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Abstract

In this study, greenhouse gas (GHG) reductions from bioenergy (biogas, biomass) have been estimated in Korea,
2015. This study for construction of reduction inventories as direct and indirect reduction sources was derived from
IPCC 2006 guidelines for national greenhouse gas inventories, guidelines for local government greenhouse
inventories published in 2016, also purchased electricity and steam indirect emission factors obtained from KPX,
GIR respectively. As a result, the annual GHG reductions were estimated as 1,860,000 tonCO,,, accounting for
76.8% of direct reduction (scope 1) and 23.2% of indirect reduction (scope 2). Estimation of individual greenhouse
gases (GHGs) from biogas appeared that CO,, CH,, N,O were 90,000 tonCO, (5.5%), 55,000 tonCH, (94.5%), 0.3
tonN,O (0.004%), respectively. In addition, biomass was 250,000 tonCO, (107%), —300 tonCH, (—3.2%), —33
tonN,O (—3.9%). For understanding the values of estimation method levels, field data (this study) appeared to be
approximately 85.47% compared to installed capacity. In details, biogas and biomass resulting from field data
showed to be 76%, 74% compared to installed capacity, respectively. In the comparison of this study and CDM
project with GHG reduction unit per year-installed capacity, this study showed as 42% level versus CDM project.
Scenario analysis of GHG reductions potential from bioenergy was analyzed that generation efficiency, availability
and cumulative distribution were significantly effective on reducing GHG.
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$Fuah= 20149 690.6 WYHECO,, 9] 247A
£ wiEstsled, ol AlA 791l sishe A ol
(GIR, 2016; IEA, 2016). E3F, 20149 <gubet= A
A A7k W) 873% U7 BEolN et
soul, ghiae dzdsd g Ao BT
(KEEIL 2015). IEA (2016)0] 9]3}9, 2014 <a]i}at
o] oA &H|FE AlA 99]o]m (IEA, 2016), 20144
Sevete] AF AUANY Ll FANE A
16.6%, A8 48.1%, A7} 11.1%, A8 192%, &
AR 0.7%, AAHAFANAA] 44%9] H&= AHAE
AH]3}1 QTH(KEEL 2015).

SAF R 7SS d3tsty] feiA= S A
ROl A AR 2 9] AZk(shift)o] RFE]IL Yl
o (Bentsen and Mgller, 2017), A A8 E thgfo 2 &
vt gle IVl s SRS dAT 4+ e
W9 AR YA FRT et
2 283513 Itk (Rule ef al., 2009). 2A7MAE 7+
a17] 9%t AT A 71& F Hhe| 2o | A= &
b 2% BN 2 4TE AN gon. e
ol LAt AEE o7 Hekew vl 2oy
£ Z83t A4 Z (pathway)E =35} ok (Welfle et
al.,2017). vpol 20| 0] Slzt LA7}A ZHEFE o
YA A} AH]Q] 2]471H5A] (sustainability)o] 344
o2 Z83}31 9l o (Felten et al., 2013), £3]|, H}o|
Quj A 7]Hko] H}o] Qo) X] (biomass-based bioener-
)k 7] B9 LANAE AET 4 e BE F
o g 7+3-2 dky1 Q)th(Delivand et al., 2015).

AN AE BET L4712 BB ATE
= - yelF o= gs] =a)5kal gtk EEA(2015)0]
A= EU 57H8 AR 9 H2)-§F EUA
Aer EASE LT LALA BE AT} 5
59131 (EEA, 2015), IPCC (2012)o| Al = 27} A1
iR HggAet IPCC 7| wiEAs+E &85 2
A7k T olo W wlEA e g BAssc
(IPCC, 2012). E3F, NREL (2015)0] A= nj=te] =9
ARG AN A Hg5-5A S NRELO| A 7dgt v &A1
£ Y89 LAkA BF A7 AT (NREL,
2015), Kim (2014)& gh=9] Al Aol A] =71 A
ARE 2L BT AL B A LAAA

IF
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A% Ao waye] we A7E
2014).

