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HE SR a el B AR e R HLBRATR Z KB AT 2 5ER -

FRESR AR AR > I EPREIBAPREMTAVAED > (SRR AR E
FEEIERAYEE - BEIREGRINR B R (Coalbed Methane) ~ &% SR (Tight
Gas) & H 5 R(Shale Gas) » H AITSEEIIFESTR A RE B S RARIEEES 75%
IIZRIREEFER A RE B Y 5 RIANSRAE EHY 62% » 1B A 2 R INA
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Prior Perception

Unconventional —
Gas (Shale Gas)

+———— Conventional
Gas

Gas Supply Costs ($/Mcf)

Natural Gas Resources

Gas Supply Costs ($/Mcf)

New Understanding

<+— Unconventional
Gas (Shale Gas)

Natural Gas Resources

Conventional —— J—

» Technology
» Continues to

'« Shift the Cost/

Supply Curve

B 1 FHERAREIHERERRARCTE R R AR

2. EBIRARMLLE

HEREMREFHIRGRATS % RREERERZETIEH 340 i 55K
AEAIE 2 ~ (8 3 AR © st 2013 B2 2015 FEARRS -
ISR ARG FHEIRAREBHILLH > B 2013 4209 73% - f2& 2 2015 6y
76% 3 Hori HE R G IR E SR IR RE B HIEL ] - Al 2013 4269 61% » f25 2 2015

PO R AR E RN -

U.S. Shale Gas Production (Dry)

FHY 68% > FEAOE 4 FiToR -
U.S. Natural Gas Production (Dry)
Annual Dry
Supply Gas Production
Source 2008 2014
(Beid) (Beld)
Unconventional Gas
« Shale Gas 1
« Tight Gas 19 15
« CBM 5 3
g—
Sub-Total 31 ‘ 52 )
Conventional Gas 25 18
TOTAL 56 (n g

Production (Befd)

0
6/172008

812008  BAR0ID  B/12011

Bauwca Advanced Yesources Itarnational In:. Shala Dalsbase, 2014

6172012

6172013

= Rest of US "shale’
Utica (OH, FA & WY)

= Marcallus (FA & W)

= Haynesville [LA & TX}

' Eagls Ford (TX)

= Fayetteviie (AR)

m Barnett (TX)

= Woodford {CK]

= Bakken (ND|

m Antrim (4. IN. & OH)

6172014

2 SREHERER AR
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Source: Energy Information Administration based on data from various p

ublished studies.

Shale plays

[ Current plays
[ Prospective plays
Stacked plays

Basins
* Mixed shale &
chalk play
** Mixed shale &

= Intermediate depth/ age
== Deepest/ oldest

3 SEERCE R

Domestic Natural Gas I 2013 i 2014 2015 Unconventional Natural Gas | Il 2013 [ 2014 2015
Production (Dry) 66.5 9.8 72.7 Production (Dry) 487 522 55.4
% Unconventional Gas 73% 75% 76% % Shale Gas 61% 65% 68%

60.0 40.0 B0

55.4
522 35.0 340

50.0 —
_ ~wo | ES
2 =]
g 400 | a
% T B0 |
3 3
e 300 — T 0
o o
3 5 152
= S B0 147 142
5 200 — 5
= 144 144 141 2
E-' - E 10.0 +
5 w0 N 5 50 | ST R —

34 32 32 - E
0.0 T T 0.0 ! - -
Onshore Offshore Unconventional Gas Shales Tight Gas Coalbed Methane
Conventional Gas GOM Gas
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3. RARHBEERVDREX
SRR E IR 3.5-4.5 SFTIEMACE T > 2020 FRAATF KEH
IRFEN 170 (815 3IR - 2025 S RAAFE K HRHE 0 270 (B2 J5540K - BE 2025
B 2020 AR » B JTEPTERIMEN 40 EILJT IR IRALRIAR L BRI MENT 60
IR BEIER 2 A
2 RERARBRYEINER

Ba;g:;ear 2020 | 2025
U.S. Natural Ga|s Demand (Bcfd) 73 90 +100
Consumption (Befd) - +17 +27
Change from 2014
= Power +2 +6
= Industrial/Residential/Commercial +2 +2
= Transportation - +1 +2
= |NG Exports - +6 +12
= Net Pipeline Exports - +6 +5
*Source: GE Oil and Gas; U.S. EIA for Base Year.

THHARS 2020 47 - FEEIATETESE R = LNG 42 Es il Ban ELRpsgis - Hi
FERERE 63 (RILJ75EIK > SE40IE 5 ~ 3= 3 Fow » A1 - A 8E LNG tIETE
fr T ERFREIRE IR A g ) (FEROZAE > HERESE 170 81175 > B2 0 8
SRR A SRR A EE Y - ERARLOHENZ S EOEHRAR
ErIEREE - TR RHREER -
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5 ERCEAEZ LNG H O ES AT

Export
Project Location Company Quantity
(Bcfid)
1 Sabine Pa}ss LNG Sabine, LA Cheniere 28
2 Freeport LNG Freeport, TX Freeport LNG 18
Development
3 | CameronLNG | Hackberry, LA Sempra 17
Energy

3 RE=F LNG £EXKlt=tE - LERHOBE

REER] " sERERE | (EIA) 2014 4F 10 A5 AamnyHs TR RAAR L
CIE NS EEEETR T 5ME2 2 | (Bffect of Increased Levels of Liquefied Natural Gas
Exports on U.S. Energy Markets)Z/R > 75 S 2020 - H 1 LNG % 120 {81277
FIRMESE » fEmrHA M EESE(High Resource Case) I > 2015-2025 RARTF-9H
MG EE R B 1L IR 3,70 ETHYE ALK R 15 (Reference Resource Case)
o 2015-2025 RANRPIIERRIZET HE 1L 79K 4.50 2T ENKE ; fEK
THR AL E S (Low Resource Case) @ 2015-2025 KRIRG N I(EM E 2 E H &1L
FEIR 5.90 ZETTHIEALKEE » FFA0E 6 s ©
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$8

57 == = Referance Case*
—a— High Oil and Gas Resource /“

$6

$5

4

$3

Natural Gas Prices; Henry Hub S/MMBtu

$2

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

*Reference Case : 6 Befd in 2020; 8 Befd in 2025.
Source: U.S.EIA, 2014 IAF2)14_D43XLS

& 6 LNG HOIHEERDRERTE

SEFIR AR BIE 2008 FEHYEEH 560 I HEIR B IIE 2014 44 H 700
I J7 3R > BAREE H IS0 140 (BT8R - B EERESN I BE R
WERNERRIRD > FE0F 4 Fw o M 2009-2014 R RARBERIEE
MMBtu3.50-4.00 S=7TZ [ (FR 2 2008 FEHYEE Mcf8.08 35782 2012 45 MMBtu2.80
EIT) ©

4 2008 1 2014 FHEEIRARE BT

Supply Annual Dry Gas Production
Source 2008 2014
(Befd) (Befd)
Unconventional Gas
= Shale Gas 7 34
= Tight Gas 19 15
= CBM 5 4
Total 31 52
Conventional Gas 25 18
Total 56 70

JAF20%_032XLS
Source: Advanced Resources
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4, IEEEMER-NNERIHMERRARE IR
NMERIHMEFRAREROIEEER - HERAEER S5 RAREEN
62% » FFAIFR S ~ T2 6 FR » NIERBIZRAEN Az AR/ B LNG H AR 2 3 -
HERSEEH 160 (B 79K - SFAIR T Fw -
£S5 20082014 FHIEARRARER

17.0
16.5
16.0
185 4
16.0

14.5
14.0
135 4
13.0
12.5
12.0

2008 2010 2011 2012 2013 2014*

Befd

Saource; National Eneryy Board, Canada

R 6 NIEATHEFRAREFEFRARERLLE

Annual Dry
Supply Gas Production
Source 2013 2014
(Beid) (Betd)
Unconventional Gas
Tight Gas 1.0 1.1
Moniney 19 23
Other Tight/Assoc. 51 h4
Shale Gas 0.5 0.5
CBM 0.7 0.7
Sub-Total 8.2
Conventional Gas 58 55
TOTAL 14.0 14.4

JAFZDHW _D3eE
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7 INEKEE LNG £ETE

Projert Vlolume (Bcfld)
Kitimat LNG 1.3
LNG Canada 3.2
Prince Rupert LNG 29
WCC LNG 39
Pacific North\West LNG 2.1
Jordan Cove LNG 15
Totals ~16

Source: NEB and Natural Gas Intelligence.

