INTERNATIONAL ENERGY AGENCY
energy conservation in buildings and

community systems programme
Annex Xl

Windows and fenestration

Step 1

Building Regulations,
Standards and Codes
concerning Thermal and Solar
Performance of windows:

a survey of eight countries

September 1986






INTERNATIONAL ENERGY AGENCY

Energy Conservation in Buildings and

Community Systems Programme

Annex XII, WINDOWS AND FENESTRATION

Report from Step 1

BUILDING REGULATIONS, STANDARDS AND CODES CONCERNING
THERMAL AND SOLAR PERFORMANCE OF WINDOWS;

A survey of B countries



~1I-

This report is part of the work of the

IEA Energy Conservation

in Buildings & Community Systems Programme

Annex X1I - Windows and Fenestration

Participants in this task:

Belgium, FR-Germany, Italy, The Netherl
Switzerland, United Kingdom, United Sts

The complete list of representatives wh

is given in Chapter 5.

ands (Operating Agent), Norway,

tes of America.

0 have contributed to this report

Document : Report from work carried out under Step 1 of the
project.

Distribution ¢t Unrestricted,

Editor : H.A.L. van Dijk

TNO Institute of Applied Physics

P.0. Box 155

2600 AD DELFT
The Netherlands.

Additional copies: TNO Institute of Applied Physics.

Approximate price: Df1l 15.--.

Delft, September 1986




CONTENTS

PREFACE

1. Inktroduction

2. Survey of av
2.1. Global
2.2. Graphic

2.2.1.
2.2.2,
2.2.3.
2.2.4.
2.2.5.
2.2.6.
2.2.7.

2.2.8.

3. Energy conse

4. List of refe

5. Participants

ailable requirements

view

al presentation

Introduction

Minimum window area for daylighting
Maximum U-value of windows

Maximum U-value of fagades

Maximum equivalent U-value of windows
Maximum overall U-value of buildings
Maximum window area in combination with solar
transmittance for summer conditions

Maximum air leakage through windows
rvation standards in the U.S.A.

rences

Iv

~ W W W

11
13
15

-1T1I-

Page

17

21

25

29

37



PREFACE

INTERNATIONAL ENERGY AGENCY

In order to strengthen co-operation in the vital area of energy policy,
an Agreement of an International Energy Programme was formulated among a
number of industrialized countries 1in November 1974. The International
Energy Agency (IEA) was esteblished as an autonomous body within the
Organization for Economic Co-operation and Development (CECD) to
administer that agreement. Twenty-one countries are currently members of
the IEA, with the Commission of the European Comhunities participating

under special arrangement.

As one element of the International Energy Programme, the Participants
undertake co-operative activities in energy research, development and
demonstration. A number of new and improved energy technologies which
have the potential of making significant contributions to our energy
needs were identified Ffor collaborative efforts. The IEA Committee on
Energy Research and Development (CRD), assisted by ‘a small Secretariat
staff, co-ordinates the energy research, dévelopment and demonstration

programme .

ENERGY CONSERVATION IN BUILDINGS AND COMMUNITY SYSTEMS

As one element of the Energy Programme, the IEA encourages research and
development 1in a number of areas related to energy. In one of these
areas, energy conservation in buildings, the IEA 1is encouraging various
exercises to predict more accurately the energy use of buildings,
including  comparison of  existing computer programmes, building
monitoring, comparison of calculation methods, as well as air quality and

inhabitant behaviour studies.
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THE EXECUTIVE COMMITTEE

Overall control of the R & D programme energy conservation in buildings
and community systems is maintained by an Executive Committee, which not
only monitors existing projects but identifies new areas where
collaborative effort may be beneficial, The Executive Committee ensures
all projects fit 1into a predetermined strategy without unnecessary

overlap or duplication but with effective liaison and communication,
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ANNEX XII

In June 1982 the Executive Committee approved Annex XII, 'Windows and
Fenestration' as a new joint effort project, with the Netherlands acting
as 'Operating Agent' to coordinate the work.

The following countries are participating in the project:

BELGIUM, FEDERAL REPUBLIC OF GERMANY, ITALY, THE NETHERLANDS, NORWAY,
SWITZERLAND, UNITED KINGDOM, UNITED STATES.

The project consists of 5 steps:

Step 1: Survey the state of the art in all types of existing windows and
future designs (including glazing and combination of glazings and

insulating and/or sunshading systems).

