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PREFACE
The Energy Crisis of the early 1970s resulted in a dramatic

change in the planning and operation of construction
activities in the devel oped countries, the enphasis being on

optimal wutilization of energy. In Pakistan, the last few
years have w tnessed the grow ng nenace of ene{%y short age
or 'load-shedding". Although it could be contributed to a

slower rate of increase in our generation capacity, there
are nunerous other factors which have been w dening the gap
bet ween demand and supply in all sectors of our econony,
especially the building sector.

According to a conservative estimate, buildings in Pakistan
consune nore than 40% of the total electricity produced.
The demand of this sector is growing at the rate of al nost
14% per annum the highest anong all other sectors. Rapi d
ur bani zation and resultant construction of buildings and
rising standards of living are considered to be the causes
of increased demand in this sector.

However, a critical evaluation would reveal that nost of the
current buildings are not designed keeping in view | ocal
climatic conditions. Excessive use of concrete and gl ass,
high levels of illumnation and heavy reliance on space
condi tioning equi prent are a comon feature of  our
bui | di ngs. These buil dings need extra energy to be nmade
confortable for their occupants.

Al t hough a Buil di ng Code of Pakistan exists, it does not
address this issue. Theref ore, the National Ener gy
Conservation Centre (ENERCON), Planning and Devel opnent
D vision was requested by the Environnment and Urban Affairs
Division, to cone up with a Building Energy Code, as an
addendum to the Building Code of Pakistan. The draft Code
prepared by ENERCON, was presented to a Review Comm tt ee,

constituted by the Environment and Urban Affairs Division
(composition given on pages Ll - iv). Due to the
techni cal nature of the é%é%, a Technical Sub-Committee was
f or med (conﬁosition given on pages Vv - vi). which went
t hrough each and every clause. The Code was flﬂd|?
aﬁproved by the Review Commttee on the recommendati on o

the Technical Sub-Commttee after incorporating necessary
amendnents in the light of the comments of the nenbers o

both the commttees.

This Code gives m ni mum performance standards for building
w ndows and openi ngs, heati ng, ventilating and air-
condi tioning (HVAC) equipnent and |ighting. Though nostly
based on Anerican Society of Heating Refrigerating and
Al r-Conditioning Engineers (ASHRAE) standards, every effort



has been made to ensure its applicability in our buildings.
In accordance with the Building Code of Pakistan, which
divides Pakistan into five climatic zones, standards have
been provided for each zone.

In order to ensure general understanding of the Code for a
| ar ge-scal e conpl i ance, ENERCON has also' prepared a
Conpl i ance Handbook for use in conjunction with this Code.
It explains nost of the terns and other technical aspects
with the help of illustrative exanples.

The building Energy Code is non mandatory at this stage.
Both ENERCON and the Environnent and Urban Affairs D vision
shall help the building professionals through introductory
wor kshops and seminars to understand the conceptual basis of
t he Code. This is expected to ensure that the designs of
buildings conply with the Code and are energy efficient.
Once the infrastructure has substantially developed, the
Code may be pronul gated on a nmandatory basis.

The Code wll be reviewed by the Environnent and U ban
Affairs Division in consultation with ENERCON periodically
as and when needed but not later than five years. Any
val uable coments for its inprovenent wIll be highly

appr eci at ed.

W are grateful to ENERCON and the nenbers of the two
commttees who nmade their valuable contribution to nmake this
nobl e task a successful one.
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Part 1 - ADM Nl STRATION AND ENFORCEMENT

Title

This code shall be known as the Building Energy Code of
Paki stan hereinafter referred to as the "code".

8C(he

This code shall apply to all buildings as defined in
Part 1.4, Applicability, and for which an application
for building permt is filed after the effective date
of this code. Thi s code addresses only the energy
conservation aspects of buildings, and as such, does
not cover the structural, siting and other requirenments
found in the Building Code of Pakistan or other |oca

bui | di ng codes.
rdination Wth O her

The requirements of this code are to be coordinated
with those of the Building Code of Pakistan.

Coordination with other codes not equal to the Building
Code of Pakistan shall be nade only with the approva

of the Mnistry of Housing and Wrks.

Applicability
1.4.1 New Bui | di nas

Thi s code shall apPIy to all areas encl osed
bK the structure of permanent buil dings and
that are primarily intended for ~ human
habi tation, e.g. residences, offices, shops,
schools, hotels, government buildings, etc.
Exenpt fromthis code are buildings or areas
of buildings that are intended to be used
primarily for manufacturing, warehousing or
st or age, agricul ture, or i ndustri al
processi ng.



1.4.2
1.4.2.1

1.4.2.2

1.4.2.3

1.4.2. 4

Exi sti ng Buil di ngs
Changres in Use

Changes in use of a building that are
primarily for human habitation ﬁ?d t hat
require a building permt, shall make those
argas subject to the requirenents of this
code.

Renl acenment or Mpj or Mbdi fication of
Equi pnent

Repl acenent or mmjor nodification of the HVAC
or lighting equipment in existing buildings
shgll be governed by the requirenments of thrs
code.

Repl acenent or Mior Mdification of Roof

Repl acenent or major nodification of the roof
of an existing building shall be governed by
the requirenents of this code.

Addi tions to Existincg Buildings

Any addition to an existing building shall be
governed by the requirenents of this code.

1.5 Enforcenent

1.5.1

1.5.2

Pl ans _and Specifications

Review and approval of n and
specifications un e? this code sh%\?}%e 8grt
of and in accordance with the Building Code
of  Pakistan. Permts, certificates and
notices required for construction shall not
be issued by the authority giving electric or
gas connections or oil storage unless all
requirenents of this code are net.

| nspection

Al work, mterials and equipnent pertaining
to th{s code ghall b%j subject to the
| nspection procedures an reguirements set
forPh in the Building Code of Pakistan.
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Part 2 - DEFINITIONS

The followng definitions are stipulated for the purposes of
this docunent:

ABMA  : American Boiler Mnufacturers Association
ANSI . Anerican National Standards Institute
AR : :?IUI’ -SC)ondl tioning and Refrigeration Institute

ASHRAE : Anerican Society of Heating Refrigerating and
Air-Conditioning Engineers .
ASME : American Society of Mechanical Engineers

Ai r changes per hour (Ace). Number of conplete changes
of interior air by outdoor air per hour.

Air Infiltration. The uncontrolled air exchange in a
building due to air |eakage through cracks and
interstices in any building element and around w ndows
and doors of a building, caused by the pressured
effects of wind and/or the effect of differences in the
i ndoor and outdoor air density.

Air transport factor. The ratio of the rate of usefui
sensi bl e heat removal from the conditioned space to the
energy input to the supply and return fan notor(s),
expressed in consistent units and under the designated
operating conditions.

Automatic. Self-acting, operating by its own mechani sm
when actuated by some inpersonal “influence, as for
exanple, a change in «current strength, pressure,
temperature or mechanical configuration.

Boi l er capacity. The rate of heat output in WBtu/h)
measured at the boiler outlet, at the design inlet and
outlet conditions and rated fuel/energy input.

British thermal unit (Btu). Approximately the anount
of heat required to raise the tenperature of one Cg)ound
of water by one_ Fahrenheit degree, at 60 F.
International Steam Table Btu x 1.055 = kJ.

Bui | di ng envel ope. The element's of a buil ding which
encl ose conditioned spaces through which thermal energy
may be transferred to or fromthe exterior or to or
from uncondi ti oned spaces exenpted by the provisions
(See Section 3.)
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Bui | di ng project. A buil ding or group of buildings,
including on-site energy conversion or electric-
generating facilities which utilize a single submttal
for a construction permt or are wthin the boundary of
a continuous area under one ownership.

Cc = thermal conductance. The thermal transm ssion in
unit tinme through unit area of a particular body or
assenbly having defined surfaces, when unit aver,ge
tenperature is established between the surfaces: WP C
(Btu/ftom. F).

Coefficient of performance (COP) - cooling. As defined
in the follow ng paragraphs:

- Electric Packaged

Equi prent (Cool i ng Mode) 4.3.1

Electrically Operated HVAC

Syst em Conponents (Cool i ng Mbde) 4.3.2

Heat Operated Equi prment

(Cool i ng Mode) 4.3.3
Coef ficient of performance (COP), punp - heating

Mbde. As defined in para 4.3.4.

Confort 8nV8l Op8. The area on a psychronetric chart
enclosing all those conditions described in ANSI/ASHEAE
Standard 55-74, Fig. 1, as being confortable.

Condi tioned floor area. The horizontal projection of
that portion of interior space which 1s contained
within exterior walls and which is conditioned directly
or indirectly by an energy-using system

Condi tioned space. Space within a building which is
provided with heated and/or cooled air or surfaces and,
where required, with humdification or dehumdification
nmeans so as to maintain a space condition fallin
within the confort zone set forth in ANSI/ASHEA
Standard 55-74 "Thermal Environmental Conditions for
Human Cccupancy. 11

Cool ed space. Space within a building which is
provided with a positive cooling supply.

D.OE  Department of Energy (U.S.)

Dnel ling unit. A single housekeeping unit conprised of
one or nmore rooms providing conplete, independent
living facilities for one or nore persons including
per manent provisions for living, sleeping, eating,
cooki ng and sanitation.
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Economi ser cycle. A control sequence of an air supply
system that nodul ates the quantity of outdoor air
supplied for the purpose of space conditioning in order
to reduce or elimnate the use of refrigeration energy
for cooling.

Efficiency, HVAC system The ratio of the useful
energy output (at the point of use) to the energy input
for a designated time period, expressed in percent.

Energy. The capacity for doing work: taking a nunber
of fornms which may be transformed from one into
another, such as thermal (heat), nechanical (work),
electrical, and chemcal: in SI units, neasured in
joules (J), where 1 joule = 1 watt-second; in custonar
units, neasured in kilowatt hours (kW) or Britis
thermal units (Btu).

