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Abstract
This paper presents recent work to develop the test
procedure for the evaluation of building energy
simulation tool by a committee of the Society of Heating,
Air-Conditioning and Sanitary Engineers of Japan
(SHASE). The SHASE test procedure focuses on
evaluating a tool’s capability of estimating thermal load
and a HVAC system's energy consumption in commercial
buildings, and its outline was presented at the BS2017
conference. In this paper, we report simulation trial results
of additional test cases by several users and tools based
on the improved and extended procedure. The test
conditions of the thermal load simulation test were
revised in order to specify modelling method more
accurately and precisely for test participants. Test cases
with new HVAC equipment and control strategy aiming
energy conservation were added to the whole system test.
The test results showed discrepancies in energy
consumption between tools which is mainly caused by the
difference in equipment characteristics, control logic
modelling, and user’s human errors and interpretation in
modelling. We are planning to update the guideline
description and conditions taking these issues into
consideration.

Introduction
Research on the methods of evaluation of building energy
simulation tools has been carried out in NREL and IEA
since 1980, and in 1995 the IEA BESTEST was
developed (Judkoff and Neymark, 1995). A portion of the
work was published by ASHRAE as Standard 140
(ASHRAE, 2017). However, the scope of this evaluation
method was limited to a few HVAC systems, which do
not cover the systems commonly used in Japan. In
SSPC140 by ASHRAE a HVAC system evaluation
method was developed to improve the Standard, but the
focus was on checking the steady state heat balance
(Neymark et al., 2017). Therefore there is no common
procedure for evaluating the energy consumption for
HVAC systems used in commercial buildings.
While in Japan major amendment to the energy
conservation law took place in 2015, and when applying
for building approval it has become compulsory to state
the annual energy consumption. This amendment led to a
demand for a method of objective evaluation of the
reliability of building energy simulation tools. Therefore
in 2013 SHASE established a special committee to

develop Japanese own test procedure for the evaluation
method, and in 2016 a guideline for the evaluation method
was published (SHASE, 2016). The contents of the
guideline were reported at the previous conference (Ono
et al., 2017). In this paper the following results of the
continuing activities of the committee are described: 1)
simulation trial results of base cases by several users and
tools and revision of some test conditions, and 2) details
of new enhanced additional test cases.

Outline of test procedure
The objective of this test procedure is to determine the
reliability of energy simulation tools for HVAC systems
including thermal load simulation, and to enable their use
in the education and training of users in the use of these
tools. The scope of this test procedure is limited to air
conditioning systems and associated ventilation systems.
Also, systems for residential buildings is outside the scope
of this test procedure.
Figure 1 shows the test case configuration and the outline
of this paper’s contents. The parts shown in red characters
are the main changes from the previous paper, and are
described in detail later. From the point of view of
simulation tool evaluation, the scope of this procedure is
broadly divided into thermal load simulation and HVAC
system simulation, and evaluation of each component and
the overall system is carried out, with the objective of
simplifying the identification of the cause and effect
relationship.
This paper describes 1) simulation trials of base cases
which are whole building of thermal load simulation test
and JE110 of HVAC system simulation test, 2) expansion
of evaluation target for HVAC system simulation test,
adding total heat exchanger for the equipment test and 6
cases of JE120 to JE240 for the whole system test, and 3)
discussion about causes of the discrepancies.
In the whole building test, calculations are performed for
a building which has seven stories and total floor area of
10,000 m2 in Tokyo as shown in Figure 2. The heat source
system is configured from air source heat pump/chillers
(AHP1 and AHP2) and an absorption chiller (AR1) as
shown in Figure 3. The HVAC system includes the AHU
and VAV system shown in Figure 4. The air-conditioning
periods are taken to be June 1st to September 30th for
cooling, and December 1st to March 31st for heating. In
the intervening periods it is envisaged that the HVAC
system is stopped. For the detailed calculation conditions
that are not reported here, refer to the previous paper.
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Figure 1: Test case configuration and outline of this paper’s contents.
Table 1: List of simulation tools using for simulation trials.
Name
NewHASP/ACLD,
ACSS
LCEM

