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Introduction

The document is executed according to the devel®id “Waste Biomass Utilization at Arkhangelsk
Pulp and Paper Mil (APPM)” [R1]. The PDD is placecat website UNFCCC
(ji.unfccc.int/JI_Projects/Verification/PDD) undegference number 0005.

The project is implemented at the territory of JS&khangelsk Pulp and Paper Mill", town of
Novodvinsk, Arkhangelsk region, Russia.

The project is aimed at increasing the share ohb&s waste in the APPM fuel balance, which withall
reducing consumption of expensive and environmbrdattier fossil fuel, as well as decrease the anto
of dumped biomass waste.

With reference to the project, biomass waste i« laawd wood waste (BWWand waste water sludge
(WWS). BWW includes bark, sawdust, slivers, subd#ad chips, as well as building waste wood,
logging waste, etc. The bulk of BWW is formed a #tage of preparing pulp chips in the APPM wood-
preparation shops and delivered from neighboring-msills, which have no their own facilities for
utilization of their BWW. WWS is formed at the stat of biological treatment of industrial and
household waste of APPM and the town of Novodvinsk.

The project implies implementation of the followiaggineering solutions in two stages:

Stage I:

- Reconstruction of the obsolete and inefficientizitiy boiler KM-75-40 (St. No. 2) at TPP-3
with switching to BWW combustion in the fluidizeedt

- Modernization of WPS%with installation of advanced equipment for chegpand dewatering
BWW.

Stage II:

+ Replacement of an old utilizing boil&M-75-40 (St. No. 1) at TPP-3 with a new utilizinglbp
E-75-3,9-440 DFT, with biomass waste combustiomaftuidized bed:;

« Assembly of a new unit for receiving and preparat®WwW and WWS delivered by motor
transport, to be burnt in utilizing boilers of TBP-

Construction and assembly operations for the $itage of the project were carried out from Febraary
December of 2000, and for the second stage — frpni 8f 2004 to July of 2005. According ecision
9/CMP.1 [R2], the project may be recognized as a joint lementation project, if its technical
implementation began not earlier than in the y&€802

Thus only the first stage of the project and the aociated reductions of GHG emissions are
considered for 2001.

Technology employed according to Stage |

Reconstruction of the KM-75-40 boiler St. No. 2

In 2000, Joint Venture Energosofin and OJSC Betmmaash performed reconstruction of the KM-75-40
boiler St. No. 2, with switching to the fluidizeédtechnology.

! TPP-3 — thermal power plant No. 3
2 WPS-3 — wood-preparation shop No. 3
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Burning of waste in the fluidized bed provides @ént, economical and environmentally safe
combustion of high-humidity and low-calorie fu€l$e fluidized bed is made of quartz sand by meé#ns o
feeding air at a high pressure under the fillingeta The process of combustion is partly takingelm

the fluidized bed, and partly — above it. The terapge of the fluidized bed is about 700-80Gnd can

be adjusted by air distribution.

In the nominal operating mode, the modernized KM40S boiler allows burning BWW with humidity
of 57%, with steam capacity equal to 66 tons peurhavithout fuel oil flame stabilization. The
superheated steam pressure is 4.0 MPa, its terapetaing 440C. The boiler efficiency factor is about
85%. After the reconstruction, the hourly consumptdf BWW has become twice as high, reaching 30
tons an hour.

The trials held within the second stage of thegqubghowed that it is also possible to obtain stalold
economical combustion of the BWW/WWS mixture, witte latter accounting for up to 20-25% of the
weight of BWW. However WWS combustion was not picex in 2001 yet and therefore it is not
reviewed here.

WPS-3 modernization

WPS-3 modernization was performed for the purpdsmproving the BWW quality in accordance with
requirements set for the fuel combusted throughfitiidized bed technology. The modernization was
carried out in 2000, simultaneously with recondtarcof boiler St. No. 2 of TPP-3.

As a result of modernization, three independent floavs were replaced with a single centralizedkbar
preparation unit equipped with a Saalasti 0912rratesher and two Bark Master 1620 bark drum psesse
(also made by Saalasti). The equipment proved &ffiment at a number of the industry enterprises.

Modernization of WPS-3 made it possible to ensumoae homogenous breakup of BWW (pieces not
larger than 75 mm) and lower their humidity downth® level of about 50%, which substantially
increased the low calorific value and allowed stabbmbustion of BWW in boiler St. No. 2 in the
fluidized bed without fuel oil flame stabilizatioBesides, electric power consumption required \0\B
preparation was reduced by 6-8%, due to its cératain.

On the whole, implementation of measures of th& fitage enabled to make the amount of BWW burnt
in boiler St. No. 2 of TPP-3 more than double, wihihving increased significantly the efficiencythudir
combustion and reduced fuel oil consumption.

Monitoring Period

The monitoring period is chosen frdat January 2001 to 31st December 20@hoth days included).

Monitored data

Collection of all the key parameters required forggnhouse emissions to be determined, both under th
project and for the baseline, is performed accgrtinthe practice established at APPM on accourtfng
fuel, energy, waste, and assessment of environiiempacts. Monitoring under the project requires no
changes to be introduced in the existing systemaagbunting and collection of information. All the
necessary data are determined and registered iccsey

Description of monitoring plan of all data requiredcalculate GHG emissions reductions is represent
in Section D and Annex 3 of PDD [R1]. Table 1 anthe€ow represents yearly values of project and
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baseline data for 2001. It should be mentioned ithaas not necessary to define some data for 2801
WWS was not burnt and no change in biomass wasteithg occurred.

Table 1. Values of data collected in order to momitr emissions from the project
over the yeary = 2001

ID number Data name Data unit Value Comment
and symbol
1. Mass fuel oil
m consumption at TPP-3 t 52 288
F ail ,3,PJ,y
> Mass fuel oil
' consumption in medium t 20 932
FCI 1o by pressure boilers of TPP-1
ol ,.1mp, Y
3. N_et calorific value of fuel Gt 3891 The weighted annual
NCV,, , oil average

Table 2. Values of relevant data necessary for detaining the baseline of anthropogenic emissions

of greenhouse gases by sources within the projeatindary over the yeary = 2001

D number Data name Data unit Data value Comment
and symbol
4 Mass BWW consumption
m o in utilizing boilers of t 300 844
FCBVWV,3ub,PJ,y TPP-3
5 Mass BWW consumption
FCrm ' in medium pressure t 220 317
Bww 1mp,PJ,y | boilers of TPP-1
6. Mass BWW removal to ¢ Not necessary for
the landfill 2001
m
BVWW jimp.p3 .y
7. Mass BWW delivery ¢ Not necessary for
from the outside 2001
m
BVWVside,PJ,y
8. Wet mass WWS removal ¢ Not necessary for
m to the landfill 2001
VWWSiimppa.y
Wet mass WWS
9. A
consumption in utilizing t 0
m .
FC\N\NS,3ub,PJ,y boilers of TPP-3

% PDD shows that dumped BWW is proportional to dudhp&/VS to provide bearing capacity of the landfill
without dependence on the project. StipulatedWWALS is not burnt volumes of dumping of both kindbmmass
waste remain the same as without the project. Dtileis reason reductions of methane landfill emissifrom the
project equal zero in 2001.



éadng;nn?teygl Data name Data unit Data value Comment
10. WWS humidity % Not necessary for
Wi 2001
5%
Dry mass black liquor .
1. consumption in recovery ta.d.m. 421 089 lsrtjﬂ:?;nsgoz 645 tof
FCl‘i’gjsrb]y boilers of TPP-3 P
12 Mass fuel oil
’ consumption in recovery t 48 760
FC™oil 30,3,y boilers of TPP-3
Net calorific value of .
13. BWW combusted in Gt g1 | Iheweighted annual
NCV gy o, | Utilizing boilers of TPP-3 9
Net calorific value of .
14. black liquor combusted in  GJ/t a.d.m. 10.32 ;Cgr;veelghted annual
NCV,y3m,y | recovery boilers of TPP-3 g
15. Total gross steam
HG generation at TPP-3 GJ 6585 854
3,PJ,y
16. Total useful supply of
HS, heat from TPP-3 GJ > 132868
PJ,y
It is equal to total
17. Useful supply of heat useful supply because
from TPP-3 with GJ 5 132 868 | no steam supply
HSBbackprazs,PJ,y backpressure steam through the PRC in
2001
18. Gross steam generanonr GJ 5134 677
HG recovery boilers of TPP-3
3rb,PJ,y
19 Gross steam generation
) mediumpressure boilers GJ 1580618
HG,ppsy | of TPP-1
L Results of GHG
20. E)T'CS;;‘I’” factorof CO | 1 co/a 91.27 | inventory at APPM
EFco2,coar y for 2001 [R3]

Calculation of emission reductions

According to formulae described in Section D [Ralculations of project and baseline emissions have
been done (see Tables 3 and 4). As shown in SeBt®[R1] all of the leakages can be neglected.
Calculation of emission reductions are presentehinie 5.

Thus, total GHG emission reductions for 2001 amouetd 77 69%CO.e.



Table 3. Calculation of project emissions over thgeary = 2001

Symbol Name Unit Formula or grounds Value
PE Total greenhouse gas
emissions under the tCO = 219 743
y project 2 PEy I:)Eoil 3y + PEoil,lmp,y
PE CO, emission from
i burning fuel oil at TPP-3 | tCO — -3 156 923
o3y under ?he project 2 PEon,s,y - FCoiI,3,PJ,y X EFCOZ,oiI x10
CO, emission from
PE_ burning fuel oil in boilers 3
ol.im.y | of the medium pressure | tCO, | PEgi1mpy = FCoiamppsy XEFcosq X107 62820
station of TPP-1 under the
project
FC_ Amount of fuel oil burnt GJ . 5034526
ol.3P).y | at TPP-3 under the projeqt FCoiapsy = FCoiapsy XNCV;
Amount of fuel oil burnt
FC. in boilers of the medium _
ol Ime.P).yl hressure station of TPP-1] GJ FCoiampray = FCal amppry X NCVy, 814 464
under the project
FCM Mass of fuel oil burnt at
o3Py | TPP-3 under the project t See Table 1 52 288
m Mass of fuel oil burnt in
FCoil 1mp.p3.y| MP boilers of TPP-1 t See Table 1 20 932
under the project
Weighted average net
NCVan,y calo?ific value ofgfuel oil GJit See Table 1 38.91
Taken as constant according to the Inventpry
EF ; Emission factor 0€0, kg of GHG emissions at APPM [R3] (with the 7713
cozol from burning fuel oil CO,/IGJ fraction of carbon oxidized taken into ’
account)
Table 4. Calculation of baseline emissions over theary = 2001
Symbol Name Unit Formula or grounds Value
Total greenhouse gas
BEy emissions under the t COze BEy = BEff,y +ABEdun’p,y 297 441
baseline
CO, emissions from
BEy , burning fossil fuel under | tC0O, |BEg, =BEj 5, +BEj 1., TABE | 297 441

the baseline




Symbol

Name

Unit

Formula or grounds

Value

BE

al 3,y

CO, emissions from
burning fuel oil at TPP-3
under the baseline

t CO,

BE I:C:oil 3,BL,y X EI:CO2,oiI X10_3

al 3y —

234 622

BE

oil Imp,y

CO, emissions from

burning fuel oil in boilers
of the MP station of TPP-
1 under the baseline

t CO,

BE FC,

‘0il 1mp,BL,y

ol imp,y — X EFcoz,0i x10°

62 820

ABE

coal ,y

Change inCO, emissions
from burning coal in

boilers of the HP station
of TPP-1 compared to the
project

t CO,

ABEway:AFCwayXEﬁmeNX1U3

EF

CO2,coal ,y

Emission factor of C®
for coal

CO,/IGJ

See Table 2

91.27

FCoiI 3BLy

Amount of fuel oil burnt
at TPP-3 under the
baseline

GJ

FQ}il,aBL,y = FQ}iI,&Jb,BLy + Fcbil,aaBLy

3041 899

FCoiI ,3ub,BL,y

Amount of fuel oil burnt
in utilizing boilers of
TPP-3 under the baseling

GJ

FCail aweLy = FCaweary ~ FCoumw 2w aLy

960 912

I:Coil ,3rb,BL,y

Amount of fuel oil burnt
in recovery boilers of
TPP-3 under the baseling

GJ

FCoi smaLy = FCappy —FC

liq,3rb,y

2 080 986

FC3ub,BL,y

Total amount of fuel
burnt in the utilizing
boilers of TPP-3 under
the baseline

GJ

N _ 100% FCyypy aueL.y
OB 100~ By st

2826 212

Boil ,3ub,BL

Share of fuel oil in total
consumption of
equivalent fuel in the
utilizing boilers of TPP-3
under the baseline

%

According to Section B [R1] it is taken as
constant

34.00

FCBV\NV,Sub,BL,y

Amount of BWW burnt in
the utilizing boilers of
TPP-3 under the baseling

GJ

—_— m
FCBW\N,Sub,BL,y = FCBW\N,Sub,BL,y X NCVB\NW,Sub,y

1 865 300

m
FCBW\N,3ub,BL,y

Mass of BWW burnt in
the utilizing boilers of
TPP-3 under the baseling

According to Section B [R1] it is taken as
constant

230 000

NCVBW\N,Sub,y

Actual average weighted
net calorific value of
BWW at TPP-3

Glh

See Table 2

8.11

I:C3rb,BL,y

Total amount of fuel
burnt in recovery boilers
of TPP-3 under the

baseline

GJ

100x HG
FCapaLy = R

r]3rb,y

6 426 625




Symbol

Name

Unit

Formula or grounds

Value

HGSrb,BL,y

Gross steam generation
the recovery boilers of
TPP-3 under the baseling

GJ

HG; 6.y = HG3p y ~HG3pp

5285796

HGs,BL,y

Total gross steam
generation at TPP-3 undg
the baseline

8

GJ

100xHS,, s pay
100-¢,

3bypass

HGS,BL,y = HGS.PJ.y -

6 585 854

HG3,PJ,y

Total actual gross steam
generation at TPP-3

GJ

See Table 2

6 585 854

3bypass

Relative heat losses and
consumption on the
plant’s auxiliary needs
related to the steam flow
passing through the PRC
(by-passing the turbines)

%

According to Section B [R1] it is taken as
constant

5.00

HSSbypass,PJ Y

Actual useful steam
supply from TPP-3 by-
passing the turbines, via
the PRC

GJ

HSpesspay = HSsp5.y = HSsmackpress pa y

HSB,PJ,y

Actual total useful heat
supply from TPP-3

GJ

See Table 2

5132 868

H %backpresﬁ PJ,

Actual useful heat supply
from TPP-3 with the
steam spent in the
turbines

GJ

See Table 2

5132 868

HGSub,BL,y

Gross steam generation
the utilizing boilers of
TPP-3 under the baseling

=

GJ

HGSub,BL,y = I:C3ub,BL,y xl73ub,BL,y /100

1 300 058

rISub,BL,y

Average efficiency factor
of utilizing boilers under
the baseline

%

According to Section B [R1] it is taken as
constant

46,00

r]3rb,y

Actual average weighted
efficiency factor of
recovery boilers of TPP-3

%

”Srb,y = 100 X HG 3rb,PJ,y / FC 3rb,PJ,y

82.25

HG3rb,PJ,y

Actual gross steam
generation in the recover
boilers of TPP-3

GJ

See Table 2

5134 677

FCSrb,PJ Wy

Actual total fuel
consumption in the
recovery boilers of TPP-3

GJ

FCsppiy = FCoi s psy + FC

liq,3rb,y

6 242 890

I:Coil ,3rb,PJ,y

Actual consumption of
fuel oil in the recovery
boilers of TPP-3

GJ

Fcon,srb,m,y = FC"ail 3rb,p3,y X NCV

ail,y

1897 252




Symbol

Name

Unit

Formula or grounds

Value

FC"il arb,pu.y

Actual mass consumption
of fuel oil in the recovery
boilers of TPP-3

See Table 2

48 760

FC

liq,3rb,y

Actual amount of black
liquor burnt at TPP-3

GJ

=FC/"

liq,3rb,y

FC xNCV,

liq,3rb,y liq,3rb,y

4 345 638

Fcdm

liq,3rb,y

Actual amount of
absolutely dry black
liquor burnt in the
recovery boilers of TPP-3

ta.d.m.

See Table 2

421 08

NCV,

liq,3rb,y

Actual average weighted
net calorific value of
black liquor at TPP-3

GJit
a.d.m.

See Table 2

10.32

FC

oil Amp,BL,y

Amount of fuel oil burnt
in MP boilers of TPP-1
under the baseline

GJ

FC =

oil 1np,BL,y

FC

oil 1mp ,PJ,
oY FC "aww 1mp,p3,y

FC "sww 1mp 6L,y

814 464

m
FCBWW,erp,BL,y

Mass of BWW burnt in
the MP boiler room of
TPP-1 under the baseling

According to Section B [R1] implementatio

of the project had not influence on BWW

consumption in MP boilers of TPP-1 in 20(Q

Thus:
m — m
FCBVWV,lmp,BL,y - FCBW\N,lmp,PJ Y

=]

1.220 317

m
FCBVWV,lmp, PJ,

Actual mass of BWW
burnt in the MP boiler
room of TPP-1

See Table 2

220 317

AFC

coal,y

Change in amount of coal
burnt at TPP-1 compared
to the project

GJ

_ 100xAHG,

hp,y
r] coal

AFC

coal,y —

r] coal

Average gross coal boile
efficiency factor

%

According to Section B [R1] it is taken as

constant

90.00

AHG

lhp,y

Change in steam

generation by HP boilers
of TPP-1 compared to thg
project

D

GJ

=AHG, 100

ARG Y 100-¢

1hp,y

aux

Relative heat losses and
consumption for the
auxiliary needs related to
additional generation of
steam in HP boilers of
TPP-1

%

According to Section B [R1] it is taken as

constant

5.00

AHG,

1hp,y

Change in live steam
delivery to the HP
turbines of TPP-1
compared to the project

GJ

AHG,

1hp,y

= 0.6650HS,,,

AHS,, ,

Change in steam supply
from the HP station of
TPP-1 compared to the
project

GJ

AHS,,, =AHS, -AHS |

D
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Symbol

Name

Unit

Formula or grounds

Value

AHS,,

Additional annual steam
supply for cellulose
production from TPP-1,
with losses in steam
network taken into
account, compared to the
project scenario

GJ

100
AHS, =818y T00-e,,

nw

Relative heat losses in
steam network (from
TPP-1 to cellulose
production)

%

According to Section B [R1] it is taken as
constant

3.00

AHS;

Useful steam supply via
PRC at TPP-3 under the
project scenario

GJ

AHSBy = HSSbypass,PJ,y

BHS,

Change in steam supply
from the MP station of
TPP-1 compared to the
project

GJ

AHS,, , =HS e, “HSipry

HS.I.mp,BL,y

Useful supply of thermal
power from the MP
station of TPP-1 under th
baseline

GJ

X FCernVWV ,1n'p,BL.y/FCm

BWW 1mp,PJ,y

HSln'p,BL.y = HSme.PJ.y

1422 556

HSlmp,P.],y

Useful supply of thermal
power from the MP
station of TPP-1 under th
project

GJ

HS, ., = HG x (100-a)/100

1mp,PJ .y

1422 556

Relative consumption of
heat of live steam for the
auxiliary needs and

electric power generation
at the MP station of TPP-
1

%

According to Section B [R1] it is taken as
constant

10.00

1mp,PJ.y

Actual gross steam
generation in boilers of
the MP station of TPP-1

GJ

See Table 2

1580 61

ABE

dump,y

Additional CH, emissions
from the landfill
compared to the project

t CO.e

ABEdump,y = ABEBW\N,dump,y +ABEVW\/S,dump,y

ABEBWW,dun‘p,y

Additional emissions of
CH, from the landfill
because of BWW
anaerobic decomposition
compared to the project

t CO.e

Equal to zero for 2001 as BWW dumping ig
considered proportional to WWS dumping.
WWS dumping is equal under baseline ang
project in 2001 (see also [R1] and text
above).

