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1.1 Background 

Section 1 

Purpose 

The Novokuznetsk clean coal demonstratIOn project was undertaken to demonstrate the 
emISSIon and energy effIcIency Improvements of usmg prepared coal. The demonstratIOn 
was carned out wlthm a representatIve range of small bOIler technologIes that are 
commonly used in Novokuznetsk and throughout the former SovIet Umon. 

The clean coal demonstratIOn project was developed m August 1994, dunng the 
assessment mISSIOn of the EPTlNovokuznetsk AIr PollutIOn Team.! The program was 
Implemented m three fIeld test phases Phase I under jomt partICIpatIOn m November 
1995, Phase II under RussIan team members' directIOn m Apnl 1996, and Phase III under 
Jomt partIcIpatIOn m December 1996. These three phases provIde strong eVIdence that 
substantial boIler effIcIency and emISSIOn Improvements result from fmng prepared coal. 

The project bUIlt on extenSIve laboratory and fIeld research performed by the local 
RUSSIan company Ecougol, under the leadershIp of Dr Ekatenna Volynkma.2 ThIS 
research profIled the small mdustrlal bOIler populatIOn, ItS fuel usage, and emISSIon 
charactenstics. Ecougol's research mcluded extenSIve fIeld and laboratory testmg at 
10 bOIler mstallatIOns over the penod 1992-1993 ThIS and other research3 establIshed 
the fact that a sIgmficant amount of Novokuznetsk's aIr pollutIOn was attnbutable to the 
city's small, low-stack bOIlers. The prelimmary results of thIS research suggested that 
reduced emISSIOns and bOIler effIcIency gams from the use of appropnately prepared coals 
could exceed the mcremental cost of coal preparatIOn. However, because emISSIOn fees 
and penaltIes are based on estImated rather than actual emISSIons, and boiler effIcIencIes 
have not, prevIOusly, been ngorously tested, boiler houses have had lIttle mcentlve to use 
cleaner fuels or to mvest m effIcIency upgrades Moreover, the lack of commercIal coal 
preparatIOn facIlItIes makes It dIfficult to produce fIeld-scale test volumes of prepared 
coal. 

Therefore, the EPT Project deCIded to evaluate the use of prepared coal m low-stack 
boIler emISSIOns as one component of a broader strategy to address the air pollution 
problems m Novokuznetsk Other components of the aIr pollutIOn program mcluded 
provldmg eqUIpment and trammg m energy effICIency audltmg, ambIent atr momtonng 
and modelIng, stack emISSIons testmg, and VISIble emISSIons teStIng The program 
mc1uded mstallatIOn of combustIOn control eqUIpment m SIX large bOIlers, which 
demonstrated that reducmg emISSIons pays for Itself m Improved combustIOn effICIency. 
Fmally, the program establIshed and eqUIpped local compames that are provIdmg energy 
audItmg and combustIon control eqUIpment mstallatIOn independent of the EPT project 

I See "TrIp Report of Novokuznetsk Air Pollution Team", August 1994 
2 See, for example, Vohnkma, EkaterIna, "InformatIOn for Makmg a Data Base on Atmosphere PollutIOn In 
Novokuznetsk", 1994, and Volmkma, Ekatenna, "The ReqUirements for Fuel Quahty for Layer and Torch 
Layer Stokers", 1994, Novokuznetsk 
3 For example, see "Novokuznetsk EnVironmental SItuatIOn and EnVironmental ProtectIOn Measures", by 
lomt Stock Company Slbglpromez, Novokuznetsk 1993 



1.2 Nature of the Problem 

The problem of emISSIOns from low-tack 10dustrIal and communal heat10g bOilers IS well 
documented 4 Most of the 160 small bOiler houses located 10 the ImmedIate 
Novokuznetsk area are old, poorly mamtained, and rarely renovated. The normal coal 
burned 10 these stoker bOilers contams a hIgh "f1Oes,,5 content, WhICh IS a mIsmatch to 
theIr grate-based combustIOn technology.6 These bOilers typIcally operate at low 
effICiencIes (I.e, 65 to 70 percent) and theIr operators have had lIttle 10centIve to 
Improve either effICIency or emISSIOns performance These low-stack bOilers have been 
shown to contnbute 10-20 percent of total suspended partIculates, 5 to 15 percent of 
carbon monoxIde (CO), and sIgmflcant quantItIes OXIdes of sulfur (e g., S02) and 
mtrogen (NOx). These emISSIons are of great health concern ow1Og to: 

1 the less effICIent pollution control deVIces and poor dIspersion of emissIOns from low­
stack small bOiler houses In companson to the emISSIons from larger 10dustnal 
processes and combmed heat and power (Thermal Electnc) statIOns, 

2 the dIrect effect on the large number of people who lIve and work around these low 
stack bOilers; and 

3 the peak emissIOns from these boiler houses that occur dunng the winter when thermal 
inverSIOns occur and dispersIon of the pollutants IS lImited. 

The small bOiler houses contnbute as much as 50 percent of the partIculate air pollutIOn 
dunng peak w10ter penods. The dIrect effect of these boiler emissions to populatIOn 
centers IS severe 10 Novokuznetsk and other cItIes of the former SOVIet UnIOn, which rely 
on small, low-stack stoker-bOilers for heat and hot water Small bOiler houses are located 
close to the populatIOns they serve, and support local 10dustnal or publIc enterpnses (e.g, 
a coal mine, other local commercIal or publIc operatIOns). 

1.3 Economic and Technical Issues 

The Clean Coal DemonstratIOn focused on small boIler operations, smce reduced 
emISSIons from these sources can quickly produce Improvements in the local and regional 
aIr qualIty The demonstratIOn also was deSIgned to show that burn10g clean coal can 
result in economic benefIts, due to the need to purchase less (If more expenSIve) coal, and 
reduce anCIllary costs, such as coal transport and ash disposal. Therefore, the Clean Coal 
DemonstratIOn justIfIes the development of a "tranSItIOnal" coal sort1Og faCIlity that IS 
cntlcal 10 bridg10g the gap untIl larger scale 10vestments 10 clean and effICIent central 
distnct heat and power systems can be afforded. 

4 See footnotes 2 and 3, above 
5 Fmes refer to coal SIzes of less than 6 mm or about 114 mch 
6 As stated m SchmIdt, Charles, "Types of BoIlers and Coal Burnmg Systems for IndustrIal and InstItutIOnal 
BOller OperatIOn", Department of Engmeenng, Umversity of Wisconsm, Apnl 19, 1979 "Regardless of 
the bOIler plant, the most sIgmficant element m operation IS to start off With the nght type of coal ThIS 
pomt cannot be overemphasIzed Unless the Impact of fuel upon the rest of the system IS recogmzed, no 
matter how dlhgent the mamtenance or how smcere the destre to operate or deSIgn a plant, total dIsaster WIll 
occur unless fuel IS matched WIth fuel burnmg eqUIpment" 



EffectIve fourth quarter 1995, the communal boIler houses7 were transferred to local 
mumcipal governments, as part of Rosugol's restructunng plan for the coal mdustry.8 
ThIS proVIdes an opportumty for a leadershIp role to be played by the CIty-owned 
communal bOIler houses, to demonstrate more economIcally effIcIent and envIronmentally 
bemgn operatIOns WIth restructunng, most customers are now reqUIred to pay a hIgher 
pnce for coal Pnces as hIgh as 100,000 rubles/ton, for mstance, provIde a sIgmficant 
mcentlve to Improve fuel effICIency 

Many of the small boIler houses should eventually be shut down and replaced by a more 
effICIent centralIzed heat and hot water system or a more efficient combustIOn system 
Shuttmg down, however, IS economIcally pamful and WIll not occur overmght 
Therefore, for the foreseeable future, most of the bOIler houses WIll remam m operatIOn 
despIte theIr antIquated technology, owmg to theIr VItal role m provIdmg heat and hot 
water to small commerCIal and publIc operatIons 

In order for the Clean Coal DemmstratIOn Project to provIde a baSIS for polIcy and 
mvestment changes, It was made very clear by semor Oblast and CIty offIcials that the 
demonstratIOn program must be undertaken m a ngorous and SCIentIfically acceptable 
manner Thus, a defenSIble "mass balance" charactenzatIOn of the bOIler operatIOns was 
reqUIred m the clean coal demonstratIOn if the results were to carry any SCIentIfic and, 
hence, polIcy ment. 

With thIS background, the EPT project, m cooperatIOn WIth RUSSIan experts, local 
industry representatIves, and CIty and Oblast offICIals, specIfIed the protocols under whIch 
the Clean Coal DemonstratIOn was carned out. 

7 TypIcally, a large low-stack bOiler house WIll contain 4-6 bOIlers, with half dedIcated to mdustnal process 
heat and hot water, and the other half to communal (e g , hOUSing, common buIldings, etc) steam heat and 
hot water 



2.1 Introduction 

Section 2 

Test Protocol 

Pnor to ImplementatIOn, the Clean Coal DemonstratlOn Program defined its test 
methodology and objectIves under a protocol Jomtly developed by the U.S and RussIan 
technIcal and polIcy specIalIsts assocIated wIth the task. 1 The protocol was developed m 
consultatlOn wIth the owners of the boiler houses, coal supplIers the NVK CIty 
AdmmistratIOn and EcologIcal CommIttee, and the Kemerovo Oblast AdmmistratIOn, 
RegIOnal EcologIcal CommIttee, and EnvIronmental Fund. TheIr endorsement was sought 
to ensure that the test results would be accepted as a tool for adJustmg local 
envIronmental and energy polIcIes 

The test protocol set forth the purpose, performance reqUIrements, and responsIbIlitIes of 
the parties engaged m the Clean Coal DemonstratIOn Program, as designed by the EPT 
project team's U S and RUSSIan members The protocol was speCIfically developed at the 
request of the CIty of Novokuznetsk's Department of AdmimstratIve SerVIces (DAS) and 
at the request of the Kemerovo Oblast Government's AdmInIstratIOn OffIces The 
Novokuznetsk DAS has responSIbIlIty for clean aIr mOnItonng and emISSIons penalty 
enforcement SImIlarly, the Oblast's Admimstratlve Offices have charge over the 
RegIOnal EcologIcal CommIttee whIch collects and controls emISSIon fees Oblast-wide. 

2.2 Test Facilities and Methods 

Three stoker bOIler types were selected for the fIeld demonstratIOn, based on their 
representatIon of WIdespread stoker-bOIler deSIgns and SIzes m NVK and the broader 
Kemerovo Oblast These SItes were 1) the Dimitrova mme RUSSIan deSIgn travelmg grate, 
mechamzed feed bOIler #6, 2) the Abashaevskaya mme Chmese deSIgn reverse travelmg 
grate, mechamzed feed bOIler #2, and 3) the Laundry Depot fixed grate, hand feeder 
bOller, a common smaller low-stack bOIler deSIgn throughout the regIOn. 

The pnmary test at each bOIler house was to compare sorted and unsorted G-Mark coal to 
demonstrate the effectiveness of sortmg to reduce the fines content In addItion, a 50:50 
mIxture of sorted G-mark and sorted T -mark coals were tested at the Dimitrova and 
Abashaevskaya sites, and T-mark coal was tested at the Laundry Depot site. 

Each bOIler SIte was tested for ItS emISSIon and bOIler effICIency levels under varied 
operatmg heat loads Tests mcluded (1) 70% of rated capaCIty and (2) maXImum load, 
WhICh varIed from 75 to 100% of rated capaCIty, representmg a peak heatmg season 
operatmg level. The base coal was the coal bemg burned at the facility. The test coals 
were fmanced through emISSIOn credIts and the dIrect use of funds from the Kemerovo 
Oblast's EnVIronmental Fund, speCIfIcally from the Oblast's budget for the winter 
Program for 1995-1996 The EPT Project budget proVIded some funds for SIeving of 

The Team comprIsed U S members R Poats and C SchmIdt, and dtrect RUSSIan counterparts, L 
Kon, E Vohnkma and L Petukova, BIll Howe and Tom Hlggms, Y Pryamchmcov and V Eroshenko 
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coals, but dId not dIrectly SUbsIdIze coal preparatIOn costs 

For each cOmbInatIOn of capaCIty and fuel, the fuel was burned for approxImately SIX 
hours, allOWIng 2-5 test runs each day. A 2-hour start up penod was provIded to 
establish stable combustIOn condItIOns for each of the test fuels 

2.2.1 Coal Preparation, Transport, and Storage 

Test coal reqUired sieVIng to a SIze range not normally prOVIded by commercial 
preparatIOn plants. ThIS task necessItated USIng a SIeve and labor prOVIded by the 
FInnartsIb, under the control of the Zapsib Metallurgy Plant, In Phase I, and by an 
Independent operator of the Bmdaevskaya cleanIng plant in Phases II and III 

At the boiler SIte, local labor prepared a graded and smoothed reCeIVIng and storage area 
for the test coal to be run In each test boIler In addition, plant personnel assIsted the 
boiler demonstratIOn Team 

2.2.2 Laboratory Testing and Support 

Laboratory tests were conducted on the coal, flue gas, flyash and slag In order to 
calculate bOiler efficIency (by mass balance), collector effICiency, emISSIOn charactenstIcs, 
compositIOn and phYSIcal propertIes of flyash, slag and IntermedIate flow rates, pressures 
and temperatures. These tests determIned unburned reSIdue In the slag, the flyash SIze, 
and conStituents, includIng the concentratIOn of harmful mIneral and metallIc pollutants In 
flyash. 

All tests were performed In the NVK area except the benzopirenes test, which was farmed 
out to an Independent laboratory In the Tomsk area Pnmary testIng responSIbIlIty was 
gIven to Ecougol In Phase I, and to ZabSIb Lab WIth supplemental lab support proVIded 
by the Sibenan MetallurgIcal Institute In Phases II and III 

2.3 Local Participation 

The roles and responSIbIlItIes of the vanous local parties engaged In the Clean Coal 
DemonstratIOn Program IS descnbed below 

Oblast AdmInIstration' 

CIty AdmInIstration. 

ParticipatIng Enterpnses 

Approved test and authonzed coal mInes, preparation plants 
and test boIler owners, prOVIded emission fee investment 
credIts to fund the cost of test coal preparatIOn and 
transportatIOn to the test SItes. 

EstImated and confIrmed local costs of performIng bOiler 
audIt requmng emISSIOn fee credits, other sources of funds. 
Acted as local coordInator of demo, Including preparatIOn of 
test protocol and coal supply contracts ProVIded local 
coordInatIOn and halson WIth the Oblast. 

PrOVIded lOgIStIC and matenal support to the proJect. 
ProVIded relIable cost estImates for extraordInary costs (e g., 
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Ecougol. 

coal preparatIOn and delivery) 

ProvIded laboratory testIng and staff for fIeld work at boIler 
houses 

2.4 Test Measurements 

The tests executed m performance of the Clean Coal DemonstratIOn Program are 
summanzed In ExhIbIts 2-1 through 2-6 ExhIbIts 2-1 and 2-2 present the formulae 
utIlIzed to calculate boIler effICIency for steam and hot water boilers, respectIvely. BOller 
effICIency IS expressed as the ratIO of heat output over heat mput Heat output IS 
measured from the multIple of steam (or water) flow and the enthalpy change In steam (or 
water) temperature Heat Input IS equal to the demonstrated heat value of the coal input, 
represented by the sum of the coal combustIOn process "products." These mclude· hot 
water, flue gas, slag mechamcal collector dust, stack dust and skIn heat loss Inputs 
needed to measure the heat value of each of these bOIler combustIOn outputs are shown In 
ExhIbIt 2-1 The heat represented by each of these "products" of coal combustIOn IS 
calculated from the test data collected In tests No 1 through No.3, as well as the Flue 
Gas Test shown m ExhIbIt 2-5 

CalculatIOn of the effiCIenCIes of the cyclone collectors used In most of these low stack 
bOIlers IS shown m ExhIbIt 2-3. Two calculatIOns of collector effIciency are gIven. 
PartIculate SIZIng at mlet and outlet prOVIdes an IndIcatIOn of the effectIveness of the 
collector for ItS typIcal load (sIzmg) 
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Exhibit 2-1 

Steam Boiler Efficiency (BLR. EFF.) Calculations 

BLR. EFF. 

Steam 
ProductIOn 
Heat 

= 
Steam ProductIon Heat 
Heat of Coal Input 

Heat Output 
= Heat Input 

= 

= 

(Steam Flow) (Enthalpy Steam - Enthalpy Feedwater) 

(m3/Hr x kg/ m3 ) [(CAL/g _ CAL/g) (KCAL/IOOOCAd (IOOOg/kg) 

Heat Of Coal Input = Steam Heat + Flue Gas + Slag + Dust 
Collected + Stack Dust + SkIll Heat Loss 

Steam 

Flue Gas 

Slag 

Stack Dust 

SkIll Heat Loss 

BLR. EFF. = 

Hot 
Water 
Heat 

= 

= 

= 

= 

= 

= 

As Above 

Flue Gas Flow, m3/Hr 

Flue Gas Temperature, °c, H20, Combustables 
Flue Gas AnalYSIS, 02, C02, CO, NOx 
Coal AnalYSIS (Test No 1 & No 2) 

Mass Flow, kg/Hr 

Heat Value KCAL/ , kg 

Mass Flow, kg/Hr 

Amencan SOCIety of Mechamcal EngIlleering Curve 

Exhibit 2 .. 2 

Hot Water Boiler Efficiency (BLR. EFF.) Calculation 

Hot Water Heat = 
Heat of Coal Input 

Heat Output 
Heat Input 

(Water Flow) (Enthalpy Supply Water - Enthalpy Return Water) 
m3 Kg CAL CAe. KCAL/ ) (rooog/ ) 

( /Hr X /m3) [( /g - /g) (IOOOCAL Kg 

Heat of Coal Input = Hot Water + Flue Gas + Slag + Dust Collected + Stack Dust 
+ SkIll Heat Loss-l< 

*As Determzned zn Exhzbzt 2-1 
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Exhibit 2~3 

Mechamcal (Cyclone) Dust Collector EfficIency CalculatIOns 

A. EffIcIency = 

B. EffIcIency = 

Flyash - Soot Outlet (Collector Outlet) 
Dust Collected + Flyash - Soot Outlet 

Flyash - Soot Outlet 
Flyash Inlet 

C Particle SIze of "Flyash-Soot Outlet" IndIcates CondItIOn of Collector 

D. Particle SIze Of "Flyash-Inlet" IndIcates What A Mechamcal Dust Collector Should 
Collect 

PartIculate emISSIon calculatIOns were calculated usmg four umts of measure, as shown m 
ExhIbit 2-4 A) mass per umt time, B) mass per heat mput (and output), C) mass per flue 
gas volume, and D) mass per flue gas volume corrected to standard temperature and 
oxygen mIX The measure utIlIzed to calculate emISSIOn rates IS normally the useful heat 
mput or heat output baSIS (B) EmISSIons per useful heat mput prOVIdes an mdicatIon of 
emISSIOns from a gIven level of energy (1 e, coal) mput The useful heat output baSIS 
prOVIdes a measure based on aVailable heat, thus accountmg for energy effIciency effects. 
For this reason, the summary results of this report focus on the useful heat output 
measure, whIle the detailed results shown m Annexes B-1 through B-3 provide the full 
range of emISSIOn rate umts. 

Exhibit 2~4 

Particulate Emissions Calculations 

A. Mass Per TIme; Kg/Hr 

B. Mass Per Heat Input, 

C. Mass Per Flue Gas Volume; 

D Mass Per Flue Gas Volume, Corrected To Standard Temperature and 6% 02; 
Kg /1000 STD m3 

ExhIbIt 2-5 prOVIdes a profIle of the samples pulled and tests taken at each stage of the 
clean coal demonstratIOn program Tests No 1 and No 2 were applIed to not only the 
coal, but also to the bottom ash (slag) and fly ash collected from the bOIler and collector 
operatIOns, respectIvely The flue gas test (FGT) was apphed both at collector mlet and 
outlet. These data were cntIcal both for profIlmg the gas and solids compOSItIon of the 
boiler mass flow at each stage, and as inputs to the effICIency calculatIons summarized in 
ExhIbIt 2-1. All together, roughly 80 test data needed to be recorded for each coal test 
run. 
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ExhibIt 2-6 shows Inputs reqUIred to calculate the matenals balance on the boIler 
operatIOns, thereby Insunng a useful effIcIency measure Flow rates calculated are 
umformly in Kg/hour, and a full matenal profIle of solIds IS created, based on the coal 
(and ash) test measurements (Nos 1-3) WIth a full matenals balance on the bOIler (as 
well as a gas balance on the mechamcal collector), InconstenCIeS In data normally can be 
Isolated and eIther properly qualIfIed or thrown out of the data set. 

