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Concept of Overall Thermal Transfer Value (OTTV) and where
OTTV; = overall thermal transfer value

characteristics of the OTTV equation and parameters have
been examined. Parameters for the calculation of OTTV for
Hong Kong have been derived. These parameters are based on
measured weather data from 1980 to 1989 for a 6-month
period (May-October). A reference building envelope has been
developed. Based on this reference envelope, OTTV limits of
21 W/m? and 14 W/m? have been proposed for wall and roof,
respectively. It is proposed that building envelopes meeting
these limits are considered reasonably energy-efficient, in
terms of limiting heat gain into buildings.

Introduction

Energy and the environment have be-
come issues of concern to the building pro-
fessions. As a first step to encourage more
energy-efficient design of building and build-
ing services systems, in October 1990 the
Hong Kong Government commissioned a
consultancy study [1] on the possibility of
legislative control of new design of air-
conditioned commercial buildings via the
overall thermal transfer value (OTTV)
method. There has been concern about the
OTTVstudy, particularly the proposed OTTV
limits and the OTTV parameters for OTTV
calculation [24].

This paper is the second part of a series
of articals on issues relating to “OTTV
Control of Building Envelope Design” in
Hong Kong. Part 1 [5] deals with OTTV
limits for air-conditioned buildings. Starting
from first principle, this paper examines the
OTTV concept and characteristics of OTTV
equations and OTTV parametersused in the
OTTV calculation. An alternative set of OTTV
parameters different from those given in the
Draft Handbook [6] have been derived for
Hong Kong.

OTTV concept

OTTVis ameasure of heat transfer from
the outdoor to indoor environment through
the external envelope of a building. Three
~omponents of heat gain are considered -
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conduction through opaque surface, con-
duction through glass and solar radiation
through glass.

OTTVis an index of the overall thermal
performance of the building envelope.
Smaller the OTTV value, smaller the heat
gain in summer, and hence less energy will

* be required for cooling. OTTV can be used

to compare the thermal performance of dif-
ferent building schemes. For example de-
sign A with an OTTV of 40 W/m? would
admit twice asmuch heat as design B with an
OTTV of 20 W/m?, and hence would con-
sume more energy for cooling. The usual
practiceis 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 orientations receive
different amounts of solar radiation, the
general procedure is to calculate first the
OTTVs of individual walls with the same
orientation and construction, thenthe OTTV
of the whole exterior wall is given by the
weighted average of these values. Thus:

oTrVi (Qw"’Qg"’Qs)/Ai

(Awx Uy X TDoq) + (A x Us x DT) + (A¢ x SC x SF)

of walls with same orientation
and construction (W/m?)
heat conduction through
opaque walls (W)

Qw =

Qg = heat conduction through glass
windows (W)

Qs = solar radiation through glass
windows (W)

Ay = area of opaque wall (m?

Uw = U-value of opaque wall (W/m?)

TDeq = equivalent temperature differ-
ence (K)

As = area of fenestration (m?®

Ut = [-value of fenestration
(W/m?-K)

DT = temperaturedifference between
exterior and interior design
conditions (K)

SC = shading coefficient of
fenestration = SC; x SCp
(dimensionless)

SCy = shading coefficient of glass
(dimensionless)

SC, = solar shade factor of external
shading devices (coefficients for
8 orientations for Hong Kong
have been derived and
are shown in Figure 1)
(dimensionless)

SF = solar factor for that orientation
(W/m?

A; = gross area of the walls (m?
=Ay + A

and, OV aw = Z(OTTVix A) @

Aw
where
OTTVway = OTTV of the whole exterior
wall (W/m?
Aw = Y (Ai) = total gross exterior

wall area (m?

Parameters TDeq, DT and SF depend on
the climatic conditions. TDeq also varies
with the types (densities) of construction
and colour of the external surface finish.

Alternatively, equation (1) can be ex-
pressed in terms of window-to-wall ratio,

WWR. Thus:
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Fig. 1 Solar Shade Factors for Overhang and Fins

OTTV; = (1-WWR) x TDeq X Uy + WWR x DT x Ug +

WWR x SC x SF (3)
where
WWR = the ratio of window area to gross
wall area = A¢/ A

The approach and equations for calculat-
ing roof OTTV are similar to those for walls.
The calculation for roof is often much sim-
pler because roof usually does not contain
large amount of glazing (except skylights
over an atrium).

Characteristics of
OTTV equation and
OTTV parameters

Although OTTVisbasically ameasure of
heat transfer through the external building
envelope, its precise characteristics and
implications for energy consumption depend

very much on how the parameters TD, DT
and SF have been derived. From equation
(1), OTTV is strictly speaking an indication
of the average heat gain through the build-
ing envelope and the OTTV parameters
(T Deq, DT and SF) are obtained from
average weather data. One would, however,
ask, average over what time period ?