Step 2: Survey the state of the art in thermal and solar properties of
windows and compare definitions, test methods, calculation procedures and
measured, calculated or assumed data, wherever possible converted into
one or several sets of standardized conditions. The aim: to try and cover
all existing (and sometimes conflicting) information in this field in an
extensive report for 'expert groups’'.

A separate report contains summarized information for general use among

architects, consultants and manufacturers.

Step 3: Review and analyze existing simplified steady-state calculation
methods dealing with heat gains and losses through window systems. These
methods can provide a preliminary and global figure for the influence of
the window on energy consumption without considering the interaction with

the building, occupants and climate in a detailed way,.

Step 4: Adapt and compare existing dynamic calculation methods dealing
with the influence of window type, size and orientation on enerqgy

consumption and- thermal comfort in buildings.
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Normally, a good window design will often be treated with a global
approximation, with the consequence that specific features of the design
cannot be revealed properly. With a study specifically focussed on
windows complex systems also can be simulated, like multilayer systems
with foils, coatings énd/or gas-fillings and e.g. systems in which the
control of an openable window, insulation panel, or sunshading is
associated with indoor temperature and/or time and/or intensity of solar
radiation, A thorough consideration of the effect of windows calls for a

calculation model that can handle such simulation.

Step 5: Apply unsteady state models in a series of selected, general
sensitivity studies and thereby produce extensive information on optimal
window design from an energy point of view for different buildings (mass,
insulation), occupants'' behaviour schemes (control of equipment, internal
heat) and climatic zones. The results are aimed at groups like

architects, manufacturers and policy makers.




INTRODUCTION

This report presents some of the results from the first step of the

project,

The aim of this report is to get a rough view on how regulations,
standards and codes are used as tools to guide the application of
energy efficient windows in the respective countries participating
in the research project.

For more extensive and precise information on the subjects covered
in this report one should refer to the relevant literature sources

listed in this document.

In a separate report the state-of-the-art in existing windows and

new window designs is described,



2.1,

2.2.

2.2.1.

SURVEY DOF AVAILABLE REQUIREMENTS

Global review

A global review of available requirements, standards and
guidelines is presented in table 1a for the residential sector, in

table Tb for other building types.

Graphical presentation

Introduction

The figures on the next pages present a comparison of the maximum
or minimum values which are mandatory or rtecommended in the
various countries.,

In many cases the requirements are not so simple that they can be
presented by a single curve in a graph. In these cases typical
examples were selected to allow for a more or less quantitative
comparison.

In other vases regional differences occur. Also in these cases
typical examples were selected,

In the notes next to the graphs the meaning of each of the curves

is explained.

For the USA additional general remarks are presented in chapter 3.



Table 1a: Survey of ~available requirements.
A: Residential buildings.

COUNTRY
SUBJECT B o] I NL N CH 114 USA(B)
Minimum daylighting
(e.g. min, window area| r R r R - REL) H R
Refarence [Number] * | B4 o1 | 121 HL1,2 CH1 UK1| ust
Max. thermsl trans-
mission thr. windows'
or fagades (U-value) 5 R - R R R R{ R
Reference [ Mumber) B2 02,3 NLZ,3 | N1 | CH2,3 | uKZ| US2
Max. net heat loss
thr. windowa {e.g.
equivelent U-valus} - r - - R S - -
Reference [ Number] D7 N1,2| CH3
Mex. overall trans-
misalon or energy
consumption {e.g. mean
U-value or G-factor) R R R R - S - -
Refarence [ Numbar] B3,s [02,3|15,6,7 NLZ,3 CH3
Max. thermsl load in
sunmer {e.g. max. .
window area) R R r () | - - - R
Reference [ Number) 810 | D2 | I - usz
Min, airtightnese
of windows (e.g. max. .
leakage factor) R R S R R R S R
Refsrence [Nuraber] B5,6,7|D3,4|19,10,11 NL& N1 CH5,2 | UK7| Us2
Min. elrtightness of
building (e.q. max. \
leakage factor) - R - - R - - =)
Referonce [ Number) DA N1 us2
Min. ecoustic
insulation {(e.g. dd
attenuation) S R - E - R R -
Reference [Number) ‘88,9 | 05 NL2,5,6 CH4 | UKS
Min. safety
requirements - R S - - - s R
Reference [ Number] D6 | 118 uks| usi
Fire N I R ) - - - R| -
Reference [ number) Dy | I19 UK4
R : Mandatory reguiremente aveilable Naotes:
S : Model astandard or equivalent
(e.g. generally used national or (} )+ Different per region
regional guidelines available} (*): Requirements exists for governmant
r : Other sources with recommsndations buildings
availeble (331 Typical situation, see chepter 3
E : Requirements end/or guidelines only (*): Ceulking end weather stripping
applicable for oxceptional caaesa. required

*) soe list of refarences on final pagea.



