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Disclaimer

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, makes any warranty, express or implied, or assumes any legal liability or 

responsibility for the accuracy, completeness, or usefulness 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 thereof.  The views 

and opinions of authors expressed herein do not necessarily state or reflect those of the United 

States Government or any agency thereof.
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Abstract

A U.S./Polish Bilateral Steering Committee (BSC) and the Department of Energy (DOE) 

selected LSR Technologies, Inc. as a contractor to participate in the Krakow Clean Fuels and 

Energy Efficiency Program.  The objective of this program was the formation of business ventures 

between U.S. and Polish firms to provide equipment and services to reduce air emissions in the 

city of Krakow.  A cooperative agreement was entered into by DOE and LSR to begin work in 

April 1994 involving implementation of particulate control technology called a Core Separator™ 

for coal-fueled boilerhouses in the city.  The major work tasks included:  (1) conducting a market 

analysis, (2) completion of a formal marketing plan, (3) obtaining patent protection within Poland, 

(4) selecting a manufacturing partner, and (5) completing a demonstration unit and commercial 

installations.  In addition to work performed by LSR Technologies, key contributors to this project 

were (1) the Polish Foundation for Energy Efficiency (FEWE), a non-profit consulting 

organization specializing in energy and environmental-related technologies, and (2) EcoInstal, a 

privately held Polish company serving the air pollution control market.  As the project concluded in 

late 1998, five (5) Core Separator™ installations had been implemented in the city of Krakow, 

while about forty (40) others were completed in other regions of Poland.
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1.0 Executive Summary

Environmental cleanup and pollution control have been considered foremost national 

priorities in Poland during the post-communist era.  More than four decades of centralized planning 

has produced severe contamination of air, water, and soil throughout the country and a resulting 

deterioration of public health.  The government of Poland has begun to implement environmental 

controls in order to reverse this condition.  One of the targets of these controls has been the Polish 

coal industry, which in 1990 represented about 80% of primary energy production.  Coal 

utilization in Poland has been very inefficient with as much as 2 to 3 times more energy 

consumption as western Europe per unit of gross domestic product (GDP).

As part of the Krakow Clean Fuels and Energy Efficiency Program, LSR Technologies, 

Inc. was selected by a U.S./Polish Bilateral Steering Committee to participate in one of the five (5) 

pilot project areas.  The chosen pilot area focused on reducing particulate emissions from 

boilerhouses firing coal and coke, using new dust collector technology called a Core Separator™.  

It had been postulated that the Core Separator™, a cost-effective device with much higher 

efficiency than multicyclones, would be an excellent match for the highly fragmented boilerhouse 

emitters in Krakow.  In the early 1990s, the city had about 1,300 boilerhouses containing about 

2,900 heating boilers.  And, while many of the older boilerhouses have since been retired, there 

remains in Krakow a sizeable boiler population that is still a primary source of particulate air 

emissions.

A cost-shared Cooperative Agreement was entered into by LSR and DOE in 1994 to 

provide equipment and services to reduce emissions from these sources.  A two-phase project was 

created by dividing the work tasks into two successive and well-defined structures.  Phase I 

consisted of infrastructure studies including:  (1) completion of a business plan and market 

strategy, (2) evaluation and selection of a manufacturing partner to service the anticipated market, 

and (3) insuring that adequate financing and cost-share commitments were in place for the initial 

installations.  To complete this effort, the Polish Foundation for Energy Efficiency (also known as 
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FEWE) was contracted by LSR to assist in the overall planning and execution of work.  At the 

completion of the first work phase, the Polish firm, EcoInstal, was also selected as the principal 

business partner for LSR.

The Phase II effort involved a more substantial financial commitment to essentially 

implement the technology in boilerhouse applications.  A demonstration site for the first Core 

Separator™ was contracted with Krakowskie Zaklady Armatur, as part of a dust collector upgrade 

on a WR-5 heating boiler.  Four (4) additional Core Separator units were installed at other sites in 

Krakow.  In each, dust collector efficiency increased from 75-80% to the range 94-97%.  

Emission rates for dust particles correspondingly decreased to less than 20 grams/GJ (0.05 

lb/MBTU), which approaches that of more costly devices such as ESPs and fabric filters.  In 

parallel to the installations sited in Krakow, forty (40) additional Core Separator units were placed 

in operation in other regions of Poland, including many in nearby Silesia which is a source of air 

pollution in Krakow.

To accommodate the demand for Core Separator units in Poland, the manufacturing 

capability of EcoInstal was expanded substantially.  The process of upgrading the manufacturing 

process involved a major collaborative effort that included the following tasks:  (1) development of 

modular designs using CAD/CAM techniques, (2) technology transfer adapted to Polish metal 

sizes and specifications, (3) developing fixtures to standardize component parts, (4) the acquisition 

of new manufacturing equipment, and (5) extensive training for production workers.  As a result 

of these improvements, EcoInstal is recognized today as a respected air pollution equipment 

manufacturer that can compete with just about any metalworking company with respect to cost and 

product quality.

During the course of this project, both LSR and EcoInstal received prestigious awards that 

were each related to the Core Separator.  In 1996, LSR won the R&D 100 Award given annually 

to the best technology-based new products of the year worldwide.  In 1997, EcoInstal won the 

Polish Environmental Leadership Award given by the Minister of the Environment for exceptional 
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contributions toward pollution control.