RIgorous test methods and procedures were cntical to garnering local and regional 
support for the program. These efforts served to prOVIde a basis on WhICh economic, 
policy, and capItal mvestment deCISIOns can be made. 
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Exhibit 2-5 

Clean Coal Demonstration Tests: Coal, Boiler, Bottom Ash, Collector and Flue Gas 
(ObjectIve Coal and Flue Gas Balance From Flue Gas Determme Coal Input In Kg/Hr) 

Test Pomts ICoal ~ BOller 
(Bottom 

Ash) 

Test Numbers 1,2 1,2,3 

Coal-Test 1, 2 & 3 
Test No.1 - Coal 
• FIxed Carbon % 
• Volatile Mat % 
• Ash % 
• MOisture % 

10000% 

• Heat Value KCAL/ 
Kg 

• 7Sulfur % 

Test No.2 - Coal 
• Carbon, C 
• Hydrogen, H.l-2 __ _ 

• Oxygen, O2 __ _ 
• Nitrogen, N2 __ _ 
• ChlorIne, CLl.-2 __ 
• Sulfur, S 
• Ash 
• Water 

100% 

Test No.3. - Ash 
• Slitca, SC02 % 
• AlumIna, AL203 % 
• Titama, TI02 % 
• Ferne OXIde, Fe203 % 

• Combustible As Methane (CHg) __ %CH4 

Flue 
1---

Gas 
Mech. Flue 

1---
Gas 

2-7 

Inlet 
Collector 
(Flyash) Outlet 

FGT 1,2 FGT 
FGT = Flue Gas Test 

Test No 3 Ash (contInued) 
• Volume m3/Hour 

• Lime, CaO % 
• MagneSIa, MgO % 
• PotaSSIUm OXide, K20 % 
• SodIUm OXide, Na20 % 
• Sulfur TrIOXIde, S03 % 
• PHOS, PentoxIde, P20 5 __ % 
• StrontIUm OXIde, SrO % 
• BarIUm OXIde, BaO % 
• Manganese OXide, Mn304_% 

Test No.4 - Ash Fusion Temperatures 
Test No.5 - Coal Size 

Flue Gas Test 

• Volume 

• Temperature OC 

• Oxygen %02 
• Carbon DlOxlde __ %C02 

• Water Vapor %H20 
• Carbon Monoxlde_%CO 

• Sulfur DloxIde __ %S02 

• NItrogen DioXIde __ %N02 

• NItrogen OXlde __ %NO 
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Coal 
Heat Value (KCAL/Kg) 

Coal Test No 1 
Coal Test No 2 
Coal Test No 3 

tc 

Exhibit 2-6 

Calculation of Solid Material Balance 

Bottom Ash - Sla 
Mass (g/He) 

eat Value (KCAL/Ka) 
e 

Coal Test No 1 
Coal Test No.2 
Coal Test No.3 
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Flyash - Soot Outlet 

He 

Fl ash - Dust Collected 
Mass (Kg/He) 

eat Value (KCAL/Kg) 

Coal Test No.1 
Coal Test No 2 
Coal Test No 3 



3.1 Overview 

Section 3 

Test Results 

Three test phases were undertaken between November 1995 - December 1996 

Phase I took place dunng November 21 - December 1, 1995 with a Jomt US. and 
RUSSIan team, and mcluded performmg tests at the Dlmltrova boIler house (a Russlan­
design mechamcal travelmg-grate bOIler), and the Abashaevskaya bOIler house (a 
mechamcal reverse travelmg-grate bOIler of Chmese desIgn) The coal m Phase I had low 
fmes content, but relatively high ash content, pnmanly because there are no proper coal 
sIzmg faCIlItIes m the Novokuznetsk area The test G-mark coal was obtamed from 
Kuznetskaya mme and sIeved at the ZapsIb-owned Fmnartsib SIte ThIS SIeve IS normally 
used for sortmg mdustnal wastes, and sIgmficant ash contammatIOn was lIkely mtroduced 
m screenmg and handlmg of the coal on SIte Moreover, Kuznetskaya coal (and much of 
the G-mark coal from the Novokuznetsk area) IS highly fnable and susceptible to 
mcreased ash content m the sIevmg process In Phases II and III, greater care was taken 
to control ash content m the sIevmg process, but thIS mcreased the cost of cleamng and 
transport, and resulted m higher fmes content m Phase II 

Phase II testmg was carned out at the Dlmltrova and Abashaevskaya bOIler houses m 
Apnl 1996 by a RUSSIan team Phase II coal was obtamed from the Baidaevskaya 
washmg plant and then sIeved before transport WhIle low mash (owmg to washmg), 
the Phase II coal was high m fmes content, m part owmg to the fme nature of coal 
concentrate, but also due to transport and handlmg at both loadmg and bOIler Sites 

Phase III testmg was carned out at the Dimitrova, Abashaevskaya, and the Laundry 
Depot bOIler houses dunng December 1996 by a Jomt U S and RUSSIan team The 
Laundry Depot had a small « 2 Gkal/hr) hand-fued, fIxed-grate bOIler, WhICh IS 
commonly used m Novokuznetsk and the greater Kemerovo Oblast Coal qualIty under 
Phase III was carefully controlled to obtam both low ash and low fmes 

The executIOn of three separate field tests demonstrated the value of controls, not only m 
coal qualIty, but also boIler operatIOns, emISSIOn control eqUipment, testmg methods, and 
eqUIpment DIfferences m these vanables account for most of the dIfferences m results 
obtamed 

3.2 Phase III Results 

The detailed results of the Phase III Clean Coal DemonstratIOn fIeld tests are presented m 
Annexes B-1 through B-3 They mclude the followmg 

• BOller operatmg propertles (1 e , steam flow, bOIler load, feedwater temperature, steam 
and feedwater enthalpy, boIler outlet oxygen, economIzer outlet flue gas 
temperatures), 

• Coal qualIty, mcludmg percent fmes, percent ash and coal heatmg value, 
• Bottom ash charactenstIcs, mcludmg heatmg value, percent carbon and percent ash, 
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• Flyash charactenstIcs, mcludmg heatmg value, carbon and ash content, 
• CombustIOn efficiency and heat loss, mcludmg heat losses by source and net 

combustIOn effIcIency measured on both a heat mput and heat output basIs, and 
• EmIssIOn control effIcIency, mcludmg measurement of mechanIcal (dust) collector 

mlet and outlet emISSIOns, collector flows, devIatIOn and overall collector effICIency 

The charts and tables that follow summanze the data, focusmg on the key dnvers of the 
clean coal combustIOn and emISSIOn charactenstics 

3.2.1 Dimitrova Test Results 

The Dimitrova bOIler house IS a mechanIcal, travelmg-grate bOIler of RUSSIan desIgn, wIth 
a rated capaCIty of 25 tonslhour of steam It IS one of the most effIcIently operated bOIler 
houses of thIS desIgn m the Novokuznetsk area, and IS useful m extrapolatmg the test 
results to the other 1,400 bOIlers m the Kemerovo Oblast ThIS bOIler desIgn accounts for 
approXImately 85-90 percent of total stoker bOIler capaCIty m the Novokuznetsk area and 
represents the maJonty of the area's low-stack bOIler coal combustIOn and related 
partIculate air emISSIOns DimItrOva IS owned by Kuznetskugo1, a large regIOnal coal 
company headquartered m Novokuznetsk, and affIlIated WIth Rosugol Dimitrova' s 
management appears motIvated to Improve bOIler operatIOns 

The 1996 tests at Dimitrova proVIde a companson of bOIler effICIencIes and air emISSIOns 
propertIes usmg sorted and unsorted G-mark l coals In 1996, fIve tests each were 
conducted on unsorted and sorted G-mark coals Results are summanzed m Table 3-1 
and detailed m Annex B The unsorted coal had a fmes content ( percent < 6 mm) of 
42 8 percent, compared to 16 8 percent for the sorted coal (Exhlblt 3-1) BOller 
effiCiency Improved by approXImately 9 percent due to sortmg Some of thIS 
Improvement mcrease was accounted for by the lower ash content of the sorted coal, but 
most was due to more complete combustIOn of carbon In Phase I testmg, boIler 
effiCIency Improved by over 3 percent, despite the sorted coal havmg 61 percent more ash 
than the unsorted coal Even better Improvements can be expected from bOIlers WhICh are 
not as effICiently operated as Dimitrova, or where suffICIent time IS allowed to optimIze 
bOIler operatIOn with sorted coal (due to the lImIted sorted coal aVailable, It was 
ImpOSSIble to optimIze the bOIler operatIOn with the sorted coal) 

PartIculate matter (PM)2 emISSIons were reduced by approXImately 38 percent Dunng 
Phase III, the mechanIcal collector averaged 66 to 68 percent effIcIency, compared to 87 
to 89 percent m Phase I In the Phase I tests, sortmg reduced PM emISSIons by 
42 percent 

I G-mark coal IS a local bituminOUs coal With ga!>sy charactenstlcs (I e , high volatilIty), which In local 
rroductlon IS also hIghly fnable, meaning It breaks eaSily mto fme particles of less than 6 mm, or 114 mch 

PartICulate mdtter (PM) IS also otten referred to as Total Suspended partIculates (TSP) 
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Table 3-1 
Summary Results of Dimitrova Phase III Clean Coal Demonstration Testing 

<::oal Tested:' Unsorted : Sorted 
Tests 5 5 --
Fmes (%< 6 m) 428 168 
Ash (%) 1547 770 
CombustIOn 

I EffIciency (%) 
71 29 77.93 

I PM EmIssIOns 488 302 
_S~g{qcal) ________ - ---- ----- -- -- -- -- - -

3.2.2 Abashaevskaya Test Results 

The Abashaevskaya bOIler IS a reverse-travelmg, cham-grate stoker bOIler of Chmese 
desIgn, WhICh was converted from a RussIan desIgned, mechamcal, travelmg-grate stoker 
bOIler (sImIlar to Dimitrova) Abashaevskaya IS also owned by Kuznetskugol 
Abashaevskaya IS one of Kuznetskugol's larger producmg mmes and ItS management IS 
hIghly capable However, smce It suppbes coal from ItS local mme, It has lIttle mcentive 
to reduce fuel consumptIOn 

The Abashaevskaya communal bOIler IS a hot water boller, rated at 22 Gcallhour The 
Chmese grate bOIlers of thIS type do not represent a major component of Novokuznetsk 
boIler capacIty, but there are to plans to convert addItIOnal bOIler houses to the Chmese 
desIgn In the past year, for example, the Ziryanakovskaya bOIler house has converted 
In addItIOn to testmg sorted and unsorted G-mark coal, a blend of the two was tested to 
determme whether an mtermediate level of fmes would Improve bOIler effIcIency and 
partIculate emISSIOns ThIS was also a response to problems m mamtammg combustIOn 
WIth sorted coal m prevIOUS (Phase I and Phase II) testmg BOller loads of Just 50-
66 percent of rated capaCIty were pOSSIble WIth unsorted coal m 1995 tests and 
msuffiCIent combustIOn could not be mamtamed WIth sorted coal to take useful 
measurements In 1996, WIth Improved coal qualIty, unsorted coal averaged an 
80 percent bOIler load, whIle sorted G-mark coal averaged a 63 percent boIler load The 
mIX of sorted and unsorted coal averaged an 88.6 percent bOIler load 

BOller load IS an Important parameter A weakness of the Chmese umts IS that they 
reduce capaCIty from the prevIOUS RUSSIan-deSIgn grates, and If they also cannot pull load 
and are less effICIent, then they are less economIcal Our test results at Abashaevskaya 
demonstrated that, WIth the proper fuel, these bOIlers can have reasonable thermal 
effICIenCIes and particulate emISSIOns However, when burmng Ill-SUIted coal, the Chmese 
deSIgn exhIbIts both poor effICIency and emISSIons performance 

Phase III test results at Abashaevskaya are summanzed m Table 3-2. The mIxed coal 
produced better results than eIther the sorted or unsorted coals The Ideal level for these 
cham grate stokers appears to be m the 20-25 percent fmes range, vs 10-15 percent fmes 
for the RUSSIan deSIgn grates Indeed, a compellmg reason for the mtroductIOn of the 
Chmese grate deSIgn IS ItS better performance WIth hIgh fmes coal, prevalent m 
Novokuznetsk G-Mark coals (and m many locatIOns m Chma). 
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Table 3-2 
Summary Results of Abashaevskaya Phase III Clean Coal Demonstration Testing 

{!oalll Tested! ' , lITnsoded1 
, 

Sorted 
, 

MixedlL i : 
I Tests 3 2 3 

, 
, 
i Fmes (%) 3653 17 65 2380 I 

I 
, 

I Ash (%) 14 15 13 36 1464 ! 

i CombustIOn EffIcIency 65.25 66.28 70.56 
i (%) I 
; --------- --------../ 
! PM EmIssIOns @ 929 540 374 : 
I Collector Inlet (kg/Gcal) I 

A fundamental problem m all the tests, but espeCIally at Abashaevskaya, was the 
diffIculty m achlevmg and mamtammg coal segregatIOn The tIme constramts on testmg 
prevented full combustIOn of coal from prevIOUS runs Also, msufflcient tIme was 
aVailable to to stabilIze combustIOn of the sorted coal 

As bOller operators develop a feel for the qualIties of a new coal, they make adjustments 
to the oxygen and air mIxture, coal feed rates, and numerous other operatIOnal parameters 
to achieve better combustIOn ThiS had been the case WIth the eXIstmg unsorted coal 
However, there was neither the tIme nor the quantity of sorted coal aVailable to do so on 
the sorted coal Therefore sorted coal performance IS lIkely to Improve when adequate 
suppbes become aVailable to enable stable combustIOn to be achieved and as operatmg 
expenence wIth sorted coal mcreases 

With these caveats regardmg coal supply and combustIOn stabIbty, the Abashaevskaya 
results can be mterpreted more defInitively PartIculate emISSIOns for Abashevskaya are 
shown for samples taken between the bOIler and the air pollution control deVice (cyclone 
collector, or collector mlet), rather than the dIscharge to the atmosphere (collector outlet) 
ThIS was necessary, smce the erratIC performance of the cyclones made It impossible to 
use outlet readmgs to measure the changes m the bOller due to changes In coal qualIty 
Collector effICiency ranged from 35-68 percent for the unsorted coal runs, droppmg to 
15-36 percent for the sorted coal runs, and to 10-27 percent for the mixed coal runs In 
comparison, Dimitrova tests had collector Inlet PM values of 143 kg/Gcal for eXisting 
coal, and 94 kg/Gcal for the sorted G-mark coal 

In summary, energy effiCIency of the Abashaevskaya boiler improved by approxImately 
8 percent and emISSIOn rates were reduced by 60 percent With the mIX of sorted and 
unsorted G-mark coal WIth fmes m the 20-25 percent range The sorted G-mark 
performed between that of the unsorted and the mIxed coals Thus, whIle more te:.tmg of 
such mixtures IS suggested, the InItial fmdmgs are that coal WIth a fmes content of 20 to 
25 percent IS suggested to optImIze emISSIOns and combustIOn effICIency at 
Aba<;haevskaya Becau<;e such a mixture would reqUire preparatIOn of only half of the 
volume of coal burned, the cost at usmg sorted coal IS less than If all sorted coal were 
reqUired 
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3.2.3 Laundry Depot Results 

The Laundry Depot bOIler IS a fIxed-grate, hand-fed stoker bOIler of approXImately 3 5 
tons stearn/hour capacIty, or about one-seventh the capacIty of the Dlmltrova bOIler The 
Laundry Depot represents a common class of bOIlers, present at nearly 90 of 
Novokuznetsk's 160 bOIler houses Such bOIlers account for approXImately 10 percent of 
Novokuznetsk's total low-stack boIler capacIty, or about 115,000 Gcal/hour of capaCIty 

The Laundry Depot bOIler house IS burnmg a sorted T-mark coal, one well-sUlted for 
these fIxed grate bOIlers T-mark coal falls between a low level anthracIte and a hIgh 
level bltummous coal, with relatively low volatIle and hIgh fIxed carbon content The test 
coals, WhICh mcluded vanous sorted and unsorted G-mark grades and combmatIOns of G­
mark and T -mark coals, all under-performed the eXIstmg sorted T -mark In essence, the 
test demonstrated the benefits of other fIxed grate stokers convertmg to aT-mark coal 

As wIth the DimItrova and Abashaevskaya tests, the combustIOn effICIency and emISSIOn 
propertIes of the coal were the pnmarY focus of the tests Other key vanables mcluded 
boIler load levels and collector effICIency The results of the Laundry Depot tests are 
detaIled m Annex B-3, and summanzed m Table 3-3 

Table 3-3 
Summary Results of Laundry Depot Clean Coal Demonstration Phase III Testing 

Coal Tested:, (1), j2) (3) , (4) l' 

l Existing I Sorted : Sorted j Unsort-
/" "«ri! ' \ 0 

l l l ,CI-mum; i G·mark i G+1i' , cd Gir' ; 

- - ----- - - - -- - - ... - - -- -. - - --
% Coal Fmes 107 127 86 I 326 I 

Ash (%) 1241 620 921 I 1549 
CombustIOn 81 1 805 794 I 797 
Efficiency-l< I 

(%) I 
PM EmISSIOns 017 351 140 

I 
100 

(kg/Gcal) 
* EffICIency excludmg carbon loss, owmg to madequate 

fly ash sample 

The results from the Laundry Depot tests demonstrate the far supenor emISSIOns 
perfOlmance of the eXIstmg sorted T -mark coal, but are somewhat mconclusive m 
combustIOn effICIencIes, owmg to the lack of flyash data for the sorted GfT mIX and for 
the unsorted G-mark test coal The effICIencIes do not account for carbon loss, notably 
because msufficient flyash wa'i collected for analysI~ WIthout the flyash data, carbon 
losses could not be mcluded m combustIOn effICIency calculatIOns 

The eXIstmg data suggest that the T -mark IS a far supenor coal, not only based on 
emISSIOns, but also on effICIency grounds GIven the relatIvely low particulate emIS'iIOnS 
from the Laundry Depot bOller, the pnmary mot!vatmg factor for burnmg the cleaner T­
mark coal wIll be the coal pnce, as any emISSIOn fees are neglIgIble. 
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Recently T -mark coal has been pnced the same as G-mark coals Because T -mark coal IS 
less fnable than G-mark, the cost of unprepared T-mark coal (withlO-15 percent fmes) 
lIkely would not cost more than sorted G-mark coal, even If a slIght premIUm was 
charged for the T -mark coal at the mme mouth Locally, T -mark coal IS produced largely 
at the Bungarskaya and Norganaskaya mmes 

In summary, the Phase III test results demonstrated that 

I Use of sorted G-mark coals produced effIciency gams of greater than mne percent m 
the best operated RUSSIan desIgn mechamcal-grate, stoker boIlers, and even greater 
Improvement can be expected from other bOIlers of SimIlar desIgn 

2 Use of sorted G-mark coals produced particulate emISSIOn reductIOns of 40 percent at 
the best operatmg RUSSIan deSIgn bOIlers, and even better results can be expected at 
other bOIler houses WIth poor combustIOn control records 

3 Such bOIlers represent approxImately 85 percent of Novokuznetsk's small, low-stack 
bOIler capacIty, so that further efforts should focus on these bOIler types 

4 The Chmese grate bOIlers (Abashaevskaya) demonstrate that best emISSIon (60 percent 
reductIOn) and effICIency performance (8 percent Improvement) IS achIeved WIth a 
blend of sorted and unsorted G-mark coal, WIth fmes m a range of 20-25 percent 

5 The costs of producmg a blended coal are less than for a fully screened coal because 
only half of the coal volume must be SIzed 

6 The small fixed grate, hand-fIred stokers show substantIally better emISSIOns 
performance utIlIzmg T -mark coal 

7 As long as the cost of T-mark IS near the G-mark cost, It should be encouraged for 
use m such bOIler houses 

8 MeanwhIle, further testmg should be undertaken by local speCIalIsts to accurately 
measure the bOIler effICIency effects of T -mark vs G-mark coals. ThIS may take a 
longer test duratIOn, as the small boIler SIze and flow rates make It dIffICult to obtam 
a suffICIent fly ash sample 

3.3 Phase I Results 

(A complete techmcal report for Phase I Dimitrova and Abashaevskaya tests was prepared 
prevIOusly by Charles SchmIdt AssocIates Each of these reports mcludes detailed 
analyses of coal mput, boIler effIcIency, and emISSIons Annex D provIdes a summary of 
the key results of Phase I testmg ThIS sectIOn IS deSIgned to proVIde a summary of 
Phase I results for companson purposes only) 

Phase I testmg was conducted at Dimitrova m November 1995 EXIstmg (unsorted) G­
mark coal was compared WIth sorted G-mark and a mIX of sorted G-mark and T -mark 
coal Coal preparatIOn dunng Phase I dId not effectIvely control for ash contdmInatIon, 
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and as a result the sorted G-mark had an ash content some 50-60 percent hIgher than the 
unsorted coal Nevertheless, the sorted G-mark coal stIll provIded better b01ler effIcIency 
and emISSIons performance than the eXIstmg coal, largely due to lower fmes content 

Table 3-4 provIdes a tabular summary of the Dimitrova Phase I test results WIth 
suffICIent stabIlIzatIOn of operatmg condItions followmg the mtroductIOn of a new coal, 
Improved b01ler effIcIency can be expected as air mIxture and operator combustIOn 
controls are fme-tuned to meet the coal's property Thus, the 10 5 percent "best case" 
Improvement IS mdIcatIve of a potentIal standard achIevable wIth proper boIler 
stabIlIzatIOn and operator adjustments Remarkably, thIS hIgh effICIency readmg was 
obtamed despIte a lower heatmg value for the sorted G-mark coal owmg to much hIgher 
ash content B01ler effICIency for the mIX of sorted G-mark and T -mark coal averaged a 
6 8 percent Improvement over the eXIstmg (base) coal 

Table 3-4 
Summary Results of Dimitrova Clean Coal Demonstration Phase I Testing 

1 D' k" 'W 11 C ','''!l, '>" j, lI~s01ttedq Sorted., 
, r G-mark ! G-mark 

I SoEtedt " 
: Gff Mixn 

Tests 4 3 3 
Fmes (%) 4160 13 57 2007 
Ash (%) 1754 2834 2376 
EffICIency (%) 7105 7320 7585 
PM EmISSIons 3 15 1 83 300 
(kg/Gcal) 

'-'-'-

The emISSIOns performance of the sorted G-mark coal was even more lmpressive than the 
effICIency performance The sorted G-mark coal reduced average stack emlSSIOns by 
42 percent despIte a 61 percent hIgher ash content In short, the effects of hIgher ash 
content were more than offset by the pOSItIve combustIOn and emISSIOn effects assocIated 
wIth the sorted G-mark coal's lower fmes content 

A verage stack emISSIons for the mIX of sorted G and T -mark coal showed only mmor 
Improvement over the eXIstmg coal (-4 8 percent), but a sIgmficant Improvement m net 
boIler effICIency (+6 8 percent) 

Phase I's testmg of the Abashaevskaya boIler house was less successful, owmg to the 
mabilIty to achIeve stable boIler combustIOn WIth sorted G-mark coal due pnmanly to the 
hIgh ash content of the sorted coal, WhICh lImIted the boIler load For the two eXIstll1g 
coal runs, thermal effICIencIes of Just 55 and 60 percent were achIeved OWll1g to hIgh 
excess aIr and relatIvely low temperature readll1gs 

3.4 Phase II Results 

Phase II testll1g was undertaken m Apnl 1996 by a RUSSIan team Tests were performed 
both at DImitrova and Abashaevskaya, utIhzmg a test coal WhICh was prepared so as to 
mamtam low ash content, but WhICh resulted m relatIvely hIgh fmes content relative to 
Phase I (and Phase Ill's) test coals A separate report was prepared by SantekhproJect on 
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the Phase II Results The summary provIded m thIs sectIOn IS for companson purposes 
only 

The DImItrova test results are summanzed m Table 3-5 The test coal had lower ash and 
slIghtly hIgher fmes than the unsorted coal PM emISSIOns declmed approxImately 
25 percent Adjusted for effrclency, PM emISSIons were reduced by 38 85 percent, or Just 
below the 42 percent reductIon achIeved m Phase I testmg 