] 0

ABE\MNS,dump,y

Additional emissions of
CH, from the landfill
because of WWS
anaerobic decomposition

compared to the project

t CO.e

Equal to zero for 2001 as WWS combustio
had not place in 2001, thus WWS dumping
equal under baseline and project.

s 0




Table 5. Calculation of emission reductions over tayeary = 2001
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Symbol

Name

Unit

Formula or grounds

Value

ER,

Total emission reductions

1CO.e

ER, = BE, - PE,

or
ERy = ERCOZ,y + ERCH 4y

77 699

ERCOZ,y

Emission reductions of
carbon dioxide

t CO,

ERCOZ,y = ERCOZ,oiI 3y + ERCOZ,oiI,lnp,y +

+ ERCOZ,coaI J1hp,y

77 699

ERCOZ,oiI 3y

Emission reductions of
carbon dioxide from fuel
oil combustion at TPP-3

t CO,

ERCOZ,oiI 3y = BEoiI 3y - PE

ol 3,y

77 699

ERCOZ,oiI Amp,y

Emission reduction of
carbon dioxide from fuel
oil combustion at the
boiler-house of medium
pressure TPP-1

t COz

ERCOZ,oiI Amp,y = BEoiI Amp,y - I:)Eoil Amp,y

ERCOZ,coal dhp,y

Emission reduction of
carbon dioxide from coal
combustion at the boiler-
house of high pressure
TPP-1

t COz

ERCO 2,coal ,hpl,y = ABECO&J Y

ERCH 4,y

Emission reduction of
methane

t CO.e

ER., ay = ERex apww,y t ERex 4 WS,y

ERCH 4,BWW ,y

Reduction of methane
emissions from the landfill
because of BWW

anaerobic decomposition

t CO.e

ERCH 4,BWW,y = ABEB\/\NV,dump,y

ERcH 4MWWS,y

Reduction of methane
emissions from the landfill
because of WWS

anaerobic decomposition

t CO.e

ERcH awws.y = ABEwws qump.y

Environmental monitoring

In process of the project implementation, analytaantrol over various effects on the environment i
exercised in compliance with the existing regulatih particular, control over emissions of harmful
substances into the atmosphere is performed aocptdithe “Schedule of laboratory control of stadda

MPE at stationary emission sources of JSC ArkhakdgePM”.

The data obtained by the analytical laboratorypmoeessed and brought together in monthly and dnnua
reports, which specify all the required itemizedagancluding those for the sections affected by th

Project.

Table 6 represents calculated data for the chainghe amount of harmful substances thrown into the

atmosphere under the project as compared to thedifms
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Table 6. Alterations in the harmful substance emidens into the atmosphere against the baseline
over the yeary = 2001 t; (+) - increase, () - decrease)

Harmful emissions Fuel oil Coal BWW WSS Total
Fluidised substances| -2 0 67 0 65
Sulphur dioxide (S¢) -1 083 0 0 0 -1 083
Nitrous dioxide (NQ) -100 0 11 0 -89
Nitrous oxide (NO) -16 0 2 0 -15
Carbon oxide@O) -328 0 174 0 -154
Total emissions -1529 0 254 o -1 276

Emergencies

No emergencies occurred during the period undefication which could have given rise to emissions.

Conclusion

The implementation of the first stage of the prbf#aste Biomass Utilization at Arkhangelsk Pulp and
Paper Mill (APPM)” allowed preventing emissionsarithe atmosphere in 2001:

- greenhouse gases — by 77 699 tati©.e,
- polluting substances — by 1 276t.
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Introduction

The document is executed according to the devel®id “Waste Biomass Utilization at Arkhangelsk
Pulp and Paper Mil (APPM)” [R1]. The PDD is placecat website UNFCCC
(ji.unfccc.int/JI_Projects/Verification/PDD) undegference number 0005.

The project is implemented at the territory of JS&khangelsk Pulp and Paper Mill", town of
Novodvinsk, Arkhangelsk region, Russia.

The project is aimed at increasing the share ohb&s waste in the APPM fuel balance, which withall
reducing consumption of expensive and environmbrdattier fossil fuel, as well as decrease the anto
of dumped biomass waste.

With reference to the project, biomass waste i« laawd wood waste (BWWand waste water sludge
(WWS). BWW includes bark, sawdust, slivers, subd#ad chips, as well as building waste wood,
logging waste, etc. The bulk of BWW is formed a #tage of preparing pulp chips in the APPM wood-
preparation shops and delivered from neighboring-msills, which have no their own facilities for
utilization of their BWW. WWS is formed at the stat of biological treatment of industrial and
household waste of APPM and the town of Novodvinsk.

The project implies implementation of the followiaggineering solutions in two stages:

Stage I:

- Reconstruction of the obsolete and inefficientizitiy boiler KM-75-40 (St. No. 2) at TPP-3
with switching to BWW combustion in the fluidizeedt

- Modernization of WPS%with installation of advanced equipment for chegpand dewatering
BWW.

Stage II:

+ Replacement of an old utilizing boil&M-75-40 (St. No. 1) at TPP-3 with a new utilizinglbp
E-75-3,9-440 DFT, with biomass waste combustiomaftuidized bed:;

« Assembly of a new unit for receiving and preparat®WwW and WWS delivered by motor
transport, to be burnt in utilizing boilers of TBP-

Construction and assembly operations for the $itage of the project were carried out from Febraary
December of 2000, and for the second stage — frpni 8f 2004 to July of 2005. According ecision
9/CMP.1 [R2], the project may be recognized as a joint lementation project, if its technical
implementation began not earlier than in the y&€802

Thus only the first stage of the project and the aociated reductions of GHG emissions are
considered for 2002.

Technology employed according to Stage |

Reconstruction of the KM-75-40 boiler St. No. 2

In 2000, Joint Venture Energosofin and OJSC Betmmaash performed reconstruction of the KM-75-40
boiler St. No. 2, with switching to the fluidizeédtechnology.

! TPP-3 — thermal power plant No. 3
2 WPS-3 — wood-preparation shop No. 3
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Burning of waste in the fluidized bed provides @ént, economical and environmentally safe
combustion of high-humidity and low-calorie fu€l$e fluidized bed is made of quartz sand by meé#ns o
feeding air at a high pressure under the fillingeta The process of combustion is partly takingelm

the fluidized bed, and partly — above it. The terapge of the fluidized bed is about 700-80Gnd can

be adjusted by air distribution.

In the nominal operating mode, the modernized KM40S boiler allows burning BWW with humidity
of 57%, with steam capacity equal to 66 tons peurhavithout fuel oil flame stabilization. The
superheated steam pressure is 4.0 MPa, its terapetaing 440C. The boiler efficiency factor is about
85%. After the reconstruction, the hourly consumptdf BWW has become twice as high, reaching 30
tons an hour.

The trials held within the second stage of thegqubghowed that it is also possible to obtain stalold
economical combustion of the BWW/WWS mixture, witte latter accounting for up to 20-25% of the
weight of BWW. However WWS combustion was not picex in 2002 yet and therefore it is not
reviewed here.

WPS-3 modernization

WPS-3 modernization was performed for the purpdsmproving the BWW quality in accordance with
requirements set for the fuel combusted throughfitiidized bed technology. The modernization was
carried out in 2000, simultaneously with recondtarcof boiler St. No. 2 of TPP-3.

As a result of modernization, three independent floavs were replaced with a single centralizedkbar
preparation unit equipped with a Saalasti 0912rratesher and two Bark Master 1620 bark drum psesse
(also made by Saalasti). The equipment proved &ffiment at a number of the industry enterprises.

Modernization of WPS-3 made it possible to ensumoae homogenous breakup of BWW (pieces not
larger than 75 mm) and lower their humidity downth® level of about 50%, which substantially
increased the low calorific value and allowed stabbmbustion of BWW in boiler St. No. 2 in the
fluidized bed without fuel oil flame stabilizatioBesides, electric power consumption required \0\B
preparation was reduced by 6-8%, due to its cératain.

On the whole, implementation of measures of th& fitage enabled to make the amount of BWW burnt
in boiler St. No. 2 of TPP-3 more than double, wihihving increased significantly the efficiencythudir
combustion and reduced fuel oil consumption.

Monitoring Period

The monitoring period is chosen frdat January 2002 to 31st December 20@Both days included).

Monitored data

Collection of all the key parameters required forggnhouse emissions to be determined, both under th
project and for the baseline, is performed accgrtinthe practice established at APPM on accourtfng
fuel, energy, waste, and assessment of environiiempacts. Monitoring under the project requires no
changes to be introduced in the existing systemaagbunting and collection of information. All the
necessary data are determined and registered iccsey

Description of monitoring plan of all data requiredcalculate GHG emissions reductions is represent
in Section D and Annex 3 of PDD [R1]. Table 1 anthe€ow represents yearly values of project and
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baseline data for 2002. It should be mentioned ithahs not necessary to define some data for 2802
WWS was not burnt and no change in biomass wasteithg occurred.

Table 1. Values of data collected in order to momitr emissions from the project
over the yeary = 2002

ID number Data name Data unit Value Comment
and symbol
1. Mass fuel oil
m consumption at TPP-3 t 30663
F ail ,3,PJ,y
> Mass fuel oil
' consumption in medium t 19 042
m i -
FCh PR pressure boilers of TPP-1
3. Net calorific value of fuel The weighted annual
: GJit 39.58
oil average
NCVO”’y g

Table 2. Values of relevant data necessary for detaining the baseline of anthropogenic emissions

of greenhouse gases by sources within the projeatindary over the yeary = 2002

D number Data name Data unit Data value Comment
and symbol
4 Mass BWW consumption
m o in utilizing boilers of t 335 607
FCBVWV,3ub,PJ,y TPP-3
5 Mass BWW consumption
FCrm ' in medium pressure t 266 242
Bww 1mp,PJ,y | boilers of TPP-1
6. Mass BWW removal to ¢ Not necessary for
the landfill 2002
m
BVWW jimp.p3 .y
7. Mass BWW delivery ¢ Not necessary for
from the outside 2002
m
BVWVside,PJ,y
8. Wet mass WWS removal ¢ Not necessary for
m to the landfill 2002
VWWSiimppa.y
Wet mass WWS
9. A
consumption in utilizing t 0
m .
FC\N\NS,3ub,PJ,y boilers of TPP-3

% PDD shows that dumped BWW is proportional to dudhp&/VS to provide bearing capacity of the landfill
without dependence on the project. StipulatedWWALS is not burnt volumes of dumping of both kindbmmass
waste remain the same as without the project. Dtilei$ reason reductions of methane landfill emissifrom the
project equal zero in 2002.



D number Data name Data unit Data value Comment
and symbol
10. WWS humidity % Not necessary for
2002
V\(NWS,y
11 Dry mass black liquor
) ) consumption in recovery ta.d.m. 435 058
m .
FC”qysrb]y boilers of TPP-3
12 Mass fuel oll
’ consumption in recovery t 28 042

FC™. abPly boilers of TPP-3

13 Net calorific value of
) BWW combusted in GJh 8.48
NCVBWW,Sub,y utilizing boilers of TPP-3

The weighted annual
average

14 Net calorific value of
’ black liquor combusted in  GJ/t a.d.m. 10.19
NCV,y3m,y | recovery boilers of TPP-3

The weighted annual
average

15. Total gross steam

HG generation at TPP-3 GJ 6342941
3,PJ,y
16. Total useful supply of
heat from TPP-3 GJ 4784108
HS3,PJ,y
It is equal to total
17. Useful supply of heat useful supply because
from TPP-3 with GJ 4 784 108 | no steam supply
HSBbackprazs,PJ,y backpressure steam through the PRC in
2002
18. Gross steam generation in
HG recovery boilers of TPP-3 GJ 4560 045
3rb,PJ,y
19 Gross steam generation in

mediumpressure boilers GJ 1724 546
HG,ppsy | of TPP-1

Results of GHG
kg CO/GJ 91.30 inventory at APPM
for 2002 [R3]

20. Emission factor of C®
for coal

EFCOZ,coaJ Y

Calculation of emission reductions

According to formulae described in Section D [Ralculations of project and baseline emissions have
been done (see Tables 3 and 4). As shown in SeBt®[R1] all of the leakages can be neglected.
Calculation of emission reductions are presentehinie 5.

Thus, total GHG emission reductions for 2002 amoueid 109 204CO.e.



Table 3. Calculation of project emissions over thgeary = 2002

Symbol Name Unit Formula or grounds Value
PE Total greenhouse gas
emissions under the tCO = 151 740
Y project 2 PEy I:)Eoil 3y + PEoil,lmp,y
PE CO, emission from
i burning fuel oil at TPP-3 | tCO — -3 93 608
o3y under ?he project 2 PEon,s,y - FCoiI,3,PJ,y X EFCOZ,oiI x10
CO, emission from
PE_ burning fuel oil in boilers 3
ol.im.y | of the medium pressure | tCO, | PEgi1mpy = FCoiamppsy XEFcosq X107 58132
station of TPP-1 under the
project
Amount of fuel oil burnt
FCoi apay at TPP-3 under the projeqt GJ FCaiapay = FChiapyy XNCV,, 1213642
Amount of fuel oil burnt
FC. in boilers of the medium _
ol Ime.P).yl hressure station of TPP-1] GJ FCoiampray = FCal amppry X NCVy, 753 690
under the project
FCM Mass of fuel oil burnt at
ol 3Py | TPP-3 under the project t See Table 1 30663
m Mass of fuel oil burnt in
FCoil 1mp.pa.y| MP boilers of TPP-1 t See Table 1 19 042
under the project
Weighted average net
NCVan,y calo?ific value ofgfuel oil GJit See Table 1 39.58
Taken as constant according to the Inventpry
EF ; Emission factor 0€0, kg of GHG emissions at APPM [R3] (with the 7713
cozol from burning fuel oil CO,/IGJ fraction of carbon oxidized taken into ’
account)
Table 4. Calculation of baseline emissions over theary = 2002
Symbol Name Unit Formula or grounds Value
Total greenhouse gas
BEy emissions under the t COze BEy = BEff,y +ABEdun’p,y 260 945
baseline
CO, emissions from
BEy , burning fossil fuel under | tC0O, |BEg, =BEj 5, +BEj 1., TABE | 260945

the baseline




Symbol

Name

Unit

Formula or grounds

Value

BE

al 3,y

CO, emissions from
burning fuel oil at TPP-3
under the baseline

t CO,

BE I:C:oil 3,BL,y X EI:CO2,oiI X10_3

al 3y —

202 812

BE

oil Imp,y

CO, emissions from

burning fuel oil in boilers
of the MP station of TPP-
1 under the baseline

t CO,

BE FC,

‘0il 1mp,BL,y

ol imp,y — X EFcoz,0i x10°

58 132

ABE

coal ,y

Change inCO, emissions
from burning coal in

boilers of the HP station
of TPP-1 compared to the
project

t CO,

ABEway:AFCwayXEﬁmeNX1U3

EF

CO2,coal ,y

Emission factor of C®
for coal

CO,/IGJ

See Table 2

91.30

FCoiI 3BLy

Amount of fuel oil burnt
at TPP-3 under the
baseline

GJ

FQ}il,aBL,y = FQ}iI,&Jb,BLy + Fcbil,aaBLy

2629 488

FCoiI ,3ub,BL,y

Amount of fuel oil burnt
in utilizing boilers of
TPP-3 under the baseling

GJ

FCail aweLy = FCaweary ~ FCoumw 2w aLy

1004 752

I:Coil ,3rb,BL,y

Amount of fuel oil burnt
in recovery boilers of
TPP-3 under the baseling

GJ

FCoi smaLy = FCappy —FC

liq,3rb,y

1624736

FC3ub,BL,y

Total amount of fuel
burnt in the utilizing
boilers of TPP-3 under
the baseline

GJ

N _ 100% FCyypy aueL.y
OB 100~ By st

2 955152

Boil ,3ub,BL

Share of fuel oil in total
consumption of
equivalent fuel in the
utilizing boilers of TPP-3
under the baseline

%

According to Section B [R1] it is taken as
constant

34.00

FCBV\NV,Sub,BL,y

Amount of BWW burnt in
the utilizing boilers of
TPP-3 under the baseling

GJ

—_— m
FCBW\N,Sub,BL,y = FCBW\N,Sub,BL,y X NCVB\NW,Sub,y

1 950 400

m
FCBW\N,3ub,BL,y

Mass of BWW burnt in
the utilizing boilers of
TPP-3 under the baseling

According to Section B [R1] it is taken as
constant

230 000

NCVBW\N,Sub,y

Actual average weighted
net calorific value of
BWW at TPP-3

Glh

See Table 2

8.48

I:C3rb,BL,y

Total amount of fuel
burnt in recovery boilers
of TPP-3 under the

baseline

GJ

100x HG
FCapaLy = R

r]3rb,y

6 057 977




Symbol

Name

Unit

Formula or grounds

Value

HGSrb,BL,y

Gross steam generation
the recovery boilers of
TPP-3 under the baseling

GJ

HG; 6.y = HG3p y ~HG3pp

4983571

HGs,BL,y

Total gross steam
generation at TPP-3 undg
the baseline

8

GJ

]_OOX H%bypa&s,PJ Y
100-¢.

3bypass

HGS,BL,y = HGS.PJ.y -

6342 941

HG3,PJ,y

Total actual gross steam
generation at TPP-3

GJ

See Table 2

6 342 941

3bypass

Relative heat losses and
consumption on the
plant’s auxiliary needs
related to the steam flow
passing through the PRC
(by-passing the turbines)

%

According to Section B [R1] it is taken as
constant

5.00

HSSbypass,PJ Y

Actual useful steam
supply from TPP-3 by-
passing the turbines, via
the PRC

GJ

HSSbypas,PJ,y = HSB,PJ,y - HS3backpre$,PJ,y

HSB,PJ,y

Actual total useful heat
supply from TPP-3

GJ

See Table 2

4784 108

H %backpresﬁ PJ,

Actual useful heat supply
from TPP-3 with the
steam spent in the
turbines

GJ

See Table 2

4784 108

HGSub,BL,y

Gross steam generation
the utilizing boilers of
TPP-3 under the baseling

=

GJ

HGSub,BL,y = I:C3ub,BL,y xl73ub,BL,y /100

1359 370

rISub,BL,y

Average efficiency factor
of utilizing boilers under
the baseline

%

According to Section B [R1] it is taken as
constant

46.00

r]3rb,y

Actual average weighted
efficiency factor of
recovery boilers of TPP-3

%

”Srb,y = 100 X HG 3rb,PJ,y / FC 3rb,PJ,y

82.26

HG3rb,PJ,y

Actual gross steam
generation in the recover
boilers of TPP-3

GJ

See Table 2

4 560 045

FCSrb,PJ Wy

Actual total fuel
consumption in the
recovery boilers of TPP-3

GJ

FCsppiy = FCoi s psy + FC

liq,3rb,y

5543 143

I:Coil ,3rb,PJ,y

Actual consumption of
fuel oil in the recovery
boilers of TPP-3

GJ

Fcon,srb,m,y = FC"ail 3rb,p3,y X NCV

ail,y

1109 902




Symbol

Name

Unit

Formula or grounds

Value

FC"il arb,pu.y

Actual mass consumption
of fuel oil in the recovery
boilers of TPP-3

See Table 2

28 042

FC

liq,3rb,y

Actual amount of black
liquor burnt at TPP-3

GJ

=FC/"

liq,3rb,y

FC xNCV,

liq,3rb,y liq,3rb,y

4 433 241

Fcdm

liq,3rb,y

Actual amount of
absolutely dry black
liquor burnt in the
recovery boilers of TPP-3

ta.d.m.

See Table 2

435 05

NCV,

liq,3rb,y

Actual average weighted
net calorific value of
black liquor at TPP-3

GJit
a.d.m.

