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The Support for Eastern European Democracy (SEED) Act of 1989 directed the U.SQe&&&t 
of Energy (DOE) to undertake an equipment assessment project aimed at developing'the capability 
within Poland to xnandacture or m o d e  industrial-scale combustion equipment to utilize fossil fiels 
cleanly. This project is being implemented in the city of Krak6w as the "Krak6w Clean Fossil Fuels 
and Energy Efficiency Project." Funding is provided through the U.S. Agency for International 
Development (AID) . The project is being conducted in a manner that can be generalized to all of 
Poland and to the rest of Eastern Europe [ 11. 

The historic city ofKrak6w has a population of 750,000. Almost half of the heating energy used in 
Krak6w is supplied by low-efficiency boilerhouses and home coal stoves. Within the town, there are 
more than 1,300 local boilerhouses and 100,000 home stoves. These are collectively referred to as 
the "low emission sources" and they are the primary sources of particulates and hydrocarbon 
emissions in the city and major contributors of sufir dioxide and carbon monoxide. 

PROJECT DESCRIPTION 
The project plan includes three phases which have been developed through extensive working 
contacts between DOE and Polish representatives. Phase I was planned to gather information about 
the characteristics of the existing sources, the costs and performance expectations for some selected 
pollution reduction options, options for municipal actions promoting pollution reduction, and relative 
cost-effectiveness of options. In the second phase, a series of public meetings was conducted to 
inform U.S. and Polish companies about the program. Phase III is the largest part of the program. 
In this phase, 50% cost-share finding is provided to develop U.S./Polish joint ventures producing 
goods or services addressing the low emission sources. At present eight U.S. companies are active 
in Krak6w as part of this program. 
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Brookhaven National Laboratory has been involved with Phase I of this program which involves 
efforts both on the Polish and the U.S. side. A part of the Phase I work has addressed building 
energy demands and the impacts which conservation measures may have on &el use and emissions. 
DOE'S Office of Conservation and Renewable Energy is the lead DOE office for this part of the work 
and results from this effort are not included here. All other aspects of the program are being 
managed by DOE'S Office of Fossil Energy through the Pittsburgh Energy Technology Center 
(PETC). Brookhaven National Laboratory (BNL) as well as Bums and Roe Services Corp. have 
been supporting PETC. Work being done in Krak6w is being managed by the Biuro Rozwoju 
Krakowa (BRK or Krak6w Development Office) and BRK is working under subcontract to BNL. 

The Phase I work started in 1991 and parts of it have been presented in papers and a series of reports. 
A report summarizing all of the Phase I work, including the building energy conservation activities, 
has recently been completed. Major components of Phase I are as follows: 

This work w a s  performed under the auspices of the U.S.  D e p a r t m e n t  of E n e r g y  
under contract no. DE-ACO2-76CHOOO16. 
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TESTING 
Heating stoves in Krakbw are very large masonry fimaces with ornate tile exteriors. It has been 
estimated that there are about 7 million of these stoves throughout Poland. During the heating 

LGs~~sonj' tJesedoves ": -e 1, are fired once or twice each day. The fire bums actively for about an hour. 
D g g  ,this tune the masonry is heated and this stored heat keeps the apartment warm for the next 
12 fiom.' 'D%g Phase I a testing program on these stoves was completed. One of the objectives 
of the test program was to provide baseline thermal efficiency and emissions data as input to 
evaluhioks of costs and benefits of alternative options for hating these flats as discussed below. The 
second primary objective was to provide an assessment of the possibility of reducing emissions by 
using improved fuels in these stoves. A facility for studying the emissions and efficiency of home 
stoves was build the Academy of Mining and Metallurgy in Krakbw with guidance and test equipment 
provided by U.S. participants. The system uses a dilution tunnel method to determine gaseous 
pollutant emission rates and flue gas sensible heat loss rate on a continuous basis. Particulates are 
sampled in the dilution tunnel and are averaged over the firing cycle. One of the U.S. companies 
currently active in Krakbw is continuing to use this facility in their work on improved briquettes. 
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A second aspect of the Phase I testing work included hand-iired and stoker-fired boilers. Tests were 
conducted at two of the larger stoker-fired boiler houses and included investigations of the benefits 
of using improved fuels. Hand-fired boilers in Krak6w include steel and cast iron units and coke, 
codcoke mixtures, and coal are used as fuels. Tests were done at two sites with each of these fuels 
and also some locally made briquettes. 

