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The air quality in many Central European cities has degraded during the past several decades with heavy use of solid fuels for heating.  This paper discusses the steps being taken in Cracow, Poland to reduce air pollution from these sources.  An important part of the solution involves expansion of the district heating system to eliminate highly polluting, local sources including home stoves, hand-fired boilers, and small stoker-fired boilers.

Since 1990 the U.S. Department of Energy has been cooperating with officials in Poland. Activities include connection of building loads to the network, installation of local gas boilers in remote areas with ownership by the district heat utility, and replacement of home stoves with electric heating. Expansion of the district heat system is being accompanied by modernization of the remaining solid-fuel-fired heat sources, building energy conservation measures, and improved heat metering. Air quality has improved dramatically over the same time period.
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BACKGROUND

Cracow is one of the largest and oldest cities in Poland and was its capital from the 11th to 17th centuries. It is located in southern Poland, and currently has about 750,000 residents. It is a major university center in Poland, an important industrial center, and is precious for numerous historic buildings. Cracow has been included in the UNESCO list of world cultural heritages.

In the eighties Cracow was particularly at risk because of heavy air pollution which led to increased incidence of diseases among its residents and a rapidly increasing rate of devastation of the priceless cultural heritage. The air pollution was caused by local heat sources (low emissions), industry, and pollutants imported from other regions. Low emission sources are concentrated in the center of Cracow. Although low emissions accounted for 35-40% of the total pollution, it resulted in the highest local pollution concentration in Cracow’s center. In the late eighties the average annual concentration of suspended particulates in the center of Cracow was over 100 (g/m3, almost twice the permissible level of 50 (/m3, and the concentration of SO2 was more than three times the permissible level of 32 (g/m3.

Since 1990 the U.S. Department of Energy has been involved in the Cracow Clean Fossil Fuels and Energy Efficiency Program. The formal basis for the U.S. assistance to Poland in this area was provided by the Support for Eastern European Democracy (SEED) Act of 1989.  Part of this legislation directed the U.S. Department of Energy (USDOE) to cooperate with U.S. and Polish experts to undertake an assessment program in Poland to use fossil fuels cleanly in small-scale combustion equipment.  This program became specifically directed toward reducing air pollution caused by small, coal-fired sources in Poland. The program focuses on the City of Cracow and is designed so that results will be applicable and extendable to the entire region. A total budget of 20 million dollars was allocated.

Funding for this program is provided to USDOE by the U.S. Agency for International Development (USAID).  In 1991, USAID and USDOE signed an interagency agreement to conduct the project. Representatives from both organizations worked with Polish officials to establish an eight-member Bilateral Steering Committee (BSC) to plan and oversee the Program.  In 1991, U.S. and Polish officials signed a Memorandum of Understanding formally initiating and directing the Cracow Clean Fossil Fuels and Energy Efficiency Program.  

Developing a program approach for the most effective use of the available funds required considerable effort on the part of all project participants.  The team recognized early that the cost of solving the low emissions problem even in only one city far exceeded the amount of available U.S. funds. Economic conditions in Poland limited availability of local capital funds for environmental projects.  Imposing environmental costs on struggling companies or city residents under the difficult conditions of the early 1990's required careful consideration of the economic and political impacts. For all of these reasons the program sought to identify technologies for achieving air quality goals which, through improved efficiency and/or reduced fuel cost, could be so attractive economically as to lead to self-sustaining activities beyond the end of the formal project.

From the beginning, the program focused on 5 main areas of interest:

1.  Energy Conservation and Extension of Central Station District Heating.  Conserving energy and installing energy-efficiency measures reduce the load and emissions from boiler houses or make more heat available for expanding the district heating system.  Extending the central station district heating system would eliminate local boiler houses in favor of heat supplied by more efficient, less polluting co-generation plants.