See Table 2

10.19

FC

oil Amp,BL,y

Amount of fuel oil burnt
in MP boilers of TPP-1
under the baseline

GJ

FC =

oil 1np,BL,y

FC

oil 1mp ,PJ,
oY FC "aww 1mp,p3,y

FC "sww 1mp 6L,y

753 690

m
FCBWW,erp,BL,y

Mass of BWW burnt in
the MP boiler room of
TPP-1 under the baseling

According to Section B [R1] implementatio

of the project had not influence on BWW

consumption in MP boilers of TPP-1 in 20(Q

Thus:
m — m
FCBVWV,lmp,BL,y - FCBW\N,lmp,PJ Y

=]

2.266 242

m
FCBVWV,lmp, PJ,

Actual mass of BWW
burnt in the MP boiler
room of TPP-1

See Table 2

266 242

AFC

coal,y

Change in amount of coal
burnt at TPP-1 compared
to the project

GJ

_ 100xAHG,

hp,y
r] coal

AFC

coal,y —

r] coal

Average gross coal boile
efficiency factor

%

According to Section B [R1] it is taken as

constant

90.00

AHG

lhp,y

Change in steam

generation by HP boilers
of TPP-1 compared to thg
project

D

GJ

=AHG, 100

ARG Y 100-¢

1hp,y

aux

Relative heat losses and
consumption for the
auxiliary needs related to
additional generation of
steam in HP boilers of
TPP-1

%

According to Section B [R1] it is taken as

constant

5.00

AHG,

1hp,y

Change in live steam
delivery to the HP
turbines of TPP-1
compared to the project

GJ

AHG,

1hp,y

= 0.6650HS,,,

AHS,, ,

Change in steam supply
from the HP station of
TPP-1 compared to the
project

GJ

AHS,,, =AHS, -AHS |
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Symbol

Name

Unit

Formula or grounds

Value

AHS,,

Additional annual steam
supply for cellulose
production from TPP-1,
with losses in steam
network taken into
account, compared to the
project scenario

GJ

100
AHS, =818y T00-e,,

nw

Relative heat losses in
steam network (from
TPP-1 to cellulose
production)

%

According to Section B [R1] it is taken as
constant

3.00

AHS;

Useful steam supply via
PRC at TPP-3 under the
project scenario

GJ

AHSBy = HSSbypass,PJ,y

BHS,

Change in steam supply
from the MP station of
TPP-1 compared to the
project

GJ

AHS,, , =HS e, “HSipry

HS.I.mp,BL,y

Useful supply of thermal
power from the MP
station of TPP-1 under th
baseline

GJ

X FCernVWV ,1n'p,BL.y/FCm

BWW 1mp,PJ,y

HSln'p,BL.y = HSme.PJ.y

1552091

HSlmp,P.],y

Useful supply of thermal
power from the MP
station of TPP-1 under th
project

GJ

HS, ., = HG x (100-a)/100

1mp,PJ .y

1552091

Relative consumption of
heat of live steam for the
auxiliary needs and

electric power generation
at the MP station of TPP-
1

%

According to Section B [R1] it is taken as
constant

10.00

1mp,PJ.y

Actual gross steam
generation in boilers of
the MP station of TPP-1

GJ

See Table 2

172454

ABE

dump,y

Additional CH, emissions
from the landfill
compared to the project

t CO.e

ABEdump,y = ABEBW\N,dump,y +ABEVW\/S,dump,y

ABEBWW,dun‘p,y

Additional emissions of
CH, from the landfill
because of BWW
anaerobic decomposition
compared to the project

t CO.e

Equal to zero for 2002 as BWW dumping ig
considered proportional to WWS dumping.
WWS dumping is equal under baseline ang
project in 2002 (see also [R1] and text
above).

] 0

ABE\MNS,dump,y

Additional emissions of
CH, from the landfill
because of WWS
anaerobic decomposition

compared to the project

t CO.e

Equal to zero for 2002 as WWS combustio
had not place in 2002, thus WWS dumping
equal under baseline and project.

s 0




Table 5. Calculation of emission reductions over tayeary = 2002
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Symbol

Name

Unit

Formula or grounds

Value

ER,

Total emission reductions

1CO.e

ER, = BE, - PE,

or
ERy = ERCOZ,y + ERCH 4y

109 204

ERCOZ,y

Emission reductions of
carbon dioxide

t CO,

ERCOZ,y = ERCOZ,oiI 3y + ERCOZ,oiI,lnp,y +

+ ERCOZ,coaI J1hp,y

109 204

ERCOZ,oiI 3y

Emission reductions of
carbon dioxide from fuel
oil combustion at TPP-3

t CO,

ERCOZ,oiI 3y = BEoiI 3y - PE

ol 3,y

109 204

ERCOZ,oiI Amp,y

Emission reduction of
carbon dioxide from fuel
oil combustion at the
boiler-house of medium
pressure TPP-1

t COz

ERCOZ,oiI Amp,y = BEoiI Amp,y - I:)Eoil Amp,y

ERCOZ,coal dhp,y

Emission reduction of
carbon dioxide from coal
combustion at the boiler-
house of high pressure
TPP-1

t COz

ERCO 2,coal ,hpl,y = ABECO&J Y

ERCH 4,y

Emission reduction of
methane

t CO.e

ER., ay = ERex apww,y t ERex 4 WS,y

ERCH 4,BWW ,y

Reduction of methane
emissions from the landfill
because of BWW

anaerobic decomposition

t CO.e

ERCH 4,BWW,y = ABEB\/\NV,dump,y

ERcH 4MWWS,y

Reduction of methane
emissions from the landfill
because of WWS

anaerobic decomposition

t CO.e

ERcH awws.y = ABEwws qump.y

Environmental monitoring

In process of the project implementation, analytaantrol over various effects on the environment i
exercised in compliance with the existing regulatih particular, control over emissions of harmful
substances into the atmosphere is performed aocptdithe “Schedule of laboratory control of stadda

MPE at stationary emission sources of JSC ArkhakdgePM”.

The data obtained by the analytical laboratorypmoeessed and brought together in monthly and dnnua
reports, which specify all the required itemizedagancluding those for the sections affected by th

Project.

Table 6 represents calculated data for the chainghe amount of harmful substances thrown into the

atmosphere under the project as compared to thedifms
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Table 6. Alterations in the harmful substance emidens into the atmosphere against the baseline
over the yeary = 2002 t; (+) - increase, (-) - decrease)

Harmful emissions Fuel oil Coal BWW WSS Total
Fluidised substances 2 0 110 0 108
Sulphur dioxide (S€) -1 545 0 0 0 -1 54%
Nitrous dioxide (NQ) -143 0 18 0 -125
Nitrous oxide (NO) -23 @ 3 D -2
Carbon oxide({O) -468 0 288 0 -18(
Total emissions -2 181 ( 419 D -1762

Emergencies

No emergencies occurred during the period undefication which could have given rise to emissions.

Conclusion

The implementation of the first stage of the prbf#aste Biomass Utilization at Arkhangelsk Pulp and
Paper Mill (APPM)” allowed preventing emissionsarithe atmosphere in 2002;

- greenhouse gases — by 109 204 tap®.e,

- polluting substances — by 1 762 t.
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Introduction

The document is executed according to the devel®id “Waste Biomass Utilization at Arkhangelsk
Pulp and Paper Mil (APPM)” [R1]. The PDD is placecat website UNFCCC
(ji.unfccc.int/JI_Projects/Verification/PDD) undegference number 0005.

The project is implemented at the territory of JS&khangelsk Pulp and Paper Mill", town of
Novodvinsk, Arkhangelsk region, Russia.

The project is aimed at increasing the share ohb&s waste in the APPM fuel balance, which withall
reducing consumption of expensive and environmbrdattier fossil fuel, as well as decrease the anto
of dumped biomass waste.

With reference to the project, biomass waste i« laawd wood waste (BWWand waste water sludge
(WWS). BWW includes bark, sawdust, slivers, subd#ad chips, as well as building waste wood,
logging waste, etc. The bulk of BWW is formed a #tage of preparing pulp chips in the APPM wood-
preparation shops and delivered from neighboring-msills, which have no their own facilities for
utilization of their BWW. WWS is formed at the stat of biological treatment of industrial and
household waste of APPM and the town of Novodvinsk.

The project implies implementation of the followiaggineering solutions in two stages:

Stage I:

- Reconstruction of the obsolete and inefficientizitiy boiler KM-75-40 (St. No. 2) at TPP-3
with switching to BWW combustion in the fluidizeedt

- Modernization of WPS%with installation of advanced equipment for chegpand dewatering
BWW.

Stage II:

+ Replacement of an old utilizing boil&M-75-40 (St. No. 1) at TPP-3 with a new utilizinglbp
E-75-3,9-440 DFT, with biomass waste combustiomaftuidized bed:;

« Assembly of a new unit for receiving and preparat®WwW and WWS delivered by motor
transport, to be burnt in utilizing boilers of TBP-

Construction and assembly operations for the $itage of the project were carried out from Febraary
December of 2000, and for the second stage — frpni 8f 2004 to July of 2005. According ecision
9/CMP.1 [R2], the project may be recognized as a joint lementation project, if its technical
implementation began not earlier than in the y&€802

Thus only the first stage of the project and the aociated reductions of GHG emissions are
considered for 2003.

Technology employed according to Stage |

Reconstruction of the KM-75-40 boiler St. No. 2

In 2000, Joint Venture Energosofin and OJSC Betmmaash performed reconstruction of the KM-75-40
boiler St. No. 2, with switching to the fluidizeédtechnology.

! TPP-3 — thermal power plant No. 3
2 WPS-3 — wood-preparation shop No. 3
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Burning of waste in the fluidized bed provides @ént, economical and environmentally safe
combustion of high-humidity and low-calorie fu€l$e fluidized bed is made of quartz sand by meé#ns o
feeding air at a high pressure under the fillingeta The process of combustion is partly takingelm

the fluidized bed, and partly — above it. The terapge of the fluidized bed is about 700-80Gnd can

be adjusted by air distribution.

In the nominal operating mode, the modernized KM40S boiler allows burning BWW with humidity
of 57%, with steam capacity equal to 66 tons peurhavithout fuel oil flame stabilization. The
superheated steam pressure is 4.0 MPa, its terapetaing 440C. The boiler efficiency factor is about
85%. After the reconstruction, the hourly consumptdf BWW has become twice as high, reaching 30
tons an hour.

The trials held within the second stage of thegqubghowed that it is also possible to obtain stalold
economical combustion of the BWW/WWS mixture, witte latter accounting for up to 20-25% of the
weight of BWW. However WWS combustion was not picex in 2003 yet and therefore it is not
reviewed here.

WPS-3 modernization

WPS-3 modernization was performed for the purpdsmproving the BWW quality in accordance with
requirements set for the fuel combusted throughfitiidized bed technology. The modernization was
carried out in 2000, simultaneously with recondtarcof boiler St. No. 2 of TPP-3.

As a result of modernization, three independent floavs were replaced with a single centralizedkbar
preparation unit equipped with a Saalasti 0912rratesher and two Bark Master 1620 bark drum psesse
(also made by Saalasti). The equipment proved &ffiment at a number of the industry enterprises.

Modernization of WPS-3 made it possible to ensumoae homogenous breakup of BWW (pieces not
larger than 75 mm) and lower their humidity downth® level of about 50%, which substantially
increased the low calorific value and allowed stabbmbustion of BWW in boiler St. No. 2 in the
fluidized bed without fuel oil flame stabilizatioBesides, electric power consumption required \0\B
preparation was reduced by 6-8%, due to its cératain.

On the whole, implementation of measures of th& fitage enabled to make the amount of BWW burnt
in boiler St. No. 2 of TPP-3 more than double, wihihving increased significantly the efficiencythudir
combustion and reduced fuel oil consumption.

Monitoring Period

The monitoring period is chosen frdat January 2003 to 31st December 20@Both days included).

Monitored data

Collection of all the key parameters required forggnhouse emissions to be determined, both under th
project and for the baseline, is performed accgrtinthe practice established at APPM on accourtfng
fuel, energy, waste, and assessment of environiiempacts. Monitoring under the project requires no
changes to be introduced in the existing systemaagbunting and collection of information. All the
necessary data are determined and registered iccsey

Description of monitoring plan of all data requiredcalculate GHG emissions reductions is represent
in Section D and Annex 3 of PDD [R1]. Table 1 anthe€ow represents yearly values of project and
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baseline data for 2003. It should be mentioned ithahs not necessary to define some data for 2803
WWS was not burnt and no change in biomass wasteithg occurred.

Table 1. Values of data collected in order to momitr emissions from the project
over the yeary = 2003

ID number Data name Data unit Value Comment
and symbol
1. Mass fuel oil
m consumption at TPP-3 t 33146
F ail ,3,PJ,y
> Mass fuel oil
' consumption in medium t 20 692
m i -
FCh PR pressure boilers of TPP-1
3. Net calorific value of fuel The weighted annual
: GJit 40.37
oil average
NCVO”’y g

Table 2. Values of relevant data necessary for detaining the baseline of anthropogenic emissions

of greenhouse gases by sources within the projeatindary over the yeary = 2003

D number Data name Data unit Data value Comment
and symbol
4 Mass BWW consumption
m o in utilizing boilers of t 367 293
FCBVWV,3ub,PJ,y TPP-3
5 Mass BWW consumption
FCrm ' in medium pressure t 263 637
Bww 1mp,PJ,y | boilers of TPP-1
6. Mass BWW removal to ¢ Not necessary for
the landfill 2003
m
BVWW jimp.p3 .y
7. Mass BWW delivery ¢ Not necessary for
from the outside 2003
m
BVWVside,PJ,y
8. Wet mass WWS removal ¢ Not necessary for
m to the landfill 2003
VWWSiimppa.y
Wet mass WWS
9. A
consumption in utilizing t 0
m .
FC\N\NS,3ub,PJ,y boilers of TPP-3

% PDD shows that dumped BWW is proportional to dudhp&/VS to provide bearing capacity of the landfill
without dependence on the project. StipulatedWWALS is not burnt volumes of dumping of both kindbmmass
waste remain the same as without the project. Dtilei$ reason reductions of methane landfill emissifrom the
project equal zero in 2003.



ID number Data name Data unit Data value Comment
and symbol
10. WWS humidity % Not necessary for
2003
V\(NWS,y
Dry mass black liquor .
1. consumption in recovery ta.d.m. 467 936 lsrtjﬂ:?;nsgog 636 t of
FCl‘i’g‘3rb y boilers of TPP-3 P
12 Mass fuel oil
’ consumption in recovery t 31129
FC™oil 30,3,y boilers of TPP-3
Net calorific value of .
13. BWW combusted in Gt g59 | Ihewelghted annual
NCV gy o, | Utilizing boilers of TPP-3 9
Net calorific value of .
14. black liquor combusted in  GJ/t a.d.m. 10.19 ;Cgr;veelghted annual
NCV,y3m,y | recovery boilers of TPP-3 g
15. Total gross steam
generation at TPP-3 GJ 6755038
HGB,PJ,y
16. Total useful supply of
heat from TPP-3 GJ 4986 093
HS3,PJ,y
It is equal to total
17. Useful supply of heat useful supply because
from TPP-3 with GJ 4 986 093 | no steam supply
HSBbackprazs,PJ,y backpressure steam through the PRC in
2003
18. Gross steam generanonr GJ 4870 574
HG recovery boilers of TPP-3
3rb,PJ,y
19 Gross steam generation
) mediumpressure boilers GJ 1726911
HG,ppsy | of TPP-1
L Results of GHG
20. E)T'CS;;‘I’” factorof CO | 1 co/a 91.49 | inventory at APPM
EFco2 c0ay for 2003 [R3]

Calculation of emission reductions

According to formulae described in Section D [Ralculations of project and baseline emissions have
been done (see Tables 3 and 4). As shown in SeBt®[R1] all of the leakages can be neglected.
Calculation of emission reductions are presentehinie 5.

Thus, total GHG emission reductions for 2003 amoueid 120 638CO.e.



Table 3. Calculation of project emissions over thgeary = 2003

Symbol Name Unit Formula or grounds Value
PE Total greenhouse gas
emissions under the tCO = 167 638
Y project 2 PEy I:)Eoil 3y + PEoil,lmp,y
PE CO, emission from
i burning fuel oil at TPP-3 | tCO — 3 103 208
o3y under ?he project 2 PEon,s,y - FCoiI,3,PJ,y X EFCOZ,oiI x10
CO, emission from
PE_ burning fuel oil in boilers 3
ol.im.y | of the medium pressure | tCO, | PEgi1mpy = FCoiamppsy XEFcosa X107 64 430
station of TPP-1 under the
project
FC_ Amount of fuel oil burnt GJ . 1338 104
ol.3P).y | at TPP-3 under the projeqt FCoiapsy = FCoiapsy XNCV;
Amount of fuel oil burnt
FC. in boilers of the medium _
ol Ime.P).yl hressure station of TPP-1] GJ FCoiampray = FCal amppry X NCVy, 835348
under the project
FCM Mass of fuel oil burnt at
ol 3Py | TPP-3 under the project t See Table 1 33146
m Mass of fuel oil burnt in
FCai amp.pa.y| MP boilers of TPP-1 t See Table 1 20 692
under the project
Weighted average net
NCVan,y calo?ific value ofgfuel oil GJit See Table 1 40.37
Taken as constant according to the Inventpry
EF ; Emission factor 0€0, kg of GHG emissions at APPM [R3] (with the 7713
cozol from burning fuel oil CO,/IGJ fraction of carbon oxidized taken into ’
account)
Table 4. Calculation of baseline emissions over theary = 2003
Symbol Name Unit Formula or grounds Value
Total greenhouse gas
BEy emissions under the t COze BEy = BEff,y +ABEdun’p,y 288 277
baseline
CO, emissions from
BEy , burning fossil fuel under | tC0O, |BEg, =BEj s, +BEj 1, TABE | 288277

the baseline




Symbol

Name

Unit

Formula or grounds

Value

BE

al 3,y

CO, emissions from
burning fuel oil at TPP-3
under the baseline

t CO,

BE I:C:oil 3,BL,y X EI:CO2,oiI X10_3

al 3y —

223 846

BE

oil Imp,y

CO, emissions from

burning fuel oil in boilers
of the MP station of TPP-
1 under the baseline

t CO,

BE FC,

‘0il 1mp,BL,y

ol imp,y — X EFcoz,0i x10°

64 430

ABE

coal ,y

Change inCO, emissions
from burning coal in

boilers of the HP station
of TPP-1 compared to the
project

t CO,

ABEway:AFCwayXEﬁmeNX1U3

EF

CO2,coal ,y

Emission factor of C®
for coal

CO,/IGJ

See Table 2

91.49

FCoiI 3BLy

Amount of fuel oil burnt
at TPP-3 under the
baseline

GJ

FQ}il,aBL,y = FQ}iI,&Jb,BLy + Fcbil,aaBLy

2902 197

FCoiI ,3ub,BL,y

Amount of fuel oil burnt
in utilizing boilers of
TPP-3 under the baseling

GJ

FCail aweLy = FCaweary ~ FCoumw 2w aLy

1017785

I:Coil ,3rb,BL,y

Amount of fuel oil burnt
in recovery boilers of
TPP-3 under the baseling

GJ

FCoi smaLy = FCappy —FC

liq,3rb,y

1884412

FC3ub,BL,y

Total amount of fuel
burnt in the utilizing
boilers of TPP-3 under
the baseline

GJ

N _ 100% FCyypy aueL.y
OB 100~ By st

2993 485

Boil ,3ub,BL

Share of fuel oil in total
consumption of
equivalent fuel in the
utilizing boilers of TPP-3
under the baseline

%

According to Section B [R1] it is taken as
constant

34.00

FCBV\NV,Sub,BL,y

Amount of BWW burnt in
the utilizing boilers of
TPP-3 under the baseling

GJ

—_— m
FCBW\N,Sub,BL,y = FCBW\N,Sub,BL,y X NCVB\NW,Sub,y

1975700

m
FCBW\N,3ub,BL,y

Mass of BWW burnt in
the utilizing boilers of
TPP-3 under the baseling

According to Section B [R1] it is taken as
constant

230 000

NCVBW\N,Sub,y

Actual average weighted
net calorific value of
BWW at TPP-3

Glh

See Table 2

8.59

I:C3rb,BL,y

Total amount of fuel
burnt in recovery boilers
of TPP-3 under the

baseline

GJ

100x HG
FCapaLy = R

r]3rb,y

6 652 680




Symbol

Name

Unit

Formula or grounds

Value

HGSrb,BL,y

Gross steam generation
the recovery boilers of
TPP-3 under the baseling

GJ

HG; 6.y = HG3p y ~HG3pp

5378 035

HGs,BL,y

Total gross steam
generation at TPP-3 undg
the baseline

8

GJ

100xHS,, s pay
100-¢,

3bypass

HGS,BL,y = HGS.PJ.y -

6 755 038

HG3,PJ,y

Total actual gross steam
generation at TPP-3

GJ

See Table 2

6 755 038

3bypass

Relative heat losses and
consumption on the
plant’s auxiliary needs
related to the steam flow
passing through the PRC
(by-passing the turbines)

%

According to Section B [R1] it is taken as
constant

5.00

HSSbypass,PJ Y

Actual useful steam
supply from TPP-3 by-
passing the turbines, via
the PRC

GJ

HSpesspay = HSsp5.y = HSsmackpress pa y

HSB,PJ,y

Actual total useful heat
supply from TPP-3

GJ

See Table 2

4986 093

H %backpresﬁ PJ,

Actual useful heat supply
from TPP-3 with the
steam spent in the
turbines

GJ

See Table 2

4986 093

HGSub,BL,y

Gross steam generation
the utilizing boilers of
TPP-3 under the baseling

=

GJ

HGSub,BL,y = I:C3ub,BL,y xl73ub,BL,y /100

1377 003

rISub,BL,y

Average efficiency factor
of utilizing boilers under
the baseline

%

According to Section B [R1] it is taken as
constant

46.00

r]3rb,y

Actual average weighted
efficiency factor of
recovery boilers of TPP-3

%

”Srb,y = 100 X HG 3rb,PJ,y / FC 3rb,PJ,y

80.84

HG3rb,PJ,y

Actual gross steam
generation in the recover
boilers of TPP-3

GJ

See Table 2

4870574

FCSrb,PJ Wy

Actual total fuel
consumption in the
recovery boilers of TPP-3

GJ

FCsppiy = FCoi s psy + FC

liq,3rb,y

6 024 946

I:Coil ,3rb,PJ,y

Actual consumption of
fuel oil in the recovery
boilers of TPP-3

GJ

Fcon,srb,m,y = FC"ail 3rb,p3,y X NCV

ail,y

1256 678




Symbol

Name

Unit

Formula or grounds

Value

FC"il arb,pu.y

Actual mass consumption
of fuel oil in the recovery
boilers of TPP-3

See Table 2

31129

FC

liq,3rb,y

Actual amount of black
liquor burnt at TPP-3

GJ

=FC/"

liq,3rb,y

FC xNCV,

liq,3rb,y liq,3rb,y

4768 268

Fcdm

liq,3rb,y

Actual amount of
absolutely dry black
liquor burnt in the
recovery boilers of TPP-3

ta.d.m.