S AYATEY e
FANEES BEA HFA H2U(

435194tk (Kim,

AR 27
(Top-Down Appro-

ach, TDA)E 402 A7k A3 glof, A4
ol AHe71e] ek AaAel LATkA 5
2 B4slelE BAES U3 ek 53, 247
& AN BBEL 27k 4% BEe gl
SA7ks T 3L Sagrge] BN Fat 8

o2 283t 9] o (Buchholz et al., 2016), 2417}
2 A& A AT AEYE 2ATEA Al )l
A - B3 - Q1% (Measurement, Report, Verification,
MRV) Ag9] ZFaAo] 77251 Qlck(Downie ef al.,
2014). webs] ARG A] 71zl ATt FAEF 2t
o] A=)y tE ot A 7]&o] tiet A5 ZAIE 3l
ﬁ?-__} T s SATEE AP o] Baste, o] et
"ol A NE71&Y] EFeEolA S AEF

%‘?é“% A AR
BUA)E A&3 2A7tA 7
(Kim et al.,2014).

weba] &2 Ats ARUA 7l F 20159 7]
F AYAH 2o FFE Hpo] 2o A (dfo] 27k, vE
o|eujX) WHAPALE ez FF +FA = 7%t
9] AFAFTHE o] &% Hio] oA 7]&Te]9
2AVtA AEFE A4S, THag, 7HEE, 3

w59 Wste] wE Hioleoy] 7j&E A7EA
AEAAE APl e s E45H

(Bottom-Up Approach,
tEY A7 Best

°lx 2015
o 525
ot vhol 2ofuA] WANAAE o 247t
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TF7BA Aol A% AZFA HiEdS AHAS

A (scope 1), 775 ¢ (scope 2), 7|EHEE€ (scope

T AE 59 ouA Y ARl ol A oE A=
He A5, 7gEEYS ARAEEY HEASd
ol &jofl A HEHE AFHUITH(WRI, 2015).

2 A= Holeoyz] 7led ZR2AE HA (pro-
ject boundary)S A5, AH A=Y (scope 1) A
22 A F S0, Hiol Lo x| 9] F{loA], HZE
9 (scope 2) = AP & AP OR

TR}, 27k FEFE ARSI

2,2 g7 iAEE

UukAQl F8 AV £ oA T4 (CO,),
Wk (CH,), oF13HE 4 (N,0), 4=AE3}ekA (HFCs),
IHE51E4 (PECs), SE3H (SF) &2 FREH, 2 A
To M o]4kstgra (CO,), W (CH,), oMitsha &
NOYE A dELRE AAsH

Table 1. Bioenergy (biogas and biomass) technology and

activities.

Specific .. .
Technology technology Activity Unit Value
Biosas Electricity MWh 203,275
S Biogas (landfill) ~m’/hr 23,548
Bioenergy Electricity ~MWh/yr 769,619
Biomass Steam Gcal/yr 9,000
Biomass (wood) —m’/hr 563,000

Table 2. Methods of GHG reductions estimation in bioenergy.

2 A= A5E 2AVkA 28 FEFEsh] {st
2| L2324 (Global Warming Potential, GWP)
o bkt AF2d 3 A e Y7
QF(1004d 7]5) olAbetErA 1kg tH] B4 247k~
1kgo] AF2dstol| njX= A=E Yedes ARE,
2ATMA AEFS olAER A BAE (COLeuivaen)
2 AgFslete] @zt £ AtoA= IPCC 53 3
TR A A AASL e AF2HEA| 4 F, o4k
34 (CO,) 12 71222, W% (CH,) 28, oFAlsa &
(N,0) 2655 A-&sto] 2A7IA &3S F23 519
t}(IPCC, 2014).

2HTIA ZEEF Ayy

A7k ZHEEF A2 IPCC (2006) 7hol =t
At A AA| A7 A ST AP A, A A 20
A Agsts Ag HuEAST 9 QARSI R
Aelo A Agsts 28 HHMEASE 7|Hez A
A5} Th(KEC, 2016; GIR, 2013; KPX, 2012; IPCC,
2006). 3 20| Hpo]le o] 7|l 2A7FA S
941 A sHATH 2 A 7% Y (scope 1) AR AL
7l &9 ARE o|§sl 5 E F
R o, 2ATEA AP tier-2 S A5
;AW EA 7 BAEE 7-2-oll= IPCCo A A-5-3}
7|1 2A S (tier-1)E AL+t 7H3%H5 (scope
)% A A AR 29 T)eE 20159
A7te] &4 ARE 53t JleREd A4t
7 U AEPAES HEet S AY A Al
ke WY HuiEA et 247 A F A

[>

Mo ™

[
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GHG (Greenhouse Gas)
Scope 1 Level Scope 2 Level
E= A XEF,
= 3 (4 XEF) E= X (AXEF)
PR . Tier-1/2 i Tier-2
Where, j=biogas, biomass, Where, i =electricity, steam
start-up fuel etc.
Technology Equation Generation energy Fuel
Biogas E,;= 2 [(AXEF) = (A X EF)] Electricity Biogas Start-up fuel
i
Biomass Electricity Steam Biomass Start-up fuel

E,= 3 [(A,X EF)~ (A XEF)]

E: GHG reductions, A: Activity, EF: Emission Factor
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Table 3. Comparison of total sample and installed capacity in Korea for the year of 2015.

