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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 commercia 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 L SR 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 emissionsin the
city of Krakow. A cooperative agreement was entered into by DOE and L SR to begin work in
April 1994 involving implementation of particulate control technology called a Core Separator ™
for coal-fueled boilerhousesin the city. The major work tasks included: (1) conducting a market
analysis, (2) completion of aformal marketing plan, (3) obtaining patent protection within Poland,
(4) selecting a manufacturing partner, and (5) completing a demonstration unit and commercial
instalations. In addition to work performed by L SR 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) Ecolngtal, a
privately held Polish company serving the air pollution control market. Asthe 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
prioritiesin 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 aresulting
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 particul ate 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
emittersin 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
remainsin Krakow a sizeable boiler population that is still a primary source of particulate air

emissions.

A cost-shared Cooperative Agreement was entered into by L SR 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. Phasel
consisted of infrastructure studiesincluding: (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 L SR to assist in the overall planning and execution of work. At the
completion of the first work phase, the Polish firm, Ecolnstal, was also selected as the principal

business partner for LSR.

The Phase |1 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 adust collector upgrade
on aWR-5 heating boiler. Four (4) additional Core Sgparator units were installed at other Sitesin
Krakow. Ineach, 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
Ib/MBTU), which approaches that of more costly devices such as ESPs and fabric filters. In
paralld 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 Silesiawhich isasource of air

pollution in Krakow.

To accommodate the demand for Core Separator units in Poland, the manufacturing
capability of Ecolnstal was expanded substantially. The process of upgrading the manufacturing
process involved a mgjor 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 fixturesto standardize component parts, (4) the acquisition
of new manufacturing equipment, and (5) extensive training for production workers. Asaresult
of these improvements, Ecolnstal is recognized today as arespected 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 Ecolnstal received prestigious awards that
were each related to the Core Separator. 1n 1996, L SR won the R& D 100 Award given annually
to the best technol ogy-based new products of the year worldwide. In 1997, Ecolnstal 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 amutually beneficial business venture between a Polish and U.S. firm

which will sustain itself on a continuing basis

» Ingtalation of five (5) Core Separator installationsin Krakow as well as many other

nearby unitsall of which improve air quality in this historic city

» Ingtalation of forty-five (45) Core Sgparator installations throughout Poland with a

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

» A reduction of particulate emissionsin Krakow of more than 115 metric tons per year

and areduction 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

* Anadded benefit to the Polish firm of exporting equipment out of the country, creating
jobsfor 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 comparesto 200
MW(t) capacity for 100,000 room heating stovesin 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 provisionsin place to control fine particul ate matter, often

referred to as PM 19, 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 projectsidentified by the U.S./Polish Bilateral Steering

Committee. Thistarget 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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* TheCore Sparator developed by LSR isanew technology and a cost-effective
solution to the particulate emission problem in uncontrolled boilers. Animportant

feature isits ability to control PM ¢ particulate matter, which consists of dust particles

below 10 micronsin diameter.

* Theéefficiency, 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 issignificant that since 1992 there has been amajor reduction in the number of coal- and
coke-fired boilers located in Krakow. This reduction was the result of severa factorsincluding (1)
extensions in the district heating system, (2) fuel conversionsto natural gas, and (3) retirement for
economic reasons. The reduction process was also accelerated by the gradua 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 boilersto justify

investment in and cost recovery of abusiness 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., asmall business
located in Acton, Massachusetts and the devel oper of the technology and holder of its patent rights,
has been the primary contractor for thiswork. LSR has sold Core Sgparatorsin the U.S. and
Europe and has been |eading the team to commercidize this technology in Poland, starting with
penetration of the market opportunity in Krakow. The company’soverall objectivein this project
has been to make a positive impact on the coa-fired boiler market in Krakow, then eventually

expand to other citiesin Poland, and ultimately elsewherein Europe. The Core Separator had been

10
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devel oped 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 usagein Poland
and its environmental impact. Because of its familiarity with the industrial base in Southern

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

2.2 Accomplishmentsin Phase |

A Commercialization Plan submitted to DOE and the BSC by L SR was used throughout
this project and has largely remained intact. One significant change or deviation from this plan
involved adecision 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
- Sdlect the Most Promising Candidate

- Enter aFormal Cooperative Agreement

. Complete a Detailed Business Plan
- Evauate Krakow’s Boiler Market
- Assess Polish Environmental Regulations

- Create a Plan for a Joint Venture Company or Licensing

11
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2.2.1 Evaluation of Polish Manufacturers

L SR 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 commitmentsto this project. Each was interested in aform of

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

L SR aso received unsolicited proposals from manufacturersin other citiesin Poland. One
substantial boiler company located near Katowice, and Ecolnstal based in Koscian, each presented
stronger proposals to L SR than any of the Krakow companies. Ecolnstal’s proposal clearly
represented the strongest financial commitment, and became L SR’ sfirst choice. The selection of

Ecolnstal took place only after discussions and concurrence with DOE personne.

Ecolnstal isaprivately held company with asingle 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 sellsand
markets its products throughout Poland, but has a particularly strong presence in the central region
and in Silesia. Ecolnstal has aways been avery entrepreneurial company and has awestern style

of management.

L SR recommended to DOE that Ecolnstal be selected for partnership in this project. On
November 11, 1994 a Cooperative Agreement was signed by L SR and Ecolnstal to produce Core
Separators for the Polish and Central European market. The agreement included a commitment by
Ecolnstal to cost share for the bulk of work performed in the second budget period.

12
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2.2.2 Business Planning

A detailed business plan was prepared by L SR with significant input from FEWE. The
business plan was submitted to DOE in November 1994. The business planning evolved around
the establishment of ajoint venture company recognizing the capabilities of both LSR and
Ecolnstal. 1n 1994, Ecolnstal’s capabilities for producing high volumes of equipment were very
limited. Whileit had an excellent work force and good management, its equipment was largely
outdated and obsolete by U.S. standards. Thiswastypical of many manufacturersin 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 ventureis to be created in Poland for the purpose of producing and selling
pollution control equipment in this Central European nation. Thejoint venture would be owned by
L SR Technologies, Inc. and Ecolnstal, 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 |eft 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 emissionsin thisregion. For thisreason, the
World Bank and severa ecological relief organizations have set aside funds for the environmenta
restoration of thisarea. 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, islocated adjacent to the Upper Silesian coal basin. The

13
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city contains thousands of historic sites, and is listed by UNESCO as one of the 12 most important
cultural centersin theworld. The city also has close to 1,000 boiler houses containing nearly
2,000 boilersto 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 comparesto 200
MW(t) capacity for 100,000 room heating stovesin 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 particul ate 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 bailers, 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 provisionsin place to adequately control fine particulate matter, which is most

hazardous to human health.

The new venture will be amajor 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) Thenew venture intends to market the Core Separator, a high efficiency device for

particul ate control.

14
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(4) Thetechnology can aso 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 businessin 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.

» Thenew product is entering the fastest growing segment of the air pollution control

industry.

» The potential market for thistype 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 isassured 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 | Accomplishments
L SR together with Ecolnstal 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.

15



DE-FC22-94PC94111

A Core Sgparator unit was sold, built, and installed to treat flue gas from aWR2.5
boiler in Oborniki. Thisunit 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 Sgparator unit was also sold and installed an afluidized 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 Sgparator unit was sold, built, and shipped to aforeign customer for a stoker-
fed boiler in Mauritius. Thisunit, aso built by Ecolnstal, was started up in 1996.

A Core Sgparator 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 aWR10

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

L etters of intent were received from three Krakow companies for five Core Separator

unitsfor 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.
Ecolnstal and L SR have a so conducted broad marketing activities in Krakow and

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

technology, exhibits at trade fairs, and presentation of technical papers at conferences.

16
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3.0 Phasell - Commercial Implementation

3.1 Prototype Demonstration

Thefirst major task in Phase || 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 awell-maintained heating plant with several hot water heating boilers
providing heat for facility needs. A Core Separator™ system was contracted from Ecolnstal to

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

The Core Separator™ at ARMATURA went into operation in January 1996 during one of
the coldest wintersin 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 surfacesin 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 aremoval efficiency of
95.4%. The outlet emission rate was less than 20 grams/GJ, which iswell below the Polish

standard for grate-type boilers. A summary of the data collected during acceptance testing is
shown in Figure 1. Thefull test report can also be found in the Appendix.

The precleaning cyclone for ARMATURA was actualy located inside the boilerhouse, and
the gas temperature drop through this device was minimal. However, the temperature drop
through the Core Sgparator unit was about 70°C, as this unit was located outdoors just before the
stack. Thisdatataken 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.

17
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Emission Data for WR-5 Boiler

ARMATURA Plant
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Point 3 ToStack
Vn=13818Nnm3/h
Ps=-1477Pa
Ts=116°C
ID Fan
\j
Core Separator
Boiler PreCyclone 1 ! K
A A Point 8 | | Point 7
/ + Recirculation Fan V
Point 1 - A A -
Vn=12,682 Nm3/h Point 2 Point 4
P<=-270 Pa Vn=12985 Nm3/h Vn=14,391 Nm3/h
Pd= 23Pa Ps=-428 Pa Ps=-174 Pa
T<=196°C Pd= 37 Pa Pd= 108 Pa
Sp=846.5 mg/Nm3 Ts=192°C Ts=114C
Up=10,735 kg/h Sp=334.4 mg/Nm3 Sp=34.3 mg/Nm3
Up=4,342 kg/h Up=0.494 kg/h
. Point 5
Point 6 Vn=12,634 Nm3/h
Vn-12684 Nm3/h Ps=-943 Pa
Ps--601 Pa Pd= 53Pa
Pd-129 Pa Ts=119°C
Ts1l4C Sp=310.5 mg/Nm3
Up=3.922 kg/h
Parameter Temperature Stalic Dynamic Gas FHow 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 3344 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 - - - -

18




DE-FC22-94PC94111

DE-FC22-94PCo4111

R IR

Figure 2. ARMATURA Installation

Figure 3. ARMATURA Core Separator

19
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3.2 Other Commercial Installationsin Krakow

Migjskie Przedsienbiorstwo Komunikacyjne (MPK) isthe municipal transit company for
the city of Krakow, operating buses and atrolley 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 aso 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 i sokinetic 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 Sgparator units were all performing quite satisfactorily.