2.  Replacement of Coal- and Coke-Fired Boilers with Natural Gas-Fired Boilers.

3.  Replacement of Coal-Fired Home Stoves with Electric Heating Appliances.

4.  Reduction of Emissions from Stoker-Fired Boiler Houses.  Many local boiler houses are relatively new or are far from existing district heating lines.  These boiler houses will not be replaced or eliminated, but there are numerous alternatives to increase their efficiency and reduce their emissions.

5.  Reduction of Emissions from Coal-Fired Home Heating Stoves.  Due to economic considerations, it is likely that many coal-fired home heating stoves will remain for some time.  Therefore, this Program also explored ways to reduce emissions from existing stoves.

Phase I consisted of information gathering and analysis of technical alternatives.  In this phase various technological alternatives for pollution reduction were identified.  Combustion tests were performed to measure the emissions reduction performance of each technology, and economic analyses were performed to determine the cost of implementing these alternatives.  Regulatory and financial incentives were identified to encourage the implementation of these technological alternatives.  Phase I was conducted cooperatively by numerous organizations, under USDOE direction, including: Biuro Rozwoju Krakowa (BRK), Brookhaven National Laboratory, Pacific Northwest National Laboratory, Electrotek Concepts, Inc., Cracow Polytechnic University, the Academy of Mining and Metallurgy, and MPEC, Cracow’s district heat utility.  Phase I studies including an energy conservation demonstration, air quality impact studies, public opinion studies, source test results, and option analyses are all described in the Phase I report [1].

As part of Phase I, a spreadsheet model was used to examine the economic and environmental impacts of the various options for reducing pollution from the low-stack sources.  The spreadsheet was designed as a screening tool to assist in making energy-related policy decisions and has been used in other cities. Using a metric that incorporates capital and operating costs per unit of emission reduction, the following ranking of options was found:

–
Use of improved fuels;

–
Upgrade of stoker-fired boilers with automatic controls and improved fuels;

–
Connection to the district heating network;

–
Conversion of coal-fired tile stoves to electric heating;

–
Conversion of solid-fuel fired boilers to gas;

–
Conversion of coal-fired stoves to gas-fired units; and

–
Modernization of stoker boilers.

Phase II consisted of three public meetings designed to inform U.S. and Polish businesses about the program and its opportunities.  The meetings were held in Chicago, Illinois and Washington, D.C. in June 1992 and in Cracow in November 1992.  

Phase III consists primarily of projects conducted cooperatively by U.S. and Polish companies to introduce U.S. technologies and services to reduce emissions in Cracow.  Projects were selected through a solicitation issued by the U.S. DOE in September 1992.  The solicitation requested proposals from U.S. firms for cost-shared Cooperative Agreements.  U.S. firms that proposed were strongly encouraged to include Polish firms as team members.  The minimum cost sharing was 50% to be provided by the U.S. firm, its Polish team members, or third party investors. Proposals were received by USDOE in February 1993. Following the evaluation process a total of nine firms were selected for awards of Cooperative Agreements in the Cracow Program.  The scope of work for each of these projects has been described earlier [2,3,4].  

Several of the Phase III projects involved the district heating system. Controls were installed on five stoker-fired coal boilers at the Balicka boiler house. This plant is owned by MPEC, Cracow’s district heating company, and supplies heat to a nearby housing development and process steam to local industry.  Three hot water and two steam boilers were fitted with the automatic controls which optimize excess air and efficiency. The project also included operator training.  A separate project added controls at the same boilerhouse covering the internal mixing node, the water purification system, supervision of the entire Balicka District, and measurement of flue gas composition, and flow. The same project replaced hydroelevators with heat exchangers, installed building heat meters, upgraded internal building heating systems and replaced a number of local boilers with heat exchangers.

Another of the projects allowed retirement of local boilers by identifying attractive candidates and connecting them to the district heating system. Thirty-three facilities at 26 sites within Cracow were identified, negotiated with, and connected to the main district heating network.  Infrastructure improvements included not only the distribution piping, but also all required pumps, heat exchangers, metering, controls, and other items needed to make the system functional, reliable and efficient.  Prominent sites included: Dworzec PKP (Cracow Main Rail Station), Akademia Rolnicza (Academy of Agriculture campus at 29 Listopada), the Nursing Home Complex of Helclów Street, and several other institutional, commercial and residential buildings.

