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— BR1ol&E 20119 A#F X7} 235 0] Ja BR2olE 2011 thAl 201313 ¢] 22X
7F 23 U+

— A9l A BR1JE A7} RuE A &XvF BR29= 2020@ 7 203043 2]
A7 Hag,
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— CHP9] 7|#(engine)d 7|24 APy FUARS &8 & 7|Fo 2 7 9 Y
Al FEE kW), AMY E7E 45 AAEs 48

o = AAF g

o] 43t SHPE CHPZ mxﬂ@ =
— EF ARRAEAA wid Al oig EEHE %o} 7 %%k §39 bio}
o #E 59 4
o CHPZ ] Ao wi& Asdefyt CO, Med= 712 =55 9T 7124
O SHPE +dFo 2 Lo He d8 A¥F 2 CO; &% +73
@ CHPE #+9To= 285 A8 &HF 9 COo, W% +4
@ d5 HgFH CO, MiE #5FS O - Q= 4
o CHP wWj& AX7IE &3l W% 8% ¢ o5 AAZFFH
— EPA9] eGRID System= %3l W% d& < 7b5
— CHP Calculating System< &3l 71} CHP thA] &0 W& A A 9 7=

e F4 7153
— BR29] w2 CHPS} GPP(Green Power Partnership)Z <13+ CO; =22 2013

d 36,300ktCOze, 2020d 73,300ktCOel. 2 FAH,

CHP 2 7|g} ¥ A9 oA Aok 2 CO, #F JAZF
Combined Cycle
Category 10 MW CHP 10 MW PV 10 MW Wind .
(10 MV Portion)
Annual Capacity
85% 22% 34% 70%
Factor
Annual Electricity 74,446 MWh 19,272 MWh 29,784 MWh 61,320 MWh
Annual Useful Heat 103,417 MWht | None None None
Footprint Required 6,000 sq ft 1,740,000 sq ft | 76,000 sq ft N/A
Capital Cost $20 million $60.5 million $24.4 million $10 million
Annual Energy
Savi 308,100 MMBtu | 196,462 MMBtu | 303,623 MMBtu | 154,649 MMBtu
Savings
Annual CO;, Savings 42,751 Tons 17,887 Tons 27,644 Tons 28,172 Tons
Annual NOx Savings 59.4 Tons 16.2 Tons 24.9 Tons 39.3 Tons

Source: CHP, A Clean Energy Solution, August 2012.

o CHP= 7] SHPET &840 dd 45 AAdo=2n A5 AT CO. H
=g Soled 7ot A=)
3) olsh Wil IAZ SHPY 7|% g wddkeln, A8 A4 FF A& 33%] THL U



0 {X]&Z& - CHP Vs SHP(Separate Heat and Power)

Conventional Comhbined Heat and Power
Generation 5 MW Natural Gas
Combustion Turbine

Power Station Fuel and Heat Recovery Boiler

{(U.S. Fossil Mix)
91 Units Fuel

.
30 - ~

Power Plant Electricity E.:;.l":.w Electricity

EFFICIENCY:
33%
3% Combined 100 Units Fuel
Heat

EFFICIENCY: & Power
BO% {CHP)

26 Units Fuel
Boiler Fuel

45
Linits
Steam

Heat

Heaat

51% ...OVERALL EFFICIENCY... 75%

Zt&: EPA, Fuel and Carbon Diocide Emissions Savings Calculation Methodology for CHP Systems, 2015.
F) ZF oA A &2 eGRID20129F =7} 3t ofjuA] ¥g 9 Fa) &8 vkl

— CHP= BHA o2 HF oy A AsF &8&9] 60%~80%° E3t=H H3| SHP+=
45%~55%°) XL U+

— CHP A &=®l2 A ik dou=] At o] F A5 AR ZFE¥T ofygt ¥
& 5EE 5% Aoz Hrhd.

— CHP7} € 45 Units?} A8 30 UnitsS A4Fsk=d 100 Units7} 2.3+ ¥+ SHPZ
T Fo dE @& Aikst=d 42 91 Units® 56 Units7t £ F 147
Units7} 83 ASZ Hr7E1 U5

CO, H{E - CHP Vs SHP(Separate Heat and Power) Production

GConventional Combined Heat and Power
Generation 5 MW Natural Gas
Combustion Turbine
and Heat Recovery Boiler

Emissions
Power Station Fuel T s kTons >
(U_S._ Fossil Mix)
- %
Power Plant Electricity 33&? Electricity
EFFICIENCY:
33% Combined CHP Fuel (Gas)
Heat -
EFFICIENCY: & Power
80% (CHP)
Boiler Fuel (Gas.
{ ) = Boiler Heat 173130 Heat
=z Emissions EMISSIONS s

FannsssLEAIE RS N\ P R S A

13 I:Tons 23 IcTnns

A4S5ktonsiyR ... TOTAL EMISSIONS... 23ktons/iYrR

Zt&: EPA, Fuel and Carbon Diocide Emissions Savings Calculation Methodology for CHP Systems, 2015.
7} CO2 Wl&H2 eGRID20129] Htg 7|¥to g 2HA

— SHPY A% A7 35000MWh AAFsl=H] 32 ktCO.E vjS38ta, € 179,130 MM



BtuZ A2Fet=d 13 ktCO S wi=g
—wid CHPE B8 A3 A8 Adaedl 23 KCO,E WEshel 2% o] 22
ktCOzol] &3t

4

Z}. BR13%} BR2¢] #HS &3 o] B
o "=2 BRI oA WA 7]% &5 RuxE Hluqs o BR29 HHER 7|E2

L

M
X

2. [A]=] Clean Power Plan (CPP)

7F ddt /%
o 201549 Clean Power Plan(CPP) ¥ 111(d) ¥&
o CPP= #A7|do = 20309 20053 Hl&5F9 32% =S &
— Fossil Fuel—=Fired Electric Steam Generating Units®] 7= 3%
- Net MWh & CO2(Prounds)E& 2022~20294d <ol 1,534(1b/MWh) 7=
- 20309 = 1,305(1b/MWh) FFo=g2 =
— Natural gas—fired combined cycle generating units®] #=5&3%
- Net MWh 3 CO:(Prounds)E 2022~2029d Fol 832(1b/MWh) #H=
- 20300l 771(Ib/MWh) FFo2 5
. a5 J3AF 24
o EPA= 7zt F9 T 2 FHF @A HFEEE 1Y AMdAT #H=5F
(Ibs/MWh)3 CO, @] (short tone) 2 A A|stal FE #Aojd we} HElsiE= 3t
- 5587 7P 2 2 9ARE F7F E31 X = 1188lbs/MWh (208,090,841 short
Tons), HZF H3X X+ 1042 1bs/MWh (189,588,842 Tons)ol| &3t

2 %

Y

[1

o BRIAS 93 EPAE HlE =9 A A A (BSER: Best System of Emissions
Reduction) & 53 #o] 3719 E50=2 U
— Building Block 1 (BB1): 7]& 38 w49 AH] /A 53 CO, wil& 54
= |

— Building Block 2 (BB2): 11uj& 3¥ @S -
— Building Block 3 (BB3): HjE 3} TS AAQEANUALE A

N2 59 7 38 3709 Agow FF Bt g go] B2 -
)



2030 7 N9 #AEF FAZFS AT £E5E AYA

BB2—TWh of Total NGCC Generation at
BB1—Heat Rate L BB3—Incremental
75% Utilization, (Amount of NGCC
Improvement . . RE
Generation Potential Incremental to .
for Coal Fleet ) Potential(TWh)
Baseline)
Eastern
. 4.3% 988, (253) 438
Interconnection
Western
. 2.1% 306, (108) 161
Interconnection
Texas Interconnection 2.3% 204, (66) 107

A+&: EPA, CO2 Emission Performance Rate and Goal Computation Technical Support
Document for CPP Final Rule.

3
— Step 11 2t A 99| e AWFH vjEFe] 7]FX] (baseline) F3

— Step 2: Z ¥ 54 2 FEE st 7 A9 wiE 2 dg AL A
— Step 3: 3ETHI HAVIE B9 wEFE FHENSH/AEYAA)

— Step 4! E€4&ME /WA (BB W& ZF A Y A4 wiEE A=

— Step 5: AAAATA] YA (BB3)o| WE Zt Ao AHWAT viEE A=
— Step 6: FAZFEEH WA (BB2)o WE 7+ A9 AHAWMT wiEE ALE
— Step 7: X9 - FHALE Block AH(EA&vE 74 & ZANA EFY

Z}. BR13} BR29] Z=83} o] © <l £
o "=2 BR1# oA WA 7]% &5 HuxE Hluqs o BR29 WHER 7|E2
L3

3. [9]=] Clean Energy Supply Programs: Green Power Partnership

7}. 4y 83
o 20013 EPAE AAYA AL&S Sdsla 73S B3357] 9

Kl
Z g2 132l Green Power Partnership(GPP) =<

rol

2oz A

o 2015 #A 1,300707F E& FEYE] AZF 3009 HkWhe] =4 o qA] A




g 7% ZAF 24

o GPPE TAH CO, Wi #5FE FYS/Iucke & 22 0dS HFHoz o
I ge }EUS g5t 97

o GPP+ Al A93 CHPS &7 EPAY Clean Energy Supply Programs = 3}t
o GPPY] 247} AL CO, AHES] ofd A=A 91Z4 (RECs: Renewable
Energy Certificates) = =738}

o MEU AYAE =8 £FAZ 17] A§ 4= 52 EPAY] B

=
22 AA F A AHg wo

7 2HAE)

1

24 UA Ha 2T 8T

A AR (kWh) GPP & 87" AHg GPLCH HA a7 AHF
19} o] Al 3% AH&FFe] 30%
1R o] ~ 19 o]3} A&l 5% AH&F2] 50%
1k o] ~ 13Wt o]8 AR 10% AHE-EFe] 100%
1Rk o] AHEe] 20% A7 v
A5 EPA.

o GPPE T #5F F44 =
- SHAEE AT FkWh)S 7Ee= 247 Z
HASE7] o) ol AR A el thgt FHI} & 8Hdste] 48
gst7] ofee FEdd

2. BR13} BR29] #EET o] B 949 £

o w=¢] BR1%} o4 WA 71% &5 BuAE HwglS o BR29H HEH 71ES $YF

4) Green Power Leadership Club.



A3A A= HE, BH/FF)

220

o

A A F

L. [¥]=]

7F. 4y A3

o LX) 2} (Energy Star Labeled Products, ESLP)%)

o ndE oUA 717], ZA & ZIAA (A 709749 AFEL W, A FETS
BEE FZ2)ol st} A|A e 45 Foste A=ZA vl= @70 T2

o 19920l FAAF AR 2E7F =Y E o, 20108 A Wk o]
R 2e ZEaH AH Fo

3

o w=ele]

U A3 AE B4
o FRAAF A 2e =2 AW (ESLP) 9] 20209 5 S (H9: ktCOzeq) = U
3 govi o] Bz AAEE AF BRFL B2 F5E RololA 20204
o 24 7153 =g E u|dles Ao =R B,
BR1-CTF BR2 OAR(2015)
2020 141,200 141,200 141,200

Zkg:0 DOS(2016a), DOS(2014b), OAR(2015) — "= 3AE A AxpH A

o. a7 4
o & HE duAzg 2RI A5F AR (D ktCOzeq)
BR1-CTF BR2 0OAR(2015)
2011 99,700 na 107,400
2013 na 155,100 155,100
25 DOS(2016a), DOS(2014b), OAR(2015) — w=F 374 A AXFH LA
— BR19] 2011d =83+ 0AR(2015)9 Z<& 39 =839+ zto)7F A+,
Aol Mol gy zoleo] flo g B,
o At A=aH (A=) THAATH HEWoz AEEE 2+
* ESLPol 93k A7 =7
= (ESLP A|Fo] ofd ik #AlFe G A3 oA AL&=F
— ESLP AF9 @93 Azt oY A] AFE=H)
X (ESLP A& A7 #AwjzF — 7]1F<HBAU)S ESLP AEF9o =4 IAvufjz)
X CO; Bl &=AF
5) B Ao gofRo] A& ofoiRE BuA BE 3% A3 Do) QE Folm FE



— ‘ESLP AlFo] ofd tixx AF @T Azt YA AL HAHAAE
£7]1F v ESLP 8&7|F0 vEs = AFe H oyA 2183 1§

— ‘ESLP A|F9 @93 AzF dlyx] AME#'2 ESLP A7 71&3 Aol 3
st 87| (F ESLP A& HA 58715)S 48

— 7]ZH(BAU)S] ESLP AlF9 4 e 4 Al AFY AY-H & H&
I AFo NFAAH EYE Foha sy, FAFHA AAE §lS.

— ‘CO, WlEAF = A8 A5 sHAmESAST FE, A7t 2 A5 /9 A5

AF @R EAs 48

# @AM ZA 5 ESLPe) o8 Zasts A¥e 91 3FAE
Mel WA AES AR odd AYFFAY WE A FH @
CO, WBH (%)< ESLPY Hesa gagon Yol

o FH oA 2E 2| o] FALE WAEY] ffs ESLP A Aol F
AR 2et zEaYo A 247t @ 3 ESLPY &de F9 olyx =g

ol A A £} ¢,

o ESLP A% BEY Az g3t Anny o 23}

o BSLP ZEgd] o3} g4sE /b4 ouA 243 EE g5 gaAE
B7370] I ol F A3Ae] FAHA ke ANA FE ACE B

2. BR13%} BR28] #5&H Aol B 4 £4

o Qo] ‘tPFelA AHE nie} o] BR1 ¥ BR2E 7t A E thE 1ol s
At AEaE AT glo] ols F BuAwe R HEAIe] AolE HluT
s

o @FANA BE b5 B AN

o FYUTE YA LHEE FAAEE 88t Jomz v WS 983
e F4sta BURC w98 = slov, & A7A=
E 3

o o] EAAES A5HE
]
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2. [ =] A FE AE oYX 2E} (Energy Star Commercial Building, ESCB)

B

o

o] Fot

g

bs

A=2ZA &7

L
T

5

2} (ENERGY STAR)S 3o

of tsf %

A=

h

o
3%

o 1995 ESCB7} =4® oldf, dlyA=e HES AA 28,459%F° &3

U ZA53AE B4

kil

= e

9] 2020 =% a9 (FE: ktCOzeq)

2
=

2=

U 2| =8}

BR2
93,500

BR1-CTF

93,500

20203
DOS(2016a), DOS(2014b)

A&



o A& WE dUAzE 2 s a3 ktCOzeq)

BR1-CTF BR2
2011 86,600 na
20134 na 96,000

k50 DOS(2016a), DOS(2014b)

= (ESCB T;Hﬂl:lo S
— ESCB thdo] & A5 g 2 HA7FE &ul=) X CO, wiEAls

o —

o ESCB &9 fF -Fo & YA AH& 28L Horowitz(2007)2 H&
- Horowitz(2007)—‘: AUAEL AN Zwo 3 AA A HES ©JF 1 n)=
H Uy AN ZRYH &Y T dUYA|AH AREaHRE FH

—

o o]F Aol W2 9ls) ESLP Aate 293, AE 2 HAstA FAbe] Fow

o =779 HrtE 271K W o g o]F A= Ao E ®H A, ESCB ##H =
TS StEAd AAl Al FEHIE Bor A4, B Ad ¢ R AEHe] =
PiEA o]Fof o]& zAEe} A TS HFAF] HES= AY

2}. BR13 BR29 ZA=83 zlo] H L B4

o kol ¥ miel Zo] BR1, BR2 ¥ 0AR(2015)¢] =30l = 2tel7F fl=. ©
ol vlFo] & uf AL TxAF T dAAHS FASL UE

s @RS A4 FsA R A

o AAE AE YA 2EHESCB) Z2 1S HA o|YA|2E TR2aH 3} Holo]
7] W&ol $ElugtalAe] AL 75 2L AAIA L £20A41F o A ~EHESLP) ¢
SASEE A7 NE AT (7 WES B HIAY BE 22)



3. [F)=] 7171 5 YA A& 7]1F (Appliance, Equipment, and Lighting
Energy Efficiency Standards, MEESZ ¢f3)

7} 4yt %
o 717] T AYUAEE7|ELS A 609F o] AF2F dd HA A ES
712S A= ASZAN vla oUX{ 7} F=338ar, LBL(Lawrence Berkeley

National Laboratory)e] 418 =
* YR a&7|Fe] AR AFIFLS EE FX

U. A3 AZF &4
o BR1 ¥ BR2& MEES A& 93t 202039 =82 7(216MtCO,, BI(IF)ZH)E #
AFo g AA st Y= 74 HuAe] A= T3 Aoz oy,

o 7171 & dUAEE&7IE B H=F A (9 ktCOzeq)

2011 20134
7171 & YA EE7F BR1-CTF 156,000 na
R ERR BR2 na 173,000
7171 & qUAE&7FE BR1-CTF 19,000 na
(£"H5-) BR2 na na
7171 & YA EE7F BR1-CTF 175,000 na
(Zr 5 23 HA)D BR2 na na

kg DOS(2016a), DOS(2014b)

— O73AIFE MEES AlF9 @93 A7t HFAUA(HY e dd7t) A3
— MEESe| W& =7te] Az HFoUux(Heg = JAA7x) d7%
— MEESe] @& =7t9] Azt 12|y A A
— MEESe] @& =719 A3 24712(C0O,) #53F A
o MEESH w& HFYA AddFe AFEZ 87|59 -5, W AFY U
TEF & st AAEH, 1xfolyA] Aok dUAdE=E 1a/HF vl&
< A&3to FH3
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Z}. BR13%} BR29] #AEFEF 3o] & 4 £4

o w3 BR2oA 717] & E&7|F &3 20201 CO, 752 216Mto = BR19 7+
%33} FUF. ol LBLY 5 nuAel EYE ¥ An 2.

o @FANA AE b5 B A

1) 7E=AAQTE B Ho}

o $aUatE oz 2 H
o] 71#AIEe] FEAAE F48a BURY w3 d = gloy, B A 29
S PR e
—nFo] s #EEFE VFARS] Ao|Poz A3 = FlEFL A
Aol Wol. MEESe] o3 #3&an g9 71Zd=E MEESS] c%} A7 o]
g Fute] gl W&, M= 271 AEEEE 4 20054d0] VEEEY,
Bg Z7EES} A daME VFEEE vl 7}—3—%& e

— MEESY] =4
2 A8st= Wyo] o3y, BR1 2 BR2E A o] 3 WHS A L3514 &S

— 33 wFo] FAHE =g = MEES 2199 748 FustsE A5e €
F doy, 7 Z=EH4 gste] MEES7) 71948t AEZ B 5 QS

o o]y HE& 1T W, -t BURS MEES 3| @3ate AUA HAAHEE

Z1Z deide AHS Aste JF2 vt o A AFH AEad=
AF T ATHFEAAN THHLE OF= Ao] ugd & Aoz dAdE,

- AE 5 ATEEANN FHHoE dEGH gL AFEHE NUAAY £ 7
SAAEE FAA] olYsta AP UM AR-FTE T HAXMEE VF0
ol 3k o ¢ BEEY

AARERE WEARD S o ool HPRE

© MEESE v]5 AU|AF] iAol 8l 247k 45 T2 a5 024, |2+
7F MEES Al=9 &4 = 7+ 244, J3 2 #4E A, LBL(Lawrence
Berkeley National Laboratory)2 7|4l % &49 AE7]&4.

i = = e “E*PZ}il‘i—t MEES] sigste oy A HALRAEE 7ES &
Fste FAdl, 8 A HAALHEE VFEARY AFAEHRE BN A9V R
< A3k -%Oéﬂ T US AR Hel
— A B47)|89] &9 23] {2 #E, #A AL A7 FH T A A9



A4d FF

1. [9)=2] 2438 719H F 98 A = (National Program for Light—Duty
Vehicle GHG Emissions and CAFE Standards)
7F. 4y A3

o 1975 w= 3=
EPCA)S E3le] nEx
(CAFE)E 3l== 3

=

ol x] A3} B EH(Energy Policy and Conservation Act

2 3t F AFA eI A 19783 ZFHRE 71deS] AulFA
— 2025971 A] W& %S 163g/mile v AUTF 54.57tY F3) H3

L

U ZA53AE B4

o 2012Q@%¥E 2025871A ¢ RYATE An|/2A7AuEHE V|Eo g A,
— AFA w71 vlE 2478l AE A} ol o
7+

— oA aeNdS B3 HHMET

O REES 24
2719l &AL
- 71EAUY (R eference Scenario) &} EA4|AJ Y2 2 (Control Scenario) 4
— SAAYY A FEHaHE LRSS Ao R ATAE A a3 AHgstn
AAAF AFEF EH 71

o 20129%E 2016374 Bl AFat L3
< 960MtCOseq. AELHIEF 7

RELE = S B

o}'}lr
=
e
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o dlolF A2®E R EY 15
— &9 A% oyl A5t A& A A 40%(5.7g) AL EI} 2A

Z}. BR1%} BR29] A a3 o] € Ul &4
o BR1o|AHE 2025 ERE AAY 54
— 20201 713 236,000ktCOseq z.&%
— BR1¥} BR29¢ 2020 #=EJFE= 593

o AE5T oWl WY, e 49 AR 2L 9
o A 7|1 n5H/2E A (Department of Transportation/Environment Protection Agency)

0 2012~2025 ZFZE &I e A Volpe, EPAS] OMEGA, MOVES 283} ## 244
AX AAshe ARE AHESt FAF F4

ah, @FNNY AE ASH R AR

o HEHFAFI FE A CO, CHi, N,O 7 ohje} HFCsE EF3 5832
BEIE AL =YY B Y

o YukeE A, Ve v A Wi Aol BAY Fe

2. [F]=] AAANIALDE 7] (Renewable Fuel Standard)
7F. 4y A3

o 202247k W 3609 APAUA ARG AHEHE RoT FOE )F 4

=

- dmst FUa A P9, AN LU s MEF /F A

g 233G 24

O

¢

rfo

A7V a3 = AN (Lifecycle methodology) &8

l

o BARANN AMNIAAR 7FE #F AT FHLFL L] 3
A

— A8, 7Y E (feedstock) AAF, En,

o WY AR Wsle} %o Wl FASOMEE A&
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W e (Methane) = & W& #]&2(Total methane emissions from different animal types in
different states and manure management systems, pounds (lb) per
year)
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3. [€ ¥ ] Holistic Policies to Reduce the Emissions of Fluorinated Gases
7. 44 3%
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- [¥]=F] Combined Heat & Power Technical Assistance Partnerships and

Industrial Assessment Center
Clean Power Plan
Clean Energy Supply Program - Green Power Partnership
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1A Al A 2~EF (ENERGY STAR Labeled Products )
448 AE YA 2E (ENERGY STAR Commercial Buildings)

7] & oY A && 7] (Appliance, Equipment, and Lighting Energy
Efficiency Standards)
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=498 719dFG 7 An A= (National Program for Light—Duty Vehicle
GHG Emissions and CAFE Standards)

- [\ =] QAN IR AR 715 (Renewable Fuel Standard)
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A &753 A &8 (Sustainable Materials Management)
#7118 7= AZ-gA) 2 (Promotion of Waste Reduction and Recycling)

AgSTAR
Agriculture Sector Greenhouse Gas Action Plan (GHGAP)
Agricultural Action Plan
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o] AHA| 2" 3t SFs viE A7 JEUY4A (SFs Emission Reduction
Partnership for Electric Power Systems)
- [\ =] Significant New Alternatives Policy Program
E] oA ZgL 5 47 7t £ wlE A d A (Holistic Policies to
Reduce the Emissions of Fluorinated Gases)

A AHE
- [¥]=] Woody Biomass Utilization grants Program
[v]=F] Biological Carbon Sequestration Assessment
- [9E] Forest Sink Strategies
o}, B &7+ (Cross—Cutting) %
- [94=+] EU Emissions Trading System
[ ] Introduction of EU ETS
- [9E] Establishment and Implementation of the Joint Crediting Mechanism
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o The President’s Climate Action Plan6)9] &
— 2013 State of the Union AddressolA] 7]%HH

A% B 2ESY 20 939 &

o) 2A7FA vlE S

Challenge
NYAEE7ES A2E 23

ke

- Federal Quadrennial Energy Reviw A| =3}
CAwR R Fr4 73

ﬁ‘i’»‘#gi aed Yedts A3

AR EEES 20%

§‘r°ﬂ SEA] T8 2 EA Q] A1

o] 741 8}= Better Building

6) EOP (Executive Office of the President). 2013. The President’s Climate Action Plan.

Washington, DC. June.

<http://www.whitehouse.gov/sites/default/files/image/president27sclimateactionplan.pdf>
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(&k9]: TgCOzeq)
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By
2000 | 2005 | 2010 | 2011 | 2015 | 2020 | 2025 | 2030
Energy 4,258 | 4,321 | 4,104 | 3,981 | 3,936 | 4,038 | 4,141 | 4,207
Transportation 1,861 | 1,931 | 1,736 | 1,765 | 1,710 | 1,702 | 1,660 | 1,627
Industrial Processes 357 335 308 331 378 438 504 536
Agriculture 432 446 462 461 461 485 498 512
Forestry and Land Use 31 25 20 37 30 27 40 35
Waste 136 137 131 128 127 126 125 123
Total Gross Emissions 7,076 | 7,195 | 6,812 | 6,702 | 6,643 | 6,815 | 6,967 | 7,041
Forestry and Land high sequestration —884 | —898 | —917 | —937
: —682 | —998 | —889 | —905
Use (Sinks) low sequestration =787 | —614 | =573 | —565
high sequestration 5,759 | 5,918 | 6,050 | 6,104
Total Net Emissions 6,395 | 6,197 | 5,923 | 5,797
low sequestration 5,856 | 6,201 | 6,394 | 6,476

. BR29JA 9] 2020d #AHER

o 2005\ HiEFEY 17% A

—BR1e|A 9] 2020 =3kt &Y
—2020d 239 o]l AAHL Inventory of U.S. Greenhouse Gas Emissions and
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- National Programs for Light—Duty Vehicle GHG Emissions and CAFE Standards

- National Programs for Heavy—Duty Vehicle GHG Emissions and Fuel Efficiency
Standards
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- Regional Greenhouse Gas Initiative (RGGI)
- California Global Warming Solutions Act
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- State Renewable Portfolio Standards

58 oUA BEA

—201593 AE7A 9 Fas3

— A" WS 2014 Climate Action Reportol] 4] A}&3F Az
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<3 2-2> BR2 Current Measures &}¢] F3H o]~

-
X

U_?‘_'.

gkl ek

AL

Fol s} A

(&k9]: TgCOzeq)

e ek
g
2000 | 2005 | 2010 | 2013 | 2015 2020 2025 2030
Energy 4,280 | 4,345 | 4,097 | 3,898 | 4,004 | 3,860 3,816 3,657
Transportation 1,862 | 1,929 | 1,758 | 1,739 | 1,701 | 1,680 1,622 1,578
Industrial Processes 397 367 354 359 388 430 477 497
Agriculture 460 494 525 516 512 504 499 494
Forestry and Land Use 32 26 20 23 28 28 28 28
Waste 182 189 145 138 138 138 138 137
Total Gross Emissions 7,213 | 7,350 | 6,899 | 6,673 | 6,772 | 6,641 6,580 6,392
Forestry and Land high sequestration -970 | —1,191 | —1,201 | —1,118
: —641 | =912 | —872 | —882
Use (Sinks) low sequestration -928 | —1,044 | —908 | —689
high sequestration 5,802 5,451 5,379 5,274
Total Net Emissions 6,571 | 6,438 | 6,027 | 5,791
low sequestration 5,844 5,597 5,672 5,703
o. BR13} BR29A ¢ ZSER *}o]
o Z&EH = BR1F BR2oIA Y3
—2020d #EHE3EE BR1¥ BR2EF =9

oA 20059 7= 17% %
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#3 &Eas
(29 ktCOzeq)
g SIFRE =9 B NHAE LA~ 2!
Fo3 A3 38 43 FL W& H3EA 13 a3 247 2013 2020 2020
(22h) (12 2ah)
National Program for Light—Duty Vehicle GHG s 72} (new light—duty vehicles, LDVs) 7| 4ul& <1 CO2, N20,
& - 2 5 2 2
Emissions and CAFE Standards e A BAA S} ATt ERT DOT/EPA 2010 CHa, HFCs 35,000 | 236,000 ) 256,000
Renewable Fuel Standard T Al AQAz vF Fd EPA 2010 CO2 na 138,400 | 138,400
National Program for Heavy—Duty Vehicle GHG e WA ol s e u=a] 9 CO2, N20,
Emissions and Fuel Efficiency Standards e A W3 duagst Marls DOT/EPA 2011 CHy4, HFCs na 37,700 37,700
SmartWay Transport Partnership FE A& dEolElM e W& Azt EPA 2004 CO- 33,000 43,000 43,000
5 ng}{t—Duty Vehicle Fuel Economy and s A s <ol A A2 EPA/DOT/ o, na na
Environment Label DOE
National Clean Diesel Campaign TE VA/NA WlEx4d7)|4y AgF ALow HAH Az EPA 2008 CO2 na na
P
Advanced Technology Vehicle Manufacturing P 87 NA% g7 DOE 2008 €O, 2.500 2,500 2,500
Loan Program
Next Generation Air Transportation Systems i A, AT | e e Az AT DOT 2004 CO: 200 3,800 1,500
Other Aviation Low—Emission, Fuel Efficiency, Y Abg, A 2004 ) . i
and Renewable Fuels Measures e A DOt —2006 €0z na na
State and Alternative Fuel Provider Fleet P ) AFVs H]Z/el 227k ) DOE 1992 €O, na na
Program
Federal Transit,  Highway, and  Railway Y A&, 7AA 1991 . i
Programs T3 AT DOT ~9012 All na na
On-road GHG Assessment Tools FE AR, A AARGR 27 F4 AR DOT 2011 CO2 na na
T2 A E AA 71X Y, A8 AR, e 205, X
Vehicle Technology Deployment (Clean Cities) T 737 o thah A 71 14785, 4 DOE 1993 LO;\I (C)HJ 6,700 15,600
2
2 qFELe] ulo] 9 A4 A Aln)
Commercial—Scale Integrated Biorefineries T 737 o] o7 1609 w7 DOE 2009 CO2 na 800
slol= 2 7ML 100)
) servati : e 7
Energy  Efficiency and Conservation Loan PRy }E(; 3 A USDA 2014 COs na na
Program ke
B
Clean Energy Supply Programs OLL_] VA/NA Green Power Partnership & CHP partnership EPA 2001 CO» 36,300 73,300 73,300
€]




A 1314
9 kiC0seq)
i s 1) a0 | N4dE | d Laka
T ELEss Tl S| Agdx | gy &4t o | |
@) | 1@ | @)
7| Hydroelectric Production Incentive Program A F ey 83 DOE 2013 (0, 12 1
: T e A 90 93 o 228
Onshore ~ Renewable  Energy  Development qiEs JH‘M\LW s e o 334 T 0, aa | a5 | ats0
Programs A 84
Rural Bnergy for America Program A F USDA 2008 | CO, CH | 1136 | 17500 | 17500
(CS Demonstration and Large—Scale Geologi SR 0CS: (CS 54 342 43
S UL e NE | e || 10| 1500 | 855
Storage Cooperative Agreements g A g
Rural Development Biofuels Programs A3 USDA 2008 (0, 12319 | 100 | 17250
Biofuel Regional Feedstock Partnerships A3 B orjx 32 49 DOB 2009 (0, 1 I
Offshore Renewable Energy Program—Bureau of pe AR A DomBeEl | 209 0, u "
(cean Energy Management
EPA, states,
Clean Pover Plan A3 Aitg )& wila 22 AT and tribal | 2022 (0, 2 12
[ands
Enh.anced Geothermal  Systems  Demonstration pee A28 s 03 0 ; 0, u ;
Projects
Offshore Wind Demonstration Projects A3 4 quA g ug A9 DOE 2012 (0, 12 1
_ | Regional ~ Carbon ~ Sequestration  Partnerships 33 B 0 - 0, 000 ;
(RCSPs)
Appliznce, Boupment, and Lighting Bnergy | duA: 714, 4 607 o9 HAAE quix A% 4
S F " R DOE | 1 | C0 | 170 | 2600 | 2500
Effictency Stendards A9 5 a A7)E AR
w77, A o
ENERGY STAR Labeled Products 44 320 A EEAT AXEA EPADOE | 1992 C0: | 153100 | ML200 | 141200
UH AL
771, %
ENERGY STAR Commerciel Buildings 4 2 SRR ik E L EPA 199 (0, 96,000 | 93500 | 93,500
T HTa
, AR 59 00 A4 7
ENERGY STAR for Industry Rl 320 g7 i& 49 A4 EPA 199 (0, 39,700 36,600 | 36,600
7744, % )
ENERGY STAR Certified New Homes Rl 320 Atre R A a EPA 199 (0, 3100 | 3800 | 3,800
TH HTA
A: M, A
Home Performance with ENERGY STAR Rl 0 71E7 R g A N DOE 2002 00, 600 | 2800 | 2800
T HTA
A: 4, A
Building Energy Codes quA ik AE 3c DOE 1992 (0, 29700 36,100
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34 1514
(%} 1400:eq)

0
(24)

Assessment Centers

Combined Heat & Power Technical
35 | Assistance Partnerships and |

ACRER EREER

DOE

(0,

na

36 )
Analysis

National Energy Information Surveys and

DOE_BIA

(0,

na

37| Green Retrofit Program

ol

QIEERA ARRA  fundZ 9501;% o
20,000mit A9 9 A Az 3

HUD

2010

(0,

na

38
and Standards

Update Energy Eificient Building Codes

o

HUD

JUSDA

2010

(0,

na

3 Incentives ~ for ~ Energy
Homeownership

3404 08 dELI A

HUD

1985

(0,

na

40
Target

Renew300 Federal Renewable Energy

A FAdN At A 00 44

HUD

2014

(0,

na

41| Better Buildings Challenge

DOE
JHUD

2011

(0

na

42 | Better Buildings/Better Plents

R LR e

DOE

2011

(0

na

43 | Superior Energy Performance/IS0 50001

AE, ¢4, Z2EZ A3 98 A2

DOE

(0

it

44 | HUSA

DOE

(0,

1a

45 | Better Buildings Alliance

DOE

2008

(0,

it

46 | Better Building Accelerators

DOE

(0,

1a

Program

Significent  New ~ Alternatives

3 A 02
3 B

EPA

1990

HFCs, PRCs,

N

316,868

18

Natural Gas Sector

Federal Air  Stndards for O and

EPA

CHy

47500
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S RIE]
. . Jong - 2 y A (B4} ki00zeq)
43 i e | AW | 444 Faué g | AgdE | 4 e
213 | 2020 | 2020
@) | 14 | 03)
Ao 2A
19 | Netwal Gas STAR Progam (n;}f_zo% ESRE | AR | A9 7204 d2 A Po | | oh | | 22000 | 3180
Kk EELER 0 Y.
50 | Coalbed Methane Ottreach Program o A AR | e B WEkA AT EPA 1994 CH 9620 | 9400 | 10530
(non-C02) | &8}
o - : 427
5l ElchmCEE)I;S;?HS\SE?SC“OH Partnership ~ for (Hf_z 0709> RUAZ | A% A8 | 249409 9EA2 BPA 1999 %, 550 |0 | o
_— - . Kk N ald, | FEAY Edag 0ETANE ‘ 0 ‘ i
52 | GreenChill Advanced Refrigeration Partnership (10-C02) A 34 | Ap EPA 2007 HECs 4369 | 8800 | 15,274
ﬂ 4 5 8 . Apl 2o I 0
33 | Responsible Appliance Disposal Program (nof-zol)?) Gkl VANA | $9%2 HAE 02 A7 EPA 2006 HRCs 0T 1 600 | T
A2 .
54 | Volmtary Aluminum Industry Partnership (nf_zo% e | A% AR | $RuE AddHY WEAT EPA 19% PRCs 6500 | 400 | 400
Vohuntary Code of Practice for the Reduction | 424 AWz
55 | of Emissions of HFC and PRC Fire Protection | " °9 g m?' VANY | AN 247 EPA 2002 | PRCs, HFCs | na 12
s (non-C02) | Ae¥ig)
' A0 .
56 ten 50urce. Fer[ormance s for | 447 g A | flare gas recoverv £8 HEAT EPA 012 (0, 12 2,262
Petroleum Refineries (C02)
57 | Conservation Reserve Program 54 qeus | A, AR | A% Y AT USDA 1985 00 | 43900 | 61200 | 39,800
R Y N €0y, N0 . i
58 | Natural Resources Conservation Service %9 g h‘;,; 1 A&7k g 24 USDA | 1935~204 o 0237 | 27,600 | 27,600
0
59 | AgSTAR 9 BEED: A5, A8 | ol ontA A EPAIUSDA | 1994 CH; §24 900 | 1,070
Heui3) Ag A
60 | Woody Biomass Utiization Grants Program JelfeA 3 fﬂ L%" }g" &l A&7 % 24 USDA 2005 (0, 1 a
JuAE AL
e ) ) IV PR (W ) I I R
: (0s, CHy,
62 | Biological Carbon Sequestration Assessment qYEAH | RuAF Bt e DOVUSGS | 2015 NO : 1 1
63 | Retention of Private Forests dEARY | Agug A | At A3 USDA | 1978~2008 (0, 12 1
H7)5/47|% . . _
04 | Landfil Air Regulations { li?j 12 gy T @7 E A7 EPA 1996 CH, D176 | 183,100 | 26188
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34 4388
. N - u 2 4 N (&9 kC0,eg)
43 o gt | AAEF | 4444 F U8 | AgdE | AR
2013 | 2020 | 202
@) | A | e
47124715 | AuAE
65 | Landfil Methane Outreach Program { }i’{j}“ %ﬂ; A% AL | g AT fPA 1994 CH 31,280 | 15,700 | 18690
715478 IANA A
66 | Sustainable Materials Management \ﬂ ‘3@ § EER Hm;f%og A&ks 24 3 BA | 00, G O B
971 %/87| % IANA A
67 | Wastewise y ‘f/‘ﬂ | AT WNA'O i A4ts 23 &) EPA 1994 (0, mo| m 12
) 15
) gun 42 8 oddNg F4N
68 | Federal Energy Mansgement Progan ag4 @zﬂf i @fﬂéi}% éxj“* MR g | 0, 8800 | 14400 | 14400
: : H i 7§Xﬂ_1 }% o) \| Z77) A7l A
69 | National Park Service Programs gt | AR 24 T S WEATE ALK A | DOINPS | 2008~2012 (0, B | 00 | 20
. 7 s _ o
10| State Energy Progran Cross-ating | | Y dREE LA 2 A DE | 1977 (0, 14000 | 16,200 | 16.200
w0
¢ Fificlency it G4
1l E?:;i L] - g | A | FmeEmaMaEE | e | oo | 440 | 30| 4400
w0
" i:;;f;ﬂ SIS Lo Goree | (e | zewd | A | B0 EAg 99 20 DE | 209 w0 | 250 | 730 | 1400
73 | Weatherization Assistance Program (ross-cutting | A8AF Ll AAEZ 74N A AT HE DOR 1977 (0, CHy N0 | 500 | 3300 | 2200
i v Policy | 7% .
py |l By Py ad PogalTid | o | TR g | ogans Aadasa o g DE | 02 0, T A
Energy Program A4
75 | Climate Showcase Communities Program Cross-cutting | A8AT L) A93} AZUE AR W27 79 FPA 2009 (M, 00, 18 | 400 | 400
7 E?EEUHHY Renevae Energy Deploment Cross-cuiting | A4 iy AR AN Z2AE dT DOE 2009 (0, 1 1
AR,
77| Tax Provisions (ross-autting | E4% 7y LU7kx AT 5A QA Treasury | 1992 (0, 1 1
Rk
| Interagency  Partnership for  Susteinable o 2z A A, | 7)H8ES B UALE EXoldd A4 | EPADOT ) ‘
78 Commuites Cross-cutting | ARA Ay e D 2009 ALL na it
79 | Center for Corporate Climate Leadership Cross-cutting | A8AT L) LU7x 273 3 EPA N12 AL 12 a
Mandatory ~ Greenhouse  Gas ~ Reportin (0, Cl, N,
T PO Cosating | RuAR | AR | AMaRINY RMAMEARSY | BA | W09 | ERCs PRCs | me na
Program SFs, 7]8 F-gas
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7F. BR19 A4 ¢ 20203 ZA=E%

o 19909 wWl&4=9] 43% =
— 20119 2020@7}A] 1990 wl& 9] 43% 75 HAY ExXE AA
— 932 GHG wl& #=oll A7) Eof, 2k, 7H4, A4, ddo A 7383

XEZFLE 7H4.

o

1=

o 20029l A7ME o3 o AAAYJF-A = (RO: Renewable Obligation)Z | & 7]
FEFE 2.9%04 20123 11.3%= 38y =7}

A7 HMere AN FAE(RO)S AHE JWOE & Aol o tholrt
g olF AYAF] QoH H:e] AL A5 T,

[-‘El
o2

o R AetAh WAoo 2 AYUS HAsty] 8] LA AR LA = (Feed—in Tariffs)
= AYA e BofetA] adE 224, AMGA, TE A, HAel o TR (SMW7E
A, Agka AR AANE AHE

C i E AL

AR OF F7F AAAYATA AHS
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- DAY

B xR 9 AR(CCS) Fds B

- BT 8HEHA

- AETA 9E L 2002, 2006(2005d 5% Hdy HJHIE 23F)
- Ae=tAl 3E L 2010

- AN A (EELES 1(Tranche) - AlZ®E AJA)

-SSR (EEEY 2 - H8E AF)



d
=

(R
9%
r> |
i
BN

2

£
Z](carbon trust measures)
U= a&3F A
(dea) @ | =] IJAF o] F
AA(EFEREANA A A 714, L= UZE 5 ol Eof A
HE (warm homes)A &)
- EEC 1% 2, 28]Ad CERT
- B auE 743 2% (CERT) =71 2 8y
- AFYE oA " 2 ¥ (CESP)
. Zﬂi g4 & (homes)
59 A A (FH L 2, A7 PP Fa SHES T A
- %‘.Q*(Sallx) TEEF Y=
7HE EYZEC] o3 7Y S
- 715 s H A (CCA)
- A% AH3}(electrification)
- ulo] e Ag AM(202087HA] 8% o A])
252 AR (EU A%+ CO, vlE B
- LGV AH(EU 4l LGV CO: = BA: 201737kA] 175g CO2/km, 2020 37FA] 147
gCO,/km)
- HGV A (2&4d s S A 854
A&7 AY APHE
P =
- G TP RoF 247 AALY A (GHGAP)

