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Abstract

Since the liberalization of electricity markets power prices are considered as highly volatile. Thus investment in new 
power plants is exposed to higher risks. Traditional capital budgeting methods lack the integration of flexibility. This 
can be overcome by applying real options analysis. In the context of an increasing electricity production by highly 
volatile renewable power plants, new solutions need to be found to ensure security of supply and to accommodate
intermittent generation. Energy storage is seen as a possible solution. The Compressed Air Energy Storage (CAES) 
technology provides many key features that are relevant to deal with arising problems by renewables. Lately an 
advanced adiabatic version with higher roundtrip efficiencies has been discussed. However, high capital expenditures 
limit the economically viable implementation. As conventional CAES uses natural gas for production, it is exposed to 
price fluctuations on two markets. Depending on the configuration of component sizes, CAES storage units can be 
used for different purposes. A price model is set up to produce, in combination with the application of a Monte Carlo 
simulation, possible future price paths for power, natural gas and demand rate for minute reserve. Based on these 
price paths costs and revenues for different CAES applications are calculated. For the economic evaluation three 
different configurations are considered for both diabatic and adiabatic CAES. Investment in a diabatic CAES used for 
load-leveling purposes is found to be the most economical option.
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1. Introduction

Since the introduction of the Renewable Energies Act in Germany (the EEG), power generation from 
renewable energy sources (RES) has grown enormously. However, electricity production from RES is 
driven by volatile weather conditions rather than actual energy demand. Energy storage, besides 
alternative options such as grid expansion, more flexible power plants or demand response, is discussed 
as one possible solution to maintain the balancing of electricity demand and supply at any point in time 
[1].

Nomenclature

DR Demand rate (positive/negative)
HR Heat rate 

Rate of adjustment (back to the mean value of the price)
L Mean value of the simulated price
P Price of electricity/natural gas
PRcom Power rating compressor
PRtur Power rating turbine
OCspot Operating cost spot market
ORres Operating revenue reserve market
ORspot Operating revenue spot market

Volatility of simulated prices
t Charging/discharging time of the storage unit
dZ Wiener process

In this context, despite its rather low roundtrip efficiency of only 54%, Compressed Air Energy Storage 
(CAES) is a mature storage technology that is able to cope with that challenge [2]. The adiabatic CAES 
does not rely on adding natural gas during the generation stage, but instead uses the heat that arises during 
the compression phase. With no other fuel input adiabatic CAES achieves roundtrip efficiencies of up to 
70% [3]. However, apart from attractive technical features the deployment of the CAES technology also 
depends on its economic viability. The price spread between low-cost off-peak hours and high-priced on 
peak hours can be used for gaining profits from temporal arbitrage. In general, a CAES system is
composed of three major elements: (1) a compressor unit, (2) a generation unit, and (3) a storage unit. 
These units can be dimensioned as needed, and thus the power output per unit of time as well as the 
duration of a full cycle can be designed flexibly [4]. This allows for different operational purposes. The 
so-called load-leveling operation shifts demand from daytime to nighttime. Thereby the storage is 
charged at night and discharged during the day. In contrast, in peak-shaving mode only the highest daily 
price spreads between single hours that occur are utilized, enabling to exploit the maximal arbitrage
potential.

Since the liberalization of electricity markets and the privatization of production utilities, the power 
markets are opened to competition on both the producer and the consumer side. The installation of energy 
exchanges brought significant changes to the formation of electricity prices. Today, electricity is traded on 
the spot market, where demand and supply determine the price for each hour. Hourly prices became 
highly volatile and the future price development is hard to predict. Investment decisions in the energy 
sector thus have to be undertaken under uncertain electricity price development, thus exposing 
irreversible, capital-intensive investments in a CAES power plant to risk [5]. Since an investment in 
energy storage is not an obligation but an option to an investor, value arises from the possibility to gain 
information on market development by postponing investment. The investment decision is subject to 
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