Another U.S. company involved in Phase III developed a new concept for mechanical dust collection - the Core Separator.   In Poland mechanical particulate collectors have traditionally been used over more efficient control devices in industrial applications due to lower initial and operating costs.  The Core Separator is more efficient than conventional mechanical collectors.  Dust emissions from this device are typically 3-6 times lower than from even the best cyclone collectors.  Its performance approaches that of fabric filters and electrostatic precipitators (ESP), but at much lower cost. This project involved the refit of Core Separators to existing, coal-fired boilers.

Installations were completed at two sites in Cracow.  This includes one stoker fired boiler located at the plant of a motor manufacturing company - Armatura - and three stoker-fired boilers located in a service facility of the national bus company - MPK.  At each of these sites testing was done to document actual performance.  At Armatura the boiler has a nominal capacity of 6 MW and measured particulate removal efficiency was 95.4%.  At MPK the total boiler capacity is 1.5 M W.  Two of the three boilers were tested at MPK and measured particulate removal efficiency was 91.4% and 96.0%.  Beyond the formal scope of this program a total of 44 Core Separator installations have been completed in Poland, with a combined capacity of about 1.4 million m3/h or about 200 MWe equivalent boiler capacity.

In parallel with the Phase III Cooperative Agreement projects, the BSC has commissioned some additional work to be done in Cracow.  Generally this work addresses needs of the City of Cracow in planning for the long term changes in energy use and also addresses some aspects of the low emission source problem for which no Phase III proposals were received.  This work includes direct elimination of solid fuel-fired boilers, to be accomplished by conversion to gas-fired boilers or by connecting them to the municipal district heating system. Priority is given to boiler houses located in the center of Cracow and to buildings owned by the municipality. 

Heating Systems in Cracow

The following heating systems operate in the city:

1. central district heating system supplied with heat by the Cracow Combined Heat and Power Plant, the Skawina Power Plant and the CHP plant of the Sendzimir Steelworks;

2. local heating systems supplied by five boiler houses; 

3. local boiler houses/rooms serving individual buildings; and

4. individual heating facilities  - home stoves, apartment heating systems.

The central heating system supplies energy to almost all of the densely settled areas. The total amount of heat transported via the system amounts to 1,545 MW. Energy is supplied in the form of hot water through four district heating mains leaving the central source of heat radially, and a main connecting the municipal system with the Skawina CHP Plant. The mains are interconnected forming annular systems. Users are connected to the system via thermal nodes, such as heat exchanger stations serving housing estates, local heat exchanger stations, hydroelevators, mixing pump systems, and direct connection.

A home heating survey done in Cracow in 1991 as part of the Krakow Clean Fossil Fuels and Energy Efficiency Program showed that there were 1,133 solid fuel-fired boiler houses with a combined rated capacity of 965 MW, about 100,000 coal-fired home stoves, and 17,000 spaces heated by small, solid fuel-fired home boilers. The boiler houses consumed about 375,000 Mg of solid fuels annually, whereas the home stoves and small apartment boilers consumed an additional amount of 100,000 Mg.

As of the end of December 1997 there were 489 solid fuel-fired boiler houses with a combined capacity of 450 MW. Fourteen of the boiler houses (with a combined capacity of 5.4 MW) are located in the Old Town, 172 boiler houses (with a combined capacity of 48 MW) are located within the second ring road, and 348 boiler houses (with a combined capacity of 486 MW) are located outside the second ring road.

In terms of the type of equipment, there are more hand-fired boilers (1,248) than stoker boilers (142 boilers). Of that number, 79% of stoker boilers are equipped with air protection facilities, usually cyclones or multicyclones. Only 33 hand‑fired boilers (2.6%) are equipped with dust collection facilities. Cast-iron boilers types ECA IV and KZ-5 prevail among hand-fired boilers. Most common among the stoker boilers are WCO, PCO, and WLM boilers.

