control Small domestic furnaces burning coal can be 
extremely high CO emtters, and their operation also can result in extremely variable CO 
ermssions For these reasons, projections of CO can be very msleading In the exhibit, an 
increase is shown for the first period This is due to the expansion of CP Plzen to include 
coal-burmng grate boilers Doubravka and Bory in the system Grate boilers are much 
higher CO emtters than pc-fired boilers, and therefore, have a strong influence on system 
CO emssions 

~l~ben/Cornmonwea~ch, Inc November 1993 .JQ 
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Exh~b~t 9-5 
CP PEEN PARTICULATE EMISSIONS BY VARIANT 

0 
1993 1997 2000 2005 201 0 

v a r i a n t  A 3  m ~ a r l a n t  B1 m v a r ~ a n t  C l  
Note Assumed connect~on of Heat L ~ n e  East I by 1997 
Heat L ~ n e  East II (Svetovar) not ~ncluded 

Exh~bft 9-6 
CP PLZEN SO2 EMISSIONS BY VARIANT 

1993 1997 2000 2005 201 0 

vanant A 3  ~ a r ~ a n t  B1  m ~ a r i a n t  C1 
Note Assumed connect~on of Heat Llne East I by 1997 
Heat Line East II (Svetovar) not lncludea 

Gilbert/Commonwealth, Inc 9- 10 November 1993 
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Exh~b~t 9-7 
CP PLZEN NOx EMISSIONS BY VARIANT 

- 
1993 1997 2000 2005 201 0 

v a r i a n t  A 3  m ~ a r l a n t  B1 n v a r ~ a n t  C1 
Note Assumed connectlon of Heat Llne East I by 1997 
Heat Llne East II (Svetovar) not lnlcuded 

Exh~b~t 9-8 
CP PLZEN CO EMISSIONS BY VARIANT 

0 
1993 1997 2000 2005 2010 

~ a r ~ a n t  A 3  var iant  B1 D v a r i a n t  C1 
Note Assumed connectlon of Heat Llne East I by 1997 
Heat Line East II (Svetovar) not ~ncluded 

G~lbert/Commonwealrh, Inc 9-11 November 1993 
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Should future regulations become more strict, as they are expected to approach west 
European standards, a question arises as to which vanant would be flexible to 
accommodate further reductions? The followng comments are offered 

Variant C1 postpones decisions until a future date This provldes an 
advantage because a different technology can be selected at a future date 
Also, even if the same technology is selected at a future date, it is possible 
that a tighter specification can be written at that time For example, further 
SO2 and NOx reduction can be achieved by modifying the design of the 
FBC for Variant C1 

All of the gas turbine vanants have capability to further reduce NOx in the 
imtial design Also, they are each capable of further NOx reduction by 
retrofitting wth  a technology such as water injection In all cases, if further 
reduction is required and known m advance of the equipment order, the 
cost wll be reduced by speclfylng this in the initial design 

The changes planned for CP Plzen and cooperating district heat sources, combined wth  
implementation of reasonable changes to many of the 595 small boilers, will produce - 

dramatic changes to particulate and SO2 ermssions in the City of Plzen Potential changes 
to small home furnaces should also be investigated due to the large fraction of ermssions 
contributed by these sources Wherever possible and econormcally Justified, these sources 
should be connected to the distnct heating system The programs being conducted in 
Krakow, Poland by U S AID and U S DOE w11 yleld good characterizations of 
performance and potential improvements to operation of these furnaces The output from 
these programs should be useful to the City of Plzen in establishing policies to deal wth 
these sigmficant sources 

G~lben/Commonweat~h, Inc November 1993 
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10.0 CONCLUSIONS AND RECOMMENDATIONS 

Conclusions and Recommendations have been developed m two general areas "Selection 
of Prormsmg Vanants" and "Recommendations for Plant Improvements / Further Study " 

10.1 SELECTION OF PROMISING VARIANTS 

The vmants (options) considered in the Plzen analysis are mady  distmguished by the 
selectlon of the plant technology for Plzen IV The basic plant technologes selected for 
analysis as Plzen IV are a (1) Gas-Fired Gas Turbme Combined Cycle, and (2) a 
Circulatmg Flwdized Bed (CFB) boiler The vanant n a m g  convention was selected to 
avoid confusion with the prevlous Energoprojekt designations Not all of the vanants were 
mvestlgated by each company The table below characterizes each vanant by the CP IV 
technology selection and the investigatmg company f 

Not all varlants were lnvest~gated by each company The EGU and EGP analyses are presented In Sect~on 70 and the G/C 
anaiys~s IS found In Sect~on 8 0 

r 

Variant 

A1 

A2 

A3 

A4 

B1 

C1 

The demand projections utllized in the G/C analysis are based on the study area covenng 
the Plzen, Doubravka (Letna and Doubravka plants) distnct heatmg systems, but is 
exclusive of Skoda Works The projections where adjusted to include the effects of 
conservation, the addiQon of new consumers, and the retirement of small boilers whose 
consumers wll connect to the DH system 

Gdbert/Commonwealth, Inc 

Investigator 

EGU 

EGU & G/C 

G/C 

EGP 

EGU & G/C 

G/c 

10-1 November 1993 

Descr~ption of Distingu~sh~ng Feature (Choice of CP IV) 

Comb~ned cycle plant wlth two 60 9 MWe (ISO) Gas Turbines 

Comb~ned cycle plant wlth one 60 9 MWe (ISO) Gas Turb~ne 

Combined cycle plant wlth one 47 MWe (ISO) Gas Turb~ne 

Comb~ned cycle plant wlth one 90 MWe (ISO) Gas Turb~ne 

Cogeneration plant wlth one CFB boller and a 32 MWe steam turb~ne 

Llfe extension of exlstlng units and subsequent lntroduct~on of a 
CFB boller wlth a 32 MWe steam turblne In 2003 
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The G/C analysis of the selected primary variants and demand projections resulted in the 
following Cumulative Present Worth of Projected Costs 

The Cumulative Present Worth of Projected Costs is the figure of merit used for selection - 

between competing alternatives on an economc basis Lower Cumulative Presept Worth 
of Projected Costs figures are desirable 

Var~ant 

C1 

A2 

A3 

B1 

The followng conclusions/recornmendations are offered 

1 The CFB boiler vanants (B1 and C1) are recommended over the GTCC 
variants (A2, and A3) on the basis of the Cumulative Present Worth of 
Projected Costs resulting from the G/C economc analysis (Section 8 6) 
The GTCC variants are clearly higher m cost (between 26 and 30% higher) 
than the CFB boiler variants The selection of the CFB boiler variants over 
the GTCC variants are further supported by the following 

Cumulat~ve Present Worth of Projected Costs 
$US (000) equ~valent Kc (000) 

Sensitivity analyses (Section 8 7 3 )  show that in order for 
Variant A2 (60 9 MWe GTCC) to be competitive wth the C1 
base case (Life Extension wth  future CFB), sigmficant changes in 
fuel or capital costs would be required Any one of the followng 
sig~llficant changes would be required to make Variant A2 
competitive wth  C1 on a Cumulative Present Worth of Projected 
Costs basis 

$137 991 

$1 79,443 

$1 77 438 

$1 41,052 

- a decrease in the cost of natural gas of approxlmately 43%, 

3 863 748 

5,024,404 

4 968 264 

3,949,456 

- a decrease in capital and demolition costs of approxlmately 
7l%, or 

- an increase in the cost of black coal by approxlmately 370% - 

The G/C Fmancial analysis (Section 8 8) results further support 
this conclusion 

The sensitivity analysis (87  1) based on the low demand 
requirements dld not alter the conclusions based on the high 
demand requirements The GTCC variants are clearly higher in 
cost than the CFB boiler variants B1 and C1 

Gilben/Commonwealth, Inc 
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Econormc analyses (Section 7 0) based on techmcal input from 
EGU, and Energoprojekt are consistent m this conclusion 

The GTCC depends on imported natural gas which gives rise to 
secunty concerns The CFB boiler burns low quality, low price, 
indigenous ligrute 

2 The Cumulative Present Worth of Projected Costs for Variant B l  
(160 tonne/h CFB boiler) and Vanant C1 (Life Extension wth future CFB) 
are virtually the same (C1 at $141 rmllion, B1 at $137 rmllion ) Therefore, 
a decision should be based on other factors such as 

Concern that future emssion compliance requirements may be 
more stringent (favors C1 by deferring the technology commtment 
and allowing time for the Czech ermssions regulations to catch up 
wth  the rest of the European commumty), 

' desire to rmmrmze capital expenditures in the early years of 
privatized operation, and ease the cost burden to either the 
consumer or the DH company as state subsidies are removed, 
(favors C1 by deferring the addition of capacity), 

desire to delay capital expenditures because future financing 
interest and terms may become more attractive as they approach 
Western conditions (favors Cl), 

concern over the uncertan demand projections (favors C1 because 
the addition of CP Plzen IV is not required until 2003), 

desire to implement a more advanced technology such as 
pressurized fluidized bed combustion (PFBC), which offers a 
higher electric/heat ratio (favors C1 by deferring the technology 
decision for more than five years), 

desire to take advantage of current potential long term fuels 
contracts (favors Bl), and 

concern over potential effective equipment price increases 
(favors B1 because capital investments are made in the near term) 

Based upon the preceding considerations, Variant C1 (the Base Case) is 
recommended by Gilbert/Commonwealth 

3 Further investigation of Variants B1 and C1 wth regard to an accelerated 
construction schedule for plant modlficatlons reveals that an approximate 
12% Improvement 1n Present Worth of Projected Cost for Vmants B1 and 
C1 is possible during the years 1995 and 1996, when the reconstruction 
occurs (Section 8 3) This analysis assumes that both Plzen I1 cogen boilers 
would be available dunng these years 

Gclben/Cornrnonwealth, Inc 10-3 November 1993 
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4 Based on Conclusion 3, it may not be necessary to build the Plzen I11 
gas/oil steam boiler as previously planned, especially if additional 
cooperation wth the Brewery is possible In fact, in the G/C analysis 
(Section 8 6), plants were successfully dispatched to meet load wthout 
utilizing Plzen I11 by relylng on cooperation of the Brewery 

5 Emssions compliance for all stoker (grate) boilers can be met most cost 
effectively by switchng to low sulfur black (bitumnous) coal and installing 
a baghouse For the Letna plant, however, swtching to gas and standby 
duty should be considered because of the close proxlrmty to resldentlal 
housing 

6 The district heatlng operation m Svetovar is not presently interconnected 
wth the CP Plzen DH system In order for the Svetovar DH system to 
meet the new ermssion requirements by 1997, they could either modify the 
present supply system for compliance, or connect to the Plzen district 
heating system Three categories of plant modifications were considered 
(1) a cogeneration retrofit, (2) a swtch to coal, and (3) a swtch to gas 
(Section 8 9)The followng comments and recommendations are offered 

It is unlikely that the cogeneration retrofit option w11 be able to 
compete wth the District Heatmg Company as presently 
structured Unless dramatic changes occur in the pncing schemes 
for the two basic commodities provlded (1 e , the price of heat and 
electricity), emphasis should stdl be placed on improving the 
efficiency of the emsting system through modifications in the 
distribution system and replacement of antiquated equipment when 
its useful life is over 

With respect to the fuel svvltching options, the swltch to black coal 
and the addition of a baghouse is more cost effective than the 
swtch to natural gas 

Based on a break-even analysis and constant demand, connecting 
the Svetovar district heating system to the Plzen district heating 
system is more econormcal than the black coal or natural gas fuel 
swtch option The payback penod for estimated costs incurred in 
connecting Svetovar should be on the order of two to three years 
If demand could be increased wth new consumers, the payback 
period would be even shorter 

It is recommended that Svetovar be connected to the central 
district heating system through the proposed Heat b n e  East I1 

With the interconnection of Svetovar, the demand seen by the 
centralized system would be higher, offering the potential to 
provide additional cogeneration during the summer months The 
reliability of heat supply to the Svetovar consumers would be 
improved and the cost of heat in Plzen could be more competitive 
wth other forms of energy 

G~lben/Com.nonweallh, Inc November 1993 
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7 Without considering a swtch to district heating, potential exlsts to make 
sipficant improvements to many of the 595 small boilers, including 
swtching to natural gas, installing new burners, boller turmg, installing 
boiler controls, and bo~ler replacement with more efficient umts This 
potentially can result in 

reduced fuel use by more than 22%, 

reduced particulate and SO2 emssions by 80%, 

reduced NOx emssions by 72%, 

reduced CO emssions by more than 80%, and 

reduced VOC emssions by more than 80% 

8 At least 64 MWt (representing 80 boilers) of small boiler capacity should be 
retired and their consumers connected to the district heating system More 
boilers may be suitable along Heat Line East 11, if this project continues 

9 Small cogeneration alternatives should be considered only under special 
circumstances, and in isolated or remote areas of the City where the 
Central DH System cannot be extended It is highly unlikely that small 
cogeneration systems w11 be able to compete wth distnct heating as 
presently structured Exceptions may include situations where (1) large 
numbers of cogeneration umts apply wth the utility as a group to negotiate 
an electric rate, or (2) some combination of government incentives are 
avalable to offset the imtial capital cost Unless dramatic changes occur in 
the pncing schemes for the two basic commodities (electricity and heat), 
emphasis should still be placed on improving the efficiency of the exlsting 
system through modifications in the distribution system and replacement of 
antiquated equipment when its useful life is over (Section 4 4 and 8 9 1) 

10 Emssions analysis conclusions 

The changes planned for CP Plzen and cooperating district heat 
sources, combined with implementation of changes to many of the 
595 small boilers, w11 produce dramatic reductions to particulate 
and SO2 ermssions in the City of Plzen of 35% and 55% 
respectively (Section 9 0) 
Potential changes to home furnaces should be investigated due to 
the large fraction of emssions contributed by these sources 
Wherever economcally justified, these sources should be 
connected to the distnct heating system Programs being 
conducted in Krakow, Poland by U S  AID w11 yleld good 
characterizations of performance and potential improvements to 
operation of these furnaces and should be useful to the City of 
Plzen in establishing policies to deal with these sigmficant sources 
(Section 9 0) 

Crlbert/Commonwealth, Inc November 1993 
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10 2 RECOMMENDATIONS FOR PLANT IMPROVEMENT / FURTHER STUDY 

Several issues emerged dunng the study which were not directly compared between 
vanants, but may be important for the future of centralized district heating (DH) in Plzen 

1 A well mantamed and managed CP Plzen central district heating system 
should prove to be economcally superior to other competing heat or 
cogeneration sources for the followng reasons 

larger scale plants result in better cost economy of scale, better 
performance, and can more efficiently generate electricity, 

wth  the plants and systems "in place" only the costs of 
improvements and mantenance need to be considered, 

district heating technology is constantly impromng, and 

a central plant can bum inexpensive low grade fuels and control 
ermssions 

2 The future of the 595 small boilers spread through the city offer a 
sigmficant expansion potential for centralized DH, however, not all of the 
true interconnection potential is expected to be realized The future 
disposition of these small heat sources can be strongly influenced by 
incentives offered by the government, attractive connection arrangements 
by ZCE, the completion of heat line East 11, and by education of the people 
in the econormc/financial evaluation of centralized DH verses indimdual 
boilers 

Sig~llficant improvement in the operation of all plants is possible wth 
addition of more sophisticated controls Currently, a boiler "factor" of 1 07 
is used to account for boiler age, changing loads, etc This factor should be 
reduced to half simply by better and safer control of O2 dunng load change, 
and may offer the potential to reduce the current safe rmmmum load 
setting This change, which is relatively inexpensive, could result in a 
samngs of 3 to 4% of current coal requirements Controls improvements 
could also be extended to improve the operation and dispatch of umts 

4 Reduction of system leakages can be improved through the gradual 
replacement of prlrnary piping with corrosion resistant pipe with integrated 
leak detection and by the replacement of secondary systems wth  more 
modern two pipe systems, where possible It appears that losses equivalent 
to 4 to 5% of the overall heat generation may be saved through these 
changes The future metering of heat and requlred measurements w11 also 
help to better assess the true magmtude of these losses 

5 The management of Plzen distnct heating actimties w11 best be 
consolidated into a single privatized company, and governed by a regulatory 
body Based on interviews wth modern district heating compames, 
sigmficantly greater efficiency in utihzation of operations and maintenance 
personnel is possible I 

Gtlben/Cornrnonwealth, Inc 
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CP PLZEN EMISSION FACTORS 
Fuels Table 

FUELS TABLE 
Fuel no 
TYPe 
M~ne 
Fuel company 
Lower Heating Value 

Percent sulfur 
Percent ash 
Cost First Year 

Proximate Analysis 
Moisture 

Fixed Carbon 
Volatiles 

Ash 
TOTAL 

Ultimate Analysis 
Carbon 

Sulfur 
Hydrogen 

Moisture 
Nitrogen 
Oxygen 

Ash 
TOTAL 

Intermediate calcs 
F Factor (OY 02) 
0, Correction 

F, Factor 
F, Factor 
F, Factor 

MJ/kg 
Btu/lb 

MJ/Nm3 
% 
% 

Kc/t 
KclNm3 
$/1O6Bt~ 

Kc/G J 

% 
% 
Y 
% 
% 

% 
% 
% 
% 
% 
% 
% 
% 

m3/t (daf) 
% 

m3/t (daf) 
m3(daf)/GJ 
scf/106Btu 

Emission Fines for middle ( > 0 2 MWt) a n d  large sources 

1 
brown 

Sokolov 

1270 
5 463 

0 70% 
16 00% 

443 

$1 31 
3488 

35 50% 
20 60% 
27 90% 
16 00% 
100 00% 

34 98% 
0 70% 
281% 
35 50% 
0 53% 
9 48% 
16 00% 
100 00% 

7 254 
6% 

10 156 
388 

14,440 

Em~ssbn 
% Fee 

Particulate 

SO, 
NOx 
CO 

2 
black 
Zbuch 

Zud 
18 47 
7 946 

0 40% 
30 40% 
1135 

$2 31 
6145 

11 20% 
36 50% 
21 90% 
30 40% 
100 00% 

48 10% 
0 40% 
3 25% 

11 20% 
085% 
5 80% 
30 40% 
100 00% 

8 373 
6% 

11 723 
37 1 

13,800 

Emisslon Fines 
kC/tonne 
1998+ 

3000 
1000 
800 
600 

3 
black 
Zbuch 

Zud 
17 38 
7 477 

0 40% 
3320% 

907 

$1 96 
5219 

11 20% 
34 70% 
20 90% 
33 20% 
100 00% 

45 80% 
0 40% 
308% 

11 20% 
0 82% 
5 50% 
33 20% 
100 00% 

8 373 
6% 

1 1  722 
375 

13,961 

$/ton 

4 
brown 

Sokoiov 

10 05 
4 323 

1 50% 
23 80% 

330 

$1 24 
3284 

36 60% 
16 80% 
2280% 
23 80% 
100 00% 

28 08% 
1 50% 
224% 
36 60% 
0 40% 
7 38% 
23 80% 
100 00% 

7 213 
6% 

10 098 
398 

14,814 

1992-3 
30% 

$29 16 
$9 72 
$7 78 
$583 

5 

0 

0 00% 

0 00% 

0 00% 
0 00% 

0 
6% 
0 

1994-5 
60% 

$58 32 
$19 44 
$15 55 
$11 66 

6 
#6oil 

WBGW 
40 60 
17466 

150% 
030% 

0 00 

000% 

85 83% 
1 50% 

1 1  50% 
040% 
035% 
0 12% 
0 30% 

100 00% 

10133 
3% 

11 822 
289 

10,765 

1996-7 
80% 

$77 76 
$25 92 
$20 74 
$15 55 

1998+ 
100% 
$97 20 
$32 40 
$25 92 
$19 44 

7 
#2 oil 

41 60 
17896 

018% 
0 10% 
3300 

$2 99 
79 33 

0 00% 

86 00% 
0 18% 
12 70% 
0 20% 
0 70% 
012% 
0 10% 

lOOOO/o 

10384 
3% 

12 114 
290 

10,809 

8 

gas 

42 40 
18240 
33 5 

000% 
0 00% 

3 35 
$3 77 
100 01 

0 00% 

72 61% 
0 00% 
23 67% 
0 00% 
181% 
191% 
0 00% 

100 00% 

11532 
3% 

13454 
317 

11,814 

9 

0 00% 

0 00% 

0 00% 
000% 

0 
6% 
0 

10 

0 00% 

0 00% 

0 00')' 
0 00% 

0 
6Y 
0 
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" 

ST-2A8 I Natural Gas 
Individual Bo~lers 5 to 50 MWt 

0 00 
0 00 
0 00 
0 00 
0 00 

Zu d 
Zud 
Zud 

ST-3C1 
ST-BE1 
ST-301 
ST-3C2 
ST-3E2 
ST-382 

Grate-brown coal w/o particulate control 
Grate-brawn coal w/ cyclones 
Grate-brown coal wt baghouse 
Grate-black coal wlo pamculate cont-01 
Grate-blackcoal wlcyc[ones 
Grate-blackcoal w/ baghouse 

8 

1 
1 
1 
3 
3 
3 

ST-3A6 
ST-3E6 

6 
6 

OOQ% 
000% 
070% 
0 70% 
070% 
040% 
0 40% 
040% 

Heavy 011 wlo parbculate control 
Heavy all wl ESP 

150% 
150% 

WBGW 
WBGW 

(30% 
00% 

16~0% 
T &  
160% 
3 3 2 1  
33 2% 
332". 
03% 
03% 

42 40 
0 0 0  

1270 
12 70 
12 70 
1738 
17 38 
17 38 
4060 
4060 

18,240 
0 

5 463 
5 463 
5 463 
7477 
7 477 
7 477 

17466 
17466 

11 814 
0 

14440 
14 440 
14 440 
13961 
13 961 
13 961 

0 00 

2929 
29 29 
29 29 
4440 
44 40 
44 40 

10765 
10765 

0 17 
0 17 
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Botler Slze I Type I Fuel 
lndmdual Boilers 50 to 300 MWt 
PC-2E1 IPC-brown coal w/ ESP 
PC-281 I PC-brown coal wl baghouse 
PC-2E3 ( PC-blaclc coal wl ESP 
P C - 2 ~ 3  1 PC-black coal w/ baghouse 
FB-284 / CFB-poor brown coal wlbeghouse 
ST-2C1 I Grate-brown coal wt cyclones 

1 ST-PET I Grate-brown coal w/ ESP 

I ST-4Elf Grate-bmwn coal w/ cyclones 
ST-4Bt I Grate-brown coal w/ baghouse 
ST-4C2 1 Grate-black coal w/o paftlculate control 

lndlvidual Boilers 4 0 2 MWt 
HF-5A1 Hand ltred-brown coal 
HF-5Bl Hand flred-brown coal w/ baghouse 
HF-5A3 Hand flred-black coal 
HF-583 Hand flred-black coal w/ baqhouse 
ST-5C1 Grate-brown coal wlo pert~cufate control 
ST-5E1 Grate-bmwn coal w/ cyclones 
ST-581 Grate-brown coal w/ baghouse 
ST-5C2 Grate-black coal wlo pamculate conirol 
ST-5E2 Grate-black coal wl  cyclones 
ST-582 Grate-blackcoal wl  baghouse 

2 434 0 0% 
2 434 0 Oak 
0 957 0 Oak 
0957 00% 
0 957 0 0% 
1 632 0 0% 
1 632 0 0% 

21 22 23 24 25 
SO. Emisswn CalcuDabons 

Controlled I elmit > Llrnlt 
lb110 Btu I mqlm bbliO'8tw I mqlm lb110 Btu 

1016 1166 0000 0 00 
1016 1166 0 0 0  0 00 
1 632 2428 0 000 0 00 
1632 2428 0 000 0 00 
0191 283 0000 0 00 
0 000 0 0 000 0 00 

0 WO ERR 0 000 1700 000 
0000 ERR 0 000 1700 0 00 
0000 ERR 0 000 1700 0 00 

Notes a 
b 
C 
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PC-2B3 1 PC-black coal w/ baghouse 1 05671 6501 EGU I 05671 6501 0000 
FB-284 ICFB-poor brown caal wlbaghcuse ( 03111 3361 EGU I 03701 4001 0000 
ST-2C1 I Grate-brown coal wl  cvclones I 04321 4791 EGU I 05861 6501 0000 

1 ST-2EI I  rate-brown coal w/ ESP I 04321 4791 EGU I 05861 6501 0000l 

Bo~ler S~ze I Type I Fuel 
lnd~ndual Botlers 50 to 3W MWt 

HF-463 I~andf~red-black coal w/ baghouse I 0 349 1 4001 8&W I 0 567 1 6501 0 000 
ST-4Cl Grate-bmwn coal w/o particulatecontrol 0361 400 B&W 
ST-4Et Grate-bmwn coal W/ C V C I O ~ ~ S  0361 400 BBW 

PC-2E1 
PC-2B1 

- - 

Ernlssrons 

PC-brown coal wl ESP 
PC-brown coal- wl  baghouse 

ST-581 ( Grate-brown coal w l  baghouse I 0361 ( 4001 B&W 1 O O O O [  I 0 000 
ST-5C2 Grate-black coat wlo particulate con%rol 0 349 400 8&W 0 000 0 000 
ST-5E2 Grate-black coal wl cycbnes 0349 400 B&W 0000 0 000 

PC-2E3IPC-blackcoal wl  ESP 

ST-481 
ST-4C2 
ST-4EZ 
ST-482 
ST-4AB 
ST-4EB 

z L~rnlt 
IbIl0 Etu 

0 000 
0 000 
0 000 

Lrm~t 
Source 

EGU 
EGU 
EGU 

IbIl0 Btu 

0586 
0 586 
0 567 

lbllO Btu 

0 586 
0 586 
0 567 

mqim 

850 
650 
850 

Grate-bmwn coal wl  baghouse ( 0361 
Grate-black coal wlo particulate control 0 349 
Grate-blackc~al WI cyclones 0 349 
Grate-black coal- wl  baghouse 0 349 
Heavy oil w/o particulate contml 0 504 
Heaw 011 W/ ESP 0 504 

ST-582 
Sf-5AB 
ST-SEB 
ST-5A7 
ST-5A8 

Notes a 
b 
C 

d 

maim 

650 
650 
650 

GT-643 
GT-313 

400 
400 
400 
400 
750 
750 

Grate-blaclccoal wl baghouse 
Heavy or1 wlo particulate control 
Heavy 011 W/ baghouse 
Lrght Orl 
Natural Gas 

Gas Turb~nes by MfrlModel > 50 MWt 
GT-251 I W251 on Natural Gas 

Slemens 64 3 on Natural Gas 
BBC Type 13 on Natural Gas 

B&W 
B&w 
BBW 
E&W 

0 349 
0 504 
0504 
0 141 
0 100 

0 092 
0092 
0092 

0588 
0 567 
0 567 
0 567 
0336 
0336 

400 
750 
750 
209 
136 

145 
145 
145 

650 
650 
650 
650 
500 
500 

B&W 

AP42 
AP42 

0000 
0 000 
0000 
0 000 
0168 
0168 

W 
W 
W 

0 000 
0 000 
0 000 
0 OM) 

0000 

0 000 
0 000 
0 000 
0 000 
0 000 

0 190 
0190 
0190 

300 
300 
3MI 

0000 
0000 
0000 
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Notes a 
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C 
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RESULTS OF CITYPLAN ANALYSIS - 
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S~dlenB 5 11 7 27 Prauue 1 

A. PROPOSED VARIANTS TO FOLLOW 

Crtyflan has vrsrted several trmes plants w~thrn C~ty of Plzeii and had discussrons 
with management of the Skoda heatlng plant, w~th Mrs Breblsova from Townhall 
and w~th Mr Hruby, general manager of cogeneration plant Plzeii 
Results of these drscuss~ons are Included Into following recommendations 

Bo~ler K3 1s currently retrofitted as a pulverlsed brown coal burned boller Today 6s 
probably no more possrblirty to change thrs dec~s~on and modrfy thrs project to 
another opt~on as 1s flu~dlzed bed technology or sw~tch to low sulphur bltumlnous 
coal from ZbOch mlne near to Plzeh It means, that there IS need extend thrs project 
w~th flue gas desulphur~zat~on equrpment to 1998 year - deadline for fulfil clean alr 
law No 309/91 Sb 
But there IS possrble another addltlonal project - to use new technologres for fly ash 
management and decrease amount of ash dlsposelng As possrble technology IS 

recommend evaluate pelletrslng technology Pellets can be moved wrth convent~onal 
bulk materrai handl~ng equ~pment w~thout producing a dusty env~ronment The 
pellets can be drsposed of In any type s~te and do not need to be placed In a llned 
landfill Slight modlficatrons to the palletlslng process can produce usable products 
such as llghtwerght aggregate or aggregate to be ut~l~sed In asphalt 

In the present time IS not clear conception and consurnptlon of heat for ~ k o d a  
technology purposes 

COGENERATION HEATING PLANT PLZEN 
I 

Thrs plant became to be munlcrpal company through prlvat~satlon process The Clty 
of Plzeii wrll own probably more than 51 % of shares 
Three 35 MW, boders (Plzeii I) seems to be unsuitable to retrofit In the opposlte two 
108 MW, (Pizeii I) steam bo~lers are surtable to be retrofitted or with flue gas 
desulphunzaton or with sw~tchrng to low sulphur brtumrnous coal The final declslon 
IS not yet made and there are needs some addrtronal operat~on tests and some 
englneerlng works for estimate, ~f swrtchlng to another kind of coal 1s slmply 
feas~ ble 
The major emphases IS puttlng rnto declslon on new technology for addlt~onal heat 
power Instead three old 35 MW, bo~lers and other needs The rrght slze of new 
power un~t w~l l  be known from drfferent opttons and recommendatrons whlch will be 
described by another part of this study (end use sector) 



CltyPlan LI- vonsulhng Engrneenng end Destng 
Spelen.4 5 7 7 7 21 Prague 7 

Now ~t seems to be more clear that the crty, and the utlllty as well, are more than 
wllllng to choose natural gas combined cycle technology Thls technology has a lot 
of advantages It IS cheaper, cleaner and more sultable for municipal slte than coal 
technology There is not also ash disposal problem Thls project IS also supported 
by local energy Industry - ~ k o d a  Plzeti company - Interested to manufacture 
components for comblned cycle technology (perhaps wlth KWU - Slemens) 

We recommend that thls new unlt could (under economy conditions of course) 
serve as a base load unlt and coal boilers after retrofitting could serve only In winter 
cold season The blgger amount of electrlclty will have posltlve Influence on econo- 
my of plant when we expect Increase of electrlclty prlce Plant w~l l  be thus able to 
generate electricity whole year To be sure, that this project IS quite feasible, there IS 

necessary provlde some addltlonal financial study and englneerlng works 
Before final declslon and tender process IS necessary to accommodate size of 
comblned cycle power un~t to real~stlc heat demand wlth ut~l~sat~on of all su~table 
lnformatlon 

Another poss~bil~ty, espec~ally on the current electrlclty and fuel prlce level, IS CCT 
technology especially fluld~zed bed technology Summary of advantages different 
new technologies IS In part B Problems jolned wlth swltchlng to low sulphur coal 
are dlscussed In part C 

ANOTHER HEATING PLANTS 

Heating plants KoSutka, Letna, Doubravka, Svetovar and Bory are old and therefo- 
re we recommend check poss1b111ty of reconstruction to co-generation plants as 
well as Install some minl-cogenerat~on unlts Instead of decentralized coal bollers 
wlthln the c~ ty  Example of mini-cogenerat~on model and ~ t s  economy IS dlscussed 
In part D 
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B. TECHNICAL COMMENTS FOR EXTEND OF 
THE HEATING PLANT P L Z E ~  

AFBC TECHNOLOGY 

Technology ABFC IS consldered as most econom~caly acceptable from currently 
used clean coal technologies 

There are many plants of different sizes operat~ng throughout the world on the base 
of a wlde varlety of low-quality fuels The maximum boller size for Plzeii plant could 
be 160 Vh - 250 Vh and thls IS wlthin the current capabllltles of AFBC suppliers 
including Czech republic 

AFBC bo~ler technology IS very good to burn the h~gh ash coal as well as pre- 
sorted municipal waste and biomass It could be lnterestlng for the city and 
surrounding agricultural farms 

Current AFBC plants operate with good efficiency and hlgh avallabllity 

AFBC allow operate wlth reduced SO,, NO, and glve good possib~l~t~es to comply 
with antlclpated future emlsslon requirements The control of these emiss~on~ does 
not require extraordinary scrubbfng equipment 

AFBC ash can be relatlve easy pelletlsed and used as fill materlal 

PFBC TECHNOLOGY 

Although some PFBC plants have been put Into operatlon, they must be consldered 
as demonstration projects Information about the operatlon results of these plants 
are not still sufficient to estimate thew long-term performance Thls technology (ABB 
Carbon) will be demonstrated In Czech Repubilc in clty of Ostrava 

The appropriate gas clean technology IS also requlred In thls tlme to reduce 
erosion and corrosion effects on gas on turblne components In thls tlme IS neces- 
sary to use speclaly designed gas turblnes 
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But PFBC requires the least amount of plot space 
IGCC TECHNOLOGY 

IGCC 1s not yet mature technology There are today some demonstration and 
commercial plants In industrial operation The technology of thls systems has not 
yet reached a sufficient plant performance and efficiency 

Experience with brown coal gasificat~on is still lim~ted 

IGCC requires more plot space than AFBC and PFBC 

GTCC TECHNOLOGY 

GTCC IS today a commercially proven and used technology 
But use of natural gas as fuel can make the project In Czech Republlc dependent 
on forelgn suppliers and would leave the project vulnerable to price fluctuations 

The GTCC cycle IS suitable to generate of electric power at h~gher rate 

GTCC fulfil the emlsslon requ~rements relatively easy because the used fuel for the 
gas turblne is clean Major problem could be with NO, in the future only 

GTCC practically did not generate solid waste 

CONCLUSION 

For non competitive current price of natural gas versus North Bohemia llgn~te tech- 
nology AFBC provides the most attractwe economics of the considered cases 

But to have a better understanding of factors which most Influence the economics, 
a sensltlvity analysis is necessary provide for each of the major input variables 
(capital cost, electrical price, fuel price, effic~ency, operating and maintenance cost, 
and capaclty factor) for all options 

From our real experience electrical and/or heat price and investment have the 
b~ggest influence on NPV, followed by capac~ty factor and fuel cost The other 
variables such as 0 & M and efficlency are not as significant 
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Although AFBC is not as efficient as the competing technology, fuel costs and 
therefore plant effictencies do not ~mpact economtcs as dramat~cally, since the 
value of the fuel IS much lower than electrtcrty by comparison 

Although GTCC requires lower capital cost than AFBC, its economy IS very sensrtl- 
ve to the cost of natural gas Natural gas IS currently more expenstve than coal on 
the base heating value of the fuel Since natural gas is in short available In the plant, 
rt also follows that it would be st111 more expensive and more subject to higher 
prices and escalat~on rates 

AFBC has advantage to join ~ t s  technology whrch reg~onal waste management and 
to add pre - sorbed waste as a fuel to iignrbe But there is not clear when coal prrce 
will be ~ncreased by so call "social expenses" for environment degradation and 
potential CO, tax Another problem which can rnvolve decision to natural gas IS 

waste drsposal cost (new ash deponie) 

It is necessary follow study to collect and calculate more accuracy cases with all 
additional costs 
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C. SWITCHING TO LOW SULPHURE COAL 

To change of fuel it is necessary to respect following 
price of fuel 
cond~tlons of technologies 

PRICE OF FUEL 

LIGNITE WITH LOW HEATING VALUE (APPROX 1 0 M J/KG) 
As a result of CttyPlant's discussions wrth the supplier and a revlew of escalation 
trends, the prices are assumend to Increase to 400 - 500 Kc per ton in 1996 

LIGNITE WITH HIGHER HEATING VALUE (APPROX 16 MJ/KG) 

The price increase 1s assumed at the same rate of escalation, as In the case of the 
lower quality l~gnite I e approx 600-700 Kc per ton In 1996 

BITUMINOUS COAL 

Future price of the coal will be based on world prices, I e minimum 1500 - 1800 Kc 
per ton for coal 25 MGIkg 
We estimate the for coal from Zbdch at 1000 - 1200 Kc per ton In 1996 

NATURAL GAS 

The price is expected to increase to approx 4500 Kc per thousand Nm3 in 
1996 
The representat~ves of the gas Industry presume that the prlce will be at the 
lower l~mrt 4500 Kc per thousand Nm3 We recommend to util~ze the upper 
Itmrt for the following reasons 

The previosly assumed Increase of natural gas import from former USSR 
of 7 bill~on Nm3 was based on a stable s~tuation and great amount of 
investment into pipeline projects 
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These investments are delayed as a result of the unstable situation In the 
former USSR 
Transit costs for gas are about twice as high as the transport of equiva- 
lent energy in petroleum 
Sources of natural gas are located 4,000 - 5,000 km away and 
command world-level prices 

The prlce of natural gas w~ll Increase parallel to petroleum pnce (whlch 

deterrnlnes the trend of all energy prices) and as result of supply source 
diversification costs 

IMPORTED COAL AND NATURAL GAS 

The source of these fuels are outslde CR The payment for these fuels goes outside 
CR and reflects world prices The use of these fuels decreases employment In the 
North-west Bohemia, Central Bohemia and North Morav~a regions, and has adverse 
soc~al and political consequences 

ELECTRICITY 
Price of electricity has essential Influence on cogeneration economy We estimate, 
that market price from CEZ utility on 1lOkV level will be 1300 - 1500 Kc/MWh 
Under new energy law price from independent suppliers will be derived from price 
of bigger supplier, ~t means CEZ util~ty 

CONDITIONS OF TECHNOLOGIES 

All boilers In the cogeneration heating plants Plzefi and ELU Ill are designed for 
lignite with the low heating value approx 10 MJ/kg 
In the present time are proceed discussions about use of low sulphur bituminous 
coal from the mine Zblfich which is located near City of Plzeti 
Analysis of bltumlnous coal from Zbuch 

* Type powder 

Sizing 

Water 

0 rnm to 6 mm 

11 % 

Ash 42 % 

Sulphur 0,5 % 

Heating Value 15,95 MJ kg ' 
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In the cogeneration plant Plzeir were provided tests of bituminous coal combustion 
by participation of the manufactures CKD Dukla, a s and Prvni brndnska strojirna 
Combustion test at the hot water boilers (producer ~ K D  Dukla, a s ) was provided 
wlth following measurement 

quantity of air 

quantity of resldue 

analysis of emissions 

The results of test are follow~ng 

boiler efficiency 78 % 

maximum of boiler efficiency 81 % 

boiler efficiency with secondary air 80,7 % 

boiler efficiency without sec air 78 % 

CO emissions 21 8 mg/m3 

SO, emissions 1 926 mg/m3 

NO, emissions 578 mg/m3 

In Apnl 1993 were reallzed the combustion test on the bo~ler No K4 in cooperation 
with technicians of the firm Prvni brnenska strojirna 
Dur~ng combustion test was registered overrun of the output steam temperature on 
the left slde over plping because steam temperature into output common line was 
under design value The steam temperature Into over plptng was registered 570 "C 
and it can reduce life of piping and superheater The cause of over temperature was 
wrong order of injections II ( on the left and right ade) Present results of test are 
Influenced on piping and boiler leak 

I 

Also ~t was taking the measurements of air quantity into boiler at range from 19 
Nm3/s to 29 Nm3/s This cause of high air quantity adverse influences combustion 
process 

The cause of boller's leakages IS flue gas over temperature (197 "C) and flow d~sp- 
roport~on between flue gas and air through air heater Ljungstrom 

For very good burning it must be controled feed of coal and alr quantity to boiler 
Thls control IS very Important for combustion With retrofit it will change probably all 
boiler control system 
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During the test powered coal equipment was loaded at range from 9,54 Vhour to 
16,6 Vhour 

Nominal steam load 175 tlhour of borler No K4 1s posslble to achreve by operating 
wlth two coal mills only Operation with three mrlls IS not sensitive to failure of one 
of them, but the operation due to low load of the mrlls IS not so steady like with two 
mills Flue gas flap on inlet of coal mills was be half-close for reduce ventrlatron of 
mills 

The test results are followrng 
borler efficiency by steam load 175 Vhr and two coal mills 85,5 % 
borler efficiency by mrn steam load and two coal mills 85,4% 
borler efficiency by steam load 168,8 Vhr and three coal mills 85,1% 
SO2 emrssions < 1 700 mg/Nm3 
NO, emissions by operating of three coal mrlls > 700 mg/Nm3 
NO, emissions by operating of two coal mills c 500 mg/Nm3 

The results of combust~on tests of steam borlers was provrded are not to release 
from manufacture of boilers 
As results from disscuslon wrth producers of boilers, CKD Dukla and Prvnr 
brnQnsk6 strojrrna, we are claimrng for modrfication 

1 must be retrofited powdered coal equipment 
2 must be retrofited powdered coal burners 
3 must be retrofited ash handlrng system 
4 must be change superheater system to achreve the same efficiency of 

bollers 
5 must be retrofrted ESP or installed new baghouses 

I 

Advantages of biturn~nous coal burning 

using low sulphure coal near to Clty of Plzeii 

the switching to low sulphure coal save the cost of FGD equrpment 

lower Investment then FGD 
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Rlsk of b~tum~nous coal burnlng 

The b~tumlnous coal prices are st111 supported and ~t does not 

Include so called soclal (external) costs It will Increase In the future 

due to economlc trans~t~on from central planned to market 

economy 

lnexperlenced Czech boilers manufacturers retrofit l~gn~te bo~lers 

w~th brtumlnous coal 

Unwrlllng manufactures to guarantee emtsslon l~mits NO, after retrofit 

Closlng remark 

The final dec~slon of retrofit can to be made after addltlonal combustion tests of 
bltumlnous coal on the base of these prel~mrnary test results 
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D MINI-COGENERATION MODEL 

The proposal IS based on the current cond~t~on of dozens decentral~zed heatrng 

plants In Clty of Plzeii and on the need to reconstruct it To Improve economy of the 

heat production we rnvestigated to replace extstlng boller room with small 

co-generatron heatlng plants Heating expenses are reduced by revenues from the 

sale of el power El power IS there by-product of the heat production 

New varrants respect requrrements to malntain exlstlng prrmary dlstrrbution system 

and to replace only technology equipment of the source 

New technology could be placed rn the exrst~ng facrlltles 

Model slze consider aproxlmately 10 MW thermal plant (not located), but results 

could be representatrve for size slnce 0,5MW We consider that ex~sting boilers will 

be partly replaced with gas engine, partly equ~ped with gas burner as pickload bo~ler 

All equrpment IS consider on Czech Industry base 

1 1 PROPOSED VARIANTS OF GO-GENERATION PLANT 

Variant No 1 1 gas motor + 2 boilers 

Variant No 2 2 gas motors + 1 borler 

Vanant No 3 2 gas motors + 2 bo~ler 

Natural gas IS considered as the fuel for all three above variants 

Variant No I 

To cover needed heat output there will be Installed 1 gas englne (heat output 2,676 

MW, (el output 2 MW,,) and 1 exlsting boiler, which will have heat output of 2,91 MW, 

(after conversion from heavy 011 or coal to natural gas) Second boller will serve as a 

back-up In case of breakdown To ensure the rated power generation and thus 

maximum effic~ency, there will be used hot water accumulator 
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Varrant No 2 

To cover needed heat output there w11l be Installed 2 gas engines (total output 3,702 

MW, , 2,8 MW, ) and 1 bo~ler with output 2,91 MW, (after fuel conversion) This boiler 

will operate only durlng extreme weather wlth low temperature Hot water, 

accumulator IS belng consldered In thls var~ant as In varlant 1 

Varrant No 3 

To cover needed heat output there will be ~nstalled 2 gas engines (total output 3,702 

MW, , 2,8 MWJ and 2 bo~lers total output 5,82 MW,(after fuel conversion) One boller 

wlll be In operat~on and second will serve a reserve (for extreme weather w~th  very 

low temperature) Hot water, accumulator IS belng cons~dered 

All the variants w~l l  requlre construction connection to the gr~d 
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2. Economy and f~nancing 

2 1 lNVESTMENT AND OPERATION COST ESTlMATE 

Investment cost (thous CK) 

Operat~on cost (thous CK) 

Maintenance Cost 

Overhead cost 

Emlsslons Fees 

Other Expences 

Total 

297 

300 

25 
461 

23200 

468 

300 
26 

567 

24962 
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2 2 FINANCIAL ANALYSIS 

Main goals of financial analysis is to estimate the business future of var~ants 

The financial analys~s IS valid for the following assumptions 

zero inflation 

depreciation 15 years life time expectancy of technology 

pnce of electricity 1 50 CK to 2 00 CK per kwh 

account done for 20 years period with 2 general repair of gas englnes 

option 1 1 gas engine and 2 gas bo~lers 

option 2 2 gas engines and 1 gas bo~ler 

option 3 2 gas engines and 2 gas boilers 

The goals  o f  f ~ n a n c l n g  

discount interest rate 9 5% 

internal rate of return 15% 

debt service ratio 135% 

net equlty Investment or subs~dy 50% 

foreign debt financing SO%, for 10 years, 10% interest 

The r l sks  

No risk of the decreased electricity and heat prices, the prices will grow up 

during 2 or 3 years 

To eliminate the risk of increased capital costs it IS necessary to sign a 

contract with a fixed price 
h 

The nsk of &creased gas price is the most probable H~gher price of gas will 

be ofcourse followed by the higher prices of electricity and heat 
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3. The conclusion 

At the end of this report you can see the graph the price of electrlc~ty versus the 

price of heat 

The data are given In the economic analysis tables and the graphs The cash-flow 

graph rncludes the general repair of engines 

It es possible to consider all the options Option 1 is more profitable having the 

average price of electricity to 1 30 CWkWh The options 2 and 3 are more profitable 

having the average price of electricity up 1 40 KcIkWh According to the estimated 

capital costs rt is hard to decide which option IS the best But when we cons~der 

prices of heat around the heat utilit~es n Czech republlc we can say, that this model 

solution w~l l  be In the short t~me fully competltlve 

Table of owerail datas 

llsa~es of Thermal (GJIY~~~) I 84 130.5-1 84 130.5 I 84 130,511 

Operatron Cost (thous CK) 
Maintenance Cost') (thous CK) 

Other Expence (thous CK) 
Emissions Fees (thous CK) 
Sales of  Electr~ci ty (MWh/year) 

//Number of Workers 

Note *) Besrdes the above costs, there 1s considered a general reparr work of dresel engrnes 

(two general repam over the engrnes Irfetlme) 

461 

297 

300 

20 

12 450,7 

567 

468 

300 
2 1 

15 337,2 

567 

468 

300 
2 1 

15 337,2 
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Advantages of variant 1 

lower investment cost 

smaller construct~on space 

lower price of heat In case of the salesprice of electricity lower 
than 1,30 CWkWh 

more simple connection to the gnd 

Advantages of variant 2 and 3 

improved reliability In case of fallure of 1 motor 

= lower price of heat In case of the salesprice of electrlclty hlgher IS 

than 1,40 CWkWh 

In all cases investment return tlme is approx 7 years 

All variants are good demonstration of advantages and compet~t~veness of 

co-generation 

NEXT RECOMMENTED STEPS 

to work out application for participation of state In the demonstration 

project 

to drscuss a possibil~ty to include the project in PHARE program 

to d~scuss a project In bilateral co-operation (USA, Denmark, Germany, 

Austria) 

to begln commercial negotiation wlth ZCE regarding price for electricity 
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1 1 2  14 1 6  1 8  2  

average price of electrrcity [CWkWh] 
I 
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FINANCIAL ANALYSIS - VARIANT NO I 

Investment Costs 

1 0 Discount lnterest Rate 

2 0 Total Capital Costs 

3 0 Grant of Czech Government 

4 0 CR Debt F~nanclng 

4 1 Term 
4 2 Interest Rate 

5 0 External Debt Financ~ng 

5 1 Term 

5 2 lnterest Rate 

thous CK 

% 

thous CK 

thous CK 

thous CK 

years 

% 

thous CK 

years 

% 

NET PRESENT VALUE 7 064862 mil CK 

15247 5 INTERNAL RATE OF RETURN 15 00% 

YEARS RETURN ON INVESTMENT 7 year 

PROJECT MANAGEMENT 

9 50% 

0 

15247 5 

OPERATION SERVICE 

I Q 

800 

111 Q 

83875 

1 year 

0 

II Q 

800 

IV Q 

20507 5 

2 year 

0 

3 year 

0 

4 year 

0 

5 year 

0 



FINANCIAL ANALYSIS VARIANT No  1 

STATEMENTS OF INCOME AND EXPENSE 

F u l  C m h  

O p  mlla . h M 1nt.n.n~. C .h 

Em1 lan Fa. 