See Table 2

467 93

NCV,

liq,3rb,y

Actual average weighted
net calorific value of
black liquor at TPP-3

GJit
a.d.m.

See Table 2

10.19

FC

oil Amp,BL,y

Amount of fuel oil burnt
in MP boilers of TPP-1
under the baseline

GJ

FC =

oil 1np,BL,y

FC

oil 1mp ,PJ,
oY FC "aww 1mp,p3,y

FC "sww 1mp 6L,y

835 348

m
FCBWW,erp,BL,y

Mass of BWW burnt in
the MP boiler room of
TPP-1 under the baseling

According to Section B [R1] implementatio

of the project had not influence on BWW

consumption in MP boilers of TPP-1 in 20(Q

Thus:
m — m
FCBVWV,lmp,BL,y - FCBW\N,lmp,PJ Y

=]

3.263 637

m
FCBVWV,lmp, PJ,

Actual mass of BWW
burnt in the MP boiler
room of TPP-1

See Table 2

263 637

AFC

coal,y

Change in amount of coal
burnt at TPP-1 compared
to the project

GJ

_ 100xAHG

1hp,y
r] coal

AFC

coal,y —

r] coal

Average gross coal boile
efficiency factor

%

According to Section B [R1] it is taken as

constant

90.00

AHG

lhp,y

Change in steam
generation by HP boilers
of TPP-1 compared to thg
project

D

GJ

=AHG, 100

ARG Y 100-¢

1hp,y

aux

Relative heat losses and
consumption for the
auxiliary needs related to
additional generation of
steam in HP boilers of
TPP-1

%

According to Section B [R1] it is taken as

constant

5.00

AHG,

1hp,y

Change in live steam
delivery to the HP
turbines of TPP-1
compared to the project

GJ

AHG,

1hp,y

= 0.6650HS,,,

AHS,, ,

Change in steam supply
from the HP station of
TPP-1 compared to the
project

GJ

AHS,,, =AHS, -AHS |
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Symbol

Name

Unit

Formula or grounds

Value

AHS,,

Additional annual steam
supply for cellulose
production from TPP-1,
with losses in steam
network taken into
account, compared to the
project scenario

GJ

_ 100
AHS,, =8HS,, 100-¢

nw

Relative heat losses in
steam network (from
TPP-1 to cellulose
production)

%

According to Section B [R1] it is taken as
constant

3.00

AHS;

Useful steam supply via
PRC at TPP-3 under the
project scenario

GJ

AHSBy = HSSbypass,PJ,y

BHS,

Change in steam supply
from the MP station of
TPP-1 compared to the
project

GJ

AHS,, , =HS e, “HSipry

HS.I.mp,BL,y

Useful supply of thermal
power from the MP
station of TPP-1 under th
baseline

GJ

X FCernVWV ,1n'p,BL.y/FCm

BWW 1mp,PJ,y

HSln'p,BL.y = HSme.PJ.y

1554 220

HSlmp,P.],y

Useful supply of thermal
power from the MP
station of TPP-1 under th
project

GJ

HS, ., = HG x (100-a)/100

1mp,PJ .y

1554 220

Relative consumption of
heat of live steam for the
auxiliary needs and

electric power generation
at the MP station of TPP-
1

%

According to Section B [R1] it is taken as
constant

10.00

1mp,PJ.y

Actual gross steam
generation in boilers of
the MP station of TPP-1

GJ

See Table 2

1726 91

ABE

dump,y

Additional CH, emissions
from the landfill
compared to the project

t CO.e

ABEdump,y = ABEBW\N,dump,y +ABEVW\/S,dump,y

ABEBWW,dun‘p,y

Additional emissions of
CH, from the landfill
because of BWW
anaerobic decomposition
compared to the project

t CO.e

Equal to zero for 2003 as BWW dumping ig
considered proportional to WWS dumping.
WWS dumping is equal under baseline ang
project in 2003 (see also [R1] and text
above).

] 0

ABE\MNS,dump,y

Additional emissions of
CH, from the landfill
because of WWS
anaerobic decomposition

compared to the project

t CO.e

Equal to zero for 2003 as WWS combustio
had not place in 2003, thus WWS dumping
equal under baseline and project.

s 0




Table 5. Calculation of emission reductions over tayeary = 2003
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Symbol

Name

Unit

Formula or grounds

Value

ER,

Total emission reductions

1CO.e

ER, = BE, - PE,

or
ERy = ERCOZ,y + ERCH 4y

120 638

ERCOZ,y

Emission reductions of
carbon dioxide

t CO,

ERCOZ,y = ERCOZ,oiI 3y + ERCOZ,oiI,lnp,y +

+ ERCOZ,coaI J1hp,y

120 638

ERCOZ,oiI 3y

Emission reductions of
carbon dioxide from fuel
oil combustion at TPP-3

t CO,

ERCOZ,oiI 3y = BEoiI 3y - PE

ol 3,y

120 638

ERCOZ,oiI Amp,y

Emission reduction of
carbon dioxide from fuel
oil combustion at the
boiler-house of medium
pressure TPP-1

t COz

ERCOZ,oiI Amp,y = BEoiI Amp,y - I:)Eoil Amp,y

ERCOZ,coal dhp,y

Emission reduction of
carbon dioxide from coal
combustion at the boiler-
house of high pressure
TPP-1

t COz

ERCO 2,coal ,hpl,y = ABECO&J Y

ERCH 4,y

Emission reduction of
methane

t CO.e

ER., ay = ERex apww,y t ERex 4 WS,y

ERCH 4,BWW ,y

Reduction of methane
emissions from the landfill
because of BWW

anaerobic decomposition

t CO.e

ERCH 4,BWW,y = ABEB\/\NV,dump,y

ERcH 4MWWS,y

Reduction of methane
emissions from the landfill
because of WWS

anaerobic decomposition

t CO.e

ERcH awws.y = ABEwws qump.y

Environmental monitoring

In process of the project implementation, analytaantrol over various effects on the environment i
exercised in compliance with the existing regulatih particular, control over emissions of harmful
substances into the atmosphere is performed aocptdithe “Schedule of laboratory control of stadda

MPE at stationary emission sources of JSC ArkhakdgePM”.

The data obtained by the analytical laboratorypmoeessed and brought together in monthly and dnnua
reports, which specify all the required itemizedagancluding those for the sections affected by th

Project.

Table 6 represents calculated data for the chainghe amount of harmful substances thrown into the

atmosphere under the project as compared to thedifms
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Table 6. Alterations in the harmful substance emidens into the atmosphere against the baseline
over the yeary = 2003 t; (+) - increase, (-) - decrease)

Harmful emissions Fuel oil Coal BWW WSS Total
Fluidised substances 3 0 144 0 141
Sulphur dioxide (S€) -1714 0 0 0 -1714
Nitrous dioxide (NQ) -159 0 23 0 -135
Nitrous oxide (NO) -26 @ 4 D -2p
Carbon oxide({O) -519 0 375 0 -144
Total emissions -2 420 ( 546 D -1 874

Emergencies

No emergencies occurred during the period undefication which could have given rise to emissions.

Conclusion

The implementation of the first stage of the prbf#aste Biomass Utilization at Arkhangelsk Pulp and
Paper Mill (APPM)” allowed preventing emissionsarithe atmosphere in 2003:

- greenhouse gases — by 120 638 tan®.e,

- polluting substances — by 1874 t.
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Introduction

The document is executed according to the devel®id “Waste Biomass Utilization at Arkhangelsk
Pulp and Paper Mil (APPM)” [R1]. The PDD is placecat website UNFCCC
(ji.unfccc.int/JI_Projects/Verification/PDD) undegference number 0005.

The project is implemented at the territory of JS&khangelsk Pulp and Paper Mill", town of
Novodvinsk, Arkhangelsk region, Russia.

The project is aimed at increasing the share ohb&s waste in the APPM fuel balance, which withall
reducing consumption of expensive and environmbrdattier fossil fuel, as well as decrease the anto
of dumped biomass waste.

With reference to the project, biomass waste i« laawd wood waste (BWWand waste water sludge
(WWS). BWW includes bark, sawdust, slivers, subd#ad chips, as well as building waste wood,
logging waste, etc. The bulk of BWW is formed a #tage of preparing pulp chips in the APPM wood-
preparation shops and delivered from neighboring-msills, which have no their own facilities for
utilization of their BWW. WWS is formed at the stat of biological treatment of industrial and
household waste of APPM and the town of Novodvinsk.

The project implies implementation of the followiaggineering solutions in two stages:

Stage I:

- Reconstruction of the obsolete and inefficientizitiy boiler KM-75-40 (St. No. 2) at TPP-3
with switching to BWW combustion in the fluidizeedt

- Modernization of WPS%with installation of advanced equipment for chegpand dewatering
BWW.

Stage II:

+ Replacement of an old utilizing boil&M-75-40 (St. No. 1) at TPP-3 with a new utilizinglbp
E-75-3,9-440 DFT, with biomass waste combustiomaftuidized bed:;

« Assembly of a new unit for receiving and preparat®WwW and WWS delivered by motor
transport, to be burnt in utilizing boilers of TBP-

Construction and assembly operations for the $itage of the project were carried out from Febraary
December of 2000, and for the second stage — frpni 8f 2004 to July of 2005. According ecision
9/CMP.1 [R2], the project may be recognized as a joint lementation project, if its technical
implementation began not earlier than in the y&€802

Thus only the first stage of the project and the aociated reductions of GHG emissions are
considered for 2004.

Technology employed according to Stage |

Reconstruction of the KM-75-40 boiler St. No. 2

In 2000, Joint Venture Energosofin and OJSC Betmmaash performed reconstruction of the KM-75-40
boiler St. No. 2, with switching to the fluidizeédtechnology.

! TPP-3 — thermal power plant No. 3
2 WPS-3 — wood-preparation shop No. 3



3

Burning of waste in the fluidized bed provides @ént, economical and environmentally safe
combustion of high-humidity and low-calorie fu€l$e fluidized bed is made of quartz sand by meé#ns o
feeding air at a high pressure under the fillingeta The process of combustion is partly takingelm

the fluidized bed, and partly — above it. The terapge of the fluidized bed is about 700-80Gnd can

be adjusted by air distribution.

In the nominal operating mode, the modernized KM40S boiler allows burning BWW with humidity
of 57%, with steam capacity equal to 66 tons peurhavithout fuel oil flame stabilization. The
superheated steam pressure is 4.0 MPa, its terapetaing 440C. The boiler efficiency factor is about
85%. After the reconstruction, the hourly consumptdf BWW has become twice as high, reaching 30
tons an hour.

The trials held within the second stage of thegqubghowed that it is also possible to obtain stalold
economical combustion of the BWW/WWS mixture, witte latter accounting for up to 20-25% of the
weight of BWW. However WWS combustion was not picexd in 2004 yet and therefore it is not
reviewed here.

WPS-3 modernization

WPS-3 modernization was performed for the purpdsmproving the BWW quality in accordance with
requirements set for the fuel combusted throughfitiidized bed technology. The modernization was
carried out in 2000, simultaneously with recondtarcof boiler St. No. 2 of TPP-3.

As a result of modernization, three independent floavs were replaced with a single centralizedkbar
preparation unit equipped with a Saalasti 0912rratesher and two Bark Master 1620 bark drum psesse
(also made by Saalasti). The equipment proved &ffiment at a number of the industry enterprises.

Modernization of WPS-3 made it possible to ensumoae homogenous breakup of BWW (pieces not
larger than 75 mm) and lower their humidity downth® level of about 50%, which substantially
increased the low calorific value and allowed stabbmbustion of BWW in boiler St. No. 2 in the
fluidized bed without fuel oil flame stabilizatioBesides, electric power consumption required \0\B
preparation was reduced by 6-8%, due to its cératain.

On the whole, implementation of measures of th& fitage enabled to make the amount of BWW burnt
in boiler St. No. 2 of TPP-3 more than double, wihihving increased significantly the efficiencythudir
combustion and reduced fuel oil consumption.

Monitoring Period

The monitoring period is chosen frdat January 2004 to 31st December 20@4oth days included).

Monitored data

Collection of all the key parameters required forggnhouse emissions to be determined, both under th
project and for the baseline, is performed accgrtinthe practice established at APPM on accourtfng
fuel, energy, waste, and assessment of environiiempacts. Monitoring under the project requires no
changes to be introduced in the existing systemaagbunting and collection of information. All the
necessary data are determined and registered iccsey

Description of monitoring plan of all data requiredcalculate GHG emissions reductions is represent
in Section D and Annex 3 of PDD [R1]. Table 1 anthe€ow represents yearly values of project and
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baseline data for 2004. It should be mentioned ithaas not necessary to define some data for 2304
WWS was not burnt and no change in biomass wasteithg occurred.

Table 1. Values of data collected in order to momitr emissions from the project
over the yeary = 2004

ID number Data name Data unit Value Comment
and symbol
1. Mass fuel oil
m consumption at TPP-3 t 40927
F ail ,3,PJ,y
> Mass fuel oil
' consumption in medium t 13979
m i -
FCh PR pressure boilers of TPP-1
3. Net calorific value of fuel The weighted annual
: GJit 40.32
oil average
NCVO”’y g

Table 2. Values of relevant data necessary for detaining the baseline of anthropogenic emissions

of greenhouse gases by sources within the projeatindary over the yeary = 2004

D number Data name Data unit Data value Comment
and symbol
4 Mass BWW consumption
m o in utilizing boilers of t 303 586
FCBVWV,3ub,PJ,y TPP-3
5 Mass BWW consumption
FCrm ' in medium pressure t 178 338
Bww 1mp,PJ,y | boilers of TPP-1
6. Mass BWW removal to ¢ Not necessary for
the landfill 2004
m
BVWW jimp.p3 .y
7. Mass BWW delivery ¢ Not necessary for
from the outside 2004
m
BVWVside,PJ,y
8. Wet mass WWS removal ¢ Not necessary for
m to the landfill 2004
VWWSiimppa.y
Wet mass WWS
9. A
consumption in utilizing t 0
m .
FC\N\NS,3ub,PJ,y boilers of TPP-3

% PDD shows that dumped BWW is proportional to dudhp&/VS to provide bearing capacity of the landfill
without dependence on the project. StipulatedWWALS is not burnt volumes of dumping of both kindbmmass
waste remain the same as without the project. Dtilei$ reason reductions of methane landfill emissifrom the
project equal zero in 2004.



éadng;nn?teygl Data name Data unit Data value Comment
10. WWS humidity % Not necessary for
Wi 2004
5%
Dry mass black liquor .
1. consumption in recovery ta.d.m. 483 003 lsrtjﬂ:?;nsgog 331 tof
FCl‘i’gjsrb]y boilers of TPP-3 P
12 Mass fuel oil
’ consumption in recovery t 40 039
FC™oil 30,3,y boilers of TPP-3
Net calorific value of .
13. BWW combusted in Gt g4z | Ihewelghted annual
NCV gy o, | Utilizing boilers of TPP-3 9
Net calorific value of .
14. black liquor combusted in  GJ/t a.d.m. 10.47 ;Cgr;veelghted annual
NCV,y3m,y | recovery boilers of TPP-3 g
15. Total gross steam
HG generation at TPP-3 GJ 6768 579
3,PJ,y
16. Total useful supply of
HS, heat from TPP-3 GJ 4971790
PJ,y
It is equal to total
17. Useful supply of heat useful supply because
from TPP-3 with GJ 4 971 790 | no steam supply
HSBbackprazs,PJ,y backpressure steam through the PRC in
2004
18. Gross steam generanonr GJ 5320 442
HG,, , recovery boilers of TPP-3
19 Gross steam generation
) mediumpressure boilers GJ 1186 449
HG,ppsy | of TPP-1
L Results of GHG
20. E)T'CS;;‘I’” factorof CO | 1 co/a 91.60 | inventory at APPM
EFco2,coar y for 2004 [R3]

Calculation of emission reductions

According to formulae described in Section D [Ralculations of project and baseline emissions have
been done (see Tables 3 and 4). As shown in SeBt®[R1] all of the leakages can be neglected.
Calculation of emission reductions are presentehinie 5.

Thus, total GHG emission reductions for 2004 amoueid 70 25QCO.e.