Classified according to their size, small boiler houses, with a capacity up to 500 MW, are in majority (about 80% of all boilers). The few boiler houses with capacities over 1,000 kW are located mainly in more remote parts of the city. These large boiler houses account for about 70% of the installed capacity.

In terms of fuel, coal fines and coke predominate, namely 41 boiler houses fire 106,000 Mg of coal fines, 378 boiler houses fire 32,000 Mg of coke, 43 boiler houses fire 6,600 Mg of coal, and 27 boiler houses fire a coal-coke mix. Altogether 489 boiler houses fire about 147,000 tons of solid fuel annually.

CRACOW’S DISTRICT HEATING SYSTEM
The development of the Cracow district heating system began in the late forties, or to be more precise at the moment that a huge metallurgical plant was built on the outskirts of Cracow, with the accompanying residential and service infrastructure (now part of Cracow). At that time, Cracow was mainly heated by individual coal stoves and several boiler houses that supplied heat to a limited number of residents only. 

On May 29, 1953, by a decision of the Presidium of the City of Cracow, a state-owned municipal enterprise was established, called "Municipal Thermal Stations" in Cracow. The enterprise comprised seven boiler houses built in new housing estates of the Nowa Huta district, five boiler houses in Cracow, and 30 km of district heating network. In 1956, other local boiler houses of the town were placed under the management and operation of this enterprise. In 1960, the first buildings and housing estates were connected to a new source of heat, the Dajwór Combined Heat and Power Plant. Ten years later, in 1970, a combined heat and power plant was commissioned in Łęg (which was later named the Cracow Combined Heat and Power Plant). The new CHP plant supplies heat through four district heating mains, which became the basis of a new system providing Cracow with heat. In 1978 the construction of a district heating main connecting Skawina and Cracow was begun, to ensure the possibility of heat supply from two sources. Consequently, in 1985 heat from Skawina was supplied to the Ruczaj housing estate in Cracow, to provide both space heating and domestic hot water.

In December 1993 the Cracow Municipality passed a resolution transforming the state-owned enterprise into a joint stock company - it was registered December 30, 1993.  The core activity of this established Municipal District Heating Company S.A. (MPEC S.A.) is the supply of heat - to industrial facilities, offices, and apartments - via an extensive system of five district heating mains. Energy is used not only for space heating; MPEC S.A. also supplies domestic hot water and process steam to industrial facilities. In addition to distribution of purchased heat, the company provides services associated with production and distribution of heat generated in its own boiler houses (industrial, local) supplying hot water for space heating, domestic hot water, and process steam.

The company's share in the market for heating services rendered to residents of Cracow and Skawina amounts to 70% whereas the share in the market for services rendered to industry is 50%. MPEC S.A. heats 7,700 buildings with a combined area of 13,275,000 m2 and a total load of 1,637.2 MW. The company operates the district heating network with a combined length of 836.4 km (including process steam pipelines). Heat is bought from three producers, namely the Cracow Combined Heat and Power Plant S.A.- 78.1%, the Skawina Power Plant - 19.8% and the combined heat and power plant of the Sendzimir Steelworks - 2.1%. In addition, MPEC S.A. produces heat in its own boiler houses; 3 large boiler houses serving housing estates and 54 local boiler houses generate altogether 91.4 MW. 

Modernization Of The District Heating System In Recent Years

Modernization of the district heating system began in the early nineties, at the time when Poland began economic transformations and gained access to advanced technologies. The results of the district heating Master Plan, which included numerous technical, economic and financial analyses, made it possible to determine the directions of modernization of the Cracow district heating system and to take a World Bank credit for revamping the infrastructure. Several phases can be identified in the activity of MPEC S.A. involving new construction and refurbishment projects.