1 D PI* I llon 

SOURCE 

N I lncanv 

D.paclatbn 

USE 

Lomn Prlmlpl 

NET CASH FLOW 

CUMULATIVE CASH FLOW 

l h o v r ~ ~  E 20215 t m ~ s  z m l 5  m 1 5  zmls mo t m t ~  2m15 2m15 20213 20~15 f m 1 5  2 W l 5  20215 2 m I S  I 2021s ZOZIS ZOZIS ZOZIS 

Ih m CK I433 1433 1433 I433 llJI 1- 73E3 1433 1433 I $433 I433 1433 7501 1- 14- I433 I 4 U  1433 l 4 U  

Ih us CK 20 25 25 25 25 25 25 25 25 25 25 25 25 25 2s  25 25 25 25 25 

IhOu. CK I 1m7 P ~ M  ZIM 2 1 ~  2104 PIM 2101 PIM 2104 2 1 ~  4104 2104 21- 2101 2 1 ~  0 0 0 0 0 - - --- - - - -- -- -- - - - - -  - - - - - -  - - - -  
t h o r n ~ ~  r 22706 2 3 m  2 3 m  ~ a m  ~ a m  ~ a m  m a 7  ~ a m  ~ a m  ~ a m  ~ a m  2 ~ m  z a m  -737 ~ a m  2 1 m  ~ ~ m a  a m 3  z t e 3  2 1 8 3  

thou. CK I 1 9 s  4 i s 4  1 2 0 1  1011 011 m 017 WI n s  o o o o o o o o o o 

thous CK 17(D 1 1 0  1- 9420 9477 1540 0 1 1 ~ m  IW 1~ 1- 0 I063 2910 2910 2910 2910 2910 
- - - - -- - -  -- - - - - - - -  - 

thou. CK x 1151 1114 1172 813s SO03 1 1  2 ¶O@O 1 2271 Z4W 1 4 W  Z4W 1507 2400 a537 5557 3557 3557 3557 

AFTER TAX CASH FLOW ANALYSIS 

lhou. CK . 2151 1114 ~sn  t m  t a n  tasr om nom 21- nn n4w i4w 2400 rso? z r a  7 5557 5557 5557 5557 

thorn CK I 1037 21M 21M 2108 2101 2 t M  21M 2104 210) 216( 2 I M  2 l M  2104 2101 2101 0 0 0 0 0 - - -  -- - - - - - - - -  -- -- 
t h o ~  CK r JIM 3718 3770 m o  ma m 270 UM ~ Z W  450( UM -7 4504 m 7  m 7  m 7  U S ~  USI 

thous CK x 7 ~ O U  I $273 t w i  I%I 1 taw mi nss o o o o o o o o o o 
- 

thorn CK 0 2231 2115 1 1  1 2501 2441 1174 2300 2211 2124 4 0  4504 S O  507 4504 3557 3 7  1551 3557 3557 

thous CK 0 2231 1 7515 10011 e2511 15035 13041 13301 17577 10701 24205 28701 332I3 33720 31224 41781 45330 41.305 32459 5aOo@ 
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/ Net Cash  low I 
1 Variant No 1 I 

years 



/cumulative Cash  low I 

I 
2 4 6 8 10 12 14 16 18 20 

years 

I 



/Loan Principal I 
I Variant NO I I 

1 3 5 7 9 1113151719 

2 4 6 8 101214161820 
years 

loan pr~nc~pal I 



2 4 6 8 101214161820 
years 

interest expense 

m 
deprec~at~on 

emissions 

I 
maintenance 

m 
fuel 
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Investment Costs 

Discount lnterest Rate 

Total Capital Costs 

Grant of Czech Government 

CR Debt Financing 

Term 

Interest Rate 

External Debt Financing 

Term 

Interest Rate 

thous CK 

% 

thous CK 

thous CK 

thous CK 

years 

% 

thous CK 

years 

% 

FINANCIAL ANALYSIS - VARIANT NO 2 

I PROJECT MANAGEMENT 11 OPERATION SERVICE I 

> 

T OTAL INVESTMENT COSTS 

NETPRESENTVALUE 

INTERNAL RATE OF RETURN 

YEARS RETURN ON INVESTMENT 

DEBT SERVICE RAT I0 (MAX,MIN,AVG) 

I Q 

800 

11 Q 1 111 Q IV Q 

28450 4 800 12341 6 

1 1 year 

0 

2 year 

0 

3 year 

0 

4 year 

0 

5 year 

0 





FINANCIAL ANALYSIS VARIANT No 2 

I 0  Fu I Hsmy Oil b w  sulphu 

1 I P Ic. 
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2 1 P1b. 
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4 0  Fuel P t o p n  lulmn 
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12 0 Emhalorn SO2 

121 F .  

I 3 0  Ernl.*bm NO 

I 3  I F.. 

14 0  Emh lam CO2 

141 Fa. 
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I 5 1  F.. 
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10 0 Sm1.1 Et.01 *I$ 

10 1 Ptb. 
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rnJ/y.., ~ Y I I w o Y ( I Y ( I w Y I I w % B Y ( I % B Y ( I  

CWmS I 15 I 5  15 15 I 5  I 5  I 5  I 5  I I 5  I 5  15 15 I S  15 I 5  I 5  I 5  15 15 
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n1y.u . 3 4 0 ~  smm a m  e m  s m m  s m m  amm smm s m  e m  8 0 m  8 m m  8 0 0 0 ~  & a m  o m  o m  o m  o m  o m  
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FINANCIAL ANALYSIS - VARIANT NO 3 
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E. REMARKS TO THE ECONOMlC REPORT OF 
1991 S STUDY 

At the begrnnrng we remark that the study was wrrtten In December 1991, therefore 

rt IS more than one year old We shall therefore evaluate rt from two vrewpornts The 

first wrll be the vrewpornt of the year of the origin of the study, the second wrll be 

the vrewpo~nt of the year 1993 

After our oplnron wrll be more approprrate, to consrder longer penod, poss~bly up 

to year 2005, better 2010 As for economrc calculatron, our standpo~nt IS the 

following 

It IS qurte correct that varrants have equal product~on effect from the vlew of heat 

(at consumer's receiving pornt) 

Drfference among varrants orrgrnate In drfferent productron of electrrcrty Therefore rt 

would be surtable to rmplement the varrant of possrble market prices of heat and 

especrally electrrc~ty, as rt IS remarked in the study 

~t IS correct (at thrs level of transparency of problems) to use crrterlon of 

NVP for comparrson concernrng the chosen perrod and to lrmrt the study to 

economrc calculat~on only Any other (especrally financral) consrderatrons 

would be sole fictron 

we could not pass judgement on proclamated use of the cash-flow 

method, because In the study there IS not a srngle supplement whrch would 

demonstrate the method of calculatron There IS no descrrptron (may be 

only verbal) of the method of calculatron 

w~th regard to the prevrous pos~tron we take rnto consrderat~on that rt IS 

rrght to take Into evaluatron all monetary expressrble clarms and effects, but 

we cannot really declare that thrs was really done In the study, especrally 

what concerns the declaration that the costs of nuclear heatrng plant 

contarn also costs for lrqurdatron of nuclear fuel Accordrng to our view the 

costs contarn probably only a part of costs for rts temporary storage 



CltyPlan Ltd Consulbng Eng~neenng and Des~ng 
Spdlenh 5 11 1 2 1 Prague 1 

A 

The analysls of results, so as documented beginning wlth the page 26, 1s loglcal 

The d~str~butlon of calculations Into statlc and dynamic ones IS rrght As one of 

study's merlts we just conslder dynamic calculat~on A greater space could have 

been afforded to it, especially to lnterpretatlon of results It should be considered as 

su~table that the authors have not trled to choose optlmal variant at all costs, and 

that they were concerned wrth trends proved by rndivldual technical solutions In 

different economic condltlons 

Although we do not know deflnite results and mathemat~cal access to calculations, 

an adequate structure of portrons of individual parts of costs on total costs results 

from graphs on the page 31 

At the end of economic report there is a qulte correct analysls of economlc results 

Also correct IS the proposrtion to contrnue the study so that only varlants llla and 

lllb wrll be evaluated We rntercede also to include the varlant I (especially wlth more 

detailed elaboration of possibilrt~es of reconstruct~on of gas boller rooms for combl- 

ned production) We have no objections to used prlces of electricity, heat, fuel e t c 

wrth relatlon to the year 1991 

As for the viewpoint of the year 1993 We are convinced that rnvestment costs for 

nuclear heating plant are much underevaluated, moreover they do not contaln all 

necessery costs for liquidation of burnt nuclear fuel Also the solutrons of class~cal 

variants will be object of cons~derable shlftlng In the area of rnvestments costs To- 

days prices In total spectrum of economy have changed Possible purchasing price 
I 

of electricity and prrces of heat have changed as well A soon establishment of 

governmental regulatory body may be expected whlch will form a new conception - 
among other things - also for prlces of electrrcity and heat 

The chapter about uncertainty risks tries to evaluate problems whlch authors felt as 

unsolved and in the year 1991 (p 42 and 43) especrally what concerns the declared 

20% reduction of heat consumptlon as a result of economy measures financing of 

~nvestment e t c Thls chapter should form the basis for further development of the 

study In case of conclus~on of contract for ~ t s  second part 

As a whole we conslder the study to be of quallty, corresponding to the level of the 
year 1991 
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EGU Praha h i s p o l e -  
190 11 Praha 9- Bikhonce, n 42-2-741474, fax 42-2-74l256 

Gilberth Commonwealth, INC 
Lynn Rubow 
P 0 Box 1498 
Reading, PA 19603 
U S  A. 

Dear Mr Rubow, 
LYNN N!. g!Bo% - 

22 July 1993 

enclosed vou wdl find information related to the Techcal  Part of the Plzen Distnct 
Heatmg &udy on Tables, Graphs and Flow Diagrams m the scope we agreed on at June 
25, 1993 

On Tables 1 to 4 we present heat demand in DHS for two projemons, hgh and low heat 
demand Those balances have been accepted on our meetmg m June 25 and become a 
basis for further work m EGO and EGP 

Tables 5 to 10 d l  gve a solunon how to cover heat demands from system m t s  
Construmon of further Central u~ut  CP Plzen IS projected m two alternatives 
ALT A based on natural gas and 
ALT B on coal 
W i t h  Alt A we considered two vanants of CC apphcatlon 
-one wth 2x GT and lx condensed ST -Vanant 1 
-and the other wth 1x GT wth backpressure GT and adchaonal coohg- Vmant 2 

W i t h  Alt B we considered two vanants of reconstrumon dry-bottom pulvensed-fued 
boders to meet new environmental requirements 
Var 1 suggests s h i h g  to qual~ty hard coal wth low sulphur content 
Var 2 mvolves Flue Gas Desulphunzation enabhng to burn mexpensive hgmte wth 
higher sulphur content 

Enlargement of CP u apparent from Graphs Sl,S2 and S3 

Assumed CP operaQon scheme m Alternames and Vanants u outbed m flow diagrams 
D l  to Dl5 and has been evaluated m Tables 11-18 In the Tables heat and electrical 
energy product~on and fuel consumption is exammed for econormcal evaluabon and 
judgement of feasibdity for each option 

Cost of construction of new m t s  and reconstruction cost of exlstlng faclimes, fuel rates 
and cost estlmates for operauon of evaluated vanants w11 be sent next week, by July 30 

Description of vanants for Techcal project needed for a Final Report wll be sent by 
August 12 

Package ~nclude Yours sincerely 

24 Tables 
18 Flow Diagrams 
3 Graphs Project Manage1 
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1 DEVELOPMENT OF CENTRALIZED HEAT SUPPLY IN PLZE~ 

Further development of centralized heat supply system (DHS) in 

the town of Flzeh can be est~mated by taking into consideration 

the following conditions 

- it can be expected that at the existing heat consumers the 

consumption of heat taken from district heating systems will 

decrease due to introduction of economy measures 

- erection of further housing quarters in the form of 

concentrated blocks of multistoreyed houses characterized by high 

concentratlon of heat needs 1s not considered in near future, 

- s~milarly at the industrial consumers of heat it can not be 

expected that the consumption of heat will increase in the next 

future It is due to probable implementation of heat savlng 

technologies 

- at present in the town of Plzeh a reconstruction of gas supply 
system from town gas to natural gas is taking place Together 

with this reconstruction a shift from quality sorted solid fuels 

( 1  e coal and coke) to gas 1s realized From the year 1995 on 

after increasing the capac~ty of hlgh pressure gas system in the 

locality of Plzefi the gaseous fuel will be at disposal even for 

the use of modernization of heat sources in the DHS 

- the heat sources of DHS have to fulfill by the year 1997 the 

strict demands of the new clean air act 

The conditions for the extensive development of DHS In next 

future 1 e up to the year 2000 are far from being favorable 

The centralized heat supply systems wzll have to cope with the 

competition of decentralized heat supply from local sources on 

natural gas 



The obsolete outlived coal burning heating plants that are 

owned by the municipal enterprise TEZA are one of the greatest 

source of environment pollution Modernization and reconstruction 

of their grate boilers to economic burning of quality sorted fuel 

of low sulphur content, together with installing expensive 

equipment for flue gases cleaning could not be economic due to 

the fact that the main technology is already at the end of its 

lifespan (installed during the sixties) It is thus necessary 

that by 1997 the heat distribution systems of these sources 

(local heating plants) will be connected to the heat distribution 

network of the cogeneration plant Z ~ E  and the existing boilers 

liquidated If this connection is not realized it will be 

necessary to replace the old coal burning boilers with new 

natural gas fired ones 

Even the cogeneration plant (CP) Z ~ E  wi 1 1  have to be 

- reconstructed by the year 1997, especially by introducing the 

environment saving measures In order to increase the operational 

effectivity of this central source of the system it will be 

necessary to increase the ratio of combined production of 

electricity and heat and ensure preferably the all year operation 

of the coproduction plant The increased ratio of cogeneration 

has to compensate for the losses ~n the distribution system by 

more effective utilization of primary energy supplied In fuel 

At the same time it is necessary to guarantee reliable all year 

delivery of heat to consumers in the steam system so that thls 

favorable type of consumers with balanced heat supply 

requirments throughout the year will remain It is also 

recommended to utilize the heat transport capacity of the 

exlsting heat network mains that makes possible to connect 

further consumers to the system It is valld especially for the 

considerably overdimensionned hot water connecting mains South 

To the hot water heat network of the system it is necessary to 

connect the ob~ects situated in the vicinity of the heat mains 

which are at present heated from local solid and llquid fuel 

boller houses 



This study proposes and evaluates the further successive 

development of the cogeneration system of Z ~ E  as follows 

a) in the next period i e by the year 1996, the following 

alterations and reconstructlons of the exlstlng cogeneratron 

plant equipment especially due to ecology reasons will have to 

be real ized 

- for the hot water boilers 3 x 35 MWt from the first part CP I 

or~glnated In the seventies a fuel shift to stone coal with low 

sulphur content and installation of bag flue gas filters is 

considered 

- similarly, for the high pressure steam boilers 2 x 170 tfh a 

reconstruction of bo~lers and coal mills to low sulphur content 

stone coal and ~nstallatlon of new bag filters is being 

consldered As other variant ( in alt B var 2) it 1s 

considered to continue the operation w ~ t h  burning of lignite but 

wlth a new equipment for wet cleaning of flue gases Due to 

a considerable extent of reconstructlons, the part of which are 

also buildrng works it can be assumed that during the heating 

period of the years 1995 and 1996 successively one of the boilers 

of the second part - CP I1 will have to be out of operation 
- in order to quarantee the all year round supply of steam into 

the steam system and as a source for maklng up the high pressure 

b o ~ l e r  capacity during its reconstruction it is proposed to 

install In advance 1 e in 1994 a low pressure steam boiler of 

65 t/h capacity in the third part of the plant - CP 111 This 

toiler would burn both gas and oil 

- it is consldered that during the year 1995 the living quarters 

Doubravka and Letna will be connected to the CP system by 

construction of heat network feeder mains East - 2 x DW 400 The 

heatlng plants V1 and V 2  wlll be utillzed In wlnter peak perlods 

only as peak heat sources Together with thls connecting the hot 

water part of the heating plant Bory to the CP system is 

cons~dered The link with the feeder South already exists The 

hot water boilers of the heating plant Bory would be In operation 

in winter peak period only 



The initial intention of connecting also the system of heat 

plant SvGtovar to the CP and also the objects heated at present 

by the local coal boiler houses by means of the feeder East I1 

shall not be realized due to the fact that in this region 

development of gas distribution system proceeas in large scale 

The Svgtovar heating plant owned by the municipal enterprise TEZA 

shall then be reconstructed for natural gas firing 

b) realrzation of the new capacity installation in the fourth 

part (fourth period of plant construction) - CP I\ is considered 
in years 1995 - 96 and its commissioning in heating perlod 

1996/97 The new technology shall quarantee the all year baslc 

heat supply to the system and for this heat and power 

cogeneration is assumed This installation will make possible the 

liquidation of the outllved heat plants V1 and V2 the hot water 

part of the heat plant Bory and the coal fired heat plants in the 

steam system This fourth part CP IV has been projected and 

analyzed in the following alternatives and variants of this 

study 

Alternative A has been propos~d on basis of natural gas burning - 
in application of the efficient comblned gas - steam cycle (CC) 

In Var 1 large combined cycle ( C C )  of electric capacity 170 MU 

and thermal capacity 125 HXt with two combustion turbines and 

one steam condensation turbine has been proposed 

Considering the fact that the build~ng site of the plant is 

situated in the vicinity of the c ~ t y  center and due L o  high 

demand on natural gas consumption the Jar 2 analyses 

a cogeneration plant with smaller combined cycle 

In Var 2 combined cycle with electric power 83 MXe and thermal 

capacity 65 MWt. has been proposed The cycle comprises one gas 

combustion turbine and one steam back pressure turblne with one 

regulated extraction and addltlonal cooling 



With combined cycles cooperate in heat supply the existing 

technology of the CP - i e the high pressure cogeneration part 

CP I1 and peak hot water boilers CP I burning low sulphur content 
stone coal, dual fuel steam boiler from the CP I11 and the 

brewery steam heating plant which cooperates with the steam 

distribution network 

hlternative B proposes for the new capacity installed in the 

fourth part of the CP the Westbohemian or Northbohemian lignite 

New atmospheric circulating fluid bed steam boiler 160 t/h with 

the desulphurisation effect of the furnace shall operate with 

cheap low grade coal Together with thls boiler a condensation 

extraction steam turbine wlll bs installed Thls turbine of 

electric capacity 32 MX will make possible the supply of heat 

both in steam and hot water 

The existing high pressure cogeneration plant 2 x 170 t/h 

1 x 55 MU shall cooperate with the new unit in heat supply As it 

has not yet been declded about the environment protection 

measures to be implemented with the existing granulating boilers 

two variants have been evaluated 

In Var I_ similarly as in Alt h an operation of boilers and - 
coal mills reconstructed to use the local pilsner stone coal with 

low sulphur content has been considered and evaluated 

In Var 2 operation of the granulating boilers burning the 

Sokolov lignite of the same quality as at present (sulphur 

content not exceeding I % )  has been evaluated The boilers are 

consldercd to be equipped with new textile flue gas filters and 

desulpnurisation plant with wet wash of gases 

The peak srate boilers 3 x 35 MUt shall use the stone coal wlth 

low sulphur content and are to be equipped with new textile 

filters After realization of this reconstruction it is expected 

that the grate boilers wlll remain in operation as late as the 

year 2004 



c) in the frfth stage of construction - CP V reallzed by the 

year 2005 the cogeneration plant construction shall be flnished 

- as a compensatron for the exrsting grate hot water borlers from 
the frrst part new boilers shall be erected In years 2003 and 

2004 These boilers In number one or two and capacity 58 MWt 

each will be adapted to dual fuel erther the low sulphur content 

heating 0 1 1  or natural gas Thelr actual number wrll depend on 

the output thermal capaclty of the technologrc equipment 

rnstalled durrng the fourth stage of construction (in case of low 

balance rn Alt A Var 1 the exrsting hot water boilers 3 x 35 

MWt could be even liquidated wrthout any compensatron after the 

year 2000 



2 REQUIREHENTS ON HEAT SUPPLY E'ROH THE CP P L Z E ~  SYSTEM 

The prognosis of heat demand development both in hot water and 

steam system of the cogeneration plant has been investigated for 

the period up to the year 2000 in two levels 

a) a prognosis assuming a more intensive development of the 

svstern named as high balance is presented In tables la and 1b 

b) a prognosis assuming a minimum development of the centralized 

heat supply named as low balance is presented in tables 2a and 

2b 

The effectiveness of the proposed variants of CP reconstruction 

and completion has been evaluated on conditions of these extreme 

levels At the same time it is assumed that the actual future 

development of the system shall realize wlthin these IimiLs 

The balance is founded on results of operaCion of the existing 

CP Z ~ E  heat plants owned by TEZA and industrial boiler houses in 

the steam system which were reached in the years 1991 and 1992 

Tht actual results were adapted to the average cllaatic 

conditions 

The development of heat demand respect the balance data 

rendered by Z ~ E  and respect also an analysis of the existlng 

demand of ob~ects supplied by local sources situated in economic 

distance from the euisting feeding mains 

The method of determination of heat balances and their results 

have been discusssd with the representatives of Plzefi municipal 

autnority (the division of conceptual and city development 

pro,ects) and with the authorized workers of Z ~ E  and TEZA 

enterprises 

The heat aemand data as given in tables 1 and 2 have been 

accepted also as in~tial data for the work of EGP 



For future it 1s expected that the existing consumers of heat 

supplied by the system will decrease their demand as a result of 

economy measures and after installation of individual measurment 

of hedt consumption The successive suppression of donations and 

the resulting increase of heat price for the residents shall 

result in heat demand decrease as well In the period after 1995 

extensive application of measures leading to additional 

improvment of heat insulating qualities of the existing 

buildings is expected 

In case of hign balance prognosis a successive decrease in heat 

consumption of the existing consumers by the year 2000 amounting 

15 % and for the low balance estimation as high as 20 % i s  

considered 

The expected increase in heat demand for the new consumers 

incorporates the following aspects 
? - 

- the future consumers who were ~romlsed the delivery of heat 

from the heat distribution system by Z ~ E  The list of these 

clients is given in tables 3 and 3a and their location in the 

enclosed plan of the town The heat demands of these consumers 

taken over from the Z ~ E  have been modifred and reduced i q  

respect of simultaneity and overestimation of real requirments 

for heat quantity taken from the system For the low balance 

prognosis these expected future demands were lowered by 25 5 

- see table 3a 

- heat demands of obyects that are at present supplied from 

their own boiler house burning solid and l~quid fuels and that 

can be effectively connected to the hot water network of the 

system This can result in l~quidation of these ineffect~ve heat 

sources The basic data were given by an investigation carried 

through for Plzefi by RACN enterprise The list of selected 

boiler houses i s  given in tables 4 and 4a Their location is 

shown in the town plan 



In tables 4 and 4a the heat demand has been determined from 

fuel consumed in the boiler house for each case The input of 

heat from the system has been derived from the individual 

characteristics of consumers from the purpose of heat demand and 

in respect to the existing installed capacity of the boilers The 

table 4a shows the reduced scope of these consumers (by 40 y o )  for 

the low balance prognosis 

- in the Northern town new ob~ects of municipal furnishings and 

servlces shall be connected to the already existing feeder North 

These ob~ects shall be successively realized at complet~on of 

construction of these housing quarters New masslve construction 

of flats in these local~ties is not considered 

- to the hot water heat network of CP snall be connected the 

systems of the outlived coal boller houses J 1  and V 2  (Doubravka 

and Letna) owned by the municipal hsating enterprise TEZA This - 
connection will be realized in 1395 (heating period 95 1 96) by 

the new feeder East From 1996 on along with this the heat 

dellvery from the CP Plzefi to the hot water part of the heat 

plant South - Bory system IS considered The connection to the 

feeder South alreaay exists however it has not rat been put 

lnto operation due to commercial reasons No technical problems 

exist 

It seems necessary to guardntee tne reliable all year delivery 

of steam from the C? to the steam system In operation according 

to high balance given in table la an increase of heat 

consumpt~on after 1995 at Plzefi brewer~es i s  expected Beside 

tnis connection of a new enterprise Stavebni strole 

(Construction Ilachlnery Co) is expected 

The heat demand of ZeleznlEni opravny (Railways Maintenance Co) 

and of ZelezniEni depo (Depot) shall decrease in the future In 

case of low balance prognosis an lncrease in heat demand of 

breweries is not considered as well as the connection of 

Construction hachinery Co 



3 ENVIRONMENT PROTECTION IHPROVHENT AND RETROFITTING OF EXISTING 

BOILERS AT THE THIRD STAGE OF CONSTRUCTION - CP 111 

By the end of 1996 1t vill be necessary to make environment 

protection improvment and retrofit the erlstlng bollers in CP 

Plzefi in order to meet the conditions stated by the new 

Environmental Act 309/91 concerning clean alr pollcy and 

prevention agalnst pollutants (limits were presented In Encl 2) 

The change of fuel to low - sulphur bituminous coal from Plzefi 
basln - mlne Zbdch (see data on tab 28) for hot water grate 

boilers K1 K2 iC3 - 3x 35 MUt - CP I is prepared 

Operation tests uslng this type of fuel have been carrled out 

successfully 

For CP I1 high pressure granulating (dry bottom) bollers h4 and 

K5 2x 170 t/h which wall also in future be used as basic un~ts of 

CP lt vill be necessary to implement flue gases desulphurisation 

equipment or to convert them to hard stone bituminous coal with 

low sulphur content Accordinq to the results of study made by 

ZCE in Ma> the reconstruction of bollers and mills for bituminous 

coal in accordance to the offer of Prvnl brngns~a stroyirna 

(First Brno Mach~nery Works) is more advantageous than the costly 

flue gases desulphuration plant Characteristic data of local 

Plzefi basin-mine Zbfich are shown in the table 28 In connection 

wlth the shift to the stone coal the boilers wlll be equipped 

with new baghouses wlth high efflclency of separation 

As  the reconstruction of high pressure granulating boilers has 

not yet been finally decided we consider the solution ~n alt B 

Var 2 where the fuel basis remains as before (lignite) and the 

granulating boiler 1s to be equlpped w ~ t h  flue gas 

desulphurlsation plant Assumed IS a wet scrubber magnesite 

system of flue gas cleanlng (FGD) - according to the offer of 

CREPOS Erno 



Both cases will require a costly retrofitting which imply 

successive shutdown of boilers in the years 1995/96 

Shutdown of a single boiler 170 t/h will result in output drop 

to 81 MXt when operating wlth turbine load 25 MU 

For the time when environaent protection systems are golng to 

be ~nstalled at the high pressure boilers ( 1995 - 96) EGU 

suggests to install a low pressure dual fuel fired steam boiler 

(gas and oil) of the capacity 65 t/h = 43,7 M X t  and steam 

parameters 1 3 MPa 220°C in the third stage of construction - CP 
I I I 

In case of 170 t/h boiler shutdown the new boiler wlll cover 

the steam supply during the heating season In summer time the 

new boiler will supply both steam and hot water (by means o f  

errsting peak heat erchanqers) 

Additional capacity enlargment oi the CP Plzefi during 

construction of the fourth stage makes posslble to shutdown and 

liquidate all aged and ~nvironmentally u?acceptable heating 

plants VI E2 and Eorr and also the boiler house of the Railway 

Ma i ntenance Co 

EGU recommends to extend tne installed thermal capacity of the 

CP Plzefi In the fourth stage through the follow~ng alternatives 

and variants 



4 ALTERNATIVE A VAR 1 

4 1 Fourth stage of constructlon - CP IV 

- construction 1995 1936 

- operation ln neating season 96/97 
In respect to the lnitiatlves of Siemens in Plzefi the 

posslbllity of uslng Siemens gas turbines ~n comblned cycle has 

been taken into consideration 

The enlargment of CP Plzefi in the fourth stage of constructlon 

- CP IV for heatins season 1996/97 is solved by a large 

gas-steam Comblned Cycle (according to Siemens offer) - see Fzg 
S 1 

- 2 x GC V-64 3 Siemens - basic el output 2% 60 9 MU (IS0 

cond i t ions) 

at local conditions and at ambient temperature -12 OC 

gross output 2 x 66 9 f i W  

- 2x steam doule pressure exhaust heat recovery boiler 
thermal output 2 x 88 5 MVt 

nlgh-pressure steam 8 1 MPa 505OC 

low-pressure steam 0 5 HPa 200°C 

- 1x ST-double-pressure condensing steam turbine wlth two 

rfsulated heat extractions and reduced condensation part 

nominal p~ksr output 45 M r l  

pressure range of I extraction 1 0-1 4 MPa 

pressure range of 2 extraction 0 06-0, 12 MPa 

max thermal output of CC (at -120C) 125 Mkt 

mar power output of CC (at -12OC) 168 4 MXe 

CC v l l l  predomrnantly cover the basic heat supply In hot water 

~ n t o  a DHS networks auring work days of the heatlng perlod For 

worK days in summer the CC will supply heat rn both steam and hot 

water During weekends the CC shall De shut down 



The comblned cycle makes posslble to shut down the obsolete 

heating plants v l  and V2 the boiler house of the Railway 

Maintenance Co and the hot water part of the heatlng plant Bory- 

see tables 5 and 6 

The heatlng plant hogutka can be shut down and used as 

a standby heat source 

Similarly one of the hot water boiler in CP I - 35 Mdt can be 
shut down 

The operation of CP with CC can be seen In diagrams Dl and D2 

- for hlgh balance conditions and In dlagrams D4 and D5 for low 

balance conditions The CC cooperates with the exlsting units in 

the C? and wlth the Erewery bolier house znd supply both steam 

and hot water into the system 

The gross el~ctric power generation at CC and the exlsting 

back pressure turb~ne as hell as the natural gas consumpL~on are 

presented in diagram D3 (hlyh balance) and D6 (low balance) 

The results of production balance of beat and elsctrlclty in 

the CP and the correspondlng fuel consumption In the selected 

characteristic years are ~n table 11 for the high balance and In 

table 12 for the low balance conditions Tables lla and 12a glve 

operational results of the sole combined cycle 

4 2 Fifth staye or' construct~on - CP V 

- construction In years 2003 2004 

- operat Ion In the heat ins season 200405 

The construction of the plant wlll be completed by 

installation of one dual fuel hot water boller (gas and low 

sulphur content oil) Nominal capaclty 58 MWt 



The new bo~ler shall replace the ex~stlng aged 2 x 35 MWt hot 

water grate boilers of CP I - see tables 5 and 6 

In case of lower requlrments on dellvery of steam and water 

into the DH5 (low balance prognosis) the erection of hot water 

boiler IS not necessary - see table 6 and the flfth stage of CP 

reconstruction (Cf V )  need not be reallzed The demand on heat 

supply ~n hot water would be covered by the CC cooperating with 

the existing high pressure technology CP I1 and w ~ t h  a low 

pressure dual fuel boiler 65 t/h - CP I11 

In the steam system cooperates the Brewery boiler hause - see 
table 6b and table 29 



5 ALTERNATIVE A VAR 2 

- construction 1995 1996 

- operation In heating season 96/97 

The enlargment of CP Plzefi In the fourth stage of construct~on 

is solved by a small gas steam cycle with one gas turbine and one 

back-pressure steam turbine - see Fig S2 

In thls study has again been proposed a gas turblne of the  

Siemens production On basls of tendcr selection other unlt of 

slmllar capacltv can be chosen (Westinghouse ABB Alsthom etc) 

- 1 5  GT ( - 6 4  3 Slemens-baszc out~ut 60 9 !lk ( IS0 cond) 

output gross (in local conditions at 

amblent temperature - 12OC) 66 9 Pid 

- 1 x sLean double-pressure flue gas heat recovery boiler 

thermal output 85 5 Mdt 

h~gh-pressure steam 5 9 MPa 5GS°C 

low-pressure steam 0 5 MPa 200nC 

- 1 x ST - double-pressure back-pressure steam turbine with 

one regulated steam extraction 

nominal power output on generator terminals 21 M14 

pressure range of extraction 

backprsssurr range 

max thermal output of the CC (at -120C) 

max poker output of CC (at -12°C) 

1 G - 1 4 tiPa 

O 06 -0 12 MPa 

45 Mkt 

87 6 Mk 

CC will predominantly cover the baslc heat demand rn hat water 

delivered oj DHS network durlng the  work oays of the heating 

period 

- For work days in summer the CC will supply heat in both 

steam and hot water 



During the weekends and holidays the CC will be shut down 

In case of lov heat consumption in summer the CC operation 

will be possible bv a cooling circuit 

The heat accumu:ator levels up the heat supply in hot water 

durlng days and nights in the summer season 

An application of back pressure turbine with additional 

cooling has been given a priority to a condensing turbine due to 

relatively low amount of heat delivered to condensation in 

comparison with permanent heat loss~s in condensation during an 

all year operation 

Output aemand for cooling unlt is 18 - 20 M W L  

Tne combined gas-steam cycle will permit to shut dovn and 

1 iquidate the obsolete coal heatlng plants V 1  and v2 the boiler- 

house of the Railway Maintenance Co and the hot water part of 

the heating wlant Bory - Eee tables 7 and 8 

The heating plant hosutka can be used as a stand-by heat 

sourco 

In heat s~pply to the hot water and steam system cooperate 

LLle conbinea cycle and the e~lstinq technology of the CP - the 
high pressure steam cogeneration pari CP I1 not water boilers CP 

I and the new dual fuel steam boiler CP I11 

In the steam supply to the system cooperates also the boiler 

house of tne Breweries during the peak hours 

The operation of the CP ana CC and cooperating boilers i s  

shov? ln diagrams 07 and DS - for high balance condit~ons and In 

diagrams DIG and 0 1 1  for lower celiveries of heat in LO the DHS 

- according the low balance prognosis 



The production of electrlc energy on turbogenerators terminals 

of the CC and the existing back pressure turbxne and natural gas 

consumptlon in the CC are aresented In diagrams D9 - for hlgh 

balance and Dl2 - for low balance proqnosls 

The results of the heat and electricity balance ln the CP and 

the corresponding consumptlon of fuels in the characterlstlc 

years of operatlon are calculated in table 13 - for high balance 
and in table 14 - for low balance The tables 13a and 14a bring 

tne operational results of the sole gas-steam cycle 

- constructlon 2003 2004 - - operatlon ~n the heating season 2004/05 

The constructlon of the plant will be flnished by lnstallins 

the dual fuel hot water boiler (gas and 011 wxth low suIrhur 

content 1 

In the case of hlgher heat demands according to high balance 

two hot water bollers of tnermal output 2 x 5 2  VXt wlll be 

instal led 

At lower heat demands after the year 2000 according to low 

balance only one hot water boiler 58 t1W installed In the fifth 

stage of construction will be necessary 

New hot water ~ollers will replace the exlsting aged 3~ 35 Mkt 

hot water grate boilers CP I - see table 7 and 8 



6 ALTERNATIVE B 

6 1 Fourth staqe of construction CP IV 

- construction 1995 1996 

- operation in heating season 96/97 

The enlargment of CP Flzeh 1s bas5d on coal and solved by 

installinu of 

- 1 x atmospteric fluidized - bed steam boiler of 160 t/h = 

= 120,44 Mdt 

circofluid xlth parameters 13 63 MPa 540°C 

Tne new boiler wlll burn the Northbohemian or Westbohemian low 

grade lignite 

- 
The characteristic data of the fuel is in table 28 

- 1 x condensing steam turbine with two regulated 

heat ertractions 

el output on generator terminals 

admission parameters of steam 

1 regulated extraction in range 

2 regulated extract~on in range 

32 MX 

12 75MPa 535OC 

1 0 -  1 4 M P a  

0 06 - 0 12 MPa 

The turbine has a reddced condensation part 

Pa> tl~ermal output of tho neu steam unit 

~n steam and hot water 

The seneral schematic diagram of the CP Plzsfi 1 s  shovn rn Fig 

S3 

The extraction condensation turbine serves as a first stage in 

heating up the circulating water The existing back pressure 



turbine 55 MU CP I1 serves as a second stage In this manner the 

operational results given in tables 15 and 16 have been 

calculated 

Setter results in warming the circulating water could be 

reached wich the opposite serial connection of turbines 

In the first stage should be ranged the existlng 

back-pressure turbine (th,s turbine can work with the back 

pressure as low as 0 03 HPa) In the second stage should work the 

new condensation eztraction turb~ne In the third stage the hot 

water boilers and a peak loaa steam heat exchanger are connected 

After installation of the new steam unit rt will be posslbls 

to shut down the aged heating plants V 1  and 42 hot water section 

of Bory heating plant in hot water system and the boiler house of 

the Railway Maint Comp in the steam network - see tables 9 - high 

balance and 10 low balance 

The peaK neat plant kosutka makes a load reserve 

The neb coqeneraLion unrt w ~ t h  fluidized bed boiler w ~ l l  cover 

t\e basrc load in kot water and steam supplv 

Uith the new CP unit cooperate in heat delivery (both h2t 

water and steam) the existing CP units - see diagrams Dl3 and 

D l 4  In perioa oi winter ~ e a k  load and with higner demand on 

heat delivery ( h ~ g h  balance prognosis) even the Brewery  oiler 

house capacity assists partially to cover the needs 

As I L  has not yet been declded anout the env~ronment 

proiection measures that are to be lmplernented et the exlsting 

granulat~ng boiler CP I1 two variants have been evaluated 

In vdy_~+nt-_! similarly as in Alt A operation of boilers and 

coal mllls reconstructed to use the local Plzefi stone coal wlth 



low sulphur content bas been considered and evaluated 

- characterist~cs of the fuel - see tab 28 

In Varlant 2 operation of the granulating boilers burning the - - - - - -- 
Sokolov 11gnit.e of the same quality as at present (see tab 28) 

has been evaluated The boilers are considered to be equipped 

with desulphurisat~on plant with wet wash of gases and with new 

ash handlinq equipment 

The operational results of the CP Alt B Var 1 are glven in 

tables 15 (high balance) and 16 (low balance) 

The operational results of the CP in Var 2 are given in tables 

17 (high balance) and 18 (low balance) 

- construction 2003 2004 

- operation heating season 2004/05 

Construct~on of the plant will be completed by installing the 

dual fuel hot water boilers In the case of higher heat demands 

according to hish balance tvo hot water boilers of thermal output 

2 x 58 Mdt 4 1 1 1  nave to be ~nstalled 

In case of low balance prognosis the heat demand after the 

year 2000 will require an installation of only one hot water 

boiler 53 Mdt (fifth stage of construction) 

New hot water boilers will replace the existinq aged 3 x 35 

M d t  hot water grate boilers CP I - see table 9 and 10 

Trague A u g u s t  1993 

Jzdc 
EGU Praha a s 



(Beat balance D I E  PlzeH hot vater high balance Tab 1 a) 
I I 
I 
(Pipe llne North 
(Exlst consuren HYt 1330 1270 1230 1210 1200 1175 1131 1131 1131 
(Rev consumers 
( promlsed Hut 0 5  0 7  0 7  2 5  2 5  2 5  2 5  
( connected boilers nYt 4 4  4 4  4 4  4 4  4 4  4 4  
( nev corerctal HYt 1 9  2 9  4 0  125 151 171 
(Iota1 HY t 133 0 127 0 123 5 128 0 128 0 128 4 132 5 135 1 137 1 
I 
1Plpe line South 
(Exist consuers ItYt 74 0 70 7 68 4 67 3 66 8 65 4 62 9 62 9 62 9 
(Rev c o n s u m s  
I prom~sed llX t 3 0  128 148 167 178 178 178 178 
( connectedboilers HY t 2 9  5 4  7 8  9 5  9 5  9 5  
(EPBory hotvaterpart HYt 9 9 214 214 :;I 
llotal Hwt 74 0 73 7 84 1 87 5 114 2 115 6 111 6 111 6 111 6 
1 I 
~PIR l ~ n e  ~ a s t  
(BP VI4V2 nit 395 395 395 394 394 

I 
(Rev consurers 
( pror~sed HYt 5 6  7 1  7 1  7 1  7 1  
1 connected bo~lers HYt 4 5  5 1  8 8  8 8  8 8  
(Total Hut 49 6 51 7 55 4 55 3 55 3 1 
f 1 
i5ot water deaanb brutto HYt 207 0 200 7 207 6 215 5 291 8 295 7 299 5 302 0 304 0 ( 
I TJly 1990 1935 1998 2074 2801 2836 2871 2889 2906 ( 
I 1 ,  T 

(letvork losses nwt 11 7 11 7 11 7 12 2 15 8 16 0 16 2 16 3 16 4 1 
I TJly 215 217 217 226 293 297 300 303 3051 
I 
(Betto demands HYt 

I 
1% 3 189 0 1% 9 203 3 276 0 279 7 283 3 285 7 287 6 ( 

1 TJIy 1775 1718 1781 1848 2509 2539 2571 2586 2601) 

I 
JHeat balance Plzei stear h ~ q h  balance Iab 1 b) 
I 
1 Year 1992 1993 1994 19% 1996 1997 2000 2005 2010/ 
I I 
)Erevery nit 587 587 587 587 620 643 643 643 643 
Pallvays Hatnt Co nut 291 285 280 275 270 256 256 5 6  5 6  
l k P L  nut 5 2  5 1  5 0  4 9  4 8  4 6  4 6  4 6  4 6  
jCoastruction rachlnery Co Hut 6 0  5 5  5 5  5 1  5 1  
I 
isteal derands brutto nut 93 0 92 3 91 7 91 1 99 8 100 0 100 0 99 6 99 6 
I TJly 1125 1117 1109 1102 1207 1300 1300 1290 1290 
f Ltvork losses HY t 4 9  4 9  4 9  4 9  5 2  5 2  5 2  5 2  5 2  

TJly 140 140 140 140 150 I50 150 150 150 

lRetto derands 
HK1 88 1 87 4 86 8 86 2 94 6 94 8 94 8 94 4 94 4 
TJly 985 977 969 962 1057 1150 1150 1140 1140 

BH Boiler House CP Cogenerat~on Plant CC Corb~ned Cycle 
HUB Bot water Botler HP Heating Plant HPP B ~ g h  Pressure Part of CP 
SB Stear Boller 



I 
(0eat balance DES PlzeB hot water lov balance Tab 2 a)  1 
i 

( P ~ p e  llne Rortb 
xlst consuers Hxt 1330 1270 1230 1200 1180 1150 1080 1060 1060 

i;ev k;;;; 
Hwt 0 4  0 5  0 5  1 9  1 9  1 9  1 9  

I connected boilers nwt 3 5  3 5  3 5  3 5  3 5  3 5  
( ncv c o ~ e r c ~ a l  nwt 1 0  1 0  1 0  1 0  1 0  
(Total LlWt 133 0 127 0  123 4 125 0 123 0 121 4 114 4 112 4 112 4 
t 
~ P I W  line south 

is1 consuers Hlft 740  7 0 7  680  6 6 5  6 6 0  6 4 0  5 9 9  592  5 9 2  
Rev consurers r pror~std %I1 2 3  9 6  1 1 1  1 2 5  1 3 4  1 3 4  134  134  

( connectedbollers nY1 1 7  3 2  4 7  5 7  5 7  5 7  5 7 1  
(HP Bory bot vater par1 nY1 2 2 9  2 2 9  207  207  2 0 7 1  
(Total nil 740  729  7 9 3  8 0 8  1061 1060 9 3 7  9 9 0  901 
I 1 
lPlpe lane East 
(HP V1+V2 nP1 3 9 5  3 9 4  3 7 2  372  

i 
lltv consurers 
1 prorlsed nYt 

37 1 
4 2  5 3  5 3  5 3  5 3 1  

( connected bollers HYt 0 6  2 2  3 4  3 4  
(Total HYt 437 4 5 3  4 4 7  459 459  
I 
(Hot valer derands brulto llYt 207 0 199 9 202 7 205 8 272 8 272 7 258 8 257 3 257 3 1 
I TJly 1990 1928 1953 1984 2619 2616 2491 2471 24711 
I 1 

I Detvork losses n ~ t  1 1 7  1 1 7  ( 1 7  1 1 9  1 4 7  1 4 7  1 5 0  1 5 0  1 5 0 1  
TJl y 215 217 217 221 273 273 278 278 278 

Jiieat balance Plzeli slean lov balance Tab2 b) 

I 
JYtar 1992 1993 1994 1995 19% 1997 2000 2005 2010 

I 
IBrcvery HYL 58 7 58 7 58 7 58 7 58 7 58 7 58 7 58 7 58 7 
}%allvrys llalnt Co HYL 291 285  280 275 270  256 2 5 6  256 256 
)  POL HNt 5 2  5 1  5 0  4 9  4 8  4 6  4 6  4 6  4 6  
I 
!Stear derands brutto llYt 93 0 92 3 91 7 91 1 90 5 88 9 88 9 88 9 88 9 
I TJl y 1125 1115 1110 1100 1095 1075 1075 1075 1075 I Network losses HY 1 4 9  4 9  4 9  4 9  4 9  4 9  4 9  4 9  4 9  

TJly 140 140 140 140 140 140 140 140 140 
1 Retto demands HYl 88 1 87 4 86 8 86 2 85 6 84 0 84 0 84 0 84 0 
I TJly 985 975 970 960 955 935 935 935 935 

Abrev~at ions BH Bo~ler Bouse CP Cogeneralion Plant CC Corblned Cycle 
HWB Rot Yater Bo~ler BP Beal~ng Plant EPP Bigh Pressure Part of CP 
SB Slean Boller 



Heat supply promised from DHS Z ~ E  up to 1996 
High balance Tab 3 

x t x + x ~ x ~ x x t x t x + x + x + x + ~ + x + x t x t x t x ~ X t x t x + x 4 x t x + x + x ~ x t x t x t x t x t x t x + x t x x t x ~ x + x 4 x t x t x * x + x + x + x t x + x t t * x + x t x t x t x t x  

hut le l  Applicant (cuslorer) lldress S t a r t  Derand Peguesled Peducad 
l o  of the custorer UP the r r  povcr lbc r r  power 

CJly Ht kY t 
~ t x + x 4 x + x x ~ x t x t x t ~ t x + x t x 4 x + I + x t x t x t x 4 x + x t x t x t x t x t x t x + x + l t x t x t x + x + x x + x t x t x t x i x + x + x + x t x + x + x t x i x t x t x t x * x t x t x  