Table 1b:

Survey of available requirements.
B: Other buildings.
COUNTRY

SUBJECT B |o 1 | N | ocn | ouk usac®)
Minimum deylighting

(e.g. min. window ares| r R r - - R(L) r R
Reference [ Number] + | B1 D1 | 117,23 CH1 UK1| Us?
Max. thermal trane-

mission thr. windows

or fegades (U-velue) S R £ @) ] R R R
Reference [ Number] B2  (D2,3| 117,23 N1 | CH2,3 | UK3| us2
Max. nat hesat loss

thr. windows {e.g.

equivalent U-value) - t r - R S - -
Reference [ Number) D7 | 121 N1,2| CH3

Max. overall trans-

mission or energy

consumption (e.g. mwan

U-value or G-factor) R R R r(?) - S - -
Reference [ Number] B3,a |o2,3| 15,6,7 CcH3

Max. thermsl load in

sumner (#.g. max.

window eres) R R r r R - - R
Reference { Number) B10 | Dz | 117,23 | NL7 N1 usz
Min. amirtightnoas

of windows (e.g. max.

leskage Factor) R R S R R R S R
Reference [Numbar] B5,6,7|D3,4(19,10,11| NL4,8 | N1 | CH5,2 | UK7| US2
Min. eirtightneasa of

building {e.g. max. . \
leakage factor) R R - R(2) R - - -t
Reference [Number] 85,6,7| DB NLB N1 us2
Min. acoustic

insulation (s.q. dB

attenuation) S R r - - R - -
Reference [ Mumber] 88,9 | o5 | 122 CHa

Min. safety

requirementa - R r - - - 5 R
Reference [ Number] ps | 117,18 UKé| ust
Fire ] - R 5 - - - R -
Reference [ number) D9 119 UKa
R : Mandatory requirements svasilable Notes:
S : Model stendsrd or equivelent

(e.q9. generally used national or (;): Different per region
regionel guidelines svailable} {*): Requirements exiats for government

r ¢ Othar sourcee with recommendations

available

™m
-

G

Requiremente end/or guidelines only (*):

applicable for exceptional cases.

buildings

Typical situstlon, see chapter 3
Caulking end weather strlpping

required

*) mee list of references on final pages.



: recommendation a.s.

: mandatory

NL1

e -

25
20 -
15
10 +
0

100*Aw/Af
(%)

100*Aw/Af: minimum window area as percentage of floor area

Figute 1: Minimum window area for daylighting.



2.2.2. Minimum window area for daylighting

See figure 1.

Notes:

B: Ref [81] is a draft proposal text for the local authorities.

NL &

CH:

UK:

us:

fach municipality can accept, change or refuse the text as part
of the requirements for obtaining a building permission.

B1: for office buildings.

BZ: dwellings: vertical windows.

B3: dwellings: horizontal windows.

: Examples for unobstructed view, dwellings:

D1: room h x b x d = 2.8 x 3.5 x 6.0 m
D2: 2.8 x 6.0 x 3.5 m

For obstructed view higher minimum window areas are required.
DIN 5034 fixes the minimum window area dependent on the room
geometry (width, length and height).

: Recommended values for residential buildings are: A,/Af =

1/6 - 1/8. Regulations for public sector residential buildings
[121] require ‘"daylight factor" = 0,05 for different types of
rooms, For non residential buildings (mainly schools and
hospitals) different values of "daylight factor" are required
for different types of rooms,

NL1: living room.
NL2: other rooms.

For obstructed view higher minimum window areas are required;

the same for windows with a basis below U0.85 m height from the
floor. Alternative: more complex calculation ([NL1]).

Typical minimum value is 10% of the floor area; different per
building regulation community.