For the first three years beginning in 1991, efforts focussed on modernization of the district heating network. This included replacing gland expansion joints with leakproof, more reliable bellows expansion joints, replacing spindle-shaped valves with ball valves and flap valves, and gradual replacement of the most seriously worn out sections of the network built traditionally in channels with preinsulated pipes laid directly in the ground.  The process is still going on. Preinsulated pipes account for 15% of the total network.

Beginning in 1994, measurement devices were installed in high‑temperature district heating thermal nodes, and subsequently in low-temperature nodes; the whole operation was completed in 1998.  In the same year, automation systems were installed in collective and individual thermal nodes; antiquated and worn out direct-type nodes (including hydroelevators and WCO-type heat exchangers) were replaced with modern, compact plate exchangers.

The types and number of the new equipment is specified below: 


1. Bellows expansion joints
499 pcs.
  Dn 200 - Dn 1000


2. Ball valves              
15,718 pcs.
   Dn 10 - Dn 600


3. Flaps                
284 pcs.
  Dn 150 - Dn 1000


4. Preinsulated pipes   
117,013 m 
     Dn 25 - Dn 1100


5. Heat meters               
8,000 pcs.
   Dn 15 - Dn 150


6. Compact heat exchangers   
1,047 pcs.
      50 - 1500 kW


7. Automation for nodes
196 sets   
1,000 - 18,000 kW 

These are the most significant modernization tasks completed using World Bank funds and MPEC S.A. own funds. Owing to the modernization, the Cracow district heating system has become technically advanced as regards the equipment and its operation, which makes it reliable and competitive with other energy sources.

Recent Changes In The "Energy Law" - Impacts On The District Heating System
The Energy Law of April 1997 and Secondary regulations to this Act impose on district heating companies the obligation to organize a much more extensive and detailed pattern of network operation than was required by the previous Act. District heating companies have to develop a program for operation of the network under steady operating conditions and for emergencies or reduced heat supply or consumption. The program should take into account local conditions of heat supply, the requirement of rational use of fuels and energy, as well as environmental considerations; the program should also ensure optimization of the costs of heat supply to customers. In particular, the program should define:

1. network operating conditions prevailing in, and outside the heating season, that is parameters needed to determine: the heating medium flow rate, time of turning the heating on and off, time of planned outages in the operation of the network and equipment, means of controlling and registering the amount of heat supplied and taken from producers, documentation of the district heating system operation,

2. possibility of reserve heat supply in the event of breakdowns at sources of heat or in the network,

3. principles of making changes in the program for network operation.

District heating companies should operate the network in compliance with the service manual which defines procedures and principles of activities associated with operation of the network.  District heating companies should periodically (at least once every 5 years) analyze the operation of the district heating network.

A very important issue, which results from the Energy Law Act, is the obligation that district heating companies should install measurement-billing units in all facilities connected to the district heating system, which would eliminate the lump-sum billing system.  New legal regulations in the district heating industry require both producers and distributors to prepare systems of tariffs and charges that should clearly account for costs incurred by individual customers.  Validation of tariffs is vested in the Energy Regulatory Office (URE).

ELIMINATION OF BOILER HOUSES
MPEC Activities

Almost from the beginning of its existence, MPEC S.A. has been trying to improve the quality of Cracow air by eliminating solid fuel-fired boilers; this has been done by connecting them to the expanding district heating network or by converting them to gas. 

As these environment-related projects contribute to the reduction of pollutants in Cracow, MPEC S.A. works with a number of partners who participate in these undertakings and finance them.  The main partners in the program for elimination of low emissions are:

·   The U.S. Department of Energy

·   EcoFund

·   Municipal Fund for Environmental Protection and Water Management

In the years 1991-1998, in co-operation with these partners MPEC S.A managed to eliminate 296 solid fuel-fired boiler houses with a combined capacity of 225 MW.  This resulted in the following annual reduction in pollutant emissions: particulates by 2,400 Mg, SO2 by 1,200 Mg, NO2 by 500 Mg, and CO by 1,750 Mg.

These environment-oriented actions brought many advantages:  the use of funds, subsidies, etc. made it possible to implement projects that showed no (or low) viability in terms of pure economics; the area covered by the municipal district heating system was expanded; and the competitiveness of MPEC S.A. on the energy market increased, both in and outside Cracow.