Average period

Figure 2 shows the monthly electricity
consumption profiles for residential and
commercial buildings in Hong Kong in 1990.
It can be seen that consumption begins to
rise in May/June and falls off in October/
November, The rise in electricity consump-
tion during those hot summer months is
mainly due to air-conditioning. As most of
the air-conditioning occurs between May
and October, it is, therefore, argued that, as
far as heat gain into buildings and the
corresponding cooling requirement are
concerned, the crucial time period is the 6
hot summer months from May to October.
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Fig. 2 Electricity Consumption Profiles for
the Commercial and Residential Sectors in
Hong Kong (1990)

Values for TDeq,
DT and SF

Weather data from 1980 to 1989 have
been obtained from the Royal Observatory
Hong Kong. Hourly records (4416 per year)
of air temperature and solar radiation for
those 6 hot summer months (i.e., May to
October) have been analysed; andthe OTTV
parameters TD_, DT and SF have been
determined by considering the conduction
heat gain through opaque wall, conduction
through glass and solar radiation through
glass.

Heat conduction
through opaque
surface and TDeq

Qw = U X Aw X { Teo = Tai} corrieenmmmnemencsssnscnscinnees (4)
where
Qw = heatgain through opaque walls
at a particular time (W)
Teo = sol-air temperature (°C)
= Tao + @ X R x Iy -
e X R x|
Tao = outdoor air temperature (°C)
Ta = indoor air temperature (°C)
o = absorptance of the surface for

solar radiation (dimensionless)
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Reo = outside surface resistance
(m*K/W)

I = solar irradiance incident on the
surface (W/m?)

£ = emissivity of the surface
(dimensionless)

I = netlong-wave radiation heatloss
W/m?

Assuming that Uy, is constant, average heat
gain, Qw, over a time period Z(hr) is given
by:

ZQ'w x 1hour

T |
Uw XAy X2 [(Teo - Tai ) x 1 hour) ©)
Z(hn)
. Uw XAw X2 [(Tao ~Tai )+ Rox(axh-ex1)]
i.e. Qu=
D (6)

Assuming constant Ty, Ry, o and ¢,
Equation (6) becomes:

Qw = UwxAwx{lavg (T~ T,] +

Rox[axavg (l) - xavg (D]} e (7
where
avg (rao) = Z(Tao) / Z(hr)

= mean outdoor air
temperature (°C)

avgy = Z(y/xr)
= mean solar irradiance (W/m?

avg) = I /ZChn)
= mean net long-wave radiation

loss (W/m?

Comparing equations (1) and (7), we have:

TDeg = [avg(Teo)-Tsil+Rox[axavg (l)-

ex avg (1)} (8)

Equation (8) applies to both walls and
roof. In ASHRAE Fundamentals Handbook
27}, for horizontal surfaces that receive long-
~vave radiation mainly from the sky, a clear
ky condition is assumed and the long-wave
~orrection [Rg, x € x avg(l)] term is esti-
mated to be about 3.9 °C; and for vertical
surfaces, long-wave radiation gain from the
round is assumed to balance the long-wave

adiation loss to the sky (i.e. Ii=0). In CIBSE
suide [8], long-wave radiation is expressed
‘n terms of cloudiness. In the present study,
tis argued that the long-wave correction is
.0t too important for Hong Kong because
10st buildings are high-rise with some de-
-ree of thermal insulation to the roofs. Con-
equently, heat conduction through the
'paque roof is very small compared with the
stalheat gain. For simplicity, net long-wave
adiation is assumed negligible for both ver-
-cal and horizontal surfaces. Equation (8)
:us becomes:
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Te = [avg(Tao)~Tal+Roxaxavg(ly ... (9)

Hourly outdoor air temperature and glo-
bal solar radiation for the 10-year period
between 1980 and 1989 have been taken
from the weather data tapes supplied by the
Royal Observatory Hong Kong. Hourly solar
irradiance on horizontal and eight vertical
surfaces are computed from the direct and
diffuse radiation derived from the measured
global solar radiation using the correlations
outlined in Kreith and Kreider [9].

Values of TDeq for the eight orientations
and the horizontal surface have been
computed and are shown in Table 1. These
values are based on an indoor air tempera-
ture of 25.5 °C, an absorption coefficient of
0.7 and an outside surface air resistance of
0.044 m?K/W.

