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Abstract. In recent years, energy conservation has become a major focus in the industrial sector. Many
office buildings in Japan achieve energy savings by introducing highly efficient equipment and systems,
such as high-temperature cooling water (14 °C), which increases heat source efficiency. However, such
equipment requires adjustments to increase operational efficiency. In this case study, the efficiency of
equipment using high-temperature cooling water was further improved through operation control
optimization. The energy efficiency before and after the improvement was compared. The target building
has chilled and hot water supplied to each floor from district heating and high-temperature chilled water
supplied from cooling chillers on the rooftop. The energy consumption of two floors was evaluated: a
subjective floor with equipment using high-temperature cooling water installed, and a common floor with a
conventional system. After on-site verification, changes were made to the operation control of the cooling
towers, condenser pumps, primary pumps, secondary pumps, and air handling units. As a result, the
coefficient of performance of the water-cooled chiller and the whole system improved by 0.40 and 0.45,
respectively. The flow rate of the air conditioning equipment using high-temperature cooling water
decreased while maintaining an equivalent amount of heat extraction. In conclusion, the efficiency of the
equipment was further improved by operation control optimization.

1 Introduction

In recent years, energy conservation has become a major
focus in various fields, including building engineering.
Many tenant office buildings in Japan achieve energy
savings by introducing highly efficient equipment, such
as air conditioning using high-temperature chilled water
(14 °C). However, it is necessary to review and improve
the operation control of such equipment after installation
in order for it to operate efficiently. Therefore, energy
consumption is evaluated by analyzing data from the
building energy management system (BEMS) to identify
further possibilities for improving energy savings. The
aim of this study was to evaluate the efficiency of
equipment using high-temperature cooling water in an
office building before and after improvements in
operation control.

2 Methods

2.1 Description of the target office building

2.1.1 Heat source

*
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The target office building adopts a central heat source
system. Chilled and hot water are supplied to each floor
from district heating and cooling (DHC), which is first
distributed to the basement. In addition, the building has
cooling chillers as its own heat source to generate high-
temperature chilled water which installed on the rooftop
[1][2]. The rooftop heat sources are illustrated in Fig. 1.
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Fig. 1. System diagram of the heat source for high-temperature
chilled water

2.1.2 Air conditioning equipment

The target floors in the office building are the subjective
floor and the common floor, as illustrated in Fig. 2. The
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subjective floor is equipped with radiant air conditioning,
desiccant air conditioning, air handling units, and
desktop-type task air conditioning units. The common
floor is equipped with an air handling unit system. The
high-temperature cooling water generated from the
rooftop heat source is supplied only to the air

conditioning equipment in the subjective floor [1][2].
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the subjective and common floors.

2.2 Primary energy consumption

Fig. 3. shows the primary energy consumption for air
conditioning from 1 July to 30 September 2016. The
primary consumption of the subjective and common
floors was considerably reduced compared to the
standard Japanese building, as calculated from an
energy-saving index in Tokyo [3]. The common and
subjective floor had an energy consumption 64% and
68% lower than the standard building, respectively.
However, a large proportion of energy consumption in
the subjective floor was attributed to the high-
temperature chilled water equipment. With regard to
chilled and hot water supplied from DHC, it is difficult
to optimize the operation control because the water
pressure and temperature are restricted. On the other
hand, with regard to the high-temperature cooling
equipment on the rooftop, the operation control may be
adjusted freely. Therefore, the possibility of further
improving the energy savings of the high-temperature

cooling heat sources was studied.
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Fig. 3. Primary energy consumption in 2016
(1 July to 30 September), only for air conditioning

2.3 Improvement in the operation control

BEMS data was used to analyze the actual operating
conditions of each component. As a result, it was
revealed that there was room for improvement in the
operating condition of each component. Therefore,
changes were made to the operation control of each

component in July 2017, as listed in Table 1. Changes
were made to the heat source (cooling towers, condenser
water pumps, primary pumps, and secondary pumps) and
the air conditioning equipment (high-temperature
cooling water air handling units).
Table. 1. Improvement in the operation control.
Subject Improvement

. Control outlet temperature to follow
(DCooling tower

the outer air wet-bulb temperature

Reduce the lower limit of inverter
(@Condenser water pump )
to ensure temperature difference

. Reduce the lower limit of inverter
(@Primary pump
to ensure temperature difference

@Secondary pump Reduce the lower limit of delivery pressure

X . i Adjust valve control to obtain constant
®Air handling unit

return water temperature

2.3.1 Cooling tower

Before the operation control improvement, the outlet
temperature of the cooling tower was kept constant at
25 °C for efficient operation of the water-cooled chillers.
However, the capacity of the cooling tower exceeded its
limit value owing to a change in the outside air wet-bulb
temperature and a flow rate that was too high. Therefore,
adjustments were made so that the outlet temperature of
the cooling tower followed the outside air wet-bulb
temperature to obtain a reasonable flow rate.

2.3.2 Condenser water pump, primary pump,
secondary pump

On-site tests were conducted on the flow rate and
delivery pressure of the chillers and pumps, and it was
confirmed that the settings could be safely reduced.
Therefore, the inverter frequency of the condenser
pumps, primary pumps, and secondary pumps were
adjusted to prevent excessive flow rate and reduce power
usage. For the secondary pump, the end differential
pressure was given as input value for the delivery
pressure control settings through cascade control.

2.3.3 Air handling unit

Initially, no controls were set for the return water
temperature of the air handling units for high-
temperature cooling. Therefore, the control valve setting
was altered so that the return water temperature achieved
a constant value of 24 °C. Thus, an inlet and outlet
temperature difference of 10 °C was secured, preventing
excess flow rate.

