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Overall Thermal Transfer
Value Control of
Building Envelope Design
Part 1 - OTTV Limits
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and Appie L. S. Chan
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Department of Building and Construction
City Polytechnic of Hong Kong

Energy consumption from 1981 to 1990 has been analyzed.
Buildings account for nearly half of the total energy
consumption in Hong Kong. Background leading to possible
legisiative control of building envelope design via the overall
thermal transfer value (OTTV) method is outlined. There

has been concern about the proposed OTTV limits for air-
conditioned buildings. This is the first part of a series of _
articles on the OTTV study. Several key issues relating to OTTV
methodology are discussed. A reference building envelope has
been developed for air-conditioned non-residential buildings
for Hong Kong. Based on this envelope, OTTV limits less
stringent than those recommended by the Building Authority

are proposed.

Iintroduction

IN HONG KONG, as the economy grows and
living standard improves, so does energy
consurnption. Figure 1 shows the growth in
gross domestic product (GDP) and total
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Fig. 1 Total Primary Energy Requirement
and Gross Domestic Product in Hong Kong
{1981-1990) GDP at constant (1980) market prices

primary energy requirement (PER) in Hong
Kong during the 10-year period from 1981 to
1990.It can: be seen that GDProse from HKS
150 billion in 1981 to HKS 259b in 1990, an
increase of 73% [1]. During the same period,
total PER increased by 98% from 216,929
terajoule to 430,153 terajoule [2]. Increase in
PER was 25 % more than growth in GDP,
implying that, by the end of the 1{-year
period, Hong Kong consumed more energy
to produce the same amount of goods and
provide the samne services.

Most of the PER is for electricity
generation. In 1990, energy (mainly coal)
required for electricity generation accounted
for 69% of the total PER. There are three
main electricity end-users: industrial, com-
mercial and residential sectors. A small
percentage is for street lighting and export
to China.

As the Hong Kong economy becomes
more service-oriented in the ’80s, there has
been a steady increase in the demand for
high quality, fully air-conditioned commer-
cial buildings, which resulis in a steady rise
in the proportion of electricity consumed in
commercial buildings. Figure 2 shows com-
mercial buildings accounted for 45% of the
total electricity consumption in buildings in
1990, while the residential sector remained
steady at 21%. In other words, energy
(electricity) consumption in buildings
accounted for 45.5% of the total energy
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Fig. 2 Percentage of Electricity
Consumption in Commercial, Industrial and
Residential Sectors (1.981-1990)

consumed in Hong Kong in 1990.

A significant proportion of the electricity
is for air-conditioning in summer. Figure 3
shows the electricity consumption profiles
for the residential and commercial sectorsin
Hong Kong in 1990. It can be seen that
consumption begins to rise in May/June
and falls offin October/November. In Hong
Kong most people (particularly in residen-
tial buildings) operate air-conditioning equip-
ment during the six hot summer months
from May to October.

Asafirststep to encourage more energy-
efficient design of building and building
services systems, in October 1990 the Hong
Kong Government commissioned a con-
sultancy study on the possibility of legisla-
tive control of new design of air-conditioned
commercial buildings via the overall
thermal transfer value (OTTV) method. The
consultancy study was completed in a few
months and the final report [3] was sub-
mitted in August 1991 to the Working Party
on Energy Conservation in Buildings. In
September 1992, a draft handbook {4] was
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Fig. 3 Electricity Consumption Profiles for
the Commercial and Residential Sectors in
Hong Kong (1990)

sent to the building professions for trial and
comments. [t is hoped that feedback from
the building professions would help
evaluate and finalize the proposed OTTV
standard, before itbecomes statutory control.

There hasbeenconcernaboutthe OTTV
study, particularly the proposed OTTV
limits for commercial buildings (see Tables
I and 2). These limits are considered too
stringent, and would impose too much
constraints on architectural design and
construction practice [5,6.7]. This paper
discusses some of the key issues relating to
OTTV study and suggests a more relaxed
OTTV limits for air-conditioned buildings
ior Hong Kong.

Recap of the OTTV
concept and OTTV
equations

Key features of the OTTV concept are
outlined here. Details have been published
elsewhere [8]. Basically, Overall Thermal
‘Transter Value (OTTV) is ameasure of heat
transfer from the outdoor to indoor environ-
ment through the external envelope of a
building. Three components of heat gain are
considered ~ conduction through opaque
surface, conduction through glass and solar
radiation through glass.

