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© Conventional power plants will be needed for decades before sufficient energy storage
capacity is operational; CCU can help to reduce the CO, emissions and to store energy.
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o HERFRMUINAR (subcritical PC) NAFEER : ZXJ/E 16.5MPa. ZxumfE 566°C
o HBEEFMUDER (supercritical PC) NAOFERT | ZKJE 24.1MPa. Z%URE 593°C
e CO2 [EYREE ; {LFMRAEZL (Shell Cansolv, P93)

b) W3R NDFEEBPIOFEEBRMM (NETL &S P.163)

BmCO.T&S 143.5 142.8
W Fuel
140 1 @ Variable

W Fixed
B Capital

120

100

o
=1

COE, $/MWh (20115)

40

20

SubC PC no Capture (B11A) SubC PC w/CO; Capture (B11B) SC PC no Capture (B12A) SC PCw/CO; Capture (B12B)
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e BERFAWMPBRNIEEMRCHBEIS CCS IAMF. ($143.5-$82.1=)
$61.4/MWh ($0.06/kWh)
0 2011 FERILHETH 4.96 F/kWh?, IR{TRILIEE 3T 6.96 FA/kWh
o BIERMRNDFEERICEEE IS CCS IAME, ($142.8-$82.3=) $60.5/MWh
($0.06/kWh)
0 2011 FRILETH 4.89 A/kWh, IRITRIIRETH 6.85 A/KkWh

2. RIFNF—HilEAFERR (Energy Technologies Institute : ETI) @ CCS JAMAE
(2016 £)

a) MEBERHRCLGREVREFRS (RE) OXZERFIE
o 1GW ROMWHnR NI FEEBFN
o MAFE30F
o A& £65/h>
o CO2fHtexE ; LFEE (P4

b) ARXNDFEEBFIOFEEBRM (ETI #HkRES P.10)

DR NN MR N+ CCS
BARIZb (£/kWnet) 1,480 2,560
E(CFEERM (£/MWh) 56 87
VELRRIE (£/MWh) 21 26

(ETI XD "Reducing Cost of CCS"MK 3 #&(C NEDO 73> b SBFEFTERK)

o PR NNFEEBFRICEREIS CCSIAMNEL. (£87-£56=) £31/MWh
(£0.03/kWh)
o 2010 FARRETH 4.33 FA/kWh°, IR1T7R> RAETH 4.81 F/KkWh®

2= URUY—FRADYILTAJ(CLBE, 2011 FOERITFE 1 K R)LHN 80.84 M

3 =B URIUY—FRIYILT(IIICLBE. 2017 F 12 A 20 HO 1 KRLIF 113.97 H
42010 F£ORVR

> =Z URIUY—FRIYILT(OIICLBE, 2011 FOERITFES(E 1 @RV RA 139.60 M

C=F URIUB—FRIVYINF1JICEDE. 2017 £ 12 H 20 HD 1 /AT R(E 115.32 F



II.

CCS JAMRES EHR—EDER

CCS JAMRE(fRDRELL T KAFEEBFRO LR (CO,) [EIUX-EFEDOIR MRETTEN
BHECLOTREERBIEN CCS JRMDIEARELNEIBNS . COREAFRICZHTOT, CCS O
ANREDUE AR L2 HERD, 2011 F 3 A, HFRZEOBAHE. XF, EERVRIEEFO
BN CCS A MNREOHR—LIRZE—RIEMRT-I>3v Tz EU.

B0-72avTOERFEREREFATOLSD,
o ENRIFENUHEMICIPIRTED CCS IAMRE - #RETTEICEIRELBERVFBENDS
o RIEDOARIEIRICE CCS AZAMIEALTHRDDERAR SRELNH5ND
o  ISURFEN #RA BRZREIUTTEDIEMHRIAMNEBZPHATVSEN. CCS LMDRERNR
A (GHG) HIR7TEEDLEERZFEH TS
o REEFID CCS [CEAULT—EMHO®HZ NPT VIR MNRETTERUVBINARDTA RS> ZRE
IR TA—ADHENLE THD.

