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ABSTRACT 

The National Institute of Land and Infrastructure 

Management (NILIM) and the Building Research 

Institute (BRI) have developed new methodologies 

for evaluating the primary energy consumption of 

commercial buildings for the building energy 

efficiency standards in Japan. In the first part of this 

paper the possibility of applying simulation 

technologies to building regulations are shown. For 

these simulation technologies to play an important 

role in promoting compliance with building 

regulations, it is important to consider the 

understandability and reliability of the calculation 

method, the clarity of the definitions of the 

simulation inputs, and the strictness of version 

management. In the second part of this paper, the 

details of the methodologies to calculate the primary 

energy consumption are given and several examples 

of the application of the calculation tools to actual 

buildings and the comparison results of actual 

primary energy consumption and simulated primary 

energy consumption are shown. 

 

INTRODUCTION 

In Japan, according to the building energy efficiency 

standard prescribed in the Law Concerning the 

Rational Use of Energy, building constructors should 

review their buildings’ energy performance and 

report the review results to administrative agencies 

before they start building. To achieve further energy 

savings in buildings, the Japanese government has 

decided that compliance with the standard will be 

mandatory for all newly built commercial buildings 

and housings until 2020. As a first step toward 

mandatory compliance with the standard, the 

Japanese government revised the building energy 

efficiency standard for commercial buildings (Offices, 

Hotels, Hospitals or clinics, Retail shops, Schools, 

Restaurants, Theaters and halls, and Factories) in 

April 2013. In the revised standards, the primary 

energy consumption of building equipment is 

required as a criterion index, in addition to building 

envelope performance (new Perimeter Annual Load, 

PAL*). 

The National Institute of Land and Infrastructure 

Management (NILIM) and the Building Research 

Institute (BRI) have developed new methodologies 

for evaluating the annual heat load in perimeter zones 

(i.e. PAL*) and the primary energy consumption of 

air-conditioning systems, ventilation systems, 

lighting systems, hot water supply systems, and 

elevators. They have also developed a web-based 

online calculation tool to help calculate these indices. 

The methodologies are expected to be suitable for the 

mandatory standard. Here, we describe the concept of 

the evaluation methodologies, the ways in which 

web-based calculation tools are used in the standards, 

and the details of the methodologies used to calculate 

the primary energy consumption. 

 

APPLICATION OF SIMULATION 

TECHNOLOGIES FOR TESTING 

COMPLIANCE WITH BUILDING 

REGULATIONS 

Applying simulation technologies for testing 

compliance with mandatory building regulations is a 

challenging task. The new evaluation methodologies 

have been developed according to the following 

philosophies: 

- The calculation method should be reasonable and 

easy to understand, so that users can work out what 

they need to do to ensure that their buildings meet the 

standard. The calculation tool should have a function 

that displays not only the outputs (calculation results) 

but also the calculation process. 

- The calculation results can be foreseeable to a 

certain extent, without the need to execute the 

calculation tool itself, so that reviewers can judge the 

validity of the calculation results even if they don’t 

have enough knowledge of the building’s equipment. 

We decided to publish the building equipment 

specifications that are used to determine the reference 

primary energy consumptions. This information 

helps reviewers to understand whether or not the 

calculation results are appropriate. 

- The calculation results should be fair, reliable, and 

verifiable. We developed the methodologies by using 

the results of our investigations of performances 
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measured in actual buildings. Because the calculation 

tool can estimate realistic energy consumption, users 

can compare various energy-saving techniques fairly. 

- The inputs of the calculation should be defined 

clearly. The calculation results should be equal, no 

matter who uses the calculation tool to evaluate the 

building. We defined the rules of the inputs clearly, 

and some of the inputs were linked to the Japanese 

Industrial Standard (JIS). For example, the 

coefficients of performance (COPs) of chillers differ 

if the measurement conditions (e.g. chilled water 

temperature) are different. Therefore, it should be 

made clear that users need to input COPs under 

conditions regulated by JIS B 8616. 