PIPELIXE SOUTE 
1 llagistrdt l e s l a  Lukavickl 9 091 1993 4015 544 435 2 
2 I lagis tr l t  r€sLa ~cchova 28 091 1993 1231 191 152 8 
3 Magistrill r l s l a  Pod Zdborskcr 26 091 1993 11247 3050 2440 0 
4 llin 3kolslvl GymBiur PetAkova 2 1993 9000 1566 2052 8 
5 Voytnskd neroenice %lad 1;ozinova 6 0911993 800 130 104 0 
6 llin zdravotnlctvi I pol Dtnisovo ndbC 1993 8580 2000 1600 0 
7 Plzeliskd korunikace Reslova 13 1993 828 210 168 0 
8 llin Skolstvl Cbodski nir 1 ( ~ ~ 3 1  1993 13005 1880 1504 0 
9 RECOOP TOllII a s Praha Sady 5 kvglna 1993 29299 3045 2436 0 

10 Sh drab druZsttv PadobyEicka 24 1993 4500 700 560 0 
11 h a r k  h a s Raha OD R i o r  h c r i c k d  47 1993 12000 1800 1440 0 
15 h a  a s Plzel  Zirni s l a d ~ o n  1994 11500 2273 1818 4 
16 OD + gariZc EcrsH 1995 13772 ZSOO 2000 0 
19 l l ~ n  bospodlEstvl DC obuvi h e n c k l  ? 1876 1240 992 0 
20 ISBan s r o Plztli Struncow sady 1 1100 1M 120 0 

~a~saila~aaaxa~a~aaa~~aa~aaaa~~~~~~~xlaxxx~aaa~~~~~~al;aa;ass;a;~aaaa;;aaa;;;;a;aa;aalaaaa;aaa;axaaaa;aa; 

TOIU 123753 22279 
Reduced povtr 17823 2 
a X S Z ~ ~ S S S ~ S S ~ I ~ ~ a S X X S ~ S ~ S I ~ ~ S X ~ X ~ I X I S 8 a a ~ S ~ ~ ~ S X S ~ Z S a S S ; ~ % ~ S ~ S ~ ~ ~ 8 8 ~ S ~ ~ ; S S ~ ~ ; ~ ~ ~ ~ ~ 8 ~ ~ S ~ 8 ~ S S X S S 8 ~ ~ 8 ~ ~ ~ S ~ ; S S  

PIPElElE lorn 
12 Bin slavebnictvi StC GEM 4 g a r a t  199311994 2880 570 456 0 
13 CWllllED EDEU Plzcll lolcvcc 1994 1470 260 208 0 
18 Spr po3t a lclckor SOU s p o j l  Lachotin 1996 15000 2260 1808 0 

a~asaa;;ssaa;zs~s;a;saaa;~s;;aaaa;;;xttas;;;aax;;;asa~a~;s;;aaa~;;szaaaaaasaaaaaaaa;asx;aaa=a;aaa;asaaa~a 

TOTAL 19350 3090 
Pcduccd povcr 2472 0 
xtx;;a;tass;aa;a;;s;aataa;aaaas;s;;saaaaa;aa~saaa;aa;xa~aaaa;;z~;;aaa;xaasaaa~a~x;~aaca;aaa;aaa~;saaaaa;a 

PIPELIIE EW 
14 llin p r h y s l u  CB Stavcbni s t r o j c  1994 28588 7000 56000 
17 llin p r h y s l u  CB EPPO s p Cvokabkd 10 1995 9800 1900 1520 0 

a;sa;;aa~aaaaaas;~;aaaaaas;;sa~;;;;aa~aaaaaaaa;;aaa;aaaa;s;s;;xa;a;xaa;;s;;a;a;;;s;;s~aaas;aa;;~aas;aaaas 

TOTAL 
Reduced povcr 

TOTAL 181491 34269 
Reduced power 27415 2 
x t x t x + x + x x t x t ~ t x t x t x t x t x + ~ t ~ t x t x + x + x t x t I t ~ i x t x t x + x + x t x + x t ~ t x + x + x t x x t X + x t x + I t x + x t x t x t x t x t x t x t x t x t x t x t x t x + x  



Heat supply promlsed from DHS Z ~ E  up to 1996 
Low balance Tab 3a 

~ * x + x * x * x ~ + x + x + x + 1 + I * x + X + X + x + x + x * X + x * I ~ x + x + x + x + x * x * x * x + x * x * x + x + x * x x ~ x * x + x + x t x + x * x + I t x * x + x * x + x + x * x * x t x + x + x  

Autlel Appl~cant (cuslorer) Adress SLrrt Derrnd Requested Reduced 
l o  of the custorer UP lherr  power lherr  power 

CJI y k R  kR 
x+xtx+x+xx+ItX+I+I+I+x+xtxtx+x+ItI+x*X+x+xtx+x+x*x*x+x+x+I+xtI~x+II*I+x+x+x+I+I*x*x+xtxtxtx*x+x+x+I+I+x+x 

PIPELIllE SOUTE 
1 Hagistrdl r i s t a  Euiavickd 9 091 1993 2409 544 326 4 
2 llagistrdl r6sla  techova 28 091 1993 739 191 114 6 
3 Ilagislrdl r i s l a  Pod Zdhorsker 26 091 1993 6748 3050 1830 0 
4 Ilin 3kolsk i  Gymdz~ur Pelnova 2 1993 5400 2566 1539 6 
5 Volenskd nerocnlce Sklad Kozlnova 6 091 1993 480 130 78 0 
6 Hln zdravolnictvl I pol Denlsovo nabf 1993 5148 2000 1200 0 
7 PlzeLk4 korunikace Reslova 13 1993 497 210 126 0 
8 l l ~ n  Skolsk l  Chadski n C  1 had51 1993 7803 1880 1128 0 
9 RECOOP TOQ a s Praba Sady 5 kv€Lna 1993 17579 3045 1827 0 

10 S ~ H  ryrob druZstev RadobyEIckd 24 1993 2700 700 420 0 
11 h a r t  CP r s Ptaha OD R i o r  Arericki 47 1993 7200 1800 1080 0 
15 Skoda a s Plzell 2im1 stadion 1994 7500 2273 1363 8 
16 OD + grr&e Cenki  1995 8263 2500 1500 0 
19 Hin bospodUstvi Dih obwi llrericki ? 1l26 I240 744 0 
20 ISBlm s r o Plzei ~ t r u n m v y  sady ? 660 150 90 0 

I I I ~ ~ ~ ~ S I ~ I I I S I I I I ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ I I ~ ~ ~ ~ ~ ~ I I ~ I I ~ I I ~ I I I I I S I I I ~ S ~ S I I S I I I ~ I ~ ~ ~ ~ ~ ~ I ~ ~ I I S S I I ~ I I S ~ S ~ I ~ I ~ I ~ ~ I ~ ~ I ~ ~ ~ ~  

TOTAL 74252 22279 
Reduced power 13367 4 
I S I I ~ ~ ~ ~ S ~ ~ I I ~ I I ~ I ~ I - ~ I ~ ~ I I ~ I I ~ ~ I ~ ~ S = ~ S I I I I ~ ~ I I I I ~ I I ~ ~ ~ ~ ~ ~ I ~ I S ~ S I ~ I S ~ I ~ S I ~ I I I ~ ~ I I I I I S I I S ~ ~ I ~ S S S I S I ~ I ~ ~ S ~ ~  

PIPELEIE IOBTE 
12 Illn stavebniclvl Stf  GEM + g r r f e  199311994 1728 570 3420 
13 CWAHED EDM Plzci  L levec  1994 882 260 156 0 
18 Spr pajt a Lelekor SOU spoj l  Locbotln 1996 3000 2260 1356 0 

I ~ S ~ 8 I ~ S S ~ I I I I X X X X I I S I S S S S I X I X X ~ I S I I I I S I I S I I S X I ~ S X X S S I S S X X I I I X I S S S S S I S S I 8 X X I X ~ ~ ~ S ~ X S S S S I I S I I I S ~ I ~ I ~ 8 S S S S S  

TOTAL 11610 3W 
Reduced power 1854 0 
I I ~ I I I I I S I I I I ~ I I ~ ~ ~ I ~ I ~ I I I S ~ I ~ I ~ S ~ S I S S ~ I S ~ ~ I I ~ ~ ~ ~ ~ ~ S I I I ~ ~ ~ I ~ ~ ~ ~ ~ S ~ I S I I S ~ S I ~ ~ ~ I ~ I ~ ~ ~ ~ ~ ~ I I S S S S I I I I I ~ ~ S ~ ~ ~ I I  

PIPELIIE EAST 
14 l i n  prilryslu CB Slavebnl s t m j e  1994 17153 7000 42000 
17 l i n  p r l l rp lu  CE EPRO s P C~okrfsk i  10 1995 5880 1900 1140 0 

I I I X I I I I I ~ I I ~ I I S S I I I I I ~ ~ X I I X I ~ I I I I t I I X I ~ X X X S I S S I ~ I ~ S X X I ~ X ~ I S ~ S 8 X S S I I ~ I ~ I ~ ~ ~ S I I I ~ S I S ~ ~ ~ I 8 I I ~ ~ I ~ S I S S ~ S ~ I I a a  

TOTAL 23033 8900 
Reduced power 5340 0 
I I ~ X I i ~ ~ I S I X X ~ ~ X I ~ I t I I S X X I S X X Z ~ I S S I X I S X X ~ X C S S I I I S I S S S S X ~ X X S X S ~ S S I X X X X X S X ~ S ~ X X ~ ~ I S X X S ~ X X I X S I ~ X ~ ~ S S l X 8 ~ ~ S a z  

TOTAL 108895 34269 
Reduced power 205614 
x+x41+x*xx+x*1+xtx+x*x+xtx+xtxtxtx+x*x*x*x+I+I*x*x+x+x+x+x+~+x+x+xI+x+x*x*x+x*I+x+~tI+xtx+x*I+x+x+x~x*x+x 



local Boilers suitable lo be connected lo DES ZCE high balance Tab 4 
I + ~ + ~ ~ ~ ~ ~ ~ X ~ X + X + I ~ X + I ~ I ~ X ~ I ~ X + I ~ X + I + I + I + ~ ~ ~ ~ X + K + ~ + ~ + X ~ ~ ~ + X + : ~ ~ ~ X ~ X ~ K X + ~ ~ X + ~ ~ + ~ + X ~ ~ ~ X ~ + ~ ~ X + ~ + X ~ X ~ X ~ ~ ~ X ~ ~ ~ X X ~ X ~ X ~ X ~ X ~ X ~ X  

Ilo Boilers Inst therr Fuel Heat value Consurt~on E f I ~ c ~ e n c y  Derannd Tile Power 
outpul factor 
tX1 llJltg tly CJIy X CJIy M y  tX t 

x+x+x+x~xtxtxtxtxtxtxtxtt+x+x+~4xtxtxtxtx+xtxtx+xtxtxtxxtxtx+x+x+xtxxtx+xtxxtx+xtx+xx+x+~t~txtx~xtxtxtxtxxtx*xtxtx+xtx 

PIPeLIlE SOUTH 
10 1640 HU 14 5 815 11817 5 0 73 8626 8 2200 1089 2 
12 4610 HU 14 5 1566 22707 0 0 73 16576 1 2000 2302 2 
40 2320 HU 14 5 47 6815 0 7 3  497 5 2200 62 8 
46 2158 HU 14 5 500 7250 0 0 73 5292 5 2200 668 2 
75 1000 HU 14 5 147 2131 5 0 73 1556 0 2200 196 5 
76 990 KOKS 26 4 243 6415 2 0 73 4683 1 2200 591 3 
78 954 KOKS 26 4 233 6151 2 0 73 4490 4 2200 567 0 
84 874 KOKS 26 4 174 4593 6 0 73 3353 3 2200 423 4 
96 7SO 1013 26 4 154 4065 6 0 73 2967 9 2200 374 7 

112 636 KOKS 26 4 232 6124 8 0 73 4471 1 2200 564 5 
117 636 HU 14 5 560 8120 0 0 73 5927 6 2100 '184 1 
131 543 HU 15 0 112 1680 0 0 73 1226 4 2200 154 8 
134 524 KOKS 26 4 61 1610 4 0 73 1175 6 2000 I63 3 
160 708 BU 15 0 132 1980 0 0 73 1445 4 2200 182 5 
174 353 IOKS 26 4 69 1821 6 0 73 1329 8 2200 167 9 
181 318 HU 15 0 80 1200 0 0 73 876 0 2200 110 6 
183 318 KOKS 26 4 85 2244 0 0 73 1638 1 2200 lOd8 
184 318 BU 15 0 93 1395 0 0 73 1018 4 2200 128 6 
200 295 KOKS 26 4 1478 4 o n 1079 2 2200 1% 3 
202 280 KOKS 26 4 60 1584 0 0 73 1156 3 2100 153 0 
205 273 EOKS 26 4 14 369 6 0 73 269 8 2200 34 1 
207 272 BU 15 0 81 1215 0 0 73 887 0 2200 112 0 
220 234 LTO 41 5 3 1245 0 8  99 6 1000 27 7 
222 234 BU 16 66 10% 0 0 73 770 9 2200 97 3 
223 234 LTO 41 5 3 124 5 0 8 99 6 1000 2 7 7  
225 232 KOKS 26 4 30 792 0 0 73 578 2 2400 66 9 
226 232 LOU 26 4 50 1320 0 0 73 963 6 2400 111 5 

~ ~ ~ ~ l ~ ~ ~ ~ S X ~ t ~ ~ ~ ~ ~ X X ~ X ~ ~ ~ a ~ ~ ~ ~ X X ~ ~ ~ ~ t X = X i ~ ~ t ~ a ~ ~ ~ a a X ~ a S ~ # a ~ ~ a a ~ ~ a a X a ~ a ~ a X ~ 8 a a a a a ~ ~ a ~ ~ t ~ a ~ ~ # i ~ a a ~ ~ a a ~ X a ~ Z a a ~ t a a i X ~ ~ X X ~ S  

TOTAL 24936 73056 1 2135 9504 9 
x a a x s a ~ a a a ~ a a a a a a a a ~ a ~ x a a ~ ~ ~ a a a ~ a a a a ~ a ~ x a a a ~ a a a a ~ a a a a a a a a a a a a a a a = ~ a a a a a a a a a x a a a z a a a a a a a a a a a t a a a a a a a a a a a a ~ a a t a a t a a a a a a  

PIPELIIE 110RTB 
3 8130 LTO 41 5 1041 43201 5 0 8 34561 2 2200 4363 8 

a ~ a a ~ s ~ a a ~ a a a ~ a a a a a a a a x a a a a a a a a a a a a a a a a a a a a a a a a a a ~ a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a t a a a a a a a a a a a a a a ~ a t t a i a a a a a ~  

TOTAL 8730 34561 2 2200 4363 8 
a a a a a a a ~ a a a a ~ a a ~ t a a a a a a a i a a a i a a a a a a a i  aa~aaaaaaaaaaaaa~aaaaaaaaaaaaaaaxaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 

PIPELIlE EllSl 
I 10590 SP x 14 6 1629 23780 1 0 81 19261 9 1200 468 8 
6 5820 BU 14 5 304 4408 0 0 73 3217 8 2000 446 9 

13 410  HU 14 5 350 5075 0 0 73 3704 8 2000 514 5 
20 3480 BU 14 5 857 12426 5 0 73 9071 3 2000 1259 9 
27 3060 BU 14 5 1011 14659 5 0 73 10701 4 2200 1351 2 
72 1050 HU 14 5 65 9425 0 7 3  688 0 2000 95 6 

106 680 LOIS 26 4 60 1584 0 0 73 1156 3 2000 I60 6 
129 544 KOKS 26 4 88 2323 2 0 73 1695 9 2200 2l4 1 
169 375 KOKS 26 4 127 3352 8 0 13 2447 5 2200 309 0 

= a ~ a a a a a ~ a a a a a a x a a a a a a a a a a a a a a a a a a z a a s a ~ a a a a a a a t a a ~ ~ a a ~ a a a a a a ~ a a a a a a i a a a a a a a a a a a s a a a ~ a a a a a a x t a a a a a a a a a a a x a a a a a a a ~ a a a a ~  

TOTU 29809 51945 1 1638 a 1 0  7 
a a a a ~ a a a a a a a a a a i a a a a a a a a ~ a ~ ~ a a s a a a a a ~ a a x a a i a = a a t a a a a u a a a a a a a a a a a a a a a t ~ a a a ~ a a a a a a a a ~ t a a a a a a a a a a t a a a a a a a a a a x a a a a a a a a a a a  

BOILEBS TOTAL 63475 159562 3 1954 12679 4 
l + X + X ~ X t X ~ X + X t X t X ~ l ~ X ~ X ~ X + X ~ X + X ~ X + X ~ X + X ~ X + X t X + X t X t X t X X 4 X + ~ t K + X + K + X X + Z t X 4 X t X X ~ I t X t Z t X X t X 4 X + l ~ X ~ X t X ~ Z + X ~ X ~ X X ~ X ~ K ~ X ~ X t X ~ X  

x fuel consurt~on il 1@ r31y 811 l~gnite, KOKS coke 110 fuel oil light SP clty gas 



Local Boilers suitable to be connected to DES ZCE lov balance lab 4a 
x ~ x * x t x ~ x t x ~ x * x ~ x ~ x * x t x t x t x 4 x ~ x ~ ~ ~ ~ ~ x ~ x ~ x * x * x * x ~ x * x * x ~ x x ~ x ~ ~ ~ x * x * ~ * x x 4 x t x 4 x x * x ~ x t x ~ x x ~ x ~ x ~ x ~ x * x * x * x t x ~ x t x x ~ x ~ x t x * x * ~ * ~  

Mo Boilers InsL therr Fuel Beat value Consulion Efficiency Derannd llre Pover 
output factor 

kY1 HJlkq tly GJly X GJly MY kYt 
xtx4x*x*x4x*x4xtxtx4x4x4x4x4x4x4x*x*x4xtx+xt~~x*x4x4x4xx4x*x+x~xtx4xx4xtx4xx4x4x4x41x4x4x4x4xtx4x4x4x4x4xx4x*x4x4xtx+x 

PIPELIllE SQUIB 
10 4640 HU 14 5 791 11463 0 0 73 8368 0 2200 1056 6 
46 2158 W 14 5 485 7032 5 0 73 5133 7 2200 648 2 
75 1000 BU 14 5 143 2067 6 0 73 1509 3 2200 190 6 
76 990 KOKS 26 4 236 6222 7 0 73 4542 6 2200 573 6 
78 954 KOKS 26 4 226 5966 7 0 73 4355 7 2200 550 0 
96 750 KOKS 26 4 149 3943 6 0 73 2878 9 2200 363 5 

112 636 KOKS 26 4 225 5941 1 0 73 4337 0 2200 547 6 
117 636 HU 14 5 543 7876 4 0 73 5749 8 2100 760 6 
131 543 EU 15 0 109 16296 0 7 3  11896 2200 150 2 
174 353 KOKS 26 4 67 1767 0 0 73 1289 9 2200 162 9 
181 318 HU is 0 78 11640 0 7 3  849 7 2200 107 3 
184 318 HU 15 0 90 1353 2 0 73 987 8 2200 124 7 
200 295 KOIS 26 4 54 1434 0 0 73 1046 9 2200 132 2 
205 xi XOKS 26 4 14 3585 0 7 3  261 7 2200 33 0 
207 272 BU 15 0 79 11786 0 7 3  860 3 2200 108 6 
222 234 HU 16 0 64 1024 3 0 73 747 8 2200 94 4 
226 232 KOKS 26 4 49 1280 4 0 73 934 7 2400 108 2 

a a z a  a a a a a a a a a - a z a z z z z a a a z z a z z ~ a a ~ a a a a ~ a a z a ~ a a a a a a a a z a a a x a a a z a a i a a a a z a i a a a a a a a a a a z z z a a a a a a a a a a t a z a a a a a a a a  z a z i z  

TOTAL 14602 45043 2 2190 5712 0 
a~a~zaaaaaa~~at~z~aaaaaa~ziazizzaaaaaaaaaaaaa=aaaa~aaasaaa*aaaaaaa~zaaaaaaaaaaaataza,aaataaaaaaaaaaaaaaaaaasaaaaaasa,, 

TOTAL 8730 27649 0 MOO 3491 0 I 

z ~ 1 ~ 1 ~ 1 ~ ~ ~ ~ ~ ~ ~ ~ 1 X S ~ ~ ~ ~ ~ X t ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t t ~ ~ ~ ~ ~ ~ ~ a a s S a ~ ~ ~ ~ ~ a t ~ a a a a a ~ a a a ~ a ~ a ~ ~ ~ ~ ~ ~ ~ 8 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ l ~ ~ ~ ~ ~  

PIPELIIE EAST 
6 5820 W 14 5 w 3526 4 0 73 2574 3 2000 357 5 

13 ' 4210 HU 14 5 280 4060 0 0 73 2963 8 2000 411 6 
20 3480 HU 14 5 686 9941 2 0 73 7257 1 2000 1007 9 
27 3060 HU 14 5 809 11727 6 0 73 8561 i 2200 1081 0 

106 680 KOKS 26 4 48 12672 0 7 3  925 1 2000 128 5 
129 544 KOKS 26 4 70 1858 6 0 73 1356 7 2200 171 3 
169 375 KOKS 26 4 102 26822 0 7 3  19580 2200 247 2 

aaaaaaasaaaaaaataaaaaaaaaaxaaaaaaaataaaaaaaataaatataaaasaaaaaaaaaasaaaaaaasasazaaaaaasaaaaaaaatatsz~aaaazaaaaaaaaaaaaz 

TOTAL 18169 0 255% 0 2088 3405 0 
aaataaaatxzaaaaataaaaattaxzttaataasaaaaaa~aa~stattaaaasaaaatxaaasaataaaaaaaaaaaaas~xaaaaataaaa~aa8alasaaaaaaaaataaaSaa 

lOILEBS TOTAL 41501 0 98288 3 2165 12608 1 
x t X * x * x ~ x ~ x ~ x ~ x ~ x t x * x t x * x * x t x t x ~ x t x 4 x t x ~ x * x * x * x t x ~ x 4 x x 4 x * x t x t x t t 4 x x * ~ ~ x * x ~ x x t x t x ~ x * x x t x * x t x 4 x * x ~ x ~ x ~ x t x ~ x x 4 x * x 4 x * x * x ~ x  

x fuel consurtion 11 1 9  3/y, HU lignite, KOIS coke 170 fuel oil light SP city gas 



/~llernative A gar 1 L a 1  supply hot vater h ~ r h  balance Tab 5 a) 
i 
Year 1992 1995 1996 1997 2000 2005 2010 

BoL rater demands brutto HYt 207 0 215 5 291 8 295 7 299 5 302 0 304 0 
TJly 1990 2074 2801 2836 2871 2889 2906 

Beat supply 
CP Plzeli I BYB HY1 

TJly 
I1 HPP HY1 

TJl y 
I11 SB 65 llh HYt 

TJl y 
IV C C 2 x V b 4 3  HYL 

TJIY 
V HVB HY1 

TJl y 
CP P l n i  total HYl 

TJIy 

Inttrconennected un~ls 
Peak HP W u t k a  HI1 7 0  320  3 2 0  
BP BOW nu1 30 o 
BP V l  + V2 UP t 45 0 
Inlercontnnected unils total llYt 7 0  3 0  1070 

TJly 9 79 241 

Units total 

lot covered 

HVl 207 0 207 0 282 0 295 7 299 5 302 0 304 0 
TJly 1990 2074 2801 2836 2871 2889 2906 
Hut 0 0  8 5  9 8  0 0  0 0  0 0  0 0  

I 
JAlternative A war 1 Beat supply steam high balance Tab 5 b) 

I 
!Year 1992 1995 1996 1997 2000 2005 2010 

I 
)Beat balance Plzefi steam HUt 930 911  9 9 8  1000 1000 996  996  

TJl y 1125 1102 1207 1300 1300 1290 1290 

Eta1 supply 
CP P l n l  I1 BPP tiYt 70 0 11 0 11 0 100 0 100 0 89 0 87 0 

TJl y 730 500 540 889 889 898 897 
I11 SB 65 tlh HYL 43 5 43 5 (41 5) (41 5) (41 5) (41 5) 

TJl y 467 500 193 193 190 i90 
IV CC 2 x V 64 3 UYt (385) (385) (385) (385) 

131 y 1% 195 192 192 
CP Plzel total UPt 700 5 4 5  545 1000 1000 8 9 0  8 7 0  

TJIY no 967 two im tm iao i n 9  
I 
jlnlerconennected units 
BE lrevery Ill1 230 366  1 5 3  (30) (30) 1 0 6  1 2 6  

TJly 3% 135 167 23 23 10 11 

Units total UVt 930 91 1 9 9 8  1000 1000 9 9 6  996  
TJl y 1125 1102 1207 13W 1300 1290 1290 

lo1 covered 1111 0 0  0 0  0 0  0 0  0 0  0 0  0 0  

brtviatim BE kller B o w  CC Corblned Cycle 
SB Stear bller BPll BoL Rater Boiler EPP 01qh Rtssure Part of CP 



jblternat~oe A oar 1 Eeal supply hot vater lov balance Tab 6 a) 
I 

I 
I 

jNol rater denands brutto HYt 207 0 205 8 272 8 272 7 258 8 257 3 257 3 

I TJly t990 1984 2619 2616 2491 2471 2471 / 
(Beat supply 
ICP Plzeii I NIB HYt 

I TJly 
I I1 BPP HYt 

TJly I 111 sB 65 oa wt 
TJly I IV c c 2 x v 6 4 3  HYt 

I TJly 
ICP Plzell kohl HXt 
I TJly 

~~nterconennected units 
P e l  BP Ko5utka HWt 7 0  320 320 I@ BOV HYt 23 8 
IEP Vl + V2 HY1 42 0 
(Interconennected units total HYt 7 0  320 978 
I TJl y 9 104 220 
I 
(UnlLs total Hit 

I 
207 0 205 8 272 8 272 7 258 8 257 3 257 3 1 

i TJl y 1990 1984 2619 2616 2491 2471 2471 
(Mot covered HWt 0 0  0 0  0 0  0 0  0 0  0 0  0 0 1  

jAlLernat~ve A var 1 Ntat supply stean low balance Tab 6 b) i 

jNeal balance PlzeIL steal HWt 930 911 905 889 889 889 889i 

llV1 700 122 110 
TJI y no soo soo 

I 111 SB 65 Llh llWt 4 3 5  435 
TYly 465 460 

I IV C C 2 x V 6 4 3  llVt 
I M I  y 
JCP Plzei total HYt 700 557 5 4 5  
I TJl y no 965 960 

I Interconenaected unib BE Bravery boi ler plant nllt 230 354 360 I3 2 13 2 
TJl y 395 135 135 15 15 

I 
J ~ n l t s  total HIf 930 911 9 0 5  889 889 889 889 

I TJly 1125 1100 1095 1075 1075 1075 1075 
1 lot covered HWt 0 0  0 0  0 0  0 0  0 0  0 0  0 0  

Abrev~at loas BE Boiler Bouse CC Corbintd Cycle 
SB SLear Boiler BIB Not laLer Boiler BPP Biqb Rtssun P u t  of CP 



1 
1Alternative A var 2 neat supply hot valer high balance Tab 7 a )  
I i 
lEol w l e r  deaands brut to Hllt 2070 2155 2918 2957 2995 

I TJly 1990 2074 2801 2836 2871 2889 2906 
I I 
Beat supply 
CP Plzefi I EX8 HYt 105 0 105 0 105 0 105 0 105 0 

TJl y 670 750 1100 482 186 
I1 EPP Hll 950 700 700 827 865 780 800 

TJly 1311 1245 1460 1230 1247 1243 1250 
111 SB 65 t l h  HYL 430 430 430 430 

TJly 34 35 36 36 
III CC 1 x V 64 3 till1 65 0 65 0 65 0 65 0 

W l  y 1090 1103 1115 1120 
V EFE Ill1 116 0 116 0 

TJly 4% 9 0  
CP PlnZ total  till t 200 0 175 0 175 0 2% 7 299 5 302 0 304 0 

TJly 1981 1995 2560 2836 2871 2889 2906 

Intercontnntcttd uni ts  
Peak UP W u l a  Hilt 7 0  320 320 
EP b r y  HY t 30 0 
E P V ~ + V ~  nllt 4 o 
Interconennecled un i t s  t o t a l  HUt 7 0  320 I070 

TJly 9 79 241 

Units to la l  HYt 207 0 207 0 282 0 295 7 299 5 302 0 304 0 
131 y 1990 2074 2801 2836 2871 2889 

l o t  covered Hll t 0 0  8 5  9 8  0 0  0 0  0 0  0 0  .- 
r I 
~i l l t t rna t ive  A m r  2 Beat supply s teaa h ~ q h  balance Tab 7 b) I 

Ytrr 

Uerl balance P l ze l  s t e r r  lilt 930 91 1 998 1000 
TJl r  1125 1102 1207 1300 

Beal supply 
CP P l n i  I1 BPP HYt 

N l y  
I11 9 65 t l b  Hlt 

1317 
IV EC 1 x V 64 3 UYt 

I 1317 
CP Ptzefi total  U Y t  

TJ l r  

Units to ta l  

l o t  covered 

Abrtvjatioas UI k i l t r  BMUC CC Colbiaed W l e  
SB S t e u  L ~ l t r  En Eol Ilrter Boiler BPP EI qh P r e m  Par t  of CP 



Alternat~ve 4 vat 2 Beat supply hot vater lov balance Tab 8 a) 

1 
(Year 1992 1995 19% 1997 2000 2005 2010 

I Bol vater deaands brulto HYt 207 0 205 8 272 8 272 7 258 8 257 3 257 3 
TJl y 1990 1984 2619 2616 2491 2471 2471 

i Beat supply CP Plzefi I BYB HY t 105 0 105 0 105 0 105 0 104 8 
TJl y 670 700 1034 270 255 

11 RPP HY1 95 0 68 8 70 0 89 0 89 0 91 3 91 3 
TJly 1311 1180 1365 1206 1160 1160 1160 

111 S B 6 5 t I h  HYt 137 (159)  4 3 0  4 3 0  

I TJl y 20 8 4 4 

I IV CC 1 x V 64 3 HPt 65 0 65 0 65 0 65 0 
TJl y 1120 1068 1060 1060 

I V UifB HYL 5 8 0  5 8 0  
TJl y 209 209 

CP Plzeli total HYt 2 0 0 0  1738 1750 2727 2588 2 5 7 3  2 5 7 3  

I TJly 1981 1880 2399 2616 2491 2471 2471 
I 
jInterconennected units 
IPeak BP Ko9ulka HVt 7 0  3 2 0  3 2 0  
(p h r ~  Hut 23 8 

UYt 4 0  
~ ~ 1 : ~ c ~ ~ ~ n e c t e d  mils tola1 HYt 7 0  3 2 0  9 7 8  

TJl y 9 104 220 

I Units lolal HYt 207 0 205 8 272 8 272 7 258 8 257 3 257 3 
TJl y 1990 1984 2619 2616 2491 2471 2471 

l Mot covered llll t 0 0  0 0  0 0  0 0  0 0  0 0  0 0  

)lllernat~ve l vrr 2 leal supply rrlean 10s balance Tab 8 b) 
I I 
}leal balance Plzcll d e a r  UYt 9 3 0  9 1 1  9 0 5  8 8 9  8 8 9  8 8 9  8 8 9 1  

I TJl y 1125 1100 1095 1075 1075 1075 1075)  
I 

Beat wpply 
CP Plzei I1 BPP HYL 

TJl y 
111 P 65 tlh llVt 

I TJI y 
1 IV CC 1 x V 64 3 Hilt 
1 TJly 
CP Plzci lolal llV1 

TJlr 

HYl 9 3 0  9 1 1  9 0 5  8 8 9  8 8 9  8 8 9  
TJl y 1125 1100 1095 1075 1075 1075 1075 

!la1 covered Ulft 

88 I 
0 0  0 0  0 0  0 0  0 0  0 0  0 0 )  

Abreviatloas M biler Bwsc CC Carbiwd Cycle 
SB Stear kilrr UifB Eot h l e r  ilailer lPP High Reawe Part of CP 



I I 

I Alternative B Real  supply hot pater hiph balance Tab 9 a i  1 
(Year 1992 1995 1996 1997 2000 2005 
t 
I Bot ra te r  deiands btul lo îiY1 207 O 215 5 291 8 295 7 293 5 302 O 304 O 

TJly 
1 

1990 2074 2801 2836 2871 2889 2906 1 
Ilta ~ U P ~ I Y  
ICP P l z t i  1 BllB NI1 105 O 105 O 105 O 105 O 105 O 
1 TJly 670 750 1100 155 155 
1 II HPP llYt 

1311 1245 1460 2031 2066 1999 
2 8 0  2 8 0  280  2 8 0  

i 
95 O 70 O 70 O 160 5 160 5 155 4 155 4 ) 

M l  y 1 IV SSB + tg 32NW HI1 
TJl y 650 650 650 

V BR8 HYt 

1 
1 1160 1160 

TJly 
650 I 

240 240 1 
In P l n i  to ta l  nrrt aoa o 175 0 175 0 293 5 293 5 299 4 299 4 1 
! TJl y 1981 1995 25MI 2836 2871 2889 2906 1 
t 
(Interconenntcttd unit3 
(Peak üP M u l k a  llYt 7 0  3 2 0  320 
\BP k r y  n ~ t  30 O 
/HP VI 4 v2 HU t a O 
(Inttrcontnnecled uni ts  to ta t  HYC 7 0  3 2 0  1070 

1 
TJly 9 79 241 

I 
I 
(Units to ta l  IYt 

1990 2074 2801 2836 2871 2889 2906 

I 
207 O 207 O 282 O 293 5 293 5 299 4 299 4 1 

1 TJl y 
ln01 covtted nri 0 0  8 5  9 8  2 2  6 0  2 6  4 6  

- -  - - 

I l l t e r n a l i n  l k a t  supply s t e n  high balance 
I 

T i b  9 b) 
I 

1 
I 

I B e d  balance Plzei  ¶ t e a i  ilut 9 3 0  9 1 1  998 1000 1000 9 9 6  9 9 6 j  
TJly 1125 1102 1207 1300 1300 1290 1290 ) 

I I 
)ne11 supply 
jCP Plztfi II BPP HU1 70 O 11 O 11 0 (19 5) (19 5) 9 6 

1 TJl y 730 500 540 308 308 314 

I III S B 6 5 C I b  Hat 435 435 430 4 3 0  430  
TJly 467 500 150 1% 150 

1 IV FSE 4 16 321111 HYt 4 7 0  4 7 0  4 0  
TJl y 828 828 826 
NYt 7 0 0  5 4 5  5 4 5  9 0 0  9 0 0  9 9 6  
TJIy 730 967 1040 1286 1286 1290 

breviations 118 Bollcr buse CC C#bintd Cycle 
SB Sltu Boiler 5ïB Bot Yater b i l e r  PP Biph hmin Par1 of CP 
FSB Dluldlztd &d S t e u  k l l t r  



Alternative B Beat supply bot oattr lov balance Tab 10 a i  i 
I 

Y car 1992 1995 1% 1997 2000 2005 201oj 
I 

Bot vattr deiands brutto HXL 207 O 205 8 272 8 272 7 258 8 257 3 257 3 ( 
TJlv 1990 1984 2619 2616 2491 2471 2471 1 

Btat supply 
CP Plzei 1 BYB HYt 105 O 

TJl y 670 
II EPP Hll t %O 

TJl y 131 1 
IV FSB 416 3211 !Ut 

TJly 
V BYI Hll t 

TJl y 
CP Plzell total Hilt 2000 

TJlr 1981 

Interconeantcttd uni ts 
Peak HP SolLulka Hllt 7 0  3 2 0  3 2 0  
HP Bory HVt 23 8 
HP Vi 4 92 llil t 42 O 
Inlercontnnected uni ts total 11111 7 0  320  9 7 8  

TJl y 9 104 220 I 
Units total 

lot covered 

1 
~àlternatlve B Btat supply d e a i  lov balance Taù 8 b) 
I 

l 
I 

jBtaL balance Plztli sleri HPL 930 911  9 0 5  8 8 9  8 8 9  8 8 9  8 8 9 1  
1 YJlr 1125 1100 1095 1075 1075 1075 1075 1 

b a t  suppl y 
CP Plzei II üPP llYL 70 O 12 2 11 O 122 O) (22 O) (22 O) (22 O) 

TJI Y no 500 soo 332 332 332 332 
III SI 65 tlh UUL 4 3 5  4 3 5  419  419  419  419  

YJIY 46s IM) n n 73 
IV FSB +TC 3au m t  

73 1 
47 0 47 O 47 O 47 O 1 

TJîy 670 670 670 
CP ~ i z t a  total 11ll t 7oo  557  5 4 5  8 8 9  8 8 9  889  8 3 1  

TJIY no 965 960 107s 1075 1075 1075 
1 

j~nterconennected units 
181 Ireotry nit 230 354  360  

i 
TJl y 395 135 135 

I 
I 

llYl 930 911  9 0 5  8 8 9  8 8 9  8 8 9  8 8 9  
I 

TJly 1125 1<W I 1075 1075 1075 10751 
1 lot covend llll t O0 O0 0 0  0 0  O0 0 0  0 0 1  

breviations W biler Bouse CC Conblned Cycle 
SB SLeai Lller Hlll Bot Piter b i l a  PPP Bigb Ressure Part of CP 
ISB Fluidlzed Btd Sttai biler 



Alternative A Var 1 - High ba lanc~  
CP PLZEN with CL - 2 x GI V 64 3 Siemens 4 I x condense steam turbine with hnat extractions 
Heat and pone1 production - operational data - fuel consumption Tab 11 . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

) Units ( y 1991 y 1995 y 19yb y 1997 y 2OOO y 2005 y 2010 ............ ................................................... 
I I 

Total ins ta l led  heat output of steam b o ~  lers 1 Hkt 1 231 9 1bO 0 1bO U 17b 2 27b 2 276 2 216 2 
iota1 steam mass f Ion I t / h  1 340 235 235 405 403 405 405 

I I 
Total ins ta l led  heat output of hot water boi lers 1 HWt 1 105 0 105 0 105 U 70 U 70 0 58 0 58 0 

I I 
Total ins ta l led  output of waste - heat boiler; 1 MUt I 177 0 177 0 177 0 177 0 

I I 
Total heat output of cogeneration plant (-12%) I HWt / 273 5 233 C 2311 0 399 2 403 0 394 5 394 5 

i n  t h i s  for  dorain consurption ( N u t (  3 5  3 5  3 5  3 5  3 5  3 5  3 5  
Outlet heat output - for external consunption I MWt 1 270 0 229 5 229 5 395 7 399.5 391 0 391 0 

from which stear I nut ( 70 0 54 5 54 5 100 o 100 o 89 u 87 0 
hot water I NPt ( 200 0 175 0 115 0 295 7 299 5 302 0 304 0 ............................................................................................................ 

* Heat supply per year - stear 1 I J / y  I 730 967 1040 1277 1277 1280 1279 
Heat supply per year - hot water 1 TJly 1 2015 2029 2594 2870 2905 2923 2940 
from which dorain consunptlon 1 1J/y 1 34 34 34 34 34 34 34 

external consurption I IJ/y 1 1981 1995 2560 2836 2871 2889 2906 
Heat production t o ta l  I TJly 1 2745 2996 3634 4147 4182 4203 4219 
---------------------------------------------*--------*----------------------------------------------------- 

Power output - CP I I  I U a  ) 55 0 55 0 55 0 55 0 55 U 55 0 55 0 
Power output - CC (-12°C) 1 Hue 1 167 4 167 4 167 4 1b7 4 
Io ta1 power output of CP ( - 1 2 Y )  ) Hue I 55 0 55 0 55 0 1 i 2  9 L2/ 4 212 4 222 4 . 
Averaqe power output CP during peak load t a r i f f  ) Hlre I 18 6 1b 1 18 5 173 7 l a 0  5 189 2 189 7 

I I 
Total e l ec t r i c  powet generation - brut to ( GWh/y ( 156 U 136 7 156 7 1016 7 1021 3 1070 2 1073 4 
trom which i n  peak load t a r i f f  zone I GWh/y 1 20 1 22 6 25 9 251 8 252 9 265 0 265 8 

i n  hioh load t a r i f f  zone 1 GUhIy 1 30 5 20 4 30 3 278 2 273 5 292 9 293 a 
i n  low load t a r i f f  zone I GWhIy 1 101 4 87 7 100 5 486 7 488 9 512 3 513 8 

I I 
Total e l ec t r i c  power generation - netto I GWhIy 1 152 0 132 2 151 6 994 1 998 5 104b 3 1049 4 
Electricity consumption for elect  production 1 GWh/y 1 6 0 4 5 5 1 22 6 22 8 23 9 24 0 

I I 
E l e c t r ~ c i  ty  consurption for heat production I 6Hhfv 1 26 7 19 1 22 9 20 b 20 8 19 6 19 7 
Pumpi nq energy ( GWhIy ( 6 0 7 1 10 5 13 7 1 3  9 14 1 14 2 
Total e l e c t r i c i t y  consurpt~o~\ ( 6Whly 1 32 7 26 2 33 4 34 3 34 7 33 7 33 9 ............................................................................................................ 
Heat consumption i n  fuel for heat production ( TJ/y / 3475 3793 4632 4945 4989 4933 4952 
Speclf ic heat consurpt i n  fuel  per heat product / GJIGJ 1 1 27 1 27 1 27 1 19 1 19 1 17 1.17 

I i 
Heat consumption i n  fuel for e lec t  generation I TJly 1 772 705 802 5632 5655 5985 6001 
Specif ic heat consurpt i n  fuel per elect qenerat I GJIHWh 1 4 89 5 16 5 12 5 54 5 54 5 59 5 59 

I 
l o t a l  fuel  consusptlon 

1 
1 TJfy 1 4247 4498 5434 10577 10644 10918 10953 
I I 

from whitch I i s n i t e  12.7 HJIkq 1 TJfy 1 4229 3963 48b2 
I t h  t /y  1 333 0 312 0 382 8 

coal 18,47 MJIkg I ~ J / Y  1 365 371 
1 t h  t / ~  I 19 8 20 1 

coal 17,38 MJ/kq I TJIv I 3340 3379 3127 3134 
1 t h  t l y  1 192 2 194 4 179 9 180 3 

natural gas 33,4 HJlr3 I T J h  1 418 455 6835 6853 7518 7539 
lri l 131~) 12 5 13 6 204 6 205 2 225 1 225 7 

01 l 4 1  6 HJIkg I TJIy 1 18 117 117 37 4 1  273 280 
I t h t l y )  4 2 8  2 0  9 1 0  6 6  6.7 ........................................................................................................... 



CP Plzen Alt A - Var 1 - Hiqh balance Tab l l a  
Basic operation characteristics of CC with 2 x GT V b4 3 Slerenr + 

+ 1 x condense ST with heat extractions 

I .  . Units v 1991 v 2000 v LOU5 v 2UlO ........... ....................... 
Nominal power output at  CC M e  179 119 l?J 175 

fro8 which nol inal  power outout ot 61 UWe L x bi 2 x b l  L r b 7  2 x b7 
noninal power output or SI NHe 45 43 45 45 

Max thermal output - total  (-12%) 
- i n  stear 
- i n  hot water 

Heat production - steam 
Heat production - water 
Heat production - to ta l  

1ax power output of CC ( -129 )  HWe 167 4 167 4 167 4 167 4 
Average power o u t ~ u t  during peak load t a r i f f  HM e 155 5 156 0 160 4 lb0 6 

Electr ic power qeneration - brut to 
- gas turbines GWh/y 631 4 b33 2 695 1 69! 2 
- steam turbine 6HhIv 198 7 199 3 218 8 219 5 
- combined cycle to ta l  6Uh/y 830 1 832 5 913 9 91b 7 

from which i n  peak load t a r i f f  zone GWhIv 217 9 218 5 225 0 225 0 
i n  h i  qh load tar t  f t  zone GWhly 139 3 250 0 257 4 257 4 
i n  low load t a r i f f  zonn 6Wh/y 362 9 364 0 431 5 434 3 

E l e c t r i c ~ t y  delivery - netto GWhly 813 5 815 9 895 6 898 3 

Total heat consumption i n  fuel TJ/y 6616 6633 7221 7241 
- natural qas 33,4 13/13 m i l  m31y 198 1 198 6 216 2 216 8 

Heat consumption i n  fuel for  heat production TJIy 1931 1036 2125 2132 
Heat consunption i n  fuel tor elect generation TJIy 4685 4b91 5096 5110 

Specific heat comumpt i n  fuel per heat product GJIGJ 1 10 1 10 1 10 1 10 
Spec~f lc heat consumpt i n  fuel per elect  qenerat 6J/HWh 5 64 5 64 5 58 5 51 

Total efficiency for heat and power generation Z 71 7 71 1 72 3 72 3 



Alternative A Var 1 - Low balance 
CP PLZEN with CC - 2 x GT V 64 3 Siemens + 1 x condense stean turbine with heat extractions 
Heat and power production - operational data - fuel consumption lab 12 
.I ..I. . . . ... .. . I , a .  I .  I 1 . . 1. .I. 1 ..... I.**.. ....a 1.1 . s.1.. . I  . 

( Unlts ( y 1942 y 1995 y 199b y,lY91 y 2000 y 2005 y 2010 
8 tt.ela1.t .I. ..II*I . .*.. 1.. t * I S  t . I. I &  I 1 . 1 1 * *I* * 4  . 

