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Abstract

here has been growing concern about energy consumption

in buildings and its implications to the environment. As a
first step towards making buildings in Hong Kong more energy
efficient, the Government commissioned a feasibility study on
the introduction of Overall Thermal Transfer Value (OTTV) to
air-conditioned buildings in Hong Kong in 1990. Since then,
there has been an increasing interest in the OTTV approach to
energy conservation in buildings. This paper reviews the basic
concept of OTTV, some of the work carried out in other coun-
tries and their experience. It is hoped that the information pre-
sented will form a good introduction to OTTYV for those who are
interested in pursuing this subject.

introduction

Because of the much publicized problems of global warming
and ozone layer depietion, people have become more conscious
of the environment and there has been a growing concern about
energy consumption in Hong Kong and its environmental im-
plications. The recent event in the Persian Gulf and the subse-
quent rise in fuel costs highlight the need for energy conserva-
tion. In the UK, building stock consumes about 50% of all UK
energy [1] and similar situations:are envisaged in most devel-
oped countries.

In Hong Kong, with an expanding economy and an increase in
living standard, there has been a 146 % increase in electricity
consumption over the 12-year period (1978-1989) (see Fig 1) [2,
3]. Asignificant proportion of the electricity is used for air-con-
ditioning in buildings, particularly commercial buildings in
summer. In an effort to conserve energy and as a first step to-
wards encouraging more energy-efficient building design, the
Government has commissioned a consultancy study on energy
conservation in buildings, with the focus on the Overall Thermal
Transfer Value (OTTV) approach.

This paper examines the characteristics of the OTTV method
and analyses its implications to energy conservation in build-
ings. Experience in the formulation of OTTV standards and its
implementation in other countries will also be discussed.

Concept of OTTV

The OTTYV concept originates from the first energy conserva-
tion standard of the “American Society of Heating, Refrigerat-
ing and Air-Conditioning Engineers”, ASHRAE Standard 90-75
“Energy Conservation in New Building Design”, later revised as
ANSI/ASHRAE/IES Standard 90A-1980 [4}], in which the cool-
ing criteria set maximum allowable OTTVs for mechanically-
cooled buildings. Basically, OTTYV is a measure of average rate
of heat transfer from the outdoor environment into a building,
through the building envelope (walls and roof) - the higher the

_OTTV, the greater the heat gain. The OTTV requirement speci-
fied in building envelope section of energy conservation stan-
dards applies to air-conditioned (or mechanically cooled) build-
ings. It is aimed at achieving the design of an adequately
insulated building envelope so as to cut down external heat gain
and hence reduce the cooling load of the air-conditioning sys-

tem.

OTTYV is an index of the overall thermal performance of the
building envelope. Provided that the same method and the same
thermal environmental figures are used in the calculation of
OTTVs, the thermal performance of various buildings can be
compared and related to a specified standard or an OTTV limit.
However, it should be noted that an OTTYV is merely a measure
of comparative performance and not an indicator of the total en-
ergy that will be consumed for cooling, or how close to the opti-
mum a particular envelope design comes.

Conceptually, OTTYV of 2 building envelope can be expressed
as follows :

OTTV = % (1)

where Q = heat gain through the building envelope (W)

A = gross area of the building envelope (m

Each facade (eg a south-facing external wall or an horizontal
roof) can have its own OTTV. The usual practice is to have two
separate OTTVs - one for exterior walls (including windows)
and the other for the roof (including skylights). :

OTTV equation for walls

Heat gain through exterior walls can be broken down into
three components - heat conduction through opaque parts of the
wall, heat conduction through glass windows and solar radiation
through glass windows. As walls at different orientations receive
different amounts of solar radiation, the general procedure is to
calculate first the OTTVs of individual walls with the same ori-
entation and construction, then the OTTV of the whole exterior
wall is given by the weighted average of these values. Thus :

