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ABSTRACT

In Japan, according to the building energy efficiency standards 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 building
equipment, the Japanese government revised the standard in April 2013. For the
revised standard, the National Institute of Land and Infrastructure Management and
the Building Research Institute have developed new methodologies for estimating
annual heat loads in perimeter zones, as well as the primary energy consumption of
air-conditioning systems, ventilation systems, lighting systems, hot water supply
systems, and elevators, and a web-based online simulation tool. Here, we show how
the web-based simulation tool is used in the standard and give details of the
calculation methodologies.
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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,
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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
simulation 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 simulation tools are used in the
standards, and the details of the methodologies used to calculate the primary energy
consumption of air-conditioning systems.

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 simulation-based evaluation methodologies
have been developed according to the following philosophies:

- The algorithm of the simulation 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 simulation should have a function that displays not only the outputs
(calculation results) but also the calculation process.

- The simulation results can be foreseeable to a certain extent, without the need to
execute the simulation itself, so that reviewers can judge the validity of the simulation
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 simulation results are appropriate.

- The simulation results should be fair, reliable, and verifiable. We developed the
methodologies by using the results of our investigations of performances measured in
actual buildings. Because the simulation can estimate realistic energy consumption,
users can compare various energy-saving techniques fairly.

- The inputs of the simulation should be defined clearly. The simulation results should
be equal, no matter who uses the simulation to evaluate the building. We defined the
rules of the inputs clearly, and some of the inputs were linked to the Japanese
Industrial Standard. 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 simulation should not require much time and effort. Inputs
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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 simulation easily,
because they can compare the design documents and the inputs without using extra
information. We developed a simulation 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 simulation should be managed strictly. We developed an online
simulation tool for managing versions easily. In the case of off-line simulations it is
difficult to control software versions once the simulation has spread worldwide.

- The simulation 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 SIMULATION TOOL
The Web-based online simulation 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*, 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,
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Figure 4 Flow of calculations of primary energy consumption.

(AC, air-conditioning; HW, hot water; L, lighting; V, ventilation; EV, elevators)

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 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.

EVALUATION METHOD
Figure 4 shows the flow used to calculate a designed primary energy consumption Ej,

[MJ/year] and the reference primary energy consumption E, [MJ/year]. The ratio of
E; to E, is defined as the BEI (Building Energy Index), as follows:

BEI =E, / E,

(1

If the BEI of a building is not more than 1.00, the building is judged to meet the
criteria. E; is calculated by using specifications for the building envelope and
equipment according to the methodologies developed by NILIM and BRI (2013). E,
is a summation of the designed primary consumption of the air-conditioning system

E4 4c, ventilation system Ejy , lighting system Ej ;, hot water supply system Ej yy,

elevators E, gy, and others Eyr. Eopr 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
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Table 1 Reference primary energy consumptions, Ej .. j, described in the standard

Building type Type of room Air—conditioning Ventilation | Lighting Hot water supply Others
Area 1 Area 2 - - Area 1 Area 2 -
Office Office 898 917 0 498 20 20 498
Meeting room 1060 1071 0 231 51 50 42
Central monitoring room 2457 2508 0 1171 46 43 2565
Locker room 787 797 138 202 995 975 0

Table 2 Examples of assumptions of room use

Internal heat | Internal heat

Operation |Internal heat X . Fresh air Illuminance
Building type Type of room time for AC |gain (lighting) (metlec?lism) eﬁj;;;(e):t) intake level
[h/year] W/m] [person/m] W/m] [m3/m?2/h] [1x]
Office Office 3374 12 0.1 12 50 750
Meeting room 2410 10 0.25 2 12.0 500
Central monitoring room 8760 20 0.15 30 4.0 500
Locker room 3374 15 0.3 0 4.0 300

savings in energy resulting from the systems, i.e. E; gr, where EF = efficient, can be
taken into account as follows:

Eq = Egac +Eqv Y Eqr + Equw + Eqev + Eor — Eqger (2)

The reference primary energy consumption E, is calculated as follows. The value of
Eor is the same as that of E,; in Equation (2).