I 1 
i o t a l  ins ta l led  heat output of steam boi lers 1 NYt ( 232 9 1bO 0 l b 0  0 270 2 27b 2 270 2 276 2 
Total steaa mass flow I t / h  1 340 235 235 405 405 405 405 

I I 
Total ins ta l led  heat output of hot water bo i le rs  I HNt I 105 0 105 U 105 0 70 O 70 0 

1 I 
i o t a l  ins ta l led  output of waste - heat boi lers I Hut 1 177 0 177 0 177 0 177 0 

I I 
l o t a l  heat outpi~t  of cogeneration plant (-lZQC) 1 Hut I 273 5 233 U 233 0 365 1 351 2 336 5 33b 5 

1n t h i s  for  domain consumption ( H u t 1  3 5  3 5  3 5  3 5  3 5  3 5  3 5  
Outlet heat output - for external consumption I hut 1 270 0 229 5 229 5 361 6 347 7 333 0 dJ3 0 

from which steam I Hut I 7 0 0  5 3 1  5 4 s  &I9 8 8 9  7 5 7  I S ?  
hot water I HMt ( 200 0 173 6 175 0 272 7 258 8 257 257 3 ------------------------------------------------------------------------------------------------------------ 

Heat supply per year - steaa ) TJlv I 73U 965 960 1075 1075 l@b[l l ob0  
Heat supply per year - hot water I lJ /y  1 2011, 1914 2433 2b50 2515 2505 2505 
f ro r  which doralnconsunption I l J f y  ( 34 34 ji 34 $4 34 34 

external consurptron ( TJlv I 1Yd l  1880 2399 261b 2491 2471 2471 
Heat proadction to ta l  ( TJ ly  1 2745 1879 3393 3725 3600 35b5 3565 ------------------------------------------------------------------------------------------------------------ 
Power output - CP I1 I HWe 1 55 0 55 0 55 0 55 0 55 0 55 0 55 0 
Power output - CC ( - 1 Z t )  I nwe I 161 4 161 4 167 4 l b 7  4 
l o t a l  power output of CP 1-12*rl I U k  5 5 U  5 5 0  5 5 0  2 f 2 4  f22  4 i 2 2 4  22f 4 
Averale power output CP during peak load t a r i t t  I M e  I I d  b 15 5 11 2 180 7 113 1 190 5 190 J 

I 1 
l ~ t a l  e l ec t r i c  power qeneratioli - brut to I 6Wh/y 1 158 0 131 b 146 1 991 1 958 5 1051 4 1030 5 
f roh wh~ch i n  peak load t a r i t t  zone I bWh/y 1 26 1 21 6 24 2 253 1 243 3 266 9 260 7 

~n hiqh load t a r i f f  zone I 6Uhly ( 30 5 25 4 Za 2 219 3 26a 5 2Q4 5 294 3 
i n  low load t a r i f f  zone ( GYhly 1 101 4 84 4 93 7 404 7 446 7 490 O 489 b 

I I 
Total e l ec t r i c  power generation - netto I 6Whly 1 152 0 127 3 141 3 975 2 937 3 1028 2 1027 4 
Electricity consumption for elect  production j GWh/y j 6 0 4 3 4 8 22 0 21  2 23 2 23 1 

I I 
E l e c t r i c i t v  cansurption for heat producCion I GWhIy ( 26.7 18 3 21  4 18 4 17 8 17 6 17 5 
Pump1 ns energy 1 GUhly 1 6 0 b 6 9 2 11 0 10 3 10 1 10 1 
Total e l e c t r i c i  t v  consumption GWhIy ( 32 1 24 9 30 b 19 4 28 1 27 7 27 6 
---------------------------------------------------------------------------------*-------------------------- 

Heat consurpt ionin rue\ for heatproduction ( TJ/y 1 3475 3640 4324 4440 4292 4210 4199 
Specif lc heatconsumpt i n  rue1 per heatproduct bJ/GJ ( 1 1 7  1 2 6  1 2 7  1 1 9  1 1 9  1 1 8  1 1 8  

I I 
Heat consumption i n  fue l  tor e lect  generation I TJIy 1 772 681 751 5725 5536 5990 5986 
Specif ic heat consumpt i n  fuel per elect  generat 1 GJ/IWh ( 4 89 5 17 5 14 S 14 S 18 S 10 S 10 

1 I 
Total fuel  consumpt~on I I J l y  1 3247 4321 9 7 5  10165 9828 10200 10185 

I I 
from whitch l i s n i t e  12 7 HJlkq 1 TJIy ( 4229 3789 4548 

1 th  t / y  1 333 0 298 3 358 1 
coal 18,47 HJIkq 1 TJlv I 371 354 

I t h t l y  I 20 1 19 2 
coal 17,38 HJIkg 1 TJlv I 2981 2908 3023 3007 

I th ttv I 171 5 l b ?  3 173 9 173 0 
natural gas 3 3 , 4  Wlr3  I TJ/Y I 415 410 6790 6544 715L 1153 

lri l m3/yJ 12 4 12 3 203 3 195.9 214 1 214 2 
01 l 41 6 UJ/kq I IJ/y ( 18 117 117 23 22 25 25 

I t h t / y (  4 2 8 2 . 8  6 5 6 6 
a 1 a a a ~ a a a a 1 e s a a a a 1 a a 1 m a 1 a a 1 a 1 a a a 1 a ~ a ~ a a a a a a a a a m e a a a 1 a e a a m a a m a a a a 1 ~ s 1 a a a ~ a a a s a a a a a s a a a a a a 1 m a a 1 m a a 1 m a a a m a a 8 a ~ a  



CP Plzen Alt A - Var 1 - Low balance 13 12a 
Basic operation charac te r i s t i cs  of C I  wi th 2 x G I  V b4 3 Siemen; + 

+ 1 x condense ST w i t h  heat ext ract ions 

Nom~nal power output o r  CL Hue 179 179 17q 179 
t roe which nominal power output o f  GI HWe 1 x b7 2 Y b7 2 x b7 2 x 67 

nominal power output o r  ST HM e 45 45 45 45 

Hax thermal outvttt  - t o t a l  (-l2?<) 
- I n  steam 
- i n  hot water 

Heat production - stear  
Hpat production - water 
Heat production - t o t a l  

Hax power output o t  Ci (-13C1 Hue l b 7  4 167 4 167 4 167 4 
Averasc pow*r output dur inq  peak lodd t a r i f t  Hke 160 3 153 6 1bU o lbQ b 

E l e c t r i c  power aeneration - b r u t t o  
- gas turbine GWhIy 633 4 607 0 672 8 b72 8 
- steam turb ine GWh/y 191 5 189 3 209 9 209 9 
- combined cyc le t o t a l  6UhIy 830 9 796 3 882 7 082 7 

from which i n  peak load  t a r i f f  zone GWhIv 224 5 215 2 225 0 225 0 
i n  hiqh load t a r i f f  zone GUhIy 255 O 244 4 255 5 255 5 
i n  low load t a r i f f  zone 6WhIv 351 4 336 7 402 2 402 2 

E l e c t r i c i t y  de l i ve ry  - n e t t o  GWhlv 814 3 780 4 065 1 065 1 

Total heat consumptron i n  f u e l  TJ/y 6726 6480 709b N96  
- natura l  aas 33,4 HJIr3 m i l  m31y 201 4 194 0 212 5 212 5 

Heat consumption i n  fuel  f o r  heat production TJIy 1850 1773 1966 1966 
Heat consumption i n  fuel f o r  e lec t  generation TJ/y 4676 4307 5130 5130 

Speci f ic  heat consumpt i n  f u e l  per heat product GJ/bJ 1 1 0  1 1 0  1 1 0  1 1 0  
Speci f ic  heat consurpt i n  fue l  per e l e c t  senerat GJIHWh 5 87 5 91 5 81  5 81 

Total e f f i c iency  fo r  heat and power generation 4 6 9 5  6 9 1  1 0 0  7 0 0  
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CP P l ren  Alt A - Var 2 - Htqh balance lab 13a 
Basic operation charac te r i s t i cs  of LC w i th  1 x E l  V b4 3 Sienens + 

+ 1 x back presure ST w i t h  heat ext ract ions 

Un i t s  v 1997 v 2000 v 2005 v 2010 
I * .  . * 8  

Nominal poner output o f  CC HM e 88 86 8 8 88 
troa which nominal power output o t  GI HW. 67 b? b 7 67 

nor ina l  power output or S1 nue 21  21 21  21 

Hax thermal output - t o t a l  ( - 1 ~ ~ ~ 1  
- i n  stear 
- i n  hot nater 

Heat production - stean 
Heat production - water 
Necersarv cool i n s  
Heat productlo- - t o t a l  

nut b5 65 b5 65 
nw t 20 10 10 10 
f i ~  t b5 65 b5 65 

Nax power output of CC l-li*~) HMe 87 b 87 e 87 b 87 b 
Averale power output dur inq peak load t a r i f t  M e  7 0 1  7 b 9  7 7 7  7 8 0  

E l e c t r i c  power qenera t~on  - b r u t t o  
- qas turbine 
- stear  turb ine 
- corbined cvele t o t a l  

from which i n  peak load  t a r i f f  zone 6Hhty 10b 6 107 0 108 9 109 3 
i n  h iqh  load  t a r ~ f f  zone GWh/y 119 5 120 8 122 U 122 5 
i n  low load t a r i f f  zone GWh/y 182 0 183 9 185 7 186 5 

E l e c t r i c i t y  del ivery - n e t t o  6Hhty 399 9 404 3 408 3 410 0 

Total heat consurption i n  fuel  TJ/y 3353 3390 3424 3438 
- natura l  gas 33,4 HJIm3 nl m3/y 100 4 101 5 102 5 102 9 

Heat consumption i n  fuel  f o r  heat production TJ/y 1309 1323 1337 1342 
Heat consumption r n  fue l  f o r  e l e c t  generation TJ/y 2044 2067 2088 209e 

S p e c ~ f i c  heat consumpt i n  fuel  per heat product 63\63 1 10 1 10 1 10 1 10 
Spec i f i c  heat consunpt i n  fuel per e l e c t  generat GJtHWh 5 0 1  5 0 1  5 0 1  5 01 

- ---  - 

Total e f f i c iency  fo r  heat and power generation f 79 3 79 3 79 3 79 3 

.... R... . ..... .... ..... 1 . . . a  1 l.... ... 1 . . I .  a .. 



Alternative A Var 2 - Lon balance 
CP PLZEN with CC - I x GI V b4 3 Stemens + 1 x back - pressure stear turbine with ef t ract ions 
Heat and power production - operational data - fuel consumption lab 14 . . . . . . . . . . . . . . . . . . .  I............ . . I  1 .  

1 Units 1 y 1 9 9 ~  y 1995 y 1996 y 1997 y 2000 y 2005 y 2010 ......................................................... ................ t*...1.....1... 
I I 

Total ~ n s t a l l e d  heat output of stear bol lers I HWt 1 232 9 160 0 160 U 276 2 216 2 276 2 276 2 
Total steam mass flow I t /h  ( 340 235 235 405 405 405 405 

I I 
Total ins ta l led  heat output of hot vater bo i le rs  ) HWt 1 105 0 105 0 105 O 105 O 105 0 58 0 58 0 

I I 
Total i ns ta l l ed  output of waste - heat boi lers I HYt I 

i o t a l  heat output of coqeneratlon plant (-12% I HYt 1 271 5 233 0 233 U 365 1 351 2 3 1  8 335 8 
i n  t h i s  for  domain consumption I H H t (  3 5  3 5  3 5  3 5  3 5  3 5  3 5  

Out let  heat output - tor externai consumption 1 HWt 1 270 0 229 5 229 5 3b1 b 347 7 327 3 327 3 
trom which steaa ( Hut ( 7U U 5 7 54 5 88 Y 88 q IU O 10 0 

hot rater ) HWt 1 200 0 173 8 175 0 272 7 258 8 257 3 257 3 
---------------------------------------------------------------------------*-------------------------------- 

Heat supply per year - steam ( i J / y  1 730 965 960 1075 1075 1032 l o ~ ?  
Heat supply per year - liot water 1 TJ/y ( 2015 1914 2433 2650 2523 2505 2505 
from which domain consumption I TJly I 34 34 33 34 34 34 34 

external consurption ( I J l y  ( 1981 1800 2399 2616 2491 2411 2411 
Heat production to ta l  ( TJ/y 1 2745 2879 3393 3725 3bOO 3537 3537 
---------------------------------------------------------------------------------------*-------------------- 

Powel output - CP [I I HYe 1 55 0 55 0 55 0 55 0 55 0 55 0 55 0 
Power output - CC (-12% I Hwe 1 8 7 6  87,b 8 7 b  8 7 b  
l o t a l  power output ot LP (-12%) I M e  ) 55 0 55 0 55 0 142 b 142 6 142 b 142 b 
Averaqe power o u t ~ u t  CP durinq peak load t a r i f f  I Hue 1 18 b 13 5 11 2 105 tl 102 1 101 4 101 4 

I I 
Total e l ec t r i c  porer qeneration - brutto I 6Wh/y 1 158 0 131 b 146 1 618 0 596 0 591 1 591 1 
froa which i n  peak load t a r i f f  zone I GWh/y 1 26 1 21 8 24 2 148 3 143 0 142 1 142 1 

i n  hiqh load t a r i f f  zona I GHhIy 1 30 5 25 4 28 2 157 1 151 5 150 5 15U 5 
i n  low load t a r i f f  zone I GWh/y 1 101 4 84 4 93 7 312 6 301 5 299 5 299 5 

I 
l o t a l  e l ec t r i c  power generation - netto 

I 
( 6Hhly ( 152 0 127 3 141 3 603 3 581 8 578 0 578 0 

E lec t r i c i t y  consurption for elect production I 6WhIy 1 6 0 4 3 4 8 14 7 14 2 14 1 14 1 
I I 

E lec t r i c i t v  consuaption for heat production I 6Hhfy 1 26 7 18 3 21 4 20 3 19 1 19 0 19 0 
Punping energy I bWh/y ( 6 0 6 6 9 2 11 0 10 3 10 0 10 0 
Total e lec t r ic1  t v  consumpti on 1 6Uhty 1 32 7 24 9 30 b 31 3 30 0 29 0 29 0 
-----*---------------------------------------------------------------------------------------------------- 

Heat consumption i n  fuel  for heat production 1 IJ /y  1 3475 3640 4324 4503 4352 4224 4224 
Specif ic heat consuspt i n  fuel  per heat product I GJIGJ 1 1 27 1 20 1 27 1 21 1 11 1 19 1 19 

I I 
Heat consumption I n  fuel for e lect  generation 1 TJ/y 1 772 681 751 3108 2999 2980 2980 
Specif ic heat consunpt i n  fuel per elect qenerat 1 6JlHWh 1 4 89 5 17 5 14 5 03 5 03 5 03 5 03 

I 
Total fuel  consumption 

I 
1 T31y 1 4247 4321 5075 7611 7351 7204 7204 
I I 

fro8 whitch l i s n i t e  12,l U l k q  ( TJIy ( 4229 3789 4548 
1 t h  t l y  1 333 0 298 3 358 1 

coal 18,47 HJIkq 1 T1/y I 365 344 
I t h t / ~  1 19 8 18 6 

coal 17,38 HJ/kg I TJIY 1 3455 3375 3351 3351 
I th  t l y  1 198 8 194 2 192 8 192 8 

natural qas 33,4 Ulm3 1 TJIY I 415 410 3556 3421 3630 3630 
(mi l  m31yl 12 4 12 3 106 5 102 4 108 7 108 7 

o i  1 41 6 WJ/kg ( I J / y  1 18 117 117 235 211 223 223 
I th t /y  ) ,4 2.8 2.8 5 6 5 1 5.4 5 4 

a a a a a a a a a a . ~ a a a g a a a a a a 1 a ~ ~ 1 1 ~ a a a ~ a a a a a ~ a a a a ~ a a a I a a a a a a a a a a 8 ~ a a a a ~ a a a a * a a a * a m a I I a S a * * * ~ ~ ~ ~ ~ * * * ~ * * * * * I 8 * ~ * ~ * ~ *  



CP Plzen Alt A - Jar 2 - Lon balance l a b  14a 
Basic operation charac te r l s t l cs  of CC n l t h  1 x G1 V b4 3 Slemens 4 

+ 1 x back - presure ST w i t h  heat extractions 

Un i ts  v 1997 v ZOO0 y 2005 y 2OlO . 1 .  I 

Hoainal power output o f  it HUe 88 88 83 88 
t r o r  which nonlnal power outout of G1 hYe b 7 b7 b I e l  

nominal power output o f  51 kWe 2 1 21 I I 21 

h ~ x  theraal output - t o t a l  ( - 1 2 ' ~ ~  
- i n  stear 
- i n  hot watet 

Heat production - stear 
Heat ~ r o d u c t ~ o n  - water 
Necessary cool i n s  
Heat production - t o t a l  

HWt 65 64 65 b5 
nut 20 20 10 20 
l l W  t 05 b5 b5  b$ 

Hax power output of CC (-12°C) HU e 87 b 87 6 87 b 87 6 
Averaqe power output dur inq peak load t a n f t  HWe 8 0 1  7 b 8  7 6 3  7 6 3  

€1 e c t r i c  power qeneration - b r u t t o  
- qas turb ine GWhiy 333 6 32U 0 318 0 318 0 
- stear  turb ine 6WhJy 95 2 91 3 90 7 90 7 
- combined cyc le t o t a l  GUhiy 428 8 411 3 408 7 408 7 

from nhich i n  peak load t a r l t f  zone GWh/y 112 2 107 6 106 9 106 9 
i n  h ish  load t a r ~ f f  zone GHh/y 126 3 121 2 120 4 110 4 
i n  low load t a r i t f  zone GUhIy 140 3 182 5 181 4 181 4 

E l e c t r i c i t y  de l i ve ry  - n e t t o  GWh/y 420 2 403 1 400 5 400 5 

Total heat consumption ~n fue l  15iy 3557 3412 3390 3390 
- natura l  gas 33,1 UJm3 n i l  m3/y 106 5 10i 2 101 5 101 5 

Heat consumption i n  fuel fo r  heat production TJiy 1408 1351 1342 1342 
Heat consumption i n  fuel  fo r  e l e c t  genera t iw  I J i y  1149 2061 2048 2048 

S p e c ~ f i c  heat consumpt i n  fuel  per heat product 65/63 1 10 1 10 1 10 1 10 
Spec i f i c  heat conrumpt i n  fue l  per e l e c t  generat GJJKkh 5 01 5 01 5 01 5 01 

Total  e f f i c iency  fo r  heat and power generation t 79 4 79 4 79 4 79 4 



A l t e r n a t i v e  B Var 1 - High balance 
CP PLZEH w i t h  FSB - 1 x 160 t / y  + 1 x condense steam tu rb ine  32 NW 
Var 1 = recons t ruc t ion  o f  granul b o i l e r s  2 x 17Otlh I P  I 1  from I i s n i  t e  t o  stone coal 
Heat and power product ion - operational data - fue l  consumption Tab 15 

11 .  1( . . . *. . t . I *  * 1. * " I . .  ..,a f .  I , .  t t 8 

t. . 1 1  1.1 

I Uni ts  1 v 1992 y 1995 y 1990 y 1991 v 2000 y 2005 y 2010 
. * I  I # . *  ' I .  .. . .  I . * . *  . . . I . . .  t , , .  . .a ....* f 

Tota l  i n s t a l l e d  heat output o f  s t e a l  b o i l e r s  I XWt 1 232 9 lb0 0 lo0 0 390 5 39b 5 39b 5 3% 5 
Tota l  s t e a ~  rai: f low I t / h  1 340 235 235 565 565 569 565 
Tota l  i n s t a l l e d  heat output of hot water b o i l e r s  I h l t  1 105 O 105 U 105 U 105 O 105 0 l l b  0 l l b  O 

I I 
Total heat  output o f  coqeneration p lan t  (-12 C) I HWt / 213 5 233 0 233 0 387 0 327 0 401 5 402 5 
i n  t h i s  r o r  domain consuaption I H k t l  3 5  3 5  2 5  3 5  3 5  3 5  3 5  

O u t l e t  heat output - f o r  external consunption I Hvit ( 270 0 229 5 229 5 38j 5 383 5 399 0 399 O 
from which steam I H'dt 1 70 O 54 5 54 6 90 O 90 0 99 b 94 b 

hot  water I nut 1 100 o 175 0 115 o 193 5 293 5 299 4 299 4 
--------------*--------------------------------------------------------------------------------------------- 

Heat supply per year - steam I TJ/y 1 730 907 1040 1286 128b 1290 1290 
Heat supply pet yea, - ho t  water I TJ1v I 2015 2029 2594 1870 2905 2923 2940 

from which donain consumption 1 i v y  ( 34 34 34 34 34 34 34 
J extet na l  consurptian I 1J/y 1 1981 1995 2560 2836 2871 2389 2906 

Heat product ion t o t a l  I 1Jly  1 4 2996 $234 4156 4191 4213 4230 ------------------------------------------------------------------------------------------------------------ 
Power output  - back pressure turboset CP I1 I \We ( 55 0 55 0 55 0 55 0 55 0 55 0 55 0 
Power output  - condese tu rb  wl th  ex t r  CP 1V 1 Hue ( 3 2 0  3 2 0  3 2 0  3 2 0  
Total power output  o f  CP ( Hue ( 55 0 55 0 55 0 87 0 87 0 87 0 87 0 
Average power output CP dur ing peak load  t a r i f f  / \We ) 18  6 16 1 18  5 50 9 51  4 50 6 50 8 

I 
Tota l  e l e c t r i c  power generation - b r u t t o  

I 
I GWhly ( 158 0 13b 7 156 7 431 6 435 3 428 9 430 7 

from which i n  peak load t a r i t f  zone I GWhlv ( 2b 1 21 b 25 9 71 4 72 0 70 9 71 2 
i n  h i g h  load t a r i f f  zone I 6Whly 1 30 5 26 4 30 3 83 3 84 1 82 8 8 3  2 
i n  low load t a r ~ f f  zone ( GWh/v 1 101 4 87 7 100 5 276 9 279 3 275 2 27b 3 

Tota l  e l e c t r i c  power oeneration - ne t to  
I I 
I 6Wh/y 1 152 0 132 2 151 6 416 5 420 1 413 9 415 7 

E l e c t r i c i t y  coniuapt lon to r  e l e c t  product ion I bWh/y I 6 0 4 5 5 1 15 1 15 2 13 0 1 5  0 
I I 

E l e c t r i c i t y  consunption f o r  heat production I GWh/y 1 26 7 19 1 22 9 12 4 32 7 32 2 32 4 
Puapi ns enerqy I GWhIy 1 b 0 7 1 10 5 13 8 14 0 14 1 14 2 
i o t a 1  e l e c t r i c 1  t y  consunption I bdh/y 1 32 7 26 2 33 4 46 2 46 7 4b 3 46 6 ----------------------------------------------------------------------------------------------------------- 
Heat consumption i n  f u r l  f o r  heat product ion ( TJ/y I 3475 3793 4632 5138 5233 5227 5249 
S p e c i f i c  heat con;umpt I n  tun1 pnr heat product 1 GJ/GJ 1 1 27 1 21 1 27 1 25 1 25 1 24 1 14 
H e a t c o n s u r p t i o n i n f u e l f o r e l e c t  generation I TJ/y ) 772 105 802 2303 27Ll 2290 2299 
Spec i t i c  heat coe>urpt i n  tup l  par e l e c t  generat ( CJ/HWh 1 4 89 5 16 5 12 5 34 5 33 5 34 5 34 

I I 
Tota l  f u e l  consurptlon 1 TJ/y 1 4247 4498 5434 1491 7554 1517 7541 

f r o r  w h ~  t c h  I I 
- l i q n i  t e  1 2 , l  HJIkq - CP I HWB + CP I 1  GSB 1 TJ/y 1 4229 3963 4862 

1 t h  t / y  1 333 0 312 0 382 8 
- coal  18,47 HJ/ks - CP 1 HWB I TJIv I 209 209 

I th ~ J Y  I 11 3 11 3 - coal 17,38 HJ/kg - CP I1 GsB I TJIY 4 4252 4315 4206 4237 
( a f t e r  recost ruct ion)  ( t h  t / y  1 244 b 248 3 242 0 243 8 

- l i q n i  t e  10,05 HJ/kq - CP I V  FSB I TJ/v ( 2857 2857 2857 2857 
I t h  ~IY I 284 3 284 3 284 3 284 3 

- na tu ra l  aas 33,4 HJ/m3 - CP I11 SB I TJ/Y 1 418 455 91 91 171 171 
J a i l  m3Iyl 1 2 5  1 3 6  2 7  2 7  5 1  5 1  

- o i l  41 6 HJIkq - CP 111 SB + CP V HWB I TJly I 18 117 117 82 82 283 283 
I t h t l y l  4 2 8  2 8  2 0  2 0  6 8  6 8  .......................................................................................................... 

Consunpt.of Ca C03 f o r  desulphur, i n  FS8 I t h  t i ~  I 27 0 27 0 27 0 2 7  0 
Iaa . . .aa . . IaX . . 1 . a s S . S 1 s . . * 1 . . . * * ~ ~ s * # 8 t I a ~ * a # 1 . m * ~ ~ .  -1  * . 8 . . * 1 . * m I . * . *  ~ 1 ~ 1 a l * l * * * S f t 8 * ~ 8 * 1 8 1 8 * S ~ t I * ~ 8 1 8 *  



Al te rna t i ve  B Var 1 - LUH b a l a n c ~  
CP PLZEH w i th  FSB - 1 x 160 t / y  + 1 x condense steam turb ine 32 HW 
Var 1 = reconstruct ion of granul b o i l e r s  2 x 170 t lh  CB 11 t r o o  I ~ s n i t e  to stone coal 
Heat and power p roduc t~on  - operational data - fuel consumptio~i l ab  l o  

f . . " .  , * . . I .  * . a  . I  I . .  I I . .  . . . . , I  

Total I n s t a l l e d  heat output o f  steam b o i l e r s  1 HPt 1 232 9 160 U 160 0 39b 5 39b 5 39b 5 3qb 5 
Total s t e a ~  mass f l o u  I t / h  1 340 135 3 565 565 565 565 
Total i n s t a l l e d h e a t  output o f  hot water b o i l e r s (  UWt I 1 0 5 0  1 0 5 0  1 0 5 0  7UO 7 0 0  5 8 0  5 8 0  

I I 
Total heat output o f  coqeneration p lan t  (-12 C) I HYt 1 273 5 233 0 233 0 355 4 351 2 343 4 343 4 
~n this f o r  , domain consumption I h N t 1  3 5  3 5  j 5  3 5  3 5  3 5  3 5  

Out le t  heat output - t o r  external consurptlon 1 HWt ( 270 0 229 5 229 5 351 9 341 7 339 9 339 9 
from which steam I H i t  1 70 0 55 i 54 5 88 9 88 Y 88 9 8b 9 

hot water I WWt 1 200 0 173 8 175 0 16j  0 258 8 251 0 251 0 
--------------------*-----------------------------*--------------------------------------------------------- 

Heat supplv per vear - steam I IJ /y  1 730 965 960 1075 1015 1075 1075 
Heat supply per year - hot  water I TJly 1 2015 1914 2333 2b5D 5 2505 2505 

f ro8  which domain consumption I l J l y I  34 34 34 34 34 34 34 
external consumpti on I I J I y  1 1981 1880 2399 261b 1491 2471 2471 

Heat production t o t a l  I I J /y  1 2/45 2819 3393 3725 3000 3580 3580 

Power output - back pressure turboset CP I1 
Power output - condese turb wi th e x t r  I P  I V  
Total power output o f  CP 
Averaqe power output CP dur ino peat load t a r i t t  

Total e l e c t r i c  power qeneratlon - b r u t t o  
from which i n  peak load t a r i f f  zone 

I n  h i ~ h  load tat i f f  zone 
i n  low load t a r i f f  zone 

Total e l e c t r l c  power qeneration - ne t to  
Electricity consumption f o r  e l e c t  production 

E l e c t r i c i t y  consumption f o r  heat production 
Puaoi nq enerqy 
l o t a l  e l e c t r ~ c l  t y  consumption 

Heat consumption i n  fue l  f o r  heat production I TJ/y 1 3475 3640 4324 4656 4495 4451 4451 
S p e c ~ f i c  heat consumpt i n  f u e l  per heat product ( GJIGJ 1 1 27 1 2b 1 27 1 25 1 25 1 24 1 24 
Heat consumption i n  fue l  f o r  e l e c t  generation I TJIy I 772 681 751 2297 2249 2250 2250 
S p e c i f ~ c  heat consumpt I n  fue l  per e l e c t  generat I GJIHWh 1 4 89 5 17 5 14 5 42 5 44 5 44 5 44 

I I 
Total fue l  consumption / I J l y  1 4237 4321 5075 6953 6744 6701 6701 
from whi tch I I 
- l i g n l  t e  12,7 HJIkq - CP I HUB + CP I1 GSB ( i J / y  ( 4229 3789 4548 

( th t l y  1 333 0 298 3 358 1 
- coal 18,47 WJIkg - CP I HWB I TJIY I 203 165 

I t h  t / y  I 1 1 0  6 9  - coal 17,38 HJILg - CP I1 GSB I JJIY 1 3967 3845 3849 7849 
( a f t e r  r e c o s t r u c t ~ o n l  ( t h  t l y  I 228 3 221 2 221 5 221 5 

- 11qnite 10,05 HJICg - CP I V  FSB I TJIY I 2698 2049 2649 2649 
I t h  t / y  I 262 5 463 b 263 6 263 b - natura l  gas 33,4 HJlm3 - CP I11 SB I ~ J / Y  I 415 410 46 2b 26 26 
( m i l  r 3 I y l  1 2 4 1 2 3  8 8 8 8 

- 011 41 6 HJ/kg - CP I11 SB + CP V HWB I l J / y  ( 18 117 117 59 59 177 177 
I t h t l y l  4 2 8  2 8  1 4  1 4  4 3  4 3  

Consuapt of Ca C03 fo r  desulphur i n  FSR I t h  t / ~  I 25 5 25 0 25 0 25 0 
1 B a b . . 1 ~ ~ * b 1 ~ S . * a b . * a S * b ~ b * I I I ~ b 1 1 1 ~ . b * I ~ * b * * * ~ ~ * # ~ m * S * * * ~ * S ~ * * * * * * * * S * * * * # * 8 S * * * * * * * * S S * * * * * * * * * * ~ * * * S * * * * *  



Alternative 8 Var L - High balance 
LP PLiEN with FS8 - 1 x 1bO t l y  + 1 x condense s t e a ~  turblne 31 Nl 
Var 2 = f l ue  9a3 dfisulphuration of aranul boi l e r i  LP I1 - I i qn i t e  
Heat and power productior~ - operational data tuel con;umption lab 11 

, I . *  . I. I*. 

Total I ns ta l  led heat output ot  steam bo i le rs  1 #Wt 1 232 9 161) U 1bU U 3Yb 5 33b 5 396 5 396 5 
Total steam ~ a i i  flow 1 t l h  1 340 135 235 565 5b5 569 565 
Total ins ta l led  heat output of hot water bo i le rs  I MWt 1 105 0 105 0 1U5 1 103 O 105 U l i b  0 l i b  1 

I I 
Total heat output of coqenerat~on plant (-12 L )  I HWt ( 273 5 233 0 233 U 381 0 387 0 402 5 402 5 
i n  t h i s  tor  domain consunptlon 1 1 U t 1  3 5  3 5  3 5  3 5  3 5  3 5  3 5  

Outlet heat output - for external consunptlon I HWt 1 210 0 224 5 229 5 3d3 5 383 5 399 0 399 0 
froe which steam ( NWt 1 70 0 54 5 54 5 90 U 90 0 99 b 94 b 

hot water I nut ( 2 0 ~  0 175 0 113 o 193 5 293 5 299 4 299 4 ---------------------------------------------- ------------------------------------------------------------- 
Heat supply per ~ e a r  - stear I TJlv 1 730 967 1010 1280 128b 1290 1290 
Heat supply per year - hot water I I J l y  1 2015 202Q 2591 2810 2905 2923 2910 

from which doaain consumption I T J / y (  34 34 34 34 34 34 34 
external consu~pt i  on I TJly 1 1981 1995 2560 2830 2871 28a9 290b 

Heat production to ta l  1 1Jly ( 2745 2996 4 4150 4191 4213 4230 ----------------------------------------------------------------------------------------------------------- 
Power output - back pressure turboset CP ii I HWe ( 55 0 55 0 55 0 55 U 55 0 55 0 55 0 
Pauer output - condese turb with extr 1P I V  I MWe I 32 0 32 0 32 0 22 0 
Total power output ot  CP 1 RWe 1 55 O 5, 0 55 0 81 0 81 0 87 0 87 0 
Averaqe power output CP during peat load t a r i t f  1 Hip 1 18 6 16 1 18 5 50 4 51 4 50 b 50 8 

I I 
io ta1 e lec t r i c  pawmr generation - brut to I bWh/y 1 158 0 13b 7 156 7 131 o 435 3 326 Q 490 7 

from which i n  peak load t a r l f f  zone I Gkhly ( 2b 1 21 b 25 9 71 4 12 0 7U 9 11 I 
i n  high load t a r i f f  zone / bdhly 1 30 5 Lb 4 30 3 6: 3 84 1 82 8 63 2 
i n  low load t a r i f f  zone I bWh/y ( 101 4 81 1 100 5 176 9 219 3 215 2 27b 3 

I 
Total e l ec t r i c  power qeneration - netto 

I 
1 GWhIy 1 152 0 132 2 I 5 1  b 41b 5 420 1 413 9 415 1 

Elec t r i c i t y  consuaption tor elect production 1 bWhIy / 6 0 4 5 5 1 15 1 15 2 15 O 15 U 
I I 

E l e c t r i c i t y  consuaotion for heat production I GUh/y 1 26 7 19 1 22 9 32 4 j 2  7 32 2 32 4 
Pumoinq energy / 6UhJy 1 6 0 7 1 10 5 13 8 14 0 14 1 14 2 
Total e l e c t r i c i t y  consumption ( GYh/y / 32 7 26 2 33 4 46 2 40 7 46 3 4b 6 

Heat consumptlon i n  fuel for heat production I 1Jly I 
Specific heat consuapt i n  fuel per heat product / 63/65 1 
Heat consumption i n  fuel for elect generation 1 TJIy I 
Specit lc heat consurpt i n  fuel per elect  qenerat I GJIHWh I 

Total fuel  consumption 
from whi tch I 1 
- l i q n i t e  12,7#J/kq -CP I MB + C P  I1 6S8 I TJIv 1 

I t h  t / y  I - coal 18,47 HJIkg - CP I HW6 1 TJlv 1 
1 t h  t / v  I - l i q r n t e  10,05 HJILg - CP I V  FSB I TJ/Y I 
I t h  t l y  I - natural qas 33,4 MJIm3 - CP 111 SB I TJIY I 
I l l11 m3Iyl 

- o i l  41 b HJ/kq - CP 111 SB + CP V HW8 I T J ~ Y  I 
I t h  ~IY I 

Consumpt of CaC03 for desulphur ~n FSB I th ~IY I 2 7 0  27.0 2 7 0  2 1 0  
Consuapt of HsO for FGD of  ~ranu1,boilers I t h  ~IY 1 9 5  9 7  9 4  9 5  
Fe r t i  1 l zer  production HgS03 1 t h  t /y  I 27 7 28 1 27 4 27 6 
S88#S1#88S#S8.S88SS.I~8SSSS8SSS8S8SS#888SSSS#aS8Sm#SS8#S#SSSS18SSSS8SSS888#8S8#8S8~#8bS8~818S88S~88#b8S#8SS8 
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CP plzeii Alt A Var 1 -year 2000 - hiqh balance - CC with 2x GT V64 3 Siemens + lx condense steam turbine with heat extractions 
- Electric power output and generation in Combined cycle and in steam back-pressure turboset-divided into particular tariff rangestnPS 

u g -  Gas consumption in combined cycle 
u 
1 

B 
L l 4  

winter period PS 4380 h summer period PS 4380 h - 
> & - working days 3132 h , weekends 1248 h 

hlW* -peak-load high-load , low-load tariff -low-load tariff- 

200- 914 h 783 h 1435 h 1248 h 

working days 2923 h 

a 
4J : 
& 

.( 
I 

weekends 1169 h - 
low-load tar 

1169 h 
4 

power 
output generation 

E IGWhlyl 
1021,3 
832.5 
633,2 
199,3 
188 8 

I . '  . .  - C 
o 1000 2000 3000 roo0 soow 6000 7000 eooo I hly 1 e7so 

P 

m 
m 
N 

low-load tariff 

1583 h 

max 
power 
P IMWel 

Plceii total L P  219,6 
cycle P ~ s  168 4 

~rbosets PC? 133 8 
turb of CC P,t 34,6 
~ressure turb P,,t 51 2 

peak-1, high-1 tar- 

at33 T J / ~  

I,,, 

: 

-gas c~nsumptiol~ In CC 377 MWt 
150- 

GC GC 

*r rr 

487 h 

- 7- ---. 
'BPT 

835 h 

-CP 
combi3ed 
gas t 
steam 
back 

nr 

\ 

1) 1 III 
'BPT 'BPT 

It. 

:: " C C 4 ; P 
Y .- 5 5 5 $ $  : Z 2 -- 

GC \ 

*#$ 
\ r c r a  
\ 

~ B P T  
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CP plzeii Alt A Var 1 -year 2000 - low balance - CC with 2x GT V64 3 Siemens + lx condense steam turbine With heat extractions 
- Electric power output and generation in Combined cycle and in steam back-pressure turboset-divided into partlcular tariff rangeslnPS 

D 6 
- Gas consumption in combined cycle 

wlnter period PS 4380 h summer period PS 4380 h 
+I 

a 
4J 

g 
u 
a 
g 
PI 

M We 

2 0 v  

150- 

1m 

~ B P T  

\ 

C 

. ? - . . c  I I  I I O E  t 
I 

b :: * 
7 

6 $!! . 
: :: % . ., :: ;*  2 ::: : , $  - a - 

,; : , .. .. " .. .. Y C .. 

- - .  
worklng days 3132 h , _ weekends 1248 h. 

5 
l4 

i e 

" .. * . 

. working days 2923 h , weekends 1169h 

lodo- 2obo 3060 4060 '5060 so00 . 70b0 ' [h&j 0obo . a7sb 
1 

gas turboset 

6480 TJIy 

low-load tariff 
1248 h 

.. 

C 

m 
19 
N 

5 
a 
Y 

-low-load tar . 
1169 h 

&ZEatlon 

E IGWhIyl 

958 5 

peak-) -high-1 tar , low-load tariff - 
487 h 

- 

low-load tariff 
1435 h 

peak-load _ _hiqh-load- 
914 h 783 h 835 h 

CP Plzeh total 

1583 h 
max 
power output 

P /MWeI 

E P  211,2 
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CP Plze5 A1t.B year 2000 - hlgh balance 
CP IV = Fluldlzed bed boller 160 t/h + condense turblne 

32 MW wlth heat extractions 

Dlagram of hot water dellvery 

Q,,, /MW,I Qyea, 1 TJ Y 1 
0 

Dxstrlct heatlng system total 299,s 2871 

hot water dellvery from 

1 
CP PlzeG total 293,s 2871 

300 - m s  not covered 6,O - 
CP I-HWB 

CP 11-HPP 

2x 170tlh + 

100 - + TG 55  MW 

160t/h + TG 32 MW 

MWt 

CP ~lzefi I - HWB (coal) 105,O 155 

" I1 - HPP (coal) 160,s 2 0 6 6 

" IV - FSB (llgnlte) 28,O 650 



CP Plzefi A l t  B year 2000 high balance 

CP I V  = Fluldlzed bed b o l l e r  160 t /h+  condense turbine 
32 MW w ~ t h  heat  e x t r a c t i o n s  

Diagram o f  steam de l l very  
* 

I D l s t r l c t  heatlng system t o t a l  100,O 1300 I steam delrvery from 

CP ~ l z e f i  I1 - HPP ( c o a l )  (19 , 5 )  308 
I 1  I V  - FSB ( l i g n i t e )  47,O 828 

" I11 - SB ( o i l + g a s )  43,O 150 70 o i l  
80 gas  

1 Brewery 10,O 14 



CP Plzefi Alt B year 2000 - h ~ g h  balance 

Electrlc power output and generatlon 

mdx power power 
output generatlon 

GWh/ y 

Condense extr-turb (CT) 32,O 185,O 

Back-pressure extractlon 
turb (BT) 55,O 250,3 

total 87,O 435,3 

90- 

60 - 
. sr 0 '. s*r 

50- \ I b, BT w 
'q \ ' \ 

LO- *&a 'J3.7 
\ '. 

20% 

30--,7. A"& / 
2? 9 CT 

20- BT 24 C 

10- 
CT 



CP ~lzefi Alt B year 2000 - low balance 

CP IV=Fluldlzed bed boller 160 t/h + condense turblne 
32 MW wlth heat extractlon 

Dlagram of hot water dellvery 

I Dlstrlct heatlng system total 258,8 2491 

I hot water dellvery from 

Mwt 

CP ~lzefi I - HWB (coal) 70,O 122 
" I1 - HPP (coal) 160,8 1749 
" IV - ESB (llgnlte) 28,O 620 

CP ~lzefi total 258,8 2491 

CP I-HWB 

CP 11-HPP 
100- 

2x 170t/h + TG 55 MW 

CP IV - FSB 
lx 160t/h + TG 32 MW - 

CP 11-HPP 

I I I I 1 I 

2xl70t/h + 
+ TG 55 MW Cp IV 

-FSB 160t/h+TG32MW 
I 

0 1000 2000 3000 A000 =I0 6000 7000 8000 8472 



CP plzefi Alt B year 2000 - low balance 
CP IV=Fluldlzed bed boller 160 tlh + condense turblne 

32 MW wlth heat extractions 
Dlagram of steam dellvery 

Dlstrlct heatlng system total 88 ,9  1075 

steam dellvery from 

CP plze6 I1 - HPP (coal) (22) 3 3 2 
11 IV - FSB (lignltel 47 6 7 0 

" I11 - SB (0x1 - gas 1 43,O 73 50 011 
23 gas 



CP ~lzefi Alt B year 2000 - low balance 
Electrlc power output and generation 

8 

max power power 
output generatlon 

Condense extract turb CT 32,O 182,3 

Back-pressure extraction BT 55,O 231,4 
turb 

total 87,O 431,7 









I 

}Investrent costs (IC) of nav DHS netvorks and heat exchanger stat~ons high balance Tab 26 j 
f 

) l e v  consurers 
I pror~sed fror ZCE 
/ connecled boilers 
1 nev correrclal 

/ :it::ase of de 1 very 
IIC nev branch pipelines 
JIC nev heal exchanger st 

I 
I 
I 

nut 0 5  0 7  0 7  2 5  2 5  2 5  2 5 )  
nut 4 4  4 4  4 4  4 4  4 4  4 4 1  
nut 1 9  2 9  4 0  1 2 5  1 5 1  1 7 1 1  
nlrt 0 5  7 0  8 0  1 0 9  1 9 4  2 2 0  2 4 0  
nx t 0 5  b 5  1 0  2 9  8 5  2 6  2 0 1  
810 CK 0 3  3 9  0 6  1 7  5 1  1 6  1 2 )  
810 CK 0 4  5 2  0 8  2 3  6 8  2 1  1 6 1  

1 
jPlpeltne South 

i 

I 
Hev consulers 

pror~sed fro8 ZCE nut 3 0  1 2 8  1 4 8  1 6 7  1 7 8  1 7 8  1 7 8  1 7 8  
connected boilers nut 2 9  5 4  7 8  9 5  9 5  9 5  9 5  

nut 3 0  1 5 7  2 0 2  2 4 5  2 7 3  2 7 3  2 7 3  2 7 3  
Increase of del lvery Hut 3 0  1 2 7  4 5  4 3  2 8  0 0  0 0 .  0 0  
IC lev branch pipelines 810 CK ral 1 8  7 6  2 7  2 6  1 7  0 0  0 0  0 0  
IC Hev heat exchanger st 810 CK 2 4  1 0 2  3 6  3 4  2 2  0 0  0 0  0 0  

i 
IP~pellne East 
Jlev hot vater nains 
!East I ( 2  x D I  400 350) 810 CK 32 3 
1 lev consurers 
I proa~sed fro8 ZCE nxt 5 6  7 1  7 1  7 1  7 1  
I connected boilers nut 4 5  5 1  8 8  8 8  8 8  
)Total nut 10 t  12 2  15 9 15 9  15 9 
}Increase of del lvery nut 1 0 1  2 1  3 7  0 0  0 0  
JIC Bev branch p~pelines 810 CK 6 1  1 3  2 2  0 0  0 0  
IIC Hev heat exchanger st 810 CK 8 1  1 7  3 0  0 0  0 0  

t 



JInvestrent costs (IC) of new DBS nelvorts and heat exchanger stat~ons lov balance Tab 27 

I 

I Pipeline Uorlh 
ev consuaers 

prorised from ZCE NU t 0 4  0 5  0 5  1 9  1 9  1 9  1 9  
connected bo~lers l t  3 5  3 5  3 5  3 5  3 5  3 5  

1 nev correrc~al HY t 1 0  1 0  1 0  1 0  1 0  1 0  
llotal nut 0 4  5 0  5 0  6 4  6 4  6 4  6 4  
)Increase of del lvery HYt 0 4  4 6  0 0  1 4  0 0  0 0  0 0  
IIC Rev branch p~pelines IIO CK 0 2  2 8  0 0  0 8  0 0  0 0  0 0  
)IC Rev heat exchanqer st 110 CK 0 3  3 7  0 0  1 1  0 0  0 0  0 0  
I 

i Pipel~ne South 1 Rev consuners 
1 proaised frol ZCE Hut 2 3  9 6  1 1 1  1 2 5  1 3 4  1 3 4  1 3 4  1 3 4  
) connected bo~lers HUt 1 7  3 2  4 7  5 7  5 7  5 7  5 7  
)Total HY t 2 3  1 1 3  1 4 3  1 7 2  1 9 1  1 9 1  1 9 1  1 9 1  
)Increase of dellvery HY t 2 3  9 0  3 0  2 9  1 9  0 0  0 0  0 0  
1IC Wev branch p ~ p e l ~ n e s  IIO CK 1 4  5 4  1 8  1 7  1 1  0 0  0 0  0 0  
IIC Rev heat exchanger st rlo CK 1 8  7 2  2 4  2 3  1 5  0 0  0 0  0 0  
r 

~ E ~ ~ Y ~ E  rains 
East I ( 2  x DM 400 350) m ~ o  C1; 32 3  
(Rev censurers 
I prollsed fro1 ZCE Hut 4 2  5 3  5 3  5 3  5 3  
I connected b o ~  lers hY1 0 6  2 2  3 4  3 4  
llotal nwt 4 2  5 9  7 5  8 7  8 7  
Increase of delivery Hut 4 2  1 7  1 6  1 2  0 0  
IC Nev branch p~pelines rlo CX 2 5  1 0  1 0  0 7  0 0  
IC Hev heal exchanger st rio CR 3 4  1 4  1 3  1 0  0 0  
I 



Qualitat~ve charakterrstlcs of solld fuels In CP P l z 4  Tab 28 1 
1 I 
I 1 I I I I I 1 fuel type I 1 llgn~te 1 l ~ g n ~ t e  1 black I black I 
I I 1 Sokolov / SokoIov I coal ] coal I 
I I I I I 1 1 

corb egulp type 1 exlsllnq fluid bed 1 grate qranulatlng I -  = i I coal I bor ler 1 bol lers bol lers 
f ,  5 3 l a  = 

I 
- I  i 

I 
I 

I 
I 

1 I LEV 
I I I I I I Q r 1 HJIkg 1 12 7 1 10 1  1 18 5  1 17 4  1 

I I I I I I I 
I 1 rolslure 

I I I I I I I I Wt'r) I X 1 3 4 0 3 7 1  1 3 6 6  1 1 1 2  1 1 1 2  1 
I 1 I I I 1 I I 
I I I I I 1 I I 1 ash In fuel 1 A (r) 1 t 1 13 4  18 5  1 23 8  1 30 4  1 33 2  1 
I I I 1 1 1  
1 1 I 1 I 1 ash ~n dry sample 1 A (d) ] t 1 20 3  29 4  1 37 5  1 I I 

3 4 2  1 3 7 4  1 -  
I 1 I I I I 1 
I I I I I I I I 1 coabust~blsscont) V ( r ) + R V ( r ) J  % ) 4 4 4 5 2 6  1 3 3 6  1 5 8 4  1 5 5 6  1 
r I I I I I I I 
1 ~n thls I V(r) I Z 1 2 5 5 3 0 2  1 2 2 8  ) 2 1 9  1 2 0 9  1 
I I I 1 volatlles I Vdaf I t j 5 5 0 6 0 0  j 5 5 o 6 o o  1 3 5 0 4 o o j  3 5 0 4 0 0  I 

I I 1 I 
I I I 

I 
I 1 non volatlle 1 IV (r) 1 Z 1 18 9  22 4  ) 16 8  1 36 5 1 34 8 1 

I I I I I I I 1 
I I I I I I I 

corbusl~bles 1 lVdaf 1 I 1 40 0  45 0  1 40 0  45 0  j 60 0  65 0 1 60,O 65 0  1 
I 1 I I I 

I I I 1 sulphur in fuel 1 S (r) 1 Y 
I j o i o l ,  

I I O 4  I O 4  I 
I I I I I 

I I I I 
] sulphur cont ~n 1 S (d) 1 X 1 0 8  1  5  2 4  1 0 5  

dry sarple 
O 5  I 

I I I I I I I I 
I I I I I ! 