Details of the testing program and results have been presented earlier [2,3]. Using these results as 
well as results of an inventory done of the boiler and stove population in the city the contribution of 
the most important source categories to the total emissions inventory in the city can be estimated. 
This is presented in Table 1. 

Home stoves - coal W 85Ooo 1530 3620 221 470 

Totals: 458642 3286 15928 706 1433 

so2 

600 
6350 
918 
1033 

585 
782 

10270 

ENGINEERING STUDIES 
The Phase I engineaing studies examined speciiic options for reducing emissions which were selected 
by the program's Bilateral Steering Committee as the most promising for the fiture. The purpose of 



this analysis was to determine the costs of implementing the options. In some cases these costs are 
very specitic to the part of the city and here site specific analyses were done. These studies included: 
0 

0 

0 

0 

0 

Extension of the district heating system to allow local, hand-fired boilers to be shut down. 
Replacement of existing hand-fired boilers with new gas-fired units. 
Conversion of home stoves to electric heating 
Modernization of boiler houses (new boilers and pollution controls) 
Supply of improved fiels for the home stoves. 

AIR QUALITY ANALYSIS 
For each s p e c  option dispersion modelling studies were done to provide estimates of the impacts 
that implementation would have on local air quality. These results have been very important in 
showing city groups specific benefits which they will realize from options which may have economic 
burdens. Also analyses were done to evaluate the impact of completing the most promising measures 
throughout the entire city, effectively eliminating pollution from these small sources. The results 
show that success in eliminating the low source pollution would greatly improve the city's air quality. 
It is not enough, however, to bring the city filly into compliance with targeted ambient air quality 
standards. 

INCENTIVES ANALYSIS 
The primary objective of incentives analysis is to define and evaluate incentives that the city could 
offer to encourage implementation of options under investigation in this project. Based on an 
'economic analysis of each of these options, possible incentives are identifled. The incentives are then 
evaluated in terms of their technical and legal feasibility, cost, and effectiveness. Some results of the 
incentives analysis are discussed in more detail below. -le 

PUBLIC RELATIONS 
A public opinion survey was administered to the residents of Krakbw. Results show that most 
residents consider air pollution to be an important issue and that most residents consider industj and 
traffic to be the main sources of air pollution. A significantly higher portion of Old Town residents 
feel that the low-stack sources are the most important sources, however. While residents state that 
they are willing to pay to reduce pollution, the amount that they are willing or able to pay is probably 
not sufficient. Residents also feel that city authorities should take responsibility for cleaning the air. 

Based on the survey results, a public relations campaign has been defined to inform Krakbw's 
residents about the low-stack sources and about this project. This is being done through press 
releases and briefings for journalists, seminars, and production of brochures and educational films. 

COMPARISON OF OPTIONS 
At the present time the studies described above have largely been completed and a comprehensive 
Phase I report has been prepared and is being reviewed by various groups within the city. With all 
of this information in-hand it becomes appropriate to make comparisons of the relative costs and 
benefits of the various options. Generally, reducing pollution from these sources will present a cost 
burden which can be met in a variety of ways including direct capital subsidies, higher.energy costs, 
increased rents, directed tax reliefs, low interest loans from environmental h d s  etc. Regardless of 
how the costs are absorbed it is clearly in the best interest of the city to promote the most cost- 
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effective options. There are many merent ways in which options can be compared. One approach 
being used in this program is based on a spreadsheet program written under DOE sponsorship 
specifically for making simple comparisons between such options [4]. 

The spreadsheet program was written as a screening tool, providing a rapid method of analysis of 
many options primarily to aid policy decisions on a city-wide scale. Two important simplitjing 
assumptions are used in the model including: 1) constant fie1 and electric energy prices over the 
project Ue, and 2) the use of averaged capital costs for conversions between options and other costs 
averaged for large categories of emission sources. This spreadsheet was never intended and should 
not be used for project investment analysis which must be done on a case-specific basis with energy 
price &on scenarios based on actual expected project start dates. This second point is especially 
important in Poland and other Central European countries where energy prices have been changing 
rapidly. Even with these limitations the spreadsheet program is a very effective and efficient tool for 
the kind of rapid comparisons for which it is intended. 