Energy efficiency ratio (EER). The ratio of net
equi pment cooling capacity in Btu/h to total rate of
electric input 1n watts under designated operating
condi tions. Wien S| units are used this ratio becones
equal to COP. (See coefficient of performance.)

Ent hal yy. A thernodynam c property of a substance
defined as the sumof its internal energy plus the
quantity Pv/J: where P = pressure of the substance, v =
its volune, and J = the nechanical equivalent of heat;
fornmerly called total heat and heat content.

Exterior envel ope. (See building envel ope.)

Fenestrati on. Any light-transmtting opening in a
bui I ding wall or roof.

G oss floor area. The sum of the areas of one or nore
floors of the building, including basenents, nezzanine
and internediate-floored tiers and penthouses of
headroom hei ght, neasured fromthe exterior faces of

exterior walls or from the <centerline of walls
separating buildings, but excluding:

o Covered wal kways, open roofed-over areas,
porches and simlar spaces.

o Pipe trenches, exterior terraces or steps,
chimeys, roof overhangs, and simlar features.

G oss wal |l area. See section 3.2 for definition.

HVAC. Heating, ventilating and air conditioning.
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HVAC  System A system that provides either
collectively or individually the processes of confort
heating, ventilating, and/or air conditioning within or
associated with a building.

HVAC system equi prent . The word "equipment"” used
wi thout nodifying adjective, my, 1n accordance with
common i ndustry usage, apply e€ither to HVAC system
equi pnent or HVAC system conponents.

HVAC system efficiency. (See efficiency, HVAC system)

Heated space. Space, within a building, which is
provided with a positive heat supply. Fini shed |iving
space within a basenent, or in the presence of
registers or heating devices designed to supply heat to
a basenent space, shall automatically define that space
as heated space.

Hum distat. A regul atory device, actuated by changes
in humdity, wused for automatic control of relative
hum dity.

I'I'lum nati on. The density of the lumnous flux
incident on a surface: it is the quotient of the
| um nous flux by the area of the surface when the
latter is uniformy illum nated.

Lum naire. A conplete lighting unit consisting of a

| amp or lanps together with the parts designed to
distribute the light, to position and protect the
| anps, and to connect the lanps to the power supply.

MCF. Custonmary term for one thousand cubic feet.

Manual . Capabl e of being operated by personal
intervention (adjective). (See autonmatic).

Marked rating. The design load operating conditions of
a device as shown by the manufacturer on the naneplate
or otherwi se marked on the device.

OTTV . Overall thermal transfer val ue. The maxi num
thermal transfer permssible into the building through
its walls or roof, due to solar heat gain and outdoor-
i n-door tenperature difference, as determ ned by the
equation appearing in Section 3.3.1.

%aque areas. Al exposed areas of a building envel ope

hi ch encl ose conditioned space, except openings for
wi ndows, skylights, doors and building service systens.
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Qut door air. Air taken purposely from the outdoors
and, therefore, not previously circulated through the
system

Packaged termnal air-conditioner (PTAC). A factory-
selected conbination of heating and/or  cooling
conponents, assenblies or sections, intended to serve a
roomor zone.

Packaged termnal heat pump. A factory-sel ected
conbi nation of heating and cooling conponents
assenblies or sections, Intended for application in an
i ndi vi dual room or zone.

Positive cooling supply. Cooling deliberately supplied

to a space, such as throu%h a supply register. Al so,
coplln? indirectly supplied to "a 'space through
uni nsul ated surface of space cooling components, Such

as evaporator coil and cooling distribution systens.

Positive heat supply. Heat deliberately supplied to a
space such as through a supply register, radiator or
heating el enent. Al'so, heat indirectly supplied to a
space through wuninsulated surface of service water
heaters and space heating conponents such as furnaces,
boilers, and heating and cooling distribution systens.

Power . I n connection with machines, power is the tine
rate of doing work. In connection wth the
transm ssion of energy of all types, power refers to
the rate at which energy is transmtted. In SI Units

it is neasured in joules per second (J/s) or in watts
éwq ~in customary units, it is neasured in watts (W or
ritish thermal units per hour (Btu/h).

R = Thermal rgsistance. The2 reciprocal of thernal
conduct ance: (n@.()/M/or (hr.ft .F)/Btu.

Recommend.  Suggest as appropriate: not required.

Recooling. The renoval of heat by sensible cooling of
the supply air (directly or indirectly) that has been
previously heated above the tenperature to which the
air is to be supplied to the conditioned space for
proper control of the tenperature of that space.

Recovered energy. Energy utilized which would

otherwi se be wasted (i.e., not contribute to a desired
end use) froman energy utilization system
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Reheat. The application of sensible heat to supply air
t hat has been previously cool ed bel ow the tenperature
of the conditioned space by either mechanical/
absorption refrigeration or the introduction of outdoor
air to provide cooling.

Resi denti al buildin?. Living units of one story, two
stories, or other Towrise or high-rise multi-tamly
dwel I i ngs.

Room air conditioner. An encased assenbly designed as
a unit primarily for nounting in a wi ndow or through a

wal |, or as a console. It is designed primarily to
provide free delivery of conditioned air to an encl osed
space, room or zone. It includes a prine source of

refrigeration for cooling and dehumdification and
means for circulating and cleaning air, and may also
i nclude neans for ventilating and heati ng.

Short Ton. Customary term for two thousand pounds
mass
Service systens. Al'l energy-using systems in a

building that are operated to provide services for the
occupants or processes housed therein, including HVAC

service water heating, illumnation, transportation
cooking or food preparation, |aundering or simlar
functi ons.

Shading coefficient (SC).

Sol ar Heat Gain of Feestration System

Solar Heat Gain of Double Strength Oear Gass (single layer)
Note: To be conpared under the sanme conditions.

Shal | . Term used to indicate provisions that are
mandatory within the code.

Should. Term used to indicate provisions which are not
mandatory but which are desirable as good practice.

Sol ar energy source. Source of natural daylighting and
of thermal, chemcal or electrical energy derived
directly from conversion of incident solar radiation.

system A conbi nation of equi prent and/or controls,
accessori es, i nterconnecting  neans, and termna
el ements by which energy 1s transfornmed so as to
perform a specific function, such as HVAC, service
water heating or illumnation
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Terminal element. The neans by which the transformed
energy from a systemis finally delivered; i.e.
registers, diffusers, lighting fixtures, faucets, etc.

Ther nost at . An automatic control device actuated by
tenperature and designed to be responsive to
t enper at ure.

U value or thermal transmttance. The coefficient of
heat transmission (air to air). It is the tinme rate of
heat flow per unit area and unit tenperature difference
between the warm side and cold side air filnse Wm.C
Btu/ft2.h. F). The U val ue applies to conbinations of
ifferent materials used in series alon%]the heat flow
ath, single materials and materials that conprise a
uilding section, cavity air spaces, and surface air
filnms on both sides of a building elenent.

o Vvalue or thermal transnittance, overall. The
overal | (average) heat transnissionngf a gross area of
the exterior building envelope Wnr.C (Btu/ft < mhF).
The U, value applies to the conbined effect of the tine
rate of heat flows through the various parallel paths,
such as w ndows, doors, and opague construction areas,
conprising the gross area of one or nore exterior
bui I ding conponents, such as walls, floor, or
roof/ceiling.

Unitary cooling and heating equi pnent. One or nore
factory-made assenblies ich normally include an
evaporator or cooling coil, a conpressor and condenser
conbi nation, and may include a heating function as
wel | . Where such equi pnent is provided in nore than

one assenbly, the separate assenblies shall be designed
to be used together.

Unitary heat Funp. One or nore factory-made assenblies
whi ch normal |y include an indoor conditioning coil,
conpressor(s) and outdoor coil or refrigerant-to-water
heat exchanger, including means to provide both heatin
and cooling functions. Wen such equipnment is provide
in nore than one assenbly, the separate assenblies
shal | be designed to be used together.

Ventilation. The process of supplying or renoving air
by natural or nechanical nmeans to or from any space.
Such air may or may not have been conditioned.

Ventilation air. That portion of supply air which
cones from outside (outdoors) plus any recirculated air
that has been treated to maintain the desired quality
of air within a designated space.
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VWater-chilling package, absorption. A factory designed
and prefabricated assenbly (not necessarily shipped as
a single ackage) of one or nore condensers

evaporators (water coolers); absorbers; and generators:
wth interconnections and accessories, used for
chilling water.

Water-chilling package, centrifugal or rotary. A
factory-designed an prefabricated assembly  (not
necessarily shipped as one package) of one or nore

centrifugal or rotary conpressors: condensers; and
wat er-cool'ers (evapora ors?; with interconnections and

accessories, used tor chilling water.

Water-chilling package, reciprocating. A factory
desi gned and preFabrlcated assenbly, self-contained or
condenser| ess, of one or more reciprocating
Conpressors: condensers (self-contained only): water
coolers = (evaporator);  and | nterconnections and
accessories; wused for chilling water. The condenser

may be air-evaporatively, or water-cooled.

Wt t évvj/ SI unit of powe equal to one joule per
S).

secon Also, the power delivered by one volt
with one anpere flowing (unity power factor). (See
power. )

\Whol e House Fan. A nmechanical fan system used to

exhaust air fromthe interior of a_bU|[dinP_to t he
exterior and which can transfer the air with [ittle or
no resistance.

Zone. A space or grouP_of spaces Wi thin a building
with heating and/or cooling requirements sufficiently
simlar so that confort conditions can be naintained
through-out by a single controlling device.
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3.

