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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO_ also take part in the wark 1SO collaborates closely with the
International |[Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International [Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.
The main tagk of technical committees is to prepare International Standards. Draft International Stanglards
adopted by [the technical committees are circulated to the member bodies for voting. Publication 3s an
International [Standard requires approval by at least 75 % of the member bodies casting-a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 13153 Was prepared by Technical Committee ISO/TC 205, Building €nvifonment design.
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Introduction

This International Standard provides the framework for a design process for single-family residential and small
commercial buildings, characterized by the “energy consumption ratio” as the key criterion. The design
process, or design guidelines explaining the design process, is prepared by suppliers of the design guidelines
for designers of buildings as a whole system, building envelopes or building equipment, all of which are deeply
related to the energy performance of buildings Designers play the maost impaortant role in the wide propagation
of energy-saving technologies because they often make the final decisions on whetherehergy-saving
techrologies should be adopted or not, and which energy-saving technologies should be-adopted in actual
building projects.

© 1SO 2012 — All rights reserved \"
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Framework of the design process for energy-saving

sin

gle-family residential and small commercial buildings

1 3

This
resid
inten
build

This
comr

Bcope

International Standard specifies a framework of the design process for energy‘saving
bntial and small commercial buildings, with the energy consumption ratio as the' key g
Hed to assist in the development of design guidelines for practitioners who design-energy-re
ngs.

International Standard is applicable only to the design process for single-family resident
hercial buildings.

2

The following referenced documents are indispensable forthe application of this documen

refer
docu

ISO
ISO

ISO ?
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analogical inference
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cond

16813, Building environment design — Indoorenvironment — General principles

16818, Building environment design — Energy efficiency — Terminology

Terms and definitions

ormative references

nces, only the edition cited applies. For undated.‘references, the latest edition of th
ment (including any amendments) applies.

03045, Building environment desigh.— Guidelines to assess energy efficiency of new buildin

ne purposes of thissxdocument, the terms and definitions given in ISO 16813, ISO 16818 an
he following apply:

ction of\energy consumption or effectiveness in energy saving of a certain specification
ental technology on the basis of a design process or design guidelines, where the prereq

single-family
riterion. It is
ated parts of

al and small

t. For dated
e referenced

S

d 1ISO 23045

of a certain
uisite design

tion’does not agree completely with that of the building project of concern

3.2

design condition
condition which affects functions of energy-saving elemental technologies and is taken into account in order to
design the building concerned

3.3

designer

general designer
practitioner who designs buildings and equipment, and does not necessarily have expertise in energy-related
aspects of buildings
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3.4
design guidelines
media which include information on how to design buildings and on the design process

3.5
design process
course of actions performed by designers to produce a set of specifications and drawings

3.6
energy consumption ratio
ratio of predicted energy consumption for a certain energy use to the reference energy consumption

3.7
elemental tgchnology

energy-saving elemental technology
group of desjgn methods or specifications which constitute a common function in buildings and-are proved to
reduce energy consumption when compared with a reference method and specification

3.8
energy use
purpose of the equipment for which energy is used

EXAMPLE Space heating, space cooling, ventilation, domestic hot water, lighting, cooking, consumer electrpnics,
etc.

3.9
predicted energy consumption
energy conslimption in primary energy for a particular energy use or a sum of energy uses, which is predicted
by taking actual performance of building components and actual efficiency of equipment into consideratipn as
much as posgible

3.10
project defi:rition
process of providing the relevant information fof designers and others to define the scope of the work

NOTE THe project definition lists the givén-:Constraints, which cannot be revised, and the project requirements, the
theories and gssumptions. All of these might not be completely defined at this stage. Some of these may be revigsed in
response to fedback from later stages of the design process.

3.1
reference energy consumption
predicted en¢rgy consumption’of a building with reference specifications for elemental technologies

3.12
reference specification for elemental technology

reference specification

specification [whose energy performance is regarded as a reference standard

3.13
specification
information which specifies the construction of a part of buildings or the requirements for installed equipment

3.14

supplier of design guidelines

expert who produces and supplies design guidelines for designers by using his/her expertise on energy-
related aspects of buildings

2 © 1SO 2012 — All rights reserved
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4 Symbols, units and abbreviations

Table 1 — Symbols, units and abbreviations

Symbol Quantity Unit
E, reference annual energy consumption in primary energy for energy use “/” GJ/a
o predicted annual energy consumption in primary energy taking power GJ/a
generation by photovoltaic cells into consideration
ET elemental technology
EU energy use
e, predicted annual electrical load kWh/a
e, predicted annual energy consumption for energy use “/” GJ/a
epy predicted power generation by photovoltaic cells GJ/a
er predicted total annual energy consumption for energy use ‘4*)“2”, -+ |, “N’ GJd/a
€ ik predicted annual energy consumption in primary energy for energy use ‘i, GJ/a
when the level of option “k” of the elemental technology “/” is adopted
€kl +.+, |Predicted annual energy consumption in primary energy for energy use ‘7", GJ/a
17 7 7 |when the level of option “k,” of the elemental teshnology */,", the level of option
ka of the elemental technology “,", - @nd the level of option “4” of the
elemental technology “j " are adopted
Ly predicted annual heat load for doméstic hot water GJ/a
L, predicted annual heat load forhot-water space heating GJ/a
N number of energy uses withwhich the design process deals -
n number of elemental technologies that are effective in saving each energy use -
Tk energy consumption ratio for energy use “”, when the level of option “%4” of the -
elemental technotogy “j” is adopted
ik energy consumption ratio for energy use “”, when the level of option °k; ” of the -
' elemental'technology “j " is adopted
Pk 4k energy consumption ratio for energy use “i”, when evaluating the interaction -
N . ” among options of multiple elemental technologies (the level of option “kM” of
e, the elemental technology “,”, the level of option “k” of the elemental
technology %,", -+ and the level of option “k " of the elemental technology ")

5 Fundamentals
5.1 General

The design process, whose framework is given by this International Standard, has its own characteristics. The
primary characteristic is being equipped with quantitative information on the energy-saving effectiveness of
design options. It comes from the fact that there are still many designers who are engaged mainly in
small-scale building projects and cannot carry out their own tailor-made evaluation of the design options by
themselves. The following shows the decisions by those designers, who are assisted by the design process
and the design guidelines as their media. In this International Standard, “elemental technology” and
“specification” are fundamental concepts in the design process.

© 1SO 2012 — All rights reserved 3
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5.2 Core decisions by designers in design process in this International Standard

5.2.1 Provisional selection of elemental technologies

In the design process for energy conservation in buildings, the provisional selection of elemental technologies,
which are to be evaluated for their effectiveness before the final selection, shall be made. The number of
provisionally selected elemental technologies depends on design conditions.

EXAMPLE In cold climates, the insulation of the building envelope is selected as an elemental technology, which
contributes to energy conservation in space heating energy. Other examples of the elemental technologies are given in
A2

5.2.2 Provisional selection of specification for the elemental technology

After the selgction of a certain elemental technology, the specification for the elemental technology shall be
provisionally [selected so that the effect of the design on energy consumption can be quantitatively evaluated.

NOTE Examples of specifications for elemental technologies are given in Annex A.

EXAMPLE The performance of the insulation of the building envelope is dependent’ on thermal resistarjce of
insulation matgrials, thermal transmittance of windows and construction method affecting.the air movement in or thfrough
the building em:/elope. Options for overall specification of the envelope from the viewpoint of the insulation are presgribed
by those parameters.

5.2.3 Final[selection of the options for specifications to be adopted in the building project

After checking predicted energy consumption or the reduction(of energy consumption from the refefence
specificationg, and after checking the balance between initial“cost increase and running cost redugtion,
designers mpke the final selection on the options for spegifications of elemental technologies if they| give
satisfactory results from the viewpoint of energy conservation and cost-effectiveness.