@
=
@]
2
N

o M
*9 rL [
mfl

Ay

ook

e A = AA)

o)

R

A5 7% A (catchment sensitive farming)
]S 9 E(Soils for Profit)
- 87 #e (stewardship) (25 A8 135 &)
= A
- LEAAEATA
- B4 923} GHG 1A
AR AY MR e
R I AE 7E
AR, dE A Ao &4 F4 1A
- 22% 91 B E(Grown in Britain)
C A= ZE O
AT AA 3



o Bz wolxz)

<3 2-8> BR1 Current Measures 3}2] i o] =g}l 227l wj& Folef A
(k9] MtCOzeq)
A A
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2000 | 2005 | 2010 | 2011 | 2015 | 2020 | 2025 | 2030
Energy Supply 219.3 | 228.5 | 205.3 | 192.1 | 172.6 | 106.1 94.0 72.3
Business 114.0 | 108.3 92.0 89.2 79.3 70.3 65.6 63.7
Industrial Processes 24.7 18.8 11.7 10.2 10.1 9.8 9.4 9.1
Transport 127.2 | 131.0 | 120.8 | 119.1 | 113.9 | 107.7 | 106.4 | 103.4
Residential 90.4 88.1 90.2 69.9 80.4 78.0 80.3 84.9
Public 11.5 11.1 8.4 7.1 9.1 7.8 6.9 6.7
Agriculture 59.4 55.7 51.4 51.4 49.5 45.5 44.9 44.9
LULUCF (net) 0.4 —-2.6 —-3.7 —-3.3 -1.5 —-0.4 0.9 2.2
Waste management 30.9 20.5 18.0 17.4 15.5 13.7 12.5 11.7
Total net GHG emissions 677.9 | 659.3 | 594.1 | 553.1 | 528.9 | 438.5 | 421.0 | 399.2
*LULUCF: land use, land—use change and forestry
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<3 2-9> BR1 Current Measures 3}2] - o] =g}l 227l wj& Folef
(9] MtCO2eq)

o PE A
o 2000 2005 2010 2013 2015 2020 2025 2030 2035
Energy 559.4 | 556.4 | 503.2 | 468.9 | 450.6 | 367.2 | 331.4 | 340.1 | 338.7
Transport 127.3 | 131.4 | 120.9 | 117.3 | 118.7 | 113.3 | 108.0 | 108.3 | 109.8

Industrial ~ Processes  and
41.1 39.5 34.5 34.6 33.6 27.2 22.9 19.6 17.8

product use

Agriculture 56.4 52.5 50.3 49.5 49.5 48.4 48.7 48.9 48.8
Land use, land use change

0.8 -2.9 —4.3 -5.2 —4.5 -3.6 -2.0 0.3 1.7
and forestry
waste 66.9 53.2 31.7 22.7 20.0 15.4 14.4 14.2 14.2
Total net GHG emissions 724.7 | 698.6 | 615.5 | 570.5 | 549.1 | 454.6 | 415.5 | 423.0 | 421.2
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Ho]xekel 247k WS Folok AR

(k9] MtCOseq)

44 ek
By
1995 2000 2005 | 2010 | 2011 2015 | 2020 | 2025 | 2030
Energy 902 856 824 789 761 754 689 655 583
Industrial Processes 97 77 79 69 69 70 69 65 60
Solvent & other Product Use 4 3 2 2 2 2 2 2 2
Agriculture 76 76 71 68 70 68 68 67 66
LULUCF —-35 —-35 7 9 9 - - - -
Waste 40 28 21 15 14 10 10 8 7
Total including LULUCF 1,083 | 1,006 | 1,005 952 926 - - - -
Total excluding LULUCF 1,118 | 1,041 998 943 916 904 837 797 719
. BR261A 9] 20203 #AEFER
o 2020Q7bA 19903 HlEF divl HA 40%E AEIE AS FAR I Y.
— 203097HA = 55%, 2040 7HA = 70% 5SS R tal glon, B} FU|H o
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<3 2—17> Climate Action Programme 20209 =8 A 3} 7| &3}
T8 AT A7k S 7)ol (MtCOszeq)
National Energy Efficiency Action Plan, NEEAP °F 25-30

(FEHEo By (ABRE JUA T E3)
A7 N8 AL A AF °f 5.7-10
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<¥ 2-18> BR2 “With Measures” 3}¢] -2 o]

22}l

27k WS Foleh AR

(k9] MtCOzeq)

47 A
T

1995 2000 2005 2010 2013 2020 2030
Energy 919 873 834 804 813 695 585
Transport 178 183 161 154 159 148 133
Industry/Industrial Processes 97 77 75 62 61 68 53
Agriculture 68 67 63 62 64 61 62
Forestry/LULUCF 2 2 2 2 2
Waste management/waste 36 27 20 14 12 9 7
Total with LULUCF 1,086 1,005 980 925 935 14 5
Total without LULUCF 1,120 1,044 993 943 951 833 707
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Introduction of EU Emissions Trading ClER] =garie] €O, Wl
1 Scheme impacting the ke e e | AR | 5ARK9 Co, ME FRIA =Y A 2005 Co, 3,000 7,000
sector energy supply# reA °° -
2 Abolition of Tax on Natural Gas oy = Al A A AAvts AME F R 2006 CO: 0 -
3 Renewable Energy Act* RISk AAgAIA S (Q:T) A A L5l o] Feed—in tariff AN 2000 CO, 14,000 142,000
AENA ZENA
A2kl e] g4 T+A
RISk ‘ E
TV A = o SN A 3l L —
4 | Electricity savings* 4] PAAES 28 AR goa Rzanae w4 Su kI co, 28,000 47,000
Az At wENA A7 e 2015
e a7 A
A7)E B
EU F—gas regulation (517/2014, ] F—gas W& A3t F—gas & WA ¢ qm HFCs,
> 842/2006)* Al 3 o3 A HEcs w4 Ha s 2006 PFCs, SFs 10,485
Chemicals Climate Protection N
. o | = F—gas Regulation (517/2014) %% % . HFCs, .
- — )& A7k . AR
6 Or}ilnance (Chemikalien el E A F—gas #l& A7 A SleloF—gas F% el QAL g4 2008 PECs. SFs ie.
Klimaschutzverordnung)
. Energy,
7 S:r?gii?(l)n?rlllgp;rftti fecg‘?;iai?;nals;stems Industry/ Fogas W& A% 737 A A A naE Aol gw A 2008 COz HFCs, ie
. : P 3 5 = = i .e.
under the "National Climate Initiative"* industrial e A W A2 PECs
processes
Revision of Road Traffic Licensing A . .
! . . a
8 Regulation (StraBenverkehrszulassu )\}%Eﬂ F—gas #l& A3 A Z{AC Directive (2006/40/EC)S] =4 2 A4 2012 HFCs ie.
ngsordnung)* wHeTe =
SF6 emission reduction from | . 292 7]10] A=A} MEALFFGE B .
—gas W& A7 - 7 e.
9 switchgear (voluntary agreement)# AT Fogas vI= A4 va o3k 2pkA ek 19 2005 SFe e
Inclusion of the production of nitric 2l 20131 EU-ETSo Z2k3} o] LAk A4k .
7 AL E % ¥l - 2] B e.
10 and adipic acid into the EU-ETS* 24 18 e A o] ¥3t g 2013 N:0 e
. = 7] e} AEA Coz2 WiE AE 99
ars ENPN = 9 MM 7 qn
11 | Regulation on CO: from cars* =& ek w8 A G | BU=Regulation (2000/443/EC) A& Eh 2008 COx 2,500 1,800
- nlo] e i FAE} F: 20208744 &7
12 Mandatory biofuel quotas# T Aea A7/H7)2F TA kel ALk Sl 20200744 £47 AR 2010 CO» 5,100 13,100
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Redistribution of Highway tol " " Q92 S m2 1V E2eg A4ez 2054 £4 A9
Lo Jpze | A 3 ] ) b )
for heavy duty vehiclest N L A ha3 24ee oA aymzz 3 A9 (20124 89) o L FAD L0
20114 14192 BE 239 el 234 (departure tax T4 43
i assnger s BU-ETS 454 i T8 298 54 7 mef g2 3482012 A 999 A% Ha
i BO|OW | |TOEPRA A BAE VAL AN T | A | 00 | 00 |
At 303 * | G passenger taxes & 33AH EU-B1S 33 A2 w2
Sy, oy 743,
Minimum energy performance S0 a3 :
iy iy N3N ALE AFE 57 9e A 3l A 4 o) ,
slapdards(MEPS) (only electricty | Ul fon il e T Ep AR L2009 (0, e,
savings)
et Consumiion B A a4 2 o) agd 03 RS AT i 3
S, A | &S | B | B8 2 £ ARG dedER e A | A% | wn | oo i
R & A58 AT SAdE B4 $9 43T
o iR
pobird o b ek o | Wt | A0 | b o e w i sas e | 8 | o | o e
AARAUALY 1 e 228 8 27959 FHH08 Fit
Renewable Energy Act MM ] , .
g A A 70 9N quA e AAH A A L 4| A ) ) e
(BEG) sz A 9 44 W4 zlalT O A A2 dg QA deie AA dEE | AR 008 | €O, ie
Energy Consulting i 27199 7 £& A4S 24e7) 98 Federal Ministry of
Service for SMBs (only quq §.°¢7HT*L A% | Economy and Energy (BMIWi)S} the KiWe| A% Z2adoz An | A% [ 2008 | (0 ie.
electricity savings )+ e A A9 54 A9E 18
oot | e A RS HE 3 e 2 A ¢ 2
e o | VRS | AR | 21500, A%, 32 %) AdAag R TR A | A | au | oy i
e U om £ 43 33 48 ¥ 1% 1
(only electricity savings)*
712 607 MESZS 27802 4079 uA g YEYAE 4
dete B HENTE 10-15 37152 T3, ol52 359 oy
Ao BT 0
100 Energy Efficiency Networks (;3 0“ _le;% Zg}?_ it iRl Z\F%—} é IX’Oi *Iﬁ*%} {g A % %q@ 7 7]% 200 0, e
(only electricity savings A434 o 0713 o S0 Ap0 A
W A &S FAae F190A AR A Eg FHe 448
T EHEEE foy-hovE A3 BFE 31 g2
Emissions Trading System (BU W | e
ETS) impacting the industry A ;;ﬂ u;ﬂg A | duAge Addd 0p 4 2Bl BEAAY £ LI I I 1520 | 1,000
LHO'0 =S
sector*

_88_




33 %388
e 4 (%9]: kiC0:eq)
1‘;1 2y 2q
i 4 M wel s | oo [ oo
(24 (13) (2%)
T F27199 A7 £ BAEE 24e07] 99 Rederal Ministry of
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- 9] 43 £ 192 13
‘ Promo_[ion. of . ndustrial i WLY ji% Feile(led, 4994, 92 5)d 48 £4 o 0, 2 0
cross-cutting technologiest W3 A4
Promotilon of  energy . efficient W | Azs wzad ds 43 A A 0, 0
industrial process technologies
T 607 ES 39 371802 07k duir £ WEYAE 4
1 YR 10-15 $192E T, 52 359 94
100 Energy Efficiency Networks¢ B | Aig BEE o¥e1 Aoz Ngedd AgAss =93 (0, 800
F LS w5 S04 TR dur i s
U851 FAEE know-howd ATSE A8 SEE #1 98
| Bnergy Saving Order (EuEV) (only o Wi6RE At A2 a4 oA At dg e | 0, 1530 e
electricity sevings )+ | o % 98 A, ) 3 e 9 o ) ' "
KW (the Germen  government
| -owned  promotionel  benk) . A8 A2 24 03 37 dux 52 449 dd gAd 2 0 130 :
programmes (only  eleciricity © | dEE A ' ' e
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1695 At A% g3 4 oA A% Az
Brergy Saving Oner (EAEV) i L;}Hﬁ,if 914% ;ﬁﬂo jl;iﬁ AN SRR T A gy 0, I
A Uz 03y
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A% N2 7 2d od a7k 32 A4 g §
owied  promotiond  bak) k) SEEL;F} Pl A A 5 2 (0, 3840 600
programmes¢ e
The Act on the Promotion of Renewable Thermal Energy
(EEWarmeG)e H& o 333 9429 934 9 2249 A
Act on the Promotion of Renewable E¥ H§°||L1X| o2 Aef] 3 dRE ML A AR A% | 0 - 0
Thermal Bnergy (BEWirmeG)« V| 9 dEd 50 139 AAuAY A4S B3 (3 (ol | T ’ ’
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o3 GESTY A AA= A% BYAS &) A7 498
Vimn  eeg pebmace | 718 N3IA AEg AFS w72 g8 duir 3 AR
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24 9 720 - ion (2 L)
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waste L1, bimod & 902850 249,
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— 247k~ A A (Greenhouse
- Forest Sink Z12F

- 59 EY Sinks =4
CEA FA2] FX

— Cross—sectional A%

- GHG wi& Az, B, &7

= A

Ak 32

Gas Sink Policies)

- 2384 A7 A= (Making the Tax system Greener)
- 3o Aol gk AMY EF A

- AR S A A (Greening Finance)
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<3 2-23> BR1 Current Measures 3}2] F&3

=

A7k =

Folg} A

(k9] MtCOzeq)

. FE A
T 2000 2005 2010 2011 2020 2030

Energy 926.8 976.2 916.7 969.7 - -
Transport 263.9 250.5 228.1 224.7 - -
Industry/Industrial Processes 94.6 73.9 65.9 67.2 — —
Agriculture 27.4 26.3 25.5 25.4 - -
Forestry/LULUCF* —-85.9 —88.8 —-75.7 —-75.4 - -
Waste management/waste 29.0 24.2 20.9 20.5 - -
Total with LULUCF 1,256.1 | 1,262.5 | 1,181.6 | 1,232.2 46.0 -
Total without LULUCF 1,342.0 | 1,351.4 | 1,257.3 | 1,307.7 | 1,364.0 -
*LULUCF: land use, land—use change and forestry
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— 227} A A (Greenhouse Gas Sink Policies)
- Forest Sink &2

- 59 EY Sinks =4

- EA FA4] FX

— Joint Crediting Mechanism(JCM)

- JCMe] Ay} o]

— Cross—sectional %3]

- GHG ®vi& AF, 2y, 37 2239

- AlE ARE XS FAHo=R 3

- B oo gk AMY EF FA
- AR S A A A (Greening Finance)
SR b SR Ea: B B

- EF AW B

o HEw wolxell L7 wE AP

<3 2-24> BR2 Current Measures 3}2] H-H wo]~gkQl A7t~ wj& Fo|eh AW
(9] MtCO2eq)

. FE Ay

i 2000 2005 2010 2011 2020 2030
Energy 954.7 1,009.6 945.2 1,041.5 | 1,053.5 784.2
Transport 253.5 235.9 217.8 217.9 194.8 165.5
Industry/Industrial Processes 106.5 84.7 78.1 86.9 93.0 74.8
Agriculture 40.1 40.0 40.6 39.5 38.7 37.5
Forestry/LULUCF* —86.3 -89.6 -69.3 —64.6 -36.4 -25.9
Waste management/waste 31.0 26.0 22.2 21.8 19.3 17.3
Total with LULUCF 1,299.6 | 1,306.8 | 1,234.9 | 1,343.1 | 1,363.0 | 1,054.0
Total without LULUCF 1,386.0 | 1,396.5 | 1,304.2 | 1,407.7 | 1,399.4 | 1,079.0

*LULUCF: land use, land—use change and forestry
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Emissions Reduction of Energy—related CO2
Development of Low—Carbon Urban/Regional Structures and Socioeconomic Systems
Promotion of Global Warming Countermeasures Based on . P 91 5 It Al/standard COz, CHs, N20, HFCs, _ _
1 the Action Plan of Each Local Government Cross—Cutting BRALY budget/X Z /91 2] A 1L 2008 PFCs , SFs, NF3
. . . . . . . o Al /stnadard taxation N
7 - - q 13} ; — -
2 Promotion of Developing Low—Carbon Community Cross—Cutting 4 H 0l 3 budget/® %2 2012 CO2
3 Holistic and Efficient Use of Energy A AR5 g A Ak R 25/ A Al 3 TEIE, BAGY | 2008 CO. - -
Industry Sector
Promotion and Reinforcement of Voluntary Action Plans A=A}/ - A, 87, N > >
AL A § oF . . y FA 87 2 57
| of Industry BT A wedog wa ywn | 1997 co: AR | AR
5 RISk oA/ /A A 2008 CO: F4E7t F4E7t
6 Promotion of Introduction of Highly Energy—efficient o 4 A 71718/ o 2F/ 8 %/ A/ 7] e} SRS 2010 CO, FAHE7 FAHE7
Equipment and Devices A& R
~ /R o) < = =
7 ol 4] Q121 7] 31/7] % v E A 2007 CO: FE7T FHE7T
Commercial and others Sector
Improving the Energy Effi ciency of Equipment and _ a8/ Al /standard . .
U] A . Z=A] 8.7 2= B
8 Devices based on the Top Runner Program A ARA budget/X.ZH 1998 €0 s s
Improvement of the Energy Efficiency Performance and _ a3/ T4l /standard N N
L] A ; 2= 8.7 =2 8.7
9 Low— Carbonization of Buildings A AR AT budget/ZL¥}e] B EF 2003 CO: s s
Smart  Consumption of Energy by Using Energy _ AR A/ _ AANY, 37 1998, . .
1 A ° X A1) = B 22 B 22 B
10 Management etc. A= o) 78 QA /o] B 2o e i 2012 =87} =g 1)
11 Initiatives by Public Organizations ol 4 #] A/ FE A A 2001 CO2 FA BT} FAE}
Residential Sector
Improving the Energy Efficiency of Equipment and Devices _ e A //standard . .
U] A] BEAF . 2287 22 BT
12 based on the Top Runner Program [reprinted] oA aEdd budget/X.Z5 1998 0. R R
Improvement of the Energy Efficiency Performance and _ s TA/AA FAEZF SEIE A, 5 5
U] A] BEAF . § E RS EL
13 Low—Carbonization of Housing A aEYS 7] 2 a7 /91 2 A 3L 87 2003 CO, A =7 &7}
o} 1 H P P o} P <
14 i‘rurlmé:tl(l:ln of Combined Heat and Power and Household EIEEY AuAs oA 7] S A e 2009 o, ERERY ERERY
uel Cells
15 | Other Supportive Measures CIAEE| ol Ak 37, A 2010 CO. FAE7 FAE7
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Transport Sector
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16 o ) ) A : 1979 X ZA47] ZA 8]
Diffusion of Them (Meastres for each vehile s a unit) e FAAEE | RzEE EY ks 1 (. I
" Promotion .of Traffic Flg\v Improvements Van.d Promotion EN B | iz 2535 0 0 s | 298
of the Environmentally-friendly Usages of Vehicles
18 | Promotion of the Use of Public Transports % AAEZZ/AAA 1 TEI% 1992 (0, e | 3457
Promoting Low- Carbonization of Railway, Vessel and s A - - ;
! Aviationg “ i B %X}/M%/’/ﬂ%%l{ | . | B
] AAJ$ A5 22N , .
20| More Bfficient Logistics/Modal shifts etc. 74 i fire biﬂ A FEIE 2001 0, 29| #E
Energy Transformation Sector
, AR AN, 3, % 5 5
21 | Promotion of Power from Renewable Energy Sources g AA eIy ¢ 2 MO N/A ) e | FEt
Persuasion of High Efficiency i Thermal  Power - A Standard 2 2
& Generation il 5% budget/ 3237584 A w HEH|
Emissions Reduction of Non energy-related COz
23 | Tncreased Use of Blended Cement AAREE | A TA7IZIAAL 4,448 | 20 0 660 730
7154753 Al
24 | Promotion of Waste Reduction and Recycling { L/Ej E budgjt/iggn/ia[ﬁlﬂﬂ 2013 (0, 200 20
Emissions Reduction of Methane
] o L . o7& /87) 83 . A lstandard .
9 ; N 9 ‘
25 | Reducing direct landfill disposal of organic waste ] {4 229 2013 CH, 400 47
0 I ic M . . Al .
% Ir'npm\emem of the Management of Orgamic Matter and 52 pEee Tt ﬂ//styandarﬁd 0 o, s | g
Water budget/ ¥ 27
Emissions Reduction of Nitrous Oxide
Upgrading combustion technology at  general waste | #71%/H7) 5% . Tt lstandard . : .
W\ 70T AEA . 2013 N,0 47 %7
ncineration faclities g i hudget/8 22 AA 1 : et | #
% Avppropriation and Reduction of the Amount of Fertilizer 52 pED Tt Xﬂ//s[andarﬂd o %0 2w "
Used hudget/ A7

_97_




#4 2384
(24 C0e0)

= R JgBE Z H, }\W
13 7 e | ANF 3448 ) | gp | W MR s o =

(24) (1) (23)

Emissions Reduction of Fluotinated Gases

Holiste - policies to reduce the emissions of | HAAARZE SR | . .
bl A 289 | 9 . VR, _ _
D | il g M3 iz s | 5P | 0L | HRCS RC S5 M g | 1850
Greeatiouse Gas Sink Policies
o] & EX A/ /
31 | Forst Sk Srategis g&op@iﬂ@ Eﬂz?&fidé%”‘i%iﬁﬂ saat | o 0, B0 | B0
P 2ol/lEEdAT
= I / ]
32| Measures for Sinks in Agricul tural Solls %ﬁﬁfﬂo} iﬂ?ﬁfidﬁffﬁ‘i%iﬁﬂ R | 2008 00, FAEE | 108280
oud X oW 2ol/lEEdAT
o] & EA Jo / ]
33 | Promotion of Urban Greening E}Q\»oﬁiﬂol ﬂgf;ﬁ@é{%ﬁi\giﬁi IELE | 2006 €0, A% 1,186
U X om 2o/ EeAl A AL
Toint Crediting Mecharism (1OM)
Establishement and ~ implementation of the Joint _ 9 AN 00, CH. N0, HEC .
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Cross—Sectoral Policies

- | GHG Emissions Accounting, Reporting and Disclosure THllstandard budget/ B2 | 5 A Al (0s, CHy, N0, HECs,
3 A, A

Pogan (ros-Cutig EEEE A KA I A R ] ]
36 | Making the Tax System Greener Cross—Cutting A 3 NA €0, - -
_ | Promotion of Environmentally ~conscious  business _ Fllstandard budget/8% 1 Q0 CH, N0, HECs,
3 i Cross=Cutting 29447 2008 s, SF, NF, . -
38 | Greening Finance Cross~Cutting AN 2 ) 007 COzi.JFCCI{S\. gFjQ.N%FCS. B B}
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— 9wk EPA9] 20123 B 314 (U.S. Department of Energy, A Clean Energy Solution)
= 10MW CHP7} wid 42,75 ktCOzeq A5 & RO Z FAHIIIL A5
-39 AEF(LEHY 5 CHP A1E 2 I8 /) F4 #2 53 v&34 88,

33 A4 R FAG 2e AAL I

o CHP #EUYA A= CHP HiE Al4t7](calculator)E QIEYlel] A|&3ke] SHP
(Separate Heat and Power)E CHPZ thA| g A$-9 A8 Ax=w CO.
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— @A CHP= 4498 1E(EHE, 22 29, 424 35), HT(O}«L}E AE &= 5
ARE 71 (A B, FAF 7R F), 3F 71BEH T AP Al F), A&, Zﬂ
A, A% )l AA 440070 o] Aol A AREEIL Sl

— CHP AAF7]&= http://www.epa.gov/chp/basic/calculator.htmlol 4] ©]-& 7}5 &,

o ¥ AelAE CHPS] Fwba Az€z A7) hel 244 27153 7
A5 BAG G4 Lhsh =AF R G,

S

Ay

boE wAT 24
o EPA9] B 1A (Catalog of CHP Technologies)oll @29 CHPY] 713E 7|24 <
I EQdHE AR WE 88 Fo] VlEHo UL

o EAQ 7|BE(HA CHP & AGE 99%)S FA o2 CHP A7) Eoj71= Ak
S FEol AFEALE A AlFE

o AHEAELS o] ol gete] SHPE CHPZ il @ A% 053 2 da dobe] 3

o Aoz A Aastst ALHE dUA 2/37) Ao B Y12 I

o wF, AP AT AGANA FARE HPANA AUAL Fr} £4o] B4

o CHPE 7Hgolut 2glol4 AHed + Qe
One-Step £FO2 YHEE doux @ A 42 ALY 5 2

— CHPS] 5&2 7|& SHPY 50% Xt 30%p S7HE 80%°l 2.

o <3 3—-1>¢& CHP, PV(Solar Photovoltaics), Wind 28]31 NGCC(Natural Gas
Combined Cycle)d] dlyxdeF & CO, #5 FAHES BAFA .
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<3 3—-1> CHP® oy~

QL

g,

o CHP7} C0.(42,751 Tons), NOx(59.4 Tons), A7+ A

(74,446 MWh

Wl X Fast ﬂ]‘#ﬂ%l

£ (3} 29%,

?'j}-_u_ :(E_Eﬂ

gk 94 CO,

7 2=

A 18%,

ASE 72%7F HA7F2~oly, U= X+ Biomass,

5 A

73

A

doz 2y Fa
A A

o
=

14% 5

~—

Fg B golshEd A 29,

192 <F(308,100 MMBtu)

2 7], 4g 28 &

Combined Cycle

Category 10 MW CHP 10 MW PV 10 MW Wind :
(10 MV Portion)
Annual Capacity
85% 22% 34% 70%
Factor
Annual Electricity 74,446 MWh 19,272 MWh 29,784 MWh 61,320 MWh
Annual Useful Heat 103,417 MWht None None None
Footprint Required 6,000 sq ft 1,740,000 sq ft | 76,000 sq ft N/A
Capital Cost $20 million $60.5 million $24.4 million $10 million
Annual Energy
Savi 308,100 MMBtu | 196,462 MMBtu | 303,623 MMBtu | 154,649 MMBtu
avings
Annual CO2 Savings 42,751 Tons 17,887 Tons 27,644 Tons 28,172 Tons
Annual NOx Savings 59.4 Tons 16.2 Tons 24.9 Tons 39.3 Tons

Source: CHP, A Clean Energy Solution, August 2012.
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a3}k 9
o A FAAF AL Ht &L 33%Y
ol WA Lo FES AAsty] s AFEEH = AU AIY 2/37F 4] FEE O
712 WiEEE AR B 5 s
CHP= Ag At & HES 353t dollyAsE 358
O|ZH 60% ~ 80%° A&S BT F UA Hil, dFNA= 90%° ZH 8=
&S 2AIE F(A =" A we ged)
— (8734) 715l Hlg] A2 A5 FAF Huld &4 HL5E 247 T

7] LdEd viEs 29 F U=

‘CHP= 7]1=(SHP)H L3 dUAE Astel=d o & A58 Ho=z 3

A AR dad7] WEd, ojitster At ofyet AAitsE gl o]ihstg
T LA Ed WiES AL & F AF
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o [Z¥ 3-1]2 CHPS} SHP9 &&449 Aol8 HAFa 3.

— CHPE durd o=z H3F olUA At 80| 60%~80%°l &3t=tl| Hl3] SHP=
45%~55%° X3 A+

— CHP Al&=®l2 g A4 GolyA] Ak o] & 4
g BEE $Fsite Zﬂ% HoE.
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o [2¥ 3—-2]o]A H%o] SHPS CHPE WA|e ¢ dg7F dofxr] uj&Fo] CO, Hj
=5 A 74

— SHP] 7% 2% 35,000MWh A¥8H=d] 32 kee] CO,Z wjZ3ha @ 179,130 MM
Btug A4kshew] 13 kie] @ahs CO.E W
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[18 3-1] YA &S - CHP Vs SHP(Separate Heat and Power)

Conventional Comhined Heat and Power
Generation 5 MW Natural Gas
Combustion Turbine

Power Station Fuel and Heat Recovery Boiler

{U.S. Fossil Mix)

91 Unils Fuel
30 Y - Y
Fower Plant ECFREaTY E.wunm'l-"".ly Electricity
EFFICIENCY:
33% Combined
Heat
EFFICIENCY: & Fowiey
80% Leasid
26 Units Fuel a5
>~ Boiler Heat Units Heat
Boilar Fue! Sheam

...OVERALL EFFICIENCY... 75%

Zt&: EPA, Fuel and Carbon Diocide Emissions Savings Calculation Methodology for CHP Systems, 2015.
F: ZF dUgA] A 8L eGRID2012¢}F =71 et olyx] g 2 &

2 Pl £UE e

[2¥ 3—2] CO; ¥l& - CHP Vs SHP(Separate Heat and Power) Production
Conventional Combined Heat and Power
Generation 5 MW Natural Gas
Combustion Turbine
Eilsihe and Heat Recovery Boiler
Power Station Fuel EXLEINRA '3'2',;1:‘;;;" 3
(U.S. Fossil Mix)
o S
Power Plant =R 33&?‘“ Electricity
EFFICIENCY:
=h Combined CHP Fuel (Gas)
Heat - —
EFFICIENCY: i Poer
80% (CHP)
Boiler Fuel (Gas) Boiler Heat ',:.,YE,, é 3“5] i

:l mun IElr?islSI‘?rltF: > , ’ ‘ l?flnlbeslizi:‘;l EREEEE

13 kTons 23 kTons

A5itonsivr .. TOTAL EMISSIONS... 23kronsivr

Zt&: EPA, Fuel and Carbon Diocide Emissions Savings Calculation Methodology for CHP Systems, 2015.
7} CO, WlEH2 eGRID20122] HtS 7|¥to g 2HA
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CHP AlAHA o] Eo}7}=(Calculator Platform) WA (-8)H2] L tfS-3 -2 5714
o] Sl
— Reciprocating Engine
— Gas Turbine
— Boiler/Steam Tubine
— Microturbine
— Fuel Cell
ZF Aol S BEe ARl uet Ao A A5t CO9 F
A-wE HEo] 24,
<3} 3-2>v LAY & Ay LS HES JAFES HoFE
— 919 571R 9] wAGA o] AA HEH &F9] 99%E AA A U
— 53] Gas Turbine® Boiler/Steam Turbine°] 96.1%5 -3
— AH8 A/FES EW Reciprocating Engine™¥2l¢] 41.9%5 A3t S+
<3 3-2> W e Fa CHP W 4 A43 &
. . Share Capacity | Share of
Prime Mover Sites . .
of Sites (MW) Capacity
Reciprocating Engine 2,194 41.9% 2,288 2.7%
Gas Turbinex* 667 15.8% 53,320 64.0%
Boiler/Steam Turbine 734 17.4% 26,741 32.1%
Microturbine 355 8.4% 78 0.1%
Fuel Cell 155 3.7% 84 0.1%
Other 121 2.9% 806 1.0%
Total 4,226 100.0% 83,317 100.0%
*Includes gas turbine/steam turbine combined cycle.
Source: ICF CHP Installation Database, April 2014.
<HE 3-3>8 7 wAPAe U VS BT UL
— (Reciprocating Engine)
% CHP Zz2lo A AxE o]4e] Reciprocating Engine 202 8%,
TR A7) wEe] Ay Faol A, Ee, @A, 1F HY FF A 29
FOe A8 27 A4 28T PG FUE ulelN F2 29
B FAL 100019 o4 AEHAL AES £88 4D WE AF, ¥ U
ng, HmE R TANE, e s g8 FHe .
O 2o #ANE @ exz o9 A Bho] P, MunF 2L 2 )
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= Ago] T
— (Steam Turbine)
= Jo] CHP AHe oF 3295 A/
Aoz Z/dA deoze we wa

Jon, £8§& FHol A Aol x5,

HH 288 93 Aol =83, Rdy e F7] 7I@o] dFH o= HQ st
= 3ol &<,

— (Gas Turbine)
‘CHP ®rZ"ralo] A
Al2=" = 7] o5 A
FAHOZ =& AEA, 32 2d HlE aga Y7 Alxd"o] Hg gl HY.
AkE e Vi Besi, ve 28 dAdqAM=

H 257} A5stdH =8 (Output)o] 3T = o] Y.
— (Microturbine)
T2 w2 vl 7Hg FH2el =YE WA,
B o YAZIE w7l HRl F59 HRlA FHgT]e viES Fi S

— (Fuel cell)

713k == v 2L FAHORE FAE UARE HESH

HAHoeg do od H o U
o

doz we WE, we AY A4, A BEDo UPEL, £58 44 9
27k st Aol wHoR ¥

o <3 3—4>= oM 2RI 57HA TAYA A HF Fo SHS B

— (Effiective electrical efficiency)

Ay AL &0l 33%%) 715 SHP (38 9] A-5)o vl Atzow 53 a5
S HAE

‘3£ 24 © 2 Recip. Engine, Steam Turbine 18] HHEZFH o2 dg 2o+ Ga
Turbine©] 50% ~ 80% A=< && 714,

— (CHP A X]H§)

Al &Hl 7] RS B ol 7P tuEe A5 A (Fuel CelD 9k &9

3o =X T3 Q= vlo]lmaZH W (Microturbine)& A9 st1e t)FE A& 3}

v ol A 96.1% 9] g AAH(CHP)S ©al )= Steam Turbine® Gas Turbine
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Source: EPA, 2014 Catalog of CHP Technologies, March 2015.
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<3 3—4> CHP &

A WAl g EX

= L |

Technology Recip. Engine Steam Turbine Gas Turbine Microturbine Fuel Cell
Hectric efficiency 27-41% 5—40+% 24-36% 22-28% 30—63%
Oyerall CHE efficlency 77-80% near 80% 66—71% 63—70% 55—80%
Effective electrical _ _ _ _ _
efficiency 75—80% 75—77% 50—-62% 49—-57% 55—80%
Typical capacity _ 0.5—several hundred _ _ 200—2.8 commercial
(MWe) .005-10 0.5—300 0.03—1.0 CHP
Typical power to heat 0.5-1.2 0.07-0.1 0.6-1.1 0.5-0.7 1-2
Part—load ok ok poor ok good
CHP Installed costs . . 1,200—-3,300 -~ -~
($/kWe) 1,500—2,900 670—1,100 (5—40 MW) 2,500—4,300 5,000—6,500
Non—fuel O&M costs _ _ _ _
($/kWhe) 0.009-0.025 0.006 to 0.01 0.009-0.013 0.009-.013 0.032—0.038
Availability 96—98% 72—99% 93—-96% 98—99% >95%
Hours to overhauls 30,000—60,000 >50,000 25,000—50,000 40,000—80,000 32,000—64,000
Start—up time 10 sec 1 hr — 1 day 10 min — 1 hr 60 sec 3 hrs — 2 days

. _ 100—500 50—140 _

Fuel pressure (psig) 1-75 n/a (compressor) (compressor) 0.5—45

Fuels

natural gas, biogas,
LPG, sour gas,

industrial waste gas,
manufactured gas

all

natural gas, synthetic
gas, landfill gas, and
fuel oils

natural gas, sour gas,
liquid fuels

hydrogen, natural gas,
propane, methanol

Uses for thermal

space heating, hot
water, cooling, LP

process steam, district
heating, hot water,

heat, hot water,

hot water, chiller,

hot water, LP—HP

output steam chilled water LP—HP steam heating steam
Power Density )
J— > J— J— J—
(kTW/m?) 35-50 100 20—-500 5-70 5-20
0.013 rich burn 3—way Gas 0.1—.2 Wood

1&014 iﬂb{“g?ﬁmg)cm cat. 0.2-5 0.036—0.05 0.015-0.036 0.0025—.0040

ot Including 0.17 lean burn Coal 0.3-1.2
NOx 0.06 rich burn 3—way Gas 0.4—0.8
(Ib/ MWh 15101 0utput ) cat. Wood 0.9-1.4 0.52—1.31 0.14-0.49 0.011-0.016
(not including SCR) 0.8 lean burn Coal 1.2-5.0.

Source: EPA, 2014 Catalog of CHP Technologies, March 2015.
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241 1 CHPZ CHNIE 290 U= O FHA

F,= SHPO| & MAHDisplaced On-site Thermal Production) A| & AH|ZF (Btu)
F,= SHPQ| O2|= ™3 MAk(Displaced Grid Electricity) A| ®& AH|ZF (Btu)
Feopp = CHPO| G2 AH|ZH(Btu)

Step 1: =4 31} #4l 62 0|83}0] F, 9 F, =X
Step 2: =4 8,9, 102 O|&310] Fopyp =8

Step 3: Fy 7.

(2) CHPE thAl A CO, = 574

o SHPEZ CHPE WAZ A% CO. WE AHze 52 29 2wy
— 7182 FxE SHPY CO, wj&ZFoll A CHPY CO. WEZHe 23

24 2 CHPZ CHNIE B399l CO, IS ASY FHMY

Cs = (Cr+ Cg)— Cepp

0 7|1M

Cy= & CO: =& (Ibs COy)

Cr= SHPO| & MAH A| CO2 B{ZZF (Ibs CO2)

Cy, = SHPO| J2|E M2 Mt A| CO, H{ZEZ (bs COy)
Copp = CHPQ| CO, HiE2ZF (Ibs CO2)

Step 1. =4| 49 24| 78 0|83l0 Ot Cp =
Step 20 4| 118 0|83}0] Cryp FH

Step 3: Cy =4
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4) CHPEZ tjAl¥l SHPO o8 4wz % CO, &%

(1) SHPY € A2 A g Av|&EF CO, W& =3

=
(thermal equlpment)«] a8 ¥t 44,
— A= Bl wet a&0] e =d

ass B9

24 3: CYHIE SHPO| M2 Wi Al HIE AH|Y FHA

Fp= CHP;/ ny

o4 7| M

F,= SHPO| & AHAF A| ®1E AH|ZF (Btu)
CHP, = CHPQ| & MAHZF (Btu)

=S o

Ny = ALAEH|(thermal equipment)l| & &

Step 1: CHP,; =7
Step 2: n, ME (eg. 80% efficiency for a natural gas-fired boiler, 75% for a biomass-fired boiler).

—

Step 3: F'p FH

rr

ofel %2 45}

flo

].

rr

A5 W

COE

off

o iA|¥E SHPZ &5 A4 35 A

Fdg=

— C;= SHP9 & AJ4H(Displaced On—site Thermal Production) A] ¥4 3}= CO,

& (lbs CO2)E 9m] 3t

— g2 3oA EEH Fpoll <3 3-5>°] YERd A8 )
FAst=d, ¢ (Btu to MMBtw) & 257 9t #Hgeo] a3

T2 3dA FAH dAaEo] 7HE HAVFE(ESE 80%)#H EFp9 #S <k
3=5>]A 2 116.97} A&,

i

=
=

v
=
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241 2: CHHE SHPO| & WA A RMSE CO, ¥ 57

1z

Cr=F*EF*(1x10"°)

17| M
Cp= SHPO| & A4AF A| CO2 2 (lbs CO2)
F,= SHPQ| & MAH A| GI2 AH|Z (Btu)

EF, = 929 CO, By=44 (bs CO2/ MMBtu)

1x10 %= FzhA2(Btu to MMBtu)

Step 1: 44| 32 o|&3l0] F =3
Step 2. <& 1>ZHEH Wz ¥ H|ZEAH s EF, MH

Step 3: C F3H.

<X 3-5> d8¥ CO, W& A<

) CO2 Emissions
Fuel Type Energy Density
Factor, 1b/MMBtu
Natural Gas 1,025 Btu/scf 116.9
Distillate Fuel Oil #2 138,000 Btu/gallon 163.1
Residual Fuel Oil #6 150,000 Btu/gallon 165.6
Coal (Anthracite) 12,545 Btu/lb 228.3
Coal (Bituminous) 12,465 Btu/lb 205.9
Coal (Subbituminous) 8,625 Btu/lb 213.9
Coal (Lignite) 7,105 Btu/lb 212.5
Coal (Mixed—Industrial Sector)# 11,175 Btu/lb 207.1

! CHP Emissions Calculatorol] A}49 TOZE AFY AL&A7F E4 AFE 2 dod 43 5 S,

(2) SHPS] 8= A& A2 Al A7 A6 CO, viEF =4
o tjAl¥ SHPE A &= gle Aol HR Algot vlE74E w3l SHPY| A=
2 FY CO, MiEds FHEY

o 42 5& A E SHP=E A2t & 9= Ag
— o]&= CHPE AtH = A Ho| L, (A
st

3—6>= A9 eGRID(Emissions & Generation Resource Integrated Database)©]|

3__‘_)‘_‘
2§ A% L WA SHES HolFX 92

<
PN
T =

9) HRS A 47HA% dastAos e o of go] 248 9] A2 FFshed uo ge
27 2880 Tfyol ASHYSS e,
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24| 5: CYHIE SHPO| J2|E M2 WM 3

1z

E,=CHPy/ (1—Lygp)
17| A

Step 1: CHP. =78

Al

Step 20 Lyg p ME (K|S eGRID T2t 3 BT £&AE O

Step 3 E, =d

rk

3)

Z: eGRID Technical Support Document:
http://www.epa.gov/sites/production/files/215-10/documents/eqgrid2012_technicalsupportdocument.pdf

<3 3-6> eGRID2012 Grid Gross Loss (%)

Power Grid Grid Gross Loss (%)
Eastern 9.17
Weatern 5.76
ERCOT 7.03
Alaska 8.66
Hawaii 7.69

U.S. 8.33

Zk5: EPA, eGRID2012_Data
#[=100#(GENERAT+FRGNINTC+INTRCHNG—CONSUMP) / GENERAT)]

o hAlE SHPZ Zd= dgs Ad ) A8 2 +
[e=]
=

— =24 504 A" SHPe = Ae A A

— eGRIDY =% HR(heat rates)s F2o] F£E25 o] 9L,
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+4 6 CYHIE SHPO| J2|E M2 MM Al A= AHZ FHY
FG - EG* HRG

17| A

F,= SHPo| Oz2|E ™3 MM Al H=E AH|ZF (Btu)

E,= CHPeo| Oz|E ™= CHM|EF (kWh)

HR, = X|94Y Grid Electricity Heat Rate (Btu / kWh) for the appropriate subregion

Step 1. =4 55 0|&3}0]

&
M
0

G
Step 2 X|%¥ HR, M (£2 &x)
Step 3: Fp &4

o 4 7 SHPE 9= RS AAT W wyste 0.2 FAsE A9,
A FY 8 SHPS] Tel= A 4] A9d WEA5E

>
o

~ GRID7} WHESHE A9 WEAS HFE $56 250 9.