A summary of data collected during acceptance testing is shown in Figures 4, 5, and 6
below. Thefull 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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Figure 4.
Emission Data for WCO-80 Boiler
M PK Boilerhouse Unit #1

- To Stack
Point 3 A
Vn=4,821 Nm3/h
W=10,424 m/s
Ps=-2,667.23 Pa
ID Fan
Core Separator \j
WCO-80
Boiler PreCyclone 1.» |
eCy | A
A A
/ + Recirculation Fan
| ) |
L I
Point 1 Point 2 Point 4
Vn=4,416 m3/h Vn=4,802 m3/h ) X
W=1,999 m/s W=12,275 m/s Vn_—5,153 m3/h
Ps=-466.54 Pa Ps=-779.57 Pa W=6.26 m/s
Up=4,347 g/h Ps=-83.68 Pa
Up=0.207 g/h
Point 5
Vn=3,119 m3/h
W=11,006 m/s
Ps=-1,350.62 Pa
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Figure 5.
Emission Data for WCO-80 Boiler
M PK Boilerhouse Unit #2

Point 2

Vn=2769Nmd/h
Ps=-4001 Pa
Pd=23 Pa To Stack
Ts=63°C A
Sp=67.3 mg/Nm3
Ep=0.186 kg/h

ID Fan
Core Separator \/
. | |
Boiler PreCyclone | | _p» |
A
* Recirculation Fan  /
| ) |
I I
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
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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Emission Data for WCO-80 Boiler
M PK Boilerhouse Unit #3

Point 3
Vn=4207 Nm3/h
Ps=-2593 Pa ToStack o
Pd=56 Pa
Ts=72°C
Sp=28.9 mg/Nm3
Ep=0.122 kg/h
ID Fan
Core Separator \
WCO-80
Boiler PreCyclone —
A A
* Recirculation Fan  /
| ) |
Point 1 : l l -
Vn=3,881 Nm3/h Point 23 Point 5
Ps=-1,015 Pa Vn=4,055 Nms/h _
Pd=12 Pa Ps=-1218 Pa VrF=2,561 N
Ts=130°C Pd= 69 Pa Btk
Ts=120°C Pd= 50 Pa
Sp=793.0 mg/Nm3 Ts=59°C
Up=3,078 kg/h Sp=372.4 mg/Nm3
Up=1,510 kg/h :
Point 43
Point 6 \Ff::‘_‘;’ozi?;'\'m /h
Vn=2,713 Nm3/h Ps=-1,243 Pa Pd= 13 Pa
Pd-=50 Pa Ts= 59°C e
Ts=72C
Sp=350.1 mg/Nm3 Up=0.950 kg/h
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 3724 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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Figure 7. MPK Installation in Construction

Figure 8. MPK Emission Test Equipment
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Figure 9. MPK Installation During Commissioning

Figure 10. Completed MPK Installation
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Another Core Separator unit wasinstalled 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 shownin Figures11 & 12 wastested by Emitor and was found to have an

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

3.3 Other Core Separator Units Installed in Poland

The first Core Sgparator installation that was undertaken by Ecolnstal in Poland was
contracted to a boilerhouse in the village of Oborniki, which islocated just north of Poznan. The
sitewas atypica boilerhouse rehabilitation where an old worn-out multicyclone was replaced and
upgraded. The multicyclone had been collecting dust emissions from aWR 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 aWR-10 boiler in Knurow. This
boilerhouse was found to bein 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. Theimprovement in dust emissions from this boiler was drastic.
The measured efficiency of the Core Sgparator was just over 95%, which produced a“ clear stack”,

even during sootblowing and part |oad operation.

Theinstallation at Knurow was also tested in 1996 with sorbent injection into the boiler
backpass for multipollutant control. Thistesting 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. Thistest was significant in that it demonstrated the compatibility of
the Core Sgparator with other emission control technologiesin the event that more stringent
regulations may be mandated in the future. Photographs of the Knurow dust collection equipment
isshown in Figures 15 & 16.

Another technical and marketing achievement completed by Ecolnsta in late 1996 was the
Core Separator installation for the FIAT automobile company in Bielsko-Biala. Thiswasa
significant milestone since it occurred on a WR-25 heating boiler with a gas flow rate of 140,000
M3/h (85,000 acfm). Thisfacility islocated 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 thewriting of this report, about forty-five (45) Core Separator installations have been

completed in Poland. Table 1 providesalist of all installations completed to date. Asshownin
this table, these installations represent about 250 MWe of equivalent boiler capacity.
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Table 1. Core Separators Produced by Ecolnstal

Installation

PEC Oborniki

EXBUD Tarnow

Kombinat RSP Czempin
PEC Knurow

MPK Krakow

Armatura Krakow

Institute Non Ferrous Metals
Matizol Gorlice

Odlewnia Zeliwa
Argentchem Opalenica
Klimawentex Rzeszow
Budostal Krakow

Zaklad Farbiarski Warsaw
FIAT Auto Poland
Krakodlew-Krakow
Cementownia Strzelce
Zembiec Zembcu
PDM-Koscian
EkoBud-Grudziadz
ExBud-Tarnow

Skleja Eko-Ostrow

Czech Technical University
Firma Dragowa K utnie
PZL-WolaWarsaw

Sp. Energ. S.A. Moszczenica

Ferney Spinning Mills, Mauritius

ZRD Poznan
MZC Dzierzoniow
S.P. Energ. S.A. Pniowek

Zak. Energ. Cieplnegj. Katowice

Daewoo Lublin
Huta Im. Cedlera Sosnowiec
Cukrownia Raciborz

No. of
Units

Initial

Operation Capacity (m3/h)

N NN P RFP ®®FPRPRRPRNRRPRRRPRRREPRRRPRRRPEP®PRPREPNRERR R ®NR

N
\‘

4/95 10,000
5/95, 6/96 7,300
8/95 18,000
10/95 50,000
1/96 5,600
1/96 22,600
6/96 2,000
3/96 10,000
3/96 25,000
6/96 800
6/96 3,000
6/96 21,600
6/96 9,000
197 140,000
2/97 8,000
2/97 6,400
3197 35,000
4/97 21,600
4/97 3,500
4/97 5,800
7197 13,600
10/95 2,500
3197 45,000
3/97 100,400
10/97 120,000
12/95 30,000
3/98 100,000
4/98 108,000
6/98 110,000
7/98 120,000
9/98 220,000
9/98 180,000
10/98 210,000
1,764,700
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Application

WR-2.5 Stoker Boiler
Fluidized Bed Boilers
WCO-80 Stoker Boilers
WR-10 Stoker Boiler
WCO-80 Stoker Boiler
WR-5 Stoker Boiler
Copper Smelter
Asphalt Plant Drier
OKR-5 Stoker Boiler
Smelting Furnace
Glassmelting/Sanderdust
Rotary Drier/Asphalt
PCO-60 Heating Boilers
WR-25 Stoker Boiler
Rotary Drier/Sand
Cement Kiln Drier
Rotary Drier/Bentonite
Asphalt Dryer

SR-15 Boiler

Fluidized Bed Boiler
WLM-2.5 Boiler
Fluidized Bed Boiler
Rotary Drier/Asphalt
WR-5 Boilers

PWRp 20 Boiler
Stoker Boiler

Rotary Dryer/Asphalt
WR-5 Boilers

WR-25 Boiler

WR-25 Boiler
EKM-50 Boiler

OR-32 Boilers

OR-32 Boilers
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Figure 11. Budostal
Krakow Core Separator

Figure 12, Budostal
Caore Separator Layout
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Figure 13. Core Separator Installation - Oborniki

Figure 14. Side View - Oborniki Core Separator
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Figure 15, Stack Condition at Knurow Prior to Core Separator

Figure 16. Core Separator Installation - Knurow
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Figure 17. Structural Steel Installation - FIAT AUTOPOLAND

Figure 18. Cere Separator Module Installation - FIAT AUTOPOLAND
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Figure 19. Core Separator Near Complete - FIAT AUTOPOLAND

Figure 20. Completed Core Separator - FIAT AUTOPOLAND

33



DE-FC22-94PC94111

3.4 Effect on Emission Reductions

The implementation of Core Sgparator 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 aWR-10 boiler. This comparison shows that when a Core Separator isinstalled

as areplacement 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 areplacement Core Separator is approximately 28.9 metric tons for atypical WR-10

boiler.
Case Study
WR 10-011 Boiler
- Coal Consumption 2,560 kg/h
- Flue Gas Temp. 200 deg. C
- Bailer Efficiency 80 Pct.
- Operating Factor 240 daydlyr.
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
- Annua Emission 10,529 kg
Differencein Dust Emission 28.9 MTlyr.

