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Acknowledgment: This material is based upon work supported by the Department of
Energy research under MESA Activity 202.026.

Disclaimer: "This report was prepared as an account of work sponsored by an agency
of the United States Government. Neither the United States Government nor any
agency thereof, nor any of their employees, makes any warranty, express or implied,
or assumes any legal liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any
specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any agency
thereof. The views and opinions of authors expressed herein do not necessarily state
or reflect those of the United States Government or any agency thereof."
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Background

- R&D technology portfolio performance and cost goals have been
historically non-market-based
o Plants generally operated in a baseload condition
o Efficiency, capital costs, and COE/LCQOE sufficed as main metrics of importance

- With higher penetration of intermittent resources, FE qunfs are often
called upon to operate in a cycling mode to satisfy the load

o Performance and cost characteristics of FE technologies need to adapt to remain
relevant and a viable part of the generation portfolio

— Traditional cost and performance metrics such as efficiency and COE are no longer
adequate to ensure technology deployment and sustenance

— One size fits all design paradigm no longer works; regional markets required tailored solutions
- |ldentifying ideal FE technologgg performance and cost characteristics of
high value based on market dispatch is essential

o Development of next generation of 215" Century Power Plant (21CPP)
o Deployment of advanced FE technologies to ensure grid reliability and resilience
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Objective
The objective of this activity was to identify:

» Desirable performance and operating characteristics of the next

generation of coal tfechnologies based on regional market

condifions and future scenarios

« Operating and capital cost targets required for technoloqy viability of the

next generation of coal technologies based on regional market conditions

What costs enable long-term viability of the coal generator with

ideal performance in each region?
 Net Cost of New Entry (Net CONE)
 Annual revenue requirement (ARR)

 Revenue streams from other markets to fill electricity generation troughs
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» Scenarios examined the .
generation dispaich sk
conditions of the power
system from 2030 - 2035 in five
test regions

» Security Constrained
Economic Dispatch using
PROMOD

* Allows enveloping of 21CPP ™™= Frggmee e
operating characteristics A0 P i i
MPCC — Northeast Power Coordinating Council B SERC-Morth B WECC-MWPP-AE
B NPCC-Maritimes B SERC-Southeast B WECC-NWPP-BC
B NPCC-Mew England B SERC-Florida Penirsula B WECC-NWPP-US

B NPCC-Ouebec B PP
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Economic Evaluation

» Evaluation used two methods to determine the potential
economic viability of the concepts evaluated,

o Annual Revenue Requirement (ARR) — determines the amount of
revenue the plant must earn 1o break even

o Cost of New Entry (CONE) - The CONE is the basis for the calculation of
NetCONE which provides an estimation of the total revenue a new
generator would need to deploy
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» Capacity factors and revenues determined by interpolating results of
PROMOD modeling

- A multivariate regression method was used to fit surfaces to the
variation of average annual revenue and CFs with HR and VOM for
each of the fuel cost cases under the two VRE peneiration scenarios

« Multivariate regression resulted in fits with R?2 values around 99 percent
and represented the data to within 0.5 percent over most of the range
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Six-year average annual revenue as a
function of HR and VOM for the high VRE
case scenarios at the improved fuel price
(PIM)
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 Total revenue estimates developed by supplementing PROMOD
projected eleciricity revenues with estimated ancillary service

Eec;/Renues and CO, capture incentive revenues, such as 45Q and

- Assumed 90 percent CO, capture rate at $40/tonne; 45Q tax
credit net of assumed fransportation costs

« Ancillary services revenue source is accounted for by using a

variety of methods depending on the region being modeled and
information available



https://www.spglobal.com/en/research-insights/articles/what-is-carbon-pricing
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* ARR is used to determine the long run average cost of capacity -
the amount of revenue the plant must earn to break even

TOC Xr
1-A+nr) T

ARR=( >+K+cf><((thr)+vom)><8,760

« Value of ARRs and the predicted revenue in S/MW-year were
plotted at the CFs predicted by the modeling

* If the predicted revenue is greater than the ARR at that predicted
CF, then the conceptual design would be able to cover its
capital costs under those conditions
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» Cost of New Entry (CONE) is the levelized investment and fixed

costs of a new generator
CONE = (TOC Xr)+ fom

TOC = Total overnight cost (S)
r = effective charge rate (%)
fom = fixed O&M cost ($)

* NetCONE is the CONE minus the expected net energy and
ancillary service (E&AS) revenues

o A positive value of NetCONE represents the required additional revenue
a new generator would need to have to be willing to enter the market

 NetCONE usually represents the needed Capacity Payment
value depending on the market structure




N: NATIONAL
- [ENERGY

Summary of Results for 21CPP in Five Regions TL [Ecmomoey

LABORATORY

* Best case in each region (low HR, low VOM, and improved
fuel price) resulted in baseload capacity factors; with ERCOT,
PJM and SERC demonstrating over a 90% average