Minimum daylight factors recommended ({UK1]).
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—mee . Mandatory
----- : recommendation a.s.
7
CAL1
s NL1 ]
U-window = -
s F -
CH1
2
(W/m°K) = N1 CH2 i
|
2 |- ! :
t
I
= ] —
1
|
0 1
100" Aw/Af 5% | |

- , 25 25 1515 - -

U-window: maximum U-value of windows
100*Aw/Af. maximum window area as percentage of floor area for windows with
maximum U-value

Figure 2: Maximum U-value of windows.,




2.2.3. Maximum U-value of windows

See figure 2.

Notes:

D : The requirements in the "Warmeschutzverordnung 1.1.84" are in
any case:
Maximum U-value window = 3.1 W/mlK
{buildings with normal indoor temperatures).

NL: NL1: bedrooms, etc.
NLZ: living room.
A,/Af must be less than 0.25.
Alternative: see U-building.

N : Residential buildings.
N1: U-value must not exceed 2.7 W/mK,
if walls have U = 0.25 W/m?K.
N2: U-values must not exceed 2.1 W/m2K,
if walls have U = 0.35 W/m?K.

Above ratio 0.15 more insulation is needed either in windows
or other parts of the building.

CH: CH1: Recommendation SIA 180/1 {1980).
CHZ2: Recommended minimum value SIA 3B0/1 {(1984).

UK: Building regulations: energy trade off will be permitted;
in revisions estimated for 100 m? floor area house.
Scotland slightly different. ‘

US: CAL: Alternative component package for the energy budget
requirements in California, for residential buildings.
Schematized situation for coastal zones:

either: CAL1 or: CALZ

glazing:
max., U-value W/ mK 6.2 3.7
max. total area % of floor area| - 14
max. non-south Facing area " 9.6 -
min, south facing area
! (or horizontal) " 6.4 -




2
U-fag
(W/m?K)
B ASH1
1 —
B N
(.
1
[
o
I
I
0 L
1 'l
N

U-tag: maximum U-value of fagades

*: U-fagade calculated with U-equiv. for the window, see notes

Figure 3: Maximum U-value of fagades.
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2.2.4, Maximum U-value of facades

See figure 3.

Notes:

B: Only maximum U-value of opaque walls, as a function of the
weight .,

D: In the German '"Warmeschutzverordnung"” there are two

NL ¢

CH:

UK:

Us:

alternatives as prove methods:

Alternative 1: Only prove about overall U-value building.

Alternative 2: The maximum U-value fagade (wall and window)
must be between 1.2 - 1.5 W/m?.K (Bars D1 and
N2), depending on the size of the building.

: Only for opaque part, as a function of the weight ([117, 21,

123]).

: Commercial and appartment buildings.

Mean U-values of fagades less than 0.45 W/m?, including
windows with or withhout equivalent U-value,

Equivalent U-values c¢an be wused for calculation of mean
U-values until 0,19 window/flooc areas. Above 0.15 normal
U-values must be used,

Equivalent U-values W/m?K from [N1] and [N2]:

double triple

south 0,0 -0,6
east, west o,8 0,4
north 2,3 1,5

A revision of the regulations is underway in which
Y-equivalent no longer appears.

CAL: --

ASH: ASHRAE Standard ({US2]); see chapter 3: Curves as
function of degree days., Examples for residential
buildings:

ASH1: for locations with 1100 degree days (18 ©C base):
U = 1.45 (more than 3 stories: 2.0);

ASH2: for locations with 2800 degree days (18 ©C basel:
U= 1.1 (more than 3 stories: 1.6);

ASH3: for locations with 4400 degree days (18 ©C base):
U = 0.9 (more than 3 stories: 1.3). .

Examples of degree days: Chicago: 2300; Seattle: 2400;

New York: 27003 S. Francisco: 1700; Houston: 800.

=-11-
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2,2,5. Maximum equivalent U-value of windows

See figure 4.

Notes:
B: --
D: Concerning a maximum equivalent U-value of windows Germany

NL:

CH:

UK:

Us:

only has recommendations with respect to the calculation
procedure. Moreaver, there is no dependence of Aw/Af to U-eq
in the German recommendations.

The equivalent U-value windows is defined as ([D10]):

Ueq = Uwindow = SF + 9w

with : Sp: see table
gy: total solar transmittance of the window

sF (W/m2 K)
Nerth 1.2
West/East 1.8
South 2.4

D1: north oriented window.

See note on averall U-value buildings.