By using similar assumptions, a more comprehensive analysis can be applied to the entire
list of Core Separators produced by Ecolnstal (Table 1) to obtain an estimate of emissions
reduction from all sources. Below, this estimate has been made for the five (5) operational Core

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

Estimate of Particulate Emission Reduction
Attributed to Core Separator Installations

Location (# Units) Parti culate Emissions Reduced, Metric Tonsg'Y ear
Krakow Region (5) 116.6
All of Poland (45) 2,154.0
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3.5 Core Separator Marketing Effortsin Poland

Since 1995, Ecolnstal and L SR expended considerable effort in marketing new technology
throughout aregion that is badly in need of emission control technology. The marketing efforts

consisted of the following endeavors:

* Prepared and published technical papersin Polish trade journals
» Attended and exhibited at numerous trade shows
* Made presentations to industry executives and local government officias

* Advertised in select environmental trade magazines

Although Ecolnstal exhibited at many trade shows in and near Krakow, it aso exhibited at the
large international fair known as EcoPol held annually in Poznan. EcoPol isamajor world-class
environmental trade fair with more than 1,000 exhibiting companies from 190 different countries.
Several trade shows were aso attended in various citiesin 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

Ecolnstal 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) companiesin ahighly competitive selection process that included more than
2,000 eligible firms.

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

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

contributions were related to Core Sgparator installations.

3.7 Modernization of Manufacturing

In 1996, Ecolnstal made a substantia investment to enlarge and improve its production

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

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

into arenovated 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 amajor collaborative
effort between LSR and Ecolnstal. This effort included the following:

(@

(b)

(©)

Developing Modular Designs for Small and Large Capacity Units. L SR developed

detailed manufacturing drawings with AutoCad® software to produce a maximum
number of common (or identical) partsin 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.

Technology Transfer from Developer to Manufacturer: Production drawings
developed by L SR were adapted to Polish material specifications for sheet stedl sizes
and thicknesses and conveyed to Ecolnstal. 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.

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

pieces used in Core Sgparator modules. The fixtures are away of standardizing the
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manufacture of as many component parts as possible.

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

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

guillotine shearer, improved welders, and other miscellaneous equipment.

(e) Technical Training of Production Workers: L SR engineers together with Ecolnstal

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 Ecolnstal for the process

of 1SO-9000 requirements.

Asaresult of this upgrading, today Ecolnstal 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 stepsin the manufacturing sequence of commercial Core Separator units at
Ecolnstal.
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Figure 21. Ecolnstal Exhibit - EcoPol Trade Show

Figure 22. Cere Separator Exhibit - EcoPol Trade Show
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Figure 23. Polish/U.8. Exhibit - EcoPol Trade Show

Figure 24. Equipment Display - EcoPol Trade Show
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Figure 25. Core Separator Production at Ecolnstal

Figure 26, Production Sequence at Ecolnstal
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Figure 27. Initial Forming of Cere Separator Module

Figure 28. Quality Contrel Department - Ecolnstal
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Figure 29. Completed Core Separator Modules - Ecolnstal

Figure 30. Equipment Being Shipped from Ecolnstal
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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 arapidly 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 boilersis 600 g/GJ, which is roughly ten times higher than
that of neighboring countries such as the Czech Republic. These regulations are also writtenin 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 afree 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 boilerhousesin Krakow. A number of these seemed to
be promising, but were declined at the last moment when an artificialy 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 sametime, only four systems were sold in
Krakow despite a 50 percent subsidy incentive and a more concentrated effort. A commonly held

belief isthat 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 firmsto reduce air emissionsin the city
of Krakow. The cooperative agreement between L SR Technologies, Inc. and Ecolnstal isalong-
term self-sustaining venture whereby modern U.S. technology can be offered commercialy 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 amutually beneficial business venture between a Polish and U.S. firm

which will sustain itself on a continuing basis

o Ingtalation of five (5) Core Separator installationsin Krakow as well as many other

nearby unitsall of which improve air quality in this historic city

» Ingtalation 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 emissionsin Krakow of more than 115 metric tons per year

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

* Introduction of anew 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
jobsfor the local economy, while having a positive effect on the Polish trade balance.
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1.0 Sprawozdanie

Oczyszczanie frodowiska i kontrola wyziewdw przemystowych majg obecnie
priorytetowg pozycig w sferze poprawy warunkdw zycia w Polsce post-komunistycznej.
PowaZne zanieczyszczenie powietrza, wody i gleby na terenie calego kraju jest wynikiem
ponad czterech dekad centralnego planowania gospodarky. Zanieczyszczenia te sg powodem
obnizenia zdrowia ludnosci. Rzjd polski rozpoczat wprowadzanie kontroli srodowiska w celu
odwrdcenia tej sytuacji. Polski przemyst weglowy jest jednym z przedmiotdw tej kampanii,
W roku 1990 wegiel kamienny ciggle jeszeze byl Zrédtem okoto 80-ciu procent podstawowej
produkeji energii elekrycznej. UzZytkowanie wegla w Polsce jest jeszcze bardzo niewydajne.
Polska zuzywa 2 do 3 razy wiecej energii na jednostke brutto produkeji krajowej (GDP) w

pordwnaniu to krajdéw Furopy Zachodnie;j.

Firma LSR Technologies zostata wybrana przez Dwustronny (Amerykardsko-Polski)
Komitet Sterujgey jako jedna z partycypantéw Krakowskiego Programu Czystych Paliw
Kopalnianych i Oszcz;dnos&:i Energii, aby wzia¢ udzial w jednym z pigciu zakresdw projektu
wstepnego tego programu. Wybrany zakres tegoZ projektu skupit si¢ na ograniczeniu emisji
pyléw z kottowni weglowych i koksowych za pomocg nowe;j technologii odpyinikdw, pod
nazwg, Core Separator™ (separator/oddzielacz rdzeniowy). Poniewaz Core Separator jest
przyrzadem bardziej optacalnym i o wiele wydajniejszym od cyklondw wielostopniowych,
zauwazono, ze bylby on doskonatym rozwigzaniem dla bardzo w Krakowie rozproszonych
#rédel wydzielaczy pytow. Na poczatku lat 90-tych Krakéw miat jeszcze okoto 1300
kotfowni zawiergjacych okoto 2900 kotléw ogrzewczych. Pomimo Ze od tego czasu wiele z
tych kottowni zamknigto, powazna jednak ich czgé¢ pozostaje jeszcze w eksploatacji i stanowi

gtéwne Zrédlo emisji pytow do atmosfery.
W 1994 roku firma LSR Technologies podpisata umowg o wspdlpracy, z podziatem
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kosztéw, z Departamentem Energetyki USA. Umowa ta zapewniata oprzyrzadowanie,
obstuge i serwis zwigzane z zainstalowaniem systemow do ograniczania emisji
zanieczyszozelt powietrza z kottowni weglowych. Stworzony zostat dwufazowy projekt,
ktérego zadania podzielono na dwie $cisle okrestone struktury. Pierwsza faza zawierala
badania infrastruktury na ktére skiadaly si¢: (1) opracowanie planu przedsigwzigeia i strategii
rynkowej; (2) analiza i wybdr partnera do produkeji i obstugi spodziewanego zapotrzebowania
rynku, oraz (3) zabezpieczenie odpowiednich Srodkdw finansowych oraz zapewnienie
zobowigzaii o podziale kosztéw na pierwsze instalacje. Do wykonania tej fazy firma LSR
weszta w umowg z Fundacjg Na Rzecz Efektywnego Wykorzystania Energii w celu uzyskania
pomocy w ogélnym planowaniu oraz w wykonaniu prac. Pod koniec pierwszej fazy projektu
polska firma Ecolnstal zostala zatrudniona jako gldwny partner LSR Technologies.

Druga faza obj¢ta zabezpieczenie powazniejszych zobowigzatt finansowych do
wiafciwego wdroZenia i instalacji nowej technologii w kottowniach weglowych. Miejscem
pokazowym dla zainstalowania pierwszego zespofu Core Separator zostaly wybrane
Krakowskie Zaklady Armatur, gdzie usprawniono kolektor pytu w kotle typu WR-5. Cztery
(4) kolejne zespoty Core Separator zainstalowano w innych kottowniach Krakowa. W kazdej
z nich skuteczno$¢ kolektoréw pytu wzrosta z 75-80% do okoto 94-97%. Poziom emisji
pylow zmalat do poniZej 20g/GJ, co zblizylo sig do wydajnoéci droZszych urzadzer, jak
filtrow elektrostatycznych (ESP) Iub tkaninowych. Réwnolegle z instalacjami w Krakowie,
40 innych zespotéw Core Separator zamontowano w innych rejonach Polski, m.in. na Slasku,

ktdry jest jednym z gtéwnych #rddet zanieczyszczeri powietrza w Krakowie.

W celu dostosowania sig do zapotrzebowania na zespoly Core Separator w Polsce,
konieczne stafo si¢ wyraZne powigkszenie zdolnoéci produkcyjnej Ecolnstalu. Proces
usprawnienia produkcji wymagaf scistej wspotpracy na ktdrg ztozyly sie nastgpujace zadania:
(1) opracowanie oprojektowania modulowego przy uzyciu techniki CAD/CAM (projektowanie
uk¥adow wspomagane komputerem/produkcja wspomagana komputerem); (2) transfer
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nowej technologii przystosowanej do polskich wymagaft technicznych metalu; (3)
wypracowanie osprzgtu do standardyzacji komponentSw; (4) nabycie nowych
maszyn produkcyjaych, oraz (5) gruntowne szkolenie robotnikéw. W wyniku tych wysitkéw i
usprawniefl Ecolnstal stat si¢ szanowang i znang na rynku firmg produkujaca uldady do
kontroli zanieczyszczenia powietrza. Ecolnstal moZe obecnie konkurowaé pod wzglgdem

ceny oraz jakodci produktu praktycznie z kazdg firmg przemystu metalowego w Polsce.