5.3 Key information helpful for the core decisions

5.3.1 Charpcteristics of elemental technologies

The elemental technologies, which are-cevered by the design process according to this International Stapdard,
shall be clegrly defined and explained-in the design guidelines in plain terms with explanations of teclnical
terms in engineering fields with swhich general designers of buildings may not be familiar. Technologigs for
energy conseérvation in buildings are not necessarily well-known to general designers of buildings. In order to
propagate stich technologi€sy-éven basic information shall be provided in design guidelines so thdt the
designers canh understand‘how each elemental technology can reduce energy consumption.

5.3.2 Charpcteristics of options of specifications for elemental technologies

It is necessary_not only to let designers know of the existence and characteristics of elemental technolpgies
for energy ¢ TOTT itdings; ' ificati r the
elemental technologies. Among the options, the reference specification shall be included and explained so
that the designers can evaluate each option in comparison with the reference specification.

Specification options are accompanied with requirements and warnings (e.g., higher skill level of workers,
indispensability of heavier maintenance, etc.), which shall be followed by the designers or installers to assure
the performance of the options. The descriptions of options for specifications shall clearly stipulate how to
design and construct/install the part of the buildings. If the designers or installers cannot follow such
requirements and warnings in their circumstance, they cannot adopt the options, however large an energy
reduction they can make.

4 © 1SO 2012 — All rights reserved
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5.3.3 Quantitative information on the effectiveness of each option for specification

The reduction of energy consumption is the most important objective of the design process prescribed in this
International Standard. Therefore, the information on the predicted reduction of energy is the key information,
which shall be prepared by suppliers of the design process and its medium. The predicted reduction shall be
expressed by the energy consumption ratio, which is defined by the ratio of predicted energy consumption to
the reference energy consumption as for a related energy use.

All options of specifications for each elemental technology shall be named “LEVEL 0, “LEVEL 1”, “LEVEL 2~
and so on. “LEVEL 0” shall be allocated to the reference specification as a standard level. Options with
smaller energy consumption ratios shall be given a level with a higher number. If there are any specifications
W|th nradie tha tha ctandard IAaval 1ided in nho hey Sha“ be

Vluulvtud \JIIUI&] vulloullly\.lvll Illvllur tha—tRe—Stahaara—ever lllu!uuvu LI thv UPI.IUII\J,
namse

d “LEVEL -1”, “LEVEL -2” and so on.

"
oy

The felationship among the reference energy consumption, the energy consumption ratio-and the predicted

energy consumption is as expressed in Equation (1).
i ik = Ei X7 ik (1)
wherg
ik is the predicted energy consumption for energy use “” (GJ/a), when the level of opfion “k” of the
elemental technology “” is adopted;
E: is the reference energy consumption for energy use*“i” (GJ/a);
1ijk is the energy consumption ratio for usex", when the level of option “k” of the elemental
technology “” is adopted.
The feality and reliability of the method of predicting energy consumption is crucial for designers. For this

reasqgn, the grounds for the prediction shall be’explained within the design guideline, as specified jn 6.5.
In cases where plural elemental technologies are effective in reducing energy consumption fgr a common
energy use, prediction by multiplying energy consumption ratios for those plural elemental te¢hnologies is
acceptable as an approximation, as.shown in Equation (2).

ik jy ok btk T gk KTk, X X gk (2)
wherg

i+ ok Sk is the predicted energy consumption for energy use “” (GJ/a), when the level of

option “ kj1 ” of the elemental technology “+”, the level of option ka ” of the

‘2", ” of the element

elemental technology and the level of option * ki

bl technology

E; is the reference energy consumption for energy use “” (GJ/a);

ri'jn’kj,, is the energy consumption ratio for energy use

the elemental technology “j,” is adopted.

, when the level of option “ kjn

of

If the interaction of different elemental technologies on the effectiveness in energy saving is to be taken into

consideration, the energy consumption ratio evaluating combined effectiveness can also be used as
expressed in Equation (3).

ei’-j1kj1 +j2kj2 +m+jnkjn = Ei X ri,f1kj1 +j2kj2 + o +jnkjn (3)
© 1SO 2012 — All rights reserved 5
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where

ei,j1kj1+j2kj2 3

Ti ja g+

5.3.4 Pred
consumptio

The total ene
concern, as 9

N
e-|- = Z
i=1

where
er is th

is t
Equ

€;

5.3.5 Initia
The paybach
When actua
manufacture
on the sourc;

012(E)

Jn

option “k

J1
elemental technology %", ...

J1s
and the level of option “k

of the elemental technology the level of option “k

J2

”
jn
“e N

technology “j," are adopted,;

is the reference energy consumption for energy use “i” (GJ/a);

is the predicted energy consumption for energy use “i” (GJ/a), when the level of

” of the

of the elemental

2k12 ++jnkjn ID thU Ullcluy UUIIOUIII'Jt;UII IthU fUI Tl |U|yy UotT L UVG:UGt;IIH CUITTI

effectiveness in energy saving, when the level of option * kj1 ” of the~elen

J2.5 ... a

_]1 3
level of option “ kjn ” of the elemental technology

technology the level of option “ ka ” of the elemental technology

‘i, are adopted!

ction of total energy consumption by using reference energy consumption and energ
h ratios

rgy consumption is predicted by summing up predicted energy-eonsumptions for energy us
hown in Equation (4).

e predicted total energy consumption for energy use “1”, “2”, ..., “N” (GJ/a);

he predicted energy consumptiaon ;for energy use “i

ation (1), (2) or (3).

(GJ/a) and can be calculated

| cost of each option for-specifications

period of implemented elemental technologies is useful information for designers and cl

prices of producis~and labour costs are not available, price lists of products supplie
'S or any existingydatabase for construction labour cost are used, with an additional explarn
b of the information.

5.3.6 Merits of elemental technologies other than energy conservation

Depending ¢

ined
ental
d the

using

ents.
d by
ation

en in

nCdesign conditions, some elemental technologies may need a longer payback period. EV

that situatio

. designers 1may ChooSe SUcHT RiNdS of etementat technologies because of merits other

than

energy conservation and cost effectiveness, such as the improvement of the indoor environment. Due to such
diverse values of the elemental technologies, merits other than energy conservation shall be included in the
explanation of the elemental technologies.

6 Energy consumption ratio and its grounds

6.1

General

As defined in Clauses 3 and 4, the energy consumption ratio contains information on the change of energy
consumption for a related energy use, when a certain specification of a certain elemental technology is

© 1SO 2012 — All rights reserved
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adopted under the prerequisite design conditions. The ratio shall be determined beforehand by suppliers of
the design guidelines, which describe a particular design process for energy-saving buildings.

6.2 Energy uses

The various energy uses in buildings include space heating, space cooling, domestic hot water, ventilation,
lighting, consumer electronics and cooking. The effect of a certain elemental technology for energy saving
appears primarily in one of those energy uses. Therefore, when designers evaluate a certain elemental
technology and its options for specifications, they concentrate on a single related energy use to check the
performance of the options. When designers attempt to reduce the overall energy consumption, they should
try to reduce different energy uses by checking different elemental technologies and their options for

spec

6.3

Ener
techr
cond
desc
limite
outlin
appli
cond
famil
desig
choo
infere

The j

q
f

[

i
g

fications, one by one.

