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ABSTRACT
Temperature and humidity independent control of air handling unit (THI-AHU) treats
sensible and latent heat separately. One of the representative system for latent heat
process in THI-AHU is desiccant air handling unit (DAHU). The combination of
DAHU and sensible heat air handling unit (SAHU) does not require low chilled water
temperature used for coupled temperature and humidity air handling unit (THC-AHU)
in which moisture is removed by condensation dehumidification. However, heat is
necessary to regenerate the adsorbent which contains moisture. Combined heat and
power (CHP) is an option to provide hot water to a regenerating coil in DAHU. In
addition, heat from CHP can be supplied to absorption chillers of gas fired double
effect with hot water single effect (ABS-GH). This study investigated whole system
energy performance and compared the system with gas fired double effect absorption
chiller (ABS-G) and THC-AHU to the following two systems. One is the system with
CHP, ABS-GH, ABS-G and THC-AHU in which heat from CHP is supplied to
ABS-GH, and chilled water from absorption chillers is supplied to THC-AHU. The
other is the system with CHP, ABS-GH, ABS-G, DAHU and SAHU in which heat
from CHP is supplied to ABS-GH and DAHU, and chilled water is supplied to
DAHU and SAHU. Static simulation is conducted during cooling season for middle
size office building. Coefficient of performance for overall system (SCOP) based on
primary energy consumption is applied for evaluation. When evaluating systems
using CHP, heat from CHP is considered as a main product or a byproduct. In former
case, SCOP of the systems with CHP is lower than that of the system without CHP. In
latter case, SCOP of the system with CHP is higher than that of the system without
CHP. The system with DAHU and SAHU achieves higher SCOP than the system
with THC-AHU.
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INTRODUCTION
According to Advanced Cogeneration and Energy Utilization Center Japan (2014),
after the Great East Japan Earthquake in 2011, introduction of micro combined heat
and power (CHP) has been increasing in Japan in order to secure energy in a building
itself. CHP improves total energy efficiency by using thermal energy which is
recovered when generating power. When installing CHP in an office building, it is
necessary to utilize the thermal energy efficiently because an office building doesn’t
have much hot water demand especially in summer. Therefore, in order to use the
thermal energy, thermally-driven absorption chiller and desiccant air handling unit
(DAHU), which handles latent heat load with adsorbent, are introduced with CHP in
this study. DAHU is one of the representative latent load handling unit for
temperature and humidity independent control of air handling unit (THI-AHU).
Sensible heat air handling unit (SAHU) has only dry coil because dehumidification is
handled by DAHU. This combination does not require low temperature chilled water
for condensation dehumidification. Setting relatively high chilled water temperature
improves the energy performance of chillers. Since hot water is required to regenerate
adsorbent which contains moisture from air, CHP is one of the options to provide
enough hot water to DAHU.
When CHP is installed in HVAC system, it is required to define clearly how CHP is
evaluated because CHP can generate both electricity and thermal energy
simultaneously. In this paper, two points of view for evaluation are defined: one is
where thermal energy is a main product, and the other is where thermal energy is a
byproduct. The problem is that the energy saving potential and total energy efficiency
of the system using CHP, thermally-driven absorption chiller, and DAHU is not
obvious based on these viewpoints. In this study, systems with CHP, thermally-driven
absorption chiller and DAHU are evaluated from the above mentioned viewpoints.
SYSTEM CONFIGURATION
In this study, an existing office building with five stories is assumed. The floor area of
a typical floor (2nd to 5th floor) is about 1100m2 and the total floor area is about
7500m2. Core space including stairs, elevators and washrooms is located in south of
the building in order to reduce solar heat gain in summer. Earth tube is installed in all
systems, which results in smaller sensible fresh air load.
Proposed systems are categorized into two types: one-direction type system and
balance type system. One-direction type means it does not have CHP within the
system. This system consists of gas-fired double effect absorption chiller (ABS-G)
and coupled temperature and humidity handling unit (THC-AHU) as shown in Figure
1, which is referred to as “system-1”. THC-AHU handles room heat load as well as
fresh air load. Since it is required to handle latent heat load sufficiently, the chilled
water temperature is set at 7°C for condensation dehumidification. Balance type
system means hot water circulation temperature is determined to balance the thermal
energy between hot water supply side and hot water demand side. In this study, two
systems are proposed as balance type system. The first system consists of CHP,
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gas-fired double effect with hot water single-effect absorption chiller (ABS-GH),
ABS-G and THC-AHU. All heat from CHP is supplied to ABS-GH. Since THC-AHU
is installed, the chilled water temperature is set at 7°C. Figure 2 shows the diagram of
the system named “system-2”. The final system consists of CHP, ABS-GH,
ABS-G and THI-AHU. Heat from CHP is supplied firstly to ABS-GH and then to a
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Table 1 Specifications of major components
System-1
Gas-fired double effect absorption
chiller
(ABS-G)
System-2
Gas-fired double effect with hot
water single effect absorption
chiller
(ABS-GH)
Gas-fired double effect absorption
chiller (ABS-G)
Micro combined heat and power
(CHP)
System-3
Gas-fired double effect with hot
water single effect absorption
chiller
(ABS-GH)
Absorption chiller of gas-fired
double effect
(ABS-G)
Micro combined heat and power
(CHP)
Desiccant air handling unit
(DAHU)