1

Part 3 - BU LDI NG ENVELOPE
Scope

The criteria set forth in this chapter establish the
mnimum energy conservation requirements for the
bui | di ng envel ope. Design criteria that result in
greater levels of energy conservation shall be allowed
provided they are not 1n conflict with any requirenent
of this code or the Building Code of Pakistan

In addition to the criteria set forth in this section,
the proposed design shoul d consider energy conservation
in determning the orientation of the building onits
site; the geonetric shape of the buildings: the
bui | ding aspect ratio (ratio of length to width); the
nunber of stories for a given floor area requirenent;
the thermal mass of the building; the exterior surface
color; shading or reflections from adjacent structures,
surroundi ng surfaces or vegetation; opportunities for
natural ventilation: and wind direction and speed. For
a national standard the above considerations are

difficult if not inpossible to quantify. However,
particularly on a local basis, many of these itens
Including the effects of nass, assive solar and

daylight utilization can be quantitied and therefore
shoul d be considered in the building design.

For the purpose of neeting the requirenents of this
code, the building envel ope shall conply with both the
conduction (Uo and R) requirenents and the Overal
Thergal Trgnsfer Value (OTTV) requirements as set forth
in this code.

3.2 Conduction (u. and R Requirenents

A roof assenbly shall be considered as all conponents
of the*roof/ceilin% envel ope through which heat flows,
thus creating a building transm ssion heat |oss or
gain, where such assenbly is exposed to outdoor air.

The gross area of a roof assenbly consists of the tota
exterior surface of such assenbly (except for return
air plenums, noted below), including skylights.

Where return air ceiling plenuns are enployed, the
roof/ceiling assenbly shall:

a. for thermal transmttance purposes, not include
the ceiling proper nor the plenum space as part of
the assenbly, and

b. for gross area ﬁurposes, be based wupon the
interior face of the upper plenum surface.
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The gross area of exterior walls measured on the
exterior surface consists of all opaque wall areas
(including foundation walls, between floor spandrels,
peripheral” edges of floors, etc.), wndow areas
(i ncluding sash),. and door areas.

The design of buildings for energy conservation may
Increase the water vapor pressure differentials between
the interior and ‘exterior environments. _ Vapor
retarders, air infiltration and operating Interior
relative humdity should be considered to maintain the
thermal and noisture integrity of the envel ope (see
ASHRAE Handbook 1989 Fundanental's).

U-val ues and R-values shall be calculated in accordance
with the BU|Id|n% Energy Code Conpliance Handbook or
ASHRAE Handbook, 1989 Fundanental s.

3.2.1 Roof s/ Cei | i ngss

The thermal transm ssion value (uy) for the
gross area of the roof shall not exceed the
value given in Table 3.0. As an alternative,

Equation 1 and Equation la can be used to
determ ne acceptable conbinations of U values
for different sections of the gross roof

area, including skylights, hatchs, etc. To
meet this requirement, insulation materials
may be placed either above, below or within
the roof deck.

Equation 1
Urler|+UerAr2+ u x A
UO W e 0 D e e L o
Arl + Ar2 * Am
Where U0 = the overall thermal transamittance of the gross area of the
r oof (Wm2 C)
U.,U_, U = the respective thermal transmttance of different roof
rl’ "r2’ "m

sections (Hlmz C)

A, A = the respective area of different roof sections (mz)
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3.2.2

3.2.3

Bquation 1a
Where skylight/glazing is used on the roof,
the thermal transmttance for the gross area
of the roof should be determ ned from

Up =Up X A + UgX RAg
Wiere Uo = the overall thermal transmittance of the gross roof area (Hlm2 c)

A =grossares of the exterior roof

U = the thernal transmittance of the conponents of the opaque
2
roof area (W/m C)

Ar-opaque roof area (mz)

Us = the thernal transmttance of the glazing area (wlm2 c)

As = the gl azing area (m2)
VWere nore than one tyﬁe of roof ceiling and
or skylight is used, the U termfor that
exposure shall be expanded into sub elenents
as:

(Upy X Apq) + (Upy X Ap)+ --- etc.

Surfaces Separ at in Condi tioned and
Uncondi ti oned Spaces

For surfaces that separate conditioned and
uncondi ti oned space, the u, value shall not
exceed the value given in Tabl e 3.0.

Valls

The gross wall area above grade shall have
thermal, transm ssion value, U,, not exceed
the values in Table 3.0. EquatiBn 2 shall be
used to determne the acceptable conbinations
to meet these requirements. There are no
the&nal requirenents for wall sections below
gr ade.
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Table 3.0

Al | owabl e Conductance and Resistance Val ues*

|
: ELEMENT | | snmor UNITS 1 2 3 ) 5 |
l | | | |
| velrs | o | W ) | 267 256 2,22 2.50 222 |
| | Btu/he.£e” | 0.47 0.45 0.39 0.44 0.39 |
»
I | |
I I | I I
| Roofs/cetlings | U, | wia? ) | o058 0.58 0.58 0.58 0.58 |
| | | Btushr.£e” | 0.10 0.10 0.10 0.10 0.10 | )
I I I I
I I I I I
| Shaded Roofs & | u_ | W/m? | 1.16 1.16 1.16 1.16 1.16 |
| Floors Exposed | | Beu/he.£e2 | 0.20 0.20 0.20 0.20 0.20 |
| to Veat her*** | I I
] | | I
| I I
| Floors o b owm? 0 227 170 142 170 142 |
| Unheated Spaces |} | Btu/he.£e? | 0.40 0.30 0.25 0.30 0.25 |
I | | I I
| I I
| Beatea stab | ® | wXw | 044 063 0.74 0.67 0.74 |
| on Grade | | hr.£e2/Beu | 2.50 3.60 4.20 3.60 4.20 | .
| | I

* v, values listed are maximum,
R values | i sted are mi ni num requirenents

bl See Appendix |.
huiaded If en air space exists between the roof end ceiling, and the space is well

ventilated, the ceiling is considered shaded (provided insulation is placed
on the ceiling).

Equation 2
Uo - vaAvi-stAs-l-deAd

where U_ = the over al | thermal transmittance of the gross wall
area .(Hlm2 c)

Ao =grossarea Of the exterior surfaces above grade (mz)
(that is, A+ As + Ay

A' = Opaque wall area (mz)
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V' = the thermal transmittance Of the components of the opaque
2
wall e r*. (W/m~ C)

A‘ = glazing area (nz)

U‘ = the thermal transmttance of the glazing area (Wm2 C)
2

Ad = door area (m)

Ud = thernal transnittance of the door area (mz)

Wiere nore than one type of wall, w ndow
and/or door is used, the USA terns for these
items shall be expanded into sub elenents as:

(U ., A )

w1 A1 (U A ) etc.

+ w2 w2

3.3 Overall Thermal Transfer Value (OTV) Requirenents

The cooling design criterion for walls, f]oors and
roof/ceilings is to be known as the Overall ?ﬁerwa

Transfer Value (OTTV). It is aimed at achieving the
design of a building envelope that adequately reduces
heat gain by both conduction and solar radiation in
order to reduce the «cooling load of the air
conditioning system The OTTV concept is based on
three basic methods of heat gains through the externa
envel ope of a building:

(a) heat conduction through opaque walls, roof /ceiling
and floors

(b) heat conduction through w ndows and/or skylights
(c) solar radiation through w ndows and/or skylights
The OITV cal culation shall be for all climte zones
(shown in Appendix 1) of Pakistan and shall not exceed
the values given in Table 3.3.

3.3.1 Equivalent Temperature D fference

Sol ar radiation on the building is a cyclic
heat input, The outdoor air temperature also
varies during the 24 hr period in a day. The
Equi val ent Tenperature Difference  (TDeq)
concept shall be adopted so that the variable
heat flow through the envel ope may be cal cu-
| ated using the steady heat flow equation

a9 = AX Uy X TDg
3-5
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The TDEq across the envel ope takes into
account the types of construction (mass and
density), degree of exposure, tine of the
day, location, and orientation and design
condi tions.

For sinplicity in OITV cal cul ations, the TDEq

of different types of construction have been

?Il lified and should be the values as
ol | ows:

TDeq for Walls:

'meq (C) = 26.7 =~ 0.0371 Wt \Were Wt is in kg/mz*

TDeq (F) = 48.0 - 0.3257 Wt Where W is in lb/ftz*

TDeq for ceiling/roof. see Table 3.1

Table 3.1
TDgq fOr ceilings/roofs:
u/Tc (s"Y)  .360  .420  .480  .5&0  .600  .960 1.32  1.68  2.04  2.40 6. 00
TDeq ¢! 6.7 19.5 22.2 250 27.8  30.6 333 361  30.9  41.7 44. 4 .
U/TC (ht-l) .006 .007 .008 .009 .010 .016 .022 .028 .034 .040 .100
TDeq F? 3.0 350 40.0 450 50.0 550 60.0 5.0 70.0  75.0 80.0

TC = Specific heat x Density x Thickness

= (ki/kg C) x (kg/m>) x (m)/1000
= (BTU/1b P) x (1b/£t7) x (ft)

U= Overall Uvalue of roof assenbly

TC is calculated as the rumof the TC’s for each layer in roof construction

3.3. 2. Sol ar Fact or
The OITV calculations requires a solar factor .
for glazing areas. The sol ar factor val ue

for vertical surfaces for Pakistan shoul d be

taken as specified in Table 3.2. For a given

orientation the solar factor may be taken '
fromthe follow ng:

* Note: For weight of construction mass more than 489 Kg/mz (100 1bslft2)
The val ue TDeq should be taken as 8C (14F)
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3.3.3

Table 3.2

Sol ar Fagtor for Walls and Roofs

Wnf (Btu/h.ft
| | ORIENTATION | |
|  cuwE | NE E SE | I
| ZONE * | N NW W S s | RooF
| | | |
| 1 | 117 450 561 350 135 471 |
| | (37) (1s3) (178)  (111)  (43) | (150) |
| I | |
I 2 | 110 432 561 378 167 | 471
| [ 35 a3 are 200 (53) | as50)
| |
| 3 | 110 432 561 378 167 | 471
| | 35 a3y @8 (120) (53) | (150)
I I |
I 4 | 104 422 558 a0 217 | 4n
| i (33 34 @ (130) (69) | (150)
I I
s | 104 416  s58 425 252 | 4m |
| | (33) (132) (177) (135)  (80) | (150) |
I |