Characteristics of operation of cooperating stearboilerhouse 
I of Westboher~an Brevery In steal DBS of CP Plzen 

Tab 29 j 
1 

I I 
year U n ~ l  1997 2000 2005 2010 1 

Alt A var 1 hlgh balance --- --- 
Hax heat output 
Annual heat delivery 
Consurption of heat in fuel 
natural gas consurption 

A11 A, var 1 low balance 

Hax heat output 
Annual heal delivery 
Consurpl~on of heal In fuel 
Natural gas consurptron 

Alt A var 2 hiqh balance 

Hax heat output 
Annual heat del !very 
Consurptron of heat in fuel 
Natural gas consulpt ion 

Alt A, var 2 lov balance 

Hax heat output 
Annual heat delivery 
Consurplion of heat in fuel 
Natural gas consurpt ion 

111 B hiqh balance 

Hax heat delivery 
Annua 1 heal de 1 ivery 
Consurplion of heat In fuel 
Ralural gas consuptron 

I 
I 

Hlr (30) 
I 

(30) 10 6 (30) 12 6 (301 1 
TJly 23 23 10 11 
TJly 27 1 2 7 1  1 1 9  13 0 

I 
1O3r3ly 811 4 8 1 1 4  3 5 6 3  389 2 

I 
I 
I 
I 
I 

nx t 
TJly 
TJly 
lPr31y 



Repair  and maintenance cos t s ,  overhead cost; o t ~ i a  m e t e r i a l  c o s t s  i n  CP PLZEN 
P r i c e  l e v e l  y 1993 

I U n i t s  I v  1942 v  1557 v  ZObO v  2003 v  LO10 

A l t e r n a t i v s  A Jar 1 Hiqh balance 
Repai r alld m a i i ~ t e ~ l a n ~ e  cos t s  I mlo LY 1 48 9  13 3 75 3 11 2 1 1  1 
Ovet nead c o s t  I m ~ o  ~h ( 14 b :4 O 3 4  b 33 U  ,J 0 
Other m a t e r i a l  cos t>  I r n i o r k I  1 5  1 1  1 3  1 2  1 I  
------ ------- --- - ------------ -- ----- -------- -------- -- -------------- ------------- - ---- -- 
~ o t a l  I a i o C K I  1 2 0  l O J o  I U o b  1 U 5 4  l U 1 4  

1( 

A l t e f n a t i v ~  A Var 1 - Lou balance 
Repair  and maintenance cos t s  ( r i o l F I  4 8 9  7 3 3  1 b b I  bd! 
b v ~ r h e a d  cost, I mio Ck I 11 b jd O 34 U < 2  , 5 
Otner m a t e r i a l  cos t s  I R I O L ~ ~  1 5  11  1 2  1 1  I 1  
---- --- ---- ---- ---- -- - ---- ---- ---- -- ------------- ------- --- ---- ---- ---- ------------------- -------- 

r o t a !  I mlo ~b 1 15 u 106 5 10a 3 1u1 8  101 o 
, 

A l t e r n a t i v e  A J3 i  I - H ~ q h  baiance 
P e p a ~ r  an3 w a l n t ~ n a n r e  cos t c  ( r n ~ o C Y (  3 8 3  b o u  b o U  0 5 1  c 5 1  
U r ~ r h e a d  c o s t  1 6410 0 1 !4 b 3 ,  1 3 j  1  L 4 3~ 3 
Othe, mater i d 1  co;ts I r n l o L k I  1 1 5  1 3  l j  1 1  

Tota l  
I * I * t t  t * . I m i o ~ k (  1 5 0  1 b 0 b  1 0 0 6  9;s q 8 d  

A l t e r n a t i v e  A Var L - Low balance 
k e p a i r  and maintenance co,t: ( m i o ~ h I  4 8 4  b 6 O  o o O  6 1 1  b ~ l  

Overhead c o s t s  I mio CK ( L4 b  !j 1 33 1 3 1  9  3 1  9  
Other m a t e r i a l  c o s t s  I m i o l k 1  1 5  1 4  1 1  1 2  1 2  
--- ------------------------------------ ----- ---------- ------ --- ------ ------ -- ----- ---- ---- --- ------ - - 
To ta l  I n l o  LK 1 75 0  100 5 100 5  95 2  95 2 

I . . . * 7 .. t t . t .  I . 1 1 1  

A l t e r n a t i v e  6  Vat 1 - Hiqh balance 
R e ~ a i r  and maintenance cos t s  I n l o C K )  4 8 9  7 3 9  7 3 9  6 9 7  6 Q 7  
Overhead cos t -  I e i o  Ch ( 2 3  c 37 2 37 2 35 4 35 4 
Ocher m a t e r i a l  co - t s  l m 1 o C K 1  1 5  L O  2 0  17 17  
-------------------------------------------------------- ............................................... 
To ta l  

* I  i * I .  f . 1 1  I t .  I . .  . * "t . a * .  t . 1 .  t .  1 

( PIO CK / 75 0  113 1 113 1 l o b  8  100 8  

A1 t e r n a t i v e  b Var 1 - Low balance 
Repair  and ~ a l n t e n a n c e  cos t s  I m l o C K l  4 8 9  1 0 4  1 0 4  b b 3  b h !  
Overhead c o s t s  I n o C k 1  ~ 4 c  3 5 3  3 5 5  1 3 6  3 3 8  
Other m a t e r l a i  co>ts  ~ r n l a ~ k ~  I S  1 3  1 8  1 5  1 5  

Tota l  
11 f 

I mio ~k ( 75 O 107 5 1 0 1  5  1 0 1  6  101 b 
I a ..f t * t % I ..* . * *  . 

A l t e r n a t i v e 6  Var 2 - H i q h b a l a n c e  
Repair  ana e a i n  tenance c o s t s  ( m i o C K 1  4 8 9  1 7 4  7 7 4  7 3 3  1 j 3  

Overhead cost: I mio Cb 1 24 a 3 1  b 36 6 ,a 7 Jb 
Other a a t e r i a l  coz t s  I m i o C K I  15 2 2  2 2  1 9  1 9  

To ta l  . 
A l t e r n a t i v e  8 Var 2  - Low balance 
Fecal r and maintenance cos t s  I a10 Lk' ( 48 9  73 a 1 3  8 b9 5  b9 5  
Overhead c o s t s  I n i o C K 1  2 4 6  3 6 8  3 6 8  3 5 5  3 3 5  
Other m a t e r i a l  c o s t s  I r i o C K )  1 5  2 0  2 0  1 7  1 7  

To ta l  I n i o C K 1  7 5 0  1 1 2 6  1 1 2 6  1 0 6 7  1 0 6 7  
* . . . a .  *..a 1 *I. . .a 11..11.1. . t t . .. ...*.... .I t.1 ,. t.... ...... t . I f..... 



Repair and maintenance cost. overhead cost, otner water i a l  coat, i n  LP PLZEN Tab 31 
P r i c e  l e ~ a l  y 194b 

L 

I Unit: 1 v IY~L y 1931 v LOUIJ v 1OU5 Y !UlU 

A l t e r n a t i v e  A Var I hiqh  balance 
t eoa i r  aria nalr i tenance coCt  I r n l o ~ K I  4 , 9  t 9 4  6 3 4  4 0 9  Y a y  
UVQI head cos t s  I 8110 Lb 1 14 b JU 1 rd 1 Y JS 9  
Oth+ ma t . i ~a l  cost, I m l r ~ h I  1 3  l o  l a  1 1 5  

A l t e r n a t ~ v e  A Var 1 - Low balance 
Keoair  and ma in t~nance  cost, I mio Ck I 4 9 8Y 4  89 4 a 3  2 8 3  1 
Overhead cost: I m i o C h (  1 4 b  3 U 1  4 0 1  3 8 4  d 8 4  
Other m a t ~ r i a i  cos ts  I m i o C k )  1 5  1 5  1 5  1 4  1 4  - ........................ - ----- -- ----- ---- ---- ----------- ....................... - ----- -- ------ -- --- 
Tota l  

A l t e r n a t i v e  A Var 2 - Hiqh oalance 
Reoair and maintenance costc  I m i o C k I  4 5 9  S O 5  8 0 5  I 9 4  7 9 3  
Gverh2.d cos t  I mio Ck 1 - 4  6 351 1 9 1 3d 2 ;a 2 
6th.r m a t e r i a l  cost; I m i o C K l  1 5  1 9  1 9  1 b  1 6  

Total  
f 

I t i o  LK ( 75 O 1 2 1  5 1 2 1  5 119 3 119 ? 
f * .  *. t . * t  I . 

A l t e r n a t i v e  A Var 2 - Low balance 
Repair  and ma in t~nance  cos t  ( m i o C K (  $ 8 9  d o 5  a 0 5  7 5 a  7 5 8  
Overheaa cos t  I n i o  LL ( 14 9 JY 1 39 1 31 o  37 b 

Otner m a t e r i a l  co- tc  I m i o ~ t I  1 3  1 8  1 8  1 5  1 5  
-- ----- ------------- ...................... ------------*--------------------------------------------- 

Tota l  

A l t e r n a t i v e  E Val 1 - Hiqh balance 
l e o a i r  atid maintenance costs  1 P 1 O ~ ~ (  4 8 9  9 0 2  4 0 2  a : ~  351) 
Overhead cos t s  I n o  Ck ( 14 b 4, 53 9  41 4 1  a 
Other m a t e r i a l  co-t, I m i o C F I  I 5  2 5  2 5  2 1  2 1  

I a i o C K 1  7 5 U  1 3 b 0  1 3 0 b  1 L Q 9  1 1 8 9  
t I ..a I . .  t t f . . 

A l t e r n a t i v e  E Var 1 - Lon bqlance 
Pepai r and maintenance costs  I m i o C K (  4 8 9  0 5 9  8 5 9  b O Y  9 0 9  
Overhead cost: I n i o C k I  2 4 b  4 1 1  4 1 7  3 5 9  3 4 9  
Other m a t e r i a l  ~ 0 5 t h  I m i o C K I  I 5  2 3  2 3  1 9  1 9  ------------------------------------------ ---- ---- ------ - -------- - --------------- - ------- -- ------- - ----- 
Total 
I * * f * I *  f . t 

I a i o  LK ( 75 0 129 8 129 8  122 6 122 6 

A l t e rna t l v .  8 Var 2  - Hiqh balance 
Repalr  and maintenance costs  I m i o C k 1  4 8 9  9 4 4  9 4 4  8 9 4  8 9 4  
Overhead c o s t s  1 n i o  CX ( 24 6 45 5 45 5 43 3  43 3  
Other p a t e r i a l  cos t s  ( ~ ~ O C K I  1 5  ~8 2 ~  2 4  2 4  
.................... ---------------------------- ------------------------ ----------------------------- 
T o t a l  I o i o  CK 1 75 0 142 7 142 7 135 1 135 1 

I 

A l t e r n a t i v e  8 Var 2 - Low balance 
Reoai r and maintenance costs  I N O L K I  4 8 9  9 0 0  9 0 0  8 4 8  a h a  
Overhead cost: ( mi0 CX 1 24 6 4 3  4  43 4 41 9  4 1  9  
Other m a t e r i a l  cost: ( a i o C K (  15 2 5  2 5  2 1  2 1  

Tota l  ( no CK ( 75 0 136 0 136 0 128 8 128 8 
I , .  * , a  ,,... * .a  *.*...a t..*t.f.l...l t . I * f f a .  ,.. a...*1.,,*##,,~",I..,,a.I,*.l".t*.Ix1t*~l**l**~~ll 



Repair and ma ia twan re  costs,  ovornead cos t s  number or  perzonnel ~n LH> networkc i a b  3' 
a a I I t * t 

High balance P r i c e  leve l  y 1Wj 

Repair and maiotanance co- te  I mio ~k I 11 O 1 > 13 Q i 9 I4 1 
Overhead costs  l a l o I h I  , O  4 b  1 4  5 0  + U  
..................... ----------- ------ ----- - - ------- ---- ----- --- - ----- ------ --- --- 
Tota l  I mlo 3 1 13 O Ib 1 18 b 16 9 IS 1 
------------ ------------ --- ----- ------ ----- ------------------- --- ......................... ---- 

Low balance - P r ~ c e  l e v e l  v 1993 

Repai r  and maintenance costs  / mlo Ck ( 11 0 12 a 11 9 12 9 12 9 
Overhead costs  I  m i o C K I  3 U  4 L  4 2  4 3  1 3  
-----------------------------------------+-------- ----------------------------------------------------- 
To ta l  I  ~ n o  I k  1 13 O 17 u 17 1 li 1 11 L 
................................................ - --------- ................................. -- ---- 
Nuaber o f  p@rscnnel I per; I 11 O 15 U 15 U 15 0 15 O 

. I  . t 1 rt I 

h l q h  balance - P r i c e  l eve l  v 1490 

Pepair and maintananre cu:ts I mlo Cli I 11 11 l b  9 11 I 11 4 11 a 
O c r h e a d  cost: 1 n i o 1 h I  2 U  5 5  5 4  O U  o U  --------------------------- ----------------------- ------------- ........................ ----------- 
Tota l  I n i o  IK 1 1 4  O 22 4 L I  j  1 j  4 22 b 
---------------------------------------------------- --------------------------------------------------- 
humber o f  personnel I p e r ~  1 1f (I li O 18 O 19 O 14 U 

t I .* t t t * . 
Lon balance - P r i c e  l e v e l  y 1940 

Repair and maintenance rest, I wio LL I 11 O 1b U lb 1 lo 1 15 1 
O~prhnad  cost: I PIOCKI  j O  5 0  S O  5 1  5 2  ------------------------------------------------- ------------------------------------------------------ 
To ta l  1 a10 Cb 1 14 O 21 0 21 2 21 3 21 3 ----------------------------------------------------------------------------- -------------------------- 
Number of  personnel I pnrs 1 12 O 15 0 15 O 13 O 15 0 

I 1 .  I t  a. a I I. t t .  t * a  * . . .  



A1 te rna t i ve  A - Em1 ,sion, s l a m  product ion per-onno\, water co:umptlon lab 19 
t 1 * 

A l t g r n a t i  re A Var 1 - Hiah balance 
Em)-sion ash 1 t / v  ( 425 5 401 5 4rd 1 117 9 116 9 l l ?  1 119 7 
Emrssion SG! I t ~ v  I 1411 4 4 1 ~ 0  5 5196 O 2031 1 2Uq1 5 1640 l a 4 i  7 
Emission NUY 1 t l y  I IOU! 1111O o 1L!1 U 2o4$ S 1659 4 dl1 7 2 5 ~ 5  4 
Em~ss ion  LO I t i v  ( 10h6  l b l 1  1 4 0 6  1 1 1 b  1 7 3 3  1 5 4 b  1 5 3 1  
Emis-ion LYHY I t / v  1 50 1 43 b 59 3 4~ 3 JY q 40 9 41  1 

-- -------- ----- -------- ----------- ------------ ------------ --- ------ ------ ..................... 
Nuober or personnel I pers 1 293 L93 203 300 300 270 170 
------------------ ------------------- - ------- --- ----- --------------- ......................... ----- 
Water consurp t~on  - raw I t h  mVvl  l l O U  1165 11O1 2739 2751 2328 2837 

- sottened I t h  n!/vl b8 11 5b 17 45 Gu luO 
- demineral . . i I t h m 3 1 ~ 1  359 js? 3a3 386 .as 384 

* t t  I t . . t t .  t * 

A l te rna t i ve  A Var 1 - Low balance 
'Emission ash I t l v  1 425 5 390 0 4bb 1 111 1 107 b 111 b 111 3 
Emission SOL I t / y  1 4417 4 4U74 3 9814 1 1831 3 1782 2 lb64 4 1655 7 
En1 ss ion NOx I t / v  ( 1003 3 909 1 1147 9 2152 0 2379 8 2?bJ I 2355 5 
Em1 ss i  on CO I t / y  / l b b  8 151 2 191 0 l b l  1 15b O 195 1 144 7 
Emission CxHx I t iv  ( 50 1 40 5 53 5 4s ! 4 4  7 37 0 39 Y 
------------------ - --- -- -- --- --- ......................... ----------- ------------- ---------------- 
S l a m  production I th  t i v  ( 49 S 44 4 53  3 bl 7 01 1 56 7 55 4 --------------- --- ................................ ....................................................... 
riuinber or  p2r sonnei I per$ ( 2G3 293 233 I O U  300 206 2bo - ---------------- -----*------------- ------------ ............................................ -------- 
Uater consua~ t ion  - raw ( t h ~ j / y I  11UU 1119 1114 2 ~ 3 ,  2533 2b42 2033 

s o t t e n ~ d  I th m3/yl b8 68 90 90 E5 3 65 
- dpwineral I t nm3/v l  359 352 349 333 313 3 4  143 

I * 

A l te rna t i ve  A Var 2 - Hiah balance 
Emis:ian ash ( t / v  1 425 5 401 5 493 1 99 2 100 1 1!8 4 119 0 
Eaiss lon $02 ( t / y  1 4431 4 3200 4 5140 5 23d4 7 2404 7 2353 2 2312 b 

Em1 -s ion NOx ( t / v  1 1003 3 1010 b 1227 0 2605 1 2627 4 2513 0 2522 3 
Emission CI! I t t y  I 16b 8 101 1 15b a 172 4 173 9 147 5 14€ 1 
En1 :slon CxHx I t l y  ( 50 1 48 6 59 3 55 b 5 1 43 3 43 4 
------------------------------------------------------------------------------------------------------------ 
S l a m  p rodur t i on  I t h  t / v  ( 49 5 l o  4 5b 9 a1 7 82 ; 71 3 71 5 ------------------------ ----------------------------------------------------------------------------------- 
Nusber o f  personnel 1 ~ e r r  1 291 253 293 310 310 275 275 -- ----- --------------------------------- - ----- - ----- -- ----- - ------- - ------------ - ---- -------- ------- ----- - 
Water consuoption - raw I t h d / v l  1100 1165 1407 2093 2113 2115 2124 

- =oftened I t h a 3 1 y l  68 71 9b 97 59 99 100 
- deaineral I t h  m3/v( 359 352 385 386 386 384 385 

t * 

A l te rna t i ve  A Var 2 - Low balance 
Em~ss ian  ash I t l ~  1 425 5 390 0 466 1 101 4 9 i  5 9b 3 96 3 
Eaiss ion 502 I t / y  1 4137 4 rUL4 3 4219 1 2189 2 2123 2 1938 9 19,8 Q 

E n ~ s s i o n  NOx I t i y  1 1003 3 969 1 1147 9 2387 8 2317 1 2131 0 2191 0 
Emisslon CO I t l y  ( 166 8 154 2 184 0 151 2 14b 4 128 9 128 9 
Emicsion CxHx I t / y  1 50 1 46 5 55 5 47 3 45 6 36 6 36 b 
-------------------------------------------------- ......................................................... 
S l a w  product lo  ( th  t / y  1 49 5 44 4 53 3 71 5 6' 6 b2 8 62 8 --------------- ............................................................................................ 
Number of  personnel I p e r ~  ( 293 293 293 310 310 271 271 

Water consuapt~on - raw I t h r 3 / y (  1100 1119 1314 1971 1904 1866 1866 
- softened ( t h  a3/yl 68 68 90 90 85 85 85 
- deaineral 1 t h13 IyJ  359 352 349 343 343 343 343 

1 .... .Il...l a*,.. tf.,. * I I * . .  . . 1 .  . . .as. I t ..* 1 .*... ..* * . t . I ,  t.f.t,..l..l1..111.t... 



A1 te rna t i vs  6 - Emission, s l a w  production, personnel, water co=l~mp t i  on 
a *  . t 1 .  (1 

I Uni ts  I v 1991 v 1993 v 1990 v 1997 y 2000 v 1005 v LO10 
I . It*. t f .* a f 1 

A l t e r n a t i v e 8  Var 1 Hiqh balance 
Emission ash I t f y  1 425 5 407 5 493 1 lil 7 123 i 131 1 131 5 
Emission SO2 ) t / y  1 4 3 1 1  4 4 1 U ~  3 514b O 368b 3 3 7 ~ 6  L 2050 4 ,obi 3 
trnissiar~ NO, I t / v  1 1003 3 11110 b 1221 U 1818 1 2300 8 2770 7 2792 7 
Emission LO I t ~ y  1 l b o  2 101 1 190 Q 271 / 17' 5 Lbu 5 2b4 4 
tm1:slon ~ x H i  I t l v  1 5 0 1  4 d b  5 1 3  0 5 9  8 0 5  8 2 0  b i 3  
.......................... ------------------ -- -- --- - - ------ ----- --- ----- - --------- --- ----- 
S l a w  production ( th t / y  1 45 I 417 30 9 111 1 138 3 132 4 l3i 9 
--- ----------------- ------- --- ------- - --- -- ---------- -------- --------- ------ - - -- ----- --- 

rlurabw o t  personnel 1 per: 1 231 2% 193 3 2  323 2r1 195 ------ ----------------- - -- --- --------- --- - --- --- ---- - --- ----- -- -- - ------ -------- --- 
Water consumption raw I th  m:/v( 1lUB 1105 1 4  1910 195b 1947 1955 

- softened I th  ~ 3 1 ~ 1  b t  11 50 91 UY Y Y  1UU 
demineral ( t h a 3 l y l  '59 3: 3d5 3da 380 id4 384 

A l te rna t i ve  6 Val 1 - low balanre 
En1:slon ash I t l y  I d ~ 5  5 390 IJ 4bb 1 113 7 110 b 115 ! 115 1 
Eel man SG2 I t t y  1 1 4 ~ 1  5 4 8 ~ 4  , do15 1 3446 € 3351 1 $315 t 3315 
E s ~ s s i o n  NOx I t f v  I 109: 3 999 1 1141 9 1037 U 2349 b 2+11 O 1513 0 
cmissicn LO I t / y  I lbb  E 154 L lt4 O 2tO 4 2 5 ~  4 265 2 145 2 
En1 ss I on CvHr 1 t / y  I 50 1 4 5 5 $0 b 7 7  1 /4 5 74 5 

S l a w  production ( t h  t / v  I 4 G  44 1 5 J  , 128 i 114 7 121 P 121 6 

Number of personnel I p r r s  I 243 243 2q3 (11 313 291. 2J1 

Water consumption - raw I tnm3/y (  1100 1119 1 ~ 1 4  1801 1741 1130 1736 
- s o t t e n ~ d  I t h  rn://l b8 b> 40 YO 05 13 55 
- demineral 

1 .  L I t  t t 

I thm3/v l  359 352 349 333 343 343 343 

A1 t e r n a t ~ v e  6 Var 2 - Hiqh balance 
Em1:sion ash ( t / y  ( 475 5 407 5 498 1 481 8 4b8 2 486 3 469 4 
Em~sslan $02 I t / y  1 4437 4 320b 5 5118 U 1839 3 1840 4 IdL, 3 l F2b  6 
tmiss ion NOx / t / v  ( 1003 3 1010 b 1221 0 1b30 8 1043 7 1592 2 1539 5 
Emission CO / t / v  I l o b 8  1 6 1 1  1 ~ b E  3 1 2 8  3:52 3 1 3 1  3 1 4 3  
Em1 ssion LXHX I t ~ y  ( 5 0 1  a a b  5 9 3  9 9 5  1 0 0 2  9 5 4  9 5 1  

S l aqq production I th  t i y  ( I S  5 Jo 4 5b 9 101 ! 107 9 I U ?  3 103 2 
- ------------------ --------- ............................... ------------ ................................ 
Number of  personnel I per: 1 293 2 3 j  ~ 9 3  333 !W 302 302 

W a t ~ r  consumption - raw I t h a 3 / y l  1100 1105 1407 1940 19% 1947 1955 
softened I t h a 7 / y l  bS 71 9b 91 93 99 100 

- demineral I t h a 3 / y (  759 251 385 386 380 384 331 . * .  * *  . I 1 ,.*1,1*.ttf I I *  I I . * a .  t 

Al te rna t i ve  6 Var 2 - Low balance 
Em1 ssion ash 1 t / v  1 325 5 390 0 466 1 448 8 435 3 440 L 440 2 
E ~ i s s i o n  SO1 I t / y  1 443, 4 4024 j 4819 1 1725 a l o l l  5 1643 8 1 0 4 j  8 
Emission NOx ( t l y  1 1003 3 909 1 1141 9 1519 8 1406 8 1 4 ~ 9  1 1429 1 
Emis>ion CO I t l y  1 l b o  8 154 2 194 O 102 4 231 1 286 O 250 0 
Emission CxHx ( t / v  ( 50 1 40 5 55 5 43 2 90 0 86 8 8 s  8 
-----*---------------- ----------------------------------------- ------------------------------------------ 
S l a w  p r o d u c t ~ o n  ( th t f v  1 49 5 44 4 53 3 100 8 97 7 91 7 94 7 

Number of  personnel I pers 1 293 293 293 320 320 298 298 
--*--------------------------------------------------------------------------------------------------------- 

Water consunption - raw I t h  r3 /y l  1100 1119 1314 1801 1747 1736 1736 
- softened I t h m 3 1 y l  68 68 90 90 85 85 85 
- demineral i t h r 3 l y l  359 352 349 343 343 343 343 .. .. t*....l,llt. f..". ..,.. .f.t..t... . I .* .  It. . f a *  I.*. a*.. * I * * *  1.11 1 .  ... 11**..1*...1*"1 ,.. 



The inpu t  data tor  economlc assnssment 
I t , 

The inpu t  data 

* I  I 1 

Lonsldared i n t l a t i o n  r a t e  a f t e r  y 199'1 
Discount i n t e r e s t  r a t 0  

Pr ice Pr i c~ 
level  level  

Un) tz  L 194r y 1990 . t t 11. .1 t 

I n t e l  es t  r a t e  o t  1nve;tment l o a i  to r  ene t l y  r a c l l i t i e r  
prov id ina by LZ bank- 11 U 15 0 
Investment loan p a h a d  tlma years 10 10 
I n i e s t ~ e n t  c ~ e d l t  ( I i r  st ace per iod dul I nq cons tl UL t i  on 
trequencv or  pal t pa~ments 
l ype  o t  pa r t  payments 

fear 1 1 
equal p r i n c i p a l  anor t i  zat ion 

L i f e t i m e  of  investaent 
f ~ e p r e c i a t l o n  r a t e  new i nrestm-nt 

Rate o t  incone tax Q 45 0 42 0 

Averaqe annual wase personnel t h  CKiy 55 120 
1nsu1 ance tee (heal t and soci a1 i n s u ~  ance) t 3 b ~b 
............................ ------ ---------------- ----------------------------------------------------- 
Fuel DI i c 5  

11qnlte (LP I+LP 11 up to  y 199b) 12 70 flJ/ko C b / t  
Ck /bJ 

- l l s n i t e  (CP I V  - FSBI l u , ~  h J i k ~  LK/ t 
I b/bJ 

- coal (CF 1 f r o 8  Y 19Q71 l b , 3 7  RJikr~  kit 
CkibJ 

coal (LP 11  ti^^ 1957) 11 jS hJ% CK/ t 
Lh /bJ 

- o i l  ( i p  111 + CP 'v) r l , b h  hJ1i.q LF / t  
r k i b  1 

- na tu ra l  oas (LF 111 + LL) ,, 40 HJ/la3 h f a 3  
CK/GJ 

Pr i ce  C a ~ 0 3  sorbent fo r  FS8 ( A l t  8) CKit 3 4 0  470 
Pr ice  RqO sorbent t o r  qranul b o i l e r s  {Alt B-Var 21 C k l t  2500 3150 

:pacif ic p r l c e  to r  ash and slag9 t ranspor t  ar~d s to r ing  CKit 100 180 

Sel l l n g  p r i c e  o f  t e r t i l i z e ~  HgS03 (Al t 8-Var 21 Ckft 1500 2000 

S e l l i n g  p r i c e  o f  suppl ied e l e c t r i c i t y  

- o f  averaoe 1 kW output dur inq peak load t a r i f f  zone Ck/kW ,nonth 229 3 20 
= CKikW per year 2743 38 10 

- o f  1 MWh e l e c t r i c i t y  suppl ied 
- i n  peak load t a r l f f  zone CK/HWh 666 932 
- i n  h i g n  load t a r i f r  zone I K /  hWh 55' 794 
- i n  low load t a r i f f  zone ~ ~ / d W h  522 7 31 

S e l l i n q  p r i c e  o f  heat a t  the o u t l e t  o f  primary GHs network, 
( e s t ~ a a t e d  as competi t i v e  p r l ce  o f  heat from gas f i r e d  
b o i l e r s  - new b o i l e r s  and recomstructed one; t ron  coal 
t o  na tu ra l  gas) CKIGJ 170 240 

Water prrce 
- raw water CK/m3 56 85 
- softened water CKIr3 12 75 15,40 
- denineral water C K / r 3  34 43 41 00 

. . I . .  , . aI.1. S*.ll*.I* * I I.ftt*t.11* 1 I t 8  f t I ~ f * l ~ ~ f I I ~ ~ S t 8 l ~ ¶ ~ t t I ~ S I I ~ ~ ~ l I I ~ 1 1 l l t I ~ ~ 8 8 ~ ~ l l ~ ~ I I  



Investment costs (IC) lab 2 1  . 1 

~ l t  F - \a1 1 - Hiqh balance 
----------------------- - --- 
L P  i l l  - 1 x 36 b5 t l h  
bas pipe1 in: 

lechno loqv equipment Sui l d i n q  Total 
implement del i v e ,  y fiountinq part 1 C 

year2 mio U mio C k  ~ i o  Ck mi0 ~b 
t , 1 . I .  ,. 1 . 1  . 1 a * :  , * I f .  t 

Basnouse- to, LP I Hb6 ( 2 Y 3b t ~ h  1935 1590 15 5 1 0  5 17 0 

bwi t cn  a r a n ~ ~ l a t i n q  bo i le rs  CF 11 ( i x 170 t i h  ) 

t o  hard COJI 

Saqnouee4 to r  LP I 1  149!1-1Y~lo 31 I I j 1 1  , U 

Enlarlem*nt or c i r l c ~ ~ l a t i o n  p u ~ p s  s t a t i o n  lQ'35-l'?io 1 5  3 1 8  

TP I V  - LC 1 x b1 \1 b4 3 ,iemens + ST 
- import L x bI i 73 ,2  mio GEd 

czech de l i ve ry  t o t a l  
i n  t n i s  wacce heat recovery b o i l e r s  

condonsing turbine w i t h  heat ~ x t r a c t i o n  
other teclinolom cal e q u ~ p w n t  

1 I LL Tot41 
Lonnection to  the e l e c t r i c  d i s t r i b u t i o n  network 
Connect t o  the qa d i s t r i b  natwork i n r l  reducins s t a t i o n  

---------------- --------- --- ------- ............................. ------------------ ------------------- -------- 
A l t  A Var 1 - Hiqh balance - TOTAL . t ..t ,, ., ,... 1 t 3 . .  *.. t . . 1308 4 301 ' 154 b 2344 3 

t t  . t * * *  f t  *.I, t. 

Alt A - Var 1 - Low balance 
----- ---------------------- - 
CP 111 - 1 x SB 65 t l h  
ba, p i p ~ l i n e  

Gaqhouse: t o r  CP 1 - HW8 ( 2 x 35 t / h  ) 1993-1996 15 5 1 0  5 I1 0 

Switch g r a ~ u l a t i n q  bo i le rs  CP I 1  1 2 7 170 t / h  ) 

t o  hard coal 1395-lY9b 75 U 35 0 

baqhouses f o r  C P  I 1  1553-199b 34 7 2 2 1 1  36  0 

En la r~eaen t  o f  c i r l c u l a t i o n  pumps s t a t i o n  1995-1990 1 5  3 1 a 

CP I b  - CC 2 x bT V 64 3 Sielens + ST 
- import 2 x G T  73 ,2  a10 DEM 
- czecn de l i ve ry  t o t a l  

i n  t h i s  waste heat recovery b o i l e r s  
condensing turb ine w i t h  heat ext t  a c t i o n  105 0 
other technoloqi ca l  equipment 1,5 0 

LP I V  LC - Total 1995-1Q9b lb45 0 240 0 120 0 2005 0 
Connection t o  the e l e c t r i c  d i s t r i b u t i o n  network 1995-199b 13 0 2 0 5 0 20 0 
Connect t o  the ga: d i s t r i b  network i n c l  reducing s t a t i o n  1945-1996 9 6 8 5 1 0  0 

Alt A Vat 1 - Low balance - TOTAL 1831 4 291 3 145 6 2262 3 
,.t.R*..11.t . * a , *  ,tll.t,.lllt . *l.1*..11***l**. . .a .  . "* . .1  **l*.l..... 1 .  . I....... ¶ * . . . . l . I * . t l . l * . * 1 . . I t  .. 



Investmant costs ( I L )  
t * I 

lab L 3  
1 I t  t il 

Tect~noloay equipment 6ul l d i n q  l o t a l  
Implement de l i ve ry  f i o l~n t inq  p a r t  1 C 

Ea~house, tor  L? I - HUB ( 3 x 35 t/ti I 1 9 ~ 3  1930 L >  3 1 + ?3 7 

Switch g r a l ~ t ~ l a t i n q  boi let s CP I 1  i L x 170 t / h  I 
t o  hard coal 

bagnouses ror  CP Ii lFY,-lY4o ,4 / L !  1 1  jLI 0 

Enlarsenent or c i r l c u l a t i o n  pumps s t a t i o n  lGy5-1990 1 5  3 1 8  

CP I V  - CC 1 x bT V b4 3 hiemens + bT 
- l ~ p o r t  1 k GT 30,b m1o LtiM ) 

- czech de l i ve ry  t o t a l  
i n  t h i s  waste heat recovsry b o i l e r =  

backpl essure tu rb  MI t h  requl ated heat o u t l e t  
othar technoloq~cal  equipm~nt  

CP I V  - CL - Total 
Lonnpction t o  the e l e c t r i c  d l - t r i  bu t lon  network 
Lonnp t t o  tho gas d i r t !  l o  nstwor k i n c l  r e d u c i n ~  s t a t l o n  

CP V HWB ( 2  x 58 MU 4a, + o i l  2Odl-2004 112 0 19 5 11 5 140 0 

Alt A l a ~  2 - H ~ q h  ba la r~ re  - TOTAL 
f. t .  . t *  t * 

h \ t  h - Var .? - Low balance 
----------------------------- 
CP 111 - 1 x bS b5 t / h  
Gas p ~ p e l i n e  

Eaqhouses fo r  L? I HWB ( 3 x 35 t / h  1 1995-1993 23 3 1 5  7 15 5 

S n t c h  aranulat inq b o i l e r s  CP I I  ( 2 x 170 t l h  
t o  hard coal 

Baghouses for  CP I1 1595-199b 34 7 2 2 1 1  38 0 

Enlarqement o f  c i r l c u l a t i o n  pumps s t a t i o n  1995-1950 1 5  3 1 8  

CP I V  - CC 1 x GT V 54 3 Sieaens + ST 
- l a p o r t  1 x G T  ( 36 6 a10 OEM ) 

czech de l i ve ry  t o t a l  
i n  t h i e  waste heat recovery boi ler; 

ba~kpressure turb w i t h  re l ju i  ated heat ou t l  o t  

other technoloqi ca l  equ; paent 
CP I V  - CC - Total 
Connection to the e l e c t r i c  d ~ s t r i b u t i o n  network 
Connect t o  the gas d i s t r i b  network i n c l  reducing s t a t i o n  

1995-1990 560 0 50 0 610 0 
1495-1590 282 0 71 0 65 0 4 ~ &  0 

100 0 
65 0 

lli  0 
15%-19% 8JL 0 121 0 65 0 1@2b 0 
19913-199b o 5 1 0  2 5 10 0 
1945-1996 8 5 b 7 8 0 

CP V HWB (1 x 58 MW ) gas + o i l  2003-2004 57 0 10 0 9 0 7b 0 ---------------------------------------------------------------------------------------------------------------------- 
Alt A - Var 2 - Lou balance - TOTAL 
t.l 8  1 . I .  I I . . I .  

1086 6 181 7 95 5 1363 8 
I t. . I a 1 ~ ~ t l l * l . 8 a a ~ t a s  a 8  * 8 t ~ * I t ~ l t t  t11.11 . . * *1 .  



Investment cozts (LC) 

lecnnoloq, equipmant bui l d i n s  Total 
Implement de l i ve ry  mounting p a r t  1C 

Alt E Var 1 - Hiqn balance 
-------- - -------- - --- ---- 
L? 111 1 x \b b5 t / h  
ba, p i p e l i n e  

yaarc mio LK m ~ o  ~h n o  CF mlo CK 
t f 

Eaqhouses tor 1Y I - HWV I ' Y 31 t l h  I 1445-1990 2'  3 1'3 I 25 5 

bwl tch qranulat inq o o i l e r s  IF 11 \ 1 u 17C t l h  r 
t o  hard coal 1335-1%~ 75 0 li U llu I) 

Bashouses fo r  CP 11 lQYCl-l%c FI , . i 1 1  c 11 

cnlarqnment o f  c i r  l c ~ l l a t ~ o n  pumps s t a t i o n  13Y5-lq50 1 5  3 1 d 

L? IJ - FS8 1bO t / h  + J T  2 nd 1~ 199b b41 (1 111 G 91 u S5f u 
I n  th15 b o ~  ler  houce,incl taqnousec, tv21 handl Inq 

equi ~ment  l i pesf inc nandl ins %I0 0 
backprls,ul e turb 3~ Mk with r v u l  haat o u t l e t  31 U 
connetinq p i p ~ s  h n a t l n l  wqtel eQuipPsnt, 
compressor s ta t1  on 1J 17 
e l  e c t r l c a l  equipmenr,reasurment and contro l  equipment 09 0 
other costs ( mountrnq e x t r  charqe,plant desins 
r o a a i s i i  onnl nq ) 120 U 

Alt 0 - Var 1 Hiqh balaclce - TOTAL 
a I 

Alt b - Var 1 - Low balance 
----------------------------- 
C? 111 - 1 x SS 65 t / h  
Gas p i p e l  lne 

Baqhouses for  CP I - HWB ( ? x 35 t / h  1 1q95-1536 15 5 1 0  5 17 U 

hwi tch sranulat inq b o i l e r s  CP I i  ( 1 x 170 t / h  ) 
t o  hard coal 1995-1990 75 0 33 0 11U il 

Baghouses fo r  CP I 1  1943-1996 34 7 1 2  1 1  36 G 

Enlarqemsnt o t  c t r l c u l a t i o n  p u ~ p s  s t a t i o n  lQ95-149s 1 5  1 8  

CP I V  - FbE l a 0  t / h  + ST 32 HU 1495-1996 041 0 111 0 34 0 85i 0 
i n  t h i s  bol l e r  house,incl baqhouses,fuel handl ing, 

equipment 11 mestine handling 330 0 
backpressure tu rb  32 NW with requl heat o u t l e t  8f 0 
conneting PI pe,,neating watnr equl ptnent 
compressor s t a t ~ o n  40 0 
e l  e c t r l c a l  equipment ,neasuraent and contro l  equi pnent b9 0 
other costs ( aountinq e x t r  charqe,plant desinq, 
COMPIS~I onni ng 1 120 0 

CP V HWB (1 x 58 Hli gas + 011 2003-2004 57 0 10 0 9 0 76 0 ---------------------------------------------------------------------------------------------------------------------- 
Alt 0 - Var 1 - Low balance - TOTAL 870 5 175 7 115 1 1161 3 
t .*t**n.*.t*.* lI.81. t t1***1. * * * . f t t . *  t... I t t  t. f .,.,,* 31. ft.,. ..I*.*... t,. I . .  .1..~.,.tt*,.t, 



Tab l L 1  

FbD o f  a tdt lu la t inq b a i l e r s  CP I 1  , x 17b t ' h  I 

oaaileslua teclino loqv LHEPO~ 

En1 ars;m.nt of c i  r l  cu la t ion  pumps ;tat ion 

I ~ r h n o l o q ,  equipment b u ~ l d i n q  Total 
Implement d e l ~ r e r v  mour~tinq p a r t  i l 

Yoat mlc t b  s i o  I h R I G  ~b mio l k  
t 

CP I \  FbC 100 t / n  + Sr 3 1  n~ 1935-1990 041 u 11 7 U 94 0 852 0 
i n  t h i s  b o i l e r  house, i n c l  baqhollsps rue1 handl inq, 

oquipment I i m p s t ~ n ~  h a n d l ~ n q  330 0 
oackptec,ur~ t u r b  3l RP w ~ t h  requl  h ~ a t  o u t l e t  02 0 
connztinq pipe- heat in water equlpoent 
coopr-sior s ta t1  on 90 0 
e l e r t r i r a l  equipment,meacurnent and contro l  equipnent sY IJ 
otner costs  I mocntinq p r t r  cnarge,plant d e ~ l n q ,  
commiss~onning ) 110 1 1  

LP  G HkE \ L  Y 56 hk 1 cia, + o i l  !On?-1004 l l ~  O 19 5 14 5 146 B 
----------------------- ----------------------------- -------------_--------------------- ............................ 
Alt c - Va; 2 b lah  t a l d n r ~  lO1nL l l O b  b 1% F 111 7 1 4 4 ~  o 

I 

Alt  5 Gar L - Low balancf 
------- ---------------------- 
LP 111 - 1 X bb b5 t / h  
Gas p l p ~ l  lne 

Bashouses ror  I P I - HWi3 ( ? x 35 t / h  1995-199b 15 5 1 0  5 1 1  0 

FGG o f  granulat inq b o l l e r  CP I 1  ( 2 r 170 t l h  1 
- uiasnesium techno1 oqv LHEPOS 1995-1996 293 b 50 0 21 0 355 0 

Enlargement or  c i r l c u l a t i o n  p u ~ p s  i t a t I a n  1935-199b 1 5  J 1 a 

CP I V  - FJ6 1bO t / h  + b T  32 Hw 1995-1390 b r l  0 111 0 35 0 852 0 
I n  t h i s  b o l l e r  house, i ncl  baghouses,fuel handl ing, 

equi poent 1 I mestlne hand1 i nq 30 0 
backpl e s s u r ~  t u r b  32 HW w i t h  t egul heat o u t l e t  8: il 
connetinq p ipes ,hea t~n l  water equ ipwnt ,  
compressor s ta t1  on 40 0 
e l e c t r i c a l  equlpaent,measuraent and con t ro l  equipment b9 0 
other costs ( mounting ex t r  chat ge p lan t  debin9 
commissi onni nq ) 120 0 

LP 'V HWS ( 1  x 58 H w ,  gas + o i l  2002-2001 57 0 10  0 9 0 7 6  0 
---------------------------------------------------------------------------------------------------------------------- 
Al l  B - Var 2 - l o w  balance - TOTAL 
1 I * *  . I  * * .  

