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Abstract

Water-cooled air-condisioning systems (WACS) are, in general, more energy efficient than air-cooled air-conditioning systems (AACS).
The Laws of Hong Kong prohibit the use of fresh water from town mains for comfort air-conditioning, which rules out the use of cooling
towers to most air-conditioned buildings. In the absence of lakes or major rivers in Hong Kong, only those buildings that are situated near
the harbor can adopt WACS. As a measure to cut down greenhouse gases emissions, the Hong Kong Government is currently exploring the
feasibility and viability of widening the use of WACS by the provision of centralized, district-wide water supply systems, which include
seawater supply systems for once-through condenser cooling or for making up of water losses at cooling towers, and district cooling
systems. Evaluation of the likely energy, economic and environmental benefits of such capital-intensive infrastructure developments
requires estimation of the simultaneous cooling demand of a large group of buildings on a district scale, and the energy use for air-
conditioning such buildings. This paper describes the method used in these estimations. Comparisons of the results estimated by this
method with results obtained by detailed simulation, and with building energy use data obtained from surveys and audits are presented.
© 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Being intensive electricity consumers, buildings world-
wide share a substantial responsibility for the consumption
of nonrenewable’energy resources and the greenhouse gases
emissions consequent to electricity generation. For modern
cities in the tropical and sub-tropical regions, air-condition-
ing systems are the dominant electrical loads in buildings. In
such cities, improving the efficiency of using electricity for
air-conditioning in buildings is, therefore, a key measure for
conservation of energy resources and protection of the
environment.

Water-cooled air-conditioning systems (WACS) are, in
general, more energy efficient than air-cooled air-condition-
ing systems (AACS). In consideration of the long-term
saving in energy cost, many buildings in Hong Kong
that are situated near the harbor and have pump house(s)
at the seashore available for their use are already using
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WACS. For buildings that are remote from the harbor,
WACS could still be adopted in conjunction with using
cooling towers. The water supply needed for replenishing
the water losses at cooling towers would be 1-3% of the
condenser water flow rate only, which could be coped with
by the town mains for potable water supply. Unfortunately,
the Laws of Hong Kong [1] prohibit the use of fresh water
from the town mains for comfort air-conditioning, as fresh
water is regarded as a scarce resource. Consequently, the
majority of buildings in Hong Kong are restricted to AACS.
Such a restriction is uncommon amongst modern cities
worldwide.

In view of the substantial reduction in electricity con-
sumption that can be made possible through facilitating
buildings that are currently restricted to using AACS to
adopt or convert to WACS, the Hong Kong Government is
exploring the feasibility of widening application of WACS in
Hong Kong [2]. This would require the development of
centralized systems for supplying seawater to buildings for
the purpose of heat rejection, or chilled water that can be
used directly for air-conditioning. The schemes being inves-
tigated include the following:
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1. Centralized piped seawater supply for condenser cooling
(CPSSCCQ).

2. Centralized piped seawater supply for cooling towers
(CPSSCT).

3. District cooling systems (DCS).

A CPSSCC system wili comprise a centralized seawater
pumping station and a supply and return piping network for
distribution of seawater to the connected buildings for once-
through condenser cooling, and for the used seawater to
retuin to theharbor. A CPSSCT system s similar toa CPSSCC
system, but the flow rate to be delivered will be much smaller
and there is no need for a return pipe, as the majority of the
seawater will be lost at the cooling towers, and the relatively
small amount of water bled-off from cooling towers for
water quality control can be disposed off through the public
sewers. Consideration is also being given to allowing build-
ings to use fresh water from the town mains for making up
of cooling tower water losses, but this scheme can be imple-
mented only in those districts that have water supply systems
capable of coping with the additional water demand.

A DCS is a centralized plant that supplies chilled water to
a group of buildings. When connected to a DCS, a building
will no longer require a major chiller plant of its own, but
will still require a pumping system for circulation of the
chilled water to the airside equipment. A DCS is able to take
advantage of the diversity in cooling demands amongst the
connected buildings, and can be run more efficiently, parti-
cularly during the light load periods (e.g. between late night
and early morning in cool winter days).

There is no evidence that CPSSCC systems have been
widely used on a large scale in any major cities. CPSSCT
systems that are dedicated for air-conditioning purposes
would also be rare, since few places would have the restric-
tion on the use of potable water supply for making up of
cooling tower water losses. However, district heating and
cooling systems have already been widely used for decades
in many countries, particularly in North America, Europe
and Japan, for providing steam, hot water and/or chilled
water to buildings. More recently, DCS plants can also be
found in Southeast Asian countries such as Singapore and
Malaysia.

Combining a DCS with plants that provide other energy
services, such as heating and electricity, can further increase
the overall efficiency of providing the energy services. It has
been claimed that, through district cogeneration systems,
efficiencies can be boosted to 70-80%, whilst conventional
power plants have an average efficiency of about 30% only
[3]. Encouraging investments in cogeneration plants, how-
ever, would require deregulation of electricity supply [4],
but this will remain impossible in the near future in Hong
Kong, albeit the power companies that have the monopoly to
generate and sell electricity could also be the providers of
cooling service for buildings.

The centralized systems under consideration for
implementation in Hong Kong, especially the CPSSCC

and DCS schemes, are capital-intensiveinfrasiructure devel-
opments. Detailed studies are therefore required prior tc
making implementation decisions. The range of studies
should embrace comparisons of the energy, economic anc
environmental benefits of each of the schemes, and the
capital investment and the degree of difficulty that will be
involved in the implementation. Greater difficulties art
anticipated in the implementation of the CPSSCC anc
DCS schemes in developed districts, but much less so i
new districts, as there will be muchlessinterruption from the
engineering work and will not involve replacement o
equipment in existing buildings. The marketability an
potential of attracting private investments, the scale an
stages of implementation etc. will also need to be carefull’
assessed.

2. Comparison of air-conditioning electricity consump
tion of existing buildings using AACS and WACS

In order to obtain an indication of the energy saving th:
would be achievable by converting AACS in buildings t
WACS, the electricity consumption data of 23 existin
office/commercial buildings and 16 existing hotels in Hon
Kong were analyzed and compared. These data were co
lected in recent energy surveys and audit studies [5,6]. Th
electricity consumption data shown in Table 1 are th
landlords’ electricity consumption of the surveyed offic
commercial buildings, whilst those summarized in Table
are the annual air-conditioning energy consumption of tt
audited hotels.