This project has been very successful in achieving goals originally set forth by the 

U.S./Polish steering committee.  The project has been able to claim the following accomplishments 

consistent with those goals:

• Creation of a mutually beneficial business venture between a Polish and U.S. firm 

which will sustain itself on a continuing basis

• Installation of five (5) Core Separator installations in Krakow as well as many other 

nearby units all of which improve air quality in this historic city

• Installation of forty-five (45) Core Separator installations throughout Poland with a 

combined capacity of 1.7 million M3/h (1.0 million acfm)

• A reduction of particulate emissions in Krakow of more than 115 metric tons per year 

and a reduction of more than 2,150 metric tons per year throughout Poland

• Introduction of a new technology to a Polish firm, enabling that firm to grow 

substantially and triple its employee work force

• An added benefit to the Polish firm of exporting equipment out of the country, creating 

jobs for the local economy, while having a positive effect on the Polish trade balance.
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2.0  Phase 1 -- Infrastructure Studies

2.1  Background

The Krakow Clean Fossil Fuels and Energy Efficiency Program was originally evolved 

from the Support for Eastern European Democracy (SEED) Act of 1989.  Through funding from 

the Agency for International Development (AID) and the Department of Energy (DOE), the 

program was created to reduce air pollution in the City of Krakow from about 1,300 boiler houses.  

In 1992 when the program was initiated, these boiler houses contained more than 2,900 boilers 

that provide heat for industrial, commercial, and residential use.  The 2,900 boilers represented a 

combined input capacity of approximately 1,000 MW(t), which is substantial as it compares to 200 

MW(t) capacity for 100,000 room heating stoves in Krakow.  More than 75% were coal- or coke-

fired units and released an estimated 1,400 Tonnes/year of particulate matter.  Since the facilities 

contain short (low) stacks, combustion products enter the atmosphere close to ground level.  They 

are therefore referred to as “low emission sources.”

These low emission sources are the primary source of particulate air pollution in the City of 

Krakow.  The uncontrolled boilers, those with no control equipment, produce about 75% of the 

total particulate emissions from coal- or coke-fired boilers.  The remaining boilers which are 

generally larger in capacity employ cyclonic collectors and produce 25% of the particulate 

emissions.  There presently are no provisions in place to control fine particulate matter, often 

referred to as PM10, which is most hazardous to human health.

This project addresses Reduction of Emissions from Boiler Houses Firing Coal 

and Coke, one of the five pilot projects identified by the U.S./Polish Bilateral Steering 

Committee.  This target application is significant for the following reasons:

• Air quality improvements are needed both to protect the health of citizens of Krakow 

and to preserve the city’s historic monuments.
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• The Core Separator developed by LSR is a new technology and a cost-effective 

solution to the particulate emission problem in uncontrolled boilers.  An important 

feature is its ability to control PM10 particulate matter, which consists of dust particles 

below 10 microns in diameter.

• The efficiency, ease of maintenance, and low cost compared to electrostatic 

precipitators or fabric filters, make it practical for large numbers of low capacity 

boilers.  It can also be used to replace the existing cyclone collectors during normal 

boiler overhaul periods.  Since dust emissions resulting from such replacement would 

be 4 to 6 times lower, particulate levels emitted would be comparable to that of EU 

countries.

It is significant that since 1992 there has been a major reduction in the number of coal- and 

coke-fired boilers located in Krakow.  This reduction was the result of several factors including (1) 

extensions in the district heating system, (2) fuel conversions to natural gas, and (3) retirement for 

economic reasons.  The reduction process was also accelerated by the gradual deregulation of coal 

prices and loss of coal subsidies during the 1990’s.  Nonetheless, even with this large reduction in 

the number of boiler houses, there is still a sufficient number of operating boilers to justify 

investment in and cost recovery of a business venture related to emissions reduction.

A team was formed to provide the necessary technical, manufacturing, and infrastructure 

knowledge to make this project economically viable.  LSR Technologies, Inc., a small business 

located in Acton, Massachusetts and the developer of the technology and holder of its patent rights, 

has been the primary contractor for this work.  LSR has sold Core Separators in the U.S. and 

Europe and has been leading the team to commercialize this technology in Poland, starting with 

penetration of the market opportunity in Krakow.  The company’s overall objective in this project 

has been to make a positive impact on the coal-fired boiler market in Krakow, then eventually 

expand to other cities in Poland, and ultimately elsewhere in Europe.  The Core Separator had been 
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developed under DOE-sponsored research and was cited as one of its successful technologies.

Another team member and subcontractor for this work was the Polish Foundation for 

Energy Efficiency (FEWE), which has offices in Krakow, Katowice, and Warsaw.  FEWE had 

been a contractor to both DOE and EPA, and has extensive knowledge of energy usage in Poland 

and its environmental impact.  Because of its familiarity with the industrial base in Southern 

Poland, FEWE played a major role in identifying and selecting a manufacturing partner.