241 7: tiHE SHPo| J2|E HE MM A] CO, HEY FHA

Co = E *HF,,
o 7| M

Cp = SHPo| 12| Fa At Al CO. HiZZ(Ibs CO»)
EG: CHPo| Oz2|& TEF CHNZF (kWh)

HF,= X|9¥ O2|c M3o| tjE A% (bs CO2/kWh)

2
&=
Q
I
ox

Step 1: =&l 55 0O|&3d}

Step 2 X|9E LF, HH(R5 &F)
Step 3: C;, =3

5) CHPY 48 AH% 9 CO, vj&F

o 52 1614 AHgHE CHPS] A8 &M Fp,ps Ohe 4704 BY 3 sz 27
g5 e

44 2350 0
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— A WA, 524 99} o] AT FA(Fuel Weight)9} dlUvA] = (Energy
Densﬂ:y)i o] &3k Wy (9 H 3 Mass Basis_Btu/lb)

—ul WA, 24 109 o] CHPO HY A&7 CHPY He &S o] &3 W
(S9Iwigh kWhE Btuz HA&st7] 91 Al 34128 +3)

Al 8 AE Ei(fuel volume)S 0|28t CHPS| HE AH|ZF FHA

Fepp = Vi*EDp

017| M

Feopp = CHPO| G2 AEZH(Btu)

Ve = CHPO| AtE% AZO| EIj(cubic foot, gallon, &)
EDp = CHPQ| OfL4X| & 2FE(Btu/cubic foot, Btu/gallon, etc.)

Step 1: W, F=H
Step 22 ED, MEH4 (Table 1 &=xX)

Step 3: Foypyp T8

T4 9 R 27|(weight)S O[Tt CHP| A& AH|Z FP4

Fepp = Wg*EDp

oq7IM

Fepp = CHPO| G2 AEZH(Btu)

Wp = CHPO| AL E A= 2| F(lbs)

EDyp = CHPQO| 0f|LH{X| &fr=- Mass Basis (Btu / Ib)

Step 1: W, F=H

Step 22 S ED, MEH (Table 1 & =xX)
In order to be used here, the values in Table 1 must be converted to a mass basis using the fuel-specific density.

Step 3: Fyp 8
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£4] 10: CHPo| R AEZTL CHPO| T2 £8S 0/8% CHPO| iz AH|Z FH4
Feyp = (CHPy | EEcyp)*3412

07| M

Fegp = CHPQ Az ALEEH(Btu)

CHPy = CHPQ| M2 AMAMZHKkWh)

EEq yp= CHPO M3 Z&E% (percentage in decimal form)

3412 = ™A (kWhE Btuz T2t

Step 1: CHP,. =73

Step 2: EEqyp. 273 (This value should account for parasitic losses, and is usually
available in a product specification sheet provided by the manufacturer of the equipment.)

Step 3: Fepp =8

o F2) 112 CHPAM AHEH = AR F(Foyp AHFH EE F4 8 B F4 9 &
= 1002 F4)7 As89 wlE A4 (Table 1)5 ©]§3te] CHPY COMIEHFS
F4s5te WS AT s

£A 11: CHPO| CO2 Hi S 2 XA
Cepp = Fepp* EFp
07| M
Cepp = CHPS| CO2 HIEEH (Ibs CO2)

Fegp = CHPQ| Az ALEEH(Btu)

EF,.= d249 =A% (bs COz / MMBtu)

Step I X1 =X e 418 9, EE 102 083810 Frpyp BH

Step 2. <& 1>ZHEH MR ¥ HZEA s EF, M

Step 3: CHP2| CO; BiZEZ Crpyp SH

6) 28 A5 2 HH

o ¥g #7 ¥ AFHE EPA(2012), U.S. Department of Energy(2016), BR2(2016)2 &

2 e
—5W 71# Ad R 53

‘U.S. Department of Energy CHP Technology Characterization
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‘EPA CHP A Clean Energy Solution

- CHP T/ & 3¢ 3 542 d%

‘U.S. Department of Energy CHP Technical Potential in the United States

‘EPA Catalog of CHP Technologies

— CHP tiAl +& 5& 2 75 wiE% b=

‘EPA Calculating Fuel and CO: Emissions Savings from CHP¢] 7]|&E Ak<&2]

‘Fuel Use and CO, Emissions from Displaced On—site Thermal Production and
Displaced Grid Electricity

‘Fuel Use and CO: Emissions from Displaced On—site Thermal Production

‘Fuel Use and CO. Emissions from Displaced Grid Electricity

‘Fuel Use and CO; Emissions of the CHP System

-CHP Calculating System< ©]&, oz A+ &L 7= wj& F4

-4 A viEF 5 A

eGRID System &7 o]&. ZAHF F4

‘Technical Potential Estimation Methodology

—d8d YA A B&

-eGRID System E4|

-CHP Calculating System< ©]&, 4

‘Fuel—Specific Energy and CO, Emissions Factors

ﬂ

) B3he] BrE E4
o FAH H&H Aake] AA S U.S. Department of Energyoll A HuXE Sa) w3
— &2 & F< CHP Auv] 54 2 AHHF FA

S Aol A S FAs] ER

=
|
%%o z & 2k Z]

9 8 A AL A FHI

o FAE MEF d3 ¥ 7= FAFLS VEHo T FHAS AFst i Ve E
=1
— EPA9] eGRID System= £33 wj&% d3S
— CHP Calculating System< E3a 5+ CHP o A

23 4 15

Z}. BR13%} BR29] #AEFEF 3o] & 4 £4
o w=e] BR1¥ A WA 7% &5 HuMES vuyS o BR29 A EF, 71E2

L
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eGRID CO,¥& 75 % Heart Rate (2012%1)

All Generation All Fossil Average MNon-Baseload

. Heat Rate CO2Emission Heat Rate CO2Emission Heat Rate CO2Emission
INERC Region and Subreqions (BIUKW h) Factor (IbIMW h) | (Btu/kw h) Factor (IIMW h) | (Btukw h) Factor (Ib/MW h)
Alaska Systems Coordinating Council 7,969 1087 10,351 1,412 10,171 1,388
ASCC Alaska Grid 9,398 1,269 10,470 1414 10,206 1,378
ASCC Miscellaneous 3,19 481 9311 1400 9,338 1,404
Florida Reliability Coordinating Council T7.767 1,125 8,500 1,217 9,220 1,334
FRCC Al 7,767 1,125 8,500 1217 9,220 1,334
Hawaiian Islands Coordinating Council 8,746 1,471 9,429 1,599 8,055 1,386
HICC Miscellaneous 7.554 1,200 9,867 1.656 8,124 1.3
HICC Cahu 9,210 1,576 9,297 1,583 8,028 1,402
Midwest Reliability Organization 7,188 1,437 10,442 2,142 9,396 1,927
MRO East 7,841 1,523 10,153 2,077 8,650 1,739
MRO West 7,097 1,425 10,488 2,152 9,550 1,965
Nertheast Power Coordinating Council 4,987 602 8,775 1,056 9,105 1,141
NPCC Long Island 9,448 1,201 9,489 1,129 10,811 1,303
NPCC New England 6,294 697 10,026 1,176 9,115 1,081
NPCCNYC/W estchester 5333 638 8,463 980 8,646 1,080
INPCC Upstate NY 3,108 408 8,120 1,086 9,000 1,229
Reliability First Corporation 6,722 1,248 9,780 1,821 9,206 1,725
RFC East 5292 859 9272 1,469 9,221 1,492
RFC Michigan 3,597 1,569 9,921 1,854 9,396 1,856
RFC W est 7,098 1,379 5,043 1,942 9,151 1,792
Southeast Reliability Corporation 6,819 1,184 9,549 1,688 9,402 1,671
[SERC Midwest 8,423 1,711 10,178 2,070 9,430 1,918
[SERC Mississippi Valley 7,168 1,053 8,603 1,384 8,631 1.302
SERC South 7.063 1,149 8,928 1,519 10,082 1,697
SERC Tennessee Valley 7.047 1,337 9,962 1,913 9,107 1,744
SERC Virginia/Carolina 5468 933 9,441 1,666 10,098 1,791
‘Southwest Power Pool 8,917 1,596 10,215 1,852 9,457 1,709
SPP North 8,694 1,722 10,774 2,150 10,586 2,112
SPP South 9,018 1,539 9,988 1,729 9,222 1,590
Texas Regional Entity 7.006 1,143 8,660 1,418 7,819 1,281
TRE All 7,006 1,143 8,660 1,418 7,819 1,281
W estern Electricity Coordinating Council 5,385 arg 9,241 1,537 7,625 1,278
WECC California 5,409 650 7,955 986 7.983 1,019
WECC Northwest 3673 666 9,966 1,859 8,433 1,579
WECC Rockies 9316 1,823 10,683 2,095 8,525 1,670
'WECC Southwest 6,758 1,153 9,427 1.614 7,200 1,236

At Fuel and Carbon Dioxide Emissions Savings Calculation Methology for CHP, 2015, EPA.

<ofof 3>
BR Biennial Report
Btu British thermal unit
CH4 methane
CHP Comebined Heat and Power
COq carbon dioxide
COzeq carbon dioxide equivalent
DOE United States Department of Energy
EPA United States Energy Information Administration
GHG greenhouse gas
GW gigawatts
kt kiloton
kWh kilowatt—hour
1b/MWh pounds per megawatts—hour
LULUCF land use, land—use change, and forestry
MW meagwatts
MWh megawatts—hour
NGCC Natural Gas Combined Cycle
NOx nitrogen oxide
PV Solar Photovoltaics
SHP Separate Heat and Power
UNFCCC United Nations Famework Convention on Climete Change

- 118 —



<

ey

IEEH >

U.S. DOE, 2016. Combined Heat and Power [CHP] Technical Potential in the United States.

U.S. DOE, 2015. CHP Technical Assistance Partnerships.

www.energy.gov/chp—contacts

U.S. DOE, 2012. Combined Heat and Power: A Clean Energy Solution.
http://energy.gov/sites/prod/files/2013/11/f4/chp_clean_energy_solution.pdf

U.S. DOE, 2015. CHP Installation Database, maintained by ICF International.

www.energy.gov/chp—installs

U.S. DOE, 2013. State and Local Energy Efficiency Action Network, Guide to the Successful
Implementation of State Combined Heat and Power Policies.
https://www4.eere.energy.gov/seeaction/system/files/documents/see_action_chp_policies_g

uide.pdf

U.S. EPA, 2015. U.S. Environmental Protection Agency Combined Heat and Power Partnership:
Catalog of CHP Technologies.

U.S. EPA, 2015. U.S. Environmental Protection Agency Combined Heat and Power Partnership:
Fuel and Carbon Diocide Emissions Savings Calculation Methodology for Combined Heat and

Power Systems.

U.S. EPA, 2012. Technical Support Document for eGRID with Year 2012 Data: The Emissions

& Generation Resource Intergrated Database.

U.S. Department of State, 2016. Second Biennial Report of the United States of America:

Under the United Nations Framework Convention on Climate Change.

U.S. Department of State, 2016. Second Biennial Report Methodologies for Quantified

Policies and Measures.

The CHP Emissions Calculator: http://www.epa.gov/chp/basic/calculator.html

U.S. DOE Energy information Administration. State Electricity Profiles:
http://205.254.135.24/cneaf/electricity/st_profiles/e_profiles_sum.html

eGRID Database, 2012: https://www.epa.gov/energy/egrid
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— 7]%q
— H3d
— & W 26-459 2

o BA6] CO, ME FEOR U Thew 2L APacle] Rad Aew Ay

3) ¥4 A /B 4 CO, MEF] 73

o Clean Power Plan(CPP) ¥ 111(d)oll 9JA, EPAE A5 53 245 f8 A9 79
48 =

o EPAE CPPY H3x 2402 3t 2 HFH COx WiE 7IES Y3t o5 9
3 MdE A4E T A AAE 209 &9 S (mit) E B/
— Fossil Fuel—Fired Electric Steam Generating Units
‘Net MWh B CO2(Prounds)E& 2022~2029d Fol+ 1,534(Ib/MWh)
2030l E 1,305(1b/MWh) FFo2 75
— Natural Gas—Fired Combined Cycle Generating Units
‘Net MWh B CO2(Prounds)E 2022~20294 Fo= 832(1b/MWh)
2030l 771(Ib/MWh) FEo2 75

o T H HF HR 24 Ve Us 27HA @97t AAE

o
— (Rate—Base) ZgAA4F @913 9j&(1b/MWh)S 51 4 7|2

TOE A
— (Mass—Base) CO; @9 S @] =4 E% 7|07 ALE
o <X 3-7>% EPA7} AAIE 2z F9 AEgA d9F &2 =39 =70 2 J=

YA
553 (Rate—Base)100E HAF31 9l
— EPAZ} AA$ 7H5 B37F & Fv $1F H3 X (Interim) 1,56341b/MWh, HF 531
2] (Final) 1,305lb/MWho.2 Montana, Lands of the Navajo Nation, North Dakota,
Lands of the Utah and Ouray Resevation, West Virginia%d.
-7 Be ERE AAS F= T3 EX X (Interim) 8321b/MWh, HF E 31X

(Final) 7711b/MWhe.2 Lands of the Fort Mojave Tribe. Idaho, Rhode Island¥d.

10) AFAIgE W82 EPA Fact Sheets ZZ (o)) ¥ F-Fo] 53}
httpsi//www epa.gov/cleanpowerplantoolbox/clean—power—plan—state —specific—fact—sheets
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[29 3-3] 48 o8 A A=

Type Requirements, Plan Type & Trading Options

EPA Mass Goal for
Existing Units with
EPA New Unit
Complement
Emission Standards

Trading

Demonstration 5
Trading Rea
EPA Mass Goal for to Address ey Model
Existing Units Only Potential Rule
Leakage
Demanstration Projection that Vi
to Address Plan will E?I::i:':,:gz Additional State i
Potential  [7| Achievethe [ standard [[| Reports Trading
Leakage Goal andarcs Can be made Trading Ready
Use Subcategorized gi’frl;fr:: :::.ﬂnl Documentation Emission Standards Model
CO2 Emission EM&V Plan [ - of EE/RE [ -
of EE/RE 3 Trading
Performance Rates savings Savings e ity Rule
Use State CO2 Measyremgnt Documentation Emission Spandards
Emission Goal Rate EMBVPlan || &Verification | | T EE/RE  |—» Trading
for Existing Units of EFfRE Savings Intrastate
Savings Interstate with multistate plan
Use Varied CO2 iject\oqtha't Measurement, Documentation Emission Standards
s Plan will & Verification i
Emission Rates —~ EM&VPlan | — of EE/RE —s Trading
(s 2 Achieve the of EE/RE =
Amaong Existing Units - Savings Intrastate
Goal Savings

XtZ: EPA, State Plans: More State Options, Lower Cost, 2015.

<3E 3-7> AHAN e 7 8 45 53 (Ibs/MWh)

=
Interi . Interi .
State Name Final State Name Final
m m
Alabama 1,157 1,018 | Lands of the Navajo Nation 1,534 1,305
Arkansas 1,304 1,130 | North Carolina 1,311 1,136
Arizona 1,173 1,031 | North Dakota 1,534 1,305
California 907 828 | Nebraska 1,522 1,296
Colorado 1,362 1,174 | New Hampshire 947 858
Connecticut 852 786 | New Jersey 885 812
Delaware 1,023 916 | New Mexico 1,325 1,146
Florida 1,026 919 | Nevada 942 855
Lands of the Fort Mojave Tribe 832 771 | New York 1,025 918
Georgia 1,198 1,049 | Ohio 1,383 1,190
Towa 1,505 1,283 | Oklahoma 1,223 1,068
Idaho 832 771 | Oregon 964 871
Illinois 1,456 1,245 | Pennsylvania 1,258 1,095
Indiana 1,451 1,242 | Rhode Island 832 771
Kansas 1,519 1,293 | South Carolina 1,338 1,156
Kentucky 1,509 1,286 | South Dakota 1,352 1,167
Louisiana 1,293 1,121 | Tennessee 1,411 1,211
Massachusetts 902 824 | Texas 1,188 1,042
Maryland 1,510 | 1,287 | fands of the Uintah and Ouray g 534 | 1305
eservation

Maine 842 779 | Utah 1,368 1,179
Michigan 1,355 1,169 | Virginia 1,047 934
Minnesota 1,414 1,213 | Washington 1,111 983
Missouri 1,490 1,272 | Wisconsin 1,364 1,176
Mississippi 1,061 945 | West Virginia 1,534 1,305
Montana 1,534 1,305 | Wyoming 1,526 1,299

Z&: EPA, CO; Emission Performance Rate and Goal Computation Technical Support Document for CPP Final
Rule.
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0 <3 3-8>2 CO, @9 (Mass—Base) &2 AAIE 7} F = SRS BHAFIL S+
— EPA7} AAISF Z3= &= 5Fo] 71 & = $7F 53 % (Interim) 208,090,841 Ton
5,11 HZF B2 F % (Final) 189,588,842Tons 2.2 Texas®|al, Florida, Pennsylvania,
Indiana’} HE o]

-7} GA AAE F= 3 53x X (Interim) 611,103Tons, #HF £ %X (Final)

588,519Tons®. & Lands of the Fort Mojave Tribe<%.

7= X1 (S MR

o ol Z+ FE 2016'd 9¢¥€ 6Y7IA] &4 Wi 74 =5 AlYE EPA A=s| o 3t

<¥ 3-8> @A R SAHYE 74 F9H 7AF 53X (W9 short tons)

=3 =3
State Name . %% (Final) State Name . %% (Final)
(Interim) (Interim)
Alabama 62,210,288 | 56,880,474 | Lands of the Navajo 24,557,793 | 21,700,587
Arkansas 33,683,258 | 30,322,632 | North Carolina 56,986,025 | 51,266,234
Arizona 33,061,997 | 30,170,750 | North Dakota 23,632,821 20,883,232
California 51,027,075 | 48,410,120 | Nebraska 20,661,516 | 18,272,739
Colorado 33,387,883 29,900,397 | New Hampshire 4,243,492 3,997,579
Connecticut 7,237,865 6,941,523 | New Jersey 17,426,381 16,599,745
Delaware 5,062,869 4,711,825 | New Mexico 13,815,561 12,412,602
Florida 112,984,729 | 105,094,704 | Nevada 14,344,092 13,523,584
k/f&gie()fﬁ%ee Fort 611,103 588,519 | New York 33,595,329 | 31,257,429
Georgia 50,926,084 | 46,346,846 | Ohio 82,526,513 | 73,769,806
Iowa 28,254,411 25,018,136 | Oklahoma 44,610,332 | 40,488,199
Idaho 1,550,142 1,492,856 | Oregon 8,643,164 8,118,654
Illinois 74,800,876 | 66,477,157 | Pennsylvania 99,330,827 | 89,822,308
Indiana 85,617,065 | 76,113,835 | Rhode Island 3,657,385 3,522,225
Kansas 24,859,333 | 21,990,826 | South Carolina 28,969,623 | 25,998,968
Kentucky 71,312,802 63,126,121 | South Dakota 3,948,950 3,539,481
Louisiana 39,310,314 | 35,427,023 | Tennessee 31,784,860 | 28,348,396
Massachusetts 12,747,677 12,104,747 | Texas 208,090,841 | 189,588,842
Lands of the Uintah
Maryland 16,209,396 14,347,628 | and Ouray 2,561,445 2,263,431
Reservation
Maine 2,158,184 2,073,942 | Utah 26,566,380 | 23,778,193
Michigan 53,057,150 | 47,544,064 | Virginia 29,580,072 | 27,433,111
Minnesota 25,433,592 22,678,368 | Washington 11,679,707 | 10,739,172
Missouri 62,569,433 | 55,462,884 | Wisconsin 31,258,356 | 27,986,988
Mississippi 27,338,313 | 25,304,337 | West Virginia 58,083,089 | 51,325,342
Montana 12,791,330 11,303,107 | Wyoming 35,780,052 | 31,634,412
Z+&: EPA, CO2 Emission Performance Rate and Goal Computation Technical Support Document for CPP Final
Rule.

) 1 short ton = 0.972 metric tons

oHjE 7F=29] A A A (Best System of Emissions Reduction: BSER)E T3} 29|
:ILGTO}J— 9)\75.

— Building Block 1: 7]& 38 2249 EA4HES /A5 CO: HlE T8 4

Ay

11) ©}7]4 Tons¥ short tong W]}, metric tond} F+E3t7] ¢85t TonsZ E7|3FS. 1
short ton = 0.972 metric tons.
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— Building Block 3 =
UA LS diA-gFAAH A

BSERE &3] EPAE 7} Building BlockS &3] ge]ld oz 34 Af 28l HA

[e]
=
7k AR wEHE CO: S 248%

ox,
fofs
re
iy
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o
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o

[ 3—4] A3 972 A9 GRID

North American Electric Reliability Corporation Interconnections

EASTERN
INTERCONNECTION

WESTERN
INTERCONNECTION ~
8 ~
~
-~
~
” ~
s

ELECTRICITY RELIABILITY
COUNCIL OF TEXAS
INTERCONNECTION

A& EPA, CO2 Emission Performance Rate and Goal Computation Technical Support Document for CPP Final

Rule.
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o o]E FZ3t= F 7]#2 EPAE Clean Power Plan(CPP)¢] 7|& X A&, F &

Jo) B AR AE ¥ oy AY, CPP AW Z¥ AW 5¢ AT AL,

o w3, FE o3t TAH BA WG FAGT FA 3T YHOE AN,

o (Clean Power Plan(CPP)< Technical Support Document(TSD)E %3} Fossil steam
o]

2 NGCC7l=&, 4 F9 WieE 29 #= 532 AL A+,

o TSD+ CPP Final Rule®] 7|24l 7|&S tFd|, ZF vbd A9
7} Fo] & EF EAS 93 BSERY o] Wi AHS 7|Eo

o 227t~ 7+=S 93 371A ¥WHH (Building blocks)S A #EHAA @9t HiEE

(Performance rates)!9& 7|22 A&3H.

— TFA99 A HA EE(BB1)S GAaHE 4.3% /MA, F WA EZ(BB2)A A
A7k A EE A 988TWh, Al MA) £5(BB3)¢] A |A & A

12) http://energy.gov/fe/office —fossil—energy—s—technical—assistance

13) Federal Register / Vol. 80, No. 205 / Friday, October 23, 2015 / Rules and Regulations.
14) EPA, Regulatory Impact Analysis: Clean Power Plan Final Rule.

15) Ib/MWh rate.
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— ARA G F¢ 3 HA B=(BB1)2 d4nE 2.1% M4, F WA E=(BB2)Y
AA7Fs oA B A 58 306TWh, Al HAl E59 A= ¢z Ay
Ze 161TWhE A

— Ao 2 HALAA G2 A W
%(BB2)9] HA7k A &
WA A 58 107TWha v

o oAy Zt AHuity FE-BH AGAVF e ol F
A &% A, 74 T A
3l ARG EES SR e = fEY.

A B2(BB1)2 4 &2HlE 2.3% WA, F HA &
A 58 204TWh, Al 914 EZ2] AAA A
ol

)

< 3-9> 20309 7} A He] #F FAZFE AT £54 ALA

BB2—TWh of Total NGCC

Generation at 75%
BB1—Heat Rate

Utilization, (Amount of BB3—Incremental
Improvement . .
NGCC Generation RE Potential(TWh)
for Coal Fleet .
Potential

Incremental to Baseline)

Eastern
. 4.3% 988, (253) 438
Interconnection
Western
2.1% 306, (108) 161

Interconnection

Texas Interconnection 2.3% 204, (66) 107

Zt&: EPA, CO; Emission Performance Rate and Goal Computation Technical Support Document for
CPP Final Rule.

o A (N (2)& XA TAF HA7 2 A6 9] BSERIT A#Z3LE 93 219,

o ZAAE U HA A v HR) o] A F o) 7+ E2(BB1~BB3) 4:30] u|Latt
il

olg o] A& &3+ 7|4 A %7} EGUs(Electic Generation Units)ol]l ¥+ =,

. BSER adjusted emissions for affected fossil steam soureces
BSER f il steam = 1
SER for fossil steam BSER adjusted generation for affected fossil steam soureces )

BSER adjusted emissions for affected NGCC soureces (2)
BSER adjusted generation for affected NGCC' soureces

BSER for NGCC=

2) Rate—Base F% 2]
o Step 11 20127441 8] Elol¥], 7k F1e] F A, 71E Aol e #4 2Ea A

ANEA Y FH

16) Clean Power Plan(CPP)9] & A of’d
17) Best System of Emissions Reduction
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Adjusted Baseline = 2012 Data for Affected Units +
(8784hours X Adjustment for Affected Under Construction Units X Capacity factor)

(3)
- (3)& 3 F9 Baseline(MWh)S F33}l7] 93 214

— eGRID Systemell FA1& dlo]g o] we} Coal steam, O/G steam, NGCC 5ol tjgt
F4o] 7}53

© Step 20 7 WA 53 w

— 2 (3)ol wet 7+

=

2 Aol wZE o

2 A A FHA
o} o) e A WE o] 2HEW 37 Aojd) tg & W7
7 Vs e,
— Regional Baseline Interconnection FEasternol] @wW=ZW Coald] w3 wj&LS
1,356,066(1000 Tons(short tons)), = A& A4k 1,230,448(GWh)¢.
— NGCC+= Hl& 328,220(1000 Tons(short tons)),

& A"y A2 734,535(GWh)
— 0/G steam< H}= 52,979(1000 Tons(short tons)), &

A5 AAF 74 241(GWh)
o Step 3: Fossil steam™} NGCCo ©j

il
—HEZEL VEAo g HEY/e AE A

. (Coal emissions+ OGemissions)
East 1St ate =
stern fossil Steam Rate Coal generation+ OGgeneration

(4)
= 4 (0o wet Step2e] &S I3t

(1,356,066,366Tons + 52,949,259 Tons*)/(1,230,447,795MWh + 74,240,802MWh)=
2,160lbs/MWhZ 34,

=)

= .

— 7R 2 NGCCol st 44 (5) =& Eastern NGCC Rate= 894lbs/MWh7} +4

Fastern NGOC Rate — NGCCemissions

NGCCgeneration

(5)
o Step 4: Building Block(BB)1¢] €4H]|E& 7JA(HRD L. ZXHE ZF XY )3t Fossil
steam HIEES A=

— Z+ A G i3t A7} o] Fo]RA Fof EPA= BSER9| utg} 7+ E2(BB1~3)<
33t

H

— EPA= Z+ A9 (Interconnection)®l] Coal steam®l| t3F BB12] HRIS Western 2.1%.
Texas 2.3%, Eastern 4.3% 2.2 7} 3l wj&=

Z+

% 529 AW(AY AL ¥

=
18) & Am(1d: 8,760 H+AWEr) o] &8 At

19) Coal steam, O/G steam, NGCC 5.
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H).
— Eastern®] 71& w|&%< 1,356,066(1000 short tons)o]™ 4.3%<] /N o= BBl vt

9 Foll= 1,297,756(1000 Tons(short tons)) & 7% H=7} 2&H
— A3 2 (4 93 BBl 8 wjEE2 2,0711/MWh7}t &
— 21 (6)& BBl 8k H|&E =429,

. _ Coalemissions X (1— HRI%) + OGemissions
Fastern fossil steam rate = Coal gen+ OGgen (6)

o Step 5: Building Block(BB)3— RE Generation—2] Wtg o 2 7}
steam¥} NGCC A& ik 7 Ait=
— BB3& A& 7IWte® st= Y AL oz o diA| 7 349120
— Z 9o AE Ao A REE A E e A A e
Ak FFo] 28 H.
— Eastern®] £ Ag AY2ke] & 1,304,689GWho]™ Potenial BB32] #Hz] A&
A Ake] 2 438,445GWhell 2. Fossil®k NGCCo WA A& 247} 64%,
36%= 2 (7), (8)°] Y3t BB3=Z RES & Ayibake 747} 208,515GWh,

157,929GWh= 4 ¥.

|

Fastern Fossil Steam Gen. = BASEline Fossil Steam gen.— (7 )

(Potential BB3 Gen X fossil steam share of total fossil gen..)

FEastern NGCC Gen. = BASEline NGCCgen.— (8)

(Potential BB3 Gen X NGCCshare of total fossil gen.)
o Step 6: Building Block(BB)22] ¥td o g 7} x]¥o] )3t Fossil steam¥} NGCC A=
AR 5 ANE

— olale] 3421 BB29} BB3E WAHL wlol W AL,

RIS

Fastern Fossil Steam gen. = Post BB3 fossil steam gen.—
(NGCC Potential at 75% CF— Post BB3 NGCCgen)

FEastern NGCC Gen. = Post BB3 NGCCgen +
(Stepb change in fossil steam generation above)

aHlE WA A gLkl o

20) EPAE JEUEZRE Hudts iz 82 Green Power Purchase(kWh/year), Product’s
Recource Mix(% of: Bio—gas, Bio—mass, Geo— thermal, Hydro, Solar, Wind, Unknown)%!.
21) Wk ‘NGCC Potential at 75% CF—Post BB3 NGCC gen‘©] 'Post BB3 fossil steam gen E.t} %k

o] At NGCC tAlE &3 A3 Aite] FxHolof g

- 128 —



<3 3-10> 7 Building Blockss RFggh #d= A ol v
Table 8. Adjusted Fossil Steam and NGCC Generation Rates Reflecting all Three Building Blocks
Adj. Baseline BB1 HRI BB3-RE BB2- NGCC Final Rates
A B g D 3 F G H I K L M N 0 P Q R
Fossil
Steam  NGCC BB3 BB3
Fossil Fossil | NGCC (Share of |Share of Remaining [Remainin|generation |generatio {Remaining Fossil
Steam | NGCC | Fossil Steam |Emission [Total  [Total  |Potential [Fossil ~ [gNGCC |assigned to |n assigned Fossil Remaining [Steam  [NGCC
Interconn| Rate | Rate |[SteamGen| NGCCGen | Rate | Rate |Fossil |Fossil [BB3  [Steam  [Gen [fossil steam|toNGCC |Steam NGCCGen [Rate  |Rate
lb/MWh {Ib/MWh |GWh GWh [bs/MWh [Ibs/MWh GWh  |GWh GWh  |GWh GWh  |GWh GWh b/MWh {Ib/MWh
Faster 2,160‘ 894 1,304,689 | 73453| 2,01 894 64%|  36%| 438445 | 1,004173 | 576,606 | 280515 | 157929 | 612922 | 987857 1305 M

A5 EPA, COs Emission Performance Rate and Goal computation Technical Support Document for CPP Final Rule.

(Post BB3,2 fossil steam gen X Post BBL fossil steamemission rate) +
(Invremental N GCCgeneration X BASEline N GCCrate)

Eastern Fossil St .=
stern Fossil Steamgen (Post BB3,2 fossil steam.gen+ BB3 generationreplacing fossil stram+
incremental BB2 genera,tion)
(11)
X i g
Fastern NCCCGen. — (Post BB3 NGCCgen < NGCCBASEline rate) (12)

(Post BB3 NGCCgen+ B3 generationreplacing NGCCgen)

o CPP2 = ¥ (rule)o] W= Step 1~72 AP = 2oz F7+ 2 F
HjZ&Fo] 4 E.
7 BA1(2022~2029)E Fossil Steam 1,5341bs/MWh, NGCC 8321bs/MWh.
- A% 94(2030)E Fossil Steam 1,3051bs/MWh, NGCC 7711bs/MWh.

o\

el
=

ke

3) 9 x5 2 AHH

o "o A7 2 AHE EPA(2015), eGRID(2012), U.S. Department of Energy,
BR2(2016)2 A7 g

—EPAE 7% HolHE M%7 98 F 2 A9 9= JAS I
F 0 A wele Ny wAg
9 A vee] My wn e
8 A9 wele Aa/shs B
TR A @Y i/t 2R wEF
F 9 Ao vele Adsla By e
2 2 B9e] AAvte B Ad wE Y
=0 Ao vy Adsls By wh g
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o
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—201237tA] FAE eGRID
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25 wE doly 5 573
D W% AR FRAAT
Ao A% BUH JFE DA

(Ib/MWh)E& A&t 4

A A REe A sloto] s
Wie) FA7) e BE B U4

AL (EIA, NERC, FERC).
-+2 EIA(Energy Information Administration)®l

| A32Fsl= pounds per megawatts—hour

— EPAE 37} NEEDS(National Electric Energy Data System)2 AF&3t=4),

NEEDSE 7% A9, &8, % ¢

(Under Construction) Modeling Platform

Auk 3 o]9 o] HloHE UE.
v.5.157}F A=

- F @Y mEEH HF SR A5FS T8 o] Al AQLr [ T S

= [e]
w43 9 AEAS F4

[E 3-111% @o] 7% 2% 37449 %% Y2 AAL.

Zt. BR1#} BR29] A58E3 2o] R A £4

=
o w=e] BR1% oA WA 7|%F &5 HuME vudS o BR29} HHEF, 71FLS

L
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<® 3-11> 59 H% 7% %5

Final CPP Rates (Ib/MWh) Final CPP Mass (short tons) New Source Complement + Mass Goals (short tons)
Interi Interi Interi . .
State or (;Iélal (}?7131 (}I:)lal In;?“ Final InterimGoal I%Ei‘;lm InterimGoal Interim Goal Final Goal InterimGoal InterimGoal InterimGoal Interim Goal Final Goal
B & m 5 - > 5 m o m gl el
Tribe o090 209~ on9e ool Goal 2022-2024 20285027 2028-2029 2022-2024 2025-2027 2028-2029
2024 2027 2029
Alabama 1,244 1,133 1,060 i 1,157 | 1,018 66,164,470 60,918,973 58,215,989 62,210,288 56,880,474 66,515,949 62,104,698 59,336,277 63,066,812 57,636,174
Arizona 1,263 1,149 1,074 : 1,173 | 1,031 35,189,232 32,371,942 30,906,226 33,061,997 30,170,750 35,869,066 34,070,025 33,039,340 34,486,994 32,380,196
Arkansas 1,411 1,276 1,185 | 1,304 | 1,130 36,032,671 32,953,521 31,253,744 33,683,258 30,322,632 36,201,456 33,522,923 31,791,721 34,094,572 30,685,529
California 961 890 848 907 828 53,500,107 50,080,840 48,736,877 51,027,075 48,410,120 54,858,122 53,472,875 52,997,917 53,873,603 52,823,635
Colorado 1,476 1,332 1,233 | 1,362 | 1,174 35,785,322 32,654,483 30,891,824 33,387,883 29,900,397 36,376,858 34,132,015 32,747,885 34,627,799 31,822,874
f"““emc“ 899 836 801 852 786 7,555,787 7,108,466 6,955,080 7,237,865 6,941,523 7,611,353 7,295,920 7,132,188 7,373,274 7,060,993
Delaware 1,093 1,003 946 1,023 916 5,348,363 4,963,102 4,784,280 5,062,869 4,711,825 5,380,716 5,072,246 4,887,401 5,141,711 4,781,386
Florida 1,097 1,006 949 1,026 919 119,380,477 110,754,683 106,736,177 112,984,729 105,094,704 120,099,944 113,181,823 109,029,369 114,738,005 106,641,595
Georgia 1,290 1,173 1,094 © 1,198 | 1,049 54,257,931 49,855,082 47,534,817 50,926,084 46,346,846 54,535,858 50,792,677 48,420,669 51,603,368 46,944,404
Idaho 877 817 784 832 771 1,615,518 1,522,826 1,493,052 1,550,142 1,492,856 1,660,490 1,635,157 1,634,160 1,644,407 1,639,013
Tllinois 1,582 1,423 1,313 | 1,456 | 1,245 80,396,108 73,124,936 68,921,937 74,800,876 66,477,157 80,731,921 74,257,813 69,992,293 75,619,224 67,199,174
Indiana 1,578 1,419 1,309 1,451 | 1,242 92,010,787 83,700,336 78,901,574 85,617,065 76,113,835 92,396,252 85,000,711 80,130,184 86,556,407 76,942,604
Towa 1,638 1,472 1,355 . 1,505 | 1,283 30,408,352 27,615,429 25,981,975 28,254,411 25,018,136 30,531,021 28,029,256 26,372,964 28,553,345 25,281,881
Kansas 1,654 1,485 1,366 @ 1,519 | 1,293 26,763,719 24,295,773 22,848,095 24,859,333 21,990,826 26,870,692 24,656,647 23,189,053 25,120,015 22,220,822
Kentucky 1,643 1,476 1,358 @ 1,509 | 1,286 76,757,356 69,698,851 65,566,898 71,312,802 63,126,121 77,066,129 70,740,507 66,551,068 72,065,256 63,790,001
Lands of
}\Z‘gjf\%” 877 817 784 832 771 636,876 600,334 588,596 611,103 588,519 654,605 644,618 644,225 648,264 646,138
Tribe
Lands of
the Navajo 1,671 1,500 1,380 | 1,534 | 1,305 26,449,393 23,999,556 22,557,749 24,557,793 21,700,587 26,835,616 24,964,261 23,769,601 25,367,354 22,955,804
Nation
Lands of
the Uintah
and Ouray 1,671 1,500 1,380 | 1,534 | 1,305 2,758,744 2,503,220 2,352,835 2,561,445 2,263,431 2,799,029 2,603,841 2,479,235 2,645,885 2,394,354
Reservatio
n
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Maryland

Massachusett
s

Michigan

Minnesota

Mississippi

Missouri

Montana

Nebraska

Nevada

New
Hampshire

New Jersey

New
Mexico

New York

North
Carolina

North
Dakota

(Ohio
(klahoma

Oregon

Pennsylvani
1

Rhode
[sland

South
Carolina

South
Dakota

1,398

888

1,644

96

1,468

1,535

1435

1,095

885

1,325

1,383

1488

924

929

869

1,359

844

1,228

1,342

1,380

1,369

oo
=
=

829

1,203

48

1293

842

1490

1934

1522

042

7

88

1325

1025

1934

1,383

1223

964

1258

832

1338

1352

1,305

1,296

85

858

42,035,202

301173

17447,354

13,360,735

36,804,206

21,303,150

28940675

67312915

13,776,601

20,246,365

15,076,534

4461569

18,241,502

14789,981

3HA93488

60,975,831

243173

88,512,313

41577611

9097720

106,082,757

3811632

31,025,518

4231184

38,461,163

2,119,865

15842485

12,511,985

91,893,006

24,868,070

26,790,683

61,198,279

12,500,563

20192820

14,072,636

4,162,981

17107 548

13,514,670

32,932,763

2,149.239

23,095,610

80704944

43,665,021

847768

97204723

309,937

28,336,836

3,862,401

36,496,707

2,076,179

14,902,826

12,181,628

49,106,884

23,476,788

25,706,215

31,570,942

11,749,574

18,987,285

13,652,612

4057142

16,681,949

12,805,266

31741940

32,806,495

21,708,108

76,280,168

41,577379

8,209,589

92,392,088

3,022,686

26,834,962

3,600,422

39310314

2198184

16,209,396

12747677

93,007,150

2543350

27338313

62569433

12,791,330

20,661,516

14,344,092

4243492

17426,381

13,815,561

3399,309

96,986,025

23632801

82,526,013

44,610,332

8,043,164

99,330,827

3,697,380

28,969,623

3948950
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2,075,942

14,347,628

12,104,747

47,544,064

20,678,368

25304337

20,462,884

11,303,107

18,272,739

13,523,584

3,997,579

16,599,745

12,412,602

31207429

21,266,234

20,883,232

73,769,806

40,488,199

8,118,604

89,822,308

3,000,205

25,998,968

3,030,481

42233941

2267928

1751749

13453117

29109101

67,87204

13977172

22,335,063

15,444,082

4490876

18370,159

15,041,467

35107786

61,209,834

25,593,843

86902150

47,816,048

9514152

106,598,711

3840372

31,167,043

4250270

39,181,613

2,176,390

16,079,110

12,823,657

32,796,905

25,265,233

21,308,874

62,083,903

13,003,045

20,492,045

14,990,694

4,261,849

17,541,576

14,142,829

33,605,705

96,707,332

23,435,203

82,020,069

44,469,307

9,018,260

98,945,311

3,689,890

28,814.276

3,926,790

31,130,156

212958

15,126,393

12,476,082

49,922,086

23,801,060

26,293,049

B 445482

12,380,787

19,269,996

14,805,867

4130004

17,092,023

13,594,393

A8

23,T61714

22028979

42,3736

8,888,687

94,036,616

3614288

21,286,003

3716258

39,794,622

2,199,016

16,380,325

12,972,803

53,680,801

3,720,126

21748753

63,238,070

13,213,003

20,877,665

15,114,508

4314910

17,739,906

14,342,699

3117505

31,678,116

23878144

83,476,510

£,191,382

9,096,826

100,588,162

3121400

29,314,508

3,990,462

35,804,321

2,109,968

14,498,436

12,303,372

48,094,302

2981173

25,666,463

9,002,813

11,936,908

18,463,444

14718,107

4,060,591

16,876,364

13,229,925

31718182

31,876,896

21,099,677

14,607,975

41,000,852

8,822,003

90,931,637

3,084,016

26,303,205

3,980,018



Tennessee
Texas

Utah

Virginia

Washingto
1

West
Virginia

Wisconsin

Wyoming

1,500

1,35

1492

1,036

1,239

966

1934

1,364

136

118301

221,613,296

28479805

31,290,209

12,395,697

62,997,024

33,905,657

3828498

203,728,060

281970

28,990,999

1141157

3,762,771

30,571,326

34,967,826

20,3421

194351,330

24,572,858

21898475

10,963,576

93,302,666

28,917,949

SL8T5,725

31,784,860

208,090,841

26,566,380

29,580,072

11,679,707

98,083,089

31,208,306

35,780,002
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28,348,396

189,588,842

31,305,342

27,986,988

31654412

34,265,000

A3HT2T13

28948270

JLATES8

12,649,388

62804443

33,695,371

39,094,099

31,575,934

210,382,837

21,152,096

29,614,008

12,074,804

31,097 448

31,076,392

36,380,077

20,812,562

202,59,072

26,042,759

28487101

11,759,581

41279

29,39,142

34,650,409

30,143,698

213419599

21,5487

30,030,110

12,211,467

96,686,029

31,623,197

36,965,606 ;

28,664,994

198,105,249

25,300,693

21,830,174

11,563,662

31,807,307

28,308,882

33472602



<oto) >
BB Building block
BSER Best System of Emissions Reduction
BR Biennial Report
Btu British thermal unit
CH4 methane
COq carbon dioxide
COzeq carbon dioxide equivalent
CPP Clean Power Plan
DOE United States Department of Energy
EIA Energy Information Administration
EPA United States Energy Information Administration
EUGs Electric Generating Units
GHG greenhouse gas
GW gigawatts
kt kiloton
kWh kilowatt—hour
1b/MWh pounds per megawatts—hour
LULUCF land use, land—use change, and forestry
MW meagwatts
MWh megawatts—hour
NEEDS National Electric Energy Data System
NGCC Natural Gas Combined Cycle
TSD Technical Support Document

< E3 >

U.S. EPA, 2015. Regulatory Impact Analysis for the Clean Power Plan Final Rule.