The landlord’s consumption refers to the total electricil
consumption of central services systems in a building, whic
includes air-conditioning and mechanical ventilation sy
tems, lighting installations in public areas, vertical tran
portation systems, plumbing and drainage systems, ar
various other systems connected to the landlord’s electric
power system. Tenants in a building are supplied wi
electricity through feeders that are separate from tho:
for the landlord’s services and their consumption is indiv
dually metered by the power company, and are in generaln
available for audits.

The annual electricity consumption data summarized
Tables 1 and 2 have been normalized by the gross floor are
(GFA’s) of the respective buildings, and are referred to
energy use intensity (EUI) or air-conditioning energy u
intensity (A/C EUI). The “‘mean’’ values shown in Table
are the area-weighted mean electricity consumption of t
landlord’s services amongst the surveyed office/commerc:
buildings.

It can be seen from Tables 1 and 2 that even though t
same heat rejection medium is used, the electricity cc
sumption for air-conditioning can vary- largely from o
building to another. Such variations could arise from t
differences in the building envelope designs, maintain
indoor conditions and ventilation rates, hours of operatic
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Table 1
Characteristics and the landlord’s EUI of 23 office/commercial buildings in Hong Kong*
Description No. of buildings R
Minimum Maximum Mean Total
(A) Buildings with AACS e
(1) Direct air-cooled — 10
Area per floor in office tower (mz) 213 2110 1200
Total GFA in office tower (m?) 4050 10200 29800 298000
Area per floor in podium (m?) 0 5530 1830
Total GFA in podium (m?) 0 33200 11900 54300
Total GFA of building (m?) 5270 105000 35200 352000
Landlord’s EUT (kW h/m?) 110 250 206
(2) Indirect air-cooled — 2
Area per floor in office tower (m?) 1180 1710 1530
Total GFA in office tower (m?) 50800 145000 98000 196000
Area per floor in podium (m?) 1300 6890 4740
Total GFA in podium (m?) 13000 110000 61600 123000
Total GFA (m?) 63800 256000 160000 319000
Landlord’s EUI (kW h/m?) 195 315 219
(3) All buildings with AACS — 12
Area per floor in office tower (n?) 213 2110 1310
Total GFA in office tower (m?) 4050 145000 41100 494000
Area per floor in podium (m?) 0 6890 3190
Total GFA in podium (m?) 0 110000 20200 178000
Total GFA (m?) 5270 256000 56000 672000
Landlord’s EUI (kW h/m?) 110 315 212
(B) Buildings with WACS
(1) Indirect SW cooled with cooling towers — 17
Area per floor in office tower (m?) 469 3450 1860
Total GFA in office tower (m?) 7500 122000 59400 416000
Area per floor in podium (m?) 750 5100 2230
Total GFA in podium (m?) 2250 20400 8930 62300
Total GFA (m®) 9750 138000 68300 478000
Landlord’s EUI (kW h/m?) 134 316 177
(2) Indirect SW cooled with heat exchangers — 4
Area per floor in office tower (m?) 975 2210 1440
Total GFA in office tower (mz) 21200 39600 28500 114000
Area per floor in podium (m?) 1730 2920 2430
Total GFA in podium (m?) 3690 14600 9700 38900
Total GFA (m?) 34900 46500 38200 153000
Landlord’s EUI (kW h/m?) 182 249 211
(3) All buildings with WACS — 11
Area per floor in office tower (m?) 469 3450 1750
Total GFA in office tower (m?) 7500 122000 48200 530000
Area per floor in podium (mz) 750 5100 2300
Total GFA in podium (m?) 3690 20400 57400 1010y,
Total GFA (m?) 9750 138000 57400 631000
Landlord’s EUI (kW h/m?) 134 316 185

? Energy use intensity (EUI) means the annual electricity consumption per square meter of the floor area in the building; GFA means gross floor ;;c;

intensity of internal loads and occupancy densities in the
different types of premises in the buildings, and in the
efficiency of the air-conditioning systems. Nonetheless, it
can be seen that there is a significant difference in the mean
EUI values between buildings that are equipped with AACS
and WACS. For office/commercial buildings, the difference
in the average landlord EUI is 27 kW h/m* (=212-185,
Table 1), and for hotels, the difference in the average A/
C EUI is 49 kW h/m? (=217-168, Table 2).

The differences in electricity consumption are quite sy
stantial and may be regarded as the “average” saving th,
would be achievabie by using WACS in lieu of AACS, fora
group of office/commercial and hotel buildings, implemeg,
ted on an individual building basis. Even greater saving
be expected if a DCS is employed to provide chilled wag,
for a group of buildings. The difference for hotels is larg,
because their air-conditioning systems are continuously
operated, whereas systems are only intermittently operaty
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Table 2
Characteristics and A/C EUI of 16 hotel buildings in Hong Kong"

Description No. of hotels
Minimum Maximum Mean Total
(A) Hotels with AACS” — 6
Grade (no. of stars) 3 5 3.8
Year built 1988 1993 1990
No. of guest rooms 216 500 372 2232
No. of restaurants 1 6 2.5 15
Total GFA of building (m? 12900 32600 21400 129000
Annual energy consumption per m> (MJ/m?) 1570 2950 2100
EUI (KW h/m?) 320 439 384
A/C EUI (kW h/m>) 166 257 217
(B) Hotels with WACS® — 10
Grade (no. of stars) 4 5 4.7
Year built 1969 1994 1983
No. of guest rooms 450 862 591 5909
No. of restaurants 1 8 5.5 55
Total GFA of building (m?) 28800 66900 44800 448000
Annual energy consumption per m?> (MJ/m?) 1538 3371 1980
EUI (kW h/m?) 250 844 412
AJC EUI (kW h/m®) 128 231 168
(C) All hotels in the sample® — 16
Grade (no. of stars) 3 5 4.4
Year built 1969 1994 1986
No. of guest rooms 216 862 509 8141
No. of restaurants 1 8 4.4 70
Total GFA of building (m?) 12900 66900 36000 577000
Annual energy consumption per m> (MJ/m?) 1070 3370 2030
EUI (kW h/m?) 250 844 406
A/C EUI (kW h/m?) 128 257 177

* A/C means air-conditioning; energy use intensity (EUI) means the annual electricity consumption per square meter of the floor area in the building;

GFA means gross floor area.

b Envelope design: (A) curtain wall — 1, window wall — 5; (B) curtain wall — 6, window wall — 4; (C) curtain wall — 7, window wall — 9.

in office/commercial buildings. Also, many hotels in the
sample use direct seawater-cooled chiller plants, which are
more energy efficient than the indirect seawater-cooled
plants and plants with seawater cooling towers that are more
commonly used in the surveyed office/commercial buildings
(Table 1).