- Inputting data for the calculation should not require 

much time and effort. Inputs should be made on the 

basis of the design documents (e.g. equipment lists 

and specifications). This also helps reviewers to 

check the inputs of the calculation easily, because 

they can compare the design documents and the 

inputs without using extra information. We 

developed a calculation tool with inputs that are 

made easily by copying and pasting the information 

in the equipment lists and specifications of the design 

documents. 

- The version of the calculation tool should be 

managed strictly. We developed an online calculation 

tool for managing versions easily. In the case of off-

line calculation tools it is difficult to control software 

versions once the calculation tool has spread 

worldwide. 

- The calculation tool should not depend on the user’s 

PC environment. We decided to use cloud-computing 

technologies. By using cloud computing, users can 

execute detailed, speedy calculations regardless of 

their PCs’ performance. This can reduce the cost of 

user support. 

 

WEB-BASED CALCULATION TOOL 

The Web-based online calculation tool for the revised 

standard is available on BRI’s website 

(http://www.kenken.go.jp/becc/index.html). When 

building constructors build new commercial 

buildings with a floor area of more than 300 m
2
, they 

must calculate the primary energy consumption with 

this tool and report the review results to 

administrative agencies. The standard started 

operating in April 2013. 

Figure 1 shows the procedures used to evaluate the 

primary energy consumption by using the tool. To 

calculate primary energy consumption, users should 

input the specifications of the building envelope and 

equipment to a Specification Input Sheet, which is 

available on BRI’s website as a Microsoft Excel file 

(Figure 2). The sheet has a function for converting 

the Excel file to several CSV files. When the CSV 

files are uploaded to the tool, the results of 

calculations of the primary energy consumption of 

the air-conditioning system, ventilation system, 

lighting system, hot water supply system, and 

Figure 3  Interface of the tool (in Japanese) 

Figure 2  Example of input sheets (in Japanese) 

Download

Upload

Calculation
Results

Design documents
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Specification Input Sheet

Input the product 
specification of the 
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XML files Calc. results

- Excel Sheet
- Manual
- Interface of 
the web-based 
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Computational engine
on cloud computing platforms

http://www.kenken.go.jp/becc/

Figure 1  Flow for evaluation of a building’s 

primary energy consumption 
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elevators are displayed on the tool’s interface (Figure 

3). Guidelines for the rules for creating a 

Specification Input Sheet in accordance with the 

building design documents have been published on 

BRI’s website as a PDF file. 

 

CALCULATION METHOD 

Figure 4 shows the flow used to calculate a designed 

primary energy consumption dE [MJ/year] and the 

reference primary energy consumption rE  [MJ/year]. 

The input of the calculation method is shown in the 

left side of Figure 4. In order to calculate dE , users 

have to input climate zone and information of each 

room (room type, floor area, floor height, direction 

and area of exterior walls and windows) as well as 

the building envelop material properties definition 

and the specification of  equipment. 

The ratio of dE  to rE  is defined as the BEI 

(Building Energy Index), as follows: 

d rBEI E E         (1) 

If the BEI of a building is not more than 1.00, the 

building is judged to meet the criteria. dE  is 

calculated by using specifications for the building 

envelope and equipment according to the 

methodologies developed by NILIM and BRI (2013).

dE  is a summation of the designed primary 

consumption of the air-conditioning system ,d ACE , 

ventilation system ,d VE , lighting system ,d LE , hot 

water supply system ,d HWE , elevators ,d EVE , and 

others OTE . OTE  is assumed to be the energy 

consumed by office automation equipment, and the 

value is determined in the standard. If a building has 

photovoltaic power generation systems or 

cogeneration systems, the savings in energy resulting 

from the systems, i.e. ,d EFE , where EF = efficient, 

can be taken into account as follows: 

, , , ,

, ,

d d AC d V d L d HW

d EV OT d EF

E E E E E

E E E

    

 
     (2) 

The reference primary energy consumption rE  is 

calculated as follows. The value of OTE  is the same 

as that of OTE  in Equation (2). The standard 

considers reference primary energy values and not a 

reference building with predefined values as with 

Baseline Building Method in ASHRAE Standard 

90.1-2010. 

