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1.1

1.1.1

60  3,700km?

32

16

m

300

,061m

2
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17 25 8 2
1,500mm
300mm
2002 4,800
2
73% 22% 4%
1%
111
1999 2000 2001 2002 2003

49.9 495 49.1 48.7 484
-0.8 -0.8 -0.8 -0.8 -0.7

68.2 68.2 68.2

1.2 12 12

17 16

5 21 . 20

. 67.9 68 .

15 99.6 99.6 99.6 99.6

260 145

120
98% 68
2,300
24% 32% 44%
70%



1.1.2

1990 7 16 1991 8 24
12 1
90%
5
1994
1999
10 IMF
1996 6
5
450
1991 1991 12 1994 3
4 2 1998 2
2002 3
1999 12 2000 1
2000 4
2000 11
4 26 5
2002 3
3
2004 10
24



10 31
n 22
25
27
12 1
3
1 12
2006 1 23
1.1.3

1954

24

27

EU

300

25



1992

1994 1

1992

1999

EU
CIS

1997

3

5

5

1998

1992 7
1954
95
1994 3
CIS
1995
1995
1999 3
CIS



1998 1998 2007

1998
199% 6
1994 2 NATO
199 11 EC 1998
EU NATO
1997 7 NATO 2002 5
NATO 2005 1 EU
1.1.4
4 1
40%
4 1
1992 11
CIS
1994 1
7
7 40



11-2

1999 2000 2001 2002 2003
GNI, Atlas method (USS$) 37.9 billion 34.3 billion 354 billion 38.2 billion 46.7 billion
GNI, Atlas method (US$) 760 690 720 780 970
GDP (US3) 31.6 billion 31.3 billion 38.0 billion 424 billion 495 billion
GDP -0.2 59 9.2 52 94
, GDP deflator 274 231 10.0 51 6.9
GDP 14.3 17.1 16.4 153 141
GDP 385 36.3 34.7 382 40.3
GDP 47.2 46.6 489 46.5 45.6
GDP 537 62.5 55.5 55.1 53.0
GDP 483 58.0 53.8 50.7 483
GDP 175 20.3 21.8 18.7 193
(Us$) 496.0 million 595.0 million 792.0 million 693.0 million
(Us$) 115 billion
( ) 186
(Us$) 447.1 million . .
114 10.9 10.6 9.9
11-3
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
-229 -12.2 -10.0 -3.0 -1.9 -0.2 59 9.2 52 94
-27.3 -12.0 -5.1 0.3 -1.0 43 13.2 14.2 7.0 15.8
-16.5 -3.6 -9.5 -1.9 -9.8 -6.9 9.8 10.2 12 -10.2
-225 -285 -22.0 -8.8 6.1 0.4 144 20.8 8.9 313
150
100
50 |
0.0
_5 &992 2004
-100
-150
-200
-250

11-2

GDP



GDP 11-2 1994 22.9%

1995 1999
1997 1989 40%
1992
1996 9
IMF
1998 8
2000
1998 1999
2000 3 4
2000
2000
2000



2000

1.1.5
IMF
1996 9
1998
1.1.6
IMF 1998 9 22 ! Extended Fund Facility EFF
1999 7 26 1999
9
1.1.7
1993 1
1993 9 cIs 1994
8,000
EU
1996 9
1 SBA Stand By Arrangement IMF
IMF



1.1.7.1

GDP 30%
1986 1990
1996 1986
2000
11-4
1994 1995 1996

74.8 715 51.8
89.6 82 102.5
64.2 67.6 525

69 78.9 68.1
45.9 69.8 718
445 43.6 16.4
62.1 53.2 49
75.4 718 65.8

59 54.6 50.9
64.8 46.7 31.2

1986 1990 100

100

11-3

EU

10

1990



2000

1.1.7.2

1990

1.1.7.3

GDP
1999

90%

1994

11-4

11

2000



1.1.8

1.2
1.2.1
1.2.1.1
25%
68%
1997 90
270
1.2.1.2
1972
1.2.1.3
1950

10%

1990

71
76

1,550

1975 690 m®
75% 15%
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2000



20 3
1.2.2
1.2.2.1
51,766MW 180TWh
2 12
16 1995
2003 2002
36 5TWh 29
62 17
2004 UkrinterEnergo
5.5TWh
38
4 2
Energoatom Kievenergo
Oblenergos
27 Oblenergos
220kV Ukrenergo
Energomarket Ukrenergo
300
1990
2001
2003 128TWh 34
Ukrenergo 220kV 22,513km
Oblenergo
100
km
220kV 295 3.05
195 31TWh 75
Oblenergos

13



2001

19.9 2003 195
1993 1
Carpathian
2002 3 15 1.2-1

14



12-1

Cherkasyoblenergo 70.00 70.00 - 30.00
Chernigivoblenergo 25.00 - 25.00 75.00
Chernivtsioblenergo 70.00 70.00 - 30.00
Dniproblenergo 75.00 75.00 - 25.00
Donetskoblenergo 65.00 65.00 - 35.00
Kharkivoblenergo 65.00 65.00 - 35.00
Khersonoblenergo 0.00 - - 100.00
Khmelnytskoblenergo 70.00 70.00 - 30.00
Kirovogradoblenergo 0.00 - - 100.00
Krymenergo 70.00 70.00 - 30.00
Kyivenergo 62.74 50.00 - 37.26
Kyivoblenergo 0.00 - - 100.00
Luganskoblenergo 60.00 60.00 - 40.00
Lvivoblenergo 26.98 - 26.98 73.02
Mykolaivoblenergo 70.00 70.00 - 30.00
Odesaoblenergo 25.00 - 25.00 75.00
Poltavaoblenergo 25.44 - 25.44 74.56
Prikarpattiaoblenergo 25.00 - 25.00 75.00
Rivneoblenergo 0.00 - - 100.00
Sevastopolenergo 0.00 - - 100.00
Sumyoblenergo 25.00 - 25.00 75.00
Ternopiloblenergo 51.00 51.00 - 49.00
\/innytsiaoblenergo 75.00 75.00 - 25.00
\/olynoblenergo 75.00 75.00 - 25.00
Zakarpattiaoblenergo 75.00 75.00 - 25.00
Zaporizhiaoblenergo 75.00 75.00 - 25.00
Zhytomyroblenergo 0.00 - - 100.00
Centrenergo 78.29 26.00 229 2171
Dniproenergo 76.04 26.00 0.04 23.96
Donbasenergo 85.77 35.00 0.77 14.23
Zakhidenergo 70.11 29.76 - 29.89

15




1.2.2.2

o Lisichanskaya
o Severodonetskaya
o Shterovskaya
Donbassenergo 2002
4,116GWh
2002 Lugansk Energy Union Luganskoe
energrticheskoe ob’ edinenie 48,000km
300 0.4kVv  110kV
1.2.2.3
PP 2004
o 10.6 12.1 Euro/MWh (70.0 79.9 UAH/MWh)
o 13.6 18.2 Euro/MWh (89.8 120.1 UAH/MWh)
2004 9 10 118 136 UAH/MWh
126.72 UAH/MWh
2004 9 12-2
1.2-2 2004 9
1 category 2 category
(VAT=20% ) UAH/KWh 0.1882 0.2278
UAH/kWh 0.0118 0.0278

6.60 UAH =1 Euro

16



1.2.2.4

Lugansk Energy Union

Commission of Power Regulation of Ukrain

Lugansk Energy Union

1.2.2.5 GHG

2005 2012 J
J
2.3

National
0.5MW
IPCC
PDD 1
2004 5 Operational Guidelines for

Project Design Documents of Joint Implementation Projects, Volume 1: General guidelines, \Version
2.3, Ministry of Economic Affairs of the Netherlands May 2004

1.2-3 J
year t-CO,/MWh
2000 0.815
2001 0.800
2002 0.785
2003 0.770
2004 0.755
2005 0.740
2006 0.725
2007 0.710
2008 0.695
2009 0.680
2010 0.666
2011 0.651
2012 0.636

17



1.2.3

1.2.3.1

60

0.3

GHG

15 20

58.3

2/3

81
0.1

3.070x 10°GWh 1,105x 10°GJ

40.2 15 124
12-4
2003
toe GJ MWh
7,840 328,245,120 91,179,200
5,995 251,000,000 69,722,222
2,197 92,000,000 25,555,556
8,192 343,000,000 95,277,778
1,172 49,049,000 13,624,722
7,021 293,951,000 81,653,056
toe GJ MWh
20,612 863,000,000 239,722,222
955 40,000,000 11,111,111
19,657 823,000,000 228,611,111
3,368 141,000,000 39,166,667
16,289 682,000,000 189,444,444
toe GJ MWh
2000 7,118 298,000,000 82,777,778
2,508 105,000,000 29,166,667
406 17,000,000 4,722,222
6,712 281,000,000 78,055,556
1,003 42,000,000 11,666,667
5,708 239,000,000 66,388,889
toe GJ MWh
27,730 1,161,000,000 322,500,000
1,361 57,000,000 15,833,333
26,369 1,104,000,000 306,666,667
4,371 183,000,000 50,833,333
21,998 921,000,000 255,833,333

18

7.7

30

24



1.2-5

1.2-5 2001
GWh GWh GWh GWh GWh
133,636] 122,202| 68,916 28,951] 24,335
125337] 115,851| 67,890 25683 22278
8,300 6,351 1,026 3,268 2,056
133,637 122201| 68,915 28951 24,335
49,841  49,002] 33,066 14,256 1,680
31,052 25945 18,367 4,329 3,249
52,744  47,255|  17,483] 10,366] 19,406
97,866
24,335
87.7
4 5 35 50
2010
1.2.3.2
6,702 23,349
4,837
20 8,934 38 82

19




1.2-6

14,100

35,000

6,702

23,349

20

4,837

70

8,934

7,398

29

8,460

2003
251PJ
900GW
75 85
sector
100MW 10,800
29
60 70
44
52

7.84 toe
1,000
92PJ
26.7 30kgedGJ
765
communal energetic
14,100 0.1IMW
3MW 35,000
0.05MW 100MW 60
682x 10°GJ
61.7
863x 10°GJ
823x 10°GJ 682x 10°GJ
17.3
12 15 27 36

20



1.2.3.3

24,300km
2 z 3,500km 125mm  1,400mm
20,800km 50mm  800mm
95 150 5 40
14.3 14 3,000km
34.7 7,700km 100km
70
30 0.7 Mtoelyr 3
70 55
12-7
km 24,300
km 3,500
km 20,800
km 3,000
km 7,700
Crimea Lvivoblast Khmelnitsky
30 60
Dnepropetrovsk Kiev Lugansk Odessa Kharkov
30
2 1 2
3
State Program for reformation, modernization and devel opment of
communa energy of Ukraine 2003 40
20 22 14.3
30

21



15
1.2.3.4
3
o Teplokommunenergo
o Luganskteplokommunenergo 5
o Teploobespecheniye
1.2.3.5
1 1 1.46UAH
142.52 UAH/Gcal 60.89 UAH/Gcal
7153 UAH/Gca
1.2.3.6
Aleksandrovsk

4km

1.2.3.7 GHG
GHG
J PDD 1
2.3 2004 5 Operational Guidelines for Project Design

Documents of Joint Implementation Projects, Volume 1. General guidelines, Version 2.3, Ministry
of Economic Affairs of the Netherlands May 2004
IPCC 1TJ 10%J
CO,

22



1kto/TJ 3,600 g/kWh

1.2-8
kton CO,/TJ
0.0946
mazut 0.0774
0.0551
1.3 Ji
2004 2 Verkhovna Rada 1999
GHG 1990 2004
GHG 711x 10%-CO,
1999 IEA GHG 379x 10%-CO, 1990
53 2001 GHG 1990
Annex B 1990
J
ET
J J
Ministry of Environmenta
Protection DNA
2004
J
PIN LOE Letter of Endorsement
PDD LOA Letter of Approva
J J
J J 2005

23



1.3.1

1998 UNFCCC UN Framework
Convention on Climate Change Climate Change Secretariat
First National Communication GHG National
Inventory 1 GHG
1990
GHG

Annual Statistic Report of the Ukraine

National Oil and Gas Company
Report on the Fudl Use and Storage

1999 4 14 No.583
Inter-Ministerial Commission on Climate Change IMCCC

15
GHG
o The Program for the Restructuring of the Ukrainian
Economy 1995
o The Nationa Energy Program 1996
o The Complex State Program for energy

Conservation 1996

The program of state support for
the development of non-traditional and renewable energy and small hydro- and heat-power
engineering 1997

o National Programs of the Development of

24



Sectors of the Economy 1993 1997
o Short-term Programs of Development of the

National Economy

GHG
The Complex State Program for energy Conservation

Ukrainian State Committee for

Energy Conservation the National Academy of Sciences
1998 1999 2000
GHG Annual cadastres of anthropogenic emissions GHG
2004 TACIS
o Ministry of Environmental Protection
J
Ald J
o The Ministry of Economics
o The Ministry of Finance
o The Ministry of Fuel and Energy
o The Ministry of Industria Policy
o The Ministry of Agricultura Policy
o The Ministry of Transport
o The Ministry of Justice
o Goszhilkommunkhoz State Committee of Ukraine of the
Municipa Service
o Derzhkomzem State Committee of Ukraine of the Land Resources
o The State Committee on Energy Conservation
o The State Committee of Forestry
o The Council of Ministers of the Autonomous Republic of
Crimea
o Kiev Sevastopol Regional Administrations and the City

Administrations of Kiev and Sevastopol

25



o The National Academy of Sciences of the Ukraine

National Communications GHG

UNFCCC
1.3.2 Ji
J
1 J COP Conferences of Parties
L etter of Endorsement PDD
Project Proposd
2 J
PIN J
3

L etter of Endorsement

4) L etter of Endorsement
J PDD
O
O
@)
©)
O
5) Letter of Approval
PDD validater

26



6)

8) J

9

10)
ERU

11)

12)

13)

14) ERU

15) J

1.3.3

J

J

ERU

J
J Stirring Committee on J Execution
J
J
Letter of Approva
ERU GHG
GHG
GHG
ERU GHG
verify
2008 2012
GHG
Ji
J

27



LFG

Ministry of Environmental Protection

LFG
J
LFG
LFG
1.4
141
10
1
Sarmathian
Alanian 9 13
Pechenegs Turks Polovians Seversky Donets
13 Tatar-Mongols
200
15
Seversky Donets 17
Byelolutsk  Novopskov
Svatovo
18 19 18
18

28



Nikolay Semenovitch Mordvinov
1795

Luganka

1830

200

1861

Gartman
1882

Nikolay Petrovitch Kholodilin

Azov-Don
30
1900

Kazanskaya

1898

1903

20

10

Trinity  Assumotion  Petropaviovskaya

1812

Nikolayevsky

29

Ekaterina
1795
1853 1856
1883
Kazanskaya
Kazanskaya Preobrazhenskaya



1930 Petropavlovskaya

Luhansk
270km 170km 700km
26,700km? 47 49 5 05 37 52 40 12
1938 6 3 18 37 109
3 Belgorod Voronezh Rostov
Donetsk Kharkiv
Seversky Donets Don 2
Donets
Donets 200 250m
Donets Luhan  Velyka
Kamianka Kras-na Borova Aidar Derkul 81
8.6
1
7 7 22 400
450mm Donets 550mm
1,011km 546 Kiev
Simferopol Odessa Lviv
Dnipro
Kharkiv Rostov
Volgograd Kharkiv Volgograd Kharkiv M oscow
Rostov Stavropal Orenburg
\olga

30



Luhan Vilkhivka

813km 1938
46.8
40
4 12 21
1991
3
Alexander Pushkin Vladimir Dahl 1801
11 22
1.4.2

1.2-8 480mm

60mm 6 28mm 1

85 21.7 7 -5.9 1

7 39 1 81%

31



1.2-9

85

36

-2.2

1

24

10

79

35

15.0

206

55

217

19.9

16.3

10.0

0.8

25

-4.8

28

-5.9

mm
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2.1

2.1.1

50

23 25km
830km 1978
1981 2003
60 75
21-1 21-1 1992 2000
2003 2004 2007
15 2007
201.3
2.1-1
year ton year ton

1979 44,000 1992 74866
1980 55,132 1993 73744
1981 61,666 1994 71478
1982 63,888 1995 69564
1983 67,166 1996 69388
1984 70,576 1997 68772
1985 71,588 1998 68310
1986 72,226 1999 66286
1987 72,710 2000 59400
1988 73,568 2001 63404
1989 73,744 2002 71037
1990 74,162 2003 74052
1991 74,690 2004 75163

33



100,000
90,000
80,000
70,000
60,000
50,000
40,000
30,000
20,000

10,000

0
1975 1980 1985 1990 1995 2000 2005 2010

211

2007

LFG
LFG

2.1-2

21-2

255 30.0
29 28.1
0.8 0.0
4.7 32.2
16 5.6
5.0 0.0
18 20.0
17 16.7
11 0.0
9.4 334

15mm 5.0 29.0
100.0 39.6




20m

2.1-2
550m

35

2.1-3
75m

30 35m

175m

8.4



LEGEND
ROADS
BUILDINGS

WASTE BOUNDARY
FENCES /PERIMETER ROAD

MAIN
ENTRANCE

212

PROPOSED FINISHED
LEVEL

PROPOSED FINISHED
LEVEL

CURRENT LANDFILL
LEVEL
CURRENT LANDFILL
LEVEL

LANDFILL BASE
LANDFILL BASE LAYER
LAYER

SECTION
SECTION { i }

PROPOSED FINISHED
LEVEL

CURRENT LANDFILL
/ LEVEL
\ELEVATION - 117

PROPOSED FINISHED
LEVEL

CURRENT LANDFILL
/LEVEL
\ELEVATION - 115m

\LANDFILL BASE

LAYER

SECTION < i )

LANDFILL BASE'
LAYER

213

36



211 212
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2.1.2

LFG
21

GEG
LFG

LFG

214 LFG

214 LFG

38



1 LFG GHG GEG flaring
2 GEG CO,
3 GEG CO,
CO,
2 IPCC Revised 1996 |PCC Guidelines for National
Green house Gas Inventories : Reference Manual CHAPTER 6 WASTE
LFG CO,
CcoO,
2.1-2
LFG
2
0
2.2
Protos Closed Joint Stock
Company
81
334,000US$
N 032801 1945 1989 7 1
KTP 032801 KTP 1994 8 11
4
4

39



2.3

2.3.1

o LFG

LFG

231

LFG 60

GEG

LFG

2.3-2

40

30 40
LFG



Gas treatment facilities Power supply O’
M

Self consumption [Measure watt hour

X

Power generation facilities

Gasreservoir facilities

LFG ()
Measure LFG flow Condensate tank

Condensate tank

®)

VN
&Eﬁ Measure temperature of flare surface|

M
Measure meth Vof fl. haust gas|

Nt
e

Vertical Extraction Wells
Blowers ) LFG
Measure LFG flow
LFG
Measure LFG flow|

Measure methane concentration| ~M
>

Measure LFG temperature|
LFG
Flarefacilities

Measure LFG pressure|

Condensate tank

Vertical Extraction Wells

231

LEGEND
= ROADS
> BUILDINGS
——  WASTE BOUNDARY
——  FENCES — — PERIMETER ROAD
®  CONDENSTATE TRAP /
CONDENSTATE SUMP/PUMP

LFG HEADER
-.-_—_

(. VERTICAL EXTRACTION
WELLS

MAIN
ENTRANCE

‘ BLOWER/FLARE
COMPOUND

TN TN TN
A O
|

WASTE LIMIT-

i [
NN NN N
NN NN

) "—ROAD CROSSING
|1 SEE DETAIL

WASTE LIMIT 4

\ /
it
PERIMETER ROAD [/

232
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LFG

LFG GEG
LFG
2.3.2 gas collecting facilities
LFG Vertical Extraction Wells lateral
piping Blowers air tight seat
LFG
LFG
LFG LFG
LFG
H
2/3H 3/4H leachate
100mm casing pipe
100mm
2/3 34
100mm
450mm

42



gravel

sampling valve

High Density Polyethylene (HDPE) pipe

soil
bentonite
LFG
stop vave
LFG LFG
1
2
LFG
1,100m3/h
2.3.3 gas treatment facilities
LFG
LFG

43

100mm



-CH3

LFG
LFG
LFG
2.3.4 gas reservoir facilities
LFG LFG
20 30

2.3.5 power generation facilities

LFG

500kW
LFG
LFG

400m3

CO,



231

2.3-1

500kW
400V

50Hz

LFG 50

17.92MINmM3
4,280kcal/Nm3

39.20

128Nm3/h

LFG 256Nm3/h

1

2.3.6 power transmission facilities

Closed Joint Stock Company “Luganskenergo” Lugansk Regiona Power
Distribution Company

500kW

2.3.7 flare facilities

LFG

LFG

45



2.3-2

LFG

190 1,100Nm3/h

LFG

50

99.5

anti-flashback burner

liquid removal
1
2.3.8
2.3.9
1
1 1

46

10

GHG

2008



2008 15

2.3.10

8,040 335

2.3-3

3,500,000

3,000,000 F

2,500,000 F

Nm3

2,000,000 H

1,500,000 K

1,000,000 K

500,000 H

2.3-3

2.4

241

LFG GEG 4 24-1
0.5MW 1

47



24-1

EURO

250,000

100,000

LFG

GEG 500,000

GEG

360,000

70,000

1,280,000

2.4.2

24-2 3
OE

24-2

EURO

6,000

54,000

14,000

10,000

10,000

94,000

2.5

2.5.1

Shimizu Corporation
PDD Project Design Document
ERU

The Chugoku Electric Power Co.,Inc.
ERU

48




2.5.2

Company

2.5.3

LFG

Close Joint Stock Company "Protos"

Lugansk Municipality

ERU

JBIC

49

SPC Specia Purpose



25.4

2.5.5

Pay on Delivery

5
Pay on Delivery

50



2.6

FS

EU

LOE

LOA

EU

51

2008

DOE

LFG
J

2005
J

LFG



FS

PIN PDD
2.7
SPC
128 EURO
10
10
5 2008 2012
2.01x 10° t-CO, 52-1
128 EURO CcO,
6.4EURO/t-CO, 2008
50 7.0EURO/-CO, CO,

100 140 EURO

CO,

52



2.8

o 2005

o 2006 SPC

02007 1 1 LFG

02008 1 1 LFG
02009 6 1 GEG

02010 1 1 GEG

02022 12 31

53






3.1
LFG CDM
311
LFG
ACMO0001 LFG
CO,
311 AMO0010 ACMO0001 AMO0010
ACMO0001 ACMO0001
311 AMO0002 AMO0012
311 LFG
Sectoral
Scope
NM0004 13 SALVADOR °
AMO0002 Waste DA BAHIA
2003/9 handling and LANDFILL
disposal GAS
PROJECT LFG
LFG 5
20
[ ]
LFG
NMO0005 13 Nova Gerar LFG
AMO0003 Waste Landfill Gas CER
2004/1 handling and to Energy
disposal Project
NMO0010 1 13 Durban,
AMO0010 Energy South Africa LEG
2004/7 industries Landfill Gas
(renewable-/ | to Electricity Co,
non-renewable
sources) &
Waste handling 1MW
and disposa

52




Sectoral
Scope
NM0021 13 Onyx LFG
AMO0011 Waste Landfill Gas LFG
2004/7 handling and Recovery
disposal project —
Trémembé -
Brazil
CER
NMO0032 13 Municipal
AMO0012 Waste Solid Waste
2004/8 handling and Treatment LFG
disposal cum Energy
Generation
Project, LFG 50
Lucknow,
India’ LFG
FOD
IPCC
Equationl
1 13 Energy | Consolidated LEG
ACMO0001 industries basgline LFG
2004/9 (renewable-/ | methodology
non-renewable | for landfill
sources) & gas project
Waste handling activities g I|__|F:((3;
and disposal
c LFG
Consolidated baseline
methodology forgrid-connected electricity generation
from renewable sources
15MW
54TJ
CDM
ACMO0001
LFG LFG
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a LFG
LFG

c LFG

Consolidated baseline methodology
for grid-connected electricity generation from renewable sources
http://cdm.unfccc.int/EB/M eetings/015/eb15repan?. pdf

15SMW
54TJ 15GWh

CDM
INDICATIVE SIMPLIFIED BASELINE AND MONITORING METHODOLOGIES
FOR SELECTED SMALL-SCALE CDM PROJECT ACTIVITY CATEGORIES
http://cdm.unfccc.int/pac/howto/Small Scal ePA/sscli stmeth. pdf

This methodology is applicable to landfill gas capture project activities, where the
baseline scenario is the partial or total atmospheric release of the gas and the project activities
include situations such as:

a) The captured gasisflared; or

b) The captured gas is used to produce energy (e.g. eectricity/thermal energy), but no emission
reductions are claimed for displacing or avoiding energy from other sources; or

¢) The captured gas is used to produce energy (e.g. electricity/thermal energy), and emission
reductions are claimed for displacing or avoiding energy generation from other sources.

In this case a basdline methodology for electricity and/or thermal energy displaced shal be
provided or an approved one used, including the ACMO0002 “Consolidated Methodology for
Grid-Connected Power Generation from Renewabl€e’. If capacity of electricity generated islessthan
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15MW, and/or thermal energy displaced is less than 54 TJ (15GWh), small-scale methodologies can

be used.
GEG
GEG
LFG
3.2
ACMO0001
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LFG

LFG
GEG

LFG

GEG

500kW 0.5MW

ACMO0001

LFG

LFG

LFG

GEG



ACMO0001

ACMO0001
@
(6)

(1) ERy = (MDyrojecty - MDyegy) * GWPcpa + EG, * CEFaeaticity + ETy* CEFnermaly
ER, GHG

M Dproject,y

MDregy

GWPchs

EG,

CEFgeatriaity CO

ETy
CEFthermaly CO,

o @)

(I') ERy=(MDgjecty - MDregy) * GWPcHs + EGy * CEFgectricity

(2) M Dreg’y = M Dproja:t’y * AF

AF

(3) MDygjecty = MDriaredy + MDagectricityy + M Dinermaly

MD#iaedy
M Dagectricityy

M Dihermal y

® @)
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@) M Dprojecty = MDriaredy + MDeiectricityy

(4 MDriaedy = LFGriaredy * Weray * Dena * FE

WcHay LFG

Dcha
FE

G M Ddectricityy = LFGdectricity,y * Weray * Dcha

L FGe| ectricity,y LFG

ex-ante  MDpgjecty

(6) MDpgjecty =EQC* Z Qyx

X
Qyx X Ry y
X y
Ry X Mgly
y y
EqC
34

GWP oy Global Warming Potential

IPCC 2 1995

Assessment Report: Climate Change 1995
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Nmy

IPCC Second



EG, net quantity of electricity displaced
GEG

GEG LFG
GEG

LFG GEG

CEFeiectricity.y CO, emissions intensity of the electricity displaced

Operational Guidelines for Project Design Documents of Joint Implementation Projects Volume 1.
Genera guiddines Version 2.3 Ministry of Economic Affairs of the Netherlands May 2004
P42 Table B1

J
Table B1
AF adjustment factor
AF LFG
LFG LFG
PDD AF 0 AF
LFGeiared,y LFG guantity of landfill gas flared
LFG PDD

LFG LFG
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Wou,y LFG average methane fraction of the landfill gas

LFG PDD
Deva methane density at standard temperature and
pressure
t/m’ LFG LFG
standard temperature and pressure 0 1,013 bar
PDD
FE flare efficiency
PDD
LFGejectricity.y LFG quantity of landfill gas fed into electricity
generator
LFG PDD LFG
GEG GEG
X the year of waste input
1978 First Order Decay Model
y current year
1978 First Order Decay
Mode
EqC landfill gas collection efficiency
PDD
Ry, X amount of waste disposed in year X
LFG First Order
Decay Model R«
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2004 15

k methane generation rate
Lo methane generation potential
ACMO0001
ACMO0001
Consolidated tools for demonstration of additionality
0 5
0 Preliminary

screening based on the starting date of the project activity

J 20056 12 31
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Identification of alternatives to the project activity consistent with

current laws and regulations

la Define alternatives to the project
activity
1 LFG
LFG LFG
GEG
2 LFG
LFG
3 LFG
LFG GHG GEG
1b Enforcement with applicable laws and requlations
1 3
2 Investment Analysis
J 3 ERU
1 Option I. Apply simple cost analysis
2 Option 11. Apply investment comparison analysis 3
Option I11. Apply benchmark anaysis
3
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IRR

ERU

IRR

ERU

IRR

IRR
20046 3 8 7.65

Barrier Analysis

Common Practice Analysis

in the same country/region and/or rely on a broadly similar technology, are of asimilar scale, and

take place in a comparable environment with respect to regulatory framework, investment climate,

access to technology, access to financing, etc. A4A4
J
5 Jl Impact of Jl Registration

5EURON-CO,  IRR

3 ERU ERU
0.77 ERU 10EURO/t-CO, IRR 21.23
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3 J
1
3.3
UNFCCC GUIDELINES FOR COMPLETING THE PROJECT DESIGN
DOCUMENT (CDM-PDD) GHG

Leakage is defined as the net change of anthropogenic emissions by sources of
greenhouse gases (GHG) which occurs outside the project boundary, and which is measurable and
attributable to the CDM project activity.