Abbreviation

Version

NewHASP

Ver.20121213

LCEM

The BEST Program

BEST

Ver.3.10
Professional Edition
BEST1805

Popolo

Popolo

Energy Network
Simulation Tool
EnergyPlus

ENe-ST
EnergyPlus

Authoring Organization
Japan Building Mechanical and
Electrical Engineers Association
Public Building Association of Japan
Institute for Building Environment and
Energy Conservation
Togashi Laboratory of Kogakuin
University

Reference
JABMEE (1986)
Ito, M., et al. (2008)
Hasegawa, I., et al.
(2017)

Kajima Technical Research Institute
Ver.8.6

U.S. Department of Energy

Togashi, E. (2018)
Mihara, K. et al.
(2015)
U.S. DOE (2018)
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Figure 2: Standard floor plan of the whole building test.
The following is a description of the conditions and the
trial results for each test case. Table 1 shows an overview
of the tools used in the simulation trials. Note that the
simulation trials u sing NewHASP, LCEM and BEST
were not conducted by these program authors but by just
users, and the results were not verified by the program
authors.

Figure 3: Schematic diagram of heat source system.
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Figure 4: Schematic diagram of air-conditioning system.
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No.
1
2
3
4
5
6
7
8

Category
Calculation
condition
Thermal
property
Internal
load
Adjacent
zone
Output

Outline of revision
Add description about initialized
calculation
Add description that AC system
capacity has no limitation
Clarify breakdown of combined
surface coefficient
Clarify thermal capacity of furniture
Clarify heat gain from occupants
Clarify sub-hourly schedule
Clarify boundary condition of upper
and lower floor
Output hourly sensible and latent load
of typical days

Figure 5 and 6 show the hourly load of zone NP and zone
SP on typical days from the trial results before and after
revision. The letters of A to G mean each participant.
Participant C and G were involved in only 1st trial and 2nd
trial respectively. It can be seen that there was large
variation among users under the ambiguous conditions
before revision, but after revision the amount of variation
was reduced. Figure 7 and 8 show the annual load for the
whole building before and after revision. Regarding the
annual load, the change was not large, but it can be seen
that there were some improvements in the variation
among participants who were involved in both 1st and 2nd
trial. However, it is not clear why the cooling load of
participant G using EnergyPlus was larger than those of
other participants, so the input conditions have to be

NewHASP A
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BEST C

BEST D

BEST E

Popolo F
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30

0

Total heat load [W/m2]
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(b) 2nd trial
(a) 1st trial
Figure 5: Hourly load of zone NP on January 1st.
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(a) 1st trial
(b) 2nd trial
Figure 6: Hourly load of zone SP on July 18th.
Cooling‐sensible

Annual heat load [MJ/m2]

Simulation trials were carried out by several users using
several tools for the whole building test of thermal load
simulation test and whole system test of HVAC system
simulation test. The objectives of these trials were to
verify the effectiveness of the test methods by comparing
and analyzing the trial results, and to identify omissions
and points of improvement in the test methods from the
points of view of various users. The trials for the whole
building test were carried out twice, after the first trial the
test conditions were revised, and then the second trial was
carried out. Note that in addition to the several committee
members there were also others that participated in the
trials that submitted their calculation results and opinions,
but for reasons of space only the results of the committee
members are presented here.
Whole building of thermal load simulation tests
As stated above, these trials were carried out twice, with
the test method being revised between the first and second
trials. The revisions in the test method were examined
based on the opinions of the participants in the first trial.
Table 2 shows the main points of revision. The method of
initialization at the start of calculation, the breakdown of
the combined surface coefficient, the method of
interpolating the sub-hourly schedule of internal heat load,
the boundary conditions of the upper and lower floors,
and other ambiguous calculation conditions were clarified.
Also, revisions were made to the output for evaluation,
such as the hourly load on typical days.
Table 2: Main revised items of whole building test.

checked again. Furthermore, there was a certain amount
of difference in the calculation results of several users
using the same tool, and it is considered that this was due
to ambiguous conditions still remaining in the guidelines,
differences in modelling way among the users, or simple
input errors. This problem is discussed together with the
whole system test trial results at last part of this paper.
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Figure 7: Whole building annual load of first trial.
Cooling‐sensible

Annual heat load [MJ/m2]

Simulation trial results of base cases

Cooling‐latent

Heating‐sensible

Heating‐latent

350
300
250
200
150
100
50
0
‐50
‐100
‐150
A

B
NewHASP

C

D
BEST

E

F

G

Popolo

EnergyPlus

Figure 8: Whole building annual load of second trial.
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Figure 10: Humidity and coil load on July 18th.
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Figure 11: Temperature and coil load on January 13th.