Sample ratio

Installed capacity (2015)

Technology Population Sampled Ratio Cumulative installed Sample capacity Ratio
(No.) (No.) (%) capacity (MW) (MW) (%)
Average - 30.5 443
Bioenergy Biogas 6 1 66 50 75.8
Biomass 9 4 868 111.2 12.8
Table 4. Summary of field data collection from bioenergy.
Technolo Installed Generating electricity ~ Generating heat Operating time Generation Rate of
&y capacity (MW) (MWh/yr) (Gcal/yr) (hr/yr) efficiency (%) operation (%)
Average 389 197,840 9,000 7,195 338 78.7
Biogas 50 203,275 6,800 39.1 78.5
Biomass 27.8 192,404.8 9,000 7,590 28.5 78.8
A AFHE 28 ZHAEASE o3kl tier2
160 - I Biogas
[ Biomass

3. g+ &t

3.1 2FX=

F 33 4= HpoleouX] 7]&9] 2w dAFY 29
A2 AASIHeH, & At AEXARE 53t vt
ol 7|&9 LYARE AT +~HE A
Z22 SR (AR E,E= 157)) DA SF (installed capa-
city) 713 vhol27l2s) ulo] enjat 22} 75.8%,
12.8%9] v &2 SIARE F5HA. vho] 2o
A 71&9 Fot AALFE 38IMWe R Yo,
Blo] @ 7} 50.0 MW, Blo] 2 ujA 278 MWE HlO] 2
7kA 7)) Hlo| e A T)& ofn] drjAles E A
|95 7L de ALz Ueigth Ay A9 143
= A7]vX et deiA =, vho]ertAE A7
Yz, vpo]l oA AR o2 H7 A E AJ4itst
I Qlem, 1719 Hiolemjiox H7]od Aot &
NHRAE =T AitsH= AlEE et Hiol 2oy
A 7149] FJA2 A7 <F 7000 Wl Aj7te R
E2 SIAEE Bt Hiol ooy Ao A S-S
20~45%% Vet on, dutr o g ulo]QujA spA
3l7] Adujo] HPH a8 7]Z7]< (conventional tech-
nology) t¥] 35~40% $-FC02 HIET Qon, g

7|3 A] A 33 A A4 &
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Fig. 1. The GHG reductions from bioenergy.

AIEo] 40% o) He naE& WHA L dejx=
QX =253 QI (Strzalka et al., 2017). & G TLof| A
9] 7}&E (availability)2 FAH4 Al AQRr A
o2 2 AFoA Y 7teES YA G Al
Zt(stand-by time)S &Ju|st= ALE A4t o]
o e, ol o oulx] 7|4 B HERS T8I%E
ek, ol eskagt ol efat 22t 78.5%,
78.8% % JEFITE

3.2 2H7IA UEE

23 18 vpolooluiA] 7)ol ot LAk 7
o AgATols, B e eAs A BETe o
A Aol A (- )= 2A7IE HiES, (+)e 2A47EA



Hho] Qo A (Hpo] &.7kA, Hio| e u &) 7] & o] 2AZEA HEAMY: WS dider 397

?{l

2 Aulste A= Aoyttt Hiol Loy x| 7]
ol o3t 247k 52 186 RHonCO,,/yr2 L
o, A3 (scope 1) 143 THonCO,,,/yr(76.8%),
7H873+% (scope 2) 43 ThonCO,,/yr (23.2%)2 e
Wt Hio]l @7k A= wWieksln] Aol ojste] AHZE
0] 154 9ttonCO,, /yr (94%)= A YelE o™, A
Aol &3t 23S (scope 2)2 9 THonCO,, /yr (6%)2
EAE I Hlo] @7k o7t 2AVEA ST o
et B Yo] glon, 53] nio|ertAs F miYA|of
A B EE 7EAE sk AYS AAStE AlES
S5 o]9] EHoAE FasHA L ETh(Liu er
al., 2012). Blo] Quj A= EQIE = Hfo] Qufjiof ot
0]4F3tek4As (COYE A3t H]o]4kalghas (non-CO,)Q1
g (CH)T oMitstd 2 (N,0)5 ZFstH, dulAF
A F (start-up fue)Q} AT A (fuel mix)E QI3 IF
HjZo] —11 THonCO,,/yr(—-24%)2 Ve oH, &
3t ol A] AAtel o 7HH 7S (scope 2) 347
tonCO,, /yr(76%)% Lteftet.