UNFCCC GUIDELINES FOR COMPLETING THE PROJECT DESIGN
DOCUMENT (CDM-PDD)

GHG
The project boundary shall encompass al anthropogenic emissions by sources of

greenhouse gases (GHG) under the control of the project participants that are significant and
reasonably attributable to the CDM project activity.

GEG
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331

ID10
— o R — co2
ID1 LFG
ID2 LFG
ID3 LFG
ID4 LFG
ID5 LFG

- _ ——
- !LFG
- - )
LFG
I LFG LFG COo2 —T Cco2 '
—_—] %‘» ID7 |
LFG |
1D8
O— I
I ID6
LFG
331 Flow chart of project boundaries

ID 4.2-1

3.4

ACMO0001

ACMO0001
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Ebasdiney = GWPcHa* (Z Qy,x -M Dreg,y) + EG‘y * CEFdectricit,y

Evasginey Y (t-COy)
GWPch4
Qux X Ry y
Nm’ly
MDregy (t-CHy)
EG, (MWh)
CEFgectridity (t-CO/MWh)
X y
Qyx IPCC
Revised 1996 | PCC Guidelines for National Green house Gas Inventories : Reference Manua
CHAPTER 6 WASTE First Order Decay Model -3
EQUATION 3 -4 -5 EQUATION 4 &
EQUATION 5

Qy,x:k * Rx * LO * e'k(Y'X)

R, X Mgly
y y
Lo methane generation potential  Nm*Mg Mg
k methane generationrate  1ly
Lo
k
pH
Qux
4
Lo k Qyx
Qux Lo k 34-1 Ry
34-2
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34-1

| 40.50
1l 13.63
1 29.68 LFG
Y 16.20
Ik 1y 0.116
1k Uy 0.076
1k Uy 0.046 LFG
IV k 1y -
I Ly Nm3-CH4/ -waste 74.40
11 Lo Nm3-CH4/ _-waste 128.80
I Lo Nm3-CH4/ -waste 128.30 LFG
IV L, Nm3-CH4/  -waste 0
Thermal and Nuclear Power
Engineering Society Ministry of International Trade and
keal/Nm3 8,560 Industry Agency for Natural Resources and
Energy 1991 P158
kw 500
39.20 J
- 0.10
/ 335
Dera YNM3 0.00071680 UN_FCCC CDM EB Consolidated baseline methodology for landfill gas
project activities
GWPc4 - 21.0 IPCC Second Assessment Report: Climate Change 1995
UAH/KWh 0.1000
UAH/EURO 6.77
LFG 0.50 LFG
Weria
LFG 0.668
0.500 90 x 75 x 99
LFG EqC 0.668 [0.500
FE 0.995 z
AF 0.00
Operationa Guidelines for Project Design Documents of Joint
Implementation Projects Volume 1: Generd guidelines Version 2.3 Ministry
CEF gearicty +CO2/MWh 0815 0.486 |°f Economic Affairs of the Netherllfgr;dgs May 2004 2000
2013 2011 2012
7.65 2004 3 8
2008 2022
15
25
6.75
EURO 1,280,000
EURO/ 94,000
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34-2 RX

year ton year ton
1979 44,000 2002 71,037
1980 55,132 2003 74,052
1981 61,666 2004 75,163
1982 63,888 2005 76,290
1983 67,166 2006 77,435
1984 70,576 2007 78,596
1985 71,588 2008 0
1986 72,226 2009 0
1987 72,710 2010 0
1988 73,568 2011 0
1989 73,744 2012 0
1990 74,162 2013 0
1991 74,690 2014 0
1992 74,866 2015 0
1993 73,744 2016 0
1994 71,478 2017 0
1995 69,564 2018 0
1996 69,388 2019 0
1997 68,772 2020 0
1998 68,310 2021 0
1999 66,286 2022 0
LFG
MDregy
GWPcha IPCC 21.0
EG, 51-2
CEFgeatricityy 3.4-3 Operationa

Guidelines for Project Design Documents of Joint Implementation Projects, Volume 1. General
guidelines, Version 2.3, Ministry of Economic Affairs of the Netherlands May 2004
1999 2000
2013 2011 2012
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3.4-3

year t-CO2/MWh year t-CO2/MWh
1979 0.815 2002 0.785
1980 0.815 2003 0.770
1981 0.815 2004 0.755
1982 0.815 2005 0.740
1983 0.815 2006 0.725
1984 0.815 2007 0.710
1985 0.815 2008 0.695
1986 0.815 2009 0.680
1987 0.815 2010 0.666
1988 0.815 2011 0.651
1989 0.815 2012 0.636
1990 0.815 2013 0.621
1991 0.815 2014 0.606
1994 0.815 2015 0.591
1995 0.815 2016 0.576
1996 0.815 2017 0.561
1997 0.815 2018 0.546
1998 0.815 2019 0.531
1999 0.815 2020 0.516
2000 0.815 2021 0.501
2001 0.815 2022 0.486
1979 2006
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34-4

3.5

t-CO2
2008 7.21E+04
2009 6.66E+04
2010 6.40E+04
2011 5.94E+04
2012 5.51E+04
2013 5.12E+04
2014 4, 77E+04
2015 4,44E+04
2016 4,14E+04
2017 3.86E+04
2018 3.60E+04
2019 3.37E+04
2020 3.15E+04
2021 2.95E+04
2022 2.76E+04
2008 2022 6.99E+05
ACMO0001
ACMO0001

Eproject,y = (l - ch ) * GWPCH4 * Z Qy,x

Eprojecty y (t-COy)

EqC

GWPCH4

Qy.x X Rx y
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Nm3/y

Qyx
34
EqC 3.4-1
35-1
1979 2006 5
35-1
t-CO2
2008 3.62E+04
2009 2.23E+04
2010 2.06E+04
2011 1.91E+04
2012 1.76E+04
2013 1.64E+04
2014 1.52E+04
2015 1.41E+04
2016 1.31E+04
2017 1.22E+04
2018 1.14E+04
2019 1.06E+04
2020 9.87E+03
2021 9.21E+03
2022 8.60E+03
2008 2022 2.36E+05
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4.1
31
ACMO0001
ACMO0001
ACMO0001

LFG LFG
a LFG

LFG
c LFG

Consolidated basgline methodol ogy
for grid-connected electricity generation from renewable sources
http://cdm.unfccc.int/EB/M eetings/015/eb15repan?. pdf

15MW
54TJ 15GWh

CDM

INDICATIVE SIMPLIFIED BASELINE AND MONITORING METHODOLOGIES
FOR SELECTED SMALL-SCALE CDM PROJECT ACTIVITY CATEGORIES

69



http://cdm.unfccc.int/pac/howto/Smal | Scal ePA/sscli stmeth. pdf

This methodology is applicable to landfill gas capture project activities, where the
baseline scenario is the partial or total atmospheric release of the gas and the project activities
include situations such as:

a) The captured gasisflared; or

b) The captured gas is used to produce energy (e.g. electricity/thermal energy), but no emission
reductions are claimed for displacing or avoiding energy from other sources; or

¢) The captured gas is used to produce energy (e.g. electricity/thermal energy), and emission
reductions are claimed for displacing or avoiding energy generation from other sources.

In this case a basdine methodology for electricity and/or thermal energy displaced shall be
provided or an approved one used, including the ACMO0002 “Consolidated Methodology for
Grid-Connected Power Generation from Renewabl€e’. If capacity of electricity generated islessthan
15MW, and/or thermal energy displaced is less than 54 TJ (15GWh), small-scale methodologies can
be used.

LFG
LFG
GEG
GEG GEG
LFG
LFG

GEG

GEG

500kW 0.5MW
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LFG

4.2

ACMO0001 4.2-1
4.2-1

4.2-1

LFGiow
m3 m 1 100% e
Flow meter
LFG 1
T 1 1 D
K m 100% e o
LFG
P 1 1 D
Pa m 100% e o
LFG
Wons 1 1
LFG % m 100% e
L FGaecticity
m3 m 1 100% e
Flow meter
LFG 1
L FGfI ared,
m3 m 1 100% e
LFG L °
Tf
FE
DegreeC m 100% e
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Wicna

FE

% m 100%

EG
kwh m 100%
CEFgecticity

- c 100%
AF

- n/a 100%

Tf Wicha

FE Tf

% mandc 100% FE

Wlcha
2
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ID10
— n o n — co2

ID1 LFG
ID2 LFG
ID3 LFG
ID4 LFG
ID5 LFG

[ [ —
Lm
|
ILm
LFG LFG coz coz [
. k)» —1 I
ID7
LFG |
ID8 |
I ID6
LFG

4.2-1

GEG GEG
LFG

IDL  LFGyy LFG
ID5  LFGeeeericity LFG
ID6  LFGpaes, LFG
ID2 T LFG

ID3 P LFG
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o ID4

LFG

Weng

LFG

LFG

LFG

75

ppm



olID7 Tf
LFG

o ID8  why,
ID4 LFG

99 10

12

LFG

LFG

LFG

LFG

1 1
1 1
0.1 1,000ppm
99.5
0.03 300ppm ID4
1

76



o ID9 EG
J

0 ID10  CEFgjectricity

1 1
o ID11 AF
LFG
1 1
o ID12 FE
FE ID7 Tf
ID4 WcHa LFG
ID7 Tf
Fwf

FTf

Fwf

LFG

LFG

7

LFG

LFG

ID8  wfcya

FTf

FTf



+ LFG

FE FTfx Fwf
FE 1 1
© 1
1
4.3
32
ACMO0001 1)

(') ERy=(MDgjecty - MDregy) * GWPcHs + EGy * CEFgectricity

1
MDgrojecty
MDiegy GWPcg
213 1 LFG
GHG GEG flaring
2
ID9 CEFgecricty  1D10 213
2 GEG CO;,
(2) MDreyy = MDprgjecty * AF
MDyregy
MDyrojecty

AF ID11
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EG,



3) M Dprojecty = MDfiaredy + M Daectricityyy

M Dproject,y
M Dproject,y M De|ectricity,y
(4 MDriaedy = LFGriaredy * Weray * Dena * FE
M Dprojg:t’y L FG
1D4 Dcha FE 1ID12
5 M Daectricityy = LFGdectricity,y * Weray * Dcha
M De|ectricity,y LFG
Dcha
(7) FE=FTf* Fuf
FE FT1f Fwf
@® fFrt =frh)
FTf Tf
(9 Pwf =(Wchay -Wfchay)! Wehay
Fwf \NfCH4,y ID8
WcHay 1D4
(10) Dcns=0.0007168 * (P/101.3) * (273.15/T)
Dcha 101.3kPa O 273.15K
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0.0007168t/Nm3
T 1D2 P ID3

(11) - LFG i
+ CcO,
= ( (LFGiaredy + LFGgectricityy) / EQC * Weray * Dcpa - MDregy ) * GWPcHa + EGy * CEFgectricity

(12) = LFG - LFG

+

= ( (L I:Gflared,y + LFGdectricity,y) / EqC - (L I:G'ﬂared,y + LFGeIectricity,y) + LFGﬂared,y * (1 - FE) ) *

Wetay * Depa * GWPcHa

4.4

SPC Specia Purpose
Company SPC

ERU
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44-1

GHG

GHG
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4.4-1

WeHa

L FGgectricity
LFG

LFGriares,
LFG

Tf

Wlcns

EG

CEFgecticity

AF

FE

82







5.1
511
LFG
LFG LFG
512
500 kW 8,040
10

500 kwx 8,040h 4,020 MWh

4,020 MWhx 0.1 402 MWh

4,020 MWh 402 MWh 3,618 MWh
13.68 GIMWh NEDO

2004 3

3,618 MWhx 13.68 GIMWh 49,494 GJ
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5.2
5.2.1

LFG
LFG

LFG 21 LFG

LFG

5.2.2

LFG

32
©

(6) M Dprojg:’[vy = EqC * Z Qy'x

X

Qyx X R« y Nmy
X
R« X Maly

EqC
Qyx
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34

EqC 35
5.2-1
2008
2017 3.55x 10-CO, 1979 2006
5
5.2-1
t-CO2 t-CO2 t-CO2
2008 7.21E+04 3.62E+04 3.59E+04
2009 6.66E+04 2.23E+04 4 43E+04
2010 6.40E+04 2.06E+04 4.34E+04
2011 5.94E+04 1.91E+04 4.03E+04
2012 5.51E+04 1.76E+04 3.75E+04
2013 5.12E+04 1.64E+04 3.49E+04
2014 4.77E+04 1.52E+04 3.25E+04
2015 4.44E+04 1.41E+04 3.03E+04
2016 4.14E+04 1.31E+04 2.83E+04
2017 3.86E+04 1.22E+04 2.64E+04
2018 3.60E+04 1.14E+04 2.47E+04
2019 3.37E+04 1.06E+04 2.31E+04
2020 3.15E+04 9.87E+03 2.16E+04
2021 2.95E+04 9.21E+03 2.03E+04
2022 2.76E+04 8.60E+03 1.90E+04
2008 2022 6.99E+05 2.36E+05 4.63E+05
5.3
LFG
650
LFG 90
90
LFG  400x 10°m%
LFG 3.87x
10°m?/ 103
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LFG

103
13
1)
49494GJY x 103+ 3  1.70x 10°GJY
2)
2008 2022 3.08
x 10*t-CO,/
3.08x 10*t-CO,/ x 103+ 3 1.06x 10°t-CO./
0.2 5
128 EURO 50
6,400 EURO
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6.1

1991 6
1998 2001

Waste' 1998 3

Law on the protection of the environment

Ukrainian law on ‘On Municipal

o Ukrainian law ‘ On Protection of Ambient Air’

2000 1 14

development of biofuel’
1

Law of Ukraine *On Alternative Liquid and Gas Fuels

President’s Decree ' On measures concerning

N 1391-X1V of 01/14/2000

LFG

6.2



o LFG

o) LFG GEG

o GEG GEG SOX NOX

LFG
NOX

LFG
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7.1

7.2

7.3
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8.1

8.3

Closed Joint Stock Company "Protos™

Lugansk City Municipality

Closed Joint Stock Company “ Luganskenergo”
Regional Power Distribution Company)

Closed Joint Stock Company "Protos™
President of Protos
Mr. Aratoliv Belik

90

(Lugansk



Lugansk City Municipality
Head of Environment Department of Lugansk City Municipality
Mr. Dleg Berginoi

Lugansk City Municipality
Lugansk City Counsil, Deputy Mayor
Cherkasov Andrey

Closed Joint Stock Company “ Luganskenergo” (Lugansk
Regional Power Distribution Company)
Director of the technical department of L uganskenergo
Mr. Yarodav Protsak
50%
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9.1
IRR
9.1-1
1,280,000 EURO
94,000EURO
25% LFG
NOX 1 53UAH
6.75%
0.1000UAH/KWh
EURO - UAH 1EURO=6.77UAH
2008
2007 2022 16
2022 15
9.1-1
1,280,000 EURO
94,000 EURO/
25 %
6.75 %
0.1000 UAH/kWh
6.77 UAH/EURO
9.2
CO, 2

EURO/t- CO, 5EURO/t- CO, 7EURO/t-CO, 10EURO/t-CO, 4
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9.2-1

9.3 IRR
IRR CO,
2EURO/t- CO, 5EURO/t- CO, 7EURO/t-CO, 10EURO/IK-CO, 4 IRR
2
6 CO,
IRR
IRR
IRR
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9.3-1

IRR

3.73%

0.77%

13.25% 9.60%
26.13% 21.23%
CO, IRR
CO, 5EURO/t- CO, 0.77% CO,
10EUROI/t- CO; 21.23%
9.4
IRR CO,
10% 10 5% 5
=0 100 94-1
CO,
IRR



94-1

10 5 +0 5 10
IRR
10 5 +0 5 10
IRR
+0 25 50 75 100
IRR
LFG
20 10 +0 10 20
IRR
9.5
EURO
1,280,000EURO
2008 2022 4.63x 10°t- CO,
951
951 CO,
t- CO, 4.63x 10°
EURO 1,280,000
co, EURO/t- CO, 2.76

95






Ukrainian

law ‘ On Protection of Ambient Air’ 2001 6 2000 1
Law of Ukraine ‘On Alternative Liquid and Gas Fuels
LFG 2003 9

President’s Decree ‘ On measures concerning

development of biofudl’

1
2004 2
J
FS LFG
CO,
J FS
0.5MW 2008
J

7EURON-CO,

LFG
2005
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LEGEND
= ROADS
(> BUILDINGS

WASTE BOUNDARY

—— FENCES /PERIMETER ROAD
B
Gl
-=_
MAIN
ENTRANCE
LANDFILL ACCESS
UPPER LEVEL- ROADWAY
|e=
&
WASTE LIMIT
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AV
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1y

Qb \ ' WASTE LIMIT A
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PROPOSED FINISHED
LEVEL

CURRENT LANDFILL
LEVEL

LANDFILL BASE
LAYER

SECTION

PROPOSED FINISHED

LEVEL

PROPOSED FINISHED
LEVEL

CURRENT LANDFILL
LEVEL

LANDFILL BASE
LAYER

SECTION

PROPOSED FINISHED
LEVEL

CURRENT LANDFILL
l//fiLEVEL

\\\\*ELEVATION - 115m

CURRENT LANDFILL
“//fiLEVEL
\\\‘*ELEVATION - 117m

\\\\*LANDFILL BASE

LAYER

SECTION

LANDFILL BASE
LAYER




LFG

LFG
Measure LFG flow|

LFG
Measure LFG temperaturel
LFG

Measure LFG pressure

Condensate tank

Vertical Extraction Wells

Measure LFG flow

Gas treatment facilities

(m

) Condensate tank

®

Measure temperature of flare surface|

Measure methane concentration of flare exhaust gas|

™) Lre

Measure LFG flow

Gas reservoir facilities

Power supply @’

Self consumption Measure watt hour

Power generation facilities

Flarefacilities



LEGEND
= ROADS
> BUILDINGS
——  WASTE BOUNDARY
FENCES - PERIMETER ROAD
= CONDENSTATE TRAP /
®  CONDENSTATE SUMP/PUMP

LFG HEADER E‘

MAIN
ENTRANCE

(.Y VERTICAL EXTRACTION -=_
~--" WELLS /\

ST

, ~ BLOWER/FLARE
Ew-18 Y

COMPOUND

EW-2
WASTE LIMIT i

UPPER LEVEL -
P RN 2 Y

B / (3
— - T/ EW-23 A BI-l A~ EW-4 A EW-2 N EW-5 A EW-3 A EW-6 ,} CT-
s S EI-25 N BIA NN L ROAD CROSSING
G g B2 IR e SEE DETAIL
7 \\EW—Z/Q/ NETEY S~
\ WASTE LIMIT //
)
)
PERIMETER ROAD //



! I Il v
Ry
/ / / / /
1979 44,000 17,820 5,997 13,059 7,128
1980 55,132 22,328 7,514 16,363 8,931
1981 61,666 24,975 8,405 18,302 9,990
1982 63,888 25,875 8,708 18,962 10,350
1983 67,166 27,202 9,155 19,935 10,881
1984 70,576 28,583 9,620 20,947 11,433
1985 71,588 28,993 9,757 21,247 11,597
1986 72,226 29,252 9,844 21,437 11,701
1987 72,710 29,448 9,910 21,580 11,779
1988 73,568 29,795 10,027 21,835 11,918
1989 73,744 29,866 10,051 21,887 11,947
1990 74,162 30,036 10,108 22,011 12,014
1991 74,690 30,249 10,180 22,168 12,100
1992 74,866 30,321 10,204 22,220 12,128
1993 73,744 29,866 10,051 21,887 11,947
1994 71,478 28,949 9,742 21,215 11,579
1995 69,564 28,173 9,482 20,647 11,269
1996 69,388 28,102 9,458 20,594 11,241
1997 68,772 27,853 9,374 20,412 11,141
1998 68,310 27,666 9,311 20,274 11,066
1999 66,286 26,846 9,035 19,674 10,738
2000 59,400 24,057 8,096 17,630 9,623
2001 63,404 25,679 8,642 18,818 10,271
2002 71,037 28,770 9,682 21,084 11,508
2003 74,052 29,991 10,093 21,979 11,996
2004 75,163 30,441 10,245 22,308 12,176
2005 76,290 30,898 10,398 22,643 12,359
2006 77,435 31,361 10,554 22,983 12,544
2007 78,596 31,831 10,713 23,327 12,733
2008 0 0 0 0 0
2009 0 0 0 0 0
2010 0 0 0 0 0
2011 0 0 0 0 0
2012 0 0 0 0 0
2013 0 0 0 0 0
2014 0 0 0 0 0
2015 0 0 0 0 0
2016 0 0 0 0 0
2017 0 0 0 0 0
2018 0 0 0 0 0
2019 0 0 0 0 0
2020 0 0 0 0 0
2021 0 0 0 0 0
2022 0 0 0 0 0
2008 2022 0 0 0 0 0




| 1 LFG LFG
LFG LFG LFG IV LFG EqC LFG
Nm3/ Nm3/ Nm3/ Nm3/ Nm3/ - Nm3/
1979 2.90E+05 1.13E+05 1.51E+05 0.00E+00 5.54E+05 0.000 0.00E+00
1980 6.23E+05 2.46E+05 3.33E+05 0.00E+00 1.20E+06 0.000 0.00E+00
1981 9.61E+05 3.87E+05 5.29E+05 0.00E+00 1.88E+06 0.000 0.00E+00
1982 1.28E+06 5.23E+05 7.24E+05 0.00E+00 2.52E+06 0.000 0.00E+00
1983 1.58E+06 6.57E+05 9.21E+05 0.00E+00 3.16E+06 0.000 0.00E+00
1984 1.87E+06 7.90E+05 1.12E+06 0.00E+00 3.79E+06 0.000 0.00E+00
1985 2.14E+06 9.16E+05 1.32E+06 0.00E+00 4.37E+06 0.000 0.00E+00
1986 2.38E+06 1.03E+06 1.50E+06 0.00E+00 4 92E+06 0.000 0.00E+00
1987 2.60E+06 1.15E+06 1.69E+06 0.00E+00 5.43E+06 0.000 0.00E+00
1988 2.80E+06 1.25E+06 1.86E+06 0.00E+00 5.92E+06 0.000 0.00E+00
1989 2.98E+06 1.35E+06 2.03E+06 0.00E+00 6.36E+06 0.000 0.00E+00
1990 3.15E+06 1.44E+06 2.19E+06 0.00E+00 6.78E+06 0.000 0.00E+00
1991 3.29E+06 1.53E+06 2.35E+06 0.00E+00 7.17E+06 0.000 0.00E+00
1992 3.43E+06 1.61E+06 2.50E+06 0.00E+00 7.54E+06 0.000 0.00E+00
1993 3.54E+06 1.68E+06 2.64E+06 0.00E+00 7.86E+06 0.000 0.00E+00
1994 3.62E+06 1.74E+06 2.77E+06 0.00E+00 8.13E+06 0.000 0.00E+00
1995 3.69E+06 1.79E+06 2.88E+06 0.00E+00 8.36E+06 0.000 0.00E+00
1996 3.74E+06 1.84E+06 2.99E+06 0.00E+00 8.57E+06 0.000 0.00E+00
1997 3.78E+06 1.88E+06 3.09E+06 0.00E+00 8.76E+06 0.000 0.00E+00
1998 3.82E+06 1.92E+06 3.18E+06 0.00E+00 8.92E+06 0.000 0.00E+00
1999 3.84E+06 1.95E+06 3.27E+06 0.00E+00 9.06E+06 0.000 0.00E+00
2000 3.81E+06 1.96E+06 3.33E+06 0.00E+00 9.10E+06 0.000 0.00E+00
2001 3.81E+06 1.98E+06 3.39E+06 0.00E+00 9.18E+06 0.000 0.00E+00
2002 3.86E+06 2.02E+06 3.48E+06 0.00E+00 9.36E+06 0.000 0.00E+00
2003 3.93E+06 2.06E+06 3.58E+06 0.00E+00 9.57E+06 0.000 0.00E+00
2004 3.99E+06 2.10E+06 3.68E+06 0.00E+00 9.77E+06 0.000 0.00E+00
2005 4.06E+06 2.14E+06 3.77E+06 0.00E+00 9.98E+06 0.000 0.00E+00
2006 4.13E+06 2.19E+06 3.87E+06 0.00E+00 1.02E+07 0.000 0.00E+00
2007 4.19E+06 2.23E+06 3.96E+06 0.00E+00 1.04E+07 0.000 0.00E+00
2008 3.73E+06 2.06E+06 3.79E+06 0.00E+00 9.58E+06 0.500 4.79E+06
2009 3.33E+06 1.91E+06 3.62E+06 0.00E+00 8.85E+06 0.668 5.91E+06
2010 2.96E+06 1.77E+06 3.45E+06 0.00E+00 8.19E+06 0.668 5.47E+06
2011 2.64E+06 1.64E+06 3.30E+06 0.00E+00 7.58E+06 0.668 5.06E+06
2012 2.35E+06 1.52E+06 3.15E+06 0.00E+00 7.02E+06 0.668 4.69E+06
2013 2.09E+06 1.41E+06 3.01E+06 0.00E+00 6.51E+06 0.668 4.35E+06
2014 1.86E+06 1.31E+06 2.87E+06 0.00E+00 6.04E+06 0.668 4 04E+06
2015 1.66E+06 1.21E+06 2.74E+06 0.00E+00 5.61E+06 0.668 3.75E+06
2016 1.48E+06 1.12E+06 2.62E+06 0.00E+00 5.22E+06 0.668 3.49E+06
2017 1.31E+06 1.04E+06 2.50E+06 0.00E+00 4 86E+06 0.668 3.25E+06
2018 1.17E+06 9.66E+05 2.39E+06 0.00E+00 4.53E+06 0.668 3.02E+06
2019 1.04E+06 8.95E+05 2.28E+06 0.00E+00 4.22E+06 0.668 2.82E+06
2020 9.28E+05 8.29E+05 2.18E+06 0.00E+00 3.94E+06 0.668 2.63E+06
2021 8.27E+05 7.69E+05 2.08E+06 0.00E+00 3.68E+06 0.668 2.46E+06
2022 7.36E+05 7.12E+05 1.99E+06 0.00E+00 3.44E+06 0.668 2.30E+06
2ube vz 2.81E+07 1.92E+07 4 20E+07 0.00E+00 8.93E+07 9.852 5.80E+07




ER M Dprojem M Dreg GWPCH4 EG CEFdectricity AF
t-CO2 t-CH4 t-CH4 t-CO2/t-CH4 MWh t-CO2/MWh =
1979 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1980 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1981 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1982 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1983 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1984 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1985 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1986 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1987 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1988 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1989 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1990 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1991 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1992 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1993 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1994 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1995 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1996 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1997 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1998 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1999 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
2000 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
2001 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.800 0.00
2002 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.785 0.00
2003 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.770 0.00
2004 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.755 0.00
2005 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.740 0.00
2006 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.725 0.00
2007 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.710 0.00
2008 3.59E+04 1.71E+03 0.00E+00 21.0 0.00E+00 0.695 0.00
2009 4.43E+04 2.11E+03 0.00E+00 21.0 0.00E+00 0.680 0.00
2010 4.34E+04 1.95E+03 0.00E+00 21.0 3.62E+03 0.666 0.00
2011 4.03E+04 1.81E+03 0.00E+00 21.0 3.62E+03 0.651 0.00
2012 3.75E+04 1.68E+03 0.00E+00 21.0 3.62E+03 0.636 0.00
2013 3.49E+04 1.55E+03 0.00E+00 21.0 3.62E+03 0.621 0.00
2014 3.25E+04 1.44E+03 0.00E+00 21.0 3.62E+03 0.606 0.00
2015 3.03E+04 1.34E+03 0.00E+00 21.0 3.62E+03 0.591 0.00
2016 2.83E+04 1.25E+03 0.00E+00 21.0 3.62E+03 0.576 0.00
2017 2.64E+04 1.16E+03 0.00E+00 21.0 3.62E+03 0.561 0.00
2018 2.47E+04 1.08E+03 0.00E+00 21.0 3.62E+03 0.546 0.00
2019 2.31E+04 1.01E+03 0.00E+00 21.0 3.62E+03 0.531 0.00
2020 2.16E+04 9.41E+02 0.00E+00 21.0 3.62E+03 0.516 0.00
2021 2.03E+04 8.79E+02 0.00E+00 21.0 3.62E+03 0.501 0.00
2022 1.90E+04 8.22E+02 0.00E+00 21.0 3.62E+03 0.486 0.00
2008 2022 4.63E+05 2.07E+04 0.00E+00 4.70E+04