Table 3. Calculation of project emissions over thgeary = 2004

Symbol Name Unit Formula or grounds Value
PE Total greenhouse gas
emissions under the tCO = 170 752
Y project 2 PEy I:)Eoil 3y + PEt)il,lmp,y
PE CO, emission from
i burning fuel oil at TPP-3 | tCO — -3 127 278
o3y under ?he project 2 PEon,s,y - FCoiI,3,PJ,y X EFCOZ,oiI x10
CO, emission from
PE_ burning fuel oil in boilers 3
ol.im.y | of the medium pressure | tCO, | PEgiimpy = FCoiamppay XEFcosa X107 43 474
station of TPP-1 under the
project
FC_ Amount of fuel oil burnt GJ . 1 650 177
ol.3P).y | at TPP-3 under the projeqt FCoiapsy = FCoiapsy XNCV;
Amount of fuel oil burnt
FC. in boilers of the medium _
ol Ime.P).yl hressure station of TPP-1] GJ FCoiampray = FCal amppry X NCVy, 563641
under the project
FCM Mass of fuel oil burnt at
ol 3Py | TPP-3 under the project t See Table 1 40927
m Mass of fuel oil burnt in
FCai amp.pa.y| MP boilers of TPP-1 t See Table 1 13 979
under the project
Weighted average net
NCVan,y calo?ific value ofgfuel oil GJit See Table 1 40.32
Taken as constant according to the Inventpry
EF ; Emission factor 0€0, kg of GHG emissions at APPM [R3] (with the 7713
cozol from burning fuel oil CO,/IGJ fraction of carbon oxidized taken into ’
account)
Table 4. Calculation of baseline emissions over thgary = 2004
Symbol Name Unit Formula or grounds Value
Total greenhouse gas
BEy emissions under the t COze BEy = BEff,y +ABEdun’p,y 241 002
baseline
CO, emissions from
BEy, | burning fossil fuel under | tco, [BEg,=BEg 3, +BE 1., *ABE | 241002

the baseline




Symbol

Name

Unit

Formula or grounds

Value

BE

al 3,y

CO, emissions from
burning fuel oil at TPP-3
under the baseline

t CO,

BE I:C:oil 3,BL,y X EI:CO2,oiI X10_3

al 3y —

210980

BE

oil Imp,y

CO, emissions from

burning fuel oil in boilers
of the MP station of TPP-
1 under the baseline

t CO,

BE FC,

‘0il 1mp,BL,y

ol imp,y — X EFcoz,0i x10°

61412

ABE

coal ,y

Change inCO, emissions
from burning coal in

boilers of the HP station
of TPP-1 compared to the
project

t CO,

ABEway:AFCwayXEﬁmeNX1U3

-31 390

EF

CO2,coal ,y

Emission factor of C®
for coal

CO,/IGJ

See Table 2

91.60

FCoiI 3BLy

Amount of fuel oil burnt
at TPP-3 under the
baseline

GJ

FQ}il,aBL,y = FQ}iI,&Jb,BLy + Fcbil,aaBLy

2735382

FCoiI ,3ub,BL,y

Amount of fuel oil burnt
in utilizing boilers of
TPP-3 under the baseling

GJ

FCail aweLy = FCaweary ~ FCoumw 2w aLy

997 642

I:Coil ,3rb,BL,y

Amount of fuel oil burnt
in recovery boilers of
TPP-3 under the baseling

GJ

FCoi smaLy = FCappy —FC

liq,3rb,y

1737 740

FC3ub,BL,y

Total amount of fuel
burnt in the utilizing
boilers of TPP-3 under
the baseline

GJ

N _ 100% FCyypy aueL.y
OB 100~ By st

2934 242

Boil ,3ub,BL

Share of fuel oil in total
consumption of
equivalent fuel in the
utilizing boilers of TPP-3
under the baseline

%

According to Section B [R1] it is taken as
constant

34.00

FCBV\NV,Sub,BL,y

Amount of BWW burnt in
the utilizing boilers of
TPP-3 under the baseling

GJ

—_— m
FCBW\N,Sub,BL,y = FCBW\N,Sub,BL,y X NCVB\NW,Sub,y

1 936 600

m
FCBW\N,3ub,BL,y

Mass of BWW burnt in
the utilizing boilers of
TPP-3 under the baseling

According to Section B [R1] it is taken as
constant

230 000

NCVBW\N,Sub,y

Actual average weighted
net calorific value of
BWW at TPP-3

Glh

See Table 2

8.42

I:C3rb,BL,y

Total amount of fuel
burnt in recovery boilers
of TPP-3 under the

baseline

GJ

100x HG
FCapaLy = R

r]3rb,y

6794 781




Symbol

Name

Unit

Formula or grounds

Value

HGSrb,BL,y

Gross steam generation
the recovery boilers of
TPP-3 under the baseling

GJ

HG; 6.y = HG3p y ~HG3pp

5418 827

HGs,BL,y

Total gross steam
generation at TPP-3 undg
the baseline

8

GJ

]_OOX H%bypa&s,PJ Y
100-¢.

3bypass

HGS,BL,y = HGS.PJ.y -

6 768 579

HG3,PJ,y

Total actual gross steam
generation at TPP-3

GJ

See Table 2

6 768 579

3bypass

Relative heat losses and
consumption on the
plant’s auxiliary needs
related to the steam flow
passing through the PRC
(by-passing the turbines)

%

According to Section B [R1] it is taken as
constant

5.00

HSSbypass,PJ Y

Actual useful steam
supply from TPP-3 by-
passing the turbines, via
the PRC

GJ

HSSbypas,PJ,y = HSB,PJ,y - HS3backpre$,PJ,y

HSB,PJ,y

Actual total useful heat
supply from TPP-3

GJ

See Table 2

4971790

H %backpresﬁ PJ,

Actual useful heat supply
from TPP-3 with the
steam spent in the
turbines

GJ

See Table 2

4971790

HGSub,BL,y

Gross steam generation
the utilizing boilers of
TPP-3 under the baseling

=

GJ

HGSub,BL,y = I:C3ub,BL,y xl73ub,BL,y /100

1349752

rISub,BL,y

Average efficiency factor
of utilizing boilers under
the baseline

%

According to Section B [R1] it is taken as
constant

46.00

r]3rb,y

Actual average weighted
efficiency factor of
recovery boilers of TPP-3

%

”Srb,y = 100 X HG 3rb,PJ,y / FC 3rb,PJ,y

79.75

HG3rb,PJ,y

Actual gross steam
generation in the recover
boilers of TPP-3

GJ

See Table 2

5320 442

FCSrb,PJ Wy

Actual total fuel
consumption in the
recovery boilers of TPP-3

GJ

FCsppiy = FCoi s psy + FC

liq,3rb,y

6671414

I:Coil ,3rb,PJ,y

Actual consumption of
fuel oil in the recovery
boilers of TPP-3

GJ

Fcon,srb,m,y = FC"ail 3rb,p3,y X NCV

ail,y

1614 372




Symbol Name Unit Formula or grounds Value
" Actual mass consumption
FC"ail arbpay | of fuel oil in the recovery t See Table 2 40 039
boilers of TPP-3
, Actual amount of black — dm
FCiqam.y liquor burnt at TPP-3 GJ FCiqaby = FCitany XNCVg gy | 5057 041
Actual amount of
FCdm absolutely dry black
lig,3rb,y liquor burnt in the ta.d.m. See Table 2 483 00
recovery boilers of TPP-3
Actual average weighted Gl
NCV|iq,3,b,y net calorific value of adm See Table 2 10.47
black liquor at TPP-3 e
Amount of fuel oil burnt "
FCoil 1mp..y| in MP boilers of TPP-1 Gl |FC, ., o . =FC, ., ., xIC wwimsy| 796211
under the baseline nw Y TP EC Meww amp ey
Taking into account explanations for 2004
ECr Mass of BWW burnt in in Section B [R1]:
CBWW,erp,BL,y the MP boiler room of . t ch‘wvlmp'BL'y = FCIr;V\NV,lmp,PJ,y + 251924
TPP-1 under the baseline o -
+ (FCvaw,sub,PJ,y - FCB\/\NV,3ub,BL,y)
FCMm Actual mass BWW
BWW.3ub.PJ.y| consumption in utilizing t See Table 2 303 586
boilers of TPP-3
Actual mass of BWW
FCRiw amp.pa.) UMMt in the MP boiler t See Table 2 178 338
" | room of TPP-1
Change in amount of coal 100xAHG,,,
AFC ., | burnt at TPP-1 compared ~ GJ AFC,, , =— -342 687
to the project N coal
Average gross coal boile o According to Section B [R1] it is taken as
N coal L % 90.00
efficiency factor constant
Change in steam 100
AHG generation by HP boilers AH = AHG' )
Y1 of TPP-1 compared to the GJ Girp.y Girp.y 100-¢,,, 308 418
project
Relative heat losses and
€ ax consumption for the
auxiliary needs related to % According to Section B [R1] it is taken as 5.00

additional generation of
steam in HP boilers of
TPP-1

constant




1C

Symbol

Name

Unit

Formula or grounds

Value

AHG,

1hp,y

Change in live steam
delivery to the HP
turbines of TPP-1
compared to the project

GJ

AHG,

lhpy

= 0.665AHS,,

-292 998

AHS,, ,

Change in steam supply
from the HP station of
TPP-1 compared to the
project

GJ

AHS,,, =AHS,, —AHS,,,

-440 598

AHS

Ly

Additional annual steam
supply for cellulose
production from TPP-1,
with losses in steam
network taken into
account, compared to the
project scenario

GJ

_ 100
AHS,, =8HS,, 100-¢

nw

Relative heat losses in
steam network (from
TPP-1 to cellulose
production)

%

According to Section B [R1] it is taken as
constant

3.00

AHS,

3y

Useful steam supply via
PRC at TPP-3 under the
project scenario

GJ

AHS; = HS, opiy

BHS,

Change in steam supply
from the MP station of
TPP-1 compared to the
project

GJ

AHS.I.mp,y = HSln'p,BL,y - HS.I.mp,PJ,y

440 598

HSlmp,BL,y

Useful supply of thermal
power from the MP
station of TPP-1 under th
baseline

GJ

HSJ.rrp,BL.y = HSme.PJ.y x FCS]V\NV,].rm,BL.y/FCS]V\NV,].rm,PJ.y

1508 402

HSlmp,P.],y

Useful supply of thermal
power from the MP
station of TPP-1 under th
project

GJ

HSlmp,P.],y = HGlmp,PJ 8% X (100_ G)/lOO

1067 804

Relative consumption of
heat of live steam for the
auxiliary needs and
electric power generation
at the MP station of TPP-
1

%

According to Section B [R1] it is taken as
constant

10.00

HG

1mp,PJy

Actual gross steam
generation in boilers of
the MP station of TPP-1

GJ

See Table 2

1186 44

ABE

dump, y

Additional CH, emissions
from the landfill
compared to the project

t CO.e

ABEdump,y = ABEB\/\NV,dump,y +ABEW\NS,dump,y




11

Symbol Name Unit Formula or grounds Value
Additional emissions of Equal to zero for 2004 as BWW dumping is
DABE, 4 CH, from the landfill considered proportional to WWS dumping.
UMY because of BWW tCOe | WWS dumping is equal under baselineand 0
anaerobic decomposition, project in 2004 (see also [R1] and text
compared to the project above).
Additional emissions of
CH, from the landfill Equal to zero for 2004 as WWS combustion
ABE\/\M/S,dump,y because of WWS t CO,e | had not place in 2004, thus WWS dumpingis 0
anaerobic decomposition|, equal under baseline and project.
compared to the project
Table 5. Calculation of emission reductions over thyeary = 2004
Symbol Name Unit Formula or grounds Value
ER, = BE, - PE,
Ry Total emission reductions| tCO.e or 70 250
ER, = ER,, + ERuuy
Emission reductions of ERwo2y = ERcozai 2y T ERcozoil ampy *
ER.> o t CO, 70 250
¥ | carbon dioxide +ER,
02,coal 1hp,y
Emission reductions of
ERco2.i 2y | carbon dioxide from fuel | tCO, ERco201 3y = BEaiay ~ PEaiay 83 702
oil combustion at TPP-3
Emission reduction of
carbon dioxide from fuel
ER}OZ,O”,J.I’TD,)/ Oll CombUStlon at the tCOz ERCOZ,O” Amp,y = BE0|| Amp,y - PE0|| Amp,y 17 938
boiler-house of medium
pressure TPP-1
Emission reduction of
carbon dioxide from coal
ERcoz,coaj 1hp,y| combustion at the boiler- | t CO, ERcoz,coal,hpl,y - ABEooal,y -31 390
house of high pressure
TPP-1
ERCH 4y irgtlﬁ:r?en reduction of t CO.e ERCH 4y~ ERCH 4,BWW,y + ERCH AVWS,y 0
Reduction of methane
emissions from the landfill -
ER: 45w,y because of BWW t COze ER: 48w,y = ABEgwy qump,y 0
anaerobic decomposition
Reduction of methane
ER., AVNS.y emissions from the landfill {COLe ER., amsy = ABE. .y 0

because of WWS

anaerobic decomposition
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Environmental monitoring

In process of the project implementation, analytaantrol over various effects on the environment i
exercised in compliance with the existing regulatih particular, control over emissions of harmful
substances into the atmosphere is performed aogprdithe “Schedule of laboratory control of staxida
MPE at stationary emission sources of JSC ArkhakdgePM”.

The data obtained by the analytical laboratorypmoeessed and brought together in monthly and dnnua
reports, which specify all the required itemizedagancluding those for the sections affected by th
Project.

Table 6 represents calculated data for the chainghg amount of harmful substances thrown into the
atmosphere under the project as compared to thedifes

Table 6. Alterations in the harmful substance emisens into the atmosphere against the baseline
over the yeary = 2004 t; (+) - increase, () - decrease)

Harmful emissions Fuel ol Coal BWW WSS Total
Fluidised substances 150 28 176
Sulphur dioxide (S€) -1 440 270 0 Q -1170
Nitrous dioxide (NQ) -133 59 5 0 -7Q
Nitrous oxide (NO) -22 1(¢ 1 D -11
Carbon oxideO) -436 67 74 0 -294
Total emissions -2 033 555 108 0 -1 370

Emergencies

No emergencies occurred during the period undefication which could have given rise to emissions.

However, it should be noted that emission redustion 2004 are less than in 2003 because the old
utilizing boiler KM-75-40 (St. No. 1) at TPP-3 has been decommissianddc:onstruction and assembly
operations for the second stage of the projectestan 2004.

Conclusion

The implementation of the first stage of the prbf$&aste Biomass Utilization at Arkhangelsk Pulp and
Paper Mill (APPM)” allowed preventing emissionsarithe atmosphere in 2004
- greenhouse gases — by 70 250 tan©.e,

- polluting substances — by 1 370t.
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Introduction

The document is executed according to the devel®id “Waste Biomass Utilization at Arkhangelsk
Pulp and Paper Mil (APPM)” [R1]. The PDD is placecat website UNFCCC
(ji.unfccc.int/JI_Projects/Verification/PDD) undegference number 0005.

The project is implemented at the territory of JS&khangelsk Pulp and Paper Mill", town of
Novodvinsk, Arkhangelsk region, Russia.

The project is aimed at increasing the share ohb&s waste in the APPM fuel balance, which withall
reducing consumption of expensive and environmbrdattier fossil fuel, as well as decrease the anto
of dumped biomass waste.

With reference to the project, biomass waste i« laawd wood waste (BWWand waste water sludge
(WWS). BWW includes bark, sawdust, slivers, subd#ad chips, as well as building waste wood,
logging waste, etc. The bulk of BWW is formed a #tage of preparing pulp chips in the APPM wood-
preparation shops and delivered from neighboring-msills, which have no their own facilities for
utilization of their BWW. WWS is formed at the stat of biological treatment of industrial and
household waste of APPM and the town of Novodvinsk.

The project implies implementation of the followiaggineering solutions in two stages:

Stage I:

- Reconstruction of the obsolete and inefficientizitiy boiler KM-75-40 (St. No. 2) at TPP-3
with switching to BWW combustion in the fluidizeedt

- Modernization of WPS%with installation of advanced equipment for chegpand dewatering
BWW.

Stage II:

+ Replacement of an old utilizing boil&M-75-40 (St. No. 1) at TPP-3 with a new utilizinglbp
E-75-3,9-440 DFT, with biomass waste combustiomaftuidized bed:;

« Assembly of a new unit for receiving and preparat®WwW and WWS delivered by motor
transport, to be burnt in utilizing boilers of TBP-

Construction and assembly operations for the $itage of the project were carried out from Febraary
December of 2000, and for the second stage — frpni 8f 2004 to July of 2005. According ecision
9/CMP.1 [R2], the project may be recognized as a joint lementation project, if its technical
implementation began not earlier than in the y&€802

Technology employed

Stage I:
Reconstruction of the KM-75-40 boiler St. No. 2

In 2000, Joint Venture Energosofin and OJSC Betmmaash performed reconstruction of the KM-75-40
boiler St. No. 2, with switching to the fluidizeédtechnology.

! TPP-3 — thermal power plant No. 3
2 WPS-3 — wood-preparation shop No. 3
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Burning of waste in the fluidized bed provides @ént, economical and environmentally safe
combustion of high-humidity and low-calorie fu€l$e fluidized bed is made of quartz sand by meé#ns o
feeding air at a high pressure under the fillingeta The process of combustion is partly takingelm

the fluidized bed, and partly — above it. The terapge of the fluidized bed is about 700-80Gnd can

be adjusted by air distribution.

In the nominal operating mode, the modernized KM40S boiler allows burning BWW with humidity
of 57%, with steam capacity equal to 66 tons peurhavithout fuel oil flame stabilization. The
superheated steam pressure is 4.0 MPa, its teapetaing 440C. The boiler efficiency factor is about
85%. After the reconstruction, the hourly consumptdf BWW has become twice as high, reaching 30
tons an hour.

The trials held within the second stage of thegqubghowed that it is also possible to obtain stalold
economical combustion of the BWW/WWS mixture, witte latter accounting for up to 20-25% of the
weight of BWW.

WPS-3 modernization

WPS-3 modernization was performed for the purpdsmproving the BWW quality in accordance with
requirements set for the fuel combusted throughfltiidized bed technology. The modernization was
carried out in 2000, simultaneously with recondtarcof boiler St. No. 2 of TPP-3.

As a result of modernization, three independent floevs were replaced with a single centralizedkbar
preparation unit equipped with a Saalasti 0912rratesher and two Bark Master 1620 bark drum psesse
(also made by Saalasti). The equipment proved &fflment at a number of the industry enterprises.

Modernization of WPS-3 made it possible to ensureoae homogenous breakup of BWW (pieces not
larger than 75 mm) and lower their humidity downthe level of about 50%, which substantially
increased the low calorific value and allowed statbmbustion of BWW in boiler St. No. 2 in the
fluidized bed without fuel oil flame stabilizatioBesides, electric power consumption required f\0\B
preparation was reduced by 6-8%, due to its cératain.

On the whole, implementation of measures of th& fitage enabled to make the amount of BWW burnt
in boiler St. No. 2 of TPP-3 more than double, wihihving increased significantly the efficiencytiudir
combustion and reduced fuel oil consumption.

Stage Il:
Installation of a nevit-75-3.9-440 DFT boiler

Inefficient operation of the KM-75-40 St. No. 1 lkewi unit used for burning BWW determined the
necessity to install quite a new boileE-75-3.9-440DFT with the fluidized bed. Works onlemgment of
boiler St. No. 1 were held from April 2004 to J@05. ZAO Arkhgiprobum was the project developer,
with AMU Sevzapenergomontazh as the general cdoirac

Boiler E-75-3.9-440DFT is a single-drum boiler with natucatulation. The boiler is equipped with the
HYBEX fluidized bed grate developed and patentedKbgerner. The rated steam capacity is 75 t/hr
without fuel oil flame stabilization. The pressurfesuperheated steam is 4.0 MPa, its temperatung be
440 <. The furnace efficiency factor is about 92%.

The main fuel was constituted by a mixture of bavkste wood and waste water sludge. Operating
the boiler allows increasing the WWS delivery to tllr, with the boiler steam capacity reduced,
accordingly. The fuel must come into the boilerlweixed, homogenous, with the average humidityhef t
BWW/WWS mixture not exceeding 63%. No dimensiorihef BWW fragments should be more than 100
mm. Fuel oil M100 is used as starting fuel.
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Low content of oxygen in smoke fumes at combustiorthe fluidized bed and the absence of
unburnt particles is achieved owing to efficientxmg in the fluidized bed, and air distribution
among the blasting zones, which ensures the bsilégh efficiency factor.

The tests of the boiler, which took place in 208Bpwed that it is possible to achieve stable and
economical combustion of the BWW/WWS mixture, witle latter being 20-25% of the BWW weight.

Assembly of a new unit for receiving and preparatp motor delivered BWW and WWS

To provide the utilizing boilers of TPP-3 with seféent amount of biofuel, a unit for receiving and
preparation of BWW delivered by motor transportsveasembled at WPS-3, with a section for receiving
WWS from the mill's treatment facilities. The desigf the receiving unit was developed as an additio
the project of installation of boiler urlit75-3.9-440DFT.

