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Abstract

Energy efficiency of water supply systems in high-rise residential buildings becomes a concern for sustainable
development nowadays. It has been reported the energy efficiency for high-rise water supply systems is below 25%
and more than 75% input energy is ‘lost’, about half of the energy loss attributes to water pumps. Water pump
operating at low efficiency is highly undesired. This paper investigates the in-use water pump efficiency for water
supply systems in high-rise buildings of Hong Kong. The pumping efficiencies evaluated from a survey of 20 high-
rise water supply systems were presented as a function of installation time. Expressions of in-use pump efficiency
were proposed and pump replacement time was suggested. Better performed pumps got longer suggested service
period and poorer performed ones got shorter payback periods. More frequent replacement was suggested for larger
pumps and the payback period was generally shorter.
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1. Introduction

Energy efficiency improvement of water supply systems in buildings is a way of reducing carbon
emission nowadays [1]. It was reported that the water supply system consumes 1-4% of electricity and
was the largest single consumer over a city. Energy consumption in water distribution systems takes an
important part of energy use in urban water supply cycle [2]. The specific energy the water supply system
varies from 1.1 to 1.4kWh/m’ in some Asia cities [3]. As the energy consumption is proportional to
building height, the in-use pump efficiency is therefore a matter of concern. Hong Kong is a dense, high-
rise environment. About half of the energy loss in water supply is reserved to pumping system [4]. Aged,
poor maintained and mismatched water pumps operating at low efficiency are highly undesired. This
paper investigates in-use water pump efficiency for water supply systems in high-rise buildings of Hong
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Kong. Pumps of deteriorated performance would be replaced and justifications were made by energy cost
saving.

2. Methodology
The water supply systems energy efficiency can be determined using an equation below [4],

o= Eljjout (1)

pump

Pumping energy of lifting water up to the tank E,,,, and potential energy of the water demands E,,,,
are given below, where 1. is the overall transmission efficiency of pump set, H, is the desired minimum
water pressure head available at the tank inlet, H,is the friction head required in the up-feed water pipe
which is taken as a portion of the pipe length, %, is the water lift height which is the sum of the height
measured from the tank base to the tank inlet 4. — approximated by the tank volume V., the height
difference between the top demand location and the tank base /,, and the height difference between the
water surface of the break tank and the top demand location /4, and the bottom demand location 4, Zv is
the demand volume [4],
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The overall transmission efficiency of a pump set for water supply system 1. is given by, where pump
total pressure AP, total pumped volume Xv, line current /; and line voltage V', of the electric pump motor
over a period of operating time 1=t,—,,
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20 water supply systems, included 11 commercial buildings, 4 residential buildings, 3 school buildings
and 2 of elderly care buildings were investigated. During the investigation, pump installation and
operation records were accessed including operation and maintenance manual, installation years,
installation cost, pump motor ratings, flow rate and pressure, water supply system schematic drawings.

3. Results and discussion

Larger motor-pump sets were generally installed for buildings of larger floor area, higher delivery
demand locations and larger population. The surveyed motor ratings were found correlated to the total
floor area (R=0.72, p<0.01, t-test), the delivery height (R=0.64, p<0.01, #-test), and the population
(R=0.71, p<0.01, t-test). The average daily energy consumption E,,,, (kWh) was found correlated with
the pump motor ratings W,, (kW) (R=0.91, p<0.01, #-test),

E, =1232Ww" 4)

pump

The sample correlation coefficient of the system efficiency o with the average demand height
(hy+h,)/2 and pump efficiency m,. is R=0.42 and 0.72 respectively. It indicated a strong association of
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pump efficiency to the overall system efficiency over the demand height. Figure 2 shows a significance
correlation (R=-0.54, p=0.01, #-test) between pump efficiency 7. with the year of pump service Y; (year),

n. =0.678—-0.015 Y,; 1=¥,<20 (5)

A general trend of efficiency drop against installation time of a water pump was reported. In average,
pump efficiency at the first year of installation was 67.8% and the efficiency drop was 1.5% per year of
installation. The performance drop probably was due to corrosion, scaling of impeller, casing and other
parts of pumps. The efficiency drops were collectively bounded by two trend lines shown in expressions
below, which indicated the pump efficiency drops, from the best to the worst scenarios were 1.18% to
2.84%.
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Fig. 1. Average daily energy consumption of 20 Fig. 2. Pump efficiency of 20 water supply systems.

water supply systems

Systems 14 and 15 (both numbered in Fig. 2) were of identical designs except that the pumps of
System 14 were used over 20 years but the pump age in System 15 was 1 year old, but with very different
pump efficiencies, 0.54 and 0.74, respectively. The average efficiency drops were approximated by the
best scenario line from Eq. (6). Pump replacement can improve the overall system efficiency.

Pump efficiency in System 1 was found lowest (1,=0.18) among all systems. Deterioration of pump
performance was reflected by increasing pumping energy consumption. Replacement of pump can reduce
the energy expenditure but required installation cost. Replacement cost 6,, (HKD$) of pump set was given
by Eq. (7) for budgeting purpose. It was calculated from a basis of installation cost plus a cost
proportional to the pump motor ratings ,, (kW). Taking an energy cost of HKDS$1 per kWh, the yearly
energy cost 0, (HKDS) for the water system was given by Eq. (8),

0, =3700 +1780W, (7

1.27
0 =365E =450 (WJ ¥
e pump T]

Pump replacement is suggested in order to minimize the total cost that the accumulated extra energy
cost at time 7, (year) as compared with new installation is justified with the installation cost,
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Corresponding payback periods 7, (years) shown in Table 1 were determined by Eq. (10). Better
scenarios in general lengthened the suggested service period and poorer scenarios shortened the payback
periods. More frequent replacement was reported for larger pumps and the payback period was generally
shorter.
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Table 2. Designated service period #, and payback period n, for example pumps

Service period n, and payback period n,

Pump ratings

Best scenario Average scenario ‘Worst scenario
40 kW n=10, n,=4.2 n=8, n,=3.1 n=6, n,=2.1
1 kW n=24, n,=9.5 n=19, n,=6.0 n=13, n,=3.6

4. Conclusion

Energy efficiency in buildings is a sustainable development strategy in Hong Kong. It is necessary to
develop a systematic approach to address energy efficiency justified to the expenditure for high-rise water
supply systems. This paper presented pumping efficiencies as a function of installation time evaluated
from a survey of 20 high-rise building water supply systems. Expressions of in-use pump efficiency as a
function of pump age were proposed. Better performed pumps got longer suggested service period and
poorer performed ones got shorter payback periods. More frequent replacement was reported for larger
pumps and the payback period was generally shorter.
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