OTTV is an index of the overall thermal
performance of the building envelope.
Smaller the OTTV valtue, less will be the
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OTTV Limit (W/m?)
Wwall Roof
Commercial Buildings 16 11
Hotel Buildings 30 i 17
Table 1 OTTV Limits Recommended in Consultancyu Study (3]
OTTV Limit (W/m?)

Whole Roof Wall*

Building R=0.5 R=1 R=10
Commercial Buildings 16 1 6 21 16.5
Hotel Buiidings 30 17 56 43 313

* Interpreted from Draft Handbook with different R
R = total gross wall area / total gross roof area

Table 2

OTTV Limits Set in Draft Handbook [4)

energy use for cooling. 01TV can he used to
compare the thermal performance of differ-
ent building schemes. Forexample design A
withan OTTV of 40 W/m? would admit twice
asmuch heatasdesign Bwithan OTTV of20
W/m?, and hence would consume more
energy for cooling. The usual practice is to
have two separate OTTVs - one for external
walls {including windows) and the other for
the roof (including skylights, if any).

OTTV equation
for walls

As walls at different orentations receive
different amounts of solar radiaton. the
general procedure is to calculate first the
OTTVs of individual walls with the same
orientation and constiuction, thenthe OTTV
of the whole exterior wall is given by the
weighted average of these values. Thus:

OTTV, = (Qu« Qg+ 0,1/ A

(A x Up x TDgy) » (Arx Uy x DT) # (A x SC x SFY

A, - oo

where

OTTV, = overalt thermal transfer value of
walls with same orientation and
construction (W/m?

Q. = heatconductionthroughopaque
walls (W)

Qg = heat conduction through glass
windows (W)

Q. = solar radiation through glass
windows (W)

A. = area of opaque wall (m?

U = [J-value of opaque wall (W/m?

TD.y = equivalenl temperature

difference (K)

A = area of fenestration (im?)
Us = [J-value of fenestration
W/m*-K)
DT = temperature difference between
exterior and interior design
conditions {K)
SC = shading coefficient of
fenestration
SF = solar factor for that orientation
(W/m%
A, = gross area of the walls (in?) =
At Ay
1
and, orrv.,. - oM Al
Agr
where
OTTVea = OTTV of the whole exterior
wall (W/in%)
A = Y (A} = total gross exterior

wall area (in%)

Alternatively, Equation (1) can be ex-
pressed in terms of window-to-wall ratio,
WWR. Thus:

OTTV, = (1-WWHR}x TD,, x U, + WWRx 3T x Uy «
WNR K SC x F 6]

where

WWR = the ratio of window area to gross

wallarea = A/ A,

OTTV equation
for roof

The approach and equations for cateulating
ropf OTTV are similarto those for walls. The
calculation for roof is often much simpler
because roof usually does not contain large
amount of glazing (except skylights over an
atrium).



Key issutes about
OTTV methodology

There has been concern about some areasin
the recommendations on OTTV cutlined in
the consultancy study [3] and the dratt
handbook [4]. Some of the key issues are
discussed as follows:

Separate OTTV limits for
different types of building

Should different OTTV limits be applied to
buildings with different functions and
operations? I[n the Draft Handbook [4],
different OTTV limits have been proposed
for comsercial and hotel buildings. Why
should hotels be allowed to have higher
OTTVs, and hence admit more heat gain
than commercial buildings (see Tables 1
and 2)? How about other types of air-condi-
tioned building such as tertiary institutions,
airport terminal buildings, etc.?

As mentioned earlier, OTTV is a
measure of heat gain through the building
envelope; and is used for comparative study
of different building designs in terms oftheir
abilitiesto limit heat gain into airconditioned
buildings. Setting OTTV limits for the wall
and roof is to ensure that the building
envelope will not admit too much heat from
the external environment, and hence de-
mand for air-conditioning during summer
will not be excessive.

Different types of buildings cater for dif-
ferent activities with different requirements
and operations. Forinstance, hotels and hos-
pitals operate on a 24-hour basis, whereas
most commercial buildings only operate 11
hours (08:00-19:00) per day and 5 */: days
perweek. Strictly speaking, the requirement
to limit heat gain into a building should be
different. However, as most of the heat gain
occurs during the day. buildings with 11-
hour and 24-hour operations would be ex-
posed to similar level of heat pain from the
external environment.