5. EERARTEHVEIR

TREFA T AR EIR AR AL B ERIR UL T A4S

(1) B—EBIRIARER MR- e HhaR -

Q) THRRA-ftaaTheR TEIRE ) AR B SR IO EIE RS -

WL EAHT BRSPS -

() TfRAESEEEIHIIRA] ; AR i BRI IR BN G Bk ] -

JEEMEIFESURRER T B E - A E D BRI PRECAEK - E
AT #E 20 B AT UG > (TIRE SO (R EAS-Eaa HR &R - 280 > RAAR
IR ERY) » IR R MEER BT BLR (Y BT 4 BIHEIR/ D o ] B ER A (T
Je#li(footprint) » EREVEATE(E FIEZ5#HYE 7K (fresh waten) HVE AT 26 > e (RO 257
Az(FGE ~ A EROAYPERL -

(D) IEEREHR R EE

AT AR FE B RGO R BRI > AR H (tight ol B HE 5K
sEA0E 7 - B 8 Ak o HALLL Marcellus/Utica E & m - AN &S » 5F
WIZR 8 v 5 5ol FE E AR AR ARG - SEUI0E 9 ok
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U.S. tight oil production
million barrels of oil per day

mEagle Ford (TX) - 45
Bakken (MT & ND)

mSpraberry (TX & NM Permian) 4.0

mBonespring (TX & NM Permian)

EWolfcamp (TX & NM Permian) 3.5
Delaware (TX & NM Permian)
Yeso-Glorieta (TX & NM Permian) 3.0
Niobrara-Codell (CO, WY)

mHaynesville 25

mUtica (OH, PA & WV} 20

mMarcellus )

EWoodford (OK) 15
Granite Wash (OK & TX)
mAustin Chalk (LA & TX) 1.0
Monterey (CA)
0.5
— ."_”/
. - 0.0

G o Q Q" B
& ft?gym@ w@% S S
B 7 AEREREFHER

U.S. dry shale gas production
billion cubic feet per day
m Marcellus (PA & WV) 40

m Haynesville (LA & TX)

35
m Eagle Ford (TX)
m Fayetteville (AR) 30
mBarnett (TX) 25
m Woodford (OK)

Bakken (ND) 20
m Antrim (MI, IN, & OH) 15
m Utica (OH, PA & WV)

Rest of US 'shale’ 10

5
| . 0

S E L LSS
B 8 FFEREBMEERES
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R82N14F 12 AXZESERsRERK AMESE(L

December Monthly
2014 Gas Change at

Production Dec. 2014

Region Bef/d MMcf/d
Marcellus/Utica 17.8 300
Eagle Ford 7.3 116
Haynesville 6.8 60
Permian 6.1 82
Niobrara 4.6 67
Bakken 1.5 30
Total 441 655

[ 9 EREERAMREEE
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EEE G REBESRFE=ARRAREER - ZEIEETHEHNE EIA) THIY
2020 FRTFEEGRIE R RAARIF IR - SEA0E 10 for s HEBIREREN(DOE)
A2 LNG TS » RAGE AR - R 58— LNG HE] - 556

REJR A ARG 8 TEE LNG H 1 £ IR H ' 5 0 € BI SR (non-FTA) B Ry
& o [ HenHIVERJNEIT T 4 H5EM - B8F1EH 6 | Emy HEEEE - 5
RGO TEIIRTHEREE CEAR RO EREEL T - RIANRERR B A FHES - sEUlE

11 7R e
Reference case High Oil and Gas Resource case billion cubic
trillion cubic feet per year trillion cubic fest per year feet per day
8
8
20
6
exports 106 15
Mexico
4 exports to 4
Canada 10
2 5
e | 1 0
-
>
-2 2 -5
/‘TNGWHPDHSN/ B
-2 -4
2010 2015 2020 2025 2010 2015 2020 2028
B 10 EERAREH RN
$24
$22
$20
$18
Z 16
E $14 - msm Henry Hub Futures
:_.5 $12 H mmHenry Hub Acutals
o ===\\WTI Actuals
£ s10
E ===Brent Actuals
2 $8 i WTI Futures
@ $6 - Brent Futures
$4 I
$2
0
$ N O W0 OO0 ~~NNMT WO~ O
0 0O 0 000 0000« ™ ™ & ™ ™ ™ ™ ™ ™ ™ o

B 11 S {E SR E R
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SEEAT AR IEAE R A BHY AL B R SRR SR e R a0
9 Fror - BRI T AYPRE R 34T - SEAE 12 FoR © RERZRRINERTDEIR &
bh - FELLESIABERT PRI — S AbmRD 46% © ELBT AV MEER IR SR s it el
(CCGTs)# ERERSTHY 55-60% L[] » JNE R BE PARERRAH A S EE500R 31-33% 5 55
PRRHERR (fuel cycle) IR Al EiIERFEIL - SULUHTHYPAR AU E S PARLER R > ATk D
ZEALBRPEI 63-72% > FFEA1F% 10 B ©
® 9 EEAEERCEEINRN

Newer thad'BD years, 12%

30-40 years, 27% I

=)

40-50 years, 33% |

50 years or older, 28% I

| |

B 12 BR&THASREIAIE B AT
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# 10 FHPRRECEEBRREMRATRH COFER

Average CcOo2
Age of No. of Reduction
Plants Plants Total Net  Replacing
at Retired Summer Bituminous
Retire- in Each Capacity, Coal with
ment Year GW Gas
2009 50 12 0.5 67.7%
2010 54 35 L5 69.4%
2011 62 31 2.5 63.3%

2012 56 57 8.9 63.9%

2015 57 61 99 63.1%

FEIRZA(ERE CNG B2 LNG)ERfIGE KR ~ #is KA i H R
(BRI P A 5= H i (vehicles) 1735 L i AR S e B - 19/ T-AFIG 1] - EERE
ANERAE RV ~ S EREH - (RERRE A H R RS -

FEERARERKEHERERE e HRZARARIRMES e E
%~ SRR MR HENE - A > EZSITER AR EE - BiEekE
FEER ~ TRTTHRCR ~ (B LRI R R AR RSE SRR A -

= EERRARRTSAE S R RE
CREBEEEHEIHRBIDE

MISO #£ 20132014 4 AHEIRRRIRICER HEZIE I > HREHEE
45 100,000MW Z REBRIEZE 13 K > IR R i i EEIZ VS > SEaE 13
AR
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System load exceeded 100,000 MW on 13 days in the 2013/2014 winter.

January Fabruary March

Decnaion ™ EWW_@’«:I;MWM&} OUZB 0214 01BN 014 C21104 | 03034 030414
Cold Weather Alert i .
100 ""- - -
ConservativeOps o . o Sy, o
5% l ..o' 3
Max Gen Alert § -
- ]
'3” ., = e
Max Gen Warning 0 "' - S it - -’ 7
0 oy - ‘ae
=
Max Gen Event
bl
== Peak Load = Average Daily Low System Wide Temperature

& 13 MISO 2013/2014 & H HAR SRR B0 F BRI &

A BRIV ER# IR RN - ZEAR BRI EILE R
o I R RERIRE  BECCRHE SRR IR KRR S0 - 3%
RIRATSELE B M O R (R R -

& 14 Fror ks MISO 1F 2014 4 1 & 3 A ERERE - FREERE
HEZE AT > 754 H A E SRR ERE S SR D  HHRFRRER
fm & BERAE AR 2 8 R R AR R AL IE IR S R R R D 3 BB A B 5
WAL Bt R R EIZ A — -

et [E 15 Br » MISO North/Central BE4EHAE 2014 4£ 1 B 7 HIEETE (1%
(I EAE A B 24.16W - ALFEFAME 10.1GW > AR 11.3GW > J& T 1.2GW K H:
fitl 1.5SGW > AEFA A T - PRSI RE M (i 3 A B4 DI R E R &
(36.5GW)HY 16% > Hl> HiARHEEFERTE M AR B R EN A EAE 15% -

w
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January
a5

February Mareh

OYO5/14  01/06/14

0yOE  OY0E1e oy D218 DY 0Y2E14 021314
m Total planned outage mTotal forced outage due to mechanical failure L1 Total Forced outage due to gas issues 1 Derate
--------- Expected total outages based on 2013 actual outages jplanned, forced & derates)

03014 0HOYLE

B 14 MISO 2014 4 1 2 3 B HiE&ERAERE - EREESET
Unplanned Outages Gas Detail
January 7, 2014 Total Gag  January 7,2014
Capacity
2026W 36.5 GW
. Not Dispatched? 5.9 GW (16%)
Planned Outage 4.1 GW (11%)
242\’1 _:' - Upstream Fuel Issues 5.4 GW (15%)
5 Other (1.5 GW, 1% of total fleet) | Mechanical Problems 5.9 GW (16%)
5 Wind (1.2 GW, 1%) =
W Gas (11.3 GW, 9%) —— Ren 16.2GW (42%)
mm Coal (10.1 GW, 8%)
PJM MISO North/Central MISO North/Central

B 15 201441 B 7 H PIM K& MISO North/Central JEsFEE %N BB ELHE
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(Z) PRI FE R SRR R BRI A R BN R R R

fts42 Misalignment of Natural Gas and Electric Days —f& 507 » YARERL L
FERREHIL MBS F R R B E R AT e 04 - RANRBLE T 5818 )58 5 5y
X o B AR E] AR TSGR e i 5 R 2N SRR S Y B R B BB T a5 — H iR
S5 5 G ER E O EIEIE DL R il EL BB e A R -

I ROARASIELE

et L ERE R A E 2R & @ (the North American Energy Standards Board, NAESB)
FTilE THYR 2R IR IR Al > 252 RIRAACE H (Gas Day)HYHRF ] Hh R S AR AE
RFEICCTF E 9 BEFIRFHAF E 9 B £255H 25 K 28R (Nomination) HHRF G
(Timeframe) &5 4 {# © 55— {EHFEIE(Timely) Romil—RHYE E 11:30 CCT > AU
[H R S8 H Y RS IRRE 5 55 (IR FETEE Ry(Evening) By Rii— KAV N 4F 6:00 CCT - A
SO B3 E H A 4% IR 5 56 = (F TG (ntra-day 1)5y Gas Day &K | 10:00
CCT » ARHAM K2 & H ARSI 5 SBPU{ER R (Intra-day 2) £ Gas Day &K

N 5:00 CCT > AR A2 E H YRS - 3F40R 11 Fon e

%= 11 HHFEE: NAESB #iEfEah Bt R AR R B

Nomination Nomination Notification of  Nomination Bumping of
Cycle Deadline (CCT)  Schedule (CCT)  Effective (CCT)  Interruptible
Transmission (IT)

Timely 11:30 a.m. 4:30 p.m. 9:00am. Next  N/A

Day
Evening 6:00 p.m. 10:00 p.m. 9:00 am. Next  Yes

Day
Intra-Day 1 10:00 a.m. 2:00 p.m. 5:00 p.m. Yes

Current Day
Intra-Day 2 5:00 p.m. 9:00 p.m. 9:00 p.m. No

Current Day
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2. BEITSHVERE

EEISE TS AamiE SO 8l RTO HYHEIEE DUE M —K 24 /NIF
R » A 3 BERAH R S B HE IR AT nT SRS S SR ME R N R Z - BURE
AEREAHE AR - R 12 Frn RS B — HAi(Day Ahead) 8 /750 %A
(Submission of Bids) 5z Bl (Market Clearing Time)lF » fkszF o] LR » BB
SHHIEV S EHE ZHAE N ZECRIRRATISZOKIEE Gas Day FRFR KK
i s AE MBS EOERERPEIET - R AT RERt R BRI AL R 4 - YRR EERL
#oais S EER -

* 12 EBE&—HAI(Day Ahead)B I THBHIE BRI MR

ISO/RTO Time for Submission of Bids  Time for Publication of Day-
(CCT) Ahead Commitment Bids

(CCT)
(Market Clearing Time)

California Independent 12:00 p.m. 3:00 p.m.