1033 8 188 5 136 0 1366 3 
11 R I 1 1 1 ~ 8 1 1 1 ~  11.1.1111~ a1.11 1 . . # . * a  *.I..II ..Ills.. .l*PII.. ~ 1 I ~ I l I l I f I l l ~ l t  
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A TASK 8 

1 Input Data 

The varlants deslgned by ENERGOPROJEKT Praha take account of 

the heat needed and the clrcult of heat consumers as proposed 

by EGU Praha a s and agreed at Seven on 15 June 1993 

Assumed 1s only the construction of the feeder East I and 

connection of other users from the area of feeders South, 

North and East I (after construction) The varxous scope of 

connecting new users and the savings of heat suggest two 

levels of heat needs fflow balancew and I1hlgh balancen 

ENERGOPROJEKT Praha also used data on the current state (heat 

sources) and some other data (such as bltumlnous coal from 

Zbuch) newly established withln the assignments of the EGU 

Praha a s The Input data are not glven here In detall, 

because they can be found In the study by EGU Praha a s 

2 Descrlption of Variants 

2.1 Common Features of Solution (Perxod up to 1966) 

Planned for the Plzen Power and Heatlng Plant xn 1995-1996 1s 
the construction of a gas-steam system (CC) also referred to 

as Tp Plzen I11 Routlne operation of the system should start 

In 1997 The lnstallatlon will incorporate a gas turblne ABB 

GT 13 D (electrlc capaclty 105 MW at -12O~) wlth waste heat 

boller and a steam condensing turblne having two controlled 

extractions (electrlc capacity 36 MW) 

Plans for the perxod up to 1996 are that the heatlng plants 

ZOS and Plvovar (Brewery) will able to cooperate In the steam 

system of Tp Plzen and the heatlng plant Kosutka In the 

hot-water system of Tp Plzen After construction of the 

feeder East I (in 19961, cooperation of the heating plants 

Letna and Doubravka (V1 and V2) 1s posslble 



Assumed In 1996 1s also cooperation of the heatlng plant 

Bory, whlch would be feaslble even today, but the ubalancell 

incorporates the consumers of hot water from the heatlng 

plant Bory lnto the consumer clrcult of ho water as late as 
1996 (another operator) 

For most present sources lt 1s necessary to take measures to 

solve the lssue of emlsslons In compliance wlth the alr 

protection act The heatlng plants Letna, Doubravka, Bory, 

Kosutka a ZOS wlll be shut down (except for the steam sectlon 

of the heatlng plant Bory for consumers outside the clrcult 

of heat consumption dealt wlth) and then capaclty wlll be 

replaced wlth the gas-steam system at Tp Plzen The Pivovar 

heatlng plant wlll be operated further and assumed is its 

lease by operator Tp Plzen so that ~ t s  capaclty can be freely 

available 

The exlstlng equipment of Tp Plzen wlll be reconstructed by 

1996 to burn bltumlnous coal mlned at Zbuch near to Plzen 

Thls locallty can provlde necessary supplles of bltumlnous 

coal (coal heatlng value for TpI boilers 18 47 MJ/kg and for 

Tp I1 balers 17 38 MJ/kg) wlth sulfur content not exceeding 

0 5 % These parameters w~ll make ~t posslble to meet the 

llmlt of sulfur dloxlde levels In flue gas wlthout the need 

to erect a desulfurlzatlon unlt After the year 2000 ~t wlll 

be necessary to open another coal deposlt at Zbuch, otherwise 

coal from Ostrava or from abroad wlll have to be supplled 

Reconstruction of Tp Plzen I is assumed only In the case of 

the "high balance" The "low balanceu termmates the 
operatlon of Tp Plzen I In 1997 

Tp Plzen I1 (powdered coal bollers K4 and K5) 1s supposed to 
be reconstructed In 1955-1996 to burn bltumxnous coal The 
reconstruction Includes the modlflcatlon of the combustion 
system and coal handllng plant and the replacement of 

electrlc preclpltators Reconstructed wlll always be one 



boller at a tlme We assume that the reconstructlon wlll not 

extend to the heatlng perlod wlth temperatures calllng for 

maxlmum operatlon of the power and heatlng plant (the 

reconstructlon perlod should be from March to November) Any 

fallure to meet thls assumption results In the capaclty 

dlsparlty of about 30 MW Taken Into conslderatlon could be 

the use of a moblle hot-water boller durlng the 

reconstructlon The need to use thls boller wlll be shown 

after a detalled tlme schedule of the reconstructlon In Tp 

Plzen has been complled In the framework of the deslgn 

2 1 1 Gas-Steam Unit at Tp Plzen 

As agreed the deslgn of the gas-steam unlt lncorporates a gas 

turblne GT 13 D manufactured by the ASEA Brown Boverl The 

deslgned gas-steam unlt makes up a gas steam cycle wlth 

posslble heat supplles In the form of both hot water and 

steam The gas-steam unlt 1s composed of the gas turblne, 

waste - heat boller uslng combustion products from the 

turblne, and steam condensing turblne wlth reduced 

condensation The steam boller generates steam at two 

pressure levels The parameters of hlgh-pressure steam are 

6 5 MPa and 475'~ and ~ t s  maxlmum supplles are 151 t/h The 

parameters of low-pressure steam are 0 55 MPa and 225'~ and 

the steam 1s supplled at the quantlty of not more than 46 

t/h To make a maxlmum use of the heat In flue gas, the 

boller also Incorporates an exchanger to heat up the feed 

water of the gas-steam cycle before degaslflcatlon and st111 

another exchanger to heat up network water (the latter 1s 

placed In parallel to the 1st stage of the steam heater of 

heat water - see the heat dlagram) The degaslflcatlon 1s 

deslgned at 0 12 MPa The bollers are fed by means of 

low-pressure and hlgh-pressure speed-controlled feed pumps 

from a feed water tank 

The steam turblne 1s of the mlxed-pressure two-caslng type 

wlth two steam extractions controlled Steam from the flrst 

extraction 1s deslgned for heatlng up network water In the 



1st heatlng stage, whereas extraction I1 wlll supply process 

steam 1 3 MPa and 2 6 0 ~ ~  lf thls steam 1s not recelved by the 

exlstlng steam back-pressure turblne or other systems (the 

brewery's boller plant, etc ) The rated electrlc capaclty of 

the new steam turblne 1s 36 MW The condenser capaclty 1s 

deslgned to 75 % of the ratlng at fully condensing mode of 

operatlon 

2 2 Low Balance 

The power and heatlng plant Plzen incorporates a proposal 

gas-steam system (Tp Plzen 111) ldentlcal to the solutlon for 
"high balancen (see 2 1 1  for descrlpt~on) After 

lnstallatlon of the gas-steam system the requirements for 

heat In the steam and hot-water systems are covered by the 

power and heat~ng plant Plzen (Tp I1 and 111) and the Plvovar 

heatlng plant The power and heatl-g plant Plzen I 1s shut 

down In 1997 

The gas-steam system 1s operated In the base part of the heat 

dellvery dlagram wlth the exception of low tarlff zones of 

payment for electrlclty In summer The Plvovar heatlng plant 

1s used for peak heat dellverles and durlng summer 

shut-downs of the gas-steam system, and Tp Plzen I1 for steam 
dellverles and hot water preparation In base heater of Tp 

Plzen 

After the year 2000 ~t wlll be necessary to replace two 

oldest bollers of the Plvovar heatlng plant The lnstallatlon 

1s posslble at elther the Plvovar heatlng plant or Tp Plzen 
and wlll be dependent on the future ownershlp sltuatlon and 
arrangement of the posslble company runnlng the overall power 
and heatlng plant system In our baslc solutxon we expect the 
two bollers to be erected In the area of Tp Plzen 



The mode of operating Tp Plzen and the Plvovar heatlng plant 

for lndlvldual tarlff zones of payments for electrlclty and 

the course of electrlc capaclty after 2000 are apparent from 
graphs 1, 2 and 3 The fundamental data (heat dellverles, 

fuel consumption, electrlc power generatlon, etc ) are llsted 

In the tables attached Scheme 1 (year 2000) and 1/A (year 

2010) shows the arrangement of Tp Plzen 









TABLE 111 

LOW BALANCE 
P Plzen w~ CC 1 x GT 13 ABB + 1 x condense steam turbine wrti.l two heat extracbons 

Total ~nstalled heat output of steam hollers [MWI 232 9 232 9 232 9 232 9 232 9 232 9 2329 

Total steam mass flow [Vh] 340 3 4 0 3 4 0 3 4 0 3 4 0 3 4 0 3 4 0  

Total ~nstalled heat output of brewery [Mw) 56 1 56 1 56 1 56 1 56 1 33 33 

Total steam mass flow [Vh] 86 86 86 86 86 50 50 

Totel mstalled heat output of hot water bo~lers [MWt] 105 105 105 

Total mstailed output of waste heat holler [ M I  180 180 180 180 

Total heat demand ( 12 C ) [MWt] 3035 3007 3668 3651 3512 3497 3497 

from whlch own consumpbon HP Plzen [MWt] 35 35 35 35 35 35 35 

external consumphon [MWt] 300 2972 3633 3616 3477 3462 3462 

from which steam [MWt] 93 911 905 889 889 889 889 

[MWt] 207 205 8 272 8 2727 258 8 257 3 257 3 

Covered by sources (external consumpbon) 

[Mwt) 229 
HP Letna Doubravka (V 1 V 2) 

HP ZOS (Ra~lway Mant Co ) [ M I  
HP P~vovar (Brewery) [MWt] 205 177 223 545 545 287 287 

[MWtl 2795 2795 2795 2895 2895 3175 3175 

176 37 

Heat supply per year steam VJly] 1125 1100 1095 1075 1075 1075 1075 

Heat supply per year hot water VJly] 1990 1984 2619 2616 2491 2471 2471 

from which own consumpbon rJ/y] 34 34 34 34 34 34 34 

external consumpbon m y ]  1956 1950 2585 2582 2457 2437 2437 

Heat produdon total [TJ/y] 31 15 3084 3714 3691 3566 3546 3546 

Power output CP II [Mwe] 55 55 55 55 55 55 55 

Power output cc ( 12 C) [We1 141 141 141 141 

Total power output of CP ( 12 C) [Mwe] 55 55 55 196 196 196 196 

Total electnc power generabn brutto [GWhh] M99 1435 1477 9645 9509 9493 9493 

from whlch ~n peak load tanff zone [GWhly] 347 237 244 2123 2093 2089 2089 

~n h~gh load tanff zone [GWhIy] 40 5 277 28 5 227 1 223 9 223 6 2236 

~n low load tanft zone [GWhIy] 1347 921 948 5251 5177 5168 5168 

Own electnctty consumpbon [GWhIy] 382 37 3 375 27 3 264 26 3 26 3 

Pumplng energy [GW~IYI 6 6 104 104 94 93 93 

Total electnctty consumpbon [GWhly] 442 433 479 377 358 356 356 

Total electnc power generabon netto [GWhly] 1657 1002 998 9268 9151 9137 9137 



TABLE 112 

LOW BALANCE total fuel consumption 

CP Plzen with CC 1 x GT 13 ABB + 1 x condense steam turblne wrth two heat extracbons 

Unrts y1992 y1995 y1996 y1997 y2000 ~ 2 0 0 5  ~ 2 0 1 0  

Total fuel consumption rJ/y] 4935 4611 5523 9189 9013 8992 8992 

from wh~ch brown coal 12 7 MJkg VJly] 4652 4337 1619 

[th t/y] 366 3 341 5 127 5 

brtum~nous coal 18 47 MJlkg I~JIYI 
[th VYI 

bltumcnous coal 17 38 MJkg IrJIyl 3542 1962 1924 1910 1910 

[th VY] 2038 1129 1107 1099 1099 

natural gas 33 55 MJIm3 FJ&] 263 254 342 7227 7109 7082 7082 
[m1lm3/y 7 8  7 6  102 2154 2119 2111 2111 

o ~ l  41 6 MJkg VJly] 20 20 20 
[tht/y] 0 5  0 5  0 5  



TABLE 113 

LOW BALANCE 

Nomtnal power output of CC I [ W e ]  1 141 
from whlch nomtnal power output of GT I [MWe] 1 105 

nomlnal power output of ST I [MWe] 1 36 

Max thermal output n hot water ( 12 C) I [MWt] 1 115 

Heat productton of CC steam I VJIy] 1 334 
hot water I VJIy] 1 1853 1832 1828 1828 

1 VJly] 1 2187 2162 2157 2157 

I [MWe] I 1375 1375 1375 1375 

Electric power generation of CC brutto 

from gas turbine I [GWh/y] 1 6394 631 629 2 629 2 
from steam turbine 1 [GWhly] 1 2333 2302 229 5 229 5 
comb~ned cycle total I [GWhly] 1 8727 861 2 858 7 858 7 

from whlch in peak load tanff zone I [GWh/y] 1 2 203 3 202 7 2027 
ln htgh load tanff zone I [ G W h l y ] I  1942 1916 191 
in low load tarrff zone I [GWhIy] 1 4725 4663 465 

I I 

I I 
Total heat consumptton fuel I VJly] 1 6854 6775 6761 6761 

natural gas 33 55 MJIm3 I [mil m31y] 1 203 201 9 201 5 201 5 
I I 

I I 
Average year efficiency for heat and power generatton % 1 777 777 776 776 

I I 













TABLE IW1 

Total steam mass flo [Vh] 340 340 340 340 340 340 340 

Total cnstalled heat output of brewery [MWI 56 1 56 1 56 1 56 1 56 1 56 1 56 1 

Total steam mass flow 86 86 86 66 86 86 

Total ~nstalled heat output of hot water bollen [MW] 105 105 105 105 105 35 35 

Total ~nstalbd output of waste heat boder [ml 180 180 180 180 

Total heat demand ( 12 C ) [MWt] 3035 3101 3951 3992 403 4051 4071 

from whlch own consumption HP Plzen [MWt] 3 5  3 5  3 5  3 5  3 5  3 5  3 5  

external consumption [MWt] 300 3066 391 6 395 7 399 5 401 6 403 6 

from whcch steam [MWt] 93 911 998 100 100 996 996 

[MWt] 207 215 5 291 8 295 7 299 5 302 304 

HP ZOS (Rrulway Mant Co ) [ H I  
HP Plvovar (Brewery) [MWt] 20 5 27 1 31 6 

[MWt] 2795 2795 2795 3957 3995 3425 3425 

Heat supply per year steam FJ/y] 1125 1102 1207 1300 1300 1290 1290 

Heat supply per year hot water [TJIy] 1990 2074 2801 2386 2871 2889 2906 
from whlch own consumption IrJM 34 3 4 3 4 3 4 3 4 3 4 3 4  

external consumption FJ/y] 1956 2039 2766 2802 2837 2854 2872 

Heat production total FJIy] 3115 3176 4008 4136 4171 4179 4196 

Power output CP II [ M e ]  55 55 55 55 55 55 55 

Power output cc ( 12 C) [We1 141 141 141 141 

Total power output of CP ( 12 C) [ M e ]  55 55 55 196 196 196 196 

Total elecinc power generation brutto [GWhIy] 2099 1447 1512 9846 9968 10048 10072 

from whlch cn peak load tanff zone [GWhly] 347 239 249 2086 2111 2128 22133 

m hlgh load tanff zone [GWhIy] 405 27 9 292 233 1 236 9 238 8 239 4 

~n low load tanff zone [GWhIy] 134 7 929 97 1 542 9 548 8 553 2 554 5 

Own electncrty consumption [GWh/y] 38 2 373 38 9 31 3 32 1 324 32 4 

Pumpcng energy [GWhIy] 6 6 1  119 122 125 126 127 

Total eledncrty consumption [GWhIy] 442 453 508 435 446 45 45 1 

Total electric power generation netto [GWhIy] 1657 994 1004 9411 9522 9598 9621 



TABLE IIR 

HIGH BALANCE total fuel consumpbon 

P Pken wlth CC 1 x GT 13 ABB + 1 x condense steam turbine wtth two heat exbacbons 

Total fuel consumpbon FJ/y] 4935 4743 5917 9354 9601 9619 9652 

from which brown coal 12 7 MJkg rJ/y]  4652 4370 1058 

[thtry] 366 3 344 1 83 3 

bttumlnous cod 18 47 MJkg FJIYI 84 135 51 55 

4 5  7 3  2 8  

brtum~nous coal 17 38 MJkg FJhl 3817 2556 2769 2779 2798 

[th th/l 2196 147 1593 1599 161 
natural gas 33 55 MJIrn3 FJly] 263 269 887 6747 6 m  6840 6854 

[mil m31y 7 8 8 264 2005 2022 2039 2043 

VJYl 20 20 20 

[ t h t l ~ l  0 5  0 5  0 5  



TABLE 1113 

HIGH BALANCE 

nom~nal power output of ST I [ W e ]  1 36 

I [MWt] 1 133 

I FJIy] 1 172 

I FJly] 1 2002 1999 2004 2014 

I VJIy] 1 2174 2190 2194 2202 

I [MWe] 1 1345 1345 1345 1345 

Electr~c power generatlon of CC brutto 

from gas turb~ne I [GWhIy] 1 625 5 630 9 632 1 634 7 
from steam turbine I [GWhIy] 1 2344 2363 236 8 237 7 
comblned cycle total I [GWhIy] 1 859 9 8672 868 9 8724 

from which ~n peak load tanff zone I [GWh/y ] I  182 1835 1839 1646 

n h~gh load tanff zone I [GWhIy] 1 210 1 211 9 212 3 213 2 
n low load tariff zone I [GWhIy] 1 467 8 471 8 472 7 474 6 

I I 

I I 

Total heat consumption fuel I VJly] 1 6737 6757 6763 6778 
natural gas 33 55 MJIm3 I [mil m3lyl l 200 8 201 4 201 6 201 9 

I I 

I I 

Average year effic~ency for heat and power generatlon % 1 782 786 787 788 

I I 



SCHEME 2 

SCHEME OF THE HEAT PLANT OF PLZEN 
HIGH B4LANCE YEAR 2000 

1 I I I I I 160 C 
condensate t a d d ~ t ~ o n a l  water I I I 





3 Data for Economlc Evaluation 

3 1 Investment Costs 

Investment costs were determined according to simllar 

pro)ects, lnformatlon by manufacturers, or estimated The 

prlce level corresponds to 1993 Included are all costs 

llnked wlth preparation, implementation and puttlng the 

prolects on stream Drawlng on the resources by 1s apparent 

from Tables 1 and 2 Tables 3 through 5 show varlant 

solutions to the reconstructed bollers at Heatlng Plant Plzen 

I and wlthln the scope of the Pivovar heatlng plant 

3 2 Operating Costs 

The same cost breakdown 1s malntalned for the operatlng costs 

as In our prevlous studles No detalled surveying lnto the 

level of the lndlvldual ltems of the operatlng costs was 

requested and therefore only some of the ltems wlll be 

commented on Llke before, the operating costs have been 
spllt Into fuel costs and other operatlng costs (costs of 
material, water, wages, repalrs and maintenance, overhead 
costs and others), costs of ash dlsposal and alr pollution 

fees 

3.2 1 Fuel Costs 

The current level of prlces, and the quallty and type of the 

fuel used correspond to the data ascertained by EGO Praha 
a s and thls 1s why they are not given here For the years 
to come ~t IS recommended that the data llsted In Annex 2 be 
used, depend~ng of the type of calculation to be done 



3 2 2 Other Operatlag Costs 

What 1s mentioned above about the current level applles here 

too An average amount of 30 mlll RE a year 1s expected for 

the repalrs and maintenance, overhead and other costs No 

Increase In employment 1s antlclpated 

Quantlty of raw water we assume ralsed of coollng water for 

coollng of a new steam turblne against contemporary condltlon 

( ~ n  hlgh balance to 1,4 mlll m3/year, In low balance to 

1,52 mlll m3/year) 

3.2 3 Ash Dasposal Costs 

The amounts of ash matter to be dlsposed of can be seen In 

Table 6 Emlsslons and Ash Matter We expect the same level of 

the costs (1 e , 150 KE/t) increased by ash dlsposal fees as 

set out by the Waste Dlsposal Fee Act No 62/1992 

3 2 4 Aar Pollutaon Fees 

The amount of emissions discharged 1s shown In Table 6 

Emlsslons and Ash Matter The fees are set out by the Act on 
Alr Protectlon State Admlnlstratlon and Fees for Alr 

Pollution No 389/1991 Coll 

3 2 5 Other Input Data 

Data on fuel consumptlon and electrlc power generation and 

consumptlon have been derlved from expected heat deliveries 

and are speclfled In the annex to the letter of June 29, 

1993 The amounts of transfers and allocations to enterprise 

funds are lald down by tax laws and the Commercial Code, ~t 

1s also necessary take account of dellverles for soclal and 

medlcal Insurance The dlscount rate 1s now 8 % and Interest 

rates on long-term credlts range between 12 and 15 % 



LOW BALANCE BASIC PROPOSAL 

INVESTMENTS COSTS IN MIL Kd DEVIDED IN YEARS 

TABLE 1 

COMENTS 

item 

ITEM 

1 

2 

3 

4 

5 

6 

7 

1 TP I demolition of equipment (1 997), 

substltutlon of worn boilers in heating plant of brewery by a hot water boiler (28 MW 2004) 

2 TP II reconstruction for bitumlnous coal 

3 TP Ill construction of gas combined cycle (gas turbine GT 13 D I1 05 MW on cond 12 C I condensing extraction turbine 36 MW) 

1995 1996 1997 1998 1999 2000 2004 2005 2009 2010 2011 2012 

10 38 

74 74 

350 1610 

38 43 

424 1684 10 38 38 43 

NAME 

TPI 

TP ll 

TP Ill 

TP PUEN TOTAL 

ASH STOCK YARD FOR TP PUEN 

BREWERY S HEATING PLANT 

INVESTMET COSTS TOTAL 

TOTAL 

48 

148 

1960 

21 56 

81 

2237 



HIGH BALANCE BASIC PROPOSAL 

INVESTMENT COSTS IN MIL KE DIVIDED IN YEARS 

TABLE 2 

COMENTS 

Item 

1 TP I reconstructlon of three boilers for bltumlnous coal (1995 1996) 

demolition of equipment and construction of a hot water boiler 35 MW (2004) 

2 TP II reconstruction for bltumlnous coal 

3 TP Ill construction of gas combined cycle (gas turbine GT 13 D 1105 MW on cond 12 C I condensing extraction turbine 36 MW) 

6 Brewely s heating plant substitution of worn boilers 

TOTAL 

90 

148 

1960 

21 98 

122 

38 

2358 

ITEM 

1 

2 

3 

4 

5 

6 

7 

NAME 

TPI 

TP ll 

TP Ill 

TP PUEN TOTAL 

ASH STOCK YARD FOR TP PLZE~J 

BREWERY S HEATING PLANT 

INVESTMENT COSTS TOTAL 

1995 1996 1997 1998 1999 2000 2004 2005 2009 2010 201 1 2012 

11 11 1 1  57 

74 74 

350 1610 

38 41 43 

38 

435 1695 11 38 95 41 43 



LOW BALANCE LOCATION OF SUBSTITUTION OF WORN BOILERS BREWERY S HEATING PLANT 

IN THE SAME PLACE 

INVESTMEN COSTS IN MIL KE DIVIDED IN YEARS 

TABLE 3 

COMMENTS 

item 

1 TP I demolition of equipment (1 997) 

2 TP II reconcruction for bttuminous coal 

3 TP Ill constructlon of gas combined cycle (gas turbine GT 13 D I105 MW on cond 12 C I condensing extraction turblne 36 MW) 

6 Brewery s heating plant substitution of worn boilers 

ITEM 

1 

2 

3 

4 

5 

6 

7 

NAME 

TPI 

TP ll 

TP Ill 

TP PLZEN TOTAL 

ASH STOCK YARD FOR TP PLZEN 

BREWERY S HEATING PLANT 

INVESTMENT COSTS TOTAL 

1995 1996 1997 1998 1999 2000 2004 2005 2009 2010 2011 2012 

10 

74 74 

350 1610 

38 43 

38 

424 1684 10 38 38 43 

TOTAL 

10 

148 

1960 

2118 

8 1 

38 

2237 



HIGH BALANCE RECONSTRUCTION OF TWO BOILERS TP 1 (1995 1996), DEMOLITION OF ONE BOILER TP 1 (1997) 

INVESTMENT COSTS IN MIL KE DIVIDED IN YEARS 

TABLE 4 

COMENTS 

item 

1 TP I demolition of one boiler (1997) reconstruction of two boilers for bltumhous coal (1995 1996) 

demolition of two boilers and construction of a hot water boiler 35 MW (2004) 

2 TP I1 reconstruction for bituminous coal 

3 TP Ill construction of gas combined cycle (gas turbine GT 13 D /lo5 MW on cond 12 C I condensing extraction turbine 36 MW) 
6 Brewery s heating plant substitution of worn boilers 

, 

ITEM 

1 

2 

3 
4 

5 

6 

7 - 

TOTAL 

79 

148 

? 960 

21 87 

122 

38 - 
, 2347 

NAME 

TPI 

TP ll 

TP Ill 
TP P L Z E ~  TOTAL 

ASH STOCK YARD FOR TP PUEN 

BREWERY S HEATING PLANT 

1995 1996 1997 1998 1999 2000 2004 2005 2009 2010 201 1 2012 

11 11 4 53 

74 74 

350 1610 

38 41 43 

38 

INVESTMENT COSTS TOTAL 1 435 1695 4 38 91 41 43 



HIGH BALANCE RECONSTRUCTION OF ONE BOILER TP 1 (1996), DEMOLITION OF TWO BOILERS TP 1 (1997) 

INVESTMENT COSTS DEVIDED IN YEARS 

TABLE 5 

COMENTS 

item I 

1 TP I reconstruction of one boiler for bituminous coal (1 996) demolition of two boilers (1 997) 

demolition of one boiler and construction of a hot water boiler 35 MW (2004) 

2 TP I1 reconstruction for bituminous coal 

3 TP ill construction of gas combined cycle (gas turbine GT 13 D I105 MW on cond pri 12 C I ,  condensing extraction turbine 36 MW) 

6 Brewery s heating plant substitution of worn boilers 

TOTAL 

68 

148 

1960 

21 76 

122 

38 

2336 

1995 1996 1997 1998 1999 2000 2004 2005 2009 2010 201 1 2012 

11 6 5 f 

74 74 

350 1610 

38 41 43 

38 

424 1695 6 38 89 41 43 

- 
ITEM 

1 

2 

3 

4 

5 

6 

7 

NAME 

TPI 

TP ll 

TP ill 

TP PLZEN TOTAL 

ASH STOCK YARD FOR TP P U E ~  

BREWERY S HEATING PLANT 

INVESTMENT COSTS TOTAL 



TABLE 6 

LOW BALANCE 

EMISSIONS AND ASHES PRODUCTION IN YEARS 

HIGH BALANCE 

EMISSIONS AND ASHES PRODUCTION IN YEARS 

ASHES 
/IN THOUSANDS 

OF TONS/ 

62 4 

52 3 

74 6 

343 

337 

334 

334 

YEAR 

1992 

1995 

1996 

1997 

2000 

2005 

2010 

YEAR 

1992 

1995 

1 996 

1 997 

2000 

2005 

2010 

EMISSIONS /IN TONS/ 
SOLID SO2 NOX CO HYDROCARBONS 

/CXHW 
59 

49 

54 

29 

28 

28 

28 

ASHES 
/IN THOUSANDS 

OF TONS/ 

62 4 

56 1 

71 7 

45 6 

49 3 

48 6 

48 9 

EMISSIONS /IN TONS/ 
SOLID SO2 NOX CO HYDROCARBONS 

ICXHW 

195 

1 63 

182 

122 

119 

- 119 

119 

2340 

1960 

2270 

91 0 

895 

890 

890 

530 

445 

420 

145 

140 

140 

. 140 

59 

53 

54 

34 

37 

36 

36 

530 

480 

420 

160 

170 

170 

. 175 

5340 

4480 

4290 

860 

840 

835 

835 

5340 

4810 

4320 

1140 

1230 

1215 

1220 

2340 

2170 

2150 

1040 

1120 

1115 

1120 

1 95 

175 

1 80 

136 

144 

1 42 

143 



B TASK 15 Data for Sensltlvlty Analysls 

1 Fuel Prices 

1 1 Natural Gas 

The current prlce of natural gas for large-scale consumers 1s 

3 14 KE + VAT 5 % - 1 e , a total of 3 297 KE The price can 

be expected to rise next year by 25 % (1994) As from 1995 

natural gas prices should be fully liberalized ln the Czech 

Republic Then they should follow the movement of world 

prices 

1 2  Coal 

1 2 1 Brown Coal 

The brown coal presently burnt 1s 12 7 M]/kg In heating value 

and 1s purchased for 443 KE/t The prlce includes 5 % VAT and 

transport costs Wlth respect to the expected development of 

prices in the Czech fuel market we anticipate that the prlce 
of thls coal wlll rise to be in 1996 by 25-50 % above the 

current level, depending on cancelling subsidies and 
development of the natlonal economy The price of 660 KE/t in 

1996 1s expected to be a celling one Further development of 
the price of thls kind of brown coal should not be rapld and 
the price should only follow lnflatlon wlth posslble seasonal 

fluctuations wlthln not more than 5 % 



1 2 2 Bituminous Coal 

The offers of bltumlnous coal dellverles recelved lndlcated 

that the prlce could be flxed for 900 KE/t lncl transport 

and VAT (for slag-type bollers, heatlng value 17 38 MJ/kg) or 

about 1,135 KE/t (top stoker-flred hot-water bollers, heatlng 

value 18 47 MJ/kg) Wlth respect to the number of offers and 

posslble dellverles of comparable-quallty coal from abroad 

(shipments from overseas are qulte real too), we do not 

expect that the price would rise slgnlflcantly by the end of 

1966 The prlce Increases, 1f any, should only be connected 

wlth InflatLon trends and could be between 8 and 15 % 

Further prlce movements should be slow and sllghtly under 

lnflatlon llmlts if the expected slgnlng of long-term 

contracts to ensure stablllty of dellverles 1s taken Into 
account 

1 3 Fuel Oil 

Taken Into conslderatlon 1s low-sulfur heavy fuel 011 only 

The alternative deslgned by the EGP uses this fuel to a 

llmlted extent (about 500 t/h) by the end of 1996 In 1966, 

the heavy fuel oil 1s supposed to be replaced wlth natural 

gas In the Plzen heatlng plant In connectlon wlth the 

lnstallatlon of the steam-gas cycle and the 01.1 should be 

used as stand-by fuel 

The heavy fuel 0x1 prlce 1s rather volatlle fluctuating 

around the average prlce of 3,000 KE/t wlthln 20 % The 

growth of the average prlce 1s antlclpated to be slow, movlng 

sllghtly above 10 % towards 1996 It 1s recommended that an 

lncrease of not more than 20 % be considered Owlng to the 

expected yearly consumption of about 20 TJ we suppose that 

the development of the heavy fuel 011 prlce wlll not 

virtually affect the the economlc balance of the Plzen 

heatlng plant 



2 Prlces of Produced Energy 

2 1 E l e c t r i c  Power  P r l c e  

We estlmate that the prlce of electrlc power In the perlod of 

1993-1996 should rise from the present 1,000 KE/MW~ or so up 

to 1,500 KE/MWh For the purpose of the sensltlvlty analysls 

~t 1s recommended that the prlces 1,400, 1,500, 1,600 and 

1,700 KE/MWh (1996) be used After 1996 another Increase of 

5-6 % per year in the prxce can be expected tlll 2 000 when 

lt should be equal to world prlces 

2 . 2  H e a t  P r i c e  

The prlce of heat for dwellings 1s state-controlled at 

present Its celllng - 120 KE/GJ - In force for the 

1992-1993 heatlng season was risen to 137 KE/GJ for the 

heating seasons to come and ~ t s  addltlonal increase to about 

170 KE/GJ 1s antlclpated as from the heatlng season of 

1994-1955 The difference between thls prlce of heat and the 

actual one 1s covered wlth some producers by subsldles from 

the state budget 

The removal of the subsidles and transltlon to actual prlces 

1s expected In 1995-1996 The prlce of heat should therefore 
cllmb to 250 KE/GJ ranglng from 220 to 270 KE/GJ Its 

subsequent growth can be derxved from the anticipated growth 

of fuel costs An particular 



3 Investment Costs 

The posslblllty of varlatlon of the investment costs within 
the lndivldual variants 1s very llmlted, at least wlth the 

varlant deslgned by the EGP The expected difference of these 

costs should be below 5 %, whlch should not affect the 
economy of the heatlng plant Spreading the lnvestment work 

over a prolonged perlod of tlme cannot be considered elther 

because most of thls work wlll have to be flnlshed by the end 

of 1966 and thls determines that the EGP varlant uses more 

than 90 % of all resources for spendlng In 1995 and 1966 The 

sltuatlon wlth the other varlants 1s llkely to be slmllar 

Considered are the following ways of flnanclng 

a 1 own resources 

b 1 credit 

c 1 lssue of bonds 

d 1 dlrect capltal particlpatlon by another legal entity 

4 1 Own Resources 

The heatlng plant Plzen is llkely not to have the necessary 

amount of own resources Thls case cannot be taken for 

a llmlt one It 1s apparent that a varlant whlch wlll not be 

profltable with 100 % of own resources wxll not be profltable 

wlth other ways of flnanclng elther 

In the event of such lnvestment there are three credlt 

sources - domestlc banks, foreign banks and the suppller 

credlt Forelgn banks are intentionally dlstingulshed 



from dornestlc ones because they dlffer In one substantla1 

polnt - the requested amount of credlt Whlle the lnterest on 

credlts from dornestlc banks was between 15 and 18 % not long 

ago and ~t drops very slowly even though the rate of 

lnflatlon 1s low, the lnterest on long-term credlts provlded 

by forelgn banks 1s rather lower At present, the lnterest 

rates on long-term credlts granted by the blg&est banks ln 

the Czech Republlc range from 12 % to 15 % and thelr further 

decrease can be expected provlded that the economlc sltuatlon 

wlll be developzng favourably as lt has been so far However 

the lnterest rate concerning long-term credlts wlll be 

dropplng very slowly, the decrease expected by us belng not 

more than 10 % to 12 % Domestlc banks provlde credlts wlth 

the due-date not longer than 5 years, which 1s not very 

favourable for flnanclng a prolect havlng ~ t s  senrlce llfe 

flve tlmes longer 

Credlts granted by forelgn banks are rather cheaper and 

according to lnformatlon available to us, obtaxnlng necessary 

credlts wlth the lnterest rate as low as 8 % can be taken 

Into account The level of a particular lnterest rate and and 
of other fees llnked to a credlt 1s a matter of further 

dlscusslons, a certaln advantage of such credlts belng the 
poss~blllty to obtaln a longer due-date (up to 10 years) 

and/or postponing lnstalments by 1 to 2 years 

The posslblllty of obtalnlng the suppller credxt is not 

feaslble wxth regard to the level of investment costs and the 
fact that virtually the whole steam-gas equipment would be 

delivered by the ABB-1 BS consortium of companies The 

suppller only offers to provlde user credlts In Germany with 
the baslc lnterest rate of approximately 8 % wlthout any 
addltlonal fees (commlsslon, Insurance, etc ) 



4 3 Issue of Bonds 

Owlng to payxng 10 5 to 12 % Interest on bonds In the Czech 

republic, thls way of financing IS apparent to be rather more 

advantageous than credlts from domestic banks However, the 

rlsk of placlng bonds In the market of securities IS borne by 

the one lssulng the bonds 

4 4 Direct Capttal Parttcipation of Another Entxty 

In ~ t s  consequences, the dlrect capltal partlclpatlon of 

another legal entlty 1s equal to an Increase of own capltal 
and, therefore, can be handled In the same manner Such 

partlclpatlon can only be consldered to a larger extent wlth 

the blggest domestlc banks and Investment funds 

The short analysis above suggests that lt wlll be necessary 

to ascertain how the economlc effectiveness of the variants, 

wh~ch wzll meet the requirement for 100 % of own Investment 

resources, will be affected by varlous proportions of 

credlts, the proportlon of own resources belng recommended at 

the level of 20 % to 40 % wlth no suppller credlt and the 

balance belng provlded In the form of credlts from forelgn or 

domestlc banks 

The effect of consumer's savlngs 1s gxven by the balance of 

heat consumptlon (low and hlgh estimates) A comparison of 

calculated heat and electrlc power dellverles wlth the 

consumptlon of fuel prellmlnarlly suggests that the effect of 

the consldered drop In the consumptlon of heat w~ll llmlt 

peak sources In particular so that a decrease In the dellvery 

of heat by 1 % will reduce the dellvery of electrlc power 

by about 0 5 % only, the consumptlon of fuel belng reduced in 

proportlon 



2 3 Hlgh Balance 

The power and heatlng plant Plzen incorporates a gas-steam 

system (Tp Plzen 111) ldentlcal to the solutlon for "low 

balancem (see 2 1 1 for descrlptlon) After lnstallatlon of 

the gas-steam system the requlrements for heat In the steam 

and hot-water systems are covered by the power and heatlng 

plant Plzen (Tp I, I1 and 111) and the Plvovar heatlng plant 

The heatlng plant Plzen I 1s to be reconstructed to burn 

bltumznous coal, the reconstructlon conslstlng In modlfylng 

the combustion system and replacing the preclpltators wlth 

those whose parameters comply wlth the llmlts for solld 

emlsslons The reconstructlon 1s planned for the perlod of 

1994-1996, sklrtlng heatlng seasons With regard to provldlng 

heat dellverles, reconstructlon of oXe boller 1s sufflclent 

at low dlsparlty The basic solutlon suggests that all of the 

three bollers be reconstructed (wlth respect to cornparatlvely 

low costs per unxt capaclty), the advantage belng hlgher 

capaclty and a reserve wh~ch can be used ~f requlrements for 

heat grow more qulckly 

The gas-steam equipment 1s also operated In the base part of 

the heat dellvery dlagram, the exceptions belng low tarlff 
zones of payments for electric power In summer The Plvovar 

heatlng plant 1s used durlng shut-downs of the gas-steam 

system, and Tp Plzen I1 IS used to supply steam and prepare 
hot water In base heater of Tp Plzen The Plvovar heating 

plant w~ll be also used for peak dellverles of steam after Tp 

I 1s shut down for ever 

Assumed after the year 2000 1s the end of Tp Plzen I 
operation, and replaced wlll only be the capaclty sufflclent 
to cover heat requlrements (1 e , the lnstallatlon of a 
gas and 011 burned hot-water boller wlth capaclty 35 MW at Tp 



Plzen) It 1s also necessary to replace the capaclty of two 

oldest bollers at the Plvovar heatlng plant For the 

lnstallatlon of the capaclty replacement, the same applles as 
In the event of "low balance" - 1 e , the selection of the 
place of lnstallatlon depending on the ownership arrangement 

In thls case, we opted for the lnstallatlon at the Plvovar 

heatlng plant 

The mode of operating Tp Plzen and the Plvovar heatlng plant 

for lndlvldual tarlff zones of payments for electrlclty and 

the course of electrlc capaclty after 2000 are apparent from 

dlagrams 4, 5 and 6 The fundamental data (heat dellverles, 

fuel consumption, electrlc power generatlon, etc ) are llsted 

In the tables attached The arrangement of Tp Plzen 1s 

apparent from Scheme 2 and 2/A 



PLZEN DISTRICT HE4 l7NG SYSTEM STUDY 

APPENDIX F: 
GILBERT/COMMONVEALTH ECONOMIC 

ANALYSIS MODEL 
RESULTS AND DETAILS: 

Variant A2: (Seimens V643 GTCC for CPN) 

Variant A3: (Westinghouse 251B11/12 for CPIV) 

Vanant B1: (CFB Boiler and 32 MW steam turbine for CPIV) 

Variant C1: (Base case - existing plants with a CFB Boiler in the year 2003) 

Gdbert/CommnweaWr, Inc November 1993 
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PLZEN DISTRICT HEATIT?G SYSTEM STUDY 

APPENDIX F: 
GILBERT/COMMONVVEALTH ECONOMIC 

ANALYSIS MODEL 
RESULTS AND DETAIL 

Variant A2: 
(Seimens V64.3 GTCC for CPIV) 

G~lben/Commonwealfh, Inc November 1993 



VARIANT A2 GAS TUFIBlNE HEAT UTILIZATION AND HEAT REJECTION - YEAR 2010 H~gh Demand 

WINTER 1 SUMMER 
Peak Low Weekend Peek 1 W 2 Wkend 1 Wkend2 - 

Interpolated Exhaust Temperature 4 
I I 

Interpolated Exhaust Flow MXMr 
I I I 

Amiable b u s t  Heat MMBTUMr 
I I I 

I - I  - - - - - - - - - - - - 
HRSG N 1 34121 78578 76542 82084 - 82182 81 142 82182 81 142 82182 76723 - - 

76579 76542 62084 - 82182 81 142 82102 81 142 82 182 78723 - - - 

Steam Ava~lable - MW per Hour Without Supplementary Finng) 

Supplementary Finng - Madmum Exhaust Heat MMBTUMr 

I 

Enthalpy 
Rlse 

! I I  I  I I  I I  I  I I I - ]  

T-I Steam Amllable wtthout Supplementary Firing M#Mr 

Steam Rejectton - Avg MW (lo Cooling Tower) 
I ~axr rurn l  I 

I  - I  - - - - - - - - - - - - 

1 ~apaci4 Steam Reiecbon - Average MW 
Fmm Condensing 1 18 OOO 1 - - - - - - - - - - - - 
Fmm Gas Turbines/ 18 OOO [ 18 0 180 180 - 7 7 7 7 7 7 7 6 64  180 - - 

TOM 18 0 18 0 180 - 7 7 7 7 7 7 7 8  84 180 - - 

Utilized HRSG Energy MW per Hr 
I I 

I  - I  - I  - I  - I  - I  - I  - I  - - - - - - - - - - - - - - - - - 
HRSG N I 5861 5851 4411 - 1 7441 7351 7441 7351 7581 5871 - 1 - 

586 585 441 - 744 735 744 735 758 587 - - 



VARIANT A2 PROJECTED FINANCIAL COSTS AND HOT WATER REVENUE REQUIREMENTS High Demand 

FINANCIAL COST 1000) (Includ~na Inflatmn) 
1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2- 2007 2008 2009 2010 - - - - - - - 

ACCRUAL BASIS (Exclus~w of Interest Expense if any and Depreclatan Charges related to existtng plant (Productbn Transmlsslon Dtstnbutton et al) 

II Operattng Expenses 
Operatton & Maintenance 5544 6234 6922 12534 21 844 19789 21 964 24413 25373 26836 28426 30723 30442 37015 33803 35826 38853 40947 11 

ll Depreciation Expense 8 44 1468 2 940 2 965 2 980 2 994 3 010 3 012 3 015 3 249 3 495 3 497 3 500 3 502 3 504 3 506 
Total Operattng Expenses 5 552 6 277 8 390 15 474 24 809 22 769 24 959 27 423 28 386 29 851 31 675 34 218 33 940 40 514 37 305 39 330 42 359 44 456 509 11 

11 Interest Expense 9 57 1615 4 656 6 031 5698 5 305 4 862 4 345 3 749 3349 3233 3 088 2 859 2 615 2 353 2069 176211 
Equlty Return 9 9 55 1 013 1 980 2 012 2 029 2 048 2 068 2 070 2 073 2 366 2673 2 677 2679 2682 2 685 

Total Expense & Return 5570 6344 10060 21 142 32820 30478 32293 34333 34798 35670 37097 39816 39701 46050 42600 44365 47113 48906 

Estimalsd Hot Water Revenue Resutmment (Exclusim of Interest Expenss rf any and Deprectatan Charges related to exlsttng plant (Productan Transmission Dtstrlbutton et el) 
Total Cost (Above) less 

Cost of Steam 

I Operatton & Matntenance 4111 4486 4817 6541 8579 9688 10041 11345 11291 12180 12581 15378 12310 12924 13569 14247 14958 15704 
Allocated Deprectatlon 3 16 535 932 932 934 936 938 938 937 1008 1082 1081 1 081 1080 1080 1080 1080 
Allocated Return 4 4 20 321 623 631 634 638 644 643 643 733 826 826 827 827 827 827 

Income T& Effect @ 45% 8 8 45 829 1620 1646 1660 1676 1692 1694 1696 1936 2 187 2 190 2 192 2 194 2 197 
Total Cost 5.577 6.352 10.105 21.971 34.439 32.124 33.953 36.008 36.490 37.364 38.794 41.752 41.889 48.240 44.792 46.559 49.310 51105 2*199 1 

II Equals Cost of Hot Water 1457 1843 4 717 13 915 23 796 20355 21 822 22 565 23091 23 077 24 036 23960 26 996 32 733 28 640 29729 31 769 32 818 

Income Tax Effect 3 3 16 263 509 516 519 522 527 526 526 599 676 676 676 676 
Total Steam 4121 4509 5388 8056 10644 11769 12131 13444 13400 14287 14758 17792 14893 15507 16152 16830 17541 18287 

677 

II HOT WATER - $/MWH 92 73 $333 $822 $1791 $3022 $25 74 $2748 $2829 $2890 $2884 $29 gg $2984 $33 57 $4065 $35 52 t36 82 t39 29 $40 54 II 
I 

Present Worth $2 73 $2 85 $6 00 $11 18 $16 13 $11 74 $10 71 $9 43 $8 23 $7 02 $6 24 $5 31 s5 f5 28 f3 94 $. 49 s3 19 

11 Levellzed Cost to Date $3 33 $558 $9 07 $13 18 914 97 $16 33 $17 35 $18 13 $18 71 $1922 $1961 $2003 $20 56 $2087 $21 16 $21 43 $21 67 

CASH BASIS (Exclustw of Debt S e ~ l c e  related to existing plant (Pmductan Transmtss~on Distributbn et al) 
0 & M Expenses 5 544 6 234 6922 12534 21 844 19 789 21 964 24 413 25 373 26 836 28 426 30 723 30 442 37 015 33 803 35 826 38 853 40 947 
Equlty Return 9 9 55 1013 1 980 2012 2029 2 048 2068 2 070 2 073 2366 2673 2 677 2679 2 682 2685 2688 
Debt Servtce 

Foreign Interest - - 658 2 007 2 669 2 607 2 541 2 468 2 390 2 306 2 214 2 116 2 009 1 893 1 768 1 633 1 486 1 328 
Pnnctpal - - - 353 757 818 885 957 1036 1 120 1211 1310 1 417 1533 1658 1 793 1 940 

Total - - 658 2360 3426 3426 3426 3426 3426 3426 3426 3426 3426 2 6  3426 3426 3426 

(1 Domestic Interest 9 57 957 2 648 3 361 3 090 2 764 2 393 I 955 1 443 1 135 1 117 I 080 966 848 720 583 434 (1 

II Total Cost before Income Tax 5 562 6 312 8 659 19 785 33 155 31 214 33 460 35 984 37 007 38 453 40 181 40808 38 603 45 094 41 841 43 818 46 798 48 896 

Pnnctpal - 1 1  67 1229 2 545 2 897 3 277 3 704 4 186 4 677 5 121 3 176 982 1010 1084 1 165 1 252 1402 
Total 9 69 1025 3 877 5 906 5988 6 041 6 097 6 141 6 121 6256 4 293 2062 1977 1932 1 885 1 835 1836 

11 lncome  ax ~ffect @ 45% 8 8 45 829 1620 1646 1660 1676 1692 1694 1696 1936 2187 2190 2192 2194 2197 
Total Financial Cost 5.570 6.319 8.704 20.613 34.775 32,860 35,120 37.660 38.699 40.147 41.877 42.744 40.791 47.284 44.033 46.013 48.995 

%fa- 

/ 



WINTER I SUMMER 
P.pk WeMmd Peak 1 Peak 2 W Lowl LowP Wkend 1 W k a d  2 

FUEL COST - BOILERS (Ou) 
an wud-d 
X Fual C a t  - Natural 0.1 $(OW) 

HOT WATER SHORTFALL MWH - - - - - - -0 - - - - - 
A8aurn.d Ewhralnt  C a t  tlMWH St000 

SUPPLEMENTAL HOT WATER COST - S(000) - - - - - - -00 - - - - - d  

W a t r m d  OthrVarmbla O&M Umensn - Boilrn $(OW] 
Berm Bash 

s w h w " w  

310 
R m m l  Costs Only E4 55 07 M -  - - - - - 18 - 310 
B Y - P w c t  Sa ln  Smool 32 27 40 4 2 -  - - - - - 0 - tw 

- - 
I tnru8d Embsions Penallin $(000) 
I  - I  - I  - I  - I  - I  - I  - I  - I  - I  - I  - I  - I  - 

Ktnutka 
Brrnay I I I - I  - 4  - 1  
P h r  
Phu.  ..- - - 
P h n  Ilb I  - 1  - 1  - I  - 1  - I  - 1  - I  - I  - 1  - 1  - 1  - 1  - 
P h m  IVa - - - - - - - - - - - - - 

- P h m  lla 1 - 1  - I  - 1  - 1  - 1  - 1  - 1  - 1  - I  - 1  - 1  - 1  - 
Emma~ons by Type - Tons 
I I Unh I  I 

PartCUIPta 
SO, 
NOX 
CO 

pwTm 
2KW 
2KW 
2000 
zoo0 

025  
2 2 0 8  

M 2 8  
308 

Emmslms - ~ o n s  
166 
4551 
824 
87 

142 
3898 
705 
58 

251 
0 9 9  
818 
83 

218 
5993 
449 
83 

- 
- 
149 
05 

- 
- 
2 
08 

- - 
222 
03 

- - 
388 
05 

- - 
405 
12 

- - 
555 
08 

48 
1327 
93 
17 

- - 
8 9  
1 1  



VARIANT A2 ~ L ~ L I U I L  U C ~ S ~ A  WR r u  cn r - n -- - - - - - - - 

WINTER I SUMMER 
W m k n d  Peak1 Peak2 Lows W ! & !  Wk.ndP 

BACK PRESSURE TURBINE/GENERATOR OUTPUT - AVERAGE KW 
BASIS I I 

AvgKWR.qrt.d -Purrpng 3020 3020 2587 2587 1WO 384 1030 364 812 310 812 310 
Sta Use 7121 7120 8362 6572 1852 490 1852 485 1233 293 W25 1298 

Tdal 10140 10139 8028 9139 2689 854 2889 848 2044 802 4837 1805 

-. 
UNIT* Back Prnsure TurbneIQmuatff 0- 6 Contract Purchase 

I I I I I I I I I I 1  I - - - - - - - - - - - - - 

1078 
4058 
5734 

CONDENSING TURBINE OUTPUT - AVERAGE KW 
I 

I I - 
I I - I  - I  - I  - I  - I  - I  - I  - I  - I  - I  - I  - - - - - - - - - - - - - 

Total Cmdmr Tutb Oubul - - - - - - - - - - - - 
B.IMCm RW4Jt.d -57385 -57378 -55194 -45461 -7787 -0879 -7787 -9731 -10019 -7783 -34632 1605 

QT C.p.bllly@ Full Load 02551 02551 02551 02551 W147 58273 60147 58273 60147 58273 00147 58273 

OA8 TURBINE OUTPUT -AVERAGE KW 

PURCHASED POWER 75% 75% 75% 75% n% 75% 75% 75% 75% 75% 75% 75% 
P u k  Dmand KW - - - - - - - - - - - 2140 3 

Dmand C h w a  - S/KW 7D3 793 793 793 793 793 793 793 793 793 783 793 
m r p y ~ h w . - $ / ~ ~ ~  omso o o n s  o o z e  0 0 2 4  o m  o m  o m 9  o m 9  o o z e  o w e  o w e  o o z e  

I - I  - I  - I  - I  - I  - I  - I  - I  - I  - I  - I  - 
I - I  - I  - I  - I  - I  - I  - I  - I  - I  - I  - I  - 

QT-VM 3 / 53932 1 53888 1 35737 1 - 1 00147 1 58273 1 60147 1 58273 1 80147 1 52980 1 - I - 
Total QT Output (KW) 53032 53888 35737 - 60147 58273 00147 58273 60147 - - - 

Dmand Charga - $(OW) - - - - - - - - - - - 17 0 
Enrpy Chw. - $(OW) - - - - - - - - - - - 29 0 
Tdal - $(OW) - - - - - - - - - - - 480 480 

493507 

POWER SALES 
mrgy awn - C ~ ~ S / K W H  00350 o m s  o w e  o o z e  o m -  00350 00279 o o z e  o o z e  o w e  002.40 00248 