I8 2 "ol o | A] 7] &g 57F HA 23
|F tivl 247 AEFE A 571 A
ARz g (scale-up)gt A}, vlo] 2o Ao
OJ3t LAZFA ZFETFL 395 THonCO,, /yrE BAE ¢
o, o] 20149 F7F 2A7FA wiEFY oF 0.5%F
A5k Qe Aoz BEAETHGIR, 2016).

3.3 EXE 247IA AFY

9 39 20159 HpoleoH ] 7]&9] &9 A&
283 7led 9 247k 28 ASFEE AA
ek vholeoqz] 7j&o] o3t 4A7FA FAEFS
186 THonCO,,,/yr (100%)0]m, B4 2A47tA 5
F2 o] AkslERA (CO,) 34 ‘:{_}tonCO2Cq/yr(18.l4%), gk
(CH,) 5.47 5HonCO,,/yr (82.31%), OFAFEFA 2 (N,0)
~0.0033 THonCO,, /yr (—0.3%)% e o17] A,
H&2 2A7EA 233 A2 sHig 248 vl &S
o]ttt vpol@7kAof O3t 2AVIA EAY USTF
2 oJAksHELA (CO,) 9 THonCO,/yr (5.5%), WEH(CH,)
5.5 THonCH,/yr (94.5%), oMk 4~ (N,0) 0.00003 Tt
tonN,O/yr (0.004%) 2] v &2 UEow, vfo] e ujA
of og 247FA EAY AETFL oJAEH4a(COoy)
25 THonCO,/yr (107%), gt (CH,) —0.03 THonCH,/yr
(=3.2%), oMAFsFE 4 (N,0) —0.0033 THonN,O/yr

o i

250

[ /nstalled capacity

200 -

150

GHG reduction(10° tonCO,, /yr)

Biogas Biomass

Bioenergy

Fig. 2. Comparison of GHG reductions from bioenergy;
sampled capacity versus installed capacity in
Korea.
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Fig. 3. The reductions of individual GHGs from bioenergy.

(—39%)9) u]&=2 Vhehge}. ho] @7kt 90% o4}
ol wjge] ojgt £AZkA 7 AT} Gl Ao
Eho, vho] @Ak BAA ol om]A So) A
2 Qsto] v]gk(CH,)T} o} 2 (N,0)7} 2512 )
z29E Aoz 2AEth soledur] ARley
LA 3% B FE Aolst Aot G A
o Yehtm glol, ufol ooy F1&el olgt
HQl £A7EA &S 9T o] AguEolor & A
o7 Holth
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F 7129 2ATA AEFE Aste] vla - £4
sttt U Hiol 0| A] 7|&of et L FA= o}
AL 712 (I o 2 APgshe WA vl 4
I AL dv] L} EE BAHLRE o 8547%
o] 2AZEA HAEeF o2 Ueyth o) AAET 7]
T 2AVEA ST AR S B 297189 247
2 ST AT Zo7h U Yulgttt. =7t o
YRjo] &1} o gAY o] wat AR x|
Zlgel Yt =7F 2A7EA vjE G TP Aol
E 7HAL glen, =7t AR 2AVA ES 9
AR A 2] 7]&2] A3YAE (action plan)] ATHE
ol (limitation) .2 2+-8-3+ 2= ¢Jt}(Blindheim, 2015).

Hpo] @ 7k PR 2} A& o7t 247t
& &2 242 9.0 THonCO,, /yr, 11.8 ¥tonCO,, /yr
2 AALH divl £IA/EE 76.16%9 AHFoew
O SN PFEEES Bt volonjAY £
Azt MAGF O3k LATMA FEFE 247 86
THonCO,,/yr, 8.7 TtonCO,, /yr2 AA§7F tiv] &F
AR 98.05%9 BHl&E Hpo]o7tA thu] Ao s

O 2AA FESEO] Gt AOE ekt

5 2H7tA ZFEES Hl

3
2 7= I Hololv A EHAAAE o=

Table 5. Comparison of GHG reductions by estimation
method.