EREZEEFX. 2011 F 10 A. 7 %4EpkD CCS IANKBAIRITA—ANERIL, CCS RUFKEMIX
NMRBEOIRICHSDDHEBENZ T AN B GER LB EFE 1 Z/ER I CCS- AR AN DEfiz)-RID 5
BEBE (HRITA—ADAYN—T&HS. NETL. BAHIATIAT. ERIRIF B8 GHG JOJ 34, BRINE
820 Zero Emissions Platform. &U tH5 CCS A% MMERI2AEVARRMRLLEE - RiE
U KU BARIZANRY O&M JZX MOEHICEAL TV EDLE 8z i,

AW BYRITA—A(E. CCS JANEH(RILEAERUV—MMNFACEIZIRE
ZEL. COfER%Z [Toward a Common Method of Cost Estimation for CO, Capture and
Storage at Fossil Fuel Power Plants]¢RES2re&aEEL T, 2013 4F 3 A(CFETFR. CCS IXMNEH
FIARCARDEREERE. LT DEBD, IRT7E. DOE/NETL OFE%E(CH—{ENEDHSN TS,

= —
=y

FE 5 D CCS JAMNSHFEDLEE (2013 )

Contingencies

Contingencies

Contingencies

Owner's costs

DOE/NETL EBHHARFPR IEA-GHG ZEP GCCs1I
(EPRI) (Europe’s Zero (Global CCS
Emissions Platform) Institute)
Bare erected cost (BEC) BEC Installed costs BEC
+ + + +
Engineer/Procure/ EPCC EPCC EPCC EPCC
Construct Cost (EPCC)
+ + + + +

Contingencies

Total Plant Cost (TPC) TPC TPC TPC
+
Owner's costs
Total Overnight Cost Total Investment TOC
(TOC) Cost
+
Owner’s costs
+ + + +




Interest during AFUDC IDC IDC
construction (IDC)
+ +
Escalation Escalation
Total Plant
Investment
+ +
Owner’s costs Owner’s costs
Total AS-spent Total Capital Total Capital Total Installed
Capital Requirement Requirement Cost
(HBE : JRITA-AFERO LEEBEEDKR AL)
CCS JAMREAARITA—ADHIRTFIIA MRS E
BUBLITNNESEXREDER EHO#EE A

Process equipment
Supporting facilities
Labor (direct & indirect)

sxfm/R{fi (BEC)

Engineering services

IVIZFUYY. RERVENRE (EPCC)

Contingencies: - process
- project

FEENRE (TPC)

Owner’s costs:
- Feasibility studies
Surveys
Land
Permitting
Finance transaction costs
Pre-paid royalties
Initial catalyst & chemicals
Inventory capital
Pre-production (startup)
Other site-specific items unique to the
project (such as unusual site
improvements, transmission
interconnects beyond busbar, economic
development incentives, etc.)

FEPREEH@ (TOC)’

Interest during construction
Cost escalations during construction

REMEAE (Total Capital Requirement)

(LB : JRYTA—RAFERD LEEBB DR 4 ZE(C NEDO U2 N EFHFER)

/! &R EESFHRVEFRIZS




Il. CCSI5>hDIFHF(LIAMER (GCCSI. 2017 )

Global CCS Institute (& 2017 £F 6 A. CCS ((f#2FERI RUR ERIOIX Mt Z FEIRES . C
AT KDFEEFR +CCS (L3 14 BELEE(E. LT OESHD,

LCOE (US$/MWh) 0 50 100 150 200 250
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0 BRI+ CCS
E |GCC+CCS
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ZNEN GCCSI DDA > M AT DESD,

-CCS ZHOIRAAAEET 1)L (NGCC) (3. MABTROUEBER AR N BERIABTEERS AR
XF3. IGCC [C CCS ZNMNFBIZAICLLAT, WINEZRMM HHITDITPIEY. UAE. 7ILSIUTREN
AEEE) .

-CCS 2 5AR N AFREBFROIZANMEVE(R, KE. T4, X+, FE, ERBEHELT, ARl
BHIRW (0F4) AMEFERRZV OF2T) ( AHE-HJEENRV (FE) .
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“Cost and Baseline for fossil Energy Plants Volume 1a: Bituminous Coal (PC) and
Natural Gas to Electricity” Department of Energy National Energy Technology
Laboratory, July 6, 2015

(P93, P101 (CJO—R)

“Reducing the Cost of CCS: Developments in Capture Plant Technology” Energy
Technologies Institute, May 2016

“Toward a Common Method of Cost Estimation for CO2 Capture and Storage at Fossil
Fuel Power Plants” Global CCS Institute, March 2013
(P19 (CEEEER)

“Global Costs of Carbon Capture and Storage” Global CCS Institute, 2017



https://www.netl.doe.gov/File%20Library/Research/Energy%20Analysis/Publications/Rev3Vol1aPC_NGCC_final.pdf
https://www.netl.doe.gov/File%20Library/Research/Energy%20Analysis/Publications/Rev3Vol1aPC_NGCC_final.pdf
https://d2umxnkyjne36n.cloudfront.net/insightReports/Capture-Plant-Insight.pdf?mtime=20160908134243
http://hub.globalccsinstitute.com/sites/default/files/publications/85761/toward-common-method-cost-estimation-ccs-fossil-fuel-power-plants-white-paper.pdf
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Study on Control Reserve Assessment of Thermal Power Plants.
(Analysis of a Controllability and an Additional Expenditure of Coal-fired Power Plants
applying a classification of the Flexibility.)
OIE #HHE Lz, 6 K=
R B, pH m="
Fumihiko YOSHIBA™, Yuji HANAI™,
Isamu WATANABE™ and Hiromi SHIRAI™