System Operator Corporation

(CAISO)

ISO New England Inc. (ISO- 9:00 a.m. 12:30 p.m.

NE)

PJM Interconnection, LLC 11:00 a.m. 3:00 p.m.

(PJM)

Midcontinent Independent 10:00 a.m. 2:00 p.m.

System Operator, Inc. (MISO)

New York Independent 4:00 a.m. 10:00 a.m.

System Operator, Inc.

(NYISO)

Southwest Power Pool, Inc. 11:00 a.m. 4:00 p.m.

(SPP)

RofRERRIRATTG L TG HARD HAE - iR e ) ez 5y
1> FZElRE IR E 2 B & (FERC)ERR © 1.7 Gas Day HYBHAZE(FRF B+ _E/Y 9:00

23



CCT f2riZ2F L 4:00 CCT > 2. 52a5Hix K2R (Nomination) YHRFFEEEEE LA 6 E -

SEAIER 13 PR e

% 13 FERC B Z TR Mria R AR iRE

Nomination | Nomination | Notification of | Nomination Bumping of
Cycle Deadline Schedule (CCT) | Effective Interruptible
(ccm) (CCT) Transportation (IT)

Timely 1:00 pm 4:30 pm 4:00 am Next N/A
Day

Evening 6:00 pm 10:00 pm 4:00 am Next Yes
Day

Intra-Day 1 8:00 am 11:00 am 12:00 pm Yes
Current Day

Intra-Day 2 10:30 am 2:00 pm 4:00 pm Yes
Current Day

Intra-Day 3 4:00 pm 6:00 pm 7:00 pm Yes
Current Day

Intra-Day 4 7:00 pm 9:00 pm 9:00 pm No
Current Day

= - BEREROEZkE

(—) B4 RERHF4E > B8 (Impact of Integrating Renewables to Great

River Energy-Dave Farnsworth(Great River Energy))

MISO(Mid Continent System Operator) 3= 28 21 sk i FE (R TO) - &Ik

RCOE 160H7 ABEEA 4200 & A > HEFHE #E

KEET 205,759MW » H

SR SRBAE G 40% - PRRED 40% > fXRED 8% > FEAEREIR & 12% > FESERIE S
Sy 133,368MW -
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B 16 MISO mHi5#iE

MISO & NI FAERE TR DB Fs 1 77 BB A BT FACEAE N > 2006 4
12 H{EA 1112MW » 27 2013 45 1 HHEEEANE 12,270MW(E&d 10%) » 7S
WY 10 £

LA Stanton Station FASKERRE F 1 - BElEAREA - EIREEERES - HH
PR BRG] BEIIEINE o R 5 EEAVIRATHRIR($23/MWh) - S RE% &
S AT — H (DA) B EITHE (RT) 88 7745 W ok 1 4 {0 A (LM il R 5 e s 1 (]
17) © 555h » RSN E A S B0 - (2 B R 54 B R 2

Tk e
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Production Tax Credit ($23/MWh) + Transmission Constraints
= Negative LMPs

30.00 -

2000 - =
10.00 -

- 7 T T J T T T T | T
1 M 5 6 7 8 9 10 11 12 13 14 15 16 17
(10.00) -

—Stanton DA Stanton RT

(20.00)
—— Ashtabula DA —— AshtabulaRT

(30.00) - —

& 17 Staton(¥R%E)EE Ashtabula(E /7). Bii— H (DA)E2EIRFRT) ISR B EAE

&m0 RS ERHYRE I B AS EAR BE TER A Ry =B
LU ATY - LMP [#(& - hi B3 & ) RIEL{E MISO AP R as

kD
2B ] ¢ (REHEGEERE NOx EFRRIRFIKEEGO HErFE 023 1
/MMBt)Z 4 -
3.4ERE B - BN IEE Y EMEIR I ERE D - Al sere B ERE -
BRSSO = BRI A ~ & BRSO R R AE 2L B 0 ~ R SRURE
(deaerator tank)EAEAZ #25 (heat exchanger)$EZ4 o

ERERIBERCDARYRZE - AT © R EE R REE I B PR R R E) K
SRR - [ 18) ~ RIRRBNEF ii5 PRy 2 PRk - SEiR g
5o NI R A s TR RE PURS e PR ZEK -
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Annual CT Generation (MW hours)
Annual CT Fired Starts

800,000 1400
700,000 1,200
600,000 1000
500,000 - 800 T
400,000 600 -
300,000 400 -
200,000 - 200
100,000
- - ' | 2003 2001 2005 2006 2007 2008 2009 2010 2011 2012 2013

200420052006 20072008 20092010201120122013

[ 18 ssdm bR

(CO)BEEEREZHRENYPA s Response to the Growth of

Renewables-Scott Brown, New York Power Authority)
AN E T EE J B 2005 FEHE 4MW o HE] T 2014 FHIEEE
1730MW » 2 EEEF A zone A £ zone E (& 19) » FHETEHZHIMY 2003MW E 15T

BRI A GE 4L M A

NEW YORK CONTROL AREA
LOAD ZONES

- WEST

- GENESE
- CENTRL
-NORTH
- MHK VL
- CAPITL
-HUD VL
- MILLWD
I - DUNWOD
J-N.Y.C.

K - LONGIL

IGMmMOoOOD>P

Zone B:
6.6 MW

Zone A:
135.5 MW

Total NY State Wind Capacity:
# NewYorkPower
& Authority 1730 MW

Jenerating more than electric ty
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19 @EHERIEESTE
H R R T R RETRE - SR INFT R UK T34 B2 A E o & ILERHY

B#HE D RS EIVAIR - AR S Es > W LAFERE STL(Saint Lawrence
Hydro Plant)7K 7 & 2Py < (B LUK TIHR BERIBNIR S < I - 5 /K &R
B FHEKEREEIAMEE - HRHIEERIRRRTTE - NYPA $RHEHY TR

Blenheim-Gilboa #f1 & 7K JJ B8 i > - i L 2 F -+ AT BT Ry i ) KR 3
AE > HIFEIE /NS 8 - 4492 2 Qi kB g ) - S0 20 Aw e

July 2013 Summer Peak Load & Wind Generation
40000

1700
35000 | +
- - o -]
30000 > \\\
25000 : / — \\ J
2 50000 x:/ L - Load
= 15000 i . i Net Load
‘\ . | - = = =Wind Generation
10000
5000 s =
0 — — : 0
£ Q.Q‘ c§3 £ c?’ S & & @ (9 cS) @
() D h .
RN NN a¥ (Net Load = Load — Wind)
Time of Day

B 20 &RV E R S E TR T H T

COu FHERE B MSO s Dispatchable Intermittent

Resource(DIR)-Kristian Ruud(MISO)

MISO Hy# R & F AP BIPARSAHAHE > FHAREIREY S 13% - HorbJE
FET 65% » HAWRERRHER RAV8EES (& 21) - MISO BT AL iR Hi EE 48 IR
gyl - FEEE ST OB - BRI R - R AU EE A TR
AR BESE IS - BB EIE M -
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Registered nameplate wind capacity in the MISO region
(in MWs)

19,540

MISO RPS Mandates by 2021 = ~20,770 MW

12,270 13.035

10,369
8,601

7,625

2006 2007 2008 2009 2010 2011 2012 2013|2014 2015 2016 2017 2018
<+— ACTUALS | FORECAST ——»

i 21 MISO BEE N EERE

MISO FAN G aa i E B R " RIETAVEIR | - SR TEOB I -
FERIZERGHIME - MISO DL 35 B LB Ay 22 42 2 [ 4875 34 1 (Security
Constrained Economic Dispatch, SCED)& =, » X & 7] 3 [ 255 B DA 3 i EE 48RS Y
ZEFE > u] SR 77 & (Reliability Coordinators) AR A LT Ehlai i 2 8uAm A Al
ETEEAYEJIH4E - 2010 FFFBhFEENAY R BELEE B 2000 FAEREE BT > 2010 4
6 H 1 HE@E) " nlsREHEAIERDIR) | % REBIEEHEM TEER 14) -

® 14 THREEEIRE

2009 48zt 2010 48zt 2011 4&5}
J& IR 1,141 2,117 2,034
et BEEEE 292,000 824,000 720,000
(MWh)
B[ (Hour) 8,005 19,951 20,365
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ER T BN ) S R AR SRR BT ARG A » (HEA1E —LLEhE, -

LS ATACRITESEAZ » B o] SEE AR & i S R A -

2 EHEFAEE vs I E S AR w5 Y SR I R

3. FEREECRAEE A SCED » 184k T EAHM:

4. F Bl B H 3Ry SCED A% -

JFAR MISO mis5A fea e L R S IR A B » A e F Rl B B st i T
SHEG o REARCERE BT E )R - MISO %5t T DIR » fEATRERVEIEA - K
JE\ 5 [RI HA & B > JRE - (5 AR ERY TSR S 28~ ] DUERT— H R BIIE
BAE TS RAREAREUR AR ~ SR AR f i e st ~ PR T AR
SCE M5 E ~ FRRCE T TN - fERT—HBEAE 5T > DIR #TT Rl
HAFEIFAARE] - TSR B =URE  (EAERIRF TR RS AR AE T 45 -
SRR VHEEIIHE ~ B/ INRpf/ N D B T 0 98 7 f oK H D TR R BT [ sl
(ramp rate) > ISO G{REEELL SCED SYTALR A » DIR HYH T~ A8 2 4 VU {8 3
W [T A R B 5 S HY 8% LA -