OTTVi=(Qw+ Qg+ Qs ) [ Ai

_ (AwxUwxTDeq) +(Arx Upx DT) + (AfxSC xSF)
Ai
where OTTV; = overall thermal transfer value of walls with
same orientation and construction (W/m®)
Qw= heat conduction through opaque walls (W)
Qg= heat conduction through glass windows (W)
Qs= solar radiation through §lass windows (W)
A.= area of opaque wall (m”)
Uw= U-value of opaque wall (W/mz.K)
TD.q= equivalent temperature difference (K)
Ay= area of fenestration (mz)
Ur= U-value of fenestration (W/mz.K)
DT= temperature difference between exterior and interior de-
sign conditions (K)
SC= shading coefficient of fenestration
SF=solar factor for that orientation (W/m®)
Ai= gross area of the walls (mz) =Aw + Af

and, OTTViwal= XM 3

Ao
where OTTViali= OTTV of the whole exterior wall (W/mz)

Ao= E(Ai) = total gross exterior wall area (mz)

Parameters TD.q, DT and SF depend on the climatic condi-
tions of particular locations. TDeq also varies with the typesQ
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Figure 1

Electricity Consumption in Hong Kong (1978 - 1989)

(Excluding_street lighting and export to China)
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(densities) of construction. Table 1 compares some of the values
used/suggested by different publications. If the OTTV of a par-
ticular design is more than the maximum allowable value, say,
in Singapore 45 W/m?, the design team would have to reduce
the OTTV by adopting one or a combination of the following
design options :

(2) Reduce the glass area.

(b) Use glass with lower shading coefficient.

(c) Provide shading.

(d) Reduce the U-value of glass (e.g., use double glazing).

(€) Reduce the U-value of opaque wall (e.g., add insulation).

OTTV equation for roof

The approach and equations for calculating roof OTTV are
similar to those for walls. The calculation for roof is often much
simpler because the roof does not typically contain large amount
of glazing (except for skylights in atria).

OTTV parameters and averaging period

OTTYV is a measure of the average rate of heat gain through
the envelope. The averaging period depends on how TDeq, DT
and SF have been obtained. If TD.q, DT and SF have been aver-
aged over a year, then strictly speaking, these parameters are
only applicable to be used in equation (2) for calculating
OTTVs for buildings with continuous operation (i.e. 365 days,
24 hours per day, such as hotels). The total annual heat gain (Qr)

through the envelope can be estimated by :

OTTV x 8760
Q= 1000 “

Both ASHRAE [4] and Singapore [5] Standards do not have
different parameters for buildings with different bours of opera-
tion whereas Shillinglaw & Chen {8] adopted a 12-hour (0700~
1800 hrs) and eight-month cooling season (March to November)
approach. Research work on parameters and averaging periods
for Hong Kong is being carried out by the Building Energy Con-
servation Unit, Department of Building and Construction, City
Polytechnic of Hong Kong and preliminary research report [6] is
being drafted.

ASHRAE Standards

In the mid >70s, the American Society of Heating, Refrigerat-
ing and Air-Conditioning Engineers (ASHRAE) took the re-
sponsibility to develop a national voluntary consensus standard
for conserving energy in new building design. The first energy
conservation standard, ASHRAE Standard 90-75 was published
in 1975. This was later revised as ANSI/ASHR AE/IES Standard
90A-1980 [4], in which the idea of specifying an OTTV for
building envelope control is introduced via the *cooling’ criteria
in the exterior envelope section of the standard. The objective of
the criteria is to provide minimum requirements for building en-
velope construction in the interest of energy conservation. o

(in kWh/m?)
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Figure 2 OTTV Limit for Buildings at Different Latitude [4]
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The cooling criteria state that any building that is mechani-
cally cooled shall have an OTTYV for the gross area of the exte-
rior not exceeding a particular limiting value. For exterior walls,
the limiting OTTV is a function of latitude (see Fig 2); and for
roof 26.8 W/m?. The effect of external shading is not consid-
ered.