, , , ,

,

r r AC r V r L r HW

r EV OT

E E E E E

E E

    


      (3) 

 ,* , ,*,
1

N

r r per j j
j

E E A


         (4) 

where, 

,*rE  : Reference primary energy consumption of 

equipment item * [MJ/year] 

Figure 4  Flow of calculations of primary energy consumption.  
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, ,*,r per jE  : Reference primary energy consumption 

of equipment item * for room j [MJ/m
2
/year] 

jA  : Floor area of room j [m
2
] 

(* AC: air-conditioning system; V: ventilation 

system; L: lighting system; HW: hot water supply 

system; EV: elevators) 

, ,*,r per jE  is defined in the standard for 8 climate 

areas and for 201 room types. Table 1 gives some 

examples of , ,*,r per jE . 

 

ROOM TYPES AND STANDARDIZED 

USER CONDITIONS  

We classified the room use patterns in commercial 

buildings (e.g. air-conditioning system operation time, 

amount and schedule of heating from appliances and 

lighting, volume of fresh air intake, etc.) into 201 

types on the basis of the results of investigations in 

actual buildings. We then determined standardized 

user conditions for each room type. Table 2 gives 

some examples of assumptions for room use. 

 

CALCULATION METHODOLOGIES  

Air-conditioning systems 

This section gives a brief explanation of the 

methodologies used to calculate the designed primary 

energy consumption of air-conditioning systems. 

Figure 5 shows the flow used to calculate the primary 

energy consumption of air-conditioning systems. 

This flow consists of two parts: room heat-load 

calculation and energy calculation. 

In the heat load calculation, the daily heat loads of 

each room are calculated as follows:  

, ,( ) ( )rL j j rG j jQ t a Q t b        (5) 

where, 

, ( )rL jQ t : Daily room heat load of room j 

[MJ/m
2
/day] 

, ( )rG jQ t : Daily heat gain of room j [MJ/m
2
/day] 

 

As the daily heat gain ,rG jQ the following two kinds 

of heat gain are taken into account: 

a) Heat gain through exterior walls and windows as a 

result of the temperature difference between the 

indoor air in   [
o
C] and the outdoor air out  [

o
C]: 

 , , , , , ,
1

jN

rG T j T j n T j n out in
n

Q U A  


        (6) 

This calculation method does not take the effect of 

thermal bridges into account. 

 

b) Heat gain through windows as a result of solar 

radiation srI  [W/m
2
]: 

, , , , , ,
1

jN

rG S j S j n S j n sr
n

Q A I


            (7) 

Coefficients ja  and jb  in Equation (5) are 

coefficients for converting static heat gain to 

dynamic heat load. These values are determined on 

the basis of an analysis using the dynamic thermal 

load calculation program newHASP. We made 

regression equations from the relationship between 

dynamic thermal load calculated by using newHASP 

and the static heat gains , ,rG T jQ  and , ,rG S jQ  as 

shown in Figure 6, and determined the coefficients 

ja  and jb  in Equation (5). They are dependent on 

the zone, room use, and season and on the use of air-

conditioning the previous day. 

Table 1  Reference primary energy consumptions, 𝐸𝑟,𝑝𝑒𝑟,∗,𝑗, described in the standard 

Table 2  Examples of assumptions of room use 
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In the energy calculation, air-conditioning loads are 

calculated by using , ( )rL jQ t  and the outdoor air load. 

This calculation method does not take the losses due 

to distribution and hand-over into account. 

The outdoor air load changes if the system has air-to-

air total heat exchangers or economizers. The 

primary energy consumption of the air-conditioning 

system ,d ACE  is calculated as follows: 

, , , , , , ,d AC d AC AHU d AC PUMP d AC REFE E E E     (8) 

where, 

, ,d AC AHUE  : Energy consumption of air-handling 

units [MJ/year] 

, ,d AC PUMPE  : Energy consumption of secondary 

pumps [MJ/year] 

, ,d AC REFE  : Energy consumption of heat source 

equipment [MJ/year] 

  

The concept used to calculate , ,d AC AHUE , 

, ,d AC PUMPE , and , ,d AC REFE  is shown in Figure 7. 