DIR B 5 e BT s - Ak A A - nUR R T-EhfalFse - IR
PR A B TAEEIE - A5 m Al e s AR R B IR - I il B ZESE B - H
Al MISO HYE 48 A B 8850 & DIR YR EE i 2 AiE 22 - <Z3HEHY DIR &

Aila] 2 e 23 < DIR A5 H AR 2 PRA(EIPRE - HASER 2 IR PRI E b
> HAMECRTENIA 2 MISO S fmiz=

=
B
&
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Current Wind Capacity

15,000
13,585 MW
12,870 MW
11,097 MW
e m—
10,000 10,360 MW
2
b3
5,000
0 I I T I I T I T T
June Sep Dec  13-Mar June Sep  13-Dec 14-Mar 14-Jun 14-Sep
=—Total Registered Wind ~ ====|n-Service ~ =—Registered DIR  ====In Service DIR
[# 22 MISO EIiIA DIR BJEESE
DIR Total Energy
3,500,000 100%
3,000,000 98%
96%
2,500,000 94% -
a
£ 2,000,000 92% §
E 0% &
(7]
1,500,000 88% o
1,000,000 - 86% =
84%
500,000 - 82%
0 - 80%
20 Fc 828323338583z z2
ERZSE<Z3"PECSEERZI<ZRTBETD
CIJE--QE qm*&'mmz.ng I T O
3 S g § © 329 S & § o

I DIR Dispatched Energy M DIR Dispatch Below EcoMax =% Dispzatchec

B 23 2% DR BER
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MERERAFEFE R Exploring Germany s Energy

Transformation-Ben York(EPRI)

DIERAA TR0 3 2 P R BN E NV B RG E » M 2405810 - e
AepETRE ~ S5 EE R A - (T TR AR A (Energiewende) ¥ 1 SEALE K
SRES AR B EIRREE B - T2 B L P B R R A A s e R S

1. By RE R A SR & i T B PR B

QAEIEFERIE TS MG RET AT IR R

3FERY A B Tt B SR I A

4 REAHEEBSEENRRRXEEE

SERUNEES SINEE AR IS ANE S

BRE > A 00%MIEE R Rt R B AR R > RILHES)

RERERTIAY RS B F 2 5 © [RHEOR = RASHRT - I A Re R34 2R - FERRIZAE
BigERZr 4 0 % B IR S E A UIENIF IR R (B 24) - JRERASTHEHR 2050 FfEE
EE 1990 FFHERUE 80%HY7KAE » FEA=AEIETE 2050 F-AYEE ST HELZEES] 80% » REVA
G ELRIEEEE ] 60% - BETRRCRIEVIARAETRE FH &7 HIAE 2050 AR 2008 1Y
— > EEYIERESCRATE SRR S 2% © ARSI > 2013 A {E
TGRS B A B Ry 32GW » KIFLESEEAE S 34GW » - F2¥idsi £ E
Wk - LFWYRIEEHF R S0GW » BHAMBEESE S 168GW » A ER
100% » #E/H IRETT Ry 18GW e
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HEANHT  2011~2013 FERIHYE ] — SAbHEBeE R R S IR

Energiewende Until 2050
% GHG
Climate Reduction
(vs.1990)
% of Electricity
Renewables
% of Energy

Primary Energy

Energy Use (VS 2008)
Efficiency Building
Renovation

Source: BMWi

Achieved Goals
2013 2020 2030 2040 2050
-40%
s -55Y%
~ -70%
~e___ -80%
\:\
65% 80%
., 50% —— ©0%
35% 0% 45%
18%
-20%
NO%
=2%l/yr

Bl 24 TRENREIRENEY B BREER AR

PRI > FEFEEIRIREIRBCEEBUR T » INMFAEE M @2y G R H AR - [FIRFHES)
X BB NI AR RETR > SRR ANESR R - LAy R 2 S LhRPFRUR &2

25) °

Gross Electricity Generation

wmwamm\lg
-

8

German Energy Mix (2003-2013)

8 8 8 8 8 8

0
> o 0
N N

& P

& Ny
@ N
R Ol

> & o
'\«@ '\r@ ’\/@ '190

o
&

Source: www.ag-energiebilanzen.com

22 B Lignit
N gnite
A

H#E2 (8]

CO2 Emissions

m Other Sources Factor of

Electricity Mix
(g/kWh)

B Waste

M Photovoltaics 2003 620
W Biomass 2004 599
u Hydro 2005 995
B Wind 2006 34
H Petrol = 802
etroleum 2008 565

B Natural Gas 2009 558
¥ Hard Coal 2010 542
® Nuclear 2011 958
2012* 562

2013** 559

Source: Umwelt Bundesamt

B 25 FEESEIRECLLEE CO2 BEBUAEL
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HAEEE TS ERREE Blms - REAHEE AR E M ACER
{f > %R TSO AL (FEH - DSO RIS fc Bl B - B 26 HFEAREIR
HWENTS o8 YA FARIFEARE ST - BIERAERE - AL
TRRIERE N - ESEHISRATS - BIRA BTSRRI 228 7%
AR © 5991 - R SRR B AR RE IR 0 - S AL - SO R
o PO EEER AR IRIE A LR - (HSARS A B H S B H i s aes 8
HEFFEAE -

€/MWh Without Renewables
250
5 200
8 Demand
T 150 Frequegncy
= Curve
2 100 ] Nuclear
= M Lignite
>0 Il Hard Coal
0 10 20 30 40 50 60 70 80 o0 [ Natural Gas
Available Capacity (GW) [ Heavy Oil
€/MWh With Renewables [ Light Oil
250
[ Renewables
200
g Demand Source: EnBW
© 150 Fraquency (Clemens Cremer)
_E Curve
2 100
[}
=
50

10 20 30 40 50 60 70 80 90
Available Cabacity (GW) 1

B 26 BHAEEFZETHER
FREERRAE TR B AR > (B BURF R BE RIS e B B i 22 35 N - A I B R
EEERERIRNR - WA 0298 CEEE > WREJAFMEATA R I3 E
axf > (B BAEERIREA - b BRI ERR I EE AR AR - TIEE

TR o

34



SR - FEEIMY A R SESERHEE LB 2 DSO RUTHRESE Y E B > &
A DIRC B SR B AL E (AR 27) - FBY H RS 2 B — SR (feeder) EHVEREE
HEEEH o7 (5% B AR - B - ANEERE > AR ERFECL
NGRSk R YEER - (BJYEETHRACEE Z4T » WPk R R T At —
[EIRE © {KE RTAEE] > 2020 AR 5E B B RIS B 28,000 SEMEHEY 400V SRS ~
26,700 SEMEEFY 10-30kV 4REE ~ 3,800 SEMEHAY 110KV - BRI H IR A S B -

% 50,000MVA ~ 1 EA-{ERBE 6,800MVA » TRE & 802 249 {£555:(184 {EEUT)

RWE’s Operating Results and Future Planning

Billion €
8
2012 Upstream Gas &
Qil
I
6 2013
M Renewables
[ —
5 2014*
Fi
g, Mid-term Distribution &
20 e Supply
€ 3
9 Conventional
o 5 Power
Generation
1 MW Trading Gas

- Midstream

[ 27 RWE BEpSRERHE

FERE R PO > K HIETH P ESCRREREAL > BIERARS - EH
PR RS EE BICERERE > RWE WEORE R © AR
%o BHAFEMGRE S TRt EER - | SR THE =0 (BRI
S A T2 =R -

£ 2012 FZ A1 SLEATAEEATAEREL FIT B » ¥rsotE LG =
1 FIT ERANENZEEH > H FIT RN EEEEAER] A e DB FEEE
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ZHi(18 28) © KIW B SR THEH KIW Program 275 » F2HLEF] 1.05%EATERK > 2
F BMWi $2fit 30% & 458, - DIHER LRI InfEARE s - EAETHE 2500 5 &HEX
TeHYETEE H AT BRER HHER

€/{ kWh Source: Fraunhofer ISE & Eurostats
0.45
0.4
0.35 o .
PV EiT Electricity Price
0.3 —

0.25 Self Consumption

0.2 Bonus
0.15
0.1
0.05
0
2010 2011 2012 2013 2014

& 28 E(HELE FIT [Hz=

() N e A RETRECELER 2B ST Investigating a Higher Renewable
Portfolio Standard in California-Nancy E. Ryan( Energy +

Environmental Economics)

T AR IR A2 K J1 8 S5 (Los Angeles Dept) ~ B N 2 7 4B X 5]
(Southern California Edison Co. » A ERE PG&E ~ B2 - EF 52,28 San Diego Gas &

Electric Co. ~ YMHI4ARE T /A S5 Sacramento Municipal Utility District Z85# » 3If7
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N B8 77 5 5 0 (CalSO) PR fE R fla S0 #% » it E B s B A ge 2 & %
(40-50% )75 SR AT I, -

RN EE T 7 38 o L d RIS TP [ (8 29)87R LA 33% FF A RE R BC ELATE P
AR - Bl A=A AR LA E BeE—H > FARCEER-
PR E)E N 5-6 R > &A RIEE T 14000MW)RYEIZI BT - PR
WSFHVSHES - AVINE B RTERRE R E BZAEATHY 2 % > INILE )1 2 A A
ME o FERERRIE T » R pae IREU R H AR HECR AT 5EE » CalSO sl R JEZ BT A
R T2 2 BB LA G BRHAVEE S MERFESRESANIE 30 - 1ML oe il —0
AT TR EAEE H - PRSI AR RS Y & S0%HYETEE -

