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1. Background
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1. Background

- Present situation of Japanese Energy Efficiency Standard for
commercial buildings

2. Energy Efficiency Standard revised in 2013
3. Web-based simulation tool

4. Calculation methodologies
(air-conditioning system)
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History of the Building Energy Efficiency Standard

1979  The Energy Conservation Law was established.

1980 The Building Energy Efficiency Standard was established according
to the law. No obligation was taken on building owners.

So the standard was similar to the recommendation.
1992  The standard for housing was revised owing to the Gulf War.
1993  The standard for buildings was revised as well as that for housing.

1999 The levels of the standard were enhanced because of the Kyoto
Protocol.

2009 Reporting on the standards made mandatory except for small
buildings and housing.

¥ | When building constructors build new commercial buildings with a
floor area of more than 300 m?, they must review their buildings’
energy performance and report the review results to administrative
agencies before they start building.

NILIM



Transition of Final Energy Consumption and

Energy Consumption in Housing and Building in Japan History and Future of the Building Energy Standard

When we consider transition of Final Energy Consumption, the commercial and 1979  The Energy Conservation Law was established.

residential sectors account for over 30% of final energy consumption in Japan. 1980  The Building Energy Standard was established according to the
The graph on the left shows that these sectors have seen a more significant increase law. No obligation was taken on building owners. So the standard
than the transportation and industrial sectors. Therefore, strengthened energy waé similargtJo the recommendation 9 ’

efficiency measures are called for mostly in the commercial and residential sectors.
1992  The standard for housing was revised owing to the Gulf War.

[Trends in final energy consumption and real [Energy consumption in the commercial HPH H H
e — et 8l sachors] 1993  The standard for buildings was revised as well as that for housing.
w o 1999  The levels of the standard were enhanced because of the Kyoto
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Revision of the 2013 Standards
* Primary energy consumption is needed as a criterion index, in addition
to envelope performance.
* NILIM and BRI have developed new methodologies for evaluating the
primary energy consumption.
* The methodologies are expected to be suitable for the mandatory
2. Revision of the 2013 Standards standard.
— Easy to understand evaluation logic (simplified and streamlined)
— Easy to understand evaluation results
— Afair, reliable, and transparent evaluation logic
— Streamlined and efficient evaluation and review
 Provision of evaluation-assistance simulation tools
— Defined and unified evaluation rules
» Same results regardless of who makes data entries
/ / » Same results regardless of who performs a review
7
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3. Web-based simulation tool
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Design/Reference Primary Energy Consumption

« BEI (Building Energy Index)
= Design primary energy consumption Ed (design value)
| Reference primary energy consumption Er (reference value)

Note: If BEI < 1.00, the Energy Efficiency Standards are met.

Eqy= Eqac+Eav +Eqr +Eqgnw + Eqpv + Eor — Eqgr

E. = E pc+Ey+E  +E yw+ Erpy + Eor

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

OT: office automation equipment;

EF: photovoltaic power generation systems and cogeneration systems
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Web-based Simulation Tool for Compliance
with 2013 Energy Efficiency Standard
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Windows Azure

Design documents

Computational engine
on cloud computing platforms

Specification Input Sheet

XML files \ Calc. results

X

BRI Website S,
http://www.kenken.go.jp/becc/ m
Download Al
- Excel Sheet IE
- Manual Microsoft® Excel®
- Interface of
—— the web-based =
5t 1. GURES) THBANS—+ simulation tool Upload
B B S — p Inplft.the. product
S (e = = - X specification of the
D R [ Y ) building
o i sV equipment

\ to the Excel file.
Calculation -
Results
Adobe

Flow for evaluation of a building’s primary energy
consumption in commercial buildings 10