Table 3-5 
Summary Results of Dimitrova Clean Coal Demonstration Phase II Testing 

, Existing G-, : Low AshG-
, , 

mark l mark: 
Tests 2 3 
Coal Fmes (%) 42 48 
Ash (%) 153 113 
EffICIency (Est %) 65 81 
PM EmISSIOns 255 185 
(kg/hr) 
PM EmISSIons 78 48 
(kg/Gcal) est 

Interestmgly, despIte the comparable percentage reductIOn m emISSIOns achIeved, the coal 
qualIty and absolute emISSIOn levels dIffered markedly between Phases I and II In Phase 
I, emISSIOn rates measured m kg/hour averaged only 35 for eXIstmg coal, versus 62 
kg/hour m Phase II. ThIS dIfference m outlet emISSIOn rates IS explamed both by the 
slIghtly hIgher average bOIler load achIeved m Phase II versus Phase I (85 percent vs 
78 percent), and the lower level of collector effICIency shown m Phase II (74 percent) 
versus Phase I (89 percent) 

In Phase I the reductIOn m emISSIOns was attnbutable to reduced fmes content, as ash m 
the test coal was 61 percent hIgher than m the eXIstmg coal In Phase II, average ash 
content of the test coal was 26 percent lower than the eXIstmg coal, whIle fmes were 
13 percent hIgher Thus, the emISSIOns reductIOn m Phase II appears to be lmked to 
Improved bOIler effICIency and lower ash content However, m Phase III, WIth both low 
ash and low fmes coal, outlet emISSIons on a useful heat baSIS were also reduced by Just 
40 percent However, thIS result was achIeved WIth collector effICIency averagmg Just 
66 percent m Phase III In short, a companson of Phase I, II and III results at DimItrova 
underlme the Importance of effectIve emISSIons control operatIOns, and the Importance of 
effectIve bOIler operatIOns, along WIth proper coal qualIty 

The effICIency Improvements m Phase II for Dimitrova averaged 25 percent However, 
these e'itlmates were based on a SImple formula for combustIon effIcIency, whIch dId not 
mclude a full matenals balance of boIler mputs and outputs, as descnbed m SectIon 2 

The Phase II tests at Abashaevskaya were plagued by the same problems as occurred 111 
Phase I, namely the b01ler load achIeved was 111sufficient to produce useful results Loads 
of only 50 percent were obtamed on both the eXIst111g and test coals EmISSIOn rates 
rang111g from 27-43 kg/hour of PM were measured However, stable boIler combustIon 

3-8 



could not be achIeved due to InsuffIcIent air flow through the grates, a result of low ash 
fusIOn temperature and hIgh cakIng value, or free swell Index of the test coal 
InterestIngly, analysIs of the bottom and fly ash from the tests showed a hIgher heat value 
In the eXIstIng coal, despIte the hIgher ash content of the eXIstIng coal, suggestIng that 
less of the test coal energy was lost In ash 

In summary, the Phase II testIng prOVIded a useful exerCIse In coal preparatIOn, as the 
fIne concentrate matenal from the BaIdaevskaya preparatIOn plant was utllIzed as the test 
coal Unfortunately, thIS G-mark concentrate IS hIghly fnable Its fInes content Increased 
from approxImately 27 percent at BatdaevskaYd to 45-50 percent on entry to the bOIler, 
WIth both transport and handlIng at the bOIler house IncreasIng the fInes content ThIS 
source of low ash coal was utIlIzed as a Phase III test coal, and further refIned to sort 
fmes content down to a 10-15 percent range before shIppmg to the boIler houses for 
testIng WIth care exerCIsed In ShIPPIng and handlIng, the delIvered fInes content m 
Phase II testIng was kept under 20 percent, a deSIred target, and ash under 15 percent 
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4.1 Key Results 

Section 4 

Economic Analysis 

The key results of the Clean Coal DemonstratIOn Program can be grouped mto two baSIC 
categories 

1 energy effICIency gam 
2 emISSIOns reductIOn 

The major economIC Issue IS whether the results of the Clean Coal DemonstratIOn 
Program wIll motlvate bOIler owners and theIr supplIers to mvest m coal preparatIOn, 
emISSIon reductIOn, and bOIler effICIency Improvements The major polIcy Issue IS 
whether mcentives are needed to stlmulate mvestment m prepared coal supply and ItS use 
ThIS sectIOn addresses these questIOns by revIewmg the benefIts demonstrated from the 
testmg and the vanous mvestment cost, publIc polIcy, and enforcement hurdles to theIr 
effectIve ImplementatIOn 

4.1.1 Energy Efficiency 

The energy effICIency benefIts of properly sorted coal WIth normal or reduced ash content 
have been shown to average m the 8-10 percent range, wIth a 10 percent Improvement 
obtamed m Phase III testmg at Dimitrova for the sorted G-mark versus the eXlstmg, 
unsorted G-mark coal At Abashaevskaya, an 8 percent net boiler effICIency Improvement 
was obtamed WIth the mIX of sorted and unsorted G-mark compared to the base coal At 
the Laundry Depot, the eXlstmg T-mark coal was shown to have effICIency benefIts 
rangmg from 07 percent to 2 1 percent for sorted G-mark and unsorted G-mark coal, 
respectIvely These effICIency gams are less cntical as long as the delIvered pnce of T­
mark and G-mark are comparable, 1 e , the effICIency benefIts of T-mark coal m such 
fIxed grate boIlers appear to be exceeded by the emISSIOn reductIOn and anCIllary 
operatmg benefIts of the T -mark coal 

In evaluatmg the effICIency results obtamed from the bOIler tests, It IS important to 
recogmze the range of results obtamed, as these are mdicatIve of the deVIatIOn that mIght 
be expected from future tests or actual bOIler converSIOns to prepared coal Moreover, It 
IS also necessary to recogmze that some of the control vanables m effect for the tests may 
dIffer m future tests and/or pIlot converSIOns Takmg the Phase III (1996) testmg at 
Dimitrova as the most relIable sample, the mdividual bOIler effICIency readmgs from the 
fIve base coal tests ranged from 66 percent to 75 percent, averagmg 71 percent. BOller 
effICIenCIes for the fIVe sorted coal tests at Dimitrova (1996) ranged from 77 percent to 
79 percent, averdgmg 78 percent, or 10 percent Improvement over the base coal result In 
1995 (Phase I) testmg at Dimitrova, the base coal bOIler effICienCIeS ranged from 
70 percent to 73 percent, whereas the sorted G-mark produced net boIler effICIencies 
rangmg from 69 percent to 79 percent, despIte a 61 percent hIgher ash content. The 
hIgher end of thIS range prOVIdes eVIdence of the potentIal effICIency gam when coal 
qualIty IS combmed WIth stable combustIOn and proper operator controls Based on the 
dIfference between Phase I's best sorted coal effICIency result and the average net bOIler 
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effIcIency obtamed from the base coal runs, the potentIal gam IS at least 10 percent, 
wIthout the addItIOn of combustIOn control eqUIpment 

The efficIency benefIts denved from properly prepared coal extend beyond the dIrect 
benefIt of hIgher boIler effIcIency Proper coal preparatIon enables maXImum benefIt to be 
denved from combustIOn controls and other bOIler effICIency eqUIpment WIthout 
prepared coal, the effICIency benefIt from automatlc combustIOn controls, for example, 
would be approxImately halved I In addItIOn to combustIOn control systems, the payoff 
from such low cost mvestments as overflre aIr and hopper evacuatIOn systems are 
sIgmficantly enhanced by fIrSt matchmg coal qualIty to boIler combustIOn deSIgn Thus, 
the potentIal payoff from an mvestment m prepared coal should be supplemented by the 
mcremental effICIency gam from bOIler hardware mvestments, WIth roughly half the 
effICIency benefIt from these systems a result of Improved coal qualIty In short, an 
mvestment m prepared coal should be valued both from the perspectIve of the ImmedIate 
(fuel only) benefIt, and from the addItIOnal effICIency performance obtamed from 
combmmg combustIOn control systems WIth prepared coal Of course, emISSIOn reductIOn 
and other dIrect and mdirect cost reductIOn benefIts must also be factored m 

The effICIency benefIts obtamed from sorted coal are the pnmary motIvatIOn for mvestmg 
m hIgher qualIty prepared coal ThIS mvestment could take the form of hIgh transport 
costs for long-haul prepared coal delIvenes to Novokuznetsk, or a capItal mvestment In a 
local coal preparatIOn plant A preparatIOn plant2, such as that currently bemg proposed 
for the Novokuznetsk area, should be deSIgned to serve the needs of the CIty'S small 
bOIler houses, WIth excess fmes delIvered to a TES (pulvenzed coal) market and excess 
sorted coal to an export market 

A coal sortmg faCIlIty located m the Novokuznetsk regIOn could supply the CIty'S bOIler 
houses WIth sorted coal at a premIUm of 10-20 percent above eXIstIng coal pnces, If 
mcremental productIOn and delIvery costs were kept moderate Based on the Phase I-III 
test results for Dlmltrova (the most common RUSSIan bOIler deSIgn, representmg nearly 
85 percent of Novokuznetsk's low-stack bOIler capaCIty), a 10 percent premIUm for 
prepared coal would be recoverable on bOIler effICIency gams alone The key Issue to be 
addressed IS the lIkely cost of a prepared coal meetmg a qualIty speCIfIcatIOn conSIstent 
WIth an expected 10 percent, or more, Improvement m net bOIler effICIency from the coal 
qualIty alone ThIS questIon IS addressed In SectIOn 4 2. 

4.1.2 Emissions Reduction 

The second major benefIt from the use of properly prepared coal IS ItS supenor emISSIOns 
performance Test results at the Dimitrova boIler house showed a 38 percent reductIon In 
partIculate elmS~IOns from the collector outlet3 

10 1996, dnd a 41 percent reductIon one 

I ThiS estimate IS based on held expenence gaIned by the US-based Novokuznetsk boller controls vendor, 
Control Techtrol1lcs International (CTI), m the eqUlppmg of five PolIsh boiler house!> With automatic 
combustIOn control systems, as confmned by the US expenence of Charles Schnudt, the proJect'~ boller 
eng1l1eenng consultant and a 35-year expert 111 stoker boIler operatIons 
2 The tundamental problem tor Novokuznetsk's small boiler populatIon IS the lack ot a tunctlOnal energetic 
coal preparatIOn plant wIth1l1 an economIC transport distam.e from the CIty enVIrons Most coal preparatIOn 
plants are deSIgned tor metallurgIcal coal, and are not deSIgned to produce a sorted "stoker-qualIty" SIze 
~roduct Rather, they are deSIgned to SImply "cut" coal SIZIng 111 J 0-25 mm and 25+ mm SIze class 

Measured 111 kg ot emIssIons per Gcal ot energy produced 
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year earlIer from usmg sorted G-mark coal Collector effIcIency levels were consIstent 
withm each year's testmg, but dId drop notlceably between the 1995 and 1996 test 
penods at DImltrova (1 e., from around 87 percent effIcIency In 1995 to around 
67 percent m 1996) 

At Abashaevskaya, the mIX of sorted and unsorted G-mark reduced partlculate emISSIOns 
by 60 percent from the eXlstmg coal tests, whIle the sorted G-mark alone produced a 
42 percent reductIOn In partIculate emISSIOns In thIS case, collector efficiency levels 
dropped by nearly 50 percent dunng the sorted coal runs Thus, a near doublIng of the 
reductIOn In partIculate emiSSions could be expected wIth an eqUIvalent collector 
eff1c1ency level 

At the Laundry Depot the eXistIng T-mark coal (w1th naturally low fmes content) resulted 
m a far supenor emISSIOns performance Collector outlet em1SSIons for the eXIstmg T­
mark coal were Just 5 percent, 9 percent and 16 percent of sorted G-mark, G-T mIX, and 
unsorted G-mark levels, respectIvely 

Other harmful tOXIC emISSIons are assocIated With reduced partIculate emiSSIons and, 
sImIlarly, wIll be reduced m concert WIth partIculate emISSIOns These mclude 
benzopIrenes, whIch are commonly assocIated WIth unburned fmes, and ferrIC OXIdes, 
whIch are extremely harmful m fme form, as they can dIrectly penetrate blood cells 
through the lungs. 

Enforcement of the emISSIOn testmg and penalty system In Novokuznetsk and most areas 
of Russ1a 1S lImIted Most fees, when enforced, are credIted agamst a benefICIal 
mvestment, and most stacks are not dIrectly measured for actual emISSIOns Rather, a 
formula based on fuel use and optimal emISSIOn control effICIency IS utIlIzed As a result, 
the abIlIty to "monetIze" emISSIon reductIOn benefIts mto a dIrect (Rbllton) fmancIal 
benefit from burmng clean coal (and undertakmg other emISSIOn control strategIes) has 
been lImIted WIth the conSIstent test results obtamed from the Clean Coal 
DemonstratIOn Program, a relIable baSIS now eXists to aSSOCIate a speCIfIC credIt level 
WIth those bOilers usmg prepared coal Actual and expected emISSIOn levels WIll be 
known and more accurately measured as a result of the Clean Coal DemonstratIOn 
Program. Hence a more accurate baSIS eXIsts for levymg fees on those boIler houses that 
do not use an appropriate coal, enhancmg the payoff from emISSIOns enforcement efforts 

In sectIOn 43, the monetary benefIts of reduced emISSIOn levels are dIrectly measured, 
and approaches to cost-effectively momtonng and motivatmg bOilers to reduce emISSIOn 
levels are dIscussed 

4.2 Coal Preparation Plant Configuration and Costs 

The coal preparatIon plant confIguratIOn m thIS analYSIS IS represented by a relatIvely 
small and SImple plant deSIgn, confIgured pnmanly to claSSIfy SIzed coal to the small 
stoker bOiler market m and around Novokuznetsk The cost of such a faCilIty can be 
estlmated at $200-$400 per ton by extrapolatmg from prevIOUS coal pleparatIOn 11ant 
cost studIes 4 The lower end of that range reflects a slmple sortmg and Baum Jlg 

4 The prImary coal preparation plant cost reference study thl& sectIOn will draw on IS entitled, ""An 
Engmeermg/Economlc AnalYSIS ot Coal PreparatIOn Plant Operation and Cost", by Hottman-Muntner 
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cleamng process, only addresslllg the larger coal SIze fractIOns ThIs confIguratIOn IS 
more applIcable to the level of SOphISticatIOn needed to produce sIzed stoker coal for 
Novokuznetsk's boIler houses The upper end reflects a plant WIth the capabIlIty to clean 
all Size fractIOns (1 e , by froth flotatIOn), with cyclones and thermal drYlllg These 
estImates are subject to lllflatIOn and could escalate as much as 100 percent, dependlllg on 
speCIfIC regIOnal cost factors, plant utIlIzatIOn rates, and other key vanables affectlllg cost 

The key coal charactenstics affectlllg preparatIOn plant costs are (1) the fmal 
speCIfIcatIOns sought for the prepared coal and (2) the washabIlIty of the coal Key 
dnvers on the plant side mclude plant utilIzatIOn rates and the nature of the cleanlllg and 
de-watenng processes needed to meet the target prepared coal speCIfIcatIOns, given the 
nature of the raw coal mput 

In ItS Simplest form, a coal preparatIOn plant could be designed to Simply "scalp" and sort 
coal mto a baSIC set of SIze classes The scalpmg functIOn refers to the mItIal separatIOn 
of coal m a workable SIze range (e g , 200 mm and less), startmg WIth the removal of 
large rock pIeces and tramp Iron From there, a coal crushmg and JIg operatIOn breaks 
the coal mto fmer SIze classes, typIcally runnmg from 0-13 mm, 13-25, or 13-50, and 50-
200 mm classes One key to successful sortmg, partIcularly WIth the hIghly fnable G­
mark coal prevalent m the regIOn, IS to undertake an mitial sort so that only larger pIeces 
(1 e , > 13 mm) are subject to crushmg In thIS manner, the natIve fmes content of the 
coal, WhICh may run as hIgh as 40-50 percent, IS not lllcreased by crushmg matenal that 
IS already m or approachmg the fmes class. 

The baSIC components of a coal preparatIOn plant lllclude 

• storage faCilItIes (covered or open) for raw and clean coal, 
• a tramp Iron removal system at the coal mlet pomt, 
• a crusher to break coal SIze down mto manageable lImits, 
• a conveyor and belt system (for raw and sorted coal, and refuse), 
• screens for sortmg, mcludmg a scalper at plant mlet and SIze separatIOn screens to 

YIeld the deSired mIX of stoker (6-25 mm ) and other Size ranges, mcludmg fmes « 6 
mm) removal, 

• a cleamng system of varymg SophIstIcatIOn dependmg on the cleamng procedure 
utIlIzed, rangmg from SImple water to heavy medIa (magnetite) and complex chemical 
froth flotatIOn, supplemented by cyclone separatIOn systems, 

• a drymg operatIOn, rangmg from expenSIve thermal drymg to baSIC drammg and spm 
drymg techmques, and 

• a loadmg system for raIl and truck transport 

Regardless of the sophiSticatIOn m coal cleamng techmques, the baSIC eqUIpment reqUIred 
for coal preparatIOn largely remams unchanged The Hoffman - Muntner Corp study for 
the U S Department of Energl estImated an operatIOns and mamtenance (O&M) cost of 

Corporation, tor the us Department ot Energy, July 1978 
~ The SaUln Jig IS a mach1l1e used tor classdYll1g matenally dlffenng speclhc gravities by pulsatll1g a stream 
ot water through the bed ot matenal, causlI1g the matenal to "Jig" up and down, and the heaVier matenal to 
settle to the bottom and the lIghter matenal to nse to the top, at which POll1t they are tloated or drawn off 
separately 
6 See Hoffman - Muntner, "An Engll1eenng/Economlc AnalYSIS of Coal Preparation Plant Oper . .ltlon and 
Cost", for the US Department of Energy, July 1978, pp 155-160 
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$2 70/ton of coal output for a basIc Baum JIg plant of 600 tons per hour Input capacity, 
operatIng at 30 percent of capacIty, and amortized over a 10 year penod The capItal 
amortizatIOn cost on an eStimated $4 mIllIon Investment cost added $0 65/ton of cleaned 
coal output, plaCIng the total at $3 35/ton ThIS fIgure could be lowered through a 
cOmbInatIOn of 

• hIgher capacIty utIlIzatIOn, 
• longer amortizatIOn penod, 
• lower Interest rates, 
• lower capItal costs (e g , use of eXIstmg eqUIpment), 
• lower O&M costs, based on cheaper labor, overhead, supplIes, mamtenance, energy, 

and/or 
• Investment mcentives, such as mvestment tax credIts, emISSIOns fee credIts, etc 

Thus, a reasonable estImate of plant O&M costs IS placed around $240 - $3.00/ton, 
assumIng a +/- 10 percent O&M cost range around the Hoffman - Muntner estImate ThIS 
level IS consIstent WIth the SIbhyproshakht estimate of $3 OO/ton for a more complex 
plant deSIgn An addItIOnal $0 50 - $0 80/ton allowance IS made for amortIzatIOn of the 
fIxed capItal costs, dependIng on capItal cost levels, effectIve Interest rates, and loan 
terms Thus, a total expected coal preparatIOn cost range of $2 90 - $3 80/ton appears 
reasonable, WIth revenues determIned by the mIX (and pnce) of the upgraded coal 
produced, relatIve to the base coal feedstock pnce. 