Heat conduction
through glass
windows and DT

Q5 = U A (Tao=Tai) e (10)
where
Q' = heat gain through glass windows

at a particular time (W)

If Usand Ty; are assumed constant, then the
average heat gain, Qg, over a time period
Z(hr) is given by:

Ut XAt x 2 [(Tao = T, ) x 1 hour)

Q =
! % (h)

Us x At x[avg (Tao) - Tai)
From equations (1) and (11), we have :

DT = avg (T ) -Tai (12)

Equation (12) applies to both windows and
skylight. Mean outdoor air temperature for
the 6-month hot season between 1980 and
1989 are shown in Table 2. DT has been
found to be 1.8 °C.

Solar radiation
through glass
windows and SF

Qs = ArxSCxSHGF (13)
where
Qs = solar heat gain through glass

windows at a particular orienta-
tion at a particular time (W)
SHGF = solar heat gain factor for that
orientation (W/m?
Assuming constant SC, the average solar
heat gain, Qg, over a time period Z(hr) is
given by:

Ar xSC x I (SHGF x 1 hour]
I (hn)

Qs =

Assuming standard summer conditions with
anglesofincidence less than or equal to 30°:

SHGF = 0.87xl, (15)

For angle of incidence greater than 30°,
solar heat transmittance will be less than 87%
and Equation (15) will over-estimate the
SHGF. This is considered acceptable be-
cause, firstly, solar irradiance is relatively
small when the angle of incidence is larger
than 30°; and secondly, OTTVis an index for
comparative study only. Consequently, the
degree of accuracy is not crucial.

From Equations (14) and (15), we have:

Q = 0.87 x ArxSCxavg () oo, (16)

N .| NE- E SE S swW w NW | Horizon
40 | 45 | 44 | 41 |44 | a5 | a0 | 71
33738 (37 | 34737 |38 33| 59
s 28 |31 131 |28 |31 {31 28 49
SFwim) 63 |78 |75 |66 |75 || 63| 132
DT (°Q) 18

* Based on 0.7 absorptivity (), for other o, new TD «=18+(TDu~-1.8)x0/0.7

Table 1 Parameters for OTTV Calculation
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May | Jun | Jul | Aug | Sep | Oct It should be pointed out that the on t?xe ability of tTle b}xilding enve'lo;?e to
parameters derived for OTTV limit heat gain into a building,
1980 | 246 | 284 | 287 | 288 | 273 | 255 | caicylation in the present study has particularly during the initial design
1981:] 25.2 | 26.9 | 284 | 29.1 | 27.2 | 248 . been based on heat gain; and the stage. Smaller the OTTV, smaller the
1982 | 253 27.2 | 286 | 28.3 | 27.5 | 258 - resulting OTTV is a2 measure of the heat gain and hence less energy would
1983 | 26.0 | 286 | 294 | 290 | 283 | 26.4 | average heat gain through a build- be required for cooling. If one wants to
984 | 2 4;6 YY) 20 | 221535 | =3 - ing. envelope during the 6-m.onth -e'stimate the actfual energy consump-
- period from May to October. Itis for tion for cooling, then 2 more
1985 | 26.8 | 27.2°| 284 | 28.0 | 268 | 258 - comparative studies on thermal per- appropriate approach would be to use a
1986 | .25.9/| 28.0 | 285 | 29.0 | 27.8 | 25.0 ‘| formance of building envelopes, in computer package (e.g. DOE-2) to
1987 | 25.0 | 275 | 28.9 | 286 | 27.3 | 257 | terms of their abilities to limit heat carry out hour-by-hour energy calcula-
1988 | 266 | 286 | 290 | 27.8 | 27.6 24;4 gaininto buildings. The argument is tion, instead the cooling load OTTV
1989 | 25 | 275 | 288 | 289 | 284 | 254 that sm‘aller the OTTV, smaller the method.
. ~ heat gain, and as a result lower cool-
Table 2 Monthly Mean Outdoor Air Temperature ing load. It, however, cannot give

(in °C) from May to October (1980-1989)

the actual cooling load, nor the
energy consumption for cooling. It

From Equations (1) and (16), we have:

SF = 0.87xavg(h) an

Equation (17) applies to both window and
skylight. Solar factors, SF, for horizontal
surface and vertical surfaces have been de-
termined and are shown in Table 1. It can be
seen that horizontal surface has the largest
SF as expected. For vertical surfaces, SFs for
fenestration facing E, SE, W and SW are
higher than the other four orientations,
mainly due to low solar altitudes of the early
morning and late afternoon sun. Similar find-
ing was reported by Shillinglaw and Chen
{10]. Some asymmetries in the actual hourly
data have been noted. The SF for E and W
shown in Table 1 is an average
between the calculated SFs for E and W.
Similarly, SFs for NE and NW, and SE and
SW are averages.