Prerequisite design conditions for design process

gy performance of technologies is often dependent on prerequisite design\ conditions,
ologies are energy-saving in general. In order to supply practical and simple_design guidg
tions, under which the effects of elemental technologies are quantified, shall be limiteg
ibed. The design guidelines shall be focused on similar climatic zones {ideally a single clin

even if the
lines, design
and clearly
atic zone), a

d building type, use and size. This is a disadvantage of the design process and the design guidelines

ed in this International Standard, especially when compared with_simulation programs, v
bd to a wider range of design conditions. However, it is indiSpensable to limit the appli
tions so as to be able to prepare design processes and guidelines that are easy to use
ar with simulation programs. Preparing the design process and design guidelines individuall
n conditions, and so that they cover a wide range of.design conditions, allows general

hich can be
cable design
for those not
y for different
designers to

e the design process and guidelines most suited toztheir own building project, with limited analogical

nce.
rerequisite design conditions include the following:

limatic conditions, which are represented-by climatic zones or factors, such as dry-bulb
umidity, solar radiation, wind speed_and direction;

uilding shape;

onstruction type (wooden; brick, reinforced-concrete, or steel construction);

temperature,

uilding lot (size and:orientation) and surrounding conditions (adjacent buildings, environmental quality

nd security);

festyle of acetupants (occupancy, hot water usage, lighting pattern, use of electric appliar
pening behaviour, and requirement for indoor temperature and humidity) for residential builg

uilding"use and occupancy (working hours, number of occupants, hot water usage, lighting
fcelectric appliances, and requirement for indoor temperature and humidity) for smal

ces, window
ings;

pattern, use
commercial

H=w= -

6.4

internal heat gain due to occupants’ metabolism, artificial lighting, electric appliances.

Reference specifications for elemental technologies

Designers choose a specification by comparing options. Among those options for specifications there shall be
a standard one, which is the reference specification representing a typical specification at a certain time under
the prerequisite design conditions.

EXAMPLE If a certain usual specification for houses built in 2000 is chosen, the designers get the information on
how much energy can be saved by using the energy consumption ratio of each option for the elemental technology,
comparing to the standard houses built in 2000.

© 1SO 2012 — All rights reserved
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6.5 Grounds for energy consumption ratio

The following methods, or their combinations, shall be used as the basis for predicting energy consumption.

6.5.1

Numerical simulations

If the relationship among parameters by which energy consumption is determined has been found in theory
and validated by any facts, it can be used to predict the energy consumption in computer simulations or in
simpler calculation methods. In some numerical simulations, there may be input data which is difficult to obtain
with proofs and is usually given a value as an assumption. Especially as an input data for energy efficiency of
equipment, a value measured under a rating condition is usually substituted, but the correspondence and

discrepancy
carefully che

cked by the suppliers of the design guidelines.

6.5.2 Experiments

Experiments
data obtaine
to key factors

are important for the estimation of the energy efficiency of equipment, because the effig
d under rating conditions is insufficient when the actual conditions differ,significantly with r

between the rating condition and the actual condition when the equipment is used shall be

iency
pgard

having a large influence on energy efficiency.

For experimgnts where the actual energy efficiency of equipment is to be determined, the actual usage pattern
of the equipment by occupants shall be modelled and applied.

NOTE

Sagme notes are given in Annex B.

6.5.3 Field|[surveys

Field surveys provide direct information for actual conditions' in buildings. The direct information includes
occupants’ behaviour (occupancy, usage of equipment andappliances, window opening), indoor envirorjment

(temperature|, humidity, illuminance) and actual behayiour of equipment and appliances (input/outpu

related conditions).

6.6 Cogenerations and photovoltaic cells

and

The output ffom the cogenerations and photovoltaic cells is used for multiple energy uses, and the epergy

consumption

For cogenerations, the total energy) consumption in buildings, including energy consumed by the cogene

ratio is not an appropriaté index.

ation

itself is predicted by the function of annual heat and electricity load. The function is obtained from the

experiment ¢f the cogenerations with patterns of heat and electricity load. The energy consumption when
using the cogenerationscan be predicted using Equation (5).

et =CiKkeg +Cox(Lynw +Ln)+C3 (5)
where

er is the predicted total energy consumption (GJ/a);

e is the predicted electrical load (kWh/a);

Lnw is the predicted heat load for domestic hot water (GJ/a);

Ly, is the predicted heat load for hot-water space heating (GJ/a);

Cy, Cy, C3 are constants.
8 © IS0 2012 — All rights reserved
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For photovoltaic cells, an annual amount of power generation is predicted by installed peak power (kW,),
estimated system losses (%) and annual solar radiation on installed PV panels (kWh/mZ). The annual amount
is to be deducted from the total energy consumption of the building, as shown in Equation (6).

(6)

Et-er.epy
where
Er is the predicted total energy consumption taking power generation by photovoltaic cells into

consideration (GJ/a);

th I e Ar AN Aratian by

nradint total

6.7

The
facto

Runn
energ

If the
time

6.8

D

o thao ad ane ionaathaout a1 nhaoto
TS tIiCPretrictc ot Crc o v tnoTut kMg pow g ritatorn—oy—pho

consideration (GJ/a);

pv  is the predicted power generation by photovoltaic cells (GJ/a).

Further information derived from energy consumption ratio

CO, emission due to consumed energy is calculated from energy consumption by using
" given in terms of CO, emission per unit of consumed energy.

ing cost for consumed energy is also calculated from energy coansumption and the rating s
y.

re are different conversion factors or rating systems according to time, energy consumptio
vone shall be predicted.

Overall structure for predicting total energy consumption by using reference

congsumptions and energy consumption ratios of specifications for elemental tech

Tablg
EU,,
energ
one
elem
also
photd
“LEV|

The

2 shows the relationship among the parameters described above. In this case, six energ
-, EUg, are dealt with in the design.pfocess, three elemental technologies are effective in r¢
y use, 18 elemental technologiesiare dealt with as a whole in the design process, and fo

elfaic cells into

A conversion

ystem for the

n within each

energy
hologies

y uses, EUj,
educing each
r levels plus

eference level of specification_are available for each elemental technology. In reality, the number of

bntal technologies for each-€nergy use can be different, and the number of levels of spegification can

be different for each elemental technology. At the bottom of Table 2, four levels of power generation by

voltaic cells are given-with the amount of generated energy in addition to the reference |
FL 0”. The number of the levels depends on cases.

energy consumption ratios given in Table 2 are determined using Equation (2) and are §

vel, namely,

ased on the
nmon energy

assumption that the“interaction between plural elemental technologies effective in reducing a cor
use dan be negligible.

EXAMPLE An example of Table 2 is contained in Table A.1.

Table3=shows how the parameters shown in Table 2 are used in the calculation for prpd

ting energy

consumption for each energy use and total energy consumption. After selecting specifications for all
technological elements listed in Table 2, energy consumption ratios are inserted in the calculation formulas
shown in the second column. The reduction rate shown in the row of the subtotal means the ratio of energy
reduced owing to the selected specifications except for photovoltaic cells. The reduction rate shown in the row
of the total means the overall effectiveness of selected elemental technologies including the photovoltaic cells.

NOTE

© IS0

An example of Table 3 is contained in Table A.2.
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Table 2 — Energy use parameters

Energy Reference Elemental Energy consumption ratio of each “LEVEL” of
use energy technology specification
Ey, | Gonsumption ET, LEVELO | LEVEL1 | LEVEL2 | LEVEL3 | LEVEL 4
E; (GJ/a) (0= 1,0)
EU, Eq ET, ¥1,1,0 1,11 r1,1,2 r1,1,3 1,14
ET, 71,2,0 71,2,1 71,22 71,23 71,24
ET, rigo Iyg4 I432 Iig3 I13
EU, Es ET, r2.4,0 2,41 7242 72,43 oy
ETs ¥2,5,0 12,51 12,52 72,53 r254
ETs ¥2,6,0 12,6,1 r2,6,2 72,6,3 2,64
EUs; Es ET, 37,0 r3,7,1 7372 3773 r37h
ETs 1380 381 38,2 383 384
ETo 73,9,0 r3,9,1 39,2 73,9,3 r3on
EU, E4 ET1o 7'4,10,0 74,101 81052 7'4,10,3 T'4,1014
ETy; 74,11,0 74,111 7'4,11,2 74,113 74,11|4
ETq 74,12,0 74,121 74,12,2 74,123 74,124
EUs Es ETss 5130 5M3 r513,2 5133 75134
ET14 7'5,14,0 75,141 7'5,14,2 7'5,14,3 r'5,14|4
ETis 7'5,15,0 7'5,15,1 5,152 5,153 I's,15|4
EUs Es ETie 76 46,0 76,16,1 76,16,2 76,16,3 76,164
ETyr 16,17,0 T6,17.1 16,17,2 16173 Te17l4
ETis 76,180 7'6,18,1 ¥6,18,2 r6.183 rs.18l4
Total 2E;
Photovoltaic epvo epvi epy2 epv3 epvy
power
generation (0 GJ/a)
(GJ/a)
10 © 1SO 2012 — All rights reserved
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Table 3 — Calculation for predicting energy consumption for each energy use and total energy
consumption, Er, on the basis of reference energy consumptions and energy consumption ratios