In the spreadsheet program all of the low emission sources in the city are placed into categories based 
on physical characteristics and type of fie1 used. This spreadsheet has been developed as a general 
tool and has been applied to several Central European cities. In the application to Krak6w the low 
emission sources have been divided into 25 categories. For each of these categories information is 
entered on total current (baseline) fie1 use, efficiency, fiel type and cost, air pollutant emission 
factors, operating costs, and maintenance costs. In Krak6w this information was derived fiom 
surveys made of the boiler and stove populations and also from the engineering cost studies and the 
source testing program conduced as part of this work. For some categories the baseline fie1 use is 
input as zero, but all other parameters are fblly defined. These categories which have zero current 
fiel use are considered possible fiture options as replacements for some portion of the current 
capacity. For example one category is coal-fired tile stoves with a very substantial current fie1 use 
and another is the same stoves firing smokeless briquettes which are not yet available in Krak6w. In 
a spreadsheet run the impacts of using such a candidate alternative fie1 in some or all of the home 
stoves can be evaluated. 

In evaluating options using the spreadsheet there are several choices: 
1. 

2. 

3. 

heating capacity can be changed fiom one category to another (for example from hand-fired 
boilers to gas-fired boilers); 
the efficiency of boilers or stoves in a category can be increased (by addmg economizers to 
boilers for example); 
heat demand and fiel use in a specific category can be reduced through building energy 
conservation measures; 
pollution controls can be added or upgraded in a specific source category. 4. 

For &h of these choices capital costs of the modifications must be input as well as operating, %el, 
and maintenance costs. Output fiom a spreadsheet run includes total emissions for each pollutant 
before and after the option is implemented, and total annual "user" costs before and after. The user 
costs include energy costs, operating costs, and maintenance costs. 



Capital costs include direct costs which the end users must pay for implementation of the project but 
generally do not include all infiastructure costs such as upgrading electrical or gas distribution 
networks to meet i n c r d  demand following conversions. It is assumed that such costs are met by 
the utilities and are reflected in current energy prices. 

. I  

The spreadsheet program provides details of costs and emissions of specific pollutants before and 
after conversion in tabular and graphical form. It is usefid, also, to have a single number which 
indicates the cost effectiveness of each case being evaluated. To do this emissions of specific 
pollutants are first combined into a single "Equivalent Emission" defied as: 

Ee = 2.9 (Ep+ENOa + 0.5 ECO + ESO, 

where: Ee = Equivalent Emissions, metric tons per year 
Ep = particulate emissions, metric tons per year 
ENOX = nitrogen oxide emissions, metric tons per year 
ECO = carbon monoxide emissions, metric tons per year 
ESO, = sufir dioxide emissions, metric tons per year 

.. 

Conversion or upgrade capital costs are then annualized assuming a project life of 20 years and an 
interest rate of 15%. This ann- capital cost is then added to the annual user cost and the result 
is termed the "user combined cost". Finally, for any specific option implemented the change in user 
combined cost is calculated per-ton of reduction of equivalent emissions. This user combined cost- 
per-ton of Ee reduction is then taken as a primary basis for comparing options. In addition to this 
relative measure of option cost-effxtiveness it is also necessary to consider the impact of options on 
total emissions. Options which are highly cost effective but which do not have substantial impacts 
on total emissions obviously should not be given high priority. 