* See Appendix |

Overall Therma
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TABLE 3.3

Maxi mum Overall Thermal Transfer Val ues

CLI MATE WALLS ROOFS
ZONE* W/m2 Btu/hr. ft2 Ww/m?  Btu/hr.ft2
1 91 29 26. 8 8.5
2 95 30 26. 8 8.5
3 95 30 26. 8 8.5
4 98 31 26. 8 8.5
5 101 32 26. 8 8.5

* See Appendi x |

To calculate the OITV for external walls, the
followng formula shall be used:

OTTV' = (U' x A" x TDeq) + (Af x SF x SC) + (US x A‘ x T)

Vher e OTTVv = Qverall thermal transfer value for walls, (sz)
2
Av = Opaque wall area (m )
Uv = thermal transmttance of opaque wall (Ulmz)
TDeq = Equivalent tenperature difference C)
2
Ag = Glazing area (m")

u = Thermal transnmittance of glazing (w/mZC)

T = Temperature di fference between exterior and interior
design conditions (C)

SC = Shading coefficient of fenestration

SF = Solar/corrected solar factor (H/mz)
2

A = Door area (m )

A = (Qoss area of the exterior surface (mz)
(that is, A+ As + A
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Were there is nore than one type of material
and/or fenestration the respective termor
terms shall be expanded into subel enents.

(le x Avl x TDeql) + (Uvz x sz x meqz) + --

The gross area of the exterior wall shall
include all opaque wall areas, w ndow areas
and door areas where such surfaces are
exposed to  outdoor air and  enclose
conditioned space. The fenestration area
shal | be measured from extrene surfaces of
wi ndow constructi on.

To calculate the OITV of a roof, the
following fornula shall be used.

OTTV_ = (U_x A_x TD_) + (SF_ x A_ x SC) + (U_ xA_x T)
r r r eq s s s s

a

Where
OTTVr = Overall thermal transfer wvalue for roofs (Hlmz)
A = (paque roof area (mz)
U_ = Thermal transnittance of opaque toof area (W/m2C)
TDeq = Equivalent tenperature difference (C)
Ag = Skylight area
Us = Thermal transmittance of skylight area (H/mZC)
T = Temperature difference between exterior and interior
design conditions (C) (refer to Appendix II)
SC = Shading coefficient of skylight
SF = Sol ar factor (H/mz). This shall be taken as 471 wlm2 or
150 Btulht.f:z on horizontal surface.
Ao = G 0SS area Of ceiling/roof (mz)
(that 1s,A_+A)
The gross area A, shall include all opaque roof area
and skylight area where such surfaces are exposed to
outdoor air and enclose conditioned space. en nore
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than one type of material and/or skylight is used, the
respective termor terns shall be expanded into sub-
el ements as:

(Url x Arl x meql) + (Utz x A:z x ‘l'D.qz) + --

Walls at different orientations and roofs consisting of
di fferent sections facing different orientations
receive different ampunt of solar radiation. To
cal culate the OITV for the envelope of the whole
building, it is necessary to conpute first the OITVs of
individual walls, then the OITV of the whole building
I's obtained by weighted average values as foll ows:

(OTTV_ x A, )+ (OTTV , x A ) + --
OTTV = ——=mmmmmmm e e

AW + sz + -- Am
Simlarly for ceilings/roofs
(OTTVu + Arl) + (°TTV:1 x A:z) +

OTTV = —==mmmmmmmmmo oo

Atl + Ar2 v A1.-n

The OITV of walls should not be conmputed 'with that of
roof. Each conponent should be treated separately.

3.4 Ar Infiltration

The requirenents of this section shall apply only to
those building conponents separating outdoor conditions
from i ndoor conditions.

To mnimze the effects of air infiltration, all doors
and openabl e sections of w ndows of air conditioned
buil dings shall be weatherstripped.

All  fixed window sections and other penetrations
t hrough the wall shall be caul ked or otherw se seal ed
with a permanent materi al , for air-conditioned
bui | di ngs.

3.5 Natural Ventilation

Natural ventilation should be designed for effective
ventilation regardless of wind direction. There should
be adequate ventilation when the wi nd does not cone
fromthe prevailing direction

To obtain adequate air flow and velocity inside the
buildings, the position of the openings relative to
wind direction and the position and size of openings in
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adjacent or opposite walls should be carefully
desi gned.

Acceptabl e practice for building ventilation should be
i n accordance wi th ASHRAE Handbook of Fundanental s,
Chapter 23, edition 1989.

The m ni num area of w ndows whi ch nust be openable for
the purpose of natural ventilation shall be the
foll owing percentage of areas nmentioned in Table 3.3 of
Chapter 3 of the Building Code of Pakistan.

Resi dential (Bed roons, 50%
Drawi ng roons, Dining roons,

Ki t chens)

Water C oset, Toilet, Bathroom 100%
Laundry, etc.

Stairs, Uility 50%
Corridor, Stair etc. 50%

The total w ndow area should be provided by at |east
two distinct windows which may be placed in adjacent or
opposite walls. Each wi ndow shoul d not have nore than
70 percent of the total aperture area.

Werever ceiling fans are used for cooling they should
be of the blade dianeter recommended in the Building
Code of Pakistan, Table 9.6.

Whol e house fans nmay be used for the purpose of
ventilation and cooling. Were these are provided,
they should be sized to provide a mninmmof 20 air
changes per hour for the entire house.
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APPENDI X |

MAP OF CLI MATE ZONES AND LIST OF CITIES

Climate Zones of Pakistan

Maximum Recorded Temperatures
1270

Latitude
35°N
Minimum 'Recorded Temperatures
{ 30°N
25°N
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APPENDI X I (Cont’d)

TOMS AND CITIES IN CLI MATE ZONES
(1IN ALPHABETI CAL ORDER)

ZONE 1 ZONE 2 IO 3 ZONE 4 ZONE 5
Badin Bhawalnegar Bela Abbottabed Chitral
Cauadar Bhawalpur Kalat Bhakkar Dir
Hyderabad Chichawatni Kharan Bhalwal Dassu
Jiuani Chunian Khuzdar Chiniot Gilgit
Karachi Dadu Loralai Chakwal Saidu Sharif
Mirpur Khan D.G. Khan Muslim Bagh Charsada Skardu
Pasni Hasi Ipur Nushki Daska
Sanghar Jacobabed Pan j gur Faisalabed
Thatta Kabiruala Pishin Fateh Jang
Turbat Kandiaro Quetta Gojra
Uthal Kashmore Zhob Gujranwala
Khai rpur Guj rat
Khanewal Haf izabad
Khanpur Hassanshdal
Larkana Haripur
Leiah Islamabad
Lodhran Jaranwala
Moro Jauherabed
Multan Jhang
Muzaffargarh Jhel lum
Nauabshah Kasur
Okara Kharian
Pak Pattan Khushab
Rajanpur Kohat
Rahimyar Khan Lahore
Sadigabad Mansehra
Sahiwal Mardan
Shi karpur Mianwali
Shorkot Mirpur
Sibi Muzaffarabad
Sujawal Narowa 1
Sukkur Noshera
Toba Tek Sing Pasrur
Vihari Peshawar
Rawalpirdi
Samundri
Sargodha
Shakargarh
Sialkot
Swabi
Talagang
Tangi
Wah
Wazirabad
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APPENDI X |1

EXTERI OR DESI GN CONDI TI ONS*

Longi- Lati- Eleva- S ummer Winter Av. Uind Vel.
tude tude tion km/Zhr
City East North above Design DB Daily Design WB Design DB
(deg.) (deg.) sea degree C Range degree C degree C Winter
level 1% 2.5% 5% 1% 2.5% 5% 99% 97.5%
m
Haripur 73 25 538.0 43.3 41.7 40.6 16.5 25.0 23.9 23.3 2.8 4.4 7.0 8.0
Hyderabad 68 33 30.0 45.0 42.2 41.1 15.0 28.3 27.2 26.7 5.6 7.8 16.0 24.0
Islamabad 73 591.0 43.9 41.7 39.4 13.3 28.3 27.2 26.1 0.6 2.8 16.0 24.0
Jacobabad 68 28 56.0 46.7 44 .4 43.3 15.0 28.3 27.2 26.1 7.2 8.9 3.0 10.0
Kalat 67 25 4.0 45.6 43.3 42.2 18.9 27.8 27.2 26.1 1.7 3.3 5.0 8.0
Karachi 74 32 214.0 41.1 40.0 35.0 11.1 29.4 28.3 27.8 6.7 9.4 24.0 24.0
Lahore 71 30 - 44 .4 42.2 40.6 12.2 28.9 27.8 27.2 1.7 2.8 13.0 19.0
Multan 71 34 125.0 46.1 43.9 41.7 15.6 27.8 27.2 26.1 4.4 5.6 13.0 19.0
Peshauar 30 355.0 44 .4 42.2 40.0 12.8 28.3 27.8 26.7 (-)0.6 0.6 16.0 24.0
Puetta 67 33 1580.0 37.8 35.0 34.0 12.8 23.3 21.7 20.6 (-)10.0 (-)6.7 13.0 29.0
Rawalpindi 73 508.0 44.4 42.2 40.0 13.3 27.8 27.2 26.1 0.6 2.8 16.0 24.0
Sukkur 69 28 67.0 43.3 41.7 40.6 12.8 28.3 27.2 26.7 7.2 8.9 5.0 7.0

* The terminology used in this Table is in accordance with ASHRAE Handbook
For the purpose of calculating OTTV and HVAC system sizing in accordance
with the Building Energy Code, the Summer 2.5% and Uinter 97.5%
conditions shall be used.