M Diigred M Daectricity LFGtiared WeHa Dcha FE L FGaectricity
t-CH4 t-CH4 Nm3 - /Nm3 - Nm3
1979 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1980 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1981 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1982 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1983 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1984 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1985 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1986 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1987 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1988 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1989 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1990 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1991 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1992 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1993 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1994 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1995 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1996 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1997 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1998 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1999 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
2000 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
2001 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
2002 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
2003 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
2004 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
2005 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
2006 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
2007 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
2008 1.71E+03 0.00E+00 4.79E+06 0.50 0.0007168 0.995 0.00E+00
2009 2.11E+03 0.00E+00 5.91E+06 0.50 0.0007168 0.995 0.00E+00
2010 1.29E+03 6.65E+02 3.61E+06 0.50 0.0007168 0.995 1.85E+06
2011 1.14E+03 6.65E+02 3.21E+06 0.50 0.0007168 0.995 1.85E+06
2012 1.01E+03 6.65E+02 2.84E+06 0.50 0.0007168 0.995 1.85E+06
2013 8.90E+02 6.65E+02 2.49E+06 0.50 0.0007168 0.995 1.85E+06
2014 7.78E+02 6.65E+02 2.18E+06 0.50 0.0007168 0.995 1.85E+06
2015 6.76E+02 6.65E+02 1.90E+06 0.50 0.0007168 0.995 1.85E+06
2016 5.82E+02 6.65E+02 1.63E+06 0.50 0.0007168 0.995 1.85E+06
2017 4.96E+02 6.65E+02 1.39E+06 0.50 0.0007168 0.995 1.85E+06
2018 4.17E+02 6.65E+02 1.17E+06 0.50 0.0007168 0.995 1.85E+06
2019 3.44E+02 6.65E+02 9.64E+05 0.50 0.0007168 0.995 1.85E+06
2020 2.77E+02 6.65E+02 7.76E+05 0.50 0.0007168 0.995 1.85E+06
2021 2.15E+02 6.65E+02 6.02E+05 0.50 0.0007168 0.995 1.85E+06
2022 1.57E+02 6.65E+02 4.41E+05 0.50 0.0007168 0.995 1.85E+06
BUIE a0 1.21E+04 8.64E+03 3.39E+07 2.41E+07




t-CO2 t-CO2
1979 4.17E+03 4,17E+03
1980 9.04E+03 9.04E+03
1981 1.41E+04 1.41E+04
1982 1.90E+04 1.90E+04
1983 2.38E+04 2.38E+04
1984 2.85E+04 2.85E+04
1985 3.29E+04 3.29E+04
1986 3.70E+04 3.70E+04
1987 4 09E+04 4.09E+04
1988 4.45E+04 4.45E+04
1989 4 79E+04 4, 79E+04
1990 5.10E+04 5.10E+04
1991 5.40E+04 5.40E+04
1992 5.67E+04 5.67E+04
1993 5.92E+04 5.92E+04
1994 6.12E+04 6.12E+04
1995 6.29E+04 6.29E+04
1996 6.45E+04 6.45E+04
1997 6.59E+04 6.59E+04
1998 6.72E+04 6.72E+04
1999 6.82E+04 6.82E+04
2000 6.85E+04 6.85E+04
2001 6.91E+04 6.91E+04
2002 7.05E+04 7.05E+04
2003 7.20E+04 7.20E+04
2004 7.36E+04 7.36E+04
2005 7.51E+04 7.51E+04
2006 7.66E+04 7.66E+04
2007 7.82E+04 7.82E+04
2008 7.21E+04 3.62E+04
2009 6.66E+04 2.23E+04
2010 6.40E+04 2.06E+04
2011 5.94E+04 1.91E+04
2012 5.51E+04 1.76E+04
2013 5.12E+04 1.64E+04
2014 4 77E+04 1.52E+04
2015 4.44E+04 1.41E+04
2016 4.14E+04 1.31E+04
2017 3.86E+04 1.22E+04
2018 3.60E+04 1.14E+04
2019 3.37E+04 1.06E+04
2020 3.15E+04 9.87E+03
2021 2.95E+04 9.21E+03
2022 2.76E+04 8.60E+03
20 Zuz 6.99E+05 2.36E+05




ERU 5EURO/t-CO;
ERU
Si ERU
MWh -CO2 -CO2 -CO2 t-CO2/MWh -CO2 -CO2
1979 0 0.00E+00 0.00E+00 0.00E+00 0.815 0.00E+00 0.00E+00
1980 0 0.00E+00 0.00E+00 0.00E+00 0.815 0.00E+00 0.00E+00
1981 0 0.00E+00 0.00E+00 0.00E+00 0.815 0.00E+00 0.00E+00
1982 0 0.00E+00 0.00E+00 0.00E+00 0.815 0.00E+00 0.00E+00
1983 0 0.00E+00 0.00E+00 0.00E+00 0.815 0.00E+00 0.00E+00
1984 0 0.00E+00 0.00E+00 0.00E+00 0.815 0.00E+00 0.00E+00
1985 0 0.00E+00 0.00E+00 0.00E+00 0.815 0.00E+00 0.00E+00
1986 0 0.00E+00 0.00E+00 0.00E+00 0.815 0.00E+00 0.00E+00
1987 0 0.00E+00 0.00E+00 0.00E+00 0.815 0.00E+00 0.00E+00
1988 0 0.00E+00 0.00E+00 0.00E+00 0.815 0.00E+00 0.00E+00
1989 0 0.00E+00 0.00E+00 0.00E+00 0.815 0.00E+00 0.00E+00
1990 0 0.00E+00 0.00E+00 0.00E+00 0.815 0.00E+00 0.00E+00
1991 0 0.00E+00 0.00E+00 0.00E+00 0.815 0.00E+00 0.00E+00
1992 0 0.00E+00 0.00E+00 0.00E+00 0.815 0.00E+00 0.00E+00
1993 0 0.00E+00 0.00E+00 0.00E+00 0.815 0.00E+00 0.00E+00
1994 0 0.00E+00 0.00E+00 0.00E+00 0.815 0.00E+00 0.00E+00
1995 0 0.00E+00 0.00E+00 0.00E+00 0.815 0.00E+00 0.00E+00
1996 0 0.00E+00 0.00E+00 0.00E+00 0.815 0.00E+00 0.00E+00
1997 0 0.00E+00 0.00E+00 0.00E+00 0.815 0.00E+00 0.00E+00
1998 0 0.00E+00 0.00E+00 0.00E+00 0.815 0.00E+00 0.00E+00
1999 0 0.00E+00 0.00E+00 0.00E+00 0.815 0.00E+00 0.00E+00
2000 0 0.00E+00 0.00E+00 0.00E+00 0.815 0.00E+00 0.00E+00
2001 0 0.00E+00 0.00E+00 0.00E+00 0.800 0.00E+00 0.00E+00
2002 0 0.00E+00 0.00E+00 0.00E+00 0.785 0.00E+00 0.00E+00
2003 0 0.00E+00 0.00E+00 0.00E+00 0.770 0.00E+00 0.00E+00
2004 0 0.00E+00 0.00E+00 0.00E+00 0.755 0.00E+00 0.00E+00
2005 0 0.00E+00 0.00E+00 0.00E+00 0.740 0.00E+00 0.00E+00
2006 0 0.00E+00 0.00E+00 0.00E+00 0.725 0.00E+00 0.00E+00
2007 0 0.00E+00 0.00E+00 0.00E+00 0.710 0.00E+00 0.00E+00
2008 0 3.59E+04 0.00E+00 3.59E+04 0.695 0.00E+00 3.59E+04]
2009 0 4.43E+04 0.00E+00 4.43E+04 0.680 0.00E+00 4.43E+04
2010 3,618 2.71E+04 1.40E+04 4.10E+04 0.666 2.41E+03 4.34E+04
2011 3,618 2.40E+04 1.40E+04 3.80E+04 0.651 2.36E+03 4.03E+04
2012 3,618 2.12E+04 1.40E+04 3.52E+04 0.636 2.30E+03 3.75E+04
2013 3,618 1.87E+04 1.40E+04 3.26E+04 0.621 2.25E+03 3.49E+04
2014 3,618 1.63E+04 1.40E+04 3.03E+04 0.606 2.19E+03 3.25E+04
2015 3,618 1.42E+04 1.40E+04 2.82E+04 0.591 2.14E+03 3.03E+04
2016 3,618 1.22E+04 1.40E+04 2.62E+04 0.576 2.08E+03 2.83E+04
2017 3,618 1.04E+04 1.40E+04 2.44E+04 0.561 2.03E+03 2.64E+04
2018 3,618 8.75E+03 1.40E+04 2.27E+04 0.546 1.98E+03 2.47E+04
2019 3,618 7.22E+03 1.40E+04 2.12E+04 0.531 1.92E+03 2.31E+04
2020 3,618 5.81E+03 1.40E+04 1.98E+04 0.516 1.87E+03 2.16E+04
2021 3,618 4.51E+03 1.40E+04 1.85E+04 0.501 1.81E+03 2.03E+04
2022 3,618 3.30E+03 1.40E+04 1.73E+04 0.486 1.76E+03 1.90E+04
2008 2022 47,034 2.54E+05 1.81E+05 4.35E+05 2.71E+04 4.63E+05




ERU

EURO EURO EURO EURO EURO EURO
1979 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1980 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1981 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1982 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1983 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1984 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1985 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1986 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1987 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1988 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1989 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1990 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1991 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1992 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1993 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1994 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1995 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1996 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1997 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1998 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1999 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2000 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2001 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2002 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2003 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2004 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2005 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2006 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2007 0.00E+00 0.00E+00 0.00E+00 9.20E+05 0.00E+00 9.20E+05
2008 0.00E+00 1.79E+05 1.79E+05 0.00E+00 9.40E+04 9.40E+04
2009 0.00E+00 2.21E+05 2.21E+05 3.60E+05 9.40E+04 4.54E+05
2010 5.34E+04 2.17E+05 2.71E+05 0.00E+00 9.40E+04 9.40E+04
2011 5.34E+04 2.02E+05 2.55E+05 0.00E+00 9.40E+04 9.40E+04
2012 5.34E+04 1.87E+05 2.41E+05 0.00E+00 9.40E+04 9.40E+04
2013 5.34E+04 1.74E+05 2.28E+05 0.00E+00 9.40E+04 9.40E+04
2014 5.34E+04 1.62E+05 2.16E+05 0.00E+00 9.40E+04 9.40E+04
2015 5.34E+04 1.51E+05 2.05E+05 0.00E+00 9.40E+04 9.40E+04
2016 5.34E+04 1.41E+05 1.95E+05 0.00E+00 9.40E+04 9.40E+04
2017 5.34E+04 1.32E+05 1.85E+05 0.00E+00 9.40E+04 9.40E+04
2018 5.34E+04 1.23E+05 1.77E+05 0.00E+00 9.40E+04 9.40E+04
2019 5.34E+04 1.15E+05 1.69E+05 0.00E+00 9.40E+04 9.40E+04
2020 5.34E+04 1.08E+05 1.62E+05 0.00E+00 9.40E+04 9.40E+04
2021 5.34E+04 1.01E+05 1.55E+05 0.00E+00 9.40E+04 9.40E+04
2022 5.34E+04 9.51E+04 1.49E+05 0.00E+00 9.40E+04 9.40E+04
20 Zuz 6.95E+05 2.31E+06 3.01E+06 3.60E+05 1.41E+06 1.77E+06




EURO EURO EURO EURO
1979 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1980 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1981 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1982 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1983 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1984 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1985 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1986 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1987 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1988 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1989 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1990 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1991 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1992 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1993 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1994 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1995 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1996 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1997 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1998 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1999 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2000 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2001 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2002 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2003 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2004 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2005 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2006 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2007 0.00E+00 0.00E+00 -9.20E+05 -9.20E+05
2008 2.24E+05 0.00E+00 8.54E+04 8.54E+04
2009 1.70E+05 0.00E+00 -2.33E+05 -2.33E+05
2010 1.28E+05 1.21E+04 1.77E+05 1.65E+05
2011 9.70E+04 1.60E+04 1.61E+05 1.45E+05
2012 7.33E+04 1.84E+04 1.47E+05 1.29E+05
2013 5.55E+04 1.96E+04 1.34E+05 1.14E+05
2014 4 19E+04 2.00E+04 1.22E+05 1.02E+05
2015 3.17E+04 1.98E+04 1.11E+05 9.11E+04
2016 2.40E+04 1.92E+04 1.01E+05 8.16E+04
2017 1.81E+04 1.83E+04 9.15E+04 7.31E+04
2018 1.37E+04 1.73E+04 8.29E+04 6.56E+04
2019 1.04E+04 1.61E+04 7.49E+04 5.88E+04
2020 7.84E+03 1.49E+04 6.76E+04 5.27E+04
2021 -1.64E+05 5.61E+04 6.08E+04 4.69E+03
2022 5.37E+03 1.23E+04 5.45E+04 4.22E+04
2ube vz 7.37E+05 2.60E+05
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\ SECTION A. General description of pr.oject activity

\ A.l Titleof theproject activity:

Lugansk Landfill Gas Capture and Power Generation Project in Ukraine

\ A.2. Description of the project activity:

Shimizu Corporation, a general construction and engineering firm based in Tokyo, the capital of Japan,
was founded in 1804. Shimizu Corporation’s business spans a wide range of activities including
construction of buildings and plants, construction of tunnels, dams, bridges and roads, real estate, design
and consulting, etc.

Since 2002, Shimizu Corporation, working in cooperation with the Government of Ukraine and a number
of regiona cities, has conducted a feasibility study (FS) into a number of joint implementation (JI)
projects. One of these, the project in hand, proposes to collect landfill gas (LFG) from Lugansk landfill
site in Lugansk, and to burn methane, a combustible greenhouse gas (GHG) contained in LFG, in a gas
engine generator (GEG) with aview to generating electricity.

The project crediting period is 15 years, and the aggregate reduction of emissions during this period is
estimated as 4.63 x 10° ton-CO.

In addition to realizing reduced emissions of GHG, in Lugansk City, it is anticipated the project will
contribute to the appropriate running of the landfill site and will have various environmental benefits
around the site including mitigation of odor, beautification and reduction of fire risk, etc. The project also
has the potential to stimulate similar J undertakings not only in Ukraine, but also in other former Soviet
states.

\ A.3. Project participants:

>> Shimizu Corporation: a Japanese general construction and engineering firm seeking to actualize the
project. It will prepare the Project Design Document (PDD), finance the project and, in return,
acquire ERU.

>> The Chugoku Electric Power Co., Inc.: a Japanese electric power company seeking to actuaize the
project. It will finance the project and, in return, acquire ERU.

>> Closed Joint Stock Company ‘Protos : a Ukrainian corporation seeking to actualize the project. This
closed joint stock private sector company is responsible for collecting and transporting general solid
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waste in Lugansk, disposing of it in Lugansk landfill site and managing the said site. As the project
site operator, it will jointly implement the project with Lugansk Municipality and the Japan side.

>> Lugansk Municipality: the local municipality that owns Lugansk landfill site. As the owner of the
project site, it will jointly implement the project with Protos and the Japan side.

\ A.4.  Technical description of the project activity: \

\ A.4.1. Location of the project activity: \

>>
| A.4.1.1. Host Party(ies): |
Host country:
Ukraine
ERU recipient:
Japan
\ A.4.1.2. Region/State/Province etc.. \
Lugansk Region
\ A.4.1.3. City/Town/Community etc.. \
Lugansk City

Figure 1 indicates the location of Ukraine and Lugansk city.
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Figurel Location of Ukraine and Lugansk City

A.4.1.4. Detail of physical location, including infor mation allowing the unique

Lugansk landfill site, situated approximately 25 km outside of Lugansk city, started operating in 1978.

Figure 2 shows a map of the site. The site covers an area of 8.4 ha, stretching approximately 550 m

lengthways, 75 m across on the north side and 175 m across on the south side, and 20 m deep on the north

side and 30~35 m deep on the south side.
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Figure2  Map of the Lugansk Landfill Site

The site has a capacity of approximately 2,000,000 tons and accepted on average between 60,000~75,000
tons of solid waste per year between 1981 and 2003. The following table shows the annua waste
acceptance rate of the site from the start of operation through to its scheduled year of closure. Generaly
speaking, the amount of incoming waste has been increasing except for the period between 1992~2000. It
is thought the decline during this period was caused by the economic slowdown that followed the collapse
of the former Soviet Union. Data are based on actua figures for the period from 1979 to 2003, whileit is
assumed that the amount of incoming waste will increase by 1.5% per year between 2004~2007. It is
forecast the disposal site will cease operation at the end of 2007. So far the site has accepted 2,013,000
tons of waste, which almost corresponds to the site capacity.
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Tablel Annua waste acceptance rate at Lugansk MSW landfill
Annuad Annual
Year Incoming | Aggregate Year Incoming | Aggregate
waste waste

Tonslyear | 10°tons Tonglyear | 10°tons
1978 44,000 44.0 1994 71,478 1,164.8
1979 55,132 99.1 1995 69,564 1,234.2
1980 61,666 160.8 1996 69,388 1,302.9
1981 63,888 224.7 1997 68,772 1,371.2
1982 67,166 291.9 1998 68,310 1,437.5
1983 70,576 362.4 1999 66,286 1,496.9
1984 71,588 434.0 2000 59,400 1,560.3
1985 72,226 506.2 2001 63,404 1,631.4
1986 72,710 579.0 2002 71,037 1,705.4
1987 73,568 652.5 2003 74,052 1,780.6
1988 73,744 726.3 2004 75,163 1,856.9
1989 74,162 800.4 2005 76,290 1,934.3
1990 74,690 875.1 2006 77,435 2,012.9
1991 74,866 950.0 2007 78,596 2,012.9
1992 73,744 1,023.7 2008 0 2,012.9
1993 71,478 1,095.2 2009 0 2,012.9

Source: Protos Co.

(t/year)

100,000

Annual Waste Acceptance Rate

Figure 3

80,000

60,000

40,000

20,000

0 \

1975 1980

1985

Source: Protos Co.

1990 1995

Year

2000 2005

2010

Annual waste acceptance rate at Lugansk MSW landfill

page 6

1 Amounts of incoming waste from 2004 to 2005 are forecast values based on the assumption of a 1.5% increase

per year.
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Asfor the composition of waste, Protos — the site operator — has reported the following contents.

Table2 Waste composition and moisture content at Lugansk MSW landfill

Waste Classification Weight Ratio Moisture Content
% %

Foodstuffs 40.5 60.0
Paper, cardboard 255 30.0
Wood 29 28.1
Iron, non-ferrous metals 0.8 0.0
Fibers 4.7 32.2
Bones 1.6 5.6
Glass 5.0 0.0
Leather, rubber 1.8 20.0
Stones 1.7 16.7
Plastics 11 0.0
Others 9.4 334
Objects |less than 15mm 5.0 29.0

Total 100.0 39.6

Source: Protos Co.

The site operator, Protos, is a closed stock private company. It is responsible for collecting, transporting
and disposing of general waste in Lugansk city (population approximately 500,000) and has a work force
of 81 employees. Protos is composed of an administration department, four sales, repair and auxiliary
departments according to four control districts in Lugansk, and Lugansk landfill site maintenance
department, and it possesses garages and repair workshops for specia vehicles, oil stores and
management buildings, etc. Protosis the most influential company regarding the collection and utilization
of solid waste in Lugansk.

Currently, LFG from the landfill site is indiscriminately discharged into the atmosphere and conditions
remain poor in terms of the local environment. That is to say, the LFG emits odor when it isin low
concentrations and carries risk of explosion or ignition when it is highly concentrated. Furthermore, since
the main constituent of LFG is methane gas, which has a global warming potential (GWP) of 21, this has
an adverse impact on the environment.

There is currently no legislation requiring the collection of LFG from landfill sitesin Lugansk or indeed
Ukraine. The Ministry of Environmental Protection has started to investigate the compulsory collection of
LFG at landfill sites in the near future, however, it has no plans to introduce such regulations to existing
disposal sites such as the one in the project. Incidentally, there is no legislation requiring collection of
LFG from existing landfill sites in the neighboring Russian Federation, Republic of Armenia or Republic
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of Uzbekistan.

Meanwhile, concerning the method of demand adjustment in the power generation system in Ukraine, as
is shown in the following graph, nuclear and hydropower plants are operated as the base supply, and
thermal power plants are operated to handle adjustments in generated power.

10 bil. KWh
350

[] Thermal power
300 Il Hydropower I
[ Nuclear power

250 r ]

200 I |y, R

T 1435
150 1218|1119 97.6 96
’ 90 83.1 80.8 82,9 859 91.9 94.7 97.5 ’

100 -

50 r

76.2 738 75.2 68.9 705 796 794 75.2 729 76.4 729 729 729 754 7715

1990 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

Source: UKRAINE POWER INDUSTRY

Figure4  Movementsin Composition of the Power Mix in Ukraine

In future, Ukraine plans to shut down its old nuclear power plants and replace them with new nuclear
facilities. It also intends to switch to cleaner gas and petroleum as fuel for thermal power plants, although
it relies aimost completely on imports from Russia and other countries for these resources. In other words,
thermal power plants are costly for Ukraine and it wants to cut back on their operation as much as
possible. Therefore, it is expected that thermal power plants will continue to be marginal power sources
for Ukraine in the future.

Under these circumstances, the project proposes to collect landfill gas (LFG) from Lugansk landfill sitein
Lugansk, and to burn methane, a combustible greenhouse gas (GHG) contained in LFG, in a GEG with a

view to generating electricity.

The generated electricity will be sold to the grid, thereby having a positive effect on the revenue structure
of the project.
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It is anticipated that the installed GEG capacity will be 0.5 MW, however, the installed GEG capacity will
be reviewed upon confirming the amount of LFG generated after instalation of the LFG collection
equipment, and there is a possibility that the GEG will not be installed if the amount of LFG is
insufficient or extremely unstable.

Preparations are currently underway with a view to expanding the landfill site. Construction of a new
landfill site has started close to the existing site, and these works are scheduled to finish at the end of
2007, after which operation of the existing site will be stopped. Since the existing site and new site are
located close to each other, there is a possibility that LFG can be simultaneously collected from both sites.
In this case, LFG from both sites will be carried to the same collection point for collection and utilization
in power generation.

Fugitive gas capture and alternative / renewable energy
Out of the 15 Sectoral Scopes, this corresponds to 13 (Waste handling and disposal) and 1(Energy
industries (renewable - / non-renewabl e sources)).

>> LFG collection system technol ogy

This is composed of gas collecting facilities, vertical extraction wells, lateral piping, blowers, airtight
sheet, gas treatment facilities and gas reservoir facilities. The gas collecting facilities are a high-efficiency
system that can be expected to give an LFG collection efficiency of 60% or more.

The vertical extraction wells will be installed in the ground of the landfill disposal site in order to collect
LFG generated from the site. It is planed to adopt a standard well diameter of 100 mm. Polyvinyl chloride
pipes of 100 mm diameter will be used as casing pipes, and dlit holes will be inserted at set intervals.

The lateral piping will serve to carry LFG collected by the vertical extraction wells to equipment in later
processes (blowers). It is planned to use resin pipe (high-density polyethylene (HDPE) pipe, etc.) for the
lateral piping.

The blowers will serve to impart vacuum pressure into the system (vertical extraction wells and lateral
piping), thereby making it easier to collect LFG and imparting energy to the LFG so that is can be
conveyed over long distances. For the blowers, it is planned to secure the necessary flow rate for the
system, vacuum pressure of 800 mmA(q on the primary side (vertical extraction wells and lateral piping)
and positive pressure of approximately 100 kPa on the secondary side (gas treatment facilities, gas
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reservoir facilities, and power generating facilities).

The airtight sheet will serve to prevent air from infiltrating underground from the surface of the landfill
site, thereby ensuring that LFG is not diluted by air. The sheet must be robust, resistant to degradation
caused by ultraviolet light and also watertight and airtight. It is planned to adopt a polyvinyl or nonwoven
fabric sheet. In order to prevent air from infiltrating through connection points, it is also planned to weld
joints and so on together.

>> Small-scale GEG technology utilizing bio gas

The GEG system is composed of a gas engine, generator, control panel, system inter-connection line and
instrumentation that alow stable operation using even sparse methane gas such as LFG. The gas engine
will have generating efficiency of 30~40%, equivalent to or better than the conventional types of steam
turbine that currently exist in Ukraine. In addition, high-level technology will be needed to stably operate
the gas engine using sparse gas fuel such as LFG. The following table indicates the main specifications of
the GEG planned in the project.

Table3 Main specifications of the GEG

Iltem Value
Generating capacity 500kW
\oltage 400V
Frequency 50Hz
Used fuel LFG (Methane gas cor;tent 50%)
Projected heating value of fuel Aflgg()zliv'cgllll;l\lrpﬁ
Generating efficiency 39.20
Rated methane consumption 128Nm’/h
Rated LFG consumption 256Nm’/h
Number of units 1

Source: J Co.

Low-efficiency conventional steam turbines that were constructed during the Soviet era are still used in
Ukraine today, and decline in operating efficiency can be seen due to fund shortages and lack of
maintenance. Moreover, Ukraine has no experience of introducing LFG collection systems to waste
disposal sites using its own technology and funding. In other words, Ukraine has no experience
whatsoever of independently implementing the abovementioned LFG collection system and GEG
technology. Having said that, these technologies have been commonly applied in Japan and other
advanced countries and have a proved record of improving landfill site environments (mitigating odor and
averting risk of fire caused by methane gas in LFG) and realizing effective energy use. Therefore, when
introducing such technologies to Ukraine, it will be necessary to provide appropriate training and
education opportunities. Moreover, since these technologies have reached a fairly advanced stage of
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maturation in recent years, there is little likelihood they will be superseded by superior technology during
the project period.

Figure 5 shows a schematic view of the LFG collection system.

Gas treatment facilities Gasreservoir facilities

(—

-
Y

Vertical Extraction Wells
Future Option

Landfill site

Power supply
To Grid <—@- CGS Gas engine To Customer

Power generation facilities DHS Substation

Figure5 Landfill gas collection system schematic

]
y

A.4.4. Brief explanation of how the anthropogenic emissions of anthr opogenic greenhouse

circumstances;

To reaffirm the information described so far, current conditions in the host country Ukraine and the target

city Lugansk can be summarized as follows:
>> |n Lugansk, amost all solid wasteis carried into Lugansk landfill site for landfill disposal.

>> Lugansk landfill site does not have the means to manage, control or collect LFG due to lack of funds
and insufficient technol ogy.

>> Legislation requiring the compulsory collection of LFG from landfill sites does not exist either in
Ukraine or Lugansk City.

>> |n Ukraine, deteriorated and low-efficiency thermal power plants are operated as an important source
of energy.

It is under these circumstances that the project proposes to collect LFG from Lugansk landfill site in
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Lugansk, Ukraine, and to burn methane, a combustible GHG contained in LFG, in a GEG with a view to
generating electricity and supplying it to the grid.

The baseline for the project, judging from the project economic analysis, is the scenario of business as
usua (BAU). In other words, BAU refers to the case where LFG on the landfill site is alowed to escape
into the atmosphere without implementing any LFG management, collection or utilization, nor
establishing a GEG. Accordingly, without the project, there will be no reduction of GHG emissions at all.
Detailed explanation concerning why the BAU is the baseline for the project is given in Section B
(Application of a baseline methodology).

On the other hand, project implementation will lead to additional reductions in GHG emissions for the
following reasons:

Phase A: capture of methane gas (GHG) via LFG collection, and destruction of this methane gas through
combustion, i.e. GEG operation and flaring;

Phase B: emissions of CO, through combustion, i.e. GEG operation and flaring;

Phase C: reduction of CO, emissions through GEG operation as a substitute for existing thermal power
plants.