If the low end of thIS umt cost range can be achIeved, and umt sales pnces of the plant's 
output can gross a $3-$4/ton premIUm over the base (feedstock) coal, then the economIC 
ratIOnale for a coal preparatIOn plant appears VIable Importantly, these estImates are 
based on conservatIve capaCIty utIlIzatIOn levels and an mdependent set of fmancial 
assumptIOns 

Table 4-1 
Coal Preparation Plant: Financial Profile 

Assumptions 
Capacity In tpa = 1000000 
Useful Output 900,000 
Cost = $4000000 
Debt Component - $3200000 Umts Annual Esc 
O&M Cost = 10% Of Cap Cost 5% 
Depr Term = 20 yrs 
Other Fixed Co~ts = 2% Of Cap Cost 5% 
Labor Costs = 10% Of Cap Cost 6% 
Feedstock Cost = $1900 per ton 5% 
Transport Costffon = $250 per ton 5% 
Sales Pnce to TES = $2350 per ton 5% 
Sales Pnce to BHs = $2450 per ton 6% 
Ash Sales PrIce = $1000 per ton 2% 
Tax & EmiSSion CredIts = $050 per ton 5% 
Percent Utilization = 50% of total 
Percent Fllles = 50% of useful 
Debt % = 80% Of Cap Cost 
EqUIty % = 20% Of Cap Cost 
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Interest/Discount Rate = 15% Per annum 
Loan Term = 10 vrs 

Year 1 2 3 4 
Debt Service Pmts $637.607 $637.607 $637607 $637607 

Total $6.376.066 
EqL1lty Component $800.000 
Interest Component $5.576.066 
Costs 

O&M MOO.OOO $420000 $441000 $463.050 

Labor $400.000 $424.000 $449440 $476.406 

Other Fixed Costs $80.000 $84000 $88200 $92.610 

Fuel $9500.000 $9,975.000 $10.473750 $10 997.438 
Depr $108000 $108000 $108000 $108.000 
Transport $1250000 $1312500 $1378 125 $1447031 
Total Costs $12.375607 $12.537.107 $13 126682 $13.745735 
Total Vanable Costs $988000 $1 036.000 $1086640 $1 140066 
Per Ton Var Cost 220 230 241 253 
Avg (25 yrs) 423 
Revenues 
TES Sales $5287500 $5.551 875 $5829469 $6 120,942 
BH Sales $5512500 $5843250 $6.193845 $6565476 
Ash Sales $500000 $510 000 $520200 $530604 
Tax & EmiSSIOn Credits $112500 $118125 $124031 $130233 

Total $11.412500 $12023.250 $12.667545 $13.347.255 

Net Revenues ($963 107) ($513.857) ($459.137) ($398481 ) 

IRR 14.08% 
Net Present Value $370221 

A fmancial model for a small and SImple coal preparation plant IS summanzed m Table 4-
1 Here, the plant IS assumed to be SIzed at one mIllIon tons per annum gross mput 
capaCIty CapItal costs are assumed to be $4 mIllIon, With an 80 20 debt/eqUIty ratIO 
Nmety percent of total capaCIty IS assumed aVailable as prepared coal, WIth a 50 50 splIt 
between SIzed stoker and fmes output The coal fmes are assumed to be targeted to the 
TES market at a $2/ton mark-up over the delIvered cost of raw coal feedstock, and the 
SIzed coal IS assumed to be pnced at a $3/ton mark-up (+14 percent) over the delIvered 
coal feedstock pnce of $21 50 ($19 at mmemouth plus $250 m transportatIOn and 
handlmg) CapaCIty utIlIzatIOn IS set at 50 percent, reflectmg the relatively SImple process 
and the relatively captIve (local) customer base The non-fuel and transport vanable 
operatmg costs start at Just $2 20/ton output, based on an assumed 50 percent capaCIty 
utIlIzatIon rate, but n::,e WIth mflatIOn assumptIOns, averagmg $4 23/ton of coal output 
over the 2S-year forecast honzon 

As shown m the model''> assumptIOn'>, a $0 Salton tax and emISSIOn credIt assumptIOn IS 
reqUIred to mamtam a pOSItlve net present value (NPV) WIth these assumptIOns ThIS 
credIt reflects the emISSIon reductIOn value of prepared coal (see dISCUSSIOn below on 
partIculate benefIts) to the stoker bOIler customer base The credIt IS needed 111 order to 
YIeld a POSItIve return under the set of assumptIOns shown The $370,000 NPV 
corresponds to a 14 percent return on eqUIty, arguably a low fIgure gIVen the assumed 
15 percent mterest and dIscount rate An alternatlve to thIS emISSIon credIt would be to 
assume a hIgher sales pnce of prepared coal, but based on market value, such an 
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assumptIOn would lIkely meet wIth customer resIstance Another possIbIlIty would be to 
obtam fmancmg for the faCIlIty at a more favorable mterest rate, WhICh mIght be possIble 
from a lendmg mstitutIOn that recogmzed the publIc benefIts of loans, such as The World 
Bank or EBRD 

The tax and emISSIOn credIt could take a number of forms The credIt could be applIed 
as an mvestment tax credIt, whereby for each ton of prepared coal produced the coal 
preparatIOn plant owner IS provIded wIth $0 50 worth of tax exemptIons (ThIS aSSLlme~ a 
pOSItIve tax exposure on the part of the preparatIOn plant owner) AlternatIvely, the credIt 
could go to purchasers of the prepared coal, effectively lowenng theIr purchase pnce by 
$0 SO/ton, hence allowmg a $0 50lton premIUm to be placed on the sales revenue figures 
shown for prepared coal to the stoker bOIler market 

Before addressmg potentIal economIC and polIcy mcentives, It IS mstructIve to take note 
of the full value denved from prepared coal 

As coal pnces nse, the effICIency mcentIve WIll carry a greater monetary value WIth 
eXIstmg (un-sorted) G-mark coal pnces around 110,000-120,000 rubles/ton ($18-$20 US. 
eqUIvalent), a 10 percent decrease m coal cost attnbutable to hIgher bOIler net effICIency 
IS eqUIvalent to $1 80-$2 00 of savmgs from the coal alone In addItIon, one must 
account for the reduced transport cost assocIated with a 10 percent reduction m tonnage 
hauled WIth transport averagmg around $3/ton m the greater Novokuznetsk area, a 
10 percent efflclency gam translates to a further $0 30 reductIOn m dehvered coal costs 
Numerous other cost reductIOn or externalIty benefits must also be conSIdered, such as 

• EmISSIOns reductIOn gams, mcludmg reduced partIculate matter emISSIOns, reduced 
CO, NOx, S02 and carcmogens assocIated WIth fme partIculates, conservatively 
estImated at $0 30/ton based on PM emISSIOn rates and current emISSIOn fee 
structures (assummg collectIOn or credItmg of fee lIabIlIty), 

• BOller and related eqUIpment repaIr and replacement savmgs, as clean coal with 
reduced fmes IS less corrOSIve, resultmg m longer lastmg eqUIpment and lower annual 
mamtenance costs, estImated at one half of annual mamtenance expendItures of 
2 percent fuel costs, or about $0 20/ton, 

• BOller bottom and flyash dIsposal costs, reduced by approxImately 20 percent, based 
on the Dimitrova 1996 results (see Annex B-l), or an estimated $002/ton of coal 
mput savmgs, based on a $1Iton ash dIsposal cost and one ton of ash per 10 tons of 
coal burned, and 

• PulvenzatIOn cost savmgs, owmg to the coal's dehvely on a SIzed baSIS ready for 
mtroductIon to the feeder, estImated at $0 10/ton, based on a total energy cost of 
$020 (or I percent) per ton WIth half attnbutable to the pulvenzer. 

Totalmg these economIC benefIts produces an addItIOnal benefIt of $0 82/ton, or about 
4 percent of the delIvered cost of coal, estImated at $22/ton for G-mark coal 111 the 
Novokuznetsk area 111 1997 A sIgmficant addItIonal benefIt dIscu~sed 111 SectIOn 4 1 
concerns the addItIonal energy effICIency leverage value that prepared coal plOvides 111 

combmatIOn WIth mvestments 111 boIler combustIOn effICIency eqUIpment ThIS addItIOnal 
payout IS estImated at 5 percent, based on an Incremental 10 pel cent effICIency boost 
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obtamable from such systems as overfue aIr and automatIc combustIon controls Thus, 
based on $22 delIvered coal, an addItIonal savmgs of $1 1OIton IS achIevable from 
prepared coal ThIS places the total potential benefIt from prepared coal at 

1 DIrect bOIler effICIency gam of 10 percent = $220/ton 
2 IndIrect bOIler effICIency gam of 5 percent = $1 IOlton 
3 EmIssIons reductlOn benefIt (at current fees) = $030/ton 
4 O&M cost reductions = $020/ton 
5 Ash dIsposal savmgs = $002/ton 
6 Pulvenzer energy savmgs = $0 10Iton 

Total = $392/ton 

Recogmzmg that thIS nommal economIC benefIt does not translate to a full fmancial 
benefIt, SectlOn 4 3' s polIcy and economIC evaluatlOn sets forth steps reqUIred to convert 
an economIC argument for mvestmg mclean (or at least sorted) coal mto a fmanclally 
compellmg argument In summary, the dIrect effICIency and emISSlOn benefIts of clean 
coal are Just one component of a larger stream of benefIts, WhICh nearly double the 
potential payback from an mvestment m properly prepared coal 

4.3 Emissions Reductions Benefits and Enforcement Policy 

4.3.1 The Value of Emissions Reductions from Prepared Coal 

The use of properly prepared coal also has been demonstrated to show sIgmficant 
reductlOns m emiSSlOns of partIculate matter (PM) and toxms assocIated WIth partIculate 
emiSSlOns These emiSSlOn levels, and the Impact of alternatIve coals on theIr levels m 
each of the tested bOIler deSIgns, are an Important component of the program. Table 4-3 
profIles the emISSIon fee structure m effect m Novokuznetsk and the Kemerovo Oblast 
The fee structure begms WIth a baSIC fee per ton of annual emisslOn level ThIS baSIC fee 
IS adjusted by an mflatlOn multIple and by a reglOnal "ecologIcal hardshIp" multIple The 
mflatlOn multIple (baSIS a value of 10m 1991) IS 42, and the regIonal adjuster IS 1 44 
Thus, for PMs, WIth a base fee of 165 rubles per ton of annual emISSIon, the mflatlOn 
multIple of 42, coupled WIth the reglOnal adjustment of 1 44, places the full fee at 6,930 
rubles per ton PM emiSSlOns 

Table 4·2 
Emission Fee Structure for Novokuznetsk and the Kemerovo Oblast 

(rubles) 

PMs S02 NOx CO 
Base Rate Per Annual Ton = 165 330 415 5 
Int1atlOn Multiple = 42 6,930 13,860 17,430 210 

RegIOnal Adjustment = 144 9,979 19,958 25,099 302 

Multiple for • 
a) Temporanly Permitted Excess = 5 49,896 99,792 125,496 1,512 
b) Excess to Temporanly Permitted = 25 1,247,400 2,494,800 3,137,400 37,800 
* Note that the emission tee multiples tor the temporarIly permitted and excess to temporary levels only apply to the 
Incremental emiSSIOn tonnage In each class, not the base amount 
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Beyond thIS basIc per ton fee, two addItIonal multIple levels eXIst 

1 Users are gIven a "temporary permItted" emISSIOns level m excess of base levels, for 
whIch a multiple of 5 0 IS applIed to the mcremental emISSIOns m excess of the base 
permItted level, up to the hIgher "temporanly permItted" emISSIOns level, and 

2 Beyond the temporary permItted level, a multIple of 25 applIes 

The temporanly permItted levels are generally set III accordance WIth an expected plant 
utIlIzatIOn rate multIplied by standard formulae for calculatmg expected emISSIOn levels 
These calculatlons take mto account bOIler technology and emISSIOns control systems. 
However, they also assume the effectIve operatIOn of the emISSIOns control systems 
(notably the mechamcal collector), acceptable fuel specifIcatlons, and the use of effICIent 
combustIOn practIce. In practIce, boIler effrciency, collector effIcIency, and other 
emISSIons control practIces are not usually optImIzed, nor IS coal qualIty Therefore, 
actual emISSIOn levels may exceed base and temporanly permItted levels, but WIthout fIeld 
audIts or regular mspectIOn, thIS goes undetected 

Because RUSSIa's emISSIOn fee levels have not kept pace WIth mflatIOn7
, the penaltIes 

assocIated WIth base emISSIOn levels are qUIte low Even temporary permIt levels, 
carrymg an additlonal multIple of 5 0 (x 42 x 1 44), do not result m prohibItlvely hIgh 
per-ton fees 

The fundamental problems WIth the emISSIOn fee system mc1ude (1) Its low base and 
multIplIer levels, (2) the lack of fIeld measurement and, (3) the lack of enforcement, 
even where measurement may occur An example of the emISSIOn fee structure bUIld-Up 
for partIculate emISSIOns IS shown m Table 4-3, whIch compares emISSIOn levels recorded 
for the DImitrova bOIler house dunng the 1995 and 1996 clean coal demonstratIOn tests 
The results shown compare the average of the eXIstmg coal and the sorted G-mark coal's 
emISSIon performance 

The partIculate emISSIons shown m Table 4-3 are measured at the collector outlet on a 
kg/hour baSIS ThIS fIgure IS converted to an annual estImate based on a normalIzed heat 
mput and output rate between the eXIsting and test coals. The number of hours each 
bOIler WIll run (assummg coal qualIty mput and boIler capaCIty utilIzatIOn rates are 
constant) IS projected based on recent years' capacity utIlIzatIOn levels, then multIplIed by 
the number of bOIlers (6) m the boIler house ThIs approach assumes a constant collector 
effICIency rate and conSIstent combustIOn practIces FIeld testmg has shown that WIde 
ranges m both collector effICIency and aIr fuel mIX ratIOS IS the norm Thus, forecasts 
based on optImal practice are lIkely to substantIally understate actual emlS~IOn rates 

In the companson of 1995 and 1996 tests results, note that Dllmtrova' s collector 
effICIency levels were hIgher both years for the eXlstmg (unsorted) fuel DespIte thIS fdCt, 
the emiSSlon~ performance of the test fuel was far supenor to the eXIstmg fuel 

GIven the low fee ~tructure m effect, the potentIal fmanclal effect of thIS dIfference IS 
qUite small, at least until temporary and excess emISSIOn level penalty multIples are 

7 Compared to the 42 multiple, "]nce 1991 the construction cost mdex for Sibena has been reported to have 
Il1creased by 1,600 times. and the currency has devalued by a factor of at least 200. 
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reached On a per ton coal (umt) mput basIs, the allowed emISSIons fees were under 
15 rubles m all four average test results shown The umt fee for the temporanly allowed 
emISSIOn levels, wIth a penalty multIple of 5, rose to a range of 159-177 rubles per ton 
coal mput, stIll an mSIgmficant level « $0 03/ton) However, when takmg account of 
emISSIOn levels m excess of the temporanly permItted levels, for WhICh a multIple of 25 
applIes, the potentIal emISSIOn fee lIabIlIty becomes sIgmfIcant 

Table 4-3 

Particulate Emission Fee Exposure Comparison: Dimitrova 
EXIsting vs. Sorted Coal Test Results for 1995 and 1996 

EXlstmg Sorted G EXlstmg 
1995 1995 1996 

VarIables (Umts) 

Coal Input (tonslhr) 255 218 275 
PartIculate EmIssIOn Rate (Collector) (kg/gcal) 3 15 1 83 470 
BoIler Heat Output (Gcallhr) II 10 861 11 50 
Heat Output NormalIzed (Gcallhr) 11 10 11 48 11 50 
NormalIzed EmISSIon Rate (kglhr) 3497 2031 5405 
No Hours In Operation 3800 
Annual EmISSIon Per BOller (tons/yr) 133 77 205 
No BOIlers 6 
Total Annual EmISSIons (tons/yr) 79720 463 14 1,23234 
NormalIzed Coal Volume (tons/yr) 58,140 56,447 62,700 
Collector EffICIency Cpercentl100 08925 08745 06644 
Collector Outlet EmISSIOns (kglhr) 3537 1559 5409 
Ratio of EmISSIons to Tonlhr Input (tons) 00139 00072 00197 
vs Reported In 1991 00150 
Allowed EmiSSIOns Err. 1994 (tons/yr) 749 7-1-9 749 
Standard Fee Eff 1991 (Rbllton) 165 165 165 
x InflatIOn MultIplIer (etf 1996) 42 6930 6,930 6,930 
x RegIOnal MultiplIer 144 9,979 9,979 9,979 
Fee on Allowed EmISSIons (Rbi 000) 747 747 747 
Unit Fee Per Ton Coal Input (RbI/Gcal) 1286 1324 11 92 
Temp. Allowed Emissions (tons/yr) 200 200 200 
Standard Fee Eff 1991 (Rbl/ton) 825 825 825 
wi multIplIer = 5 
x InflatIOn MultIplIer (eff 1996) 42 34,650 34.650 34,650 
x RegIOnal MultiplIer 144 49,896 49,896 49,896 
Fee on Temp Allowed EmiSSIOns (Rbi 000) 9,979 9,979 9,979 
Umt Fee Per Ton Coal Input (RbI/ton) 17164 17679 15916 
Excess Emissions (tons/yr ) 5223 1882 9574 
Standard Fee Eft 1991 (Rbi/ton) 4,125 4,125 4,125 
w/ multlpher = 25 
x Int1atlon MultIplier (eft 1996) 42 173,250 173,250 173,250 
x RegIOnal Multiplier 144 249,480 249,480 249,480 
Fee on Allowed Excess EmiSSIons (Rbi 000) 130,304 46,961 238,862 
Umt Fee Per Ton Coal Input (Rbllton) 2,241 832 3,810 

Total Fee (Rbi 000) 141,031 57,688 249,589 
Umt Fee (RbI/ton) 2,426 1,022 3,981 
Sorted G Savings (Rbi/ton) 1404 

Sorted G 
1996 

199 
302 
10 65 
1264 
3473 

132 

79184 
60,874 
06778 
32 13 

00161 

749 
165 

6,930 
9,979 
747 

1228 
200 
825 

34,650 
49,896 
9,979 
16393 
5169 
4,125 

173,250 
249,480 
128,967 
2,119 

139,694 
2,295 
1686 

As seen 111 Table 4-3, at the Excess EmISSIOns level, the per ton fee exposure 111crea~e~ to 
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2,241 rubles for the 1995 eXIstIng coal, and up to 3,810 rubles/ton for the 1996 eXIstIng 
coal AddIng In the emISSIOns fee exposures from the base and temporanly allowed 
emISSIOn levels YIelds a total emISSIOns lIabIlIty for each set of tests The emISSIon fee 
lIabIlItIes for the eXIstIng coal runs are then compared to the sorted coal total fee 
lIabIlItIes and the dIfference IS taken as the potentIal savIngs from USIng the sorted coal 
As shown, thIS savIngs was 1,404 rubles/ton (about $0 25/ton) based on the 1995 tests, 
and 1,686 rubles (about $0 301ton) based on the 1996 results Had collector efficiency 
levels been higher dunng the 1996 tests, a greater umt saVIngs In emISSIOn fees would 
have resulted 

Tables 4-4 and 4-5 present a Similar partIculate emISSIOn fee bmld-up structure for the 
Abashaevskaya and Laundry depot boIler houses respectIvely In Table 4-4 (at 
Abashaevskaya), the lack of relIable sorted coal test results In 1995 lImits the companson 
of 1995 and 1996 eXistIng coal wIth sorted G and a sorted and unsorted G mIX In 1996 
AgaIn, collector efficiency levels vaned markedly withIn the 1996 test results, as they 
were notably lower for the sorted G-mark runs ThIS, In turn, reflects poor air fuel mIX 
controls durIng thIS set of runs Particulate emISSIOns for the 1996 sorted test coals at 
Abashaevskaya were modestly lower than for the unsorted eXIstIng fuel, but substantIally 
lower than 1995 eXistIng coal test levels The savIngs between the 1995 eXIstIng coal and 
1996 eXistIng and sorted coal tests range from 3,340 rubles/ton to 6,690 rubles/ton, or 
about $0 60-$1 IS/ton eqUivalent 

Table 4-5 presents the test results for partIculate emISSIOns at the Laundry Depot and the 
correspondIng emISSIOn fee exposures LackIng data from the City AdmInIstratIOn, the 
allowed and temporary emISSIOn levels were placed at comparable levels relative to the 
preferred T-mark fuel's emISSIOn levels Thus, one ton was used as the base level, and 
four tons as a temporanly permitted level, reflectIng SImIlar ratIos In effect for the larger 
bOiler houses PartIculate emISSIOn levels vaned WIdely at the Laundry Depot The 
eXIstIng T-mark coal with low fInes content demonstrated far lower emISSIOn levels than 
the sorted G-mark SurpnsIngly, the unsorted G-mark coal out-performed the sorted G­
mark and G T mIX ThIS result IS qualIfIed by the lack of suffICIent fly ash data In the 
unsorted G-mark runs to take a full readIng of bOIler effICIency (hence kg/Gcal emISSIon 
rates) 

The partIculate emISSIOn results show that the eXIstIng (sorted T -mark) coal YIelds 
emISSIon reductIOn benefIts of 1,755 rubles/ton In companson to the sorted G-mark results 
(1 e , about $0 32/ton) ThIS result IS more relIable than the lower results obtaIned for the 
mIxed G T run and three unsorted G-mark test runs, OWIng to InsuffICIent flyash data for 
these two test sets 

4-11 



Table 4-4 
Particulate Emission Fee Exposure Comparison: Abashaevskaya 

Existing vs. Sorted Coals Test Results for 1995 and 1996 

EXisting G EXisting G Sorted G SQrted MIx 

l.225. 1996 l2.2fi l2.2fi 
Vanables (Umts) 

Coal Input (tonslhr) 373 292 229 3 17 
Particulate EmIssIOn Rate (kg/Gcal) 863 423 391 366 
BOller Heat Output (Gcallhr) 1276 II 51 9 13 13 47 
Heat Output NormalIzed to Heat In (Gcallhr) 1276 11 51 11 69 12 19 
NormalIzed EmIsSIon Rate (kglhr) 110 06 4869 4570 4460 
No Hours In OperatIon 3800 
Annual EmISSIons Per BOller (tons/yr) 418 185 174 169 
No BOIlers 4 
Total Annual EmISSions (tons/yr) 1,673 740 695 678 
NormalIzed Coal Volume (tons/yr) 56,696 44,384 43,698 42,014 
Collector EffIcIency (%/100) 06190 05458 o 1471 06778 
Collector Outlet EmISSIons (kglhr) 11600 4865 3224 32 13 
RatIO of EmISSIons to Tonslhr In (tons) 00011 00010 00007 00007 
vs Reported III 1991 
Allowed Emissions Efr. 1994 (tons/yr) 346 346 346 346 
Standard Fee Eff 1991 (RbI/ton) 165 165 165 165 
X Inflation MultIplIer (eff 1996) 42 6,930 6,930 6,930 6,930 
RegIOnal MultIplIer 144 9,979 9,979 9,979 9,979 
Fee on Allowed EmISSIons (Rbi 000) 345 345 345 345 
Umt Fee (Rbllton) 609 778 790 822 
Temp. Allowed EmiSSIOns (tons/yr) 1006 1006 1006 1006 
Standard Fee Eff 1991 (RbI/ton) 825 825 825 825 
wi multIplIer = 5 
x InflatIon MultIplIer (eff (996) 42 34,650 34,650 34,650 34,650 
RegIOnal MultIplIer 144 49,896 49,896 49,896 49,896 
Fee on Temp Allowed EmISSIons (Rbi 000) 5,020 5,020 5,020 5,020 
Umt Fee (Rbi/ton) 8853 11309 11487 11947 
Excess EmISSIons (tons/yr) 15376 6048 5594 5427 
Standard Fee Etf 1991 (Rbi/ton) 4,125 4,125 4,125 4,125 
wI multIplIer = 25 
X InflatIOn MultIplIer (eff (996) 42 173,250 173,250 173,250 173,250 
RegIOnal Multlpher 144 249,480 249,480 249,480 249,480 
Fee on Allowed Excess EmiSSIOns (Rbi 000) 383,609 150,897 139,561 135,389 
Umt Fee (RbI/ton) 6,766 3,400 3,194 3,222 

Total Fee (RbI 000) 388,974 156,262 144,926 140,754 
Umt Fee (RbI/ton) 6,861 3,521 3,317 3,350 
Sorted G Savmgs 1996 (RbI/ton) 204 171 
Sorted G Savmg'i 1996 vs 1995 (Rbi/ton) 3,340 6,657 6,690 
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Table 4-5 
Particulate Emission Fee Exposure Comparison: Laundry Depot 

Existing T -Mark vs. G-Mark and Mixed G&T Coal Test Results for 1996 

EXlstmg T Sorted G MIx UnSQrted G 

l2.2Q l2.2Q 1996 l2.2Q 
Vanable~ (UnIts) 

Coal Input (tonslhr) 037 041 046 048 

Particulate Emission Rate (kg/Gcal) o 17 351 I 4 I 

BOller Heat Output (Gcallhr) 197 192 266 2 18 

Heat Output NormalIzed to Heat In (Gcallhr) 197 I 75 209 209 

NormalIzed EmisslOn Rate (kglhr) 033 613 292 209 

No Hours III OperatIon 3800 

Annual EmisslOns Per BOller (tons/yr) I 23 11 8 

No BOIlers I 
Total Annual EmIsSIons (tons/yr) I 23 11 8 

Normaltzed Coal Volume (tons/yr) 1,406 1,558 1,534 1,475 

Collector EffIcIency (%1100) 06039 03978 0564 03959 
Collector Outlet EmiSSIons (kglhr) 034 676 371 2 19 
RatlO of EmIssIons to Tonslhr In (tons) 00010 00011 00013 00010 
vs Reported III 1991 