Net load
27,000
25,000 A
23,000 &
/ /
21,000 +N\ //
% m\ 2013 4 /
g 19,000 N ./ [
% \E:_x\«f’ / %mcreased
— = ram
2 17000 = P
2015 /
a0 Significant change < Potential

starting in 2015 over-generation

13,000 /
2020 j

11,000

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

B 29 CalSO HYFEZIE
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voltage

SUODOTt Storage

frequency response

wider operating
range (lower Pmin)

fast ramping

dispatchable regulation  regional
wind/solar coordination .
quick start load shift
dispatchable

over generation
mitigation

peak load reduction

Demand Response

B 30 CalSOfRIHZGTEES

RV E H > WAEHES > H AR AR I AR —20 > (FE
WP KIMEE AR - |#E(RI-FY - (H&E SEEEERREL REEE
= R E RHF RN T - BRI S SH R SR (] 31) -

Sweltering Summer Day
“Dog Days”

_—

Delightful Spring Day
“Duck Days”

60 < > 60
50 50
40 40
20 30 \/’—J\
20 20
" \_—/ ¥ *
0 : 0
1] 4 2 1z 16 20 24 0 4 8 12 16 20 24
——Load ——Renewables —— Load Renewables
60 e - 60
50 50
40 40
""" 30 _
N | A T ’f’ ..,\
LTy # ‘
20 S s 20 — L §
- -, ) - r;
! 4
10 = . 10 1 o
tena. o BT N R T TP LY P,
-
0 . 0 ; L
] 4 8 12 16 20 24 0 4 & 12 16 20 24
seeeLoad  eeeeees Renewables Netload | | L. Load  sreeees Renewables Met Load

[ 31 EHERHFEEEhER
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BN EREAVE SR - F4 EAYEEP R BRSPS R A RIS R =
FAREIR 5 EERYR BUE (I F S i (I HAEAR » EERs F S OR Fe Y 38 B N 2 20w
RFBRK - HERERN TINH , E - LERESMEEEH - BERERER S
fREig » AR E R PR > VAR — R R A R TS - [ SR
TN e sE (B 32) -

"Dog Days” "Duck Days”
Highest Load Day Highest Ramp Day
- 80,000 = ==« Gross Load
70,000 70,000 | e Net L0ad (33% RPS)
60,000 60000 | = NetLoad (40% RPS)
’ ) e Net L0ad (50% Large Solar)
3! 50,000
E —
b S 40,000
§ s
: E 30,000
== == Gross Load g
20,000 & 20000
e Net LOA (33% RPS)
10,000 - s Net Load (40% RPS) 10,000
e Net LOAd (50% Large Solar)
0 0
1 3 5 7 9 11 13 15 17 19 21 23
Hour 10,000

[ 32 B HEERFREHER
e F AR BHEMEEE  FRMTSEELDE > B 33 Bn

fEEE 2022 4F RPS=40% K54l H 85 H VB FESEEIE - IS HEY 10 BEE 16 B
SO > EEEATAEE 2 0 DU /KEE
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Day with Highest Gross Load

Load, Renewables and Net Load

Day with Steepest Ramp

Load, Renewables and Net Load

T T T T T I
i 3 5 7 9 11 13 15 17 19 21 23

Simulated days, 40% RPS in 2022

Energy+Environmental Economics

. Renewables

Gross Load

===+ N2t Load

—— Price

60,000 60,000

50,000 50,000

40,000 40,000

30,000 30,000

20,000 20,000

10,000 - 10,000

(lO,COO) 3 5 7 9 11 13 15 17 19 21 23 [10’000) i3 5 7 9 11.'5.?:-15 17 19 21 23
Energy Price ($/MWh) Energy Price ($/MWh)

100 100

80 80

60 60 r\

40 ,“\ — N 40 \\

20 v 20

T T
12 5 7 9 1

1
15 17 19 21 23

?2??

I 33 ik H RS H EHEH)

LAY H S T 8RR AT A e TR EE AR B 33% ~ 40% A1 50%
SEHBCLLARAE AR 33% 2 1% - SF BRI B L EZME I - 78 S0%HIRIE T IR
B EE - K TIHRAH S5 R R LA Rk 2 AT 20 T SEFE T RR HY B (EUK R (I8 34) - 4EFFAR
JE H] SEFE AV RH RS 2 — VR TR R TR EE & > DR AR B3R5
AT DURBGEARH S -y 28
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33% RPS

i 3 5 F 4 9 11 13 15 17 19 21 23 wem Overgeneration
70,000 mn Imports/Exports
€0,000 - mwssn Pumped Storage
wes RPS Renewables
“w NEM Soler PV
s DR
e CCGTs
s (T, ST, ICs
s Hydro

- Cugen

e Nuclear

1 3 5 7 9 11 13 15 17 19 21 33

w— | a2l

50% RPS
Large Solar

AT

7

1 3 5 7 9 11 13 15 17 19 21 23

& 34 RPS=33% ~ 40% ~ 50%t5ikE

Energy + Environmental Economics (E3)fELLAH%EH 2347 T 2&(E F A= REIRBF A
LR T ZE (% SO00MW) > 45 REEIRE to g i B A HAlgs - BfE -
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LEBACE AR & G IR A2 > B/ RIEoEEE) © a] DUBES S 3%
BRAVREEBARR

258 bEIBEE S - BIINE ST Ea tHAE ST S000MW(FE 6500MW) > ££
RPS=50%H} AT LA 4R 5% 2 & P A A e TR FE B HY 9% IR 3% -

3T ENECIEATD - AR

i B S (PR BT > ANEEEIE) ¢ AR LAFRFELR R e » Al S ki

REHHE 2 B ER B AU RRRG Ry — BTN

S.RERE © HIREIRERETREIIER - 75 RPS=50%HF o] DA T 55 B8 & FH P A AE R4
BEM 9%IKZE 4% -

ok P -2l 8 7 2 R T fER 2030 47K RPS=50% AT ZH A » {ERCAYE =L

RPS=33%5([&] 35)

~
of
Fﬁ
El
e

Change Relative to 33% RPS (cents/kWh)
0.0 +1.0 +2.0 +3.0 +4.0

50% RPS Large Solar

50% RPS Diverse

Enhanced Regional
Coordination

Advanced DR

|

|

Pt Ll ettt ettt bttt & Lt

Energy Storage

[ 35 %ERK RPS=50%2 pX24
1% > B3 EReHHIRIE S HARERECCLAy ™oL - BE © (DI NS i,
fohef > BEFTEE R L MR o DI B AR RS 0 (ISR AR RETRAR

BZEEAE > O EBESEMBECAT - HEBRIKEZBATE » @HEE 7
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AU T -7 B HL DARRAS Fp BB RE TR ~ BT S BB SGT OFE

Fe TRECE © BB IR -

2. FEREEBECR
—  EERREF(EPANEREIATRHRRRARE
RZFE
(—)HERFRESR

2013 4F- 6 H B4 B A0 R TE) /72 (Climate Action Plan) K RHREFIES -
2014 4F 6 H 2 HEBRERIRZEPAFR AR E 1772 (Clean Power Plan) » {{RALE
EPA WKL 2015 47 6 A2 ERRRAERE 1T o SMINBURFRHR 2016
0 6 A HEH YRR A (Submit Initial State Plan, SIP) » $ EPA 45E8LINERF 1-2 £E6Y
EEH > S 0 SINEUFZERFINA SIP 72 2017-2018 fERIFRACERIRE - BRIR
ZRIEFIF 1 AR & NG SIP « MNEBURFFTRAVET = HTE 2/ & 2030
AL R AVIELE—998 1/ T -

#t EPA FiRVISAEARE - mlgeEBHIHkEA

1.2015 A E R 2R A% Bl AT A6 T 1A THEER 5

2. —HIDRBRR I FaglT - St EE AR R E I FREREAE

(Clean Air Act, CAA)111 EfiFREAHASZAR -

() BREETE 2030 FHERAEAERMHEE

BL 2012 K ST AHR AR 8 R - TR BRHNE 1,647 15/
TIE R AR 55— EBRAYTH R D5 4H B 28 855805 (Heat Rate Improvement,
HRD - FEMSESTEE R OB E f 75 B ¢ 5 @A S AR R
f%4H (Redispatch to Gas) » TR T8 — EAbhB IR 7] LU/ 203 1% 5 5=
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165 350 1 485 6 0 4 JiE 5 1% BE (A AR PR (Preserve Nuclear) 2§ K F 4E B J (Bxpand
Renewable Energy) » o e fA% B g A IR AT R DAY — S BhBRIGRE Ry 44 135/
T SRAFAEREIR SRS 212 W5/ T - SEPUEBRATHE I R PR T TRE TR FH AL
#(Expand Energy Efficiency) 5 FH{EFSESHY — S /b ST T1% - 2030 44528
Uit SRA LRI T AR 2 998 15/ T FEFEA0IE] 36 ATr)

EPA started Application

with 2012 Block t smissi te reducti fi of blocks

2,000 fossil unit QCKS represent emission rate reduction options results in
rate || Block#1 | Block#2 | Block #3 | Block#sa | 2030

1,800 v standard

1,600
1,400
1,200
1,000
800
600

Emission Rate (LbCO2 per MWh)

400

200

2012 Fossil Heat Rate  Redispatch to Preserve Expand RE Expand EE 2030 Standard
Rate Improvement Gas Nuclear

36 3=[E EPA #ifdi 2030 £ S/ LERBEBGRR R BIE

[l 37 o R 35 B2 N S AR ahse e e m SNy — S BB BB E - 178
[t AT DAEEER > R TS A H A S BE AR ~ EHTaR SRR AE ~ IERAZRE(E ]
FIR ~ AT ARETR KA T RE TR FTSCR B I 1% > A2 HHY A Bk
HEGR S A2 2030 FEAVREAE —HEE IR -
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3000

| HRI ® Redispatch to NGCC ® Nuclear Renewable Energy Efticiency

:

2030 44
oA

LbCO2/MWh
=3
-
-
- W
-
-
@
-
L &= |
-
-
- i
R
-
-
-
-

1000

o !
£EQZ0QS~E

B 37  SRES NSRBI T AR — S BRI E

(=) EERVRHR R E RFFRURR N HEE M

T FHIRHER R 2 R HEOR AR B LA

LEEREHEBUEREE © B 2012 - Ry sdt » HAIHT 4 (EURDRIEBR L HEAS - H4S
FREREENIREEER?