ECK S.A. Program for Small Boiler Elimination
The Cracow Combined Heat and Power Plant (ECK S.A.) is the main producer of electricity and heat in Cracow. Its generating capacity amounts to 1,460 MWt of heat and 450 MWe of electricity. The economic transformation of the nineties, the introduction of the market economy, bringing energy prices closer to actual costs, and the energy conservation drive among customers, all led to the formation of a very competitive energy market in Cracow. In the years 1990-1995 the decrease in thermal power ordered by customers amounted to 260 MWt. This led to considerable increase in the unit generation costs which involved the danger of losing the competitive position and, consequently, losing the market. Elimination of low emissions is one of strategic directions to the recovery of thermal power and ECKSA's investment and marketing activities. 

Based on a detailed survey of local sources of air pollution and the engineering studies and analyses done in Phase I of the American-Polish Program, 560 boiler houses with a combined capacity of 357 MWt were identified in the area supplied with heat by ECKSA. In 1994 ECK S.A. became the first CHP plant to introduce demand-side management. The offer prepared for boiler house owners provided for:

1. construction of district heating network extensions to supply hot water from the district heating mains to heat exchanger stations

2. construction of heat exchanger stations to replace the existing solid fuel-fired boiler houses

3. arrangement of project financing to cover capital costs

4. preparation of relevant formal and legal procedures.

The projects were financed by the CHP Plant (66%) and by funds available in Poland that support environment-oriented projects: the EcoFund foundation (15%), the Provincial Environmental Protection Fund (14.5%), and US Department of Energy (4.5%). In the years 1994-1997 ECK S.A. constructed more than 20 km of district heating pipeline and connected to the municipal district heating network 90 local boiler houses with a combined capacity of 80 MWt. Under the program for elimination of solid fuel-fired boiler houses ECK S.A. co-operated with a Phase III U.S. company that supplied freely programmable controllers employing the "Direct Digital Control" technology. The controllers optimize the use of energy according to ambient temperature, thus eliminating waste. 

The connection of 90 boiler houses to the municipal district heating network resulted in reducing the amount of dust falling on Cracow by 980 Mg annually. As a result of the program, the downward trend in the thermal load was reversed in 1997 which resulted in increased sale of thermal power and energy to the municipal district heating network.

In parallel to activities within the Cracow Clean Fossil Fuels and Energy Efficiency Program, ECK S.A. was involved in other modernization and environmental projects.  The Plant adapted its technical facilities and organization to the modernization of the district heating network by introducing qualitative-quantitative control (temperature and flow rate) of district heating water. Since 1995 two sets of variable speed controllers were installed on district heating pumps, which makes it possible for ECKSA to adapt its operation to changes in district heating water flow rate ranging from 11,000 to 14,000 tons/h within 24 hours. Such changes were made possible by modernization of the district heating network and, in particular, the weather controllers which control the operation of customers' heat exchangers. This task is an important factor promoting rational supplies of heat to Cracow.

In addition, a flue-gas conditioning system was installed on boilers at the coal-fired generation plant, which increased the efficiency of electrostatic precipitators from 97% to 99.5%, consequently reducing dust emissions by a factor of four.  Low NOx burners were installed, reducing the NOx emissions by 50%.  Low-sulfur coal, with a sulfur content below 0.8%, is now burned in the plant.  Also, the availability and efficiency of electrostatic precipitators has been improved due to revamping.  Finally, as part of the particulate and gaseous pollutant monitoring system, two measurement units were installed to measure pollutants generated by power units and the combined pollutants from heat-only boilers. 

As a result of environmental-oriented programs implemented in ECK S.A. the amount of particulate emissions recorded the Plant's monitoring system are below the standard set by the European Union, i.e. 50 mg/Nm3. The total amount of dust released to the atmosphere decreased by 67.2% relative to 1992. The dust emission rate of 116 g/GJ meets the stringent standard binding since 1998 (130 g/GJ). The actual emission rates of nitrogen oxides (below 205 g/GJ) and of sulfur dioxide (668 g/GJ) guarantee that current standards are met.