Allowed EmISSIons Err. 1994 (tons/yr) 1 1 1 1 

Standard Fee Etf 1991 (RbI/ton) 165 165 165 165 

x InflatIon MultIplIer (eff 1996) 42 6,930 6,930 6,930 6,930 

ReglOnal Multlplter 144 9,979 9,979 9,979 9,979 

Fee on Allowed EmISSIons (RbI 000) 10 10 10 10 

Umt Fee (RbI/ton) 7 10 641 651 677 

Temp. Allowed Emissions (tons/yr) 4 4 4 4 

Standard Fee Eff 1991 (RbI/ton) 825 825 825 825 

wi multiplIer = 5 

x InflatIon MultIplIer (ett 1996) (Rbl/ton) 4,125 4,125 4,125 4,125 
ReglOnal MultIplIer 144 5,940 5,940 5,940 5,940 

Fee on Temp Allowed EmisslOns (Rbi 000) 0 18 18 18 

Umt Fee (Rbllton) 000 1144 1162 1208 

Excess Emissions (tons/yr) 00 183 6 1 30 

Standard Fee Eff 1991 (Rbllton) 4,125 4,125 4,125 4,125 

wi multIplIer = 25 

x InflatlOn MultIplIer (etf 1996) (Rbi/ton) 103,125 103,125 103,125 103,125 
Regional MultiplIer 144 148,500 148,500 148,500 148,500 

Fee on Allowed Excess Eml~slons (Rbi 000) 0 2,718 907 438 
Umt Fee (RbI/ton) 0 1,745 591 297 

Total Fee (RbI 000) 10 2,746 935 466 
Umt Fee (Rbllton) 7 1,763 610 316 
Sorted T Savmgs 1996 (RbI/ton) 1,755 603 309 
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Section 5 

Conclusions and Recommendations 

5.1 Conclusions 

The analYSIS of the effICIency and emISSIon reductIOn benefIts of the Clean Coal 
DemonstratIOn Program reveal the Importance of polIcy IncentIves to move the economIC 
and fInanCIal balance In favor of clean coal 

The CIty and Oblast AdmInIstratIons' polICIes on emISSIOn mOnItorIng, testIng, and 
enforcement need to be under the eXIstIng emISSIon fee structure, SIgnIfIcant fee lIabIlIty 
eXIsts only If emISSIOns levels are measured and demonstrated to rIse to excess levels, 
where penalty multIples apply Even then, the payback from burnIng cleaner coal IS 
relatIvely modest The prImary motIvatIOn, therefore, must be the energy effICIency gaIns 
obtaInable from prepared coal 

The value of the Clean Coal DemonstratIOn Program IS largely In ItS relIable measurement 
of bOIler effICIency and emISSIOn levels of varyIng types of coal supplIes and operatIng 
controls WIth thIS InfOrmatIOn, a more Informed polIcy can be developed on WhICh to 
base both enforcement procedures and emISSIOn credIt declSlons For example, numerous 
studIes have been undertaken on the RUSSIan emISSIOn fee structure and the ImplIcatIOns 
of ItS modificatlOn on economIC and envIronmental performance A recent study by HIID 
(the Harvard InstItute for InternatIOnal Development) concluded that RUSSIa's emISSIon fee 
structure need not necessarIly be subjected to a major overhaul, but Instead proper SIgnals 
could be sent to pollutIng IndustrIes by applYIng hIgh emISSIOn penalty rates on all 
emISSIOn volumes In excess of acceptable levels As shown by the demonstratIOn 
program, once these exceedence levels are reached, the 25x multIple of the base rate 
becomes a conSIderable factor 

Under the terms of the restructurIng of the coal Industry, the CIty'S DIVISIOn of MUnICIpal 
SerVIces (and other CIty AdmInIstratIOns) recently have taken on ownershIp of the 
communal bOIler houses operatmg m ItS JunsdictIOn (numbenng 13 of the largest 30 
bOIler houses m Novokuznetsk). These were preVIously owned by Kuznetskugol, WhICh 
StIll owns the mdustnal bOIlers In the same bOIler houses ThIS addItIOnal capaCIty IS 
supplemented by the CIty'S eXlstmg ownershIp of smaller mUnICIpal serVIce boIler houses 
As a result, the CIty of Novokuznetsk and other mUnICIpalItIes throughout the coal 
producmg regIOns of RUSSIa fmd themselves m a cntIcal "demonstratIOn mode," whereby 
they must apply the same standards of emISSIons and energy effICIency to themselves as 
expected of prIvate or other publIcly-owned boIler houses The enforcement, mcentIves, 
and demonstratIOn role must start WIth the CIty AdmIl1lstratIOn's Department of 
AdmInIstratIOn, supported by the CIty AdmInIstratIOn and by the Oblast AdmmistratIOn 

ItemIzed below are a set of potentIal polIcy mcentIves needed to mduce both capital 
111vestment m a coal preparatIOn faCIlIty and consumer mvestment 111 prepared coal, bOIler 
effICIency and emISSIOn control hardware, and management procedures. 

5.2 Recommendations 
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5.2.1 Coal Preparation Incentives 

In order to seed mterest on the part of potentIal mvestors m a coal preparatIOn plant, 
vanous Government tax, emISSIOn fee credit, and low-cost loan mcentlves should be 
consIdered The use of an mvestment tax credIt ImplIes that a qualIfIed mvestor must 
have a use for tax credIts m the form of past or future mcome tax exposure Thus, 
profitable enterpnses would be encouraged to mvest m a preparatIOn faCIlIty Investment 
tax credits could be granted accordmg to a percent of the capItal value of the mvestment, 
or be lmked to eventual sales of prepared coal, subject to certam sales volume (pncmg 
mcentIVes) In thIS manner, the value of the credIt would be tIed to the extent of market 
penetratIOn of the prepared coal ThIS, m turn, would motIvate mvestors to mamtaIn a 
low cost plant, WIth a proper scale and SImple mItlal deSIgn so as to not "over-cost" the 
output 

The level of the Investment tax credIt needed to be effectlve could be based on Income 
tax rates (e g , 30 percent credit, subject to a lImIt) AlternatIvely, the credit could be tIed 
to sales levels, and set at perhaps 5,000 - 10,000 rubles per ton sold, so that a large 
portIOn of the pnce premlUm and vanable productIOn cost IS covered by the credIt 

The credIt could also be structured as a low Interest loan, whereby an mternatIOnally 
competltlve rate of 8-10 percent applIes ThIS would substantIally reduce a pnmary cost 
of the plant, and enable a hIgher debt eqUIty ratio to be carned, further redUCIng reqUIsIte 
project returns 

An alternatIve to provIdmg credIts to the plant Investor/owner IS to offer consumers of the 
plant's prepared coal a credIt equal to the measured emISSIOn reductIOn value of the fuel 
We estimate thIS to be at least eqUIvalent to $030-$0 SO/ton of prepared coal. Coupled 
wIth the dlfect and mdirect effICIency benefIt of 10-15 percent, thIS addItIOnal credIt 
would help bndge the gap between the full effICIency benefits of prepared coal and the 
Immediate market pnce of the coal Such a scheme would certamly aSSIst the plant 
developer's efforts to secure a core customer base and revenue stream for prepared coal 
sales 

ThIS effort to establIsh an underlYIng customer base for the plant could be further 
supported were the CIty AdmInIstratIOn WIllIng to enter Into a long term contract to 
purchase the prepared coal output at some pre-specifIed differential over the delIvered 
pnce of eXIstIng (unsorted) coal Indeed, the City AdmInistratIOn represents the SIngle 
largest mdependent buyer of stoker coal m the greater Novokuznetsk area, and may stand 
alone m Its abIlity to underwrrte a market for the prepared coal output Such a long-term 
commItment from a relatIvely reliable customer would help the plant qualIfy for fmancmg 
at favorable mterest rates 

The prrce mdex and delivered cost terms of such a coal purchase agreement could remam 
responSIve to market condItIOns As long as the preparatIOn plant's run-of-mIne coal 
feedstock IS of sunIlar quality and pnce to the customer's alternatIve coal, a baSIS eXIsts 
for structunng such a long-term "mdexed" purchase commItment From the viewpomt of 
the City AdmmistratIOn, a term purchase commitment mIght be advantageous, partIcularly 
If the City WIshes to mfluence the configuratlOn and output stream of the proposed 
faCility The City clearly has an Interest In exertmg such mfluence, but only If the pnce 
of rehab Ie, quality supply IS competItIve Indeed, the CIty l111ght cOl1sIder takmg a 
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mmonty ownershIp mterest m the plant ThIS mterest could be "earned m," based on 
actual volumes contracted and taken In thIS manner, the CIty could become a partner m 
the facIlIty, but stlll provIde mcentives to the pnmary mvestor m the form of tax credIts 
and other favorable mvestment terms 

The CIty and Oblast AdmmistratIOn could also actlvely support the mterests of a 
preparatIOn plant VIa theIr mfluence over other coal consumers and theIr abIlIty to 
establIsh mandatory reqUIrements based on admmistratlve authonty and/or extreme 
envIronmental condItIOns For example, the CIty could assIst m arrangmg sale of the 
preparatIOn plant's "fmes" output to local combmed heat and power (TES) systems 
SImIlarly, CIty-owned bOIlers could be mandated to burn the prepared coal, and other 
bOIler houses could be encouraged to burn prepared coal on the basIs of more strIngent 
emI~SIOns mOl11tonng and enforcement polICIes 

As an mterested partner, the CIty and Oblast AdmIl11stratIOns could work closely WIth 
potentIal Investors, not only by structurIng vanous Investment and customer credIt 
Incentlves, but also by msunng that the plant's scale and deSIgn IS sensItlve to cost and 
market realItIes In order to keep constructIOn costs to a realIstIC level, It may be 
advIsable to establIsh a phased plant development process, whereby SIze claSSIfYIng Ul11ts 
are constructed fust, followed by baSIC cleal11ng CIrCUIts, and eventually a more 
SOphIStlcated mIX of cleanmg and slZlng lInes In thIS manner, the core market for SIzed 
stoker coal would be establIshed at a relatIvely low capItal cost, and hIgher value markets 
could be pursued WIth subsequent Investments m addltlonal cleanIng CIrCUIts, runnIng 
from cyclones to large partlcle washmg, heavy medIa separatIOn, and chemIcal cleal11ng, 
as JuStlfied by market demand HIgher value customers (e g , metallurgIcal and export­
based) could then be approached, WIthout necessanly relYIng upon these customers to 
cover hIgh Initlal capItal Investment costs 

5.2.2 Emissions and Coal Quality Enforcement Policy 

A second path of polIcy support from the CIty and Oblast AdmIl11stratIOns could focus on 
emISSIOns mOl11tonng, testmg, and enforcement, even If Il11tlally only for purposes of 
developIng a relIable emISSIOns database Components of thIS polIcy could mclude the 
follOWIng 

• Mandatory annual testIng of all bOIler houses m excess of 10 Gcal of output capacIty, 
mcludmg all CIty-owned bOIlers 

• PublIshIng emISSIOn levels and key control vanables, such as collector effICIency 
levels, coal qualIty, mternal emission and combustIOn effICIency control mstruments, 
and/or procedures followed. 

• CreatIng a formal emISSIOns credIt group or "pool" consIstmg of the top 25-30 boIler 
houses, whereby members can sell emISSIOn reductIOn credIts to others m order to 
encourage mvestments beyond the mdividual bOIler house's abIlIty to use such credIts 

• Seekmg greater fmancial support from the Oblast Government once the City 
demonstrates that Its eI11lSSIOnS momtonng and credItmg polICIes and praCtIces are 
effectIve. ThIS support could be purely fmancIal, m the form of more tax and/or 
emISSIOn fee funds returl11ng to the CIty of Novokuznet~k, or It could take the fOlm of 
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fmanclal support for fIeld demonstratIOns outsIde of the ImmedIate Novokuznetsk 
enVIrons 

• Developmg a model bOIler demonstratIOn program, servmg as an example of the range 
of fuel, operatIOns, and low-cost eqmpment mvestment Imtlatlves that charactenze a 
fully energy effICIent and envIronmentally responsIble boIler operatIOn The 
Dlmltrova bOIler house mIght qualIfy as a potentIal "model," WIth the addItIOn of 
some low-cost systems such as overfue aIr and hopper evacuatIOn The CIty Railway 
had also expressed mterest m re-bmldmg Its bOIler house to meet the full techmcal 
capabIlItIes of a modern fuel- and emISSIOns-effICIent opemtIOn 

• Undertakmg vanous "command and control" polICIes dIrected at the small boIler 
houses, WIth the backmg of the Oblast AdmmistratIOn. PolICIes to conSIder mclude 
(1) mandatory laboratory testmg of fuel stocks on the bOIler house premIses, coupled 
WIth mandatory covered mventory dunng the autumn/wmter, (2) mandatory use of 
prepared coal dunng the peak 3-4 weeks of wmter operatIOn, when capaCIty utIlIzatIOn 
rates typIcally approach 100 percent and nearly one half of annual coal consumptIOn 
occurs, (3) mandatory use of T-mark coal wIthm the numerous fIxed grate hand-fIred 
bOIler houses, as charactenzed by the Laundry Depot, at least m the wmter penod and 
potentIally year-round ThIS polIcy IS partIcularly attractIve If T -mark coal pnces 
(e g., from Bungarskaya) are pnced comparably to G-mark supplIes 

The enactment of such polICIes would aSSIst the Clean Coal DemonstratIOn Program to 
realIze ItS potential By establIshmg and enforcmg polICieS that make It economIcally, 
and envIronmentally, rewardmg for bOIler houses to utIlIze prepared coal, It becomes 
fmanclally feaSIble for the cIty and local mdustry to mvest m the constructIOn of a coal 
preparatIOn plant GIven the CIty'S mcreasmg ownershIp of, and hence fmanclal 
responsIbIhty for, communal bOIler houses, and the nsmg pnce of coal and mamtenance 
serVIces, It stands to reason that the CIty IS m the best pOSItIOn to benefIt from 
pohcymakmg that supports an overall converSIOn to clean coal 
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Annex A 

Pictures 
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Boiler Houses Have Low Stacks, and Are Located Near Residences 
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Coal is Friable Resulting in High Portion of Small Coal Particles 
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Gas Analysis During Clean Coal Testing to Calculate Combustion Efficiency 

Particulate Emissions Testing 
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Sampling Bottom Ash For Materials Balance 
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Recording Heat Production During Clean Coal Test 

Boiler Undergoing Reconstruction 

A-4 , 
, 'I 



Annex 8-1 (a) 

Dlmltrova Clean Coal Test Results for December, 1996 Tests 

Sorted 
G Mark Coal 

EXisting Sorted Increase or 
G Mark Coal G Mark Coal Decrease 
Test Results Test Results Over 

Average Average EXisting G 

Pressure Corrected Steam Flow Tons/Hr 2030 1881 -731% 
Boller Load % 8119% 7525% -731% 

Steam Pressure kg/cm2 714 645 -972% 
Feedwater Temperature Degrees C 9449 9420 -030% 

Steam Enthalpy kkal/kg 66114 66030 -013% 
Feedwater Enthalpy kkallkg 9453 9424 -031% 

Bolier Outlet Oxygen (02) % 1260% 1097% -1294% 
BOiler Outlet Flue Gas Temperature Degrees C 26338 27000 251% 

BOiler Outlet Carbon Monoxide (CO) ppm 18577 10666 -4259% 
Baller Outlet Static Pressure 100 Pascals -298 -241 -1916% 

Collector Inlet Oxygen (02) % 1343% 1240% -768% 
Collector Inlet Outlet Flue Gas Temperature Degrees C 12669 13037 290% 

Collector Inlet Carbon Monoxide (CO) ppm 17096 19729 1540% 
Collector Inlet Static Pressure 100 Pascals -1084 -883 -1856% 

Collector Outlet Oxygen (02) % 1318% 1184% -1017% 
Collector Outlet Flue Gas Temperature Degrees C 12416 12265 -122% 

Collector Outlet Carbon Monoxide (CO) ppm 19304 20394 565% 
Collector Outlet Static Pressure 100 Pascals -2540 -2149 -15 38% 

Coal Size Less Than 6mm (Fines) % 4276% 1678% -6076% 
Coal Ash % 1547% 770% -5024% 

Coal Heating Value kkallkg 5,69620 6,87580 1661% 

Bottom Ash Healing Value kkallkg 2,29080 2,28740 -015% 
Bottom Ash Carbon % 2854% 3208% 1238% 

Bottom Ash Ash % 6920% 6540% -549% 

Fly Ash Heating Value kkallkg 5,46060 6,08640 1146% 
Fly Ash Carbon % 6485% 7363% 1355% 

Fly Ash Ash % 3154% 2284% -27 58% 

Combustion Efficiency Heat Losses 
Due to Dry Gas % 7741% 7098% -830% 

Due to MOisture In Fuel % 1182% 0767% -3509% 
Due to Combustion of Hydrogen % 4009% 4009% 001% 

Due to Unburned Combustibles (Carbon Loss) % 13923% 7850% -4362% 
Due to Radiation Through Bolier Skin % 0770% 0830% 779% 

Unaccounted Losses % 1500% 1500% 000% 

Net EffiCiency % 7087% 7795% 998% 
Heat Input GkallHr 1623 1367 -1575% 

Heat Output GkallHr 1150 1065 -735% 
Heat Input Tons/Hr 276 199 -2785% 

Collector Inlet EmiSSions kg/Hr 16207 9958 -3856% 
Collector Inlet EmiSSions/Heat Input kglGkal 999 728 -2707% 

Collector Inlet EmlsslonslHeat Output kglGkal 1409 935 -3368% 

Collector Outlet EmiSSions kglHr 5409 3213 -4060% 
Collector Outlet EmlsslonslHeat Input kg/Gkal 333 235 -2950% 

Collector Outlet EmiSSions/Heat Output kglGkal 470 302 -3589% 

Collection EffiCiency % 6663% 6774% 167% 

Calculated Collector Inlet Flow acmm 98375 76825 
Measured Collector Inlet Flow acmm 98360 92660 -580% 

Calculated Flow DeViation % 002% -1709% 



Annex B·l (b) 

Dlmltrova Clean Coal Test Results for December, 1996 Tests 

Date 04·Dec·96 04-Dec·96 05·Dec·96 05·Dec·96 05·Dec·96 Average of 
Test No DERl DER2 DER3 DER4 DER5 EXisting G 

Coal Type EXisting G Existing G EXisting G EXisting G EXisting G Tests 

Pressure Corrected Steam Flow TonslHr 1834 1825 2119 2475 1896 20 30 
BOiler Load % 7337% 7300% 8475% 9901% 7582% 8119% 

Steam Pressure kglcm2 680 629 730 8 01 731 714 
Feedwater Temperature Degrees C 9729 9343 9529 9700 B943 9449 

Steam Enthalpy kkallkg 660 75 660 10 66134 66213 66135 66114 
Feedwater Enthalpy kkallkg 9735 9347 9534 9706 8945 9453 

BOiler Outlet Oxygen (02) % 1170% 1318% 1277% 1189% 1347% 1260% 
BOiler Outlet Flue Gas Temperature Degrees C 26569 26065 26563 27016 25476 26338 

BOiler Outlet Carbon Monoxide (CO) ppm 16950 18633 20486 13986 22829 18577 
BOiler Outlet Static Pressure 100 Pascals ·299 ·307 ·3 06 ·299 ·281 ·298 

Collector Inlet Oxygen (02) % 1300% 1360% 1339% 1286% 1431% 1343% 
Collector Inlet Outlet Flue Gas Temperature Degrees C 12722 12694 12921 12849 12159 12669 

Collector Inlet Carbon Monoxide (CO) ppm 14275 21333 17000 16714 16157 17096 
Collector Inlet Static Pressure 100 Pascals ·10 96 ·11 16 ·10 88 ·1067 ·1053 ·1084 

Collector Outlet Oxygen (02) % 1315% 1357% 1280% 1246% 1391% 1318% 
Collector Outlet Flue Gas Temperature DegreesC 12417 12435 12667 12643 11921 12416 

Collector Outlet Carbon Monoxide (CO) ppm 16550 29983 18400 15186 164 00 19304 
Collector Outlet Static Pressure 100 Pascals >·254 >·254 >·254 >·254 >·254 ·2540 

Coal Size Less Than 6mm (FInes) % 5050% 3600% 3860% 4030% 4840% 4276% 
Coal Ash % 1468% 1558% 2095% 1162% 1454% 1547% 

Coal Heating Value kkallkg 6,00700 5,939 00 5,46500 6,09200 5,97800 5,89620 

Bottom Ash Heating Value kkallkg 2,026 00 1,77300 2,60800 2,50400 2,54300 2,29080 
Bottom Ash Carbon % 2707% 2324% 3201% 3059% 2981% 2854% 

Bottom Ash Ash % 7073% 7525% 6531% 6792% 6679% 6920% 

Fly Ash Heating Value kkallkg 5,42400 5,48000 528200 5,50300 5,61400 546060 
Fly Ash Carbon % 6481% 6566% 6189% 6608% 6581% 6485% 

Fly Ash Ash % 3161% 3140% 3406% 3000% 3065% 3154% 

CombustIOn Efficiency Heat Losses 
Due to Dry Gas % 7202% 8541% 7474% 7272% 8215% 7741% 

Due to MOisture In Fuel % 1119% 1185% 1232% 1256% 1120% 1182% 
Due to Combustion of Hydrogen % 3875% 4054% 4054% 4032% 4032% 4009% 

Due to Unbumed Combustibles (Carbon Loss) % 13313% 13313% 18927% 10809% 13251% 13923% 
Due to Radiation Through BOiler Skin % 0850% 0850% 0750% 0600% 0800% 0770% 

Unaccounted Losses % 1500% 1500% 1500% 1500% 1500% 1500% 

Net EffiCiency % 72141% 70556% 66063% 74531% 71083% 70875% 
Heat Input GkallHr 1432 1466 1815 1877 1525 1623 

Heat Output GkallHr 1033 10 34 1199 1399 1084 1150 
Heat Input TonslHr 238 247 332 308 255 276 

Collector Inlet EmiSSions kglHr 20014 14462 16751 16121 13686 16207 
Collector Inlet EmiSSions/Heat Input kglGkal 1397 987 923 859 897 999 