The flow chart of the unit for receiving and pragieg of delivered waste includes:
- unit for receiving BWW from motor transport, widm unloading platform;

- unit for crushing large BWW;

- sorting unit;

- unit for receiving WWS;

- track of feeding waste to the utilizing boileoro of TPP-3.

The unit for receiving BWW comprises a 56 hopper equipped with two worm dischargers supigd
Raumaster Oy, with capacity up to 250 packéthmand provides for receiving BWW from chip trsck

The crushing unit is equipped with a hydraulic @ri¥aster RWC-2-600 rotor crusher with capacity of 5
to 50 packed fhr. Large waste is fed to the crusher with a malaipr, and the screenings are transferred
by a belt conveyor. The crushing unit equipmestuigplied by Raumaster Oy.

Delivery of bark from the receiving unit, and deliy of ground wood from the crushing unit to sagtis
to be carried out with a 1000 mm belt conveyor.r@imove metal objects out of the waste wood flow, a
PS-120M iron separator is to be installed.

The sorting unit is equipped with a disk sorterpigl by LLC Soyuzlesmontazh (Vologda).

The processing chart of the unit for receiving WlWi&ks as follows. WWS is delivered from filter-pses

of the biological treatment station by dump-truck8VS consumption is 4 to 20 wet t/hr. The sludge is
unloaded into the receiving hopper, its lower gapipped with four dosing worms. At the output od t
dosing worms, there is a slanting worm conveyoudfdivering sludge to belt conveyor with a weigfar
ensuring the BWW/WWS ratio within the range frori 8 4/1, respectively. The worms of the receiving
hopper are equipped with geared motors enablinigti@r of rotating speed, thus adjusting the amadint
the fed WWS.

The BWW/WWS mixture comes to the buffer storagenvsielf-propelled worm unloaders, and then goes
through the belt weigher and is distributed to néng hoppers of the TPP-3 utilizing boilers.

The designed capacity of the BWW-feeding truck BP13 was increased up to 750 thousand dense
mé/year, including up to 450 thousand denseofrmotor delivered BWW (here, the delivered wasso
include the waste delivered by motor transport iwithe mill — from WPS-2 and WPS-4). Besides, & ha
become possible to utilize about 100 thousandabmget WWS per year.

Implementation of the second stage measures mamessible to increase radically the amount of burnt
BWW at TPP-3, to increase steam output, to en®geiving and preparation for combustion of a higher
BWW amount of heterogenous breakup, to ensure viageand combustion of WWS. All that has
eventually allowed for fossil fuel consumption, amb of dumped waste and GHG emissions to be
reduced.



Monitoring period

The monitoring period is chosen frakat January 2005 to 31st December 20@Both days included).

Monitored data

Collection of all the key parameters required forggnhouse emissions to be determined, both under th
project and for the baseline, is performed accgrttinthe practice established at APPM on accourtfng
fuel, energy, waste, and assessment of environiiempacts. Monitoring under the project requires no
changes to be introduced in the existing systemaagbunting and collection of information. All the
necessary data are determined and registered icasey

Description of monitoring plan of all data requiredcalculate GHG emissions reductions is represent
in Section D and Annex 3 of PDD [R1]. Table 1 anthe€ow represents yearly values of project and
baseline data for 2005.

Table 1. Values of data collected in order to monitr emissions from the project

over the yeary = 2005
ID number Data name Data unit Value Comment
and symbol
1. Mass fuel oil
m consumption at TPP-3 t 29 983
F ail ,3,PJ,y
5 Mass fuel oil
) consumption in medium t 13132
FCo Imppa.y | PYESSUrE boilers of TPP-1
3. Net calorific value of fuel GIlt 4028 The weighted annual
oil ' average
NCVOH’y g

Table 2. Values of relevant data necessary for detaining the baseline of anthropogenic emissions
of greenhouse gases by sources within the projeatindary over the yeary = 2005

ID number

Data name Data unit Data value Comment
and symbol

4 Mass BWW consumption
m o in utilizing boilers of t 282 560
FCBW\N,3ub,PJ,y TPP-3

5 Mass BWW consumption
cm ' in medium pressure t 190 669
F BWW.1mp,PJ,y | boilers of TPP-1

6. Mass BWW removal to

. t 174 868
the landfill
B\/\/\Nd'SmpYPJ'y
7. Mass BWW delivery ¢ Not necessary for
from the outside 2005

m
B\N\Nside,PJ Y




ID number

h

and symbol Data name Data unit Data value Comment
8. Wet mass WWS removal ¢ 236 409
WS™ to the landfill
dump,PJ,y
9 Wet mass WWS
' consumption in utilizing t 23 504
FCiws 3w P y boilers of TPP-3
10. WWS humidity % 76.34 ZC;;vgeelghted annual
V\</WVS y
11 Dry mass black liquor
) consumption in recovery ta.d.m. 492 087
FCI?ngrbyy boilers of TPP-3
12 Mass fuel oil
’ consumption in recovery t 29 833
FC™gil 3b.p3 .y boilers of TPP-3
Net calorific value of .
13. BWW combusted in GJit 8.83 Z\r/]gr;veelghted annual
NCV gy o, | Utilizing boilers of TPP-3 9
Net calorific value of .
14. black liquor combusted in  GJ/t a.d.m. 10.28 ;C:r;ve;ghted annual
NCV,y3m.y | recovery boilers of TPP- g
15. Total gross steam
HG generation at TPP-3 GJ 667272
3,PJ,y
16. Total useful supply of
HS, heat from TPP-3 GJ 5097036
PJLy
It is equal to total
17. Useful supply of heat useful supply because
from TPP-3 with GJ 5097 036 | no steam supply
HS3backpreS,PJ,y backpressure steam through the PRC in
2005
18. Gross steam generat|onr GJ 5 246 738
HG recovery boilers of TPP-3
3rb,PJ,y
19 Gross steam generation
) mediumpressure boilers GJ 1210 047
HG,ppyy | of TPP-1
. Results of GHG
20. E)T'CS;;‘I’” factorof C® | o co/ca 91.78 | inventory at APPM
EF for 2005 [R3]

CO2,coal,y




Calculation of emission reductions

According to formulae described in Section D [Raflavith help of the tool [R4] calculations of profe
and baseline emissions have been done (see Tablé% s shown in Section B.3 [R1] all of the
leakages can be neglected.

Calculation of emission reductions are presentekhinie 7.
Thus, total GHG emission reductions for 2005 amoured 84 514CO.e.

Table 3. Calculation of project emissions over thgeary = 2005

Symbol Name Unit Formula or grounds Value
PE Total greenhouse gas
emissions under the tCO = 133 948
y project 2 PE, =PE; 3, + PEi 1y
PE CO, emission from
i burning fuel oil at TPP-3 | tCO — 3 93 151
o8y under?he project 2 PEon,s,y - FCon,s,PJ,y X EFCOZ,oiI x10
CO, emission from
PE_ burning fuel oil in boilers 3
olIm.y | of the medium pressure | tCO, PEoiley = FCc,”l,mpJ,y X EFcoz,on x10 40 797
station of TPP-1 under th¢
project
Amount of fuel oil burnt
FCoiapa.y | at TPP-3 under the projedt &7 FCaiapsy = FChi apsy XNCV,; 1207715
Amount of fuel oil burnt
FC. in boilers of the medium _
ol mp.PY.Y| - hressure station of TPP-1 GJ FCai Amp.Ply — FCai amp,Pay X NCVoiI.y 528941
under the project
Mass of fuel oil burnt at
FCal apa.y TPP-3 under the project t See Table 1 29 983
m Mass of fuel oil burnt in
FCoiI,er‘p,PJ,y MP boilers of TPP-1 t See Table 1 13 132
under the project
Weighted average net
NCVaiy calo?‘ific value ofgfuel oil GJnt See Table 1 40.28
Taken as constant according to the Inventpry
EF ; Emission factor o€0O, kg of GHG emissions at APPM [R3] (with the 7713
cozo from burning fuel oil CO,/GJ fraction of carbon oxidized taken into ’
account)




Table 4. Calculation of baseline emissions over theary = 2005

Symbol

Name

Unit

Formula or grounds

Value

Total greenhouse gas
emissions under the
baseline

t CO.e

BE, = BE, , +ABE

218 462

BE ,

CO, emissions from
burning fossil fuel under
the baseline

t CO,

BE,, =BEg ,, +BE +ABE

ol 3y oil Imp,y coal,y

217 031

BE

al 3,y

CO, emissions from
burning fuel oil at TPP-3
under the baseline

t CO,

BE FCai 3BLy X EFCOZ,oiI x107

ail 3y =

183 049

oil 1mp,y

CO, emissions from
burning fuel oil in boilers
of the MP station of TPP-
1 under the baseline

t CO,

BEoiI,lmp,y = FCoiI,lmp,BL,y X EI:COZ,oiI X10_3

48 323

ABE

coal ,y

Change inCO, emissions
from burning coal in
boilers of the HP station
of TPP-1 compared to the
project

ABE,,, , =AFC oy, XEF oy g, X107

coal,y coal,y

-14 341

EF

CO2,coal ,y

Emission factor of C®
for coal

See Table 2

91.78

FCoiI 3.BLy

Amount of fuel oil burnt
at TPP-3 under the
baseline

GJ

FGiaey =FGiiansiy T FGiiansLy

2373249

I:Coil ,3ub,BL,y

Amount of fuel oil burnt
in utilizing boilers of
TPP-3 under the baseling

GJ

FCail aweLy = FCaweary =~ FCoumw 2w aLy

1046 221

I:Coil ,3rb,BL,y

Amount of fuel oil burnt
in recovery boilers of
TPP-3 under the baseling

GJ

FCail ampLy = FCappy —FC

liq,3rb,y

1327 027

FC3ub,BL,y

Total amount of fuel
burnt in the utilizing
boilers of TPP-3 under
the baseline

GJ

e _ 100x FCBV\M,,sub,BL,y
3ub,BL,y 100- Bon ,3ub,BL

3077121

Boil ,3ub,BL

Share of fuel oil in total
consumption of
equivalent fuel in the
utilizing boilers of TPP-3
under the baseline

%

According to Section B [R1] it is taken as
constant

34.00

FCBV\NV,Sub,BL,y

Amount of BWW burnt in
the utilizing boilers of
TPP-3 under the baseling

GJ

—_— m
FCBW\N,Sub,BL,y = FCBW\N,Sub,BL,y X NCVB\NW,Sub,y

2 030 900

m
FCwa,sub,BL,y

Mass of BWW burnt in
the utilizing boilers of
TPP-3 under the baseling

According to Section B [R1] it is taken as
constant

230 000




Symbol

Name

Unit

Formula or grounds

Value

NCVBVWVBub,y

Actual average weighted
net calorific value of
BWW at TPP-3

GJh

See Table 2

8.83

FCSrb,BL,y

Total amount of fuel
burnt in recovery boilers
of TPP-3 under the
baseline

GJ

100x HG
I:c:?;rb,BL,y = S

r]3rb,y

6 385 682

HGSrb,BL,y

Gross steam generation
the recovery boilers of
TPP-3 under the baseline

>

GJ

HG3 6.y =HG3p y ~HG3p 5

5351796

HG3,BL,y

Total gross steam
generation at TPP-3 unde
the baseline

eI

GJ

100)( HSsbypass,PJ Y
100- 3 pnes

HG3,BL,y = HG3.PJ.y -

6 767 272

HG3,PJ,y

Total actual gross steam
generation at TPP-3

GJ

See Table 2

6 767 27

83bypass

Relative heat losses and
consumption on the
plant’s auxiliary needs
related to the steam flow
passing through the PRC
(by-passing the turbines)

%

According to Section B [R1] it is taken as
constant

5.00

HSSbypass,PJ Y

Actual useful steam
supply from TPP-3 by-
passing the turbines, via
the PRC

GJ

HSSbypas,PJ,y = HSB,PJ,y - HS3backpre$,PJ,y

HSB,PJ,y

Actual total useful heat
supply from TPP-3

GJ

See Table 2

5097 03

H %backpresﬁ PJ,

Actual useful heat supply
from TPP-3 with the
steam spent in the
turbines

GJ

See Table 2

5097 03

HGSub,BL,y

Gross steam generation
the utilizing boilers of
TPP-3 under the baseling

GJ

HGs80y = FCam ey X/TauaL.y /100

1415476

r]3ub,BL,y

Average efficiency factor
of utilizing boilers under
the baseline

%

According to Section B [R1] it is taken as
constant

46.00

r]3rb,y

Actual average weighted
efficiency factor of
recovery boilers of TPP-3

%

,73rb,y = 100 X HG 3rb,PJ .,y / FC 3rb,PJ,y

83.81

HGSrb,PJ,y

Actual gross steam
generation in the recover
boilers of TPP-3

GJ

See Table 2

5246 73
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Symbol Name Unit Formula or grounds Value
Actual total fuel
FCSrb,PJ,y consumption in the GJ FC3rbyp\],y = Fcon 3rb,PJ.y + Fquygrb,y 6 260 328
recovery boilers of TPP-3
Actual consumption of .
FC.i ampsy | fuel oil in the recovery GJ FCail apsy = FC aitampay XNCVy, | 1201673
boilers of TPP-3
" Actual mass consumption
FC"ail arbpay | of fuel oil in the recovery t See Table 2 29 833
boilers of TPP-3
FC. Actual amount of black — dm
Cigam.y liquor barnt at TPP-3 GJ FCiqaby = FCity XNCV,g 3, | 5058 654
Actual amount of
FCam absolutely dry black
ia.30 | Jiquor burnt in the ta.d.m. See Table 2 492 08
recovery boilers of TPP-3
Actual average weighted Gl
NCV”q,grb,y net calorific value of adm See Table 2 10.28
black liquor at TPP-3 T
Amount of fuel oil burnt "
FCai 1mp.eL.y| in MP boilers of TPP-1 GJ |rc. “FC_ FC Townam oLy | 626 518
. oil ,1np,BL,y oil 1mp,PJ,y m
under the baseline FC "eww 1mp.Pa.y
Taking into account explanations for 200%
in Section B [R1] :
FCaww -
Amp,BLy| Mass of BWW burnt in Fcnh =FCPM +
the MP boiler room of t BV Amp.BL.y BV Lmp.Pd.y 225 843
TPP-1 under the baseline + (FCE,‘"V\,W’3ub’PJ’y - FCQ"W’3ub,BL,y)+
m m
+ (B\vadump,PJ,y - BVWVdump,BL,y)
EC™ Actual mass of BWW
BWW.3ub,PJ.y| consumption in utilizing t See Table 2 282 560
boilers of TPP-3
Actual mass of BWW
FC‘;“WWlmp by | burntin the MP boiler t See Table 2 190 669
"] room of TPP-1
m
B\/\/\Ndump’m’y Actual mass of BWW ¢ See Table 2 174 868
dumped to the landfill
m — m
BWW™ Mass of BWW dumped tq BWW, o ey = BWW by y X
dump.BLY| the landfill under the t B e 192 253
baseline XVWWS, i ety / WS pa.y

v
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Name

Unit

Formula or grounds

Value

Amount of absolutely dry
WWS dumped to the
landfill under the baseline

ta.d.m.

dm — dm dm
V\M/Sdump,BL,y _\vasdump,PJ,y + FC\/\MIS,3ub,PJ,y

61 496

Actual amount of
absolutely dry WWS
dumped to the landfill

ta.d.m.

\AAA/Sngm.PJ,y :\AAA/S(TJW.PJ.y X (lOO_V\(Nws.y)/lOO

55934

Actual amount of
absolutely dry WWS
burnt in the utilizing
boilers of TPP-3

ta.d.m.

Fc\mvsauh,m,y = FCVn\;\AIS,aub,PJ,y X (100_\/\4\/\/\/5,y)/100

5561

WWSE

dump,PJ.y

Actual mass of wet WWS
dumped to the landfill

See Table 2

236 409

FC\TANS,Sub,PJ Y

Actual mass of wet WWS
burnt in the utilizing
boilers of TPP-3

See Table 2

23 504

Average weighted
humidity of formed WWS

%

See Table 2

76.34

AFC

coal,y

Change in amount of coal
burnt at TPP-1 compared
to the project

GJ

_ 100xAHG,

hp.y
n coal

AFC

coal,y ~—

-156 257

r] coal

Average gross coal boile
efficiency factor

%

According to Section B [R1] it is taken as
constant

90.00

AHG

lhp,y

Change in steam

generation by HP boilers
of TPP-1 compared to thg
project

D

GJ

, 100
ACuy =BGy 00—

-140 631

aux

Relative heat losses and
consumption for the
auxiliary needs related to
additional generation of
steam in HP boilers of
TPP-1

%

According to Section B [R1] it is taken as
constant

5.00

AHG,

1hp,y

Change in live steam
delivery to the HP
turbines of TPP-1
compared to the project

GJ

AHG,

hp,y

= 0.665AHS,,,

-133 600

AHS,,,

Change in steam supply
from the HP station of
TPP-1 compared to the
project

GJ

AHS,,, =AHS,, —AHS,,,

-200 902
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Symbol

Name

Unit

Formula or grounds

Value

AHS

Ly

Additional annual steam
supply for cellulose
production from TPP-1,
with losses in steam
network taken into
account, compared to the
project scenario

GJ

_ 100
AHS,, =8HS,, 100-¢

nw

Relative heat losses in
steam network (from
TPP-1 to cellulose
production)

%

According to Section B [R1] it is taken as
constant

3.00

AHS;

Useful steam supply via
PRC at TPP-3 under the
project scenario

GJ

AHSBy = HSSbypass,PJ,y

BHS,

Change in steam supply
from the MP station of
TPP-1 compared to the
project

GJ

AHS,, , =HS e, “HSipry

200 902

HS.I.mp,BL,y

Useful supply of thermal
power from the MP
station of TPP-1 under th
baseline

GJ

X FCernVWV ,1n'p,BL.y/FCm

BWW 1mp,PJ,y

HSln'p,BL.y = HSlmp.PJ Y

1289 945

HSlmp,P.],y

Useful supply of thermal
power from the MP
station of TPP-1 under th
project

GJ

HS, ., = HG x (100-a)/100

1mp,PJ .y

1 089 042

Relative consumption of
heat of live steam for the
auxiliary needs and

electric power generation
at the MP station of TPP-
1

%

According to Section B [R1] it is taken as
constant

10.00

1mp,PJy

Actual gross steam
generation in boilers of
the MP station of TPP-1

GJ

See Table 2

121004

ABE

dump,y

Additional CH, emissions
from the landfill
compared to the project

t CO.e

ABEdump,y = ABEBW\N,dump,y +ABEVW\/S,dump,y

1432

ABEBWW,dun‘p,y

Additional emissions of
CH, from the landfill
because of BWW
anaerobic decomposition
compared to the project

t CO.e

ABE\MNS,dump,y

Additional emissions of
CH, from the landfill
because of WWS
anaerobic decomposition

compared to the project

t CO.e

Numerical values have been determined w|
the “Calculation of C@equivalent emission
reduction from BWW prevented from

stockpiling or taken from stockpiles” model

ith
965

developed by BTG biomass technology
group B.V. [R4]. See Tables 5 and 6. In thi
model variable parameters for ygeare
indicated in the next two lines.