in Table 1
Energy use | Calculation formula for | Predicted energy Reference Reduction rate
EU predicting energy consumption or energy
! consumption power generation consumption
(GJ/a) (GJ/a)
EU; E1xry 1 011%71 201271 3,013 €1,1k11+2k12+3413 E; 1- eq 111+2612+3513/E
EU, Eoxra 1 k01XF2,2,620%X72,3 423 €2,1k21+2k22+3k23 E> 1- 62,1k21+2k22+3k23/E1
EUs; E3xr3 1431%132,432%7'3.3 433 €3, 1k31+2k32+3433 E3 1- e3 13 +pr32+3133/E
EU4 E4><V4!1yk41><I’412’/(42Xl”4’31k43 €4,1k41+2k42+3k43 E4 1r e4,‘|k41+2k42+3k43/E1
EUs Esxrs,1.451%X75.2452X75 3,453 €5,1k51+2k52+3k53 Es V- e5 1451+prs2+3153/ E
EUg E6x76,1,661%F6,2,162X76, 3463 €6,1461+2462+3463 Es 1- e 1161+brs2+3463/ £
SUthta| - er ZEI 1‘ .,T/ZE,'
Photovoltaic epvj
power -
gengration
Total eT-epy; ET ZEi 1- ET [ZE]

© 1SO 2012 — Al rights reserved 11
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NO

—Assumptions

Project definition

Evaluation of
project definition

» —Design conditions
—Constraints
—Goals for energy saving

and/or reduction of CO,

emission

-

YES
| B

Identifying prerequisite design
conditions

Judgement of
applicability of design
guidelines

NO

Identifying reference energy
consumption for energy uses

Y

Provisional selection of elemental
technologies (conceptual design)

Provisional selection of options, for
specification (detail design)

Y

Identifying energy consumption
ratio and estimation of energy
consumption

Y

Estimation of CO, emission

Y

Estimation of initial and running
cost

Y

Availability of more
suitable design
guidelines

Identifying risks due to application
of the design process with
correspondent prerequisite design
conditions

Y

Activate analogical inference

ES

NO

Judgement of
appropriateness of
choices for design

Final selection of the options

for specifications
design)

(End of

Figure 1 — Flow of design process with the energy consumption ratio as a criterion
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7 Design process

71

General

The structure of the design process is prescribed in the following subclauses. The flow of the design process
is shown in Figure 1.

7.2

7.21

Flow of the design process

Project definition

Proje
The

ISO 1
defin

7.2.2

The

this o
verifi
cons

7.2.3
In thi
cond
defin

7.2.4

If the
proje
the ¢
apprq
inferd
the i
effec
proje
cond
even

7.2.5

ct definition is the process in which designers obtain the information to define the scope
broject definition lists the given constraints, the project requirements and assumptfions,
6813. In the project definition, goals for energy conservation and/or reduction-of «CO,
bd. The goals are to be referred to in the later stage when judging the appropriaténess of de

Evaluation of project definition

consistency of the content of the constraints, the requirements and the-assumptions shall
tage. The feasibility of the given requirements under the constraints*and the assumptions

raints.

Identifying prerequisite design conditions

5 process, the correspondence between prerequisiterdesign conditions of the design proces
tions for a particular building project shall be chiecked. The design conditions are a part ¢
tion, which is focused only on the energy-related project definition.

prerequisite design conditions of'\the design guidelines correspond well to the design con
ct, the design process described in the design guidelines is judged to be applicable to the g
esigner is to search for ,aany* other appropriate design guidelines. If the designer ca

nce from the informatjen in the design guidelines. In the analogical inference, there is a risK
nformation on the effectiveness of a certain specification of a certain elemental techng
iveness changescconsiderably between the prerequisite design conditions and design con
ct. Therefore, sGchisk shall be explained as a caution to designers, and information on infly
tions, which determine the effectiveness of elemental technologies, shall be given in desig
if it is not-quantitative.

Identifying reference energy consumption for energy uses

bf their work.
according to
bmission are
5ign choices.

be verified at
shall also be

bd. The major concern is whether or not the project definition_jsradequate and optimal under the given

s and design
f the project

Judgement of applicability of design guidelines and analogical inference, if necessary

ditions of the
roject. If not,
hnot find an

priate design guideline, it is”acceptable to utilize available design guidelines by making the analogical

of misuse of
logy, whose
ditions of the
ential design
n guidelines,

The

rofe or energy consumptions T1or drrerent uses IS tundamental when a desigher sele

ts elemental

technologies to be adopted. The resources of clients should be used for the reduction of energy use across
larger applications, because the adoption of the same elemental technologies across larger applications will
result in increased energy reductions.

7.2.6 Provisional selection of elemental technologies

To start evaluating and predicting energy consumption, a provisional decision to select some of the elemental
technologies shall be made by designers at this stage. The selection and the evaluation are done iteratively,
before reaching the final selection, by which satisfactory results for predicted energy consumption and for
other constraints are obtained. In the selection of elemental technologies, explanations of the characteristics
of those elements, and energy consumption ratios of options for the elements, help designers’ judgement.
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7.2.7 Provi

sional selection of options for specification

Once certain elemental technologies are selected, one of the options for specifications of each elemental
technology shall be provisionally selected at this stage. In the selection, the energy consumption ratio, the
CO, emission, the initial cost increase, the requirements and warnings of each option are briefly referred to by

designers.

7.2.8 Ident

ifying energy consumption ratio and estimation of energy consumption

The energy consumption ratio of each option for specification shall be identified by designers at this stage. As
already stated, the energy consumption ratios shall be prepared by suppliers of the design guidelines and

given in the (

Once the en;
(2) or (3).

7.2.9 Estimation of CO, emission

In parallel wi
in the design
consumption
In addition, ¢

7.2.10 Estimation of initial and running cost

In parallel W
estimate cos
global conce
of products

systems of Id
(e.g., nationg
explained.

7.2.11 Judg

After the sel
CO, emissio
and estimati

and their opfjons for specifications are found, final judgement of the combination as a design solution fg

design procef

All stages, fif
mistake is fo

ement of appropriateness ofichoices for design

esign guidelines In a plain and understandable way.

brgy consumption ratio is identified, the energy consumption can be predicted using Equatio

h the prediction of energy consumption, the method to estimate the CQ, emission shall be
process and the estimation shall be done at this stage. For that purpose, the predicted e
shall be divided into consumptions of different energy carriers, suchyas electricity, gases ar
pnversion factors for each energy carrier shall be given for the design process.

ith the prediction of energy consumption and the_estimation of CO, emission, the meth

rn for the propagation of energy-saving technologies, but needs a detailed survey for local
and labour as well as prices of energy cartiers, which are sometimes sold on unique
cal companies. In order to avoid complexity, simplified methods for the estimation are accef
| average price of a certain energy carrier), but assumptions for any simplified method sh

pctions of elemental technologies and their options for specifications, their energy consum
h and cost shall be estimated. If any of the estimated results are unsatisfactory, the sele
bns are repeated by designers. Once some satisfactory combination of elemental technol

Ss shall be made at this stage.

pom the project definition to the cost estimation, shall be reviewed to confirm correctness.
ind, it shall'be corrected and the estimation shall be redone in stages.

h (1),

given

hergy
d oil.

bd to

ts shall be given in the design process and done at.this stage. The cost estimation is a matter of

rices
ating
table
all be

btion,
tions
pgies
r this

f any
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Annex A
(informative)

Examples of energy-saving elemental technologies and options for
specification

A.1 [General

In this annex, a set of energy-saving elemental technologies and their options for specification ane outlined as
an example. The exemplified set is for wooden detached houses built in a mild climate'region (its heating
degree day in Celsius, HDD4g.1g, is in the range between 1 500 and 2 500), and is ‘quoted from an existing
design guideline for practitioners in Japan. The objective of this annex is to show)an example ¢f the design
procgss for energy-saving single-family residential buildings, in which energy consumptions depending on
applied elemental technologies are predicted by the reference energy consumption and energy [consumption
ratiog. At the end of this annex, an example of a set of prerequisite design conditions is degcribed. Care
should be taken when applying this example to other design conditions.