INTERIOR DESIGN CONDITIONS

COOLING HEATING
Temperature: 26 C 2l c
79 F 70 F

Relative

Humidity: 50% 40%
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4.1

4.2

Part 4 = HEATING VENTI LATI NG AND AIR CONDI TI ONI NG
(HVAC) SYSTENS

8cope

ni mum requi renents for

This section provides the m _
rol of space cond|t|0n|nﬂ]by
!

design, sizing and cont
heating, cooling and vent
requirenents are in additi
Buil ding Code of Pakistan.

System Design

4.2.1 System si zi ng

For the purpose of sizing HVAC systems, the
heatin and cooling design loads shal

i ncl ude sensible and | atent heat gain and
loss  from conduction, solar radiation

infiltration, ventilation and internal |oads.
The design loads shall be calculated
according to the procedure described in the
Bui | di ng Energy Code Conpliance Handbook or
the procedures in the ASHRAE Handbook 1989
Fundanent al s.

on equi pnent. ese

e
|
i lati _ _

on to those provided in the

Interior and exterior design conditions shall
be those shown in Appendix |1

4.2.2 Sinultaneous Heating and Coolincr:

Use of sinultaneous heating and cooling by
reheating or reqoolln? s ly air or by
concurrent operation o |naggéﬁdent heat i ng
and cooling system serving a common zone
shal| be restricted as bel ow

(a) Recovered energy: Recovered energy in
excess of the new energy expended in the
recovery process nmay be used for the
control "of tenperaturée and humdity.

(b) New energy for humdity control: New
energy may be used to prevent relative
hum dity fromrising above 60 percent
for confort control

(c) New energy for tenperature control: New
energy may be used for tenperature
control if "'mnimzed in accordance wth
para 4.2.2.(c).1 through 4.2.2.(c).s5.



Reheat system Systens enpl oyi ng
r eheat and  servicing mul t1ple
zones, other than those enpl oyl ng
variable air volume for tenperature
control, shall be provided with a
control that wll automatically
reset the systemcold air supFIy to
the highest tenperature |evel that
will satisfy the zone requiring the
cool est air. Singl e zone reheat
systens shall be controlled to
sequence reheat and cool i ng.

Dual duct and multizone systens:
These systems other than those
enpl oyi ng vari abl e air vol ume

control, shall be provided wth
controls that will automatically
reset:

a. The cold deck air 'supply to
t he highest tenperature that
Wil | sati sfy t he zone
requiring the coolest air and

b. The hot deck air supply to the
| owest tenperature that wll
satisfy the zone requiring the
war nest air.

Recooling System  Systens in which
heated air is recooled, directly or
indirectly, to nmaintain space
tenperature shall be provided with
control that will ‘automatically
reset the tenperature to which the
supply air is heated to the |owest-
| evel that will satisfy the zone
requiring the warnest air.

Miul tiple zones: For systens with
multiple zones, one or nore zones
may be chosen to represent a nunber
of zones wth. simlar heating/
cool i ng characteristics.

mul tiplezone system that enploys
reheating or recoolingfgg control
of _not nore than 2. 36 /s (5000
£t3/min) or 20 percent of the total
supply air of the system whichever
is less, shall be exenpt fromthe
suppl air tenperature reset
requi fFenments of par agr aph
4.2.2.(c).l through 4.2.2.(c).3.
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4.2.3

Concurrent Qperations: Concurrent
operation of independent heating
and cooling systems serving conmon
spaces and requiring the use of new
ener?y for heating and/or cooling
shal " be mnimzed by one or both
of the follow ng:

a. By provi di ng sequenti a
tenperature control of both
heating and cooling capacity
in each zone.

b. By limting the heat energy
I nput through automatic reset
control of the heating medium
tenperature (or energy input
rate) to only that necessary
to offset heat | oss due to
transmssion and infiltration
and, where applicable, to heat
the ventilation air supply to
the space.

Transport Energy:

(a) ALl

air_svstem

1.

The air transport factor for each
all-air HvAC system shall not be
| ess than 8.0. "“The factor shall be
based on design systemair flow for
constant  volume  systens. The
factor for variable air volume
systens may be based on average
conditions "of operations. Ener gy
for transfer of air through heat
recovery devices shall not be
included in determing the factor;
however,  such energy shall be
included in the evaluation of the
effectiveness of the heat recovery
system

Air transport factor _= Spa¢e ensible Heat Removed*
Supply + Return Fan(s) Power |nput*

* Both expressed in same units, either watts or
Btu/h
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4.2.4

4.2.5
4.2.5.1

2. For purpose of these cal cul ations,
Space Sensible Heat Renoved is
equivalent to nmaxi mum coi nci dent
design sensible cooling |oad of al
spaces for which the system
provi des cooling. Fan Power [ nput
Is the rate of energy delivered to
the fan prine nover

(b) QG her Systens:

Air and water, all-water and unitary
systens enploying chilled, hot, dual-
tenperature or condenser water transport
systens to space termnals shall not
require greater t ransport ener gy
(including central and termnal fan
power and punp power) than an equival ent
all-air system providing the space
sensi bl e heat renoval and having an air
transport factor not |ess than 8.0.

Bal anci ng:

HVAC system desi gn shall provide neans for
bal ancing air and water systens. | n doi ng
so, the consideration shall include, but not
be |imted to, danpers, tenperature and

pressure test connections and bal ancing
val ves.

Control s

Tenperature Controls:

Each system shall be provided with at | east
one adjustable thernmostat for the regulation
of the tenperature. FEach thernostat shall be
capable of being set by adjustnent or
sel ection of sensors as follows:

(a) Wien used to control heating only: 13 C
to 24 C (55 Fto 75 F).

(b) Wien used to control cooling only: 21 C
to 29 C (70 Fto 85 F).

(c) Wen used to control both heating and
cooling it shall be capable of being set
from13 Cto 29 C (55 F to 85 F) and
shal | be C%Pable of operating the system
heating and cooling I n sequence. The
thernostat and/or control system shal
have an adj ust abl e deadband of upto 5.5
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4.2.5.2

4.2.5.3

C (10 F) or nore except as allowed in
para 4.2.2.(c).5. Deadband i s defined
as the tenperature range in which no
heating and cooling energy is used.

The recommended i nt ernal dry bulb
tenperature shall be 26 9 for summers
and 21 °c for winters (see Appendix I1).

Hum dity Controls: If a systemis equipped
wth a neans for adding noisture to naintain
specific selected relative hunidities in
space or zones, a humdistat shall be

rovided. The humidistat shall be capable of

eing set to prevent new energy from being
used to produce space-relative humdity above

30 percent. Wien a humdistat is used in a
system for controlling noisture renoval to
mai nt ai n specific sel ect ed rel ative

hum dities in spaces or zones, it shall be
capabl e of being set to prevent new energy
from being used to produce a space relative
hum dity |ess than 60 percent.

Zoni ng:

(a) Multifamly Dwelling: For nultifamly
dwel I'ings, each individual dwelling unit
shal | be considered separately and shal
have at | east one thernostat for
regul ation of space tenperature.

(b) Al ot her t%ges of bui | di ngs or
occupanci es: t | east one thernostat
for regulation of space tenperature
shal | Dbe provided for:

L. each separate system
2. each  separate zone (see
definitions). As a m ni num each

floor of a building shall be
considered as a separate zone. In
a muitistory building where the
perimeter system offsets only the
transmssion |osses of exterior
wall, an entire side of uniform
exposure may be zoned separately.

A readily accessible nmanual or
autonmati c nmeans shall be provided
to balance the heating and/or
cooling input to each floor.
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4.2.6
4.2.6.1

c) nt rol k and Shut-off

1. Mil tifamly Dwel ling: The
t her nost at required in para
4,2.5.3(a) or an alternate neans
i ncl udi ng, but not limted to

switch or clock, shall provide a
readily  accessible manual or
automatic neans for reducing the
energy required for heating and
cool1’ng during periods of non-use
or reduced need including, but not
limted to, unoccupied periods and
sl eepi ng hours. Lower i ng
thernostat set points to reduce
energy  consunption of heat i ng
systens shall not cause energy to
be expended to reach the reduced
setting.

2. OQher Buildings and Cccupancies:
Each system shall Dbe equipped wth
readily accessible  means of
shutting off or reducing the energy
used during periods on non-use or
alternate uses of the building
spaces or zones served by the
system The follow ng are exanples
that neet requirenent:

Manual |y adjustable automatic
timng devices

Manual  devices for use by
operating personnel

Autonmatic Control Systems
Mechanical Ventilation:
h nd Dampers

Each nechanical ventilation system \S\ASUprPl
and/ or exhaust) shall be equi pped %
readily accessible switch or other neans for
shut off or for volume reduction or shutoff
when full ventilation is not required.
Automatic or gravity danpers that close when
the systemis not operating shall be provided
for “outdoor air intake and exhausts.
Automatic or manual danpers installed for the
purpose of shutting off ventilation systens
shall be designed with tight shutoff
characteristics to mnimze air |eakage.

4-6



Exceptions: 1. Manual danpers for outdoor

i nt akes may be used in the
foll ow ng cases:

a) For single and Multi -
famly residenti al
bui | di ngs

b) Danpers are not required
when ventilation air
flow _is | ess t han
0.047m3/s (100 ft3/min).

4.2.6.2 Non- Resi dential Kitchen space

a.

Non-resi dential kitchen space nust be
desi%ned with an exhaust air and make up
air balance such that the space is never
under a positive pressure, and never
under a negative pressure exceedi ng .02
inch or 0.5 mm w.g. relative to al

i ndoor spaces surrounding the kitchen
space, during all cooking hours. NOTE:
Makeup air in | ow volunme exhaust hoods
can be air that is conditioned by a unit
dedi cated to the hood exhaust system

Al exhaust and nmekeup air system
conponents (fans, danpers, etc.) shal
be interlocked in such a way that the
bal ance rescribed in (a) above is
mai ntai ned throughout all cooking hours,
and  all variations of cooki ng
oper ations.