GHG reductions (Unit: 10*tonCO,,/yr)

Level of estimation method

Technology }
Operation-based ~ Capacity-based ~ Ratio (%)
estimation estimation
Bioenergy 17.6 20.5 85.47%
Biogas 9.0 11.8 76.16%
Biomass 8.6 8.7 98.05%

= ol 7vte g Jlad 2A47MA
AELDHE =255 ol & Blwsty] 9k, 2
Ao A= g=o] =33t HG /N LA Al (Clean Devel-
opment Mechanism, CDM) AFYG (9174)S iAoz &
A7k aeE 71E8TS o83l Z16Y 2}
2 GAUT BAlC, HEHOR B A7 v
I - 243} THUNFCCC, 2016). E 62 B A7o] 4]
A3 7l 2A7ES TAEATEHS} CDM A4 9
2ATIA AEYHHE H@E FAOF, CDM AL
2 +F5E 7|5k 24

"ol @ oY X9 2A7FA ZHEUELE= 17,092
tonCO,. /yr-MWo[|=, CDM At¢fo] o3t 247k 2+
24T+ 41,206 tonCO,,/yr- MWZ 42% SFEOF
UpebgTh uho] @ /b 8] SAZEA HEATIE 32,653
tonCO,.,/yr-MWolu], CDM Aol ©J3t Hfo] @ 7pA
2A7A TELER] = 75.449t0nCO,, /yr- MWE 43%
2zom Ueptrh ho] @ 7hA 0] JAFR] uhet 2y
EAX 9] z}o|E 7}X|1L Qlow, Esfandiari er al. (2011)
9] ATl M= FEH7]E (animal waste)o]] 2|3t Hlo]
e7la0] $ATNHS B} AT vl 2L o8
3to] 2A7IA ZFEUTESE 17,178 tonCO,, /yr- MW
Loz 2 ATy 2A7IE AS5dDES] diy] 52% &
© 2, upo| e7tA 7|g 5 wet 24VA AE A
A7t & 2A el Sk (Esfandiari er al., 2011). ¥f
o|QujAo] 2AZFA ZHEATSE 1,530 tonCO,,,/
yr-MWoln], CDM Aol o3t Hio] @uji 24 7pA
ZEYTHIE 6.96210nCO, Jyr- MW R 220 4202
Uebe

297l SANA PEY YUY ST
CDM Abgjel] Jgt 2A7kA 72 Agksir} vol e
7} 9} vpo) @ uj A7} 242 43%, 22% $~F 0 2 UERY

Table 6. Comparison of GHG estimation with this study and CDM project.

GHG reductions (Unit: tonCO,,/yr- MW)

Technology Korea level (This study) UNFCCC level (CDM) Ratio (%)
Range Mean Range Mean

Bioenergy 338~32,653 17,092 6,962~269915 41,206 42

Biogas 32,653 32,653 12,150~269 915 75,449 43

Biomass 338~2,129 1,530 6,962 6,962 22

7|3 A] A 33 A A4 &
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Table 7. Construction of scenario analysis on GHG reductions from bioenergy.

Scenarios
Technology Scenario
Baseline Scenario 1 Scenario 2 Scenario 3
Unit %
Biogas Generation efficiency 39.1 44.1 49.1 544
Biomass 285 335 385 455
Unit %o
Biogas Availability 78.5 90 95 100
Biomass 78.8 90 95 100
Unit MW
Biogas Cumulative distribution 66 69 73 76
Biomass 868 911 955 998
Table 8. Result of scenario analysis on GHG reduction potential for bioenergy.
Baseline Scenario 1 Scenario 2 Scenario 3
Technology Scenario
Unit: 10* tonCO,,,/yr

Generation efficiency 189 196 202 208
Bioenergy Availability 190 192 195 197

Cumulative distribution 348 366 383 405

Generation efficiency 163 164 166 167
Biogas Availability 166 167 168 169

Cumulative distribution 216 226 237 248

Generation efficiency 26 31 36 42
Biomass Availability 239 24.1 26 28

Cumulative distribution 133 139 146 157

1 glom, S eqlue] % 2T BE
A7 AR H 02 A vebtt.