A.2 |[Energy-saving elemental technologies dealt with in this exemplified design
progess

In this example, the following elemental technologies aré\utilized as effective and practical for endrgy saving:

a) natural energy application:

1) natural ventilation for heat removal,

2) daylight utilization,

3) photovoltaic power generation(

}) solar radiation heat utilizatign for space heating,
) solar water heating;

[N

Fx-

b) heat control by building"énvelope:

1) insulated building-envelope,

l

2) solar shading;

c) energy-efficient equipment:

1) space heating and cooling system,
)~ _ventilation system,

TNEY

AY Al F'H bat 4 4

JJ UUTTICOUL TIUL WAaltl oSy ottt
4) lighting system,
5) consumer electronics.

A.3 Summary of options for specification of each elemental technology and their
energy consumption ratio

All options of specification and their energy consumption ratios are summarized in Table A.1. As energy uses,
space heating, space cooling, ventilation, domestic hot water, lighting, consumer electronics and cooking are
dealt with in this design process, although no energy-saving elemental technology is approved to be effective
for “cooking” in this example. The reference energy consumptions for those energy uses are 12,8 GJ, 2,4 GJ,

© 1SO 2012 — All rights reserved 15
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4,7 GJ, 24,5 GJ, 10,7 GJ, 23,7 GJ and 4,4 GJ, respectively. For space heating and cooling, the intermittent
and partial heating/cooling by room air-conditioners is assumed as a design condition, for simplicity as an

example.

Three elemental technologies, namely, “Insulated building envelope planning”, “Solar radiation heat utilization
for space heating” and “Heating and cooling system planning (heating)” are approved as the elemental
technologies, which are effective in saving space heating energy. For the insulated building envelope planning,
there are five levels of specifications, which are designated as “LEVEL 0” to “LEVEL 4”. For each level of
specification, the energy consumption ratio is shown in Table A.1. More detailed information for each
specification of the elemental technologies in Table A.1 is given in the next clause.

Table A2 s

Tahla

A1t nen
1T tO

die

energy usag
energy savin

wao-how o tien tha Anareng ~anoiimantian ratine 10

VWO TITUVY TU UoL Uhiu Ullvls‘y UUII\JUIII'JI.I\.III raltvo Int T
es. In this example, the interaction of different elemental technologies on the effectivéng
p is not taken into consideration, and Equation (2) in 5.3.3 is applied.

TaoTCT7 )

PrearctT=T

tenrergy-eonsumptions for

Ss in

Table A.1 —+ Relationship among energy usage, reference energy consumption, elemental technology
and energy consumption ratio of each level of specification
Reference Energy consumption ratio
Energy energy Elemental technology (reference value/considered to be 1,0)
use consump-
tion Design conditions |LEVEL O(LEVEL"1|LEVEL 2| LEVEL 3 [LEYEL 4
Insulated building envelope planning 1,0 0,8 0,65 0,55 a,45
Use of solar radiation heat ? 1,0 0,95 0,9 0,8 D,6
Space
. 12,8 GJ ] . . .
heating Heating and cooling | Partial intermittent
system planning heating by room air- 1,0 0,8 0,7 0,6
(heating) conditioner
Natural ventilation for heat removal 1,0 0,9 0,8 0,7
Seuth-facing 1,0 0,85 0,7 0,55
Solar shading Southeast/. 10 0.8 0.75 0.65
Space method southwest-facing
. 2,4 GJ
cooling .
East/west-facing 1,0 0,8 0,75 0,65
Heating and cooling | Partial intermittent
system plahning cooling by room air- 1,0 0,8 0,7 0,6
(coolihg) conditioner
Ventilation 47 GJ Ventilation system planning 1,0 0,7 0,6 04
Domestic 24,5 GJ Solar.water heating and hot water system 10 0.9 0.8 0.7 5
hot water planning
Daylight utilization 1,0 0,98 0,95 0,9
Lighting 16:+64
Lighting system planning 1,0 0,7 0,6 0,5
Consumer 23.7 GJ Introduc.lng high-efficiency consumer 10 0.8 0.6
electronics electronics
Other
. 4.4
(cooking) GJ
Total 83,2GJ
Power - Photovoltaic power generation -0,0 GJ|-29,3GJ | -39,1 GJ

@ Requires insulated building envelope planning of at least LEVEL 3.
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Table A.2 — Prediction of energy consumption by using energy consumption ratios (for the

intermittent and partial heating/cooling case)

Predicted
Equations to predict the design values energy Reference Reduction
Energy use by inserting energy consumption ratios consumption energy rate
into the blankets, referring to Table A.1 or power consumption (%)
generation

Space heating 12,8 x ([ 1x[ 1x[ 1) 12,8 GJ

Space cooling 24 x([ 1x[ 1x[ 1) 2,4 GJ

Veniitation 4> 1 4764

Donijestic hot water 245 x [ ] 245 GJ

Lighting 10,7 x ([ 1% 1) 10,7-GJ

Congumer

elecfronics 23,7 x [ ] 23,7 GJ

Other (cooking) 44 x1,0 4,4 GJ

Subf{otal 83,2 GJ

Power generation by photovoltaic cells
Powkr depending on the capacity (3 kW or 4 kW) _
(0-29,3GJ 0-39,1GJ)

Totdl 83,2GJ
A.4 |Description and specifications of energy-saving elemental technologie$
A.4.1 General
In this clause, examples of thedescription of the elemental technologies and specifications afe shown. As
described in 5.3.3 and in Equations (1), (2) and (3), the energy consumption ratio of eagh option for
specification is predetermined by the supplier of the design guidelines. The methods for the determination of

energ

A.4.]

Each

Meth

room

y consumption ratigs-are provided in this clause.

P Natural ventilation for heat removal

level of specification of this elemental technology is defined by application of the following m

bd. 1% Install plural openings facing different directions in each habitable room. In case there
5, Where only one opening can be installed, install another opening in the adjacent space arj

ethods.

are habitable

d opening(s)

on the partition wall between those two spaces, which can be left open without any inconvenience for the
occupant.

Method 2: Install wind catchers beside major openings, which cannot enjoy higher wind pressure due to
surrounding obstacles. It contributes to inducing higher wind pressure on the major openings.

Method 3: Install roof window(s) or high side window(s), which can induce larger wind pressure difference or
stack effect.

Each level of specification is defined in Table A.3. The energy consumption ratio is affected by the
surrounding building density, which is categorized into Locations 1-3, as shown in Table A.4.