These results are prima facie evidence that promoting
wider use of WACS would be very effective in reducing
electricity use for air-conditioning buildings in Hong Kong.

3. Cooling load prediction methods

Detailed evaluation of the energy, economic and environ-
mental benefits that could be realized by adopting each of
the WACS scheme options requires the ability to predict the
simultaneous cooling load of a variety of buildings on a
“district”” scale. Such buildings would comprise a mix of
uses, such as offices, retail shops, restaurants and hotel
guestrooms. Both the simultaneous design peak cooling
load and the simultaneous realistic cooling load of the
buildings in a district need to be predicted. The design
cooling load prediction would be needed to determine the

capacity required of the central cooling water supply system
or the district cooling system, which would ensure that the
plant capacity so sized would be sufficient to cope with the
cooling demand for a sufficiently high confidence level
(97.5% in the cooling months is recommended by American
Society of Heating, Refrigeration and Air Conditioning
Engineer (ASHRAE) [7]). The realistic cooling load
predictions would allow the simultaneous demands for
electricity and for condenser cooling water or chilled
water, at different times in the year, to be estimated. The
relative benefits of the WACS scheme options can then be
assessed.

Three simulation programs, namely HKDLC (8], HTB2
[9] and BECON [10], were used as prediction tools in this
study. HKDLC is a design cooling load calculation program,
whereas HTB2 is a detailed building heat transfer simulation
program that can predict the realistic cooling loads of a
building at different times of the year. BECON is an air-
conditioning system simulation program, which can predict
the hourly power consumption of air-conditioning equip-
ment on the basis of the cooling loads predicted by HTB2.
More detailed descriptions of these programs are given in
Appendix A.

e
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Although HKDLC, HTB2 and BECON could be used
repeatedly to generate cooling load and air-conditioning
electricity consumption predictions for a large number of
buildings, their use would require the preparation of rather
detailed input data for adequately describing the buildings
and the air-conditioning systems. Given the large number of
buildings that would be involved in studying the perfor-
mance of district-wide systems, the time and effort required
for preparing the input files and to perform the simulation
work are prohibitive. Therefore, a simplified method has
been developed for faster determination of the profiles of
design and realistic cooling loads, and the air-conditioning
electricity consumption in buildings.

3.1. Cooling load profile models

The approach adopted was to establish a design and a
realistic cooling load profile model for each major type of
premises that can be found in typical air-conditioned build-
ings. Since offices, retail shops, restaurants and hotel guest-
rooms are the major types of premises in buildings in a
commercial district, models were established for each of
these premises, which were based on detailed simulation
predictions using HKDLC and HTB2. In order to make the
models applicable to premises of different floor areas, the
predicted cooling loads were normalized into intensities of
cooling loads per square meter of the GFA of the premises.
Having established these cooling load profile models, the
cooling load of an office/commercial building complex can
be estimated from the office, retail shop and restaurant
models. Likewise, the guestroom, retail shop and restaurant
models will allow the cooling load of a hotel to be estimated.
The method is expressed mathematically as follows:

Op(f) = Z go,i(D)Aik ey
i=1,2,3,4
Ok(t) = qi(DAik )
i=1234

where Op () is the design cooling load of building k at
time ¢ (a given month and hour in the day) (kW), gp ()
the normalized design cooling load of type i premises at
time ¢ (kW/m?), Qx(?) the cooling load of building k at time
t (a particular hour among the 8760h in a year) (kW),
q:(t) the normalized cooling load of type i premises at time
t (kW/m?), and where A;, is the area of type i premises
in building & (m?).

As shown in Egs. (1) and (2), each cooling load profile
model (gp,(?) or g,(¢)) comprises a #ime series of the year-
round hourly cooling load intensities of a specific type of
premises. This is an essential feature to allow the cooling
load variation patterns of different types of premises to be
taken into account in the determination of the simultaneous
cooling load of a building.

The simultaneous design cooling load (Qp ioa(f)) and
realistic cooling load (Qoai(?)) of a group of buildings at a

particular time in the year can be determined as follows:

Op o (?) =Y _Opil?) 3)
k

Qtotal(t) = ZQk(t) (4)
k

From the hourly results, the simultaneous peak cooling load
on a district cooling system can also be determined.

In order that the models would be able to provide good
predictions for a large number of buildings, the cooling load
intensity data in the models should be representative of the
“average” cooling load intensities of the corresponding
types of premises in buildings in Hong Kong.

3.2. Office premises

The survey on the 23 office/commercial buildings (sum-
marized in Table 1) did not aim at obtaining comprehensive
information about their building construction, Wwhich
restricted the use of these buildings in detailed cooling load
simulation studies. Instead, the design and realistic cooling
load profile models for office premises were established
based on the office towers of six existing office/commercial
buildings, five new building designs and one hypothetical
office tower design, of which the required data were avail-
able. Characteristics of the 12 buildings and the internal load
criteria adopted in the simulation studies are summarized in
Table 3. The cooling load profiles were developed from the
sum of concurrent cooling loads of the 12 buildings, as
predicted by HKDLC and HTB2, and normalized by the
total GFA of these buildings.

The patterns of occupancy and lighting Joads used in the
simulation study are summarized in Table 4, in fractions of
their design intensities. Appliance loads in office buildings,
however, were assumed to remain at 25 W/m? during the
occupied hours. The lighting load intensities shown in
Table 3 are actual figures used in designing air-conditioning
systems for the buildings. The average design lighting load
ihtensity of these 12 office buildings is 20.1 W/m?.