Podczas trwania tego projektu, obie firmy, LSR jak i Ecolnstal, otrzymaly prestizowe
nagrody za zespoly Core Separator. W 1996 roku LSR zdobyta nagrodg R&D 100 Award
przyznawang, corocznie za najlepszy wyrdb techniczny na $wiecie. Ecolnstal zdobyt w roku
1997 Polska Nagrod¢ za Przodownictwo w Ochronie Srodowiska przyznawang przez Ministra
Ochrony $rodowiska, za wyjatkowy wkiad w kontrolg zanieczyszczei.

Projekt ten okazat sig olbrzymim sukcesem i wypeit wszystkie cele postawione przez
Dwustronny Komitet Sterujacy. Do osiggniec projektu, ktére przyczynify si¢ do wypetnienia
powyzszych celi nalezy zaliczyc:

- Stworzenie wzajemnie korzystnego przedsigwzigcia pomigdzy polskg i amerykanska

firma, kidre jest od tego czasu samodzielnie kontynuowane i utrzymywane;

- Zainstalowanie S~ciu zestawdw Core Separator w Krakowie oraz wielu innych w
rejonie Krakowa, ktdre przyczyniajg sig¢ do znacznej poprawy jakodei powietrza w

tym historycznym miescie;

- Zainstalowanie 45-ciu zespotdw Core Separator z t3czng wydajnoscig 1.7 miliona

m*h w skali catego kraju;

A.3
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- ObniZenie poziomu emisji pyfdw w Krakowie o ponad 115 ton rocznie oraz z gdrg

2150 ton rocznie na terenie catej Polski;

- Zapoznanie polskiej firmy z nowg technologia, umozliwifa znaczny jej rozrost oraz

potrojenie liczby jej pracownikdw;

- Zaistnienie dla polskiej firmy moZliwosci eksportu osprzgtu jako dodatkowego

ubocznego benefitu tego projektu; sytuacja ta fagzy sig posrednio ze stworzeniem

nowych posad (poszerzenie rynku pracy) oraz ogblnie wplywa pozytywnie na bilans

polskiego handlu zagranicznego.
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W dniu 12.05.1997 1. odbylo sig posiedze-
nie Rady Programowei Konkursu , Lider Pol-
i w skladzie:
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" Adam Mierzwlfiski - dyrektor generalny
w Ministerstwie Ochrony Srodowiska, Zaso-
bow Naturainych i Lamctwa,

zastepcy prrewodniczaceg:
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T Centrum Badan | Certyfikacji,

‘Andrze] Mitoszewshd - dyrektor Zespotu
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-Srodowiska,

f “sekretarz: .

".Wanda hrosz lnstytut Ekologll Terenow
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s o era
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’conych
Konsuiting - szkolenia. [ o1 onh 7o

W poszczegbinych kategoﬂach zgloszono:
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wego miejskiego”, Zi jqcy Petrochemia
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spodarki odpadami cﬁa Stowarzyszenia Gmm :
e

" ProSrodowiskowe] p

Prestizowa nagroda mimstra ochrony Srodowiska, zasobéw naturalnych i Ieﬁnictwa
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%wlog%cme, Poznail,. = C

i Xit Liceum

= ,Czysta sprawa” - pilotazowy pro-

gram edukaqi ekologiczne] miasta Rzeszo-
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Stacja Obslugi Autobuséw Krakéw-Bienczyce.

Temat opracowania:

Pomiary emisji pylowej i skutecznosci odpylania
Instalacji odpylajacej Kotlow WCO-80 nr.2 i 3
w MPK - Stacja Obslugi Autobuséw Krakéw-Bienczyce.

Instalacje odpylania z zastosowaniem
CORE SEPARATORA wykonat:

ECO-INSTAL
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Zaklad produkcyjny Nr 1 w KoScianie
64-000 Koscian ul. Lakowa § -+~
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fax 065/121927
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1.Cel i zakres pomiaréw.

Podstawa do wykonania niniejszych pomiarow jest zlecenie Eco-Instal Poznan Zakladu
Produkcyjnego Nr 1 w Koscianie dotyczace wykonania pomiarow emisji pylowej 1 skute-
cznosci odpylania instalacji odpylajacych Kottéw WCO-80 nr.2 i 3 w Kotlowni Zakladowej
Miejskiego Przedsigbiorstwa Komunikacji - Stacja Obstugi Autobusow w Krakowie-
Bienczyce ul.Makuszynskiego.

Cykl pomiarowy obejmowal nastgpujace etapy prac:
Kociol WCO-80 nr.2

- za kotlem, przed cyklonem i Core Separatorem ( Up)
- za cykionem i Core Separatorem - przed wentyl. ( Ep)

Kociot WCO-80 nr.3

pkt.1 - za kotlem przed cyklonami (Up)

pkt.2 - za cyklonami a przed odpylaczem Core Separatorem (Up ).

pkt.3 - za cyklonami i za odpylaczem Core Separatorem - przed wentyl. (Ep )
pkt.4 - za cyklonami i za odpylaczem Core Separatorem - za wentyl. (Np)
pkt.5 - na kanale recyrkulacyjnym przed wentylatorem (Np )

pkt.6 - na kanale recyrkulacyjnym za wentylatorem ( Up )

Up - pomiar unosu pylu
Ep - pomiar emisji pylu
Np - pomiar natezenia przeplywu

2.Metodyka i aparatura pomiarowa.

2.1.Metodyka pomiaru emisji pylu i skutecznosci odpylania.

Pomiar natezenia przeplywu gazu i stgzenia zapylenia za urzadzeniem odpylajacym prze-
prowadzono stosownie do zalece ,, Katalogu Metod Manualnych ” Etap 11 - Emisja oraz
Polskiej Normy PN-Z-04030-7 , Ochrona czystosci powietrza. Badania zawartosci pylu.
Pomiar stezenia i strumienia masy pylu w gazach odlotowych metoda grawimetryczng”.

2.2.Zestaw aparatury:

- sondy zmodernizowane i zerowe, ogrzewane z koficowkami & 13 mm
- filtr mierniczy ogrzewany z filtrem tkaninowym

- chlodnica

- absorber wypelniony CaCl,

- rurka spigtrzajaca Prandtla - liczba ksztaltu B = 1,00




- gazomierz wyposazony w termometr i manometr

- pompa ssaca

- mikromanometr typu MPR-4 wypelniony etanolem o ggstosci y = 0,8 g/cm’
- mierniki temperatury typu EMT-07

- wskazniki quasiizokinetycznosci

- barometr ze skala mosiezng i termometr rtgciowy

- komplet wezy gumowych 13 mm

- komplet wezy gumowych impulsowych €3 mm.

2.3.Mierzone i wyznaczane parametry /jednostka/

- ci$nienie barometryczne / mmHg, hPa/

- temperatura otoczenia /°C,K/

- wymiary kanalu pomiarowego / mm, m*/

- zanurzenie sondy pomiarowej w kanale /mm/

- zalozenie statej wielkosci czasu do zassania czgsciowego strumienia gazu w kazdym
punkcie pomiaru /min/

- temperatura gazu w gazomierzu /°C, K/

- temperatura gazu w kanale pomiarowym /°C, K/

- podcisnienie w gazomierzu / mmHg, Pa/

- ci$nienie dynamiczne w kanale / mmC,H;OH, Pa/

- ci$nienie statyczne w kanale  / mmC,;HsOH, mmH,0, Pa /

- pomiar zerujacy / utrzymanie rownowagi cisnien statycznych w kanale i glowicy sondy
z uwzglednieniem oporéw hudraulicznych i stopnia rozprezenia gazu /

- ilo$¢ wykroplonej pary wodnej w chiodnicy g/

- ilo$¢ zaabsorbowanej pary wodnej w absorberze g/

- wielkosé czesciowego strumienia gazu suchego  /m’/.

2.4.Analiza skladu chemicznego gazu i stgzenia tlenku wegla.

Analiza skladu chemicznego gazu, oznaczenie % zawartoéci CO,, O, i zawartosci CO w
ppm przeprowadzono przy pomocy analizatora gazu z czujnikari elektrochemicznymi typu
TESTO-342-1.

2.5.0bliczenie emisji pylu i skuteczno$ci odpylauia.
Obliczenia wynikow z przeprowadzonych prac pomiarowych wykonano przy pomocy

programu komputerowego ,,EMISJA 5.1” autorstwa mgr inz Ryszard Samo¢ - Zaklad
Uslug Komputerowych Dla Potrzeb Ochrony Srodowiska 62-800 Kalisz.

3.Parametry pracy urzadzen technologicznych.

Pomiary emisji pylowej 1 skuteczno$ci odpylania wykonano przy nastepujacych parametrach
pracy kotlow WCO-80 nr.21 3. :




Parametr mierzony | Jednostka | - Wartos¢ ‘
kKociol nr.2 Kociol nr.3
Temperatura wody z kotla °C 120 118
Temperatura wody do kotla °C 73 75
Cisnienie wody na kotle MPa 0,19 0,19
Rodzaj paliwa: mial weglowy

kaloryczno$é - 20000 kJ/kg

zawarto$¢ popiolu - 21%

zawarto$¢ siarki - 1,0%

4.Punkty pomiarowe.

Tlosé kroccow pomiarowych zainstalowanych na instalacji odpylajacej kotlow WCO-80 jest
zgodna z zaleceniami Polskiej Normy PN-Z-04030-7 ,,Ochrona czystosci powietrza. Badania
zawartosci pylu. Pomiar stezenia i strumienia masy pylu w gazach odlotowych metoda
grawimetryczng” a ich usytuowanie jest optymalne do istniejacego ksztaltu instalacji.
Usytuowanie punktow pomiarowych przedstawiono ponizej: ( dugosé odcinka prostego
przed pkt. pom./ za pkt. pom. w metrach ).