Energy consumption [MJ/m2]

300
250
200

AHU fans

150

Secondry pumps
AR1

100

AHP2
50

AHP1

0
D

E

B

BEST

H
LCEM

F

A

Popolo ENe‐ST

Figure 12: Primary energy consumption of cooling
period.
250
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Whole system of HVAC system simulation tests
In the whole system test, the annual energy consumption
for the central HVAC system shown in Figure 3 and 4 was
calculated for the thermal load of the six standard floors
calculated in the whole building test. Trials were carried
out for Case JE110 of VAV system as a base case. The
calculation conditions were not revised, so the trials were
carried out once only.
Figure 9 shows the annual coil load. There are large
differences in latent heat of cooling coil load. BEST and
Popolo which have larger latent heat were coupled to the
building model. On the other hand, LCEM and ENe-ST
which have smaller latent heat were not coupled and the
return air temperature and humidity were set as setting
values of room temperature and humidity. Therefore it is
considered that this caused differences in the quantity of
latent heat in particular. Figure 10 shows hourly humidity
and coil load on a typical day from Popolo and ENe-ST.
It can be seen that there is a difference in the latent heat
between the two tools. With ENe-ST the return humidity
was constant at the setting value, despite the fact that the
supply air temperature was high and dehumidification
was not possible, so there was no heat balance. This made
the latent heat of ENe-ST lower than that of Popolo.
Moreover, the heating load of LCEM was larger than
those of other tools. Figure 11 shows hourly air
temperature and coil load on a typical day from LCEM
and ENe-ST. It can be seen that the supply air temperature
was constant at 31oC because LCEM does not calculate
supply air temperature reset control. Therefore, its heat
supply was excess since the supply air flow rate was also
constant at the minimum value. In other words, there was
also no heat balance. This suggests that it is necessary to
check the results carefully in terms of heat balance in case
of using tools which are not coupled to building models.
Figure 12 and Figure 13 show the primary energy
consumption during cooling period and heating period.
According to the discrepancy in coil load described above,
the energy consumption for cooling of LCEM and ENeST was smaller, and that for heating of LCEM was larger
than those of other tools. Additionally, even though the
coil load were almost the same, the characteristics of
component models and control logics caused the
discrepancy in energy consumption. The energy
consumption of AHU fans had especially large difference
due to the control logics related to VAVs.
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Figure 13: Primary energy consumption of heating
period.

‐200
‐300
D

E
BEST

B

H
LCEM

F

A

Popolo ENe‐ST

Figure 9: Annual cooling/heating coil load.
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Energy consumption [MJ/m2]
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Figure 14: Annual primary energy consumption of
JE110 and JE120.
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Figure 15: Annual coil load of JE110 and JE120.
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In the HVAC system simulation test, the systems to be
evaluated were limited, and energy conservation
measures that are now commonly used were outside the
scope of evaluation. Therefore, new cases were added to
the equipment tests and the whole system test. In the
whole system test, the VAV test case (JE110) in the
published guidelines is the base case, and six new cases
were added: addition of total heat exchangers (JE120),
addition of fresh air volume control by CO2 concentration
(JE130), high efficiency chiller/heat pump (JE210),
change of chilled/heating water temperature (JE220),
variable water volume control of primary pumps and a
condensing water pump (JE230), and change of
secondary pump control (JE240). Hereafter, due to space
limitations, three of the additional whole system test cases
are explained.
Addition of total heat exchangers (JE120)
In this case, the reduction in outdoor air load and any
influences by introducing a total heat exchanger to the air
handling unit are confirmed.
a. Calculation conditions
JE120 is exactly the same as JE110 except for changes
noted in the described below.
Total heat exchangers are introduced onto all air handling
units. The total heat exchange efficiency is around 76% at
design point. The static pressure loss during the rated air
flow rate of the total heat exchanger is 150 Pa. The power
consumption of the total heat exchanger rotor is 100 W
and accounted for as air transport equipment.
The total heat exchanger is effective during cooling
operation when the outdoor air enthalpy is larger than the
indoor air enthalpy, and during heating operation when
the outdoor air enthalpy smaller than the indoor air
enthalpy. When effective the outdoor air passes through
the total heat exchanger, and when not effective the air
bypasses it.
b. Trial results
Figure 14 shows the annual energy consumption. The
change in annual energy consumption by introducing total
heat exchangers was checked. The air transport power
increased, but on the other hand, the heat source and water
transport power reduced as the outdoor air load reduced.
For the whole system, the energy consumption tended to
be reduced compared to the base case JE110.
Figure 15 shows the annual coil load. The annual coil load
of JE120 was reduced compared to the base case JE110,
but the reduction rates were different between the tools.
Figure 16 and 17 show monthly sensible and latent heat
reduction respectively. The monthly percentage reduction
in the sensible heat load and the latent heat load was
confirmed from the relationship to the monthly average
temperature and humidity. The outdoor air load as a
percentage of the coil load was larger during heating
periods than during cooling periods, so the load reduction
associated with total heat exchanger introduction is