Net cooking exhaust from the kitchen
space shall be the m ninmum possible
consistent w th positive performance,
(i.e., capture, containment, and renova
of all vapors and snoke produced in the
cooki ng processes). Conmpensat i ng hoods
and reduced exhaust hoods should be
listed or certified for lower net levels
of exhaust, or have their performance
denonstrated to the local authority
Pav”ng jurisdiction, at maxi mum cooki ng
evel s.
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4.2.7
4.2.7.1

4.2.7.2

Alr t tem
t nstruction:

Al'l duct constructions shall be in accordance
with Part 13 of the Building Code of
Paki st an.

t Insulation

Al'l ducts and plenuns installed in or on
bui | di ngs (except as indicated bel ow) shal
be thernmally insul ated.

(a) Al duct systens or portion thereof,
shall be insulated to provide a thernal
resistance as given in Tables 13.3, and
13.4 of the Building Code of Pakistan
(Appendix 111 & IV).

Excepti ons: Duct insulation is not
required in any of the follow ng cases:

1. Were /\t is 14C (25F) or
| ess.

2. Wien the heat gain or |oss of
the ducts, w thout insulation,
wi Il not increase the energy
requi renents of the buildings.

3. Wthin HVAC equi prent.

4, Exhaust air ducts.
5. Return Ducts installed within

condi tioned spaces.
6. Ducts used exclusively for

evaporative cooling systens.

(b) The t her mal resi stance in par a
4.2.7.2(a) does  not ~ consi der
condensat i on. Addi ti onal I nsul ation

Wi th vapour barrier may be required to
prevent condensati on.



C
(€) beneath concrete slabs in residential
bui | di ngs, t he m ni mum
I nsul at1on value  for
uncondi ti oned space is

duct s

R=0.74m? C/ W (R=4.2 ft2.h.F./Btu)

Except where ducts are installed in or

installed
in

4,2.8 Pipe |nsul ation:
A!I.pipin% installed to serve buildings and
within ui | di ngs shall be thermlly
I nsul at ed.
4,2.8.1 lnsulation Thickness
The m ni mum pi pe insulation thickness shal
be as per table 4.0.
Table 4.0
M ni mum Pipe Insulation Thickness
Insulation Thickness for Pipe Sizes*
Pl uid Runouts 25 m.m. 172/
Tenperature 51 m.m. (1in) and 32/51 m.m. 64/102 0 . m 152 a .m (8 in.)and
Pipi tem Types e (2 in.**) Less (1 1/4-2 in.) (2 1/2-4 in.1 (586 in.) Larger
°c F m.m. in. m.m. in m.m. in. m.m. in. m.m. in. mm in
Heating Systens
Steam & Hot Water
H gh Pressure/Temp 152-230 306-450 38 (1.5) 64 (2.5) 64 (2.5) 76 (3.0) 89 (3.5) 89 (3.5
Medi Um Pressure/Temp 122-151 251-305 38 (1.5) 51 (2.0) 64 (2.5) 64 (2.5) 76 (3.0) 76 (3.0
Low Pressure/Temp 94-121 201-250 25 (1.0) 38 (1.5) 38 (1.5) 51 (2.0) 51 (2.0) 51 (2.0
Low Tenperature 49-93  120-200 13 (0.5) 25 (1.0) 25 (1.0) 38 (1.5) 38 (1.5) 38 (1.5
Steam Condensat e
(for Peed Water) Any Any 25 (1.0) 25 (1.0) 38 (1.5) 51 (2.0 51 2.0 51 (2.0
Cool ing Systens
Chilled Water, 4.5-13  40-55 13 (0.5) 13 (0.5) 19 (0.75) 25 (1.0) 25 1.0 25 (1.0
Refrigerant, or Below 4.5 Below 40 25 (1 25 (1.0) 38 (1.5) 38 (1.5) 38 1.5 38 (1.5
Brine
*Pipe sizes are nomnal dinensions. For piping exposed to anbient tenperature, increase

thickness by 0.5 in. or 13 m.m.
or nearest size shall be used.
**Runouts to |ndividual Terninal

In S.1.

Units (mot exceeding 12 ft or 3.9 m. in length)

Units the pipes manufactured to sizes indicated



4.2.8.2

Exceptions: Piping insulation is not
required in the follow ng cases:
(a) Piping installed wthin HVAC
equi pment

(b) Piping at fluid t enper at ures
between 13C to 49C SSSF to 120F) in
condi tion spaces. n uncondi tioned
spaces or  outdoors, i nsul ation
shall be required.

(c) Wen the heat |oss and/or heat gain
of the piping, wthout insulation,
does not increase the energy
requi renent of the buildings.

Q her Insulation Thicknesses: | nsul ation
thicknesses in Table 4.0 are based on
insulation having thermal resistance in the
rapge of 0.028 to 0.032 m* ¢/W.mm (4.0 to 4.6
ft<.h.F/ Btu.in) on a flat surface at a nmean
tenperature of 24C (75F). Mninum insulation
t hi ckness shall be increased for materials
haling R values |ess than 0.028 mn?.c/W.mm (4
ft .h.F/Btu.in) or nmay be reduced for
materials haV|nl:§fvaIues greater than 0.032

c/W.mm (4.6 h.F.Btu.in).
(a) For materials wth thermal resistivitg
greater than 0.032 .C/W.mm (4.

ft2.h.F/But.in) the mnimum insul ation
t hi ckness may be reduced as foll ows:

New Mninum = 0.032 x Thickness in table 3.3.9 S.I. Units
Thi ckness Actual R

= 4.6 x Thickness in table 3.3.9 Btu Units
Actual R

(b) For materials with thermal resistivity less than 0.028 Hz.CI w.MM
(4.0 ftz.h.FIBtu.ln) minimum insulation thickness shall be
increased as follows:

New Mninmum = 0.028 x Thickness in table 3.3.9 S.1. Units
Thickness Actual R

= 4.0 x Thickness in table 3.3.9 Btu Units
Actual R
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4.3

4.2.8.3 |nsul ation for condensation

The required mninmum thicknesses do not

¢ consider condensation. Additional insulation
W th vapour barriers may be required to
prevent condensati on.

system and Component Efficiency

This section deals with the requirements of the
equi prent  and nechani cal component performance for
heating, ventilating and air conditioning systens. It
specifies the equipnent and conponent ef ficiency
| evel s. Suppliers of HVAC system equipnent and
conponents shoul d furnish upon request by the system
designers, contractors or prospective purchasers the
i nput (s) and output(s) of all such HVAC products, based
on new eﬁU|Fnent and ARl rating conditions, and should

cover ful oad, partial |oad and standby conditions as
required. This shall be used to determne their
conpliance under this code. The information should

al so include performance data under other nodes of
operation and at anbi ent conditions necessary to make
detailed analysis in <case of deviation from the
specific design criteria under this code.

4.3.1 El ectric Packaged ment (Cooling Mbde

The requirenents in this section apply to,
but are not |imted to, unitary (central)
cool i ng equi pnent; packaged systens with air-
cool ed, water-cooled and evaporatively-cool ed
condensers: the cooling nmode "of unitary and
packaged termnal heat punps; air source and
wat er source heat punps; packaged term na

air conditioners; and roomair conditioners.

Excepti on. These requirenments do not apply
to equi pnent serving ar eas such as
refrigerated food display cases or other
equi pnent contributing a |arge anount of heat
to the area served.

The equipnment standard' rating conditions
shall be as specified in table 4.1. The
energy efficiency ratio (EER) of t he
equi pment and the coefficient of perfornance
(C.0.P) as defined below shall be not Iess
than specified in table 4.2,
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Table 4.1
Rating Conditions for Packaged Equi pnent

| | Room air |Condenser| Refrigerant |
| |Jentering equipment| Anbient | water hart |
| | C(F) | C(F) |exchanger C(F)|
| \ \ |
|Air Cool ed Dry-Bulb| 26.7 (80) | 35 (95) | |
| I \ I
\ Wet-Bulb| 19.4 (67)  |23.9 (79| |
I \
[ I \ \ \
[Water cooled ~ inlet | | | 20.4 (85|
| (Water-Source) [ | |
| outlet | | | 35 (95) |
| | I ] |

Table 4.2 Minimum C O P/EER
cooling (Performance at sea |evel)

Standard Rating |

Cool ed

| |
| Capacities | cop. | ERR |
| | | \
| 19 KW (65,000 Btu/h) \ |
| and over Air Cool ed | 2.40% 8.2% |
| | |
\ Evaporation or Water |  2.69 9.2 |
| Cool ed [ |
| | |
| Under 19 KW (65,000 Btu/h) | 2.28 | 7.8 |
| Alr ool ed | | |
| | \ |
| Evaporative or Vater |  2.58 | 88 |
| \ | |
I | \ |
| | | |

* This .applies vhen return air fans are not included under the
manufacturers model. \Wen return air fans are i ncluded the required
mni mum values are 2.34 (C.0.P); 8 (ERR

Coefficient of Performance (COP) for packaged
equi pment in cooling node is the ratio of the
rate of net heat rermoval to the rate of total
on-site energy input to the air conditioner,
expressed in consistent units and under
designated rating conditions. (Table 4.1)
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4.3.2

The rate of net heat renoval shall be defined
as the change in total heat content of the
alr entering and leaving the equipnent
(w thout reheat).

The total on-site energy input shall be
determ ned by conbining the energy inputs to
all elements supplied wth the package of the

equi pnent, i ncluding but not limted to,
conpressor(s), conpressor  sunp heater(s),
pump(s) , supply alr f an( S) , return alr

fan(s), circulating water punp(s)' and the

fanif)’ condenser air fan(s), cooling-tower
HVA

system equi pnent control circuit.