2.2  Accomplishments in Phase I

A Commercialization Plan submitted to DOE and the BSC by LSR was used throughout 

this project and has largely remained intact.  One significant change or deviation from this plan 

involved a decision to identify and select a Polish manufacturing company for partnership rather 

than to establish a grass roots organization.  This alternative became apparent during early 

infrastructure studies of Polish business practices.  Thus, the major efforts during this period 

included the following:

• Conduct an Evaluation of Potential Manufacturing Companies

-  Solicit Proposals for Collaboration

-  Select the Most Promising Candidate

-  Enter a Formal Cooperative Agreement

• Complete a Detailed Business Plan

-  Evaluate Krakow’s Boiler Market

-  Assess Polish Environmental Regulations

-  Create a Plan for a Joint Venture Company or Licensing
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2.2.1  Evaluation of Polish Manufacturers

LSR efforts to identify a suitable manufacturing partner concentrated exclusively on 

companies located in or near the City of Krakow.  About 12 companies were contacted and visits 

were made to each of these.  Negotiations were conducted with three of these companies, in order 

to determine the level of interest and commitments.  Regrettably, none of these companies were 

able to make significant financial commitments to this project.  Each was interested in a form of 

licensing that required minimal cost and no dilution of their equity.

LSR also received unsolicited proposals from manufacturers in other cities in Poland.  One 

substantial boiler company located near Katowice, and EcoInstal based in Koscian, each presented 

stronger proposals to LSR than any of the Krakow companies.  EcoInstal’s proposal clearly 

represented the strongest financial commitment, and became LSR’s first choice.  The selection of 

EcoInstal took place only after discussions and concurrence with DOE personnel.

EcoInstal is a privately held company with a single owner in Poznan.  The company was 

founded in 1985 when communism was still deeply entrenched in Poland.  By 1989 when the 

Polish government changed, the company had grown to about 30 employees.  Its principal 

products include air pollution control products, including cyclone collectors and fabric filters.  It 

also produces several types of solids conveyers and an excellent mechanical air lock.  It sells and 

markets its products throughout Poland, but has a particularly strong presence in the central region 

and in Silesia.  EcoInstal has always been a very entrepreneurial company and has a western style 

of management.

LSR recommended to DOE that EcoInstal be selected for partnership in this project.  On 

November 11, 1994 a Cooperative Agreement was signed by LSR and EcoInstal to produce Core 

Separators for the Polish and Central European market.  The agreement included a commitment by 

EcoInstal to cost share for the bulk of work performed in the second budget period.
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2.2.2  Business Planning

A detailed business plan was prepared by LSR with significant input from FEWE.  The 

business plan was submitted to DOE in November 1994.  The business planning evolved around 

the establishment of a joint venture company recognizing the capabilities of both LSR and 

EcoInstal.  In 1994, EcoInstal’s capabilities for producing high volumes of equipment were very 

limited.  While it had an excellent work force and good management, its equipment was largely 

outdated and obsolete by U.S. standards.  This was typical of many manufacturers in Poland.  

Thus, new fabrication equipment would be needed and will make the joint venture company more 

competitive, both in Poland and internationally.  A summary of this plan follows.

The business venture is to be created in Poland for the purpose of producing and selling 

pollution control equipment in this Central European nation.  The joint venture would be owned by 

LSR Technologies, Inc. and EcoInstal, a supplier of air pollution control equipment based near the 

City of Poznan.  The new venture is being established to market, sell, manufacture, and install 

pollution control equipment within the industrial sector of Poland and also for the export market.

Decades of central government planning have left a situation of near environmental disaster 

in Poland, particularly in the southern region where low-grade coal is used extensively for heat and 

electricity.  With severe public health problems and a lower life expectancy today than 20 years 

ago, there is an urgent need to reduce particulate air emissions in this region.  For this reason, the 

World Bank and several ecological relief organizations have set aside funds for the environmental 

restoration of this area.  The U.S. AID Program in cooperation with the Department of Energy is 

also providing assistance to the area around historic Krakow, which has been hit especially hard by 

environmental neglect.

While Poland, the Czech Republic, and Hungary will be key markets for the joint venture, 

the City of Krakow will be the focal point for early implementation of pollution control projects.  

Krakow, the third largest city in Poland, is located adjacent to the Upper Silesian coal basin.  The 
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city contains thousands of historic sites, and is listed by UNESCO as one of the 12 most important 

cultural centers in the world.  The city also has close to 1,000 boiler houses containing nearly 

2,000 boilers to provide heat for industrial, commercial, and residential use.  The 2,000 boilers 

have a combined input capacity of nearly 1,000 MW(t), which is substantial as it compares to 200 

MW(t) capacity for 100,000 room heating stoves in Krakow.  More than 75% of these are coal- or 

coke-fired units and release about 1,000 Tonnes/year of particulate matter.  These sources and 

others represent a potential market for particulate control equipment of about $200 million annually 

in all of Poland.

Low emission sources are the primary source of particulate air pollution in Krakow.  

Uncontrolled boilers, those with no control equipment, produce about 75% of the total particulate 

emissions from coal- or coke-fired boilers.  The remaining boilers, which are generally larger in 

capacity, employ cyclonic collectors and produce 25% of the particulate emissions.  There 

presently are no provisions in place to adequately control fine particulate matter, which is most 

hazardous to human health.