Moreover, concerning Phase B above, according to Revised 1996 IPCC Guidelines for Nationa
Greenhouse Gas Inventories. Reference Manual CHAPTER 6 WASTE, in cases of generating CO, by
combusting LFG from landfill sites, the resulting CO, is not counted as emissions if the solid waste is
based on biomass. The composition of solid waste carried into Lugansk landfill site is as indicated in
Table 2, and considering that almost all the waste generated in Lugansk is brought into this site, the
generated LFG is deemed to be derived from biomass, and there is no evidence to think otherwise.
Accordingly, emissions in this phase will be zero.

The project crediting period is 15 years, and the aggregate reduction of emissions during this period is
estimated as 4.63 x 10° ton-CO,.

In addition to realizing environmental improvement of landfill sites in Ukraine, the project will benefit
the ageing energy systems of Ukraine and contribute to sustainable development.

>> Environmental improvement effect vialandfill site odor prevention

>> Environmental improvement effect through prevention of landfill site fires

>> Substitution of deteriorated power generation systems

>> Effective utilization of energy

>> Upgrading of human resources through introduction of new technol ogy
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>> Employment creation through project actualization (construction, operation)

The Government of Ukraine currently does not possess criteria for determining what kind of Jl projects
should be approved, and it is currently working on developing such criteria. However, the Ukrainian
Ministry of Environmental Protection is already aware of the project and is expected to become the DNA
for the Ukraine Government side. At the same time, the Ministry of Environment Protection iswelcoming
to the project and has expressed a desire to approve it as a Jl undertaking.

The project crediting period is 15 years, and the aggregate reduction of emissions during this period is
estimated as 4.63 x 10° ton-CO,.

\ A.4.5. Public funding of the project activity:

There is no Official Development Assistance in this project, and it places no financial obligation on

Japan.

\ SECTION B. Application of a baseline methodology

\ B.1. Titleand reference of the approved baseline methodology applied to the proj ect_activity:

Consolidated baseline methodology for landfill gas project activities will be applied in the project. This
can be found at the following address:
http://cdm.unfccc.int/EB/M eetings/015/eb15repanl. pdf

Conditions of applicability regarding the consolidated baseline methodology for landfill gas project

activities are given asfollows.

This methodology is applicable to landfill gas capture project activities, where the baseline scenario is the

partia or total atmospheric release of the gas and the project activities include situations such as:

a) The captured gasisflared; or

b) The captured gas is used to produce energy (e.g. electricity/therma energy), but no emission
reductions are claimed for displacing or avoiding energy from other sources; or

¢) The captured gasis used to produce energy (e.g. electricity/thermal energy), and emission reductions

This template shall not be altered. It shall be completed without modifying/adding headings or logo, format or font.



@\&, PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 02
qvAl

CDM - Executive Board page 14

are claimed for displacing or avoiding energy generation from other sources. In this case a baseline
methodology for electricity and/or thermal energy displaced shall be provided or an approved one
used, including the following:

Consolidated Methodology for Grid-Connected Power Generation from Renewable Sources’
http://cdm.unfccc.int/EB/M eetings/015/eb15repan?. pdf

Alternatively, if the capacity of electricity generated is less than 15MW, and/or thermal energy
displaced isless than 54 TJ (15GWh), the following can be used:

Indicative Simplified Baseline and Monitoring Methodologies for Selected Small-scale CDM Project
Activity Categories

http://cdm.unfccc.int/pac/howto/Small Scal ePA/ssclistmeth. pdf

Meanwhile, conditions in the project are as follows:

<1> Currently, LFG collection is not carried out on Lugansk landfill site.

<2> The project proposes to collect LFG on the existing Lugansk landfill disposal site, to combust
combustible methane gas contained in that, and to operate a GEG.

<3> The project GEG will be connected to the existing power distribution network so that power
generated in the GEG can be transmitted back to the network (grid).

<4> There is no legidlation requiring collection of LFG on landfill disposal sites in Lugansk, Ukraine,
and no such legislation is planned.

<5> Lugansk does not possess the technical know-how or human resources to implement LFG
collection on the landfill disposal site.

<6> Lugansk does not possess the technical know-how or human resources to introduce an on-site GEG.

<7> The project GEG can take the place of existing power generation systems (grid power plants).

<8> Emission reductions are claimed through the fact that generating and supplying power to the grid
will avert utilization of other energy sources (use of fossil fuelsin thermal power plants).

<9> The generator planned for installation in the project has a capacity of 500 kW (0.5 MW).

Accordingly, the project falls under applicability condition (c) of the consolidated baseline methodol ogy
for landfill gas project activities (hereinafter called the consolidated baseline methodology). Meanwhile,
regarding claims for emission reductions resulting from averting use of other energy sources by
generating and supplying power to the grid, the figure that is determined in negotiations with the Ukraine
Government shall be adopted.
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B.2. Description of how the methodology isapplied in the context of the project activity:

First, the following paragraphs describe how the consolidated baseline methodology is applied to the
project. Next, the process for determining the baseline scenario is explained. And finally, the parameters
that are key to determining the baseline are given. Moreover, explanation of the consolidated baseline
methodology is not repeated here.

B.2.1 Description of how the consolidated baseline methodology for LFG project activities
isapplied to the project

The following formulae are used in this methodol ogy:

(1) ERy = (MDyrgjecty - MDregy) * GWPcHa + EGy * CEFgectricity + ETy* CEFthermaly

Here, since thereis no utilization of heat in the project, formula (1) isrearranged to (1').

(1) ERy = (MDyrgjecty - MDregy) * GWPcHa + EGy * CEFgectricity

(2) MDyegy = MDprojecty * AF

(3) MDprgjecty = MDsiaedy + MDagectricityy + M Dinermaly

Here, since thereis no utilization of heat in the project, formula (3) is rearranged to (3').

(3')MDyrgjecty = MDriaredy + M Dgectricityyy

(4) MDrtiaredy = LFGriaredy * Weray * Dena * FE

(5) MDagectricityy = LFGetectricityy * Weray * Dena

In this PDD, because of the need to state Section E, MDpgjecty IS fOrecast ex-ante (assuming FE = 1 for the
sake of convenience). Here, the First Order Decay Model (Equation 3) indicated in the Revised 1996

IPCC Guidelines for National Green house Gas Inventories. Reference Manua CHAPTER 6 WASTE is
used in its developed forms (Equations 4 and 5). The equation is indicated bel ow.

(6) MDyrojecy = EQC * SJmQy,X = EqC* SJm(k* Re* Lo* ek0)

(Note: the above equation is for integrating x).
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Where:
Qyx : amount of methane gas currently (year y) generated as a result of waste (Ry) carried into the site
inyear X
X . theyear of waste input
Ry : amount of waste (Mgly) carried into the site in year x
y : current year (y)
Lo : methane generation potential (Nm*Mg, Mg is the amount of waste)
k . methane generation rate (I/y)
EqC : methane gas collection rate (-)

B.2.2 Processfor determining the baseline

The baseline scenario is determined according to:
Tool for the demonstration and assessment of additionality
http://cdm.unfccc.int/EB/M eetings/016/eb16repanl. pdf

Moreover, explanation of the contents of the tool for the demonstration and assessment of additionality
(hereinafter called the additionality assessment tool) is not repeated here.

B.22.0 Step 0 Preliminary screening based on the starting date of the project
activity

Since the project is a J undertaking, there are no plans for it to commence before December 31, 2005.
Therefore, this step can be skipped.

B.2.2.1 Step 1 (Identification of alternativesto the project activity consistent with
current laws and regulations)

B.2.2.1.1 Sub-step 1.a Definealternativesto the project activity

Here, the following scenarios are possible candidates.
Scenario 1: Maintenance of status quo. This scenario assumes that LFG is emitted into the atmosphere
without conducting any management, collection or utilization at all on Lugansk landfill site, and that no

GEG is established.

Scenario 2: LFG recovery project. This scenario assumes that LFG from Lugansk landfill site is
recovered and combusted by flaring in the interests of the environment and safety.
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Scenario 3: This project. This scenario assumes that LFG is recovered from Lugansk landfill site and that
methane, which is a GHG contained in the landfill gas, is combusted in a GEG with a view to generating
and supplying electricity.

B.2.2.1.2 Sub-step 1.b Enforcement with applicable laws and regulations ‘

All the above scenarios are in compliance with legal systemsin Ukraine.

B.222 Step2 Investment Analysis ‘

Scenario 3, which represents the JI project, entails related revenue (revenue from the sale of power) in
addition to ERU. Therefore, Option | (Apply simple cost analysis) cannot be applied; this means that
either Option Il (Apply investment comparison analysis) or Option Il (Apply benchmark analysis) is
adopted. Here, Option 111 is adopted.

As the benchmark here, interest on long-term government bonds in Ukraine is adopted. Concerning the
reason why, in the event where a Japanese private sector company makes an investment decision
concerning a project in Ukraine, unless returns on the project at least exceed the interest rate of long-term
government bonds in Ukraine, the company will not feel any appeal in the project investment and will
probably decide it is better to purchase government bonds.

First, analysis of Scenario 2 is implemented. Here, in accordance with the additionality assessment tool,
income from ERU is not taken into account. In Scenario 2, investment takes place, but corresponding
returns cannot be anticipated. Therefore, it is not possible to obtain an IRR value that can compare with
the benchmark interest rate of government bonds. Since no return corresponding to the original
investment can be expected, this scenario cannot be considered as the baseline scenario.

Next, analysis of Scenario 3 isimplemented. Here, in accordance with the additionality assessment tool,
income from ERU is not taken into account. In Scenario 3, investment takes place, and corresponding
returns (income from power sales) can be anticipated. Therefore, it is possible to obtain an IRR value that
can compare with the benchmark interest rate of government bonds. IRR calculation (after tax) shows that
cost exceeded returns, i.e. a minus figure. Meanwhile, the benchmark interest rate on government bonds
is 7.65% as of March 8, 2004. Accordingly, it is demonstrated that Scenario 3 is not the baseline scenario.
Furthermore, in accordance with the additionality assessment tool, a sensitivity analysis of Scenario 3 is
implemented. In this analysis, The main parameters that can influence the calculation result of IRR (cost
or amount of generated LFG) are tried to be changed. As aresult of thisanalysis, whatever the parameters
are, the IRR remained minus. Therefore, it is demonstrated more strongly that Scenario 3 is not the
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baseline scenario. The calculation preconditions, results of calculation and results of sensitivity analysis
are shown in Annex 3 (Baseline Information).

B.22.3 Step 3 Barrier Analysis ‘

Since Step 2 was implemented, Step 3 can be skipped.

B.22.4 Step4 Common Practice Analysis ‘

There are numerous projects that are similar to this one (in the same country/region and/or rely on a
broadly similar technology, are of a similar scale, and take place in a comparable environment with
respect to regulatory framework, investment climate, access to technology, access to financing, etc.).
They are LFG collection project in Odessa, Chuguev, Kharkiv Dergachi, Donetsk Larino, Kiev. However,
al of these are JI undertakings and do not cast any doubts on the additionality of this project.

B.225 Step5 Impact of JI Registration

The economic value of ERU is introduced to the investment analysis just implemented in Scenario 3. IRR
(after tax) is 0.77% when ERU = 5 Euro/t-CO,, and 21.23% when ERU = 10 Euro/t-CO,, and thislevel is
appealing to investors when compared to the interest rate on government bonds. The calculation
preconditions, results of calculation and results of sensitivity anaysis are shown in Annex 3 (Baseline
Information).

To sum up, the above analysis shows that Scenario 2 and Scenario 3 cannot be the baseline, but that
Scenario 1 can. Accordingly, Scenario 1 is determined as the baseline scenario.

B.2.3 Key parametersto determining the baseline

The various parameters that are key to determining the baseline are indicated bel ow.

GWPcp4 (global warming potentia of methane)
Use the default value stated in the Inter-Governmental Panel on Climate Change (IPCC) Second
Assessment Report: Climate Change 1995.

EG, (net quantity of electricity displaced)

This is the quantity of electricity generated and supplied to the grid by the GEG. This must be the net
quantity of electricity generated and supplied in the project, i.e. not the quantity actually generated (the
so-called generating end electricity) by the GEG. Accordingly, electricity consumed in the LFG collection
system (blowers, etc.) and GEG auxiliary unit, etc. must be deducted. Furthermore, in cases where the
generator is stopped for inspections or due to breakdown, electricity must be purchased from the grid as

This template shall not be altered. It shall be completed without modifying/adding headings or logo, format or font.



@\&, PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 02
qvAl

CDM - Executive Board page 19

backup. Accordingly, the net quantity of electricity supplied to the grid is obtained by deducting
purchased power from sold power. Here, it is assumed that power consumed by the LFG collection
system (blowers, etc.) and GEG auxiliary unit, etc. is a set ratio of generated electricity. In monitoring,
quantities of electricity sold to and purchased from the grid are directly measured.

CEFyeicityy (CO, emissionsintensity of the electricity displaced)

Thisisthe grid emission factor. In Ukraine, thisis determined according to the following:

Operational Guidelines for Project Design Documents of Joint Implementation Projects Volume 1:
General guidelines Version 2.3 Ministry of Economic Affairs of the Netherlands May 2004, P42 Table B1

This shows guidelines used by the Netherlands when implementing J projects in Eastern European
countries, and Table B1 gives emission factors in Eastern European countries including Ukraine. Since
the Ukrainian Ministry of Environmental Protection has stated that, ‘In the current situation where the
Government of Ukraine has no clear criteria for determining what kind of emission factors to use, based
on negotiations and contracts between the Ukraine Government and project participants, it is permissible
to adopt the emissions factor contained in these guidelines by the Netherlands,” this value shall be adopted
here.

AF (adjustment factor)

The AF represents the ratio of the quantity of LFG that is supposed to be collected in the baseline scenario
with the quantity of LFG that is collected in the project. As has already been mentioned, Ukraine
currently has no legidation requiring landfill sites to collect LFG, and it has no plans to introduce such
legidation in the future. Accordingly, in the PDD, the AF will be zero. However, monitoring will be
implemented to check for any changesto the AF.

LFGriaedy (quantity of landfill gas flared)
The quantity of LFG flared will be measured in monitoring. In the PDD, it is assumed that collected LFG
not used in power generation will be flared.

Wchay (8verage methane fraction of the landfill gas)
The methane content of LFG will be measured in monitoring. In the PDD, the forecast methane fraction is
used.

Dcha (methane density at standard temperature and pressure)
This is the specific gravity of methane gas (unit: t/m®). The LFG flow rate is corrected to the standard
state (standard temperature and pressure 0 , 1,013 bar) upon measuring the LFG temperature and
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pressure. In the PDD, the volume of gases is aways given in the standard state, and the density of
methane is the value given at the end of the consolidated baseline methodology.

FE (flare efficiency)

The flare efficiency is determined upon measuring the flare operating time (measuring operation based on
temperature of the flare stack) and methane concentration of the flare exhaust gas. In the PDD, a uniform
empirical value is set based on the flare equipment specifications.

L FGaearricityy (quantity of landfill gas fed into electricity generator)

The quantity of LFG used in power generation is measured in monitoring. In the PDD, it is assumed that
the GEG will consume a constant share of the collected LFG except during periods of scheduled
inspections.

X (the year of waste input)
The First Order Decay Model is applied upon tracing back to the year of commissioning of Lugansk
landfill sitein 1978.

y (current year)
The First Order Decay Model is applied upon tracing back to the year of commissioning of Lugansk
landfill site in 1978.

EqC (landfill gas collection efficiency)
The methane gas collection efficiency is determined by the system performance. In the PDD, a uniform
empirical value is set based on the system specifications.

Ry (amount of waste disposed in year x)

In the project, the abovementioned First Decay Model is used as the technique for predicting the
generated amount of LFG. This means that the key parameter is the disposed amount of waste (Ry).
Accordingly, it is necessary to have past and forecast values concerning the amount of waste that has been
carried, is being carried, and will be carried into the site in the past, present and future. In the project,
there is sure data concerning past and present disposal quantities, however, it will be necessary to estimate
future quantities. Here, it is assumed that the amount of waste will increase by 1.5% per year from 2004

onwards.
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k (methane generation rate)
This was determined based on the opinions of local experts.

Lo (methane generation potential)
This was determined based on the opinions of local experts.

Specific values for the above parameters are shown in Annex 3 (Baseline Information).

B.2.4 Leakage

In the UNFCCC Clean Development Mechanism Guidelines for Completing the Project Design
Document (CDM-PDD), leakage is defined as  "the net change of anthropogenic emissions by sources of
greenhouse gases (GHG) which occurs outside the project boundary, and which is measurable and
attributable to the CDM project activity.’

On the other hand, the consolidated baseline methodology does not take leakage into account.
Therefore, thereis no leakage in the project.

B.3. Description of how the anthropogenic emissions of GHG by sources arereduced below

The aforementioned methodology and calculated project IRR (not including acquired ERU) have
concluded that the project is economically unattractive and is thus not the baseline scenario, i.e. that the
BAU scenario is the only plausible baseline.

Moreover, because the examination estimates that the project will realize aggregate emission reductions
of 4.63 x 10° ton-CO, over 15 years, the project can be said to be additional.

B.4. Description of how the definition of the project boundary related to the basdline

The project boundary is defined as follows according to the UNFCCC Clean Development Mechanism
Guidelines for Completing the Project Design Document (CDM-PDD): “The project boundary shall
encompass al anthropogenic emissions by sources of greenhouse gases (GHG) under the control of the
project participants that are significant and reasonably attributable to the CDM project activity.”

Meanwhile, according to the consolidated baseline methodology, the project boundaries include the
processes of gas collection and destruction/utilization. Moreover, concerning the various types of energy
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required to implement the project, these will be counted and monitored as project emissions. Here it is

assumed that the energy required to implement the project corresponds to a uniform ratio of GEG
generated electricity, and it is proposed to monitor the net quantity of electricity sold to the grid upon

deducting this energy requirement.

The contents described above are summarized into the following schematic drawing.

O Measuring instruments
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Figure6  Flowchart of project boundaries
(Broken lines indicate the project boundaries; blue circles show monitoring instruments;
and 1D numbers correspond to the monitoring plan)

i

B.5. Detailsof baseline information, including the date of completion of the baseline study

November 1, 2004

General Manager : Hiroyuki Kurita,

Engineer :Akira Yashio, and

Engineer : Arumu Take

Shimizu Corporation

New Energy Department, Energy Solution Division
SEAVANS SOUTH, 1-2-3

Shibaura, Minato-ku, Tokyo 105-8007
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03-5441-0137 (inside Japan)
+81-3-5441-0137 (from overseas)
(Japanese HP)  http://www.shimz.co.jp/
(English HP)  http://www.shimz.co.jp/english/index.html

\ SECTION C. Duration of the project activity / Crediting period H

\ C.1  Duration of the project activity: \

\ C.1.1. Starting date of the project activity: \

According to the UNFCCC Clean Development Mechanism Guidelines for Completing the Project
Design Document (CDM-PDD): “The starting date of a CDM project activity is the date at which the
implementation or construction or real action of a project activity begins.”

In this project, a construction period of 1 year is expected before actual operation begins, so the project
start date is set as January 1, 2007.

\ C.1.2. Expected operational lifetime of the project activity: \

The expected operational lifetime of the project is set at 15 years in consideration of the service life of
equipment.

\ C.2  Choiceof thecrediting period and related information: \

| C.2.2. Fixed crediting period: |

\ C.2.2.1. Starting date: \
According to the UNFCCC Clean Development Mechanism Guidelines for Completing the Project

Design Document (CDM-PDD): “The crediting period for a CDM project activity is the period for which
reductions from the baseline are verified and certified by a designated operational entity for the purpose
of issuance of certified emission reductions (CERS). Project participants shall choose the starting date of a
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crediting period to be after the date the first emission reductions are generated by the CDM project
activity. A crediting period shall not extend beyond the operational lifetime of the project activity.”

GHG emission reductions will be generated with completion of the project construction works and start of
project operation. Accordingly, the date of the first emission reductions achieved by the project will be the
day on which project construction works are finished and project operation is started, i.e. January 1, 2008.

January 1, 2007 Start of construction of the LFG collection system

January 1, 2008 Start of the crediting period (start of operation of the LFG collection system)
June 1, 2009 Start of construction of the GEG

January 1, 2010 Start of operation of the GEG

| C.2.2.2. Length:

The project is a J Undertaking; however, the Government of Ukraine has not yet made a decision

regarding the crediting period. Having said that, the Ukrainian Ministry of Environmental Protection has
stated that it will flexibly deal with the crediting period including time beyond the initial promised period
in its negotiations and contract with project participants. In view of this, a crediting period of 15 years
without renewal will be set from 2008 in the project.

\ SECTION D. Application of a monitoring methodology and plan \

\ D.1. Nameand reference of approved monitoring methodology applied to the project activity: \

Consolidated baseline methodology for landfill gas project activities will be applied in the project. This
can be found at the following address:

http://cdm.unf ccc.int/EB/M eetings/015/eb15repanl. pdf

D.2  Justification of the choice of the methodology and why it is applicable to the project

Conditions of applicability regarding the consolidated baseline methodology for landfill gas project
activities are given asfollows.

This methodology is applicable to landfill gas capture project activities, where the baseline scenario is the

partia or total atmospheric release of the gas and the project activities include situations such as:
a) The captured gasisflared; or
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b) The captured gas is used to produce energy (e.g. electricity/thermal energy), but no emission

0)

reductions are claimed for displacing or avoiding energy from other sources; or
The captured gas is used to produce energy (e.g. electricity/thermal energy), and emission reductions

are claimed for displacing or avoiding energy generation from other sources. In this case a baseline

methodology for electricity and/or thermal energy displaced shall be provided or an approved one
used, including the following:

Consolidated Methodology for Grid-Connected Power Generation from Renewable Sources’
http://cdm.unfccc.int/EB/Meetings/015/eb15repan?. pdf

Alternatively, if the capacity of electricity generated is less than 15MW, and/or thermal energy displaced
islessthan 54 TJ (15GWh), the following can be used:

Indicative Simplified Baseline and Monitoring Methodologies for Selected Small-scale CDM Project
Activity Categories
http://cdm.unfccc.int/pac/howto/Smal | Scal ePA/ssclistmeth. pdf

Meanwhile, conditions in the project are as follows:

<1>

<2>

<3>

<4>

<5>

<6>

<7>

<8>

<O>

Currently, LFG collection is not carried out on Lugansk landfill site.

The project proposes to collect LFG on the existing Lugansk landfill disposal site, to combust
combustible methane gas contained in that, and to operate a GEG.

The project GEG will be connected to the existing power distribution network so that power
generated in the GEG can be transmitted back to the network (grid).

There is no legislation requiring collection of LFG on landfill disposal sites in Lugansk, Ukraine,
and no such legislation is planned.

Lugansk does not possess the technica know-how or human resources to implement LFG
collection on the landfill disposal site.

Lugansk does not possess the technical know-how or human resources to introduce an on-site GEG
The project GEG can take the place of existing power generation systems (grid power plants).
Emission reductions are claimed through the fact that generating and supplying power to the grid
will avert utilization of other energy sources (use of fossil fuelsin thermal power plants).

The generator planned for installation in the project has a capacity of 500 kW (0.5 MW).

Accordingly, the project falls under applicability condition (c) of the consolidated baseline methodol ogy

for landfill gas project activities (hereinafter called the consolidated baseline methodology). Meanwhile,
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regarding claims for emission reductions resulting from averting use of other energy sources by
generating and supplying power to the grid, the figure that is determined in negotiations with the
Government of Ukraine shall be adopted.
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In the Project, Option 2 is adopted. Accordingly, D.2.1 is skipped.

This template shall not be altered. It shall be completed without modifying/adding headings or logo, format or font.




\{@‘:& PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 02
%q'v

CDM - Executive Board page 28

This template shall not be altered. It shall be completed without modifying/adding headings or logo, format or font.




)

PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 02

CDM - Executive Board

D.2.2.1. Datato be collected in order to monitor

vity, and how this data will be ar chived:

ID number Datavariable Source of data Data Measured (m), | Recording Proportion How will Comment
(Please use unit calculated (c), | frequency of datato be | the databe
numbers to ease estimated (€), monitored archived?
cross-referencing (electronic/
totable D.3) paper)
1 LFGioa m° m Measured 100% e
Total amount of Flow meter continuously
landfill gas captured and recorded
once a month
2 T Thermo meter K m Once a month 100% e Measured to determine
Temperature of the the density of methane
landfill gas Dcha
3 P Pressure gauge Pa m Once a month 100% e Measured to determine
Pressure of the the density of methane
landfill gas Dcha
4 WeHa Methane % m Once a month 100% e
Methane fractionin fraction meter
the landfill gas
5 LFGaectricity Flow meter m’ m Measured 100% e
Amount of landfill continuously
gas combusted in and recorded
power plant once a month
6 LFGiared, Flow meter m’ m Measured 100% e
Amount of landfill continuously
gasflared and recorded
once a month
7 Tf Thermo meter Degree m Continuously 100% e Measured to determine
Temperature of C operation hours of flare
surface of flare stack and flare /combustion
efficiency
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8 Wfcha Methane % m Quarterly, 100% Measured to determine
Methane content in fraction meter monthly if flare /combustion
the exhaust gas of unstable efficiency
flare
9 EG Watt hour meter kwWh m Measured 100% Measure electric energy
Electric power continuously which
supplied to the grid and recorded self-consumption .is
once a month already deducted.
In order to measure net
sold electric energy, both
watt hour meter for sold
electric energy and
bought electric energy
should be installed and
calculate net sold electric
energy by the differential
of them.
10 CEF gectricity Data received - c Once a year, on 100%
CO, emissions fromthe regular basis
intensity of the Government of
electricity displaced Ukraine
1 AF Data received - n‘a Once a year, on 100%
Adjustment factor fromthe regular basis
Government of
Ukraine
12 FE Tf % mand ¢ Quarterly, 100% Determine FE upon
Flare efficiency Wlcpa monthly if calculating Tf and Wfcpy
unstable

Note: Datawill be stored for the crediting period and two years after that.
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D.2.2.2. Description of formulae used to calculate project emissions (for each gas,
sour ce, formulae/algorithm, emissions units of CO, equ.)

In this methodology, the following formulae that were stated in Section B are used.

(1’) ERy = (M Dproject,y - MDreg,y) * GWPCH4 + EG‘y * CEFdectricit,y

Commentary: This formula enables project emissions reductions to be directly calculated. In the first term,
the amount of methane gas that should be collected under the law (MD¢y ) is Subtracted from the amount
of methane gas collected in the project (MDyrgjecty), and the remainder is multiplied by the global warming
potential of methane gas (GWPcn4). This corresponds to Phase A that was described in Section A. The
second term shows the product of the net quantity of electricity supplied to the grid (EG, 1D9) and the
emission factor of the grid (CEFgexicity 1D10), and this corresponds to Phase C in Section A.

(2) M Dreg'y = M Dprojec’[yy * AF

Commentary: The amount of methane gas that should be collected under the law (MD,¢y) is the product
of the amount of methane gas collected in the project (MDyrjecty) @nd theratio (AF = 1D11) of the amount
of methane gas that should be collected under the law and the amount of methane gas collected in the
project.

(3’) M Dproject,y =M Dflared,y +M Ddectricity,y

Commentary: The amount of methane gas collected in the project (MDpgjecty) 1S the sum of the amount of
flared methane gas (MDyjery) @nd the amount of methane gas that is used in power generation

(M Ddectricity,y)-
(4) M Dflared,y = I-FG‘fIared,y * WCH4,y * DCH4 * FE
Commentary: The amount of flared methane gas (MDpgjecty) IS the product of the flow rate of LFG used

in flaring (LFGraeay 1D6), the ratio of methane gas contained in the LFG used in flaring  wcnay 1D4,
the density of methane gasused inflaring Dcns , and the flare efficiency (FE = 1D12).

(5) M Ddectricity,y = LFGdectricity,y * WCH4,y * DCH4

Commentary: The amount of methane gas that is used in power generation (MDagecicityy) iS the product of
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the flow rate of LFG used in power generation (LFGgeiciyy 1D5), the ratio of methane gas contained in
the LFG used in power generation wcnay 1D4 and the density of methane gas used in power generation

(Dcha)-
(7) FE=FTf* Fwf

Commentary: Flare efficiency (FE) is calculated from the flare operating rate (FTf) and the flare
destruction efficiency (Fwf).

® rFre =T

Commentary: The flare operating rate (FTT) is determined by continuously measuring the flare surface
temperature to see if the flare flame has extinguished or not.

(9) Fwf = (WCH4,y - WfCH4,y)/ WcHay

Commentary: The flare destruction efficiency (Fwf) is calculated from the concentration of methane gas
at the flare outlet (Wfcuay  1D8) and the concentration of methane gas at the flare inlet (Wgnay  1DA4).