Table 2 shows a comparison of a selected group of options. The comparison is based on the 
combined cost-per-ton of Equivalent Emission reduced as discussed above and also the capital 
investment required per ton 'on Equivalent Emission reduction. Options 1 to 5 address the home 
stoves. In options 42, and 3 the stoves would simply change to the use of smokeless briquettes. In 
the Phase I test work fbels of this type were tested and produced very dramatic reductions in 
emissions, most notablyparticulates which decreased by a factot of'l0. This he1 is not currently on 
the market however, and there is some uncertainty about its actual price. Also during the Phase I test 
program a new procedure for operating the stove was developed which led to reduced emissions with 
the briquettes and increased efficiency. Options 1-3 in Table 1 bichde different assumptions about 
price and efficiency for the briquettes. Option 1 is very optimistic and assumes that the briquettes 
can be sold for about the same price as current coal and that the new operating procedure will be 
promoted with the new hel. In this case the residents will have reduced annual operating costs 
leading to a negative value for the combined cost per ton figure. Option 2 represents the same price 
assumptions but does not take credit for increased efficiency with briquettes. Again the option looks 
very attractive. In Option 3 the briquettes are assumed to cost much more than coal - $1151 ton 
compared to $80/ton - and there is no credit taken for efficiency improvement. This option is 
certainly less attractive but it is still very competitive with some of the others. 



Under Option 4 home stoves in the hbzow part of Krak6w are converted to electric heating. This 
part of the city has spare electric power capacity and is considered to be very suitable for such 
electric conversions. In making these conversions the stove is not removed but electric resistance 
heating elements are simply inserted into the firebox. It is assumed that the owner of the converted 
stove will have installed a dual rate electric meter and only use the heating inserts during the low-rate 
daily time periods. In Option 5 the stoves are removed, and a small gas-fired boiler and hydronic 
heating system are installed in each flat. This option has been receiving considerable attention in the 
city and is being implemented in some areas. It is clearly, however, an expensive approach. 

Use of smokeless briquettes in home stoves assuming current 
efficiency is 52% and efficiency with briquettes is 72%. Same 
price for both fuels. 

efficiency is 52% both with current fuel and briquettes. Similar 
price for both fuels. 

efficiency is 52% both fuels. Current coal price is $8O/metric 
ton and briquette price is $1 15/metric ton. 

Use of smokeless briquettes in home stoves assuming 

Use of smokeless briquettes in home stoves assuming 

Conversion of home stoves to electric heating in bbow part 
of Krak6w. 

Table 2. Comparison of Selected Options for Reducing Emissions From Low Sources in Krak6w 

-$507. 

- $237. 

$390. 

$473. 

- 
1 

- 
2 

- 
3 

- 
4 

Replacement of home stoves with small, gas-fired heating 
boilers. 

Option 

$1,267. 

Combined Cost per 
Metric Ton of 
Equivalent Emission 
Reduction 

7 

8 

9 

10 

1 1 

12 

Conversion of hand-fired boilers which use coke to gas. 

Conversion of hand-iired boilers which use coal to codcoke 

$1,730. 

$1,245. 

Elimination of hand-fired boilers which use coke by 4177. 
connection to the district heating system 

to the district heat system 

and improved operations 

Stoker-fired boilers - boiler house modemization including 
new boilers and pollution controls 

E W o n  of hand-iired boilers which use coal by connection -$114. 

Stoker-fired boilers - use of graded coal, addition of conbols $ 84. 

$3,280. 

6 I Conversion of hand-iired boilers which use coal to gas 1 $1,070. 

Capital Cost per 
Metric Ton of 
Equivalent 
Emission 
Reduction 

$ 0. 

$ 0. 

$5,181. 

$8,500. 

$3,160. 

$9,035. 

$6,100. 

$2,190. 

$10,900. 



Options 6 to 10 address the small hand-fired boilers. In options 6 and 7 boilers currently firing coal 
and coke are converted to gas firing (boiler replacement). This option is clearly an expensive one but 
it is being promoted very strongly within some parts of the city for which no other option is available. 
Conversion of coal-fired boilers to gas is more attractive than coke-fired boilers simply because of 
the higher emission factors with coal-firing. In option 8 boilers which currently fire coal are 
converted to codcoke mixtures which yield considerable reductions in particulate emissions. It is 
interesting to note that this approach is less attractive than direct conversion to gas. With conversion 
to the mixed he1 the emissions reductions are not as great as with conversion to gas and there is still 
the need for operators to be present. In Options 9 and 10 the hand-fired boilers are eliminated by 
connecting th& load to the district heating system. This involves the replacement of the boilers by 
heat exchanger stations. The figures in Table 1 show this to be a very attractive option. It should 
be noted, however, that capital costs for connection to the district heat system are very site spefic. 
For the areas evaluated during the Phase I engineering studies these costs ranged fiom $22 to $598 
per kW of capacity. An average value of around $9O/kW was used for the figurks listed in Table 2. 