Currently the Cracow Combined Heat and Power Plant is preparing to extend its offer for 1999 under the Polish/American program for elimination of low emissions to replace local, solid fuel-fired boiler houses with gas boilers. ECK S.A. is also considering the use of state‑of-the-art technologies, i.e. gas microturbine-based (MCT) cogeneration plants producing electricity and heat simultaneously.

All the activities undertaken by ECK SA stem from its mission which reads:  "In harmony with our surroundings, we generate electricity and we heat Cracow inexpensively and reliably while protecting its historic monuments and natural environment."

Ongoing Efforts

In current work under the Polish-American Low Emissions Program emphasis is on accelerating the elimination of small, solid fuel-fired boilers which heat single buildings or small groups of buildings.  These small boilers are hand-fired and have high emission factors. The U.S. side is directly providing up to 50% of the project costs.   There are two main options for these buildings.  In the first, the solid fuel-fired boilers are replaced with new gas-fired boilers.  In the second, the building is connected to the district heating network.  

In the case of gas conversion, building owners may provide the balance of the required project funding.  While some local assistance funds are available, conversions under this option are limited by the financial burden imposed on the building owners.  Both MPEC S.A. and ECK S.A. have developed financing plans to promote boiler conversions under this program.  The utilities will provide the balance of the required funds (beyond the U.S. share).  Some of this will be utility funds and some will be environmental loans from the national EcoFund.  This fund will support only larger projects such as the conversion of a group of buildings.  At each site the utility will make a choice between gas boiler installation or connection to the district heating system.  The building owner, who will incur no capital costs, will provide the utility free-of-charge use of the space and agree to a long term purchase of heat from the utility at the uniform district heat tariff.  The utility will own and maintain the installed equipment.  

During the summer and fall of 1998 BRK conducted an effort to inform building owners of the program and to develop a firm list of sites to be converted.  Some of the applicant sites were rejected due to ownership or technical reasons.  A total of 104 buildings were selected and there may be some additional sites.  Table 1 provides a summary.  The smallest building selected for the gas conversion has a design capacity of 40 kW and the largest is 1,430 kW.  For the district heat conversion the smallest site has a design capacity of 25 kW and the largest is 1,200 kW.   The total estimated cost for this effort is $4,400,000.  

Table 1. Summary of Sites for Elimination of Solid Fuel-Fired Boilers


number of buildings
total capacity (kW)
average capacity

(kW / building)

Gas – utility funds
37
9,699
262

Gas – private funds
18
4,404
245

Gas – total
55
14,103
256

District Heat
49
12,385
253

Project Total
104
26,488
255

All of these currently planned conversions will be completed before the start of the heating season in the fall of 1999.  Initial plans are being made for an extension of this program next year.

A second project currently planned involves the modernization of the heating system at the Polish-American Children’s Hospital.   The project involves closing a coal-fired boiler house that currently provides high temperature water (175 C) to the hospital complex through a 2.5 km pipeline.  This boiler house is stoker-fired and has a total peak capacity of 17.5 MW.  The boiler has high air pollutant emission factors and is located in a residential area.  Thermal efficiency of the boiler / pipeline system is very low.  The modernization includes:

1. upgrading of the district heating system connection

2. construction of a gas-fired steam boiler house on site to meet local steam demand

3. construction of a hot water boiler house, gas-fired, which will serve as a stand-by heat source.

Again, U.S. funds will cover about half of the project costs and the balance will be provided by MPEC S.A., which will be responsible for all construction activities.  All of the new on-site boilers will be owned and maintained by MPEC S.A.  The coal-fired boiler house will be removed.