The new venture will be a major supplier of emission control equipment for boiler houses 

firing coal and coke, a significant undertaking for the following reasons:

(1) Air quality improvements are needed both to protect the health of the citizens of 

Krakow and to preserve the city’s historic structures and monuments.

(2) Similar air quality improvements are needed in other parts of Poland and Central 

Europe.

(3) The new venture intends to market the Core Separator, a high efficiency device for 

particulate control.
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(4) The technology can also reduce particulate emissions from the boilers currently 

controlled with cyclone dust collectors.

In 1990 Poland enacted its own version of the Clean Air Act.  Since that time, the market 

has been ready to accept the challenge presented.  The establishment of a new business in a soon-

to-be expanding segment of the air pollution industry will have the following advantages:

• Poland has the largest and fastest growing homogeneous consumer market in Central 

Europe and the fastest growing economy in all of Europe.

• The new product is entering the fastest growing segment of the air pollution control 

industry.

• The potential market for this type of equipment in Poland is substantial and American 

technology is highly respected.

• With the advanced design which this new product represents, the new technology could 

capture 10% of the market served within five years, which is $10 million.

• Profitability is assured by the market requirements for this product, the proven 

experience of the founding group, and the low cost manufacturing to be employed.

2.2.3  Other Phase I Accomplishments

LSR together with EcoInstal have also performed several other functions which are 

complimentary and supportive of the project in Krakow.  A summary of these accomplishments are 

cited below.  It should be noted that many of these accomplishments were not performed with DOE 

financing.
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• A Core Separator unit was sold, built, and installed to treat flue gas from a WR2.5 

boiler in Oborniki.  This unit went into operation in April 1995, was tested by an 

independent organization, and was found to have dust emissions below 50 mg/M3.

• A Core Separator unit was also sold and installed an a fluidized bed boiler used for 

heating and located near Tarnow.  This unit has been operating successfully since April 

1995 and also tested satisfactorily even at low load (off-design) conditions.

• A Core Separator unit was sold, built, and shipped to a foreign customer for a stoker-

fed boiler in Mauritius.  This unit, also built by EcoInstal, was started up in 1996.

• A Core Separator patent application was prepared and filed in Poland, Germany, 

Slovakia, and the Czech Republic.

• Purchase orders were received for two new Core Separator units, one for a WR10 

boiler in Gliwice and a second for a metal smelter near Lubin.

• Letters of intent were received from three Krakow companies for five Core Separator 

units for boiler applications.  These units would be eligible for DOE financing.

• A letter of intent was received for four (4) new Core Separator units for boiler 

applications.  These units are to be installed in other regions of Poland.

• EcoInstal and LSR have also conducted broad marketing activities in Krakow and 

elsewhere including the preparation of product brochures, visits to sites to promote the 

technology, exhibits at trade fairs, and presentation of technical papers at conferences.
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3.0  Phase II - Commercial Implementation

3.1  Prototype Demonstration

The first major task in Phase II was the installation of a demonstration unit in Krakow.  

The site selected was that of Krakowskie Zaklady Armatur, a mid-sized manufacturer of household 

fixtures.  Armatura has a well-maintained heating plant with several hot water heating boilers 

providing heat for facility needs.  A Core Separator™ system was contracted from EcoInstal to 

replace a multicyclone collector that had been in operation for several years on a WR-5 boiler.

The Core Separator™ at ARMATURA went into operation in January 1996 during one of 

the coldest winters in recent years.  Initially, some moisture problems were experienced from 

condensation inside the collector.  The condensation resulted from the unusually low temperatures, 

and caused intermittent plugging in the ash removal system.  The solution to this problem was the 

addition of insulation to outside surfaces in order to remain above the dewpoint.

Particulate emissions and efficiency of the Core Separator™ was measured by the Polish 

testing firm Emitor, located in Opole.  The particle concentration measured at the boiler outlet was 

846 mg/Nm3 and at the dust collector outlet was 34 mg/Nm3, representing a removal efficiency of 

95.4%.  The outlet emission rate was less than 20 grams/GJ, which is well below the Polish 

standard for grate-type boilers.  A summary of the data collected during acceptance testing is 

shown in Figure 1.  The full test report can also be found in the Appendix.

The precleaning cyclone for ARMATURA was actually located inside the boilerhouse, and 

the gas temperature drop through this device was minimal.  However, the temperature drop 

through the Core Separator unit was about 70˚C, as this unit was located outdoors just before the 

stack.  This data taken during the winter of 1996 clearly shows substantial convective cooling and 

the need for insulation of the dust collector.  Figures 2 and 3 are photographs of the installation at 

ARMATURA.
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Point 3
Vn=13818Nm3/h

Ps=-1477Pa
Ts=116˚C

To Stack

Core Separator

ID Fan

PreCycloneBoiler

Point 1
Vn=12,682 Nm3/h
Ps=-270 Pa
Pd=   23 Pa
Ts=196˚C

Sp=846.5 mg/Nm3

Up=10,735 kg/h

Point 2
Vn=12985 Nm3/h
Ps=-428 Pa
Pd=   37 Pa
Ts=192˚C

Sp=334.4 mg/Nm3

Up=4,342 kg/h

Point 8 Point 7

Recirculation Fan

Point 6
Vn-12684 Nm3/h
Ps--601 Pa
Pd-129 Pa
Ts-114˚C

Point 4
Vn=14,391 Nm3/h
Ps=-174 Pa
Pd= 108 Pa
Ts=114˚C

Sp=34.3 mg/Nm3

Up=0.494 kg/h

Point 5
Vn=12,634 Nm3/h
Ps=-943 Pa
Pd=   53 Pa
Ts=119˚C

Sp=310.5 mg/Nm3

Up=3.922 kg/h

Figure 1.
Emission Data for WR-5 Boiler

ARMATURA Plant

Parameter Temperature Static Dynamic Gas Flow Dust Con- Dust
Flue Gas Pressure Pressure Rate centration Content