The ASHRAE Standards are voluntary energy standards but
they have been modified by many states in the US and were
adopted into their mandatory state energy codes. Experience
with the standards indicated that they have been effective in re-
ducing energy costs in buildings.

Through years of extensive research and practical applica-
tions, it was recognized that significant cost-effective improve-
ment could be made to the ASHRAE Standard 90A-80 [4). The
latest upgraded edition ASHRAE Standard 90.1-1989 [7] was
published in 1989. An important point to be noted is that the ap-
proach and structure of its building envelope section has been
revised substantially and that the OTTV method is no longer
used. A new approach based on a combination of system pcrfor-
mance, prescriptive requirements and energy cost budget is in-
troduced to specify the building envelope requirements.

Recognizing the advances in the performance of various
building components, equipment and systems, ASHRAE has at-
tempted in its updated Standard 7} to encourage innovative en-
ergy conserving designs by allowing the building designer to
take into consideration the dynamics that exist between the
many components of a building through the use of the System

Performance Method or the Building Energy Cost Budget
Method compliance paths.
Singapore Building Regulation

In 1979, in an effort to reduce energy consumption in air-con-
ditioned buildings, the Singapore Government introduced the
Building Control (Space Light and Ventilation) Regulanon
1979, which sets amaximum permissible OTTV of 45 W/m? for
both exterior walls and roof. In addition, the regulations pre-
scribe maximum allowable thermal transmittance values (U-val-
ues) for different types of roof constructions for air-conditioned
buildings as well as those not air-conditioned. Provision is also
made to calculate the effective shading coefficient where exter-
nal shadings are employed.

In preparing the regulations and the supplementary handbook
[5] that contains details of calculation methods and submission
procedures, reference was made to the ASHRAE 90-1975 and
ASHRAE 90A-1980 [4] regarding OTTV concept and standard.
The OTTV limit and parameters used in the OTTV equation
were derived from local weather data, and the effect of external
shading devices, not included in the ASHRAE Standard, was in-
vestigated and included in the OTTV formulation to suit local
conditions in Singapore.

When the Building Regulations were introduced in 1979, the
Singapore OTTV Standard was also applied to existing build-
ings with a grace period for them to be upgraded. Schemes in-
volving a surcharge on electricity consumption for buildingsQ
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Figure 3 Egquivalent Temperature Difference for Walls [4]
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that do not meet the OTTV Standard, tax incentive for building
owners to retrofit their buildings to be more energy-efficient,
and accelerated depreciation allowance for expenditure (both
new and existing buildings) on approved energy-saving equip-
ment have been introduced [9].

Hong Kong situation

In the early *80s, a Joint Steering Committee on Energy Con-
servation in Buildings was set up to consider ways to conserve
energy. The committee recommended the adoption of OTTV to
be applied through legislation and that a consultancy study
should be commissioned to carry out the necessary research
work. In late 1990, a consultancy was commissioned and it was
envisaged that the study would be completed by mid 1991.

Actually, before the current consultancy study, some work on
OTTYV had been carried out in Hong Kong. In 1987, Shillinglaw
and Chen [8] published the work carried out by OTTV Sub-
Committee of the Hong Kong Branch of the Chartered Institu-
tion Building Services Engineers on OTTV formulation for
Hong Kong. A grading system for building OTTV was proposed
-an OTTV of 22 or less, 23 to 30, and 30 or more were consid-
ered good, average, and below average, respectively. Proposed
data for calculating OTTV for buildings in Hong Kong are
shown in Table 1. Provision was made to adjust the SF for build-
ings with external overhangs.

Discussion and conclusion

OTTYV is a measure of average rate of heat gain through the
building envelope into a building. It can give a good indication
to the comparative performance of different building designs
and constructions - higher OTTV implies larger heat gain and
more cooling requirement. It cannot, however, show the actual
cooling load nor the actual energy consumption. Despite some
shortcomings of the OTTV method, it has been proved to be ef-
fective in reducing energy consumption for air-conditioning. It
is relatively easy to establish, legislate and implement.