It is, therefore, argued that to be simple
and practicable, the requirement to Hmnit
heat gain into a building should be the same
forair-conditioned non-residential buildings.
[nother words, same OTTV limits should be
applied to both commercial buildings and
hotels with same OTTV parameters (i.e.
TDe. DT and SF) and calculation procedure.
Indeed, the ASHRAE Standard on OTTV (9}
was developed for all non-residential build-
ings and the Singapore OTTV requirement
[10] is applied to all commercial buildings
including hotels.

It is proposed that other airconditioned
buildings with operation schedules similar
to those for commercial buildings and hotels
should be classified as a non-residential
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buildings and subject to the same OTTV
limits set for commercial and hotel buaild-
ings. One would then ask, which setof OTTV
limits, commercial or hotel, specified in the
Draft Handbook [4) should be used for air-
conditioned non-residential buildings in
Hong Kong?

OTTV Limits for Air-
Conditioned Buildings
in Hong Kong

Setting OTTV limits for airvonditioned huld-
ings in Hong Kong depends on a number of
factors such as the prevailing climatic condi-
tions, the likely energy savings, implications
Lo the design and construction process, ac:
ceptance within the building professions and
building industry: and whether it can he
achieved given the current design technique
and construction technology. [t also has to
be easily legislated, implemented and en-
forced.

Among the three components of heat
gain considered in the OTTV equation, solar
radiation through windows is by far the most
significant one, The building variables con-
trofling solar heat gain are window-to-wall
ratio and shading coefficient.

Survey conducted by Goodsall and Lam
{11] indicates that WWR for commercial
buildings vary from 30% to 65%, with an
average value of 47%. [tis interesting to note
that similar finding has been reported in the
consultancy study on OTTV commissioned
by the Hong Kong Government [3}. To keep
a balance between limiting solar heat gain
and the need for external view and natural
light, a WWR of 44% is proposed in the
present study for developing an appropriate
OTTV limits for wall. For a typical floor-to-
floor height of 3.4 m, this represents 1.5 m
high window. This WWR was used by re-
searchersin their OTTV study for Singapore
{£2,13). As for the roof, a skylight-to-roof
ratio (SRR) of 15% is suggested. This is
considered typical in most buildings with
skylight roof.

Broadly speaking, there are three types

olghssused incommercial buildings - clear.
tinted ang retlective. [n recent years, most
commercial buildings have reflective glass
with shading coefficients ranging from 0 2to
0.4, A few butldings use tinted glass with
shading coetficients ranging from 0.5t0 0.7,
Average daylight transmittance foc reflec-
tive glass isabout 20% whereas tinted glassis
about 5%,

Having considered factors such as solar
heat gain. daylighting and current trend in
architectural design, it is proposed that re-
flective glass with a shading cocHicient of
0.35 would be reasonable (most of the
reflective glass has a shading coefficient be-
tween 0.3 and 0.4). A U-value of 2.5 W/m? is
proposed for the opaque wall (¢.g. typical
concrete wall with tiles and rendering and
with no insulation), and 0.6 W/m?K for roof
(e.g. typical roof construction with 30 mm
insulation). For glazing, actual U-value de-
pends mainly on the inside and outside sur-
face resistances. For simplicity, a U-value of
6 W/mK is assurned for single glazing in the
present study. These proposed building
variables arc summarized in Table 3.

Based on this proposed reference
building envelope and the OT TV parameters
from the draft handbook [4], OTTVs for the
wall and the roof have been found to be 28.5
W/m? and 18.6 W/m?, respectively (see
Table 4). Both the wall and roof are assumed
10 be medium/heavy weight. Although the
reference building envelope is based on
survey and analysis for commercial build-
ings, itis envisaged that this could be applicd
toother airconditioned non-residential build-
ings to ensure no excess heat gain will be
admitted into the building interior, without
imposing too much constraints on the archi-
tectural design and construction practice.

From Table 4. it can be seen that reot
O’ ITV (based on the reference building en-
velope) is higher than comnmercial buildings
by 7.6 W/m? (ie. 70% less stringent)and
hotels by 1.6 W/m? (L.e. 9% less stringenD).
OTTV for whole building (based on
reference building envelope) is higher than
commercial buildings by 12 W/m* (i.e. 75%

Wait
Opaque Wall window
U-Value Absorptivity U-Value Shading WWR
(WimiK) {(W/mK) Caefficient
2.5 0.7 6 0.35 44%
Roof
Opaque Roof Skylight
U-Value Absorptivity U-Value Shading SRR
(W/m3K) (W/mZK) .4 Coefficient
06 0.7 6 0.35 15%

Table 3

Summary of Variables for Proposed Reference Building Envelope
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Percentage Difference
OTTV (Wim?) between Ref. Bidg. Env.
and Limits in Draft

Reference | Limits (Draft Handbook) Handbook

Building ‘

Envelope Commercial Hotel Commercial Haotel
wall 285 ' - - -
Roof 18.6 11 17 +70% +9%
Whole Building 28.0* 16 30 +75% -7%

" Assume high-rise building with R = 20, where R = total wall area/total roof area

Table 4
in Draft Handbook (4]

Comparison of OTTV for Reference Buitding Envelope and OTTV Limits Set

less stringent}, but 2 W/m? lower than
hotels (i.e. 7% more stringent).