For each item of air-handling unit (AHU), pump, and 

heat source equipment, a distribution for the 

appearance frequency of the air-conditioning load is 

Figure 5 Flow of calculations of primary energy consumption  

of an air-conditioning system 

(CAV, Constant air volume; VAV, Variable air volume; CWV, Constant water volume;  

VWV, Variable water volume, AHU, Air-handling unit) 
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generated and the appearance time of each of the part 

load ratio (PLR) bands is calculated (Table 3). The 

energy consumption of the equipment on each PLR 

band is calculated by multiplying the appearance of 

the load and the energy input, which differs 

depending on the control systems introduced. If an 

AHU system has a CAV (constant air volume) 

control system, the energy consumption of all PLR 

bands will be constant (rated power consumption). If 

an AHU system has a VAV (variable air volume) 

control system, the energy consumption will change 

with the PLR of the equipment. Table 3 shows an 

example of the calculation.  

- In a part load ratio of 0.6 to 0.7, the Appearance 

of load (20 h) can be obtained from the results of 

the heat load calculation. 

- Energy input = Rated power consumption (15 

kW + 1.5 kW) * average load factor 0.65
2
 = 6.97 

kW. If a VAV control system is used, the 

amount of power consumed is dependent on the 

load factor (the square of the average load 

factor). 

- Amount of power consumed = 20h * 6.97 

kW/1000 = 0.14 MWh.  

- Annual amount of power consumed is the sum of 

power consumed in all load factor ranges (5.90 

MWh). 

As with heat source equipment, the appearance 

frequency of the air-conditioning loads is generated 

according to not only the PLR but also the outdoor 

air temperature (Table 4). 

 

Ventilation systems 

The designed primary energy consumption of 

ventilation systems ,d VE  is calculated as follows. 

 6
, , , ,

1

10
N

d V v i v i v i prime
i

E E T F f



           (9) 

,
,

Vm i
v i

m

E
E


         (10) 

where, 

,v iE  : Power consumption of the blower i [W] 

Figure 7 Concept for calculating energy consumption  

Table 3 Example of calculation of energy consumption of air-handling units 

(Assumptions: Cooling/heating capacity 110.9 kW; supply fan 15.0 kW; return fan 1.5 kW;  

variable air volume control system; minimum damper opening 40%) 

Table 4 Example of a heat load matrix for heat source equipment 
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,v iT  : Operating hours of the blower i [h] 

,v iF : Control-system-dependent coefficient of the 

blower i [-] 

primef  : Primary energy factor for electricity 

[kJ/kWh] 

,Vm iE  : Rated power of the blower motor [-] 

m  : Motor efficiency (0.75) [-] 

 

The operating hours  ,v jT  are specified for each 

room use, depending on the standardized room use 

conditions. 

A Control-system-dependent coefficient ,v jF  is 

defined as follows; 

- Use of a high-efficiency motor 

0.95  if “Yes” 

- Use of an inverter 

0.6 if “Yes” 

- Use of blower flow rate control 

0.6 for CO/CO2 concentration control 

0.7 for temperature control 

Lighting systems 

The designed primary energy consumption of 

lighting systems ,d LE  is calculated as follows. 

 6
, , , , ,

1

10
N

d L L i L i L i L i prime
i

E E T F C f



       (11) 

where, 

,L iE  : Power consumption of lighting equipment 

[W] 

,L iT  : Lighting hours [h] 

,L iF  : Control-system-dependent coefficient [-] 

,L iC  : Room-shape-dependent coefficient [-] 

 

The lighting hours  ,L iT  are specified for each room 

use, depending on the standardized room use 

conditions. A room-shape-dependent coefficient ,L iC  

is for correction with a room index (=L*D / 

[(L+D)*H], where L: width of the room, D: depth of 

the room, H: elevation of the equipment) to mitigate 

the disadvantages of a room with a low room index. 

 A control-system-dependent coefficient ,L iF  is 

defined for each control system shown in the 

following. 

- Occupancy-detection control with a motion 

sensor 

- Time-schedule control 

- Initial-brightness-correction control  

- Daylight-dependent light control with a 

brightness sensor 

- Automatic ON/OFF control  with a brightness 

sensor 

- Brightness control/light control with a brightness 

sensor 

 

Hot water supply systems 

The designed primary energy consumption of hot 

water supply systems ,d HWE  is calculated as follows. 