Another area of current interest involves home coal stove elimination.  While many alternatives have been considered, the option of choice for these highly polluting local sources is electric conversion.  In the simplest approach electric heating elements are installed in the grate area of the current stoves.  These are powered during periods of low electric rates.  A major challenge in this scheme is the siting of transformer stations required to provide the electric capacity for each building.  A siting study for specific areas of the city is in progress.

AIR QUALITY IMPROVEMENTS
By the end of the eighties the solid fuels, and particularly coal, dominated. There were many local boiler houses and home stoves fired with solid fuel. In recent years a tendency is observed to use environmentally friendly fuels, which are easy to use and do not call for permanent operators. In the nineties natural gas became generally available, and heating oil came into use on the city outskirts. The main source of space heat is still the municipal district heating system.

In 1980 the Act on Environmental Protection and Management was passed. The act made it obligatory for companies and organizations to obtain an "emission abatement order" which specifies the types and amounts of pollutants that can be released to the atmosphere. The ordinance by the Minister of Environmental Protection, Natural Resources and Forestry of 1990 specified the permissible emission levels for sulfur dioxide, nitrogen dioxide, and particulates generated during combustion of fuels for heating purposes. The ordinance introduced stringent standards for energy-generating facilities commissioned after December 31, 1994, whereas a two-stage adaptation procedure was adopted for existing facilities - more lenient standards to be met by 31 December 1997, and stringent standards to be met after 31 December 1997. In 1998 the Act on Environmental Protection was amended and the ordinance by the Minister of Environmental Protection introduced further restrictions on the permissible amounts of industrial pollutants released to the atmosphere.

In 1991, owing to combined efforts of the US Environmental Protection Agency and the Provincial Inspectorate of Environmental Protection, an air monitoring system was set up in Cracow. The system consists of 7 stations that monitor ambient air (located in representative points of the city, a computer center, and a forecast office). The system enables continuous measurements of SO2, NO2, NOx, CO, O3, and suspended particulates. In addition, concentration of heavy metals in suspended particulates and main weather parameters are measured. 

The above-mentioned legislative measures increased interest in environmentally friendly fuels and technologies. Gradual elimination of low emission sources followed. In 1991-1998 more than 700 boilers were eliminated, and a further 100 boiler houses will be eliminated in 1999.

The main investors in these projects are MPEC S.A. and ECK S.A. For this reason (in the years 1993-1995) the effort mainly focussed mainly on connecting the areas served by local boiler houses to the municipal district heating network. Most boiler houses located close to the network were connected.  Since 1997 conversion to gas has prevailed. Relevant data for individual parts of the city are presented in the table.

Table 2.  Boiler Houses in Cracow

Area
1991
1993
1995
1997
1998
1999

1st. ring road
48
39
20
14
5
2*

2nd. ring road
365
304
220
127
71
34*

outside 2nd ring road
720
663
495
348
321
255*

Total
1133
1006
735
489
397
291*

* planned

The elimination of home stoves is proceeding at a slower pace. There are currently 72,000 home stoves and apartment heating appliances fired with coal. It is estimated that they fire some 60,000 Mg of coal annually. It is estimated that in the years 1992-1998 about 28,000 home stoves were eliminated, most often by furnishing them with electric coils, in fewer cases by installing gas-fired stoves. Due to the considerable inconvenience of tending coal-fired stoves, there is considerable interest in replacing the existing heating systems. Elimination of home stoves in the city center is limited by the capacity of power supply system which can hardly be expanded due to difficulties in locating new transformer substations. Another obstacle to elimination of home stoves is that tenants and building owners lack funds, which prevents the installation of central heating systems based on gas.

The air quality in Cracow is gradually improving. Permissible ambient concentrations of pollutants are more often complied with. In 1997 for the first time for many years the average annual concentration of sulphur dioxide in the center of Cracow was below the permitted level of 32 (g/m3. The average annual standard for nitrogen dioxide, as reported for 1997, was met for the entire city. In 1997 less suspended particulates were reported than in previous years, however some monitoring stations are still reporting exceeded average annual concentrations. The presence of suspended dust is particularly troublesome in winter on days with unfavorable weather.
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