12}

467




Symbol

Name

Unit Formula or grounds Value
Additional amount of
m dumped BWW under the m _ m _ m
BBV Wiy baseline compared to the t ABWWirpy = BWWiup ey = BWWiymp g,y 17 386
project
Additional amount of . . .
m —_ m m
AVV\NSSLTW dumped WWS under the| o | AWWS, o, WSy 5 ~WVSippsy | 5567

baseline compared to the
project




Table 5. Calculations of reductions of methane ensfons from landfill because of BWW anaerobic decay

Calculation of CO,-equivalent emission reduction from BWW prevented from stockpiling or taken

from stockpiles

General input data

BWW - bark wood waste

Conversion factor organic carbon to biogas (a)
GWP CHy

Density methane

Methane concentration biogas

Half-life biomass (tau)

Decomposition constant (k)

Generation factor (zeta)

Methane oxidation factor

Percentage of the stockpile under aerobic conditions

187 m® biogas/kg carbon
21
0,654 ka/m®
50%
15 year
0,046 vear*
0,77
0,10
20%

LEGEND

db = dry basis

wb = wet basis

yellow cells = unprotected cells

red marks = comment field included

Biomass specific input data

Biomass from

stockpile Fresh

Organic carbon content (db)
Moisture content

Organic carbon content (wb)
Lignin fraction of C

50,0%

55%

0,0% 22,5%
0,25

db
wb
wb

Year

Fresh biomass prevented from stockpiling or taken from

stockpile

(ton,,)

Biomass from stockpile

Fresh
(ton,)

Age of biomass
(years)

Year

2004 2005 2006 2007
ton CO2-eq

2010 2011 2012

2004
2005
2006
2007
2008
2009
2010
2011
2012]
2013
2014
2015
2016
2017
2018
2019

0
17 386

Total

0 17 386

cooooN o

oOoooooo
Ooocoooor o
0000000 ®O

Total emission prevention
Cumulative total emission prevention

I 965| 922 880

0
0 965 1887 2767

840
3 607

802
4409

766 731 698
5175 5907 6 605

Spreadsheet model developed by:
BTG biomass technology group B.V.
P.O. Box 217

7500 AE Enschede

The Netherlands

tel: +31 53 4892897

fax: +31 53 4893116

email: office@btgworld.com
www.btgworld.com

This spreadsheet model is based on the report: "Methane and Nitrous Oxide Emissions from Biomass Waste Stockpiles”, Worldbank PCFplus research, August 2002
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Table 6. Calculations of reductions of methane ens#ons from landfill because of WWS anaerobic decay

Calculation of CO,-equivalent emission reduction from WWS prevented from stockpiling or taken
from stockpiles

General input data WWS - waste water sludge
Conversion factor organic carbon to biogas (a) 1,87 m® biogas/kg carbon

GWP CHy 21 LEGEND

Density methane 0,654 ka/m®

Methane concentration biogas 50% db = dry basis

Half-life biomass (tau) 15 year wb = wet basis

Decomposition constant (k) 0,046 vear’l yellow cells = unprotected cells
Generation factor (zeta) 0,77 red marks = comment field included
Methane oxidation factor 0,10

Percentage of the stockpile under aerobic conditions 20%

Biomass from
stockpile
Organic carbon content (db) 34,0% db
Moisture content 0% wb
Organic carbon content (wb) 0,0% 34,0% wb

Lignin fraction of C 0,25

Biomass specific input data Fresh

Fresh biomass prevented from stockpiling or taken from
stockpile
Biomass from stockpile Age of biomass Fresh 2004 2005 2006 2007 2008 2009 2010 2011 2012

(tony,) (years) (tony,) ton CO2-eq

2004 0 0 0 0 0

2005 5561 467 445 425 40!
2006 0 0

2007 0

2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019

Total 0 5561
Total emission prevention O| 467| 445 425 406 388 370 354 338
Cumulative total emission prevention 0 467 912 1337 1743 2131 2 501 2 855 3193

Year Year

o
(=}

354 338

ocoooo

oocoocoooo
oooooo
OO0 OO0 00O

Spreadsheet model developed by: This spreadsheet model is based on the report: "Methane and Nitrous Oxide Emissions from Biomass Waste Stockpiles”, Worldbank PCFplus research, August 2002
BTG biomass technology group B.V.

P.O. Box 217

7500 AE Enschede

The Netherlands

tel: +31 53 4892897

fax: +31 53 4893116

email: office@btgworld.com

www.btgworld.com




Table 7. Calculation of emission reductions over tyeary = 2005

Symbol

Name

Unit

Formula or grounds

Value

ER,

Total emission reductions

1CO.e

ER, = BE, - PE,

or
ER, = ER,, + ERuuy

84 514

ERCOZ,y

Emission reductions of
carbon dioxide

t CO,

ERCOZ,y = ERCOZ,oiI 3y + ERCOZ,oiI,lnp,y +

+ ERCOZ,coaI J1hp,y

83 082

EI:\>(302,oil 3y

Emission reductions of
carbon dioxide from fuel
oil combustion at TPP-3

t CO,

ERco20i1 3y = BEqi 3y = PE

ol 3,y

89 898

ER:OZ,oiI Amp,y

Emission reduction of
carbon dioxide from fuel
oil combustion at the
boiler-house of medium
pressure TPP-1

t COz

ERCOZ,oiI Amp,y = BEoiI Amp,y - PEoiI Amp,y

7 526

ERCOZ,coaI dhp,y

Emission reduction of
carbon dioxide from coal
combustion at the boiler-
house of high pressure
TPP-1

t CO,

ERCO 2,coal ,hpl,y = ABEOO&I 8%

-14 341

ERCH 4,y

Emission reduction of
methane

t CO.e

ERCH 4y = ERCH 4,BWW .y + ERCH 4\WWS,y

1432

ERCH 4,BWW,y

Reduction of methane
emissions from the landfill
because of BWW

anaerobic decomposition

t CO.e

EI:\’CH 4,BWW,y = ABEBV\I\N,dump,y

965

ERCH 4WWS,y

Reduction of methane
emissions from the landfill
because of WWS

anaerobic decomposition

t CO.e

ERcH awws.y = ABE s qump.y

467

Environmental monitoring

In process of the project implementation, analytaantrol over various effects on the environment i
exercised in compliance with the existing regulatibh particular, control over emissions of harmful
substances into the atmosphere is performed aogprdithe “Schedule of laboratory control of staxida

MPE at stationary emission sources of JSC ArkhakdgePM”.

The data obtained by the analytical laboratorypmoeessed and brought together in monthly and dnnua
reports, which specify all the required itemizedagancluding those for the sections affected by th

Project.

Table 8 represents calculated data for the chaingbe amount of harmful substances thrown into the

atmosphere under the project as compared to tledifes
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Table 8. Alterations in the harmful substance emidens into the atmosphere against the baseline
over the yeary = 2005 t; (+) - increase, (-) - decrease)

Emergencies

Harmful emissions Fuel oil Coal BWW WSS Total
Fluidised substances 76 A4 53 171
Sulphur dioxide (S€) -1419 136 0 14( -1 143
Nitrous dioxide (NQ) -132 30 7 2 -93
Nitrous oxide (NO) -21 5 1 D -1p
Carbon oxide({O) -430 34 115 50 -231
Total emissions -2 004 280 168 245 -1 311

No emergencies occurred during the period undefication which could have given rise to emissions.

Conclusion

The implementation of the projetWaste Biomass Ultilization at Arkhangelsk Pulp aRdper Mill
(APPM)” allowed preventing emissions into the atpttere in 2005:

- greenhouse gases — by 84 514 tafi©.e,

- polluting substances — by 1 311t.
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Introduction

The document is executed according to the devel®id “Waste Biomass Utilization at Arkhangelsk
Pulp and Paper Mil (APPM)” [R1]. The PDD is placecat website UNFCCC
(ji.unfccc.int/JI_Projects/Verification/PDD) undegference number 0005.

The project is implemented at the territory of JS&khangelsk Pulp and Paper Mill", town of
Novodvinsk, Arkhangelsk region, Russia.

The project is aimed at increasing the share ohb&s waste in the APPM fuel balance, which withall
reducing consumption of expensive and environmbrdattier fossil fuel, as well as decrease the anto
of dumped biomass waste.

With reference to the project, biomass waste i« laawd wood waste (BWWand waste water sludge
(WWS). BWW includes bark, sawdust, slivers, subd#ad chips, as well as building waste wood,
logging waste, etc. The bulk of BWW is formed a #tage of preparing pulp chips in the APPM wood-
preparation shops and delivered from neighboring-msills, which have no their own facilities for
utilization of their BWW. WWS is formed at the stat of biological treatment of industrial and
household waste of APPM and the town of Novodvinsk.

The project implies implementation of the followiaggineering solutions in two stages:

Stage I:

- Reconstruction of the obsolete and inefficientizitiy boiler KM-75-40 (St. No. 2) at TPP-3
with switching to BWW combustion in the fluidizeedt

- Modernization of WPS%with installation of advanced equipment for chegpand dewatering
BWW.

Stage II:

+ Replacement of an old utilizing boil&M-75-40 (St. No. 1) at TPP-3 with a new utilizinglbp
E-75-3,9-440 DFT, with biomass waste combustiomaftuidized bed:;

« Assembly of a new unit for receiving and preparat®WwW and WWS delivered by motor
transport, to be burnt in utilizing boilers of TBP-

Construction and assembly operations for the $itage of the project were carried out from Febraary
December of 2000, and for the second stage — frpni 8f 2004 to July of 2005. According ecision
9/CMP.1 [R2], the project may be recognized as a joint lementation project, if its technical
implementation began not earlier than in the y&€802

Technology employed

Stage I:
Reconstruction of the KM-75-40 boiler St. No. 2

In 2000, Joint Venture Energosofin and OJSC Betmmaash performed reconstruction of the KM-75-40
boiler St. No. 2, with switching to the fluidizeédtechnology.

! TPP-3 — thermal power plant No. 3
2 WPS-3 — wood-preparation shop No. 3
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Burning of waste in the fluidized bed provides @ént, economical and environmentally safe
combustion of high-humidity and low-calorie fu€l$e fluidized bed is made of quartz sand by meé#ns o
feeding air at a high pressure under the fillingeta The process of combustion is partly takingelm

the fluidized bed, and partly — above it. The terapge of the fluidized bed is about 700-80Gnd can

be adjusted by air distribution.

In the nominal operating mode, the modernized KM40S boiler allows burning BWW with humidity
of 57%, with steam capacity equal to 66 tons peurhavithout fuel oil flame stabilization. The
superheated steam pressure is 4.0 MPa, its teapetaing 440C. The boiler efficiency factor is about
85%. After the reconstruction, the hourly consumptdf BWW has become twice as high, reaching 30
tons an hour.

The trials held within the second stage of thegqubghowed that it is also possible to obtain stalold
economical combustion of the BWW/WWS mixture, witte latter accounting for up to 20-25% of the
weight of BWW.

WPS-3 modernization

WPS-3 modernization was performed for the purpdsmproving the BWW quality in accordance with
requirements set for the fuel combusted throughfltiidized bed technology. The modernization was
carried out in 2000, simultaneously with recondtarcof boiler St. No. 2 of TPP-3.

As a result of modernization, three independent floevs were replaced with a single centralizedkbar
preparation unit equipped with a Saalasti 0912rratesher and two Bark Master 1620 bark drum psesse
(also made by Saalasti). The equipment proved &fflment at a number of the industry enterprises.

Modernization of WPS-3 made it possible to ensureoae homogenous breakup of BWW (pieces not
larger than 75 mm) and lower their humidity downthe level of about 50%, which substantially
increased the low calorific value and allowed statbmbustion of BWW in boiler St. No. 2 in the
fluidized bed without fuel oil flame stabilizatioBesides, electric power consumption required f\0\B
preparation was reduced by 6-8%, due to its cératain.

On the whole, implementation of measures of th& fitage enabled to make the amount of BWW burnt
in boiler St. No. 2 of TPP-3 more than double, wihihving increased significantly the efficiencytiudir
combustion and reduced fuel oil consumption.

Stage Il:
Installation of a nevit-75-3.9-440 DFT boiler

Inefficient operation of the KM-75-40 St. No. 1 lkewi unit used for burning BWW determined the
necessity to install quite a new boileE-75-3.9-440DFT with the fluidized bed. Works onlemgment of
boiler St. No. 1 were held from April 2004 to J@05. ZAO Arkhgiprobum was the project developer,
with AMU Sevzapenergomontazh as the general cdoirac

Boiler E-75-3.9-440DFT is a single-drum boiler with natucatulation. The boiler is equipped with the
HYBEX fluidized bed grate developed and patentedKbgerner. The rated steam capacity is 75 t/hr
without fuel oil flame stabilization. The pressurfesuperheated steam is 4.0 MPa, its temperatung be
440 <. The furnace efficiency factor is about 92%.

The main fuel was constituted by a mixture of bavkste wood and waste water sludge. Operating
the boiler allows increasing the WWS delivery to tllr, with the boiler steam capacity reduced,
accordingly. The fuel must come into the boilerlweixed, homogenous, with the average humidityhef t
BWW/WWS mixture not exceeding 63%. No dimensiorihef BWW fragments should be more than 100
mm. Fuel oil M100 is used as starting fuel.
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Low content of oxygen in smoke fumes at combustiorthe fluidized bed and the absence of
unburnt particles is achieved owing to efficientxmg in the fluidized bed, and air distribution
among the blasting zones, which ensures the bsilégh efficiency factor.

The tests of the boiler, which took place in 208Bpwed that it is possible to achieve stable and
economical combustion of the BWW/WWS mixture, witle latter being 20-25% of the BWW weight.

Assembly of a new unit for receiving and preparatp motor delivered BWW and WWS

To provide the utilizing boilers of TPP-3 with seféent amount of biofuel, a unit for receiving and
preparation of BWW delivered by motor transportsveasembled at WPS-3, with a section for receiving
WWS from the mill's treatment facilities. The desigf the receiving unit was developed as an additio
the project of installation of boiler urlit75-3.9-440DFT.

The flow chart of the unit for receiving and pragieg of delivered waste includes:
- unit for receiving BWW from motor transport, widm unloading platform;

- unit for crushing large BWW;

- sorting unit;

- unit for receiving WWS;

- track of feeding waste to the utilizing boileoro of TPP-3.

The unit for receiving BWW comprises a 56 hopper equipped with two worm dischargers supigd
Raumaster Oy, with capacity up to 250 packéthmand provides for receiving BWW from chip trsck

The crushing unit is equipped with a hydraulic @ri¥aster RWC-2-600 rotor crusher with capacity of 5
to 50 packed fhr. Large waste is fed to the crusher with a malaipr, and the screenings are transferred
by a belt conveyor. The crushing unit equipmestuigplied by Raumaster Oy.

Delivery of bark from the receiving unit, and deliy of ground wood from the crushing unit to sagtis
to be carried out with a 1000 mm belt conveyor.r@imove metal objects out of the waste wood flow, a
PS-120M iron separator is to be installed.

The sorting unit is equipped with a disk sorterpigl by LLC Soyuzlesmontazh (Vologda).

The processing chart of the unit for receiving WlWi&ks as follows. WWS is delivered from filter-pses

of the biological treatment station by dump-truck8VS consumption is 4 to 20 wet t/hr. The sludge is
unloaded into the receiving hopper, its lower gapipped with four dosing worms. At the output od t
dosing worms, there is a slanting worm conveyoudfdivering sludge to belt conveyor with a weigfar
ensuring the BWW/WWS ratio within the range frori 8 4/1, respectively. The worms of the receiving
hopper are equipped with geared motors enablinigti@r of rotating speed, thus adjusting the amadint
the fed WWS.

The BWW/WWS mixture comes to the buffer storagenvsielf-propelled worm unloaders, and then goes
through the belt weigher and is distributed to néng hoppers of the TPP-3 utilizing boilers.

The designed capacity of the BWW-feeding truck BP13 was increased up to 750 thousand dense
mé/year, including up to 450 thousand denseofrmotor delivered BWW (here, the delivered wasso
include the waste delivered by motor transport iwithe mill — from WPS-2 and WPS-4). Besides, & ha
become possible to utilize about 100 thousandabmget WWS per year.

Implementation of the second stage measures mamessible to increase radically the amount of burnt
BWW at TPP-3, to increase steam output, to en®geiving and preparation for combustion of a higher
BWW amount of heterogenous breakup, to ensure viageand combustion of WWS. All that has
eventually allowed for fossil fuel consumption, amb of dumped waste and GHG emissions to be
reduced.



Monitoring period

The monitoring period is chosen frakat January 2006 to 31st December 20@Both days included).

Monitored data

Collection of all the key parameters required forggnhouse emissions to be determined, both under th
project and for the baseline, is performed accgrttinthe practice established at APPM on accourtfng
fuel, energy, waste, and assessment of environiiempacts. Monitoring under the project requires no
changes to be introduced in the existing systemaagbunting and collection of information. All the
necessary data are determined and registered icasey

Description of monitoring plan of all data requiredcalculate GHG emissions reductions is represent
in Section D and Annex 3 of PDD [R1]. Table 1 anthe€ow represents yearly values of project and
baseline data for 2006.

Table 1. Values of data collected in order to monitr emissions from the project

over the yeary = 2006
ID number Data name Data unit Value Comment
and symbol
1. Mass fuel oil
m consumption at TPP-3 t 13885
F ail ,3,PJ,y
5 Mass fuel oil
) consumption in medium t 8 272
m i -
FCJl 1mp.py.y | PrESSUrE boilers of TPP-1
3. Net calorific value of fuel GIlt 4031 The weighted annual
oil ' average
NCVOH’y g

Table 2. Values of relevant data necessary for detaining the baseline of anthropogenic emissions
of greenhouse gases by sources within the projeatindary over the yeary = 2006

ID number

Data name Data unit Data value Comment
and symbol

4 Mass BWW consumption
' in utilizing boilers of t 355 776

FCa
BWW,3ub,Pl,y | TPP-3

5 Mass BWW consumption
cm ' in medium pressure t 119 351
F BWW.1mp,PJ,y | boilers of TPP-1

6. Mass BWW removal to

\ t 129 655
the landfill
B\/\/\Nd'Smpmy
7. Mass BWW delivery t 107 770

from the outside

m
B\N\Nside,PJ Y




ID number

h

and symbol Data name Data unit Data value Comment
8. Wet mass WWS removal ¢ 175 955
WS™ to the landfill
dump,PJ,y
9 Wet mass WWS
' consumption in utilizing t 89 479
FCiws 3w P y boilers of TPP-3
10. WWS humidity % 76.74 ZCgr;vgeelghted annual
V\</WVS y
11 Dry mass black liquor
) consumption in recovery ta.d.m. 539 603
FCI?ngrbyy boilers of TPP-3
12 Mass fuel oil
’ consumption in recovery t 13735
FC™gil 3b.p3 .y boilers of TPP-3
Net calorific value of .
13. BWW combusted in GJit 8.34 Z\r/]gr;veelghted annual
NCV gy o, | Utilizing boilers of TPP-3 9
Net calorific value of .
14. black liquor combusted in  GJ/t a.d.m. 10.72 ;C:r;ve;ghted annual
NCV,y3m.y | recovery boilers of TPP- g
15. Total gross steam
HG generation at TPP-3 GJ 7443 741
3,PJ,y
16. Total useful supply of
HS, heat from TPP-3 GJ > 808 324
PJLy
It is equal to total
17. Useful supply of heat useful supply because
from TPP-3 with GJ 5808 324 | no steam supply
HS3backpreS,PJ,y backpressure steam through the PRC in
2006
18. Gross steam generation GJ 5126 010
HG recovery boilers of TPP-3
3rb,PJ,y
19 Gross steam generation
) mediumpressure boilers GJ 735777
HG,ppyy | of TPP-1
20. Emission factor of C® Average value for
EF for coal kg CO/GJ 91.62 | 5003-2005

CO2,coal,y




Calculation of emission reductions

According to formulae described in Section D [Raflavith help of the tool [R4] calculations of profe
and baseline emissions have been done (see Tablé% s shown in Section B.3 [R1] all of the
leakages can be neglected.

Calculation of emission reductions are presentekhinie 7.
Thus, total GHG emission reductions for 2006 amoued 165 292C0O.e.