Collector Inlet EmlsslonslHeat Output kglGkal 1937 1398 1397 11 53 1262 14 09 

Collector Outlet EmiSSions kglHr 7080 5340 1649 4877 4337 5409 
Collector Outlet EmlsslonslHeat Input kglGkal 494 364 091 260 284 351 

Collector Outlet EmlsslonslHeat Output kglGkal 685 516 138 349 400 488 

Collection EffiCiency % 6462% 6308% 9016% 6975% 6831% 6663% 

Calculated Collector Inlet Flow acmm 84207 93341 1,02044 1,09492 1,02792 98375 
Measured Collector Inlet Flow acmm 99800 99100 98600 96900 97400 98360 

Calculated Flow DeViatIOn % ·1562% ·581% 349% 1299% 554% 002% 

Collector Outlet EmiSSions for test DER3 not Included ,n averages 



Annex B·1 (c) 

Dlmltrova Clean Coal Test Results for December, 1996 Tests 

Date 
Test No 

Coal Type 

Pressure Corrected Steam Flow 
BOiler Load 

Steam Pressure 
Feedwater Temperature 

Steam Enthalpy 
Feedwater Enthalpy 

BOiler Outlet Oxygen (02) 
BOiler Outlet Flue Gas Temperature 

BOiler Outlet Carbon Monoxide (CO) 
BOiler Outlet Static Pressure 

Collector Inlet Oxygen (02) 
Collector Inlet Outlet Flue Gas Temperature 

Collector Inlet Carbon Monoxide (CO) 
Collector Inlet Stallc Pressure 

Collector Outlet Oxygen (02) 
Collector Outlet Flue Gas Temperature 

Collector Outlet Carbon Monoxide (CO) 
Collector Outlet StatiC Pressure 

Coal Size Less Than 6mm (Fines) 
Coal Ash 

Coal Heating Value 

Bottom Ash Heating Value 
Bottom Ash Carbon 

Bottom Ash Ash 

Fly Ash Healing Value 
Fly Ash Carbon 

Fly Ash Ash 

Combustion EffiCiency Heat Losses 
Due to Dry Gas 

Due to MOisture In Fuel 
Due to Combustion of Hydrogen 

Due to Unburned Combustibles (Carbon Loss) 
Due to Radiation Through BOiler Skin 

Unaccounted Losses 

(IIet EffiCiency 
Heat Input 

Heat Output 
Heat Input 

Collector Inlet Emissions 
Collector Inlet Emissions/Heat Input 

Collector Inlet Emissions/Heat Output 

Collector Outlet Emissions 
Collector Outlet Emissions/Heat Input 

Collector Outlet Emissions/Heat Output 

Collection EffiCiency 

Calculated Collector Inlet Flow 
Measured Collector Inlet Flow 

Calculated Flow Deviation 

Tons/Hr 
% 

kg/cm2 
Degrees C 

kkal/kg 
kkallkg 

% 
Degrees C 

ppm 
100 Pascals 

% 
Degrees C 

ppm 
100 Pascals 

% 
Degrees C 

ppm 
100 Pascals 

% 
% 

kkallkg 

kkallkg 
% 
% 

kkallkg 
% 
% 

% 
% 
% 
% 
% 
% 

% 
GkallHr 
GkallHr 
Tons/Hr 

kg/Hr 
kg/Gkal 
kg/Gkal 

kg/Hr 
kg/Gkal 
kg/Gkal 

% 

acmm 
acmm 

% 

06·Dec·96 06·Dec·96 06·Dec·96 06·Dec·96 06·Dec·96 Average of 
DSR1 DSR2 DSR3 DSR4 DSR5 Sorted G 

Sorted G Sorted G Sorted G Sorted G Sorted G Tests 

1796 
7184% 

611 
9371 

65985 
9375 

1114% 
26984 
11171 

·263 

1244% 
12444 
21529 

·889 

1207% 
12103 
22971 
·2273 

1660% 
713% 

7,18500 

2477 00 
3167% 
6521% 

5,84200 
7315% 
2373% 

7084% 
0446% 
4014% 
7530% 
0850% 
1500% 

78576% 
1294 
1017 
180 

9849 
761 
969 

3564 
275 
351 

6381% 

72901 
92100 

·2085% 

1662 
6648% 

590 
9414 

65955 
9418 

1181% 
26333 
12486 

·249 

1314% 
12405 
10000 

·868 

1264% 
12135 
11800 
·2245 

1280% 
774% 

6,93000 

1,68900 
2405% 
7488% 

6,20700 
7347% 
2284% 

7458% 
0691% 
4003% 
6720% 
0900% 
1500% 

78728% 
1194 
940 
172 

8809 
738 
937 

2856 
239 
304 

6758% 

73922 
92600 

·2017% 

2054 
8217% 

666 
9429 

66058 
9433 

1059% 
27484 
10614 

·212 

1204% 
13524 
31229 

·889 

1133% 
12429 
30214 
·2152 

1820% 
741% 

6,78800 

2,45000 
4130% 
5696% 

6,18400 
7485% 
2164% 

7013% 
0897% 
4029% 
8494% 
0750% 
1500% 

77 316% 
1504 
1163 
222 

10880 
723 
935 

3746 
249 
322 

6557% 

81259 
93500 

·1309% 

2135 
8541% 

703 
8943 

66105 
8945 

1020% 
27698 
8700 
·226 

1161% 
13325 
21471 

·893 

1084% 
12278 
23286 
·2084 

1890% 
829% 

6,76600 

2,76800 
3520% 
6362% 

5,92500 
7080% 
2574% 

6554% 
0848% 
4012% 
8575% 
0750% 
1500% 

77761% 
1570 
1221 
232 

10598 
675 
868 

3267 
208 
268 

6917% 

81208 
93200 

·1287% 

1759 
7037% 

654 
9943 

66045 
9951 

1111% 
26500 
10357 

·256 

1276% 
13484 
14414 

·875 

1230% 
12381 
13700 
·1992 

1740% 
793% 

6,71000 

2,05300 
2817% 
6634% 

6,27400 
7590% 
2027% 

7381% 
0955% 
3989% 
7930% 
0900% 
1500% 

77 344% 
1276 
987 
190 

9655 
757 
978 

2630 
206 
267 

7276% 

74837 
91900 

·1857% 

1881 
7525% 

645 
9420 

66030 
9424 

1097% 
27000 
10666 

·241 

1240% 
13037 
19729 

·883 

1184% 
12265 
20394 
·2149 

1678% 
770% 

6,87580 

2,28740 
3208% 
6540% 

6,08640 
7363% 
2284% 

7098% 
0767% 
4009% 
7850% 
0830% 
1500% 

77945% 
1367 
1065 
199 

9958 
728 
935 

3213 
235 
302 

6778% 

76825 
92660 

·1709% 



Annex B-1 (d) 

Dlmltrova Clean Coal Test Results for November, 1995 Tests 

EXisting Sorted Sorted 
G Mark Coal G Mark Coal G-TCoal 
Test Results Test Results Test Results 

Average Average Average 

Pressure Corrected Steam Flow Tons/Hr 1949 1509 1837 
BOiler Load % 7794% 6038% 7350% 

Steam Pressure kg/cm2 730 707 810 
Feedwater Temperature Degrees C 9130 8978 9130 

Steam Enthalpy kkal/kg 66127 66108 66219 
Feedwater Enthalpy kkal/kg 9175 9041 9166 

BOiler Outlet Oxygen (02) % 1039% 1067% 1047% 
BOiler Outlet Flue Gas Temperature Degrees C 25190 24770 26687 

BOiler Outlet Carbon Monoxide (CO) ppm 44440 20487 12803 
BOiler Outlet Static Pressure 100 Pascal -289 -221 -297 

Collector Inlet Oxygen (02) % 1165% 1150% 1111% 
Collector Inlet Flue Gas Temperature Degrees C 13907 12337 13211 

Collector Inlet Carbon Monoxide (CO) ppm 31136 19430 131 53 
Collector Inlet Static Pressure 100 Pascal -736 -678 -912 

Collector Outlet Oxygen (02) % 1218% 1235% 1099% 
Collector Outlet Flue Gas Temperature Degrees C 13518 12439 12397 

Collector Outlet Carbon Monoxide (CO) ppm 26240 19767 10465 
Collector Outlet Static Pressure 100 Pascal -2303 -1920 -2122 

Coal Size Less Than 6mm (FInes) % 4160% 1357% 2007% 
Coal Ash % 1759% 2834% 2376% 

Coal Heating Value kkal/kg 6,12625 5,36800 5,69233 

Bottom Ash Heating Value kkal/kg 97275 1,10267 74200 
Bottom Ash Carbon % 1539% 1783% 1315% 

Bottom Ash Ash % 8303% 8101% 8572% 

Fly Ash Heating Value kkal/kg 5,23375 4,00767 4,51367 
Fly Ash Carbon % 6483% 4686% 5713% 

Fly Ash Ash % 2972% 3796% 3624% 

Combustion EffiCiency Heat Losses 
Due to Dry Gas % 762% 777% 800% 

Due to MOisture In Fuel % 103% 091% 077% 
Due to Combustion of Hydrogen % 422% 424% 387% 

Due to Unburned Combustibles (Carbon Loss) % 1377% 1134% 912% 
Due to Radiation Through BOiler Skin % 081% 103% 090% 

Unaccounted Losses % 150% 150% 150% 

Net EffiCiency % 7105% 7320% 7585% 
Heat Input Gkal/Hr 1558 1169 1378 

Heat Output Gkal/Hr 11 10 861 1048 
Heat Input TonslHr 255 218 243 

Collector Inlet EmiSSions kg/Hr 33766 12759 18946 
Collector Inlet EmiSSions/Heat Input kg/Gkal 2141 1121 1347 

Collector Inlet EmiSSions/Heat Output kg/Gkal 3011 1555 1767 

Collector Outlet EmiSSions kg/Hr 3537 1559 3135 
Collector Outlet EmiSSions/Heat Input kg/Gkal 224 133 227 

Collector Outlet EmiSSions/Heat Output kglGkal 315 183 300 

Collection EffiCiency % 8925% 8745% 6218% 

Calculated Collector Inlet Flow acmm 77267 59639 69417 
Measured Collector Inlet Flow acmm 1,01475 82000 92133 

Calculated Flow DeViation % -2364% -2703% -2466% 

Sorted 
G Mark Coal 
Increase or 
Decrease 

Over 
EXisting G 

-2254% 
-2254% 

-307% 
-166% 
-003% 
-146% 

271% 
-167% 

-5390% 
-2328% 

-122% 
-1129% 
-3760% 

-785% 

135% 
-798% 

-3000% 
-1665% 

-6739% 
6114% 

-1238% 

1336% 
1587% 
-242% 

-2343% 
-2771% 
2773% 

203% 
-1244% 

055% 
-1760% 
2797% 

302% 
-2499% 
-2241% 
-1451% 

-6221% 
-4764% 
-4837% 

-5591% 
-4040% 
-4184% 

-202% 

-2258% 
-1919% 

Sorted 
G-TCoal 

Increase or 
Decrease 

Over 
EXisting G 

-570% 
-570% 
1095% 
000% 
014% 

-010% 

085% 
594% 

-7119% 
306% 

-462% 
-500% 

-5776% 
2396% 

-983% 
-629% 

-6294% 
-789% 

-5176% 
3510% 
-708% 

-2372% 
-1453% 

325% 

-1376% 
-1187% 
2193% 

497% 
-2590% 

-822% 
-3376% 
1146% 

674% 
-11 58% 

-559% 
-470% 

-4389% 
-3710% 
-4066% 

-1137% 
166% 

-466% 

-792% 

-1016% 
-921% 

(I 
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Anex B-1 (e) 

Dlmltrova Clean Coal Test Results for November, 1995 Tests 

Date 21-Nov-95 21-Nov-95 22-Nov-95 22-Nov-95 Average of 
Test No DE70Rl DE70R2 DE100Rl DE100R2 EXisting G 

Coal Type EXisting G EXisting G EXisting G EXisting G Tests 

Pressure Corrected Steam Flow Tons/Hr 1868 1491 2536 1900 1949 
Baller Load % 7471% 5962% 10143% 7600% 77 94% 

Steam Pressure kg/cm2 752 596 838 733 730 

Feedwater Temperature Degrees C 90 30 8940 90 00 9550 9130 
Steam Enthalpy kkallkg 6616089 6596432 6624744 661 3667 66127 

Feedwater Enthalpy kkallkg 908188 900627 905667 955542 9175 

Boiler Outlet Oxygen (02) % 902% 1280% 806% 1166% 1039% 
BOiler Outlet Flue Gas Temperature Degrees C 2361 2278 2785 2652 25190 
Baller Outlet Carbon Monoxide (CO) ppm 5806 2268 7716 1986 44440 

Baller Outlet StatiC Pressure 100 Pascal -339 -334 -213 -268 -289 

Collector Inlet Oxygen (02) % 1245% 1435% 863% 1115% 1165% 
Collector Inlet Flue Gas Temperature Degrees C 131 39 13011 14511 14967 13907 

Collector Inlet Carbon Monoxide (CO) ppm 173 171 6697 2318 31138 
Collector Inlet Static Pressure 100 Pascal -315 -1071 -714 -843 -736 

Collector Outlet Oxygen (02) % 1218% 1392% 1020% 1243% 1218% 
Collector Outlet Flue Gas Temperature Degrees C 1326 1301 1347 1433 13518 

Collector Outlet Carbon Monoxide (CO) ppm 3322 1673 3820 2481 28240 
Collector Outlet StatiC Pressure 100 Pascal -2552 -2370 -2000 -2291 -2303 

Coal Size Less Than 6mm (Fines) % 3820% 3990% 4500% 4330% 4160% 
Coal Ash % 1693% 1640% 1840% 1862% 1759% 

Coal Heating Value kkallkg 624300 6,14700 6,01500 6,100 00 6,12625 

Bottom Ash Heating Value kkallkg 74700 1,76200 62800 75400 97275 
Bottom Ash Carbon % 1138% 2433% 1176% 1407% 1539% 

Bottom Ash Ash % 8667% 7414% 8678% 8451% 8303% 

Fly Ash Heating Value kkallkg 5,45200 4,89500 5,18300 5,40500 5,23375 
Fly Ash Carbon % 6394% 5992% 6834% 6710% 6483% 

Fly Ash Ash % 3072% 3320% 2700% 2797% 2972% 

Combustion EffiCiency Heat Losses 
Due to Dry Gas % 599872% 921140% 649541% 876810% 762% 

Due to MOisture In Fuel % 103201% 104681% 102352% 103337% 103% 
Due to Combustion of Hydrogen % 416168% 422564% 431860% 416711% 422% 

Due to Unburned Combustibles (Carbon Loss) % 1547181% 1301289% 1289590% 1368763% 1377% 
Due to Radiation Through BOiler Skin % 080000% 100000% 065000% 078000% 081% 

Unaccounted Losses % 150000% 150000% 150000% 150000% 150% 

Net EffiCiency % 710358% 7000% 7312% 7006% 7105% 
Heat Input GkallHr 1501 1213 1984 1534 1558 

Heat Output GkallHr 1066 849 1450 1075 11 10 
Heat Input Tons/Hr 240 197 330 252 255 

Collector Inlet EmiSSions kg/Hr 38557 20037 43421 3305 33766 
Collector Inlet EmiSSions/Heat Input kg/Gkal 256894 165209 218910 215396 2141 

Collector Inlet EmiSSions/Heat Output kg/Gkal 361640 236002 299398 307429 3011 

Collector Outlet EmiSSions kg/Hr 28803 26521 52125 34026 3537 
Collector Outlet EmiSSions/Heat Input kg/Gkal 19191 21867 26279 22176 224 

Collector Outlet EmiSSions/Heat Output kg/Gkal 27015 31237 35941 31651 315 

Collection EffiCiency % 9253% 8676% 8800% 8970% 8925% 

Calculated Collector Inlet Flow acmm 7849 8608 7592 6866 77287 
Measured Collector Inlet Flow acmm 9440 1,0640 1,0320 1,0190 1,01475 

Calculated Flow DeViation % -1685% -1910% -2643% -3262% -2384% 

J 



Annex B-1 (I) 

Dlmltrova Clean Coal Test Results for November, 1995 Tests 

Date 23-Nov-95 23-Nov-95 23-Nov-95 
Test No DS70Rl DS70R2 DS70R3 Average 

Coal Type Sorted G Sorted G Sorted G Sorted G 

Pressure Corrected Steam Flow Tons/Hr 1268 1906 1355 1509 

BOiler Load % 5072% 7622% 5419% 6038% 

Steam Pressure kg/cm2 681 733 708 707 

Feedwater Temperature Degrees C 8571 8975 9388 8978 

Steam Enthalpy kkal/kg 6607645 6613667 661 1135 66108 

Feedwater Enthalpy kkal/kg 869625 903567 939204 9041 

BOiler Outlet Oxygen (02) % 1339% 840% 1021% 1067% 

BOiler Outlet Flue Gas Temperature Degrees C 2471 2596 2364 24770 

BOiler Outlet Carbon Monoxide (CO) ppm 1977 2619 1550 20487 

BOiler Outlet Static Pressure 100 Pascal -281 -1 96 -187 -221 

Collector Inlet Oxygen (02) % 1391% 979% 1081% 1150% 
Collector Inlet Flue Gas Temperature Degrees C 13061 12411 11539 12337 

Collector Inlet Carbon Monoxide (CO) ppm 17960 25470 14860 19430 

Collector Inlet Static Pressure 100 Pascal -896 -676 -462 -678 

Collector Outlet Oxygen (02) % 1443% 1107% 1154% 1235% 
Collector Outlet Flue Gas Temperature Degrees C 13039 12500 117 78 12439 

Collector Outlet Carbon Monoxide (CO) ppm 19870 23400 16030 19767 
Collector Outlet Static Pressure 100 Pascal -2536 -1975 -1248 -1920 

Coal Size Less Than 6mm (Fines) % 1530% 1180% 1360% 1357% 

Coal Ash % 2732% 2920% 2850% 2834% 

Coal Heating Value kkallkg 5,44800 5,35900 5,29700 5,36800 

Bottom Ash Heating Value kkal/kg 85000 83700 1,62100 1,10267 

Bottom Ash Carbon % 1583% 1504% 2261% 1783% 
Bottom Ash Ash % 8296% 8367% 7641% 8101% 

Fly Ash Heating Value kkal/kg 4,48500 3,53800 4,00000 4,00767 
Fly Ash Carbon % 5271% 4102% 4686% 4686% 

Fly Ash Ash % 4103% 3832% 3454% 3796% 

Combustion EffiCiency Heat Losses 
Due to Dry Gas % 1100995% 617513% 613398% 777% 

Due to MOisture In Fuel % 096473% 085295% 089820% 091% 
Due to Combustion of Hydrogen % 444427% 409049% 418998% 424% 

Due to Unburned Combustibles (Carbon Loss) % 11 51538% 802381% 1449389% 1134% 
Due to Radiation Through BOiler Skin % 120000% 080000% 110000% 103% 

Unaccounted Losses % 150000% 150000% 150000% 150% 

Net EffiCiency % 6937% 7856% 7168% 7320% 
Heat Input Gkal/Hr 1049 1385 1072 1169 

Heat Output GkaVHr 728 1088 768 861 
Heat Input TonslHr 193 258 202 218 

Collector Inlet Emissions kg/Hr 16726 11482 10069 12759 
Collector Inlet Emlsslons/Heat Input kg/Gkal 159458 82896 93934 11 21 

Collector Inlet Emlsslons/Heat Output kg/Gkal 22 9880 105523 131039 1555 

Collector Outlet Emissions kg/Hr 16455 18804 11 521 1559 
Collector Outlet Emissions/Heat Input kg/Gkal 15687 13576 10748 133 

Collector Outlet Emissions/Heat Output kg/Gkal 22616 17281 14994 183 

Collection EffiCiency % 9016% 8362% BB 56% 8745% 

Calculated Collector Inlet Flow acmm 7278 5955 4719 59B 39 
Measured Collector Inlet Flow acmm 9830 8270 6500 82000 

Calculated Flow Deviation % -2596% -2B 00% -2739% -2703% 



Annex B·l (g) 

Dlmltrova Clean Coal Test Results for November, 1995 Tests 

Date 27·Nov·95 27·Nov·95 27·Nov·95 
Test No DM70Rl DM70R2 DM70R3 Average 

Coal Type SortedG·T Sorted G·T Sorted G·T Sorted G·T 

Corrected Steam Flow Tons/Hr 1552 2529 1432 1837 
% Boiler Load % 6208% 10115% 5726% 7350% 

Steam Pressure kg/cm2 760 890 779 810 

Feedwater Temperature Degrees C 9120 9300 8970 9130 

Steam Enthalpy kkallkg 6616912 6629965 661 8969 66219 

Feedwater Enthalpy kkallkg 915749 930871 903147 9166 

Boiler Outlet Oxygen (02) % 1020% 817% 1305% 1047% 

BOiler Outlet Flue Gas Temperature Degrees C 25044 29311 25706 26687 

BOiler Outlet Carbon Monoxide (CO) ppm 9890 9340 19180 12803 

Boiler Outlet StatiC Pressure 100 Pascal ·184 ·334 ·374 ·297 

Collector Inlet Oxygen (02) % 1106% 896% 1330% 1111% 
Collector Inlet Flue Gas Temperature Degrees C 12239 13933 13461 13211 

Collector Inlet Carbon Monoxide (CO) ppm 10210 9280 19970 13153 
Collector Inlet StatiC Pressure 100 Pascal ·619 ·1046 ·1071 ·912 

Collector Outlet Oxygen (02) % 1170% 1027% 1099% 
Collector Outlet Flue Gas Temperature Degrees C 11572 13222 12397 

Collector Outlet Carbon Monoxide (CO) ppm 10960 9970 10465 
Collector Outlet Static Pressure 100 Pascal ·1562 ·2681 ·2122 

Coal Size Less Than 6mm (Fines) % 1550% 3120% 1350% 2007% 
Coal Ash % 2250% 2487% 2391% 2376% 

Coal Heating Value kkallkg 5,79800 5,50900 5,77000 5,69233 

Bottom Ash Heating Value kkallkg 69000 65700 87900 74200 

Bottom Ash Carbon % 1335% 1278% 1332% 1315% 
Bottom Ash Ash % 8546% 8608% 8562% 8572% 

Fly Ash Heating Value kkallkg 4,84900 4,30900 4,38300 4,51367 
Fly Ash Carbon % 5797% 5790% 5552% 5713% 

