
Optimization for ice-storage air-conditioning system using particle
swarm algorithm

Wen-Shing Lee *, Yi –Ting Chen, Ting-Hau Wu
Department of Energy and Refrigerating Air-Conditioning Engineering, National Taipei University of Technology, 1, Sec. 3, Chung-hsiao E. Rd., Taipei, Taiwan, ROC

a r t i c l e i n f o

Article history:
Received 6 August 2008
Received in revised form 15 December 2008
Accepted 20 December 2008
Available online 12 February 2009

Keywords:
Ice-storage air-conditioning system
Particle swarm algorithm
Optimum

a b s t r a c t

Ice-storage air-conditioning system, while known for its advantage of shifting power consumption at
peak hours during the day to the nighttime, can increase both energy consumption and CO2 emission.
The study adopts particle swarm algorithm to facilitate optimization of ice-storage air-conditioning sys-
tems and to develop optimal operating strategies, using minimal life cycle cost as the objective function.
Increase in power consumption and CO2 emission triggered by the use of ice-storage air-conditioning sys-
tem is also examined and analyzed. Case study is based on a typical air-conditioning system in an office
building. Results indicate that, with proper parameters, particle swarm algorithm can be effectively
applied to the optimization of ice-storage air-conditioning system. In addition, optimal capacity of the
ice-storage tank can be obtained. However, the volume of power consumption and CO2 emission rises
with the increase in ice-storage tank capacity. Consideration of additional costs of power consumption
like carbon tax can therefore lead to changes in the optimal system configuration.

� 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Air-conditioning systems account for more than 30% of the
summertime power consumption in Taiwan [1] and remain a ma-
jor cause of the increase in peak load. Use of ice-storage air-condi-
tioning systems to take advantage of off-peak electricity rate is
accordingly introduced as an effective measure for reducing the
peak load demanded by air-conditioning systems. However, while
capable of shifting power consumption at peak hours during the
day to the nighttime, the use of ice-storage air-conditioning system
can lead to substantial increases in power consumption [2]. How to
strike a fine balance between power consumption and economic
benefit thus becomes a critical issue in the design and optimization
of ice-storage air-conditioning system.

Most of the previous studies on the optimization of ice-storage
air-conditioning system are guided by a concern for operating costs
and economic benefits, without giving much attention to the im-
pacts increased power consumption may cause. For example, Chen
et al. [1] optimized an ice-storage air-conditioning system using dy-
namic programming algorithm while taking into consideration
both life cycle cost and payback period. Dorgan and Elleson [3] pre-
sented a comprehensive description of the ice-storage system and
proposed design guide and economic analysis method. King and
Potter [4] developed a steady-state cooling plant model to assess
the effect of control strategy on the operating cost of the plant.

Liu and Wang [5] designed an optimal scheme for ice-storage air-
conditioning system aiming at minimizing operating costs and
shortening the payback period. Henze et al. [6] developed a simula-
tion model to calculate and compare energy usage in different con-
trol strategies, such as chiller-priority, constant-proportion,
storage-priority control and optimum strategy. Ashok and Banerjee
[7] investigated the optimal cool storage capacity for load manage-
ment. The results of a case study showed that peak demand may be
reduced 38% by adopting the optimal chilled water storage strategy
under time of use tariff. Chan et al. [8] used DOE-2 and TRNSYS sim-
ulation software to evaluate a district cooling plant with ice-stor-
age. They presented that in a specific case study, the district
cooling plant with about 40% ice-storage capacity and chiller-prior-
ity control sequence can provide better energy performance.

In an effort to amend the failure of previous studies to address
the issues of increased power consumption, this paper proposes to
approach the optimization of ice-storage air-conditioning system
with the particle swarm algorithm that has been introduced as
an efficient method of solving continuous parameter optimization
problems [9,10] and applied in the energy management system for
factories [11] and optimum design of thermal system [12].