3.6 2&ItA &

[=]

AlLtE| 2

&
3.6.1 AlLt2|2 A

%7 LA ARG FAS vehd 2
o2, B 4T vo|edYR| 71&e Wl e 2
Mrbs BEAAFES BB ol 2ol F1&
o 27k FEAUE 2L B Aol B3 2015
A 7EAUE LR sto] BHa g, 7t E, FHES
Fo] Wisto] wE 2AH7FA AEIAAFS A5
LATLL 5%, 10%, 15% A4, 7F5E2 90%, 95%,
100%2 34, ZgE Wk Augles 20159 U
FARGEHE V&0 2 5%, 10%, 15% X452 2 319
© i (Korea Energy Agency, 2015), & oA =&
@ Holeoiln] 7]&e AL BEURAS ol

sto] 2 mFare] wiste] M2 7148 LAZA 4%
AAFS APt

3.6.2 AL}2|2 EA

82 HHAE, Ve E Y FAEGEY st o

A7 AEFAFE UEhiglen, Blo] 2oy
A vho] @740} vlo Q2o T Ztzre] A
Uele wslo] mha SAZtA PRGNS Y T B
Abste] BAteich W ag Wt AluE e A4
Hpol @ o 2] o] WA FEo] A5l wat ZHz 196
TonCO,,/yr, 202 TttonCO,,/yr, 208 ¥t tonCO,,,/yr
of SA7ks AEAAFE BT vl ekAL WA
#E0| gl wet 2tz 164 THonCO,,/yr, 166 T
tonCO,, /yr, 167 THonCO,, /yre] 2A7}A ZrE3A =
< B5lon, vpo| QA= WP g go] At whet
ZZ} 31 THonCO,,/yr, 36 THonCO,, /yr, 42 THonCO,,,/
yro] £A71s FEIAFS BTk FEEe) W A

it

J. Korean Soc. Atmos. Environ., Vol. 33, No. 4, 2017



400 AAE - f47)q

Table 9. Result of 1% change scenario for bioenergy.

Technology Scenario 1% increase (Unit: 10* tonCO,,,/yr) Ranking Level (%)
Generation efficiency 1.25 2 28.6
Bioenergy Availability 0.54 3 12.3
Cumulative distribution 4.38 1 100
Generation efficiency 0.23 2 10.7
Biogas Availability 0.15 3 7.0
Cumulative distribution 2.16 1 100
Generation efficiency 1.02 2 46.0
Biomass Availability 0.39 3 17.5
Cumulative distribution 223 1 100

U] BAoA o] eoqz] 9] 7hEEe] et
w2} ZkzE 192 RHonCO,,/yr, 195 THonCO,, /yr, 197 B¢
tonCO,,/yro] A7FA &g A =E Bt vlo] 27}
At F4EEo| A4l uet 22t 167 ThonCO, yr,
168 TrtonCO,,,/yr, 169 TrtonCO,, /yre] A7}A ZH&
FAFL BQon, vlo] oAl 747} 24.1 THonCO,,/
yr, 26.1 ThonCO,. /yr, 28 TtonCO,,/yre] 47}A 3}
2L Btk AR age wet Al e B4
oA o] ouix o] - n geo] Aol whet 2t
ZF 366 TonCO,,/yr, 383 TonCO,, /yr, 405 TrtonCO,.,/
yro A7MA SRS Bt Ho]le7pA 9] &
A xFeFo] Aol what 42k 226 THonCO,,/yr, 237
THonCO,,/yr, 248 TtonCO,,/yre] 2A47kA ZHE3A
Fe Hglon, vlolemjAes Z47F 139 HHonCO,,/yr,
146 FrtonCO,, /yr, 157 §rtonCO,,,/yre] A7}A 7H&
S uelrh.