(10) Dcua= 0.0007168 * (P/101.3) * (273.15/T)
Commentary: The density of methane gas (Dcya) is the density of methane gas (0.0007168t/Nm3, from
the consolidated monitoring methodology) in the standard state (101.3kPa 0O 273.15K), corrected
according to the actual temperature (T = ID2) and pressure (P = 1D3).
To sum up, the formulafor calculating baseline emissions will be as follows:
(11) Basdline emissions = methane emissions from the generated LFG x amount of methane gas collected
according to law + CO, emissions from existing power plants
= ((LFGriaedy + LFGdenictyy) / EAC * Weay * Depa - MDregy ) * GWPes + EGy * CEFgeariay

The formulafor calculating project emissionsis as follows:

(12) Project emissions = methane emissions from the generated LFG x the portion of generated LFG that
can be collected + the portion emitted from flaring

This template shall not be altered. It shall be completed without modifying/adding headings or logo, format or font.



\9’ \g, PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 02 -
«3) UNFCOL

CDM - Executive Board page 33

= ( (I— I:Gflared,y + I—I:Gelectricity,y) / ch - (I— I:Gflared,y + LFGelectricity,y) + LFGfIared,y * (l - FE) ) * WCH4,y
* Dcha * GWPcHa

The following flow chart summarizes the above monitoring plan in schematic form.

O Measuring instruments

. T . Ry = CO2
. L. 1D10 : CO2 emissionsintensity of the electricity displaced % discharge
Project boundary % Power
supply
c Thermal
ID1: Total amount of landfill gas captured power plants
1D2 : Temperature of the landfill gas

1D3 : Pressure of the landfill gas
1D4 : Methanefraction in the landfill gas

ID5 : Amount of landfill gas combusted in power plant

Electric power 1D9 : Electric power suppNed to tHegri
self consumption 1

(blower, etc) — Power supply —~ I er
LFG that c+ ot b ~ Y
N e . L]
Acaptured or gollected part d|scharg_e Hydro power plants
- ] I Watt hour|
I LFG CO2 CO2
(CH4) discharge discharge |
Waste ID7: &
E——— L andfill Gas engine generator Temperature of SUpRly
surface of flare _
stack | Nuclear power plants
ID8: Methane I Watt hour
Fl content in the
I 1D6 : Amount of ae exhaust gas of
landfill gas flared e 1

Figure7  Flowchart of monitoring plan
(Blue circles show monitoring instruments; and ID numbers correspond to the monitoring plan,
broken lines indicate the project boundaries;)

Note: The electric energy measured in this monitoring plan is obtained by deducting power used in the GEG and
LFG collection system (i.e. portions consumed by the system) from the electric energy generated by the
GEG,; i.e. it isthe difference between the amount of sold energy and purchased energy.
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Aswas mentioned in Section B, there is no leakage in the project. Therefore, D.2.3 is skipped.
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emissions units of CO, equ.)

In this methodol ogy, the following formulae that were stated in Section B are used:
(1) ERy = (MDprgjecty - MDyegy) * GWPchs + EGy * CEFgecrricity

(2) MDyegy = MDprgjecty * AF

(3') MDyrojecty = MDriaredy + M Dectricity,y

(4) MDriaedy = LFGriaedy * Wehay * Dera * FE

(5) MDeectricityy = L FGaectricityy * Weray * Dera

(8) FE=FTf* Fwf

@ Fre =T

(10) Fwf = (Wchay - Wlchay) / Weray

(11) Dcpa=0.0007168 * (P/101.3) * (273.15/T)
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D.3. Quality control (QC) and quality assurance (QA) procedur es are being undertaken for data monitored
Data Uncertainty level of data Explain QA/QC procedures planned for these data, or why such procedures are not necessary.
(Indicatetableand | (High/Medium/Low)
ID number e.g.
3-1.;32)
1 Low Measuring instruments are regularly tested to ensure accuracy.
2 Low Measuring instruments are regularly tested to ensure accuracy.
3 Low Measuring instruments are regularly tested to ensure accuracy.
4 Low Measuring instruments are regularly tested to ensure accuracy.
5 Low Measuring instruments are regularly tested to ensure accuracy.
6 Low Measuring instruments are regularly tested to ensure accuracy.
7 Medium Measuring instruments are regularly tested to ensure accuracy. As arule, monitoring is planned once every three months;
however, in cases where monitoring results are unstable, thisisimplemented once every month.
8 Medium Measuring instruments are regularly tested to ensure accuracy. As arule, monitoring is planned once every three months;
however, in cases where monitoring results are unstable, thisisimplemented once every month.
9 Low Measuring instruments are regularly tested to ensure accuracy.
10 Low Data is provided by the Government of Ukraine.
11 Low Data is provided by the Government of Ukraine.
12 Medium Measuring instruments are regularly tested to ensure accuracy. As arule, monitoring is planned once every three months;

however, in cases where monitoring results are unstable, this isimplemented once every month.
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D.4  Pleasedescribethe operational and management structurethat the project operator will

Project participants on the Japan side will form a special purpose company (SPC) in order to implement
the project. The SPC, financed by the project participants on the Japan side, will be responsible for al
project affairs from the initial investment (ordering of construction works) through to project operation
(monitoring, equipment operation and maintenance, accounting work, ERU control, subcontracting and
consignment, personnel affairs, reporting, etc.). Meanwhile, the project participants on the Ukraine side
will contract and execute part of the SPC work. In specific terms, they will undertake monitoring and
reporting, equipment operation and maintenance, accounting work, land provision, water supply and
support for acquiring SPC permission, etc.

In the project, quality control and quality assurance will be carried out by the following methods.

Incidentally, ‘management’ here refers to employees of the SPC. Also, ‘operating personnel’ refers to

project participants on the Ukraine side (Protos employees or employees of subcontractors hired by

Protos) who implement monitoring under contract from the SPC.

>> The project implementing organization will consist of operating personnel and management.

>> Management will prepare written procedures for operating facilities.

>> Written procedures, containing daily work contents, periodic maintenance methods and judgment
criteria, etc., will be compiled according to appropriate formats.

>> Operating personnel will be assured regular opportunitiesto receive training and education, in order to
enable them to carry out work according to the above procedures.

>> QOperating personnel will implement work according to the above procedures and will report results to
management.

>> Management will check reports from operating personnel and determine there are no problems
according to the procedures. If problems are found in such checks, management will implement the
appropriate countermeasures with appropriate timing.

>> Management will everyday file and store reports from operating personnel according to the
procedures.

>> Management will regularly patrol and visit work areas to audit that work is being appropriately
implemented by operating personnel according to the procedures. If problems are found in such audits,
management will implement appropriate countermeasures with appropriate timing.

>> |n the event of accidents (including the unforeseen release of GHG), management will ascertain the
causes, implement and instruct countermeasures to the operating personnel.

>> |n the event of emergencies (including the unforeseen release of GHG), the operating personnel will
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take emergency steps and implement countermeasures according to the instructions given by
management.

>> Measuring instruments will be periodically and appropriately calibrated according to the procedures.
Cdlibration timing and methods will be in accordance with the monitoring plan.

>> Measured data will be disclosed and open to public comment. Received comments and the steps taken
in response to them will also be disclosed.

>> Measured data will also be subject to audit by government agencies in the host country.

D.5 Nameof person/entity determining the monitoring methodology

General Manager : Hiroyuki Kurita,
Engineer :Akira Yashio, and
Engineer : Arumu Take
Shimizu Corporation
New Energy Department, Energy Solution Division
SEAVANS SOUTH, 1-2-3
Shibaura, Minato-ku, Tokyo 105-8007
03-5441-0137 (inside Japan)
+81-3-5441-0137 (from overseas)
(Japanese HP)  http://www.shimz.co.jp/
(English HP)  http://www.shimz.co.jp/english/index.html

SECTION E. Estimation of GHG emissions by sour ces

E.l. Edimateof GHG emissions by sources:

In the project, since it is planned to adopt monitoring methodology that measures emission reductions in
the case of project implementation, there will be no measurement of project emissions. Having said that,
project emissions can be estimated by using the following formulae.

(12) Project emissions = ( (LFGtiaedy + LFGaectricityy) / EQC - (LFGtiaedy + LFGaectricityy) + LFGriaredy * (1 -
FE) ) * Wchay * Dcna * GWPcha

(4) LFGriaredy = MDrtiaredy / (Wehay * Dena * FE)

(5') LFGeearicityy = MDaectricityy / (Weray * Dcria)

(3") MD#iaredy = M Dprgjecty = M Daectricityy

(6) MDprojecty = EGC * Squy_x = EqC* S,Im(k* Re* Lo* €0
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(13) MDgecrricityy = generator capacity (kw) * conversion factor 860kcal/h/kW  / generating efficiency (-)
/| methane gas lower heating value (kcal/Nm®) * operating days (days/year) * 24 (hours/day) * Dcua
(/Nm®)

Calculation criteria settings and the results of calculation are indicated in Annex 3 (BASELINE
INFORMATION). It should be noted, however, that these figures are estimate values and not actual
emissions.

\ E.2. Edimated leakage: \

There is no leakage in the project.

\ E.3. Thesum of E.1 and E.2 representing the project activity emissions: \
Same as stated in E. 1.

\ E.4. Esimated anthropogenic emissions by sour ces of greenhouse gases of the baseline; \

In the project, since it is planned to adopt monitoring methodology that measures emission reductions in
the case of project implementation, there will be no measurement of project emissions. Having said that,
project emissions can be estimated by using the following formulae.

(11) Baseline emissions = (L FGaeiy + LFGaeiciyy) / EGC * Weray * Do - MDregy) * GWPia + EG, *
CEFgectricity

(4) LFGriaredy = MDrtiaredy / (Wehay * Dena * FE)

(5") LFGaecticityy = MDagectricityy / (Weray * Dcna)

(3") MD#iaredy = M Dprgjecty = M Daectricityy

(6) MDprojecty = EGC * Squy,x: eac* UMk R, * Lo* 60
(13) MDgecrricityy = generator capacity (kw) * 860 (kcal/n/kW) / generating efficiency (-) / lower heating

value of methane gas (kcal/Nm?®) * operating days (dayslyear) * 24 (hours/day) * Dcna (t/Nm?)
(2) MDyegy = MDprgjecty * AF

Calculation criteria settings and the results of calculation are indicated in Annex 3 (BASELINE
INFORMATION). It should be noted, however, that these figures are estimate values and not actual

emissions.
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E.5. Difference between E.4 and E.3 representing the emission reductions of the project activity: \

Calculation criteria settings and the results of calculation are indicated in Annex 3 (BASELINE
INFORMATION). It should be noted, however, that these figures are estimate values and not actual
emission reductions. Actual emission reductions are directly measured in the monitoring.

E.6. Tableproviding values obtained when applying formulae above:

The results of calculation are indicated in Annex 3 (BASELINE INFORMATION). As a result of
examination, it was estimated that the project will realize aggregate emission reductions of 4.63*10°
ton-CO, over 15 years. It should be noted, however, that these figures are estimate values and not the
actual amounts of emissions and emission reductions. Actual emission reductions are directly measured in
the monitoring.

SECTIONF.  Environmental impacts |

F.1. Documentation on the analysis of the environmental impacts, including transboundary
impacts.

The following paragraphs describe the results of environmental impact analysis.

The Government of Ukraine officially regards environmental protection as a high priority policy. It

passed the Law on the Protection of the Environment in June 1991, and followed this up with numerous

regulations, decisions and other government and regional level activities between 1998 and 2001. Mgjor

events during this period were as follows.

>> The Ukrainian Law on Protection of Ambient Air (June 21, 2001) covers the conservation and
improvement of air quality, environmental safety pertaining to the life of human activities, prevention
of environmental impacts by hazardous substances, and regulation of activities that have an impact on
the environment.

>> The Law of Ukraine on Alternative Liquid and Gas Fuels (February 14, 2000) deals with fuel
substitution activities, which are a high priority area of development in Ukraine. Within this, LFG is
regarded as an alternative fuel.

>> The President’s Decree on Measures Concerning Development of Biofuel (September 26, 2003) deals
with utilization of biofuels (bio-diesel, biogas), which are regarded as a high priority area of
development in Ukraine.

Meanwhile, since the project intends to collect LFG that is currently released into the atmosphere, it has
the following beneficial impacts on the environment and complies with environmental protection polices
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by the Government of Ukraine.

>> Environmental improvement effect vialandfill site odor prevention

>> Environmental improvement effect via reduction of pollutant emissions into the atmosphere through
collection of LFG

>> Environmental improvement effect through prevention of landfill site fires

>> Substitution of deteriorated power generation systems

Furthermore, project implementation will lead to employment creation, i.e. it will have a positive impact
on the socioeconomy of Ukraine, too. However, concern also exists over the following impacts, so the
measures described will need to be taken in order to minimize their impact.

>> Noise and vibration: Installation of the blowers for LFG collection and the GEG will create noise and
vibration. However, since these facilities will be located sufficiently apart from houses around the
landfill site, there shouldn’t be any problems. Rather, the only problem will be that concerning the
working environment (impact on hearing, etc.) for operators on the site. This can be resolved by
installing appropriate soundproof covers and vibration-proof frames.

>> Air pollution resulting from GEG exhaust gases. It is possible that operation of the GEG will lead to
pollution of the atmosphere by SOx and NOx contained in the exhaust gases. However, since these
facilities will be located sufficiently apart from houses around the landfill site, they shouldn’t pose
any problems. Having said that, it will be necessary to install appropriate LFG desulfurization
equipment and NOx reduction technology (on the generating machinery side) to avert any pollution.

>> Risk of fire from installation of flaring equipment: Installation of flaring equipment and the artificial
collection of methane gas may increase the risk of fires occurring along pipe routes and around the
flaring equipment. This can be resolved by measuring and monitoring oxygen concentration inside
LFG collection pipes, stopping the system when the oxygen concentration becomes too high, and
stabilizing flame by means of burner combustion control of the flare equipment.

F.2.  If environmental impacts are consider ed significant by the project participants or the host
Party, please provide conclusions and all referencesto support documentation of an
environmental impact assessment undertaken in accor dance with the procedures as

As has already been described, environmental impact analysis shows that the project will have no major
impact on the environment. Accordingly, it is not considered necessary for the project participants to
implement an environmental impact assessment.
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SECTION G. Stakeholders' comments

>>

G.1. Brief description how comments by local stakeholder s have been invited and compiled:

Stakeholders in the project are as follows.

>> Closed Joint Stock Company ‘Protos : a Ukrainian corporation seeking to actualize the project. This
closed private sector company is responsible for collecting and transporting general solid waste in
Lugansk, disposing of it in Lugansk landfill site and managing the landfill site. As the project site
operator, it will jointly implement the project with Lugansk Municipality and the Japan side.

>> L ugansk Municipality: the local municipality that owns Lugansk landfill site. As the owner of the
project site, it will jointly implement the project with Protos and the Japan side.

>> Closed Joint Stock Company “Luganskenergo” (Lugansk Regional Power Distribution Company): the
power distribution company in Lugansk. Thisisa monopoly corporation in the Lugansk region. When
Protos connects to the grid, it will need to apply to this company for the necessary technical
conditions.

Comments by the stakeholders concerning the project were collected in hearings.

G.2. Summary of the commentsreceived:

>> (Closed Joint Stock Company "Protos")

President of Protos

Mr. Aratoliv Belik

He believes the project to collect methane gas from the landfill site and utilize it in power generation is
promising. Upon digging test wells in the landfill site and analyzing the gas properties, it was confirmed
that gas of a concentration suited to power generation in a gas engine can be extracted. However, in the
existing economic climate, neither Protos nor Lugansk City Municipality have the financial capacity to
invest in the project. They would welcome implementation of the project as a joint implementation
undertaking with financing provided by the Japan side.

>> Lugansk City Municipality

Head of Environment Department of Lugansk City Municipality
Mr. Dleg Berginoi
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Lugansk previously prospered around the armament industry under the former Soviet system. However,
armament factories lost their competitiveness and were forced to close down following collapse of the
Soviet Union. Since then, the city has not been so successful in attracting new industries. In these
circumstances, the city would welcome a project like the one in hand that contributes to environmental
improvement and attracts overseas investment and wants to actively participate as a counterpart. The city
hopes that the project will prove to be a turning point in attracting more factories, etc.

>> Lugansk City Municipality

Lugansk City Council, Deputy Mayor

Cherkasov Andrey

The project is most interesting and the city would be delighted to cooperate with it.

>> Closed Joint Stock Company “Luganskenergo” (Lugansk Regional Power Distribution Company)
Director of the technical department of Luganskenergo

Mr. Yaroslav Protsak

Concerning power supply in the Lugansk region, existing thermal power plants are operating at around
50% and till have room to spare. Accordingly, the company has refused to accept supply from new
power sources. However, since power generation utilizing biomass like in the project is also important in
terms of environmental policy, the company would be willing to accept it as a new power source.

G.3. Report on how due account was taken of any commentsreceived:

With respect to the comments received from the stakeholders, the project participants will issue replies as
necessary and take steps to ensure that stakeholders incur no damages.
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Annex 1

CONTACT INFORMATION ON PARTICIPANTSIN THE PROJECT ACTIVITY

Project Participant 1

Organization: Shimizu Corporation

Street/P.O.Box: 1-2-3, Shibaura

Building: SEAVANS SOUTH

City: Minato-ku

State/Region: Tokyo

Postfix/ZIP: 105-8007

Country: Japan

e | S

FAX: -

E-Mail: -

URL: httpillwww.shi mz.co.j p/english/index.html
http://www.shimz.co.jp/

Represented by: Tetsuya Nomura

Title: General Manager

Salutation: Mr.

Last Name: Kurita

Middle Name: -

First Name: Hiroyuki

Department: New Energy Department

Mabile: -

Direct FAX: 82_1524?‘_‘3?1)12311

Direttf a3 84410137

Personal E-Mail: kurita@shimz.co.jp
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Project Participant 2

Organization: The Chugoku Electric Power Co., Inc.

Street/P.O.Box: 4-33 Komachi, Naka-ku

Building: -

City: Hiroshima-shi

State/Region: Hiroshima

Postfix/ZIP: 730-8701

Country: Japan

Telephone 2200t

FAX: -

E-Mail: -

URL: httpf//www. energ? a_co.j p/energiae/index.html
http://www.energia.co.jp/

Represented by: Shigeo Shirakura

Title: Manager

Salutation: Mr.

Last Name: Takeyama

Middle Name: -

First Name: Takayoshi

Department: Energia Business Development Dept.

Mabile: -

x| o

o

Personal E-Mail: -
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Project Participant 3
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T

Organization: Close Joint Stock Company "Protos"
Street/P.O.Box: 96, Lomonosov str.
Building: -

City: Lugansk

State/Region: Lugansk

Postfix/ZIP: 91016

Country: Ukraine

Telephone: -

FAX: -

E-Mail: -

URL: -

Represented by: -

Title: Director

Salutation: Mr.

Last Name: Belik

Middle Name: -

First Name: Anatoliy Konstantinovich
Department: -

Mobile: -

Direct FAX: +380-642-490-988

Direct tel: +380-642-490-988, 490-941
Personal E-Mail: rotos@ats.lg.u

This template shall not be altered. It shall be completed without modifying/adding headings or logo, format or font.



\9’ \g, PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 02 -
«3) UNFCOL

CDM - Executive Board page 47

Project Participant 4

T

Organization: Lugansk municipality
Street/P.O.Box: 14, Kozhybinskogo
Building: -

City: Lugansk
State/Region: Lugansk

Postfix/ZIP: 91000

Country: Ukraine

Telephone: -

FAX: -

E-Mail: -

URL: -

Represented by: -

Title: Head of environmental department
Salutation: Mr.

Last Name: Berezhnoy

Middle Name: -

First Name: Oleg Nikolaevich
Department: -

Mobile: -

Direct FAX: -

Direct tel: +380-642-58-19-60, 58-16-60
Personal E-Mail: city@lep.lg.u
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Annex 2

INFORMATION REGARDING PUBLIC FUNDING

There is no Official Development Assistance in this project, and it places no financial obligation on

Japan.
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Annex 3

BASELINE INFORMATION

Table 1 shows the preconditions for calculating baseline emissions, Table 2 shows the annual waste
acceptance rate at Lugansk landfill site, Table 3 shows the calculation result of emission reduction, and
Table 4 shows the results of sensitivity analysis.

Moreover, in the project, waste will be classified into four categories under guidance from the Ukrainian
LFG experts. Upon setting the LO and k values for each category, generated quantities of LFG were
computed and totaled to give the total generated amount of LFG.
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Tablel Preconditionsand parametersfor calculation of IRR and emissions
Item Unit Value Source, Basis
Ratio of Category | waste 40.50
Ratio of Category Il waste 13.63 Values calculated by Ukrainian LFG experts based on actual waste
Ratio of Category |11 waste 29.68 composition data from Lugansk
Ratio of Category 1V waste 16.20
k of Category | 1y 0.116
k of Category Il 1y 0.076 . L
K of Category 111 Ty 0046 Values estimated by Ukrainian LFG experts
k of Category IV 1y -
L0 of Category | Nm*>-CH,/ -waste 74.40
L0 of Category | Nm*-CH,/ -wagte 128.80 Values calculated by Ukrainian LFG experts based on actual waste
L0 of Category IlI Nm*>-CH,/ -waste 128.30 composition data from Lugansk
L0 of Category IV Nm’>-CH,/ -waste 0
Thermal and Nuclear Generation Handbook, 1991 (supervised by
Lower heating value of keal/Nm3 8560 the Thermal and Nuclear Power Engineering Society, Ministry of
methane gas ' International Trade and Industry, Agency for Natural Resources and
Energy), p158,
;c])gi:\lngapacny of new gas kw 500 Planned values by the project participants
Generating efficiency of e
new gas engine 39.20 Specifications of the European maker J Co.
Consumption by the new ) -
gas engine in generation - 0.10 Planned value by the project participants
Snegqﬁr:t ing days of new gas Dayslyear 335 Planned value by the project participants
Specific gravity of methane YN 0.00071680 UNFC(_:C CDM _EB Consolidated baseline methodology for landfill
Dcha gas project activities
onI (,:?ghgnaggc\?pﬁemal - 210 IPCC Second Assessment Report: Climate Change 1995
Unit rate of power sales UAH/KWh 0.1000 gmd on actual unit‘ prices of electricity sold by generatorsto
i stribution companies
Exchange rate UAH/EURO 6.77 Actual ratein banks
.VOI umetric ratio of methane 0.50 Values estimated by Ukrainian LFG experts
in LFG Wcpy
Values estimated by Ukrainian LFG experts. 0.668 ground
LFG collection efficiency First year 0.500 |coveragerate90 x well and pipe efficiency 75% x operating rate
EqC Following 0.668 | 99%. Meanwhile, 0.500 in thefirst year is a conservative estimate
including anticipated loss in the startup period.
Flare efficiency FE 0.995 Specifications of the European maker Z Co.
- Based on the viewpoaint of the Ukrainian Ministry of Environmental
Adjustment factor AF 0.00 Protection
Operational Guidelinesfor Project Design Documents of Joint
Implementation Projects Volume 1: General guidelines Version 2.3
. _ Ministry of Economic Affairs of the Netherlands May 2004 (To be
SET:era“_hg emission factor t-CO,/MWh 0.815 0.486 | on the conservative side in line with the above guidance purport,
dectricity values from 1999 and before were made the same as those from
2000, and values from 2013 onwards were extrapolated from values
for 2011 and 2012.
Interest on long-term
Ukrainian government 7.65 Actual values s of March 8, 2004
bonds as the benchmark
Crediting period 15yearsfrom | Based on the viewpoint of the Ukrainian Ministry of Environmental
2008 2022 Protection
Profit tax rate 25 Ukrainian Government
Depreciation rate 6.75 Ukrainian Government
Total initial cost EURO 1,280,000 Planned value by the project participants
Running cost EURO/ 94,000 Planned value by the project participants
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>>x: year in which waste was carried into the site, and Rx: amount of waste carried in year x (t/y)

Table2  Annua waste acceptance rate at Lugansk MSW landfill

Annual Annual
Year (x) Incoming waste Aggregate Year () Incoming waste Aggregate
(R¥) (Rx)
Tonslyear 10%tons Tonslyear 10%tons
1978 44,000 44.0 1994 71,478 1,164.8
1979 55,132 9.1 1995 69,564 1,234.2
1980 61,666 160.8 1996 69,388 1,302.9
1981 63,888 224.7 1997 68,772 1,371.2
1982 67,166 2919 1998 68,310 1,437.5
1983 70,576 362.4 1999 66,286 1,496.9
1984 71,588 434.0 2000 59,400 1,560.3
1985 72,226 506.2 2001 63,404 1,631.4
1986 72,710 579.0 2002 71,037 1,705.4
1987 73,568 652.5 2003 74,052 1,780.6
1988 73,744 726.3 2004 75,163 1,856.9
1989 74,162 800.4 2005 76,290 1,934.3
1990 74,690 875.1 2006 77,435 2,012.9
1991 74,866 950.0 2007 78,596 2,012.9
1992 73,744 1,023.7 2008 0 2,012.9

Source: Protos

2 Forecast values of the waste acceptance rate from 2004 to 2005 are based on an assumed annual increase of 1.5%.
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Table3  Calculation result of emission reduction