EnUW C r d h  $(OW) 3301 0 24269 25463 14104 4304 7278 W18 10135 10184 14870 371 2 - 155943 
QA9 TURBINE 
Furl Flow - MMBTUIHr 

M u h u m  5947 5947 5947 5947 5782 5854 5782 5854 5782 5854 5782 5854 
75YLoad 4070 4070 4870 4870 4735 4630 4735 4630 4735 -0  4735 4830 
SOULoad 3793 3793 3793 3793 -8 3806 W 8  3800 W 8  3600 3888 3806 
~ S U L M ~  n i a  m i a  n i a  n i a  mi 2582 a n 1  2582 a n 1  2582 a u 1  2582 

P r o d  Load 
I 1 

In Iupo lad  Fuel Flaw - MMBTU 
I 1 



VARIANT A2 

I PRODUCT - LP STEAM I 

WINTER SUMMEA 

UnR Energy Output - MWH (Before Adjustmentfor Minimum Loading Limitation) 
I I I - I  - I  - 1  - I  - I  - 1  - 1  - I  - I  - 1  - I  - 

Peak Weekend Peak 1 Peak 2 H~uh 1 Hluh 2 Low Low2 Wkend 1 Wltend2 - 

I - I 120231 - I 
Total 58007 49852 71302 BMn 6354 10515 11185 18251 16280 25394 12023 18752 359720 

Steem Not Served MWH - - - - - - - - - - - - - 
Total excluding HRSG supply 58007 498.516 713018 820289 400798 - 70423  - - - 120227 18751 7 

359720 - 
359720 

PROWCT - HOT WATER 

18251 - 
580071 488521 71302 

62027 - Cusbmer Requirement MWH 
Station Use MWH - 

Total 151238 128548 185886 181808 15432 1- 27113 17567 39429 24315 29119 17955 
Hot Water Not Served MWH - - - - - - -0 - - - - - 

Total excluding HRSG supply 108820 84082 158757 lBleOB 102887 1433 13 180772 2372 88 18421 6 - 29119 17954 8 
ADJUSTED FOR MINIMUM LOADING - MWH 
I stnnrn I I I I 

16280 - 
62027) 83541 105151 111651 182511 162801 253941 120231 18752 

58007 - 48852 - 

809555 - 
809555 

Plzen Nb 
Pizen ilb 

Totel 

Unlt Utilinrtion after Adiustmentfor Mlnlmum Loading - MWH (Steam) 
I I - 1  - 1  - I  _ I  - I  - 1  - 1  - I  - I  - 1  _ I  _ 

8354 - 71302 - 

Cusbmer Requirement MWH 
-SiMion Use MWH - 

I I I - I  - I  - I  - I  - I  - I  - I  - I  - I  - I  - I  - 
Brewery - - - - 401 - 1 701 - l - l - l - 118752 

I I I - I  - 1  - 1  - 1  - 1  - 1  - 1  - 1  - 1  - I  - 1  _ 

25394 - 

151236 1 129516 ( 185988 1 161808 1 15432 1 10048 1 27113 1 17567 1 39429 1 24315 ( 29119 / 17955 

161808 - 

64 300 
165 000 - - 

10515 - 

151236 - 

I I I 

Hot Water I I Unlt Mlizabon after Adjustmentfor Mlnlmum Loading - MWH (Hot Water) - - - - - - - - - - - - 

12023 - 11185 - 

453 
1010 - - 

Plzen IVa 
Plzen Ila 
Total 

18752 - 

129548 - 15432 - 27113 - 185986 - 1- - 

1988 1988 1637 1551 853 282 853 284 669 245 689 245 

453 
1010 - - 

- 
- - 

58007 

.----- 
Brewery 
Plzen V 
Plzen IVb 
Pizen Ilb 

I I I I - I  

17567 - 

353 
1087 - 
- 

58007 48852 71302 62027 8354 10515 11185 18251 16280 25384 12023 18752 

- 
- - 

48852 

98 
17819 
41616 
91803 

- - - - - - 

39429 - 

- 
1067 - - 

- - 
- 

71302 

84 
15082 
35629 
78770 

- 1  - I  - - I  - I  - I  - - I  - I  - I  - - - I  - - I  - - 
Total 151236 129546 185988 161809 15432 10048 27113 17567 38429 24315 29119 17955 

24315 - 

284 - - - 

- 
- - 

62027 

- 
4385 

28642 
152860 

29119 - 

282 - - - 

- - 
6314 - 

17855 - 

80 
29012 - 

132717 

2373 - 
15184 - 

284 - 
- 
- 

- - 
10515 - 

- - 
24315 - 

- 
18457 
20972 - 

284 - 
- - 

- - 
11095 - 

- 
- 
- 

29119 

- 
18077 
9036 - 

- 
10289 
5144 - 

- 
17955 - 
- 

1433 - 
8815 - 

357 - 
- 
- 

- 
- 

18251 - 

245 - 
- 
- 

- 
- 

16280 - 

- 
669 - 
- 

- - 
25384 - 

- - 
- 
- 

- 
- 
- 

12023 

- 
- - 
- 



VARIANT A2 

WINTER I SUMMER 
Peak 8 Weekend Peak 1 Peak 2 H~ah 1 Htah 2 Low 1 Low2 Wkend 1 Wkend2 - 

TOTAL UNlT UTILIZATION BEFORE REQUIREMENT FOR ELECTRIC GENERATION - MWH , 1 

Outputto meet Steernand Hot Water Requirements - MWH 
I _ I  _ I  - 1  - 1  - I  - I  - 1  - I  - 1  1 - 1  - 

I - 1 - 1 - [ - 1 6314 1 10515 ( 11095 1 18251 1 16280 1 25394 1 - 1 - 
[ 58007149@52171302 I62027 I  - I - I - I - I - 1 - 1120231 - 

Total 209243 179197 257206 223838 21787 20563 38279 35818 55708 40709 41142 367061 

ADDITIONAL REQUIREMENT FOR BACK PRESSURE STEAM TURBINES - MWH 

Turb IB ( 0-1 41918l 359181 702MI 810521 - I - I - I - I - I - I 163221 - 
Turb IIA I Ogal - 1 - I - I - 1 8521 10631 11481 18771 16061 24581 - ( - 
~ u r b  IA I o w l  101~71  87081 115831 loon1 - I - I - I - I - I - I 13791 - 
Total 84019 54836 89883 71130 2013 3357 3536 5898 7402 8682 17701 - 

STEAM TO CONDENSING TURBINES AND REJECTION - MWH 

Incremental thermal output represented in eleclnc generabon and rejection - MWHt 
I - !  - I  - !  - !  - I  - I  - - - - - - 

UNlT UTILIZATION - TOTAL MWH 
I I 

INPUT ENWGY REQUIRED BEFORE EFFICIENCY ADJUSTMENT 
I I I 

EFFICIENCY 

INPUT ENEMY REQUIRED 

- - 1 
or 

39 
1288831 
6?25Q13 



VARIANT A2 ~ C I C .  u CJ urn nc, LL n v r r- -- --..- - - - 

WINTER 1 SUMMER 
TESTYEAR SIMULATION RESULTS && Weekend Paak 1 Peak2 Low:! Wend 1 Wend 2 TOTAL 
OPERATING EWENSES 

Natural Oas 
Oil 
Lignits 
Bhck Coal 1,749 1491 2851 2,303 - - - - - - 510 - 8711 

Togl Fuel Cost 3889 3310 4950 2 747 547 678 861 1 178 1558 1978 513 588 22853 
Su~~lemantsl  Cost-Shortfall PeNlltv - - - - - - (01 - - - - - 1n) 

Cradlt for Power Sales (3 561) (2,427) (25453 (1 419 (430) WE) (602) (1,OtQ (1,018) (1 488) (371) - (15 5Bl 
Net Power Interchange Cost (3 561) (2427) (2545) (1 419 (430) (7281 (602) (1 014) (1 018) (1 4W (371) 48 (15548; 

Omer OBM - Foced OH 8 Other 241 207 379 330 4 8  81 84 141 156 263 115 184 2237 
Varhble 298 258 388 325 n 30 41 53 83 74 es 43 lssd - - . .. 

Umsstone Injection& Ash Removal 64 55 97 84 - - - - - - 18 - 318 
Credt for By-product Sales (32) (27) (48) (42) - - - - - - (9) - 

Emlss~ona Penahas - - - - - - - - - - - - (1 60) - 
Total Excluding k n t e m n w  877 1 374 3 220 2 035 166 58 484 360 757 - 335 052 11,368 



VARIANT A2 

400 
UNIT UTILIZATION - YEAR 201 0 

150 
ELECTRICITY PRODUCED - YEAR 201 0 

I 

GT-V64 3 ~ u r b  IIA Turb llB v\n Turb IA ~ u r b  1B 



VARIANT A2 PROJECTED OPERATING AND CAPITAL EXPENDITURES High Demand 

ZOST EXCL INFLATION /000) 
p3~~,95~~~20002001~20032004200520062007200820092010 

OPERATING EXPENSES 
Fuel Cost - Natural Gas - - - 105 13674 14 102 14 541 14 999 15020 15034 15048 15061 17401 17 424 17448 17 472 17 495 17 519 

011 62 68 74 15 915 954 993 1034 1039 1044 1048 1052 74 74 74 74 74 74 
Lfgnlte 6 790 7 255 7 752 5 631 - - - - - - - - - - - - - - 
Black Coal - - - 5370 10155 10372 10593 10821 10830 10839 10847 10855 9380 9382 9384 9386 9388 

Total Fuel Cost 6 852 7323 7827 11 121 24 745 25 428 26 126 26 854 26 890 26 916 26 942 26968 26 854 26 880 26 905 26 931 26957 26 390 983 11 
Supplemental Cost (Shortfall) - - 0 - (0 (0) - - 0 0 0 0 - - - - 
Purchased Power Cost - - - - 53 54 56 57 57 57 57 57 57 57 57 57 57 57 

Credlt for Power Sales 
Net Power Interchange 

Flxed O&M and Overheads 
Other Var~able 0 d M 
Sofbent and Ash Removal 

Cred~t By - Product Sales 
Emtss~on Penalt~es 
Maintenance Expenses 
Plant Removal Costs 

Total O&M Expense 

CAPITAL COSTS 11 Foreign - - 15432 15817 - - - - - - - - - - - - - - II 
TOTAL COST 5.734 6.637 38,221 42.080 17.475 14.771 15.455 18.193 15.806 15.921 19.329 19.799 15,602 18.053 15.705 15.852 16.372 16.433 

i 
Present Worth 5 517 5914 31 531 32 143 12 360 9 674 9 371 9 092 8 217 7 664 8 615 8 171 5 962 6 388 5 145 4 809 4 598 

Cumulat~ve Present Worth 5517 11 431 42962 75 105 87465 97 138 106510 115601 123818 131 482 140097 148268 154230 160617 165763 170571 175 170 179443 
274 11 

I' I1 
OPERATING STATISTICS 
TOTAL PRODUCTION - MWH 11 

LP Steam 333355 331 188 329021 360443 361 165 361 165 361 165 361165 361 165 360804 360443 360082 359720 359720 359720 359720 359720 359720 
Hot Water 534466 552841 573853 777066 787452 790913 794109 797571 798902 800233 801 564 802895 804229 805294 806359 807424 808489 809555 
Electnc~ty 306534 312254 315750 312792 594053 595964 597730 599672 600431 600963 601 496 602030 601993 602518 603043 603568 604094 604620 

COST OF PRODUCTION - SIMWH (Var~able Costsonly) 
LP Steam $1046 $1077 $11 08 $1238 $1645 $16 72 $1700 $1768 $1768 $1768 $17 68 $1768 $1750 $1750 $17 50 $17 50 $1749 $1749 
Hot Water $856 $885 $9 15 $1008 $15 87 $16 19 $1652 $1705 $1705 $1705 $1705 $1705 $1675 $1675 $1675 $16 75 $1675 $16 75 
Electnclty $920 $951 $981 $11 06 $17 98 $1839 $1882 $1939 $1939 $1939 $1939 $1939 $1932 $1932 $1932 $1932 $1931 $1931 

NOT SERVED - MWH 
LP Steam - - - - - - - - - - - - - - - - - - 
Hot Water - - 26 - (0 ) (0) - - 0 1 2 2 - - - - 0 (0) 
Electnc~ty - - - - 1161 1165 1 167 1 170 1 171 1 171 1 171 1173 1174 1174 1 175 1 177 1178 1 178 

EMISSIONS - TONNES 
Part~culates 248 259 272 418 77 77 77 77 77 77 77 78 75 75 75 75 75 75 

So* 5 745 5 854 5 965 3 620 2 307 2 312 2 316 2 321 2 323 2 325 2 326 2 328 2 054 2 054 2055 2 055 2 056 2 056 
NOx 1373 1398 1423 1605 1303 1305 1307 1310 1311 1311 1312 1313 1232 1233 1233 1233 1234 1234 
CO 58 59 62 144 96 97 98 99 99 99 100 100 45 45 45 45 45 45 

/ 
- 



VARIANT A2 Htgh Dernand 

PROJECTED OPERATING & MAINTENANCE COSTS - VARIANT A2 

GAS Iix OIL LIGNITE 
BLACK COAL ELECTRIC (Net) OTHER O&M 

NOTE Costs rnclude Real Escalatlon only and do not reflect lnflat~on 



PLZEN DISTRICT HEATING SYSTEM STUDY 

APPENDIX F: (Cont'd) 
GILBERT/COMMONWEALTH ECONOMIC 

ANALYSIS MODEL 
RESULTS AND DETAIL: 

Variant A3: 
(Westinghouse 251B11/12 for CPIV) 

November 1993 



VARIANT A3 PROJECTED OPERATINO AND CAPITAL EXPENDITURES High Demand 

ZOST EXCL INFUTtON 1000) 
1993 1994 1995 1996 1997 1998 1999 2001 2002 2003 2004 2005 2- 2007 2008 2009 2010 - - - - - - -  

OPERATING EXPENSES 
Fuel Cost - Natural Gas - - - 105 12516 12900 13292 13702 13718 13729 13740 13752 I8407 16429 16451 16472 16494 16516 

011 62 68 74 15 1052 1095 1139 1185 1191 1195 1199 1204 74 74 74 74 74 74 
L~clnle 6 790 7 255 7 752 5 631 - - - - - - - - - - - - - - - 
Black Coal - - - 5370 10366 10590 10815 11048 11058 11066 11074 11083 9380 9362 9384 9387 9389 

Total Fuel Cost 6 852 7 323 7 827 11 121 23 939 24 585 25 246 25 935 25 967 25 990 26 014 26 038 25 861 25 685 25 909 25 932 25 956 25 960 
Supplemental Cost (Shortfall) - - 0 - - - - - (0) - - 0 - 0 - - - 
Purchased Power Cost - - - - 53 54 56 57 57 57 57 57 57 57 57 57 57 57 

Credn for Power Sales (7290) (7 768) (8216) (8225) (16 333) (16 664) (17 044) (17 415) (17 434) (17 449) (17 464) (17 475) (17 469) (17 484) (17 498) (17 509) (17 523) (17 
Net Power Interchange (7290) (7768) (8216) (8225) (16280) (16 630) (16 969) (17 356) (17 377) (17 392) (17 407) (I7 416) (17 412) (17 427) (17 441) (17 452) (17 466) (17 

Fixed O6M and Overheads 2 300 2 300 2 300 2 510 2 372 2 372 2 372 2 372 2 372 2372 2372 2372 2204 2 204 2 204 2204 2204 2 204 
Other Vanable 0 & M I 457 1 473 1486 1642 1643 1646 1646 1650 1651 1652 1652 1652 1653 1654 1655 1655 1656 1657 
Sorbent and Ash Removal 245 285 331 651 541 542 543 925 926 926 927 928 804 804 804 804 804 805 

Credlt By- Product Sales - - - (197) (162) (163) (183) (184) (184) (184) (164) (184) (160) (160) (160) (160) (160) (160) 
Emisson Penalt~es 24 48 49 25 - - - - - - - - - - - - - - 

1 Ma~ntenance Expenses 1 956 2 137 2268 2 601 2 265 3 047 3 436 3 469 3 315 3 421 3 552 4 009 3 294 3 282 3 380 3 510 4 016 4 064 

CAPITAL COSTS 11 Foreign - - 12345 12654 - - - - - - - - - - - - - - 

Plant Removal costs - - - - 3517 - - - - - - - - 2462 - - - 
Total O&M Expense 5544 5799 6046 10326 17834 15378 16073 16830 16669 16785 16925 17396 I6243 18704 16350 16494 17013 17069 

- 

TOTAL COST 5.734 6.637 33.753 37.535 18.326 15.637 16.332 17.088 16.703 16.618 20.227 20.698 16.276 18.729 16.375 16.519 17.036 17.094 

I 

Present Worth 5 517 5 914 27 845 26 672 12 963 10 240 9 903 9 595 8 663 8096 9 015 8 542 6 220 6 627 5 365 5 011 4 786 
Cumulat~e Present Worth 5517 11431 39276 67947 60911 91151 101054 110649 119332 127428 136443 144985 151205 157831 163196 166207 172992 177436 

OPERATING STATISTlCS 
11 TOTAL PRODUCllON - MWH 1 

- 

LP Steam 333355 331 188 329021 360443 361165 361165 361165 361 165 361 165 360604 360443 360082 359720 359720 359720 359720 359720 359720 
Hot Water 534 466 552641 573653 777066 787452 790913 794109 797571 796903 600234 801 566 802897 804229 805294 606359 607424 608469 809555 
Elednctty 306534 312254 315750 312792 545268 546660 547987 549426 550011 550456 550906 551354 551 161 551 592 552024 552456 552888 553321 

COST OF PRODUCTION - $lMWH (Vanable Costs only) 
LP Steam $10 46 $1077 $11 08 $1238 $16 57 $1664 $17 12 $17 81 $1780 $1780 $17 60 $1760 $17 54 $1754 $17 54 $17 54 $17 54 $17 53 
Hot Water $8 56 $885 $9 15 $1008 $1592 $1624 $1657 $17 10 $17 10 $17 10 $17 10 $17 10 $16 75 $1675 $16 75 $16 75 $16 75 $16 75 
Elednc~ty $920 $951 $981 $11 06 $1795 81836 $1877 $1935 $1934 $1934 $1934 $1934 $1920 $1920 $19 20 $19 20 $19 20 $19 19 

NOT SERVED - MWH 
LP Steam - - - - - - - - - - - - - - - - - 
Hot Water - - 26 - - - - - (0) - - 0 - 0 - - - - 
Electnc~ty - - - - 1 161 1165 1167 i 170 1171 1171 1171 1173 1174 1174 1175 1177 1178 1178 

EMISSIONS - TONNES 
Particulates 248 259 272 416 76 78 76 78 78 76 78 78 75 75 75 75 75 75 

So* 5 745 5 854 5965 3 620 2 349 2 354 2 359 2 364 2 366 2 367 2 369 2 370 2 054 2 054 2 055 2 055 2 056 2 056 
NOX 1373 1396 1423 1605 1316 1319 1321 1324 1325 1325 1328 1327 1233 1234 1234 1235 1235 1236 

h 





VARIANT A3 r m u  Y CD U- n LI LL n r - -- -- ---- - - - 

I T e s t Y m =  2010 SQtion Use Unaaountsd tor etc % of Demand 
CASE A3 EldckW - ~ats- 

Faala~es Data Stmm - 

WNER I SUMMER 
TESTVUR SlMUIAnON RESULTS & Weekend Peak I Psak2 Lar( Lav 2 W n d  1 W n d 2  TOTAL 
OPERATING EXPENSES 

Nahlral Gas 1989 17(P 217B 429 515 820 903 1081 1441 1856 - - - - 571 13- 
CHI 11 S 16 14 - - - 3 - 53 
l innm - - - - - - - - - - - - - 

I 
--...- - - 

B k k  Coal 1,749 I 4fl 2,651 2,3a3 - - - - - - 510 - 8711 
Tagl Fuel Cost 3749 3210 4843 2747 515 820 903 1081 1441 1 8 5  513 571 22W7 

Su~~lemental Cost-ShorUdl P e W  - - - - - - - - - - - - - 

I 
. -. . . -- - . - . . -. - . . . 

Credit for Power Sales (3272) (2,m (2485) (1,41q (342) (584) (479) (8131 (817) (1.327) (371) - (14 110 
Net Power Interchange Cost (3 272) (2 ZW (2485) (1 41q (584) (479) (813) (817) (1 327) ( 1  48 (14 

Othcr OBM - F W  OH 8 Other 238 204 373 325 (7) 80 83 130 153 259 181 2 2 W  

I 
- -- 

V & I ~  298 w 387 325 n 30 ro 52 w 75 sa 4 3 1 ~  
Umestone Injection8 Ash Remwel 64 55 97 84 - - - - - - 19 - - - 3191 Credit for Bv-Product Sales (32) (27) (48) (42) - - - - (9) - (160) 

I Emissions ~ e & a s  - - - - - - - - - - - - - 
Tagl Excluding Malntermncs 1,044 1466 3188 2- 242 145 5-48 459 839 - 333 851 12003 



VARIANT A3 High Demsr 

400 
UNIT UTILIZATION - YEAR 201 0 

PERIOD 
Plzen lla Plzen IVa Plzen llb Plzen IVb Plzen V IZd Brewery 

120 
ELECTRICITY PRODUCED - YEAR 201 0 

W-PI( W-HI W-Lo W-Whd S-Pkl S-PM S-Htl S-HQ S-Lo1 S-Lo2 S-Wkndl S-Wknd2 

PERIOD 
GT-W251 Turb IIA Turb IIB Turb IA Turb IB 



VARIANT A3 L U W  U13S-M un m.u L ~ r % a  uab - ~ r x  r u  - 
WINTER I SUMMER 

Peek Weekend Peak 1 Peek 2 HiphP Low 1 Low 2 Wkend 1 Wkend2 

Cusbmer Requirement MWH 58007 48652 71302 BX)27 6354 10515 ll1eS 18251 16280 25394 12023 18752 358720 
Station Use MWH - - - - - - - - - - - - - - 

58007 1 49652 1 71332 1 82027 1 8354 1 10515 1 111651 18251 1 16280 1 25394 1 12023 1 18752 358720 

Plzen Ile I 1 I 580071 488521 713021 820271 - 1 - 1 - 1 I - l 1 2 M 3 1  - 
Total 58007 48852 71302 62027 8354 10515 11185 18251 16280 25384 12023 18752 

Steem Not Senrsd MWH - - - - - - - - - - - - - 
Total exd~ding HRSG 51~pply 58007 498518 713018 -8 188309 121 107 297484 198435 - - 120227 18751 7 

PROWCT - HOT WATER 

Total 151238 129546 185888 181809 15432 10048 27113 17587 38428 24315 29110 17855 808565 
Hotwater Notsewed MWH - - - - - - - - - - - - - 

Total excluding HRSG supply 111810858280 158008 181808 110858265687 184776 48745 21438 - 29118 170548 

808555 - 
809555 15 lZBl  1- 1 1- 1 161808 1 15432 1 1 W  1 27113 1 17587 ( 39428 1 24315 1 29119 1 17855 

185888 - 128548 - Cusbmer Requirement MWH 
Station Use MWH - 1 5 1 ~ ~  - 181808 - 15432 - 10048 - 27113 17587 - - 38428 - 24315 - 29110 - 17055 - 



VARIANT A3 

WlNTW I SUMMW 
Peak Weekend Peek 1 Peak2 Hiah 1 Hiah 2 Low 1 Wkend 1 Wkand2 - 

TOTAL UNlT UTlLUATlON BEFORE REQUIREMENT FOR ELECTRIC GENERATION - MWH 
I I 

Total 208243 178197 257288 223838 21707 20583 38278 35816 55708 48708 41142 387061 

ADDITIONAL REQUIREMENTFOR BACK PRESSURE STEAM TURBINES - MWH 
I Besis l I 

STEAM TO CONDENSING TURBINES AND REJECTION - MWH 

Incremental thermal output represented in ek%c oenerntion and rejection - MWHt 

UNlT UTILIZATION - TOTAL MWH 

Unl Utililatlon MWH 

INPUT ENEROY REQUIRED BEFORE EFFICIENCY AOJUSTMENT 

Total 92- 786488 1 1 W  1008423 80308 80186 141144 138823 212416 188791 200773 125242 

INPUT ENERGY REQUIRED 

- - 
121' 
55 
7% 
3182810 
326187 
lz3G8sl 

Total 1148786 082102 1498515 1283850 86208 82803 151388 144453 223186 199791 261205 151375 8222883 



HOT WATER SHORTFALL MWH - - - - - - - - - - - - 
Assurned Eqiinhnt Cmt SIMWH $10 00 

BUPPLEMENTAL HOT WATER C08T - $(000) - - - - - - - - - - - - - - 

Emnsioru by Type - Tms 
I I Ulm I l 

P8?t~ulal~ 
BO. 
NOX 
CO 

pmrTan 
2000 
2000 
2000 
2000 

026 
22600 
M O  
%O 

Emk*ims - Tms 
1 

4551 
797 
11 

142 
3889 
063 
5 8  

251 
ôô09 
807 
0 3  

218 
5903 
440 
(13 

- - 
138 
O5 

- - 
208 
0 3  

- - 
243 
0 9  

- - 
363 
O5 

- - 
433 

1 2  

- - 
508 
0 1  

4 8  
1327 

0 3  
1 7  

- - 
8 9  
1 1  



WINTER I SUMMER 
&& &y W..k.nd .e&G Wkme1 Wk.nd€ 

BACK PRESSURE TURBINWQENERATOR OUTPUT -AVERAGE KW 
I I 

CONDENBIND TURBINE OUTPUT - AVERAQE KW 
I 

PURCHASED POWER 75% 75% 75% 75% mn 75% 75% 75% 75% 75% nu 75% 
Pwk D m r r d  mV - - - - - - - - - - - 2140 3 

o m n d ~ w p . - t w  7 793 7 m  7 m  7 m  7 m  7ct3 7 m  7 r m  7 7 m  
EnrovQUrp.-)R(WH 00550 0027s 00246 00246 00550 00350 0027s 0027s 00240 00240 00248 00248 

POWER SALES 
En-Cra-Cm(t/KWH 00550 00279 00248 00246 00560 OMSO 0- 0027s 00240 00246 002Y) 00246 

E I l W  Crek $(OW) S2718 P z D 6  24649 14104 W2.5 !JW6 4790 8152 I 13269 3712 - 141089 
GA8 TURBINE 
Fual F W  - MMBTUIHr 

Mubnum 5207 5207 5207 5207 - 3  4951 5 W 3  4951 5083 4S51 5083 4951 
75%LOld 4284 4284 4284 4284 4148 Y)54 4148 - 4  4148 4 5 4  4148 4054 
5096LOld 5521 5521 5521 5521 5229 5155 3229 5158 3220 5158 3229 5158 
25YLm.d 2378 2378 2375 2378 2312 2261 2512 2261 2312 2281 2512 2261 

Wrpo*(.(l Fuel F W  - MMBTU 
I I 1 



VARIANT A3 GAS TUmINE HEAT UTILIZATION AND HEAT REJECTION - YEAR 2010 H l ~ h  Demnd 

WINTER I SUMMER 
Peak Weekend 1 2 Low2 Wkend 1 Wkend2 - 

Interpolated b u s t  Temperature 4 
I 

Exhaust Temperature 4 
I - I  - I  - I  - I  - I  - I  - I  - I  - I  - I  - I  - - - - - - - - - - - - - 

Interpoleted Exhaust Flow M#Mr 

Auailable Ewhaust Heat MMBWMr 

Exhaust Heat MMBTUMr 
I - I  - I  - 1  - I  - I  - - - - - - - 

Steam Aveilsble - MW per Hwr  (Wkhout Supplementary Firing) 
l Enthaiwl I 

- 

HRSG N 1 3 4 1 2 1  73032 72998 80501 - 75520 74583 75520 74583 75520 74583 - - 
73032 72888 60.501 - 75520 74583 75520 74583 75520 74583 - - - - - 

Supplementery Flnng - Maximum b u s t  Heat MMBTUMr 

Steam Rejection - Avg MW Uo Coolinp Tower] 
I l ~uthuml I 

Wllzed HRSG Energy MW per Hr 
I I 

FmmCondensin~ 
FmmGasTurbind 

I I I I - - - - - - - - 
HRSG N 5501 5501 4251 - 1 eae l  8 7 1 1  8721 6711 8931 !%el - 1 - 

550 550 428 - 888 871 672 871 893 588 - - 

Total 18 0 180 180 - 8 7 7 5 8 3 7.5 6 2  157 - - 

Capecity 
18000 
18000 

Stmm Re)ection - Average MW - - - - - - - - - - - - 
180 180 180 - 87 7 5 8 3 7 5 8 2  157 - - 



VARIANT A3 PROJECTED FINANCIAL COSTS AND HOT WATER REVENUE REQUIREMENT Hlgh Demand 

FINANCIAL COST (000) (Including Inflation) 
1993 1994 1995 1996 1997 1998 1999 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 - - - -  

ACCRUAL BASIS (Ewclusiw of Interest Expense tf any and Depreciatbn Charges related to existing plant (Productbn Transmlsmon Distnbution et al) 
Operating Expenses 

Operation & Ma~ntenance 5544 6234 6922 12534 22941 20969 23232 25785 26816 28353 30019 32397 31762 38402 35248 37336 40436 42597 
Deprec~ation Expense 8 44 1274 2538 2 564 2578 2 593 2609 2611 2 613 2 847 3093 3 096 3 098 3 100 3 102 3 105 3 107 

Total Operating Expenses 5 552 6 277 8 195 15 072 25 505 23 547 25 825 28 394 29 427 30966 32 866 35 490 34 857 41 500 38 348 40 438 43 541 45 705 

Interest Expense 9 57 1 413 4 039 5 221 4 926 4 575 4 179 3 715 3 176 2 841 2789 2 686 2 481 2 262 2 026 1 772 1497 

Equny Return 9 9 55 934 1817 1849 1866 1885 1905 1908 1910 2 203 2 511 2 514 2 516 2 519 2 522 2 525 

Total Expense 6 Return 5570 6344 9663 20045 32543 30322 32266 34458 35047 36050 37618 40482 40054 46494 43126 44984 47835 49726 

Income Tax Effect @ 45% 6 8 45 764 I 487 1 513 1 527 1 542 1559 I 561 1 563 1 803 2 054 2057 2059 2 061 2063 2 066 

Total Cost 5.577 6.352 9.707 20.809 34.030 31.835 33.793 36.000 36.605 37.610 39.161 42.284 42.108 48.551 45.185 47.045 49.898 51.792 

Estlmakd Hot Water Revenw Reauimment (Exclusiw of Interest Expense if  any and Depreciatan Charges related to existing plant (Productbn Transmission Distribution et al) 
Total Cost (Above) less 

Cost of Steam 
Operation 6 Maintenance 4 129 4 505 4 830 6 541 8 716 9 898 10204 11 578 11 461 12 341 12 661 15 468 12 340 12956 13 602 14 281 14 993 15 741 
Allocated Depreciation 3 16 464 804 806 808 811 813 813 812 883 958 957 957 956 956 956 958 
Allocated Return 4 4 20 296 571 580 583 568 593 593 593 682 776 776 776 776 777 777 
Income Taw Effect 3 3 16 242 467 474 477 481 485 485 485 558 635 635 635 635 635 636 

Total Steam 4139 4528 5330 7883 10561 11760 12075 13460 13352 14231 14621 17666 14707 15323 15970 16649 17361 18110 

Equals Cost of Hot Water 1 439 1 824 4 377 12 926 23 469 20075 21 718 22 541 23 253 23 379 24 560 24 616 27 401 33 226 29215 30 396 32 537 33683 

HOT WATER - $lMWH $2 69 $3 30 $7 63 $16 63 $29 80 $25 38 $27 35 $28 26 $29 11 $29 22 $30 64 $30 66 $34 07 $41 26 $36 23 $37 65 $40 24 $41 61 

Present Worth $2 69 $2 62 $5 57 $10 39 $15 90 $11 58 $1068 $942 $829 $7 11 $6 37 $5 45 $5 18 $5 36 $4 02 $3 57 $3 26 $2 88 

Levelized Cost to Date $3 30 $5 29 $8 50 $1264 $14 46 $1586 $1691 $17 74 $1837 $18 91 $1935 $1979 $2034 $2068 $20 98 $21 27 $21 53 

CASH BASIS (Exclushre of Debt Senrice related to exlsting plant (Pmductbn Transrnisaion Dlstributbn at al) 
0 & M Expenws 5 544 6 234 6 922 12 534 22941 20 969 23 232 25 785 26816 28353 30 019 32 397 31 762 38 402 35 248 37 336 40 436 42 597 
Equity Return 9 9 55 934 1817 1649 1666 1885 1905 1908 1910 2 203 2 511 2 514 2 516 2 519 2 522 2 525 
Debt Service 

Foreign Interest - - 526 1 606 2 135 2086 2032 1975 1912 1845 1 772 1692 1607 1514 1 414 1 306 1 189 1062 
Principal - - - 283 605 655 708 766 828 696 969 1048 1 134 1226 1326 1435 1552 1678 

Total - - 526 I 8 6 8  2741 2741 2 741 2741 2741 2741 2 741 2741 2741 2741 2 741 2 741 2741 2741 

Domest~c Interest 9 57 686 2 433 3 086 2 840 2 543 2 204 1802 1 332 1070 1 096 1 080 966 848 720 583 434 
Princ~pal - 11 67 1 134 2 337 2 664 3 014 3 409 3 855 4 305 4 703 2 948 982 1010 1084 1 165 1252 1402 

Total 9 69 953 3 567 5 422 5 504 5 557 5614 5657 5637 5 772 4 044 2062 1 977 1932 1 885 1835 1836 

Total Cost before Income Tax 5562 6312 8456 18923 32921 31063 33396 36025 37119 38636 40442 41 385 39074 45633 42437 44480 47533 49699 

Income Tax Effect @ 45% 6 8 45 764 1 487 1 513 1 527 1 542 1 559 1 561 I 563 1 803 2 054 2 057 2059 2 061 2 063 2066 
Total Financial Cost 5.570 6.319 6.501 19.667 34.408 32.575 34.923 37.567 38.677 40.198 42.005 43.187 41,126 47,690 44,496 46,541 49.597 51.765' 



PLZEN DISTRICT HEATlNG S Y S W  STUDY 

APPENDIX F: (Cont'd) 
GILBERT/COMMONWEALTH ECONOMIC 

ANALYSIS MODEL 
RESULTS AND DETAIL= 

Variant Bl: 
(CFB Boiler and 32 MW steam turbine for CPIV) 

November 1993 



VARIANT 01 PROJECTED OPERATING AND CAPITAL EXPENDITURES H ~ g h  Demand 

COST EXCL INFLATION (000) 
1993 1994 1995 1996 1997 1998 1999 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 - - - - - - -  

OPERATING EXPENSES 

H Fuel Cost - Natural Gas - - - 105 4 4 4 5 5 5 5 5 660 665 669 674 678 
011 62 68 74 15 117 121 124 128 129 129 129 129 126 126 126 126 126 
Llgt'ilb 6790 7 255 7 752 5631 4 840 4933 5029 5 126 5 127 5 127 5 128 5 128 5 129 5 129 5 130 5 130 5 131 5 131 
Black Coal - - - 5 370 8 782 8 988 9 196 9 413 9 429 9 442 9 455 9 468 9064 9 074 9 084 9094 9 104 

Total Fuel Cost 6852  7323 7827 11121 13742 14045 14353 14673 14690 14703 14718 14730 14980 14995 15010 15025 15040 15055 

a Supplemental Cost (Shortfall) - - 0 - - - - - - - 0 - - (0) - (0) - 
Purchased Power Cost - - - - - - - - - - - - - - - - - - - I1 

Credit for P o w r  Sales 
Net P o w r  Interchange 

Fixed O&M and Overheads 
Other Vanable 0 & M 
Sorbent and Ash Removal 

Cred~t By- Product Sales 
Emisaon Penalties 
Ma~ntenance Expenses 
Plant Removal Costs 

Total O&M Expense 

CAPITAL COSTS 11 Fore~gn 

I1 TOTAL COST 5.734 6.637 31.118 34.640 13.450 10.542 10.964 11.846 11.457 11.568 14.974 15.449 11.433 13.881 11.527 11.660 12.184 12.237 

II Present Worth 5 517 5 914 25 672 26 460 9 513 6 904 6 648 6 651 5 956 5 569 6 674 6 376 4 369 4 911 3 776 3 537 3 422 
Cumulati\re Present Worth 5 517 11 431 37 102 63 563 73 076 79 979 86 628 93 279 99 235 104 804 111 478 117 854 122 223 127 134 130 910 134 447 137 869 141 052 11 

LP Steam 333 355 331 188 329 021 
Hot Water 534 466 552 841 573 853 
Electnc~ty 306 534 312 254 315 750 

COST OF PRODUCTION - SlMWH (Vanable Costs only) 
LP Steam $1046 $1077 $11 08 
Hot Water $8 56 $8 85 $9 15 
Electnclty $920 $951 $981 

NOT SERVED - MWH 
LP Steam - - - 

% 
Hot Water - - 26 
Ebctncny - - - 

EMISSIONS - TONNES 
Parliculater 248 259 272 

So* 5 745 5 854 5965 
NO 1373 1398 1423 



VARIANT 01 H~gh Demand 

PROJECTED OPERATING & MAINTENANCE COSTS - VARIANT B1 

GAS rn OIL 
BLACK COAL ELECTRIC (Net) 

NOTE Costs include Real Escalation only and do not reflect lnflatron 

LIGNITE 
OTHER O&M 
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VARIANT 01 PROJECTED FINANCIAL COSTS AND HOT WATER REVENUE REQUIREMENTS Hlgh Demand 

flNANClAL COST (000) (Indudma Inflatbn) 
1993 1994 1995 1996 1997 lsgs 1999 2- 2001 2002 2003 2004 2005 2006 2007 2008 2009 2- - - -  

ACCRUAL BASIS (Exclushre of Interest Expense l any and Depreciatbn Charges related to existing plant (Productbn Transmission Dlstnbut~on et al) 

Operatlng Expenses 
Operat~on & Ma~ntenance 5544 6234  6922 12534 16666 14022 15474 17753 18378 19485 20703 22623 22290 28447 24795 26337 28898 30477 

Deprec~at~on Expense 8 44 1186 2357 2383 2397 2412 2428 2430 2432 2666 2912 2915 2917 2919 2921 2924 2926 

Total Operating Expenses 5552 6 277 8 108 14 891 19049 16419 17885 20 181 20808 21 916 23 369 25 535 25205 31 364 27 713 29258 31 822 33403 

Interest Expense 9 57 1369 3 895 4 973 4 575 4 107 3 576 2 959 2 247 1714 1478 1330 1203 1068 924 769 600 

Equlty Return 9 9 55 1 379 2 735 2 767 2 784 2803 2 823 2 825 2 828 3 121 3 428 3 432 3 434 3 437 3 440 3 443 

Total Expense & Return 5 570 6 344 9 532 20 166 26 756 23 760 24 776 26 560 26 589 26 989 27 912 30 133 29 964 35 998 32 216 33 619 36 030 37 446 

Income Tax Effect @ 45% 8 8 45 1 129 2238 2264 2278 2293 2309 2312 2314 2553 2805 2 808 2810 2 812 2814 2817 

Total Cost 5.577 6,352 9,576 21.295 28.994 26.023 27.054 28.853 28.899 29.301 30.226 32.687 32.769 38.806 35.026 36.431 38.845 40.263 

Estlmabd Hot Water Revenue Requirement (Exclusnm of lnterest Expensa l any and Depreclatbn Charges related to existing plant (Productbn Transm~ssion Distnbutlon et el) 
Total Cost (Above) less 

Cost of Steam 
Operation 81 Maintenance 4251 4 632 4 933 6 298 6 570 7 615 7 644 8970 8 807 Q418 9 613 10 360 8 990 9 439 9 911 10 406 10 925 11 471 

Allocated Depreciation 3 16 432 747 749 751 754 757 756 756 827 902 901 901 900 900 900 900 

Allocated Return 4 4 20 437 860 867 870 874 879 878 877 966 1060 I 060 1 059 1 059 1059 1059 

Income Tax Effect 3 3 16 358 704 710 712 715 719 718 718 791 867 867 867 867 867 867 
Total Steam 4 260 4 654 5401 7840 8 883 9943 9980 11 315 11 161 11 770 12035 13019 11 817 12266 12 737 13232 13751 14297 

Equals Cost of Hot Water 1 317 1 697 4 175 13 455 20 111 16080 17074 17538 17 737 17 531 18 190 19668 20951 26 540 22288 23 199 25 093 25 966 

HOT WATER - SlMWH $2 46 $3 07  $7 28 $17 31 $25 54 $2033 $21 50 $21 99 $22 20 $21 91 $22 69 $24 50 $2605 $32 96 $27 64 $28 73 $31 04 $3207 

Present Worth $2 46 $2 6 2  $5 31 $10 81 $1363 $9 27 $8 38 $7 33 $6 32 $5 33 $4 72 $4 36 $3 96 $4 28 $3 07 $2 73 $2 52 $2 22 

Levellzed Cost to Date $ 3 0 7  $501 $849 $11 80 $1302 $1394 $1462 $15 I 4  $1551 $15 83 $16 15 $1645 $16 87 $17 10 $17 30 $17 51 $1769 

CASH BASIS (Exclusiw of Debt Service related to existing plant (Pmductbn Transmission Distnbutbn et al) 
0 & M Expenses 5544 6234  6922 12534 16666 14022 15474 17753 18378 19485 20703 22623 22290 28447 24795 26337 28898 30477 
Equity Return 9 9 55 1 379 2 735 2 767 2 784 2 803 2 823 2825 2 828 3 121 3 428 3 432 3 434 3 437 3 440 3 443 
Debt Service 

Fore~gn Interest - - 82 251 333 326 317 308 299 288 277 264 251 236 221 204 186 166 
Pnnclpal - - - 44 95 102 I11 120 129 140 151 164 177 191 207 224 242 262 

Total - - 82 295 428 428 428 428 428 428 428 428 428 428 428 428 428 428 

Domestic Interest 9 57 1 287 3 645 4 639 4 249 3 789 3268 2 661 1959 1 438 1213 1 080 966 848 720 583 434 
Pnnclpal - 11 67 1670 3 508 3 980 4 493 5070 5 721 6 402 7 059 4 233 982 1 010 1 084 1 165 1 252 1 402 

Total 9 69  1 354 5 315 8 147 8 229 8 282 8 338 8 382 8 362 8 497 5 446 2062 1 977 1 932 1885 1 835 1 836 

Total Cost before Income Tax 5 562 6 312 8 413 19 523 27 976 25 445 26 968 29 322 30 010 31 099 32 456 31 618 28 208 34 283 30 589 32 086 34 600 36 183 

Income Tax Effect @ 45% 8 8 45 1 129 2238 2264 2278 2293 2309 2312 2314 2553 2805 2808 2810 2812 2814 2817 
Total Flnanc~al Cost 5.570 6.319 8.458 20.652 30.214 27.708 29.246 31.615 32.320 33,411 34.770 34.171 31.013 37.091 33.398 34.898 37.415 39.000 

- 



APPENDIX F: (Cont9d) 
GILBERT/COMMONWEALTH ECONOMIC 

ANALYSIS MODEL 
RESULTS AND DETAIL 

Variant C1: 
(Base case - existing plants with a CFB Boiler in the year 

2003) 

November I993 

qyb 



VARIANT C1 PROJECTED OPERATING AND CAPITAL EXPENDITURES Hlgh Demand 

" V Y .  LI."L .... -..-.. ."""I 

1993 1994 1995 1996 1997 1998 1999 2001 2002 2003 2004 a 2008 2007 2008 2009 2010 - - - - - - -  
OPERATING EXPENSES 

Fuel Cost - Natural Gas - - - 105 107 115 123 132 134 136 5 5 5 6 6 6 6 6 
011 62 68 74 15 99 103 106 109 109 109 129 129 129 129 129 129 129 129 
Llgnib 6 790 7255 7752 5631 - - - - - - 5 128 5 128 5 129 5 129 5 130 5 130 5 131 5 131 
Black Coal - - - 5370 13436 13727 14022 14328 14343 14354 9455 9468 9480 9493 9506 9519 9531 9544 

Total Fuel Cost 6852 7323 7827 11121 13643 13945 14251 14569 14586 14599 14716 14730 14743 14757 14770 14784 14797 14811 
Supplemental Cost (Shortfall) - - 0 - - - - - - - 0 - 0 - 0 - - - 
Purchased Power Cost - - - - - - - - - - - - - - - - - - 

CredR for Power Sales (7290) (7 768) (8,216) (8225) (8,291) (8 450) (8 616) (8 784) (8 786) (8 788) (13 768) (13 775) (13 784) (13 795) (13 805) (13 612) (13 823) (13 833' 
Net Power interchange (7290) (7 768) (8,216) (8225) (8,291) (8 450) (8 616) (8 784) (8 786) (8 788) (13 768) (13 775) (13 764) (13 795) (13 805) (13 612) (13 823) (13 8333 

Fixed O I M  and Overheads 2300 2300 2300 2510 2510 2510 2510 2510 2510 2510 2592 2592 2592 2592 2592 2592 2592 2592 
Other Vanable 0 & M 1457 1 473 1 486 1 642 1 650 1652 1 654 1 657 1 657 1 658 2 242 2 243 2 243 2 244 2246 2 247 2 248 2 249 
Sorbent and Ash Removal 245 285 331 651 697 699 700 1 193 1 194 1 195 2636 2 637 2 638 2 639 2 641 2 642 2 643 2 644 

Credil By- Product Sales - - - (197) (235) (236) (236) (237) (237) (237) (305) (305) (305) (305) (306) (306) (306) (306; 
Em~sscon Penalties 24 48 49 25 - - - - - - - - - - - - - - 
Maintenance Expenses 1956 2 137 2 268 2 801 2690 2993 3 247 3 447 3 265 3 369 3696 4 163 4 205 4 031 4 156 4 291 4 819 4 898 
Plant Removal Costs - - - - - - - - - - - - 3517 - - - - - 

Total O&M Expense 5544 5799 6046 10328 12864 13113 13510 14356 14191 14308 11809 12285 15849 12163 12293 12437 12971 13055 

CAPITAL COSTS 
Foreign - - - - - - - - 2203 2225 - - - - - - - - 
Domesl~o 190 839 6367 5558 494 259 259 259 17314 17314 33 33 33 25 25 25 25 25 

Total 190 839 6367 5558 494 259 259 259 19516 19538 33 33 33 25 25 25 25 25 

TOTAL COST 5.734 6.637 12.413 15.888 13.358 13.371 13.769 14.615 33.707 33.844 11.842 12.318 15.883 12.168 12.318 12.463 12.996 13.080 

Present Worth 5 517 5914 10240 12 135 9 448 8 757 6349 8206 17 523 16292 5 278 5083 6069 4 312 4 036 3 760 3650 3402 
Cumulat~ut Present Worth 5517 11431 21671 33806 43253 52010 60359 66565 86088 102380 107658 112742 118811 123123 127159 130939 134589 137991 

OPERATING S T A n s n c s  
TOTAL PRODUCTION - MWH 

LP Steam 333355 331 188 329021 360443 361 165 361 165 361 165 361 165 361 165 360804 360443 360082 359720 359720 359720 359720 359720 359720 
Hot Water 534466 552841 573853 777066 787452 790913 794109 797571 798903 800234 801 537 802897 804229 805294 806359 607424 608489 809555 
Eledncly 306534 312254 315750 312792 313693 313980 314244 314530 314641 314730 468253 468616 468978 469351 469725 470099 470472 470846 