It was found in a recent energy end-use survey [11] that
lighting energy use in offices in Hong Kong amounted to
1906 TJ in 1994. The size of this building segment was
6,895,000 m?. This reported energy use figure however
includes energy use of lighting installations both inside
and outside air-conditioned office spaces, such as lighting
in staircases, lift lobbies, toilets, etc. Thecalculated average
figure of 20.1 W/m? would lead to an annual electricity
consumption of 1738 TJ for the same total area of offices as
in 1994 over a year-round total of 3484 operating hours of
(the total hours of operation in a year used in the simulation).
This accounts for 91% of the total energy use for lighting in
the office building segment in 1994, which is considered a
reasonable figure for lighting installations inside air-condi-
tioned office spaces. Therefore, the average value of the
design lighting load intensities of the |2 office buildings




Table 3
Summary of characteristics of office towers"

Building

A B C D E F G (model) H 1 J K L
GFA (m?) 61600 34300 23500 1904 36860 70140 51840 48960 21000 55480 61440 32160
Aspect R 1.6 1.5 14 1 4.4 1.1 1 1.1 1.8 15 1.6 1.5
Major exp NE, SW N E, W SE w N and S N,E,SandW E W W N, S N, S N and W
WWR 0.16 0.8 0.49 0.4 0.53 0.7 0.5 0.58 0.18 0.35 0.29 0.42
Wall U (W/m* K) 14 2.8 0.2 19 2.2 0.5 0.9 0.7 12 0.6 0.7 0.4
Roof U (W/m® K) 0.7 0.5 0.5 0.7 3.5 1 0.5 0.4 N/A N/A 0.35 0.58
Glass U (W/m? K) 2.7 53 5.5 3.1 53 49 5.4 53 5.1 5.3 5.3 52
Glass SC 0.45 0.5 0.25 0.63 0.53 0.73 0.45 0.2 0.3 0.34 0.22 0.24
OTTV (W/m?) 11.8 38.8 18.1 15.5 39.1 75.2 34.7 20.7 15.8 19.2 17.8 15.7
Indoor T (°C) 25.5 23 24 23 24 235 25.5 24 255 25 24 24
Indoor RH (%) 54 55 55 55 55 55 54 55 55 54 55 55
Occup (m? per person) 14 9 9 9 9 142 9 9.4 9 59 8 9
Lighting (W/m?) 16 25 24 25 18 14 25 21.3 25 21.6 25 25
Appliance (W/m?) 25 25 25 25 25 25 25 25 25 25 25 25
V. rate (I/s per person) 14.2 134 7 8 5.1 12 10 6.7 10 6.3 6.5 10
Inf. Rate (ACH) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
HRM DSWC InDSWC DSWCCT  Aircool Aircool InDSWC Aircool Aircool Aircool InDSWC DSWC DSWCCT
Ccor 4.1 5.1 4.6 25 2.4 4 2.8 2.6 29 4.1 52 4.8
Airside S fcu vav vav cav vav cav + vav vav vav vav vav vav vay

* GFA: gross floor area; Occup: occupancy; DSWC: direct seawater cooled; Aspect R: aspect ratio of floor plan; Lighting: lighting load intensity; InDSWC: indirect seawater cooled; Major exp: major
exposure; Appliance: appliance load intensity; DSWCCT: DSWC with cooling tower; WWR: window to wall area ratio; V. rate: ventilation rate; Aircool: air cooled; Wall U: average U-value of wall; Inf. rate:
infiltration rate; fcu: fan coil unit system; Roof U: average U-value of roof; HRM: heat rejection method; cav: constant air volume system; Glass U: U-value of glass; COP: rated cop of chiller; vav: variable air
volume system; Glass SC: shading coefficient of glass; Airside S: air-side system design; cav + vav: dual conduit system; OTTV: overall thermal transfer value; ACH: air change per hour; Indoor T: indoor dry-
bulb temperature; Indoor RH: indoor relative humidity.
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Table 4
Occupation, lighting load profiles and fresh air supply system operating schedule for office premises
Day in the week Hour Occupancy Lighting (perimeter) Lighun > -
— 2 (interior) Fresh air supply
Weekdays 1-7 0 0.05 005 ~———
7-8 0.05 0.1 0.1 Off
8-9 0.4 0.5 0.5 off
9-10 0.95 0.9 1 On
10-11 0.95 0.9 1 On
11-12 0.95 0.9 1 On
12-13 0.95 0.9 1 On
13-14 0.95 0.8 0.9 On
14-15 0.95 0.9 1 On
15-16 0.95 0.9 1 On
16-17 0.95 0.9 1 On
17-18 0.5 0.8 0.8 On
18-19 0.25 0.5 0.5 On
19-20 0.1 03 03 On
20-21 0.05 02 0.2 Off
21-24 0 0.05 0.05 ;Off
Saturdays 1-7 0 0.05 0.0s or
7-8 0.05 0.1 0.1 Off
89 0.3 0.5 0.5 Off
9-13 0.6 0.75 08 On
13-17 0.1 0.2 0.2 On
17-18 0.05 0.1 0.1 Off
18-24 0 0.05 0.05 Off
Sundays 1-9 0 0.05 0.0s o
917 0.05 0.1 0.1 off
17-24 0 0.05 0.05 Og
-

may be considered representative of office buildingsin Hong
Kong.

In the energy end-use survey [11], the energy consump-
tion of equipment in office buildings in Hong Kong in 1994
was found to be 2192 TJ. When converted into electricity
consumption per unit area, this amounts to about 88 kW h/
m?. Assuming the annual operating hours to be also 3484 h,
the steady rate of electricity consumption of the equipment
would be about 25.3 W/m?. It can be seen that this value
compares well with that used in the simulation of cooling
load for the 12 buildings.

3.3. Retail shops and restaurants

The cooling loads of retail shops and restaurants are
usually dominated by the internal loads from the occupants,
lighting and appliances, and by the ventilation loads,
whereas the building envelope design will have relatively
little influence. Therefore, representative cooling load pro-
files can be generated as long as the heat gain profiles and
ventilation rates used in the simulation studies can reflect the
typical conditions arising in retail shops and restaurants.

The cooling load profile models for retail shops and
restaurants were each derived on the basis of a model floor,
with layout and envelope designs conforming to a retail shop
floor and a restaurant in an existing commercial building.
The internal load and ventilation criteria adopted and the

patterns of variations in oegy
loads used in the simulation
The simulated cooling load
GFA of the retail and restaug,,
yield the cooling load profil
On the basis of the load faqy, il orment
loads in retail and restaug, @ ©of ighting and equipm 1
operating hours, the annua| Eiqumnjlses andmt)I;eo ?ir;}l;l_
ing installations and equip, iy consump .
premises have been calculay, “in retail and restauran

The load factors (equivaley ful, ]d summarized ifr;a’lc“ztx)l;ls Sf
the total operating houts) e Cre d;ﬁnl:;f; 2:1 athe basis of

the assumed operating hourg ,
ang of light-
ing and equipment loads (Ty able s)'"};;::xggg;c;f‘;lzsnd eqilp_
t C .
ment energy consumptlon in re Tetgy g o staurant building

segments given in the ener v i
e = ;
summarized in Table 6. use survey report

The consumption figurey shoy
values of all retail shops Surve
shopping malls and at streg s
ination of the data revealed thy
commercial buildings with ¢,
significantly higher than iy
average lighting load of retaj) 4
tioned buildings was foung |
close to that on which the me,
Table 5). Moreover, the eqy;

Pancy, Jighting and appliances
Y are summarized in Table 5.
les were normalized by the
Model floors, respectively, to
Mode|s for these premises.