2EHIRIHARS © 2020-2029 YR H A% Ey ]2

3. AEJRA (Expand Energy Efficiency) * [REAEIREHBEREFIETT 1.5% > &
HE?

4INBURHYERRGTE © A SRR HE EEH M TR — &

5. DU Ry BREE 011 DATGS $55 s LR

(TU) BRORB AT 383,
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TERREAEE 0 o] DL BUE R E 5T E it Eimiy — S bl E
A] LA 2005 FHEBOKEER D 30% 2 —E45 R - WIkE—HIRE - MR B
58 > SRR OREBHEAG T B AR SR ek i iy (s B0 4

1. REAE S0GW DLEATEAGHEAH TS 2030 A LARITAE IR

2. FIT 2020 BB A E IR 27%

3. 2020 FEHEE P IFTHFERYRIARIG IO 14% » 15 2030 F T F% 3%

4. 2030 FERYEEEE Y LR 3% A -

1 EPA HEg & 3 ATiBRE s » EPA (% B & Bl T1ae 5 58 e Ay A
R 450,000 HEE - AHET 2030 FLEEEER 12% 2T REIR R E
AN BB AT B HE T 2 (T R AR TR AR (compliance costs) KB FEATEIAS o

(F) Z&(LIRBRRGR R R R AR AR R s I &

EEUFRZERAS NNPRIERIRE ST A bhRPFROERE - EECRK
FISREAVIEE KRR T LR ANEE N BT EBRACK AR AR R -

RACK AR IERE RS AT K AR SRR ZRSAH I o FH & BLAE (AT R 5E B (T
BEIMENIIYRE K & - £ R RREHARINY 2 75 RS 7] U A — 58 InvsAA » 5%
BT RN SR AR B R -

RAGHT G R N R AR e Y ZURFBUA S R ARG T R E R Y &5 PR
YR AR IR BRSO S A2 B RR 2 N2 - PP B Bl Y BB R R SR L

EWRR BRI ]SRN - KBTS G BRSO RN R R e HIRE

() BRTEHTE R RE R A A H 4R

£ New England H Fij1E HIFE R A RIS & 2 R - 5% Ry 2Rl

B SR ELPIHISASE NN - Ry T AR MSRRSHMRE > 5TEE Pennsylvania(PA)HYH
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T B — BB S R 247 ~ 30" 36" ST (UEE » LG MEREL
PAECE R FIEIRTAD - TR B A (R S L -

[ 38 FFTEIL B New England #H K AR RS AR L T 8 2B
SRR LRI AHI S » BRI (RT3 R R B
PSS ~ HETT NG ~ B R BRORIMELIE FREES 5 Forlr X 5 &I
GRS Y R & R B B (LR A $MMBU) - % BT
SV HRIET RBER 10 FEBAPUHE » USRI B SRR S
5 HZURMECT LNG » DR HIFERS + S R AR B R B - (i
FRMEITRBIEIE 60 i » SHRESRETEALM I ; AFIRFITR BRI 120 KL
B B E R A -

$1,000

$100

Pipeline 24’ from Northeast PA

| x &
! | ~
Pipeline 30' from Northeast PA :
$10 o Pipeline 36' from Northeast PA
| = == 50-dayUGS: Not Avail.

Real Levelized $/MMBtu

= = £0-dayUGS: Not Avail,
== == 30-dayUGS: Not Avail.

------ figh Deliverability UGS: Not Avail,

. E || Cycle Peakshaving in New England

Imported LNG
Distillate O Fuel Switchng

s1
0.1 1.0 10.0 100.0
Duration of Load (average days per year)

[ 38 R RARE R BRI IBLLE
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— ~ EEE AR (EPR)EFEZERIE(CAA)E
111(d)RINEE

EPRI Rl e RHERRTBT S AR » & 11N APRRFAER DR ~ 3888 - xpE ~ F
A RV R BB (B S T T A AR BT EE - BPA (I % A (AR FR (L kbR B (3 248 (The Best
System of Emissions Reduction, BSER)HY 4 {E[l& 5 » RIPARLHRAHASCRAYEETT ~ ST
SHREPAEMRAE ~ IXRE R ARREIR - BORIVETTE - H A 2030 S EIHTT —
SULIRPEERR 2005 FHERUKAERD 30%(HE S LR PR R E Al
2012 FEFTA K TH%4HAN — S LR E) -
HIHA B INEI R [E] - 258 INAE 2030 FE89 — S EhRFEBCR I TREL 2005 FEK
D 30%HF > 25 MHAY FEZEHIMEHY — S EORPEBEIE-93% ] 77% A FEGEEUE 39 Fr
) o WEE ST B ZR A B ARSI A S [EDHEUR o] EUSEIRY B AR - &5 A Bt ic e
fiti > EFEBCR T HIATHERGREE (Rate) ~ BREFBIRHIEIAZ 5 (Cape and Trade) ~ Bt
(Carbon Tax) » RILMGITHIFIK 558 ~ AERE - WlCERFAVRRIRTHE -
BRI T
1.2030 FERAREARARAY 19 B3 EBRBEREL 2012 FF42 S 6%--1% EPRI 737 » ALK
TRAEAYFEFER ATHETH 2214 0.5% ] 5% - FHI EVAEHSSHE L & 240
TR RS IR RS BB % - SR B BRI I #
FRERIES 0% 2 e i SE -
AR - SRS B BRI 2 70%-- 5L B8 — &R - 70%
ZHEEREGE AT LMEE] - BRIE T © RAGREMEERN T AEEEIHY
Ja\ gz K [ A 9 3 (load-following) BE TS24 -
SRS > A RE IR AR B S — X SR A 5 22 2030 4F > S IMFARRE
TRTT5 SOBRE S AEEN: - RAGHEMERE 2 -
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% CO, Reductions by State in 2030 (from 2005)

%
NH 75%

MA 65%

RI-93%

L 1%-25%
[ 26%-50%
[ - 50%

B39 BIN—S(BRENIEIZEH

4. IRV 0 1.5% 2 (&% —H EPRI 1E 2014 F58pk 2" U.S.
Energy Efficiency Potential Through 2035” HAAR# &5 GEANE 40 Fr) > DLEZSE
Blryfhat - 2 2035 FEE HEIRIVICRIET I AE02012 AAEFHATELR
B 1% > #2 EPA (s HAETK -

5,000 -

@B AEO2012 Adjusted Baseline
@D AEO2012 Reference Case Baseline

4,500 -

‘é

’

§

Annual Electricity Use (TWh)

2,000

40 BEREFHIMEZ BRI
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5. HA A BH B 52 H AR Rt 22 A il R AU B I 2R LA PR T B R TR 8 E AR
FHIESE ~ BRIV B RRETRSCRAVERRE ~ SR ARRAY ISR ~ Wl E A4
AYRERSE

BSER YRR H 1 AT RE #8600 SIS TR HIPRE - B Ry EPA R IERAXAE(E

P PREME R A RETR AT IRV 8 KR KIS CeR 2T AR Ay 35 B B A
sTEAR T HEFEE EELERENAGTEARXN il - R iE—
BIRFIK TSI > A S ERFVEZRA R R SE R - BERR AR R
SR A ARG » MEURH T 2RISRl A R IR IR A - mAIZRE - M
BUNRERE AT SERE R TR B AR 2 EPA st RS E IR B ERETRE A
AR

Rate® — (Minimized Covered Fossil CO2 per BB1 and BB2)
4" = 2012 Fossil MWh) + (EPA target BB3 and BB4 MWh)

LA Arizona JN AR BUEERALI T -

2020 4 Arizona HJRER B Ky 778 los/MWh - EIA A RAE TEEEHAEA — R
{ERRHERGERE By 900 1bs/MWh » ARIEEHE K TTERAVIRRRA T & 6.4 5 K T RERE
AVARER BT 2 FRE] - MHE BRI PARIEIEIRIAH - HERE
ARG T SR - (BREPHRE IR A D -

4 2014 £ 6 A EPA Clean Power Plan Regulation Impact Analysis (RIA) » #E{h
2030 F —EAChRHERERL 2005 FRD 30% 2 fE4s AT -

L. 2030 SEAE R R R T IR A2 GE 1)'%Y 48Billion F1] 84Billion [ > Horft
S BV 25 (Climate  Benefit) » 3% 5 A 14 & i€ 7 (Social Cost of Carbon) &Y
30Billion » 225875 S (R Uk ) B S 2247 23Billion £ 62Billion » [fIATEERCAN]

% 7.3Billion 1] 8.8Billion -

L 1t D4R (AT E AR - LR  BRb BT - KEER - AT - BEE - B
L AEREAS - S -
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2. AR AR TIRERE TR INACE » 2030 F-aHE H Ay EE a8 =T -

E¥. Taiwan Energy Economy & Environment

Model(Tai3 E)EREH; finfeiE
SRSl EPRI &{F# IV G E 3E A1 445 & H _F 2 T (top-down)
HISRRS AR il aH E — gAY (CGEYHAYEAH T % _F(bottom up) B JJ# I
S 3 ek B SR ARG UK & B0 S B T E PR sp B TR AL - ADEH Tom
Rutherford (BHEHLZ REDIR AV 772 » LAUFPF 752 (sequentially) B THEEL » AR f5
RURT R AR 8 HFIRHIR SO SR Ry b - TRARAIE 4-1 0 SEEARES
A B JEPIRARHEE R > SRS — S bR B - AAATE AL - 3K
EOPARHEE S B8 8 8 DU BBIRBCEL » 2 1 BRI SR R S b PR & DL R
ERFREAVEAR  AAGRSAEA - R B A A R & IR 1% I T A
HE - BECHICARIEL S bhRER - LA GIEERE A E E i (R I0E
FSEIRE - FEERAE R NGE A A0E 41) -