: No maximum value on U-equivalent itself; the U-equivalent is

used in the calculation of the U-value fagade (see note
there).
A revision is underway in which the U-equivalent no longer
appears.



U-bld.
{W/m?K)

Figure 5:

“14-

——e—— m‘andatory

T T | T T T Y T T ! T

el /A, (M%/m?)

i U-bld.: maximum mean U-value of the building
V/Ay: ratio of building volume and total heat loss area

Maximum overall U-value of the building.
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2.2.6. Maximum overall U~value of buildings

See figure 5.

Notes:
B: Only for the French region and the National Housing Society.

D: In the German "Wdrmeschutzverordnung" there are two
alternatives as prove methods:

Alternative 1: Prove about overall U-value building:
see curve in figure 5.

Alternative 2: The maximum U-value fagade (wall and window)
must be between 1.2 - 1.5 W/m® K. (See note

with figure 4).

I: I1: for mild climates (Degree-days < 600 © C.day)
I2: for cold climates (Deqree-days » 3000 © C.day)

NL: Alternative for maximum U-value of windows and other
constructions., In fact the alternative is: maximum value on
'thermal insulation index' Iy [NL3],

At -
80 V—-(1 - U) + 30

It = e , in which U: overall U-value of building
4 - + 1
v

Under preparation is an addition to [NL3] in which a minimum
will be required for (It + 1,) in which I, is the 'solar
index', taking into account extra solar gains through windows.

- N: No recommendations but Z examples are presented:
N1: Residential building 120 w* U = 0.37 W/m2K
N2: Commercial building 1000 o U = 0.33 W/mK

CH: Umax = 0.75 x C1 X CZ X C},

with Cq = f (V/At)
C2 = f (altitude), example C; = 1 (alt. = 500 m)
C3 = f (indoor temp.), example C3 = 1 (T; = 20 °C).

UK: --

US: CAL: Energy budget requirements, California.
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Figure 6: Summer situation: maximum window area to prevent overheating.

100*Aw/ﬁ:«fa¢: maximum window area as percentage of fagade area
I Gw: solar energy transmission coefficient of the window
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Maximum window area in combination with solar transmittance for

summer conditions.

Notes:

See figure 6.

B: Only for the public building sector.
Acceptable combinations:

for I = max. solar max. window/
transm. g, floor area
I < 0.5 0.15 1.0
II 0.5 -3 0.50 1.0
111 any value 0.80 0.25
IV < 1:5 0.80 0.15
A
. "effective surface" for heat storage (m?) ef
B floor surface’ (m’) ) Af

Aefr =) A.f

A = surface of each wall )

f = coefficient which is a function of the wall type, e.qg.:
heavy weight uninsulated layer at the inner side: f = 1;
very light weight and/or insulated layer at the inner side:
f = 0.

D: The German recommendations are:

the maxiumum gy . A, / Afag results from the following

table:
mass without raised with raised

natural convection natural convection
light 0.12 {curve D2) 0.17
heavy 0.14 0.25 (curve D1)

The curves D1 and D2 are valid for values of the total solar
transmission coefficient g within the range 0,2 to 0,8 [D2].



NL:

CH:

UK:

Us:

-19-

According to [I117], [121] and [123] the window shall be
provided with an external ventilated shield (rolling shutter
meets this requirement) so that the solar heat flux entering
the room is less than 30 percent of the corresponding flux
without the shield.

Dwellings: under preparation.
Office buildings: NL1: example for single glazing, no indoor
blinds, high mass, high air movement.
NL2: example for double glazing, indoor
blinds, low mass, low air movement.

No requlations, but installation of cooling power is not
allowed.

Standard is under preparation,

CAL: Alternative Component Package for the Energy budget
requirements in California, for residential buildings.

Required: for coastal zones in southern California and inland
zones in northern California, south and west facing
windows:
fully shaded at August 21 {south: noon; west: 5
p.m.), but fully exposed con December 21 (south:
noon; west: 3 p.m.),

or: operable shadings with max. shading coefficient of
glazing: 0,36 (solar transmittance g, = 0.3).
For coastal zones in northern California no
requirements.
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10
- NL1 .
B , UK1 7
v - .

(m*h - m)
— —
5 -
ASH
0

V: maximum air leakage per m' crack at 50 Pa pressure difference
N.B.; maximum air leakage rates at pressure differences other than 50 Pa have been
transformed to 50 Pa, using the relation:
V(50) =V{P1)* (50/P1)"; in all cases here n=2/3

Figure 7: Maximum window! air leakage rates of windows.
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2.2.8. Maximum air leakage through windows

See figure 7.

