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Techno-Economic Analysis - Direct Fired sCO,  [N=[Hrew
Net 650 MWe Exemplar Plant TL|{A50rAtorY
» Opftimized natural gas fired direct sCO, plant designs to T
minimize LCOE using NETL tool FOQUS (Framework for ‘: — om0 §
Optimization, Quantification of Uncertainty, and Surrogates) el ; e
« Uses cost models developed for sCO2 components* *"“'"ﬂ - ‘ W_|__:§:f
Compressor  Cooler I 4
. Uses custom models for turbine, PCHE, adiabatic air cooler T ——hn | W =

« Presented at 5 European sCO2 Symposium

o Pidaparti S., White C. W., Liese E., and Weiland N., “Performance and
Cost Potential for Direct-Fired Supercritical CO2 Natural Gas Plants”, 5th
European sCO2 Conf. for Energy Systems, March 14-16, 2023, Prague

Scaling Coefficients Database Range Uncertainty
Component Parameter
e a b d (Range of Validity) Range

c

Q (MW,,) 820,800 0.7327 0 5.4e-5 187 to 1,450 MW,,, -23% to +26%

UA (MW,,) 1,248 0.8071 0 5.3e-6 7.4e5 to 5.9e6 W/K -16% to +21%

Q (MW,,) 632,900 0.60 0 5.4e-5 10 to 50 MW,;, -25% to +33%

UA (W/K) 49.45 0.7544  0.02141 0 1.6e5t02.15e8 W/K  -31%to +38%

UA (W/K) 32.88 0.75 0 0 8.6e5 to 7.5e7 W/K -25% to +28%

W, (MW,) 406,200 0.8 0 1.137e-5 810 35 MW, -32% to +51% L

Wy, (MW,,) 182,600 0.5561 0 1.106e-4 10 to 750 MW,,, -25% to +30%

Wen (MW,) 1,230,000  0.3992 0 0 1.5 to 200 MW,j, -40% to +48%

Vin (m3/s) 6,220,000  0.1114 0 0 0.1t0 2.4 m¥/s -30% to +50% ,

*N. T. Weiland, B. W. Lance and S. R. Pidaparti, "'sCO2 Power Cycle Component Cost Correlations From DOE Data Spanning L; (@) O] ©

iple Scales and Applications,” in ASME Turbo Expo 2019: Turbomachinery Technical Conference and Exposition, 2019
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Techno-Economic Analysis - Direct Fired sCO, [N=[Maneva

TL TECHNOLOGY
Net 650 MWe Exemplar Plant Results LABORATORY
. . . . . ae.s% NGCCplants | . : 28.2% |
* Direct sCO, plants achieve similar or higher plant oo I Direct sCO, plants
efficiency compared to NGCC plants with CCS while %= [ o \ 775
offering higher CO, capture rates (~99%) 57 - 47.3%
E 5 47.0%
- Heatintegration between ASU and power cycle is crucial to £
achieve high plant efficiencies T 65% 46.0%
+ LCOE s higher than NGCC plants with CCS due to 5 I
high capital costs associated with ASU, recuperators s5.5%
B31B.90 B31B.97 Case A Case B Case C Case D
« Assumed firing temperature of 1200°C. Plan future
study to examine lower firing tfemperatures - @1 ws w5
. . 3.8 3.8 :
81.0 . 70.9
‘ Balance Oxy-turblne generator 70.0 68'7 3.8
= 3228 RS & = = 60.0 > 32.6 31.9 317 314
§ 78.0 s < gso.o 31.7 321
2 77.0 Adiabatic coolers ©« .
é ;g.g R § ~_ 22% § :Z.Z . . . . . .
g 74:0 = ~ HTR 20.0
o S 39% 31.1 30.7 30.7 32.3
O 73.0 R 10.0 21.9 22.8
72.0 Pre-compressor 0.0
0% 20% 40% 60% 8% Tl B31B.90  B31B.97 Case A CaseB Case C Case D
Percentage reduction in ASU capital cost, % 6% 6% Capital M Fixed O&M m Variable O&M = Fuel ®CO2 T&S
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Techno-Economic Analysis - Direct Fired sCO, [N=]ranona
. . . . TL TECHNOLOGY
Potential Benefits of Liquid Oxygen Storage LABORATORY

Liquid oxygen (LOX) storage allows Abr Saparstiontialt o o)
iIndependent operation of the ASU and T °
power cycle, providing an opportunity to
Improve economics in a bi-maodal, high
variable renewable energy (VRE) energy
pricing environment*

Using NETL IDAES software to perform a
multi-period optimization of net present
value (NPV)

Preliminary results indicated LOx storage
could improve plant economics

« However, Argon production from the ASU oo
could dramatically impact results

Expondinfg study to include effects like
plant scale, cycling cost, argon sale, ASU
cosé, C?)ﬂd alternative pricing signals (not bi-
moda oo |~

*Frequency plot of Predicted 2035 LMP price for CAISO at $100/tonne tax

' Nitrogen
Liquefaction

100
LMP ($/MWh)
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Techno-Economic Analysis - Direct Fired sCO, [N=]ranona