Electrically operated HVAC System Components

(Cooling Mbde)

HVAC system conponents where energy input is
entirely electric shall have standard ratin
condi tions and energy efficiency ratios an
C.OP. as indicated in .the follow ng tables

Tabl es
(@) Standard ratin? condi tions 4.3
for Water Chillers and
hydronic system water-
source heat punps
(b) Standard rating conditions 4.4
for Condensing units.
(c) Applied HVAC system 4.5

conponent efficiency.
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Table 4.3

Rating Conditiona for Reciprocating Chillers
and Water-source Beat Pumps

I
I
I
|
I
I
|
I
I
|
|
|
I
I
I
I

| | Sel f Contained i Condenserless | Hydronic System |
| I Reciprocating | Reciprocating I Water-Source |
| Conditions |Be - Packasze Package | Pump
I I | I
| Leaving Chilled Véter Temp | 6.7C (44F) | 6.7C (A4F) | -
| Entering Chilled Water Temp| 12.2C (54F) I 12.2C (54F) | -
I |
| Leaving Condenser Water Temp | 35c (95F) | - | 35.0c (95F)
| Entering Condenser Water Temp| 29.4C (85F) | - | 29.sc (85F)
| | | I
| FOUIIng Factor Water | | I
[(1)Non Ferrous Tubes | ox1073 w2k | ox10™> m.%k/w I -
| | (5x107* f£r.2n P/But | (sx10”* ££.%h . P/But |
I | | I
| (i) Steel Tubes | 18x107% m.Z%x/w . 18x107 w. %W | -
| | 10x107* £¢.2 n.p/Bewy | 10x10”* ft. 2 n.R/Brw | -
I | I
Fouling Factor Refrigerant E 0.0 , 0.0 | -
Condenser Air or | | |
Evap - Cooled | | |
Condenser } 3i C (95F) DB | |
Ambi ent | 23.9C (75F) \B |
I
I Compressor Water oOr | | [
I Evap - Cool ed | | |
| saturated | - |  40.6C (105F) | -
| Discharge I I |
| Tenperature  Air-Cooled | | 48.9C (120F) |
Refrigerant  Water Or I | I
Evap - Cooled | I I
Li qui d | | 35C (95F) |
Temperature Air-Cooled | | 43.4C (110F) |
| ] |
Air Temperature l | I
Surrounding Uni t | | | 26.7c (8oF)
| |
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4.3.3

The rate of net heat renoval from the
conponent is defined as the difference in
total heat contents of the water or
refrigerant entering or | eavi ng t he
conponents.

The total on site-energy input to the
conponent shall be determ ned by comnbi ni ng
the energy inputs to all elenents and
accessories as included in the conponent
including but not limted to conpressor(s),

internal circulating punp(s), condenser air
fan(s), evaporative condenser cooling water
punp(s), purge = devices, and HVAC system
conponent confrol circuit.

Heat operated Equipment_ (Cooling Mode)

Heat operated cooling equi pnent shall have a
C.0.P for Cooling not less than shown in
table 4.6 when tested at standard rating
conditions shown in table 4.7.  These
requirements apply to but are not limted to,
absorption egul pnent, engine driven equipnent
and turbine driven equi pnent.

The C.0.P is defined in the foot notes of
table 4.6 and excludes electrical auxiliary
equi pnent . However this electrical energy
should be included in a calculation of the
total HVAC system C O P.

A feasibility study for cogeneration system
may be consi dered where absorption machi nes
are to be used.

o Table 4.6 _

Efficiency of Heat Operated Equi pnent
Heat Source M ni mum C O P*

Gas Engine Driven 1. 25

Direct Fired 0.48

(Gas, Q1)

Indirect Fired 0.68

(Steam Hot Water)

*Mnimum C.0.P = Net Cool i ha output

Total Heat |nput _
(Electrical auxiliary inputs excluded)
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Table 4.4
Rating Conditions for Condensing Units

Temperatures
DB | WB | Inlet

26.6C (80F) [19.4C (67F) |

Air entering
equi prent

| (air cool ed)

|
I
| condenser vater | 29.4C (85F) |35C (95F)
I
|

I(water cool ed)

|

|

I

| I
| I
|condenser Anbient |35C (95F) | |
| I
| I
! I
| I
| |

|
|
|
I
I
I
|
I

Table 4.5
System Component Efficiency (at sealevel)

| Condensi ng Means

Type of I Al r I Wat er | _Evaporative
Conponent Compressor | c.0.p | EER | c.0.P | EFR | co.p | EER
| | | |
Centrifugal 2.34 Jeo) o | 138
Sel f  Contai ned I | I
Water Chillers Positive

[
|
|

2.46 |8.4] 351 | 1220 |

Di spl acenment I
|

I

I |

[ | |
I
I

I
|
|
|
|
|
!
|
I
I

|
[ [ [
29 | 9.9 | 351 | 120 |

Water Chillers Di spl acenent | I | |

I I I I

| | |

| | | | |
Conpr essor s { | { | |
and Condenser Posi ti ve 278 | 9.5 | 3.66 | 12.5 } 3.66 | 12.5

Units 19 Kw
| (65000 Btu/h)
and over

Di spl acenent

|
|
I
I
|
I
I
I
|
I
|
Condenserless | Positive
|
|
I
I
I
I
|
|
|
1
I

Coefficient of Performance (COP) for system
conponents in cooling node is the ratio of

the rate of net heat renoval to the rate of

on-site energy input, expressed in consistent

units and designated rated conditions.

| I |
I | I
| ! I
| | |
I |
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4.3. 4

Table 4.7
Rating Conditions for Heat Operated Equi pment

I I Heat Source

| Standard Rating | Direct Fired Indirect Fired
| Condition (Gas, Q1) (Steam, Hot Water)

l Air Conditioners I Temperatures Tenperat ures

l

1

|

|

| | |

| Entering Conditioned Air | 26.7C (80F) DB |

\ | 19.4c (67F) WB |

\ | |

| Entering Condenser Alr | 35C (95F) DB |

\ | 23.9c (75F) WB |

\ | |

| | |
|

| vater Chillers
\

| Leaving Chilled Véter 7.2C (45F)

Foul i ng Factor |

Entering Chilled Water Per Mfgr. Spcc. |

|

|

6.7C (44F)

0.00009 M? KW
(0.0005 ££2.h.F/Btu)
12.2C (54F)

|
| | |
| Entering Condenser Vater | 23.9C (75F) | 29.4c (85F)

| 0.00018 MZ.R/W

| (0.0010 £t2.h.F/Bru)

|
‘ Fouling Factor I
| | |
| Condenser Vet er \ |
| Flow Rate | - per Mfgr. Spcc. |
| | |
| | l

Heat pumps (Heating Mbde&

Heat punps where energy inputs are entirely
electric shal | have standard rating
conditions indicated in table 4.8 and a
coefficient of performance as defined bel ow
not |less than the values shown in table 4.9.
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Table 4.8
Rating Conditions for Heat Punps (Heat Mbde)

Condi ti ons Air Source | vater Source |
\ |
\ |
Air Entering Equi pment | 21.1c DB | 21.1c DB |
| ¢7oF) DB | (70F) wB |
| | \
Qutdoor Unit Anbient | 8.3c DB/6.1C VB -8.3C DBI-9.4 OB | ‘
| 47F) DB/ (43F) w8 (17F) DBf (15F) \B | !
| |
Entering Water Tenperature | 15.6C (70F) |
|
Vater Flow Rate As Used in |
| Cooling Mode |
\ \
Table 4.9
Efficiency of Heat Punps
(Beating Mde)
\ | Minimum |
|  Source & Qutdoor Tenperatures | C.0.P |
|
| 2.7
Air Source 8.3C DB/6.1C B
(47F) DB | (43F) VB |
|
| Packaged Terminal (PTAC) i 20
| |
| ALr Source -8.3C DB/-9.4C WB |
| (17F)DB / (15F) B ]
| 1.0 ‘
| water Source 15.6C (70F) 3.0 |
|

Coefficient of Performance (COP) for heat
punmps (heating node) is the ratio of the rate
of net heat output by ,the heat punp to the
rate of total on-site energy input to the
heat punp, expressed in consistent units and
under designated rating conditions.
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4.3.5
4.3.5.1

The rate of net heat output shall be defined
as the change in total heat content of the
air entering and | eaving the equipnment (not
i ncludi ng suppl ementary heat).

Total on-site energy input to the heat punp
shal |l be determ ned by conbining the energy
inputs to all elenents, except supplenentary
heaters, of the heat punp including, but not
limted to, conpressor(s), conmpressor sunp
heaters, punps, supply air fan(s), return-air
fan(s), out door air fan(s), cooling tower
fangs? and HVAC system equi pnment control
circuit.

The heat punp shall be installed with a
control to prevent electric supplenentary
heater operation when the heating |oad can be
met by the heat punp al one. El ectric
suppl enentary heater operation is permtted
during transient periods, such as start ups,
foll ow ng room thernostat set point advance,
and during defrost. A two stage room
thernostat, which controls the supplenentary
heat on its second stage, shall be accepted
as neeting this requirenent. The cut-on
tenperature for the conpression heatin? shal
be higher than the cut-on tenperature for the
suppl ement ary heat and t he cut-off
tenperature of the conpression heating shal
be higher than the cut-off tenperature for
t he suppl enentary heat. Suppl enent ary heat
may be derived from any source including, but
not limted to, electric resistance heating,
conbustion heating, or solar or stored-energy
heati ng.

Conbusti on Equipment

Efficiency

Al gas and oil fired residential furnaces
and boilers, all vented hone equi pnment and
commerci al furnaces and boilers when tested
in accordance with applicable U S DOE furnace
test procedures or  equivalent accept ed
procedure, shall have not less than the
m ni num steady state conbustion efficiency
specified in table 4.10.