Ksztalt instalacji na obydwuch kotlach WCO-80 jest ten sam.

za kotlem przed cyklonami - (0,2/0,6)
za cyklonami a przed odpyl. Core Separatorem - (0,3/0,1)
za cyklonami i za odpyl. Core Separatorem za wentyl. ciagu - {0,5/1,0)
kanal recyrkulacyjny - przed wentylatorem - (0,9/0,4)
kanal recyrkulacyjny - za wentylatorem - (0,7/0,5)
za cyklonami i za odpyl. Core Separatorem przed wentyl. ciagu - (0,6/0,2)

5.Wyniki i uwagi koficowe.

W ponizszych tabelach i wykresach przedstawiono wyniki pomiarow.

Wykres natgienie przeplywu dla kotlow WCO-80 nr.2i3 /w m’/h/

5060

4000 4328

CIKociot WCO-80 nr 3
CIKociot WCO-80 nr.2

+ t
punkt.d punki 4




Zestawienie wynikow pomiaréw na kotle WCO-80 nr.2

Miejsce | Temp. - |’ Ciénienic | Cisnienie ‘| Natezenie Stezenice Unos
pomiaru spafin__ | statyczna dynamiczne | przeplywu pylu pylu

°C Pa Pa Nm’/h mg/Nm’ kp/h
Punkt.1 139 -2667 6 2479 873,5 2,164
Punkt.2 63 -4001 23 2769 67,3 0,186

Schemat instalacji odpylajacej kotla WCO-80 nr.2 wraz z wynikami.

Pkt.2
Vn= 2769 Nm/h
Ps =-4001 Pa Komin
Pd= 23 Pa
Ts= 63°C
Sp= 67.3 mg/Nm’®
Ep= 0,186 kg/h
Wentyl.
ciagu
‘E‘ Cyklon ! Core Separator
Wentyl. recyrkulacyjuy
. |
Pkt.1 !
Vi = 2479 Nm’/h
Ps = 2667 Pa
Pd= 6Pa
Ts= 139°C
Sp = 873,5 mg/Nm’
Up = 2,164 kg/h

Zestawienie wynikow pomiaréw na kotle WCO-80 nr.3

Punkt. | 130 -1015 12 3881 793,0 3,078
Punkt.2 120 -1218 69 4055 372,4 1,510
Punkt.3 72 2593 56 4207 28,9 0,122
Punkt.4 72 70 13 4233 - -
Punkt.5 59 -1471 44 2561 - -
Punkt.6 59 1243 50 2713 350,1 0,950




Schemat instalacji odpylajacej kotla WCO-80 nr.3 wraz z wynikami.

Pkt.3
Vi = 4207 Nm'/h
Ps =-2393 Pa
Pd= 56 Pa
Ts= 72°C .
Sp= 289 mg/Nm3 Komin
Ep= 0.122 kg/h
Weniyl.
ciagu
! Cyklon { Core Separator
a -~
Wentyl. recyrkulacyjny
Pkt.1
Vi = 3881 Nm¥/h Pkt.2
Ps =-1015 Pa Vo= 4055 Nm’/h . Pkt5
Pd= 12Pa Ps =-1218 Pa Vo= 2561 Nm’/h
Ts= 130°C Pd= 69Pa Ps = -1471 Pa
Sp= 793,0mg/Nm*| |Ts= 120°C Pd= 50Pa
Up= 3,078 kg/h Sp= 3724 mg/Nm® Ts= 59°C
Up= 1,510 |
b l0ken Pkt.4
Pkt.6 Vi = 4233 Nni'/h
Vn= 2713 Nm*/h Ps =.1243 Pa Ps = -70 Pa
Pd= 50Pa Ts= 59°C Pd= 13 Pa
Sp= 350, mg/Nm’ Up= 0,950 kg/h Ts= 72°C

Wykres unosu i emisji pylu kotlow WCO-80nr.2i3 -w kg/h

LIKociot W CO-80 nr.2
LIKociot WC O-80 ne.d

9,188 0122

TR

FPrzed cyklonem

Za cyklonem

z

(cyklony + Core Separator)

# Care Separatorem

So

Na kansie recyrkul.

Skuteczno$é odpylania zespolu urzadzei odpylajacych kotla WCO-80 nr.2
91,39 %




Wyniki pomiaréw skutecznosci odpylania
zespolu odpylajacego kotla WCO-80 nr.3

' Urzqdzenie | Skutecznose
~odpylajace .| odpylania:w %
Cyklon ' 509
Core Separator 91,9
Cyklon + Core Separator 96,0

Podpis i pieczeé
Wyk:
ZAKEAD WYKONYWARIA POMIAROW




Zaklad Wykonyvania Pomiardw
'ENITOR! s.c.
45-232 Opole, ul. Oleska 123

Nazwa zakiadu:
Nazwa obiektu:
Miejsce pomiaru:
Data pomiaru

WYNIKTI

POMIARU UNOS U nr 196p/E/96

MPK - Stacja Obslugi Autobusdédw Bienczyce-Krakow
Kociol WCO-80 nr.2
Punkt nr.l - za kotiem (przed odpylaczami)
1996-03~-13

Wymiary kanalu: przekrdj prostokatny 0.530 x 0.550 m
Lp Parametryr j.m. 1 2 Srednia
1] CiSnienie barometrycz. hPa 991.94 991.94 991.94
2| CiSnienie statyczne hPa 965.27 965.27 965.27
3} Temperatura w kanale K 411.5 412.2 411 .85
4] CiSnienie dynawmiczne Pa 5.5337 5.855 5.6944
5| Gesto8¢ w war.umownych | kg/m3 1.2905 1.2926 1.2915
6| GestoS8¢& w war.rzeczyw. kg/m3 0.8173 0.8172 0.8173
7] Predko§& gazdw m/s 3.6798 3.7853 3.73286
8] Natez. przepiywu umown.| m3/h 2445.7 2511.6 2478.7
9| Natez. przeplywu rzecz.| m3/h 3861.6 3972.3 3917
Stezenie pylu
10 -w warunkach rzeczyw.| mg/m3 568.19 535.66 551.93
11 -w warunkach umownych| mg/m3 898.54 848.54 873.54
12| Unos pylu kxg/h 2.1976 2.1312 2.1644




Zaklad Wykonywania Pomiarw

Nazwa zakiadu:
Nazwa obiektu:
Miejsce pomiaru:
Data pomiaru
Wymiary kanatu:

"BRITOR® s.C.

45-237 Opole, ul. Oleska 12)

WYNIXI POMIARU EMISJIInr 197z/E/96

MPK - Stacja Obstugi Autobusdw Bienczyce-Krakdw
Kociol WCO-80 nr.2
Punkt nr.2 - za odpylaczami (przed wentyl.)
1996-03-13

przekrdi kwadratowy 0.380 x 0.380 m

Lp Parametr j.m. 1 2 rednia
1] Ciénienie barometrycz. hPa 991.94 991.94 991.94
2] Ciénienie statyczne hPra 951.93 951.93 951.983
3| Temperatura w kanale K 336.3 336.1 336.2
4| Cisnienie dynamiczne Pa 24.2656 23.4159 23.8408
5| Gesto&€ w war.umownych kg/m3 1.2844 1.2859 1.2851
6| Gesto8& w war.rzeczyw. kg/m3 0.9816 0.9833 0.9825
7| Predkodé gazbw m/s | 7.0313 6.9012 6.9662
8| Natez. przepiywu umown.| m3/h 2783.5 2743 .4 2768.5
9| Natez. przepiywu rzecz.| m3/h 3655.2 3587.5 3621.4
Stezenie pylu - :
10 -w warunkach rzeczyw.| mg/m3 51.9034 50.8616 51.3825
i1 -w warunkach umownych!| mg/m3 68.0202 66.6152 67.3177
12| Emisja pylu kg/h 0.189 0.1828 0.1864

biad

biad

biagd pomiaru przepiywu gazdw w kanale

bigd

Biledy pomiardw fizykochemicznych i analiz

pomiaru temperatury
oznaczenia gesto&ci gazu

oznaczenia stezenia pyiu

blad oznaczenia wilgotnofci gazu

ZESTAWIENIE BEEDOW POMIAROW

"R w o

1
7.07
7.21
5.2
5.39

EMISJI

o of ol o o

nazwa zanieczyszczenia

Srednia emisja
(kg/hl]

bigd wzgledny
[%]

bigd bezwzgledny
[kg/h]

pyl

&
|

0.186

5
|

7

.49

[+ -

0.014

Obliczenie sprawnoSci urzgdzefi oczyszczajacych

Zakiad: MPK - Stacja Obsiugi Autobusédw Bienczyce-Krakdw

Obiekt: XKociol WCO-80 nr.2
Pomiar emisji w dniu 1996-03-13

Nazwa zanieczyszczenia |[unos kg/h emisja kg/h|sprawnosSté
oczyszcz. %
pyl 2.1644 0.1864 91.4

Pomiary przed urzgdzeniami oczyszczajacymi:
1.Punkt nr.l - za kotlem (przed odpylaczami)
Pomiary za urzadzeniami oczyszczajacymi:

1 Punkt nr 2 - 7a ndpvlarzami

{(przed wentv]

}




laklad Wykonyvania Pomiardw

"EMITOR* s.c.