Er = Erac+Ery +E L+ Erpw + Er gy + Eor 3)

Er,* = ;y=1(Er,per,*,jXAj) (4)
where,

E, . : Reference primary energy consumption of equipment item *

[MJ/year]

Er persj : Reference primary energy consumption of equipment item * for
room j [MJ/m?/year]

(* AC: air-conditioning system; V: ventilation system; L: lighting system; HW: hot water
supply system; EV: elevators)

A:

; : Floor area of room j [m’]

Er persj 1s defined in the standard for 8 climate areas and for 201 room types. Table
1 gives some examples of Ej per . ;-
ROOM TYPES AND STANDARDIZED USE 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 room use
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Figure 5 Flow of calculations of primary energy consumption

of an air-conditioning system

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

VWYV, Variable water volume, AHU, Air-handling unit)

QrL,j(t) = a; QrG,j(t) + bf

conditions for each room type. Table 2 gives some examples of assumptions for room

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:

)

Qr.,;(t) : Daily room heat load of room j [MJ/m?/day]
Qrc,j(t) : Daily heat gain of room j [MJ/m*/day]

Nj

QrG,T,j = Zn=1 UT,j,nAT,j,n (Hout - Qin)

As the daily heat gain Q. ; 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 0, [°C] and the outdoor air 6,,, [°C]:

(6)
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Figure 6 Relationship between dynamic thermal load
calculated by using newHASP and static heat gain

b) Heat gain through windows as a result of solar radiation I, [W/m’]:

N .
QrG,S,j = Zn}:1 nS,j,nAS,j,n Isr (7)

Coefficients a; and b; 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. Figure 6 gives
examples of the relationship between dynamic thermal load calculated by using
newHASP and the static heat gains Qrgr; and Qg ;.

In the energy calculation, air-conditioning loads are calculated by using Q. (t) and
the outdoor air load. 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 Ej 4¢ is calculated as follows:

Eaac = Eaac,anv + Eqacpump + Ea acrer )
where,

Eg ac anu : Energy consumption of air-handling units [MJ/year]

Eq4 acpump : Energy consumption of secondary pumps [MJ/year]

Eg ac rer - Energy consumption of heat source equipment [MJ/year].

The concept used to calculate E4acanu, Eqacpump, and Eg acrpr 1S 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 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)
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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%)

Part load ratio 0-0.1 0.1-0.2 | 0.2-03 | 0.3-04 | 04-05 | 0.5-06 | 0.6-0.7 | 0.7-0.8 | 0.8-0.9 | 0.9-1.0 1.0- Sum.
Appearance of load [h] 400 300 310 230 140 230 20 0 0 0 0 1630
Cooling
Energy input [kW] 3.34 3.34 3.34 3.34 3.34 4.99 6.97 9.28 11.92 14.89 19.80
Energy consumption [MWh] 1.34 1.00 1.04 0.77 0.47 1.15 0.14 0 0 0 0 5.90
Part load ratio 0-0.1 | 0.1-0.2 | 0.2-0.3 | 0.3-04 | 0.4-05 | 0.5-0.6 | 0.6-0.7 | 0.7-0.8 | 0.8-0.9 | 0.9-1.0 1.0- Sum.
Appearance of load [h] 380 370 30 0 0 0 0 0 0 0 0 780
Heating
Energy input [kW] 3.34 3.34 3.34 3.34 3.34 4.99 6.97 9.28 11.92 14.89 19.80
Energy consumption [MWh] 1.27 1.24 0.10 0 0 0 0 0 0 0 0 2.61
Table 4 Example of a heat load matrix for heat source equipment
Part load ratio 0-0.1 0.1-0.2 0.2-0.3 0.3-0.4 04-0.5 0.5-0.6 0.6-0.7 0.7-0.8 0.8-0.9 09-1.0 10-

0'6' -10 28 14 0 0 0 0 0 0 0 0 0
g 10-15 0 322 98 0 0 0 0 0 0 0 0
3
g 15-20 0 14 350 98 0 0 0 0 0 0 0
[=3
g 20-25 0 0 14 504 168 28 0 0 0 0 0
S
_§ 25-30 0 0 0 0 210 280 70 0 0 0 0
2
3 30- 0 0 0 0 0 70 14 0 0 0 0

control system, the energy consumption will change with the PLR of the equipment.
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).

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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