© 1SO 2012 — All rights reserved
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Table A.3 — Levels for the elemental technology “Use of natural wind”

Level Requirement to comply with each level, depending on the building Energy
density of surroundings (methods to be applied) consumption ratio
Location 1 Location 2 Location 3
LEVEL O No method applied No method applied No method applied 1,0
LEVEL 1 Methods 4 & 5 Methods 2, 3 & 5 Methods 1 & 5 0,9
LEVEL 2 - Methods 2, 3,4 & 5 Methods 1,2 & 5 0,8
LEVEL 3 Methods 12 34 &5 0.7

Table A.4|— Description of conditions for surrounding building density for natural windutilization

Location Description
Location 1 Very densely built location with higher buildings, where natural wind utilization'is difficult
Location 2 Densely built location, where natural wind utilization is possible with theughtful design
Location 3 Suburban location with low density, where natural wind utilization‘is easy
A.4.3 Daylight utilization

Each level o

specification of this elemental technology is defined by the daylight conditions and surroupding

building condlitions, which is evaluated by the number of .window(s) effective for day-lighting in each type of

room. The daylight condition is described in Table A.5, and\the effective methods are described in Table

Table A.5 — Daylight conditions and their requirements

\.G.

Daylight candition

Room type

Living and dining
room

Private room for
elderly persons or
for children [private
room with
occupant(s) who
tends to stay longer
during daytime]

Other habitable
rooms including
master bedroom
[private room with
occupant(s) who
tends to stay mainly
during night time]

Non-habitable rooms
including kitchen,
hall, entrance hall,
washroom,
bathroom, toilet,|etc.

Daylight condition 0

©Onhe method and side

One method and side

One method and side

Daylight condition<1

Two methods or sides

One method and side

One method and side

iton—2

Daylight con

Two-methods-orsides

Two-methodsorsides

One-method-and-side

Daylight condition 3

Two methods or sides

Two methods or sides

One method and side

One method and side
applied for each space

18
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Table A.6 — Daylight utilization methods

Method Utilization method

Method 1 Direct daylight utilization methods Side window | Direction
(day-lighting methods)

Shape

Height

Top side window

Skylight
Method 2 Indirect daylight utilization methods Transom window, etc.
daylight guiding methods
(daylight guiding ) Light well

The ronditions surrounding the house are categorized into three locations, as-shown in Table A.7; the
relatipnship between levels, locations and daylight conditions are shown in Table 'A.8.

lable A.7 — Description of conditions for surrounding buildinhg density for daylight utjlization

lLocation Description
Location 1 Very densely built location with higher buildings, where daylight utilization is difficult
Location 2 Densely built location, where daylight utilization is possible with thoughtful design
Location 3 Suburban location with low density,. where daylight utilization is easy

Table A.8 — Levels forthe elemental technology “Daylight utilization”

Daylight conditions (application of methods) Energy
Level consumption
Location’1 Location 2 Location 3 ratio
LEVEL 0 Daylight condition 0 - - 1,0

(mono-directional
day-lighting, floor

area x 1/7)
LEVEL™ Daylight condition 3 | Daylight condition 2 | Daylight condition 1 0,98
LEVEL 2 - Daylight condition 3 | Daylight condition 2 0,95
LEVEL 3 - - Daylight condition 3 0,9
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A.4.4 Photovoltaic power generation

Each level of specification of this elemental technology is defined by the solar cell capacity, as shown in

Table A.9.
Table A.9 — Levels for photovoltaic power generation
Level Energy saving effect
LEVEL O No photovoltaic power generation
LEVEL 1 Redusction-in-anpual-primary-energy-consumption—33-/GJd(approx—3-k\A-of solarcell-capasity)
LEVEL 2 Reduction in annual primary energy consumption; 45 GJ (approx. 4 kW of solar cell capacity)

A.4.5 Solar radiation heat utilization for space heating

Each level of specification of this elemental technology is defined by the application of three me
(Table A.10)|contributing to the use of solar radiation heat for space heating. The requirement depends @
climatic zongs defined by the ratio of the mean solar radiation in January to the h&ating degree day, as W
ite condition (Table A.14) and the direction of openings serving ds heat collection area.

the building 4

Table A.10 — Solar radiation heat methods

hods

n the
ell as

Method Description Minimum requirement
Method 1 Further improvement of window thermal performance | U-value lower than 2,91 W/(mzK)
Method 2 Increase of window area collecting solar radiation No less than 20 % of total floor area

Installation of heat storage per unit floor, area for No less than 170 kJ/(mzK) incl. furniture,
Method 3 . .
direct heat gain etc.
Taljle A.11 — Levels for use of)solar radiation heat for space heating (Zones A and B)
Methods to be applied
Location 3: reduction rate of available | Location 2: reduction rate of available
solarradiation = 0 % solar radiation = 25 % Energy
Level Direction 2 Direction 2 consumpfion
. . . . ratio
Dirgction 1 Due south £30° Direction 1 Due south +£30°
Due-south £15° except for Due south £15° except for
Direction 1 Direction 1
Method 1 Method 1
Methods 1 & 2 Methods 1 & 2
LEVEL 1 - - 0,95
Methods 1 & 3 Methods 1 & 3
Methods 1,2 & 3 Methods 1,2 & 3
Method 1
Method 1
Methods 1 & 2
LEVEL 2 Methods 1 & 2 - - 0,9
Methods 1 & 3
Methods 1 & 3
Methods 1,2 & 3
LEVEL 3 Methods 1,2 & 3 - - - 0,8

20
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Table A.12 — Levels for use of solar radiation heat for space heating (Zone C)

Methods to be applied
Location 3: reduction rate of available | Location 2: reduction rate of available
solar radiation =0 % solar radiation = 25 % Energy
Level Direction 2 Direction 2 consutt1_1pt|on
. . . . ratio
Direction 1 Due south +30° Direction 1 Due south +30°
Due south +15° except for Due south +15° except for
Direction 1 Direction 1
Methods 1 & 2
LEVEL 1 - - - 0,95
Methods 1 & 3
Method 1 Method 1
LEVEL 2 Methods 1,2 & 3 Methods 1)2'& 3 0,9
Methods 1 & 2
Methods 1 & 2
LEVEL 3 Methods 1 & 3 - - 0,8
Methods 1 & 3
Methods 1,2 & 3
LEVEL 4 Methods 1,2 & 3 - - - 0,6

Table A.13 — Levels for use of solar radiation heat for space heating (Zones D and E)

Methods to.be applied
Location 3: reduction rate of Location 2: reduction rate of
available solar radiation = 0% available solar radiation = 25 %
Lbvel Energy
pve Direction 2 Direction 2 consufnption ratio
Direction 1 Due south +30° Direction 1 Due south £30°
Due south £15° except for Due south £15° except for
Direction 1 Direction 1
LEVEL 1 - - Methods 1 & 3 Methods 1 & 2 0,95
LEVEL 2 Method™ Method 1 Methods 1 & 2 Methods 1,2 & 3 0,9
Methods 1 & 2 Methods 1 & 2
LEVEL 3 Methods 1,2 & 3 - 0,8
Methods 1 & 3 Methods 1 & 3
LEVEL4, * | Methods 1,2 & 3 Methods 1,2 & 3 - - 0,6
Table A.14 — Description of conditions for building site for solar radiation heat utilization
. . . Guideline for sunshine hours
Location Degree of obstruction of sunlight (winter solstice)
Location 1 Site with large influence of obstruction of sunlight (approx. | Atleast 3 hours (e.g. only 3 hours of
ocation 50 %) where solar radiation heat utilization is difficult sunlight between 10:30 and 13:30)
Location 2 Site with small influence of obstruction of sunlight (approx. | Atleast 5 hours (e.g. 5 hours of sunlight
ocation 25 %) where solar radiation heat utilization is possible between 9:30 and 14:30)
. Site with no influence of obstruction of sunlight (0 %) . .
Location 3 where solar radiation heat utilization is easy Sunlight can be received all day
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A.4.6 Solar water heating

Each level of specification of this elemental technology is defined by the application of two methods

(Table A.15)

contributing to the solar water heating. If the solar water heating is combined with water heaters

of high efficiency, energy consumption ratios in Table A.27 should be used instead of Table A.15.