45-232 Opole, ul. Oleska 123

Nazwa zakladu:

WYNIKI POMIARU UNOSUnr 189p/E/96

MPK - Stacja Obsiugi Autobuséw Bienczyce-Krakéw

Nazwa obiektu: RKociol WCO-80 nr.3
Miejsce pomiaru: Punkt nr.1 - za kotilem
Data pomiaru 1996-03-13
Wymiary kanaiu: przekrdj kwadratowy 0.550 x 0.550 m
Lp Parametr j.m. 1 2 §rednia
1] Ciénienie barometrycz. hPa - 991.41 991.41 991.41
2| CiSnienie statyczne hPa 981.28 981.23 981.26
3! Temperatura w kanale K 403 402 .4 402.7
4] Ciénienie dynamiczne Pa 11.7636 13.0797 12.4216
5] Gestos€ w war.umownych | kg/m3 1.2862 1.2856 1.2859
6| Ggsto&€ w war.rzeczyw. kg/m3 0.8456 0.8464 0.846
7| PredkoS& gazéw m/s 5.2749 5.5592 5.4171
8] Natez. przeplywu umown.| m3/h 3776.5 3985.8 3881.2
9| Natez. przepiywu rzecz.| m3/h 5744.4 6054 5899.2
Stezenie pylu .
10 -w warunkach rzeczyw.| mg/m3 516.34 525.39 520.87
11 -w warunkach umownych| mg/m3 786.64 799.26 792.95
12{ Unos pylu kg/h 2.9707 3.1857 3.0782




laklad ¥ykonywania Pomiarbe

*EMITOR" s5.¢.

45-232 Opole, ul. Oleska 123

Nazwa zakladu:
Nazwa obiektu:
Miejsce pomiaru:
Data pomiaru
Wymiary kanalu:

WYNIKI POMIARU EMISJII nr 192z/E/96

1996-03-

13

przekrdi kwadratowy 0.380 x 0.380 m

MPK - Stacja Obsiugi Autobusdw Bienczyce-Krakdw
Kociol WCO-80 nr.3
Punkt nr.3 - Za odpylaczami (przed wentylatorem)

Lp Parametr j.m. 1 2 &rednia
1| Ciénienie barometrycz. hPa 992.07 892.07 992.07
2} CiSnienie statyczne hpra 966.2 966 .07 966.14
3} Temperatura w kanale K 345.3 344.5 344.9
4| CiSnienie dynamiczne Pa 56.7896 54.5922 55.6909
5| Gestod& w war.umownych | kg/m3 1.2869 1.2856 1.2862
6] GestoS€ w war.rzeczyw. kg/m3 0.9723 0.9734 0.9728
71 Predko&é gazbw m/s 10.8083 10.591 10.6997
8| Natez. przepiywu umown.| m3/h 4244.9 4168.6 4206.8
9} Natez. przeplywu rzecz.| m3/h 5618.6 5505.6 5562.1
Stezenie pylu
10 -w warunkach rzeczyw.| mg/m3 21.2122 22.5017 21.8569
11 -w warunkach umownych| mg/m3 28.1213 29.7658 28.9436
12| BEmisja pylu kg/h 0.1194 0.1241 0.1217
Bledy pomiardw fizykochemicznych i analiz
bigd pomiaru temperatury = 1 %
bigd oznaczenia wilgotnosSci gazu = 7.07 %
bigd oznaczenia gegstoSci gazu = 7.21 %
bigd pomiaru przepiywu gazéw w kanale = 5.2 %
biad oznaczenia steZenia pylu = 5.39 %
ZESTAWIENIE BEEDOW POMIARGW EMISJI

nazwa zanieczyszczenia

§rednia emisja

{kg/h]

btad wzgledny
2.

biad bezwzgledny
(kg/h]

pyl

0.122

7.

49

|-

0.0091




KARTA DANYCH POMIAROWYCH  nr196p/E/96

Nazwa zakladu: MPK - Stacja Obstugi Autobusiw Bienczyce-Krakéw
Nazwa obiektu: Kociot WCO-80 nr.2 ,
Miejsce pomiaru: Punkt nr.1 - za kotlem (przed odpylaczami)

Data pomiaru 1996-03-13

POMIAR 1
Cisnienie barometryczne = 991.9 hPa 744, 2mmHg
Temperatura gazu w przewodzie = 411.5 °K  138.5°C

Odczyty cisnienia statycznego i dynamicznego
Ptyn w mikromanometrze : etanol o gestosci 0.8 g/cm3
Gesto$¢ ptynu do pomiaru cisnienia statycznego 13.6 g/cm3

tp | hs [mm ]| Ps [Pa] | hd [mm] | Pd [Pal | w [m/s]
171 1/5

1 -20 -2667.23 0 0 0

2 -20 -2667.23 0 0 0

3 -20 -2667.23 0 0 0

4 -20 -2667.23 0 0 0

5 -20 -2667.23 0 0 0

6 -20 -2667.23 0 0 0

7 -20 -2667.23 0 0 0

8 -20 -2667.23 0 0 0

9 -20 -2667.23 0 0 0

10 -20 -2667.23 0 0 0

11 -20 -2667.23 0.5 0.78 1.386
12 -20 -2667.23 0.5 0.78 1.386
13 -20 -2667.23 0.5 0.78 1.386
14 -20 -2667.23 0.5 0.78 1.386
15 -20 -2667.23 0.5 0.78 1.386
16 -20 -2667.23 2 3.14 2.771
17 -20 -2667.23 1.5 2.35 2.4
18 -20 -2667.23 1.5 2.35 2.4
19 -20 -2667.23 2 3.14 2.771
20 -20 -2667.23 6 9.41 4.8
21 -20 -2667.23 7 10.98 5.184
22 -20 -2667.23 10 15.69 6.196
23 -20 -2667.23 10 15.69 6.196
24 -20 -2667.23 17 26.67 8.079
25 -20 -2667.23 36 56.48] 11.7%6
26 -20 -2667.23 16 25.1 7.838
27 -20 -2667.23 22 34.52 9.19
28 - -20 -2667.23 33 51.78 11.256
29 -20 -2667.23 38 59.62 12.079
30 -20 -2667.23 29 45.5 10.552

o POMIAR 2
Cisnienie barometryczne = 991.9 hPa 744 . 2mmHg

Temperatura gazu w przewodzie = 412.2 °K 139.2°C
Qdczyty cisnienia statycznego i dynamicznego

ip| hs [mm ]| Ps [Pal | hd [mm] | Pd (Pa] | w [m/s]
171 1/5




INERTIAL PARTICULATE SEPARATOR FOR
REDUCTION OF LES EMISSIONS IN KRAKOW
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Polish Foundation for Energy Efficiency
Katowice, Poland

Introduction

Environmental clean-up and pollution control are
considered foremost national priorities in Poland. More
than four decades of centralized planning has produced
serious contamination of air, water, and soil throughout
the country and a resulting deterioration of public health.
As a result, life expectancy is lower today than it was 20
years ago. Also, incidents of serious disease in adults and
young children there have been on the rise. It is therefore,
imperative that corrective action be taken.

The government of Poland has begun to implement
strong environmental controls to reverse this condition.
The target of these controls is the Polish coal industry,
which currently comprises over 78% of primary energy
production (65% hard coal and 13% lignite). The coal
utilization, especially in low grade coals, is highly
inefficient. For example, Poland uses almost three times
as much energy as Western Europe per unit of gross
domestic product (GDP). In many cases, coal combustors
have no pollution controls. Moreover, most have
relatively low stacks and release emissions relatively close
to the ground, further aggravating the problem. The result
is that concentrations of airborne dust have been found to
be many times higher than the maximum safe level.

The City of Krakow, one of the world’s great cultural
centers, has a serious problem with airborne pollutants,
These emissions are discharged from stacks burning coal,
mainly unwashed. This paper discusses one of the
projects initiated by the U.S.Department of Energy for
environmental cleanup in Krakow. This particular project
involves an efficient control technology for mitigation of
particulate emissions. The technology is referred to as the
Core Separator, and it has been under development by
LSR Technologies, Inc. in the U.S.A.

Environmental Conditions in Krakow

During a visit to Poland a few years ago, former
President Bush stated, “Today Krakow is under siege by
pollutants. Its priceless monumenis are being destroyed.”

E

The destruction is caused primarily by airborne
poliutants emanating from the combustion of hard coal
and coke in so called Low Emission Sources(LES).
Fossil fuels are used heavily for heating purposes during
the winter season. The 750000 population in Krakow
relies heavily on hard coal as the heating source. About
35% of the heating needs is provided by some 2900 local
boilers, ofien with low ¢fficiency cyclones for particulate
removal and no suffur abatement technologies. These
boilers consume yearly an estimated 370000 tonnes of
coal and coke. As a result, the combination ol coal
combustion and the city’s location in a valley having a
temperature inversion, quite often a heavy suspended smog
is visible over Krakow.

A major portion of heating needs is provided by district
heating supplied with heat from local power plants, Leg
and Skawina. These plants have high stacks that dilute
and distribute pollutants over large areas. The primary
cause of low ambient air quality in Krakow is from
suspended particles and SO, emissions. SO, pollution is
generated to a large extent (some 47%) from the
neighboring Upper Silesian Industrial Region, while the
balance comes from Krakow industry and power sectors
(some 18%) and Low Emission Sources (35%). The
picture is, however, quite different with particulate matter.
Low Emission Sources are almost entirely responsible for
suspended particulate matter in the ambient air in Krakow.

By definition “suspended particles” arc referred 10 as
particles of dust with a size less than 10 um in diameter
that do not fall to the ground from the force of gravity.
These particles are in the respirable range, i.e., they have
potentiat for accumulating in the lungs of humans cavusing
respiratory disease.