greater during winter. In the case of cooling periods, the
outdoor air load is large in July and August when the
outdoor air temperature and the absolute humidity are
high, so during this period the percentage load reduction
is relatively large. On the other hand, such a relationship
does not clearly appear for the percentage reduction in
sensible heat load during heating periods. The outdoor air
load as a percentage of the coil load varies according to
the month, and is large compared to the cooling periods,
so the effect is relatively large.

Sensible heat reduction [%]

Expansion of evaluation targets for HVAC
system simulation test

May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr

Figure 16: Monthly sensible heat reduction and outdoor
air temperature of JE120 compared to JE110.
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against JE110 [%]

AHPs

AR

Popolo F

ENe‐ST A

OA humidity
18

80%

16

70%

14

60%

12

50%

10

40%

8

30%

6

20%

4

10%

2
0

0%
May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr

Figure 17: Monthly latent heat reduction and outdoor
air humidity of JE120 compared to JE110.
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b. Trial results
Figure 18 shows energy consumption sensitivities against
JE110. The energy consumption of AHPs reduced in all
results due to the water temperature change, but that of
AR1 increased in the results of BEST and Popolo because
the temperature change caused increase of chilled/heating
water flow rate and number of running chiller/heat pumps.
Therefore, as shown in Figure 19, the heat production of
AR increased. In LCEM and ENe-ST, because the
number of running chiller/heat pumps is controlled based
on only heat load, the number did not increase. The air
and water transport power increased because the delta
temperature of both air-conditioned air and
chilled/heating water reduced due to the water
temperature change.
Change of control logic for secondary pumps (JE240)
Water transport power is confirmed when the secondary
pump control method is changed from differential
pressure control to terminal pressure control.
a. Calculation conditions
JE240 is exactly the same as JE110 except for changes
noted in the described below.
The secondary pump control method is changed from
differential pressure control in the base case JE110 to
terminal pressure control. The pump rotational speed is

LCEM B
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Outdoor air humidity [g/kgDA]

BEST D

Latent heat reduction [%]

JE110
JE220

Heating water
temperature
Dec and
Jan and
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50 oC
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Case No.

Chilled water
temperature
Jun and
Jul and
Sep
Aug
7 oC
9 oC
7 oC

controlled to achieve the setting pressure. The setting
pressure is calculated in two ways, from the linear
equation (JE240-1), and from the secondary equation
(JE240-2) shown in Figure 20.
b. Trial results
Figure 21 shows annual primary energy consumption of
the secondary pumps. The energy saving for the
secondary pump power consumption was confirmed
compared to JE110 as reference. There were differences
in reduction rate because the control logics and
calculation algorithms of pump power consumption are
not the same for each tool.

ＪＥ110

Change of chilled/heating water temperature (JE220)
In this case, the energy consumption is confirmed when
the supply water temperature setting value for
chilled/heating water is changed.
a. Calculation conditions
JE220 is exactly the same as JE110 except for changes
noted in Table 3. Table 3 shows the calculation conditions
for chilled/heated water temperature setting.
Table 3: Chilled/heating water temperature setting of
JE220.