3 Results and discussion

The results of the operation control improvements are
shown for both the heat source and the high-temperature
cooling air handling units. The heat source includes
cooling towers, cooling-water pumps, water-cooled
chillers, and primary pumps. The period of BEMS data
analysis was from 1 July to 30 September in both 2016
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and 2017. The target time of evaluation was set between
7:00 and 19:00 on work days.

3.1 Heat source

3.1.1 Coefficient of performance and electric
energy

In order to compare the effect of the operation control,
the coefficient of performance (COP) of the water-
cooled chillers and the entire system was calculated. The
entire system here refers to the cooling towers, water-
cooled chillers, condenser water pumps, and primary
pumps. Figs. 4. and 5. each show the occurrence time of
the water-cooled chiller and entire system COP. Each
bar of the histogram represents a COP within a range of
0.1. The water-cooled chiller COP was calculated by
dividing the amount of heat extraction from the chiller
by the primary energy consumption of the chiller [4].
Likewise, the system COP was calculated by dividing
the total heat extraction by the total primary energy
consumption of each previously mentioned component.
Each COP occurrence indicates an instantaneous value
per hour during working hours. In addition,
instantaneous values of zero were excluded from the
calculation of the average COP.

In general, the water-cooled chiller COP values fell
mostly within the range of 2.5 to 3.5 in both years.
However, the average COP improved by 0.40, from 3.51
in 2016 to 3.91 in 2017. In addition, COP values greater
than 3.5 were seen more frequently in 2017. Differences
were more clearly seen in the system COP whose values
fell in the range of 1.0 to 2.0 in 2016 and 1.5 to 2.5 in
2017. The average of the system COP improved by 0.45,
from 1.77 in 2016 to 2.22 in 2017. Therefore, the water-
cooled chiller and system COP values were both
distributed in higher ranges in 2017 than in 2016.
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Fig. 4. Occurrence time for water-cooled chiller COP
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Fig. 6. shows the breakdown of the electric energy
consumption and ratio of the pumps and cooling towers
compared with the water-cooled chillers. The cooling
towers, condenser water pumps, and primary pumps
consumed more electricity than the chiller in 2016. After
the operation control improvements, the total amount of
electric energy consumption was reduced by 12,664
kWh from the previous year. The main factor for this
reduction was the decrease in the energy consumption of
the pumps and cooling towers, whose ratio compared to
the water-cooled chiller was reduced by 59%. It was
confirmed that the heat source was operating more

efficiently after the improvements made in 2017.
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Fig. 6. Breakdown of electric energy consumption and ratio of
the pumps and cooling towers compared with the water-cooled
chillers
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Fig. 7. Heat and flow rate load factors of the water-cooled
chillers

3.1.2 Heat and flow rate load factors

Fig. 7. shows the heat and flow rate load factors of the
water-cooled chillers in 2016 and 2017. The heat load
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factor refers to the ratio of the heat load (in this case the
actual heat extracted) and the nominal equipment
capacity [4]. Similarly, the flow rate load factor refers to
the ratio of the actual water flow rate and the nominal
flow rate. Hourly load factors were calculated in the
previously mentioned time period. For both years, the
peak heat load factor was between 20% and 30%. On the
other hand, the peak flow rate load factor was between
50% and 60% in 2016, and it decreased to between 30%
and 40% in 2017. Because the peak for both heat load
factors took similar values, it can be said that
approximately the same amount of heat load was
processed with a lower water flow rate.

3.2 Air handling units

Fig. 8. shows the heat and flow rate load factors of the
high-temperature cooling coil in 2016 and 2017. The
calculation conditions are the same as those mentioned
in the previous section. High-temperature cooling coils
of the four air handling units on the subjective floor were
observed. The peak heat load factor was between 0% and
10% in 2016 and between 20% and 30% in 2017. For the
flow rate load factor, the peak value decreased from
between 90% and 100% in 2016 to between 30% and
40% in 2017. As with the heat source, it can be said that
the same amount of heat load was processed with a
lower water flow rate for the air handling units as well.
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Fig. 8. Heat and flow rate load factors of the high-temperature
cooling coil

4 Conclusions

In this study, the actual conditions of each component
using high-temperature chilled water in an office

building were analyzed by the BEMS data in 2016. As a
result of the analysis, it was found that there was room
for improvement in the operating conditions of each
component. Therefore, changes were made to the
operation control of the cooling tower, condenser pump,
primary pump, secondary pump, and air handling unit in
July 2017. The cooling tower was controlled so that the
outlet temperature follows the outside air wet-bulb
temperature. Condenser water pumps and primary
pumps had their inverter frequency lower limit reduced
to ensure the temperature difference. Secondary pumps
also had their inverter frequency lower limit reduced to
lower the delivery pressure. Air handling units using
high-temperature chilled water had their valve control
adjusted to obtain a constant return water temperature.

The efficiency of each component was evaluated before

and after operation control improvements. The obtained

results are described below:

1) The water-cooled chiller and system COP improved
by 0.40 and 0.45, respectively, after the operation
control changes. The total amount of electric energy
consumption was reduced by 12,664 kWh. In
addition, the ratio of energy consumption of the
pumps and cooling towers as compared to the water-
cooled chillers was reduced by 59%.

2) Both the water-cooled chiller and air handling
units were able to process the same heat load with a
lower water flow rate as compared with the previous
year.

Thus, it can be said that the high-temperature
cooling equipment operated more efficiently as
compared to the year prior to the improvement.

The authors are grateful to all parties concerned for
providing careful and considered feedback and valuable
comments.
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