Krakow air is continuously measured by a network of
Automatic Ambient Air Monitoring Stations. The
instantancousfreal time concentrations of 8§03, CO,
suspended dust, and NO, in the ambient air are monitored
continuously. The 30-minute (D) and daily (Doy)
average concentrations for each pollutant are plotted and
tabulated. From this, the actual pollutant measurements
can be compared with permissible values. According to
Polish Law, Krakow is located in a “protected area.” For
designated protected areas, the permissible concentrations
of the main air pollutants are given in Table 1.




Table 1 Allowable Concentrations- Pollutants in
Ambient Air Protected Areas of Poland

Poliutant 30-Minute Daily Average
Concentration Concentration
D3 ng/m3 Dy ug/in’
50, 600 200
NGO, 500 150
CO 5000 1000
Suspended 250 120
Particles

O3 100 30

It is of particular intercst to comparc measurcments of
suspended particulate concentrations in both the winter and
summer seasons. Figures 1 and 2 show measurcments
taken at one monitoring station ir :bruary 1993 and in
July/August 1993. In these figures, it is immediately
apparent that: (1) concentrations are significantly higher
in winter during the heating scason, and (2) concentrations
in wintertime very ofien exceed the permissible values
from Table 1. :

The same correlation can be observed in other air
poliutants from coal combustion such as sulpbur dioxide
and carbon monoxide. The conclusion in each casc is
unmistakable, that Low Emission Sources used during the
heating season are responsible for this situation.

Abatement Options for Dust Emissions

in order to improve ambient air quality in Krakow, the
discharge of emissions during the heating scason must be
reduced. There are several ways to limit particulate
emissions from LES. Conversion of coal/coke boilers to
natural gas and connection of some hcated areas to the
district heating network are a couple of examples. Also in
this category are improvements in encrgy saving measurcs
in buildings, which would reduce “czl consumption. In
the long run though, it is unlikely that coal combustion
in local boilerhouses in Krakow will be entirely
climinated. The Ordinance of the Polish Minisiry of
Eavironmental Protection of February 12, 1990 on
Protection of Air Against Pollution gives allowable
emissions for combustion sources. The values are quite

stringent (600 g/GJ of fuel input for travclling grate
boilers fired with hard coal), and much lower for coke and
other firing systems. The deadline to comply with these
limits was set for the beginning of 1998. In addition, the
local voivod environmental standards will likely be even
more stringent than that of the Polish Minisiry. Existing
pollution control equipment (mainly cyclones) is not
likely to meet future regulations for dust mitigation in
Krakow. Utilization of smokeless fuel or bag filiers are
possible options, but both are rather costly. The novel
Core Separator technology developed by LSR
Technologies can meet these regulations for either new or
existing boilers. This technology will be described in
more detail in the following section.

Monthly Suspended Dust Concentrations
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Fig.1 Transient Concentrations - Suspended Air, pg/m3
Krakow February 1993
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Principle of Operation

The Core Separator is one of very few advances made
in the field of particulate control in recent years. The
technology was developed through research sponsored by
the U.S. Department of Energy and Environmental
Protection Agency, A number of these units have been
placed in operation in the U.S. All of the units now in
service are performing very difficult separations, i.e.,
those involving dust particles with small acrodynamic
diameters. More recently, license agrecments have been

completed with firms in the UK. and Australia. Gore Separator

Historically, mechanical separators have been ineffective ’ ‘ / Ve;nlud Multiple cyclone
in removing dust particles with diameters below 10 50 i . ,’ A
microns. In comparison, the Core Separaior is able to ' \ \\ \ \Cyclone
remove a high percentage of particles cven at 2-3 microns 6o \ \ /1
in diameter., This is roughly equivalent to the ! \\ \
performance of a medium-efficiency electrostatic 70 \. \ N\
precipitator (ESP). Figure 3, which was created by ! .
Industrial Filter & Pump Mg, Co., illustrates the relative o o \ \
performance of several particulate control devices 00 eu 6 ,\
including cyclones, barrier filters, ESPs and wet N
scrubbers, The Core Separator performance is also ® N
superimposed on this figure. As illustrated, its E \
performance is comparable to a medium-efficiency ESP or < 90 % -
a high-energy venturi scrubber. Yet, the Core Separator g ) 1 \ '
still has the traditional advantages of mechanical collectors @ Faw ““iif \
such as simplicity, reliability, compactness, and low S -
e iaed bility, comp ] I NN LT \

3 N

A simplified schematic of the Core Separator sysiem is © g7 AT \ \ e
shown in Figure 4. The system includes two 98 \'\‘ cy%!u‘:\: -
conventional components, a cyclone collector for Fabric lter] “\ \ [\ 1
extracting solids and a fan for flow recirculation. The 99 K Scrubber
Core Separator is acwally a multitude of cylindrical 99.5 s: = I
units. Each unit has a single inlet for the stream to be \pcmus caramlc fiter
treated and two outlets, one for the cleaned gas stream and 00.9 ]
the other containing a highly concentrated recirculation !
stream. The dust-laden recir'culation stream is fed 1o the 0.050.1 05 1.0 5 10 50 100
cyclone and then retums again by means of the fan. The
processes of separation and collection arc accomplished Mean particla size (um)
separately in different components, The Core Separator
cleans the inlet stream and detains dust particles in the }
system, Since its efficiency is quite high, the dust Fig.3 Particle Collector Performance (Printed with
particles cannot leave the system. They recirculate again permission of Industrial Filter & Pump Mfg. Co.)

and again until collected in the cyclone.




Fractional Efficiency Curve
Core Separator - Coal Fired Combustor
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Currently, particulate control devices can be grouped
into four(4) different categorics: clectrostatic precipitators,
{abric {ilters,wet scrubbers, and mechanical collectors, The
Core Separator is actually an advanced high performance
mechanical collector. However, for the sake of

comparison, it will be considercd as a scparate calegory.

In Table 2, many features used in the purchasing
decision for this equipment are compared. The features of
the Core Separator arc highly differentiated {rom other
methods of particulate control as shown in this table.
Mechanical collectors are currently used to remove coarse
particles (> 10 microns in diameter). They arc preferred in
this application since they require low capital and
operating expenditures. However, mechanical colleclors
are incfficient in the removal of small particles (< 10
microns), sometimes referred 0 as "respirable

These particles are typically separated in a final stage by
clectrostatic precipitators, fabric filters, or in some cases,
wet scrubbers. Each of these are high cost devices, As
shown in Table 2, the Core Separator compares quiie
favorably against other devices in terms of fine particle
performance. Also, it has most other attributes of
mechanical collectors, making it highly desirable in dust
collection applications.

The Core Separator has been under development since
1989. During its research, numerous laboratory and field
prototypes were built and tested.  As noted earlier, the
Riley Stoker Corporation installed a Core Separator unit
to remove flyash from their PC-fired Combustor Test
Facility. Test results conducted by Riley Research
showed the particulate removal cfficiency of the Core
Separator 1o range between 95 and 98% over a series of
scveral controlled tests. ’

Scveral Core Separator units have also been sold on a
commercial basis in the U.S. and abroad. These units
range in size from 850 to 11,900 NM3/h (500 - 7,000
ACFM) and each perform difficult separations, i.¢., those
removing dust particles with small acrodynamic diameters.
The boiler houses in Krakow are of a comparable scale to
the Core Separator units currently in operation.
Therefore, the only significant development issues and+
technology unknowns are as follows:

(1) Performance with Polish Coals
(2) Performance with Crushed Coal Foed Systems

Through this project and with the assistance of the
Depariment of Encrgy, six demonstralion units will be
placed in operation in the City of Krakow during 1994-
1995. These units will demonstrate performance of this

particulates”. technology with different Polish coals and {iring systems.
Tatle2 - C istlcs of Par Control Devk
FEATURE ELECTROSTATIC] FABRIC CYCLONE WET
PRECIPITATORS|  FILTERS COLLECTORS | SCRUBBERS K

COLLECTION EFFICIENCY HIGH HIGH LOW HIGH HIG
CAPABILITY FOR HIGH SOLIDS LOADING NO NO YES NO YES
PRESSURE DROP VERY LOW LOW-MED. LOW-MED. MED.-HIGH LOW-MED,
CAPITAL COST VERY HIGH HIGH LOW HIGH LOW-MED.
OPERATING COST HIGH HIGH LOW MED.-HIGH LOwW
HIGH TEMP/PRESS.CAPABILITY YES NO YES NO YES
SPACE REQUIREMENTS HIGH HIGH LOW MEDIUM LOW
DIFFICULTY WITH CERTAIN SUBSTANCES SOME SOME NONE NONE NONE
EXPLOSION,FIRE,OR VOLTAGE HAZARDS YES YES NO NO NO
SPECIAL MAINTENANCE REQUIREMENTS YES YES NO NO NO
OZONE PRODUCED YES NO NO NO NO
WASTEWATER TREATMENT REQUIRED NO NO ‘NO YES NO
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¥ig.4 Simplified Arrangement - Core Separator

Two factors govern the performance of Core Separator
systems: (1) a high separation cfficiency of the Core
Separator component, and (2) an inferaction between
individual components. To achicve high separation
efficiency, a proper bleed flow value (ratio of the
recirculation flow to the total flow) is required. By
controlling bleed flow in the Core Separator, the
tangential and radial velocitics can be controlled
independently to maintain them in the desirable range.

High cfficicncy in the Core Separator is duc to low
particle rcentrainment. In this regard, the system is
designed in such a way as to avoid formation of toroidal
vortices. 'The Core Separator component functions as a
scparator, but not as a solids collector. This permits the
avoidance of a flow U-turn within the device. 1t has a
cylindrical shape, and surfaces promoting formation of
vortices are moved away from the clean flow outlet. It
should be pointed out that alf these factors work together,
and taken individually cannot prevent vorticily.