Wn in Table 6 are the total
®%ed, which include those in
ides, However, closer exam-
U ihe lighting loads of shops in
®Mlral air-conditioning Were
Other types of buildings. The

ps in centrally air-condi-
Obe 297 kW h/m?, which is
el yas based (292 kW h/m?,
'PMen; consumption in retail




Table 5
Occupancy, lighting and appliance loads and ventilation rates for retail shops and restaurants
Time (h) Pattern in the day (fraction of design intensity)
Retail Restaurant
Occupancy — Lighting — Appliances — Ventilation rate — Occupancy — Lighting — Appliances — Ventilation rate —
5 m? per person 70 W/m? 30 W/m? 7 /s per person 1.5m? per person 30 W/m? 30 W/m? 71/s per person
0-6 0 0 0 0 0 0 0.05 0
6-10 0 0 0 0 0.6 0.9 0.75 1
10-11 0.25 0.95 0.75 1 0.6 0.9 0.75 1
11-12 0.25 0.95 0.75 1 09 0.9 0.75 1
12-14 0.75 0.95 0.75 1 09 09 0.75 1
14-18 0.25 0.95 0.75 1 0.05 0.5 0.6 1
18-22 0.75 0.95 0.75 1 0.75 0.95 0.75 1
22-24 0 0 0 0 0.05 0.25 0.1 1
Occupied hours per day 12 12 12 12 18 18 18 18
Load factor 0.95 0.75 0.75 0.5
Annual electricity 292 99 148 131

consumption (kW h/m?)

8ST
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Table 6
Lighting and equipment load in retail shops and restaurants
Unit Retail Restaurant
Total area m® 5214008 3092287
Lighting consumption TI 4327 1890
kW h/m? 231 170
KW h/m? 297° 144*
Equipment consumption TJ 2581 4110
KW h/m? 138 369
KW h/m” 100* 126°

* Adjusted values.

areas includes the consumption of other services’ systems
serving the premises, such as vertical transport systems and
plumbing and drainage systems. Discounting the consump-
tion of these systems, which are outside the air-conditioned
spaces, the equipment load in retail premises reduced to
around 100 kW h/mz, which is close to that used in estab-
lishing the cooling load profile model (99 kW h/m?, Table 5).

For restaurants, the lighting and equipment load figures
include lighting installations and equipment in both the
sitting areas and the kitchens. Assuming that the sitting
area accounts for 85% of the lighting load, and 35% of the
equipment load, the lighting and equipment load becomes
144 and 129 kW h/m? respectively. These values are close
to those used in establishing the cooling load profiles for
restaurants (148 and 131 kW h/m?, Table 5).

3.4. Hotels

A building model for the guestroom tower of a hotel was
devised for predicting the cooling loads in hotel guestroom
floors using HKDLC and HTB2. The model was established
on the basis of the average number of guestrooms and floor
areas of 16 existing hotels, the characteristics of which are
summarized in Table 2. The model guestroom tower com-
prises 500 guestrooms on 25 stories, each with a floor area of
800 m? accommodating 20 guestrooms. The building envel-
ope design has been tuned such that its OTTV (34 W/m?) is
within the limit specified in the Code of Practice for OTTV
in buildings for hotel tower blocks (35 W/m? [12]). Refer-
ence has also been made to the survey data on lighting and
appliances loads, and year-round occupation rates, in exist-
ing hotels [6]. Unfortunately, the data for hotels given in the
energy end-use databasereport [11] were aggregated data of
the guestroom and commercial portions in hotel buildings.
The total consumption was not broken down into consump-
tion of each of these two types of spaces for comparison with
the results from the survey of the 16 hotels [6].

The assumed building characteristics of the hotel tower
model, the internal load intensities, and the assumed patterns
of occupancy, lighting and appliances loads are as summar-
ized in Table 7. The occupancy, lighting and appliances load
intensities in hotel guestrooms are expressed on per-room
basis, which are more consistent amongst hotels. Less
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consistent values would result
expressed on per unit area basis
amongst different hotels.

Uf the Joad intensities were
> Que tothe varied room sizes

3.5. Normalized cooling load Progy
es

Fig. 1(a) shows the hourly coqj; .
of GFA for the four types of prep; ng Joads per square meter

Is . . huch
these premises. Fig. 1(b) showg the mo:lhly eannelifig

load profiles of these premises, Whilghierie aafoulatad from
the hourly cooling load profileg I e be‘seer: LA A
cooling load intensity in restaurams CTII: I ——
the four types of premises in colnmerlb_ 1‘;') 'I%Jin S i Ho?g
Kong. Its diurnal and year-roy,q vci?a[j(;]lis ari also the
highest, which is given rise to by the gominar.u coolfmg 1ohd
component associated with trea ent of the laree quantity of
outdoor air for ventilation. The ik 1‘ gi fgzrent o
patterns illustrate the importapg, o accgunting for the
cooling load characteristics of Gifferent tvpes of pEemises
in the prediction of the simullaueom :ool)i’s ¢ '1pbuilding
that comprises a mix of premiseg g ot

4. Power consumption prefileg

4.1. Approach

For predicting the electricity Oty tion of buildings for
air-conditioning, electricity Congyyy {)1 on orblilE models
have been developed on the bagjg ofp = diclz ions of HTB2
and BECON for the building ang Nmupmo AR ey
commercial and hotel buildings, Vi ginertive to-allow
electricity consumption for air-cq, dilion:’n a building at a
particular time to be predicted egy dinol t‘(g) "
building cooling load as predicteq by the :oolin load profile
models outlined above. Four dir-gg ditioning electricity
consumption profile models haye beep establifhe 3 for: air:
cooled systems, water-cooled sYSlems with cooling tOWErS,
direct seawater-cooled systems apg ind; tg b
systems (with heat exchangers - e
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e esh condenser
water and the seawater circuits) n the fr

The rated coefficient of performan?:z([:‘z’)"ig .of he chillers
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ods are 2.8 for air-cooled SYStemg 47 for Jwater-cooled
systems with cooling towers gy ,for. indirect seawater-
cooled systems, and 5.2 or direg Seawater-cooled systems.
The built-in chiller models withiy BECON [13] were used to
model the part-load performance (¢ chillers ‘