Fly Ash Ash % 3947% 3959% 2966% 3624% 

Combustion Efficiency Heat Losses 
Due to Dry Gas % 734811% 671027% 993312% 800% 

Due to MOisture In Fuel % 071813% 082250% 075779% 077% 
Due to Combustion of Hydrogen % 378110% 384323% 398977% 387% 

Due to Unburned Combustibles (Carbon Loss) % 738474% 925332% 1071846% 912% 
Due to Radiation Through BOiler Skin % 100000% 065000% 105000% 090% 

Unaccounted Losses % 150000% 150000% 150000% 150% 

Net EffiCiency % 7827% 7722% 7205% 7585% 
Heat Input GkallHr 1130 1866 11 36 1378 

Heat Output GkallHr 885 1441 818 1048 
Heat Input Tons/Hr 195 332 202 243 

Collector Inlet EmiSSions kg/Hr 10984 28107 177 48 18946 
Collector Inlet EmiSSions/Heat Input kg/Gkal 97163 150594 156273 1347 

Collector Inlet EmiSSions/Heat Output kg/Gkal 124142 195018 216893 1787 

Collector Outlet EmiSSions kg/Hr 26841 42544 24658 3135 
Collector Outlet EmiSSions/Heat Input kg/Gkal 23743 22795 21712 227 

Collector Outlet EmiSSions/Heat Output kg/Gkal 30336 29519 30134 300 

Collection EffiCiency % 7556% 8486% 8611% 8218% 

Calculated Collector Inlet Flow acmm 5731 7952 7143 69417 
Measured Collector Inlet Flow acmm 7560 1,0000 1,0080 92133 

Calculated Flow DeViation % ·2420% ·2046% ·2914% ·2466% 



Annex B-2 (a) 

Abashevskaya Clean Coal Test Results for December. 1996 Tests 

Sorted G Mixed G 
Increase or Increase or 

Date 12114/96 12/16/96 12/17196 Decrease Decrease 
Test No Three Tests Two Tests Three Tests Over Over 

Coal Type EXlstmg G Sorted G Mixed G EXisting G EXlstmg G 

Heat Output Gkal/Hr 11 51 913 1347 -2068% 1703% 
BOiler Load % 5233% 4151% 6124% 

Water Inlet Temperature Degrees C 6176 5893 6143 -459% -054% 
Water Outlet Temperature Degrees C 101 76 9043 10848 -11 14% 660% 

Water Inlet Enthalpy kkallkg 6174 5891 6140 -459% -054% 
Water Outlet Enthalpy kkallkg 101 86 9045 10865 -11 20% 666% 

BOiler Outlet Oxygen (02) % 1163% 1380% 1050% 1867% -971% 
Boller Outlet Flue Gas Temperature Degrees C 29243 24242 29323 -1710% 027% 
Boller Outlet Carbon MonOXide (CO) ppm 15043 121 71 38571 -1909% 15641% 

BOiler Outlet Static Pressure K Pascals -052 -053 -055 149% 629% 

Collector Outlet Oxygen (02) % 1313% 1469% 1196% 1182% -896% 
Collector Outlet Flue Gas Temperature Degrees C 251 11 20615 24931 -17 90% -072% 
Collector Outlet Carbon MonOXide (CO) ppm 11024 12729 22848 1546% 10726% 

Collector Outlet Static Pressure K Pascals -146 -1 61 -160 1041% 961% 

Coal Size Less Then 6mm (Fines) % 3653% 1765% 3440% -51 69% -584% 
Coal Ash % 1415% 1336% 1392% -556% -158% 

Coal Heating Value kkallkg 6.077 33 6.03200 6.17333 -075% 158% 

Bottom Ash Heating Value kkal/kg 1.62000 51350 90167 -6830% -4434% 
Bottom Ash Carbon % 2384% 630% 1185% -7359% -5027% 

Bottom Ash Ash % 7514% 9325% 8724% 2410% 1611% 

Fly Ash Heating Value kkallkg 2.62000 3.03000 3.17333 1565% 2112% 
Fly Ash Carbon % 3604% 3654% 4082% 137% 1326% 

Fly Ash Ash % 6104% 5855% 5592% -408% -839% 

Combustion EffiCiency Heat Losses 
Due to Dry Gas % 20687% 23063% 19473% 1149% -587% 

Due to MOisture In Fuel % 1323% 1380% 1230% 428% -700% 
Due to Combustion of Hydrogen % 4454% 4403% 4689% -1 16% 528% 

Due to Unburned Combustibles (Carbon Loss) % 5801% 2180% 3310% -6242% -4295% 
Due to Radiation Through Boller Skin % 0983% 1200% 0867% 2203% -11 86% 

Unaccounted Losses % 1500% 1500% 1500% 000% 000% 

Net EffiCiency % 65251% 66274% 68931% 157% 564% 
Heat Input GkallHr 1764 1378 1950 -2188% 1050% 

Heat Output GkallHr 11 51 913 1347 -2068% 1703% 
Heat Input TonslHr 292 228 317 -2180% 853% 

Collector Inlet EmiSSions kg/Hr 10712 4939 6237 -5389% -4178% 
Collector Inlet EmiSSions/Heat Input kg/Gkal 607 358 320 -4097% -4731% 

Collector Inlet EmiSSions/Heat Output kg/Gkal 930 541 463 -41 87% -5025% 

Collector Outlet EmiSSions kg/Hr 4865 3570 4924 -2663% 121% 
Collector Outlet EmiSSions/Heat Input kg/Gkal 276 259 253 -608% -840% 

Collector Outlet EmiSSions/Heat Output kg/Gkal 423 391 366 -750% -1351% 

Collection EffiCiency % 5458% 2773% 2104% -4920% -6145% 

Calculated Collector Inlet Flow acmm 1.34974 1.29977 1.40560 -370% 414% 
Measured Collector Inlet Flow acmm 1.33300 1.251 00 1.34900 -615% 120% 

Calculated Flow DeViation % 126% 390% 420% 

t"" 1~ ~l 
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Annex B-2(b) 

Abashevskaya Clean Coal Test Results for December, 1996 Tests 

Date 14-Dec-96 14-Dec-96 16-Dec-96 Average of 
Test No AER1 AER2 AER3 EXisting G 

Coal Type EXisting G Existing G EXisting G Tests 

Heat Output GkallHr 1124 1091 1239 11 51 
BOiler Load % 5107% 4959% 5632% 5233% 

Water Inlet Temperature Degrees C 61 14 6200 6214 6176 
Water Outlet Temperature Degrees C 10014 9986 10529 10176 

Water Inlet Enthalpy kkallkg 61 12 6197 6212 6174 
Water Outlet Enthalpy kkallkg 10023 9994 10541 10186 

BOiler Outlet Oxygen (02) % 1167% 1264% 1057% 1163% 
Boiler Outlet Flue Gas Temperature Degrees C 28571 27619 31540 29243 
Boiler Outlet Carbon Monoxide (CO) ppm 19886 7571 17671 15043 

Boller Outlet Static Pressure K Pascals -045 -049 -061 -052 

Collector Outlet Oxygen (02) % 1316% 1371% 1253% 1313% 
Collector Outlet Flue Gas Temperature Degrees C 24421 24103 26810 251 11 
Collector Outlet Carbon Monoxide (CO) ppm 161 57 8057 8857 11024 

Collector Outlet Static Pressure K Pascals -123 -144 -170 -146 

Coal Size Less Then 6mm (Fines) % 3690% 3560% 3710% 3653% 
Coal Ash % 1389% 1402% 1453% 1415% 

Coal Heating Value kkallkg 6,1650 6,4540 5,6130 6,077 3 

Bottom Ash Heating Value kkallkg 1,6000 1,8800 1,3800 1,6200 
Bottom Ash Carbon % 2420% 2646% 2085% 2384% 

Bottom Ash Ash % 7485% 7237% 7820% 7514% 

Fly Ash Heating Value kkallkg 2,5200 2,6600 2,6800 2,6200 
Fly Ash Carbon % 3370% 3667% 3775% 3604% 

Fly Ash Ash % 6273% 6035% 6004% 6104% 

Combustion Efficiency Heat Losses 
Due to Dry Gas % 20321% 21780% 19960% 20687% 

Due to MOisture In Fuel % 1181% 0673% 2116% 1323% 
Due to Combustion of Hydrogen % 4411% 4359% 4593% 4454% 

Due to Unburned Combustibles (Carbon Loss) % 5553% 6247% 5604% 5801% 
Due to Radiation Through Boiler Skin % 1000% 1000% 0950% 0983% 

Unaccounted Losses % 1500% 1500% 1500% 1500% 

Net EffiCiency % 66034% 64441% 65277% 65251% 
Heat Input GkallHr 1702 1693 1898 1764 

Heat Output GkallHr 1124 1091 1239 11 51 
Heat Input Tons/Hr 276 262 338 292 

Collector Inlet Emissions kg/Hr 10637 9360 12138 10712 
Collector Inlet Emissions/Heat Input kg/Gkal 625 553 639 607 

Collector Inlet Emissions/Heat Output kg/Gkal 947 858 980 930 

Collector Outlet Emissions kg/Hr 3423 3313 7860 4865 
Collector Outlet Emissions/Heat Input kg/Gkal 201 196 414 276 

Collector Outlet Emissions/Heat Output kg/Gkal 305 304 634 423 

Collection EffiCiency % 6782% 6460% 3524% 5458% 

Calculated Collector Inlet Flow acmm 1,28361 1,38245 1,38318 1,34974 
Measured Collector Inlet Flow acmm 1,25800 1,26400 1,477 00 1,33300 

Calculated Flow Deviation % 204% 937% -635% 126% 



Annex B-2 (c) 

Abashevskaya Clean Coal Test Results for December, 1996 Tests 

Date 16-Dec-96 16-Dec-96 Average of 
Test No ASR1 ASR2 Sorted G 

Coal Type Sorted G Sorted G Tests 

Heat Output Gkal/Hr 915 912 913 
Boller Load % 4157% 4144% 4151% 

Water Inlet Temperature Degrees C 6029 5757 5893 
Water Outlet Temperature Degrees C 9186 8900 9043 

Water Inlet Enthalpy kkal/kg 6026 5755 5891 
Water Outlet Enthalpy kkal/kg 9189 8902 9045 

BOiler Outlet Oxygen (02) % 1383% 1377% 1380% 
BOiler Outlet Flue Gas Temperature Degrees C 25190 23294 24242 
BOiler Outlet Carbon Monoxide (CO) ppm 13571 10771 12171 

BOiler Outlet Static Pressure K Pascals -055 -050 -053 

Collector Outlet Oxygen (02) % 1483% 1454% 1469% 
Collector Outlet Flue Gas Temperature Degrees C 21563 19667 20615 

Collector Outlet Carbon Monoxide (CO) ppm 10400 15057 12729 
Collector Outlet Static Pressure K Pascals -160 -1 61 -1 61 

Coal Size Less Then 6mm (Fines) % 1570% 1960% 1765% 
Coal Ash % 1400% 1272% 1336% 

Coal Heating Value kkal/kg 6,1030 5,9610 6,03200 

Bottom Ash Heating Value kkal/kg 5400 4870 51350 
Bottom Ash Carbon % 657% 602% 630% 

Bottom Ash Ash % 9299% 9351% 9325% 

Fly Ash Heating Value kkal/kg 2,9400 3,1200 3,03000 
Fly Ash Carbon % 3801% 3506% 3654% 

Fly Ash Ash % 5867% 5843% 5855% 

Combustion Efficiency Heat Losses 
Due to Dry Gas % 23952% 22174% 23063% 

Due to MOisture In Fuel % 1167% 1593% 1380% 
Due to Combustion of Hydrogen % 4452% 4353% 4403% 

Due to Unbumed Combustibles (Carbon Loss) % 2463% 1897% 2180% 
Due to Radiation Through Baller Skin % 1200% 1200% 1200% 

Unaccounted Losses % 1500% 1500% 1500% 

Net Efficiency % 65265% 67283% 66274% 
Heat Input Gkal/Hr 1401 1355 1378 

Heat Output Gkal/Hr 915 912 913 
Heat Input Tons/Hr 230 227 228 

Collector Inlet Emissions kg/Hr 6098 3780 4939 
Collector Inlet Emissions/Heat Input kg/Gkal 435 279 358 

Collector Inlet Emissions/Heat Output kg/Gkal 667 415 541 

Collector Outlet Emissions kg/Hr 3915 3224 3570 
Collector Outlet Emissions/Heat Input kg/Gkal 279 238 259 

Collector Outlet Emissions/Heat Output kg/Gkal 428 354 391 

Collection EffiCiency % 3580% 1471% 2773% 

Calculated Collector Inlet Flow acmm 1,34361 1,25592 1,29977 
Measured Collector Inlet Flow acmm 1,26000 1,24200 1,25100 

Calculated Flow DeViation % 664% 112% 390% 



Annex B-2 (d) 

Abashevskaya Clean Coal Test Results for December, 1996 Tests 

Date 17-Dec-96 17-Dec-96 17-Dec-96 Average of 
Test No AMR1 AMR2 AMR3 Mixed G 

Coal Type Mixed G Mixed G Mixed G Tests 

Heat Output Gkal/Hr 1485 1504 1052 1347 
Boller Load % 6750% 6838% 4784% 6124% 

Water Inlet Temperature Degrees C 6200 6243 5986 6143 
Water Outlet Temperature Degrees C 11400 11514 9629 10848 

Water Inlet Enthalpy kkal/kg 6197 6240 5983 6140 
Water Outlet Enthalpy kkal/kg 11422 11538 9634 10865 

BOiler Outlet Oxygen (02) % 857% 933% 1360% 1050% 
BOiler Outlet Flue Gas Temperature Degrees C 32627 30667 24675 29323 
BOiler Outlet Carbon Monoxide (CO) ppm 97700 8571 9443 38571 

BOiler Outlet Static Pressure K Pascals -053 -049 -063 -055 

Collector Outlet Oxygen (02) % 1037% 1083% 1467% 1196% 
Collector Outlet Flue Gas Temperature De9rees C 27579 26214 21000 24931 

Collector Outlet Carbon Monoxide (CO) ppm 53014 8114 7414 22848 
Collector Outlet Static Pressure K Pascals -1 51 -145 -183 -160 

Coal Size Less Then 6mm (Fines) % 3470% 2380% 4470% 3440% 
Coal Ash % 1496% 1464% 1217% 1392% 

Coal Heating Value kkal/kg 6,0010 6,1270 6,3920 6,17333 

Bottom Ash Heating Value kkal/kg 1,2100 9950 5000 90167 
Bottom Ash Carbon % 1576% 1353% 627% 1185% 

Bottom Ash Ash % 8253% 8585% 9335% 8724% 

Fly Ash Healing Value kkal/kg 3,4800 3,5700 2,4700 3,17333 
Fly Ash Carbon % 4420% 4510% 3316% 4082% 

Fly Ash Ash % 5279% 5134% 6362% 5592% 

Combustion EffiCiency Heat Losses 
Due to Dry Gas % 17713% 17790% 22916% 19473% 

Due to MOisture 10 Fuel % 1432% 1205% 1055% 1230% 
Due to Combustion of Hydrogen % 4842% 4640% 4586% 4689% 

Due to Unburned Combustibles (Carbon Loss) % 4629% 3554% 1747% 3310% 
Due to Radiation Through BOiler SklO % 0750% 0750% 1100% 0867% 

Unaccounted Losses % 1500% 1500% 1500% 1500% 

Net EffiCiency % 69134% 70562% 67096% 68931% 
Heat Input Gkal/Hr 2148 2132 1569 1950 

Heat Output Gkal/Hr 1485 1504 1052 1347 
Heat Input Tons/Hr 358 348 245 317 

Collector Inlet EmiSSions kg/Hr 77 31 5621 5358 6237 
Collector Inlet Emissions/Heat Input kg/Gkal 360 264 342 320 

Collector Inlet Emissions/Heat Output kg/Gkal 521 374 509 463 

Collector Outlet Emissions kg/Hr 5859 4109 4805 4924 
Collector Outlet Emissions/Heat Input kg/Gkal 273 193 306 253 

Collector Outlet Emissions/Heat Output kg/Gkal 395 273 457 366 

Collection EffiCiency % 2421% 2690% 1032% 2104% 

Calculated Collector Inlet Flow acmm 1,36351 1,39087 1,46243 1,40560 
Measured Collector Inlet Flow acmm 1,36300 1,29500 1,38900 1,34900 

Calculated Flow DeViation % 004% 740% 529% 420% 



Annex B-2(e) 

Abashaevskaya Clean Coal Test Results for November, 1995 Tests 

Date 29-Nov-95 29-Nov-95 30-Nov-95 01-Dec-95 01-Dec-95 
Test No TUNING AE70R1 AE70R2 

Test Start Time 1107 AM 0300 PM 0100 PM 1040 AM 0410 PM Bungurskaya 
Test End Time 1230 PM 0410 PM 0120 PM 1150 AM From 

Coal Type EXisting G EXisting G Sorted G Existing G Sorted G-T Flnnartslb 

Heat Output Gkal/Hr 11 531 14464 10879 
BOiler Load % 5241% 6575% 4945% 

Water Inlet Temperature Degrees C 6020 5960 5490 
Water Outlet Temperature Degrees C 10130 111 30 9530 

Water Inlet Enthalpy kkal/kg 6017 5957 5488 
Water Outlet Enthalpy kkallkg 10139 111 49 9535 

Boiler Outlet Oxygen (02) % 1443% 1394% 1546% 
Boller Outlet Flue Gas Temperature Degrees C 25678 29733 231 11 

BOiler Outlet Carbon Monoxide (CO) ppm 20630 81700 25570 
Boller Outlet Static Pressure 100 Pascal -818 -767 -644 

Collector Outlet Oxygen (02) % 1604% 1616% 1720% 
Collector Outlet Flue Gas Temperature Degrees C 22989 26267 18900 

Collector Outlet Carbon Monoxide (CO) ppm 19460 61940 14250 
Collector Outlet Static Pressure 100 Pascal -2231 -1977 -1635 

Coal Size Less Then 6mm (Fines) % 3350% 4980% 940% 4940% 1680% 
Coal Ash % 2284% 1968% 2940% 1933% 21 13% 1015% 

Coal Heating Value kkallkg 5,5300 5,7290 5,3290 6,2240 6,0840 6,9990 

Bottom Ash Heating Value kkallkg 61800 60800 45700 1,68700 
Bottom Ash Carbon % 1002% 901% 616% 2522% 

Bottom Ash Ash % 8776% 8937% 9224% 6959% 

Fly Ash Heatmg Value kkallkg 4,98500 
Fly Ash Carbon % 6221% 

Fly Ash Ash % 3536% 

Combustion Efficiency Heat Losses 
Due to Dry Gas % 2597% 2610% 2423% 

Due to MOisture In Fuel % 102% 117% 115% 
Due to Combustion of Hydrogen % 468% 492% 438% 

Due to Unburned Combustibles (Carbon Loss) % 291% 1013% 753% 
Due to Radiation Through BOiler Skin % 090% 075% 105% 

Unaccounted Losses % 150% 150% 150% 

Net EffiCiency % 6302% 5542% 6016% 
Heat Input GkallHr 18298 26099 18084 

Heat Output GkallHr 11 531 14464 10879 
Heat Input Tons IHr 331 456 291 

Collector Inlet Emissions kgfHr 41955 15803 
Collector Inlet Emissions/Heat Input kg/Gkal 1608 874 

Collector Inlet Emissions/Heat Output kg/Gkal 2901 1453 

Collector Outlet EmiSSions kg/Hr 17889 5306 
Collector Outlet Emissions/Heat Input kg/Gkal 685 293 

Collector Outlet Emissions/Heat Output kg/Gkal 1237 488 

Collection EffiCiency % 5736% 6642% 



Anex B-3 (a) 

Laundry Depot Clean Coal Test Results for December, 1996 Tests 

Date 
Test No 

Coal Type 

Steam Flow Calculated From Baller Outlet Flow 

801ler Load 
Steam Pressure 

Feedwater Temperature 
Steam Enthalpy 

Feedwater Enthalpy 

Boller Outlet Oxygen (02) 
Baller Outlet Flue Gas Temperature 
BOiler Outlet Carbon Monoxide (CO) 

Baller Outlet Static Pressure 

Collector Inlet Oxygen (02) 
Collector Inlet Outlet Flue Gas Temperature 

Collector Inlet Carbon Monoxide (CO) 
Collector Inlet Static Pressure 

Collector Outlet Oxygen (02) 
Collector Outlet Flue Gas Temperature 

Collector Outlet Carbon Monoxide (CO) 
Collector Outlet StatiC Pressure 

Coal Size Less Than Smm (Fines) 
Coal Ash 

Coal Heating Value 

Bottom Ash Heating Value 
Bottom Ash Carbon 

Bottom Ash Ash 

TonslHr 

% 
kg/cm2 

Degrees C 
kkal/kg 

kkal/kg 

% 
Degrees C 

ppm 
100 Pascals 

% 
Degrees C 

ppm 
100 Pascals 

% 
Degrees C 

ppm 
100 Pascals 

% 
% 

kkal/kg 

kkal/kg 
% 
% 

Fly Ash Heating Value kkal/kg 
Fly Ash Carbon % 

Fly Ash Ash % 

Combustion EffiCiency Heat Losses 
Due to Dry Gas % 

Due to MOisture In Fuel % 
Due to Combustion of Hydrogen % 

Due to Unburned Combustibles (Carbon Loss) % 
Due to Radiation Through Boder Skin % 

Unaccounted Losses % 

Net EffiCiency % 
EffiCiency Without Carbon Loss % 

Heat Input Gkal/Hr 
Heat Output GkallHr 

Heat Input Tons/Hr 

Baller Outlet EmiSSions 
Bader Outlet Emlsslons/Heallnpul 

Baller Oullet EmiSSions/Heal Output 

Collector Outlet EmiSSions 
Collector Outlet EmiSSions/Heat Input 

Collector Outlet EmiSSions/Heat Output 

Collection EffiCiency 

kg/Hr 
kg/Gkal 
kg/Gkal 

kg/Hr 
kg/Gkal 
kg/Gkal 

% 

Sorted G Mixed G-T Coal Unsorted G 
Increase or 

12/10/96 12/11/96 12/11/96 12/12/96 Decrease 
Three Tests Two Tests One Test Three Tests Over 