‘The scparation cfficicncy of the Core Separator actually
predetermines the efficiency of the system even if the
collector efficiency if relatively low. The following
formula can be uscd to calculate partial collection
cfficicncy when the collector is situated downstream of the
Core Separator,

E xXE
E|y’ - o cye
1—-E“(1—Em)

When the collcctor is situated upstream of the Core
Separator,
E,,

Bun = 1-E,(1-E,,)

Here Egg Egye and Egyg relate to the Core Separator,

coliector and Core Separator system partial scparation
efficicncics, respectively.

The Core Separator Sysiem can aciually be arranged in
a varicty of configurations depending on process
conditions, required performance, inlet dust concentration,
abrasiveness of solids, etc. A single fan arrangement is
the lowest cost design and can be used in most coal-fired
boiler applications.

The Core Separator has been fested on the effiuent
stream {rom a pulverized coal-fired combustor. The site
sclected for this work was the Pilot Scale Combustor Test
Facility owncd and operated by the Rifey Stoker
Corporation, a major U.S. boiler manufacturer, Riley
Rescarch performed many tosts to cvaluale Core
Separator performance in removing fine particulate matier
in the combustor off-gas. A high volatilc Eastern
Bituminous coal from West Virginia was used to fuel the
Combustor Test Facility and generate a typical flue gas
condition (ie., 150-200 deg. C). This testing showed that
particle retention under controlicd test conditions ranged
from 95 10 98%. This performance is actually higher than
that of some ESP units under similar conditions. The cut
point diameter (dsg) in these tests was consistently found
1o be below 0.5 pum, and the particle outlet concentration
from the Core Separator was in some cascs less than 100
mg/M3. A fractional separation elficiency curve was
produced with data taken by Riley Rescarch is shown in
Figure 5.



Emissions Reduction Potential and Impact on
Heating Cost

The City of Krakow has about 1300 boiler houses
providing heat for industrial, commercial, and residential
use. ‘The boiler houses contain about 2250 boilers, some
with no emission controls at all. Many boilers are
equipped with cyclone collectors, which remove roughly
80% of the total particulatc emissions. High efficiency
collectors such as bagfilter units and clectrostatic
precipitators are practically non-existent duc to their high
cost and mainienance requirements,

The cost of emission reduction options requires careful
analysis, and it is unlikely that any one option is best in
all cases. In this section, attention will focus on ways to
modernize boiler houses through the addition of particulate
control equipment. The choices include:

+ Addition of Cyclone Collectors
« Addition of Bagfilier Units
« Addition of Core Separator Sysicins

A cost analysis was performed based on data for
particulate control equipment sold in the U.S. Table 3
provides a cost comparison of cyclones, pulse-jet
bagfilters, reverse-air bagfilters, and the Core Separator.
Cost data for the Core Separator was basced on historical
costs, whereas data for cyclones and bagfilters were based
on recently completed studies by the Electric Power
Research Institute (EPRI). The capacitics shown in this
table are typical of boiler capacitics throughout the City
of Krakow.

It is also interesting to compare the cost and respective
benefit of each of these alternatives. As shown in Table
4, conventional cyclones provide the lowest cost per ton
of pollutant removal, However, this crilerion is not
normally used in the U.S. or EC nations, since (1)
cyclones cannot meei most regulatory standards, and (2)
the incremental cost of higher efficiency increascs sharply.
For this reason, the penciration of the poliutant into the
atmosphere is more meaningful. Such a comparison
reveals that the Core Separator costs a litile more than
twice that of an equivalent sized cyclone, but allows only
about 1/5 of the total penetration of solids to the
atmosphere. The Core Separator also has the ability to
meet future emission standards in Poland, which may not

be within reach of cyclones.

The addition of any emission control cquipment will
involve some parasitic losses which must be factored into
the 1otal heating cost. For the Core Separator, the draft
loss through the system is reflected in the power for the
recirculation fan which is ultimately part of the operating
cost. It has been demonstrated that the operating cost of
the Core Separaior is less than 1.0% of the boiler
thermal input. And, unlike ESPs and fabric filters,
mainienance costs are almost non-existent.

The Core Separator is very well suited to the LES
sources of particulate cmissions in Krakow. It is unique
in that it has the following attributes:

(1) Cost-effectiveness even at boiler capacities below
500 kw

(2) Efficicnt in removing respirable (PM ¢) particles

In recent years, particulate emissions have been the
largest component of the air pollution control market,
claiming well over 60% of annual expenditures. In
addition to the 1300 boiler houses in the City of Krakow,
the region also has many other industries requiring fine
particle control equipment. The following industries
require such equipment:

CombustorFlyash Hazardous Waste
Smeliers Incineration

Sinter Dusts Sludge Incincration
Crushers Waste Heat Boilers
Iron Ore Saw Dust

Gypsum Roasting
Fiberglass Dust Catalyst Recovery
Pulp & Paper Paints & Pigments
Pharmaceuticals Coal Preparation
Asphalt Plants Fertilizer Dusts
Fumnaces Cement Kilns
Solid Waste Recycling Plastics Processing
Cereal/Grain Lime/Limestone Dust
Glass Mclting Stone Dusts
Thermal Driers




Table 3 Total Installed Cost - Particulate Control Devices

* Based on 0.4 g/M3 solids loading
** Based on 0.1 g/M3 PM10 solids loading

Size or Capacity Device Type
Gas Flow  [Thermal Input Cyclone Pulse Jet Baghouse | Reverse Air Baghouse
M3/h KW $/(M3/M) [$/KW1 ] $/(M3M) (B/KW] $/AM3/) [$/KW]
2,000 402 0.99 [4.90} 14.52[72.16] 2247 (111,69} 2.47{12.28]
5,000 1007 0.90 [4.47] 11.69 {58.06] 18.10 [89.86] 2,36 [11.71]
10,000 2,012 0.84 [4.18] 9.93 (49.36) 15.37 {16.39] 2.28 [11.32]
15,000 3,018 0.79 [3.92] 8.43[41.90] 13.05 [64.85] 2.20[10.93}
25,000 5,030 0.76 {3.77} 7.66 [38.07] 11.85 [58.91] 2.16 [10.73]
Basis: (1) Boiler Heat Rate 3150 Kcal/KWH '
(2) Baghouse Data "Sloat, D.G., etal 1991 EPRI Particulate Control Symposium
(3) Cyclone Data "Vatavuk, W.M., Chemical Engincering, May 1990
(4) Core Separator Data from Historic Costs
Table 4
Cost/Benefit Comparison - Particulate Control Equipment
Cyclone Core Separator Baghousc
Qverall Collection Efficiency, % 75- 85 94 .98 980 -99.9
PM10 Collection Efficicncy, % 20 94 99.5
(particles < 10 pm)
Cost,$/(M3m) 0.79 220 843
Cost, $/(Kg/h) solids removal * 54. 126. 464.
Cost,$/(Kg/h) PMI0 solids removal ** 1353, 803. 2908.




Conclusion

The U.S. and Polish Bilateral Sicering Commitiee with
the assistance of DOR contractors bave identified specific
methods to improve air quality and reduce cmissions
throughout the city. These include:

« Extensions to the district heating system, which
could eliminate many small uncontrolled boilers

« Conversion of hand-fired boilers to natural gas

« Elimination of home stoves in sclected parts of
the city

» Use of improved home stove designs

+ Modernization of boiler houscs to reduce emissions

This project addresses modernization of boiler houscs
through the application of ncw technology recently
developed in the U.S. for particulate emissions. The
technology is well-suited to the industrial size boilers
located in Southern Poland and is capable of removing
dust particles below 10 microns in diameter, the so catled
PM-10 emissions. Its performance is almost as good as
ESPs and fabric filters, but without the atiendant cost and
maintenance. In small boiler applications such as those
in Central Europe, it may be the Best Available Control
Technology (BACT).

Acknowledgement

The authors would like 1o thank Mr. Douglas Gyorke
for his guidance in preparing this paper and the
Department of Energy for supporting this important
project.

References

Informacja nr 2/93 i nr 7-8/93 o poziomic
zanieczyszczenia powietrza w lutym i lipcu/sicrpniu 1993
w Krakowie. Publication of Environmental Protcction
Office at Krakow Voivodship.

Ordinance of the Ministry of Environmental Protection
Natura! Resources and Forcstry of 12th February 1990 on
Protection of Air Against Pollution. Poland.

Priorytetowe Kicrunki Eliminowania Zanicczyszczen
Powictiza Atmosferycznego Spowodowanych zrodlami
Niskiej Emisji Na Terenie Krakowa. Krakow Luty 1991,
Krakow Development Office Publication by Janusz
Bardel, Jan Bieda and others.

Personal Communication with Janusz Bardel from
Krakow Development Office, 1994,

Zicvers, James F., Zievers Elizabeth C. and Eggerstedt,
Paul, “Porous Ceramics for Gas Filtration,” Ceramic
Bullctin, Vol. 70, No. 1, 1991, ’

Picrce, Barbara L. and Buicher, Thomas A., “Krakow
Clean Fossil Fuels and Energy Efficiency Project,” Ninth
Annual Coal i ilization Environ

1 , U.S. Dept. of Energy,
July 19-22, 1993,

Smolensky, L.A., Easom, B.H. and Wysk S.R., “A

Core Separator System for Fine Particulate Removal,”
igh i ilizati
avironmen ntrol

Dept. of Energy, July 27-30, 1992,

1 u.s.

Smolensky, L.A., Wysk, S.R. and Murison, A., “Novel
Particulate Control for Industrial Gas Cleaning,”

Filtration and Separation, January/February 1993