˚C Pa Pa Nm3/h mg/Nm3 kg/h
Point 1 196 -270 23 12682 846,5 10,735
Point 2 192 -428 37 12985 334,4 4,342
Point 3 116 -1477 97 13818 - -
Point 4 114 -174 108 14391 34,3 0,494
Point 5 119 -943 53 12634 310,5 3,922
Point 6 114 -601 129 12684 - -
Point 7 118 -925 - - - -
Point 8 116 -851 - - - -
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3.2  Other Commercial Installations in Krakow

Miejskie Przedsienbiorstwo Komunikacyjne (MPK) is the municipal transit company for 

the city of Krakow, operating buses and a trolley car system within city limits.  MPK operates a 

few boilerhouses throughout its system to meet its heating needs.  One of these boilerhouses was 

contracted to install new dust collecting equipment for three (3) type WCO-80 stoker boilers.

Three (3) Core Separator units were placed into operation in January 1996.  Prior to this, 

no emission control equipment had been in place.  The new dust collectors were located outside of 

the boilerhouse due to space limitations, and a roof enclosure was added to protect it from weather 

elements.  All three (3) dust collectors were tested for particulate emissions and also for efficiency 

by the firm Emitor.

These units operated very smoothly from the start.  Unlike the unit at ARMATURA, there 

was no evidence of moisture condensation.  During the testing however, the measurements of 

collector efficiency and particle emissions showed some variation between each of the three units.  

It was determined that the isokinetic sampling equipment had been affected by extremely low 

temperatures and should be tested again.  Following another set of tests, it was concluded that the 

Core Separator units were all performing quite satisfactorily.

A summary of data collected during acceptance testing is shown in Figures 4, 5, and 6 

below.  The full test reports are located in the Appendix.  Outlet emissions from these units are also 

well below 20 gram/GJ.  Figures 7-10 are photographs of the dust collectors and sampling 

equipment at MPK.
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Vn=4,821 Nm3/h
W=10,424 m/s
Ps=-2,667.23 Pa

To Stack

Core Separator

ID Fan

PreCyclone
WCO-80

Boiler

Point 1
Vn=4,416 m3/h
W=1,999 m/s
Ps=-466.54 Pa
Up=4,347 g/h

Point 2
Vn=4,802 m3/h
W=12,275 m/s
Ps=-779.57 Pa

Recirculation Fan

Point 5
Vn=3,119 m3/h
W=11,006 m/s
Ps=-1,350.62 Pa

Point 4

Vn=5,153 m3/h
W=6.26 m/s
Ps=-83.68 Pa
Up=0.207 g/h

Figure 4.
Emission Data for WCO-80 Boiler

MPK Boilerhouse Unit #1

Point 3
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Vn=2769Nm3/h
Ps=-4001 Pa
Pd=23 Pa
Ts=63˚C

Sp=67.3 mg/Nm3

Ep=0.186 kg/h

To Stack

Core Separator

ID Fan

PreCycloneBoiler

Point 1
Vn=2,479 Nm3/h
Ps=-2,667 Pa
Pd= 6 Pa
Ts=139˚C

Sp=873.5 mg/Nm3

Up=2,164 kg/h

Recirculation Fan

Figure 5.
Emission Data for WCO-80 Boiler

MPK Boilerhouse Unit #2

Point 2

Parameter Temperature Static Dynamic Gas Flow Dust Con- Dust
Flue Gas Pressure Pressure Rate centration Content

˚C Pa Pa Nm3/h mg/Nm3 kg/h

Point 1 139 -2667 6 2479 873.5 2
Point 2 63 -4001 23 2769 67.3 0
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Vn=4207 Nm3/h
Ps=-2593 Pa
Pd=56 Pa
Ts=72˚C

Sp=28.9 mg/Nm3

Ep=0.122 kg/h

To Stack

Core Separator

ID Fan

PreCyclone
WCO-80

Boiler

Point 1
Vn=3,881 Nm3/h
Ps=-1,015 Pa
Pd=12 Pa
Ts=130˚C

Sp=793.0 mg/Nm3

Up=3,078 kg/h

Point 2
Vn=4,055 Nm3/h
Ps=-1,218 Pa
Pd=  69 Pa
Ts=120˚C

Sp=372.4 mg/Nm3

Up=1,510 kg/h

Recirculation Fan

Point 6
Vn=2,713 Nm3/h Ps=-1,243 Pa
Pd-=50 Pa Ts=  59˚C

Sp=350.1 mg/Nm3 Up=0.950 kg/h

Point 5

Vn=2,561 Nm3/h
Ps=-1,471 Pa
Pd=  50 Pa
Ts=59˚C

Point 4
Vn=4,233 Nm3/h
Ps=-70 Pa
Pd= 13 Pa
Ts= 72˚C

Figure 6.
Emission Data for WCO-80 Boiler

MPK Boilerhouse Unit #3

Point 3

Parameter Temperature Static Dynamic Gas Flow Dust Con- Dust
Flue Gas Pressure Pressure Rate centration Content