U.S. EPA, 2015. CO2 Emission Performance Rate and Goal Computation Technical Support
Document for CPP Final Rule.

U.S. EPA. 2015. Technical Support Document (TSD) the Final Carbon Pollution Emission
Guidelines for Existing Stationary Sources: Electric Utility Generating Units. GHG Mitigation
Measures.

U.S. EPA, Cutting Carbon Pollution from Power Plants: Overview of the Clean Power Plan.

U.S. Department of State, 2016. Second Biennial Report of the United States of America:

Under the United Nations Framework Convention on Climate Change.

U.S. Department of State, 2016. Second Biennial Report Methodologies for Quantified

Policies and Measures.
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U.S. EPA, Clean Power Plan: Technical Summary for States.

http://www.epa.gov/cleanpowerplan

U.S. DOE Energy information Administration. State Electricity Profiles:
http://205.254.135.24/cneaf/electricity/st_profiles/e_profiles_sum.html

eGRID Database, 2012.
https://www.epa.gov/energy/egrid

3. [9]=] Clean Energy Supply Programs: Green Power Partnership

7F. 4y A3
D) Az Ma

o AARAL dEA ety 24T )T NHE 2] Wil A GG 7]
oAsiuA B4 AsAA AAYAIA F&o] 2w L.

o EPAT& w|FrolA AAe=9] Al8-&
Partnership(GPP)& A2+t

Hir

o]7] 3 20014 Green Power

o GPP= T WY ALen #EH 474 4F= F

A AUAE AHEste ols s ARste

— EPA= =4 oUAE ‘A AIA ] Ao, 7}

R A L B o i A i

- TAHCE B, 9, AL, vho]erks, o], 58 A S
— EPA= 71E ouA e} AAQANIAE [2" 3-5]7 2ol Fxsta 9
— AN IA O Eate AUALL Fe VIR ol 2229 qUA LS B3}

+

==

B gasA e 5L AN, old@ UALE B, i, B2E ¥ 77
T4 % A EGRI )T D 5 EY

- o QR ARAAUA J1EE B0 i 9FS v & e, o 59
Wt £ B AHe YR EA ol§ Sol FAZ o,

-2 AL E £3) X1 e BN AR, Adrks, A% $ekne
LECIEET RO

- HHARE B, AF Bt AZL A B vgo] AL, Ak A U~
2 Yrlede o,

- A4 WAL HFAARG Lol WA Ak AN 242 MBHAL GA
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B A71Ho 2 AN HT7lE Aol 8.

L=

o Green Power Partnership(GPP)2] AHFZ Q] HI A& = o x| 2] Z}HFZ Q] A5
53] vl=re] AR AFS Gt Al A3 FAES Rl s

o

(K

Zad A 845 A 7HA7 9L
Zg AZ Uit ola FAA wS
7] o

o B Zadw BAE ¥ 744 94 A9
— w5 AAAIIA A el A
—ols] BAAEC] HANUA S-S 9T
—malof ) zge] ma 914 Al

ol [L

2 @) 1,300 W& FHEVES0] A7) 30089 kWhe] 54 oS ALg
=d|, o]+ Ji:.%zqoi w)=e] 3wiul 714 o) /\}30}1_ A 2ol et

-

o 20154
A

3la1

[19 3-5] YA &/

Y

U.S. ELECTRICITY SUPPLY (NOT TO SCALE)

Green Power

O PO

Conventional Power Renewable Energy
Nuclear Large Biomass

OO0 O DWwO

Natural Municipal Geothermal Biogas Low-Impact
Gas Solid Waste Hydropower
Least Beneficial More Beneficial Most Beneficial

A& EPA.

2) ¥4 Ag971# 2 CO, &= 15 44
o Green Power Partnership(GPP)= EPA7} 7FQAS W1 Qo H 3 WwHe flo]
E22)E F37-0]g3ly A& FAIE.

o EPAE 719¢ 918 207 tEo B m2ade AR, o4, AR 5& 24

o BEY(ZIYAHES wid A3 717 < S0 A] e digk R E A
o] A=, EPAE ©|E &3] w'd Green Power Purchases ReportE ZHAISH

22) EPA+ JEWERHFE BuwtsE A Y82 Green Power Purchase(kWh/year), Product’s
Recource Mix(% of: Bio—gas, Bio—mass, Geo—thermal, Hydro, Solar, Wind, Unknown)<%.
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o EPA7} AA-ZAsE GPP B4+ Green House Gas(GHG: £47124) wj&<&
& T s BHAJA ARZ 29
— A7 ¢l Hole EPAZF eGRIDE %3] &A%

o CO; AFFS M F o= IAT F v AR Fd sty & Z2 a0 2 Q&)
AHEE = HA U9 FEolgta & 4 U+&.
- [2" 3-6l T8 g S UAE AHEFHS BAFa 5.
-7l 2 54 ok AW AR, 15 uS 9 Av) BEo] HAY Ax o]tE& A

Astar glo] GPP FA | Ao F8 AHEAY S HojE.

Lo

Al

L.

o EPA+ Green Power Equivalency Calculatorg A|&3l=d ‘OOkWhe] =21 9
YAE Fujsle] ARgsthd ol wid OO7F7+9] Hit olyA Av| a2y 2

g0l EAA FHY2,

[29) 3-6] A oy x] 2u (99 kWh)

Green Power Usage by Industry

5,698 270,048 * Technology & Telecom
® Govt. (Local, Municipal)
0,020.210,669
= Education |MHigher]
898,240,451 » feta

1,014,877,690 - * Gowt. (Federal]

1,326,666 956 7 » Bamking & Fn_ Sewes
= food & Beverage

1,544,057,552
nsumer Products

1.803,330,547 ndustrial Goods & Srvcs
3,521,395,815

2,250,527 497
2672569812

A& EPA.

o EPAE 340U FFAE 34 s, (17 3-713 go] 4 Fu= 49 2
Amo] e olate] WE 2 A R} TAH AL
— State.
— Utility Information.
— Enrollment Information.
— Type.
— Start Date.

23) =2 17b-3 AFF olUx] AnES 10,932kWh
24) U.S. Energy Information Administration, www.eia.gov/tools/fags/faq.cfm?id=97&t=3
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— Premium.

2 gAste edsts wE 7
~ GPP= TAHS] CO, W& ol thd F4 Are FAS] Boke @ 2w
a¥g AFHoe P we HEUE §

o Green Power Partnership(GPP)+= ¥ #<¢] 13 Combined Heat and Power(CHP) 2}
g7 Clean Energy Supply Programs®] supe] Ao &= T2 138 Q.
— kA CO.9 viEH2 1 Aol A E FH 2291 S0 gz i AH S o
L3l AR T FA 7}153}.26)

[ 3-7] 9 =4 ol &4

BAT D
OR | | y JE
[ ] <[ Wil e
5D o =1
Wi P
1A —ru
h = OH Y EE]
: - uT o ey Sy
L= oo 3 WA
| KS Tle] o
I ™ [
OK
AZ hINA AR aC
pas | AL | BA
T L

I=7H FL
[Gusml
[Trust Teritones] Gl
PR
Morthern Mariana Ak

A& EPA. https:/www.epa.gov/greenpower/locate—green—power —suppliers

o wo] W|E PAE UZe7] 8] YwAo AlgeE ES T /A

o

o A WA Project OffsetsO 2 2471~ 7+ WS 74
J @)= o]itsterA ke E(MMtCOze)

|
Ay

N
e

25) Green Power Partnership(GPP)+= ¥ 9] 1% Combined Heat and Power(CHP)®} 34 Clean
Energy Supply Programs® shi}e] Ao &&= T2 13 (BR2, 2016).

26) Green Power Partnership(GPP)E &%= AAAYR|E= 224714 wjEo] e Ao = 71435}
T 3 A8E gAE ©E(kWh) S 22 7125 A58 = 1 ohul, gl r] o] [ e ofw
AU A Y& ALg =7t we) 75 TR A=t DLE}Xl(eg A, M) Ay x| A4t Al vs

AR ofUiA] A hA)),
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|
of

A7k wEFT 715 @) diH] ve RS (E3D) e H3s i s
— Al H*ﬁ AqUA R ALEHE FS JAHA B+

F

o F HAE AR A A 2=+ (RECs: Renewable Energy Certificates) .

- 574 @9= MWhsol &745 a8ste S0 AAZAAA A & 119
St N A dF Lol anjAte dEls SEst=H S =
— A AIGA Z2AEES S8 wEolA ml=, Ay, WA e dRIF B TE
= AHEE

o B Ao tF+= Green Power Partnership(GPP)&= A AN HFA S JF= T2 1
# O 2 Renewable Energy Certificates(RECs)9] 71&& w=4 =

o m=o]l AR Ai-rFeE FAHstr] fs 20019 ©]F Green Power
Partnership(GPP)E& A]ddstar 2 20159 &, 1,3007027) o] 4e] StEEL A
30089 kWhe] %41 oA ALgsta Qs ofE BFACE T 39 7H3
o Apgahe ATl S

o & ZFEIdd 7tYste AL FEO|ARF B bR Axp-Zzxdo]
- TEY ge sk AHgAE = 2
BausjorgH(Ald, Arle] OF e 23 A
~ sfeto] o EPAGIA AAGHE ¥E RN AL
— <3 3—12>+ Green Power Partnership(GPP)E &3 Z2 &) oFst= =24 o A] H]
&o] BAEH deH, 7HARES olF FFsloF &

<3 3-12> A Uz HAa 87 A

A AHEF(kWh) GPP 2 8.7 A3 GPLC20) 2% 2 A1e
19 ol A 3% A 30%
1A% o4 ~ 19] o]3} AHEF] 5% AHEF) 50%
1)k o) ~ 1319 o] & ARgEEe] 10% ARgeEe] 100%
1 o] 3} AHEF) 20% A4 vig
A& EPA.

27) Partner List: https://www.epa.gov/greenpower/green—power —partner—list
28) e.g., Yl FIH(HYIE)*14.9kWh(7] = o] AdE A& H L6jd=)
29) Green Power Leadership Club.
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o [1¥ 3-8]+ 4+ Green Power Partnership(GPP)el| 7}d3t 43 stEY =4}
£ BAFa A=
— AR 14370, e 718 13370, daER & 719 9670, =& 78709 o
2 FahehlA A gol #7 AY ARsl Be Fol o JujHos ve
Fol 2 Hdeta Ae
- [19 3-9]e HEUF] AHgste dY AT,
- A Ago] &R EYZL Al o]de A
[ 3-8] =4 o= EUAH A 7Hd A
Green Power Partners by Industry
e = Gowvt. [Local, Municipal)
= Education [Higher)
133
Restaurants & Cafes
560 = Retail
a6 = Printing & Packaging
® Consumer Products
38 ® Technology & Telecom
" Kon-Profit INGOD)
73 * Food & Beverage
48 - i 67 = Dther iIndustries
A& EPA.
(728 3-9] 4] U] HEYEo] Ashs S
Green Power Partners by Electricity Loads
1600

1400

L

Number of Partners

2010 2011 2012 2013 2014 2015

1200
1000 M Very Large
800 W Large
600 B Medium-sized
400 Hsmall
200
o - T T T T Y T .
2008 2009

#Very Large: ¥4ZF 19 kWh ©]4}.
Large: A%+ 13- 49F o] ~ 19 o3} kWh.
Medium: 1z 197k o] ~ 1%k o] 8} kWh.
Small: A7+ 19gk o]3} kWh.

A5 EPA.
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o ARk o]} It AT R AYH ARGAARE [Z-3-10]4 BZo] HA 9
g E HHE BoE OFE WY Aease] SAduA AlgFe] 45
o wdm & 5 9le

[728 3-10] AHARE FE oA AHE-=F
Share of Partnership's Green Power Use by
Electricity Loads
HSmall
N pedium-sized
W Large
= Very Large
A& EPA.
o EPAE Aih-Aav] HEFEg oflel B 2098 Fested AW AES ¥

Bstar Sl

[ 3—11] GPP SEYEC] A oUx]& Ak

%
FiF
%
Je
-
i

Why GPP Partners Use Green Power

70%

60%

50%

40%

30%

207

11118
0%

F

-

-

Demo Env Reduce Support New EFPA M et Cost Stability LEED Brand & Support Econ
Leadership Carbon Renewables Recognition Sustainability & Savings Certification Product Diff Development
Footprint Goals
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o B3 EPAE Green Power Partnership(GPP) Zre] AHE sl o8 71A] XLz =2

S Wt 3.

- (RE7he 24) HEUS ARE sebnasled g A%E 54 o
& AT, o2 Aa) AL AT W8S At B 5 9l

% HEU 4 87 Al

- (27 2 Pa22) EPAE BHEUGIA 2B ohzh 80 Bad =7 % i
g AFHD /EE IALEE B3 54 A4 A8l AP B FAN

~ (W 4-FR-914) HEYS} EPA

z2] 4] ?}“é‘éﬂr BAE olm Ao FZZQ Y= —.’?—.

o Green Power Partnership(GPP)= £ ZHeo] 1] AM<&¥ Combined Heat and
Power(CHP) F8213 Aoz Aik-AvFS o] &3l #53dFS 43
— AR5 =2 A S BHF(kWh)S 247128 53 2 3R T g A 51 7]
o] Fof A& A el wet 75 FEIF G,

3) e Az 2 AR

o I8 A8 P AHARE EPAY Tool-Resource, DOE/EE—0307(2010), BR2(2016)& A
2] g,

A 3 71391 ﬁé(eg HFE-5d 5)
A (e.g., AY vs 77} &)

F&H(e.g., ZEZAE or A4H)

AZE9 F3(e.g., REC, 7}4, 13 7}4)
vl 7HE vs Zv

Ak 713k

—@ge (19 3-817 Lol FAL.
oEVESS] W L AhE FA % giE

— EPA, Green Power Partnership Basic Program Information
— EPA, Green Power Partners List
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S ERCRER

— eGRID System

Aol weh A AN WES 5 EAS o8

— Technical Potential Estimation Methodology

o Amd uA AN TE

L=,

— eGRID System

2. BR13%} BR28] #5&H Aol B 4 £4

o Hl=re] BR1¥ A4 HA| 7% &5 HuAE vugdS w BR29F HHEZ, 7|F2

L

BR
CHP
CO2
COqeq
DOE
EPA
GHG
GPP
GPLC
kt
kWh
MW
MWh
RECs

<otol %>

=<

Biennial Report

Combined Heat and Power

carbon dioxide

carbon dioxide equivalent

United States Department of Energy
United States Energy Information Administration
greenhouse gas

Green Power Partnership

Green Power Leadership Club
kiloton

kilowatt—hour

meagwatts

megawatts—hour

Renewable Energy Certificates

<

o

IEF >

U.S. EPA, 2013. EPA’s Green Power Partnership: Partnership Requirements.

U.S. EPA, DOE, 2010. Guide to Purchasing Green Power.

U.S. Department of State, 2016. Second Biennial Report of the United States of America:
Under the United Nations Framework Convention on Climate Change.

U.S. Department of State, 2016. Second Biennial Report Methodologies for Quantified

Policies and Measures.

U.S. Energy Information Administration.
http://www.eia.gov/tools/faqs/faq.cfm?id=97&t=3

eGRID Database, 2012.

https://www.epa.gov/energy/egrid
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A3A A= HE, BH/FF)

1. [v]=*] Energy Star Labeled Products30)

7F. 4y A3

1) AA oA} 23] /Q

o B AFe] TR o]% AEFFolA 24V TS AHA 2 o] BEAOIALS
@ [F]=] ENERGY STAR Labeled Products, @ [®]=r] ENERGY STAR Commercial

Buildings, @ [®]=] Appliance, Equipment, and Lighting Energy Efficiency
Standards= 24 A<

o 919} 37} AA R e vRe) RE qUA2E TR pAFe Joe
ejale] B oMt o] WA oA 2E Teadd tE e 94
3 Zere] old|wg woluA @,

2O v59 qUAIF P H o] FEoE FXd= YA A
3 QAR 7 B I P JRE T 24 e §
okel] whe} AA-E (42 U.S. Code §6294a - Energy Star program).31)

o W3 BRHol NFFENY Zeadelm s At oUAAE =2y
A, A B B BRe qUAES AHE Eal AAA Wele 27
]
90

I A 7]1F RS E 3 giAoZ 1992dFE =29 (0OAR, 2015).

Mo

9}

¢

& v, FET1E B ARIARE] U A B 2dVtAE 8§
SHoE 5T F AEF AF, ' F AAAY AYAARE ko] P%'a‘?#
71% 3 = 3 = A o

=~
g AFsHm, APF 20 WHAE AF, AF L 297 B
S

TAR)E #<o (OAR, 2015)

o mZeo] AA YA AE Tz2aAe FA ol Zo] 471K FFoZ
(OAR, 2015; https://www.energystar.gov/), & AT X thAt o4 x| 2~}
W ol FAAF 2 AFE dEo dg AL

€5
ZET

30) BR2+ “Energy Star Labeled Products’® A2]slA|7t, OAR(2015)+ “Energy Star Certified
Products”® Aolsle] ARg3lar ¢JS. 1¥]al BR2E Second Biennial ReportSld], ¥ A wnjo
oFoj 3

31) https://www.energystar.gov/index.cfm?c=partners.mou (| HX|5-¢} 3772l HoF Ay =)

32) "= #AHe VFHEWY ZRIaH FH= 1) dYA=E, 2) %"—‘Viaﬂ FEYAY (Green
Power Partnership, 20011 %:%]), 3) CHP IEUY4 (Combined Heat and Power Partnership,
20013 =%1), 4) Wgr 2 B3} 2247 7% T2 7% (Methane and Fluorinated Greenhouse
Gas Emissions Reduction Programs) <.

— 144 -



— =AAE oY X2} (ENERGY STAR Certified Products). oYX S A}&3}= 7]

5 7} 433 UAEES S8t B33 59 E4(ENERGY STAR) S
T2

Z|2~E} (ENERGY STAR in the Residential Sector).34) 215 @&

aga 71E FYY AF Al 4 Y dUA 2ES 94

<<l F2(ENERGY STAR)S Hosle 59 =219

2~E} (ENERGY STAR in the Commercial Sector). A&

UARES 94T 39360 52 EA(ENERGY STAR)S #

ol
Lo

e
M orr
2

1=

-4

of
i
= u)

=2

w

o

N

L o
=

p
N

o 2
=2

0
bu AN
M
o

|
10 oot me ox AN H N dr M
o 12 0 o 2 & (I o &
e
M

[>

o

N

]

e
Md

E} (ENERGY STAR in the Industrial Sector). 33¢] o x] & & 9]
I 4937 591 ®A(ENERGY STAR)S #osh= 59 =

S
MN
o
il
oX,
o

@)

o] el Axet ZE2ade s HEaRHY 0AR(2015).

— A3 9] oA zet WA Zae o &3 (2013)

3,8009) kWh Az} (v A4 dHxnle] of 5%)

2.939] Eo] 24712 Wi 39 (< 4,000 7b7e] A¥iv wWE D)

-} 3009 Tele] oUAAZHE A7

ot
* R o

33) TAAFE AUA2ELE 557 gt a8 202 AFAFEE DA, b= 49
BdRoz B o i) a8 21 Al fFEEE AEe] 39 25% Y.
(https://www.energystar.gov/index.cfm?c=prod_development.prod_development_index, ENERGY
STAR Products Program Strategic Vision and Guiding Principles #+%)

34) 7MAHEE olUA el A T2 1HIHE AES ©E, Wiy 2 28T #AdE 7)), A B Y
A A (o], GLAFE, A5 T)ZA A D oA |qA] ARG FHEE Y (ICC, 2009). o] H]3] &
AAFE AR 2=E= T2 A7 D 7h=E ARESE 717 B A (), HAFE, o7 5.

35) olU#| BB (ENERGY STAR Certified Home)o] 7] 93t 21 )i} Felo] 7|&FH
(reference design home i baseline home)9] HANUA s 21& WHEsof g
https://www.energystar.gov/index.cfm?c=bldrs_lenders_raters.nh_v3_guidelines (National
Program Requirements) 3. "= 7449l B4l 25} o x| =€l 812 7|F58d] H]3|
16% WA 29% A T AoFs]= Aoz FHH,
https://www.energystar.gov/index.cfm?c=bldrs_lenders_raters.nh_v3_guidelines (Estimated Cost
and Savings) FZ.

36) A8 AEo St oA aE 2US o] Ao 28 Hx

37) AR =E}l T2 oA a&2 7] TU Axd T4 UuAAds 71€S 1-1009 A 5=
el o) #HAS 757 ool Hojok 3
https://www.energystar.gov/buildings/facility—owners—and—managers/industrial —plants/earn—rec
ognition/energy —star —plant—certification 3%

o T
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2) SAAF AHALE A= e

o FAAF AR 2ER(o]a} ESLPE} g+ EE A=A 717], ZA 2 7]2HA o
st oA 28 FAS FAFo RN, LBAY] YA 4R M-S A
Al 247k wES $3tetr] 9g A=

o AqNYA=E FAAFS AA 7049709 FF T2 /5T (OAR, 2015), o]
7H& AN|JAALE 717], W AR, AA7)7), AHE 717], 29717, A9 Y
AR AHE FA], HlolHAE Y ZX], A& 7|AA, 2577 5 £

— OAR(2015)d %= E73}a https://www.energystar.gov/products?’s=megas &
A 704708 FETS S67HE ARFoA AWNAERE A¥ F (<xF 3-13> 2

<3 3-14> #x)

https://www.energystar.gov/products?’s=megae= <A=& ol
FE a8l oA 7HA] JERE AT

E
9

- UAE #H Vjeds oA 2 E doke] o4 TR, YA F B T4
ol o
il

[e)
3 Aol Sof Yd gn
— SAATA DB AP A1EH G (7], FH 9 A F), 8% 2 5L
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<} 3-13> "= FAAF AUA e} 2] A AEa (A7) 717 §)
Ao U7 SQAAET SAAFET] FEEA
37| 747 Air Purifiers (Cleaners)
57 dzx7] Clothes Dryers
o F AlE7] Clothes Washers
A7) 717) AP & o AlE] Commercial Clothes Washers
(Appliances) A7) Dehumidifiers
2171 A H 7 Dishwashers
iR A Freezers
oL Refrigerators
A8 271 AlF7 Commercial Dishwashers
a8 FH37] Commercial Fryers
;{2;8]_ G Commercial Griddles
=49 _Z"}ﬂ 48 d 54 Commercial Hot Food Holding
(Commerc.lal Food 277 Cabinets
Eqsuei;\rfriit) -8 A7 Commercial Ice Makers
AL o Commercial Ovens
U8 ¥F ¢ Commercial Refrigerators &
YEaL Freezers
FHE ~" a7 Commercial Steam Cookers
A7t 7171 Audio/Video
A g=Eg ol Professional Displays
A =2}7] 7] A5k~ Set—top Boxes & Cable Boxes
(Electronics) HES[AFHE] Slates and Tablets
37 Telephones
TV Televisions
T 7)ol 8 S|EFE Air—Source Heat Pumps
1y Boilers
TGHT dojnd Central Air Conditioner
[BRBRTI ‘;qji]r%i% Ak Ductless Heating & Cooling
7(];%%1;;};] A%E 7HH() Furnaces
Cooling) A Folg S| EFZ Geothermal Heat Pumps
FLE AR Light Commercial Heating &
Wb Cooling
B (AA) oo Room Air Conditioner
$k71-8 dE71 Ventilation Fans

Z+E: https://www.energystar.gov/products?s=megaZ 55 &7
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<3 3-14> P=o] SAARE AUAzE Trae i AEe (287171 F)
AFe] dEFE SAAEFT SAAEFTY] dvHA
dAY HAY AF37/A S Ceiling fan/light combination units
A& 277 Commercial Light Fixtures
*77 3 3 3
- ] ] FAE 21 7]7] Decorative Light Strings
(Lighting)
g H A Light Bulbs
x4 717] Light Fixtures
R Computers
ol EAlY A 77]7] Data Center Storage
8 A Enterprise Servers
= (4] Imaging Equipment
Q . X
/\P(%ch)f' 7171 3] ARIES A A Large Network Equipment
ice
o 5
Equipment) RUH Monitors
28 AMES T A Small Network Equipment
T Ae A Uninterruptible Power Supplies
VoIP #1875 Voice over Internet Protocol (VoIP)
Phones
A8 257 Commercial Water Heaters
S|EHXE 2427 Heat Pump Water Heaters
2227 TEETA £ E;ilieifﬁaency Gas Storage Water
(Water
Heaters) HIE =471 Solar Water Heaters
S Ge7he 2y Whole Home Tankless Gas Water
Heaters
. Residential Windows, Doors and
A% 7124 TH BE R OE Skylights
(Building a
2|2 2%
Products) 1% ZA) Roof Products
o Ay Seal and Insulate
T9Y Hx7] Pool Pumps
7 . .
(Ot];e}r) A7 Vending Machines
=57 Y77l Water Coolers

Z+E: https://www.energystar.gov/products?s=mega 2

=1

https://www.energystar.gov/products/lighting fans/ceiling_fans2H& A&

ol UiAzE UdAFS 44
a%a}— AFTe AUA PGl =

— AlFS] A EES ook 38 5*1011 EL
1¥)= 4 712 Wl 3 7 A

- AFe & FAH(FY




AmAew sUAE AR A B AFERE 50% o gol @ @, £AAE
1&A ApFel AL 3el .

- gl PR AAEEIE WA, NEARA Bt FpHo R U
of 5T B, AU W A AR B3 BAst] S AR BAE B
SAAF N 71%H APFY B 1T,

AA 9 #¥ Alo|E https://www.energystar.gov/index.cfm?c=partners.pt_index+
2 S XEste AU A 2 2 tisk ZAAY A X, A3A AAAIE,
QA Fo g 3|4 HA} Fo Uik ARE AT

o FAF AiAALE Z=afe] F8 d3

<X 3—-15> FAAFE AUYA 2 TR Fo Ay}

2000 20134
SAA T 4 A 6 7 AF 489 7| AlF ol
SAAFe] AzE vk 1.719 7 A= 39 7 AE
SRAAFS] 7 A FF 11,000 45,000 ©]%
SO A F] AT 33 70
Zg ¥ BEY 2| %3]A 1,600 1,800
z2a3 3EY AP (3A) 550 2,600

i) 2ELe] AE o] 239)

=
° 10920 GAAF AT 23], AYE z;%a 2 BUEREH A%
Anpg

o) LA et HAAE M T A

_4

o 19959 Wyudwr AX = o, oYX 2=E} AREAIF s dE FY 3o
o 19961 AU} FEste 7148 77)o gk 7EAtd A
o 19973 %9772 gy

38) AlF] MEFAJN &8 2102 AFd FE8HE 5T AFTY 49 25% FFoltt.
(https://www.energystar.gov/index.cfm?c=prod_development.prod_development_index, ENERGY
STAR Products Program Strategic Vision and Guiding Principles %)

39) https://www.energystar.gov/index.cfm?c=about.20_years %
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BR2 Z/d A OAR 2013 (HAEE) HiAd ETE F1 e 2oz add
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e
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A% AL v AF BeFe] Ay EYE Fi 2leg ¥,
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22 3 A5< 107,400ktCOzeqE Tk AT}, o] Z}olo tjste] BR2 2 OAR(2015)+
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BR1-CTF BR2 OAR(2015)
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44) DNV KEMA Energy & Sustainability. 2014. “E—CAST 2013 Results for Carbon and Energy
Savings from the ENERGY STAR Program.” Technical Memorandum to EPA November 2014;
DNV GL Energy & Sustainability. 2015. “E—CAST 2014 Results for Carbon and Energy Savings
from the ENERGY STAR Program.” Technical Memorandum to EPA December 2015.
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3) BRe] 7|4 Fo}
o BR2E B gEFRC thate] AN Fste FEL WY
= q O

2t BURS 73-%-9ll

R3A zhol] AAR FZH (MOU)e] whet §4 o] BESLP 4% 5 28 S2u
o) Agolw FEOT FUE FEHAL YLY} A2 5 Fo BE A

7R 29e ¥ 5 UL RoE By

—v= BAe 9% ARl 9L wol ESLPY HEEANE AH F4

-BEEI F99 Azl gate] FAHA Yrb AAE fE ACE Boln &7
A WFAHCE e o AR H7HE AXe Aoz B ont o F A
o A2 Wz FAHA e AR By

2. [U)=] Energy Star Commercial Building

7F. 4y A3
D) Az Ma

o 14 BB LA 2L 0|3, ESCBE @thE 8474 715 EL4 T2 ade)
sz 498 B UFols AR qUATE UL %sﬂ AAA Bolg =
A% wu ole} )% 2EE 99 Y (0AR, 2015).45

o ESCBE 71€ % A9 448§ e vdFol& &Y dyAage] 44 % ]
dol A A% 1 dE dis A (ENERGY STAR) S Foate AolH, o]& 93|

AR A FAET, FR 9 A4S AFF
- 01]1:]7(] EHENERGY STAR) #4& 958 212 Ad=9 oUA&E
Yol Hojok g o] 47 3
T 1S P E S e g
- AE e HiE UAARFS AEY §5, HA, 9 =20 58 1Y
6)

shel BARA Yo APH.

45) n=re] oUX|2Elel ek HE T2 H3F2 B WA o] Hol 184S Hxd 4 9t
46) https://portfoliomanager.energystar.gov/pdf/reference/ENERGY%20STAR%20Score.pdf
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— 87 o] AFde AE E AYeZ2= O TR, Q K A5, QO AFEIA 4
Z4E B A5, @ A, © ZleRaA, ©® 78 e 7|8 As 3 89
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A=W AR AE Aol 5=y E3] 94y
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o 20004, ESPM =9

o 20093, ESPM EAETE H& Ao duArT e 71F =72 A

N

U. A3 AZF &4
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20200 #ZHade] A A4

<¥ 3-18> 49¢ AE UA2E T2 Al 2020 &= a7 (4 ktCOseq)
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48) https://www.energystar.gov/buildings/service—providers/verify

49) https://www.energystar.gov/index.cfm?fuseaction=labeled_buildings.locator #Z. ©] A}o]ES]
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Ef 752 oF 22,0005 AUA] @5 o] Aol 2014 FE] o UH e S W 71E0]9
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< 3-21> T AYARe] 7] F UAEEIE 44 44 FE L wwg)
AEe] dEFE SAAET FAAFTS] dv33 TAYE
o] F ME7] Clothes Washers+ NAECA 1987
o F Ax7] Clothes Dryers NAECA 1987
271 A2 7] Dishwashers + NAECA 1987
Wgm R YPIE Refrigerators and NAECA 1987
Refrigerator—Freezers
W Freezers NAECA 1987
() ez Room Air Conditioners NAECA 1987
?"J?? qoj 4 Central Air Conditioners and Heat NAECA 1987
S| EE T Pumps
7 ol Water Heaters NAECA 1987
- Aag 7= Furnaces NAECA 1987
e H e Boilers NAECA 1987
° 2 3} dakg) Direct Heating Equipment NAECA 1987
87 717 Cooking Products NAECA 1987
TG 257 Pool Heaters NAECA 1987
A4 AE7) D 2w g E?ti;ing Fans and Ceiling Fan Light EPACT 2005
IHxEE 17D Torchieres EPACT 2005
A&7 Dehumidifiers EPACT 2005
AgsHAaE@F=E 5) External Power Supplies EISA 2007
A A AA] o717 & Microwave Oven Standby Power EISA 2007
A7 R ()E HF7] Furnace Fans EISA 2007
T B Faucets++ EPACT 1992
o AF917] Showerheads++ EPACT 1992
a9 Pk Water Closets++ EPACT 1992
o AW Urinals++ EPACT 1992
° 271 4S A .
AFA (i) 22A 7] 7T Pre—rinse Spray Valves++ EPACT 2005

A}&: Meyers(2015) pp. 6—7
T

1) NAECA 19872 National Appliance Energy Conservation Act,

NAECA 1988 National Appliance Energy Conservation Amendments of 1988

EPACT 1992+ Energy Policy Act of 1992
EPACT 2005% Energy Policy Act of 2005

EISA 20072 Energy Independence and Securlty Act of 2007

2) oA @ =E(OK) A 7= 1970»401] A7
o] WEeA 197590l MY HES +74
3) FAAFETY] JEHA F, oA F59 9n|

+ Water and energy conservation standard
++ Water conservation standard

Energy Policy and Conservation ActE %3] =

S PHoR ouA R B Ao s)Fe] FhE
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<} 3-22> vz AugRe] 77] T AduRa&v|E AA A (S AE 2 28
AEFe gEFE SAAET SAAEFT dvHA TANE
71 5H Electric Motors EPACT 1992
L= 2 (HEE) Warm Air Furnaces EPACT 1992
A8 Bady Packaged Boilers EPACT 1992
ool 7. s EA " Air Conditioners and Heat EPACT 1992
Pumps
b =77, 258§ Water Heaters, Hot Water
o By, v# s} Supply Boilers and Unfired Hot EPACT 1992
B 2= %y Water Storage Tanks
EPACT 1992
2| g e wor g ,
= A8 HA) Distribution Transformers EPACT 2005
=} ZU = : : _
A Wx7], 33 s Refrigerators, Refrigerator EPACT 2005
o Y571 Freezers and Freezers
o A5 A7 Automatic Ice Makers EPACT 2005
° o] % AEH] Clothes Washers+ EPACT 2005
TSI HTEEE7]) Unit Heaters EPACT 2005
o g Refngerated Beverage Vending EPACT 2005
Machines
=JHAOE 377 Walk—in Coolers and Walk—in
- o EISA 2007
=98 ds7] Freezers S
3= oA 7 Fluorescent Lamp Ballasts NAECA 1988
s g 0o S Tt o
e grALE % 2007
A AR AT Reflector Lamps EISA
- Medium Base Compact
TA¥ FBA T 2005
TRY THAT Fluorescent Lamps EPAC
AEA =35 Illuminated Exit Signs EPACT 2005
EAsT 3 = QG
- ﬂiggo T Traffic .S1gna1 Modules and EPACT 2005
o AT T Pedestrian Modules
° Fo=7]|= / jz\/j,;&
2 2]_-%4 ;] 15 KBRS Mercury Vapor Lamp Ballasts EPACT 2005
1 O
gz A= olA 7 ;
g :w_i s g71, Metal Halide Lamp Ballasts and BISA 2007
HaadzaAs 714 Fixtures
ojuk AU~ WMol General Service .Incandescent
e o= Lamps, Intermediate Base
° e o E, ° 1 a Incandescent Lamps and EISA 2007
A, 448
wl o = Candelabra Base Incandescent
120
Lamps
AR @ e %9 ¥ AR
o 7171 Te°l Wgt HA a&7]F (°o]3F MEES = Minimum Energy Efficiency

Standards@} 3tth) o] A4 2 gAal ¥

- Aze U
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B3k FEol A e 7iAE.
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o MEES A& e A7 vlar YA Fo|H 58) o] Ao a3 £45 HAHst=
7188 ¥ LBL(Lawrence Berkeley National Laboratory)$l Aoz HAohg,

2) A% olgd (Meyers, 2015 %)

o 19754, 714434t FE9 AEd tis] AUAEY =2 a3 AX (AW
& EPCA—-1975 (Energy Policy and Conservation Act of 1975)
— 197) AlFo dis] A FAXF, 7|9 2 Ay R|der 531 AR

o 19789, dUA A B2 AEE 752, URAEE 71F A= =9 (National

Energy Conservation Policy Act of 197894 EPCAY #& 74 +3X)

o 19874, 1z} =47} oA &k 7|5 AA (£ 3o National Appliance Energy
Conservation Act (NAECA)7} AA=HA EPCA 7§4)
— 1988, 1992, 2005 & 20070l 71& AEE & AFo = g o} 713 2

AR FEEo] & & Ao V|FE E3H3
U. A3 AZF &4
o DOS(2016a) ¥ DOS(2014b)= 717] & oAU A&EE7]F=(MEES) Z& ] m& 2020

of A=ade] g A% A

<¥ 3-23> 7]7] & dUAEZE7E AN 20209 #H=F a7 (29 ktCOzeq)

2020
7] = oA assE BR1-CTF 216,000
[(HGF)Z= H ] BR2 216,000
7171 & dYvAEE&E7E BR1-CTF 41,000
(£ 5-) BR2 na
717 & UAEETE BR1-CTF 257,000
(ZHEE 23 AA) BR2 na

25 DOS(2016a), DOS(2014b)
1) BR19 AA &3 Ao b3k A Y.
2) BR29 3= 5 R osd 5 T oy,
T QA MeyersZHE] ¢]435 AR o] oJahw BR29 GdtollE g RFo] A 9|5 o] ¢lo], BR2 LA
o= BIsla BR29 EitE H 3

[N
ol

o ¥t BR1 % BR2= #ollA AAIG =37 A, AR, o8 A8 5

58) &&7|F9 24, FY & # S disk Auk W& DOEQ] ol FHo|AE Fx2T 4 3
http://energy.gov/eere/buildings/appliance —and —equipment —standards —program
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o BR2& MEES] @& 201399 #5834 A&, BR1 CTF= 201199 755
HE ol F Zo] AAE. ol BHE EAAHTE7HES LBLe Meyers et
al.(2015) AFo) EYE Fa UL

O

<3 3-24> 717] T A EE&7F A #H5F &% (I ktCOzeq)
2011 20134
N7 = A ESTE BR1-CTF 156,000 na
[B) (IF) 2™ H-5 ] BR2 na 173,000
717] S oUAas7E BR1-CTF 19,000 na
(£ 5-) BR2 na na
7171 = AR EEE BR1-CTF 175,000 na
(=2 23 A BR2 na na

x}g DOS(2016a), DOS( 014b
© 1) BR19| A4 &= AT
X F

2) BR29] &3b= ko] F F4ell 278kl BR29| BaA W&ol &7stal duFE fFA8t7] Hstel 2 53E N
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2 32
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B4 A% 71990 LBLE 20 F712 /AR £48 5o
3| d 2 2015302 ZF HuAE 20124 2 20
o 7= AAHES FAT (Meyers et al.,, 2013 2 2015 #=%).

—o]¢} o] LBL A= 2013 AAE HxA] GAT & Hix F= A0 S
MeyersZ25-H 453 AqARFHo| ostd 2013 CO, 75 AXR(FHA)= F
219.8W%F Eo 2 A o] F 173MUIES 2 7]7] ARE AT HEHF.

— 182 BR2 5 A3 FAHA<S £H77] &FHE A3 goE B Aon,
LBL RuAM= 297|718 X35t 7|+ A=Y F a3, 29Y BR2E 21
Fi9 COy %é s HEE HHEA Gl Fosior &
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o LBL9] Meyers et al.(2013, 2015) A= =AWl 3l 7/j 8t A3tE A A|SHL
°‘7q 7 S g Bl ZAg W82 Meyers(2008) 4 ohFo 4.
T2 Meyers et al.(2013, 2015) AFE Meyers(2008) 2 tt2 AFE #1135l
RS Qs ARE Ak ARE =E3E A,

Mz nN'

S|
~

o Meyers(2008) @ 1 o]%9] A= MEESY W& L4714 738 o] )4 oy A
A & A7 ve&ddd 58 gFa o, BEAAE A7 a9 73

AA
AT Az EJJ&H MEES®l we oz Azt 24712
g3} A0 2 Meyers(2008) BIXE Qoksly], o] Baxe] AHg Ax}e} A

=4
AR AAE e AHS F2oz QoFg)

o LBL9] Meyers(2008) X.a1A o) o3}, MEESY| W& 7=
o= ofg st B, AA AFER HE Alol= A5 o]
AR Az 2 B Aol 2AH,

— WGAIFE MEES AlF9 @93 A3t HFAUA(HY e dA7ts) dofd
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N
0

N

— MEESH| w& =79 A3 13kl A] Aok
— MEESH] @& Z7}¢] AzF 247124(C0y) =& A3
o HIAIFE MEES AF9 @9F Azt AFAUA(HY =& AArks) Ao

# A MEES #A|F9 @99 4
= 7]E<Qk(base case)? AF GHPT A FHF YA
— hAAIEE 8875 standard case) 9] A|E G

— &l 7] A, o] AekgFe MEES i #|FE 2 AHA3 o] & 913l LBLe] Meyers(2008)
t olg)@ Aotwre Aga] 9lahe] uﬁw dojE e AFEE Ao, 901, o
UAEE (EE AF B9 UALN D) 52 F4-223

— 712 <t (base case)= EE7|E0] AHHA F= FFE Lok, Meyers(2008)2
718t AF @9F Az HAFAUA aulged tiete] FAHJ] FH FHE

60) Azt oUA &vlFE FA37) A= AF ol&WHl tF A8 R PR} I A5 o
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Z1EQte] &g AvlEe MEES7F =95 7] AA70A wid dwj® MEESY] o
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* MEESO] w2 =719 A7 24712(CO,) A5
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N

- HgolUA BEY 489
A oW B4 Ao H§FAZL R Y. DOEE 71F AP B A A4
A%E AgAD, LBLY AL B Ade A8

- EE& FFe AR oAUA JHF9 sete oriaa, ol Re AU Ln F7b
g ©|v)g. DOEE 71Z AF £4 Al o8 WEEAE 1elshA, LBLY 24
o et gg. olUd WEENE 4 BFH 5 WA 1092 FE

3) e A= 2 An

- Association of Home Appliance Manufacturers (AHAM)

- Air—Conditioning and Refrigeration Institute (ARI)

- DOE 7]|&At8 ©]&,63) LBL 74
- 7171 d g A (W) AR

- TAppliance; A (magazine)o]H, o] AFdA AE7} 4 W
- DOE 71&#& °]§, LBL +7%
— AP NUAEE L YR anF

- Association of Home Appliance Manufacturers (AHAM)

- DOE 71&#8 °|§, LBL 7%

63) DOE 71&A5eta & DOE7} E&71F AFS A3 A=A I0gH4s 543}
ZgolA DOEE o3 7FA HAAAeG EAMUIEd e AAF EA)E A
http://energy.gov/eere/buildings/downloads/using —regulationsgov—find—dockets —and —documents
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ACEEE — American Council for an Energy—Efficient Economy
AEO - Annual Energy Outlook, EIA, DOE, USA

BAU - Business As Usual

BR1 - First Biennial Report

BR2 - Second Biennial Report

BR CTF — biennial report common tabular format

CTF — Common Tabular Format

DEFRA — Department for Environment, Food and Rural Affairs, UK
DOE — Department of Energy, USA

DOS — Department of State, USA

EEP - Energy Efficiency Program

EERE - Energy Efficiency & Renewable Energy, USA

EI - Energy Intensity

EIA - Energy Information Administration, DOE, USA

EPA — Environmental Protection Agency, USA

EPCA — Energy Policy and Conservation Act, USA

ESCB — Energy Star Commercial Building, USA

ESLP — Energy Star Labeled Products, USA

ESPM — ENERGY STAR Portfolio Manager, USA

EU - European Union

ICC — International Code Council, USA

IPCC — Intergovernmental Panel on Climate Change
LBL — Lawrence Berkeley National Laboratory, USA

MEES — Minimum Energy Efficiency Standards

NAECA — National Appliance Energy Conservation Act, USA
NPV — Net Present Value

OAR — Office of Air and Radiation, EPA, USA

UK - United Kingdom

USA - United States of America

<

Y

I >

Department for Environment, Food and Rural Affairs(DEFRA), UK, Saving Energy
Through Better Products and Appliances: A report on analysis, aims and
indicative standards for energy efficient products 2009 — 2030, 2009

Department of State (DOS), 2016 Second Biennial Report of the United States of
America, 2016a.