T L TECHNOLOGY
LABORATORY

Hydrogen and Power Co-Production Using Direct sCO, Power Cycles

- Analyzed potential synergies between an ATR =g Ll ey H}—
hydrogen production process and the direct * ------------- T oo,
sCO, plant ] | [-.. lady

« Table to right shows results for LCOE and LCOH > E =
of integrated system compared to standalone R ey
systems o (Y

- Forintegrated system LCOE 9% lower than Mo Cyle | ATE | o s vt W
standalone direct fired cycle, but LCOH 3% (CaseC) | (Case3)

higher than standalone ATR LCor &/ | +1LOH (3kg)
« Estimate 4-5% benefit in “overall” levelized cost - d‘:;z::)' fg: gf;‘ ‘]‘z‘]‘ ;j:
+ However, an integrated system will bring practical T % o e B
operational challenges Fuel 317 0.77 58.2 173
- Could not complete all scenarios, for instance, rivcrogen oduct Sele o A e A
including water gas shift (WGS) for increased E'j:::;j'(*:x:’;:;’:'j:'sj — — — —
hydrogen production (but less electricity) coras ‘o 000 . oo
Total (Including T&S) 80.5 1.68 73.4 1.73

¢ SySTem SCO “ng OpTimiZOTion WOS nOT in Scope' TATR financial factors in NETL Baseline report were adjusted to match sCO2 factors. CF
b Ut cou | d |m pa ct ana |ys| S changed from 90% to 85%; FCR from 0.0586 to 0.0707; TASC/TOC from 1.070 to 1.093.

ttElectricity = $71.7/MWh when calculating LCOH for ATR
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Indirect sCO, Systems

Bottoming Cycle for Gas Turbine with Carbon Capture

* NETL optfimization tools used to develop
LCOE-minimized indirect sCO,
bottoming cycle designs for an “H-
Class” turbine

« Compared to NETL baseline study for
NGCC with steam bottoming cycle
and 95% carbon capture (B32B.95)

« Results showed potential for similar
LCOE to steam bottoming cycle,
Improving with higher assumed exhaust
gas temperature (EGT)

« Currently looking at off-design
performance
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LP Steam 15
1 10
@ Flue Gas
LP Steam Generator PHX

LABORATORY

12

[\

“Modified Brayton” cycle has no HTR or bypass turbine (zero flow to streams 8 and 14)

Capital

Fixed O&M
Variable O&M

Fuel

Total (Excluding T&S)
CO, T&S

Total (Including T&S)

20.6
7.0
3.9

31.0

62.4
3.6

66.0

20.3
6.9
3.8

311

62.1
3.6

65.7

20.0
6.8
3.8

31.2

61.7
3.5

65.2




Indirect sCO, Systems

Biomass sCO2 Cycle Study

* NETL optimization tools used to develop
LCOE-minimized indirect sCO, plant
designs using a 100% biomass fired
circulating fluidized bed (CFB) heat
source (leverages previous coal-fired
analyses)

« The plants were designed to achieve
netf-zero or net-negative CO, emissions.
Collaborating with the life cycle analysis
team to calculate the CO, emissions
over the plant lifetfime

« Results indicate lower LCOE with sCO,
cycle

* Planned journal paper will include 35% and
50% biomass moisture results

. U.S. DEPARTMENT OF
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Air Fired-CFB

Hybrid Poplar

(80%)/ Forest

Residue
Case X22F

CaseB

(20%)

(3500psig/1100°F/11
00°F)

sCO, power cycle
(RCBC with turbine
reheat)

Preliminary results for 20% moisture biomass

133.0

47.0

X22A
® Capital Fixe

200.2
102

58.1

30.2

39.8
[ A<
19.5
Case A

X22F

47.5

02
26.6

7
Case B

d O&M = Variable O&M Fuel mCO2T&S




Indirect sCO, Systems N=[Naronat
TLJRe8Raory

10 MWe Recompression Brayton Cycle Modeling and Control
« Conducted load following studies for 10 MW . B ——

recompression closed Brayton Cycle N =
« Looked at multiple approaches to reducing cycle X // \\(5/ s
oscillations, allowing for closer load following M N - s
« Bottom right figure shows improved setpoint load -, \k\ //// W o
following achieved with better main cooler CO2 : .
outlet temperature control R
Time (sec)
* Uses Aspen I e
Dynamics incl. — F—— 0 |
9 / —\ /f 110
custom models B W
built over >\ %\
previous years 1\ o
4 k // 85
0 400 800 1200 1_It—5i(r)7(])e (52:(?)0 2400 2800 3200 3600
Results showing load setpoint (SP MW), actual load (PV SP)
IST P) for a 7.5%/min load

and inventory storage tank pressure ¥

ramp before (top) and after (bottom) control additions
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NETL's sCO, Techno-Economic Analyses = [ENERGY oy

Finding our Research TLJiasorarory

* On www.OSTI.gov: OSTI.GOV

* Search for: Subject = sCO2 AND Research Org = NETL US. Department of Energy

Office of Scientific and Technical Information

* On www.netl.doe.gov:

* Goto:
Research and Programs >
Energy Analysis >
Search Energy Analysis .