2 0% ol eouin] Fl&e LAsls AEA
2] 19 Wslo] e LATa FEIATT SA
R GRS RESS I
ue e o] Z4Zko) Ay el 1% #sto] wE 24
7kA AEAAFE FAEE 1.25 THonCO,/yr, 7Hs
£ 0.54 WtonCO,, /yr, FAEFF 4.38 TonCO,,/yr
2 Ueht, sholSolu e A RFFol ogt L4}
2 FEAA] AV 2 ACR BAFY vl
ol F1ZAURl gH Zhzbe] Auel e 1% ¥
st U SAZkA FEYAFS WATE 023 T
tonCO,,/yr, 7F5& 0.15 THonCO,, /yr, +H EF%F 2.16
THonCO,/yr= UEh}, Blo] L7t 2 H g 9f
3 2AVEA AEAA ] 7P & Aoz BAFSI
Hpo] @7k A A H gl o3t 2AVFA ST

7|3 A] A 33 A A4 &

o|9le] WHELY} 7HEEl AT 24T AEEA
ol 27} 10.7%, 1% 2 FAEGF iy 4oz
& BT vhol euj 2] Z]EA | L o

AaE 1.02WHonCO,,/yr, 7HsE 0.39 7k
tonCO,,,/yr, 2.23 TttonCO, . /yr= UE}, HRo] @uj A
£ FARGE) ot 247t TERA ] 7Y 2
Aoz FAET. vlo| o= WA o7t £
A7 S AEFAAFE FRARGE tY] 46% o=
Ueh, S as sl o3t 247tA ASAATE
A AP Eojop & Aoz B AlueEe 244
3} vlol ool 7148 2T 52 48e Ay
° T4E Falo] m} Aol A=y e LA
2 23 ARo] o|Fol Ao} B Ao Relth,

2 A 20159 =W AZAHAE "ol 2oy
(ko] 27k, whol 2l2) WA SEAAAE
Aoz WY LANRE o8B AFAUTH £
P2 GE 7] WMol 2 A7 423
F AYEE £A4sT Hlol 2| A] 7]« &9
ARE ARG o] 443%, HR71E2E volo
ThA 75.8%, Bro] LUl A 12.8%9] A2 7} 2R E %},
Hpo] 2 o9 7] 7]zl ot 2A7EA ST 186 T
tonCO,, /yr2 Vet o, A5 (scope 1) 143 7
tonCO,,/yr(76.8%), 7+ 75 (scope 2)-= 43 YHonCO,,/
yr(23.2%)2 ekt vrol ey 2] /Er]ed 24
7t & EF0A vlo| &7kA= o] 4kEEA (CO,)
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9 ThonCO,/yr (5.5%), & (CH,) 5.5 FHonCH,/yr (94.5
%), oFAFE}E 2= (N,0) 0.00003 FHonN,0/yr (0.004%) 2]
Hl& 2 Ueiton], vlo] euj A= o]4kateka (CO,) 25
TonCO,/yr(107%), Wet(CH,) —0.03 TtonCH,/yr
(=3.2%), oFAF8HA 2 (N,0) —0.0033 FHonN,O/yr
(—3.9%)9] Bl&= Uetth A g 247t
2 5T AT} vhol oy x| 7|« Wit &9
=2 AAETFE oF 8547% T2 UEgeH, 7
&2 L Hlo| Q7FA 76%, Hlo] QUi A 74%E EA T
Atk FAAE 7|8k 2ATFA HEA T HA S
718ke] A7k HETF A 9] Afol= AR of w)
2t 2AZFA Aol tieh A F T} ABE ARRe
2 o5 A3t §I3t viol 2olv A AlR7&E &l
A 2AZMA FEF N=st A AT ag Ao
2 Helth ® d73Zd3e}l UNFCCC CDM AR #to
2A7MS AEUDS] v AT, CDM AFgLe s gt
2ATIA ST B AT mET 247
AELE] dvl & $SAE EATh AvE|e 24
A} vlo]@o ] 7]&9 2A7FA ASAAF SH
oA BHAE &N, 7He B (2F7]%), FAET
FEFEH) BF 2A7A AFant Je JeR
uretstth 53], vpo] @ 7pAet Hlo] emf A BT AR
Tl o3t 2AVEA S F] T F AR
A= e} SHA T vho| 0 7k A= A B g o] W
Aagy} 7H5 B 3t 247kA EFAF ] 10%
FE0F2 WA Yehd ¥ vpo] Quj A X R FGF
o] HHELL 46% 202 JHHo 2 2 £F
o3 FAEct

2 AFE Hge g vlo] ooz JfE7|ed] ot
AEAQ 2AHTA AETF AR S A ARAT T
A vto] o vq7] 7]&e] tigt 7l A =283
T oA, AF7ES RIS 247tA AEF A

7} A&A oz e oo & Aoz ARHT.

-

dAtel 2
o] AL 2016WE HAY|EAE ooz &
st ATZA (No. R16111)9] dgtoz $3Eglo

o2 R BANEE £ - Bestel A4RES
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