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Battery Arbitrage: the Basics
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Data source: agora-energiewende.de; epexspot.com 
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Battery Arbitrage: The Scientific Theory…
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Energy Market Data (DAM, 1 h, 2019)

Kumtepeli, V., Hesse, H. C. Energy Arbitrage Optimization With Battery Storage:… IEEE Access, 2020 8, 204325-204341. https://doi.org/10.1109/ACCESS.2020.3035504
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𝑃𝑟𝑜𝑓𝑖𝑡 = 𝑅𝑒𝑣𝑒𝑛𝑢𝑒 −  …

Linear programming framework w/ MPC

max ℝ = ෍

𝑡

𝑃𝐷𝐶𝐻 ∗ 𝑐𝐷𝐴𝑀 𝑡  − 𝑃𝐶𝐻 ∗ 𝐶𝐷𝐴𝑀 𝑡

𝑠. 𝑡.  𝑆𝑂𝐶 𝑡 = 𝑆𝑂𝐶 𝑡 − 1 + 𝑃𝐶𝐻 ∗ 𝑡/𝐸 + 𝑃𝐷𝐶𝐻 ∗ 𝑡/𝐸
   
 …

=

https://doi.org/10.1109/ACCESS.2020.3035504
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Kumtepeli, V., Hesse, H. C. Energy Arbitrage Optimization With Battery Storage:… IEEE Access, 2020 8, 204325-204341. https://doi.org/10.1109/ACCESS.2020.3035504

𝑃𝑟𝑜𝑓𝑖𝑡 = 𝑅𝑒𝑣𝑒𝑛𝑢𝑒 −  𝐶𝑜𝑠𝑡 Battery Degradation Model

max ℝ = ෍

𝑡

𝑃𝐷𝐶𝐻 ∗ 𝑐𝐷𝐴𝑀 𝑡  − 𝑃𝐶𝐻 ∗ 𝐶𝐷𝐴𝑀 𝑡

𝑠. 𝑡.  𝑆𝑂𝐶 𝑡 = 𝑆𝑂𝐶 𝑡 − 1 + 𝑃𝐶𝐻 ∗ 𝑡/𝐸 + 𝑃𝐷𝐶𝐻 ∗ 𝑡/𝐸
   

 𝑆𝑂𝐻 𝑡 = 𝑄𝑙𝑜𝑠𝑠
𝑐𝑎𝑙 𝑡 + 𝑄𝑙𝑜𝑠𝑠

𝑐𝑦𝑐
𝑡

 𝑄𝑙𝑜𝑠𝑠
𝑐𝑎𝑙 = 𝑘𝑐𝑎𝑙 𝑇, 𝑆𝑂𝐶 𝑡 + 𝑘𝑐𝑦𝑐,𝐻𝑇 𝑇 𝑄𝐴ℎ(𝑡) 

 𝑄𝑙𝑜𝑠𝑠
𝑐𝑦𝑐

= 𝑘𝑐𝑦𝑐,𝑙𝑜𝑤 𝑇 𝑇, 𝐼𝑐𝑒𝑙𝑙
+ 𝑄𝐴ℎ

+ 𝑡 +

𝑘𝑐𝑦𝑐,ℎ𝑖𝑔ℎ𝑆𝑂𝐶 𝑇, 𝐼𝑐𝑒𝑙𝑙
+ 𝑄𝐴ℎ

+ 𝑡

= −

Energy Market Data (DAM, 1 h, 2019)

6

Linear programming framework w/ MPC

https://doi.org/10.1109/ACCESS.2020.3035504
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Kumtepeli, V., Hesse, H. C. Energy Arbitrage Optimization With Battery Storage:… IEEE Access, 2020 8, 204325-204341. https://doi.org/10.1109/ACCESS.2020.3035504

Electro-Thermal Model

𝑃𝑟𝑜𝑓𝑖𝑡 = 𝑅𝑒𝑣𝑒𝑛𝑢𝑒 −  𝐶𝑜𝑠𝑡 Battery Degradation Model

max ℝ = ෍

𝑡

𝑃𝐷𝐶𝐻 ∗ 𝑐𝐷𝐴𝑀 𝑡  − 𝑃𝐶𝐻 ∗ 𝐶𝐷𝐴𝑀 𝑡

𝑠. 𝑡.  𝑆𝑂𝐶 𝑡 = 𝑆𝑂𝐶 𝑡 − 1 + 𝑃𝐶𝐻 ∗ 𝑡/𝐸 + 𝑃𝐷𝐶𝐻 ∗ 𝑡/𝐸
   

 𝑆𝑂𝐻 𝑡 = 𝑄𝑙𝑜𝑠𝑠
𝑐𝑎𝑙 𝑡 + 𝑄𝑙𝑜𝑠𝑠

𝑐𝑦𝑐
𝑡

 𝑄𝑙𝑜𝑠𝑠
𝑐𝑎𝑙 = 𝑘𝑐𝑎𝑙 𝑇, 𝑆𝑂𝐶 𝑡 + 𝑘𝑐𝑦𝑐,𝐻𝑇 𝑇 𝑄𝐴ℎ(𝑡) 