Table A.15 — Levels of solar water heating

Level

Energy consumption

Method to be applied ratio

LEVELO

Use of conventional domestic ot water Systems without sotar water 170
heating nor other energy saving methods

LEVEL 1

Method 1 0,9

LEVEL 3

Method 2 07

Table A.16 — Methods for solar water heating

Method

Type of heating Subtype

Method 1

Solar water heater Natural circulation, no congéction with other water heater

Method 2

Natural circulation, connection with back-up water heater

Solar hot water system

Forced circulation,.connection with back-up water heater

A.4.7 Insul

Each level o
the building
control of un
installed insu
envelope shd

The energy q
heating for o
reference en

ated building envelope

specification of this elemental technalogy is defined by the thermal performance of each part of
envelope, as shown in Table A.17.:In the design guidelines, an additional instruction op the
fdesirable airflow inside the building envelope, which can deteriorate thermal performance ¢f the
lation materials, is necessary.\The techniques to prevent moisture problems inside the buijlding
uld also be instructed.

onsumption for space\heating and the energy consumption ratio depend on the method of gpace
ccupants. Therefore,-there are two columns for the energy consumption ratio in Table A.17| The
brgy consumption for different methods of space heating is shown in Table A.1.

22

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=933e61b38f414b6791c1fce15dfa99dc

ISO 13153:2012(E)

Table A.17 — Levels of insulated building envelope

Conditions of thermal performance for each part of E ti ti
the building envelope® nergy consumption ratio
Levels Partial intermittent
Window® Wall® | Ceiling® | Floor®(with crawl (Pa I: intermitten
eating)
space below)
LEVEL O 6,51 >0,7 >0,8 >0,5 1,0
LEVEL 1 6,51 >1,2 >1,8 >0,9 0,8
LEVEL 2 4,65 >2,2 >4,0 >2,2 0,65
LEVEL 3 4,65 >2,2 >4,0 >2,2 0,55
LEVEL 4 4,07 >2,2 >4.0 >2,2 0,45

® Thermal performance is expressed by heat transmission coefficient [W/(mzK)].

? Values for each part of the building envelope are examples drawn from the existing design guidelines for wopden
detached houses built in rather mild climate regions (heating degree day, HDD1g.1s, is in the,range between {1 500
and 2 500); higher target levels may be given if it is a colder climate. Furthermore, there ‘arg different expresgions
of the requirement for insulated building envelope than those in this example. Somé expressions allow a s¢rt of
trade-off of insulation performance between parts of the building envelope, which-Contributes to a more flgxible
determination of the specification.

¢ Thermal performance is expressed by thermal resistance of insulatiohgnaterial (m?K/W).

A.4.8 Solar shading

Each|level of specification of this elemental technolegy is defined by the solar heat gain coefficient (SHGC) at
open|ngs. The SHGC indicates the ratio of the-solar heat that flows into a building through thg fenestration

area

to the incident solar radiation heat,, The SHGC at openings is influenced by overhang, glazing

specification and solar shading component(attached to the openings. Information on the SHGC is provided in
Tablgs A.19, A.20, and A.21.

Table A.18 — Levels of solar shading

Standard values of solar heat gain
coefficient-at openings

Energy consumption ratio

L evel Truenorth £30° Range other than Direction of main opening surfage
the direction listed h h E
in the left column Sout South-east or agt or west
south-west
LEVEL O Approx. 0,79 Approx. 0,79 1,0 1,3 1,1
LEVEL 0,79 or below 0,60 or below 0,85 0,8 0,8
LEVEL 2 0,55 or below 0,45 or below 0,7 0,75 0,75
LEVEL 3 0,55 or below 0,30 or below 0,55 0,65 0,65

© 1SO 2012 — All rights reserved
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Table A.19 — Solar heat gain coefficient for openings without overhangs

Solar shading component type

Specification of glazing None Sheer Internal Paper External
curtain blinds sliding door blinds

Regular single glazing 0,88 0,56 0,46 0,38 0,19
Regular double glazing 0,79 0,52 0,44 0,37 0,17
Regular triple glazing 0,71 0,50 0,44 0,38 0,16
|n3u|ating low=E_double glsﬂing (1’) mm 0,63 0,48 0,43 0,37 045
air space)
Insulating loy-E double glazing (6 mm air 0,62 0,47 0,43 0,37 0,1%
space)
Heat shielding low-E double glazing 0,42 0,32 0,29 0,26 0,1
(12 mm air space)
Heat shielding low-E double glazing 0,43 0,33 0,30 0,26 0,1
(6 mm air space)
Heat shielding double glazing (class 2 of 0,39 0,31 0,28 0,25 0,1
heat reflecting glazing, 6 mm air space)
Heat shielding double glazing (class 3 of 0,28 0,23 0,21 0,19 0,08
heat reflecting glazing, 6 mm air space)
Heat shielding double glazing (heat 0,57 0,41 0,36 0,31 0,1
absorbing glazing, 6 mm air space)
Class 2 of hdat reflecting single glazing 0,48 0,38 0,34 0,31 0,12
Class 3 of hdat reflecting single glazing 0,35 0,31 0,28 0,25 0,1
Heat absorbihg single glazing 0,68 0,47 0,41 0,35 0,1%
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Table A.20 — Solar heat gain coefficient for openings with overhangs
(directions other than true south £30°)

Specification of glazing

Solar shading component type

None Sheer Internal Paper External
curtain blinds sliding door blinds
Regular single glazing 0,62 0,39 0,32 0,27 0,13
Regular double glazing 0,55 0,36 0,31 0,26 0,12
Regular triple glazing 0,50 0,35 0,31 0,27 0,11
Insulating low-E double glazing (12 mm 0,44 0,34 0,30 0,26 0,11
air space)
Insulating low-E double glazing (6 mm air 0,43 0,33 0,30 0,26 0,11
spage)
Heat shielding low-E double glazing 0,29 0,23 0,20 0,18 0,07
(12 mm air space)
Heat shielding low-E double glazing 0,30 0,23 0521 0,18 0,08
(6 mm air space)
Heat shielding double glazing (class 2 of 0,27 0,21 0,19 0,18 0,07
heafl reflecting glazing, 6 mm air space)
Heat shielding double glazing (class 3 of 0,19 0,16 0,15 0,13 0,06
heatfl reflecting glazing, 6 mm air space)
Heat shielding double glazing (heat 0,40 0,29 0,25 0,22 0,09
absqrbing glazing, 6 mm air space)
Class 2 of heat reflecting single glazing 0,34 0,27 0,24 0,22 0,08
Class 3 of heat reflecting single glazing 0,24 0,21 0,20 0,18 0,07
Heat absorbing single glazing 0,47 0,33 0,28 0,25 0,11
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Table A.21 — Solar heat gain coefficient for openings without overhangs

(directions of true south £30°)

Solar shading component type
Specification of glazing None Sheer Internal Paper External
curtain blinds sliding door blinds
Regular single glazing 0,44 0,28 0,23 0,19 0,09
Regular double glazing 0,39 0,26 0,22 0,19 0,09
Regular triple glazing 0,36 0,25 0,22 0,19 0,08
Insulating low-E double glazing (12 mm 0,32 0,24 0,22 0.19 0.08
air space)
Insulating low-E double glazing (6 mm air 0,31 0,24 0,22 0,19 0,08
space)
Heat shielding low-E double glazing 0,21 0,16 0,14 0,13 0,0%
(12 mm air space)
Heat shielding low-E double glazing 0,21 0,17 0,15 0,13 0,06
(6 mm air spgice)
Heat shielding double glazing (class 2 of 0,20 0,15 0,14 0,13 0,0%
heat reflecting glazing, 6 mm air space)
Heat shielding double glazing (class 3 of 0,14 0,11 0,10 0,10 0,04
heat reflecting glazing, 6 mm air space)
Heat shielding double glazing (heat 0,29 0,20 0,18 0,16 0,071
absorbing glazing, 6 mm air space)
Class 2 of hgat reflecting single glazing 0,24 0,19 0,17 0,15 0,06
Class 3 of hgat reflecting single glazing 0,17 0,15 0,14 0,13 0,0%
Heat absorbihg single glazing 0,34 0,24 0,20 0,18 0,0

When there are no overhangs, etc., or when conditions in Figure A.1 are not met even if there are overhangs,

the shading
cannot be eX
openings.