Calculation Flow of Primary Energy Consumption

Room type and
Climate zone floor area | J}

Database of Assumptions for Cri value for
climate conditions room use each room type
iy
Spec of envelope Outdoor air !F‘emil hzact gain AL
- Insulating material temperature, efc. tme for Reference energy
. Lo - shadings etc. consumption
Air-conditioning Cooling Performance curve
system Spec of AC /Heating of heat source, etc. Compare
(AC) - Rated energy load il
consumption of N E for 1 .
heat source, etc. V AC Designed
i r energy
Performance curve consumption
Hot water Spec of HW Outdoor air ltIW demand of heat source, etc.
supply - Efficiency of heat temperature, etc. Time for HW ¢ R e Sum
by | ot et .
Spec of L Coefficient of energy
Lighting - Energy Time for L reduction by control systems
System (L) consumption per R
unit, ete. V E forL
ati Spec of V. Coefficient of energy
Ventilation || Tp oy Time for V| _reduction by control systems
system ionofa R
(| e ,
. Coefficient of energy
Elevators REED@ILRY Time for EV reduction by control systems
(EV) - Control method of
the EV, etc. V E for EV
/ \ '==>I E for office automation equipment I J
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Reference Energy Consumption

E,= Eppc+Ey+E. +E yw+E gy + Eor  Aj: Floor area of room j [m?]

N Er,per,j is defined in the standard
E‘r,* = Z(Er,per,*_j XAj)
j=1

for 8 climate areas and for 201
room types

» Reference values Er,per,*,j are defined for each room-use type
— 201 types

— Standardized room-use conditions are specified for each room-
use type

Reference primary energy consumptions, Er,per,.,j described in the standard [MJ/m?/year]

Example of Assumptions for the Room Usage

Internal heat

Internal heat

Operation | Internal heat s gain (OA Fresh air llluminance
Building Type Type of room Time for AC | gain (ighting) (metabolism) | equipment) intake fevel
[h/year] [W/ni] [person/ni] [W/ni] [m3/m?2h) [Ix]
Office OfficeRoom 3374 12 0.1 12 5.0 750
ComputerRoom 3374 12 0.1 30 5.0 750
MeetingRoom 2410 10 0.25 2 12.0 500
TeaRoom 2410 10 0.25 2 12.0 300
Canteen 723 30 0.5 o) 15.0 500
CentralMonitoringRoom 8760 20 0.15 30 4.0 500
LockerRoom 3374 15 0.3 o) 4.0 300
Corridor 3133 15 0.03 (9] 2.5 200
Lobby 3133 15 0.03 o) 2.5 500
Toilet 3133 15 0.03 [9) 2.5 300
SmokingRoom 3133 15 0.03 o) 2.5 300
Kitchen 0 0 (o) o) 0.0 750
IndoorParking 0 0 (o) o) 0.0 150
MechanicalRoom 0 0 9} o) 0.0 200
ElectricalRoom 0 0 8 8 0.0 200
Kitchenette 0 0 (8] [8) 0.0 300
StorageRoom 0 0 0 0 0.0 300
CopyRoom 0 0 0 0 0.0 500
GarbageStorage 0 9] 0 0 0.0 150

