
Accepted Manuscript

Thermodynamic Analysis of a High Temperature Hybrid Compressed Air Energy 
Storage (HTH-CAES) System

Sammy Houssainy, Mohammad Janbozorgi, Peggy Ip, Pirouz Kavehpour

PII: S0960-1481(17)30900-X

DOI: 10.1016/j.renene.2017.09.038

Reference: RENE 9236

To appear in: Renewable Energy

Received Date: 29 March 2017

Revised Date: 21 August 2017

Accepted Date: 11 September 2017

Please cite this article as: Sammy Houssainy, Mohammad Janbozorgi, Peggy Ip, Pirouz 
Kavehpour, Thermodynamic Analysis of a High Temperature Hybrid Compressed Air Energy 
Storage (HTH-CAES) System,  (2017), doi: 10.1016/j.renene.2017.09.038Renewable Energy

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to 
our customers we are providing this early version of the manuscript. The manuscript will undergo 
copyediting, typesetting, and review of the resulting proof before it is published in its final form. 
Please note that during the production process errors may be discovered which could affect the 
content, and all legal disclaimers that apply to the journal pertain.



ACCEPTED MANUSCRIPT

1

1 Thermodynamic Analysis of a High Temperature Hybrid Compressed Air Energy Storage 
2 (HTH-CAES) System
3
4 Sammy Houssainy*, Mohammad Janbozorgi**, Peggy Ip***, Pirouz Kavehpour****

5 Mechanical and Aerospace Engineering Department, University of California, Los Angeles, CA
6 46-147A Engineering IV, Los Angeles, CA 90095-1597, USA
7
8 * Corresponding Author: Email Address: sammyhoussainy@ucla.edu
9 ** Email Address: mjanbozorgi@gmail.com

10 *** Email Address: peggypip@ucla.edu 
11 ****Email Address: pirouz@seas.ucla.edu
12
13 Highlights
14 • A novel hybrid thermal and compressed air energy storage design is presented.
15 • An asymptotic isentropic condition in an adiabatic cavern is reported.
16 • An optimum operating pressure leading to maximum roundtrip efficiency is reported. 
17 • Realistic isentropic component efficiencies and throttling losses were considered. 
18 • A hybrid design is more efficient & energy dense than an advanced adiabatic design.
19
20 Abstract
21 The integration of energy storage with renewable sources is imperative as it mitigates the 
22 intermittency of the available energy. A novel high temperature hybrid compressed air energy 
23 storage (HTH-CAES) system design is presented as a viable solution, which has the benefit of 
24 eliminating the necessary combustion and emissions in conventional CAES plants. The hybrid 
25 configuration incorporates two stages of heating through separate low-temperature and high 
26 temperature thermal energy storage units. A thermodynamic analysis of the HTH-CAES system 
27 is presented along with parametric studies, which illustrate the importance of the operating 
28 pressure and thermal storage temperature on the performance of the storage system. Realistic 
29 isentropic component efficiencies and throttling losses were considered. Additionally, two 
30 extreme cavern conditions were analyzed and the cyclic behavior of an adiabatic cavern was 
31 investigated. An optimum operating pressure resulting in maximum roundtrip storage efficiency 
32 of the hybrid storage system is reported. The hybrid system was found to be more efficient and 
33 energy dense as compared with an advanced adiabatic design of the same power output.
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42
43 1. Introduction
44 Increasing the presence of renewable sources in the energy mix is challenging, as renewable 
45 generation is intermittent by nature. The mismatch between production and the user demand 
46 throughout the day can diminish the economic value of renewable sources, making them less 
47 competitive compared to fossil fuels. The gap between renewable energy supply and demand has 
48 led to the emergence of storage as a crucial element in the management of energy and is one of 
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