 𝑄𝑙𝑜𝑠𝑠
𝑐𝑦𝑐

= 𝑘𝑐𝑦𝑐,𝑙𝑜𝑤 𝑇 𝑇, 𝐼𝑐𝑒𝑙𝑙
+ 𝑄𝐴ℎ

+ 𝑡 +

𝑘𝑐𝑦𝑐,ℎ𝑖𝑔ℎ𝑆𝑂𝐶 𝑇, 𝐼𝑐𝑒𝑙𝑙
+ 𝑄𝐴ℎ

+ 𝑡

𝑇𝑐𝑒𝑙𝑙 = 𝛼𝑓𝑎𝑛𝐴𝑐𝑒𝑙𝑙 ∑𝑅 𝑅, 𝑆𝑂𝐶 𝐼𝑐𝑒𝑙𝑙
2 − 𝑇𝑎𝑖𝑟 Δ𝑡

Energy Market Data (DAM, 1 h, 2019)
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Linear programming framework w/ MPC

= −

https://doi.org/10.1109/ACCESS.2020.3035504
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exp. 
Lifetime

total Revenue 
(discounted)

Profitability 
Index

#3: Non aging 
aware 5.3 73625 1.53

#2: Aging aware 
(SOC only) 6.2 81824 1.7

#1 Aging aware 
(SOC, T, Eff.) 7.5 92167 1.92

Kumtepeli, V., Hesse, H. C. Energy Arbitrage Optimization With Battery Storage:… IEEE Access, 2020 8, 204325-204341. https://doi.org/10.1109/ACCESS.2020.3035504

Energy Market Data (DAM, 1 h, 2019)

+ 25%

+ 2 yr
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https://doi.org/10.1109/ACCESS.2020.3035504


Kern T. “Deutsche Strompreise an der Börse EPEX Spot in 2020”, Forschungsstelle Energiewirtschaft;  Glas, S., Kiesel, R., Kolkmann, S. et al. Intraday renewable electricity trading: . J.Math.Industry 10, 3 (2020)

Sulzer et al. “The challenge and opportunity of battery lifetime prediction from field data”, Joule (2021)

Forcasting energy markets and battery aging?
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How to anticipate and tweak the arbitrage profit?
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Battery Simulation (Digital Twin – simSES.org)

code:  gitlab.lrz.de/open-
ees-ses/aging-aware-MPC

LFP Battery Aging Model (calendar + cycle)2021 Intraday Continuous (ID-1) Data
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N.Collath, M. Cornejo, V. Engwerth, H. Hesse, A. Jossen: Increasing the lifetime profitability of battery energy storage systems through aging aware operation, Applied Energy 348 (2023) 

https://gitlab.lrz.de/open-ees-ses/aging-aware-MPC
doi.org/10.1016/j.apenergy.2023.121531
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N.Collath, M. Cornejo, V. Engwerth, H. Hesse, A. Jossen: Increasing the lifetime profitability of battery energy storage systems through aging aware operation, Applied Energy 348 (2023) 
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doi.org/10.1016/j.apenergy.2023.121531


How to tune arbitrage-optimization to ever-optimal revenue?

Prof. Dr. Holger Hesse | The Smarter E | Optimizing Profit of Battery Storage | 18. 06. 2024

V.Kumtepeli, H. Hesse, T. Morstyn, S.Nosratabadi, M. Aunedi, D. Howey, Depreciation Cost is a Poor Proxy for 
Revenue Lost to Aging in Grid Storage Optimization, ACC conference 2024 https://arxiv.org/abs/2403.10617 

𝑃
𝑟𝑖

𝑐𝑒
𝑆

𝑂
𝐻

𝑃𝑟𝑜𝑓𝑖𝑡 = 𝑅𝑒𝑣𝑒𝑛𝑢𝑒 − 𝝀 ⋅ 𝐶𝑜𝑠𝑡𝐵𝐸𝑆𝑆
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How to tune arbitrage-optimization to ever-optimal revenue?
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V.Kumtepeli, H. Hesse, T. Morstyn, S.Nosratabadi, M. Aunedi, D. Howey, Depreciation Cost is a Poor Proxy for 
Revenue Lost to Aging in Grid Storage Optimization, ACC conference 2024 https://arxiv.org/abs/2403.10617 
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𝝀auto−update𝑖 = 5%Auto-update procedure to
deriving optimal 𝜆

𝑖 = 5%

𝑃𝑟𝑜𝑓𝑖𝑡 = 𝑅𝑒𝑣𝑒𝑛𝑢𝑒 − 𝝀 ⋅ 𝐶𝑜𝑠𝑡𝐵𝐸𝑆𝑆

https://arxiv.org/abs/2403.10617
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Optimal control of multi-usecase battery 

storage through AI
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Grid integration of energy storage 

systems
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Ecologic impact minimization 

through battery storage
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Vehicle Integration and smart 
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Scan me!

Holger.hesse@hs-kempten.de

Contact us!

+49 (0) 831 2523 9309

www.optstorage.de  
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