Combustion efficiency of furnaces and boilers

is defined as 100 percent mnus stack | osses
in percent of heat input. Stack |osses are:
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Loss due to sensible heat in dry flue
gas

Loss due to inconplete conmbustion
Loss due to sensible heat and latent in

noi sture formed by conbustion of
hydrogen in fuel.

Table 4.10
Ef ficiency of Conbustion Equipment

| I Residential/Commercial |
| | Furnaces with inputs |

| 65.98W (225,000 Btu/h) | ALl other |
Type of Equi pnent and less Commercial & |
|
I

|

| Boilers with inputs | I'ndustrial
| 87.8KW (300,000 But/h) | Purnaces L
[ | and less | Boilers

|

|

| Forced Air Furnaces 75 75

| Low Pressure Steam

| orBot Water Boilers 80 SO

|

| Gavity Central

I Furnaces

69

\
All other vented 69 - |
| heating equi prent |
| |
\ \
4.3.5.2 Adequate Conbustion Air:
a) For resi denti al and comer ci al

installations with inputs under 117 KW
400,000 Btu/h), it is the system
esigner's responsibility either to
establish t hat the total m ni mum
cal cul ated infiltration rate Wil
provide sufficient conbustion air for
full-fired equipnment or to provide
positive neans for introducing adequate
outdoor air for that purpose.
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4.3.6

b) For installations with input 117 Xxw
(400,000 Btu/h) and over, a machine
room or boiler or furnace room or
installation outdoors, shall be provided
as required to ensure adequate outdoor
air supply and to conply with the
provi sions of Building Code of Pakistan.

Mai nt enance:

Equi prent and  Conponents which require
preventive mai nt enance for efficient
operation should have conplete maintenance
I nformati on. Routine mai ntenance action
should also be clearly stated. At |east one
copy of the information for preventive and
routi ne mai ntenance should be furnished by
t he manufacturer to the owner and systens
desi gners upon reguest.
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| NSULATI ON OF DUCTS

APPENDI X 111

DUCT LENGTH (m)
DUCT LOCATI ON 0 21 46
to to and
20 45 longer
Type of Insulation*
2 3 A 5
Roof or exposed to outside air c+w c+w c+w
Between floor spaces, under floor A+Wx* B+W*  c+w*
spaces and basenents, above fal se
ceilings
Wthin the conditioned space None required***
Encased in concrete None required
* For description of insulation types A B C & W see
Appendi x 1V
** W is required only on cooling and cooling/heating

appl i cations.

Wen the design dry bulb
the duct is
surroundi ng duct
be used.

* %%

tenperature of
bel ow the dewpoint
then the A+W type of

fluid inside
tenperature of air
i nsul ati on shall

(Tabl e 13.3 of the Building Code of Pakistan)
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APPENDI X 1V

TYPES OF INSULATION

Type of Mat eri al M ni num M ni mum
| nsul ati on Density  Thickness
Kg/cu. Cm mm
1 2 3 4
A i) Fibre glass or rockwool 10. 4 12
i Expanded pol yestrene* 24 12
B i) Fibre glass or rockwool 10. 4 25
ii) Expanded pol yestrene* 24 25
C i) Fibre glass or rockwool 12 50
ii) Fibre glass or rockwool 24 25
iii) Expanded pol yestrene* 24 38
w Approved weat her proof

vapour barrier

* &%panded pol yestrene shall only be used in spaces
ere:

(1) Requirement of Part 4 "Fire Safety" of the
Bui | di ng Code of Pakistan would otherw se not
prohibit the use of polyestrene for other uses.

(2) Tenperature of the fluid in the duct or piping
will not exceed 65 degree C

(3) Tenperature of the duct netal wll not exceed 65
degree C due to heat generating sources installed
in ducting such as electric heaters.

(Table 13.4 of the Building Code of Pakistan)
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Part 5 - LIGHTING
5.1 scope

This section describes recomendations and requirenents
for interior and exterior electric Iighting and
recommendati ons for daylighting within buildings. The
requirenents of this section are in addition to those
given in Part 9 of the Pakistan Building Code.

5.2 Ceneral

Li ghting not only uses a significant proportion of the
electricity consumed in nost buildings but also
contributes a large portion of the cooling load in air

conditioned buildings. As such, lighting installation
should be carefully designed so as to achieve the
desired illumnation [evel and visual effect with a

m ni num requi rement of energy. This can be achieved by
l[imting the installed lighting power |oad through the

use of efficient |ighting equi prment and the maxi mum
utilization of daylight. \ere appropriate, return air

may be exhausted through the lighting fixture to
i ncrease its output.

5.2.1 Light Source

The choice of |ight source depends on the
nature of the installation and the specific
task perforned. The designer should be able
to nake the appropriate choice fromthe many
types of lanps available. Hgh lanp
efficiencies are necessary to ensure a | ow
installed lighting load. Recomnmended m ni mum
lanmp efficiencies are given in Table 5.0

Table 5.0

Reconmended M ninum Lanp Efficiencies

| Mnimm Efficiency
Type of Lamp | (Lumens per Watt) |

1 Fuorescent (above 32W) 60
2 Fouorescent (32w and bel ow) 35
3 Mercury 36

60

4 Metal Halide l
5 High Pressure sodium | 65
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5.2.2

Luminaires

Wiile it is essential in the design of an
energy efficient lighting systemto use the
correct type of light sources, it is equally
Inportant to select the right type of
lumnaires that are efficient, have |ight
di stribution characteristics appropriate for
the tasks and the environnent, and not
produce  disconfort, | are or serious
reflection. The nost efficient |lumnaires
for fluorescent lanps that at the sane tine
meet the requirenents of glare limtation are
the mrror reflector or prismatic type

whereas for high-pressure discharge Iaﬁg%}
| um nai res should have high quality anodi zed
al um num refl ectors.

In ~general, only lumnaires of hi gh
efficiency having a high downward Iigﬁt
output ratio shoul'd be used. The design of
fluorescent |um naires should be such™that
the tube wall  tenperature is kept . cool

through return air flow, in air-conditioned
bui | di ng.

The use of instant-start, low |oss, and
solid-state ballasts nay be considered In
fluorescent and other |umnaires. Al |

| um naires should be power factor corrected
to a value greater than 0.90.

5.3 Exterior Liahting

5.3.1 | ncandescent Liahting
| ncandescent |ighting shall not be used for
exterior lighting except for special cases
including tenporary decorative |ighting,
pl aces where low lighting levels are "needed
and other applications that could not be net
by other Iighting types. Single famly
resi dences are excl uded from this
requirenent.

5.3.2 Facade Lighting

Facade lighting shall be no greater than 2
percent of the total electrical interior |oad

of the building. Addi ti onal exterior
security lighting may be added if required.
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5.3.3 Automatic Tiners and Sensors

Al exterior lighting shall be controlled by
automatic tinmers or sensors to assure turnoff

during daylight hour s. Single fanily
resi dences are excl uded rom this
requi renent.

5.4 Interior Liuhting

5.5

| ncandescent lighting shail not be used for area
lighting. However, localized incandescent |ighting may
be used in areas for special tasks or for conmerci al

di spl ay. Al residential units and roons designed

primarily as living area (e.g. hotel rooms, hospital
roons, etc.) are excluded fromthis requirenent.

Davlighting

5.5.1 Advantages
Maki ng adequate use of natural light is one
of the nost inportant ways to reduce the
building's energy load.  Daylight is an
efficient and econom cal |ight source - its
cost being limted to the construction and
mai nt enance of w ndows. It has additional

advantages in that its provision can be
combined with windows for natural ventilation
and view, and it is %enerally preferred to
artificial lighting because of its better
color rendition.

5.5.2 Consi der ati ons

In designing a building for daylight, careful
consideration should be given to the
follow ng factors:

a) d azing reduces the thermal performance
of the wall. If necessary, the thernal
Berformance of the glazing may need to
e upgraded by installing sunshading
devi ces and/or doubl e gl azing.

b) The availability of daylight varies
considerably fromday to day and even
frommnute to mnute. This may meke it
difficult to adjust _internal |[ight
levels with artificial light. There may
thus be a need for automatic sw tching.
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c) Gare problens may be nore difficult to
deal wth, as glare from da(}_lhght may
come from several sources - direct sun,
bright sky, external objects, sunlit
translucent glazing panels, Interior
decor, etc.

5.5.3 Daylight Factor

The quantjtg of daylight in an interior can
be specified by the "Daylight Factor". It is
the ratio of 'the illumnance at a point
inside to the illumnance on an unobstructed
hori zontal plane outside under a specified
distribution of sk | um nance, di rect
sunl i ght bei ng eXcIuded from bot h
measurenents.

5.6 switching and Control

Energy used for |ighting purposes is a product of the
lighting load and the hours of use.  Thus, individual

swtching of small %roups Is desirable to allow
unnecessary lights to be switched off while permtting

the others to be used. This will result in |ower

operating cost. The following points shall be

fpnmered in the design of swtching to control
i ghti ng:

i) LightiQP in task areas larger than 1om? shall be
provided with controls so that the lighting can be
reduced by at least half when the task is not
performed or relocated.

i) Exceﬂt for enclosed stairways and corridors used
by the public, swtches should be provided at
accessible locations within sight of the |ight
they control.

iii) \Where lighting switches are grouped, they shoul d
be SU|tabIg identified to indicate the area
controlled by each swtch

iv) Luminaires should be switched in row parallel to
the windows, so that the rows of lights near to
the windows can be turned off (manually or
automatically) when daylighting is adequate.

V) Where task lighting is installed, such lightin
should be provided with swtches |ocated adjacen
to the work station.

Residential buildings and areas wthin buildings
designed as living space are excluded from this
requirement.
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