Department of State (DOS), BR CTF submission workbook, 2016b.
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Department of State (DOS), Second Biennial Report Methodologies for Quantified
Policies and Measures, 2016c.

Department of State (DOS), 2014 First Biennial Report of the United States of
America, 2014a.

Department of State (DOS), BR CTF submission workbook, 2014b.

DOE/EERE, Saving Energy and Money with Appliance and Equipment Standards in
the United States.

International Code Council (ICC), 2009 International Energy Conservation Code,
January 2009.

Horowitz, Marvin J., “Changes in Electricity Demand in the United States from the
1970s to 2003, The Energy Journal, 2007, Vol. 28, No. 3, pp. 93—119.

Meyers, S., Realized and Projected Impacts of U.S. Energy Efficiency Standards for
Residential and Commercial Appliances, 2008.

Meyers, S. et al., Energy and Economic Impacts of U.S. Federal Energy and Water
Conservation Standards Adopted From 1987 Through 2012, April 2013.

Meyers, S. et al., Energy and Economic Impacts of U.S. Federal Energy and Water
Conservation Standards Adopted From 1987 Through 2014, March 2015
(revised January 2016).

Office of Air and Radiation(OAR), United States Environmental Protection
Agency(EPA), Office of Atmospheric Programs — Climate Protection
Partnerships, 2014 Annual Report, March 2016.

Office of Air and Radiation(OAR), United States Environmental Protection
Agency(EPA), Office of Atmospheric Programs — Climate Protection
Partnerships, 2013 Annual Report, January 2015.

Rohde, C. et al., Behavioural Climate Change Mitigation Options — Domain Report
Housing, CE Delft(d5713), April 2012.

http://energy.gov/eere/buildings/appliance —and—equipment —standards —program

http://energy.gov/eere/buildings/downloads/using—regulationsgov—find—dockets—and—docume
nts

https://www.energystar.gov/

https://www.energystar.gov/index.cfm?c=partners.mou
https://www.energystar.gov/buildings?s=mega
https://portfoliomanager.energystar.gov/pdf/reference/ENERGY %20STAR%20Score.pdf
https://www.law.cornell.edu/uscode/text/42/6294a
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1. [¥)=F] National Program for Light—Duty Vehicle GHG Emissions and
CAFE Standards
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AHEE 2
— %51 9] Volpe Model(CAFE Compliance and Effects Modeling System)
— 372 2] OMEGA(Optimization Model for reducing Emissions of Greenhouse gases

Automobiles), EPA Motor Vehicle Emission Simulator(MOVES),
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Akel A F CAFE ©]3) 25 (CAFE Compliance data)
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<¥ 3-26> W& A= A7 av

Tahle 5-1 Impacts of Program on GHG Emissions and Fuel Savings

ANNUAL GHG FUEL 5AVINGS ANNUAL FUEL
a : REDUCTION {CO2 (MILLION BARRELS SAVINGS
¢ ’“,,;,Ebighk EQ MMT) PEE. DAY OF (BILLION GALLONS
’ GASOLINE OF GASOLINE
EQUIVALENT) EQUIVALENT)
2020 156.3 0.8 12.6
2030 307.4 1.6 247
2040 401.5 2.1 32.6
2050 S05.49 2.7 41.5

o =4 W

MEGA 2 @3} MOVES2010-& AH8-8to] Fo]x1 A4 (Fleet) ol thate] EPAS] 7|&
=1 © A5V g=Eried a9(HY)9 vES AHA

— OMEGA =& 2] Microsoft Excel Workbook(the benefits post—processor)-S A3}
o AF(fleet) FAZE A H 247t: FFa7} HO S I7tE9 =2 AHY

— COElE T AB AR (L)L OMEGAYA At&E1 o2 L Auj&E & MOVES
20102] DBollA A|-&H.

— oA HFCsS CO, A7 EFE ¥R spreadsheetS AFE3dte] 7@ 24

- A=Y &F, BAFTH 55 & AT i (upstream emissions) o] ¥l & &
A7 a3E QA AE 7| (renewable fuel standard) &3 AHA 3 =A5HA 2HF.
@ 33= HEY AHFY AR HRTE A8
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o 2h9 EAA e e 87

_7]

- 71EA
Administration)] 2011\d =
PAL pafol] &

oA

€
B 7IdB AN

- Z1EAUE 29k FAAYY L= AE A, AW, 71E AsA FEAY
o ARE FYSHA AL
- BAAGE I A7 FEERE HARTS PO ABAE Bl
£ B9 AT ANARY AT BUOR AT 1 A% & ALE
o] Zaste A% AYARY AF HAHES 45Y
— 71% AlUE L stell A COx HiE
<3 3-27> 7] AdE L dtellA el CO2 =
Table 5-8 Reference Case Average Emission Targeis (gramsfmile ;)
MODEL PA NPA EMISSION | MY EMISSION
YEAR EMISSION LEVEL LEVEL
LEVEL
2012 Far P 365 320
2013 M 165 £l
2014 201 A6d £ L.
2015 202 364 317
2016 202 364 36
E*]: EPA(2010), p 5-10.
— A YL stell Ao CO. vi=
<3 3-28> FA AU L StellA ] CO, vl
Table 5-11 Control Case Average Emission Targeis ( gramsfmile CO¥2)
MODEL A NPA EMISSION PROJECTED
YEAR EMISSION LEVEL MY EMISSTON
LEVEL TARGET
2012 263 346 205
2013 256 337 2B6
2014 247 327 276
2015 236 i1z 263
20016 225 295 250
=211 EPA(2010), p 5—12.
— Ztzte] Ay 2ol st s a; Avlf, CAFEstll M 53 23 @A 2% 55
& A" (Achieved CO, emission level) = A A

Fsto] dldE= 242 CO.
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A7t M AT E

&)
19
o
[
o

’

[¢]
— =¥ AFar A g v EFS whg
F 2t H
=% = A FF AZ(VMT) = vjE S (g/mile)

<# 3-29> 7IdH= wE aE

Tahle 5-14 Federal (H(: Program Anticipated Emission Levels (gramsmile C02)

MODEL | ANTICIPATED | ANTICIPATED | ANTICIPATED
YEAR | PA EMISSION | NPA EMISSION | MY EMISSION
LEVEL LEVEL LEVEL
2012 270 365 307
2013 264 354 298
2014 258 344 290
2015 248 330 277
2016 236 309 26l

=21 EPA(2010), p 5—16.

— At Aol wet SHARS] A FFE A WEEIE FA L,

o Zul+=(Rebound) T3} AH4
— AH] Fel wmE A AN o FAAY SV A3 wGtER V)E
Auel et FAA U 2 oA FAAN(VMT)7F 29 485,
— EPA(2010) BHdA & gute= adtg FYPA7E 10% Fsshe Aoz 743

o HFHOZ CO, MiEZFaY - Al 71&4 MiE5FY 3 Al vjE&F x}o] =27]
20% 5 Wkl

— oojd Al=F HA M7 $O=E HFCso FE#FS ol &M= CO, vl
=% fdaay Agsiy HdA Y 2% ASade A ¥

<X 3-30> Hjo]xgel A/C AHES X33 CO, HIE

Tahle 5-16 Tailpipe C(; Emissions incloding Baseline AN Usage (MMT)

2020 2030 2040 2050

Tailpipe CO» Emissions
(Reference) 1,173 1.313 L.609 2,030
A Tailpipe CO); Emissions
{Control) including 10%

rebound -101.2 -199.6 =263 4 -3353
A Tailpipe CC: Emissions
due to 10F% rebound 10.3 19.9 261 33.2
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<¥ 3-31> 29 A% o3 AC 4] &3}

Tahle 5-17 - AC Control by Model Year (Reduction from Base Emissions)

MY | MY | MY | MY | MY

2012 | 2013 | 2014 | 2015 | 2016+
Market Penetration of technology 25%° | 40%| 60% B0% B3%
HFC Reduction % 3% | <21% | -3 | D% | -43%
Indirect Reduction % 0% | -16% | -24% | -32% | -M%

o olojm AzEle] ME S Z%%Eﬂr
- 1€ ABAAE 18 1802 CO ol 14 25gile wgo}—t— Aoz %

AbE Qo A4 Vles A
— A =t g e} =3 A g
— 71FE AYE o E Y wE%

:
£ Qo FRdtel FEEAY w55 0

rlo

© CHist N.O W& 3 7124 2.9 SAA L9 ol7} gle Ao 414
B2 BE71%0 oF CHs N.0 Agaste SAA e oo Jupe=ans
Ge Aolwe 23

ol
-

&3

o ARALFE CO, AR Pl MEAFY 45T F] 413
— 8,887gCO./7t&d 4™
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<3¥ 3-32> Fed Zeaf dxd FEan

This section presents total program calendar year impacts by sector (Table 5-24, Table
5-25,Table 5-26). Upstream. downstream. and total program impact are presented.

Table 5-24 Dovwnsiream (-H(: and Fuel Consumption Changes vs. Reference Case

2020 2030 2040 2050
A CO2 (Metric Tons) -1 11,867 639 =219,81 1,320 -2R9.EBRT. 109 -368, 990,880
A CH4 (Metric tons) 302.0 6318 8531 10874
A N20 (Metric tons) 134.9 284.1 3839 4896
A HFC (Metric tons) 9324 -18.129 21642 -23.899
A GHG (MMT CO2 EXQ)) -1252 -245.7 =3207 -403.0
A Fuel Consumption (billion -126 47 -31.6 415
gallons per year)
Tahle 5-25 Upstream GHG Change vs. Reference Case
2020 2030 2040 2050
A CO2 (Metric Tons)
=272, 175.2 53,446,255.6 -TOA84 9074 -B0.718,677.3
A CH4 (Metric tons) -154.246.0 -303.081.5 -390 T03.8 -508,774.1
A N20) (Metric tons) -437.2 -859.1 -1.133.0 -1.442.2
A GHG (MMT C0O2 EQ) -31.2 613 —80.8 -2
Table 5-26 Total GHG and Fuel Consumption Changes vs. Reference Case
2020 2030 2040 2050
ACO2 (Metric Tons) -139,6G7,814.2 -273,257 576.1 -360L3TL016.8 -458.709.557.6
A CH4 (Metric tons) -153,944.0 -302.449.7 -398.850.7 -507.686.7
A N20 (Metric tons) =303 =575.0 -T48.1 ]
A HFC (Metric tons) -3,324.1 -18.189.3 -21.641.7 -3 8992
AGHG (MMT COZ EQ)) -156.3 -307.0 -401.5 -505.9
4 Fuel Consumption {billion -126 243 326 AL
gallons per year)

— Qx4 Fa & 7o e, As/H4, R ey 7], 1
Y1 YutE=(Rebound) &3 5

3) "o Az 2 An
o ARRE LA PHAN WL

DOE®] Argonne National Lab.ol| A 7}

GREET R@S AR&sto] AfAaolA 71&d BA7A S wj& &S A4

F 879 MFe
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<it 3-33> =&

=

A Hhot vl g A

Fae 3-7 Frojected Total Vehicle sales and Car Fractions

Model Year Model Year | Model Year | Model Year Model Year
2012 213 2014 2015 2016
Total Light
Duty Sales 14,921,031 135,835,190 16,178,725 16432676 16,501,102
Classic Car 51.8% 52.9% 54.3% 55 8% 57.1%
Fraction
PA Fraction 59.2% 611% 61.9% 63.2% 64.6%
PAs Sold
7022 002 Q123,197 Q797,738 10231974 106270355
= EPA(2010), p 5—9
o ABR AZAHBWAEE FFHE AFA FFE A/ UE WS} A5
b A zZAPE ALE = AR SR AGES VMR AXRAF G99 JFdnlE

s

o 4B wRATY Ao] e FRAlY A3 F
- ERRYAE SR A7 F8A AY = PRI
wegste] Dol A= LaAFA 2 ulFs P 2o

Annual Energy Outlookol A A&

RERS
29 3 2 BAH e

o A% gAAE WA 11594 Srleke AL NRow
aY3 A HE 52wl 23

o ApFAt AHEH HAEEH} FYAY SA(EPA(2010), p.

24 Ee gl o

flo

o YulzE= Ao

o
(

o A WMEEY 71&H WEFY Aol

o oo} AJAHl FF MY

Transportation Energy Data Book

ba A oA e o,

ol

5—32, Y+ page)

— 200593 20069 AEAF U4t AFHE A FEH AR
— o] Z4Zto] A zEF FAY WIE Hkgste] Ve HMlEES A
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<E 3-34> APE AR F7 v

Tahle 5-32 Updated Survival Fraction and Mileage Accomulation by Age

AGE PA PA NPA NPA
SURVIVAL MILEAGE SURVIVAL MILEAGE
FRACTION FRACTION
4] 0.9950 17270 09950 19219
1 {.9500 16,943 09741 18,782
2 09831 16,590 00603 18,419
3 09731 16163 09420 17946
4 09593 15761 09190 17.502
5 09413 15337 D_E913 16,952
5] 0.9188 14 881 0.E590 16439
7 OL.E9I8 14 429 0.B226 15,829
& (. B0 13,940 07827 15,218
@ 08252 13 495 07401 14648
10 0. TEGH 12 05 6956 13,092
11 07170 12 510 06501 13450
12 L6125 11,990 D642 12,832
3 05094 11.470 05517 12212
B4 L4142 L7 D_S00 11600
15 03308 10,543 04522 1 1069
16 0. 2604 10,125 04052 1617
17 02028 9. 714 036353 10,125
I8 0. 1565 9307 03236 9.650
19 0. 1200 LRl 02873 9238
B L0 16 &34 L1542 B EBE2
21 0. (M0 8285 02244 B.667
22 00527 2136 01975 H.400
23 00399 7806 0_1735 B 305
24 00301 7.699 8.197
25 00227 7.530 : 8,188
26 (LN00 7432 0.1 165 8218
27 0. (R0 7297 017 8216
28 (0LNB0D T.198 00887 8213
29 {1 WDOND T.138 00773 8211
30 L] 7136 00673 8.210
31 WO 7.133 00586 8 208
32 (LO00 T.128 00509 8,203
33 0L HB00 T.117 00343 B.196
34 (LMD T7.103 00385 H.182
35 {1 (KD 7086 00334 2,167

o,

T VFES FHE3e] 20129 HE 202537}

o 6] A7} o]9ld F71A o Z VOC, CO, NOx, PM2.5, SOx A& dE 243}

ALA]
1O
— PM2.5, & 59 AZS 53 34, ABAeg Friw 24

~ AR Bl anAe] AF A, uA dr 5o w3

— ARl wE BAH Y A FAAY SUF ERES} 25T T F
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|\
o

H

- TAAJ] A7 vlH|

2 K

+ Annual Energy Outlookol A |3

| A& & Transportation Energy Data Book

o CAFE dvlaxyt ko A3k Axpel 7| x215(2012~2016, 2017~2025)<
http://www.nhtsa.gov/fuel—economy o #|A]

o CAFE 9u|3fAle] &4712~ a3 g5k
2017~2025)=

A3 239t 7|z A7 (2012~2016,
htttp://www.epa.gov/otag/climate/regulations/420r10009.pdf <}

http://www.epa.gov/otaqg/climate/documents/420r12016.pdf o] A A]
DEEEE P

o mZ FAXe MOVES 23, OMEGA =3 A&

http://www.epa.gov/otag/models/moves/moves—cwp.htm

http://www.epa.gov/otag/climate/models.htm

2. BR1% BR2¢| #FE

1) #=a3 3ol
o BRIAIA &

3 o] B A BA

CO.¢} HFCE W =2 20259 EXE 2AHY 54.5vY dd]=2 A 3)
o 7t% ET}o} B o u]w_(

— BR1%} BR2¢ 20204 %

<3 3—-35> BR13¥} BR2oIA 9] A3 A

A v (E9] ktCOzeq)
2011 2013 2020
BRI 35,000 - 236,000
BR2 - 35,000 236,000
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o A 7|1 n5H/2E A (Department of Transportation/Environment Protection Agency)
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2. [9] =] Renewable Fuel Standard

7F. 4y A3
1) Axe Ma

o 20229@7bA wid 3609uE o] AAANIYA ARE AT AL TH
— "ol @ HA ] & At AEZ A (cellusosic) HFol 2 AT Y& 160HE 7]
= 49
— AR Aget TUHLE Sl e A2 Fo =, A A el 2
A7 s v & tiF

2) A= ol

o 2006@EE ‘AAAUYALE 7|EAEE AFPBsgoen 20109FEHE A27)
(RFS2)E A3y

© 2015\l 201478 20167k 9] A AR AR7]Fe] EFvEd 8T 7IF
S A3 em 2014EFEH 2017A7A 9 wiol e tA VES A4
— 2016\ 7]& AF24] vlo]lQ Ag 20143 AR FujFRKE ) 78] F7HE 200
A QL.
— aFulole g9 2016\ 71FS oF 109 AHolx
— AAFoZE 2016974 189 AH o]go] &= FEY.
— 20179 209 29 o] 4.

o Hlar A HMANEAY FHE EHAR, 283 A7 MAAfd 23 &4
7k B E S Hol A FASt e 7l vty IAqAdA 71 S wE
ol st 24712 & 7|FXE AT E ABWS ALESte] o RS
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(18] 3—-12] vlolodd g & wiEF W3l ARy A

il

Figure 2.2-1 System Boundaries and Models Used

Data Source / Model Used Biofuel Lifecycle GHG
Emission Category
Emission Facion
FASOM Economic | Forlizor Usa—s| GREET (upemam] |
it i # Domestic Fam Inputs and Fertiizer N20)

Emission Fackors |~

_Eﬁl'hI Usa— GREET

— Domestic Land Lse Change

Ehanol |—Yiekls | Acreagel Emission Factors | |

Production| CropChanges *| PCCTDOAYCENT | ™, nOamestic Rics Methans
Promess | &
Frofucts
Liwesinck Emission Fadors |~ L_» Digmestic Livestock
[ Changes IFCC
T Ermission Faciors ||+ Intermational Land Lise Change
Typa of Land Bylandtype |
c,:rc.:.?” o Intermational Farm nputs and Ferlizer N20
nges Crop Input Data ”
Fariizorand  [—= BR.EETIFFC{- T+ Inlernational Rice Methane
Enargy Usa
Livesinok Emission Faciors
Changes. IPCC - —————————}-— nlermalional Livesiock
Data on Fual and Mode and | Emission Faciors
Fasdsiock Transpont |~ Disknce —-| ezt » Fuel and Feedsiock Transport
Emancl Production | Enarngy Ermission Faciors | |—+ Fuel Producion
Procnss Lse GREET
TadppoCHianamzo| 1 Tailpipe
MOVES

Z=7]: Renewable Fuel Standard Program(RFS2) Regulatory Impact Analysis, EPA, 2010, p. 304

o AZ9 wlge 247t~ HIEASE vla Argonne FHATFLZIAA TE
Greenhouse gases, Regulated Emissions, and Energy use in Transportation(GREET)
9] spreadsheet analysis tool A&
— 7} &A= IPCC MEAS AL
— GREET= 79 A4t vy, O2]al 54759 vE, AbR 59 Atk
TR ALEE = wjEEEO A wiEste 247EE wEF 4
- FEH voledm A AaEe AY AL b

o2

4>n
o

Aoz

NN

o HEAFE] & N,OviE# A4S $sl-= CENTURYS DAYCENT 28 A&
— DAYCENT 28L& A&y B¢y #AS HASI:E AR dU9E ESFES
F 2%, 18] 7228 E(CHy, N2O, NOy, N»)9f Hi &S AH4
— CENTURYE €83 EU-AE 2y o7 BN ESSLAA, ESFGIH
A, BEFSFY &= 34 55 BAS
— CENTURYE ZEWHZ 1831 EXAEEHEZ N0 sl&% 243}
— Winlock International AtE o= YAAAEE o] &t A, A3, XA ¥ S

o
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3} BE WY 5 e mEL AT 8
- 2%} EAAE Hlole ARE AF & wtol 0 ARIA S Wake AT Au) 42
o s, &N W Fol ERE ne I
- EP vl AR AN A BaEo] BAG] HEHE ¢ MEFS wolodw
o} 22kg Alolo] MEEAE A Ee Qalel AT

AADAE Y BAR BT} AL
A FHARE FEHL 0B A ATFAE A9E AAD A4E 55 4

Ashe Bgol ek MEF waE 44

- F9E AN A% EAE 9 A, MR AN £52 9% U AL
Fol a7tz wZe] WA G A
— A, AN, A 59 ol goll e oUA AHET a7k WSS Yol

o & AAARY AFE VAT A Al o FF2 A H U

<% 3-36> Ao AAAE AL

Table 2.3-1. Fuel Volume Scenarios Considered in This Analysis (Billions of Gallons)

Biofuel Reference Case — | Control Case — Chanse
Low Volume High Volume g

Corn Ethanol 123 15.0 27

Switchgrass Cellulosic Ethanol | 0 19 79

Corn Residue Cellulosic Ethanol | 0 49 4.9

Imported Sugarcane Ethanol 0.6 22 1.6

Sovbean Oil Biodiesel 0.1 0.6 0.5

o 7|& A 2AVFA vjEHS 20053 VIFo 2 A YA o i A ==

FERRA AEHE HIF TS AR ANl 2 e WEFE o
v &},
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o 9N AT ANARIE) &4

Ho g AoeA AMAAR7V|E 5EY RS AEstd g 2

— vl ARV ) FHFEF PXe 9FS FASOM B¥S A&

— WL AR} Al Al AAAH =z v ‘l—t— %S FAPRI-CARD 23S 24
— FYRE ) wjEee FASOMT FAPRI-CARD 2 &4 229 A3}o]| GREET 4+

gx 9} IPCC A3 7]z S g3t 23

o FASOME &3} FAPRI-CARD E 3o 541 A4 2 (control case) <} F A2 Q
= 5YsA Agstel SYAR AR Wa Ars 4
— o8 7HA mleled® T 3 7HA Hpold el MRt AR e WA
te wole AnFe uPAT.
<3 3-37> FASOM EJe|A 2] 2020 ARH
Table 2.4 1. 2022 Fuel Volumes Modeled with FASOM (Billions of Gallons)
Com Stover Switchgrass
Bindiesel Only | Com Ethanol Ethanol Only Ethanol Only
Control Case Case Only Case Case Case
Soybean
Biodiesel . 0.1 0.6 0.6 .6
Com Ethanol 15.0 15.0 12.3 15.0 15.0
Corn Stover
Ethanol 49 49 49 0.0 49
Switchgrass
Ethanol 79 79 7.9 7.9 0.0
— ulolo g Aol Wale] ute eAvts PR ETNE V1FAE 9 AL
220 Aoz B
- 99 52 JdEYY ade AA a%E 9% 52 ARYOE o A4F
- AngsFe] ke ThE lolo AR YA BHQ A HFARe] YA
e Agete 341 Hes Adaon @ due) Y wa G 3
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Figure 2.4 2.
Normalized Changes in Domestic Cropland by Crop, 2022
(acres per thousand gallons of renewable fuel)
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Figure 2.4-3.
FASOM Average Nitrogen Fertilizer Use by Crop, 2022
Non-Irrigated, No Residue Harvesting
{lbs per acre)
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Note: The range indicates the regions with the highest and lowest average nitrogen fertilizer use rates.
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Table 2.4-4. FASOM Average Carbon Dioxide Emissions from Grain Drying by Region

{kgCO2e / acre)
Crop CB GP LS NE PNWE PSW RM sC SE sW
Dryland
Com 1614 1359 2022 1605 NA NA 661 245 438 152
Sorghum 994 223 NA 543 NA 17.7 NA NA NA NA
Soybeans 260 70 241 14.3 NA NA  NA NA NA NA
Wheat, Durham NA 51 234 NA NA NA NA NA  NA NA
Wheat, Hard Red Spring NA 67 254 NA 9.1 NA  NA NA NA NA
Wheat, Hard Red Winter 513 111 516 345 NA 1L6  NA NA NA NA
Wheat, Soft White NA  NA NA NA NA NA 11L& NA  NA NA
Irrigated
Com NA  185.1 NA NA 1326 1216 1032 210 NA 30.7
Rice 12166 NA  NA NA NA 16673 NA 12548 NA 14008
Sorghum NA 330 NA NA NA NA  NA NA NA NA
Soybeans NA 103 NA NA NA NA NA NA  NA NA
Wheat, Durham NA 113 NA NA NA 21.0 NA NA NA NA
Wheat, Hard Red Spring NA 102 NA NA NA NA 176 NA NA NA
Wheat, Hard Red Winter NA 154 NA NA NA 26 NA NA NA NA
Wheat, Soft White NA NA  NA NA NA NA 183 NA NA NA
o FEAMNT BAE, FE7HE, AR T st v AA o] AR
B Zojel upe £lasEe] waFe ded 2. (855 vt o)
<3 3-39> nlo] 2d® A} Frjol me FYa el Wake
Table 2.4-5. Change in Domestic Agricultural Inputs under Corn Ethanol Scenario, 2022
Units Corn Ethanol Only Contral Percent
per mmBTU Scenario Scenario Difference Change
Total N use Pounds 136.6 138.8 21 1.5%
Toial P205 use Pounds 31.2 31.7 0.5 1.5%
Todal K20 use Pounds 388 39.5 0.7 1.9%
Total Lime Lse Pounds 104.2 104.7 0.5 0.5%
Herbicide Use Pounds 1.9 20 0.0 2.2%
Pesticide Use Pounds 0.4 0.4 0.0 28%
Total Diesel Fuel use | Gal 14.3 14.2 0.1 -0.5%
Total Gasoline use Gal 1.7 1.7 0.0 -0.5%
Total Electricity Use | kWh 1.0 1.0 0.0 0.3%
Todal Natural Gas Use | BTU 248,002 234746 -13,257 -5.6%
o GREET AHg 3 (spreadsheet)E ©]83le] Z+zte] Ay oW A7 wj&9] &
FWstR A MEF BAL, FFALL, FAAR A2} ZADRGANA wE
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Figure 2.4-8.
FASOM Average N20 Emissions by Crop (Non-Irrigated, No Residue Harvesting)
(kgCO2e per acre)
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Table 2.4-10.
Change in Domestic Rice Emissions by Scenario, 2022

BEAl CH, 72 A

Corn Sovbean Corn Stover | Switchgrass
Ethanol Biodiesel Ethanol Ethanol
Rice Methane Emissions
{000 tons CO2e) -2 =506 159 -938
o U 7tE MEFe) Wahe stEe IAPAAT B wEHe mMEFe] ¥
ﬂEBWBW1ﬂ Sol Watz Qg vz 4.
— FASOM EgeM = vpole s Ak S = Qlste] 7S5ARE A= (S5, 3
510 AAel A5 ARrol Bug JFE F
- W& tﬂﬁ} 7V Wkl 7153 WiEZFONEAT)S Fstke] A sk )
A= 20013 7= A EY.
— o] A5 AL S| WE Ay wiEF Hsle ol E ot 2
<3 3-41> nHpole dAx AL Fdiol] WE Ay o viES ¥t
Table 2.4-12. Change in Domestic Livestock Emissions by Scenario, 2022
Corn Ethanol Sovbean Corn Stover Switchgrass
Biodiesel Ethanal Ethanol
Enteric CHy Emissions
(000D tons CO-e) 21 -128 1,129 a3g
Manure CHs and N20 Emissions
{000 tons T0e) -4 -5 2,194 1,751
Tewal Livestock Emissions
{000 tons Czel -73 -133 3,332 2.080
o4 mm FFel A= T, 2 HFAL FAF FF T uAE A
B XER 4P B Sl HF vHRE LAVle WEF) MAE F
ZS A4 Ade <F 3-42>9) A Ho] AAE
<E 3-42> ]S FPREe] LA wEg) vAE S
Table 2.4-13.
Domestic Agriculture GHG Emission Changes by Scenario, 2022
(g CO2e/mmBTU)
Emission Source Corn Ethanol Sovbean Biodiesel Corn Stover Switchgrass
Ethanol Ethanol
Fuel and Feedstock
Transport 4265 3,461 2418 2. 208
Farm Inputs 10,313 6482 2,770 4 200
Livestock (Manure and
Enteric Fermentation) -3.746 -2, 100 Q086 3462
Rice Methane =209 -7.950 434 -1,555
Total Domestic
Agriculiure 10,623 -107 14,708 0,605
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Table 2.4-16.
International Crop Change in N20 Emissions in 2022 from Different Fuel Scenarios
(kg CO2Ze/mmBTU)
Corn Soybean Switchgrass Brazilian Sugarcane
Ethanol Biodiesel Ethanol Etanol
Direct and Indirect
2 2975
N30 Emissions 338 G i B
o HAA FFAE AolH dm diel A vlETFS IEAY F7HE &2 A9dE
sqdg, ANEF ARE BEY

= A&t I7HE Axol 3 vl S A HiEFes g
=29 FAOState] =71er] AujE A o2 o] o aw

[5E 283t 202097441 9] sdRT A5 OE HEFS

<E 3-44> AP ¥ AAA clUA ARl whE 2A7EA wWiEE W)
Table 2.4-18.

International Change in Agricultural Energy Use GHG Emissions by Scenario, 2022
(kg CO2e / mmBTU)

Corn Soybean Switchgrass Brarzilian
Ethanol Biodiesel Ethanol Sugarcane
Ethanol
Agricultural Sector Energy :
Use GHG Emissions A3 - A5G Sl

o wx7}R] 2 FARPI-CARD 28-S AFE-3sto] W AuA] A &l= v g vjE&aFe] W
3}, ZAF AZbe)] WE wjEwre] HE 58 A S
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Table 2.4-25.
Foreign Agriculture GHG Emission Changes in 2022 from Different Fuel Scenarios
(g CO2¢/mmBTU)
Com Ethanol | Soy Biodiesel | Sugarcane Ethanol | Switchgrass Ethanol
Farm Inputs 6,601 5402 37.884 1,310
Livestock Production 3458 -0, 436 -128 -245
Rice Methane 2,089 2,180 485 =920
o wlole AR Gl e AANEHAN FrHoR meEso} e AL EAA
o] MR 3 AT wEFY
- AYANRHAME vlol e dr YRS A EXS] S AF, ABPL, 2
gH = EX o]d &&, Ao w A% wjEF W el 9FS F= E
A= e Ao whg R, GEFF bl oA A tid £4 A3
— FASOM 2 &S AH&-3te] o] EAALE Wtol] tgh £45 o =A14<Q &
A A-g-9] WM3E FAPRI-CARD 288 F3lo] 43
— FAPRI-CARD Rl = Aujdz el Wats FA4T 5 AR 744 =1
EA Aol &S HASHAE Rota & I7hd SAA oA EAEE W)

ol s Aol R=5E
— FAPRI-CARD &3& 9] 3HAIE R 317] 938k Winrock International Inc.2] MODIS
A A AR5 AT H2o EX B FAE HHY 3
— ESH AV~ vjE T S FE EXELEL HE FA = 30do 2% ujd
|
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Figure 2.4-19. Change in GHG Emissions Due to Domestic Land Use Change by Scenario,

2022, Annualized Owver 30 Years
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Figure 2.4-41. International land use change GHG emissions by renewable fuel, 2022
(kgCO2e/mmBTU)
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Table 2. 4-67. Biodiesel Assumptions
for Transport from Plant to Terminal

MMode o Distance
(miles)
Barge 5% 520
Pipeline 0% 00
Rail 4 5% S0
Truck 50%% S0

o HiolQ AR AAaTA 247t HlE S CHast N2O, ol iyt A4,
— N20¢F CHs] #i&&e vl= 873839 MOVES Eq& o83t AH8d A,

>,

<¥ 3-47> )3 @AA vl AR A2 LAshsE WEAS

lable Z.4-71.
Tailpipe Combustion Emissions for Bio-Based Fuels
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USEPA(2010), “Final Rulemaking to Establish Light—Duty Vehicle Greenhouse Gas
Emission Standards and Corporate Average Fuel Economy Standards”
(EPA—420—R—-10-009) https://www.epa.gov/vehicles—and—engines

USEPA(2016), “Final Rulemaking for 2017—2025 Light—Duty Vehicle Greenhouse
Gas Emission Standards and Corporate Average Fuel Economy Standards,”
http://www.epa.gov/otag/climate/documents/420r12016.pdf

USEPA(2011), “Got manure? Want energy? We can help,”

USEAP(2016), Optimization model for reducing emission of Greenhouse Gases
from automobiles(MOMEGA ),
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on—model—reducing—emissions—greenhouse—gases

USEPA(2010), Renewable Fuel Standard Program(RFS2) Regulatory Impact
Analysis,
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cubic foot methane)#*(0.0423 pounds methane/standard cubic foot methane)/(2,000
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AALEo R Q% LAVl A FEEH = (N-1) = A
N HA &3¢
A 71 div #7123 A 247~ & 2
= TYAF AAA B 2472 - AGEA] B 24T~

<i 3-55> WARMS| A8, A eu7hs s s

Per Ton Estimates of GHG Emissions for Alternative Management Scenarios
GHGEmission | yGEmission | GHGEmissions | GHGEmissions | GHOEmissi
sperTonofMat onsperTon

Material erialSourceRe sperTonofMa | perTonofMater | perTonofMater ofMaterial
duced (MTCO, terialRecycle | ialLandfilled(M ialCombusted( Composted

E) d(MTCO2E) TCO.E) MTCO.E) (MTCOE)

Aluminum Cans —4.94 —8.89 0.04 0.05 NA

Aluminum Ingot —=7.27 —6.97 0.04 0.05 NA

Steel Cans —-3.18 —1.80 0.04 —1.55 NA

Copper Wire —7.26 —4.89 0.04 0.05 NA

Glass —0.53 —0.28 0.04 0.05 NA

HDPE —1.47 —0.86 0.04 1.27 NA

LDPE —-1.79 NA 0.04 1.28 NA

PET —2.22 —-1.11 0.04 1.24 NA

LLDPE —1.57 NA 0.04 1.27 NA

PP —1.55 NA 0.04 1.27 NA

PS —2.50 NA 0.04 1.64 NA

pPVC -1.98 NA 0.04 0.67 NA

PLA —2.18 NA —1.62 —0.62 —0.20

Corrugated Containers —5.59 -3.11 —0.05 —0.48 NA

Magazines/third—class mail —8.64 —3.07 —0.47 —0.35 NA

Newspaper —4.85 —2.78 —-1.01 —0.55 NA

Office Paper —=7.99 —2.85 1.17 —0.47 NA

Phonebooks —6.27 —2.65 —1.01 —0.55 NA

Textbooks —-9.11 -3.11 1.17 —0.47 NA

Dimensional Lumber —-2.02 —2.46 —-0.73 —0.58 NA

Medium—density Fiberboard —2.22 —2.47 —-0.73 —0.58 NA

Food Scraps NA NA 0.69 —0.12 —0.20

Yard Trimmings NA NA —0.16 —0.15 —0.20

Grass NA NA 0.26 —0.15 —0.20

Leaves NA NA —0.56 —0.15 —0.20

Branches NA NA —-0.73 —0.15 —0.20

Mixed Paper (general) NA -3.52 -0.07 —0.49 NA

Mixed Paper (primarily residential) NA —3.52 —0.14 —0.48 NA

Mixed Papii‘ﬁ(cpersuflarﬂy from NA 359 0.06 —0.44 NA

Mixed Metals NA -3.97 0.04 —1.06 NA

Mixed Plastics NA —0.98 0.04 1.25 NA

Mixed Recyclables NA —2.80 -0.13 —0.43 NA
Mixed Organics NA NA 0.28 —0.14 | =0.20

Mixed MSW NA NA 0.98 —0.04 NA

Carpet —3.96 —-2.37 0.04 1.10 NA

Personal Computers —54.15 —2.35 0.04 -0.17 NA

Clay Bricks —0.28 NA 0.04 NA NA

Concrete NA —0.01 0.04 NA NA

Fly Ash NA —0.87 0.04 NA NA

Tires —4.32 -0.39 0.04 0.51 NA

Asphalt Concrete —0.11 —0.08 0.04 NA NA

Asphalt Shingles —0.20 —0.09 0.04 —0.34 NA
Drywall -0.22 0.03 0.13 NA NA
Fiberglass Insulation -0.39 NA 0.04 NA NA

Vinyl Flooring -0.62 NA 0.04 —0.30 NA

Wood Flooring —4.06 NA 0.07 -0.76 NA

% https://www.epa.gov/warm
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FEF(W (CO) = (F714 YAVIEe 43 A FL 22 23 FrAAs
71828 %) BAUSHY 1) X (A71% FHE e EAF 2 AuEL oA
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<2 FE3 >
USEPA(2002), “Beyond RCRA: Waste and Materials Management in the Year 2020”
USEPA(2011), “Got manure? Want energy? We can help,”
USEPA(2009), Sustainable Materials Management: The Road Ahead
htttp://www.epa.gov/otag/climate/regulations/420r10009.pdf
http://www.epa.gov/otag/climate/documents/420r12016.pdf
https://www.epa.gov/air—pollution—transportation
https://www.epa.gov/agstar/what—epa—doing—agstar#al
https://www3.epa.gov/otag/climate/models.htm

https://www3.epa.gov/lmop/projects—candidates/lfge —calculator.htm
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T8 A= &

1994 AgSTAR X213 AJZ}

1995 stz tigh M= AARLHE G (NRCS) T3t 73T MY

1996 A AgSTAR &3 A4

2002 & (Farm BilD ol AAZANAA] D i a& 2223 X3

9005 YA A A (Energy Policy Act)2 AAQAANHA A7 oF Z3dA =
(RFS) 2132 A

2008 AW (Farm Bill)e] REAP6?D) 238 X3A|7]7] & /N E

2009 n 52 AR A A (NRCS) ® /MA

sors | THAFDOE), SHuEHEPA), 7557 USDA)A 2130 ol &
7} 2~ 713] 2= (Biogas Opportunities Road map)©o] &3,
o] @7k~ 5 9% AU A dAm oF EFAIE FE(RFS
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67) Regional Ecological Assessment Protocol
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I

o 201549 2 202049 HXE ko] AL EPAE =1
3 A A 78] -8 (MAC, Marginal Abatement Cost) =4 &

o AHow v A TAY LaR WE FLE
ARt Bag ol vwow A GAE WE A 7

o BR2d] W= 2013d%)] 824 ktCOseqd] W& 7= a7 AR L.

o 1994'd ©]% 7}= ¥ 7]A A3}(Anaerobic Digestion, AD)ZF-E vl&# A& 19
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o 2016 5¢ 7)|Fo F u|d| 2427 £8FA68): 196(FA=), 39(FA), 7(7F2), 7
(A7), 7(&3H)

=2 g
O =HA # °xﬂ TE MAFY wFAo| 2] T2 Y-S F(state) HE 5 AUA
TEE: o] ARELS =B (USDA)AA F/ME HIMZRE IFE 7}%@}
@ = B WH F73: o] HolH = EPAS 24712 JWIER] RuAMZHE g
7bsd. ol dHlolEl= USDA, &7 948, EPAY ot #d=HE #3 9.
@ wpole 7k AlzHlo] Qe FFe FE NAS 2A: I8 Al A A
(section)ell AWate 7|EL TH 45 AEst=d AHEE.
@ TR FHFoZRE e MEFH vjE FAE
2 JWED WYPES o] &3t FHH. o=
5o g A%E uf Mg 5 AFdHoZ 100%ea 7M. e wEEFe
EPAQ v A7 2 wiE 2 A = (sinks) ol AFEEE W EO] 7 Z28te] o)
£ 1990 - 2008.3; o] WHE-L 7]FHst] #gF =4 A2 IPCO) o8] LAY
givL Z7F L7t AWESE 938 2006 IPCC 7tol=gkslo A 29,

o F(state)EZ I8 F& IFEE g wjE 4 vg viE FHX= o A
= ol&ste Aol e B =Tl oS JiEd.

] El(Methane) = Population X VS X TAM X MCF X B0 X 0.041 X 365

Wy A

W EF(Methane) = & W &F =% (Total methane emissions from different animal types in
different states and manure management systems, pounds (lb) per
year)

W A<= (Population) = F&<(Animal population)

VS = & 3¥A 114 v S (Total volatile solids excretion rate, Ib VS per 1,000 1b animal

mass per day)

TAM = ¢ubx 9]l FE2] ZZF(Typical animal mass, 1b)

MCF = " & 34t ﬁ]T(Methane conversion factor, decimal)

B0 = vlR9 &FS AAkst= HUl vg(Maximum methane producing capacity of
manure, cubic feet (ft3) methane per 1b volatile solids)

0.041 = Wgre] F=(Density of methane at 25° Celsius, Ib per f{t3)

365 = 1d9] % 4(Days in a year)

© wig A4k g Bl Ths A oSt ofo e AL E B AgSTAR FAb <A

68) HH FA2 T 7HA = BY olFemFH HIRE F&ety] uiel FHA= 24270 o doltt.

— 238 —



BAA A5 A4 E42 o] HuAd AAE HolH S B
el

o W Az 9@ FUE EPA Elo] 460 g,

oA 718 Azt A, @718 A3t @ 9 FA, viole

b "G B FA, 83 ol5, AU &3t vpole a2 BARE 9 71|

@ wv]= ¥ d]o]¥: Database of State Incentives for Renewable Energy (DSIRE),
State Energy Portal Online for Consumers

@ Renewable Portfolio Standards(AAAANTR FFe 9F3}): Owning a
renewable energy facility and its output generation(Alzj o H=x] Adn] & =&
A FAH Af), AR AAF ol (Purchasing Renewable Energy
Certificates(RECs)), A AR 2 HE A7) <)

o Second Biennial Report Methodologies for Quantified Policies and Measures Z+Z.