Rated specifications

Number

Cooling capacity: 281 kW
Gas consumption: 17.3Nm3/h
Auxiliary machinery power consumption:2.0kW

2

Cooling capacity: 281kW
Gas consumption (without hot water input): 17.3Nm3/h
Gas consumption (with hot water input): 12.0NM3/h
Hot water input (at 85°C): 110kW
Auxiliary machinery power consumption:2.25kW
Cooling capacity: 281 kW
Gas consumption: 17.3Nm3/h
Auxiliary machinery power consumption:2.0kW
25kW (electricity) 38.4kW (hot water) 110l/min/each
6.6 Nm3/h (Lower Heating Value)

1

Cooling capacity: 281kW
Gas consumption (without hot water input): 17.3Nm3/h
Gas consumption (with hot water input): 12.0NM3/h
Hot water input (at 85°C): 110kW
Auxiliary machinery power consumption:2.25kW
Cooling capacity: 281 kW
Gas consumption: 17.3Nm3/h
Auxiliary machinery power consumption:2.0kW
25kW (electricity) 38.4kW (hot water) 110l/min/each
6.6Nm3/h (LHV)
Regenerating coil: 93kW
Pre-cooling coil: 103kW
After-cooling coil: 29kW

1

1
3

1
3
1
1
1

regenerating coil in DAHU for indoor latent heat load and fresh air load processing.
Since dehumidification wheel in DAHU adsorbs moisture in air, low temperature
chilled water at 7°C is not required. Therefore, the set point of chilled water is at 12°C.
Rated COP of absorption chiller for 12°C of chilled water is 5% higher than that for
7°C. Chilled water from chillers is supplied to SAHU, pre-cooling and after-cooling
coil in DAHU. Figure 3 shows the diagram names “system-3”.
Table 1 shows the rated specifications of major components. Three CHPs are installed
in parallel, and the return hot water temperature to CHPs is the control parameter for
unit control of CHPs. In addition, when operating CHPs, they achieve rated
performance.
OUTLINE OF SIMULATION
Simulation tool
System simulation was conducted for comparison of the three systems. LCEM tool
(2007) which has been developed under supervision of Ministry of Land,
Infrastructure, Transport and Tourism is used with 1-hour calculation step.
Simulation procedure
Temperature of hot water supplied to the regenerating coil in DAHU affects the
supply air humidity ratio. If sufficiently hot water is not supplied to the regenerating
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Figure 4 Outdoor air condition
coil, the supply humidity ratio does not fulfill the set humidity ratio. Therefore, first
of all, calculation for system-3 with DAHU is conducted. Based on the simulation
results, processed heat load at DAHU and SAHU is calculated and the sum of them is
total processed heat load, which is provided to system-1 and system-2 as boundary
condition. This process makes the same value of processed heat load and makes it
easier to compare energy performance among three systems.
In the case of system-3, boundary condition is established as follows. For DAHU,
measured value of temperature, humidity and volume for supply and return air are
provided as boundary condition. As mentioned above, DAHU handles temperature
and humidity separately, therefore there is possibility that either temperature or
humidity does not meet the boundary condition. In this simulation, there was case that
humidity did not fulfil the condition. For SAHU, measured value of cooling coil
demand is provided as boundary condition.
Calculation period is June to September in 2015. Outdoor condition as boundary
condition is shown in Figure 4.
PERFORMANCE INDICIES
As energy performance indicator, coefficient of performance for overall system
(SCOP) is defined with equation (1).
SCOP  ( Q AHU  QDES ) /( Gabs  Eabs  Ecooling. pump  Ecooling. fan  Echilled. primary. pump
 Echilled. sec ondary. pump  ECHP. pump  GCHP.themral. )

(1)