ENe‐ST A

Figure 19: Annual heat production of chiller/heat pumps
of JE110 and JE220.
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Figure 18: Energy consumption sensitivities of JE220 against JE110.
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Figure 22 shows the correlation between the water flow
rate and pump head. It can be seen that Popolo has a
different control logic of operational number compared to
other two tools. Furthermore, because the total water flow
rate of ENe-ST was larger than those of other tools, the
maximum total head and power consumption were large.
Therefore, the energy reduction rate of ENe-ST was small
because the pump power of JE240 was larger than that of
JE110 when the total head was larger than 170 kPa. It is
necessary to confirm the characteristics of
cooling/heating coils which influence the calculation of
water flow rate demand significantly.
JE110

Total head of pumps
170kPa

JE240‐1

JE240‐2

50kPa

3,231L/min
Total water flow rate of
three secondary pumps
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Figure 20: Setting pressure of JE240-1 and JE240-2.
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Figure 21: Annual primary energy consumption of
secondary pumps of JE110 and JE 240.
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Figure 22: Scatter diagram of water flow rate and total
head, left: JE110, right: JE240-2.

Discussion about causes of the discrepancies
This paper describes simulation trials carried out by
several users using several tools in accordance with test
methods prescribed in guidelines, and their results. By
having many users carry out the trials, ambiguous points
and inappropriate points in the calculation conditions
prescribed in the guidelines became clear, and the
necessary points for revision of the guidelines were
identified. In the case of the whole building test, revisions
were made in the method of stating the calculation
conditions and the trials were carried out again, as a result
of which it was confirmed that the differences in the
calculation results were reduced. However, the
differences were still not small. In particular, there were
differences in the results among users using the same tool,
so it is considered that there were two causes for the
differences as follows.
1) Differences in ideas regarding the tool input
conditions
In the method of calculating floor or wall area and method
of applying control setting values, each user has their own
method and thinking, so there is potential for different
input values. Therefore it is considered effective to
collect, compare, and analyze not only the calculation
results, but also the input files of each user, in order to
analyze where there are differences. Through such
analyses, it is considered that although it is difficult to
obtain complete agreement because even for inputting the
same element there are differences in the method of
stating the input conditions required by each tool, it is
possible to reduce the differences by more rigorously and
precisely prescribing the calculation conditions given in
the guideline. On the other hand, another cause is that
differences in input are produced depending on the user
because of insufficient documentation in the manuals
regarding the method of using the tools. Therefore, it is
probably necessary for the committee members to read
and understand the manuals, and develop methods of
stating the requirements in the guideline so as to reduce
the variation among users.
2) Differences in experience and qualification of the
users
Before the issue of individuality among users in the
method of inputting described in 1), there is a possibility
that differences will be produced due to differences in the
experience and qualification of the users. This difference
will produce errors rather than variation about the correct
answer, and is caused by insufficient understanding of the
HVAC system itself or of the tool. This includes errors of
using default values set in the tool, without paying
attention to the specification or setting values that should
be appropriately corrected. Using the guideline for
education and training, a user can see the results of other
users and make judgments on their own, which will
contribute to improving their own capability.
Differences in the algorithm of each tool and bugs in the
program are important factors for variation. In particular
if a bug is found from the test results it is important to
correct it, but before that the issues in 1) and 2) above
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must be studied by the committee, and it is considered that
for the time being it is necessary to carry out work to
reduce the factors contributing to variation as much as
possible. Therefore, the activities being carried out at
present include comparing and checking input files,
surveys of the manuals and other documentation for the
tools, and studying methods of checking the capabilities
of users.

Conclusion
This paper describes revised test conditions, simulation
trial results and the extended test cases for the SHASE test
procedure for the evaluation of building energy
simulation tools. The test conditions of the thermal load
simulation test were revised in order that test participants
can specify the model accurately and precisely.
Simulation trials were conducted by several well-known
simulation tools used in Japan and worldwide and the
results were compared.
New test cases by introducing new HVAC components
including control strategy for energy conservation were
added to the whole system test. The components are a
total heat exchanger, a fresh air volume control by CO2
concentration, a high efficiency chiller/heat pump, change
of chilled/heating water temperature setting, a variable
water volume control logic of primary pumps and a
condensing water pump, and a secondary pump control
logic.
We found that test results showed much discrepancies in
energy consumption between tools, which are mainly
caused by difference in HVAC equipment characteristics,
control logic modelling, and human errors and different
interpretation in modelling. Based on the lessons learned
we are investigating how modelling errors in multiple test
cases can be diagnosed, and how the modelling
capabilities of users can be evaluated and enhanced, while
extending test cases to increase applicability to real
HVAC systems. We are planning to update the guideline
description and conditions taking these investigations into
consideration.
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