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• Introduction and overview

• Electricity system with high shares of variable renewables

• Future cost developments with the technological learning approach 

• Economic discussion
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Increasing importance of storage

• Continuation of this trend

in view of EU/Austrian 

emission targets

• Integration of a large share

of variable renewables

• Crucial role of storage in 

the long run
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Differences between summer and winter
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Wind production is fluctuating over the years
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Also substantial 

difference

among different 

years depending

on the wind 



Factors influencing the required storage 

capacities
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Storage costs

Calculations:

𝐶𝑆𝑇𝑂 =
𝐼𝐶∗C.R.F+𝐶0&M

𝑇
+𝐶𝐸

𝜂𝑆𝑇𝑂
(1)

IC …     Investment costs of a storage 

(EUR/kW) 

C.R.F…Capital recovery factor (1/year)

CO&M … Operation and maintenance 

costs of the storage (EUR/year)

CE …    Costs of electricity (EUR/kWh)

T …      FLH (hours per year)

STO…  Storage efficiency 

7IEWT 2021 



Development of investment costs of different 

storage technologies
Technological learning concept:

𝐼𝐶𝑡 𝑥 = 𝐼𝐶𝐶𝑜𝑛𝑡(x) + 𝐼𝐶𝑁𝑒𝑤𝑡
(x) (3)

𝐼𝐶𝑁𝑒𝑤𝑡
𝑥 = 𝐼𝐶𝑁𝑒𝑤𝑡

𝑥𝑁𝑎𝑡𝑡 +

𝐼𝐶𝑁𝑒𝑤𝑡
(𝑥𝐼𝑛𝑡𝑡) (4)

𝐼𝐶𝑁𝑒𝑤(𝑥𝑡) = 𝐼𝐶 𝑥𝑡0 ∗
𝑥𝑡

𝑥𝑡0

−𝑏

(5)

x… Cumulative amount manufactured

b… Learning index

• Learning rates (LR) of 20% Batteries, 18% 

of Electrolysis

• PHS no LR → fully mature technology

• Rise of cost (lack of sites and acceptance)
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Development of storage costs
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Economics - Example for the case of PHS 

• Profit maximization as the goal of the storage operator competing on the

market

• Defined as revenuse minus costs (only consider arbitrage value here)

PH… High price of electricity on the market (EUR/kWh)

PL…  Low price of electricity on the market (EUR/kWh)

Cgf… Costs of grid fee

Dt …  Demand of energy (kWh) 

ƞ…    Storage efficiency 

IC …. Investment costs of a storage (EUR) 

C.R.F….Capital recovery factor (1/year)

COM …  Costs of operation & maintenance of the storage (EUR/year)

• Introduction of a grid fee at 1.5 cent/kWh
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max Π𝑡 = σ𝑅𝑡 − 𝐶𝑡 = σ(𝑃𝐻𝑡− 𝐶𝑔𝑓𝑡) ∙ 𝐷𝑡 − (𝑃𝐿𝑡+ 𝐶𝑔𝑓𝑡) ∙
𝐷𝑡

ƞ𝑡
− 𝐼𝐶0 ∙ 𝐶. 𝑅. 𝐹. −𝐶𝑂𝑀𝑡

= 0 (2)



Example for the case of PHS

• Production costs and 

revenues are largely 

depending on the full-

load hours (FLH) per 

year 

• Overall profit at 2,000 

FLH
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Problems

• Each additional installed storage capacity reduces the FLH hence the

profit

• Arbitrage profits are also reduced as with each additional installed

storage capacity the required peak load is reduced and also the price

difference

• (unless RES capacities are added to the same extent, or supply 

curve is not convex – s-shaped by marked design with high negative 

prices, might increase the price level) 

• PHS: Potential is limited by the availability of sites; most

topographical optimal sites are already taken (higher construction 

costs and permission processes); use of exhaust coal/lignite mines 

as water reservoirs (high costs)
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Conclusions

• Seasonal storage will be required in an energy system with high 

shares of fluctuating renewables 

• Storage will be included in the RES model to define scenarios with 

different storage amounts

• FLH have the biggest impact on storage costs

• The issue of grid fees has to be dealt with also in view of lower 

possible arbitrage profit
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Thank you for your attention! 

Contact: 

Marlene Sayer

Technische Universität Wien 

Institut für Energiesysteme und Elektrische Antriebe | Energy Economics Group (EEG)

Tel: +43(0)-1-58801-370333

Web: http://eeg.tuwien.ac.at/

E-Mail: sayer@eeg.tuwien.ac.at
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