4) &3] Hr7F 74

o 20159%9] o] 5 (Benefit)S #A3) BH o 3.0 MMtCOzeqs H5¢ ZAO2 Yehd
— o5 B3 9819%F kWhe] o|Ux|7F YA E Zo= Wiy,

o AgSTARS & 257 2 )
Hol NEHoz 49 7Hsd s A7 1397 MWh ©]
gol v AE AN e Aoz HUhE. o= s 9 oF 1,670 MW

oF

E dAd = 3le

Z}. BR13} BR29] ZA=83 o] & U2l £
o CAR6 ©]%, Azt AAL Hrlales o]
AA NN BuE wjE 7+29 40%9 A Ao Bk H,

— oldel= =23 A3 HrllAM wjEae] 100%S AIS.
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o olgh ge M IALH AR FAAAT MAC T4 B4 S AL§ste] BE o
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69) EPA(https://www.epa.gov/agstar)(2016/6/23 73 41)
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o FFA N A HsA L AAHE

O

2.

Jue TAHoR AAL, 2% &Y B4, 2% ddel @ A H7} AR

[ =] Agriculture sector Greenhouse Gas Action Plan (GHGAP)

7F. 4y A3
D) Axe Ma

O

GHGAP9] &3: Low Carbon Transition Planol] ¢J&] A]Zt= o] A 32} carbon budget
period(2018—20223)7}A] 947+ 3 MtCOzeqE #E3daLA} st

2010 A9 23 2589 EUHLS L4712 wjE the 93 el
Abole] olalE FXE fstoln At &9 & 2V~ HES FolV] A% Y
A< (on—farm practice)= ©]g3t7] &Y. o] & T3 LA FAY Ala 2
dQoAdS Folga 3t AY

OPdE B35t 9 TN 47t~ vEFS 2 1990 ol E °F 19%

GHGAPY 3t 7 T d& thAF ol RE Y A" i a8A4d 23
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o Bt} B HeolH}F AdE A5 54
tE o gesA #4442 2oz 7dE

m&ﬁ
JFU
431
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0_1:1
offt
flo

2) A= ol

o The National Farmers’ Union of England and Wales (NFU), the Country Land
and Business Association (CLA), the Agricultural Industries Confederation (AIC)+
20073 1€9) 3= 71% W3} l2~=3 E~(joint Climate Change Task Force)E A
Hat ol& vt o2 FY EokollA Al Z1#(NFU, CLA, AIC)o] d§3ste 7]% wisg}
of thulstea g

@ Phase 1(2010-20123)

o GHGAPY H&#H3} 7[x= A 2
247 = wMEFS £017] HEl sREANA HE FA Fi 571 9 oj=nto]
A (adviser)ol Al #AEH =49 A4S =

o FEAZ M E 247tE ME HE5E fd dugS BT AY 247 )
= #AFolde =HE FIsty] fgk gAY ok&o] Fasttta 3. webA
GHGAP9] £ 1% (Steering Group)& NFU(National Famer’s Union(ZH =% <
9))e} CLA(Country Land and Business Association)2] F-AFEo] FA51A E. o]
w2} GHGAPS] 3 E Aloldd AAdE &/ 35t 2589 tEUHS B35
Al H.

o o] A= v &FS FARHse A S5 Ay L T 2HS wE A
B & Ho #3 gldA ZAFiHub); GHGAPY &%) 43S A F & F8
= olgo] A1d; A9 B3 HZ(fit—for purpose)S WAA|7]7] Y3 HLE 2w

2]
oz GHG HlE #IHS A7I1dAsA BYEHS7] 98 Defra(Dept. of
Environment Food & Rural Affairs)e} &%

@ Phase 2(2012—-20159)
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o o] @A 2012\ 4¥9 A=H updated delivery planol AA8tA A, o] 7]
o, FEYHL A HAIAE AAFsta XY TAHE vdg. 28l 535S
g Foko tigt g #Po] MAS X3

o o] x7] BEW AZE 7%l B AHolA HES LES the U Folo
7] 1% AER 4P s, noh HAE WL Sl AF HED e
e

o 2015¥7}HA], FEUHE A7~ 7=
A I

Kl
=
H ERG FAE HAD #E 24

@ Phase 3(2015-2020%)
o 201597b £47b QWER A7 =z 2nE Bus 8.

o o] GHGAP 50 steld AUE FA0] 7123t BEE A4shA 1.

© 20189717 B, A, TR R EE AFHOR A9 53 %am 24
$HEAE F5ha olo] B 5
&

|2o1d Aol A5 fgm] F7}

A AEgew

Aojd .

— o]E2 +FAYl tal B A3 HUhrt sbeetA s DI E st F
0 5302 R JF=s T AY

— A7 AEHQ RUB P £4 201595 A&,

3) B4 A 71 # COo, WieFe #H= 24 (F4)

o NAEI= GHGI(22A 7~ E2]) 9} Air Quality Pollutant Inventory (AQPI)(th7]&<S.
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B i A S = E vlolH A g HolHE

o GHGAP9 &%+ Low Carbon Transition Planol] &]&] A]Z}o] = o A|332} carbon
budget period(2018—20223)7}x] A7 3(Mt COzeq)E #E3IaLA} 3t

o
2
Hl
2 4
i)
=
N
=
e
ot
o,
rE
fm
Ach
Z,
o=
=
\'E
7
(@]
ay
=
ol
o
T
=
@
—
0Q
9%
&e
T
=
=.
=
o
=
=)
I
=3
o
L
::’

o FA|Z 2. 2 Ricardo Energy & Environment ¥, GHG SIHIEZ €L =7} o4 A
SAEE /I A T dHolE7EA] Tkt dHEE ARE SRt £43

o GHGAPE 247k wlES 2020847H4) 11%(3(MtCOeq)) & F5To2H 7|5 1
= AAet7] A% 9= T FokolM el o (commitment) .
— °o]& 19909 oJHE 24T oF 20% FFol o]& FIHAA AEHEFL.

o GHGAP commitment= &G &0k GHG vl&°] th& QAEF = EFHoZ vy=n
€ 02 slollA wrEo]F.
— 5% wokoll A optstA g} wghol
— ol& HiEHS AAs=
— 183l o]& W& FS

W&S olafsted dojA mj$ =&

— o] 7 §HS DA 23} 2AE E?} s gl Eﬂ Be Zéli T84 BxA g}

70) hE9) A% Holz w4 ke A A%
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Foh A

o ZEFANFET(BRE the3 221 202030 3,200 ktCOzeq, 202500 3,400
ktCOzeq, 2030'd°ll= 3,400 ktCOzeq®] M= &7t A& Aoz AL

2) Mo A8 2 AR

o NAEI+= GHGI(2A 7}~ E8]) ¢} Air Quality Pollutant Inventory (AQPD)(Tth7]& <L
AEZAWED)E FAo] H o5 FAH3F Y] 98lA], Ricardo Energy &
Environment ¥, GHG JIWEZ €& HJRE Sl £,

o

o Z7h U BAZEE A 24 AN £HE HHAA trrs Holg
g Fysn BAY.

o GHGAP commitment

£y selN wE

2
N
X
i
2
alfe

o 7= a3 =49 FA = Department for Food, Environment and Rural Affairs
(DEFRA), Industry Associations$.

¥ GHG IWlE2]7} &hshA] ol B A% ol &7t AA

dEFE T4l = GHG #&9) o 8%= AAstL &< AAF

et

o g3 H|Z9 ¢F 90% = non—COy 7} (A A2 EE-(nitrous oxide)Z} W EH(methane))



@ oFFstE A (N,0): opikstd = CO B ok 298y A% 247F29). 52
diFotz = 7HE & ofitsld A miE 9. 2008 25.9 Mt COzeq7F Bl &= %
< ol F = N0 #iE9] of 75%F AA9 N09 + 92 77 2 F
A T EYolA JFEY. o] EYS AES Auist=t AH8o] Hal EH|
HE 27 H AR 34%7F 7H53 A2 5 0] . FHolA N0 vl&& 1990
d o] F oF 24% FAHAE. ol FA= Y S&olA F5 N Akl ek CAP N
oz R (49 ) (ruminant) 71549 FAZRE 7|QAE

N oy o

@ WEH(CHy)): ©A7122 Wee CO,RY 258y o 7283, sgde & g9
CHy W& 7} 38% AE 7], vge] F9a AL 7159 AF, ¥ &
(&9} )9 43 FaZHEHY. 19909 FH W wj&2 CAP NP E 5%

(&9 o) MA F FAE 18% =%,
@ g4 A8 v 9 Ve #E #q2 71F Wt gstol] dHF Q0 o
vstd B8] B8 AF nlol e AHAE) Be EY FUE(FAA
A)ell & 71 2HE CO.& AAs7] A8 3t JAFs B

AL = 2030744 Gl M o] ok GHGE oF 20% €9 As &
. 223l 205097HA = GHG MlE@FE 70%7H4 €2 AL HHE=E

g

T “«1 /‘Pﬁ’h, ‘IT7]EOO]: Au, X T= £x=

e
A E FEo 3 £ ik
< I 9o 2REH N.O F8A7F £,
Z

3} g
13k gEole] A2, ¥Y AWGY FE2RE N,09) HE,
o

o NO 9] Fo 2t Hf7] HRERE N o)t WZe o 80%F A4

o 3212 NAEI(National Atmospheric Emissions Inventory)7l) WHE2 N,O v|&%S

71) National Atmospheric Emissions Inventory (NAED)E o] ¥l Eo] E=(mode)ol] & ©7] o
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FAY w o]y AF QJAEES FUISIA ¥w. AT NAEI= XET
[PCC(Intergovernmental Panel on Climate Change) W& £ ¢l(factors)S AF&3F 1
2]3 GHG W EZE MAdste gdLe Ag=H Ao

o WA, F N0 HER FE FHo] FYHE FA o|F UL AASHE B9
FPYES Bd a2l A WAE WIT 5 98 AV o UF 2B #8
& 05EY AR o, NF 22, EF F
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3) We AE 2 AR

o Y19 =7} U7] viE# UM EZ] (NAEI) = Ricardo Energy & Environmento] 2]
3 HE A FHe = F.

o o]&= Aether and CEH¥ Gluckman Consulting®} & &2 2 3} Department of
Energy and Climate Change (DECC), Department for Environment, Food and Rural
Affairs (Defra), the Welsh Government(J] €= &), the Scottish Government(Z~

FEW= AKX) and the Northern Ireland Department of Agriculture, Environment
and Rural Affairs©ZRE 25L& A duA H.

o NAEI+= GHGI(227}220wl E2]) ¢} Air Quality Pollutant Inventory (AQPID) (7122

E

rir

FAA T AEs 45, ol wet 2L o] A&7 HolHol A skl st ofof g
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FollA =78 dolE A vdetAl HelH

o =12
H ©
E FRsta FAoF st HrE B FAE BAS 284
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o =7F YA FAZFEH JAE 2
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3. [9=F] Agricultural Action Plan

7F. 4y A3
D) Az Ma

o £47b2 7heH CHi, N:OF 207] 918 FH02 Fold 2272 MEde

o d
Zolx s BA .

o A WFE e Wl 32 47

7S And Hof, PR, WL
o U E&AH BT =X BelB FAF. ol Fal I v o] BE

2) A= ol

o 20109 A)zH4,

o BR2¢|= Agricultural Action Plan®] )21} BR1ol&= {1l
— ©, BR19+= Agriculture sector Greenhouse Gas Action Plan (GHGAP)©] 2}

U ZA53AE B4

o BR2d| wZW 2020W@7}A A7t~ E 2,972 ktCOeq7} #HEHE A2 FHH

— o]%F 202597k 3,607 ktCO.eq7} AFE Aoz FAHH. 2030974 3,60

ktCOzeq7t =2 Ao 2 F4H. 203574 3,607 ktCOzeq7} A= Ao 2 F
34,
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2. BR13%} BR28] #5&H Aol B 4 £4

o BRI19|+= Agricultural Action Plan®] &A)3}A] &%l BR2HFEH &3 2.

ul, oA HE 7t A € AALA
o T HE =4 tidt 7= A A Fe 9 Agricultural Action Plan A&
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o A7Ze] BR} o] 7
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o BRI} F4lo] Hol ATI|®, A Fol Felsof 3

<Fazd>
EPA(https://www.epa.gov/agstar/what—epa—doing—agstar#al) (732 L=}
2016/6/15)

EPA, “Got manure? Want energy? We can help,” Sept. 2011
First and Second Biennial Report: the United States of America
First and Second Biennial Report: the United Kingdom

Second Biennial Report Methodologies for Quantified Policies and Measures
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A7d FAEA

1. [v]=+] SF¢ Emission Reduction Partnership for Electric Power
Systems

7 4wt |3
1) Az Mea

o ¥ A|2F | th3t SFe v A3 =
(EPA)I 4] Atolol] FX18 A3, nlftal 4 @44,

Al fdadel=S Fall =7ke] SFe wWi=&

o AY Azgol F SF MlE A HEUAY B WS BHE LuhaE )
Eabe 2P AHO EPA Zeadd FIste ABT JASY.

o EPAE &FvF A (FESIEL (PFC)), RE=A AZYA(PFC, SFe, & F43F &
3t &4 (HFCs)), vkl Aatbatel A SE (SFe) o eV AR,

G

o o] TEIY WHAEEL FAHIT RO TzaPe] FoAF: H§ A&
A oA, BARE, ARFH D HAel U FHA A4

2+(SFg) : Sulfur hexafluoride
Fg7kzoln e g H7] AA wAE ARE-H.

IS FAA717] g R vE AEE vg 7= AR E.
71FH A4} 8 o7 T2aYPoF AMSH.

2) A= oY
o Sulfur hexafluoride(SFs)= Z743}7] 9%k o] =2 a2 19999 A2+

= .

o A7 M B #F AN MiEFe FE87] AT A AT WAL= 2006
IPCC 7}ol= &felol] ofs] AlF4H.
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g 23FAF 24 PEE 2 2%

o o] WHE 7] AF F FF AMoA viEHS FASHY] A 394 HE i
©2 2006 IPCC 7lel=gelel] &) Al34.

o EPAE Z2Ige] we} AR B &% BAUGIZAS Ao o2 Az o4
e o] Aoz Lz adel Y7 AN

i

o 20159 ¥ 20200l v X|+= FFY A5, EPA= 2989 J3FE F4317] 28
A A 78l (MAC) =4 E A (Marginal Abatement Cost curve Analysis)S AHE

SLA A 78] &2 A B A (Marginal Abatement Cost curve Analysis)
SAAGH L 247 1ES %0171 AafiA Bad e i&lﬁ]“ HgS om. AVt P&
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=
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fo
%
tlo
o
=

)~

o FAHOE EPA AZF B wiEF, Azt Al &%, A 719 FA HE,

6, 1Al =1

A7 % B3 dlolE R A=

rfo

Second Biennial Report Methodologies for Quantified Policies and Measures Z+Z.

o o] 82 54 ¥4 HI/FAE v # Holy FAd sl EPAC] AE= HolH
o e a7 AtgE Hagh

o kA A oF 45%3 Z2eF= 6071 ©]/F 3AbEo] o] EUY 2o
A, o]5 FHAIEL 278,000 9] SFy HIZ S AEAAEY ol A7 o
500,000t 2] ﬂ%x}oﬂﬁ WASE COp HE2S AEAIE AY SU3

== uTn ]7]

lrﬂ
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o BR2e] w2 201339 wjE == 5,500 ktCO2eqQl RS Z e,
H
=]

o A 19 E& 44 WY (Facility—specific mass—balance methodology)

o % 3 Tt EE IAE UFeE BuE SF6 ARSol dis] A 3

(mass—balance method)S AFg&3}e] 323}

ol

el

o ol WHE A7) A% L AF AU MEFS TS A 39A A W

©2 2006 IPCC 7lel=gelel] &) Al34.

0 2015 % 202089l PIA = FF] BF, EPAE T2 o] &S F4s17] Sl

A A 2HH-&(MAC

.|J
>

o 24 Jl2 By Z2aYE F3I Y dHolHe 24 7l B3 Al (40
CFR(Code of Federal Regulation("]=rA#4 ) IE 98) 74| &7 As+S-

o= &

o FA & =EFE ol &8t AEst HolH F2 HAME 23 ZE dolEl o
g AT FRle st HolHE £4%tal B st 2AMS AEAF

o FAR WY T YU Al dolHY FA P B

A= HoleE GHGRP(Greenhouse Gas Reporting Program)
&

o EPAZ} MASE RAE A7) 93l A% By Avist gHHos 453

A -

GHGRPE 2417}

e WMEFE IO ERE 2 oF Bw FHS AL

25 WEshs W wlE AAES, 3 A8 TEdE, RS VRERYH 247
(GHG) dlolHE 2HRgh 20099 10€ 30¥e] EPAE W=l A o]4tsletas $A7F 25,000 metric ton

o AUA FA WD okd Es} Lol 7 A FH PHS ST

72) Sally Rand, EPA’s SF6 Emission Reduction Partnership for Electric Power Systems,

4, 2012
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<® 3-62> A 4 P

2 "W (IPCC GPG Tier)

oFu g Al A2F X 3 (minutes) ¥ 7] &7 (GA] 2/3)

HCFC—22 | HFC-23 AH =4 ¥4 2~EZH (WA 2)

k= A T Hkd® PFCs X vl&E SRJQE(HA 2)

I mARIEES SF67} AR ES(EA 2)

717171 SF67F Abg5 Ed; Az 2 o wjEd Ao 74 (dA 3)

3) e Az 2 AR

o EPA Fdo]#] #A=.

o BEY HolH= 24 7?’\1%3 Z2IH(GHGRP)= S8l (FRar A & %
o] AlA) Ee AEA (Z54 GHGRPEIL dAZ wvk AJAd)o 2 ®ag,

o GHGRP HEU 9 wmhEY wRolA, 2012d0] o] REAA A7t A4 +2 WE
F dolHE 5957 AA.

o Second Biennial Report Methodologies for Quantified Policies and MeasuresS Z+=%3$}.

4) a3e] HrF £H
o A 45%(607] ©]7d) ] 3|AtEo] o] HEUY 22 age] e 278,000 HE=
SFs uﬂzako 71-_‘,% ]71

o

AZE 2F 500,000th o] g3l A A E= CO, HlE= A= A% 5L
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o o]

2. BR1, 2 ZA=FAAF 2}o] 2 g9l B4

o CAR 6(6th Climate Action Report) o]giZ HHEZ U olEE= QNS

ot S olFBrt ¥, B AR, 9

D ZAF B4 FA % 4B

e
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o

o EPA+ SFs Wl&& &0|7] 93 7l AR HAitA o

73) Jerome Blackman, SF6 Emissions Reduction Partnership for Electric Power Systems: An
Opportunity for Industry, EPA, March 2002.
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74) Sally Rand, EPA’s SF6 Emission Reduction Partnership for Electric Power Systems, June

4, 2012.

75) Eric Jay Dolin, SF6 Emissions Reduction Partnership for Electric Power Systems, Nov. 2,

2000.
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- zEads S A=Y AF

— 7] o 3t HHAME (clearinghouse)d] d&e g+
- 7% AHAXE 2EAE.

- JEUES A% A (S AF

— SFs HiE& 54 2 B3 AN 9

— SFg¢oll th3t AzF Al Eg 9} assess leaks(F& H7b) F3
(SFe7b 15 vh= wmwk ©@9jo] thafix= Z2adlo] E3EA FF)

- AWEY WHS FEsto] EPAC A3t wiEeS R

— &8 AE(commitment to recycle)E X3 A3 SFy A2 E 93 A
}Ha

2317F Agk A A (retiring high leakers)S 918 W8 4

- 7‘]4] ¢150] SF¢E T = 4 A== (Ensure that knowledgeable people handle
SFs)

— 1870 Fo wi& 7= EXE @A (After 18 months, establish an emissions

reduction goal)

[¥] =] Significant New Alternatives Policy Program(SNAP)

7. 44 3%
1) A= e
H3E 9

ofs

0 9F

RS A BT B = O A,

OIN‘
¢

1

o YA W A6122E EPAZ tel g Q17re] A%3} 870 IR FE ODS(L
£ 93 226 ha) A 22S Hristn tdsAl Hol UL

- A =22 vs9 F e 2F
@© HA Yuj(e]. R— 404A)
@ Al 71 (S-dHa77)

o =4 7} ODS (= 913 £32)3} HFCs(E2FL 23} ehA78)) S Egst= thA] 712

76) UNEP(FrH3 A1 8])ell oA ste] 25 HEE 9 1987l e k<l
77) GolUXZE ARz HI
78) Hydrofluorocarbon(ZF 2 236+4) 2 OzoneZoll S FX %= A Ze& 7t 7124 sy
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— ODS(2.& 1ty E4)9 o: CFC—11, CFC—12, CFC—115, HCFC—22, HCFC—141b,
HFC—142b
— HFCs9] o): HFC—32, HFC—125, HFC—134a, HFC—143a

o CAA(RIZF}Eae]=)79)d] FAH A < F-7k2svo] Bag, T3] ODSe %

A B

o non—CO; 7F=ES 9314 AR480) A48} 2] 4=(GWPs) 7} A7+ 43} 2] 4=(global
warming potential(GWP))zro 2 A8,

o SNAP 232 th3S 93 4Ad
O JAHH o2 ODSE AH&ste HE AHEAS dAES st Frstr] A3
@ 71& 9 A5t qAEA ds] A3 A gk AE 43S #R1sH]
A3
@ HZF A&l o3| &sta Wwols
@ 3§ 7t Al Fo AHES FX87] A
©® A A FAAA B 1z A

A%

o Be AN H o2 ODS (2 93 BA)E A}ﬁ—a}—t— te 24 2Ew 2}

AFE e TR gl 2 RE Qo) A7 B0 919 FE il s 2
22-vro] E4sDE £,

o EPA® ZZt At A H7E & o o5 22 SHAES AES:
— 2% 337 A4 (0zone depletion potential (ODP))
— At £33} ZA 3 (Global warming potential (GWP))
— =X (Toxicity)
— <13}4 (Flammability)
— 2k @ &nxke] A7/¢HA (Occupational and consumer health/safety)
— A9 7] @ 2 AHefA 93 (Local air quality, and Ecosystem effects)

O
>
2
r2
it

= CAA82) H7lA (Amendments)ol] A= E 19903 <.

79) Civil Aeronautics Administration

80) Fourth Assessment Report

81) 3lite] dHiolHE A8 wiAd 93t WY
°.

82) Civil Aeronautics Administration (Jﬁ oL

OH
=)

2]=)
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o Z7]o] SNAP H7t7h SAHAT 1994 w0l L3,

o AT CAAA83), SNAP ANOPRS4), NOPRol thdt 2+ A ¢ vl-ee thex 7S,
— WHHE A FQ93 ODS A dojA] W
— HFCY &&(5%)

o 1989d%7} 0 A== A& A= o]d #AEFES 23 Id=F AREo] i Wl
1990 @ = XE] A Zo] =,

o AERAF B4 PEE 2 2%

o BR2¢l W= 2020 715302 316,868 ktCOseqe] vl & 7= &77}
2 s

o
JE Ao

o #2E7 24 29E 9 27

o DOE(2013)d w=w &3 7|9S & o7ty 7% 2945 £4%.
[l 1] Ben & Jerry’s Ice Cream Cabinets:
- HF AHEA Anf AF ¥EL
— 7]<%: Hydrocarbon Refrigerant(Z23)° Z 2011d 12€¥€ X5 SNAP 3}l 591,
201239 A wl=re] 7007) AFE
— GWP Impact: HFC(GWP86)=~1,400—4,000)5 ZZ A (GWP=3)o. 2 7]
— A7 Hl§ SHAA % 5% H HIEo] B, 10% BE oAYA &&4 4 a77t

o] o
=

83) CAA Amendments(R17F &3 &= BAGA)
84) Advanced Notice of Proposed Rule making

85) EPA’s Significant New Alternatives Policy (SNAP) Program and Hydrofluorocarbons, DOE
FEWG/CAWG Web Teleconference, November 14, 2013
86) A7 23} g
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[Z18] 3—19] Ben & Jerry’'s Ice Cream Cabinets

Z+5: DOE(2013)

(o 2] =Z7F=E} A7)

— HF AR Av] AF ¥Fa

— 7]<%: CO, Refrigerant

— GWP Impact: HFCs(GWP=1,400—4,000)2 CO:(GWP=1)02 w A

— A3 #Z7EFee] ZF S ‘the drink in your hand ©AWA}ES 20203 71A

25% %=, 800,00000 9] MEHFC x| AX], AUA] &4 3, ZE A& 33
I, A7), Y4712 .

(1% 3-20] =F}=e} A7)

Z}5: DOE(2013)
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A3l7] 918 Vintage Modelingd37) o] AF8%. Vintage Modelin
I} A A (sinks)2] Sl EZ oA A E,

ﬂ.l-lN‘ O_u

o ODS(L&E% v3 E2)E AT & I B2 &9 wj=o] g2 g =¥
stg:

O A R dZo 93]

@ Zv HZ &% o} vH-0DS A A2 FL&(HS) 23

@ 71& 1B wE Q44 93

o W& ZHAE #usty] ¢ EPAE 5 7}A Vintage Model Al Ue] & vl d
O CAAS] Title VI stoll =& €8 215 7HH8t= wied 4

LESS UF A= 20 B3 2EYSE oA wel ODS H A

T =& 34, o] SNAPS A9 o]|x AN S A=

% ’3} ANA BAUGHHIEHTA]) vl 2 T,

7}. =13

=<
=

!

of

e

o Hj|ZHS =743}7] 9% Vintaging Model®l] ol A1&5H = Rd 2 HF &%

A Y3 dlojA

AYZT ojd HF &&:
-Mobile Air Conditioners(©]%2] oo} )(CFC—-12)
-Chillers(\W§2+%%]) (CFC—11, CFC—-12, R—500, HCFC—-22, CFC—114)
-Retail Food(&vj2g) (CFC—-12, HCFC-22, R—502)
-Cold Storage(W¥#4) (CFC—-12, HCFC—-22, R—502)
-Transport Refrigeration(F4(2#)¥%) (CFC—-12, R—502)
-Refrigerated Appliances(¥%717]) (CFC—12)
-Dehumidifiers(A%7]) (HCFC—-22)
-Industrial Process Refrigeration(3+d#4d9Y%) (CFC-11, CFC-12, HCFC—-22)
-Ice Makers(A"7]) (CFC—12)

ing Model(W]= 37 B35 (EPA)): o] B2 ET Azko] Ao upe} JH| & EF3h=
Q_t% g3 &2 (0DS) ¥ ODS WA= l‘%@, Vintaging Model2 ODS A} 7HA2A7]7] 93
bRl kel e 317]‘5]'7] et ZHd Y3 AlF. GAH R 15 AFd LET 9 &
a4 7HA b wEoR(dE 2 F7] &23), AE, dlojE F, &A1, &3}, Ab)dA Azt
S F4. o] Bde HF §rni) Al A ofyg) gite R 0DSe] A%
dolel o]Ho| Uist FRE QT 3%?44%?—}_(ODS)O] dAH o2 HA g ma}, A ODSel
o3l A9 A HHEe ‘jlféw A Eell 742t &3, Vintaging Model: B 1] =& wid
il Aquj2 2 e s AF D AR B G E TrX]O]'EEﬂ :”3-5} sfel E2 o] o] FGA | 7]
z3ho rqJr“"ﬂ A A MEHS AHlY 7} Q1T A 7E 85, M= WE S5 ¥ WE
H &S A83te] 4 & T AFEddA mlE 2 & %éﬂ.% s, Bde A7 F AMS
2 7-} slet B4 vWiEE FPAE AL

88) http://www.epa.gov/ozone/snap/

o}ll
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-Window Units(®¥3H8%]) (HCFC—-22)

- Residential Unitary Air Conditioners(F9 8 (3 7|23 Y5 3sHFAE T71=317]) (HCFC-22)
- Commercial Unitary Air Conditioners(A & (&71%3} Y5328 37/%3}7]) (HCFC—-22)
- Water and Ground—Source and Unitary Heat Pumps(E 281 E3d¢<E9 a8 EHx);

Packaged Terminal Air Conditioners and Heat Pumps (HCFC—22)

o FE E EAL A5 AEE dolEHs Fge A, B By, 9 vES ¥
g9 FAE ARE AS

o HolE FHE BHZF3H7] f8 AHEE HE e e 28
— v]= GHG ®l&3 A (sinks) WlEZ e AZF 2l 79 dF =2 Vintaging Model2]
E313} 7}go] UNFCCCol Bus7] Ao A7 2l AR AE7L Feko] 9
il HEH. =& UNFCCCAME F7H4 Q1 HET} o] Fo3.

o Vintaging Model ‘bottom—up Y. R = A A& 72, A&, 72 A2 &
ol Bazgt 53 =42 &, A olFol B BRI =5, o] =9 EPS Global
Programs Division®] ¢J3] #&] &= ODS Tracking SystemS. ZH-& 3 Eﬂ 0]
E] 9} Significant New Alternatives Policy(SNAP) 3}o| 4] EPAC] ASH o] A=

g TIPS BYP AHORIY HolHE B,

9 B3] B7 B
o ANGelN A& E ol Agse] AFOR ALse] A B FIE 94

.

Zt. BR1, 2 Z&F Ao 2 49 £
o BR1¥} BR2E= WHHEA oo Q1S

o GHG¥ HFCs, PFCs, SF6& &3+ WL&ET Hus oA,
o EWElA ODSs¢} e tE GHGsY 7= 335 zA g

o ODSse| #=2 FH3HA &+,
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. AE5E BB WY, B AY MW, 9
D AAF B4 FA 2 4

o Environmental Protection Agency(EPA)
o SNAP Process

o LH

@ #H: EPAE ARE s8] giE 8048 e ATH A8 B¢ rule
making process(7F3 S WET TEZAM2)Z o]F

@ Rule making(7F+2 #|Z}H): a. Proposed Rule(7+%2t), b. Public Comments(t)5 <
£), c. Final rule(#= 73

)
@ Listings(F%): Aol 5, 231%F 59, AFH 59, 94

o

2) E3 2H] FA 2 g%
o 8 Hely A3
Wol B e} 4hg]

Jl}ll

FA3), 2] B, A7} B a(self-reporting) Q) ACZ

3) B8 A8 2 AH #d FA4 2 92

o Vintaging Model ‘bottom—up’ @Y. JER= A A &, A%, 72 AlE &
Aol 2ot 318t B2 <, A o]y #ASE ARV} FHE

o o] mdl.2 EPS Global Programs Division®l] &3] #2] %+ ODS Tracking System©.

ZHE 5= doly ¢} Significant New Alternatives Policy(SNAP) s}oll 4] EPA
of AEHAAE HEE X3t g 9oz HE HolHE E&.

PN
° EPAE SEINAG, ATEIHLAY, 54, A, 49 % 2949 A7
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3. [¥ ¥ ] Holistic policies to reduce the emissions of fluorinated
gases

7F. 4y A3
D) Axe Ma

o HFCe wi& 71 A%
— 20009 o|F WE FX 7]719 WulA|Q T L7
A ZYFZ HA3o] JPH. AT ALe 71 FA

oz 3g& A

- =zge 34 JM‘?‘J (2001); o A%t 4F& dF T=x 71719 AH8H =
ZHF JFE JFeta o, T[] IFHFe vjd FIlEFA oA
L BN [ B *’Fz%% 30% A== AA

o AHEAl AR
- Y5 FZ 71719 Au] EFoly =3 Fol & A 2y

o A GWPHIZH S AEL J1% AT @ Fste] $1Y

o AlAIZF<Ql IGWPE 8%
— 79 F—gas 714, ZEY

i

©
—“i%‘
oo
X,
S

‘HFC-phase—down &mu] A<t

o GHG7}¢-d HFCs, PFCs, SFs, NF3o] 338 m)x

rr

<ED

o HFCs, PFC, SFg, NF;9] H|Z & Z0]7] 93} &3} 8 2 (Fluorocarbons) 2] 324 Q)
ARSI A BEle) 2 FAFQ AR,

o

o ‘&8l 4 (Fluorocarbons) ] 3] AH& 2 A4 #g] 14(2013d 6€¥€)d =
H ARE tes T3
— 7t FFA g A &3lE A (Fluorocarbons) o] @A A AHgh
— AFoZ2HE e384 (Fluorocarbons) ] Al A<} Au|e} #|F2] #A|x=
GWP w&.

- A% AR g% F7] AT A Fol 2N

HALZ H-H

A2 (BAU: Business as
Usua) S 93 W% 7]7]19 oA 2 RE 9 e384 (Fluorocarbons) ¥4 HHA
— AL 9 ny Zz2 W B3 A =3 2 23}
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o F712 AR+ MekslE 2 (Fluorocarbons) AR 9 7| dS ARt 19 2
Ao =AU AAA e AEE FFo] RS AAE AL

o A G AR BT/ % R/ A A 3/ 5/ AP

2) AlE o] ¥

o TR A F L A HAse B WE, (2013.6) —=—oﬂ wef 7hs
Az ol ofF 93 B3 wae] AAA @A Az, 7)7] Az A6 o3 =
def AHE AEe] BZg e AGWP 3, g o3 drg »g% z 7

2 3
) TR P YA, H5sk e A B w T e 7719 J1E A
2 =9 A9 Aol AF A% GF AHe] FAL HA

oz 3R (2001)0l wet %1%1% % s 71719 Aulet H7IA Y

Mz ALEE 2y es 35 2 gas
o] B h At «loH Jaﬂhw FE AN, ZHeRF

o 20019l ‘&3}E 4 (Fluorocarbons) 3]&-(Recovery)¥ 3}3 (Destruction) WH’'o]
SUEHHEA Al E,

3) 71 AF ¥ 7341 93 (EPCA)

o A & 5 4 7} (HFCs, PFCs, SFs, NF3)& 2030 d9l] 2013 tiH] 25.1 % 7+
(20059 Y] 4.5 % Z7F, <F 2.890 THCO,)deE RS EZxg =z 3

4) B4 AG 7#H
o Ministry of Environment(MOE)(Z734), METI(ZAAAF44)

o Second biennial report: 20203 7}#] 18,500 ktCOseq7} =" Ao Z FAHE.(2016)

o First biennial report: 2020 d7}#] 9,700 ktCOseq7} 754 Ao 2 FHE.(2013)

SR E T

D 7t AFAZ Eofo] v Zd &-XGWPFA
o AFAFY JHESH HiGAHGETY FEXH], A U|AZBHAY A 7]7] =Y A
Yol o) v =g -AGWPs F3

— 263 —



< 3-63> 7[R AFAZ BEofo HlZ & - HGWPFA
2013(24) 2020 2030
H| Z - AGWPH
1
AAAE £ HWFE(%) ! 85 00
ZAAYu 71 7] A=Y 5
(o 7) - 31 76
75 (THCO2) — 350 1120
7 FROE BEXARY EEAE 24t

= (Azds) X (W= AEA] &)
(AFA L) X (HH Wel) < (SAG) — A 37)
= (FH7Ids) X (1= Yl o) — (H714] 59 A5

AF& YeFx717]
THLF AR A HF HI-FEAEY a9FQ 9 L 2R AA A%
e (Y, BRE AW 502 A8A] A A7 =3
<} 3-64> PGE-E& WEF X7 AR ZTHLF TR
2013(24) 2020 2030
7.5kWolXte] 717] AF&-A| 3 97 5
TAEAE ATE (D)
7.5kWrgke] 7]17] (FH X3 SC) 3 16 50
AbEA] FAE ATE (%)
7.5kWH| kel 7] 7] (B X SC2]) B 5 10
AbEA FAE ATE (%)
75 (THCO,) — 650 2010
o Z HjEAHA A= AVIAA L Dol HALE AAE A, ALEA] FAE
Aa2~17%, 7171 57 wet dolgh). FAHRA 7Pz ALe okt 25
O ¥=7] d4=9 7.5kWolA 7171(Z 71387 dA7171)
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= 2030W@7MA] FAE 83% A
@ =7 AF=E9 7.5kWrRE Z171(B 713 ANZA L 7171)
= 2030d7}A] FAE

FAE 1097804

(&, 7.5kWHTE 7]7] F, HX3¥ SC = 2030974 +4HE 50

%7r2)
o 7Zr=w = (BAUW|EH — AAZ 3 vj&3) oz A=
(AzA WEH) = Az X (AU AXA] &)
(AZA FA2F) = ATATYSF) X (FA Yulzd) <X (ESA5) — (8] 343)
(H71A] &) = (7)) <X (e Yo 7o) — (H71A] & d5+5F)
@ GFE& YesFgx7171dA4 dA7A & ZE2R/ JdF 3
o TR AN ANe-ZA=XY, HIFAY 507 IJFE 50% A EX
<% 3-65> F& WEsFgx7]|7A AVIA T 2/ 5 X
2013(A3) 2020 2030
H 714l HFC 348 (%) 34 50 70
7= (THCO:) — 790 1570
o AF-& WFFx7]7] #H7IA CO, #=FF = (Yl 35 o445 X (233} A4)
— W) 35 dAEe Yo 9§ 7] A S FAS &, 34E0] 20133 34%0 A,
20209 50%, 20303 70% Z7}ste AL AR

o Z

g B

g = (BAUMES® — AR 3 vz 4=

}a Thoksl Hofkol A HFC 5 47~ w|=

<3t 3-66> AAA S AFZAA A et F3
2013(23) 2020 2030
ExGA A= (%) 100 100 100
75w (RHCO,) 55 122
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o AFHEANA AT HFC 5 WEAAo] B3 A AN 2AHE AL
Az 3
o 7 QAT AT AFVEALL RE QAZ} i BRE SHITT AF

- A T AoE &7 F3 HYE QLS 2993 AsA ALE We TG &
3 AA A H7E-EAbelE 3] Asa AdE AEAdE eI AR
(v 8 €74 F%) # Aea A28 ALFe] T eF A B A (d 8
47 &%)

- ZH gy Rlol 27 3 ¥ 5o AA 23 (dY %)

— 7k kol E Wl 24 3 % 59 A 4% (vid 6 €4 %)

o 2013\ (Calendar Year, CY) 2.2 25.1% 9 ¥3}E4 7}~ (Fluorinated gases)=
Zole AL FHIEZ F. ol& 20059(CY) o E ¢ 4.5%7F SUSH o= oF
28.9 9+ COzeqell 333t

o Second biennial report: 2020 37}#] 18,500 ktCOseq7} =" Ao 2 FAHE .(2016)

o First biennial report: 2020 d7}#] 9,700 ktCOqseq7} 7=4E Ao 2 FHH.(2013)

o

<¥ 3-67> 83227}~ (Fluorinated gases)d] o4 W& (@9 WMuHCOeq)

-

2030 (CY) ol wiE= | 2013d(CY)(2005(CY))
HFCs 21.6 31.8(12.7)
PFCs 4.2 3.3(8.6)
SF6 2.7 2.2(5.1)
NF3 0.5 1.4(1.2)
Fluorinated gases $A| 28.9 38.6(27.7)

AL Submission of Japan's Intended Nationally Determined Contribution(INDC)89)
F: B3lE A7k (Fluorinated gases)® CYE 7|22 FHHA L.

89) UNFCCC

(http://www4 .unfccc.int/submissions/INDC/Published% 20Documents/Japan/1/20150717_Japan's%20INDC.pd
)
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2) S8

D FFEAFAZ Hobo] =z AGWPFA
o pEeY = <BAUHH§Ek - AA FuEDoE BE

(AzA] e = HAzds) <X (AT A=A EF)
(A=A +42 %k) = (AFALH ) X (H Fei=F) < EAT) — (ARIA] 35F)
(FA71A] EF) = (A7) < A ¥e) 39%) - (#A714] 59 3+
@ 958 dEeesx77] AR TR FANA
o A= = (BAUMIEE — AA= 3 wile) oz 4=
(AzA e = FAzds) <X (AT A=A EF)

Az F24%) = (ASALHT) X (FH i F) < (EAs) - (Bl
(H 7N W) = (HA7Ids) X (1" Yl o F) — (H714] 5 37)

Z]

L,

5 7171914 #7145 e
= (BAUHIE = — AA= 3 W&

_ll-}l«

E§]/~
o=

/\

MN

2. Su A& 7 R A

)

o ARFTAH RE 7+E HAF BEAL Gor] AHslE AR (Holistic policies to

reduce the emissions of fluorinated gases)d A5 E nlgto g ZAls QA

o AgHol AgA

_H
ok
N

ol
ol
£
toi
o
)
ro
k)
2
ot
filo
i)
1L
ol
ol
£
o
Ll
Mo
it
i
i)
fo
oX,

o ARE BN T QRO AL S Mo YA GHEA SHo P W

rf
o

2 Zhol=Eil S AANE BeA
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o @ HelE A=e) BRY 2ol 7E WY 2 HolEH 5 FAHY AREL BiA
g WeA

o AN ok T BR A4 A FEH BRI AN G Pae
3 stol=stele] Fo] Ba .

o BRI} F4lo] Hol ATI|®, A Fol Felsof 3

AR4: Fourth Assessment Report

BCF: Billion Cubic Feet

DOE: Department of Energy

DEFRA: Department of Environment and Rural Affairs (&)
EPA: Environmental Protection Agency

EPCA: Energy Policy and Conservation Act

GHG: Greenhouse Gas

GMI: Global Methane Initiative

GWP: Global Warming Potential

HGV: Heavy Goods Vehicle

IPCC: Intergovernmental Panel on Climate Change
MAC: Marginal Abatement Cost

NGSI: Natural Gas STAR International

NRCS: Natural Resources Conservation Service
RFS: Renewable Fuel Standard

Tcf: Trillion cubic feet

USDA: United States Department of Agriculture
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IEEH >

EPA(https://www.epa.gov/agstar/what—epa—doing—agstar#al)

EPA, “Got manure? Want energy? We can help,” Sept. 2011

EPA’s Significant New Alternatives Policy (SNAP) Program and Hydrofluorocarbons,
DOE FEWG/CAWG Web Teleconference, November 14, 2013

Eric Jay Dolin, SF6 Emissions Reduction Partnership for Electric Power Systems,
Nov. 2, 2000.

First and Second Biennial Report: the United States of America

First and Second Biennial Report: Germany

Jerome Blackman, SF6 Emissions Reduction Partnership for Electric Power Systems:
An Opportunity for Industry, EPA, March 2002.