It is noted thal, as long as 5, b e Boni plant
remains in operation, the airsig equ" o it least
one chiller unit and its associy I
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even if the cooling load on {
Consequently, a significant am
be consumed under such cond

" Will continue to operate
he plang approaches zero.
Ut of electricity will still
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Table 7
Characteristics of the model for guestroom floors in a hotel building
Type % of Time Fraction Fraction of Fraction of Indoor
guestrooms of full maximum maximum small temperatu
occupancy lighting load power load °C)
(A) Indoor conditions adopted in design load estimation for energy simulation
1 72 0-8 1.00 0.17 0.54 24
8-20 0.00 0.20 0.54 28
20-24 1.00 0.97 0.99 24
2 20 0-8 1.00 0.17 0.55 24
8-20 1.00 0.85 0.65 24
20-24 1.00 0.97 0.99 24
3 8 0-8 0.00 0.17 0.47 28
8-20 0.00 0.20 0.47 28
20-24 0.00 0.17 0.47 28
Overall 100 0-8 0.92 0.17 0.54 -
8-20 0.20 0.33 0.56 -
20-24 0.92 0.91 0.95 -
(B) Indoor conditions adopted in design load estimation
0-8 1.00 0.17 0.54 24
8-20 0.25 0.33 0.56 24
20-24 1.00 0.91 0.95 24

(C) Characteristics and indoor design conditions for guestrooms
Gross floor area — 20,000 m*
No. of stories — 25
No. of guestrooms — 500
Aspect ratio — 2.44
Major exposure — SE/NW
Window to wall area ratio — 0.5 for the major facade
Wall U-value — 1.74 W/m? K for the major facade
Roof U-value — 0.4 W/m* K
Glass U-value — 5.83 W/m? K
Glass shading coefficient — 0.56
OTTV — 33.8 W/m®
Indoor temperature — 24°C reset to 28°C when unoccupied
Indoor relative humidity — 50%
Occupancy — two persons per room
Lighting load — 600 W per room
Appliance load — 100 W per room
Ventilation rate — 34.1 I/s per room
Infiltration rate — 0.1 ACH

sumption profile, therefore, needs to be decomposed into
two components: one representing the consumption that
varies with the cooling load on the chiller plant (Wyar;),

(W(2)) or a group of building complexes (Wi(?)) as show
below:

= & sy ]
and the other representing the minimum rate of electricity Wit) = War () Qe(£) + Wiin,j(£)PCap G
that the system will consume under zero load (Wpin;). The
minimum consumption component has been expressed as a Wiowa (1) = ZWk(t) (€
k

fraction of the rated power demand of the chiller plant in the
models. The variable consumption models were derived
from the difference between the predicted total air-condi-
tioning system consumption (using BECON) and the mini-
mum consumption at each hour of operation, which were
then normalized by the corresponding cooling load on the
system.

The air-conditioning electricity consumption profile mod-
els can be used to predict the electricity consumption for air-
conditioning a building comprising a mix of premises types

where W,(z) is the electricity consumption for air-condition
ing building k at time ¢ (KW), wy, ;(¢) the variable ai1
conditioning system electricity consumption at time ¢, fc
heat rejection method j per kilowatt of cooling load on th
system (KW/KW), winin, j(t) the minimum con'stant air-con
ditioning system electricity consumption at time ¢, for hee
rejection method j per kilowatt of installed plant capacit
(kW/kW), and where PCap is the installed cooling capacit;
of the central air-conditioning plant (kW).

j == _-'4-,".1
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Fig. 1. Cooling load protiles of offices, retail shops, restaurants and hotel
guestrooms: (a) hourly values iu a day in July; (b) monthly mean values in
the year (based on occupied hours for the respective type of premises).

By expressing the air-conditioning electricity consump-
tion profile model as a time series of normalized hourly
values throughout the year, the effects of variations in the
outdoor air or seawater conditions in the year on the
efficiency of the air-conditioning plants can be preserved.

Fig. 2 shows the monthly mean hourly chiller COP for
four selected months, as well as the monthly mean COP
values over the year, as predicted by the power consumption
profile models for the four heat rejection methods. Fig. 2(e)
shows that the monthly mean chiller COP would peak in
April-May. This reflects the effect of lowering in the cooling
medium temperature (air or seawater) during the mild
weather months, leading to the improved chiller perfor-
mance. It would become slightly lower during the hottest
months of June-October. However, the monthly mean COP
would drop substantially during the cold months, which is a
result of the large reduction in cooling load, leading to
chillers running under unfavorable part-load conditions.

5. Condenser water flow rate and cooling tower
make-up rate profiles

Apart from the cooling load and the air-conditioning
electricity consumption, the required water supply flow rates
for condenser cooling and for cooling tower make-up for a
group of buildings are essential variables that need to be
evaluated for estimating the required output and power
consumption of the centralized pumping systems of the
CPSSCC and the CPSSCT schemes. The cooling water

demand from a group of buildings (Viou(2)) was estimated
based on the following equation:

VLolill(t) = Co (CZQA(I) =+ ka,min> (7)
k k

where C is the conversion factor for determining the con-
denser water flow rate from the cooling load (=0.0529
l/skW), V, min the minimum water flow rate demand from
the kth building (I/s), Cp= 1.0 for CPSSCC scheme,
Co = 0.017 for CPSSCT using fresh water, and Cq = 0.03
for the CPSSCT scheme using seawater.

The total condenser water flow rate in a water-cooled air-
conditioning plant was estimated on the basis of a C value of
0.0529 I/s kW of cooling output of the chillers, in conjunc-
tion with the hourly cooling load of the building (Q,(2)), as
predicted by the cooling load profile model. This condensey
flow rate corresponds to a chiller with a COP of 4.5 and a
temperature difference of 5.5°C across the chiller condenser.
The condenser water flow rate so estimated would also be
taken as the water demand of a building when its plant is
connected to a CPSSCC system (therefore, Cq = 1.0).

For a chiller plant comprising multiple chillers, the con-
denser water flow rate will vary in steps according to the
number of chillers that are put into operation at a particulay
time. Assuming there are four chillers in each building, the
condenser water flow rate will vary as shown by the dotted
line in Fig. 3.

For simplicity in calculations, the condenser water flow
rate was assumed to be directly proportional to the cooling
load (=CQ,(?), as shown by Line 1 in Fig. 3). However, this
obviously would lead to under-estimation of the water flow
rate, except at those conditions where the running chillers
are fully loaded. To correct for this underestimation, Line 1
is shifted upward by a constant flow rate (V. min, Eq. (7)) that
equals half of the condenser flow rate for the chiller that
would remain operating in the smallest cooling load range.
Thus, the flow rate predicted by Eq. (7) would be related to
the cooling load in the manner as shown by Line 2 in Fig. 3.
This implies that the assumption that there are equal chances
of over- and under-estimation has been made.

