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Quantifying the Value of CSP with Thermal Energy Storage
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The Economic and Reliability Benefits of CSP with Thermal Energy
Storage: Literature Review and Research Needs, 2014
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Technical report incorporates the latest research on the economic and reliability benefit

of CSP with thermal energy storage and serves as a comprehensive guide to
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understanding the design and operational attributes of CSP plants with thermal energy ‘
storage. (124 pages)
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Intended for utilities, regulators, grid operators and policy makers, and presents a

framework for more informed decision-making in the evaluation of competing resources
to achieve better outcomes for energy consumers.
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Provide a primer on valuation of CSP with
thermal storage to help readers with different
backgrounds understand the existing
research literature

Review research methods and results
(primarily US)

Encourage improved valuation in US utility
procurement - and possibly elsewhere in the
world

Provide ideas for the technical and policy
research agenda

Note: Does not conduct a cost comparison of solar
technologies or alternative renewable integration resources
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Net cost is essentially the cost minus the benefits of a renewable project, where
the benefits include any market products and operational attributes that can be

quantltatlvely or qualitatively evaluated.
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Net System Cost is a Metric Used to Evaluate Cost Competitiveness Between Resource Alternatives

R HB B e B B,
What it takes to What it takes to
generate electricity keep the lights on
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Capital Cost Energy Cost Net System Cost
$/W Levelized Cost of Energy Least-Cost, Best-Fit
LCOE LCBF
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> Considers additional costs Considers
and energy produced utility value
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Installed cost adds labor = JFERRREBasic financing . AT A
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Unlike other methodologies, Net System Cost

accounts for both costs and benefits
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Output Variability Impacts Grid Operations and Increases Costs ...(solar PV example)
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Figure 6-1: Simulated Dispatch in California for a Summer Day with PV Penetration
from 0-10% Annual Energy - Comparison of Peak Load and Peak “Net Load”
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Source: Denholm and Mehos (2011), pg. 3.
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primary drivers of changes in variable solar energy value: peak load, load
ramps and energy displacement
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Output Variability Impacts Grid Operations

Figure 6-3: Evolution of Hourly Net Load (Wind + Solar) Ramps
in the California ISO for a Spring Day, 2012-2020
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Source: CAISO, 2013a.
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CSP technology is one of a range of operational solutions to address the supply
Proprietary & C variability introduced by rapidly expanding wind and PV production.
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V/ BrlghtSource Opportunity — US China Renewable Energy Collaboration
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US-China Cooperation Framework g China NEA US DOE
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First Commercial Scale Project Assist and Complete China Research on CSP ‘s value and
TFYEWE National CSP Handbook contribution to Grid
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Qinghai Delingha 6 x 135MW Solar Help shape the future of China CSP
Thermal Tower Project market
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B—HA: 2 x 135 MW
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Nz Delingha Project Rendering Art
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Nz Huanghe Delingha CSP Power Project Plan
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The Project located at Delingha City, Haxi Prefecture, Qinghai Province
T 75 R DU M AR A S T

Site Location

] hk

Project construction split in phases, total 6 x 135 MW

Phase 1: 2 x 135 MW

Molten Salt Storage Hours: 3.5 hours
Project Size ~ Annual gross output: ~690,000 MWh, ~2694 full load equivalent operating hours
TEBE 5 5 3 S LA 6 x 135 JKBL, 23 B vt

—H#: 2x135 KL
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Power Tariff  Expected Tariff: Around RMB 1.2/kWh
FET TR AN 1,270/ A A
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Methods for Analyzing the
Economic Value of
Concentrating Solar Power with
Thermal Energy Storage

P. Denholm, J. Jorgenson, M. Miller, and E.

Zhou
National Renewable Energy Laboratory

C. Wang
Stste Grid Energy Resesrch Institufe

REVIEW DRAFT -

For Discussion Purposes Only. Not for Quotation
or Citation.

NREL Ic a nafiomal laborafory of fhe U. 3. Dopartment of Energy
Office of Enorgy EMiclency & Renowable Enorgy

Opecated by the Allance for Suctsinable Energy, LLC

This report is avaliable at no cost from the National Renewabie Enemy
Laboraiory (NREL) ot wewnrelgowpubiications.

Technioal Report
NREUTP-SA2054255
May 2015

Contract No. DE-AC35-08G028308
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