0.3 hor more as a guide

.

coefficient is 1, which means that-a decrease in solar heat gain coefficient through overhangs
pected. It is necessary to adjust.the projection of overhangs and eaves according to the hei

ght of

26

h: Level difference between
the bottom of window and
overhang, etc.

Figure A.1 — Overhang
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A.4.9 Space heating and cooling system

In this design process, room air conditioners and floor heating systems with gas water heaters are evaluated
for partial and intermittent heating. For partial and intermittent cooling, room air conditioners are evaluated.
For whole-building continuous heating and cooling, forced air heating and cooling systems with heat pump are
evaluated.

Each level of specification of this elemental technology is defined by the rated COP of room air-conditioners
and the specification of the insulation below the floor heating panels and around the hot water pipe, as for
partial and intermittent heating. For whole-building continuous heating and cooling, the rated COP of the
system and the availability of room-by-room temperature control function define the level of specification.

Table A.22 — Levels of space heating and cooling system
(room air-conditioners both for heating and cooling)

Level Mean rated COP for heating and cooling Energy consumption ratip
LEVEL O Lower than 4,0 1,0
LEVEL 1 4,0 or higher 0,8
LEVEL 2 5,0 or higher 0,7
LEVEL 3 6,0 or higher 0,6

A.4.10 Ventilation system
Each| level of specification of this elemental technology is defined by the application of four methods

contrlbuting to an energy efficient ventilation system as shown in Table A.23. As the referen¢e system, a
balar|ced ventilation system using ducts for fresh air supply to each room (without heat recovery) |s assumed.

Table A.23.=— Methods for ventilation system

Method Methods to be applied

Method 1 Minimizing pressure loss at ducts and other components (diameter of at least 75 mm or thicker)

Method 2 Using high=efficiency devices (motor and fan)

Method 3 Adoption of hybrid ventilation system

Simplification of ventilation system (change into exhaust only ventilation system with ducts for

Method 4 exhaust from each room)
Table A.24 — Levels of ventilation system
Level Methods to be applied Energy consumption ratio
Usual specification of balanced ventilation system with duct (diameter 1,0
LEVEL 0
50 mm for branch ducts)
LEVEL 1 Method 1 or Method 4 0,7
LEVEL 2 Methods 1 & 2 0,6
LEVEL 3 Methods 1, 2,3 & 4 0,4
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A.4.11 Domestic hot water system

Each level of specification of this elemental technology is defined by the application of four methods
contributing to the energy efficient domestic hot water system, as shown in Table A.25. In Table A.26, energy
consumption ratio is determined using the methods in Table A.25 and methods for solar water heater heating.

Table A.25 — Methods for domestic hot water system

Method Description of method Energy con.sumptlon
ratio
Method 1 Using a sofar water heater 0,9
Method 2 Using a solar hot water system 0,7
Using high- Latent heat recovery gas/oil water heater 0,9
Method 3 Efﬂmency water Electric water heater with a natural 08
eater refrigerant heat pump (CO2 HP)
Considering energy-efficient design/construction for each 0,9
Method 4 component of domestic hot water system (header-conduit piping,
thermal insulation of bathtub, hot water saving faucets, etc.)

Level Method to be applied Energy con.sumptlon
ratio
LEVEL b Using a conventional domestic hot water system-device only and 1,0
does not apply any energy saving methods
Method 1 0,9
LEVEL (I Method 3 (latent heat recovery gas/eil\water heater)
Method 4
Methods 1 & 3 0,8
LEVEL p Methods 3 & 4
Method 3 (CO2 HP)
Method 2 0,7
LEVEL B
Methods 1,3 &4
Methods2-& 3 0,5
LEVEL ¢
Methods 2, 3 & 4
A.4.12 Lighting-system

Table A.26 — Levels for domestic hot water system and how to achieve them

Each level of specification of this elemental technology is defined by the application of three methods
contributing to the energy efficient lighting system, as shown in Table A.27. Energy consumption ratio can be

determined according to the application of the methods, as shown in Table A.28.
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Table A.27 — Methods for lighting system

Method Method to be applied

Method 1

frequency fluorescent lamp and LED

Using a light source with high overall efficiency, such as compact fluorescent lamp, high-

Method 2 Using control system activating manual control for dimming and on-off, as well as automatic
control by timer, motion sensor and illuminance sensor
Method 3 Using distributed multiple lighting system in living and dining room, instead of one-light-per-room
lighting system
Table A.28 — Levels for lighting system and how to achieve them
Level Method to be applied Energy cornisumption ratio
LEVEL O Conventional methods, no application of the 1,0
methods listed in this table
LEVEL 1 Method 1 0,7
LEVEL 2 Methods 1 & 2 0,6
LEVEL 3 Methods 1,2 & 3 0,5

A.4.13 Consumer electronics

Each| level of specification of this elemental technology is defined by the selection of refrigerat
hot water heated toilet seat, electric hot water pot,\washing machine for clothes and electric ap

low standby electricity consumption.

Table A.29 — Levels of high-efficiency consumer electronics

br, television,
pliances with

Level

Requirement for electric appliances Energy consumption ratio

LEVEL -1

400 L refrigerator manufactured up to 1994

28" CRT-based television manufactured up to 2000
Hot water heatéd toilet seat of hot water storage type
Electric hot water pot without vacuum bottle
Washing-machine without inverter

1,25

LEYEL O

400 I refrigerator manufactured in 2000
28"'\CRT-based television manufactured up to 2000
Hot water heated toilet seat of hot water storage type
Electric hot water pot without vacuum bottle
Washing machine without inverter

1,0

LEVEL 1

400 L IUfI igcl dtUl miat |ufcu.,tu| cu' ;I I 2003

28" LCD television manufactured up to 2000

Hot water heated toilet seat of hot water storage type
Electric hot water pot without vacuum bottle
Washing machine without inverter

P
P

LEVEL 2

400 L refrigerator manufactured in 2003

28" LCD television manufactured in 2001

Hot water heated toilet seat of instant boiling type with timer
Electric hot water pot with vacuum bottle

Washing machine with inverter

Choose all electric appliances from low standby electricity
consumption types

0,6
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A.5 Prerequisite design conditions

Reference energy consumptions and energy consumption ratios were prepared by developers of the design
process and guidelines, by the estimation utilizing simulations and experimental data. The estimation was
done under the conditions including outdoor climate, building configuration, family size, occupants’ behaviour
and usage of equipment, as shown in Table A.30, Table A.31, Table A.32, Figure A.2, Figure A.3 and

Figure A4.
Table A.30 — An example of prerequisite design conditions
(climatic, building and living conditions)
Items Conditions
Construction|site region Suburb of City of “Tokyo” (See Figure A.2)
Building site pize 210 m? (2 260 ftz)
Building Structure Post-and-beam construction
Conditions Number of stories Two-story house
Exterior finish Roof Metal sheet roofing
Exterior wall Cement siding
Opening Aluminium sash
Interior finish  Roof/wall Plaster board/vinyhclothing
Floor Engineering'waod flooring. Partial tatami mat
Living conditions Family structure Four people (husband, wife with two children)
Householder: 45-year old (company employee)
Wife: 42-year old (full-time homemaker)
Daughter: 17-year old (high school student)
Son: 14-year old (junior high school student)
Lifestyle Assume ordinary lifestyle
Indoor set temperature 28 °C during summer and 18 °C during winter (while copling
and heating is used)
Heating{and cooling usage time | See Figure A.3
slot
Hot water usage amount See Figure A4
Use of lighting device See Table A.31
Use of cansumer electronics See Table A 32
30 © IS0 2012 — Al rights reserved
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