Amount qf Amount of Amount of Amount of Amount of

Year \Wwaste coming Category | waste Category |1 Category |11 Category |V

into the site R¢ waste waste waste

Year Tons/year Tons/year Tonslyear Tonslyear Tonslyear
1979 44,000 17,820 5,997 13,059 7,128
1980 55,132 22,328 7,514 16,363 8,931
1981 61,666 24,975 8,405 18,302 9,990
1982 63,888 25,875 8,708 18,962 10,350
1983 67,166 27,202 9,155 19,935 10,881
1984 70,576 28,583 9,620 20,947 11,433
1985 71,588 28,993 9,757 21,247 11,597
1986 72,226 29,252 9,844 21,437 11,701
1987 72,710 29,448 9,910 21,580 11,779
1988 73,568 29,795 10,027 21,835 11,918
1989 73,744 29,866 10,051 21,887 11,947
1990 74,162 30,036 10,108 22,011 12,014
1991 74,690 30,249 10,180 22,168 12,100
1992 74,866 30,321 10,204 22,220 12,128
1993 73,744 29,866 10,051 21,887 11,947
1994 71,478 28,949 9,742 21,215 11,579
1995 69,564 28,173 9,482 20,647 11,269
1996 69,388 28,102 9,458 20,594 11,241
1997 68,772 27,853 9,374 20,412 11,141
1998 68,310 27,666 9,311 20,274 11,066
1999 66,286 26,846 9,035 19,674 10,738
2000 59,400 24,057 8,096 17,630 9,623
2001 63,404 25,679 8,642 18,818 10,271
2002 71,037 28,770 9,682 21,084 11,508
2003 74,052 29,991 10,093 21,979 11,996
2004 75,163 30,441 10,245 22,308 12,176
2005 76,290 30,898 10,398 22,643 12,359
2006 77,435 31,361 10,554 22,983 12,544
2007 78,596 31,831 10,713 23,327 12,733
2008 0 0 0 0 0
2009 0 0 0 0 0
2010 0 0 0 0 0
2011 0 0 0 0 0
2012 0 0 0 0 0
2013 0 0 0 0 0
2014 0 0 0 0 0
2015 0 0 0 0 0
2016 0 0 0 0 0
2017 0 0 0 0 0
2018 0 0 0 0 0
2019 0 0 0 0 0
2020 0 0 0 0 0
2021 0 0 0 0 0
2022 0 0 0 0 0
20(’;;022 0 0 0 0 0
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Generated Generated ESrEly ESrEly .
amount of amount of Total generated | LFG collection
Year amount of amount of Category Il Category IV LEG rate EGC Collected LFG
Category | LFG | Category |l LFG LEG LEG
Year Nm*year Nm*year Nm*/year Nm*/year Nm*/year - Nm®*/year
1979 2.90E+05 1.13E+05 1.51E+05 0.00E+00 5.54E+05 0.000 0.00E+00
1980 6.23E+05 2.46E+05 3.33E+05 0.00E+00 1.20E+06 0.000 0.00E+00
1981 9.61E+05 3.87E+05 5.29E+05 0.00E+00 1.88E+06 0.000 0.00E+00
1982 1.28E+06 5.23E+05 7.24E+05 0.00E+00 2.52E+06 0.000 0.00E+00
1983 1.58E+06 6.57E+05 9.21E+05 0.00E+00 3.16E+06 0.000 0.00E+00
1984 1.87E+06 7.90E+05 1.12E+06 0.00E+00 3.79E+06 0.000 0.00E+00
1985 2.14E+06 9.16E+05 1.32E+06 0.00E+00 4.37E+06 0.000 0.00E+00
1986 2.38E+06 1.03E+06 1.50E+06 0.00E+00 4.92E+06 0.000 0.00E+00
1987 2.60E+06 1.15E+06 1.69E+06 0.00E+00 5.43E+06 0.000 0.00E+00
1988 2.80E+06 1.25E+06 1.86E+06 0.00E+00 5.92E+06 0.000 0.00E+00
1989 2.98E+06 1.35E+06 2.03E+06 0.00E+00 6.36E+06 0.000 0.00E+00
1990 3.15E+06 1.44E+06 2.19E+06 0.00E+00 6.78E+06 0.000 0.00E+00
1991 3.29E+06 1.53E+06 2.35E+06 0.00E+00 7.17E+06 0.000 0.00E+00
1992 3.43E+06 1.61E+06 2.50E+06 0.00E+00 7.54E+06 0.000 0.00E+00
1993 3.54E+06 1.68E+06 2.64E+06 0.00E+00 7.86E+06 0.000 0.00E+00
1994 3.62E+06 1.74E+06 2.77TE+06 0.00E+00 8.13E+06 0.000 0.00E+00
1995 3.69E+06 1.79E+06 2.88E+06 0.00E+00 8.36E+06 0.000 0.00E+00
1996 3.74E+06 1.84E+06 2.99E+06 0.00E+00 8.57E+06 0.000 0.00E+00
1997 3.78E+06 1.88E+06 3.09E+06 0.00E+00 8.76E+06 0.000 0.00E+00
1998 3.82E+06 1.92E+06 3.18E+06 0.00E+00 8.92E+06 0.000 0.00E+00
1999 3.84E+06 1.95E+06 3.27E+06 0.00E+00 9.06E+06 0.000 0.00E+00
2000 3.81E+06 1.96E+06 3.33E+06 0.00E+00 9.10E+06 0.000 0.00E+00
2001 3.81E+06 1.98E+06 3.39E+06 0.00E+00 9.18E+06 0.000 0.00E+00
2002 3.86E+06 2.02E+06 3.48E+06 0.00E+00 9.36E+06 0.000 0.00E+00
2003 3.93E+06 2.06E+06 3.58E+06 0.00E+00 9.57E+06 0.000 0.00E+00
2004 3.99E+06 2.10E+06 3.68E+06 0.00E+00 9.77E+06 0.000 0.00E+00
2005 4.06E+06 2.14E+06 3.77E+06 0.00E+00 9.98E+06 0.000 0.00E+00
2006 4.13E+06 2.19E+06 3.87E+06 0.00E+00 1.02E+07 0.000 0.00E+00
2007 4.19E+06 2.23E+06 3.96E+06 0.00E+00 1.04E+07 0.000 0.00E+00
2008 3.73E+06 2.06E+06 3.79E+06 0.00E+00 9.58E+06 0.500 4.79E+06
2009 3.33E+06 1.91E+06 3.62E+06 0.00E+00 8.85E+06 0.668 5.91E+06
2010 2.96E+06 1.77E+06 3.45E+06 0.00E+00 8.19E+06 0.668 5.47E+06
2011 2.64E+06 1.64E+06 3.30E+06 0.00E+00 7.58E+06 0.668 5.06E+06
2012 2.35E+06 1.52E+06 3.15E+06 0.00E+00 7.02E+06 0.668 4.69E+06
2013 2.09E+06 1.41E+06 3.01E+06 0.00E+00 6.51E+06 0.668 4.35E+06
2014 1.86E+06 1.31E+06 2.87E+06 0.00E+00 6.04E+06 0.668 4.04E+06
2015 1.66E+06 1.21E+06 2.74E+06 0.00E+00 5.61E+06 0.668 3.75E+06
2016 1.48E+06 1.12E+06 2.62E+06 0.00E+00 5.22E+06 0.668 3.49E+06
2017 1.31E+06 1.04E+06 2.50E+06 0.00E+00 4.86E+06 0.668 3.25E+06
2018 1.17E+06 9.66E+05 2.39E+06 0.00E+00 4.53E+06 0.668 3.02E+06
2019 1.04E+06 8.95E+05 2.28E+06 0.00E+00 4.22E+06 0.668 2.82E+06
2020 9.28E+05 8.29E+05 2.18E+06 0.00E+00 3.94E+06 0.668 2.63E+06
2021 8.27E+05 7.69E+05 2.08E+06 0.00E+00 3.68E+06 0.668 2.46E+06
2022 7.36E+05 7.12E+05 1.99E+06 0.00E+00 3.44E+06 0.668 2.30E+06
2003;3022 2.81E+07 1.92E+07 4.20E+07 0.00E+00 8.93E+07 9.852 5.80E+07
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Year ER MD gt MDq GWPq EG CEF aectiaiy AF
Year t-CO, t-CH, t-CH, t-CO/t-CH, MWh t-CO/MWh -
1979 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1980 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1981 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1982 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1983 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1984 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1985 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1986 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1987 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1988 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1989 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1990 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1991 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1992 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1993 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1994 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1995 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1996 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1997 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1998 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
1999 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
2000 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.815 0.00
2001 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.800 0.00
2002 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.785 0.00
2003 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.770 0.00
2004 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.755 0.00
2005 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.740 0.00
2006 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.725 0.00
2007 0.00E+00 0.00E+00 0.00E+00 21.0 0.00E+00 0.710 0.00
2008 3.59E+04 1.71E+03 0.00E+00 21.0 0.00E+00 0.695 0.00
2009 4.43E+04 2.11E+03 0.00E+00 21.0 0.00E+00 0.680 0.00
2010 4.34E+04 1.95E+03 0.00E+00 21.0 3.62E+03 0.666 0.00
2011 4.03E+04 1.81E+03 0.00E+00 21.0 3.62E+03 0.651 0.00
2012 3.75E+04 1.68E+03 0.00E+00 21.0 3.62E+03 0.636 0.00
2013 3.49E+04 1.55E+03 0.00E+00 21.0 3.62E+03 0.621 0.00
2014 3.25E+04 1.44E+03 0.00E+00 21.0 3.62E+03 0.606 0.00
2015 3.03E+04 1.34E+03 0.00E+00 21.0 3.62E+03 0.591 0.00
2016 2.83E+04 1.25E+03 0.00E+00 21.0 3.62E+03 0.576 0.00
2017 2.64E+04 1.16E+03 0.00E+00 21.0 3.62E+03 0.561 0.00
2018 2.47E+04 1.08E+03 0.00E+00 21.0 3.62E+03 0.546 0.00
2019 2.31E+04 1.01E+03 0.00E+00 21.0 3.62E+03 0.531 0.00
2020 2.16E+04 9.41E+02 0.00E+00 21.0 3.62E+03 0.516 0.00
2021 2.03E+04 8.79E+02 0.00E+00 21.0 3.62E+03 0.501 0.00
2022 1.90E+04 8.22E+02 0.00E+00 21.0 3.62E+03 0.486 0.00
20(1?;;022 4.63E+05 2.07E+04 0.00E+00 - 4.70E+04 - -
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Year MD#iared M Degiectrici LFGriaed Weha Dcha FE L FGaectrici
Year t-CH, t-CH, Nm® - INmM® - Nm?®
1979 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1980 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1981 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1982 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1983 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1984 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1985 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1986 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1987 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1988 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1989 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1990 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1991 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1992 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1993 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1994 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1995 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1996 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1997 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1998 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
1999 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
2000 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
2001 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
2002 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
2003 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
2004 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
2005 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
2006 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
2007 0.00E+00 0.00E+00 0.00E+00 0.50 0.0007168 0.995 0.00E+00
2008 1.71E+03 0.00E+00 4.79E+06 0.50 0.0007168 0.995 0.00E+00
2009 2.11E+03 0.00E+00 5.91E+06 0.50 0.0007168 0.995 0.00E+00
2010 1.20E+03 6.65E+02 3.61E+06 0.50 0.0007168 0.995 1.85E+06
2011 1.14E+03 6.65E+02 3.21E+06 0.50 0.0007168 0.995 1.85E+06
2012 1.01E+03 6.65E+02 2.84E+06 0.50 0.0007168 0.995 1.85E+06
2013 8.90E+02 6.65E+02 2.49E+06 0.50 0.0007168 0.995 1.85E+06
2014 7.78E+02 6.65E+02 2.18E+06 0.50 0.0007168 0.995 1.85E+06
2015 6.76E+02 6.65E+02 1.90E+06 0.50 0.0007168 0.995 1.85E+06
2016 5.82E+02 6.65E+02 1.63E+06 0.50 0.0007168 0.995 1.85E+06
2017 4.96E+02 6.65E+02 1.39E+06 0.50 0.0007168 0.995 1.85E+06
2018 4.17E+02 6.65E+02 1.17E+06 0.50 0.0007168 0.995 1.85E+06
2019 3.44E+02 6.65E+02 9.64E+05 0.50 0.0007168 0.995 1.85E+06
2020 2.77E+02 6.65E+02 7.76E+05 0.50 0.0007168 0.995 1.85E+06
2021 2.15E+02 6.65E+02 6.02E+05 0.50 0.0007168 0.995 1.85E+06
2022 1.57E+02 6.65E+02 4.41E+05 0.50 0.0007168 0.995 1.85E+06
20(1?;;022 1.21E+04 8.64E+03 3.30E+07 - - - 2.41E+07
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A
y

Baseline Project
Year . ..
emissions emissions
Year t-CO, t-CO,
1979 4.17E+03 4.17E+03
1980 9.04E+03 9.04E+03
1981 1.41E+04 1.41E+04
1982 1.90E+04 1.90E+04
1983 2.38E+04 2.38E+04
1984 2.85E+04 2.85E+04
1985 3.29E+04 3.29E+04
1986 3.70E+04 3.70E+04
1987 4.09E+04 4.09E+04
1988 4.45E+04 4.45E+04
1989 4.79E+04 4.79E+04
1990 5.10E+04 5.10E+04
1991 5.40E+04 5.40E+04
1992 5.67E+04 5.67E+04
1993 5.92E+04 5.92E+04
1994 6.12E+04 6.12E+04
1995 6.29E+04 6.29E+04
1996 6.45E+04 6.45E+04
1997 6.59E+04 6.59E+04
1998 6.72E+04 6.72E+04
1999 6.82E+04 6.82E+04
2000 6.85E+04 6.85E+04
2001 6.91E+04 6.91E+04
2002 7.05E+04 7.05E+04
2003 7.20E+04 7.20E+04
2004 7.36E+04 7.36E+04
2005 7.51E+04 7.51E+04
2006 7.66E+04 7.66E+04
2007 7.82E+04 7.82E+04
2008 7.21E+04 3.62E+04
2009 6.66E+04 2.23E+04
2010 6.40E+04 2.06E+04
2011 5.94E+04 1.91E+04
2012 5.51E+04 1.76E+04
2013 5.12E+04 1.64E+04
2014 4.77E+04 1.52E+04
2015 4.44E+04 1.41E+04
2016 4.14E+04 1.31E+04
2017 3.86E+04 1.22E+04
2018 3.60E+04 1.14E+04
2019 3.37E+04 1.06E+04
2020 3.15E+04 9.87E+03
2021 2.95E+04 9.21E+03
2022 2.76E+04 8.60E+03
20082022 6.99E+05 2.36E+05
total
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>> Result of sensitivity analysis
The following sensitivity analysis findings indicate that project cost exceeds returns, i.e. that IRR is

negative, when there are no ERU, irrespective of how conditions are changed. In other words, it is shown
that the project is not the baseline scenario.

Table 4

Result of sensitivity analysis

Variable parameter: Construction cost
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Standard
Variation -10 -5 +0 +5 +10
IRR Minus Minus Minus Minus Minus
Variable parameter: Running cost
Standard
Variation -10 -5 +0 +5 +10
IRR Minus Minus Minus Minus Minus
Varible parameter: Unit price of sold power
Standard
Variation +0 +25 +50 +75 +100
IRR Minus Minus Minus Minus Minus
Variable parameter: Generated LFG
Standard
Variation -20 -10 +0 +10 +20
IRR Minus Minus Minus Minus Minus
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Annex 4

MONITORING PLAN

Based on the monitoring methodol ogy, the monitoring plan for the following items is demonstrated.

>>|D1 LFGua LFG flow rate

>>|D5  LFGgericity LFG flow rate (to the generator)
>>|D6  LFGpged, LFG flow rate (to flaring)
>>ID2 T L FG temperature

>>ID3 P LFG pressure

There are various types of flow rate, however, the one targeted here is the volumetric flow rate of gas,
measured as the instantaneous flow rate and the aggregate flow rate. The instantaneous volumetric flow
rate of gas can be measured using a differential flowmeter (orifice, etc.), avariable area flowmeter (float,
etc.), a supersonic type flowmeter, or a vortex flowmeter. The performance characteristics required of the
flowmeter to be used here are relatively low price (meaning a widely available type), accuracy, little
impact on precision even if there is some variation in flow rate, durability, and low-maintenance. The
vortex type flowmeter fulfills these requirements. As is explained below, it is also necessary for the
flowmeter to be capable outputting to a computer.

The vortex flowmeter measures the instantaneous flow rate at that pressure and temperature, i.e. not flow
rate in the standard state. It is necessary to measure pressure and temperature together with the flow rate,
correct the flow rate to the standard state and always evaluate volume using the same measure.

Different types of pressure gage are the liquid column manometer, the weighted type manometer, and the
elastic manometer. The performance characteristics required of the pressure gage to be used here are
relatively low price (meaning awidely available type), accuracy, little impact on precision even if thereis
some variation in pressure, durability, and low-maintenance. It is al'so necessary for the pressure gage to
be capable of outputting to a computer (to be fitted with a transmitter). The elastic manometer fulfills
these requirements.

Thermometers are available in a wide range of types;, for example, thermocouples, resistance

thermometers, thermistor type thermometers, radial thermometers, glass tube thermometers, filled
thermometers, bimetal thermometers, quartz crystal oscillation thermometers, fluorescent thermometers,
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optical fiber distributed thermometers, porcelain thermometers, and so on. The performance
characteristics required of the thermometer to be used here are relatively low price (meaning a widely
available type), accuracy, little impact on precision even if there is some variation in temperature,
durability, and low-maintenance. It is also necessary for the thermometer to be capable of outputting to a
computer (to be fitted with awith terminal). The resistance thermometer fulfills these requirements.

It is possible to measure flow rate by connecting the above flowmeter, pressure gage, thermometer and
computer by cables. The computer shall be capable of displaying instantaneous flow as well as the
aggregate flow.

A feature of the vortex type flowmeter is that its precision level is hardly affected by deterioration over
time because the gage body has hardly any moving parts. However, it is absolutely necessary to make
sure that no foreign objects get caught in the vortex generator. Accordingly, rather than implementing
regular calibration of the flowmeter body, it is mainly necessary to check for foreign objects and make
sure that input/output signals are correctly transmitted between the oscillator terminal on the flowmeter
and the computer terminal. Therefore, calibration is carried out by inputting mock signals to the oscillator
to check and adjust the accuracy of output signals from the oscillator, and inputting mock signals to the
computer to check and adjust the accuracy of flow display on the computer side.

Thereisarisk the pressure gage will lose its accuracy because of degradation to the diaphragm. Therefore,
it is necessary to use a portable pump and liquid of known pressure in order to carry out calibration. It is
also necessary to confirm that input/output signals are being correctly transmitted between the pressure
oscillator terminal and computer terminal; thisis done by inputting mock signals to the computer to check
and adjust the accuracy of pressure display on the computer side.

There is a risk the thermometer will lose its accuracy because of degradation to the resistive element
(mercury, etc.) in the temperature sensing part. Therefore, it is necessary to use a thermostat, standard
thermometer and liquid of known temperature in order to perform calibration. It is also necessary to
confirm that input/output signals are being correctly transmitted between the thermometer terminal and
computer terminal; this is done by inputting mock signals to the computer to check and adjust the
accuracy of pressure display on the computer side.

Flow rate is consecutively measured and automatically summated by computer. Since it is necessary to

know the accumulated flow rate rather than the instantaneous flow, it is not necessary to take and record
frequent visual measurements. As a rule, the display shall be checked at least once per week for any
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abnormality, and records shall be taken once per month.

>>|D4  wea Methane concentration in LFG

Methods for measuring the volumetric concentration of methane gas in LFG include gas chromatograph
analysis, the fixed sensor gas analyzer, the optic sensor gas analyzer, and the hydrogen flame ionization
gas anayzer, etc. The performance characteristics required of the gas analyzer to be used here are
relatively low price (meaning a widely available type), accuracy, little impact on precision even if there is
some variation in concentration, durability, and low-maintenance. Fluctuations in concentration should be
in the order of 0~70% and not in the order of ppm. An analyzer that enables ssmple measurement and
requires little maintenance is aso required. The optical sensor gas analyzer fulfills these requirements,
and an infrared type is most appropriate.

The infrared methane gas anayzer entails simple calibration. This can be performed by preparing a
standard methane gas tank of known concentration and a tank of methane gas of zero concentration for
zero calibration. In other words, providing that tanks can be carried in, it is possible to calibrate the
infrared methane gas analyzer anywhere.

It is desirable that the infrared methane gas analyzer also be able to measure oxygen concentration.
Although not directly linked to the monitoring, if there is an abnormal rise in the oxygen concentration of
LFG, thereisrisk of explosion; therefore, it is necessary to stop the system.

Concerning checking of methane concentration in LFG, as a rule, the display shall be checked at least
once per week for any abnormality and records shall be taken once per month to coincide with checking
and recording of the LFG flow rate.

>>|D7 TS Flare surface temperature
Thisis basically the same as temperature measurement in LFG flow rate measurement; however, hereitis

more desirable to use a thermocouple rather than a resistance thermometer. Since the flare surface
temperature reaches hundreds of degrees, a thermocouple that is resistant to high temperatures is

appropriate.

The flare surface temperature is recorded by arecording instrument (pen recorder or datalogger). In other
words, consecutive automatic recording is performed. As arule, the display shall be checked at least once
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per week for any abnormality and records shall be taken once per month to coincide with checking and
recording of the LFG flow rate.

>>|D8  wfcua M ethane concentration in flare exhaust gas

As in the case of D4 (methane concentration in LFG), the infrared methane gas analyzer can be used.
However, assuming flare efficiency of 99% and an air ratio of 1.0, the methane concentration of flare
exhaust gas here is no more than 0.1% (1,000 ppm), and the concentration requiring measurement will
mainly be less than this. For example, as realistic values, assuming a flaring efficiency of 99.5% and air
ratio of 1.2, the methane concentration of flare exhaust gas will be 0.03% (300 ppm). Accordingly, since
this cannot be measured in the same range as in ID4 (methane concentration in LFG), careis required.

Meanwhile, according to the monitoring methodology, monitoring of methane concentration in flare
exhaust gas is far less frequent than monitoring of methane concentration in LFG. Constantly using
infrared methane gas analyzers helps stabilize measurements, whereas frequently stopping and starting
measurements reduces equipment life. Accordingly, in cases of infrequent measurement as in the case of
methane concentration in flare exhaust gas, the infrared methane gas analyzer may not be an appropriate
instrument, since it would be costly to keep the instrument permanently activated. In order to reduce the
cost of monitoring, rather than purchasing an infrared methane gas analyzer, it is possible to implement
analysis using a gas chromatograph as required. However, this is conditional on there being agencies or
firms capable of implementing gas chromatograph analysisin Lugansk.

In the project, it is possible to select from either the infrared methane gas analyzer or analysis by the gas
chromatograph.

The methane concentration of flare exhaust gas shall be recorded once per month. (If the infrared methane
gas analyzer is adopted, as arule, the display shall be checked at least once per week for any abnormality
to coincide with checking and recording of the LFG flow rate.

>>1D9 EG Electric energy

The wattmeter is used for monitoring required in the J project and also for power sale and purchase.

Accordingly, wattmeters will be installed as required or provided by the electricity grid owner, and these
will be calibrated as required.
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Electric energy is consecutively measured and automatically summated. Since it is necessary to know the
accumulated electric energy rather than the instantaneous electric energy, it is not necessary to take and
record frequent visual measurements. As a rule, the display shall be checked at least once per week for
any abnormality, and records shall be taken once per month to coincide with checking and recording of
the LFG flow rate.

>>|D10 CEFgewiayy Grid emission factor

The Government of Ukraine requires that the necessary data be received and cal culated once per year.

>>|D11 AF Ratio of the amount of LFG that should be collected in the baseline scenario
compared to the amount of LFG actually collected in the project

The Government of Ukraine requires that the necessary data be received once per year.

>>|D12 FE Flare efficiency

Flare efficiency is obtained from ID7 (Tf: Flare surface temperature), ID8 (wfcqs: methane concentration
in flare exhaust gas) and D4 (Wcna: methane concentration in LFG).

First, the flare operating rate FTf is calculated from ID7 (Tf: Flare surface temperature). If the flare is
normally operating, there should be no maor change in the flare surface temperature; however,
temperature will drop suddenly if the flame goes out. From this phenomenon, it is possible to determine
whether or not the flame has gone out. In other words, the flare operating rate FTf shows the ratio of time

the flare is operating.

Next, flare destruction efficiency Fwf is obtained from the methane concentration in flare exhaust gas and
methane concentration in LFG. Therefore:

Flare operating rate FTf = flare operating time / (flare operating time + flare flameout time)

Flare destruction rate Fwf = (methane concentration in LFG - methane concentration in flare exhaust gas)
/ Methane conxcentration in LFG

Fare efficiency FE = Flare operating rate FTf x flare
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Hare efficiency FE is calculated at |east once per month based on data obtained at the same frequency.

Moreover, since no international calibration standards exist for the above calibration work, maker
standards shall be followed.

>> Based on the methodology, monitoring data shall be summated as annual data. In cases of monthly
data, monthly amounts shall be totaled in order to give the annual data.

This template shall not be altered. It shall be completed without modifying/adding headings or logo, format or font.






VER.2

Lugansk Landfill Gas Capture and Power Generation Project in Ukraine

Project Design Document (Summary)

2005 2 10
10" February 2005

Shimizu Corporation

SHRETU SOFPOSATION



@)

PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 02

CDM - Executive Board page 1

| SECTIONA.

A1

>>

A2

>>

2002
J FS

LFG
GHG GEG

15 15 4.63x 10°ton-CO,
GHG

J

A3

>>0
PDD

ERU

ERU

A4l

A4.11

A.412.

A.413.

>>

A.4.14.

>>

175m

25km 1978
8.4 550m 75m
20m 30 35m

This template shall not be altered. It shall be completed without modifying/adding headings or logo, format or font.



@ PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 02
)

CDM — Executive Board

200 1981 2003
1992 2000 1992 2000
1979 2003
2004 2007 15
2007
201.3
-1
/ 10° / 10°
1978 44,000 44.0 1994 71,478 1,164.8
1979 55,132 99.1 1995 69,564 1,234.2
1980 61,666 160.8 1996 69,388 1,302.9
1981 63,888 224.7 1997 68,772 1,371.2
1982 67,166 291.9 1998 68,310 1,437.5
1983 70,576 362.4 1999 66,286 1,496.9
1984 71,588 434.0 2000 59,400 1,560.3
1985 72,226 506.2 2001 63,404 1,631.4
1986 72,710 579.0 2002 71,037 1,705.4
1987 73,568 652.5 2003 74,052 1,780.6
1988 73,744 726.3 20041 75,163 1,856.9
1989 74,162 800.4 2005 76,290 1,934.3
1990 74,690 875.1 2006 77,435 2,012.9
1991 74,866 950.0 2007 78,596 2,012.9
1992 73,744 1,023.7 2008 0 2,012.9
1993 71,478 1,095.2 2009 0 2,012.9
50
81
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LFG
LFG GWP 21
LFG
LFG
12004 2005 1.5%
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15MW 54TJ
15GWh
CDM
http.//cdm.unfccc.int/pac/howto/SmallScalePA/ssclistmeth.pdf
LFG
LFG
GEG
GEG GEG
LFG
LFG
GEG
GEG
500kW 0.5MW
LFG
c
B.2.
>> LFG
B21 LFG

(1) ERy = (MDprojecty - MDreg,y) * GWPCH4 + EGy * CEFelectricity + ETy * CEFthermaly
@» @)

(1') ERy = (MDprojecty - MDreg,y) * GWPCH4 + EGy * CEFelectricit,y

(2) MDregy = MDprojectyy * AF

(3) MDproject,y = MDflared,y + MDelectricity,y + MDthermal,y
® @)

(3') MDproject,y = MDflared,y + MDelectricity,y

(4) MDflaredyy = LFGflared,y * wCH4,y * DCH4 * FE
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X
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2004 3 8 7.65 3

3 Annex 3
B.2.2.3 3
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B.2.24 4

J
B.2.25 5 Ji
3 ERU ERU 5EURO/t-CO,
IRR 0.77 ERU 10EURO/t-CO, IRR 21.23
3 Annex3
2 3 3
J 1
B.2.3
GWPCH4
IPCC 2 1995
EGy
GEG
GEG
LFG
GEG
LFG
GEG

CEFelectricity,y C02

Operational Guidelines for Project Design Documents of Joint Implementation Projects Volume 1:
General guidelines Version 2.3 Ministry of Economic Affairs of the Netherlands May 2004, P42 Table B1

Table B1
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D. 2.2 2 E
D.2.21.
ID number | Datavariable Source of data Data unit Measured | Recording Proportion  of | How  will | Comment
(Please use (m), frequency data to be | the data be
numbers to calculated monitored archived?
€ease Cross (o), (electronic/
referencing estimated paper)
totable D.3) (e),
1 LFGiotal m3 m 100% e
LFG 1
2 T K m 1 100% e Dcra
LFG
3 P Pa m 1 100% e Dcria
LFG
4 WcHa % m 1 100% e
LFG
5 LFGaectricity m3 m 100% e
LFG 1
6 LFGriared, m3 m 100% e
1
LFG
7 Tf Degree C m 100% e FE
8 Wlcpg % m 3 1 100% e FE
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9 EG KWh m 100%

1 1

10 CEF aectricity - c 1 1 100%

11 AF - n'a 1 1 100%

12 FE T % mandc | 3 1 100% T Wicha

Wlcha FE
2
D.2.2.2. CO,

>> B
(1') ERy = (MDprojecty - MDreg,y) * GWPCH4 + EGy * CEFelectricit,y
(2) MDreg,y = MDprojecty * AF
(3') MDprojecty = MDflared,y + MDelectricity,y
(4) MDflared,y = LFGflared,y * wCH4,y * DCH4 * FE
(5) MDelectricity,y = LFGelectricity,y * wCH4,y * DCH4
(7) FE =FTf* Fwf
(8) FTf =f(Tf)
(9) Fwf = (WCH4,y - wfCH4)y) / wCH4,y
(10) DCH4 =0.0007168 * (P/101.3) * (273.15/T)
(11) = LFG - +

= ( (LFGflared,y + LFGelectricity,y) / EQC * wCH4,y * DCH4 - MDreg,y ) * GWPCH4 + EGy * CEFelectricity

12) = LFG - LFG +

= ( (LFGflared,y + LFGelectricity,y) / EQC - (LFGflared,y + LFGelectricity,y) + LFGflared,y * (1 — FE) ) * wCH4,y * DCH4 * GWPCH4
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CO;

>> B

(1) ERy = (MDproject,y - MDreg,y) * GWPCH4 + EGy * CEFelectricit,y
(2) MDreg,y = MDprojecty * AF

(3') MDprojecty = MDflared,y + MDelectricity,y

(4) MDflared,y = LFGflared,y * wCH4,y * DCH4 * FE

(5) MDelectricity,y = LFGelectricity,y * wCH4,y * DCH4

(8) FE =FTf * Fwf

(9) FTf =f(Tf)

(10) Fwf = (WCH4)y - wfCH4,y) / wCH4y

(11) DCH4 = 0.0007168 * (P/101.3) * (273.15/T)

D.3.
Data Uncertainty  level of  data | Explain QA/QC procedures planned for these data, or why such procedures are not necessary.
(Indicate table and ID | (High/Medium/Low)
number eg. 3.-1,; 3.2)
1
2
3
4
5
6
7 3
1 1
8 3
1 1
9
10
11
12 3
1 1
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SECTION E. GHG

E.L GHG

>>

(12) = ( (LFGflared,y + LFGelectricity,y) / EQC - (LFGflared,y + LFGelectricity,y) +

LFGflaredyy * (1 — FE) ) * wCH4,y * DCH4 * GWPCH4

(4") LFGflared,y = MDflared,y / (WCH4,y * DCH4 * FE)
(5") LFGelectricity,y = MDelectricity,y / (WCH4,y * DCH4)
(3"’) MDflared,y = MDprojecty — MDelectricity,y

(6) MDprojecty =EQC * 2 Qyx = EQC* 2 (k * Rx * LO * e-k(y-X))

(13) MDelectricity,y = kw * 860kcal/h/kW / /
kcal/Nm3 * / *24 / * DCH4 /Nm3
3 Annex 3

E.2.