Start Here

Pass Fuel and CO2 Prices to Electric Model

lterate Until
Convergence

Pass Fuel Use and Electricity Production to
Macro Model

B 41 B7EFT A SRR R T A R IR A R R
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— ~ Tai3E AL 4/FEK
Tai3E A2 LL GAMS 585 4w% > FIEIHY Solvers £ CPLEX ~ PATH A1
MPSGE % -
LG RROK
BT Tai3E AL - I A ERSHYECIRAS R RFE K & 8Gb RAM » il E 128Gb ##
BEZE[E - DU IS BRI AS R o 55 RE#5 M Windows 7 Home Premium 64 bit
DUt 2 EEZER  BAR: Intel Core 15 DAL 2 BRFHES -
REGESTERE Y - R E A Intel Core i7 ZJFIBEEIZSLLK 16Gb
RAM > F#EHC Windows Professional 64 bit 2L 2 fEZE %47 -
DERBSTROK
Tai3E HEIZETEAE GAMS (GAMS 24.0 Z{& R4 BB 8T » {5
CPLEX ~ MPSGE #1 PATH &3Kfig#ifg - CPLEX /&R Kiges JIEn 14y »
MPSGE A1 PATH HIZ £ [EK FAEae a8 AR « 55 SLoRAFHAS 1] DI GAMS —itE
RERE > HBEIEREEE http://www.gams.com/sales/sales.htm °
3. 2785 GAMS -
f A GAMS LU BESR sl G iy (8 R - (8 ] DURIR N YD ERZEE -
& http:/Awww.gams.com/download/ T & GAMS g
7F C:\Program Files\GAMS\win64\(version) H$#% N2 GAMS F2
‘& [Do you want to copy an existing license file?)¥f5EHE H IR > BEE [yes] »
A& A GAMS BUIRFTEAYEELS -
AUEHIG] > [Z30] 0 CEE] > BRETSEE] - Wil S H e Path - WiAE
SEEZE R i A Ci\Program Files\GAMS\win64\(version) © #1 L o[ AE45 1T HHY
EAl ik NI GAMS » f&FRF I E GAMS F H $RFT e L E -
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[ FERIT SRR 1] T SR WRERT N aZ B YRS T (path) > ££ path
% HYEBEE TR A C:\Program Files\GAMS\win64\(version)\gbin_new ° SA—FE{EiEE
8 GAMS\win64\(version)\gbin_new NHY tee.exe f&E] GAMS HIIR H $%(E I —
B 5E) -
42785 Tai3E -
fiEe BR4E Tai3E.zip fEEBEERVERIE T > BERT T run.bat f&5E A PABIIGETT -
# GAMS ELIEREZEE » BTA]BAAGEE A Tai3E -

=~ BETA
Tai3E AR ZE DL GAMS 5ES 555 » AI1E Microsoft Windows {F3E Z 4B
i i DOS 5 S/ TEHE XS] - TaidE AVHR H#E A T4 SR

1.TPCMacro-44B& 407 AR GAMS FEZEfEm A ERHECEHZ & bh#
CEBCRIESE I AERDE M EE(EEREE - (FHZ A UBETERE

2.TPCElec-32{H#RHE ZH 8 JJH P FIALHT GAMS HE 22 Rl A M - i
ANERHER excel sMERIPZ » 8¢ € T ARMEIR - PARHMER I EA 5% -
(EFRRE I LLE TR E R - BE TEE T30 P R A R Y 2 4 SR 2
HIEHERHFEE

3.TPCLoop- 72 fIE B e} [F B2 Jir 1Y J2 A BB 07 3810 T /R 40 B 4 7 g {1 A 2 i A ]
EAMIPERIEDRE » DUREFRBAAGET TaidE AIHEAAE -

4.TPCCases-Tai3E F &M £ HIAY IR 1 ME ERUF EHEREE > fFP
=y GDX & -

5. TPCReport-1& {E O IHE B A 1 R AR HE 45 R R HE B E B AviE R -

6. TPCRpt- TR FIE T IR EAE AR AT IE 2 - TPFRy excel slE R -
RSB MEEAR -
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Frit =z 4 > fRESFEE S TR TR € Z B HEIAE (run.bat) DL 0 TH
FEUWERIHEZRE(TPC _report.bat) * #7H GAMS project f&(Tai3E.gpr) °

=~ PTHEI(BSHEE]): BAU BIR

Tai3E BUET DL Tai3E ZORHER E # T 92 « Tai3E.zip 14
PEEE T EREBIR unbat o BT R REERRED A TR A
TEBUBAU) - —HTE » SEGEEUER RS —BETHY > HASR TR SR

ECRIF S ELE AR - DU IR TaR B DA &S

REM Run Tai3E integrated model

(RERESZRAER)

if not defined listparms set listparms=logoption=3

logline=1 nocr=1 pagecontr=2 pagesize=0 pagewidth=256

(EZGAMSHRRIENKX-TFEX)

cd TPCLoop
(EE TPClLoop H&.Z B TH ‘loopsub.bat’'td , H %815 &S Jh 3 PY B 48 B8 1 i

W FREEE N BARERF)

set scen=BAU

(REBEEHE. LENMEA BAU)

set macroparms=
(AR ES . HRBXRBRITRILERE -SSR ERNER-2Z THEM
gHl, BRERBE  2BEARRSHEIT)

set elecparms= --pelas=-0.2
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(FANRESE. HRBRBRITRLERELZNEEHE-2Z THEMES, BN
ERBER , AREABEHEER , BRARE pelas=-0.2 , AR E DI FETEEHR
[ERREEFEEERNENEREE, ERRERHNITENMARE , AIFRATFER
pelas=0)

call loopsub.bat 15

(LETREBRITEENES , 15RRERERREEAFE ISR, EEEBFR5
REE , AIgEEISREEL  FE  IEgBET15R. ERELBEESEER6-8
REWE , BBERIFIR TR E E40-500R)

:eof

(B RERZFE the end of the file.)

cd..
([ETEFR H $%)

pause

(BHIRENERETER L, AR REREHTEBEREHHREL)

LI B e DL T A TR B R RN THEC B T B PIas E (B T B AR 4R 1A
BABRIEE » E FHREIE P Y [switch HEF T S FESEE N - Tai3E BFE T
TR TR RN BB D BUR IS ETHY switches o 3 2 SR A AL AME AT ol e T B P
R > DU RS AIET AT LUE A switch « TN AIEEREA S EEG] - Wt wEE

iy switch JEE °
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Y~ STIRAL: R IEIE

15 FH Tai3E et iy &8 2 /iy - KRS CHE A Tai3E\TPCMacro\Data H #% » B
B Tai3E_CO2_Policies.xlsx sl EEF - #iy AFFATIRIFA2(USSME CO2) - FTRHE
Fiz > TTLABER|={EF4 © co2tax ~ co2cap 1 fueltax o BEEE cotax &k @ AT
S40E 42 BRI - H P EMAR—EAEAR TadE RIS - SH
THAE B R4 -

W

F s

@| =i ¥y |3 Tai3E_CO2 Palicies.sls: - Microsoft Excel o 5 2
Home Insert Page Layout Farmulas Data Feyiew e Develaper &7 a o g 2
A3 - ke
4, B C 1] E F €] H | 1

1 Taiwan Integrated Model v4: Carbon Tax Options {(US$ perton CO2 - real, not nominal)

2

3 | llc:cap ccapnoff coapeasy ccapd  ccapgasold coapgas ceapnuel

4 2010 a a 1] 0 a a a

3 2011 a ] ] ] a 1 a

b 2012 a 10 0 0 a a a

¥ 2013 1] 20 0 0 1] 0 1]

g 2014 a a0 0 0 a a a

9 2015 a 40 ] 8 a a a

10 2016 a a0 0 16 a 0 a

11 2017 1] a0 0 24 1] 0 1]

12 2018 a &0 ] 3 a a a

13 2019 a a3 ] a0 ] a a

14 2020 22 92 18 43 22 22 22

13 2021 33 112 2B 50 30 33 33

16 2022 58 152 35 a0 44 98 58

i 2023 B2 185 45 95 95 Bl B2

18 2024 75 220 55 115 13 75 75

i 2023 g6 236 64 134 96 96 g6

20 2026 93 216 70 146 93 99 93

21 2027 107 182 77 136 107 107 107

27 2028 114 182 a4 166 114 114 114

23 2029 122 187 92 175 122 122 122

24 2030 86 180 3 144 86 86 7

WA Y M| co2tax Sco2cap fueltar ¥ 4] ] | ]
Ready | 3 | EEm w (=) y )

B 42 BRiEERERR
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ST IR 5 JIl ] AR R A FA G (PR —22 SR AR AR AR

2 o YfE 43

o

- A9~ Tai3E_CO2 Palicies.xlsx - Microsoft Excel = o =
Haore Insert Page Layout Farrnulas Data Review ey Developer bl g o e 22
117 - X A& | v
[ 8 u] F H [ R
1 |Taiwan Integrated Model v4: Carbon Tax Options {(USS perton CO2 - real, not nominal) ]
Z
2 CoAp coaphoff coapeasy coapd coapgazold coapg@as  ccaphucl  newtax
4 2010 0 0 0 0 0 0 0 0
3 2011 0 5 0 0 0 0 0 3
& 2012 0 10 0 0 0 0 0 3
7 2013 a 20 u] a o o a 5 3
g 2014 0 30 0 0 0 0 0 S
g 2015 0 40 0 g 0 0 0 10
10 2016 1] a0 0 16 0 0 1] 10
11 2017 a 30 u] 24 a a a 10
12 2018 0 &0 0 3z 5 0 0 10
13 2019 1] 83 0 40 a8 0 i 10 F
14 2020 22 92 15 43 22 22 22 10
13 2021 33 112 2B &0 30 33 33 20
16 2022 58 152 33 =01] 44 a8 58 20
E 2023 £2 185 45 93 35 62 62. .l
18 2024 73 220 55 115 13 73 T3
19 2025 86 256 64 134 86 86 86
20 20268 EE] 216 70 146 99 99 99
21 2027 107 1a2 T 156 107 107 107
22 2028 114 182 g4 l66 114 114 114
23 2029 122 1a7 92 173 122 122 122
24 2030 =1 1a0 65 144 1 86 i il
M 4 » M| co2tax JcoZoap fusltax T ED IER! il » [
Enter | & | B O £ 100%