, ,3
,

1 ,

10
N

Wr i W Wp i
d HW

i W i

Q C Q
E







 
  

 
 

      (13) 

 
365

, , , , , , ,
1

Wr i w w Wtap Win d W d i W solor d i
d

Q c V Q  


  

          (14) 

where, 

,Wr iQ : Annual hot-water-supply load [kJ] 

WC  : Correction factor [-] 

,Wp iQ  : Annual pipe heat loss [kJ] 

,W i  : Heat-source operational efficiency [-] 

, ,W d iV : Hot water use [L/day] 

Wtap  : Hot-water-supply temperature (43
o
C)  [

o
C] 

,Win d  : Water-supply temperature [
o
C] 

, , ,W solor d iQ  : Use of heat from the solar water 

heating system [kJ/day] 

 

Hot water use , ,W d iV  is  specified for each room use, 

depending on the standardized room use conditions. 

The effect of hot-water-saving equipment is reflected 

in this. The water-supply temperature ,Win d  has 

been calculated for each zone as a function of 

outdoor temperature. 

Annual pipe heat loss ,Wp iQ  is calculated as follows. 

  
365

, , , , , ,
1

3.6Wp i W i W i Wp amb d W d i
d

Q L k T 


     

(15) 

,
,

1000

sw i
W i sw

V
L Ix             (16) 

where, 

,W iL  : Virtual pipe length [m] 

,W ik  : Pipe heat-loss coefficient  [W/(m
.
K)] 

Wp  : Circulating water temperature (60
o
C) [

o
C] 

,amb d  : Pipe ambient temperature [
o
C] 

, ,W d iT  : Operational hours  [h] 

,sw iV  : Average daily hot water use [L/day] 

swIx  : Assumed Ix value (7.0) [-] 

 

Pipe heat-loss coefficient ,W ik  is determined from 

the pipe size and the insulation specifications. The 

pipe ambient temperature ,amb d  is the average of 

the outdoor temperature and the room temperature. 
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,W iL  is virtual pipe length which is not equal to 

actual pipe length. Because the work of reading the 

pipe length of a central hot-water-supply system is 

very complicated, time-consuming and difficult to 

verify the accuracy in short time inspection by the 

administrative agencies, we desided that this work 

has been eliminated. The virtual pipe length is 

estimated from the daily hot water use as Equation 

(16).  

A correction factor WC  in Equation (13) is 2.5. The 

value has been determined so that primary energy 

consumption by this calculation method (the above 

formula)  and by a detail simulation are equal. 

 

Elevators 

The designed primary energy consumption of 

elevators ,d EVE  is calculated as follows. 

, , , ,
,

860

EV i EV i EV i EV i
d EV

L V C T
E         (17) 

where, 

,EV iL  : Loaded mass [kg] 

,EV iV  : Rated speed [m/min] 

,EV iC  : Speed-control-system-dependent coefficient 

[-] 

,EV iT  : Operational hours [h] 

 

The annual number of lighting hours for each room 

use under the standardized room use conditions is 

used as the number of operational hours ,EV iT .  

 

VERIFICATION 

In order to verify the accuracy of the developed 

calculation method, we applied the calculation 

method to five actual buildings (Office, Restaurant, 

Hotel, Hospital and School, which are located in 

Tokyo, Japan) and compared the calculated energy 

consumption with the actual energy consumption 

measured in these buildings in April 2013 to March 

2014. The comparison results are shown in Figure 8. 

Though the difference of the restaurant’s energy 

consumption is bigger because the actual user 

conditions are quite different from the standardized 

user conditions assumed in the standard, we consider 

that the developed calculation method can estimate 

the annual primary energy consumption of the 

buildings with a certain degree of accuracy. 

 

CONCLUSION 

Here, we have shown the possibility of applying 

simulation technologies to building regulations. For 

these simulation technologies to play an important 

role in promoting compliance with building 

regulations, it is important to consider the 

understandability and reliability of the algorithm, the 

clarity of the definitions of the simulation inputs, and 

the strictness of version management. 
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