Water losses at cooling towers that need to be replenished
by water supply from a CPSSCT system include losses due
to evaporation, drift and blow down. The required make-up
flow rate is usually determined on the basis of an evaporation
loss and a drift loss equivalent to 1.0 and 02% of the
condenser water flow rate, respectively [14]. The blow down
rate, however, is dependent on the tolerable concentration of
impurities in the system water, quantified as a ratio to the
impurity concentration in the supply water by the parameter
“number of concentration” [14].

The Carrier Handbook [15] recommends that the blow
down rate should be 50-200% of the evaporation rate. As the
evaporation rate is about 1% of the condenser water flow rate
and the drift rate is about 0.2%, the make-up rate would be in
the range of 1.7-3.2% of the condenser water flow rate. The
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Fig. 2. COP of chillers in the electricity consumption profile model: (a) monthly mean hourly COP of air-cooled chillers in selected months in the year; (
monthly mean hourly COP of water-cooled chillers with cooling towers in selected months in the year; (c) monthly mean hourly COP of indirect seawate
cooled chillers in selected months in the year; (d) monthly mean hourly COP of direct seawater-cooled chillers in selected months in the year; (e) month
mean COP of air-cooled chillers, water-cooled chillers with cooling towers and direct and indirect seawater-cooled chillers.
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lowerend is recommended for cases where there is no severe
water problem, e.g. fresh water. This corresponds to a
number of concentration of about 2.5 and a flow rate of
0.86 x 1073 1/s kW of the cooling capacity. However, no
explicit guideline on the blow down rate required for
systems using seawater is given.

On the basis of plant operation records of an existing
building [16], where seawater cooling towers are used, the
annual seawater consumption in that building was found to
be about 2.8% of the circulation rate. Based on a number of
concentration of 1.5, the required blow down rate will be
1.8% and the total cooling tower water make-up rate will be
approximately 3% of the condenser flow rate, which is close
to the empirical figure of 2.8%. The figure of 3% is equiva-
lent to a flow rate of 1.587 x 1073 1/s kW of the cooling
capacity.

Therefore, the values of Cy in Eq. (7) corresponding to a
CPSSCC scheme and CPSSCT schemes using fresh water
and seawater were set as 1.0, 0.017 and 0.03, respectively.

Note that the above method will be applicable only to the
determination of the supply flow rate for once-through
cooling of chiller condensers (CPSSCC) or for making up
of cooling tower losses (CPSSCT). For the prediction of the
chilled water flow rate demand on a DCS, a different method
will have to be used, as the relation between the chilled water
flow rate demand and the cooling load is nonlinear, and is
dependent on the characteristics of the cooling coils in the
air-handling units. It will be predicted by using a cooling coil
model in conjunction with the cooling load predicted by the
above-described simplified model for individual connected
buildings. The prediction method has been incorporated into
a special version of BECON that can simulate the perfor-
mance of a DCS, the details of which will be described in a
separate paper [17].

6. Trial runs and verification of predictions

Having established the cooling load, electricity consump-
tion and water demand profile models, the procedures

Table 9
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Table 8
Comparison of predictions by the simple model and b detailed
simulation: office-only building

Heat rejection method A/C EUI of the office-ont

Yy bllld o
(kW t/m?) rding
Simple Detailed % Deviagon
model simulation
Air-cooled 104 104 ~01
Water-cooled cooling towers 95 91 3'5
Indirect seawater-cooled 92 89 28
Direct seawater-cooled 86 85 1.6
—_—

involved in predicting the simultaneous cooling load, ejec-
tricity consumption and water demand of a bui]ding el
prising a mix of premises and for a group of buildings yould
become relatively straightforward. The procedures have also
been computerized into a spreadsheet program, the
profile models incorporated into the program as its database.
The input required would involve only the GFA of yqious
premises in the buildings to be modeled.

The A/C EUI of the model office-only building (Building
G in Table 3) has been predicted both by detailed Simulation
using HTB2 and BECON and by using the simplifieg model,
Four cases were studied with the heat rejection methgg ,jceq
in the air-conditioning system varied in each case. It ¢ pe
seen from the results summarized in Table 8 that the o/
EUI values predicted by the simplified model are jj good
agreement with the predictions of the detailed moge)g

The simplified models have also been applied 1o predict
the air-conditioning electricity consumption of the Surveyed/
audited existing office/commercial buildings ang el
buildings summarized in Tables | and 2, based on the 1y,]
GFA’s of various types of premises in these buildings Tap)a g
shows a comparison of the predicted A/C EUI valyeg for
these buildings with estimates based on the surveyeq 1, 4-
lord’s total consumption of the existing office/commecial
buildings. It also includes the metered electricity congymp.-
tion data of an existing office/commercial building, where
detailed sub-meter readings were available [16]. That build-

Comparison of air-conditioning electricity consumption (oftice/commercial buildings)

No. of Mean landlord’s Predicted A/C  A/C to landlord Estimated A/C % Deviation®
buildings EUI (kW h/m?) EUI" (kW b/m? EUI’ (kW h/m? EUT (kW b/m?)
—
(A) Buildings with AACS
Direct air-cooled 10 206 159 0.77 159 0.0
(B) Buildings with WACS
Seawater cooled with cooling towers 7 177 143 0.81 133 7.6
Indirect seawater cooled with heat exchangers 4 211 160 0.76 158 0.9
(C) Metered data for a office/commercial building [16] 1 173 130 0.75 126% 3.0
—

? Predictions of the simplified model.
b Ratio of predicted A/C EUI to surveyed landlord total EUL

¢ Assumed to be 77% of mean landlord’s EUI for air-cooled systems, and 75% for water-cooled systems.

4 Audit result.
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Table 10
Comparison of air-conditioning electricity consumption (hotel buildings)

No. of A/C EUI

buildings
Surveyed  Model % Deviation
(kW h/m?) (kW b/m?)
Hotels with AACS 6 217 217 ~0.09
Hotels with WACS 10 168 179 6.67

ing is air-conditioned by direct seawater-cooled chillers with
cooling towers. The EUI for air-conditioning in that build-
ing, including the consumption of waterside and airside
equipment, was found to be 126 kW h/m? [16). The pre-
dicted A/C EUI values and the data obtained from the audit
studies for the existing hotels are shown in Table 10 for
comparison.