B 43 FroghRie E R
B ThR A BT A (I DU N LR AESE < fERhR IR R 2 A > Sefe 2t
B —RERGRIEIT - SR LR AR - AlE 44 Fon -




J_' run.bat - Motepad = B @
Ele Edit Forrmat Liew  Help
REM Aun Tai3E integrated model -

AT not defined Tlscparms  ser Tistparms=Tlogoption=3 Togline=1 nocr=l pagecontr=2 pagesize=0 pagewldth=256
cd TRCLoop

et scen=[al

S&L Macroparms=

set elecgarms= —-pelas-—0.2

call Toppsub.bat 15 E|

SeT SCen=Ctax

el macroparms=-—cCax=nawtax —-haugd=. .\ TPCCases hauymacro_hau_comy. gd«
set elecparms=F-pelas=-0.2 --dampiter=o

call Toppsub.bat 30

reaf
cr.

pause

q

B 44 BREZIESEHEKAR
BATHRR HIHETAENIAR SR 5 5E BAU BRI - HO2 2 h0 1 T AR T4
HMBRFR R -

set scen=ctax
(REMKBBHRNEBES ‘ctax)
set macroparms=--ctax=newtax --

baugdx=..\TPCCases\bau\macro bau conv.gdx

(B —# & B 'newtax B 2, 2 =\ 4§ & 1 Tai3E_CO2_Policies.xIsx i & &k & A

Newtax Wil MK L, ETARKEEEIBERLELBAUBENRE R

macro_bau_con.gdx , HEBAUF T RARBEW S , AIHEE &8 Bmacor_bau_last.gdx)

set elecparms=--pelas=-0.2 --dampiter=6

(L1TEEBAUAERE , BR T fEF ‘dampiter’ switchPR{EES/GERSEE T ES MW EE |, LU
3 5 T 1)

call loopsub.bat 30

(B1TTai3E REE30XAL)

HEIHE SR S MY switch S5 Tai3ERS R IERZ BV EECR 55 - LURR(E FfYswitch £y -
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1. --ctax=newtax
2. --baugdx=..\TPCCases\bau\macro_bau_conv.gdx
3. --pelas=-0.2
4. --dampiter=6
FHEAR RPN E—40 R Ffswitch o DUF 3 Tai3E Al BRI FHECGE LUK
Y TRZ BRI EEAT 1Y switch © ([Namelf LR EL R AETai3E_CO2_Policies.xIsx 44 )
1. BRAs
macroparms: --ctax=[NAME] --baugdx=[LOCATION OF BAU MACRO GDX FILE]
elecparms: --pelas=-0.2 --dampiter=6
2. bRPER IR -
macroparms: --ccap=[NAME] --ccapalg=[QUANTITY or PRICE]
elecparms: ---pelas=-0.2 --dampiter=6 --co2limit=[NONE or LOOP]
3. AEJRAL -
macroparms: --etax=[NAME]

elecparms: --pelas=-0.2 --dampiter=6

2= 15 BA1#EA Switches

Switch Name Default Other Options

ctax none Can be set to the name of a carbon tax scenario in the data
spreadsheet to run that carbon tax scenario.

baugdx [empty] If running a carbon tax scenario, you need to give the model the

location of the final macro output file from the BAU scenario. In
this case, set baugdx equal to the directory path from the
TPCMacro directory plus the macro output file name. e.g.
“.JTPCCases/BAU/bau_macro_conv.gdx”

ccap none Can be set to the name of a carbon cap scenario in the data
spreadsheet to run that carbon cap scenario.

ccapalg guantity When running a carbon cap, there are two ways to run it. You
choose whichever way converges faster. The choices are ‘guantity’
or ‘price’.

etax none Can be set to the name of an energy tax scenario in the data

spreadsheet to run that energy tax scenario.
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fi~ FTIREL: BITEP TR
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Switch Name Default Other Options

scen test any preferred scenario name.

pelas 0 negative number.

fuelprice mid high or low - fuel prices.

rnwmingen 0 positive number < 100 - minimum renewable generation as a
percentage of the total annual generation.

coalgenmax 100 positive number - maximum coal generation allowed as a
percentage of the annual generation.

gasgenmax 100 positive number - maximum natural gas (LNG) generation allowed
as a percentage of the annual generation.

eel 0 positive number - annual percentage of load reduction due energy
efficiency (2010-2020). Compounded annually. No cost associated
with the reduction. 1 means 1%.

ee2 0 same as eel above but for years 2020 and beyond.

moregas no yes - more natural gas (LNG) will be available for generation.

unlimitedgas no yes - no limits on natural gas (LNG) supply and generation.

elecetax 0 750,1500,3000,4500 - various electricity energy tax (if energy tax is
applied economy-wide, the tax figures will be passed from the
macro module).

limtech no yes - Limited technology.

morenuclear no yes - more nuclear allowed beyond Nuclear 4.

nuc60yr| no yes - nuclear life extension to 60 years (Nuclear 1 - 3). Nuclear 4 as
planned.

NLENoN4 no yes - no nuclear life extension and no Nuclear 4.

LENoN4 no yes - life extension to 60 years (Nuclear 1 - 3). No Nuclear 4.

NLEDelayN4 no yes - no nuclear life extension and delay Nuclear 4 online years.

LEDelayN4 no yes - life extension to 60 years (Nuclear 1 - 3) and delay Nuclear 4
online years.

ZeroGrowth no yes - no electricity load growth 2014 and beyond (same load as
2010).

bdtarget yes no - minimum new additions (required targets).

nonewcoal 2100 number (year) - no new coal beyond the specified year. Planned
coal won't be affected. CCS coal is not restricted.

co2limit none loop or TPCLimit - loop implies co2 caps are passed from the macro
module. TPCLimit is meant to be used in the electric only runs.

offset none yes - whether carbon offsets are allowed in co2 cap runs

offsetcase EIA highprice, lowprice - available carbon offsets (three scenarios).
Only used when offset is yes.

offsetmax 0 number - maximum carbon reductions can be accounted from
purchasing offsets. 1 means 1%.

delayt 0 number (year) - years that the CCS technology are delayed.

delayq 0 number - percentage reduction on the maximum amount of CCS

can be deployed annually. 1 means 1%.

60



- BlfesRR
Pl B A HAS R IR EL#e » R E $-PA {8 TPC_Report XX
& PR ER S - i Ea TR G HAE EEE P AT R IE < - %
& R (45 B 2% @ A TPClexcel » 8 17 BP9 7 BB 119 45 L 90 5 & B AE
TPCElec\wks © H A —{E #7152 7] LI 2 B I RAYEE R -

t - BREIHFITFETRAER

IR A ERHE TPCElec\TPC_Data.xlsx H > {EIEMAEZER » )
JEENTI[HEZURE creat_inputs © creat_input HYEE—35 2 8760 4/ NG A& E R 1T
—4H 50 BB E R o P BR e TR — SRR RS S R A
& o AITRAE =Ry

gams prepare_inputs

61



fh. &=

FERRIRER S S H E R R BRI AR BB I HE P R At i
HER  RAGRGEZ nISEMEBUE M - RbEREIREMEZE M - KB HAT
T AR 2 — -

HURTHETE 2018 AL » ] H EEHEC AR - FF4F 80 HME - K 20 4
HeaErEaBEEIRENRE 0o REUH - RESRERFREEZE > Dk
HE L s SRV B B R D 00 o BB B (B 2 B 2 B HUa SR B S R
BAERRAEES - I ERSE O Fa RV EE SRR HAI ERAR
BAE ~ B KA > SRR SR B > J7ARFERE -

REAOBRIAREARE - kb T A HVESRE TS E » BTEFRGREL A REOR
e e e A ERRERI N . EURREEASAR D R - BT BRI AR
REEHERPEBGRE(TEEA N - HEE P& -

AN S - B EHE TR LUERR S EZRETR - FERETR Rt
REVR - MUEERE T REHERE,  LREEREETE - DR A -

SRS > AR A BN MERE IRRPEE i fo L HRE R - SRR
A e IR BT R AT AR RIS P I SRR - WO B A AR RE IR E AR e - WIfERE £
&~ MBI -

BEST > SRR 5 [ 2 (IR m] SR R S8 25 S Bl ol i Jok " B > 1] B
TR EE — A bhERI 2 SE AN DUE RS RV RS S S aRIGS - TNEARKERS
IILL e — BEEHYE EERE

%

62



£ 2530

1.

Adam Diamant(2014), 33" Annual Seminar on Fuels, Power Markets,

and Generation Planning f5#; &, EPRI, USA

. April Peterson(2011), DIR Registration, Dispatchable Intermittent

Resource (DIR) Implementation Workshop, MISO, USA.

. Christopher E. Van Atten et.al.(2013), Structuring Power Plant

Emissions Standards Under Section 111(d) of the Clean Air
Act—Standards for Existing Power Plants, M. J. Bradley &
Associates LLC, USA.

Evan Reese et.al.(2014), FERC Proposes Reforms to Improve
Gas-Electric Scheduling Coordination and Flexibility, Van Ness
Feldman, LLP, USA.

. Lin Franks et.al.(2014), Misalignment of Natural Gas and Electricity

Days(Draft), USA.

. Mark Rothleder(2013),Long Term Resource Adequacy Summit, CAISO,

USA.

. Stan Brownell(2014), Scheduling Natural Gas Overview, Strategically

Justified Businesses, LLC, PJM, USA.

63