Table 3. Calculation of project emissions over thgeary = 2006

Symbol Name Unit Formula or grounds Value
PE Total greenhouse gas
emissions under the t CO = 68 889
y project 2 PEy PE, sy T PEDiI,lmp,y
PE CO, emission from
i burning fuel oil at TPP-3 | tCO — -3 43 170
ol.3y under?he project 2 PEon,s,y = FCon,s,PJ,y X EFCOZ,oiI x10
CO, emission from
PE_ burning fuel oil in boilers 3
ol.im.y | of the medium pressure | tCO; | PEgiimpy = FCoiamppay XEFcosa X107 25 719
station of TPP-1 under the
project
Amount of fuel oil burnt
FCoiapa.y | at TPP-3 under the projedt &7 FCaiapsy = FChi apsy XNCV,; 559704
Amount of fuel oil burnt
FC. in boilers of the medium _
ol mp.PY.Y| - hressure station of TPP-1 GJ FCai Amp.Ply — FCai amp,Pay X NCVoiI.y 333444
under the project
Mass of fuel oil burnt at
FCal apa.y TPP-3 under the project t See Table 1 13885
m Mass of fuel oil burnt in
FCoiI,er‘p,PJ,y MP boilers of TPP-1 t See Table 1 8 272
under the project
Weighted average net
NCVai,y calo?‘ific value ofgfuel oil GJnt See Table 1 40.31
Taken as constant according to the Inventpry
EFcos a1 Emission factor o€0O, kg of GHG emissions at APPM [R3] (with the 7713
o from burning fuel oil CO,/GJ fraction of carbon oxidized taken into ’
account)




Table 4. Calculation of baseline emissions over theary = 2006

Symbol

Name

Unit

Formula or grounds

Value

Total greenhouse gas
emissions under the
baseline

t CO.e

BE, = BE, , +ABE

234 180

BE ,

CO, emissions from
burning fossil fuel under
the baseline

t CO,

BE,, =BEg ,, +BE +ABE

ol 3y oil Imp,y coal,y

227 407

BE

al 3,y

CO, emissions from
burning fuel oil at TPP-3
under the baseline

t CO,

BE FCai 3BLy X EFCOZ,oiI x107

ail 3y =

212 453

oil 1mp,y

CO, emissions from

burning fuel oil in boilers
of the MP station of TPP-
1 under the baseline

t CO,

BEoiI,lmp,y = FCoiI,lmp,BL,y X EI:COZ,oiI X10_3

38 614

ABE

coal ,y

Change inCO, emissions
from burning coal in

boilers of the HP station
of TPP-1 compared to the
project

ABE,,, , =AFC oy, XEF oy g, X107

coal,y coal,y

-23 660

EF

CO2,coal ,y

Emission factor of C®
for coal

See Table 2

91.62

FCoiI 3.BLy

Amount of fuel oil burnt
at TPP-3 under the
baseline

GJ

FGiaey =FGiiansiy T FGiiansLy

2754 480

I:Coil ,3ub,BL,y

Amount of fuel oil burnt
in utilizing boilers of
TPP-3 under the baseling

GJ

FCail aweLy = FCaweary =~ FCoumw 2w aLy

088 288

I:Coil ,3rb,BL,y

Amount of fuel oil burnt
in recovery boilers of
TPP-3 under the baseling

GJ

FCail ampLy = FCappy —FC

liq,3rb,y

1766192

FC3ub,BL,y

Total amount of fuel
burnt in the utilizing
boilers of TPP-3 under
the baseline

GJ

e _ 100x FCBV\M,,sub,BL,y
3ub,BL,y 100- Bon ,3ub,BL

2906 729

Boil ,3ub,BL

Share of fuel oil in total
consumption of
equivalent fuel in the
utilizing boilers of TPP-3
under the baseline

%

According to Section B [R1] it is taken as
constant

34.00

FCBV\NV,Sub,BL,y

Amount of BWW burnt in
the utilizing boilers of
TPP-3 under the baseling

GJ

—_— m
FCBW\N,Sub,BL,y = FCBW\N,Sub,BL,y X NCVB\NW,Sub,y

1918 441

m
FCwa,sub,BL,y

Mass of BWW burnt in
the utilizing boilers of
TPP-3 under the baseling

According to Section B [R1] it is taken as
constant

230 000




Symbol

Name

Unit

Formula or grounds

Value

NCVBVWVBub,y

Actual average weighted
net calorific value of
BWW at TPP-3

GJh

See Table 2

8.34

FCSrb,BL,y

Total amount of fuel
burnt in recovery boilers
of TPP-3 under the
baseline

GJ

100x HG
I:c:?;rb,BL,y = S

r]3rb,y

7 550 737

HGSrb,BL,y

Gross steam generation
the recovery boilers of
TPP-3 under the baseline

>

GJ

HG3 6.y =HG3p y ~HG3p 5

6 106 645

HG3,BL,y

Total gross steam
generation at TPP-3 unde
the baseline

eI

GJ

100)( HSsbypass,PJ Y
100- 3 pnes

HG3,BL,y = HG3.PJ.y -

7443741

HG3,PJ,y

Total actual gross steam
generation at TPP-3

GJ

See Table 2

7443 74

83bypass

Relative heat losses and
consumption on the
plant’s auxiliary needs
related to the steam flow
passing through the PRC
(by-passing the turbines)

%

According to Section B [R1] it is taken as
constant

5.00

HSSbypass,PJ Y

Actual useful steam
supply from TPP-3 by-
passing the turbines, via
the PRC

GJ

HSSbypas,PJ,y = HSB,PJ,y - HS3backpre$,PJ,y

HSB,PJ,y

Actual total useful heat
supply from TPP-3

GJ

See Table 2

5808 32

H %backpresﬁ PJ,

Actual useful heat supply
from TPP-3 with the
steam spent in the
turbines

GJ

See Table 2

5808 32

HGSub,BL,y

Gross steam generation
the utilizing boilers of
TPP-3 under the baseling

GJ

HGs80y = FCam ey X/TauaL.y /100

1337 095

r]3ub,BL,y

Average efficiency factor
of utilizing boilers under
the baseline

%

According to Section B [R1] it is taken as
constant

46.00

r]:srb,y

Actual average weighted
efficiency factor of
recovery boilers of TPP-3

%

,73rb,y = 100 X HG 3rb,PJ .,y / FC 3rb,PJ,y

80.87

HGSrb,PJ,y

Actual gross steam
generation in the recover
boilers of TPP-3

GJ

See Table 2

5126 01
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Symbol Name Unit Formula or grounds Value
Actual total fuel
FCSrb,PJ,y consumption in the GJ FC3rbyp\],y = Fcon 3rb,PJ.y + Fquygrb,y 6 338 202
recovery boilers of TPP-3
Actual consumption of .
FC.i ampsy | fuel oil in the recovery GJ FCail a,ps.y = FC aitampay XNCVy, | 553 658
boilers of TPP-3
" Actual mass consumption
FC"ail arbpay | of fuel oil in the recovery t See Table 2 13 735
boilers of TPP-3
FC. Actual amount of black — dm
Cigam.y liquor barnt at TPP-3 GJ FCiqaby = FCity XNCV,g 3, | 5784 544
Actual amount of
FCam absolutely dry black
ia.30 | Jiquor burnt in the ta.d.m. See Table 2 539 60
recovery boilers of TPP-3
Actual average weighted Gl
NCV”q,grb,y net calorific value of adm See Table 2 10.72
black liquor at TPP-3 T
Amount of fuel oil burnt "
FCai 1mp.eL.y| in MP boilers of TPP-1 GJ |rc. “FC_ FC Tewn amaLy | 500 632
. oil ,1np,BL,y oil 1mp,PJ,y m
under the baseline e T FC Meww amppay
m —_ m
I:CBVWV,lmp,BL,y - I:CBVWV,lmp,PJ,y +
m
FCBWW,erp,BL,y Mass of BWW burnt in + (chw,sub,PJ,y - FCIr3n\MN,3ub,BL,y)+
the MP boiler room of t ( m _ m )_ 179 193
TPP-1 under the baseling + BWWdump,PJ,y dump,BL,y
m m
- (B\MNside,PJ,y - BVWVside,BL,y)
EC™ Actual mass of BWW
BWW.3ub,PJ.y| consumption in utilizing t See Table 2 355 776
boilers of TPP-3
Actual mass of BWW
FC‘;“WWlmp by | burntin the MP boiler t See Table 2 119 351
"] room of TPP-1
m
B\/\/\Ndump’m’y Actual mass of BWW ¢ See Table 2 129 655
dumped to the landfill
m —_ m
BWW™ Mass of BWW dumped tg BWW, o ey = BWW by y X
dmp.BLY| the landfill under the t “;":n’ Y d:"p Y 195 589
baseline XVWWS, i ety / WS pa.y
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Symbol Name Unit Formula or grounds Value
dm Amount of absolutely dry dm - dm dm
VWS 1.y WWS dumped to the ta.d.m. WWSauro.ot.y =WV pa.y + FCums awea.y 61 740
landfill under the baseline
dump.PJ.y | absolutely dry WWS ta.d.m. P,y P,y Y 40 927
dumped to the landfill
dm Actual amount of - i
F aub,py,y| @bsolutely dry WWS F Gl s r2.y = FCums s s y X (100~ Wyyes ,)/200
burnt in the utilizing tad.m. 20813
boilers of TPP-3
WWS™ Actual mass of wet WWS
4Py | qumped to the landiil t See Table 2 175 955
F% Actual mass of wet WWS
SWb.PLY burnt in the utilizing t See Table 2 89 479
boilers of TPP-3
Average weighted o
Wows.y | humidity of formed wws| % See Table 2 76.74
m
BWW G p; , | ACtual mass of BWW ¢ See Table 2 107 770
delivered from outside
: According to Section B [R1], it is assumed
Mass of BWW delivered
m
BV\NVside,BL,y from outside under the t ﬁg?ﬁ:;?eltiggoo t penr] year from 2006, but 107 770
baseline B\MNside,PJ,y
Change in amount of coal 100xAHG,,,
AFC.. , | burntat TPP-1 compared GJ AFC, , =——* -258 241
to the project N coal
Average gross coal boile According to Section B [R1] it is taken as
N coal e % 90.00
efficiency factor constant
Change in steam 100
AHG generation by HP boilers AH =AHG' )
Y1 of TPP-1 compared to the GJ Girp.y G,y 100- 232 417
project Ea
Relative heat losses and
€ consumption for the
auxiliary needs related to According to Section B [R1] it is taken as
additional generation of % constant 5.00
steam in HP boilers of
TPP-1
Change in live steam
AHGlhp,y delivery to the HP GJ AHG:{hp,y - 0.665AHSlhp’y 220 796

turbines of TPP-1
compared to the project
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Symbol

Name

Unit

Formula or grounds

Value

AHS,, ,

Change in steam supply
from the HP station of
TPP-1 compared to the
project

GJ

AHS,,, =AHS, -AHS, |

-332 024

AHS

Ly

Additional annual steam
supply for cellulose
production from TPP-1,
with losses in steam
network taken into
account, compared to the
project scenario

GJ

100
A% =A% To0-e,,

nw

Relative heat losses in
steam network (from
TPP-1 to cellulose
production)

%

According to Section B [R1] it is taken as
constant

3.00

AHS,

Useful steam supply via
PRC at TPP-3 under the
project scenario

GJ

AHSBy = HSabypas,PJ Y

AHS,,,

Change in steam supply
from the MP station of
TPP-1 compared to the
project

GJ

AHslmp,y = HSlrrp,BL,y - HSlmp,P.],y

332 024

HS.I.mp,BL,y

Useful supply of thermal
power from the MP
station of TPP-1 under th
baseline

GJ

HSerp,BL.y = HSme.PJ.y x FcernV\NV,lrm,BL.y/FcernV\NV,lrm,PJ.y

994 224

HS.I.mp,PJ,y

Useful supply of thermal
power from the MP
station of TPP-1 under th
project

GJ

HSlmp,P.],y = HGlmp,PJ 8% X (100_ G)/lOO

662 200

Relative consumption of
heat of live steam for the
auxiliary needs and
electric power generation
at the MP station of TPP-
1

%

According to Section B [R1] it is taken as
constant

10.00

HG

1mp,PJy

Actual gross steam
generation in boilers of
the MP station of TPP-1

GJ

See Table 2

735 7771

ABE

dump,y

Additional CH, emissions
from the landfill
compared to the project

t CO.e

ABEdump,y = ABEBW\N,dump,y +ABEVW\/S,dump,y

6773

7




Symbol Name Unit Formula or grounds Value
Additional emissions of
ABanvva CH, from the landfill Numerical values have been determined wijth
UMYl pecause of BWW t CO.e | the “Calculation of C@equivalent emission| 4 582
anaerobic decomposition|, reduction from BWW prevented from
compared to the project stockpiling or taken from stockpiles” model
Additional emissions of developed by BTG biomass technology
CH, from the landfill group B.V. [R4]. See Tables 5 and 6. In this
ABEWWs,dump,y because of WWS t CO,e | model variable parameters for ygeare 2191
anaerobic decomposition|, indicated in the next two lines.
compared to the project
Additional amount of
m dumped BWW under the _
BBV Wiy baseline compared to the t DBy = BWWig oy = BWWig ey, 65934
project
Additional amount of . . .
m — m _ m
AVWVSiTnp,y dumped WWS under the tad.m. A\/\l\/\/Sdump'y —\/\l\/\/SdurmBl_’y \/\l\/\/SdurmPJ’y 20 813

baseline compared to the
project




Table 5. Calculations of reductions of methane ensfons from landfill because of BWW anaerobic decay

Calculation of CO,-equivalent emission reduction from BWW prevented from stockpiling or taken

from stockpiles

General input data

Conversion factor organic carbon to biogas (a)

1,87 m* biogas/kg carbon

BWW - bark wood waste

GWP CHy 21 LEGEND
Density methane 0,654 ka/m®
Methane concentration biogas 50% db = dry basis
Half-life biomass (tau) 15 year wb = wet basis
Decomposition constant (k) 0,046 vear’l yellow cells = unprotected cells
Generation factor (zeta) 0,77 red marks = comment field included
Methane oxidation factor 0,10
Percentage of the stockpile under aerobic conditions 20%
Biomass specific input data Biomass from Fresh
stockpile
Organic carbon content (db) 50,0% db
Moisture content 55% whb
Organic carbon content (wb) 0,0% 22,5% wb
Lignin fraction of C 0,25
Fresh biomass prevented from stockpiling or taken from
Year ) Year
stockpile
Biomass from stockpile Age of biomass Fresh 2004 2005 2006 2007 2008 2009 2010 2011 2012
(tony,) (years) (tony,) ton CO2-eq
2004 0| 0 0 0 0 0 0 0 0 0
2005 17 386 965 922 880 840 802 766 731 698
2006 65 934 3660 3495 3337 3186 3043 2905 2774
2007 0 0 0 0 0 0|
2008 0 0 0 0 0|
2009 0 0 0 0
2010 0 0 0
2011 0 0|
2012 0|
2013
2014
2015
2016
2017
2018
2019
Total 0 83 320
Total emission prevention 0 965 4 582 4375 4177 3989 3809 3637 3472
Cumulative total emission prevention 0 965 5547 9 922 14 099 18 088 21897 25 534 29 006

Spreadsheet model developed by:
BTG biomass technology group B.V.
P.O. Box 217

7500 AE Enschede

The Netherlands

tel: +31 53 4892897

fax: +31 53 4893116

email: office@btgworld.com
www.btgworld.com

This spreadsheet model is based on the report: "Methane and Nitrous Oxide Emissions from Biomass Waste Stockpiles”, Worldbank PCFplus research, August 2002




Table 6. Calculations of reductions of methane ens#ons from landfill because of WWS anaerobic decay

Calculation of CO,-equivalent emission reduction from WWS prevented from stockpiling or taken

from stockpiles

General input data

Conversion factor organic carbon to biogas (a)

1,87 m* biogas/kg carbon

WWS - waste water sludge

15

GWP CHy 21 LEGEND
Density methane 0,654 ka/m®
Methane concentration biogas 50% db = dry basis
Half-life biomass (tau) 15 year wb = wet basis
Decomposition constant (k) 0,046 vear’l yellow cells = unprotected cells
Generation factor (zeta) 0,77 red marks = comment field included
Methane oxidation factor 0,10
Percentage of the stockpile under aerobic conditions 20%
Biomass specific input data Biomass from Fresh
stockpile
Organic carbon content (db) 34,0% db
Moisture content 0% wb
Organic carbon content (wb) 0,0% 34,0% wb
Lignin fraction of C 0,25
Fresh biomass prevented from stockpiling or taken from
Year ) Year
stockpile
Biomass from stockpile Age of biomass Fresh 2004 2005 2006 2007 2008 2009 2010 2011 2012
(tony,) (years) (tony,) ton CO2-eq
2004 0| 0 0 0 0 0 0 0 0 0
2005 5561 467 445 425 406 388 370 354 338
2006 20813 1746 1667 1592 1520 1451 1386 1323
2007 0 0 0 0 0 0|
2008 0 0 0 0 0|
2009 0 0 0 0
2010 0 0 0
2011 0 0|
2012 0|
2013
2014
2015
2016
2017
2018
2019
Total 0 26 374
Total emission prevention 0 467 2 191 2092 1998 1908 1822 1739 1661
Cumulative total emission prevention 0 467 2 658 4 750 6 748 8 656 10 478 12 217 13 878

Spreadsheet model developed by:
BTG biomass technology group B.V.
P.O. Box 217

7500 AE Enschede

The Netherlands

tel: +31 53 4892897

fax: +31 53 4893116

email: office@btgworld.com
www.btgworld.com

This spreadsheet model is based on the report: "Methane and Nitrous Oxide Emissions from Biomass Waste Stockpiles”, Worldbank PCFplus research, August 2002



Table 7. Calculation of emission reductions over tyeary = 2006

Symbol

Name

Unit

Formula or grounds

Value

ER,

Total emission reductions

1CO.e

ER, = BE, - PE,

or
ER, = ER,, + ERuuy

165 292

ERCOZ,y

Emission reductions of
carbon dioxide

t CO,

ERCOZ,y = ERCOZ,oiI 3y + ERCOZ,oiI,lnp,y +

+ ERCOZ,coaI J1hp,y

158 518

EI:\>(302,oil 3y

Emission reductions of
carbon dioxide from fuel
oil combustion at TPP-3

t CO,

ERco20i1 3y = BEqi 3y = PE

ol 3,y

169 283

ER:OZ,oiI Amp,y

Emission reduction of
carbon dioxide from fuel
oil combustion at the
boiler-house of medium
pressure TPP-1

t COz

ERCOZ,oiI Amp,y = BEoiI Amp,y - PEoiI Amp,y

12 895

ERCOZ,coaI dhp,y

Emission reduction of
carbon dioxide from coal
combustion at the boiler-
house of high pressure
TPP-1

t CO,

ERCO 2,coal ,hpl,y = ABEOO&I 8%

-23 660

ERCH 4,y

Emission reduction of
methane

t CO.e

ERCH 4y = ERCH 4,BWW .y + ERCH 4\WWS,y

6773

ERCH 4,BWW,y

Reduction of methane
emissions from the landfill
because of BWW

anaerobic decomposition

t CO.e

EI:\’CH 4,BWW,y = ABEBV\I\N,dump,y

4582

ERCH 4WWS,y

Reduction of methane
emissions from the landfill
because of WWS

anaerobic decomposition

t CO.e

ERcH awws.y = ABE s qump.y

2191

Environmental monitoring

In process of the project implementation, analytaantrol over various effects on the environment i
exercised in compliance with the existing regulatibh particular, control over emissions of harmful
substances into the atmosphere is performed aogprdithe “Schedule of laboratory control of staxida

MPE at stationary emission sources of JSC ArkhakdgePM”.

The data obtained by the analytical laboratorypmoeessed and brought together in monthly and dnnua
reports, which specify all the required itemizedagancluding those for the sections affected by th

Project.

Table 8 represents calculated data for the chaingbe amount of harmful substances thrown into the

atmosphere under the project as compared to tledifes
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Table 8. Alterations in the harmful substance emidens into the atmosphere against the baseline
over the yeary = 2006 t; (+) - increase, () - decrease)

Harmful emissions Fuel oil Coal BWW WSS Total
Fluidised substances 240 69 187 491
Sulphur dioxide (S€) -2 869 431 0 494 -1 944
Nitrous dioxide (NQ) -266 94 11 6 -154
Nitrous oxide (NO) -43 15 2 i -26
Carbon oxide(O) -869 106 179 176 -40f
Total emissions -4 051 886 26[1 865 -2 040

Emergencies

No emergencies occurred during the period undefication which could have given rise to emissions.

Conclusion

The implementation of the projetWaste Biomass Ultilization at Arkhangelsk Pulp aRdper Mill
(APPM)” allowed preventing emissions into the atpttere in 2006:

- greenhouse gases — by 165 292 tan®.e,

- polluting substances — by 2 040 t.
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