L )R YLAFZERT  Central Research Institute of Electric Power Industry

This report sorts out the indices of performances and additional expenditures of power balancing operation of
thermal power plant during the massive introduction of intermittent renewable energies. The efficiency of the 700MW
class coal fired power plant during the partial load operation and throttle valve control operation is calculated by the
material and heat balance analysis; the calculated efficiency is applied to the basic performance of the coal fired power
plant in the demand — supply balance analysis. By applying the indices of the low load LFC, Load Frequency Control,
performance the demand- supply balance of the supposed balancing group (IEEJ standard model, AGC30 model) is
analyzed. In the case that the coal power plant is operated within the low load condition, LFC ability is performed by
the throttle control operation; the throttle control is responsible for the possible failure of the plant. The expenditure of
substituting the failure of LFC of coal plant is calculated. The substitution by the LNG steam cycle plant consumes
much amount of fuel gas compared to the case that the GTCC is selected as the substitution.

Key Words : Coal Fired Power Plant, Control Reserve, Operational Flexibility, Indices of flexibility performance,
Minimum Load, Supply- Demand Analysis, Additional Cost.
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Figure 1 Efficiency of partial load and throttle valve control operating condition of coal fired power plant.
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Figure 2 Schematic relation between operating power ratio and operating mode of coal fired power plant.

Table 1 Indices of load frequency control(LFC) performance and their classification.

Available output range Maximum full activation time Available output range at minimum load
Classification
:AOR [MW] : MaxFAT [min] :Lmin [-]
A 150 = AOR MaxFAT = 5 Lmin = 1.0
B 100 = AOR < 150 5 < MaxFAT = 10 1.0 < Lmin = 2.0
C 50 = AOR < 100 10 < MaxFAT = 15 2.0 < Lmin = 3.0
D 10 = AOR < 50 15 < MaxFAT 3.0 < Lmin
Pmax: Maximum power Pmin: Minimum power
Including control delay ToLy(min)
Pmin: Minimum power Within the low load band range
and load change speed(R:MW/min)
Remarks and Wiithin the load band range
) ) Pmin
equations AOR Lmin =
Pmax — Pmin | MaxFAT =Tpe +—— AOR
AOR = —_— R
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F L ITRRHFH0E (AOR), e RZEEIEM (Max.FAT), X ORISR 25K 7 (Lmin) (2X Y LFC
PEREZ 7 T AT LICBEOMREDEEZ R TO. 12, R 1 OV TART SINMEEBIECTH D, RAKH T
& (AOR), 3 XUOWHEERICRHI B&AKH /) (Lmin) %, T T RFEINE (MaxFAT) & OBt E LT 3
WRT. RRNSIEARAT], LNG 5], X GTCC BDIRAMIZIS T D e KIEENREH] & fe R H 3R 2 7R
L 7= (COAL1000MW {K£&iff, COAL700MW & fif, LNG700MW {X£fif, GTCC250MW (XA f). 728, Ak
KITOIEARFITIS T D B RFEBIRFH] & e K AR OB T, X 2 128 L7z 40%A LU T T N RIZk T
LIEET AR LCERY, miil L EARKIMEEr ORI L 5, AR EEOUEEE LI-ERETH S.

GTCC

250MW Lmin
Class H-M

(Substitutable)

Lmin=Pmin./ £+ AMW

(Substitutable)

COAL
700MW
MM
(Not
substitutable)

COAL

5min  10min 15min 20min éOOOﬂWM 5min 10min 15min 20min
Max.FAT ik Max FAT

VH: Very High performance OlOOOMW_LOW load (Coal)

0 700Mw_low load (Coal)
700MW_low load(LNG)
{ 250MW_<50%load(GTCC)

M:Medium performance
L: Low performance
N: Non-available

Figure 3 Supposed classification of LFC performance during a low load operating condition.
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FVEREZ @O TN Z & &0 T, Ny 7 7y A ZIT O KIS OEEEEMEZ RO TN 2 EbREE RS,

1.04
1.03
1.02
1.01
1.00

0.99

Fuel costin the balancing group
(Base: LFC by two coal power plant case)
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COAL1000MW + LNG 700MW + GTCC 250MW

Figure 4  Additional fuel cost by substituting the LFC capacity by LNG steam cycle(LNG700MW) and Gas turbine
combined cycle(GTCC250MW).
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