˚C Pa Pa Nm3/h mg/Nm3 kg/h

Point 1 130 -1015 12 3881 793.0 3.078
Point 2 120 -1218 69 4055 372.4 1.510
Point 3 72 -2593 56 4207 28.9 0.122
Point 4 72 -70 13 4233 - -
Point 5 59 -1471 44 2561 - -
Point 6 59 -1243 50 2713 350.1 0.95
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Another Core Separator unit was installed in Krakow for the company Budostal, a 

producer of asphalt materials.  The Budostal dust collector, shown in Figures 11 & 12 were 

designed to handle much higher dust concentrations than those found in coal-fueled heating 

boilers.  The unit shown in Figures 11 & 12 was tested by Emitor and was found to have an 

efficiency of 98.6%, making it one of the most efficient units built by EcoInstal.

3.3  Other Core Separator Units Installed in Poland

The first Core Separator installation that was undertaken by EcoInstal in Poland was 

contracted to a boilerhouse in the village of Oborniki, which is located just north of Poznan.  The 

site was a typical boilerhouse rehabilitation where an old worn-out multicyclone was replaced and 

upgraded.  The multicyclone had been collecting dust emissions from a WR 2.5 stoker-fired boiler.  

Figures 13 & 14 show the arrangement of the installation at Oborniki.

Dust emissions from the Core Separator unit at Oborniki were measured in early 1995 and 

were found to be about 10 grams/GJ.  This emission level was actually quite a bit lower than 

expected, and the lowest measured to date.  This unit remains one of the best performing units yet 

installed in Poland.

The next significant milestone involved an installation on a WR-10 boiler in Knurow.  This 

boilerhouse was found to be in dire need of repair and reconditioning, and the stack opacity was 

visibly one of the worst observed in southern Poland.  The multicyclones, ID fan, and draft system 

from the boiler outlet to the stack were completely replaced with new equipment including a new 

Core Separator dust collector.  The improvement in dust emissions from this boiler was drastic.  

The measured efficiency of the Core Separator was just over 95%, which produced a “clear stack”, 

even during sootblowing and part load operation.

The installation at Knurow was also tested in 1996 with sorbent injection into the boiler 

backpass for multipollutant control.  This testing was a collaborative effort with the NALCO 
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FUELTECH company, a U.S. firm whose SO2/NOx technology is being marketed in Poland.  

During these tests, the dust collecting system was subjected to much higher particulate loadings 

from the addition of sorbents.  This test was significant in that it demonstrated the compatibility of 

the Core Separator with other emission control technologies in the event that more stringent 

regulations may be mandated in the future.  Photographs of the Knurow dust collection equipment 

is shown in Figures 15 & 16.

Another technical and marketing achievement completed by EcoInstal in late 1996 was the 

Core Separator installation for the FIAT automobile company in Bielsko-Biala.  This was a 

significant milestone since it occurred on a WR-25 heating boiler with a gas flow rate of 140,000 

M3/h (85,000 acfm).  This facility is located about 50 kilometers southwest of Krakow, and due to 

prevailing winds and climatic conditions, it is an emission source which affects the city of 

Krakow.  The Core Separator dust collector at FIAT AUTOPOLAND went into operation in 1997 

and has met performance expectations.  Photographs of the FIAT installation are shown in Figures 

17-20.

As of the writing of this report, about forty-five (45) Core Separator installations have been 

completed in Poland.  Table 1 provides a list of all installations completed to date.  As shown in 

this table, these installations represent about 250 MWe of equivalent boiler capacity.
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Table 1.  Core Separators Produced by EcoInstal