Ou average, in terms of meeting the
OTTYV limits set in the draft handbook [4],
these OTTVs are closer to those for hotels
than cotnmercial buildings. In the present
study, OTTV limits o{ 20W/m?and 19 W/m?
are proposed for wall and roof, respectively.
Building envelope meeting these limits are
considered reasonably energy-efficient, in
terms of its ability to limit heat gain into the
building. It should be pointed out that these
limits are based on OTTV parameters (TDe
and SF) given in the Draft Handbook [4], so
that OTTV limits proposed in the present
study can be compared directly with limits
setin the draft handbook. A different set of
OTTV parameters would give different
OTTVlimits. Indeed, adifferent set of OTTV
parameters, which is considered more
representative of the external climate in Hong
Kong, has been derived [15].

Limits for whole building and
roof or wall and roof

In the consultancy report (3} and in-house
study conducted by the Building Ordinance
Office (BOO) (141, OTTV limits have been
set for wall and roof as shown in Table 1. In
the Draft Handbook [4), OTTV limits, how-
ever, are set for whole building and roof (see
Table 2). Should the OTTV limits be set for
the whole building and roof or for wall and
roof? FromTables 1 and 2, it can be seen that
for high-rise buildings where total gross
external wall area is very much bigger than
total gross roof area, it will not make much
difference.

For low-rise buildings, the OTTV limits
set in the Draft Handbook (4] are less strin-
gent than the original limits recommended
inthe consultancy [3] and BOO [14] studies.
Wasitaconsciousattempt torelax the OTTV
limits for low-rise buildings, or was it simply
a mistake (say, a typing error)?

The aim of QTTV control is to ensure
building envelopes will be well insulated
against external heat gain during the hot
summer months. Such requirement will be
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similar to air-conditioned buildings with dif-
ferent ratios of wall area to roof area. For
simplicity and practicability, it is, therefore,
proposed that OTTV limits should be set for
wall and roof, rather than whole building and
roof. Again, thisisindeed the approach taken
by ASHRAE Standard [9] and Singapore
OTTV Standard [10].

To have more design flexibility, it is also
proposed that trade-off between wall and
roof OTTVs be allowed. In other words,
either the wall or roof OTTV lmit can be
exceeded, provided the following is met:

OTTV war X AL, ¢ OTTV o4 % Ay S OTTV  jomr

A e OTTV wwut ¥ Aw s s e ()
where

OTTV ot = QTTV for the entire roof
Ay = total roof area

OTTV w timx = OTTV limit for wall
OTTV rlimit ™ OTTV limit for roof

Evaluation of OTTV
limits based on the
reference building
envelope

To gain some idea about how the
proposed OTTV limits of 29 W/m? for wall

and 19 W/m* for roof (based on the
reference building envelope and OTTV
parameters given in the draft handboak [4])
would fare when compared with require-
mentsstipulated in OTTV standardsinother
places with similar climate orlatitude, OTTVs
for the reference building envelope have
been calculated using parameters given in
four other OTTV standards. These are sum-
marised in Table 5. It can be seen that the
propoused reference building envelope meets
the ASHRAE [9] wall imit but exceeds that
for the roof. It meets the Singapore [10] roof
lirnit but exceeds the wall limit of 45 W/m?
by about 2 W/m? For the Malaysian
Standard (18], the proposed envelope ex-
ceeds both the wall and roof OTTV limits.
Comment on Thailand [17] is similar to that
on Singaporc.

On average, the proposed limits of
29 W/m* for wall and 19 W/m‘ for roof are
comparable to OTTV limits in places such as
Singapore, Malaysia and Thailand, where
the climate is similar to the Hong Kong
surnmer (i.e. hotand humid). The wall OTTV
limit is also close to the ASHRAE Standard
for location with latitude similar 1o Hong
Kong.