COST OF PROOUCTION - SlMWH (Variable Costs only) 
LP Steam 51046 $1077 $1108 81238 $1368 $1384 $1401 $1470 $1469 $1469 $1300 $1300 $1300 $1300 $1300 $1299 $1299 $1299 
Hot Water $856 $885 $9 15 $1006 $11 99 $12 17 $1236 $1281 $1261 $1281 $11 84 $11 84 $11 84 $11 84 $11 84 $11 84 $11 84 $11 84 
Electr~cRy $9 20 $9 51 $9 81 $11 06 $12 39 $12 56 $12 74 $13 25 $13 25 $13 25 $16 45 $1645 $16 44 $16 44 $16 43 $16 43 $16 42 $16 41 

NOT SERVED - MWH I 

LP Steam - - - - - - - - - - - - - - - - - - 
Hot Water - - 26 - - - - - - - 28 - - 0 - 0 - - 
Electnclty - - - - - - - - - - - - - - - - - 

EMISSIONS - TONNES 
Part~culabs 248 259 272 416 98 98 98 98 98 98 132 132 132 132 132 132 133 133 

So= 5 745 5 854 5 965 3 620 3 027 3 035 3 042 3 049 3 052 3 054 3055 3 058 3 061 3 064 3 067 3 069 3 072 3 075 
NOx 1373 1398 1423 1605 1621 1624 1627 1631 1632 1633 1608 1610 1611 1613 1614 1616 1617 1618 

& CO 56 59 62 144 146 147 148 149 149 150 78 78 78 78 79 79 79 79 





TsStYOW= 2010 Station Use U-unted tor stc % of Demand 
c&E c1 EkaichW - W- 

Faalitws Data Stsarn - 

2 3 8 8 . 0 I S 

WlNTER 1 SUMMER 
TEsrVEAR SIMULATION RESULTS Weekend Peek I &!& Wend 1 Wend 2 TOTAL 
OPEWTING EXPENES 

Natural ' 3 s  3 2 - - - - - - - - - - 5 
Oil 18 13 21 18 2 2 3 3 4 5 3 4 94 
Ugnlte 581 480 881 788 - 1BB - 328 - 532 - 383 4128 
Bkck Coal 1,888 1.495 2 , W  1,743 273 - 480 - 880 - 510 - 8854 

TOW Fuel Cost 2278 1951 2905 2 527 275 190 483 332 685 537 513 386 13081 
Supplemental Cost-ShorIfall Penalty' - - - - - - - - - - - - - 
Purchased Power Cost - - - - - - - - - - - - - 

Credit for Power Sales (2230 (1,- R , W  (2194) (291) (210) (407) (291) (503) (332) (371) (245) ( 1 1 1 q  
Net Power Interchange CDst (223e) ( I *  (2z (22 (284) (210) (40') (291) (m) ( )  (371) (245) (11133) 

OLher OBM - Fixed OH 6 Other 280 240 84 164 180 133 225 2- 
Variable 351 300 488 425 37 54 65 94 93 157 69 116 2248 

Umeaoneln~ect1ori6AshRsmDwl 218 187 320 Z 8  10 53 18 92 25 149 l a  110 1477 
Credt for By-product Sales (50) W) (88) W) PO m w (12) (13) (19) @) (14) 

Emissions Permbe6 - - - - - - - - - - - - - 
Total Exclud~ng Maintenance 838 1 l,w I,= 81 173 247 378 478 - 353 588 7 9g3 



VARIANT C1 

500 
UNIT UTILIZATION - YEAR 2010 

200 

100 

0 W-Pk W-HI W-Lo W-Wknd S-Pk1 S-PM S- HI^ S-HQ S-Lo1 S-Lo2 S-Wkndl S-Wknd2 

Plzen IVa 
E l  Plzen I I ~  

PERIOD 
Plzen Ila 

EZ Plzen I 
Plzen IVb and Plzen IVc 

1771 Letna 

ELECTRICITY PRODUCED - YEAR 201 0 
I 

Turb IIA %8 Turb IIB Turb IA b d  Turb IB Turb IIC I 



WINTER I SUMMER 
P u k  & Wwkond P u k  1 P u k 2  Hiah 2 Low 1 Wkond 1 Wkond 2 - 

I PRODUCT - LP STEAM I 

Unit Energy Output - MWH @.form Adjwtmont for Mlnlmum Loadlng Llmitrtlon) - - - - - - - - - - - - 

Plan Ila 
P lan  N a  

PRODUCT - HOT WATER 

- - 
100 000 
47 000 

Plan  IIe 
P I m  N a  

2 S 4 5 6 7 0 I0 It I2 IS IS 

BASIS I I I 

- - 
248 
463 

Total 58007 48852 71302 82027 6354 10515 11165 18251 16280 25394 12023 18752 95872 
Stwm Not S . m d  MWH - - - - - - - - - - - - - 

TOW oxeluding HRSG supply -7 48851 8 71901 8 BX12B9 635448 105146 111852 182507 182788 25394 120227 18751 7 

- - - 
15668 
42318 

- - - 
UNIT 

h u t  ka 

I Unit Emmy OutW - MWH @ofem Adiustmont for Mlnlmum Loadng Llrnitalon) 
Kosutka I I - - - - - - - - - - - - 
BnwVry I 271 231 - 1  - 1  - 1  - 1  - 1  - 1  - 1  - - - 

- - 
248 
463 

- - - 
13401 
38251 

 lot^ 
PLan I 
P lan  Ilb 
P lan  N b  

I I I I - I  - I  - I  - - - - - - - - - 
Total 151236 128548 185888 18180Q 15432 10048 27113 17587 38428 24315 29119 17955 80BS5 

Bfwmy 56 100 831  931 - - 1  - 1  - 1  - 1  - 1  - 1  - 1  - 1  - 1  - 
MWtw 
34800 

Hot Water Not Sawed MWH - - - - - - - - - - - - - 
Totd oxcludng HRSG eumly 151236 128648 1- 181WB 154324 lOM77 271133 17687 384288 24314.9 29118 179548 

- - 
127 
430 

- - - 
8548 

81758 

AHRP. Loackng - MW - - - - - - - - - - - - 
29200 

105 000 
185 OOO 
75 OOO 

- - - - - - - - - - - - 
P b n  I* 156881 134011 95481 83141 63541 - i l l 1 8 5 1  - 1162801 - l 1 2 ~ 3 1  - 

.Plan ~a 4 n i e l  382511 817bsl m7131 - l i ~ 5 i 5 l  - l  182511 - 1253841 - 1 18762 
Total 68007 49852 71302 82027 6354 10515 11165 18251 16260 25384 1- 18752 

L I  I  1 - 1  - - - - - - - - - - - 
T0t.l 151236 129548 185986 161809 15432 10048 27113 17667 39428 24315 28119 17955 

- - 
127 
430 

- - - 
8314 

53713 

7 2  
422 

1188 
287 

- - 
351 - 

- - - 
8354 - 

7 2  
422 

1188 
287 

- - - 
344 

- - - - 
10515 

- 
207 
058 
320 

- - 
351 - 

- - - 
11185 - 

- 
207 
858 
320 

- - - 
341 

- - - - 
18251 

- - 
853 - 

- - 
276 - 

- - - 
18280 - 

- - - 
328 

- - - 
265 

- - - - 
25304 

- - 
853 - 

- - 
276 - 

- - - 
1- - 

- - - 
328 

- - - 
25 5 

- - - - 
18762 

- - 
eee - 

- - - 
246 

- - 
668 - 

- - - 
24 5 



VARIANT C1 

WINTER I SUMMER 
Puk Waokond Poak 1 P u k  2 HIQ~ 2 Low 1 Low2 Wkond I Wkmd 2 - 

TOTAL UNIT UTILIUTION BEFORE REQUIREMENT FOR ELECTRIC GENERATION - MWH 

Output to moot S t o m  and Hot Wator Roquinrnonts - MWH 
Kowtka - - - - - - - - - - - - 
Browow 271 231 - I  - 1  - 1  - 1  - 1  - 1  - 1  - 1  - 1  - 

ADDITIONAL REQUIREMENT FOR BACK PRESSURE STEAM TURBINES - MWH 

STEAM TO CONDENSING TUPBINES AND REJECTION - MWH 
I I I 

Bui. 
Y Q  

Turb e 
Turb 118 
Turb IA 
Turb IIA 

Th.rrn.1 output mpmuntad in okctric p.mmtion - MWHt 

UNIT UTlLlUTlON - TOTAL MWH 
I I I 

I - I  - I  - I  - I  - I  - I  - I  - I  - I  - I  - I  - I  - 

Total 73236 82742 118420 101280 8738 7288 17111 12878 23888 18724 17701 12348 

0965 
0.96 

0965 
0- 

Turb IIC 

I505541 433081 736381 64048) - ( 124561 - 1218151 - 1297421 - 121882 
Total 901700 258405 4021W 349881 91528 36720 55380 64200 79877 103841 50843 78878 

48811 
13673 
1718 
8235 

- - 
18221 - 

INWT ENERGY REWIRED 

I Unil Emrgy Input M M B N  

INPUT ENERGY REQUIRED BEFORE EFFICIENCY ADJUSTMENT 

42507 
11715 
1488 
7055 

- - 
18485 - 

B N M  Emray Input blom Hlickmy Adjmtrmnt - M M B N  

79251 
24241 
1044 

1 

- - 
28451 - 

BBB5B 
21080 

808 
10335 

- - 
24745 - 

8965 - 
874 - 

- - - - 

- 
6327 - 
I941 

- - 
8089 - 

15575 - 
1536 - 

- - - - 

- 
8314 - 
3384 

- - 
16705 - 

22101 - 
1867 - 

- - - - 

- 
12378 - 
4348 

- - 
37408 - 

16322 - 
1378 - 

- - - - 

- 
8138 - 
3211 

- - 
27623 - 
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VARIANT C1 ELECTRIC GENERATION AND NET POWER INTERCHANGE - YEAR 2010 Hlgh D a m  

WINTER SUMMER 
peak & Weekend I pau2 - 

BACK PRESSURE TURBINEIGENERATOR OUTPUT - AVERAGE KW 
I RACIC I I 

Sta Use % Max Stm 480 0% W 

- 
Turb 18 ( 5 X  

Avg KWRequlred -Pumping 3020 3020 2587 2587 1038 384 1038 384 812 310 812 310 
Sta Use geeg 8607 7827 7630 4938 2887 4836 2882 3825 2288 3825 2286 

Totel 11819 11817 10194 10187 5873 3231 5973 3226 4637 25Q5 4637 2585 

Balance Requlred -88083 -88086 -68812 -88834 -45952 -10571 -45952 -18523 -34833 -13557 -34632 -13557 

167 
570 
737 

CONDENSING TURBINE OUTPUT - AVERAGE KW 
I I ~*?.ntui 1 

Balance Required -72870 -72872 -75001 -75024 -45852 -28933 -45852 -28983 -34833 -25685 -34832 -25885 

Turb IIC 

GT Capablllty @ Full Load 48827 49827 49827 48827 47720 48233 47720 40233 47720 40233 47720 48233 

- - - - - - - - - - - - 
~ 0 %  6777 en? 8388 8380 - 8382 - 8480 - 12128 - 12128 

- - - - - - - - - - - - - - - - - - - - - - - - 

G4S TURBINE OUTPUT - AVERAGE KW 
I I 

TotalCondensTurb Output 8777 8777 8388 8390 - B382 - 8480 - 12128 - 12128 

Balance Required 

Hours In Period 

Balance Required (MWH) 

PURCHASED POWER 
Peak Demand KW 

Demand Charge - S/KW 
Energy Charge - $/KWH 

Demand Charge - S(000) 
Energy Charge - $@00) 
Total - S(o00) 



VARIANT C1 HEAT RESCTION - YEAR 2010 High Doma 

WINTER I SUMMER 
Peak Weekend Pesk 1 2 1 L 2 2  Wkend 1 Wkend 2 - 

Interpolated Exhaust Temperature 4: 
I I 

Exhaust Temperature S 
I - 1  - 1  - I  - 1  - - - - - - - - 

Interpolated Exhaust Flow M#lHr 
I I 

Available Exhaust Heat MMBTUlHr 
I I 

!Warn Available - MW pm Hwr  (Without Supplementary Flrinp) 

I Enthalp 
Rlse Total Steam Available withwtSupplementary Firing M#IHr 

1 1 34121 - - - - - - - - - - - - - - - - - - - - - - - - - 
Supplementary Firing - Maximum Exhaust Hetrt MMBTUlHr 

Steam Reiedon - Avg MW (To Cmllng Tower) 
I 1 M-I f 

From Condensinp 
From Oas Turbineq 

TOW 14 0 14 0 13 2 132 - 183 - 185 - 250 - 25 0 

Capacity 
25 000 
25 000 

Steam Refection - Average MW 
14 0 14 0 132 132 - 183 - 185 - 250 - 25 0 - - - - - - - - - - - - 



VARIANT C1 PROJECTED FlNANClAL COST AND HOT WATER REVENUE REQUIREMENT Hlgh Demand 

a( 

2 

FINANCIAL COST (000) llnclud~na Inflation) 
1993 1994 1995 1996 1997 1998 1999 2- 2001 2002 2003 2004 2005 2008 2007 2008 2009 2- - - -  

ACCRUAL BASIS (Exclusiu, of Interest Expense if any and Depreciatbn Charges related to ex~sting plant (Pmductbn Transmission Distribution et a9 
Operating Expenses 

Operation & Maintenance 5 544 6 234 6 922 12 534 16 548 17 880 19 528 21 995 22829 24 165 20 945 22 877 30 992 24 972 26 502 28 153 30 828 32 580 

Depreciat~on Expense 8 44 335 605 630 645 659 675 1 905 3 197 3 199 3 202 3 205 3 207 3 209 3 211 3 213 3 216 

Total Operattng Expenses 5552 6277 7 257 13 139 17 178 18 525 20 187 22 670 24 734 27 362 24 144 26 079 34 196 28 179 29 711 31 364 34 042 35 798 

Interest Expense 9 57 423 1033 1290 1 212 1 103 975 2 178 4 726 5 673 5 006 4 387 3 788 3 123 2 383 1558 760 

Equlty Return 9 9 55 419 756 788 806 824 844 2237 3 699 3 702 3 705 3 708 3 711 3 714 3 717 3 720 

Total Expense 81 Return 5 570 6 344 7 734 14 591 19225 20 525 22 095 24 470 27 756 34 325 33 516 34 787 42 289 35 675 36545 37 461 39 316 40 276 

Income Tax Effect @ 45% 8 8 45 343 619 645 659 674 691 1 830 3 026 3 029 3 031 3 034 3036 3 038 3041 3 043 

Total Cost 5.577 6.352 7.779 14.934 19.843 21.169 22.755 25.144 28.446 36.155 36.543 37.816 45.321 38.709 39.581 40.499 42.357 43.319 

Estimabd Hot Water Revenue Reauimment (Exclushs of lnterest Expense if any and Depreciatbn Charges related to existing plant (Productbn Transmission Distribution et al) 
Total Cost (Above) less 

Cost of Steam 
Operation 8 Maintenance 4 268 4 649 4 936 6 301 7 506 8 456 8 541 9 894 9 786 10 441 9 669 10 422 9 142 9 599 10 078 10 581 11 110 11 665 

Allocated Depreciation 3 16 122 192 198 202 208 210 593 994 992 991 990 990 990 990 990 989 

Allocated Return 4 4 20 133 238 247 252 257 263 695 1 147 1 146 1 145 1 145 1 145 1 145 1 144 1 144 

Income Tax Effect 3 3 I 6  109 195 202 206 210 215 569 939 938 937 937 937 936 936 936 
Total Steam 4277 4672 5094 6735 8137 9108 9205 10571 10857 12698 12748 13498 12214 12671 13149 13652 14180 14734 

Equals Cost of Hot Water 1300 1680 2 685 8 199 11 707 12 062 13 549 14 573 17 589 23 457 23 795 24 319 33 106 26039 26432 26 847 28 177 28 584 

HOT WATER - $/MWH $2 43 $3 04 $4 68 $10 55 $14 87 $15 25 $17 08 $18 27 $22 02 $29 31 $29 69 $30 29 $41 I 7  $32 33 $32 78 $33 25 $34 85 $35 31 

Present Worth $2 43 $2 60 $3 42 $6 59 $7 93 $6 96 $8 85 $6 09 $8 27 $7 13 $6 18 $5 39 $6 26 $4 20 $364 $3 16 $2 83 $2 45 

Levellzed Cost (o Date $304 $379 $570 $749 $859 $951 $1026 $1105 $1205 $1284 $1348 $1432 $1478 $1516 $1549 $1578 $1602 

CASH BASIS (Exclusiw of Debt Selvice related to existing plant (Praductbn Transmissbn Dlstributbn st a9 
0 & M Expenses 5 544 8 234 6 922 12 534 16 548 17 880 19 528 21 995 22 829 24 165 20 945 22 877 30 992 24 972 26 502 28 153 30828 32 580 
Equity Return 9 9 55 419 756 788 808 824 844 2 237 3 699 3 702 3 705 3 708 3 711 3 714 3 717 3 720 
Debt Service 

Foreign Interest - - - - - - - - 116 353 468 457 446 433 419 404 388 371 
Principal - - - - - - - - - 62 133 144 155 168 182 196 213 230 

Total - - - - - - - - 116 415 801 601 601 601 601 601 601 601 

Domestic lnterest 9 57 423 1033 1290 1212 1 103 975 2062 4 373 5205 4 549 3 942 3 355 2 704 1 978 1 169 389 
Pnnclpal - 11 67 514 983 1143 1306 1490 1698 3555 5616 5200 4815 5317 5923 6601 7360 4015 

Total 9 69 490 1 547 2 274 2 355 2 408 2 465 3 759 7 928 10 822 9 749 8 757 8 671 8627 8 580 8 530 4 405 

Total Cost before Income Tax 5 562 6 312 7 466 14 500 19 578 21 023 22 742 25 284 27 548 34 745 36066 36 929 44 055 37 953 39441 41 047 43 675 41 305 

Income Tax Effect @ 45% 8 8 45 343 619 645 659 674 891 1830 3 026 3029 3 031 3 034 3036 3 038 3041 3 043 
Total Finanrisl Cod 5.570 8.319 7.511 14.843 20.196 21.668 23.401 25.959 28.239 36.575 39.092 39.957 47.086 40.987 42.477 44.086 46.716 44.348 

- - - - - - - - L - . -  - - m - - - - - - - -- - 
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Service 

Customers 
and building 
area served 

Plant/ oMice 
location 

Production 
capacity 

Fuels used 

Distribution 
system 

Customer 
demand 

Cogeneration 

Hktorical 
background 

For more 
information 

District Heating Fact Sheet 
District Energy St. Paul, Inc. 

L 

Hot water distnct heabng piped to customers year-round for space heating, 
domesbc hot water and mdustnal process use 

Distnct Energy St Paul Inc , an mdependent, non-profit company 

136 large bruldrngs and 298 smgle-farmly residences m downtown St. Paul 
and adjacent areas, 23 mlhon square feet of burldmg area served, 
mcludmg 73 percent of downtown buildlng space 

Hans 0 Nyman Energy Center, 76 West Kellogg Boulevard, St Paul 

Three large codgas bollers, three gadoil bollers, backup plant and moblle 
boiler, total 224 megawatts (765 million Btu per hour) thermal, also 860- 
lalowatt electnc-turbme generator 

Pnmary fuel hgh-Btu, low-sulfur Eastern coal 
Secondary fuels natural gas, fuel od and purchased steam 

76,000 feet of M n  supply and return piping running from Hans 0 Nyman 
Energy Center east to Lafayette Road, north to Empne Builder Industnal 
Park, and west to United Hospital area 

146 megawatts current bllled demand, 176 megawatts mbal customer 
demand before adjustments, annual sales, 260,000 megawatt-hours (890,000 
&on Btu) 

Cogeneratton, the simultaneous producbon of heat and electncity, results 
m more efficient use of energy Steam from exisbng boders is used to 
power the 860 lalowatt turbine-dnven generator Energy from turblne 
exhaust steam is used to help supply the hot water to distnct heatmg 
customers Generator meets rnajonty of Distnct Energy's electrical 
requirements 

1983 Hot water distnct heating system construction begun, first heabng 
customer served 

1985 I m ~ a l  construcbon completed, extension to Mount Alry housmg 
complex 

1986 Extension to Empire Builder Industnal Park 
1987 New name, Distnct Energy St Paul, adopted 
1990 Cogenerabon of electncity added 

Call Trudy Sherwood at 297-8955 



PIPING DISTRIBUTION SYSTEM 

I MILLION SQ FT 
13 MW 
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A Decade of Gains from 
Hot Water District Heating 

Hot water &strict heatmg was implemented over 10 years ago to help downtown 
Samt Paul bulldmg owners conserve energy, unprove regional a r  quality and 
become less dependent on imported fuels. A companson of the 1989 hot water 
distnct heating system to its steam predecessor m 1979 shows that these challenges 
are bemg met. 

With lmproved system efficiency, District Energy St. Paul today heats twice the 
buildmg area wth about the same energy mput as the previous system. Plant and 
distribution improvements have boosted thermal efficiencies by over 30 percent, 
and our customers have reduced their energy consumption by an average of 20 
percent by convertxng and upgradmg their heatmg systems 

Sigmficant air quality gams have also been reallzed, Sulfur dioxide emssions, 
whch contribute to acid ram, have been reduced by 50 percent per umt of energy 
mput Combxned with the overall system efficiency mcrease, h s  amounts to a 75 
percent reducbon per umt of end-use energy Carbon dioxlde, the mam factor m 
global w a m g ,  has been reduced by 50 percent per m t  of end-use energy. Also, 
our closed-loop distribution system reduced system groundwater usage from 100 
mllion gallons per year to zero 

Rate stability has also been aclueved over the past decade Current rates are more 
than 30 percent lower than projected m the origmal hot water d~strict heating 
feasibility study and are st111 lower than 1980 steam costs 

We are proud of these galns and are workmg steadily to acheve further 
improvements For further information on the benefits of district heatmg and 
coolmg, contact District Energy St Paul at 297-8955 

District Energy St Paul, Inc. 
76 West Kellogg Boulevard, St. Paul, MN 55102-161 1 



Semce 

Prov~der 

Comrmtted 
customers 

r i g  

Benefits 

Init la1 
system 
sue 

htial system 
cost and 
financing 

1993 expansion 
financing 

Expansion 
potential 

Dlstnct 
coollng 
systems 
elsewhere 

For mformation 

District Cooling Fact Sheet 
District Cooling St. Paul, Inc. 

Year-round chdled water for atr condibomng 

Distrrct Coolmg St Paul Inc , formerly Distrrct Energy S m c e s  Inc , an 
affhate of Distnct Energy St Paul Inc 

Ordway Music Theatre, Degree of Honor Buildmg, The Sant Paul Hotel, 
hver  Front Educabonal Center, City Hall Annex, The St Paul Comparues - 
South Bu~ldmg, The Chld Care Center at The St Paul, Rarnsey County 
Courthouse/City Hall, AgnBank FCB, Norwest Center Tower and Skyway 
Burldmgs, Metro Square Buddmg , ProneerIEndicott Buildmg , Coleman and 
Chnsbson, Mmnesota CMdrenYs Museum, Hans 0 Nyman Energy 
Center, Metropohtan Federal Bank Buldmg, Tdsner Warehouse and Samt 
Paul Pubhc Library 

Start-up of cooling operatrons Apnl 1993 
Start of expansion construcbon Apnl 1993 
Start of c w e d  water storage tank construcbon May 1993 

No use of CFC refrigerants or ground water 
Capital and operabng cost savmgs 
More flexlble budding operabon 
Improved tenant comfort 
Less space requrred for coolmg equipment 

4,500 feet of ch111ed water pipelme (up to 30 mches m diameter), 
crrculabng 175,000 gallons of water Two coohng machmes at Distnct 
Energy's mam plant, 4,500 tons of capacity, enough to cool over 
2 mllion square feet of buddmg space 

$8 8 &on total, mcludmg design, construcbon, financing and start-up costs 
funded by $5 8 -on HRA revenue bonds, secured by long-term customer 
contracts, plus $3 0 W o n  subordmated loan from St Paul Housing and 
Redevelopment Authority 

$10 0 mdlion HRA revenue bonds to fund addibon of 6,000 feet of chlled 
water pipelme and 4,900 tons of added cooling capacity 

The system 1s designed to expand to 30,000 tons of coohng over the 
next 15 years A 2 5 don-gallon clulled-water storage tank to help 
reduce peak electnc demands wll begm construchon m May 1993 

Distnct coohng systems serve a number of U S cibes and many college 
campuses, arports and mfitary bases Two major umty Qstnct coolmg 
systems include Hartford, semng over 14 &on square feet of space and 
Minneapolis, m n g  over 18 mlhon square feet of space 

Call Trudy Sherwood at 297-8955 ~ l ~ \ ~ d f ~ t  8113193 



Purpose 

Benefits 

Provider 

Location 

Construction 
and size 

Chilled Water Storage System Fact Sheet 
District Cooling St. Paul, Inc. 

Storage 
system cost 
and fmancing 

Chilled water 
storage systems 
elsewhere 

For more 
information 

To store cmed water produced dumg the mght off-peak hours for 
distnbutton to distnct coohg customers in downtown St Paul during 
the day 

Increased efficiency of chilled water producbon 
Increased rehabihty of the distnct coohg system 
Increased coollng capacity for St Paul 
Reduced regional peak electnc demands 
Reduced use of CFC refrigerants and groundwater 
Improved regional an quahty 

Distnct Cooling St Paul Inc , an affiliate of Distnct Energy 
St Pad Inc 

Adjacent to the Hans 0 Nyman Energy Center, 76 West Kellogg 
Boulevard, St Paul 

2 5 mfion gallons of chrlled water or nearly 4,000 peak coohg tons, 
enough to cool approximately 2 nullion square feet of buddmg space 

Cyhndncal steel tank, covered with insulatton and an aesthebc 
shell, measumg 72 feet high by 80 feet m diameter 

Construcbon began in May 1993, complehon ~s anbcipated by sp~mg 
1994 

$1 7 mdlion total cost net of ublity rebate, including design, 
construchon, financing and start-up costs, funding by tax-exempt 
revenue bonds which are secured by long-term customer contracts 

Large chrlled water storage systems are m use throughout 
the U.S , including 4 mrllion gallon tanks at 3M m 
Maplewood, Mrnn , and at Cornell University m Ithaca, N Y. 

Call Trudy Sherwood at 297-8955 







Chazr And President 

D istrict heatlng and cool~ng systems are Fran Larson retlred ~n October after almost 10 
starting up and expanding In the United years of service as D~strict Energy's first plant 

States and around the world-and we re pleased to super~ntendent His many years of experience in 
be part of this excit~ng growth Industry Our distrlct boiler maintenance and operation helped make our 
heat~ng system now serves 23 m~llion square feet of plant the modern, eff icient fac~lity we operate today 
bulldlng space, including 73 percent of St Pauls With Frans retirement Peter Lujan was promot- 
central business district Our new dlstrlct cooling ed to 

supervisor and David 
'ystem ~ l l l  75 million 'quare feet of bullding to coordinator With the add$on of 
'pace In 1993. and expansion plans Jerry Plttman our new director of operations, 
are already under way1 respons~bility for safe rel~able heat~ng and cooling - 

The Past Year has been f~cused  on dlstrlct sehlce for our customers is In good hands 
cool~ng system construction and plant renovation 
mak~ng ~mprovements which will benefit both 
heat~ng and cooling customers In years to come 
We ve faced numerous challenges but we ve been 
able to find posltlve solutions by working together to 
accompl~sh key objectwes and meet the needs of 
our customers 

We'd l~ke to recognize two members of our 
management team-one who retired and one who 
was promoted Matthew Schuerger head of the 
engineering and plannlng department was elected 
a vice president of D~strrct Energy In December 
Matt has done an outstanding job as project 
manager of the district cooling project and he also 
prev~ously served as Interim director of operations 

- 

We ve ach~eved a great deal since startlng from 
scratch In 1979 D~strict Energy St Paul IS now a 
recogn~zed leader In hot water d~strict heatlng in the 
United States We ve established a nine-year track 
record of reliable operation, stable rates and strong 
customer service We ve addressed many of the 
environmental concerns of the commun~ty We ve 
attracted a distinguished Board of D~rectors a 
knowledgeable and experienced management 
team and skllled and dedicated employees 

We feel confident and excited about the 
opportun~t~es that lie ahead to provide even better 
servlce and value for our customers 

Barbara L Lukermann 
Cl ia t r  Board of D ~ r e c t o r s  

Hans 0 Nyman 
Pres tden t  

Thc Prcsrdent Bawd of Drrt ctors and 1~0al counsel mctudrng 
l i  om ktr srftlnq) H7ns 0 Nvman B Irb Ira L Lukermann John D 
T lyllOr tsfanafnq) James L i ~derson  HoheR D Lowe Sr Stephen 
B 1 J~li~nqton Jr Ivrllram hf hlahlurn (I t  gal counsel) Bernard V 
St Pefer and Mark k Ralicor~e Not prcrured 1s Roberf J Angleson 



0 Maintained a 99 999 percent rel~abllity record for 
our dlstrlct heatlng customers 

0 Substanttally completed tnitial dlstrlct cooltng 
dtstrlbut~on system, including connection of nine 
customers wlth other construction on track for 
system start-up In Aprll 1993 

0 Purchased land adjacent to our maln plant on 
Kellogg Boulevard for future expansion of op- 
eratlons 

0 Added Norwest Center as a major dlstrlct heat- 
Ing and coollng customer and slgned AgrlBank 
FCB as a future dlstrlct coollng customer 

0 Completed a major upgrade of our computerized 
continuous emissions monitoring system to 
Improve environmental monltorlng Remalned in 
full compliance with Minnesota Pollution Control 
Agency stack emlssion regulations for the year 

0 Incorporated speclflc safety objectives Into our 
reltabillty goal for the beneflt of our employees 
our customers and the community 

0 Kept the FY 1993 rate Increase below the rate of 
lnflatlon resulting In rates 39 percent below 
feaslblllty study projections 

m 
About nY - 

I 
D lstr~ct Energy St Paul a prlvate nonprof~t twlce the bulldlng area w~th about the same amount 

corporation was established In 1979 and of energy as the prevlous steam dlstrlct heatlng 
currently provldes hot water dlstrlct heatlng service system 

I 
to 135 large bulldlngs and 298 slngle-fam~ly homes Beglnnlng In Aprll 1993 our afflllate company 1 In downtown St Paul and adjacent areas Dlstr~ct Energy Servlces will beg~n provldlng d~strlct 

Over nine years Dlstrlct Energy customers have cooling service to nine St Paul bulldlngs This 1s lust 
reduced thelr energy consumption by about 20 the first phase of an ex~andlng dlstrlct cooling 

percent and sulfur dloxlde and carbon dioxlde system planned to serve m ~ c h  of the d ~ w n t ~ w n  
I 

emlsslons have been reduced by 50 to 75 percent St Paul area over the coming Years 
The hot water system IS so eff~c~ent that ~t now heats I 



customers 

Ron Mazurek and 

Dawn Grant studzed 

I detazled analyses befme 

deczdzng to convert 

I Norwest Center to 

dzstnct heatzng 

I and coolzng 

S lnce Norwest Center IS home to the St Paul 
headquarters of one of our reg~on's largest 

flnanc~al ~nst~tut~ons its only f~ttlng that it's located 
In the very heart of downtown St Paul Four ma- 
jor skyways meet at Norwest Center maklng lt a 
prlme locat~on for commerc~al and retall off~ce 
space 

Bu~lt In 1968 Norwest Center celebrates its 25th 
anniversary In 1993 It conslsts of a 185 000- 
square-foot off~ce tower a 96,000-square-foot retall 
center and a 500-stall park~ng ramp Bes~des 
Norwest Bank the offlce tower IS home to numerous 
law f~rms and the retall center hosts such amen~tles 
as a travel agency, a temporary agency an offlce 
supply store and a food court Norwest Center IS 

owned by a l~m~ted partnersh~p and managed by 
Towle Real Estate Company 

"Our job IS to prov~de a safe and comfortable 
working environment for our tenants says Dawn 
Grant property manager and assistant vlce 
president at Towle And that klnd of focus gets 
results Some of our tenants have been with us for 
nearly 20 years 

But there's much more to bu~ld~ng operations 
than meets the eye, espec~ally when ~t comes to 
heat~ng and cool~ng Ch~ef Eng~neer Ron Mazurek 
has been w~th the bu~ld~ng for over 20 years and 
recently helped dec~de to convert the fac~l~ty to 
d~str~ct heatlng and coollng Both Mazurek and 
Grant c~te better temperature control for tenants and 
lower rna~ntenance expenses as part of the~r 
rat~onale for change 

We d ~ d  some very deta~led analyses, reflects 
Mazurek The off~ce tower had ground-water- 
cooled heat pumps so we knew wed have to phase 
those out no later than 1995 Plus the tower and a 
port~on of the retall center were uslng ch~llers that 
called for ground water as well as soon-to-be- 
banned CFCs S~nce Dlstr~ct Energy has heated the 
retall center wlthout a h~tch slnce 1984 ~t seemed 
natural for them to prov~de heat~ng and coollng to 
the tower The Norwest Tower began d~strlct 
heatlng service In October 1992 and will begln 
d~strict cooling service In Apr~l 1993 



Dzstnct 

reated 75 
Agr~Bank C years ago by an act of Congress, 

FCB (formerly Farm Cred~t Bank) 
has stood the test of trme as a v~tal lending rnst~tution 
servlng Amer~can agriculture W~th $10 b~llion in 
assets AgrlBank serves agricultural cooperatrves 
farmers and ranchers In seven states-Mrnnesota 
North Dakota, Wrsconsin lll~nois Mich~gan Missourr 
and Arkansas 

Nearly 300 AgrrBank employees are located In 
the Farm Credit Serv~ces Burld~ng at F~fth and Robert 
In downtown St Paul The or~ginal facrlrty was 
constructed In the late 1960s a second burld~ng 
was added In early 1981 The bu~ldrngs are 
connected on floors two through seven but marntarn 
separate heating vent~lat~on and a~r-cond~t~on~ng 
systems 

Neither burld~ng has ever had a bo~ler Both 
used steam from the old central steam system untrl 
they were connected to Drstrict Energys new hot 
water drstr~ct heat~ng system in 1984 S~nce then 
drstr~ct heat~ng has been used for space heat~ng, 
domestrc hot water In one of the bu~ld~ngs and snow 
meltrng on the garage ramps 

Our experiences w~th D~strict Energy have been 
qurte posrtrve says Wayne Johnson, AgrrBank's 
super~ntendent of bu~ld~ngs and securrty I cant 
recall ever hav~ng an ~nterruptron In service and 
they ve always been extremely responsive Our 
good experrence played a srgnrfrcant role In our - 

decrs~on to sign up for d~strrct coollng too The - 
Farm Cred~t Servrces Buildrng IS scheduled for 
connect~on to the d~strrct cool~ng systems expansion I 

phase rn 1995 

R~ght now we re uslng well water to cool one ) 
bu~ld~ng and chrllers to cool the other We can 
change over to drstrrct cool~ng at a low caprtal cost 
and ellmrnate our use of well water and chlo- I 
rofluorocarbon refrrgerants Environmental issues 
are becom~ng more and more rmportant and I 
belreve Drstrrct Energy St Paul has taken a lead 1 
posrtion on behalf of ~ts customers 



reat effort was expended durlng 1992 toward 
constructlon of our $8 8 mllllon lnltlal dlstrlct G 

coollng system In downtown St Paul Between 
January and December 1992, our contractor 
Installed 4,500 feet of twin supply and return steel 
plpes under streets and sidewalks lnltlally 
deslgned to serve elght coollng customers by Aprll 
1993 the plpellne system was expanded In 
September 1992 to serve a major addltlonal coollng 
customer-Norwest Center 

Whtle openlng trenches and lnstallrng 24- to 30- 
Inch plpes was the most vlslble slgn of dlstrlct 
coollng constructlon In the downtown area major 
renovation work also took place at our main plant on 
Kellogg Boulevard The old roof and upper brick 
walls on the south slde of the bulldlng were 
demolished to accommodate two new coollng 
towers Also demolished and removed was an old 
coal bunker to make room for a new fourth floor and 
two 2 250-ton chlllers Pumps and other equipment 
were rnstalled In renovated space on the first and 
second floors of the bulldlng 

The operational and environmental beneflts of 
dlstrlct coollng, ~ncluding ellmlnatlon of ozone- 
depleting chlorofluorocarbon (CFC) refr~gerants and 
ground water for once-through coollng systems, 
have sparked the Interest of many downtown 
bulldlng owners The project also captured the 
Interest of Credlt Local de France, Europe's largest 
flnanclal ~nstltutlon whlch has agreed to provlde 
credlt enhancement for $10 mllllon In expansion 

flnanclng Expansion plans for 1993 Include In- 
stallation of 3 000 feet of new plplng and con- 
structlon of a chilled water storage tank west of 
our maln plant 

Many people have contributed to the successful 
completion of the lnltlal phase of the dlstrlct coollng 
project but three lndlvlduals have worked especially 
hard Matt Schuerger overall project manager, 
Dav~d Urke construct~on eng~neer/d~stribut~on sys- 
tem and Ron Cackoskl constructlon englneerl 
plant mod~f~cat~ons Thelr knowledge, skllls and de- 
termlnatlon to brlng the project In on schedule and 
wlthln budget will be rewarded when our flrst dlstrlct 
coollng customers start taklng service In Aprll 1993 

Ron Cackoskl Dave Urke and Matt 
Schuerger have played key roles In 
keeplng the d~str~ct coolrng prolect on 
schedule and wlth~n budget 
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vice 

A nnual customer surveys indicate that one of 
the areas in whlch we rate highest IS 

customer service This response IS exactly what we 
strive for throughout the year 

In 1992, we conducted two types of customer 
surveys--one written and the other In person with our 
largest customers Through these surveys we 
learned what was on our customers minds and how 
we might serve them better 

Our Customer Relations Committee made up of 
a cross-sectlon of Dlstrlct Energy employees meets 

Dave Parenteau 
Pete Lujan and 
Jerry P~ttman keep the 
operatlons department 
running smoothly 
ensur~ng safe relrable 
service to all Drstrlct 
Energy customers 

R ellablllty is a top prlorlty for us and a malor 
reason our customers are satlsfled wlth our 

servlce System-wlde rel~abillty for 1992 topped 
99 99 percent Contributing to our Impressive 
relrabillty record IS our 860-kllowatt cogeneration 
system With cogeneration we save energy and 
ensure a rellable source of electricity for our plant 

monthly to review customer servlce Issues and 
identify ways to promote better customer service 
both ~nternally and externally 

The servlces we offer our customers include 
energy use audits, annual seminars for operating 
engineers and on-site visits to famillarlze new 
operators w~th dlstrict heating advice on building 
equipment repalrs and purchases consultations 
regarding bullding converslons, around the clock 
response to emergencies, customer vlsits and plant 
tours and detalled energy projections for budget~ng 

completed during 1992 included replacing the tlled 
roofs on two of the large coal-fired boilers 
upgrading the coal conveyor system redesigning 
the low-pressure heat exchanger for greater 
efficiency and rebulldlng the boller grate and ash 
plt on two coal-fired bollers We also completed 
the first phase of a combustion make-up air project 
which w ~ l l  help control alr lnflltratlon and Im- 
prove operatlons 

On the dlstributlon slde all of the heating sys- 
tems 160 underground vaults were Inspected and 
necessary corrosion protection and waterproof- 
ing was performed Dlstrlbutlon personnel also 
supported the dlstrict cooling construction project 
bv witnessina and lns~ectina weld X-ravs and - - 

Another contrlbutlng factor IS Our exfenslve the cleaning and testing 
preventive maintenance program In the plant and On ures for the newly installed pipes 
the dlstrlbutlon system Major plant projects 



he flscal year ending T September 30, 1992, 
saw continued growth In 
customer demand Normallzed 
energy use was also up, 
creatrng the bass for addltlonal 
demand growth In FY 1993 

Demand-related costs 
reflected low floatlng Interest 
rates on Dlstr~ct Energy's prl- 
mary bond Issue and a normal 
level of system maintenance 
requirements Hlgher general 
and admlnlstratlve expenses 
resulted from various factors 
such as rlslng health insurance 
costs and recruiting expenses 
A significant capltal expen- 
diture was made for the pur- 
chase of adjacent land for 
future plant expansion The rn- 
crease In working capital con- 
tlnued to reflect the bulld-up of 
reserves under the company's 
rate stabrllzation program 

Energy-related costs re- 
flected the fact that coal con- 
tlnued to be Dlstrlct Energy's 
maln fuel However total coal 
costs were down due to In- 
creased purchases of natur- 
al gas to take advantage of 
temporary low prices In the 
"transportation gas' market 
Energy refunds totaling 
$78 000 were made to Dlstrlct 
Energy customers following 
year-end 

RATES AND UNIT SALES 
Demand rate ($/kWlmo) $4.01 
Energy rate after refund ($/MWh) $10 80 
Overall rate ($/MMBtu) $11.46 

Demand (kW) 141,982 

Energy sales (MWh)-actual 243,688 
Heatlng season degree days 7,515 

Energy sales (MWh)-normaltzed 257,900 

DEMAND REVENUES AND COSTS 
Net demand revenues $6,832,160 

Other non energy revenues 6,070 
Deferred franchrse fees 709,288 

Total demand revenues and fees $7,547,518 

Demand related costs 

Net cash debt service $2,249,626 
Operation and maintenance 2,200,275 
General and admin~stratrve 1,421,503 
Capital expenditures less new debt 660,792 
Net demand d~scounts and other 31 3,735 
Change in workrng caprtal 701,587 

Total demand related costs $7,547,518 

ENERGY REVENUES AND COSTS 
Net energy revenues 82,709,809 
Refund to customers (77,797) 

Total energy revenues $263201 2 

Energy related costs 
Coal $1,491,549 
Other 1,140,463 

Total energy related costs $2,63201 2 

A copy of the company s FY 
1992 audlt report ~ncluding 
independent audltor s opinlon is 
available from D~strlct Energy s 
controller on request 



Data 

(Year Endlng September 30, 1992) 

Number of customers 
Downtown and adjacent areas 
Mount Alry homes 

Buzldzng area s d  
Downtown 17,880,000 sq ft 
Adjacent areas (~ncludlng Mount Alry) 4,845,400 sq ft 

Total 22 725,400 sq ft 

Heat souraes 
Maln plant 76 West Kellogg Boulevard 

Three coallgas-flred bollers 
Three gasloll-flred bo~lers 

St Paul-Ramsey Medlcal Center Plant 
Four gasloll-flred bollers 

Moblle boller (temporary andlor backup) 
Total 

Fuel 
Coal (23 01 3 tons) 
Natural gas 
011 
Steam 

Total 

604 177 MMBtu (52 9%) 
536 688 MMBtu (46 9%) 

1 MMBtu (0 0%) 
2 139 MMBtu (0 2%) 

1,143 005 MMBtu (100 0%) 

R n g  
%W prefabr~cated steel pipe wlth polyurethane lnsulatlon 

encased In polyethylene jacket 
D~ameter 314-lnch to 28-lnch 
Length 76 000 feet each supply and return 
Volume 650 000 gallons 

Operakng data 
Temperature Supply 190-250°F 

Return 140-1 60°F 
Pressure supply 180 PSI 

M~n~murn pressure d~fferentlal 30 PSI 

Relmbthiy 
Total customer-hours 
Outage customer-hours 
Rellablllty rate 

The mzsszon of 
Dzstnct Enmgy 

St Paul zs to promote 
energy consmahon by 
pmutdzng relzable and 

cost-efftzve therrnal 
energy and related 
smzces wherever 

economzcally feaszbk 
zn St Paul, 
Mznnesota 

The company wzZZ  
work to jn-ovzde a hzgh 
standard of customer 
smzce  and WLU gcve 

careful attentzon to 
envzronmental 

concerns, long-term 
pnce stabzlzty and 

good corporate 
cztzzenshzp 

Overall system eff ~c~ency 74 6% 



The Peqk 

&rectors and wcm 
Directors, D~strlct Energy 
St Paul lnc and Affiliates 
Barbara L Lukermann Charr 
Senlor Fellow Humphrey 
lnstltute of Publlc Affa~rs 
Un~verslty of M~nnesota 

Bernard V St Peter Vrce Charr 
Retlred Director of 
Manufacturing Adm~n~strat~on, 
The Gillette Company 

Robert J Angleson, 
Secretary/Teasurer 
Presldent Zehrlng & Angleson 
Inc 

Robert D Lowe Sr 
lnternat~onal Representatwe 
Un~ted Assoc~at~on of the 
Plumblng and P~pe F~tt~ng 
Industry 

James L Pederson 
Former Ass~stant 
Comm~ssloner M~nnesota 
Department of Adm~nlstration 

John D Taylor 
Former Presrdent Peninsula 
Commun~ty Foundation 

Stephen B Wellington Jr 
President Well~ngton 
Management Inc 

Addltlonal Director, 
Dlstrlct Energy Sewlces Inc 
Mark E Rancone 
Commerc~al Property 
Manager Rosev~lle Properties 

Offrcers 
Hans Nyman Presldent 
Rudy Brynolfson Wce Pres~dent 

(Fnance/Marketrng) 
Matthew Schuerger 

Wce Presrdent 
(Engrneenng/Plannrng) 

Employees 
PLANT 
Peter Lulan, 

Operations Supervrsor 
Dav~d Parenteau, 

Marntenance Coordinator 

Lead Eng~neers 
Jeffrey Amacher (Rel~ef) 
Ronald Anderson 
Scott Ebert 
Loren Larson 
Joseph Lee (Relref) 
Chr~s Nelsen 

Shift Englneers 
Chad Bednar (Rel~ef) 
lrv~n Kragnes 
Mlchael Marah (Relref) 
Ke~th Oklobz~ja 
James Tracy 
James Wlemann 

General Helpers 
Marion Holloway 
Greg M~ller 
Chrls McMullen 

Senlor Malntenance 
Englneers 
Lowell Mlller (Electrrcran) 
John Ske~e (Mechanrc) 

DISTRIBUTION 
Ray Schm~dt Drstrrbutron 
Superrntendent 

Paul Hazel~p Senror F~eld 
Representatrve 

Er~k Henr~ksen Drstrrbutron 
Assrstant 

OFFICE 
Hans Nyman, President 
Rudy Brynolfson, Mce Presrdent 

(finance/Marketmg) 
Matthew Schuerger, 

Mce President 
(Engrneerrng/Plannrng) 

Jerry P~ttrnan Drrector of 
Operat~ons 

Accounting 
Joyce Anderson Controller 
Martha Modrynskl, Accountant 
Barbara Thompson, Accounts 

Payable Clerk 

Admln~stratlon 
Ellen Thoma Personnel and 

Admrnrstratron Manager 
Valer~e Gerl~ch Admrn~stratrve 

Assrstant/Purchasmg 
Char McLean Receptron~st 

Cornmun~cat~ons 
Trudy Sherwood Marketrng 

Communrcatrons Coordrnator 

Customer Service 
Alex Sle~man Drrector of 

Customer Servrces and 
Appl~catrons 

Tom Anderson Meter 
Specralrst/Freld Servrce 
Technrcran 

Englneerlng 
Ronald Cackosk~ Project 

Engrneer (Mechanrcal) 
Davld Urke Project Engrneer 

(CIVII) 
Leia NI kolovsk~ Engrneerrng 

Secretary 

Flnance 
Andrew Kas~d 

F,nance/Marketrng Analyst 