Notes:

Mandatory for public building sector [B5]:
Maximum rate of leakage at 100 Pa for different grades of
windows:

B1 B2 B3
Class PAZ PA 2B} PA3
Exposure level-height of building _
in which the window is situated (m){ 0-10 | 10 - 18 > 18
Air permeability of jgints per
meter crack-length (m°/h m) é 3 2

From [D3], [D4]: the maximum air leakage coefficient per m
crack-length, a-max, is:

Building height a max test pressure| window
(n° /h m Pa 2/3) {Pa) classif,
D1 < 8 0.44 150 A
D2 8 - 20 0.22 300 B
> 20 0.22 600 c
NL: The air leakage per m crack-length must not exceed 18 of /h m,

with a specified test pressure.
Test pressure depends on building height and location ([NL&]).

NL1: inlands:

Example for building h = 15 m and location
testpressure 150 Pa.
NLZ: Example for building h =

test pressure 300 Pa,

15 m and location near coast:
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For government buildings the maximum air leakage per m!

cracklength is 9 m /h m, for a crack density in the fagade of
less than 0.6 m per m [NL8]. For higher densities the
formula Vpax = 0.6/lc . 9.0 n’/h m should be applied, with
le = crack length per P fagade.

NL3: Example for government building h =: 15 m., location
inlands, lc € 0.6 m!/m?.

N: Maximum air leakage - expressed as function of the window area
- is 1.7 m®/mh at 50 Pa test pressure, both for commercial and
residential buildings [N1].

N1: value per mt crack-length for a 1.2 x 1.2 s window.
CH: From [CHZ]: the maximum air leakage coefficient per ml

crack-length, a-max, is:

building height a-max test pressures
[ m] [m3/hmPaz/3] [Pa]
CH1 <8 0.44 150
CH2 8 - 20 0.22 300
> 20 0.22 600

UK: From [ UK7]: four categories ranging from: maximum air leakage
coefficient, a max:
UK1: a-max = 0.56 nf /hmPa’/? at test pressure 150 Pa (Class 1)
UK2: a-max = 0,10 m /hmPa? /3 at test pressure 600 Pa (Class IV)



3, ENERGY CONSERVATION STANDARDS IN THE U.S5.A.

The matter of energy conservation standards in the U.S5. is complicated
by the great geographic, legal and administrative diversity of the
country. There is considerable technical uniformity, in the sense that
two technically equivalent guideline standards, ASHRAE 90 and the
Model Erergy Code, exist - each with periodical updates and
modifications. The complications arise when one asks what is mandatory

as opposed to voluntary, and where,

Building standards in the U.S. are set for county or municipal level.
Historically this sometimes resulted in great disparities in
requirements - for example, rtural areas may have few or no
requirements, wheras other areas may have complex requirements
reflecting local economic interests. Prior to 1970 standards were
justified on the basis of public safety. Since most counties and
cities lack the resources to develop adequate standards, the typical
pattern was to make a model code mandatory, such as the Uniform
Building Code, the Uniform Plumbing Code and the Uniform Electrical
Building Code in those areas where it was considered necessary to have
a standard and where there were no compelling local interests to
organise things differently. The traditional pattern, therefore, is
basically a uniform set of standards with local variances (which may

include having the option of no standards what so ever).

Energy standards follow the same pattern, except that the variances
tend to be less, and there are more areas where states have chosen to
pre-empt localities and apply mandatory state-wide standards. An

excellent reference [USB] summarizes this situation.

_25_
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Some 28 states have mandatory energy standards, derived from some
version of either the ASHRAE 90 [US2] or the Modet Energy Code [US4].

Another 22 states have mandatory codes for state-owned and/or financed
buildings, wheras in iS states the energy codes are adopted (or not)
by local governments. Again, most of these are derived from ASHRAE 90
or the Model Energy Code. At the other end of the scale, Maine has
only guideline state standards, Vermont has no standards applying to
privately financed buildings, Louisiana has an energy code which has
not yet been adopted, and Tennessee has standards applying only to

non-residential buildings.