* Only the ultrasupercritical with CCS would meet or nearly
meet the NetCONE and ARR requirements in PJM and/or the
Northwest Power Pool (NWPP)

 Remainder of the technologies analyzed had costs oo high
to meet NetCONE and ARR, even with high CF, due to high
capital cost
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Dispatch revenue as a function of average hourly costs

55

« Downward sensitivities
on heat rate, variable
operating costs, and fuel

Low VOM/imp fuel

54

costs resulted in Tal
increased capacity S [
factors and average
annual revenues 25
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540,000
2540, Low HR-HVRE Low VOM-HVRE
$520,000 —T===
= Baseline-HVRE
7 $500,000
§ e Low HR-LVRE
& $480,000 Baseline-LVRE
v o [® — [T USC concept makes or nearly
c
g $460,000 ___._'___--__-’ A r_ m makes ARR under all
o A ege  ege
2 100000 — = sensitivities
< ’ ® L 2
O < Low VOM-LVRE
$420,000
$400,000
77% 78% 79% 80% 81% 82% 83% 84% 85% 86%
Capacity Factor
® BL-ARR (Low VRE, Base Fuel) ® BL-ARR (Low VRE, Low Fuel) ® BL-ARR (High VRE, Base Fuel) ® BL-ARR (High VRE, Low Fuel)
B LVOM-ARR (Low VRE, Base Fuel) B LVOM-ARR (Low VRE, Low Fuel) B LVOM-ARR (High VRE, Base Fuel) B LVOM-ARR (High VRE, Low Fuel)
A LHR-ARR (Low VRE, Base Fuel) A LHR-ARR (Low VRE, Low Fuel) A LHR-ARR (High VRE, Base Fuel) A LHR-ARR (High VRE, Low Fuel)
& LTOC-ARR (Low VRE, Base Fuel) & LTOC-ARR (Low VRE, Low Fuel) & LTOC-ARR (High VRE, Base Fuel) & LTOC-ARR (High VRE, Low Fuel)
= = = « B| Revenue - Low VRE = = =« B| Revenue - High VRE e = =« | VOM Revenue - Low VRE = e =« |\/OM Revenue - High VRE
= = = « | HR Revenue - Low VRE e e =« |HR Revenue - High VRE

* Dashed line above points indicates technology meets or exceeds ARR
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$40,000 Baseline-LVRE
® 7
[
$30,000 ° $82 g
Low HR-LVRE < 5
$20,000 Low VOM-LVRE $55 2 2
A ®
L 83
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= 27 -
I 51000 3 USC concept makes NetCONE
2 S —— o £ in high renewable scenarios
~ - o
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(&) .
g $(10,000) Capacity Factor
Low HR-HVRE
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$(20,000)
A
L]
$(30,000) * [ |
¢
$(40,000) Baseline-HVRE

@ BL-LVRE-Base Fuel @ BL-LVRE-Low Fuel @ BL-HVRE-Base Fuel ® BL-HVRE-Low Fuel B LVOM-LVRE-Base Fuel B LVOM-LVRE-Low Fuel
B LVOM-HVRE-Base Fuel ® LVOM-HVRE-Low Fuel A LHR-LVRE-Base Fuel A LHR-LVRE-Low Fuel A LHR-HVRE-Base Fuel A LHR-HVRE-Low Fuel

@ LTOC-LVRE-Base Fuel LTOC-LVRE-Low Fuel @ LTOC-HVRE-Base Fuel @ LTOC-HVRE-Low Fuel

* Points above zero imply that the value of a capacity payment or additional revenue stream required for successful
deployment of a new unit
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e |In each of the electricity regions, the NGCC with CCS case (Case B31B) from the
NETL Cost and Performance Baseline for Fossil Energy Plants was evaluated for
comparison to 21CPP technologies

e Similarly, PROMOD modeling was used to generate estimates for revenue and
capacity factor
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Best Metric PIM

Scenario

« Case B31B performed well under

both the Low and high VRE :
. Generation (Thousand MWh
scenarios in ERCOT and PJM ( )
H [o)

. In NWPP. B31B met NetCONE Capacity Factor (%) 86 35 93 40 34
under high VRE scenarios, but fails s HRevenue (Million $) 244.5 72.3 171.5 92.3 62.8
to meet ARR

(Meet) NetCONE Requirement Yes No Yes No No
(Meet) ARR Requirement Yes No Yes' No No
Generation (Thousand MWh) 4,554 1,125 4,244 2,936 2,390
*A similar tab!e was not included fqr 21CPP in Capacity Factor (%) 80 20 75 52 42
this presentation because that portion of the
study included evaluation of multiple . 2MNe
technologies in multiple regions :[12:0'1:1= [Revenue (Million S) 292 49 132 120 78
(Meet) NetCONE Requirement Yes No Yes Yes No
(Meet) ARR Requirement Yes No Yes No No
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Case B31B meets

ERCOT ARR Case B31B
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ERCOT NetCONE Case B31B
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2
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Thank you!

(304) 285-4858
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