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KEY MESSAGE

* OPTIMIZE ENERGY STORAGE UNDER COMPETITION

* NOT EVERY ENERGY STORAGE IS OPTIMIZATION RELEVANT
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SYSTEM-VALUE DEFINITION

System-value definition: PyPSA-Eur
“ANY ENERGY TECHNOLOGY IS

T HVDC Link Capacity

VALUABLE IF IT LOWERS TOTAL — T

SYSTEM COSTS” e

e Canbe assessed with Energy System - ooy
Models that minimize costs under ® Geotram

@® Onshore Wind
Offshore Wind(AC)
Offshore Wind(DC)
Solar

@® Pumped Hydro Storage

@® Reservoir & Dam

‘@ Run of river

@ H2-unit high LCOS
H2-unit low LCOS
Battery Storage

constraints

 Learn more in Parzen 2022, "Beyond
cost reduction: improving the value of
energy storage in electricity systems”,
https://doi.org/10.1007/s43979-022-
00027-3
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Back-up

OTHER STUDIES

https://www.nature.com/articles/s41560-021-00796-8/figures/1

* Quantify system benefit by Fig. 1: System cost percentage reduction in the Northern System for LDES parameter
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Research questions tackled in the preprint

* Q1. How significantis the system-benefit from optimizing
energy storage with competition compared to without?

* Q2. Which energy storage is optimization relevant considering
uncertainty?
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We included 20 energy storage in this study!

Unconstrained Design Constrained Design
All components can be Charger and discharger are
independently sized one component
-~ - -

Example Electricity Storage: Example Electricity Storage: (
Chemical: Electrochemical:
* Hydrogen (hZcavern) * Lead Acid (lead)
Thermal: » Lithium FeP (Ifp)
* Concrete Heat (concrete) * Lithium NiMnCo (nmc) TH E M T E N E R Y
* High Temp. Molten Salt (salthight) * Nickel Zinc (nizn) OS G
* Liquid-Air (lair) * Vanadium Redox-Flow (vanadium) STO R AG E TE C H N O LOG I ES
* Low Temp. Molten Salt (saltlowt) * Zinc-Air (znair)

* Pumped-Heat (phes) » Zinc Brome Flow (znbrflow) EVE R TH ROW N I NTO A N
* Sand Heat (sand) » Zinc Brome Non-Flow (znbr) E N R E GY SYSTE M M O D E I.

Mechanical:

+ Adiabatic Compressed Air (pair) (Thanks PNNL for the data

* Brick Gravity (gravity) .
* Aboveground Water Gravity (gravitywa) that was jUSt rEIea SEd

* Underground Water Gravity (gravitywu) 20 2 2 /Z 3)

* Pumped Hydro (phs)

Figure 2: Illustration of energy storage technologies with abbreviations used in this study.
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Methodology: We optimize every storage alone & under competition

Single storage optimization
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Technologies in optimization

U tech 1, BAU
S tech 2, BAU

ingle storage scenario runs

Multipe storage optimizatio
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onely optimist scenario runs

-
o
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Optimized amount

BN

LONELY OPTIMIST SCENARIO means,

* 1TECHNOLOGY IS ASSUMED 30%
CHEAPERTHAN BAU

* 19 TECHNOLOGIES ARE ASSUMED
TO BE 30% MORE EXPENSIVE
THAN BAU

--> Goal. Find which technology is
not relevant even after the best
possible conditions



What happens if we optimize every storage alone?

* Heterogenous energy to
power ratios depending on
technology

* More extreme especially

when there is design-freedom
(no constraint)
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Figure 3: Optimization results for single energy storage scenarios. The y-axis, x-axis, and marker size show the deployment required
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Total system costs comparison of scenarios. High savings under competition.
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Figure 4: Total system cost for energy storage scenario with (left) and without (right) competition. Scenarios are sorted according to

the total system costs.
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Reminder. Technologies
provide only system-value if
they are optimized!

Not all energy storage
technologies are optimization
relevant (rows that are blank)

Li-lon battery surprisingly
under strong competition and
not always relevant (in the
given system)

Surprise candidates:
* Thermal Sand Storage
* Gravity storage
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Technologies in optimization
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Analysing which technologies compete and how much they are optimized

of max. value (25 GW)

Figure 5: Optimized charger, store, and discharger capacity for the lonely optimist scenario in Nigeria. All technologies on the y-axis are
available for the optimization scenario in each run. One column refers thereby to one scenario run. The x-axis shows the lonely optimist
scenarios, which assume optimistic capital costs assumptions (-30%) for the mentioned technology while the others technologies on the
y-axis are assumed to have pessimistic capital cost assumptions (+30%b).
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Discussion

» Spatial relevancy. Every energy system is unique (demand, supply, grid configuration). The
system-value of energy storage will change depending on which reaching we are looking at.
Our new PyPSA-Earth developments allow to explore the value globally (join our open
community?)

* Quantifying better drivers and uncertainty. There is a need to better understand why do
we see what we see. Requires Monte-Carlo and thousands of scenarios for statistical
relevancy. Combination with Modelling-to-Generate-Alternative (MGA) might be good

* Improving data & TRL consideration. What would be nice to have uncertainty ranges for
the technologies as well as some feeling of Technology Readiness Level.
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KEY MESSAGE

* OPTIMIZE ENERGY STORAGE UNDER COMPETITION

* NOT EVERY ENERGY STORAGE IS OPTIMIZATION RELEVANT
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Back-up — AWESOME OPENMOD COMMUNITY

The whole chain from raw data to modelling results should be open:

G‘ie energy modelling process: From raw data through the actual numerical model to output and interpretation of resufts\

’___________,.__________ ________________________

I

! : Model Numerical Model Inter-

' Raw data .

| [ processmg | formulation solver : output pretation
1 . I

\

. o o o e e e e e = o =

\_ open data open source

Open data + free software = Transparency + Reproducibility

There's an initiative for that! Sign up for the mailing list / come to the next workshop:

OPENINIOQ] Mg i

openmod-initiative.org
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