N: NATIONAL

= [ENERGY

TL TECHNOLOGY Q
LABORATORY

Search 3+ million research results

Advanced Search Options
Advanced Search queries use a traditional Term Search. For more info, see B Mere Options ...
our FAQ.
Full Text:
All Fields:

SEARCH ENERGY ANALYSIS

Resource Type:
Title:

Subject:
sCO02

Creator / Author:

L] Link tO \ x / eb Site Technology Focus: None selected ~ Group: None selected ~

Analysis Focus: None selected ~ Life Cycle Analysis: None selected

® S earCh : C O]le Ctio n N ame p— Document Kind. None selected ~ Author. None selected ~

Collection Name Supercritical CO2 (SC02) ~ Authoring Organization: None selected ~

S up er Cr itical C O 2 (S C O 2) Release Year: None selected ~ NETL Point of Contact: None selected ~

Sort Preference: @ Recent O Relevance

Site:

Identifier Numbers:
All
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NETL

Publication Date:
MM/DD/YYYY to | MM/DD/YYYY

Sponsoring Org:
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MM/DD/YYYY to | MM/DD/YYYY

Limit to INIS / NSA records only

Limit to Nobel Prize winning records only
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http://www.osti.gov/
http://www.netl.doe.gov/
http://www.netl.doe.gov/energy-analysis/search

SEA’s sCO, Analyses N

NATIONAL
ENERGY

* Preliminary commercial-scale sCO, techno-economic analyses:

TE TECHNOLOGY
LABORATORY

Oxy-coal CFB indirect sCO, plant with carbon capture & storage (CCS) — 2017

e Air-fired coal CFB indirect sCO,_plant without CCS — 2019

Coal gasification integrated with direct sCO, plant with CCS — 2018
Natural gas-fueled direct sCOZ plant with CCS — 2019

* Detailed focus area studies for sCO, plant cost and efficiency improvements:

PCHE 1D design and dynamic model — Journal of Applied Energy, 2018
sCO,_component cost scaling study — ASME Turbo Expo 2019 (GT2019-90493)

sCO,_cooling system cost and performance models — March 2020

Indirect sCO, cooling system integration study — 3™ European sCO, Conference, 2019

Direct sCO, cooling system integration study — 7% sCO, Symposium, 2020/2021
Indirect sCO, heat source integration study — 7% sCO, Symposium, 2020/2021

Alr separation unit modeling and integration (direct sCO,)
Direct sCO, _turbine modeling — Journal of Energy Conversion and Management, 2022
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https://www.netl.doe.gov/energy-analysis/details?id=2511
https://www.netl.doe.gov/energy-analysis/details?id=2991
https://www.netl.doe.gov/energy-analysis/details?id=2485
https://www.netl.doe.gov/energy-analysis/details?id=2884
https://www.sciencedirect.com/science/article/abs/pii/S0306261918315137
https://www.netl.doe.gov/energy-analysis/details?id=3090
https://netl.doe.gov/energy-analysis/details?id=3199
https://www.netl.doe.gov/energy-analysis/details?id=3746
https://netl.doe.gov/energy-analysis/details?id=4550
https://netl.doe.gov/energy-analysis/details?id=4549
https://www.sciencedirect.com/science/article/abs/pii/S0196890422004976

SEA’'s sCO, Analyses N=[ranena:

T L TECHNOLOGY
LABORATORY

* Detailed studies for sCO, plants:

* Exemplar 650 MW indirect sCO2 coal plant optimization with and without CCS — ASME
Turbo Expo, GT2021-58865, GT2021-58867

* Direct sCO, _techno-economic analysis optimization - 5th European sCOZ2 Conference for
Energy Systems. March 14-16, 2023, Prague, Czech Republic

* The same study with more detail

* Techno-economic analysis of a NGCC plant with a sCO, bottoming cycle
* Without CCS — NETL report, Nov. 2020
* With CCS - Paper in progress for 8th Supercritical CO2 Power Cycles Symposium, Feb. 2024

* Dynamic modeling of 10 MW recompression Brayton cycle
* Load following, warm shutdown and startup — Journal Applied Energy, 2020

* Oscillation mitigation during faster load following — Journal of Applied Energy, 2023

* Papers in progress for biomass plant, hydrogen and power co-production, and liquid
oxygen storage potential for the direct-fired cycle
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https://duepublico2.uni-due.de/receive/duepublico_mods_00077275
https://www.netl.doe.gov/projects/files/PerformanceandCostPotentialforExemplarDirectSupercriticalCarbonDioxideNaturalGasPlants_062022.pdf
https://www.osti.gov/biblio/1881975
https://www.sciencedirect.com/science/article/abs/pii/S0306261920311314
https://www.sciencedirect.com/science/article/abs/pii/S0306261923012862?via%3Dihub
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