Sally Rand, EPA’s SF6 Emission Reduction Partnership for Electric Power Systems,
June 4, 2012

Second Biennial Report Methodologies for Quantified Policies and Measures

Submission of Japan's Intended Nationally Determined Contribution(INDC): UNFCCC(
http://www4.unfccc.int/submissions/INDC/Published%20Documents/Japan/1/20150
717 _Japan's%20INDC.pdf)
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AsH A+

1. [9]=+] Woody Biomass Utilization Grants Program

7F. 4¥t |3
D Az e
o ZZIY FZ
- A s Qe E A-AYE A g
M A EE EA) vlo] v~ &8 ZZAE AGS Wy o] A3t A
3l 229
— 20059 HE Aldgste vid dx= Wolx2 2RSS Y

o 2016 Tz 1% U
—20159 109 10¥ Aot &4 Fa
—2016d 1€¥ 13Y Aot AZE wpzt
—2016% 3€¥€ 30Y w]=* Forest Service AR A A} B
—2016 49 79 Ak A3y

o LZIHYW X9
-5 AR E Fola IF/RMEAIAET g2 4 AFE fdse 22
- E2E T/ EA tisiA 2t #A 9] v &S A5 T2
— A B WAHAE ERE ZE Y

— 83 1(Grant Category 1): 2] oA A& &y
— 3 2(Grant Category 2): 2] AZE A& o)
2) Az olg

o Wood—to—energy(W2E) program® Woody Biomass Utilization Grant program .=
A A Ao, HZo] Wood Innovations Grant Program o 2 W73

o W2E Grant Program 33

<3} 3-68> A TZAHE Hs3}
SRS TR AES ALGAF 7149 (%) 4 719(9)
2014 9 1,441,600 356,900
2015 16 3,477,536 17,586,888
A 25 4,919,136 17,943,788
A5 WERC
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o Wood to Energy (W2E) Grants
— 54 AU A A|=ES 35 HFAA, v&HE, FA S gk A xYojy A4
O~

o 23& BE ZEAEE 93 Grant A

|
Hl
N
(2
o
v
R
S
>,
[
)
&
£
iul
r
o
N
12,
o
fru
e
o
oZ
oX,
ot
I
2
—E‘
0,
to
=2
[

[
i)

~mRAEE 9 A7), A E£E A UAS AdeE ARHos PEE S
SluiA] A28 S Apgatelol g,
— WERC(Wood Education and Resource Center), US Forest Serviceo|A] TZAE g

o W2E Tz =23
— 54| vpo] R uj 2z ARR-o X9 AA A AR Fef LS AAstE AS HREE S
AY oo TS v ZZAHAEE dA3)
—FTFY 0o]s BRIHAME EA] nlo]emjAZ Y QAR E Bid F A
' xZ2AE Y
- SAAEE F45a A XA E IEFoEN HAHE nlolemzet tE
2 AFY VA E SUAReEA A Ao ¥ H&S A3
— AR ZZAEE 3] FHFHOZRE HA nlo]ujA~E 83 AMY
FAE FX8AY o td Fds A
o ZE2AEE 214 Wwol NFste AL AH
— X 2AE9 Y §o] gt o] A e AS T bt z2AHAE=R 749
- XA E Ygo] bty olE Tl A S Aty 4A &
—ZZAEY Y& AR A vpo]lemj2E &8 F e W, 5A viole
2 FEoA ] HI§AZ), A nvlo]emj~E ALbslr] g Ao &&F Ab
&, 54 vpo]eujzo] e wS P TR TS WEoR i e
- A FS AEFststo] AN F e PHES = Ho] 43 AL
— 54 vle]l 2o AFZAQl &S HAGs ZZAERZAN HA @dLamE Az
of HX&= FFTF2 ATFHY Aoz HY,

— Detailed Technical Engineering Report for Three Dimensional Timberlands
Integrated Biomass Facility
- Y TR ZEAEH AR $33,6008 A4
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£ A9 nY FYo] AFHE Aul2g FAH FY BaA

Ll

7

— Centennial Renewable Energy LLC Wood Pellet Facﬂlty Pre—Financial Close Project

B A8 Al deiM 3 FA AF FEes 918 CRE AAHY BHEA =
A ST oHg 24 Be 24

BT Hd RAE AT Ay 2As 54 24

AR ARl B g F3

AT AGAF F

- X TRl 2RAER AWMAFEZHE $700,000 A

— Claremont NH Hot Water Districht Energy System

ARE Ades oA AzHe) &7 wjw Azd 2 wdee] AA o]
A ALS $5es 5L /17 TeAE

LAY EAERN A4YRERE $250,0002 A9

o FHEAANG FAL 9% Az AR
— YA BA A 53 gL wa FHA 4P BE Fo] 48

- Domke et al. (2016), Estimating litter carbon stocks on forest land in the United
States, Science of the Total Environment, 557—558, 469—478.
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TA FAY 71 B9 A B ARE HHOZ ste HEYL T4 &
TA B e =Rt AAeta #31AQ =A] A ) 7ot
AL HHOE o= BA] 54 B 9 =531 1o #ste] s As 83
— AA
=3} AJA AE] A A AL 2001 RE] Al EAo] AR HEE HA) 9
=3}to] B3 Ao wpet 3 AJA AHule] U AabA e Eal7 Qg E.(2011
d 6 L27kA]). 200735 E 91F 21S 71E 1,000m ol 500m' 2 93},
— oikEz
O =2 374 Av T A9 A
@ A3 A2 Au T3 uFe

A9A BEZH(Cross—Cutting) ¢

1. [9=] EU Emissions Trading System

7}. EU-ETS 9yt &%
— o7]4 9] Lwtd e EU ETS(European Union’s Emissions Trading System) Qwk

A W& SHSE st HEHol A+

flo

1) A=xel 7fa
—2005d S48 247t WiEAARAZ A 314F0] Fofsta A AA &
ANFe] 74%7F A== AA A siEA A A18LD. A= EU 277052
2 29 20079 =29 0] T 370, 2013 A= olEolrt 714 EU A9 U &4
7k W& oF 45%E @9l IS
—2050d7bA] 1990 thHl 80~95% #=<= HAER WAZHSE APl s
2005~07d 717Fe] 17](Phase 1), 2008~12 717+ 5<t] 27](Phase DS AX x|

—WEJHAMAM FAT CO, 5 6t 27t E ez 3k S+

— 1715k 271 e AW AR MEAS T
ggos ART oA, WARELS AVIHE 100% FA4TE Adan AL,
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[ 3—-25] EU #i&3 A= (in millions of tons)

Q000
8000 -
——— 6713
&.000 - s.a10 5631

S.000
4.000 Chkc

2.000 - 2. 327 = Exchange
2.000 -
1.000 Sa 450

D A — -

2005 200G 2007 200 2009 2010 2011 2012

F.a03

= Auctions

Zk5: EC(2013a)

—1997d WEAFMIN Y 24V IS HxE GAEY] S s B
Z g Ado] dASY A, 20008 d 39 EC(European Commission)+ Green PaperZ
Wx A EU ETS AAll gt ofeltjo]S AL, 2003d EU ETS
directive’} A& o] EU ETS+ 200549 =YE. o gt FFdA=
NAP(National Allocation Plans)ell &]&] =7} =FlA 24 4.

—A17] EU ETS (2005~2007) 8 W&

- A117] EU ETS+ A271E A% 3d 71709 APEAN - E Wi 3l

- A17] EU ETS+ &3} oA than] 49 CO, &S tde = sta gle
W, AY B TS TR R EHAeH, ol gt HEE = £ 40
22 AU

A171AM = &aoll gk 7140 AAHAL, EU AAZH & wjEHo] AFF
A AR AL, A AL ZRHY wjE&s ZYH, 715 2 Z2Fshe 7|6s 2
FATdE HoAAM AzHoldur & F AU+w.

- aHY A we EAETE B3 A8l A171Y A FEFS FAA
E 7o E AAHeH, dRHo=w “% Fol &S 2Hete B =
Rt R. ool welk MiEHd g F8E ZHste Fwo] TS AL, 2007
doll v &l i 7H4 & 002 “5017‘]% Aol e S

—A)27] EU ETS(2008~2012) & W&

- A271¢] EU ETSAA = &3 st FZFA
6.5%5 HAAFA=.

- ofolEHE, F3|HqERS,

B S e 4 K B ) e

CFAEEY] HES 0%

oY Ikl A A s

- Bolge thg HEHE =3 1007EE Qg

CAIFAER St F F 149 5% 7R ZA =Y (international credits) 792

mlo

S0} 20051t

=
R

4

2,

o S FAR0R Fol
RABEY WES B LA EF

i

0 m mn ;3 b
— oo bl
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H-(union registry)”7} =75 =% (national registries)E A

(aviation sector)2 EU ETSO] #oJAlzl.

- A7IERE ASE EAETE FHIEL @3S SA5RA|NH 2008 9] A
71 wet ZIE AL ARG v SEo] Fasts Aol YER L ol A27]

o] grartAe] AWHO R JFS =

— #|37] EU ETS(2013~2020) F£& W&
- #1371 EU ETS+= #1719 Al2719] EU ETS9F 21 4<1 2ozt &3t
- 7189 7P FZFAI(Cap)dlA EU @Y FHAAZ 1$
-G w2 o] 7|EY FAAEFA Aujae dEew g
- 718 AYA A vliste FET 24727 SO,
- NER 300 programmeS E3l Az JA] 71«3} CCS(Carbon Capture and
Storage) AXE 913t A Y-S f&) 39E FE Y AvE Hx gn

<X 3-76> @AM EU ETS F8 W&

A17]

A 27]

A37]

3= NAP 7

3195 NAP @7
EC =7P8 %% 10%

A7

EC ¢

a7

o

T EF%

20134 2,039

TFAZFFNTECO,) | 2,298 2,081 20204 1,777
il 1.74% 7=
r,H/\} COz COz, CHq, NzO, HFCS, PFCS, SFG
27] + vjE TS, 9,
PSR RIS ey
=157 b IR EA = - E)
25 dbd ol Ux R ek | 17] + &3 Sorma orenn
PFC, A& N,O &
A 100%
- - _ )‘\_]_—O—]: ld
e vl o 95% A 90% 1 201313 30%

FAF A 2020 80%
o A}
(e}

e wjEd ol

Fofed grandfathering grandfathering benchmarking
AH717E ol E A 717 o] &
Q)

°1d Ad712E e Ad)7) 7k Aa7k Aej7)7F a7t

2+ A 717 o] A 717 o] A 717 ol
CERW 3] & CER¥™ ERU 3¢ ERU® LDC9 CER
AALH A 40} Az e 40} 58

A3 LULUCF Al¢] LULUCF A€ A A0
7} BAU tH] EU %9 13.4%=2 | LULUCF ¥ 27}~
50%% A% A 3k AAAE A2

B EQ 4082 Ed 10052 E3 10082

e wjE o)

EERE SR

A5 EC iAol E
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2) A% o™

o A|17]1(2005~07)
- NESHAMC & 247t ASER
19909 thH] 8% =< HEE 2005
- EU 3=l 2770= 11,500
2FA], 20MW o] /ge] 3}k 49}
ThasH] Aol o
- 7S A G wE} ASEF A8 F HlEsEe FAET
— A|17] EU ETSE= 3] A 715 ko] o7 A= M2 &9
- I A Z71FY ksl ey H o] EU ETS7F FXEHJA T, aELGA7E 324 28
2 0059 29 169 o]HAREH =dFHo] 959,
-EUE nEYAHAM Z2ed % Directive 2003/87/ECE 53| JI, CDM 5 nET)
7HEs 283 a4y 38
- dgdgez WEdtg Fgs A4

& S APHAIG S AIZ 20083744
19 1¥¢ EU ETS Phase I A3

e, EU A4 vl &2 40~50%%
E, 79, Az, AR 5 oy A

rL mKL

£
)
lo
>,
i
o
o

s

o

>
(2,

J

=

[e]

171 Al 271 = wjEd7E o] 9 20~25-FF Abolol| A kA EH oW, 2006
9 4goll= 30FEZA Fset s

- 2006 5¢ ﬂﬂa‘ml AA WEFEG °F 5% Ao SFEASo] GHAHEA
Wi EAZFA S 1072704 53 2005 viE 2 20.149 %1 vhd @3 &S
20.962Eo] 5. ol Yt A17] wiEH e A27] o]dFA] FHo] YiH
WA 17] Zoll= wjEA7ME0] 022 H

[2¥ 3-26] A|17] EU ETS 7+4 3 Ag =

Carbon price (€/t) EUAs traded (m)
35 14
20 1
25 10

20

15

' 6
10 \'—/Jr )
S U —— -— — l
) I i)
G & & o & o P oo DD DD S D
QQWQQQ%\’@QQG:@QQQ;\“QQQO;{LQQN¢“@Q\‘99Q:5‘O§Z ‘C"GQ) 09000}:"@«:;&096\\@0 GQQQ@Q?QG\Q QQTLQQ'QO@

Valumes traded (millions) EUA 2007

AR EC §IALOlE

— EU9] 2472 754 913 EU ETS E¢0= B3ty ggdgd 5oz <3|
A7) o] ed7tx WEHS 3.1% 71895
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<% 3-77> F8 =I7PH EU ETS A= wi&% (MECO,)

=7} 2005 2006 2007 2005~07 ¥ 3}-&
= 475.05 478.07 487.15 2.5%
o 24251 251.16 256.58 5.8%
olgrg] o} 225.99 227 .44 226.41 0.2%
2~ el 183.63 179.72 186.57 1.6%
AN 131.26 126.98 126.63 —3.5%
7| e} 755.64 772.42 792.42 4.9%
EU ETS A | 2,014.08 2,035.79 2,075.76 3.1%
A& EU Emissions Trading System Data Viewer
o A271(2008~12)
— 27 17]9dA Edd FAHES RYste EFHQ ETS A8
- 171} mRRE IS A8 AN, ECe SYEgEY] Hx &9
7] oF 105%E At g55Es #4H0R 24T
- 2719 A7 HF WSS E 2089 E0 R 17] 22.999E 9 nvle|A] ¢k 95%=
a3
<} 3-78> T8 =7PH 27| 7AFF (YECO,)
29 1] A A= 17(2008) 27] (2008~12)
7 7 A= UZ_
Ce e MEA 27 | AEY U
=d 499.0 475.05 482.0 453.1
ot 245.3 24251 246.2 246.2
olerg] o} 223.1 225.99 209.0 195.8
et )| 174.4 183.63 152.7 152.3
A 156.5 131.26 132.8 132.8
7] e} 1,000.2 755.64 1,102.64 900.73
A 2,298.5 2,014.08 2.325.34 2,080.93
Z}5: European Commission press release (EU 2770= 7|, 2007)
- 2012 ECE IS 71X ETS 23838 ¢ 71834 344 AS5S
s = 7hE #EAAE S EC SdAH o Z Y3}
A EETS 17] FAAFT gt 2012do= dFEEo] 2
- BATGHIES HA 90%E 17)9) vt ZAstgoen, njEuae 179 T
A3l A A 7]8kel grandfatheringS % &
- 27] B FAAEE EHS o 49 o, AL 5239 FERE FAET
NAe BY F 1342 F59.
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<3 3-79> 27] =VPE I (HTHECO,, WNHTR)

=] o o wa2ge] | dgd= | 7]E A
gadsgEe [ 209.0 122.8 25.3 15.0 23.5 395.6
Fuj 4=¢] 2,964.8 1,5631.3 359.6 173.1 205.6 5,234.3
Z}&: CDC Climate Research

- 27] 719 WiEartEae B
Aoz shet
- 20084 SHHEY] W& A IMA L 22725 7SS ¥, 2009 AgHEY] 13/EE 5}
g3luon, 20129 ¥ 6.67HEE 7=
- Wl EA7HE S 2008 AlAl AAIR 7] o] F ArAALke] A o] u}
2 Hj&dd g Fort gAas A 7|91, Tk EU R ZHE 9
ERU-CER & ®l&d9 FF L= ¥UA9 .

- 2008~12 7)3ke] WS FoF ddEY of 5% AR N, ¥ AR
2P,

- EF 27] o oF 14.29E 0] @38t ERUS CERY) fr Yo s wjEd 3339
o] Zed.

- 20123 wj=4A7t4
93 T3
- 1~27] Tt viEHA 714 g A &S o uslr] Yste] 20124 11€¥€ ECE 9

- =
FAEY BFS 37 FURE A7) YA AX

et 3= 93l ECol A& back—loadingS A¢H 2013 12€

<3 3-80> ECY back—loading ¢F (MEFECO,)

2013 2014 2015 2019 2020 A
pIES 2,039 2,002 1,964 1,815 1,777 15,265
TS 866 853 842 803 795 6,622
B & 254 230 213 133 89 1,443
Sz farerge 920 919 910 878 893 7,199
w2 of —400 —300 —-200 300 600 0
w2 A SaketgEr | 520 619 710 1,178 1,493 7,199

Zt&: CDC Climate Research

o A371(2013~204)

— A371= 1,2719 A¥E vtgo 2 20209744 1990 thH] 209 =S E3E =2
F7

— TAIZEZF(cap) S 7S FA G HFAA EUGL 1ASZHF ABo= WA

- Z &3 8 F(cap) S 2013 20.49E A 2020 17.89ESZ wjd APH
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CARREL 2013 d 30%00 A 2020»4 100% = zﬂ AF o2 G4 EL%‘ stdjsly, 7]

B 20273744 100% w4893 oz g
Agwae 2 ALY 47%0) AFeE 290EL Huz

A8 (grandfathering) o 4] Wl X|vl= 7|F o0 2

=

S
X
(1t
»
N
r]I.
[-'O
_1

el A B8P

T -

rr

s siel

Lo
d
it

A nEE GAO FiFH R =

- 2012 ©o]3 CER<S LDC(Least Developed Country)ol A AArE Ao
A =Ho] == Adx 9o CERS AM&3HA] E3HA H.

Ao gzx Z7d3AE(NAP)S & F . All7]¢
A2719] NAPol| thsjr zhefs] dyEwd °F’419‘r ig=y

— A117] NAP (2005~2007)
- 7 #e] F7HE ECY) shol=ghelofo0) whe} 2004 39 319714 NAPE 23},

e

- ECE 2004—2005 7]7F 52 NAPo| t s} ﬁxw S e 2% NAP
AR A=,

- EC= NAPe tiete 45 27375 A+
- F7E WEAA R A Awe] @ FEo AT TF, FFYo] wE
ZF, NAPO| thgk AMF3 A o] JEx+ 7

EREY AAdH EIA s 9
o= NAPE FH3=S 873U+
— A27] NAP (2008~2012)
- A7) AYL Aol YR =il yF EFEAY A A4 A27]Y AE
LS H2e 7 A .
o

- ECS] 7ol Sl A g 3 ERE el o Feld Bast U,
Aol Sl BFA FHE U3l AET Bart Uov, Fad Fu
£ pokelt HFSE ESS WSOl Wast AU

o] & A 8ol Wt 20061 69 30U /A 7SS NAPE w3katedof §)

[e)

= .

- ECE 2006—2007d 7)7to)] thRE o NAPE AR oY, T T} o ~EL

90) http://eur—lex.europa.eu/legal—content/EN/TXT/PDF/?uri=CELEX:52003DC0830&from=EN
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obE At Aol ANE o] F | 27k 201094 201140 F15 -

A7 A E ololA Ak TFAFF Bart Anzkom, EC) NAPS] thE of
o ARAGo] FAFE 3] olelst AVHAE. ol F FAH BHEYL
the 7191 43719 EU 859 99 745 FEU-wide cap)ol o o)A
GFL FE FaE 899 bt HAS

o EU ETSolA #EFA&m Bdo] e vEF #d A5 g9 o] A
(projections), TFAZ#(Cap), &3 (allocatlons) = HH%%HE} ](estimated total
emissions), A5 ¥ EU ETS H|&

— Wi =% (projections) AFF ] A} wjE RF S o] &3l ﬁ‘%}

—FAFHFE AL E wEFAA 5T ERFS Aste AHAs, @ A
FTFoA wEAAAA AN A== FES Ast, o5 A 7]EQ A
gste B3 At AlAESE Uro] A E

- SR EYE FAT s e wMEFS Feto AL, ol AAd £3
B2 e FEE X¥sta ALtsta e

—AZ WEFS ETSY W& 5 159 AA wEZFs onst

=
— 9=r9] 7% EEP(Energy and Emissions Projections)

3 2y S o] g3t miEHds A
Weta o] & o] &sle FADEFHFS A Aoz #ad. Ay A
Yl EFS A &

— =G AAHE Z27)(A17])9) FES reportdhs B4 A& A7ty Ao g

A} o =
g A o AR WES FrE ol %,
H

— Ol #EA%-ES o] &t wEAY 7HES AWt HAAZR AT Fofl A
AEFL ARHAY Ao F29

—olgfY e HAA ASFAFS F5kd AAE 1Y
<E 3-81> FEU BEAAT 4

i gEAAE (KtCOy)
2005 2008 2010

Bricks 41 20 20
Ceramics 8 8 11
Paper 336 173 110
Glass 62 50 62
Steel 1,345 1,295 1,267
Cement 24 23 22
Lime 2.0 1.8 1.7
Total 1,818 1,571 1,494
1. AEAAFL 20051 15€/) 20101 25€/2] COp 71 Ao dsiA AHulEol it ngasy 753t dad.
2, AR REGAGE D A T FAR wagobe] E 2o ue] FAHE Aoz UEPH A=
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— A FES g5 ETS B vEF AWS SASE Aesds.
LA 712~ v & D (projection) WA
— W& A& DTI(Department of Trade and Industry)/DECC(Department of Energy
& Climate Change)2]91) EEP(Energy and Emissions Projections) 23S o]&3}¢]
sy, DTIe AWe UHEDR AY HJuolEE B,
— o] UEP(Updated Energy and Emission Projections) report® X i3,
- 20043 11€¥€9 UEPAAE 3tXA89 714, AAAZE AA, 8433 a3
of A7t g 2y JNAF Aol et W& Bkl 5. DTIS wi=A
< EU ETSY] =9 m& fA=a37t dHA &+ 5
gcte 714 sty wiEEF Ads 9v|gh
- 2012d ©]= DECCO] 9alA =z1¥. DECCY EEP 239 n|=
BARGE, stAARY 714, A HEn g, G A7 g JUlolE W
FES 7IMOE o]FoH,
ANUAFL, dUAETH, AAZE, AAUA7IEHS A
71¥ro 2 3= top—down FLEF I bottom—up &F
- NE A BYAOAME Adxgo] FoHAL FA AAC
Z &3] =] FA Edﬂr-‘q A= ek FAX T dojd

’

ol oF
(o

al
BB BEo Uy F8E 74]—‘;— DUKES(Digest of UK Energy Statistics)®ll

- EU ETS°ﬂ Tgd F= AR g WA ZR7E 98t
OEF (Oxford Economic Forecasting) ¢ Carbon Consortium®] Ztde] 2]s}e] o]F
o]A. OEF report= 2t B89 vj&3 AAES AYstsE FA5Q0 HHES

Bsh
- OEF ¢} Carbon Consortium reportoll 4= 74 H 2o A8E 183 A& A%
E AAY 474, OEF 2 duA = L o]&5 CO. ¥WiE A%, ENUSIM
(Energy End—Use Simulation Model)& ©]&3F ETS H&o] o3t =34 2 27
Wolzekel wiE A2 E )&% ETS coverageol] tish =24 55 =&
— ol#g A7l F RY wiEAEE F=9 NAPE AA e FAAR
— 2012 EAFE i SRS FE5t FAeF TS A9
- o] o]&=3s R o] DECCS DDM(Dynamic Dispatch Model) .

o gAY WEBF T4

91) 20163 79 DECC+= BEIS(Department for Business, Energy & Industrial Strategy)® E3%.
92) https://www.gov.uk/government/collections/digest—of —uk—energy —statistics —dukes
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— 832 EU ETSOA] Aole Wl&85S 3t Al WiEH 22 vjeds 78S
2y Holol 3}

- EU Emissions Trading Directive (2003)2} UK Greenhouse Gas Emissions Trading

Scheme Regulation (2005)°]A t©a3 22 Phase 19 117 wj&&&52 714

<3 3—-82> EU ETS Directive - Annex I activities

o L x] EF&(Energy activities)
20 MW 23 € F9 d&71# (19 T XA #H7)& AlA AL])
uyl2 @A A (Mineral oil refineries)
FA2~ Z(Coke ovens)

2 = A 3F(Production and processing of ferrous metals)

2~ 2~ ST &
v5% 2o B AHE(LFE) A, A% FE X9

A ZFE 2.5 B 23 AH|

)

A4 (pig iron) B+ 73 (primary or secondary fusion) AAF AdH]

¥ %(Mineral industry)

1¢ 50088 29ste AN E 717 &7l (rotary kiln)oll A Q] AHE S8 7 A4tk Al
A EE 1Y 50ES ZJ%@P AR E 7HR 3] A ThE 3 2o A9 3] APk A
29

19 208 2dsts & E 7 e fret fre] AlxAd

19 758S 238t A A 4 m*E 23stE JbaF 2 300 kg/m*E 23stE e
A A% (setting density) S 712 AR 24, HE 719 USIHE, A7), 27 5 @3}
of W& Ay Az AlA

7] EHOther activities)
oldl Ash A 98 g TAE
(a) SAREE ) Bsl |E A
(b) 19 2085 st YRS 717 Foleh e

Z+g: EU Emissions Trading Directive (2003), UK Greenhouse Gas Emissions Trading Scheme Regulation

(2005)

d m.lg
()

- A2719 WEgEe e RREo =z 3AHE . gypsum, rock wool, carbon black,

petrochemical crackers, glass, offshore and integrated steelworkse] ©]ol 3|34,
o A|17] WY, FATH L &
— 1719 3= &2 2vA HAAHS AAH TG
)=
B

- AYREL A e

ETS W7 2tde] BAU A% i}o]—g Hﬂg—ﬁt}'

A
T E= Aeld. ARt %%‘l °‘74Ur “ﬁ‘ EH“ *l*éo 73Foll= WA
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— WX upa AJEL BE FASHAA 4o dFS BT, Umx &9
L HAAHuZE Fow FAET Ao R, wEbA] X eta g iFA] A o Hl
3te] B AJde ko] ¢ Fold F S

[ 3-27] #A|17] &2 A
Total level of allowances (the overall
cap)
gta d?'g. q Chemicals Iron and Steel Glass
LeR sector sector Sector
into industrial
seclorseq. -
SECTOR CAP SECTOR CAP SECTOR CAP
e ot N v Nl b
tage .
Installationlevel | § || § || S || &§|| &§|| &§||&||6&]||5
allocations within E E E g E =_‘r§ =_‘E_:' E E
11} M m 0] 1] 1] M 1] 0]
sectors sllsllsl| 5|5l 8!|5!|%
1= = £ = £ = £ c £
25 DECC
o A|27] FAEFHEHI} St
— A A v)Z(relevant emissions)< 2000~200339] A8 & AL & wHAle A1

719} fab, ArEQl @hdae okl 199 2L
[29 3-28] LdwbA Q] A
Incumbent’s relevant
Total Phase |l emissions Total available allowances

Sum of relevant emissions of X in sector

all incumbents in sector

incumbent’s allocation =



ME2A Agetel TG uE.

o A|27] WX
— A271 e 17]1¢ 28 WX up= BE(Benchmarked Sectors)S A A3l a
- AHEFF2Y (Electricity Supply Industry, ESI)93)

o3 BE goiupa)

FaGFo A Z+ A9 H &S FeledH WAvta XEHE o8
W x]vl= ¥E2+ National Grid’s Seven Year Statement 200594 Fo]=A

vle} Z+o] Transmission Entry Capacityol] 5=% 7§ A] Qo] X load factor
E #otal(load factore= 2001-03 ASZFEH E==% 31 Large Combustion
Plants Directiveoll Al Al e]E Aujof] 3]8% = At SJAIZHS wEg sty 274),
o7l A E&ATe ABHSATERYH T29 2T WESATE F3H9
283t

N

°

M
I

- Bl E A5l &A= UK Greenhouse Gas National Inventory Report (2005)Z
2 A AgwEATE AFESH TS H A a 88 UEPAA AFESE AT}
TYS AS AT

I:

<3} 3-83> Mgt " Af ZHE a 84

Coal 0Oil
Efficiency 0.35 0.32
Calorific value GJ/t 26.1 43.6
Fuel use t/TWh 0.394 0.258
Carbon content tC/Mt 0.627 0.879
Emission factor carbon t/C/MWh 0.2471 0.23
Emission factor carbon dioxide t/CO/MWh 0.91 0.83

2t DEFRA(2007)

<X 3-84> 7[AZUE F8A4

Gas
Efficiency 0.468
Calorific value MJ/cubic metre 39.5
Fuel use J/TWh 7.692
Carbon content tC/TJ 14.03
Emission factor carbon t/C/MWh 0.11
Emission factor carbon dioxide t/CO/MWh 0.4

2+ DEFRA(2007)

93) ESI= ofdfe} #o] Aol ¥, ‘All combustion installations above 20MW thermal rated input
that generate and have a declared net capacity of above 100MW electrical output and do
not qualify for an electricity generation licence exemption under the provision of the
Electricity Act 1989 and the 2001 Class Exemption’
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o A|27] ECo &3 A4HA
— A27] 3= NAPY 27] At YF &g AololA EC= F =7FE Al €8t
3 2E BT AREAS. ol st ECe= AMER AT EF(Cap) AHE A
(formula)S 7H9tg,
— maximum allowed annual average cap = (CIVE*GTD=*CITD)+ADD
- CIVE = corrected independently verified emissions for 2005
- GTD = growth trend development 2005 to 2010
- CITD = carbon intensity trend development 2005 to 2010
- ADD = additional emissions covered by an extended scope of combustion
installations
—ol3 ECY &3 £l &sto] b Z7el A Ate S 2ASTHF AL
olel& Zpol7} EAZ. ol g ztol= offfol] AAH U+

(28 3-29] AStd AFZ, AA FAFZF L 2005 W&

“alti Ml alll

AT BE BU CY CZ DE DK EE ES A FR GR HU IE m LT LW v MT NL PL PT RO SE 5l 8K UK EU
@ 2005 emissions OProposed Cap B Actual Cap
Souree: Data from Ewropean Commizsion MN.b. 2005 LK emizsions include 30ME from secfors opted out for Phase | but inciuded for Phase I

4) 38 A8 3 AR

o Aol Fa 714

—o)EF AE AN oYl b AP WA WrFol Base], I A5
£ A%, A7 Ws 487E, gartd, B8 84 59 F4 A9 2
=i o

2 74getel WEg 2 oy A
- Q= A AA AR, 9= dTety wsl, Amstd W Fol
- UK’s Office for Budget Responsibility, Office for National Statistics, IMF

projections of world growth
- DECCO] d8714 Wsalel gartd wals Ao

ﬂllﬂl
N
o
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— 2015 Aol el ALsl-AAl 48 F8 7P ol e ®ek Zol AAH.

<3} 3—85> Updated socio—economic growth assumptions (2015 UEP)

Growth Assumptions

Actual Projection
% per annum 2012 2013 2015 2020 2025 2030 2035
UK GDP 0.7 1.7 2.4 2.4 2.5 2.5 2.5
World GDP 3.3 3.3 3.3 3.8 3.8 3.8 3.8
UK Population 0.7 0.6 0.7 0.6 0.6 0.5 0.4
UK Households 0.9 0.9 0.9 0.9 0.8 0.7 0.7

2t5: UEP(2015)

— 201593 3¥A5714

i)
au
B>
N
N
Y
2
ol
2
>

<¥ 3-86> dg7}Az 8714 AW AA (2015 UEP)

Central Fossil Fuel and Carbon Prices

Actual Projection
20153 714 2012 | 2013 | 2015 | 2020 | 2025 | 2030 | 2035
crude oil(Brent 1mth) $/bbl | 116.8 | 111.7 | 63.8 | 85.0 | 120.0 | 120.0 | 120.0
Gas(NBP) p/therm 62.4 | 60.8 |46.5 |52.3 |66.8 |68.3 |68.3
Coal(CIF ARA) $/tonne 96.7 |83.9 |59.9 |69.3 |82.8 |87.0 |87.0
EU ETS £/tCO; 6.5 3.9 5.9 6.6 22.6 | 47.1 |47.1

2tg: UEP(2015)

— 20159 3§ A AA

<¥ 3-87> 20154 3& A A

Sterling®oll ™3 &

Actual Projection

2012 | 2013 | 2015 | 2020 | 2025 | 2030 | 2035
US dollars($ per £) 1.59 |156 |165 |165 |1.65 |1.65 | 1.65
Euros (€/£) 1.23 | 1.18 |1.24 |1.24 |[1.24 |1.24 |1.24

2tg: UEP(2015)

o @7 ©&AavtE AZg95)
—dr1do =z nid 11¥€d g dx2 &47t4

o

AA o= 51 20159 119

94) Am7tAel s =

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/477958/2015_D
ECC_fossil_fuel price_assumptions.pdf,

g7t A gisA =

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/360323/201410
01_Supporting_Tables_for_ DECC—HMT_Supplementary_Appraisal_Guidance.xlsx & Frz%

95) Determination by the Secretary of State for Energy and Climate Change of the EU
Emissions Trading System(EU ETS) Carbon Price under the Greenhouse Gas Emissions
Trading Scheme Regulations 2012
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2016 ©A7FAS o o] AE7H4 3 &&S o &35ty 4=
- AE7FA: 20149 119 1293 20159 1149 11 Alelo] A® 20163 12¢¥€ 3
o EUA AE&E714
C 38 20149 11€ 12994 20159 119 119 Alo] 9] Bank of England®] B
Euro—Sterling &

].

filo
AN
ol

- 9G4 H= 24 94 vt EU ETS| 98] Awd vjE&F A4 vj&=F 4
° HE A3 Jriste RaAE AASIL As
—Phase 19 =733 7l thsiM = v #Zo] 20089 Hstal A=
—20084d 2€¥9 DEFRASIA ¥E ¥ ‘EU Emissions Trading Scheme: UK Results
2006 Report'E #1719 J=+9] ol HE HA 1 L.
- olFAFTANNE FAHCE MEAY, T, ASE WEFY FolE AAst
2 zpolol| thafA EA St A&

S WS AANA B RR REE QA HEF(AF)H B
Fe %

0.

0.
il
0
Anj
L
X
=
e
rok
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lo
fru
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k]
)
k]
30,
alfe

oft
2
=

fo 4
ol
N,

O
SUOH e
_]EFO
o
— 1>
o> O
o R

= 1%
p‘L
ko

@ %o >

53 A4 ARXEAN @dA271Z(EUA) Y Fo]E E431a 3l

s} wstaclel gk £45 Axsta

17) EU ETS 9ol o] 233

AR xS AASL o, Sy

9] o)l wE=AAYA L o)FATE FIET YL, A
1 3 AdxE yehla glon, o= 33

2w o] zjolo] W A B,

o 1.110 N
i)
oX,

RV rﬂ,
B
N
a4
ol
s
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alfe
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<3 3-88> 2007 d¥ Phase 1¢] EU ETS &= B&Y o]8) A3} (MtCOseq)

. A WMEH e Al Al A wiEs g9 2ol
R 2007 | Phasel | 2007 | Phasel | 4 2007 | Phasel
A (Power Stations) 177.9 531.6 | 136.0 407.3 ] 125 —41.9 —124.3
% (Refineries) 17.8 53.6 | 19.6 58.8 12 1.8 5.2
3 AR (Offshore) 14.8 35.8 18.9 43.4 111 4.1 7.6
A7) (Iron and Steel) 20.8 59.8 | 23.4 68.0 12 2.6 8.2
A9 E (Cement) 8.0 17.6 9.1 20.4 15 1.1 2.8
23 3] (Lime) 0.8 2.3 1.1 3.3 4 0.3 1.0
A A (Pulp & Paper) 0.7 2.1 0.9 2.7 6 0.2 0.6
S .
(Gl & Mineral

2 (Glass Herd 0.4 12| 05 15| 10| 01 0.3
Wool)
oA gul(Food, Drink
=4 =5 (Foo H 1.9 44| 24 54 59| 05 1.0
& Tobacco)
3}8H(Chemicals) 6.2 19.3 8.3 24.6 67 2.1 5.3
% 2}7](Ceramics) 0.1 0.3 0.2 0.6 18 0.1 0.3
A5 =} (Engineeri &
}°, HEngineering 0.7 2.0 1.0 3.2 35 0.3 1.2
Vehicles)
H] A &4 (Non—ferrous

2.7 8.1 3.0 9.0 2 0.3 0.9
Metals)
716} - 7F2~ (Other Oil &

1.2 4.2 2.0 5.6 35 0.8 1.4
Gas)
18] 2~ (Services) 1.9 5.8 2.1 6.2 230 0.2 0.4
718+ (Other) 0.2 0.7 0.3 0.7 9 0.1 0.0
SHA 256.4 749.1 | 228.8 661.3 753 | —27.6 —-88.0

k5 DEFRA (2008.5)

2012+ GZe] EU ETS o 40be obee) ol AN o] 93, A3 wEF
gIFe Aol HA AdAe dnzA TE,

<3 3-89> 20123 Phase 11°] EU ETS = F&8 A7 (MtCOszeq)

2012 Phase II (2008~2012)
T g9 | Wag | Faw | swag| Lo =UHEE
Evand (%)

Large Electricity

119.9 156.8 559.3 777.1 —217.8 —38.9
Producers
Combustion  Installations

52.4 37.2 258.7 206.0 52.6 20.3
(not power sector)
Mineral Oil Refining 15.4 11.9 77.1 66.2 10.9 14.1
Iron & Steel 24.2 15.2 121.2 81.0 40.2 33.1
Cement 11.9 6.9 61.8 38.1 23.7 38.3
Glass 2.5 1.7 12.2 8.7 3.5 29.0
Ceramics 1.2 0.6 6.1 3.5 2.6 42.6
Pulp & Paper 1.3 0.7 6.5 4.6 1.9 29.7
Other 0.2 0.2 1.5 1.3 0.3 16.6
Total 229.0 231.2 1104.3 1186.4 —82.1 =74

#}5: DECC(2014)
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—F=ro| @FE I/ HFY A wEHFS S5t

— Phase TollA 2008\ 200613 <] vjS¢ 7 2 A 43 B Ag) w2, 2006
9 Feb 251.0MtCOE wiZ3dte] 2006 FEF=F 217.7MtCO.9 H &}
33.3MtCO Y+ ¢ v &3 Ao g Hid,

— 20073 = &I 228 8MtCOXtF 27.6MtCO; BS 256.4MtCOZE v&3F Ao
2 HaE.