It seems that in the area of energy-efficient design and energy
conservation in buildings, Hong Kong is behind the US and her
Asian neighbours, but better late than never. The OTTV ap-
proach would be one step in the right direction. With the grow-
ing concern about energy and the environment among the public
and in Government, the climate has never been better for de-
signers (architects, engineers and other building professionals)
to create a more energy-efficient environment and to come up
with designs that can meet user needs in the most energy-effi-
cient way while being kind to our environment.
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Figure 4 Equivalent Temperature Difference for Roof [4]
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Note : TC is calculated as the sum of the TC’s for each layer in the roof construction.
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Figure 5 Solar Factor for Buildings at Different Latitude [4]
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Table 1 - Comparison of OTTV methods Table 2 - Equivalent temperature difference for walls
(Singapore [5])
Section 5 0- 125 kg/m? 15K
268 45 Section 5 126 - 195 kg’ 12K
Fig3 Table 2 Table & above 195 kg/m? 10K
Fig 4 Table 3 Table 6
Y] 5 31 Table 3 - Equivalent temperature difference for roof
] (Singapore [5])
Fig 5 130x CF Table 7
(Table 4)
No Vs Ves 50 - 230 kg/m? 20K
' over 230 kg/m? 16K

Note:(*) temperature difference between exterior and
interior design conditions
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Table 4 - Solar Correction Factor (CF) for wall Table 6 - Equivalent temperature difference (Hong Kong
(Singapore [5]) (81)

70° | 132 | 163 | 1.89 | 165 | 1.32 | 165 | 189 | 163
75° | 147 | 148 | 175 | 150 | 118 | 150 | 175 | 148
80° | 103 | 133 | 159 | 1.35 | 1.04 | 1.35 | 159 | 1.33
85° | 087 | 117 | 142 | 119 | 089 | 119 | 142 | 1.47

<100 {30(50}70|60|50[60{60¢{40 70

100-300 [ 20 (30|50 |50 4040|4030 6.0

>300 06 (20[40(30]|20(20]20}10 6.0

90° | 072 | 100 | 125 | 1.02 | 074 | 1.02 | 1.25 | 1.00

Table 5 - Solar Correction Factor (CF) for roof (Singapore Table7 - Solar heat gain factor (Hong Kong [8])

(5

SHGF | 41 {102 153|130 | 84 | 130 | 153 | 102 374

5° 1.00 1.01 1.02 1.02 1.00 1.02 | 1.02 1.01 Note: Solar Factor (SF) = SHGF x SSF
10° | 1.0t | 1.03 | 1.04 | 1.03 | 1.01 | 1.03 | 104 | 1.03 where SSF = solar shade factor (when no overhand, SSF = 1)

15° | 1.01 | 1.03 | 1.05 | 1.03. | 1.01 | 103 | 1.05 | 1.03
2° | 100 | 1.03 | 1.06 | 1.03 | 1.01 | 1.03 | 1.06 | 1.03
25° | 098 | 1.02 | 106 | 1.03 | 0.99 | 1.03 | 1.06 | 1.02
30° | 096 | 1.01 | 1.05 | 101 | 097 | 1.01 | 1.05 | 1.01
35° | 093 | 098 | 1.03 | 099 | 094 | 099 | 1.03 | 098
40° | 090 | 096 | 1.01 | 0.96 | 091 | 096 | 1.01 | 0.9
45° | 086 | 092 | 098 | 0.92 | 087 | 093 | 098 | 0.92
50° | 081 | 089 | 095 | 0.89 | 0.83 | 0.89 | 0.95 | 0.89
55° | 077 | 084 | 091 | 0.85 | 0.78 | 0.85 | 0.91 | 0.84
60° | 0.71 | 079 | 0.86 | 0.80 | 0.73 | 0.80 | 0.86 | 0.79
65° | 066 | 0.74 | 081 | 0.75 | 067 | 075 | 0.81 | 0.74 o

HONG KONG ENGINEER/SEPTEMBER 1981
2