>>
(E3 El E2

>>E. 1
|Ea4 GHG

>>

(11) = ( (LFGflared,y + LFGelectricity,y) / EQC * wCH4,y * DCH4 - MDreg,y ) *

GWPCH4 + EGy * CEFelectricity

(4") LFGflared,y = MDflared,y / (WCH4,y * DCH4 * FE)
(5") LFGelectricity,y = MDelectricity,y / (WCH4,y * DCH4)
(3"’) MDflared,y = MDprojecty — MDelectricity,y

(6) MDprojecty =EQC * 2 Qyx = EQC* 2 (k * Rx * LO * e-k(y-X))

(13) MDelectricityy = kw * 860 kcal/h/kw / /

kcal/Nm3 * /  *24 /  * DCH4 t/Nm3

(2) MDreg,y = MDprojectyy * AF

3 Annex 3

|ES. E4. E3

>> 3 Annex 3
|E®.

>> 3 Annex 3 15

4.63x 10°ton-CO,
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| SECTIONF. |

|F.1 |

>> LFG
(e}

o LFG

o LFG GEG

o GEG GEG SOX NOX

LFG NOX

LFG

F.2.

>>
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1 INTRODUCTION

Shimizu Corporation (hereafter called *“Shimizu”) has commissioned DNV Certification
(hereafter called “DNV”) to conduct a JI determination of their “Lugansk Landfill Gas Capture
and Power Generation Project in Ukraine” (hereafter called “the project”) intended for:

- Recovering methane gas which is currently released to the atmosphere
- Burning the recovered methane at four gas-engines/generators and at a flare stack

- Supplying the generated electricity to the national grid of the Ukraine in order to displace
grid electricity with a relatively higher CEF.

The determination was performed as a desk review of the documents presented by Shimizu.
Interviews with Shimizu and the Chugoku Electric Power Co., Inc. were also carried out to
clarify the raised issues. This report summarises the preliminary findings of the determination of
the project, performed on the basis of UNFCCC criteria referring to Kyoto Protocol criteria and
the JI modalities as agreed in the Marrakech Accords.

The determination team consists of the following personnel;

Mr. Akira Sekine DNV Certification Japan Team leader, GHG auditor
Mr. Tsuyoshi Nakao DNV Certification Japan GHG auditor
Mrs Susanne Haefeli DNV Certification Norway Internal verifier

1.1 Objective

The purpose of the determination is to have an independent third party assessing the project
design. In particular, the project’s baseline, the monitoring plan, and the project’s compliance
with relevant UNFCCC and host Party criteria for Joint Implementation (JI) projects are
validated in order to confirm that the project design as documented is sound and meets the
identified criteria.

In the absence of specific verification procedures for JI projects hosted by the Ukraine, the
determination was carried out in accordance with the verification procedures under the Article 6
supervisory committee (JI track Il) described in the JI modalities and procedures, i.e. the
Guidelines for the implementation of Article 6 of the Kyoto Protocol (Decision 16/CP. 7).
Determination is a requirement for JI projects following the verification procedures under the
Article 6 supervisory committee and it is seen as necessary to provide assurance to stakeholders
of the quality of the project and its intended generation of the emission reduction units (ERUS).

1.2 Scope

The determination scope is defined as an independent and objective review of the Project Design
Document (PDD) and other relevant documents, such as the Baseline Study (BLS) and the
Monitoring Plan (MP). The information contained in those documents is reviewed against the
Kyoto Protocol requirements for JI projects, the guidelines for the implementation of Article 6 of
the Kyoto Protocol (Decision 16/CP.7) as agreed in the Marrakech Accords, in particular the
verification procedures under the Article 6 supervisory committee, and associated interpretations.
DNV Certification has, based on the recommendations in the Validation and Verification Manual,
employed a risk-based approach in the determination process, focusing on the identification of
significant risks for project implementation and the generation of ERUs.

This preliminary determination does not cover the following areas of a project determination:

- Environmental Impact Assessment and its monitoring
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- Project management and planning

The determination is not meant to provide any consulting towards Shimizu and other project
participants. However, stated requests for clarifications and/or corrective actions may provide
input for improvement of the project design.

1.3 GHG Project Description

Shimizu Corporation (Shimizu) is one of the largest construction and engineering companies in

Japan. Shimizu will construct a landfill gas recovery system and a gas-engine generator system

at the Lugansk landfill site in the Ukraine as a JI project in cooperation with Lugansk

Municipality, The Chugoku Electric Power Co., Inc. and “Protos” a Lugansk landfill operator.

The project aims at reducing GHG emission by means of;

- Recovering methane gas from the landfill site

- Burning a part of the gas at a gas-engine connected to a power generator of 500 kw in
capacity

- Burning the excess gas at a flare stack

- Supplying the generated electricity to the national grid of the Ukraine and thus displacing
some grid electricity with a higher carbon emission factor.

The methane recovery system will commence the operation on 1 January 2008, and is expected

to reduce GHG emissions by 35 900 — 44 300 tCO-e annually and 201 400 tCOe totally during

2008-2012.
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2 METHODOLOGY
The determination consists of the following three phases:

I adesk review of the project design documentation

Il follow-up interviews with Shimizu

I11 the resolution of outstanding issues and the issuance of the draft determination report and
opinion.

This preliminary determination report summarises the findings from the desk review of the

project design documentation submitted by Shimizu (phase 1), follow-up interviews with

Shimizu (phase 2) and the resolution of outstanding issues (phase 3).

In order to ensure transparency, a determination protocol was customised for the project,

according to the Validation and Verification Manual. The protocol shows, in a transparent

manner, criteria (requirements), means of verification and the results from validating the

identified criteria. The determination protocol serves the following purposes:

- It organises, details and clarifies the requirements a JI project is expected to meet;

- It ensures a transparent determination process in that DNV documents how a particular
requirement has been validated and the result of the determination.

The determination protocol consists of three tables. The different columns in these tables are

described in Figure 1.

The completed determination protocol is enclosed in Appendix A to this report.
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Determination Protocol Table 1: Mandatory Requirements for Joint Implementation (JI) Project Activities

Requirement

Reference

Conclusion

Cross reference

The requirements
the project must
meet.

Gives reference to
COP decision where
the requirement is
found.

This is either acceptable based on
evidence provided (OK), a
Corrective Action Request (CAR)
of risk or non-compliance with
stated requirements or a request
for Clarification (CL) where
further clarifications are needed.

Used to refer to the relevant
checklist questions in Table 2

to show how the specific

requirement is validated. This
is to ensure a transparent
determination process.

Determination Protocol Table 2: Requirement Checklist

Checklist Question Reference Means of Comment Draft and/or Final
verification (MoV) Conclusion

The various Gives Explains how The section is This is either acceptable

requirements in Table 1 | reference to | conformance with used to elaborate | based on evidence

are linked to checklist documents the checklist and discuss the provided (OK), or a

questions the project where the question is checklist question | Corrective Action Request

shall meet. The checklist | answer to investigated. and/or the (CAR) due to non-

is organised in six the checklist | Examples of means | conformance to compliance with the

different sections. Each question or of verification are the question. Itis | checklist question (See

section is then further item is document review further used to below). A request for

sub-divided. The lowest | found. (DR) or interview explain the Clarification (CL) is used

level constitutes a . conclusions when the independent

checklist question. reached. entity has identified a need
for further clarification.
N/A means not applicable.

Determination Protocol Table 3: Resolution of Corrective Action Requests and Requests for Clarification

Draft report clarifications
and corrective action
requests

Ref. to checklist
question in table 2

Summary of project
owner response

Determination conclusion

If the conclusions from the
draft determination are
either a Corrective Action
Request or a Clarification
Request, these should be
listed in this section.

Reference to the
checklist question
number in Table 2
where the Corrective
Action Request or
Clarification Request is
explained.

The responses given by
the project proponent or
other project
participants during the
communications with the
independent entity
should be summarised in
this section.

This section should summarise
the independent entity’s
responses and final
conclusions. The conclusions
should also be included in
Table 2, under ““Final
Conclusion”.

Figure 1 Determination protocol tables
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2.1 Review of Documents

The Project Design Documents submitted by Shimizu and additional background documents
related to the project design and baseline were reviewed;

- Project design document ”Lugansk Landfill Gas Capture and Power Generation Project in
Ukraine” (7 January 2005) /1/

- Project design document ”Lugansk Landfill Gas Capture and Power Generation Project in
Ukraine” (21 February 2005) /2/

2.2 Follow-up Interviews

On 2005-01-21, a member of the determination team from DNV Certification performed
interviews with representatives of Shimizu and The Chugoku Electric Power Cp. Inc. to confirm
selected information and to resolve issues identified in the document review. The main topics of
the interviews are summarised in Table 1

Table 1 Interview topics

Interviewed organisation | Interview topics

New Energy Dept., > Legislative requirement of Ukraine for JI and waste management
Energy Solution Div., > Project technology

Shimizu Corporation Ex ante calculation of baseline emissions

Crediting period

Monitoring of imported electricity

Values used in calculations

V|V V V VY

Energia Business Same as above
Development Dept.,

Energia Business Div.,
The Chugoku Electric

Power Co., Inc.

2.3 Resolution of Clarification and Corrective Action Requests

The objective of this phase of the determination was to resolve requests for corrective actions
and clarification and any other outstanding issues which needed to be clarified for DNV
Certification’s positive conclusion on the project design. Most of the Corrective Action Request
and Clarification Requests identified by DNV Certification were resolved through
communications between Shimizu and DNV Certification. To guarantee the transparency of the
determination process, the concerns raised and responses given are summarised in chapter 3
below and documented in more detail in the determination protocol in Appendix A.

Since modifications to the project design were necessary to resolve DNV Certification’s
concerns, Shimizu decided to resubmit project documentation on 2005-02-21. After reviewing
the revised and resubmitted project documentation, DNV Certification issued the preliminary
determination report and opinion.
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3 DETERMINATION FINDINGS
In the following sections the findings of the determination are stated. The determination findings
for each determination subject are presented as follows:

1) The finding from the desk review of the original project design documents and the findings
from the follow-up interview are summarised. A more detailed record of these findings can
be found in the Determination Protocol in Appendix A.

2) Where DNV Certification has identified issues that need clarification or that represented a
risk to the fulfilment of the project objectives, a Clarification or Corrective Action Request,
respectively have been issued. The Clarification and Corrective Action Requests are stated,
where applicable, in the following sections and are further documented in the Determination
Protocol in Appendix A. The determination of the Project resulted in six (4) Corrective
Action Requests and ten (11) Clarification Requests.

3) Where Clarification or Corrective Action Requests have been issued, the exchanges between
Shimizu and DNV Certification to resolve these Clarification or Corrective Action Requests
are summarised.

4) The draft conclusions for determination subject are presented.

The final determination findings relate to the project design as documented and described in the
project documentation to be revised and resubmitted.

3.1 Project design

Lugansk Landfill is located 25 km from the centre of Lugansk City and it receives an average of
60 000 to 75 000 tonnes of waste annually. The total capacity of the landfill site is approximately
2 000 000 tonnes and 90% is already filled and its remaining life is considered to be three years.
The landfill is owned by the municipality of Lugansk and is operated by Protos.

In the project, the landfill will be covered with UV resistant sheet in order to improve the gas
collection efficiency. Approximately 30 to 40% of the recovered gas will be utilized as gas-
engine fuel and the rest of it will be burnt at a newly constructed flare stack. A gas-engine driven
generator of 500kw in capacity will be installed by the end of 2007 and the generated electricity
will be supplied to the national grid of Ukraine. The grid electricity power source is depending
on the low efficient thermal power plants and nuclear power plants, the carbon emission factor of
the grid is estimated to be 0.666 to 0.636 kg-CO./kWh during 2008to 2012 according to the
ERUPT guideline.

It is anticipated that the installed GEG capacity will be 0.5 MW, however, the installed GEG capacity will
be reviewed upon confirming the amount of LFG generated after installation of the LFG collection
equipment, and there is a possibility that the GEG will not be installed if the amount of LFG is
insufficient or extremely unstable.

The project has not been approved so far. However the project is already notified by the Ministry
of Environmental Protection and the Ministry of Ukraine, which is about it. Hence, the project is
expected to be approved as a JI project.
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An operational lifetime of the project is supposed to be more than fifteen (15) years and the
project participants will claim ERU from 2008 to 2012 (five years). From 2013 to 2022,
emission reductions are expected to be transferred as AAU.

3.2 Baseline

The project selected ACMO0001, “Consolidated baseline methodology for landfill gas project
activities” for CDM and Type 1.D, “Renewable electricity generation for a grid” for small-scale
CDM. Landfill methane gas which is otherwise released to the atmosphere, is utilized as power
generation fuel and the generated power will displace the grid electricity of which 46% of
electricity is generated by fossil fuel firing power plants. Thus CH4 and CO2 emissions are
expected to be reduced accordingly.

For the landfill gas recovery, the captured gas is flared and is used to produce electricity, and
emission reductions are claimed for displacing energy generation from other sources.

The baseline ACMO0001 selected is applicable in conjunction with “Tool for the demonstration
and assessment additionality” and applied as follows;

(Step 1, Identification of alternatives to the project activity)

Three alternatives are defined for the landfill gas recovery, 1) continuing current practice which
doesn’t recover landfill gas, 2) investing for landfill gas recovery and flaring system (the project
scenario), and 3) investing in a landfill gas recovery and utilization system with high efficiency.
As there is no regulatory requirement to prohibit any of the three alternatives in Ukraine,
alternates 1), 2) and 3) proceed to Step 2.

(Step 2, Investment analysis)

As there is no financial or economic benefit generated, “Option I. Simple cost analysis” is
selected. Alternate 1) is “continuation of the current situation” and free from investment, thus it
is economically more attractive than alternate 2). Besides, as an economical benefit due to
revenue from electricity sales is expected, the project developer selected “Option I11. Benchmark
analysis” and defined the long-term government bonds rate in Ukraine (7.65% as of 8 March
2004) as a benchmark for alternate 3). As a result of step 2, a negative IRR is obtained for
alternate 3), thus it can not be considered as financially attractive. Four variable parameters,
investment, operation cost, electricity sales price and expected amount of methane to be
recovered are discussed in Sub-step 2d (Sensitivity analysis) and the conclusion demonstrates
that the project activity is unlikely to be financially attractive.

(Step 3, Barrier analysis)
Step 3 is Kipped.
(Step 4, Common practice analysis)

In Ukraine, there are five landfill gas recovery and utilization projects similar to the project
however all of them are JI projects and can be excluded in this analysis.

(Step 5, Impact of project registration)

If the project is approved and registered as a JI project, ERU revenue will be generated. The
project IRR will be improved to 0.77% and 21.23% in case ERU price is 5 and 10EUR/t-CO:-
respectively. The economic hurdles demonstrated in step 2 will be alleviated.

The process described to demonstrate additionality is deemed reasonable.
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Besides for the power generation, total capacity of the gas-engine driven generator implemented
by the project is 0.5 MW and therefore doesn’t exceed the eligibility threshold of 15 MW for
Type 1.D projects and the selection of the baseline methodology is appropriate. The barrier due
to prevailing practices in Ukraine presented is deemed reasonable for the “power generation”
component.

Due to the above reasons, the project activity is not likely to represent a baseline scenario, and
emission reductions attributable to the project are hence likely to be additional to any that would
occur in the absence of the project activity.

During the crediting period of five years, 201 400 t-CO2 equivalent GHG are expected to be
reduced. However, as already said, this amount will need to be revised in case the generator will not
be installed.

3.3 Monitoring Plan

The methodologies for estimating baseline and project GHG emissions are sufficiently described
in the PDD and deemed appropriate. Similar to the baseline methodologies selected, the
monitoring plan is in line with the monitoring methodologies, CDM-ACMO0001 and SSC-Type
I.D /7/ and /8/.

All indicators of importance for controlling and reporting of project performance are
incorporated in the applied monitoring methodology. The project emission indicators specified in
the PDD are possible to monitor/measure technically.

For ex-post baseline determination, necessary data are defined in the monitoring plan.
Monitoring uncertainties are well addressed, e.g. periodic measurement of flaring efficiency.

Leakage effects are not necessary to monitor according to the selected monitoring methodologies.

The frequency, responsibility and authority for registration, monitoring, measurement and
reporting activities are defined. However the details are out of scope for the preliminary
determination and need to be further assessed.

3.4 Calculation of GHG Emissions

The project boundaries are defined in the PDD appropriately according to the selected
methodologies for CDM ACMO000land SSC-CDM Type I.D. All relevant emissions are properly
accounted for including non-CO, GHG.

All formulae, factors and default values used are in line with the selected CDM and SSC-CDM
methodologies and described in a transparent manner.

The assumptions made for estimating GHG emission reduction are based on the actual
investigation of the landfill site conducted recently.

3.5 Environmental Impacts

Out of scope of the preliminary determination. This will be assessed once the project goes
through the whole determination process.
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4 COMMENTS BY PARTIES, STAKEHOLDERS AND NGOS

According to the modalities for the determination of JI projects, the validator shall make publicly
available the project design document and receive, within 30 days, comments from Parties,
stakeholders and UNFCCC accredited observers and make them publicly available.

As this is the preliminary stage of the determination, the PDD is not published on DNV website
for comments by parties, stakeholders and NGOs.
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5 DETERMINATION OPINION

DNV Certification has performed a preliminary determination of the “Lugansk Landfill Gas
Capture and Power Generation Project in Ukraine”. The determination was performed on the
basis of UNFCCC criteria and host country criteria, as well as criteria given to provide for
consistent project operations, monitoring and reporting.

In the view of the determination team, ““Lugansk Landfill Gas Capture and Power Generation
Project in Ukraine™ is likely to meet the UNFCCC criteria for JI project activities.

By recovering the landfill gas, the project results in reduction of CH4 release to the atmosphere.
Also, by displacing CO; intense electricity of the national grid in Ukraine, the project results in
even more reductions of CO, emissions. Those are real, measurable and give long-term benefits
to the mitigation of climate change.

An analysis based on the ““Tool for demonstration and assessment of additionality” for a LFG
recovery component and “technological barrier” and the ““barrier due to prevailing practice”
for a power generation component demonstrate that the proposed project activity is not a likely
baseline scenario. Emission reductions attributable to the project are hence additional to any
that would occur in the absence of the project activity. Given that the project is implemented as
designed, the project is likely to achieve the estimated amount of emission reductions.

As there is no specific JI requirement in Ukraine, the project may be re-assessed according to
the requirement to be established.

As this is the preliminary determination, the description of environmental impact and the
procedures for monitoring and reporting are not assessed. They should hence be developed and
assessed prior to project implementation.

In addition, DNV Certification needs to receive from the project participant written approval
from the JI focal points of Ukraine and Japan, prior to the issuance of the final determination
report.

This determination is based on the information made available to DNV Certification at this stage
of the determination of the project. DNV Certification can not be held liable by any party for
decisions made or not made based on these initial findings. All information provided and
identified as confidential will be kept confidential by DNV Certification.
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6 REFERENCES

Category 1 Documents:

List documents provided by the Project Participants that relate directly to the GHG components
of the project, (i.e. the Project Design Document and written approval of voluntary participation
from the national focal point). These have been used as direct sources of evidence for the
determination conclusions, and are usually further checked through interviews with key
personnel.

/1/ PDD, “Lugansk Landfill Gas Capture and Power Generation Project in Ukraine”, 2005-
01-17

12/ PDD, “Lugansk Landfill Gas Capture and Power Generation Project in Ukraine (REV.
02)”, 2005-02-10

13/ Approval letter of the Ukrainian Focal Point, not yet received
14/ Approval letter of the Japanese Focal Point, not yet received

Category 2 Documents:

Background documents related to the design and/or methodologies employed in the design or
other reference documents. Where applicable, Category 2 documents have been used to check
project assumptions and confirm the validity of information given in the Category 1 documents
and in follow-up interviews.

/5/ Statistics for baseline determination, “Baseline information” prepared by Shimizu Corp.
6/ INCLUDE EXACT REFERENCE FOR THE VVM

/7/  REFER TO THE ACMO0001

/8/ REFER TO THE SMALL-SCALE METHODOLOGY 1.D

Persons interviewed:

Persons interviewed during the determination, or persons contributed with other information
that are not included in the documents listed above.

/3/ Hiroyuki Kurita (Mr.), General Manager, New Energy Dept., Energy Solution Div.,
Shimizu Corp.

14/ Arumu Take (Mr.), Engineer, New Energy Dept., Energy Solution Div., Shimizu Corp.

5/ Takayoshi Takeyama (Mr.), Manager, Energia Business Development Dept., Energia
Business Div., The Chugoku Electric Power Co., Inc.

/69/  Hideo Yata (Mr.), Energia Business Development Dept., Energia Business Div., The
Chugoku Electric Power Co., Inc.

17/ Kaori Takagi (Ms.), Energia Business Development Dept., Energia Business Div., The
Chugoku Electric Power Co., Inc.

18/ Shigeru Nanmara (Mr.), Thermal Power Business Planning Sect., Power Generation
Div., The Chugoku Electric Power Co., Inc.

- 000 -
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APPENDIX A

JI DETERMINATION PROTOCOL
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Table 1 Mandatory Requirements for Joint Implementation (JI) Project Activities

Lugansk Landfill Gas Capture and Power Generation Project in Ukraine

Cross Reference /

REQUIREMENT REFERENCE CONCLUSION SslET
1. The project shall have the approval of the Parties involved Kyoto Protocol CAR1 Neither the sponsor
Article 6.1 (a) nor the host Parties
have yet approved
the project.
2. Emission reductions, or an enhancement of removal by sinks, Kyoto Protocol CLb Table 2, Section B.2
shall be additional to any that would otherwise occur Article 6.1 (b)
The expected
amount of the
emission reduction
needs to be re-
validated.
3. The sponsor Party shall not aquire emission reduction units if it | Kyoto Protocol OK Japan submitted the
is not in compliance with its obligations under Articles 5 & 7 Article 6.1 (c) latest national GHG
inventory report on
September 26, 2003
4. The acquisition of emission reduction units shall be Kyoto Protocol OK Japan has

supplemental to domestic actions for the purpose of meeting
commitments under Article 3

Article 6.1 (d)

implemented GHG
emission reduction
measures according
to the National
Master Plan for
Climate Change,
published in March,
2002. JI/CDM
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Lugansk Landfill Gas Capture and Power Generation Project in Ukraine

REQUIREMENT

REFERENCE

CONCLUSION

Cross Reference /
Comment

activities are defined
as supplemental
measures accounting
for 1.6% of total
GHG emission as of
1990, and 6.0% of
the targeted Japanese
GHG emission
reduction.

5. Parties participating in JI shall designate national focal points
for approving Jl projects and have in place national guidelines
and procedures for the approval of JI projects

Guidelines for the
implementation of
Art. 6 820

CAR1

The Government of
Ukraine has not yet
designated a national
focal point. The
ministry of
Environmental
Protection is the
most prospective
organization.

6. Parties participating in JI shall be a Party to the Kyoto Protocol

Guidelines for the
implementation of
Art. 6 821a/24

OK

Ukraine is a Party to
the Kyoto Protocol
and ratified it on 12
April 2004.

Japan is a Party to
the Kyoto Protocol
and ratified it on 4
June 2002.
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Lugansk Landfill Gas Capture and Power Generation Project in Ukraine

Cross Reference /

REQUIREMENT REFERENCE CONCLUSION AT
7. The participating Parties’ assigned amount shall have been Guidelines for the OK Third National
calculated and recorded implementation of Communication of
Art. 6 821b/24 Japan was submitted
on 31 May 2002.
First National
Communication of
Ukraine was
submitted in 1998.

8. The sponsor Party shall have in place a national system for Guidelines for the Japan is developing
estimating GHG emissions and a natlonal registry and has _ implementation of CAR 2 a national registry
submitted annualy its most recent inventory in accordance with | Art. 6 §21¢,d,e,f but this is not vet in
Kyoto Protocol Article 5 and 7 place g

9. The host Party shall have in place a national registry in Guidelines for the CAR 2 Ukraine has not in
accordance with Article 5 of the Kyoto Protocol implementation of place a national

Art. 6 821d/24 registry.

10. Project participants shall submit to the independent entity a Guidelines for the CL1 JI requirements of
project design document that contains all information needed implementation of Ukraine have not
for the determination Art. 6 831 been defined

11. The project design document shall be made publicly available Guidelines for the CAR 3 Not yet made
and Parties, stakeholders and UNFCCC accredited observers | implementation of publicly available
shall be invited to, within 30 days, provide comments Art. 6 8§32 '

12. Documentation on the analysis of the environmental impacts of | Guidelines for the -Out of scope- Table 2. Section F

the project activity, including transboundary impacts, in
accordance with procedures as determined by the host Party
shall be submitted, and, if those impacts are considered
significant by the project participants or the Host Party, an

implementation of
Art. 6 §833d
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REQUIREMENT REFERENCE CONCLUSION Croséo';er;eéﬁ?ce J
environmental impact assessment in accordance with
procedures as required by the Host Party shall be carried out
13. The baseline for a JI project shall be the scenario that Guidelines for the OK Table 2, Section B.2
reasonably represents the GHG emissions or removal by implementation of
sources that would occur in absence of the proposed project Art. 6, Appendix B
14. A baseline shall be established on a project-specific basis, in a | Guidelines for the OK Table 2, Section B.2
transparent manner and taking into account relevant national implementation of
and/or sectoral policies and circumstances Art. 6, Appendix B
15. The baseline methodology shall exclude to earn EURs for Guidelines for the OK Table 2, Section B.2
decreases in activity levels outside the project activity or due to | implementation of
force majeure Art. 6, Appendix B
16. The project shall have an appropriate monitoring plan Guidelines for the OK Table 2, Section D
implementation of
Art. 6 833c
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Lugansk Landfill Gas Capture and Power Generation Project in Ukraine

Table 2 Requirements Checklist
Draft Final
CHECKLIST QUESTION Ref. MoV* COMMENTS Concl. Concl
A. General Description of Project Activity
The project design is assessed.
Al Project Boundaries
Project boundaries are the limits and borders
defining the GHG emission reduction project.
A.1.1. Are the project's spatial (geographical) /1/ DR  The project’s spatial boundaries are same as - OK
boundaries clearly defined? its system boundaries and described in the
PDD, A.4.1.4 and B.4.
A.1.2. Are the project’s system (components and /1/ | DR | The project system boundaries don’t cover CAR4 oK
facilities used to mitigate GHGs) boundaries the site where the LFG is captured.
clearly defined?
Refer to Table 3
A.2. Technology to be employed
Validation of project technology focuses on the
project engineering, choice of technology and
competence/ maintenance needs. The validator
should ensure that environmentally safe and
sound technology and know-how is used.
A.2.1. Does the project d_esign engineering reflect /1/ DR The project design engineering of CL2 OK
current good practices? components and facilities employed seem to
reflect current good practices. However,
* MoV = Means of Verification, DR= Document Review, I= Interview Page A-17
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Lugansk Landfill Gas Capture and Power Generation Project in Ukraine

Draft Final
CHECKLIST QUESTION Ref. MoV* COMMENTS Concl. @ Concl
some issues are not clearly documented in
the PDD as follows;
- The technology to be employed to
improve LFG collection efficiency, e.g.
surface material of landfill site
- Type of gas engine generation system to
be employed
Refer to Table 3
A.2.2. Does the project use state of the art technology  /1/ DR There’s no Ukrainian legislative requirement - OK
better performance than any commonly used Thus, landfill gas management technology
. . r) ! -
technologies in the host country has not so far been common in the host
country, except for planned JI projects.
A.2.3. Is the project technology likely to be substituted | /1/ DR | The project technology is not supposed to be - OK
by other or more efiicient technologies within substituted by more efficient technologies
the project period? within the project period.
A.2.4. Does the project require extensive initial training | /1/ DR | As the current landfill site operator, - OK
and maintenance efforts in order to work as PROTOS. is to be commissioned as a
presumed during the project period? project operator, it needs extensive training
for LFG gas collection and power generation
operation.
A.2.5. Does the project make provisions for meeting /1/ DR A special purpose company (SPC) is to be - OK
training and maintenance needs? established by the project participants on the
Japanese side. This will be responsible for
* MoV = Means of Verification, DR= Document Review, I= Interview Page A-18

JI Determination Protocol - Report No. 2005-0263, rev. 01




DET NORSKE VERITAS

Lugansk Landfill Gas Capture and Power Generation Project in Ukraine

Draft Final
CHECKLIST QUESTION Ref. MoV* COMMENTS Concl. @ Concl
landfill  operation and  maintenance,
including GHG monitoring and reporting.
The SPC is also responsible to provide
operators with necessary training.
A.3. Compliance with host country requirements
The project's contribution to  sustainable
development is assessed.
A.3.1. Is the project in line with relevant legislationand = /1/ DR  The status of the legislative requirements of ck3 OK
plans in the host country? Ukraine relevant to solid waste management
is not clearly documented in the PDD.
Refer to Table 3
A3.2. Is th_e project in line with host-country specific JI  /1/ DR  Compliance with the host-country specific JI G4 CL
requirements? requirement is not discussed in the PDD.
Refer to Table 3
* MoV = Means of Verification, DR= Document Review, I= Interview Page A-19
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Lugansk Landfill Gas Capture and Power Generation Project in Ukraine

CHECKLIST QUESTION

B. Project Baseline

The validation of the project baseline establishes
whether the selected baseline methodology is
appropriate and whether the selected baseline
represents a likely baseline scenario.