EXisting T EXisting T Sorted G Mixed G-T Unsorted G 

345 
13796% 

842 
9143 

66222 
9146 

1185% 
34608 
17305 

-398 

1444% 
20529 
19971 

-826 

1538% 
17082 
9419 

-2399 

334 
13360% 

866 
8579 

66212 
8580 

1031% 
42869 
39014 

-360 

1306% 
25044 
65657 

-796 

1411% 
20036 

1,235 57 
-2250 

461 
18442% 

864 
8600 

66212 
8601 

851% 
44341 

1,45457 
-361 

1197% 
27095 
57043 

-790 

1477% 
21294 
50343 
-2202 

1070% 1260% 860% 
1241% 620% 921% 

7,08367 7,12950 7,24100 

4,096 67 4,815 00 4,80000 
5242% 59 69% 58 97% 
45 82% 37 30% 37 03% 

5,18000 7,56500 
6879% 9368% 
2697% 306% 

000 
000% 
000% 

12988% 12101% 13985% 
o 438% 0823% 0481 % 
3151% 4236% 3801% 

15 783% 13 980% 0000% 
o 850% 0 850% 0 850% 
1 500% 1 500% 1 500% 

65290% 66510% 0000% 
81 073% 80490% 79 383% 

263 289 335 
197 
037 

085 
032 
043 

034 
013 
017 

192 
041 

11 23 
388 
583 

676 
234 
351 

266 
046 

851 
254 
320 

371 
111 
140 

6039% 39 78% 56 40% 

379 
15159% 

773 
8548 

66212 
8548 

980% 
38892 
81700 

-315 

1259% 
22981 
521 57 

-691 

1430% 
18582 
18657 
-1988 

3260% 
1549% 

5,74600 

3,71333 
4702% 
5050% 

316% 

285% 
-617% 
-002% 
-620% 

-1300% 
2387% 

12545% 
960% 

-959% 
2199% 

22876% 
-363% 

-824% 
1729% 

121178% 
-623% 

1776% 
-5009% 

065% 

1753% 
1388% 

-1860% 

000 4604% 
000% 3618% 
000% -8867% 

12442% 
1536% 
4018% 
0000% 
0850% 
1500% 

0000% 
79655% 

274 
219 
048 

-683% 
8785% 
3443% 

-1143% 
000% 
000% 

187% 
-072% 
990% 

-212% 
989% 

362 122059% 
132110165% 
166 124920% 

219 190792% 
080172707% 
100 1951 43% 

3959% -3414% 

Increase or 
Decrease 

Over 
EXisting T 

3368% 

260% 
-594% 
-002% 
-596% 

-2814% 
2812% 

74056% 
-938% 

-17 11% 
3198% 

18562% 
-438% 

-396% 
2466% 

43448% 
-823% 

-1963% 
-2581% 

222% 

1717% 
1250% 

-1919% 

768% 
980% 

2065% 

000% 
000% 

-208% 
2710% 
3509% 
2508% 

90118% 
68773% 
641 11% 

100198% 
76705% 
71572% 

Increase or 
Decrease 

Over 
EXisting T 

988% 

-820% 
-651% 
002% 

-654% 

-1728% 
1238% 

372 12% 
-2098% 

-1286% 
1195% 

16116% 
-1637% 

-706% 
878% 

9808% 
-1715% 

20467% 
2479% 

-1888% 

-936% 
-1030% 
1021% 

-421% 
25048% 

2752% 

000% 
000% 

-175% 
422% 

1114% 
2936% 

32588% 
30865% 
28319% 

54950% 
52322% 
48439% 

-6 60% -3444% 



Annex B-3 (b) 

Laundry Depot Clean Coal Test Results for December, 1996 Tests 

Date 10-Dec-96 10-Dec-96 10-Dec-96 

Test No LER1 LER2 LER3 
Coal Type EXlstmg T Large Existing T Medium EXisting T Small Average 

Steam Flow Calculated From Boller Outlet Flow Tons/Hr 434 307 293 345 
Boller Load % 17358% 12290% 117 39% 13796% 

Steam Pressure kg/cm2 831 871 824 842 
Feedwater Temperature Degrees C 9629 9343 8457 9143 

Steam Enthalpy kkallkg 66242 66212 66212 66222 
Feedwater Enthalpy kkallkg 9634 9347 8457 9146 

Baller Outlet Oxygen (02) % 999% 1271% 1284% 11 85% 
BOiler Outlet Flue Gas Temperature Degrees C 36127 34040 33659 34608 

Baller Outlet Carbon Monoxide (CO) ppm 39171 8243 4500 17305 
Boller Outlet Static Pressure 100 Pascals -390 -393 -413 -398 

Collector Inlet Oxygen (02) % 1369% 1521% 1443% 1444% 
Collector Inlet Outlet Flue Gas Temperature Degrees C 20516 20603 20468 20529 

Collector Inlet Carbon Monoxide (CO) ppm 52529 6543 843 19971 
Collector Inlet Static Pressure 100 Pascals -825 -818 -834 -826 

Collector Outlet Oxygen (02) % 1466% 1620% 1529% 1538% 
Collector Outlet Flue Gas Temperature Degrees C 171 11 171 19 17016 17082 
Collector Outlet Carbon Monoxide (CO) ppm 20671 7086 500 9419 

Collector Outlet Static Pressure 100 Pascals -2398 -2392 -2408 -2399 

Coal Size Less Than 6mm (Fmes) % 050% 1020% 2140% 1070% 
Coal Ash % 1139% 1164% 1421% 1241% 

Coal Heating Value kkallkg 7,439 7,273 6,539 ###### 

Bottom Ash Heatmg Value kkallkg 4,380 3,620 4,290 #U#### 

Bottom Ash Carbon % 5541% 4640% 5544% 5242% 
Bottom Ash Ash % 4275% 5180% 4292% 4582% 

Fly Ash Heating Value kkallkg 5,180 #####u 

Fly Ash Carbon % 6879% 6879% 
Fly Ash Ash % 2697% 2697% 

Combustion Efficiency Heat Losses 
Due to Dry Gas % 9272% 14738% 14954% ##u### 

Due to MOisture m Fuel % 0133% 0272% 0909% 0438% 
Due to Combustion of Hydrogen % 3172% 3136% 3145% 3151% 

Due to Unburned Combustibles (Carbon Loss) % 15783% ###### 
Due to Radiation Through Baller Skm % 0850% 0850% 0850% 0850% 

Unaccounted Losses % 1500% 1500% 1500% 1500% 

Net Efficiency % 69290% 65290% 
Efficiency Without Carbon Loss % 85073% 79504% 78642% #####U 

Heat Input GkallHr 355 220 216 263 
Heat Output GkallHr 246 175 170 1 97 

Heat Input Tons/Hr 048 030 033 037 

Bader Outlet EmiSSions kg/Hr 1 41 035 079 085 
Baller Outlet EmiSSions/Heat Input kg/Gkal 040 016 037 032 

Baller Outlet EmiSSions/Heat Output kg/Gkal 057 020 047 043 

Collector Outlet EmiSSions kg/Hr 035 036 03 034 
Collector Outlet EmiSSions/Heat Input kg/Gkal 010 016 014 013 

Collector Outlet EmiSSions/Heat Output kg/Gkal 014 021 018 017 

Collection EffiCiency % 7518% -286% 6203% 6039% 



Annex B-3 (c) 

Laundry Depot Clean Coal Test Results for December, 1996 Tests 

Date 12-Dec-96 12-Dec-96 12-Dec-96 
Test No LDR1 LDR2 LDR3 

Coal Type Unsorted G Unsorted G Unsorted G Average 

Steam Flow Calculated From Boiler Outlet Flow Tons/Hr 376 379 381 379 
BOiler Load % 15057% 151 66% 15255% 151 59% 

Steam Pressure kg/cm2 751 699 870 773 

Feedwater Temperature Degrees C 7986 8743 8914 8548 

Steam Enthalpy kkal/kg 66212 66212 66212 66212 

Feedwater Enthalpy kkal/kg 7985 8744 8916 8548 

BOiler Outlet Oxygen (02) % 1097% 914% 929% 980% 
Boiler Outlet Flue Gas Temperature Degrees C 38190 38230 40254 38892 

BOiler Outlet Carbon Monoxide (CO) ppm 58857 1,02929 83314 81700 
BOiler Outlet Static Pressure 100 Pascals -350 -304 -290 -315 

Collector Inlet Oxygen (02) % 1330% 1226% 1220% 1259% 
Collector Inlet Outlet Flue Gas Temperature Degrees C 22675 22563 23706 22981 

Collector Inlet Carbon Monoxide (CO) ppm 44729 99829 11914 521 57 
Collector Inlet Static Pressure 100 Pascals -777 -665 -630 -691 

Collector Outlet Oxygen (02) % 1499% 1441% 1349% 1430% 
Collector Outlet Flue Gas Temperature Degrees C 18548 181 11 19087 18582 

Collector Outlet Carbon Monoxide (CO) ppm 2814 3943 49214 18657 
Collector Outlet Static Pressure 100 Pascals -2271 -1882 -1811 -1988 

Coal Size Less Than 6mm (Fines) % 3420% 3590% 2770% 3260% 
Coal Ash % 1617% 1683% 1347% 1549% 

Coal Heating Value kkal/kg 5,661 5,603 5,974 ###### 

Bottom Ash Heating Value kkal/kg 3,760 2,670 4,710 ###### 

Bottom Ash Carbon % 4665% 3524% 5917% 4702% 
Bottom Ash Ash % 5041% 6277% 3832% 5050% 

Fly Ash Heating Value kkallkg 
Fly Ash Carbon % 

Fly Ash Ash % 

Combustion Efficiency Heat Losses 
Due to Dry Gas % 13483% 11640% 12202% ###### 

Due to MOisture In Fuel % 1517% 1565% 1525% 1 536% 
Due to Combustion of Hydrogen % 4064% 4117% 3873% 4018% 

Due to Unburned Combustibles (Carbon Loss) % 0000% 0000% 0000% 0000% 
Due to Radiation Through Baller Skin % 0850% 0850% 0850% 0850% 

Unaccounted Losses % 1500% 1500% 1500% 1 500% 

Net Efficiency % 
Efficiency Without Carbon Loss % 78586% 80328% 80050% ###### 

Heat Input GkallHr 279 271 273 274 
Heat Output GkallHr 219 218 219 219 

Heat Input Tons/Hr 049 048 046 048 

BOiler Outlet Emissions kg/Hr 203 5 383 362 
BOiler Outlet Emissions/Heat Input kg/Gkal 0728 1843 1403 1319 

Boiler Outlet Emissions/Heat Output kg/Gkal 0926 2295 1753 1656 

Collector Outlet Emissions kg/Hr 124 302 23 219 
Collector Outlet Emissions/Heat Input kg/Gkal 0445 1 113 0843 0797 

Collector Outlet EmiSSions/Heat Output kg/Gkal 0566 1386 1053 1001 

Collection EffiCiency % 3892% 3960% 3995% 3959% 



Annex B-3 (d) 

Laundry Depot Clean Coal Test Results for December. 1996 Tests 

Date 11-0ec-96 11-Dec-96 11-0ec-96 
Test No LSRl LSR2 LMRl 

Coal Type Sorted G Sorted G Average Mixed G-T 

Steam Flow Calculated From BOiler Outlet Flow Tons/Hr 325 343 334 461 
BOiler Load % 12987% 13733% 13360% 18442% 

Steam Pressure kg/cm2 897 836 866 864 

Feedwater Temperature Degrees C 81 86 8971 8579 8600 

Steam Enthalpy kkal/kg 66212 66212 66212 66212 

Feedwater Enthalpy kkal/kg 8185 8974 8580 8601 

BOiler Outlet Oxygen (02) % 1064% 997% 1031% 851% 
BOiler Outlet Flue Gas Temperature Degrees C 42992 42746 42869 44341 
BOiler Outlet Carbon Monoxide (CO) ppm 24857 53171 39014 1.45457 

BOiler Outlet Static Pressure 100 Pascals -363 -357 ·360 ·361 

Collector Inlet Oxygen (02) % 1286% 1326% 1306% 1197% 
Collector Inlet Outlet Flue Gas Temperature Degrees C 24817 25270 25044 27095 

Collector Inlet Carbon Monoxide (CO) ppm 58400 72914 65657 57043 
Collector Inlet Static Pressure 100 Pascals -793 ·799 ·796 -790 

Collector Outlet Oxygen (02) % 1399% 1424% 1411% 1477% 
Collector Outlet Flue Gas Temperature Degrees C 19857 20214 20036 21294 

Collector Outlet Carbon Monoxide (CO) ppm 1,485 14 98600 1,235 57 50343 
Collector Outlet Static Pressure 100 Pascals ·2262 -2237 ·2250 -2202 

Coal Size Less Than 6mm (Fines) % 1500% 1020% 1260% 860% 
Coal Ash % 662% 577% 620% 921% 

Coal Heating Value kkallkg 6.962 7.297 7,12950 7,241 

Bottom Ash Heating Value kkal/kg 4,560 5,070 4,81500 4,800 

Bottom Ash Carbon % 5864% 6074% 5969% 5897% 
Bottom Ash Ash % 3930% 3530% 3730% 3703% 

Fly Ash Heating Value kkal/kg 7.530 7,600 7,56500 
Fly Ash Carbon % 9401% 9335% 9368% 

Fly Ash Ash % 326% 285% 306% 

Combustion EffiCiency Heat Losses 
Due to Ory Gas % 12270% 11932% 12 101 % 13985% 

Due to MOisture In Fuel % 0988% 0658% 0823% 0481% 
Due to Combustion of Hydrogen % 4223% 4249% 4236% 3801% 

Due to Unburned Combustibles (Carbon Loss) % 14652% 13308% 13980% 0000% 
Due to Radiation Through Boder Skin % 0850% 0850% 0850% 0850% 

Unaccounted Losses % 1500% 1500% 1500% 1500% 

Net EffiCiency % 65518% 67502% 66510% 
EffiCiency Without Carbon Loss % 80169% 80810% 80490% 79383% 

Heat Input Gkal/Hr 288 291 289 335 
Heat Output GkallHr 188 197 1 92 266 

!-leat Input Tons/Hr 041 040 041 046 

BOiler Outlet EmiSSions kg/Hr 1455 79 11 23 851 
Boder Outlet EmiSSions/Heat Input kg/Gkal 506 271 388 254 

BOiler Outlet EmiSSions/Heat Output kg/Gkal 772 402 583 320 

Collector Outlet EmiSSions kg/Hr 642 71 676 371 
Collector Outlet EmiSSions/Heat Input kg/Gkal 223 244 234 1 11 

Collector Outlet EmiSSions/Heat Output kg/Gkal 341 361 351 140 

Collection EffiCiency % 5588% 1013% 3978% 5640% 



AnnexO 

Abashaevskaya Clean Coal Test Results for November, 1995 Tests 

Date 29-Nov-95 29-Nov-95 30-Nov-95 01-Dec-95 01-Dec-95 
Test No TUNING AE70R1 AE70R2 

Test Start Time 1107 AM 0300 PM 0100 PM 1040 AM 0410 PM Bungurskaya 
Test End Time 1230 PM 0410 PM 0120 PM 1150 AM From 

Coal Type EXisting G Exlsling G Sorted G EXisting G Sorted G-T Flnnartslb 

Heat Output Gkal/Hr 11 531 14464 10879 

Boiler Load % 5241% 6575% 4945% 

Water Inlet Temperature Degrees C 6020 5960 5490 
Water Outlet Temperature Degrees C 10130 11130 9530 

Water Inlet Enthalpy kkal/kg 6017 5957 5488 
Water Outlet Enthalpy kkallkg 10139 11149 9535 

BOiler Outlet Oxygen (02) % 1443% 1394% 1546% 
BOiler Outlet Flue Gas Temperature Degrees C 25678 29733 231 11 

Boller Outlet Carbon Monoxide (CO) ppm 20630 81700 25570 
BOiler Outlet Static Pressure 100 Pascal -818 -767 -644 

Collector Outlet Oxygen (02) % 1604% 1616% 1720% 
Collector Outlet Flue Gas Temperature Degrees C 22989 26267 18900 
Collector Outlet Carbon Monoxide (CO) ppm 19460 61940 14250 

Collector Outlet Static Pressure 100 Pascal -2231 -1977 -1635 

Coal Size Less Then 6mm (Fines) % 3350% 4980% 940% 4940% 1680% 
Coal Ash % 2284% 1968% 2940% 1933% 21 13% 1015% 

Coal Heating Value kkal/kg 5,5300 5,7290 5,3290 6,2240 6,0840 6,9990 

Bottom Ash Heating Value kkal/kg 61800 60800 45700 1,68700 
Bottom Ash Carbon % 1002% 901% 616% 2522% 

Bottom Ash Ash % 8776% 8937% 9224% 6959% 

Fly Ash Heating Value kkal/kg 4,98500 
Fly Ash Carbon % 6221% 

Fly Ash Ash % 3536% 

Combustion EffiCiency Heat Losses 
Due to Dry Gas % 2597% 2610% 2423% 

Due to MOisture In Fuel % 102% 117% 115% 
Due to Combustion of Hydrogen % 468% 492% 438% 

Due to Unburned Combustibles (Carbon Loss) % 291% 1013% 753% 
Due to Radiation Through Boller Skin % 090% 075% 105% 

Unaccounted Losses % 150% 150% 150% 

Net EffiCiency % 6302% 5542% 6016% 
Heat Input Gkal/Hr 18298 26099 18084 

Heat Output Gkal/Hr 11 531 14464 10879 
Heat Input Tons/Hr 331 456 291 

Collector Inlet EmiSSions kg/Hr 41955 15803 
Collector Inlet EmiSSions/Heat Input kg/Gkal 1608 874 

Collector Inlet EmiSSions/Heat Output kg/Gkal 2901 1453 

Collector Outlet EmiSSions kg/Hr 17889 5306 
Collector Outlet EmiSSions/Heat Input kg/Gkal 685 293 

Collector Outlet EmiSSions/Heat Output kg/Gkal 1237 488 

Collection EffiCiency % 5736% 6642% 



AnnexO 

Dlmltrova Clean Coal Test Results for November, 1995 Tests 

Sorted Sorted 
G Mark Coal G-TCoal 

EXisting Sorted Sorted Increase or Increase or 
GMarkCoal G Mark Coal G-TCoal Decrease Decrease 
Test Results Test Results Test Results Over Over 

Average Average Average EXisting G Existing G 

Pressure Corrected Steam Flow TonsfHr 1949 1509 1837 -2254% -570% 
BOiler Load % 7794% 6038% 7350% -2254% -570% 

Steam Pressure kgJcm2 730 707 810 -307% 1095% 
Feedwater Temperature Degreese 9130 8978 9130 -186% 000% 

Steam Enthalpy kkalfkg 66127 66108 66219 -003% 014% 
Feedwater Enthalpy kkallkg 9175 9041 9166 -146% -0 10% 

Bolier Outlet Oxygen (O2) % 1039% 1067% 1047% 271% 085% 
BOiler Outlet Flue Gas Temperature DegreesC 25190 24770 26687 -167% 594% 

BOiler Outlet Carbon Monoxide (CO) ppm 44440 20487 128 03 -5390% -7119% 
BOiler Outlet StatiC Pressure 100 Pascal -289 -221 -297 -2328% 306% 

Col/ector Inlet Oxygen (02) % 1165% 1150% 1111% -122% -462% 
Col/ector Inlet Flue Gas Temperature Degrees C 13907 12337 13211 -1129% -500% 
Collector Inlet Carbon Monoxide (CO) ppm 31138 19430 131 53 -3760% -5776% 

Collector Inlet Static Pressure 100 Pascal -736 ·678 -912 -785% 2396% 

Col/ector Outlet Oxygen (02) % 1218% 1235% 1099% 135% -983% 
Col/ector Outlet Flue Gas Temperature Degrees C 13518 12439 12397 -798% -829% 
Collector Outlet Carbon Monoxide (CO) ppm 28240 19767 10465 -30 00% -6294% 

Collector Outlet Static Pressure 100 Pascal -2303 -1920 -2122 ·1665% -789% 

Coal Size Less Than 6mm (Fines) % 4160% 1357% 2007% ·6739% -5176% 
Coal Ash % 1759% 2834% 2376% 6114% 3510% 

Coal Heating Value kkalfkg 6,12625 5,368 00 5,69233 ·1238% -708% 

Bottom Ash Heating Value kkallkg 972 75 1,10267 74200 1336% ·2372% 
Bottom Ash Carbon % 1539% 1783% 1315% 1587% ·1453% 

Bottom Ash Ash % 8303% 8101% 8572% -242% 325% 

Fly Ash Heating Value kkalfkg 5,23375 4,00767 4,51367 -2343% -1376% 
Fly Ash Carbon % 6463% 4686% 5713% ·2771% -1187% 

Fly Ash Ash % 2972% 3796% 3624% 2773% 2193% 

Combustion EffiCiency Heat Losses 
Due to Dry Gas % 762% 777% 800% 203% 497% 

Due to MOisture In Fuel % 103% 091% 077% -1244% -2590% 
Due to Combustion of Hydrogen % 422% 424% 387% 055% -822% 

Due to Unbumed Combustibles (Carbon Loss) % 1377% 1134% 912% -1760% ·3376% 
Due to Radiation Through Boller Skin % 081% 103% 090% 2797% 1146% 

Unaccounted Losses % 150% 150% 150% 

Net EffiCiency % 7105% 7320% 7585% 302% 674% 
Heat Input GkalfHr 1558 1169 1378 -2499% -11 58% 

Heat Output GkallHr 11 10 861 1048 ·2241% -559% 
Heat Input TonsfHr 255 218 243 -1451% -470% 

Collector Inlet EmiSSions kgfHr 33766 12759 18946 -6221% -4389% 
Collector Inlet EmiSSions/Heat Input kg/Gkal 2141 11 21 1347 -4764% ·3710% 

Collector Inlet EmiSSions/Heat Output kglGkal 3011 1555 17 87 -4837% -4066% 

Col/ector Outlet EmiSSions kgfHr 3537 1559 3135 -5591% -1137% 
Collector Outlet EmlsslonsfHeat Input kg/Gkal 224 133 227 -4040% 166% 

Collector Outlet EmiSSions/Heat Output kg/Gkal 315 183 300 -4184% -466% 

Collection EffiCiency % 8925% 8745% 8218% -202% -792% 

Calculated Collector Inlet Flow acmm 772 87 59839 69417 ·2258% -1018% 
Measured Collector Inlet Flow acmm 1,01475 82000 92133 -1919% ·921% 

Calculated Flow DeViation % ·2384% -2703% ·2466% 