—o]o] we} Phase IolA Y F=9 Hl
749.1MtCO2 7]12 %8, o]8 3 &2k tj =] =
FH(Phase Io|A] 124.3MtCO, 237} FEFQ Ao 2 e

El

Bt 88.0MtCO, %

B
oA Ex

fr o

%

[Z29 3-30] A17] 7|5 A5 W&, = EU ETS W&%, A9y FA45%(2008)

300.0 -
B - .
250.0 — - -
= P R
sog | —+—Baseline and EU ETS
Emissions
8 150.0 —=— Phase | Projections
=
Annual Phase | cap
100.0
50.0
0.0 . = = . . . . . : ;
D ) A P & A
\Q._.Qp '@q q?‘o ‘_§§> q?':) “I,Q—:'Q "E}Gb‘ r§§) ‘_9@ "1?0

A& DEFRA (2008)

o MRV
— Directive Article 159 w2t BE A7t vjES R 1= FASHrolok 31| Article 14
o] wag} EC= MRG(Monitoring and Reporting Guidelines)E &7Fsle]of &

— 3d=& wid 39 WSS HEFWA Hastofof 3t FmolA AES vIZE HF7]
Holl A TP F AS. FF7H2 A5 wolof 3, HA Q720 FFHEH o

of &

— &, +P A (operators)= 7Fo] =2}1096) whe} e thek = 2 B E sfjof
st, wid gtA| 7)ol NAAES AEdshoF &

—wEe RuE g o' sl Abge] ARNEAE 7IEsHA Hol A dE
H, A9 SAZ7Y 2A T 7SS ¥ B3, 54 ZAioAMY wEATE
AHEE g AEE st EUHY WM E 7P BEE S A  I=

O O 1

96) European Commission’s Monitoring and Reporting Guidelines
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[29 3-31] AZH& =4

Q184

> Level of
£/1C0O2e abatement
required to meet

target \

Carbon
price | T TTTTTTTTTTTTTTToTTTTTTTTTTTT
.
AT Abatement
A& : DECC

= ©@7] AE5E3E 2020970 wlIAR A 2005
7] FF (GG Kol g3 AujE e AT HEY F+
AA 202087k 19903 FF9 34% 2 =3 A

ol o
A=K

— @7 ©atAE AYFE(EUA 712) 3 HI A -7 270 Y dartdo=w
—ZA719 AE53E(20209 o]F)= @7IEFE HlSt AR . FoellA
Climate Change ActollA AA = 205039 19903 2] 80%E #=3l= Z%
Aol A A= . F7IHeRE AAFHQ] A A|2=F spol]l FAthal 7}
Astal F=of @avbdo] ofyet AAFAQ FAgGLTEH 0w HZsho{of 3
o] W FA|FHF(cap)> FAFHOE Fol& A3t Al o =Edtste A

2Ee 499 Qo ¥

o 231 d#AFH(target—consistent) &
—ol& faAM= FASTH AAHE B

=
— 7|24 ofoltjoj& WiEAWH AHERIL TS W, 7IE EH HEFT
7o} Z}ol(gap)7F EAI3HH, o] Apol= FEFS FaEA] w Lo Aok 3 FolX A&
of ZEFojof & FAEHHe AT A AT L Wl A A H] &
S HAA B $AFoz wEAYe] 2o
o =A% (projections)
— &7] &4 W2 DECC Energy Model2 %8 AWEHH, 23 ERL g3 22
- DECC ¥ & d= AUAANZY FEdd 2F 4.
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S aRTE M, aE, A, MEIS B e B} A8 a0 ig 1509970
o BAHeR FAFH UL
THILS ZE F8 AHAAASG X dhe) A5 7
el TS wa lom, A8UH, AAEAT A7 wg so] AAR
A8

EC &% DECC W
- A 29 7 4
Al BT g o mRE o FHAS o]&ste] 2020749 A H L

- DECC 23 F4: 2008~2020d 7|3t <te] A¥w AHrt4S
A3719] olAAE kol FAZ old Thw 7MY st A d@MAE FA;
B -

T2 FE2E

3
A¢t CDM =z 5l o] g osir 27

- F4E g7 EUAC FAbehe 7138185 st A% 738§
T98 FdE=Z =43l EURIBOR(ME 3.5%)5 HgHF=Z AFES

- EC9] PRIMES ®E#8 28 334: EU ETS 9&H 7ol &42714-8 202013 40
F2(2005 7182 F4

- New Carbon Finance and Deutsche Bank forecasts: DECC F73 x]ol HIs}o] =
< 74 A%, ol A SE VM8t R¥ Y SAS vY

~AA A7l e mBN FAAE g AL FA
o WY MANRE BasA A4

- 7ol Agdtel A Gx o) HANRE HRE SAHE SANEY AAZ B}
£ AFste WHES Ndste ol T2,
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MAC) 243} 71&2 3HA A 78] & (feasible technical MAC) =4
- A MAC 34L& b9 AFo] AA7LA ojd v go =z S35 7]E 7d)s}
T AEE Hrs 7o g s WA, 714 MACHALS iQlolv 7149
q5 S5 g3 U2 F de ARSE Hrte 7NkE =
- 20099 FoolAE 71EF MAC F4E& AHE3ste] HI AR RZ o g7t
— o] ~2}¢1& Energy White Paper (UEP29)ol A A}&¥ AL XA

e
1o
o2

— 5% 4% Carbon Budget®} J=9] =44 A5 F-E Ao zx FAHH. o &
v o g2 2020 HIAYREEL] J &L 310.4 MtCOzeqE A3 4 ¢l
. UEP29 3&}ol| A d=9] wo]2gkel wjE&4F0] 352.9MtCOzeqo] B2 2020 7+

o
ZEX FFL 42.5MtCOseq.
Zulge x3E AEAA TS Al §
T A4 Yo 2 RE Y A Gy A A gl gk 1 5
CFEA Fo S FUHEREHY AEAAF
- non—CO; &A= 23}
CZ2AE ZHYY A9
- 7HA & wpolom 2~ Alge wE di71d dF 23
o 2020 P79 SAAAHE FA
— SAAAE L2 ol 21" Te

[2¥ 3-32] 20200 =9 SAAAHE 4

1500 Smart mesenng for the pusness I Pulverces fuel coal werm CC8 B Onshore wind
14004 Sy iegrated gasification and combingd 0 Offshare wind
1300 Specisfard tockrokogies evele poal with CCS Hout gerpraling merogen
BARTgy IPEEARIVE cduairies Suptresnr 18 Volumary Agresmenis Paper mdustry technologies
1200 W Stevdard wsulaties on var COF Wave generatias
= 11004 W Beiter illng for e domasts mm Gas with CCS Cherrsal industry techneloges
E 1000 SBLLET I aphar eneegy perfgemandy of Floctrigity gonarating micragen
00 W Do-reste heating mesires on-gomert e g
- BO0- = Eenavieural and techrologieal -:' e e nawiable trasspart
E 7004 measures in LNEk el oldigation
3 G600 W Colld wall alsiios
- N Borest lighing
= igg Fooa| tirme aaglays o nowabelds
- 1 = nudear
E EDU 1 B Industrial CHP
-— 2{]0 1 E Retrofi esal with CCS
E 1 Dﬂ = B Indusirial vae of biomass
4 0-
=100
=200
=300
~4001
=500 | g L T L 1 T T L e | Er— s |
— N M= WO ~D00O0 - NMO= OO~ N M= WD O
- e o oo BN OO BN NN
Abatement potential 2020 (MtC)
A& DECC
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o A7) A7t A AL GLOCAF 23& o] &3sle =

o

o GLOCAF(Global Carbon Finance) Model

— &% IA A7 559 FAS HHOE JHBRA o) A

— BAU Hj&Z8¥T olygt A AAH S (MAC) I4S vA49 o
4

+ POLES model: F#73 o|lUA] 2, oYA|AI2=H Yol A2 8 vj=u
wok olygt g TR 7IEY HES 18T F e

- A B &l t1E DIMA =& GCOMAP 2¥: 2 REo tig F R4y 2y

- non—COy B9 i3t IMAGE E&: bottom—up AEE FA

— 1578 AAl A& 17704 FEo=2 4
A7 i FAL ot Eel A A5

ofr
=

&
go=

Mo
o t

ooz

<3 3-90> GLOCAF A9z} B5&

A< i

Steel

Canada Chemistry

USA Chemical Feedstocks

Central America Non—metallic Minerals

South America Other Industry

Nothern Africa Non—Energy Uses

Sub Saharan Africa Road

OECD Europe Rail

Eastern Europe Air

Former USSR Other Transport

Middle East Residential

South Asia Services

East Asia Agriculture

South East Asia Power (electricity generation)

Oceania Deforestation

Japan Afforestation
Non CO; Emissions

A& DECC

2. BR13} BR2¢] ZZ &7} Ao] 2 949 &4

1) =83 x}o]

o BR19A9 =231
U

— BR19A4 ¢ EU E3%+ EU ETSZXH 20053 the] 21%9] =S 2% =2 A A3}
I o = AEEET EU ETSOA G2 ol 715Hs AhA] &
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o

o] FAFH(Cap)s EFE
<3t 3-91> BR1¢A¢] 5%

First Carbon Second Third Carbon Fourth
Carbon Carbon
Budget Budget
(2008—12) Budget (2018—22) Budget
(2013-17) (2023-27)
Carbon Budget
1 2782 2544 1950
Levels (MtCOszeq) 3018
Percentage
Reduction below 23% 29% 35% 50%
Base Year Levels'”
(1) 7} #A19] Annual Statement of Emissionsol A 7]54¥ 7|£d% o] 58S 9|

<¥ 3-92> A|17] &4 dAH(Carbon Budget) &3 (BR1)

A)17] Carbon Budget EU ETS X3} A wj&
Overall
Total Equivalent Cumulative €missions
.. 2012 .. below
Emissions average 2008 | 2009 | 2010 | 2011 () emissions
(2008—12) emissions p (2008—12) budget
3,018 604 606 585 597 573 582 2,943 75
Z}&: DECC

— 4719 FolA AHEE AAY EU ETSY AdE 23 I 24712 wj&L
20120 ao ik o]z tiul 25% 5 753 -}

o BR2AIAM 9] TEFE3
— BR2 vjE& A Do A EU ETSE] A& thsh vl& T A wj&Fol| 35 A

oro
.

— BR2oM 9] F3xo} A1A} gaofdbel] thgh = oo ol AAH U=

<3t 3-93> BR2|A¢] 5%

First Carbon Second Carbon Third Carbon Fourth Carbon
Budget Budget Budget Budget
(2008—12) (2013-17) (2018-22) (2023-27)
Carbon Budget
Levels 3018 2782 2544 1950
(MtCO2eq)
Percentage
Reduction below 26% 319% 37% 59%
Base Year
Levels”
(1) 7} #A19] Annual Statement of Emissionsoll A 7|& % 7|&d% dv] Z5&S 9vg
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<¥ 3-94> A|17] &4 dAH(Carbon Budget) &3 (BR2)

First Carbon Budget UK Net Carbon Account End
Level of ) period
. . Final .
first Equivalent o compariso
emissions
carbon average 2008 | 2009 | 2010 | 2011 | 2012 i n to
.. over period
budget emissions budget
(2008—-12)
(2008—12) level
3,018 604 616 595 605 579 587 2,982 —36
A} DECC

2) 949 24
o BR13} BR2e|A e F& 714 Aol
—BR1AIA ] F2 744

<¥ 3-95> AAE A

[o

2 A AaAv

% per annum 2010 2011 2015 2020 2025 2030
UK GDP 1.7 1.1 2.3 2.8 2.5 2.5
World GDP 5.1 3.9 4.4 4.5 4.3 4.3
UK Population 0.7 0.7 0.7 0.6 0.5 0.4
UK Households 1.1 1.0 1.1 0.9 0.8 0.7
A} DECC

<3 3-96> 7]Et A=A @A VA 74

A A

2013 74 7= o9 2010 | 2011 | 2015 | 2020 | 2025 | 2030
Oil (Brent dated) $/bbl 84 105 113 120 127 135
Gas (NBP) p/therm 45 58 70 74 74 74

Coal (Rotterdam fob) | $/tonne 98 126 104 123 123 123

EU ETS Carbon Price | £/tCO; 11.7 6.4 3.7 4.9 5.5 6.2

Electricity - Generation | ¢ oo | 177 | 64 | 19.0 | 327 | 545 | 76.2
Carbon Price

ZF&: DECC

- BR2OIA Y F8 713

<& 3-97> A%E 7H4

A A A
% per annum 2012 2013 2015 2020 2025 2030 2035
UK GDP 0.7 1.7 2.4 2.4 2.5 2.5 2.5
World GDP 3.3 3.3 3.3 3.8 3.8 3.8 3.8
UK Population 0.7 0.6 0.7 0.6 0.6 0.5 0.4
UK Households 0.9 0.9 0.9 0.9 0.8 0.7 0.7

ZF&: DECC
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A A A
2015 714 7)== w4 2012 | 2013 | 2015 | 2020 | 2025 | 2030 | 2035
Crude Oil (Brent | ¢, 116.8 | 111.7 | 63.8 | 85.0 | 120.0 | 120.0 | 120.0
1 month)
Gas (NBP) p/therm | 62.4 | 69.8 | 4655 | 52.3 | 66.8 | 68.3 | 68.3

Coal (CIF ARA) | $/tonne 96.7 | 83.9 | 9.9 | 69.3 | 82.8 | 87.0 | 87.0

EU ETS Carbon
Price
Z}i: DECC

£ /tCO2 6.5 3.9 5.9 6.6 22.6 | 47.1 | 47.1

-8 7149 Aol

- Ao AARLE AAE Fr1HozE WEEA 2skA R 2015d 9= BR29
A =, 202095 BRIGIA =4 A%

- A A A= BR1o] BR29| Hlsle] =2 AAE 7}

- 957142 BR29| HISte] BRIAA w2 7HE&

- ©&7142 BR27F BR1Y| BlEte] #& g4

_‘_‘O}d

= o

=

tlo

1:(!,]—

<

o
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EC (2013b), The EU Emissions Trading System (EU ETS).

{oFol 3t}
BEIS: Department for Business, Energy & Industrial Strategy
DECC: Department of Energy & Climate Change

DEFRA: Department of Environment, Food and Rural Affairs
DTI: Department of Trade and Industry

2. [Z59Y] Introduction of EU Emissions Trading Scheme

. AEIAG EA
)

o IUXA F89 = AW (projektionsbericht 2013)
-y A Fa9 WS AR dalde 5LS ‘projektionsbericht 2013’82 H
IAE W
— 5 7HA AU 22 o g A AlF: WMS(With Measures Scenario) 9 WAMS
(With Additional Measures Scenario)
- WMS: 2012'd 10€7bA] o] FEel A d 7% 2 quAAAS a3t A%
- WAMS: F74H8 02 Agrtsst 715 2 oz A axiztA n8st d
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AA A&

%ﬁf‘f} A7sHH = AA

| A5 So] 87F. ogF W

<¥ 3-99> <l @ AA A" 2005—-2030
2008 2015 2020 2025 2030
AFAT(HAY) 81,856 80,929 80,625 80,020 79,046
7 ) 39,480 40,120 40,760 40,960 40,970
GDP(A Y€ 2010) 2,518 2,678 2,896 3,059 3,232
Az FH7H7HA (A Q€ 2010) 680 761 823 869 917
Az A= () 7,282 6,860 7,071 7,184 7,280
A5 k] (7)) 31,294 | 31,522 | 30,264 | 28,947 | 27,838
AF7F4 ($/bb]) 104 117 127 139 151
k2714 (€/EUA) 23 14 14 22 30
Source: German Federal Statistical Office, Bafa, EIA, OECD, calculations by Oko—Institut and
Fraunhofer ISI
— A Ay WMS Ay L
<¥# 3-100> vj&E A" WMS Ay 2, 2000—2030 (MtCO2eq)

2000 2005 2010 2015 2020 2025 2030
Energy Sector 360.9 380.1 354.5 332.7 297.7 288.8 240.5
Industry 118.6 110.8 115.0 115.3 112.5 110.9 109.6
Tertiary sector 54.7 47.9 44.1 41.0 36.5 31.5 26.8
Households 118.9 111.9 103.1 90.9 79.9 69.8 60.2
Transport 183.0 161.7 154.7 164.9 155.4 147.0 139.5
Fugitive  emissions from

21.8 14.7 10.8 9.6 7.5 7.1 6.5
energy sectors
Industrial processes 77 81 73 70 69 65 60
Product use 3 2 2 2 2 2 2
Agriculture 74 70 67 68 68 67 66
Waste 27 18 12 10 10 8 7
Total 1,039.0 | 997.3 936.5 903.6 837.2 796.9 718.7
compared to 2005 4.2% - —6.1% | —9.4% | —16.1% | —20.1% | —27.9%
Compared to 1990 —16.6% | —20.0% | —24.8% | —27.5% | —32.8% | —36.0% | —42.3%
Compared to base year —-15.7% | =191% | —24.0% | —26.7% | —32.1% | —35.3% | —41.7%

Note: 7]¥W %% COz CHy N,O 49 19904, HFCs, PFCs, SFs9 %

Fol g8,

3ol =

199513¢l. 71 & &4 FCCC/KP/CMP/2008/9/Rev. 1 &5~

2t&: projektionsbericht 2013

— WMS AgolA 20209 25 7No=rt & 50
- EU ETSE 2ot o8 AAgde] o3 A 4v 354 o ws A%
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28MtCO,
AR A AAR DS g HARAF og
- glo]ed g &3 5.1 MtCO,
A aE Ud 2 JhA KW Z2AE: 3.8 MtCO;
a8/ 3.3 MtCOseq
1 BAF 3 MtCO:»
&2 wE 71 =9 2.5 MtCO;
-5 oyx HeF 2 (EnEV) 704 2.4 MtCO,
A A3 WAMS Alug] e

<} 3-101> ®j& A WAMS Al L, 2000—-2030 (MtCOzeq)

11 MtCOseq

2000 2005 2010 2015 2020 2025 2030
Energy Sector 360.9 | 380.1 | 354.5 | 323.0 | 2784 | 269.6 | 209.6
Industry 118.6 | 110.8 | 1150 | 1125 | 106.9 | 103.2 81.9
Tertiary sector 54.7 47.9 44.1 40.6 35.7 30.1 25.0
Households 118.9 | 111.9 | 103.1 89.5 77.2 64.8 53.7
Transport 183.0 | 161.7 | 154.7 | 156.8 | 144.3 | 1326 | 120.9
Fugitive emissions

from energy 21.8 14.7 10.8 9.5 7.3 6.7 5.9
sectors

Lﬁgi;gi 77 81 73 68 63 57 43
Product use 3 2 2 2 2 2 2
Agriculture 74 70 67 68 68 65 63
Waste 27 18 12 7 7 7 6
Total 1,039.0 | 997.3 | 936.5 | 877.1 | 790.2 | 7375 | 610.8
compared to 2005 | 4.2% - ~6.1% | —12.0% | —20.8% | —26.0% | —38.8%
Compared to 1990 | —16.6% | —20.0% | —24.8% | —29.6% | —36.6% | —40.8% | —51.0%
Sg:rlpared tobase | 1570 | —19.1% | —24.0% | —28.8% | —35.9% | —40.2% | —50.4%
Note: 7|#Wd%EE CO2, CHy, N2O 49 19904, HFCs, PFCs, SF62] Z$-ol& 19959, 7] Hj & 2 A

FCCC/KP/CMP/2008/9/Rev. 1 vi&40] AFE-H.
2+ &: projektionsbericht 2013

— WAMS Aol A 20209 7= 719 %7}

Eas
- EU ETSS X &34 AE4u HFS 93 =8 =)
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2 AAY WA 5.5 MtCO,

AR FAE 43h 4.2 MtCO,

4 Zza98e 3 1.6 MtCO,

- =@ A (heavy duty vehicle) 88 FF =% 1.6 MtCO,

~
=
&
)

o TFAEH AAY IdFF njE
— AA A 2ol A TAFZF(Cap)= ARk, &l gk &S vh-dstal o]
wret A Tk g EE vt BASs HE
—TAZTZFE AEYZA oo fHF 1990d ol W&o FAHE &
— A FRof o AAHEHI, VG o] ERH wet 4 AHY mEdES
217, DEHStE A AHME AESIL A &9 o] 7AST 2= uH

Al (correction factor)E 2H4 &

—olge = T HEHR] AL wieds €8
NAAEL FAFASF 0.3%E 7H A Wed 7€ 293 7IdE Wied 7€ &
= A9 5 A AAl ALk Z1f Akl mAIA Xeh= A5 FUF EEE
< AbFA o= Wb

—HEE AN AL ELS W T FAS A9 5 o] AVAA A A
ol

o NAP I|A NAP IIZ¢] o]
— 2 A] Aol st FAE 3 (Grandfathering) A-&3tx 715 717 4F
—TrERA Y B 23E wiAete FAXYTS FA o
— AR E o] =4 4 (reduction factor)E -1.25%% A3
ATE A83t

— ¢ 25,000tCOz ©]ate] &qtE Al M= F5A A =
— WX w3 @3 e o BE Mﬂ A3 2003 o] F A Al A&
— oA FEo disixe Ao &gl wet vy AE5S Hes ag4d W

Aulas Aol @elshel B3,
~AWE g8 A PR G F2(40MICO,)

w9
B8 gy = A% WEY < CF

<¥ 3-102> AAASF

A CHP SAME Ak
CF 0.89 1.0 0.91 0.99

— 318 —



A% v A]) X sector—specific CF
- 71} A4, Folot Fl=RE H35e) AJHE Ak o]l A= “fuel coefficient

o A|37] EU ETSol A9 &
—28=9] NAP dj2lol EU—wide 7FAIFH A3
—HEE 100% v
-2 BE A £9(2013d 20%14 2020 70%E)

—5% CO; B + 10% F9F =R BAFE F7o gt WA

o A37] EU ETS Wlxvl= 474
—73% 10% CO: EE&AIAE 7] #Ant=a
—AAFEEHRY =995 5 527) AFol HAvim HH
— ‘one product — one benchmark’ ¥ 4F3}
—dlXvla FLHe A9 10% a8/ HF AHRE J|Fow 3
—2007/2008 ¥WiEF = A7l ZAF. o] AFRE= ECY A F 3ol 9 AHAHS]

AN FH-sta A3ALel s HSWar EColA Haste AxE B

o A|37] WXwia A2

— BUA,,.. = HALX BMX CLEFX CSCF

— EUA,,,. = 74389

— HAL: A A5

- EA 7)1ZAE(2005-08 EE 2009—10)A AE AAAEZ] YA F
— BM: product—specific Wl x]u}=

- 5271 B4 AAAF WA vt

— CLEF: ©&2Z A5 (carbon leakage factor)

- B v S kgt 20130l HlF 2 80%00A 20200 E 30%E HA4E

31, 202790 = 0%7F 2. §#AFE 452 A8 7o 1005 FA=E

CEYoAE 20139 % F FAAEFY 89%7F AlF 1S AL

<# 3-103> g9 vjENAM ] BxTE 8 AF

SRS 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
T E9d 1 1 1 1 1 1 1 1
Bl =98 | 0.8000 | 0.7286 | 0.6571 | 0.5857 | 0.5143 | 0.4429 | 0.3714 | 0.3000
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— CSCF: cross—sectional correction factor

C ARl dig FAEEe A AZFAAY ABAEY vizoz AHE A
Q1 FAF G 3] A, Wb Agro] Aol whet FaF. THEY

o] gol FAFBRY B A4S, CSCFE AW FARTRL F

o> g
o oo

ol

<3 3-104> 2t AlAdel st CSCF

2
"

2013 2014 2015 2016 2017 2018 2019 2020

CSCF 0.9427 | 0.9263 | 0.9098 | 0.8930 | 0.8761 | 0.8590 | 0.8417 | 0.8244

o Fallback approaches: A& Wlx|vt=7} EA3EA] AV dHo] gle B¢
— g% oy wWula (F 20%2 AW)

—d87]F duyA Hxut= (¢ 5% AY)

— A ES HAAZ 7]+ (grandfathering) (1% w|9HS #AH)

2) 38 Am % AHH

o ETS %7]9 Heaxg 4
— AN FEA AUA

=
i
—VAH FEANE HE FEAR B A AR £

e

o AEATS} BAR RIAT NEAADA 7o) el AHRLAE B3
—A1719) A4 200936] ATHETAE BHE D

o A17] 4R IA] &

— S wEdAHA L A3 dig G
—Edo|A EU ETSS] A=Z Algde] tjst A
—A17] &3 34

-3 #d HA arAA i B

- o7 BfAE &8

—A1719 ¥viE 23

97) 9714 += 2009d9] =7+¥ “Emissions Trading - Evaluation of the First trading Period
2005-2007"¢] Ul &S ZA oz AT,
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=
J Bl
i

-wEz &
—Ed A
—A1719] J
— MRV
—wEdAHAY F24

— g5 o] ZdoA 9 mEAANA A

o oft
1z

oo
ol

I 2 CDM

o A|17) EU ETS W4 A4 713t

<& 3-105> 5 A7) BU ETS ol A4 A%

iy iy
T T 2005.2.28. 2007.12.31.
EUAs EUAs
wAste 712 Al 28/02/2005Y 1849 1,485,220,722 | 1,499,211,457
o ] o]A AHEx E
%%(_)25/}(\)]1/\/&01 12 9 o] A ﬂoﬂ —uo]’ | —45 —7,505,727 0
F71E 7)1E AA 9 0 10,385,352
2005 ol& A3F A4 17 0 9,724,621
2005 SHE FHAmE=aAyg =9 —44
20069 ZWE Hag/MEAAY T —46
20079 ZAE A/mEAAN I ~58
A7l % AR wEE ARA & ALY 1682 1,519,321,430
1) A7 & wiEE AYA ddolAgt & A o] X &2 237 AlH F7}
2) e 28/02/20050 wiEAA YA hA 7)1E A Ao thek sdo)| E 3
3) A17] wiEAA A &3 A i Al 183070¢ 8 e 237 AJAES Y3le] 1853
7N A1,

o WlZA AAA FYFHe] gopy B A
— A &G A= ZuG 2007(2007 Allocation Act)9] Z3to) wha} 113719 thE HbH o

2 Ed eYe HEY F =S &

—A17] E-E ALl B AL dF
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<3 3-106> A|17] I+ Gl w3 A|AH d

gt = PARSES
Article 7¢l] 3} Grandfathering 1197
Article 7 Section 12 and Article 8 Section 6 o T ¥4 713 547
Article 7 Section 100 #3h= AAA =& =& 26
Article 7 Section 11| F8t= AAY =& 2 9
Article 89l &3+ 7|t W& 92
Article 99 F3= ZHE H 9 o)A 732 90
Article 109 F3l= AlgF A3 Anjgo]| tjst 74 1
Article 119l Fak= Al9F 243 Au| &gl gk 1Al 136
Article 149l F3}= CHP &9 a9 584
Article 73 429 Article 12 ZuG 20079 &3t %7] 3% 398
Article 159 F8l= 918 wde &4 7% 7
AH&: DEHSt(2009)

o A|17] wj&7F 23}
—A17] A=W &= (VET, Verified Emissions Table)

<¥ 3-107> VET Entries, VET, Al 4 % A7 wj&%
Ax A VET (tCO/d) Ald 5 A EZ(tCO/ )
2005 1815 473,681,165 1825 474,855,603
2006 1824 477,381,974 1780 478,043,579
2007 1882 487,049,657 1749 487,059,314
A& DEHSt(2009)

—2000—20042} 200732 HlaL

- 50 MW o]4t2] o4 A3 (Energy Conversion)® 3% 2000—04d) H] s}
20070 wE o] A% A 71 343 NE SIS Al el vt o B
= 284y WEF ST AR F.

- S o] tief A A B W Grandfathering®] 7% 2000—043 H ol |3}t
20070 Wi A AAY U o, 259 WEH AR AT
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[19] 3-33] 2000—04 H4t3} 2007 VET 7He] w3 W3}

Energy Conversion, RTO » 50 MW

Energy Conversion, 20-50 MW

Natural Gas Compressors 24 |26
Refineries 14 u
Iron and Steel 9 24
Cement 1% 30
Lime 40 f|5138
Glass st
Ceramics 139 || 45
Pulp an
Paper afa

4Om 25m 20m 45m -0m Sm [} Sm 0m Bm 20m 25m 30m

Accumiiated difference between VET 2007 and BP 2000-2004 [EUAs], Figures represent the number cf installations

25 DEHSt(2009)
(278 3-34] 3gubal 7]3=o] o2 2000—04 H73 2007 VET 2+ w)&=F W3}

Economic hardship 204 B

Forecast T.E

- -~

40m 25m 20m Bm  Om Sm 0 Sm om Bm 20m ZEm ¥m

Accumulated difference between VET 2007 and BP 2000-2004 [EUAs]. Figures represent the number of installations.

2} &: DEHSt(2009)

o A17] @FFH wE%F vl (2005—-2007)
— Grandfathering& 2ol A o] &3 (AV)H ASuESZH(VET)
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[71¥ 3-35] Grandfathering &2l 2] SFF(AV)H ASuEZF(VET) H| L

Ex-Post Adjustment
TAMECO, per
year

Grandfathering

[29 3-36] Hix|v}= srguka]oale] agd&(AV)Z ASMEZF(VET) vl

Ex-Post Adjustment
13.2 Mt CO, per
year

VET 2006 AV 2007

655 693
Mt CO, Mt CO,

Benchmark
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— A A (forecast production) EFHFAo| X o] EFEFy HIFu| &S

[ 3—-37] A H(forecast production) TFH2 oA 9] & (AV)I} HSwEH(VET)

Ex-Post Adjustment
0.6 Mt CO, per
year

AV 2007
3.3
Mt €O,

Forecast

—AFAYAA ] TR AN E S

[23 3-38] At Sfoll o] SFF(AV)H AT EZF(VET)

AV 2007

VET 2006 37
24 Mt CO,

Mt €O,

New Entrants
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o Hd AHFE= EU ETSAAMS =L HiEZe H7Fst7] fste] &9
‘VET (Verified Emissions Table) report’Z wjd whzhs}
— ool AAH W& A37] EU ETS9] 23} 7]7F21 20143 VET reportES A3}
+ “Greenhouse Gas Emissions in 20147¢] &S =402 ZAs9 L.
— o] Ha1X+= VET reporte] A23E Awslal, tdAde wiEdS A4 #3547

o
99Y 52 vwstel WEFe) W 53 BA}w e

O

o 2014d VET B9 Fo W&
— 20143 ETS thA 114 AJA o] & 1,905/ & BHadta Q1. o] 5 AgAA S
9287N, AUAAAEL 97702 F4E. WA A FE 9 vl &2 123 MtCOzeq©]
A O AREO] v EH-S 338 MtCOzeqE oA RE-9] vjSo] F uj o] B2
— 201439 FATIHE w=AL 164 MtCOseqd
— 2y gF o2 HE 2014399 FFAdor} 1OMtCOgeq‘:‘“§f§} AoZ By, o
FAgdg - EnEo] 108%Y-S UEY.
— ol g HitHQl AF wEFS o Z g A3 EFY dFF 5 v
st EAE
— oA wMEAANA o AlEe ASH S 2014d 461.2 MtCOzeq?l A
o2 AR HogHoE FAIEIHEL 35.6%%U HOZ YEH.
AFG R 9287 tiFAIA S
< 123.2 MtCOseqo] oA SFd o7} 23152
— WA AUYARZL T Fo] AHgAEA TS -AF
of 233t Ao 2 e, 2014d A BRI A FAETE 31.1 MtCOzeqS ¥+
%L, AS wEHLS 337.9 MtCOzeqE UENE.
— AAAFAAY HEH e FECEHE & *’F%‘ %—Ol gddolM 242 HQ
] %

b Qom, o8 s obeje] Esh o] tha

1
rir

El

<¥ 3-108> A" FFH|E&(F$]: MtCOzeq, %)

e g s | 2w | 2o | e
T T A =T Q‘%"%‘: VET ]‘1?]‘%0- 5;— —J—);g— ©
Energy Energy installations 977 31.1 337.9 9.2 49.4 14.6
977 31.1 337.9 9.2 49.4 14.6
Industry Other combustion plants 43 0.6 0.6 98.1 - -
Refineries 24 21.0 25.0 84.0 - -
Iron and steel 127 50.4 36.4 138.5 35.6 98.0
Non—ferrous metals 38 2.5 2.5 102.6 - -
Mineral processing industry 354 31.9 35.5 90.1 - -
Paper and pulp 153 6.8 5.4 126.0 4.9 90.5
Chemical industry 189 20.0 17.9 111.5 18.3 102.3
928 133.2 | 123.2 108.1 115.0 93.3
Total 1905 164.3 | 461.2 35.6 - -

2+ DEHSt (2015)
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T g el (F9 M EUA)

<¥ 3-109> 7 g
4 9 o]
ER=! A 2= A 7] A =)
e AET ) 5008-2012 | 2013-2014 20132%014 2008—2014 20082_%‘014
Energy 977 —367.3 —629.3 ~592.4 —996.5 —959.6
Industry 928 101.4 21.8 -15.1 123.3 86.3
Total 1905 —265.8 —607.5 —607.5 —873.2 ~873.2

Zt&: DEHSt (2015)
— #2719} A37]1¢] EU ETSelA 9] g ete]e] &5 ving s Fi EUAS
HAE ot ol ANEL 9l

<3 3-110> #2719} A37]19] ©A(EUA)7FE (9] Euro/EUA)

7|1 7¢ 2008.1~2013.4 2013.1~-2015.4

13.62 5.01

7+A

Z}5: DEHSt(2015)

2) 3o Am % AHH

o EU ETS #H% HH%

S 38k v\ d VET—report(VET—Bericht)E DEHStol| A 23+

_Wzg A 2o
— &0+ W)
— )9

3) Eake] Hrl B4
o EU ETSY &% =74
—ETS9 535 SH3t=
ETS7} gl 21&
AA v EZFH vt 1

— 9] contractual AUyl 2= A5 S Yo A Hj

2 A 53 A 85t
HH%’\]L}E] Q (contractual scenario) S FAISIIL
z}o)l 5 ETSe ad2 =Hsle WHES ALS
ZAAYA 7} 2A5}A

i r.YL

o]

or1— o
= 3%

o
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S ESRSEFRSEXSPES
—-20053@3} 2006 EU
(2008)3 Dalarue et al.
—olZg g =0 we} 7E AuE e
d 59 MtCO»9| wi&S A7s Ao
MtCO2(2006) vl& A7+

A=

At
Gzl A olsh fAka
(2008)lA 53

837 =3L Ellerman and Buchner
Y3t
of B3] EU ETSE 20059 88 MtCO.$} 2006
o F Yyehg. o] & 35.3 MtC0,(2005)9} 27.4

£53) 5] gaA o] Tojd Ao FRH.

k. BR13} BR29] A5 a3 2] R € £4
1) 7+=83 Z}o]
o BR13% BR2ell A 9] #Ea 3t Aol

<} 3-111> ETS =% #5477 BRIl vs. BR2

T BR1 BR2
A= 2010 2015 2020 2010 2015 2020
#Ea 7 (MtCOzeq) - 5 3 7
— 20144 Climate Action Programme 20209142l F7}420 & =4(2014)
2) 991 #4
o BR1¥ BR2eIA 9 F&a 7F8 Aol
<¥# 3-112> 5 BRI1ANA 9 +2 7174
e 2 A A
2010 2015 2020 2025 2030
A 1,000 81,856 80,929 80,625 80,020 79,046
7} 1,000% 40,301 40,120 40,760 40,960 40,970
JATS7HE % —-0.30 —-0.10 —-0.10 —-0.10 —-0.30
GDP 44& % 1.60 1.60 1.10 1.10 1.10
25714 USD/boe 80 117 127 132 138
A e7t4 USD/boe 24.01 25.74 25.81 25.84
7422744 USD/boe 66.02 72.23 74.98 77.51
A By AE 7}74% 2 7159, 2015, 2020, 2025, 20303 2] 1# =22 &S 747} 1.28 USD, 1.22 USD, 1.19 USD, ¥
1.16 USD %. boe — GJ A% A5 5816527 484,

A} Federal Statistical Office, Bafa, EIA, OECD, calculations by the Oko-Institut and Fraunhofer ISI
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<3 3-113> =Y BR2oA 9 F+& 714
e 14 A

2010 2015 2020 2025 2030
population 1,000 80,852 80,407 79,833 78,988
households 1,000 40,120 40,760 40,960 40,970
pop growth % —0.10 —0.10 —0.20
GDP growth % 1.32 1.03 1.00 0.99
oil price USD/boe 92.58 92.02 13.86 113.40
coal price USD/boe 18.43 18.13 19.70 20.35
gas price USD/boe 53.53 50.28 54.33 56.42

4 By E AL 2 7]E. 2015, 2020, 2025, 203019 1H 29

1.16 USD 9. boe — GJ A3t A4+ 5.816527F 484,

-0
=

35

77k 1

.26 USD, 1.22 USD, 1.19 USD, ¥

A}&: Federal Statistical Office, Bafa, EIA, OECD, calculations by the Oko-Institut and Fraunhofer ISI

o Climate Action Programme 2020-& 201439 A& 3&ta 2020 F712 ¢ 7122 9
3 A3y
— 20144 Climate Action Programme 20209142l F7}420 & =4(2014)
<3# 3—-114> Climate Action Programme 20209 & AA a3} 7|das)
FQ AAFh LA 7} 74 7)o (MtCOszeq)
National Energy Efficiency Action Plan, NEEAP °F 25-30
(FFHE2 Ex3H) (AEHFE oA ag >3
G A= A HEF °f 5.7-10
FEFEY] AETT °F 7-10
Hl %] #H FFoAe] 5
— A, A/ /AR A B 97 5 3-7.7
- 9 3.6
/\_%_ A o]y > XJCL]
WEAAAA A A
/\].zsloﬂ [q.g]_ Oizqcﬂ
F7HARD ek, 53] e Rl A 22
&7 62-78
A} UNFCCC (2015)
o TrAoA el W}
— DEHSt®] &5 F7}
20149 ole) TH CO, W82 A7) 93] neE WY A mgoz Feidl
A=l QYA DRI HTE LAY G0 E G A2
bondel e ] FARE 243 Wrks sdse od wud



g ST oldHI WY, B A Vv 2 9%
o DEHSt Y9 ETS 7|&#

— =9 AW 343 (German Federal Ministry for the Environment)2] A3 s}l uj
ZAAYA S GFstE 7B 2A 20043 =Y 9] German Federal Environment
Agency®] TAAZA AYE.

- 02 7Y 28 5doAs &Y 7132 DEHStAA wl&d &9, 754
#e, wE i 58 BT 99

—HE Hilo] thsiM e SR FarIEe] W okl s

[ 3-39] wi=aA A T2 A4

( ‘ | . Verifiers advisory role on applications and reparts, verification of applications and reparts

ﬁ | ’ Traders Inifiate the purchase and sale of certifcates

Companies ﬁ | . DEHSt steers and controls emisslons trading In Germany

L 30T coordinate censing and reprting

25 DEHSt (2010)

— DEHSteo] g

-HjEAY g9

5o mEdE AWy 7=

C AR HiERIAY AE

CRESFA T e VF BRE Z2AHES F9 Y HE

- Union Registry®] EU ETS F&olA =4 #E A4 #e
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© monitoring® reporting®] 7139 7153 B

[713 3—40] Monitoring® Reportingol| A ¢] &g E=t

© Installation operator records data for
emissions reperting online using the
Form Management System (FMS) and
hands over editing rights to the
verification body.

Installlatlfm EEEREEREER . Verlfication
et S NENNNNNNNY By
= @ Verification body examines emissions |
o repert data in FMS, signs and sends -
(3] emissions report via VPS, ©
o ]
Installation aperator B B Verification body transmits
submits emissions gm m the amount of verified
report alactronically - o COZ emigsions to be
to the competent entered inta the
Federal State authority ™ B Registry to DEHSE
viaVPS m m viaVPS
| |
Federal

prisl EEERERRERRERED DEHSt

° Federal State authority examines the emlssions
report before transmitting it electronically to DEHSE,

25 DEHSt (2010)

S =
— NG A= AL S A A 28 (CEMS, continuous emission measuring systems)
ALtel oJsiA BavlEHS 28T tiFE AdhEA o o9&
— 2ol o3t wjEF A o Al 7HA WS ALESH
- o]istEr A WSS A5 Y89 AH|9 o] HAHAMIEAST, BAYFTF §)

S J|FoE A
ganES AFe A ¢ d8 é?—*g i-,—E] —ir%ﬁt}
B35 FAS FA A

- 331 —



3 % AA

=
o

h =

oM A& 7}

a}.

As}ol] W& FAH o] A7

I4E EU ETSE @9 Aot #e)e of

)

CEE

— S}
=

— ol wat EC= Al27]oM =7te] &A@

— A27] ECY AZF TFAF

(CIVE+*GTD=*CITD)+ADD

corrected independently verified emissions for 2005

growth trend development 2005 to 2010

maximum allowed annual average cap

- CIVE
- GTD
- CITD
- ADD

carbon intensity trend development 2005 to 2010

additional emissions covered by an extended scope of combustion
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— Al 371M = 73— WA vta A Medg So] Fa3 Wateta &
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—BRoIA ] A o2 $-uets BURS 24T o, AALH 484 3 A53
A/ A=aze S5 Ao Fost= T, 2A7IE A=oM Y Mz =
Holuy ASads SHCE 24V ASAA Y HS54e dEa sRste
F= AAS= o] v

o 7| B AT Hof
— = 599 AxF ztole A7 ApololA YENS. G2 270 = Defra
5o FLor7|To|NA, HI/HA] DECC7F g3t oy 201613 BEIS(Department for
Business, Energy & Industrial Strategy)7} &3l S Hstn o, =d&
DEHStE Ad7|Bo g 3o sjZ=AAPA ] e 75 dF3is=E &
— o5 ASH B FoAs 514 7Ho] EPEES Sl U+ %%101]7\115

ASE Hudxe X HE+ DEHStAE o] FojAa .
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DEHSt (2005), Implementation of Emissions Trading in the EU: National Allocation
Plans of All EU States - Brief fact sheets of EU member state
allocation plans.

DEHSt (2015), Greenhouse gas emissions in 2014 - Stationary installations and
aviation subject to emissions trading in Germany.

DEHSt (2014), Allocation 2013—2020 - Results of Free Allocation of Emission
Allowances to Incumbent Installations for the Third Trading Period,
2013—2020.

DEHSt (2014), Emissions Trading 2008—2012: Allocation of Certificates for the
Second Trading Period.

DEHSt (2014), VET Report 2013 - Greenhouse gas emissions from stationary
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3. [€¥] Establishment and Implementation of the Joint Crediting
Mechanism

7F. 4y A3
1) Axe Ma

& Tle AE AL AR 2Rl

o JCM(UJoint Crediting Mechanism)& $53F A&t
T4 A& 7hssk Al 7)o

gt B 2 &8 F59 o3PS s&deta
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o CDM(Clean Development Mechanism)S X 3}
=53¢ P S =ATFoZ N F4 7)1THzE ok

o ZBAFAES 2016 JICM A5 Aol 249 AL

< JCM AH B zArY AAIE
rE A3 A A4 392 &

o 19 nEAYOR FH7 AUCAEE o] §8 REDD+REANY T olAol) de
W7 HFUCM QAN F)E AT,

[Z18 3—41] JCM ¥*¥7]& (JFICM)

JCM Credits
| HG
— Emission
ADE s
Y |
oS Contribufion JFJCH Grant b g i 4
P #| advanced low-carbo..
(Trust Fund) technologies
Loan/
Grant etc.
* B
OCR/ADF "I Mitigation through
Co- conventional
financing technologies
Loan/ ;
Other financial Gra?: e (Selection from
institutions ——p| Pipeline projects)
and funds
‘ ; : Project
* OCR: Ordinary Capital Resources, ADF: Asian Development Fund
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o JCME ©]&3% REDD+ R ZALY
Do Ab=o] A9 vy AZsE 2011Wd~20143 74R] 17749 FSAA S
— FHIFA wE PHEANIA, A o, AHAA L dAAATE G
— HE YA AAGAA T2 Y vl BFS A9t R u A A sk B
ZER H& 128 vlusty & &S dEAR 94T

I

F

[13 3—-42] JCME ©]&3F REDD+HZAIY 7H&
[The budget for FY 2016180 million JPY (approx. USD 0.67 million)
Finance part International
Government |__of the cos consortiums

of Japan , (which include
Deliver JCM o
credits issued* | JBPBHESEEHtItIESJ

o 37 duA 71& 2 AE (NAD) ML (20139 9¥€ 139 EFdH3}tr)43]9 24)

JEe 20500 AAMA 227t HH%%} 7

[1¥ 3—-43] JCM AA=

Japan Partner Country
- Joint Committee |

*Notifies *Notifies
issuance of issuance of

[T credits | | =Development/revision of |credits  [EENFCRAPRmPIRNY

the rules, guidelines and -
= |ssuance of credits methodologies y |

*Reports | - Registration of projects *Reports ;
Issuance o «Discusses the iIssuance o

credits .7 | implementation of JCM :__cr..edlts

Conduct policy consultations

y Request registration *Request ‘reﬁisn;aﬁnn
*Request of projects of projects. ~*Request
issuance - . lssuance
i of credits- *Submit PDD «Submit PDD ~._ of credits

/monitoring

/monitoring
Project Participants LGN Third party entities Paull project Participants
. Implgmgntatfun & . | = Validation of .| *Implementation &
monitoring of projects | «|nform projects. eInform monitoring of projects
results of | *Verification of results of
validation amount of GHG validation
/verification | emission reductions | /verification

or removals
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4 2 ICM A=A AHY Ad7teAd 2AF 2 sEEY o] dE.
S YEI JCM AA1 27420154 119 A138): JCM Z# 95 23y -t A
JCM ZH 9 E HFo g2 7123 F3S 74, JCM A4

87 wet JCM 555 98 33 2 JCM &9
- JCM 5=5(20159 11€¥€ F70): JICM Zd 9 B8 & 93 A2, 7+ 1

FAFT ZHAY A (HAS, o]A) == vZ4s} 5 ICM 285 Aol B3
7= 2.

< E3 >

3F oA = A A WHAE(2016E 29)
ZxadAe 2154320149 79)
°H(2015d 7€)

st o= AE (20161 549)

st A A A A An

374 http://www.env.go.jp/seisaku/list/ondanka.html

4 o rlo
B2

EWEA http://www.mlit.go.jp/sogoseisaku/environment/index.html
AF A3 http://www.maff.go.jp/
WWW.jcm.go.jp/

Fo7b 349 Al=(JCM) e HAlE5d (20161 2¢9)
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