Where QAHU and QDES are processed heat load at THC-AHU or SAHU and DAHU
respectively, Gabs is total gas consumption of ABS-G and ABS-GH, Eabs is total power
consumption of auxiliary machinery of ABS-G and ABS-GH, Ecooling.pump and E
cooling.fan are power consumption of cooling pumps and cooling fans respectively,
Echilled.primary.pump and Echilled,secondary.pump are power consumption of primary and
secondary pumps for chilled water circulation, GCHP.thermal is gas consumption, and
ECHP.pump is power consumption of hot water circulation pumps for CHP. All energy
consumption is converted to a primary energy base. Conversion factors for gas
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consumption and power consumption are 45 MJ/Nm3 and 9.76MJ/kWh respectively.
As for calculation of GCHP_thermal, two viewpoints are defined for evaluation in this
study. One is where thermal energy from CHP is considered as a main product. In this
viewpoint, CHP is a system the purpose of which is to generate electricity and thermal
energy. The other is where thermal energy is a byproduct. In this viewpoint, main
purpose of CHP is to generate electricity and thermal energy is considered as waste
heat.
Gas consumption of CHP corresponding to generated thermal energy is defined with
equation (2) for main product viewpoint and equation (3) for byproduct viewpoint.
GCHP.thermal
 GCHP.total thermal /(thermal  electricity )
 GCHP.total  ECHP

(main product view point)
(byproduct viewpoint)

(2)
(3)

where GCHP.toal is total gas consumption of CHPs, ηthermal is heat recovery efficiency
and ηelectricity is power generation efficienc, ECHP is the generated primary electricity
by CHP.
SCOP with main product and byproduct viewpoint is referred to as SCOPws_main and
SCOPws_by respectively.
RESULTS
Figure 5 shows each processed heat load at THC-AHU, SAHU and DAHU on the
plus side, primary energy consumption on the minus side and SCOPws-main on the
opposite axis. When installing SAHU and DAHU in system-3, DAHU handles
82.47GJ and SAHU handles 523.11GJ. The total processed heat load of the system,
605.58 GJ, is given as boundary condition to system-1 and system-2.
SCOPws-main of 1.00, 0.89, and 0.89 is achieved in system-1, system-2, and system-3
respectively. System-2 and system-3 reduce gas consumption of ABS-GH by 30%
because they have thermal input to ABS-GH. As shown in Figure 6, 80% of thermal
energy from CHP is supplied to ABS-GH and the rest is used at the regenerating coil
in DAHU. However, additional gas consumption of CHP and power consumption of
hot water circulation pump are required. Eventually, the total primary energy
consumption of system-2 and system-3 are larger than that of system-1.
Figure 7 shows the comparison of net primary energy consumption, generated
electricity and SCOPws-by when considering thermal energy as byproduct. SCOPws-by
is higher in system-3 than system-1 and system-2. Net primary energy consumption is
603.64GJ, 590.73GJ and 582.75GJ in system-1, system-2 and system-3 respectively.
Even though system-3 is the more complex system with combination of CHP,
ABS-GH, ABS-G, and THI-AHU, it achieves 3.5% lower net primary energy
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DISCUSSION
In this paper, energy performance evaluation is conducted from two viewpoints.
When considering thermal energy as a main product, the coefficient of performance to
use thermal energy is required to be higher than 1.00. Otherwise, the system does not
have much advantages to install CHP in terms of energy performance. To the contrary,
when thermal energy is assumed as a byproduct, the system can be competitive from a
total energy performance point of view. In any case, it is important to utilize thermal
energy efficiently.
CONCULUSION
This study conducted an energy performance comparison with three systems using
static simulation based on the viewpoints that thermal energy is a main product or a
byproduct.
Simulation during cooling period is conducted and results are as follows;
 When considering thermal energy as a main product, system-1 achieves the best
SCOP and SCOPws-main for system-2 and system-3 are around 0.89. Although
system-2 and system-3 reduce gas consumption of thermally driven absorption
chiller due to hot water input from CHPs, additional gas consumption for CHPs
and power consumption of hot water circulation pumps are required. When
considering thermal energy as a byproduct, system-3 achieved the best SCOPws-by
at 1.04 because generated electricity is subtracted from total primary energy
consumption.
 System-3 has higher SCOP than system-2 in both viewpoints. Since system-3
install temperature and humidity independent control of the air conditioning
system, lower demand of chilled water and the rise of chilled water temperature
contributes to the better performance of overall systems.
REFERENCES
Advanced Cogeneration and Energy Utilization Center Japan. 2014. Cogeneration
System: JAPAN INDUSTRIAL PUBLISHING CO., LTD.
Ito M. Sugihara Y. et al. 2007. Development of HVAC system simulation tool for life
cycle energy managements, Part 1: Outline of the developed simulation tool for life
cycle energy management, Part 2: Development of component models for HVAC
equipment, Proceedings of Building Simulation 2007, pp.1610 -1622,
Ministry
of
Land,
Infrastructure,
Transport
and
Tourism,
http://www.mlit.go.jp/gobuild/sesaku_lcem_lcem.html, last accessed on 20 June 2015