The study uses minimal life cycle cost as the objective function
and adopts the particle swarm algorithm not only to achieve the
optimization of cold-storage air-conditioning systems, but also to
analyze the increase in power consumption and CO2 emission
and its potential influences on the optimization. The approach is
applied to a typical air-conditioning system in an office building
as a case study to explore related parameters, and the results of
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optimization are consulted as the basis to examine the impacts of
the increase in power consumption and CO2 emission on the
optimization.

2. System description

As illustrated by Fig. 1 [1], an ice-storage air-conditioning sys-
tem is composed of an ice chiller, cooling tower, ice-storage tank,

pump and other auxiliary equipment with the ice chiller being
the main source of power consumption.

Based on the characteristics and the specifications of the ice
chiller, the ice-storage tank and the other equipment, the paper
builds the mathematical models for these equipment and uses
these models for optimization calculation.

3. Method

3.1. Power consumption of chiller and auxiliary equipment

The paper uses the mathematical models developed by King
and Potter [4] for the components of an ice-storage system to mod-
el the operation and performance of the main ice chiller.

3.1.1. Modeling chiller performance
The chiller capacity and power consumption listed in the man-

ufacturer’s documents are termed, respectively, nominal cooling
capacity and nominal power consumption under standard operat-
ing condition and full-load state.

While the ambient temperature or cooling load changes, the
chiller may not be operated under the standard operating condi-
tions. Thus, its performance under non-standard operating condi-
tions and partial load should be factored in as well. Power
consumption of the chiller can be measured using the following
equations. First of all

Teq ¼ Tcon;rtn � Tcon;nom

Z
� ðTch;out � Tch;nomÞ ð1Þ

where Tch,nom is the nominal chilled water supply temperature,
Tcon,nom is the nominal cooling water return temperature, Tch,out is
the chilled water supply temperature from evaporator, Tcon,rtn is
the condenser water return temperature and Teq is calculated to
quantify the departure of actual operating temperatures from
nominal values.

Z ¼ Tcon � Tcon;nom

Tch;out � Tch;nom
ð2Þ

Nomenclature

Qc chiller load (tons)
Qc,ncap nominal chiller capacity (tons)
Tcon,rtn condenser water return temperature (�C)
Tcon,nom nominal cooling water return temperature (�C)
Tch,out chiller water supply temperature (�C)
Tch,nom nominal chiller water supply temperature (�C)
Teq departure of actual operating temperatures from nomi-

nal values (�C)
Z temperature change ratio of the nominal chiller capacity
Rcav full-load capacity ratio
G full-load power ratio
PLR part load ratio
NFLPR nominal full-load power ratio (1/COPR in kW/ton)
FFL fraction of full-load power
Chpow chiller power consumption (kW)
Ptwr cooling tower power consumption (kW)
twrld cooling tower load (kW)
Ppump pump power (kW)
E life cycle cost (US$)
Ep energy cost in the first year of operation (US$)
Es initial equipment cost (US$)
Pmax maximum power demand (kW)
RD demand rate (US$)

Pk electricity power during the time stage k (kW)
Ek electricity rate (US$)
Dt time interval
Mchi equipment cost of chillers (US$)
Mit equipment cost of ice tanks (US$)
Mct equipment cost of cooling towers (US$)
Mpm equipment cost of pumps (US$)
Mpow cost for power capacity application (US$)
PWEF present worth escalation factor
AER annual escalation rate (%)
AIR annual interest rate (%)
Qk charge rate of chiller (tons)
Sk charge rate of ice-storage (tons)
Mk maximum discharge of ice-storage (tons)
Lk cooling load (tons)
vi velocity of particle i
w inertial weight c1 acceleration constant
c2 acceleration constant
r1 random functions (range [0,1])
r2 random functions (range [0,1])
xi current position of particle i
yi personal best position of particle i
yg best position of all the particles found at present

Fig. 1. Ice-storage air-conditioning system [1].
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