It is therefore justified to say that the ASHRAE 90 standards
represent the besk . approximation of the typical U.S. case. In the
reference documentséASHRAE 90-80 is used, although states frequently
derive their standards from ASHRAE 90-75 and a newer version, ASHRAE
90P, which is currently being reviewed,
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The ASHRAE 90-75 building standard was a prescriptive standard 1in
which minimum or maximum performance levels were specified for many
building components and systems. The "envelope" section of the
standard set maximum average U-values for walls and roofs, including
window and skylight systems, These values varied with location and
climate in the U.S., decreasing in value as the climate increased in
severity. This part of the standard forced many designers tu select
double glazing instead of single glazing if reasonable window areas
were to be allowed (note that in the early 1970s about 70% of all

windows were still single glazed).

A second requirement, for climates where cooling was a more
significant problem, limited the overall sular heat gain by placing
restrictions on the product of shading coefficients and area, with
orientation as a variable. Depending on location, either the U-value
or the solar gain term could be the constraint. Air infiltration was
addressed by referencing standard industry specifications.

No adjustments were made to offset heat loss for winter solar gain,
nor was an allowance made for day lighting benefits in the envelope
section.

Designers who wanted to obtain an energy credit for passive solar
design, day lighting, or other non-standard energy-saving features,
had to prove, using annual energy simulation techniques, that the
proposed design required less energy annually than a similar design
which met the prescriptive standard. Since this approach involved a

significant increase in design time, it was not commonly oused.

A recent shift in the approach of standards has been the development
of a "performance" approach. In this case, an annual energy budget is
altoted to the building and the designer is free to choose any
combination of building features provided the final result is less
than or equal to the budget. Budgets must be set for each climate zone
and each building type. This approach requires that standard occupancy
and operating conditions be defined, and that recognized calculation
procedures are avallable. To simplify this Ffurther, "alternative
prescriptive packages" are created, Which implies that if the
requirements of that package are met, it is considered to comply with

the annual energy budget without the need for calculations (e.q.
California).
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ASHRAE is now in the process of revising Standard 90-80 to include
many af the Featurés of these performance-based approaches. It should,
for example, provide an energy credit for the use of day lighting.
There is an increasing notion in the standards development process
that requirements for energy efficiency should not reduce
environmental quality below "acceptable" levels. This tends to set

lower bounds on window size in office buildings, for example.

The California State Energy Code [US3] probably represents the most
stringent set of requirements currently in force in the U.S. For both
residential and non-residential buildings this code provides a set of
climate dependent energy budgets. There are no requirements on
individual components, so long as the building can be shown to meet
the overall performance requirements. As an alternative to this
procedure, for non-residential buildings the thermal characteristics
of the envelope are specified, including the maximum overall average
U-value of walls including windows. Overall thermal transfer through
walls for cooled spaces is also limited and this includes the transfer
through windows. Ndn—residential buildings which derive more than 40%
of their annual thermal energy usage for renewable enerqy sources

automatically satisfy the standards.,

For residential buildings,'as an alternative to the overall energy
budget the state is divided into 16 climate zones and three
"alternative component packages" are provided for each zone. These may
place either U-value or total glazing area limits on.fenestration and

may also require shading (see relevant graphs and notes in chapter 2).




4. LIST

-20-

OF REFERENCES

Belgium:

[81]
[B2]

[83]
[B4]

[85]
[86]

[88]
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by illuminant A, with a spectrophotometer".
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NEN 3661 'Ramen, Luchtdoorlatendheid, waterdichtheid, stijf-
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zonwering voor gebouwen zonder mechanische koeling, 1980
(sun and windows, quidelines for the selection of window area and
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Standards Institution

[UK2] Building regulations April 1, 1982 (housing).
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Ventilation principles and designing for natural ventilation
(formerly CP3, CK.1.c).



-38-

United States:

[Us1]

[US2]
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ASHRAE Standard 90-80, Energy Conservation in New Building

Design, American Society of Heating, Refrigerating and Air
Conditioning Engineering Inc.,
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California Administrative Code, Title 24, Chapter 2-53, Office of
Administrativé Procedure, Dept. of General Services, State of
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P.0. Box 20191, Sacramento, CA 95820,
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1977 (MCEC), developed by National Conference of States on
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Directory and Compilation of Technical and Administrative
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within the United States, David R. Conover & Carolyn A. Fitch,

eds,
National Conference of States on Building Codes & Standards, 481
Carlisle Drive, Herndon, VA 22070.
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