It can be seen from the comparisons summarized in
Tables 9 and 10 that the model predictions compare well
with the measured data for the audited office/commercial
building and with the mean values of the surveyed hotel
buildings. Since only the landlords’ total EUI values were
available for the other office/commercial buildings, the
predictions were compared with A/C EUI values estimated
from the landlords’ total EUI values. The deviations are
within a few percent of the estimated values, although such
comparisons would be subject to large uncertainties. Never-
theless, it can be seen that the simplified model can provide
estimates that are reasonably close to the mean values of
existing buildings.

Fig. 4 compares the profiles of monthly electricity use for
air-conditioning as predicted by the simplified model and
obtained from metered readings in the audited office/com-
mercial building described in [16]. It can be seen from this
figure that the predicted monthly electricity consumption is
close to the metered readings.

Fig. 5 shows the percentage deviation between the model
predictions and the audit/survey results for 21 of the 23
existing office/commercial buildings, on individual building
basis (the two with indirect air-cooled plants were

40
20

% Deviation

123456 7 8 910 1 1213 14 15 16 17 18 19 20 21
Building No.

Fig. 5. Percentage deviations between A/C EUI values predicied by the
simplified model and estimates from survey/audit data — A/C EUI
assumed to be 77% of landlord’s EUI for the air-cooled system, and 75%
for water-cooled systems.

excluded). Buildings 1-10 have direct air-cooled chiller
plants, 11-17 have seawater-cooled plants with cooling
towers and 18-21 have indirect seawater-cooled plants. This
comparison shows that the model may not provide accurate
predictions when compared to an individual building, but the
predictions are close to the mean values amongst the sur-
veyed/audited buildings.

7. Conclusions

Analysis of the energy consumption data of 23 existing
office/commercial buildings and 16 existing hotel buildings,
which included buildings that use AACS and WACS,
showed that a significant difference existed in the average
annual electricity consumption between buildings using the
two types of air-condiliouing system heat rcjcction methods.
Hence, facilitating buildings that would otherwise be
restricted to using AACS to adopt or convert to WACS
would potentially lead to significantly reduced electricity
use for air-conditioning buildings in Hong Kong. However
it would require the development of centralized systems foi
supplying water to such buildings, for condenser cooling
(CPSSCC) or for making up of cooling tower losse:
(CPSSCT). District cooling systems (DCS’s) would alsc
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Fig. 4. Comparison of monthly power consumption profiles predicted by the simplified model and obtained from metered data in an office/commerci

building,
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be feasible and may yield the greatest saving, but would
involve the highest capital investment.

Evaluation of the energy, cost and environmental benefits
of such schemes requires an efficient method for determin-
ing the simultaneous cooling load, water demand and air-
conditioning electricity consumption of a large number of
buildings using different heat rejection methods. A simpli-
fied method has been developed to allow these estimations to
be accomplished speedily. The method is based on cooling
load profile models for different types of premises and power
consumption profile models for different heat rejection
methods. The cooling load patterns of different types of
premises are taken into account in this method, which is an
essential feature for predicting the cooling load of buildings
comprising a mix of premises for different uses. These
profile models were established from detailed simulation
studies. Reference was made as far as possible to data of
existing buildings obtained from building energy surveys
and audits to ensure the input parameters used in the
simulation calculations would match with actual situations.
The model can also account for the effect of variations in the
outdoor weather conditions and seawater temperatures on
the efficiency of air-conditioning plants.

Predictions obtained using this simplified model have
been compared with detailed computer simulation results
and electricity consumption data obtained from surveys
and audits in existing buildings. Although large deviations
may exist for individual buildings, the predictions were
found to agree reasonably well with mean values of groups
of buildings.

The method presented in this paper has set the foundation
for other stages of studies on the feasibility and viability of
wider application of WACS in Hong Kong. The method has
been used to generate cooling loads of buildings in districts
of different building mixes, which are essential to the
estimation of energy consumption of centralized piped sea-
water supply systems for condenser cooling or making up of
cooling tower losses, and of district cooling systems. Other
studies on greenhouse gas emissions, delay of the need for
new power plants, environmental impacts of water discharge
into the harbor, identification of potential sites for imple-
mentation, and cost studies, etc. were based on these energy
use predictions.

The methodologies presented for estimating the cooling
loads of buildings, the electricity consumption for air-con-
ditioning individual buildings and the cooling water demand
for condenser cooling or making up of water losses at
cooling towers may also be applied to other cities in
feasibility studies on the adoption of centralized cooling
systems for groups of buildings. The cooling load profiles
and energy consumption profiles, however, would need to be
generated based on typical characteristics of buildings and
weather conditions in the specific city concermed. Although
the use of cooling towers may already be a common practice
in certain cities, such methodologies may still be useful if
consideration needs to be given to the implementation
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— Department of Building Services
Englneer{ng of the Hong Ko;r:g t;:‘I:)I;t[:chnic Unigversity. It
can 'pr.edlct th‘e hourly Plant ‘electricity consumption for
providing cooling over the yea: on the basis.of the hourly
coolmg load predicted by HTéz. sECONME capable of
?“"f el{ng p.1 ants using different heat rejection methods,
1Cnc ;dmgt aIr-cooled Systems, water-cooled systems with
s}?;)t;?ngs. owers, and direqt g4 jpdirect seawater-cooled

. midElsthidtuggy Predic erature of seawater
avallablg from the Hong Konghlfart;::phas also been incor-
pm:ated into BECON for M0deling seawater-cooled systems.
This model was developeg on the basis of the year-round
seawater temperatyre TeCOrds ot North Point in 1994, which
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were obtained from the Hong Kong Observatory [21,22].
BECON also includes cooling tower and heat exchanger
models for modeling water-cooled systems with cooling
towers and indirect seawater-cooled systems. More detailed
descriptions on BECON can be found from [22-24].

The chiller models inside BECON were developed from
performance data obtained from chiller manufacturers. The
models can take into account the effects of variations in the
cooling load on the chiller, and in the temperature of the
cooling medium entering the chiller. More detailed descrip-
tions of the chiller models can be found in [13].

Also included in [24] are descriptions about the results of
acomparison between the predictions of HTB2 and BECON
with measured cooling load and power consumption in an
existing commercial building. Comparison of predictions of
the chiller models with measured data in existing plants is
included in [13]. In those comparison studies, HTB2,
BECON and the chiller models were shown to be capable
of providing predictions that matched with the measured
data within acceptable accuracy.
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