No.  of Initial
Installation Units  Operation Capacity (m3 /h) Application

1. PEC Oborniki 1 4/95 10,000 WR-2.5 Stoker Boiler

2. EXBUD Tarnow 2 5/95, 6/96 7,300 Fluidized Bed Boilers

3. Kombinat RSP Czempin 3 8/95 18,000 WCO-80 Stoker Boilers

4. PEC Knurow 1 10/95 50,000 WR-10 Stoker Boiler

5. MPK Krakow 3 1/96 5,600 WCO-80 Stoker Boiler

6. Armatura Krakow 1 1/96 22,600 WR-5 Stoker Boiler

7. Institute Non Ferrous Metals 1 6/96 2,000 Copper Smelter

8. Matizol Gorlice 2 3/96 10,000 Asphalt Plant Drier

9. Odlewnia Zeliwa 1 3/96 25,000 OKR-5 Stoker Boiler

10. Argentchem Opalenica 1 6/96 800 Smelting Furnace

11. Klimawentex Rzeszow 3 6/96 3,000 Glassmelting/Sanderdust

12. Budostal Krakow 1 6/96 21,600 Rotary Drier/Asphalt

13. Zaklad Farbiarski Warsaw 1 6/96 9,000 PCO-60 Heating Boilers

14. FIAT Auto Poland 1 1/97 140,000 WR-25 Stoker Boiler

15. Krakodlew-Krakow 1 2/97 8,000 Rotary Drier/Sand

16. Cementownia Strzelce 1 2/97 6,400 Cement Kiln Drier

17. Zembiec Zembcu 1 3/97 35,000 Rotary Drier/Bentonite

18. PDM-Koscian 1 4/97 21,600 Asphalt Dryer

19. EkoBud-Grudziadz 1 4/97 3,500 SR-15 Boiler

20. ExBud-Tarnow 1 4/97 5,800 Fluidized Bed Boiler

21. Skleja Eko-Ostrow 1 7/97 13,600 WLM-2.5 Boiler

22. Czech Technical University 1 10/95 2,500 Fluidized Bed Boiler

23. Firma Dragowa Kutnie 1 3/97 45,000 Rotary Drier/Asphalt

24. PZL-Wola Warsaw 2 3/97 100,400 WR-5 Boilers

25. Sp. Energ. S.A. Moszczenica 1 10/97 120,000 PWRp 20 Boiler

26. Ferney Spinning Mills, Mauritius 1 12/95 30,000 Stoker Boiler

27. ZRD Poznan 1 3/98 100,000 Rotary Dryer/Asphalt

28. MZC Dzierzoniow 3 4/98 108,000 WR-5 Boilers

29. S.P. Energ. S.A. Pniowek 1 6/98 110,000 WR-25 Boiler

30. Zak. Energ. Cieplnej. Katowice 1 7/98 120,000 WR-25 Boiler

31. Daewoo Lublin 2 9/98 220,000 EKM-50 Boiler

32. Huta Im. Cedlera Sosnowiec 2 9/98 180,000 OR-32 Boilers

33. Cukrownia Raciborz 2 10/98 210,000 OR-32 Boilers

47 1,764,700
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3.4  Effect on Emission Reductions

The implementation of Core Separator dust collectors throughout Poland has had a 

significant impact on emissions reduction.  An example of this can be seen in the Case Study 

shown below for a WR-10 boiler.  This comparison shows that when a Core Separator is installed 

as a replacement for multicyclones, the average emission rate is reduced from about 300 mg/NM3 

to 80 mg/NM3.  Thus, based on typical boiler operating factors, the reduction in dust emissions 

annually with a replacement Core Separator is approximately 28.9 metric tons for a typical WR-10 

boiler.

Case Study

WR 10-011 Boiler
- Coal Consumption 2,560 kg/h
- Flue Gas Temp. 200 deg. C
- Boiler Efficiency 80 Pct.
- Operating Factor 240 days/yr.

Dust Emissions with Cyclone Collector
- Average Emission 300 mg/M3

- Annual Emission 39,485 kg

Dust Emissions with Core Separator
- Average Emission 80 mg/M3

- Annual Emission 10,529 kg

Difference in Dust Emission 28.9 MT/yr.

By using similar assumptions, a more comprehensive analysis can be applied to the entire 

list of Core Separators produced by EcoInstal (Table 1) to obtain an estimate of emissions 

reduction from all sources.  Below, this estimate has been made for the five (5) operational Core 

Separators in Krakow and for the forty-five (45) units located throughout Poland.

Estimate of Particulate Emission Reduction
Attributed to Core Separator Installations

Location (# Units) Particulate Emissions Reduced, Metric Tons/Year

Krakow Region (5) 116.6
All of Poland (45) 2,154.0
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3.5  Core Separator Marketing Efforts in Poland

Since 1995, EcoInstal and LSR expended considerable effort in marketing new technology 

throughout a region that is badly in need of emission control technology.  The marketing efforts 

consisted of the following endeavors:

• Prepared and published technical papers in Polish trade journals

• Attended and exhibited at numerous trade shows

• Made presentations to industry executives and local government officials

• Advertised in select environmental trade magazines

Although EcoInstal exhibited at many trade shows in and near Krakow, it also exhibited at the 

large international fair known as EcoPol held annually in Poznan.  EcoPol is a major world-class 

environmental trade fair with more than 1,000 exhibiting companies from 190 different countries.  

Several trade shows were also attended in various cities in Silesia, and in Plzen and Brno of the 

Czech Republic.  Figures 21-24 contain photographs of Core Separator materials that were 

exhibited at EcoPol.

3.6 Awards and Citations

EcoInstal received two prestigious awards in 1996 and 1997 which were directly related to 

accomplishments associated with this project and the Core Separator.  These awards are:

(1) 1996 Best Exhibitor Award at EcoPol Trade Show:  This award was made to only 

five (5) companies in a highly competitive selection process that included more than 

2,000 eligible firms.

(2) 1997 Polish Environmental Leadership Award:  This award, given annually by the 

Minister of the Environment in Poland, was made to EcoInstal and four (4) other 
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companies for exceptional contributions to environmental cleanup.  Most of these 

contributions were related to Core Separator installations.

3.7 Modernization of Manufacturing

In 1996, EcoInstal made a substantial investment to enlarge and improve its production 

capability.  This investment was justified largely by the increase in sales activity from Core 

Separator installations.  Having outgrown its 1,000 m2 facility, the company acquired and moved 

into a renovated 5,000 m2 facility, and obtained additional equipment for metal-working, welding, 

and processing large fabricated components.