Options 11 and 12 address the larger, stoker-fired boilers. In Option 11 it is assumed that the 
performance of the existing boilers is improved through the addition of automatic controls which will 
allow the boilers to operate at lower excess air levels and higher efficiency. In addition it is assumed 
that the current fine coal used in these boilers is replaced by graded coal, properly sized. With this 
approach it is assumed that the boiler efficiency is improved by about 10% and the capital cost of 
the controls is $17/kW. The graded coal is assumed to cost $42/ton compared to $3 Ikon for the 
baseline coal. Option 12 represents a drasticmodernization of the boiler houses including the 
installation of Polish made fluid bed boilers burning very low grade fie1 with a sorbent added, and 
a baghouse dust collector. The capital cost for this option is $244/kW. This option was developed 
d k g  the Phase I studies as part of a general modernization study conducted jointly by Polish and 
American firms. Work in the U.S. was done by Burns and Roe Services Co. and Burns and Roe 
Engineering Co. Of the options considered this was the lowest cost approach. 

I 

Another approach towards comparing options involves examining the amount of emission reduction 
per dollar required from the city . During the Phase I work recommendations were developed for 
incentives programs to promote specific options [5]. These options in every case involve some cost 
to the city. The level of incentive was developed to make the option economically attractive to the 
owner,investor, or resident involved. The economic evaluations done as part of these were more site 
specific and detailed than those included in the spreadsheet discussed above. Several scenarios were- 
used for energy price trajectories. Table 3 shows the results of this comparison using one energy 
price scenario. 

Table 3 includes two cases for the use of briquettes in home stoves. Both assume that initially 
subsidies will be applied to effectively make this &el less expensive than coal. The difference in the 
two scenarios is the rate at which those subsidies would later be withdrawn. 

Generally the results in Table 3 show a relationship between options which is similar to the results 
of the simpler spreadsheet analysis. The use of the briquettes and connection to the district heating 
system are more attractive than the other options. 



Option Incentives Required (Present Value 
over 20 Years) 

Connect hand-W boilers to the $198,005. 

Convert hand-fired boilers in Old $759,858. 
Town to gas 

Convert tile stoves to electric inserts $975,571. 

Briquettes (gradual withdrawal of $1,360,000. 

district system 

subsidies) 

Briquettes (rapid withdrawal of $600,743. 
subsidies) 

PLANS 
Currently, eight U.S. companies are working to develop joint venture projects in Krakbw as part of 
Phase III program. These projects are focused in the option areas which now appear most attractive 
for the city including: briquettes, modernization of the stoker-iired boiler houses, and expansion of 
the district heating system. BNL in cooperation with BRK in Krakbw are now beginning some new 
activities which have been designed to help both these joint venture projects as well as the city of 
Krak6w more directly. This work includes: seminars for other Polish cities on the work in Krakbw, 
a conference to be held in Krakbw in October, 1995, the development of a master plan for the 
reducing pollution fiom the low emission sources , the development of a Geographical Information 
System within Krak6w to allow rapid evaluation of low emission source projects, site-specific 
feasibility studies in support of the Phase III projects, and direct assistance to the U.S. companies 
currently working in Krak6w. 

. 

Equivalent Emissions Reduction per 
$1 ,Ooo (tom) 

17.43 

5.19 

5.04 

24.63 

55.77 
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DISCLAlMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, not any of their contractors, sub- contractors, or their employees, makes any 
warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, 
completeness, or usefblness of any information, apparatus, product, or process disclosed, or 
represents that its use would not infringe privately owned rights. Reference herein to any specific 
commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, 
does not necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency, contractor, or subcontractor thereof. The views and 
opinions of authors expressed herein do not necessarily state or reflect those of the United States 
Government or any agency, contractor or subcontractor thereof 
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