L Air-conditioning Ventilation | Lighting Hot water supply Others
Building type Type of room
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 roo 2457 2508 0 7 46 43 2565
Locker room 787 797 138 202 995 975 0
NIlLIM
(Office Buildings, Offices)
Reference value for heat- i3] ki) ZRUSDBS L] BB
generation density BLIINE—>| wmzn | munn | zeay | assn | wis | smas | seee e | smm | cems | oeme | s
Lighting: Old Standards B | SEE | SRIE | SME | AR | B | MKRE | AKEW | S8 | AREN | RE é;;!f au
25 W /m2 — 12 W/m? A /%) | /i) | CA/mi] | 00 /nd) [wasmen | /%) [mamona| e [ mog) | oeseil | Do 3]
H“ma"mdyiozlds‘a”da’ds smma—op | 3374120 [ 01 [120 [ 50 | 0 |00 ~ [3133]163 | 750 | 069 | 241
g-éoﬁ‘esr/srsgs/m = il 2msn G| e | winn | a0 wm [0 | msaann o | e
pers ) 1] 241 |1 [7 [21 e B | eme | mm TTOTCTo| o [0 [ |21 [on| BERE | SeER | sums
Equipment: Old Standards BRER | kR L
10 W/m2 — 12 W/m? 2 51 2 |- -[ofwm|o/m] @ [2[-[-[oZx]2]|-[-]|0 L/AB
3 73 3| -|-|o]119 30 3 3-1-|® = 3-1-|o C FHF32| 38
RARMLERR TS 1 - AGRBMLERERTS1—) WRREMLERI TS 21—
100 100 100 g
=| 0 HI ] e 50 L] 50 peereeeeemeeeeel [ ]| e
&
Al . I o [T
X 0 3 5 8 1 15 18 21 o 0 3 6 8 2 15 18 2 54 0 3 6 2 15 18 2 5
5
! . . 8 14]15 .
> Heat from Lighting =72 Heatfrom 5w Heatfrom 7 #®
1 {9 feejrood L
maammizs [0 [0 [0 [0 o100 [« Human body ||| OA Equipment
AMERRUE |0 [0 Jo oo o]0 | ey ORI o0 | 100 T
WaERRIE |25 | 25 | 25 | 15 | 25 |5 |25 | 25 [100 100|100 100 | o0 |10 [vou [reo]rou vao] 100 50 | o0 | 2¢ |25 | o0
RBRMEERSZ1— AGRBEERS 21— WRRMEER ST
100 100 100 o
0 0 0
Sundays/Holidays || | \ , [T
O 3 6 9 1 15 1 25| 0 0 0 0 0 0 0 07| 0 0 0 0 0 0 0 0
g — T T
I 0 1 2 3 4 5 6 7 8 9 1011120131415 +ma
¥ [mmmeme [0 [0 [0 [0 oo [0 [o]o]e]o o [o]o]o]s Standby power
RERSIMLE [0 |0 | o fo o o o ofjofofoio|ofofo]o Considered
AASBEE [0 [0 [0 [0 [0 [0 oo o o o oo o oo, ZF T
iR | 25 | 25 | 25 | 25 | 26 | 25 |25 |25 | 25 |25 | 25 |25 |25 |25 |28 |25 |25 |25 |25 |25 |25 |25 25|28 ]5
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4. Calculation methodologies
(air-conditioning system)




Calculation Flow of Primary Energy Consumption Concept of Room Heat Load Calculation (1)

l Climate zone I l Room type, Floor area I

3 3 + Daily heat loads of each room Q, ; are calculated using steady-

Database of Database of 1
| climate data | | standard schedules state heat gain QrG,j .
Temperature, humidity Load I Coefficients for load calculation I

solar radiation | - congitions Coefficients Qr1,j(t) = a; Qu j(t) + by

T Performance curves of
Input: building envelope e —

T —— — — » Two kinds of heat gain Qg ;are taken into account:
outdoor wall area, alcuiation stimation . M .
window area, iection of | e [ et Performance — Heat gain through exterior walls and windows as a result of the
walls and windows, curves .
shading factor, etc. =) Heat load calcuration temperature difference
. = QOverall heat transfer coefficient of walls and windows
Dally room Calculation 0 Energy of o
Input: equipment heat load fcay e air-handiing units x area x indoor-outdoor temperature difference
- Air»hanqlingunits’ capacity, ofhzatloayd — air-havdling
P ot A e - ey of — Heat gain through windows as a result of solar radiation
(CAV or VAV), i alculation o . .. . ..
- Secondary pumpe' rted flow | Heat load energyof = Solar heat gain coefficient x area x shading coefficient
. . of pumps secondary pumps
ra ne,renergy tr::nsump |ron, — Energy of . .
el TR st toas L Gty || nest sorce apment x solar radiation
capacity, energy consumption of heat source 2:12;:‘;::
f %ﬂ b) Energy calculation ﬁéf%
I; L1 m ]7 ELE1l R ]8
Concept of Room Heat Load Calculation (2) Concept of Energy Consumption Calculation
+ Coefficients a; and b;are coefficients for converting static heat gain to » Primary energy consumption of the air-conditioning system.

dynamic heat load.

* These coefficients are determined by using the dynamic thermal load
calculation program NewHASP.

* These coefficients are dependent on the zone, room use, and season
and on the use of air-conditioning the previous day.