The process of upgrading the manufacturing process actually involved a major collaborative 

effort between LSR and EcoInstal.  This effort included the following:

(a) Developing Modular Designs for Small and Large Capacity Units:  LSR developed 

detailed manufacturing drawings with AutoCad® software to produce a maximum 

number of common (or identical) parts in all contracted units.  Although all Core 

Separator units are custom-designed, a modular concept is essential for scale-up in 

size and to insure low-cost production.

(b) Technology Transfer from Developer to Manufacturer:  Production drawings 

developed by LSR were adapted to Polish material specifications for sheet steel sizes 

and thicknesses and conveyed to EcoInstal.  AutoCad® drawings were prepared for 

CNC (computer numerical control) adaptation to the extent possible.  LSR’s computer 

performance model was also transferred for the purpose of predicting performance 

and developing arrangement designs.

(c) Fixtures for Producing Modules:  Jigs and fixtures were constructed for all common 

pieces used in Core Separator modules.  The fixtures are a way of standardizing the 
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manufacture of as many component parts as possible.

(d) Addition of New Production Equipment:  Following a visit to the U.S. and tour of 

several mid-sized sheet metal companies, EcoInstal acquired a new brakepress, 

guillotine shearer, improved welders, and other miscellaneous equipment.

(e) Technical Training of Production Workers:  LSR engineers together with EcoInstal 

management conducted a comprehensive training program for all production workers 

including CAD/CAM techniques and quality control.  This effort was made to 

implement western manufacturing standards and to prepare EcoInstal for the process 

of ISO-9000 requirements.

As a result of this upgrading, today EcoInstal is a reputable manufacturer that can compete with 

just about any sheetmetal company with respect to cost and product quality.  Figures 25-30 contain 

photographs of several steps in the manufacturing sequence of commercial Core Separator units at 

EcoInstal.
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4.0  Difficulties/Problems Encountered During this Project

During the course of this project, a number of challenges were faced by American firms 

which added to the complexity and difficulty of achieving goals.  Most of these challenges were 

due to a rapidly changing business culture during a period of post-communist political change.  In 

the early 1990s, there were many large state-owned companies throughout Poland, most of them 

bloated and inefficient by western standards.  And while substantial improvements have occurred 

in Poland since 1989, the early 1990s was a period of substantial change.  Some of the problems 

that were encountered while implementing this project are summarized below:

1. Environmental standards for air and water discharges from the Ministry of the 

Environment in Poland were promulgated in 1990 and contain regulations for particulate and 

gaseous emissions.  Even though particulates are considered a “priority pollutant,” the Polish 

emission standard for coal-fired grate boilers is 600 g/GJ, which is roughly ten times higher than 

that of neighboring countries such as the Czech Republic.  These regulations are also written in a 

way that allows considerable discretion and flexibility on the part of regulating authorities.  Such 

discretion inevitably leads to inconsistent and even arbitrary decisions and rulings by local 

enforcement officials.  It also promotes the continuation of strong central planning, rather than 

through the reliance of a free market.  During this period, regulatory involvement has not been 

consistent and uniform, where all sources are held responsible for meeting their specific targets.

2. During the course of this project, LSR and its Polish partner made several 

proposals for emission control systems on boilerhouses in Krakow.  A number of these seemed to 

be promising, but were declined at the last moment when an artificially low price was offered to 

convert to natural gas or to the district heating system.  The volatility and uncertainty of fuel prices 

were difficult to deal with from the standpoint of suppliers of environmental and energy-related 

equipment.
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3. The business climate in Krakow is more difficult than other regions of the country.  

This observation is evidenced by the fact that 40 Core Separator dust collectors were sold in other 

Polish cities without the benefit of subsidies.  At the same time, only four systems were sold in 

Krakow despite a 50 percent subsidy incentive and a more concentrated effort.  A commonly held 

belief is that Krakow businesses have come to expect full subsidies from either U.S. or E.U. 

sources.
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5.0  Summary and Conclusions

The objective of the Krakow Clean Fuels and Energy Efficiency Program was the 

formation of business ventures between U.S. and Polish firms to reduce air emissions in the city 

of Krakow.  The cooperative agreement between LSR Technologies, Inc. and EcoInstal is a long-

term self-sustaining venture whereby modern U.S. technology can be offered commercially in 

Poland through a free-market mechanism.  This project has been able to claim the following 

accomplishments consistent with U.S./Polish goals and objectives:

• Creation of a mutually beneficial business venture between a Polish and U.S. firm 

which will sustain itself on a continuing basis

• Installation of five (5) Core Separator installations in Krakow as well as many other 

nearby units all of which improve air quality in this historic city

• Installation of forty-five (45) Core Separator installations throughout Poland with a 

combined capacity of 1.7 million M3/h (1.0 million acfm)

• A reduction of particulate emissions in Krakow of more than 115 metric tons per year 

and a reduction of more than 2,150 metric tons per year throughout Poland

• Introduction of a new technology to a Polish firm, enabling that firm to grow 

substantially and triple its employee work force

• An added benefit to the Polish firm of exporting equipment out of the country, creating 

jobs for the local economy, while having a positive effect on the Polish trade balance.
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