Implications

for energy
consumption

The total amount of heat gain into a
building through the exterior walls, Q__.;,
during the 6-month hot summer months is
given by:

Qywat (kWh) = OTTV g (W/im?) x Ay (m?)
X8816 (M) X 102 .ereeveeereercennen (18)

Similarly, total heat gain through the roof,
Q. roof » during the same time period can be
obtained by:

Quroot (kWh) = OTTV ;01 (W/m?) x A ¢ (m?)
x 8416 (hr) x 1073 ....oceccvrcennrcnineens (19)

is indeed the approach adopted by
the ASHRAE standard [11] and Singapore
OTTV Regulation [12].

For fully air-conditioned buildings with
central plants and fixed operating schedules
(e.g. hotel and office buildings), attempts
have been made to extend the original OTTV
concept to cover cooling load. Parameters
for OTTV calculation are derived from
computer energy simulation and
regression analysis of cooling load rather
than heat gain [1, 13 and 14]. The resulting
OTTV, when multiplied by the external wall/
roof area and operating hours of the air-
conditioning plant would give an indication
of the cooling load due to heat gain through
the building envelope during those operat-
ing hours. Despite its ability to indicate cool-
ing load, for simplicity and practicability,
OTTV based on heat gain is preferred
because:

(i) Forcoolingload OTTV, different sets of
TDeq, DT and SF are required for
buildings with different operating hours.
It is interesting to see that in the Draft
Handbook [6], TDeq is different for com-
mercial buildings and hotels, but SF is
the same for both.

(i) TDeq, DT and SF derived from com-
puter simulations and regression
analysis are based on a particular
computer programme and sometimes
(as in the consultancy study {1]) the
particular HVAC systems. Different
computer programmes and different
HVAC systems used in computer
simulations could give different values
for TD¢q, DT and SF.

(i) OTTVisintended for comparative study

OTTV limits for
Hong Kong based
on new OTTV
parameters

In part 1, a reference building envelope
has been developed, which is considered
reasonably energy-efficient in terms of its
ability to limit heat into the building [5].
Building variables for the reference building
envelope used in the OTTV calculation are
shown in Table 3. Based on these building
variables and the OTTV parameters shown
in Table 1 (assuming light weight struc-
ture), OTTVs for wall and roof have been
found to be 20.9W/m? and 13.1W/m?
respectively. Of the 20.9 W/m? for wall, heat
conduction through opaque wall accounts
for 27%, heat conduction through window
23% and solar radiation 50%. Of the 13.1
W/m? for roof, heat conduction through
opaque roof accounts for 27%, heat conduc-
tion through skylight 12% and solar radiation
61%.

It is proposed that OTTV limits of 21
W/m?and 14 W/m?would be appropriate for
air-conditioned buildings in Hong Kong. It
should be pointed out point these limits are
based on OTTV parameters shown in
Table 1. As shown in Part 1 [5], if the OTTV
parameters in the consultancy study [1]
is used, the OTTV limits would be
different.

There could be many different ways to
meet the OTTV limits. Together with the
provision for trade off between wall and roof
OTTVs (as outlined in Part 1 [5]), there
should be adequate flexibility, and the
proposed OTTV limits should not
impose too much constraints on the
architectural design and construction
practice.
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Opaque Wall Window
WWR
U-Vaiue (W/m3K) Absorptivity U-Value (W/m3K) Shading Coefficient
2.5 0.7 0.35 44%
Roof
Opaque Roof Skylight
U-Vailue (W/m3K) Absorptivity - { U-Value (W/mK) Shading Coefficient SRR
0.6 0.7 0.35 15%

Table 3

Summary of Variables for Proposed Reference Building Envelope

Discussion and
conclusion

The basic concept of OTTV and OTTV
equation have been highlighted. Parameters
for the calculation of OTTVs of building
envelopes have been presented for the 6
month hot season (May-October). Among
the three components of heat gain (conduc-
tion through opaque surface, conduction
through glass and solar radiation through
glass) through a building envelope, solar
radiation through glass is by far the largest
and most important.

The parameters derived are based on
heat gain and the OTTV calculated would
give a good indication to the likely heat gain
through the building envelope, and could be
used to compare the relative energy
efficiency of different building designs in
terms of their abilities to limit heat gain into
buildings.

It is proposed that OTTV limits of 21
W/m?forwalland 14 W/mzfor roof would be
appropriate for Hong Kong. Any building
that admits 21 W or less of heat per m? of its
. gross external wall area and 14 W or less of
heat per m? of its gross roof area is consid-
ered energy-efficient, in terms of limiting
heat gain into the building.

OTTV only deals with building enve-
lopes. Cooling load due to heat gain through
envelope is usually 10 - 20% of the total
cooling load. Direct energy savings through
OTTV control might not be too significant.
This would, however, generate interests in
energy efficiency and would help create a
more energy conscious environment among
the building professions.
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