Eqac = Eqac,anv + Eqacpump + Edac rer

* The concept used to calculate these values are the same.
— The appearance time of each part load ratio (PLR) band is calculated
— The energy consumption of the equipment on each PLR band is calculated

400 icot gain caused 1200 Hoatlgain cJused ty by multiplying the appearance of the load and the energy input, which differs
= 300 1Y tomperstufe Gooing lep) == solar radiation depending on the control system introduced.
> be:t gain c:use(h - _.g 1000
o 200 y temperature (heating loa NE - . "
~ , £ ~ @ ~In case of variable air volume — Energy Consumption
E’ 100 g 800 = 200 # Appearance [h] = —#—In case of constant air volume g 2 * ! |
> 2 =
é = § 2000 = 2
- oo © 600 z F g —
- e g £ 100 £ e = E
8 -400 -300 -200 100 200 300 400 - A P4 5 : . . — N N N N
po S 400 5 H L S
3 = g so0 “o o __e--"¢ ? T B B B B B
e i
= o o 200 PLR PR PR PR PR PR PLR PLR PLR PLR PLR PLR PLR PLR PLR PLR PLR PLR
o -300 , 9 0-0.2 0.2-0.40.4-0606-0808-10 1.0- 0-0.2 02-04 04-0.6 0.6-0.8 0.8-1.0 1.0- 0-02 0.2-04 04-0.6 06-0.8 0.8-10 1.0-
‘ o Appearance frequency of load Energy input Primary energy consumption
‘5&\? -400 0 200 400 600 800 1000 1200 éﬁ (from load calculation results) (from the equipment characteristics database) (Load appearance hours
i ; 2. Y 4 X power consumption)
Y, K Daily heat gain [Wh/(m"*day)] Daily heat gain [Wh/(m?2-day)] _I 9 Y K 20
N\ =\ \
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(Example 1) Primary Energy Calculation
for Air-Handling Units

+ Example: The rated cooling capacity is 110.9 kW, with a 15.0 kW air

supply fan, a 1.5 kW exhaust fan, and VAV (variable air volume)
control (minimum flow rate ratio 40%).

Part load ratio 0-0.1 | 0.1-0.2 | 02-03 | 0.3-0.4 | 0.4-0.5 | 05-0.6 | 0.6-0.7 | 0.7-0.8 | 0.8-0.9 | 09-1.0 | 1.0- Sum.
Appearance of load [n] | || 400 300 310 230 140 230 20 0 0 0 0 1630
Cooling
Energy input [kW] 334 334 334 334 334 4.99 6.97 928 | 1192 1489 | 19.80
Energy consumption [MWh] | J | 1.34 1.00 1.04 0.77 047 1.15 0.14 0 0 0 0 5.90
‘ >

* 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) x average

load factor 0.652 = 6.97 kW

— If a VAV control system is installed, the amount of power consumed
is dependent on the load factor (the square of the average load
factor).

fv * Amount of power consumed = 20h x 6.97 kW/1000 = 0.14 MWh

A— 21
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Summary

» The building energy standard was revised in 2013.

— Primary energy consumption is needed as a criterion
index, in addition to envelope performance.

* Until 2020, compliance to the standard will be
mandatory for all newly built buildings and housing.

* NILIM and BRI have developed the on-line calculation
tools for the new energy standard.

23

(Example 2) Primary Energy Calculation
for Heat Source Equipment

As with heat source equipment, the appearance frequency of the air-
conditioning loads is generated according to not only the part load ratio
but also the outdoor air temperature.

Part load ratio 0-0.1 0.1-0.2 0.2-0.3 0.3-0.4 04-05 05-06 06-0.7 0.7-0.8 0.8-0.9 09-1.0 1.0-
°'8 -10 28 14 0 0 0 0 0 0 0 0 0
Tg’ 10-15 0 322 98 0 0 0 0 0 0 0 0
g 15-20 0 14 350 98 0 0 0 0 0 0 0
E 20-25 0 0 14 504 168 28 0 0 0 0 0
g 25-30 0 0 0 0 210 280 70 0 0 0 0
g 30— 0 0 0 0 0 70 14 0 0 0 0

Energy consumption of a heat source
= Appearance of load
x number of units operated
x energy consumed by the heat source

04 o5 o0s
! BAREE [
Partial load characteristic curve
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