It has been found that cooling require-
ment due o heat gain through building
envelope usually represents 10 - 20% of the
total couling load. The rest is mainly due to
fresh air requirement and heat gain from
people, lighting and equipment. As an initial
step to encourage more energy-cfficient
design, it is not appropriate to set the OTTV
limits too stringent, since the savings in
energy might not justify the constraints that
might be imnposed on building design. The
proposed OTTV limits based on the
reference building envelope are considered
reasonable in terms of keeping a balance
between limiting heat gain into buildings
and flexibility in building design.

To illustrate that these limits can be
achieved without imposing too much con-
straints on architectural design, building

OTTV, Wall (W/m?) OTTV, Roof (W/im?)
feference Reference
Limit Building Limit Building
Envelope Envelope
ASHRAE [9} 92 90.0 26.8 40.8
(22.3°N Latitude)
Singapore [10] a5 471 45 295
Malaysia {16] 45 48.5 25 38.3
Thailand {17] 45 54.3 45 34.1
HK* (Present Study) 29 285 19 18.6

* Based on OTTV parameters (TDw and SF) given in Draft Handbook (4]
Different set of OTTV parameters would give different OTTVs

Table 5

Comparison of OTTV Limits and OTTV of the Reference Bullding Envelope
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variables for designs that meet the proposed
OTTV limit of 29 W/m? (for wall) are sum-
marised in Table 6.

Discussion and
Conclusion

There has been concern about the Govern-
ment’s OTTV study and OTTV limits. The
Energy Efficiency Advisory Committee
(EEAC) has asked the building professions
to send in their comments and suggestions
by 30 April 1993. The final shape and form of
OTTV control of new building design will
not be known until the EEAC has time to
study all the comments and suggestions in
mid 1993.

A reterence building envelope has been
developed. This envelope is considered
reasonably energy-efficient in terms of its
ability to limit heat gain into a building.
Based on this reference building envelope,
OTTV limits of 20 W/m? and 19 W/m? have
been proposed for wall and roof, respec-
tively. OTTV parameters given in the Draft
Handbook have been used in calculating
these OTTV limits. A different set of OTTV
parameters would give different OTTV
limits.

It has also been suggested that same
OTTV limits should be applied to air-
conditioned non-residential buildings such
as commercial buildings and hotels; and
limits should be for wall and roof, ratherthan
whole building and roof.

To achieve energy savings and con-
servation in buildings, it should always be
borne in mind that there are, broadly speak-
ing, three key areas to address - building
envelope, building services and building
operation and maintenance. For optimum
energy-efficient building design, building
services and subsequent control and
operation should also be considered; and
the dynamic interactions between envelope,
services and operation need to be analysed.
Research work on these issues are being
conducted by the Building Energy Con-
servation Unit at City Polytechnic of Hong
Keng, as part of an on-going research project
to arrive at energy indices (in terms of
kWh/m* floor area) for air-conditioned
buildings in Hong Kong.

Although OTTV method only deals with
the building envelope, ithas proved success-
ful in reducing cooling demand in buildings
when complemented with specific guide-
lines on lighting and air<onditioning de-
sign. The introduction of a moderate OTTV
standard to building design together with
guidelines on lighting and air-conditioning
would be an initial step in the right direction
o Create a more cnergy-conscious design
environment.

Opaque .
Windaw .
Wail Construction wall ?:::-‘\(:\?;;-
’ ' U-Value Shading U-Value Ratio (%)
(WImK}) Coefficient | (W/mK}
Reinforced Concrete (Reflective 2.5 0.35 6 44
Glass, No Insulation)
Reinforced Concrete (Tinted 25 0.6 [ 26
Glass, Na Insuilation)
Reinforced Concrete (Tinted 2.5 06 6 32
Glass, No Insulation, 0.5m
Deep Overhang)
Curtain Wall (Reflective Glass 1 0.35 6 56
Spandrel with 25mm Insuiation)
Curtain Wall (Tintéd Glass, 1 0.6 6 36
Spandref with 25mm Insulation)
Curtain Wall (Reflective Glass 1 0.26 6 70
with low shading coefficient,
Spandrel with 2Smm Insulation)

Notes - Typical medium colour external surface with an absorption coefficient of 0.7 is

assumed.

— Typical thermal conductivity of 0.036 W/mK is assumed for the insulation material.
- 70% WWR represents full floor-to-ceiling height window (based on 2.4m floor-to-
ceiling height and 3.4 m floor-to-floor height).

Table 6

Summary of Wall Designs Meeting the 29 W/m? OTTV Limit for Wall
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