B.1. Baseline Methodology

It is assessed whether the project applies an
appropriate baseline methodology.

B.1.1. Is the discussion and selection of the baseline
methodology transparent?

B.1.2. Does the baseline methodology specify data
sources and assumptions?

Ref.

11/

11/

MoV*

COMMENTS

Draft Final
Concl. | Concl

DR

This is a typical landfill related project, and
an approved baseline methodology for the
CDM, ACMO0001 including the “Tool for
demonstration and assessment of
additionality” is selected for LFG capture.

CDM small-scale methodology type 1.D.
Simplified Baseline Methodology is used as
an approach for the power generation
component.

Both methodology selections are
transparently documented in the PDD and
deemed appropriate for the project case.

DR

Data source and assumption used for ex-ante
calculation of the baseline emissions are not
clearly documented in the PDD, e.g.
generation efficiency, methane collection

* MoV = Means of Verification, DR= Document Review, |= Interview
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Lugansk Landfill Gas Capture and Power Generation Project in Ukraine

Draft Final
CHECKLIST QUESTION Ref.  MoV* COMMENTS Concl. | Concl
efficiency.
Refer to Table 3
B.1.3. Does the baseline methodology sufficiently /1/ DR | -ditto- CLS5 OK
describe the underlying rationale for the
algorithm/formulae used to determine baseline
emissions (e.g. marginal vs. average, etc.)
B.1.4. Does the baseline methodology specify types of | /1/ DR | -ditto- CLS5 OK
variables used (e.g. fuels used, fuel
consumption rates, etc)?
B.1.5. Does the baseline methodology specify the /1/ @ DR | -ditto- CLS5 OK
spatial level of data (local, regional, national)?
B.2. Baseline Determination
The choice of baseline will be validated with
focus on whether the baseline is a likely
scenario, whether the project itself is not a likely
baseline scenario, and whether the baseline is
complete and transparent.
B.2.1. Is the application of the methodology and the /1 DR | It’s transparently documented in the PDD, - OK
discussion and determination of the chosen B.1-2.
baseline transparent?
B.2.2. Has the baseline been determined using /1 DR | Ex ante calculation of the baseline emission €L5 @ OK
conservative assumptions where possible? is not clearly documented in the PDD, e.g.
generation efficiency, methane collection
efficiency.
(Same as B.1.2.)
* MoV = Means of Verification, DR= Document Review, I= Interview Page A-21
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Lugansk Landfill Gas Capture and Power Generation Project in Ukraine

Draft Final
CHECKLIST QUESTION Ref. MoV* COMMENTS Concl. Concl
Refer to Table 3
B.2.3. Has the baseline been established on a project-  /1/ DR  -ditto- CLS5 OK
specific basis?
B.2.4. Does the baseline scenario sufficiently take into  /1/ DR  The baseline scenario does not take ©EE6 OK
account relevant national and/or sectoral sufficiently into account the national
policies, macro-economic trends and political policies of Ukraine that are relevant to the
NS !
aspirations: landfill and power sector.
Refer to Table 3
B.2.5. Is the baseline determination compatible with /1/ DR | The sources of the data used are not clearly
the available data? defined in the PDD, e.g. grid average CEF. =~ €&+ OK
Refer to Table 3
B.2.6. Does the selected baseline represent a likely /1 DR The baseline selection is documented - OK
scenario in the absence of the project? transparently using the “Tool for the
demonstration and assessment  of
additionality” as described for CDM
projects.
B.2.7. Is it demonstrated that the project activity itself /1/ DR | -ditto- - OK
is not a likely baseline scenario (e.g. through (a)
a flow-chart or series of questions that lead to a
narrowing of potential baseline options, (b) a
qualitative or quantitative assessment of
different potential options and an indication of
why the non-project option is more likely, (c) a
qualitative or quantitative assessment of one or
more barriers facing the proposed project
* MoV = Means of Verification, DR= Document Review, I= Interview Page A-22
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Lugansk Landfill Gas Capture and Power Generation Project in Ukraine

Draft Final
CHECKLIST QUESTION Ref. MoV* COMMENTS Concl. | Concl
activity or (d) an indication that the project type
is not common practice in the proposed area of
implementation, and not required by a Party’s
legislation/regulations)?
B.2.8. Have the major risks to the baseline been /1 DR It is not identified how the baseline will be - OK
identified? monitored “ex-post” according to CDM-
ACMO0001.
B.2.9. Is all literature and sources clearly referenced? /1/ DR | The sources of the data used are not clearly CL7 OK
defined in the PDD, e.g. grid average CEF.
(Same as B.2.5.)
Refer to Table 3
C. Duration of the Project/ Crediting Period
It is assessed whether the temporary boundaries of the
project are clearly defined.
C.1.1. Are the project’s starting date and operational /1/ | DR | From the view point of facility/equipment OK
2008-2017 seems reasonable.
C.1.2. Is the project’s crediting time clearly defined? /1/ | DR | The crediting period is from 1 January 2008 OK
— 31 December 2012.
* MoV = Means of Verification, DR= Document Review, I= Interview Page A-23
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Lugansk Landfill Gas Capture and Power Generation Project in Ukraine

Draft Final
CHECKLIST QUESTION Ref. MoV* COMMENTS Concl. @ Concl
D. Monitoring Plan
The monitoring plan review aims to establish whether
all relevant project aspects deemed necessary to
monitor and report reliable emission reductions are
properly addressed.
D.1. Monitoring Methodology
It is assessed whether the project applies an
appropriate baseline methodology.
D.1.1. Does the monitoring methodology reflect good /1 DR | The monitoring methodology reflects the - OK
monitoring and reporting practices? practice in CDM methodologies AMC0001
and SSC Type 1.D. correctly.
D.1.2. Is the selected monitoring methodology /1/ DR All of the data defined are available for - OK
supported by the monitored and recorded data? monitoring.
D.1.3. Are the monitoring_provisiqns in the monitoring /1/ DR | Although identified in the PDD, B.2.3., both CcL 8 OK
methodology consistent with the frOJeCt imported and exported electricity are to be
boundaries in the baseline study- monitored, but imported electricity is
omitted in the table, D.2.2.1.
Refer to Table 3
D.1.4.Have any needs for monitoring outside the /1/ | DR | The power grid data to be used for CEF - OK
project boundaries been evaluated and if so, determination are defined in the PDD
included as applicable? D.2.2.1. (Grid weighted average CEF)
D.1.5.Does the monitoring methodology allow for /1/ DR | VYes. - OK
conservative, transparent, accurate and
* MoV = Means of Verification, DR= Document Review, I= Interview Page A-24
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Lugansk Landfill Gas Capture and Power Generation Project in Ukraine

Draft Final
CHECKLIST QUESTION Ref.  MoV* COMMENTS Concl. | Concl
complete calculation of the ex post GHG
emissions?
D.1.6.Is the monitoring methodology clear and user /1/ DR | VYes. - OK
friendly?
D.1.7.Does the methodology mitigate possible /1 DR | The type and QC/QA procedure are clearly - OK
monitoring errors or uncertainties addressed? identified in the PDD. Annex 4.
D.2. Monitoring of Project Emissions
It is established whether the monitoring plan
provides for reliable and complete project
emission data over time.
D.2.1. Does the monitoring plan provide for the /1/ | DR | Although identified in the PDD, B.2.3., both | €8 | OK
neces§ary for estimation or mehasu;:ng the monitored, but imported electricity is
greenhouse gas emissions within the project : .
boundary during the crediting period? omitted in the table, D.2.2.1.
(Same as D.1.3.)
Refer to Table 3
D.2.2. Are the choices of project GHG indicators /1/ DR  VYes. - OK
reasonable?
D.2.3. Willit be possible to monitor / measure the /1/ DR  The type and QC/QA procedure are clearly - OK
specified project GHG indicators? identified in the PDD, Annex 4, and it is
possible to measure defined GHG indicators.
D.2.4. Will the indicators enable comparison of project /1/ DR | The measurement equipment defined is - OK
data and performance over time? technically robust and commonly used in the
industry.
* MoV = Means of Verification, DR= Document Review, I= Interview Page A-25
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Lugansk Landfill Gas Capture and Power Generation Project in Ukraine

CHECKLIST QUESTION

D.3. Monitoring of Leakage
It is assessed whether the monitoring plan

provides for reliable and complete leakage data
over time.

D.3.1. Does the monitoring plan provide for the
collection and archiving of all relevant data
necessary for determining leakage?

D.3.2. Have relevant indicators for GHG leakage been
included?

D.3.3. Does the monitoring plan provide for the
collection and archiving of all relevant data
necessary for determining leakage?

D.3.4. Will it be possible to monitor the specified GHG
leakage indicators?

D.4. Monitoring of Baseline Emissions
It is established whether the monitoring plan

provides for reliable and complete project
emission data over time.

D.4.1. Does the monitoring plan provide for the
collection and archiving of all relevant data
necessary for determining the baseline
emissions during the crediting period?

D.4.2. Is the choice of baseline indicators, in particular
for baseline emissions, reasonable?

D.4.3. Will it be possible to monitor the specified
baseline indicators?

Ref.

11/

11/

11/

11/

11/

11/

11/

MoV*

COMMENTS

Draft
Concl.

Final
Concl

DR

No leakage effects need to be accounted
under the methodologies applied.

OK

DR

-ditto-

OK

DR

-ditto-

OK

DR

-ditto-

OK

DR

Archives of necessary data are clearly
defined in the PDD and are appropriate.

OK

DR

Yes.

OK

DR

The measurement equipment defined is
technically robust and commonly used in the

OK

* MoV = Means of Verification, DR= Document Review, |= Interview
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Draft Final
CHECKLIST QUESTION Ref.  MoV* COMMENTS Concl.  Concl

industry.

D.5. Monitoring of Environmental Impacts
It is checked that choices of indicators are

reasonable and complete to monitor sustainable
performance over time.

D.5.1. Does the monitoring plan provide for the -Out of scope-
collection and archiving of relevant data on
environmental impacts?

D.5.2. Will'it be possible to monitor the specified -Out of scope-
environmental impact indicators?

D.6. Project Management Planning
It is checked that project implementation is
properly prepared for and that critical
arrangements are addressed.

D.6.1. Is the authority and responsibility of project /1/ | DR | -Out of scope-
management clearly described?

D.6.2. Is the authority and responsibility for /1/ DR | -ditto-
registration, monitoring, measurement and
reporting clearly described?

D.6.3. Are procedures identified for training of /1/ | DR | -ditto-
monitoring personnel?

D.6.4. Are procedures identified for emergency /1/ | DR | -ditto-
preparedness where emergencies can result in
unintended emissions?

D.6.5. Are procedures identified for calibration of /1/ DR  -ditto-
monitoring equipment?

* MoV = Means of Verification, DR= Document Review, I= Interview Page A-27
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Draft Final
CHECKLIST QUESTION Ref. MoV* COMMENTS Concl. Concl
D.6.6. Are procedures identified for maintenance of /1/ @ DR @ -ditto-
monitoring equipment and installations?
D.6.7. Are procedures identified for monitoring, /1/ @ DR @ -ditto-
measurements and reporting?
D.6.8. Are procedures identified for day-to-day records = /1/ DR | -ditto-
handling (including what records to keep,
storage area of records and how to process
performance documentation)?
D.6.9. Are procedures identified for dealing with /1/ | DR | -ditto-
possible monitoring data adjustments and
uncertainties?
D.6.10. Are procedures identified for internal audits of /1/ DR  -ditto-
GHG project compliance with operational
requirements where applicable?
D.6.11. Are procedures identified for project /1/ DR  -ditto-
performance reviews?
D.6.12. Are procedures identified for corrective actions? /1) DR  -ditto-
* MoV = Means of Verification, DR= Document Review, I= Interview Page A-28
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Lugansk Landfill Gas Capture and Power Generation Project in Ukraine

Draft Final
CHECKLIST QUESTION Ref. MoV* COMMENTS Concl.  Concl
E. calculation of GHG Emissions by Source
It is assessed whether all material GHG emission
sources are addressed and how sensitivities and data
uncertainties have been addressed to arrive at
conservative estimates of projected emission
reductions.
E.1.Predicted Project GHG Emissions
The validation of predicted project GHG emissions
focuses on transparency and completeness of
calculations.
E.1.1. Are all aspects related to direct and indirect /1/ DR The formulae used to calculate the project ck9 OK
GHG emissions captured in the project design? emissions is not in line with the formulae in
the PDD, B.2.1.
Refer to Table 3
E.1.2. Are the GHG calculations documented in a /1/ | DR | -ditto- CcL9 OK
complete and transparent manner?
E.1.3. Have conservative assumptions been used to /1/ DR | -ditto- cLo OK
calculate project GHG emissions?
E.1.4. Are uncertainties in the GHG emissions /1/ | DR | Combustion efficiency of flaring is properly - oK
estimates properly addressed in the addressed.
documentation?
E.1.5. Have all relevant greenhouse gases and source  /1/ = DR | Unburned methane released from the flare - OK
been evaluated? periodically.
* MoV = Means of Verification, DR= Document Review, |= Interview Page A-29
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CHECKLIST QUESTION

E.2.Leakage Effect Emissions

It is assessed whether there leakage effects, i.e.
change of emissions which occurs outside the
project boundary and which are measurable and
attributable to the project, have been properly
assessed.

E.2.1. Are potential leakage effects beyond the chosen
project boundaries properly identified?

E.2.2. Have these leakage effects been properly
accounted for in calculations?

E.2.3. Does the methodology for calculating leakage
comply with existing good practice?

E.2.4. Are the calculations documented in a complete
and transparent manner?

E.2.5. Have conservative assumptions been used
when calculating leakage?

E.2.6. Are uncertainties in the leakage estimates
properly addressed?

E.3.Baseline Emissions
The validation of predicted baseline GHG

emissions focuses on transparency and
completeness of calculations.

E.3.1. Have the most relevant and likely operational
characteristics and baseline indicators been
chosen as reference for baseline emissions?

Ref.

11/

11/

11/

11/

11/

11/

11/

MoV*

COMMENTS

Draft
Concl.

Final
Concl

DR

No leakage effects need to be accounted
under the methodologies applied.

OK

DR

-ditto-

OK

DR

-ditto-

OK

DR

-ditto-

OK

DR

-ditto-

OK

DR

-ditto-

OK

DR

The “Adjustment Factor” (AF) described in
the PDD, B.2.1 is not considered in the
formulae in the PDD, E 4.

OK

* MoV = Means of Verification, DR= Document Review, |= Interview

Page A-30

JI Determination Protocol - Report No. 2005-0263, rev. 01




DET NORSKE VERITAS

Lugansk Landfill Gas Capture and Power Generation Project in Ukraine

CHECKLIST QUESTION

E.3.2. Are the baseline boundaries clearly defined and
do they sufficiently cover sources and sinks for
baseline emissions?

E.3.3. Are the GHG calculations documented in a
complete and transparent manner?

E.3.4. Have conservative assumptions been used
when calculating baseline emissions?

E.3.5. Are uncertainties in the GHG emission
estimates properly addressed in the
documentation?

E.3.6. Have the project baseline(s) and the project

emissions been determined using the same
appropriate methodology and conservative
assumptions?

* MoV = Means of Verification, DR= Document Review, |= Interview

Ref.

11/

11/

11/

11/

11/

MoV*

COMMENTS

Draft
Concl.

Final
Concl

Refer to Table 3

DR

The project system boundaries don’t cover
the site where the LFG is captured.

Refer to Table 3

CAR 4

OK

DR

The “Adjustment Factor” (AF) described in
the PDD, B.2.1 is not considered in the
formulae in the PDD, E 4.

(Same as E.3.1.)
Refer to Table 3

OK

DR

Data sources and assumptions used for ex-
ante calculation of the baseline emission are
not clearly documented in the PDD, e.g.
generation efficiency, methane collection
efficiency.

(Same as B.1.2.)
Refer to Table 3

OK

DR

-ditto-

OK

DR

-ditto-

OK
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CHECKLIST QUESTION

E.4.Emission Reductions

Validation of baseline GHG emissions will focus on
methodology transparency and completeness in
emission estimations.

E.4.1. Will the project result in fewer GHG emissions
than the baseline scenario?

F. Environmental Impacts
Documentation on the analysis of the environmental

impacts will be assessed, and if deemed significant,
an EIA should be provided to the validator.

F.1.1. Has an analysis of the environmental impacts of
the project activity been sufficiently described?

F.1.2. Are there any Host Party requirements for an
Environmental Impact Assessment (EIA), and if
yes, is an EIA approved?

F.1.3. Will the project create any adverse
environmental effects?

F.1.4. Are transboundary environmental impacts
considered in the analysis?

F.1.5. Have identified environmental impacts been
addressed in the project design?

F.1.6. Does the project comply with environmental
legislation in the host country?

Ref.

11/

MoV*

COMMENTS

Draft
Concl.

Final
Concl

DR

Yes.

OK

-Out of scope-

-Out of scope-

-Out of scope-

-Out of scope-

-Out of scope-

-Out of scope-

* MoV = Means of Verification, DR= Document Review, |= Interview

Page A-32

JI Determination Protocol - Report No. 2005-0263, rev. 01




DET NORSKE VERITAS

Report No: , rev. 01 i&

PRELIMINARY DETERMINATION REPORT

DNV

Table 3 Resolution of Corrective Action and Clarification Requests

Draft report clarifications and
corrective action requests

Ref. to
Table 2

Summary of project owner response

Determination conclusion

CAR1

Neither the sponsor nor the host
Parties have yet approved the
project.

Table 1

CAR 2

Japan is developing a national
registry but this is not yet in place.

Ukraine has not in place a national
registry.

Table 1

CAR3

The PDD has not yet been made
publicly available.

Table 1

CAR 4:

The project system boundaries don’t
cover the site where the LFG is
captured.

Alz2.

The PDD will be updated reflecting the comment
of DNV.

OK

Fig. 6 of B.4 in the revised PDD /2/
describes the project boundary properly.

CL1

JI requirements of Ukraine have not
been defined.

Table 1

Page 1
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DET NORSKE VERITAS

Report No: , rev. 01 i&

PRELIMINARY DETERMINATION REPORT

DNV

Draft report clarifications and Ref. to Summary of project owner response Determination conclusion
corrective action requests Table 2
CL2 OK
A21.

The project design engineering of
components and facilities employed
seem to reflect current good
practices. However some issues are
not clearly documented in the PDD:

- The technology to be employed
to improve LFG collection
efficiency, e.g. surface material
of landfill site

- Type of gas engine generation
system to be employed

The PDD will be updated reflecting the comment
of DNV.

The gas collection facilities, surface
material of the landfill site and gas
recovery operation are described in the
revised PDD /2/, A.4.3 and deemed
appropriately for efficient gas recovery.

The gas engine generation system to be
employed is defined in the revised
PDD, A.4.3.

cL3

OK

The status of the legislative A3l The PDD will be updated reflecting the comment | There is no legislative requirement of
requirements of Ukraine relevant to of DNV. Ukraine relevant to solid waste
solid waste management is not management and such requirements are
clearly documented in the PDD. not expected to be established during
the crediting period.
It is described in the revised PDD /2/,
A.4.3and B.2.2,
cL4 CL11
A3.2. Ukraine does not have a specific JlI

Compliance with the host-country
specific JI requirements is not
discussed in the PDD

The PDD will be updated reflecting the comment
of DNV.

requirement however the Ministry of
Environmental Protection is a

Page 2

Reference to part of this report which may lead to misinterpretation is not permissible.
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Report No: , rev. 01 i&

PRELIMINARY DETERMINATION REPORT DNV
Draft report clarifications and Ref. to Summary of project owner response Determination conclusion
corrective action requests Table 2
prospective candidate to be the future JI
focal point of Ukraine and is supportive
of the project.
This needs to be verified prior to the
issuance of the final determination
report.
CcL5 OK
) B.1.2.- ) ] ]
The source and assumption used for 15 The PDD will be updated reflecting the comment | Data sources and assumptions used for
ex-ante calculation of the baseline B 22 of DNV. ex-ante  calculations are clearly
emission are not clearly documented 23 b explained in Annex 3.
in the PDD, e.g. generation P
. ) E.3.4.-3.6
efficiency, methane  collection
efficiency.
cL6 OK
) ) B.2.4. ] ] ] ]
The baseline scenario does not take The PDD will be updated reflecting the comment | They are clearly described in the PDD,
sufficiently into account the national of DNV. A4.14.
policies of Ukraine that are relevant
to the landfill as well as power sector
trends.
cL7 OK
B.2.5, ) ; . .
The sources of the data used are not 29 The PDD will be updated reflecting the comment | The grid average CEF used is based on
clearly defined in the PDD, e.g. grid h of DNV. “Operational Guidelines for Project

average CEF.

Design Document of Joint
Implementation Projects Vol 1: General

Page 3

Reference to part of this report which may lead to misinterpretation is not permissible.
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Report No: , rev. 01 i&

PRELIMINARY DETERMINATION REPORT

DNV

Draft report clarifications and Ref. to Summary of project owner response Determination conclusion
corrective action requests Table 2

Guidelines Version 2.3, Ministry of
Economic Affairs of the Netherlands
(May 2994).

cL8 OK

Although  both  imported and Dél'lB" The PDD will be updated reflecting the comment | The monitoring plan is revised to

exported electricity are to be o of DNV. measure the net exported electricity

monitored in the PDD, B.2.3, which is obtained by subtracting

imported electricity is omitted in the imported electricity from exported

monitoring plan, PDD, D.2.2.1. electricity /2/.

cL9 OK

The formulae used to calculate the Ell-13. The PDD will be updated reflecting the comment | It is revised to be in line with the PDD

project emission is not in line with of DNV. 2/, Section B.

the formulae in the PDD, B.2.1.

cL10 OK

The “Adjustment Factor” (AF) E31.33. The PDD will be updated reflecting the comment | The PDD is corrected /2/.

described in the PDD, B.2.1 is not of DNV.

considered in the formulae in the

PDD, E.4.

CL11

Table 3

Compliance with the host-country
specific JI  requirements is not
discussed in the PDD and needs to be
verified prior to the issuance of the
final determination report i.e. as soon

Page 4
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Report No: , rev. 01

PRELIMINARY DETERMINATION REPORT

DNV

Draft report clarifications and
corrective action requests

Ref. to
Table 2

Summary of project owner response

Determination conclusion

as the Ukraine has a established a
Focal Point.

- 000 -
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AlJd

BAU
CDM
CDM EB
CER
CERUPT

CGS
CH,4
CHP
CIs
CO,
COP
DHS
DNA
DNV
DOE
EC
ERU
ERUPT
ET
EU
FS
GDP
GEG
GHG
GNP
GWP
HHV
HoB
HP
IMF
IPCC

-10

Activities Implemented Jointly

business as usud

clean devel opment mechanism

CDM executive board CDM

certified emission reduction CER

Certified Emission Reduction Purchase Tender
CERUPT

cogeneration system

methane

combined heat and power

Commonwealth of Independent States

carbon dioxide

conference of the parties

district heating system

designated nationa authority

Det Norske Veritas

designated operational entity

European Community

emission reduction unit ERU

Emission Reduction Units Purchase Tender ERUPT

emissions trading

European Union

feasibility study

gloss domestic product

gas engine generator

greenhouse gas

gloss national product

global warming potential

higher heating value

heat only boiler

home page

International Monetary Fund

Intergovernmental Panel on Climate Change



IPP independent power producer

IRR internal rate of return

J joint implementation

KP Kyoto Protocol

LFG landfill gas

LHV lower heating value

LOA letter of approval

LOE letter of endorsement

LOI letter of interest

MOP meeting of the parties

MOU memorandum of understanding

MP methodol ogy panel

MSW municipa solid waste

NATO North Atlantic Treaty Organisation

NMOC non-methane organic compounds

NPV net present value

ODA official development assistance

PBP pay back period

PIN project idea note PIN
PDD project design document

SD sustainable development

SPC Specid Purpose Company

SSCDM small scale CDM CDM
TACIS Technical Assistanceto CIS TACIS
UAH

UNFCCC United Nations Framework Convention on Climate Change

URL Uniform Resource L ocator URL



-11 URL

o NEDO
2004
3
o GEC CDM/JI
2004 3
o GEC CDM/JI 2004
3

Nubarashen Landfill Gas Capture and Power Generation Project in Yerevan PDD 2004
12

o LFG

UNFCCC Approved consolidated baseline methodology ACM0001 “ Consolidated basdline
methodology for landfill gas project activities’

http://cdm.unfccc.int/EB/M eetings/015/eb15repanl. pdf

@)

UNFCCC Approved consolidated baseline methodology ACM0002 “ Consolidated basdline
methodology for grid-connected electricity generation from renewable sources’
http://cdm.unfccc.int/EB/M eetings/015/eb15repan?. pdf

o CDM

UNFCCC Appendix B1 of the simplified modalities and procedures for small-scale CDM
project activities INDICATIVE SIMPLIFIED BASELINE AND MONITORING
METHODOLOGIES FOR SELECTED SMALL-SCALE CDM PROJECT ACTIVITY
CATEGORIES

http://cdm.unfccc.int/Projects/pac/ssclistmeth. pdf

o PDD
UNFCCC CLEAN DEVELOPMENT MECHANISM GUIDELINES FOR COMPLETING
THE PROJECT DESIGN DOCUMENT (CDM-PDD), THE PROPOSED NEW



METHODOLOGY: BASELINE (CDM-NMB) AND THE PROPOSED NEW METHODOLOGY::
MONITORING (CDM-NMM)
http://cdm.unfccc.int/Reference/Documents/Guidel_Pdd/English/Guidelines COMPDD_NMB_N

MM.pdf

o First Order Decay Model

IPCC  Revised 1996 IPCC Guidelines for Nationa
Greenhouse Gas Inventories Reference Manua (Volume 3) CHAPTER 6 WASTE
http://www.ipcc-nggip.iges.or.jp/public/gl/invst.htm

o GWP
IPCC 2 1995  |IPCC Second Assessment
Report: Climate Change 1995
@)
J PDD 1 23
2004 5 Operational Guidelines for Project Design Documents of Joint

Implementation Projects, Volume 1: Generd guidelines, Version 2.3, Ministry of Economic Affairs
of the Netherlands May 2004

Thermal and Nuclear Power Engineering Society
Ministry of International Trade and Industry Agency for Natura
Resources and Energy 1991 P158

O

http://www.mofa.go.jp/mofgj/area/ukraine/index.html
http://www.mofa.go.jp/mofaj/arealukrai ne/data.html

History of Lugansk  http://www.datingrose.com/lugansk.htm
Luhansk  http://www.tourintel .ru/online/gettowndescription.asp?d=90
Luhansk Reference Book  http://luhansk.obzor.com.ua/



Population of Luhansk  http://luhansk.obzor.com.ua/popul ation.shtml
Geographical position of Luhansk  http://luhansk.obzor.com.ua/geography.shtm
Business and Economic  http://luhansk.obzor.com.ua/business.shtml

History of Lugansk. http://www.lugansk.ua/index_english.html

Lugansk  http://www.firstdream.com/travel lugansk/travel lug.shtml
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