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This reports presents a case study of the effedts
L

.oé se}
, S
\\

écted building envelope parameters on Qge annual energy
consumption of an office building.

L}

The major objective of this report 18’ to evaluate
N ]

’

the effects of wall insulationm thicknéss, type.and amount of

glazing and lighting level on the ehergy consumptioﬂ\so that «~
B o

N

the architect can -assess these alternatives as a first step
1 T - ( , A
toward designing an energy efficient buildimg.

The energy consumption estimates for various enclo-

A3
N

sure treatments are‘oBtéined by.uaing the "Architectural

Building Concepts (ABC) Program"{ 1] which is a fast,'egay-
eloped by Public Works Canada.

L]

to-u\se ‘ computer program dev
© ¥ ‘e

Different methods gdﬁhnalyze the cumulative effect
’ =
ds,

of selected parametérs are described. [Each of the metho
‘which are i1llustrated graphically, can be usgdﬁto assess at a
glance the changes 1n~eder3y consumption as a result of varia~

tions in ome or more of the architectural parameteral'
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ais often quite advancedﬂby the time an energy analysis is

[
1.0 INTRODUCTION ' <

A ",|

Enclosure elemﬁpt components such as wall inbu1:§i

4

tion and type and amount of glizidg have an-impact on the annual

energy consumption of A bufldin Another item that has a
considerable impact on the‘energy”}oad of ‘an office bﬁilding
is the level of the artificial lighElng..

- ¥ The decision on these architectural concepts 1isg”

generally made at a very early<:stage of building design. At
this time, the design altermatives are I%Ftle more thﬁq rough
skétcﬁes, ana the archi;ect tends to éive:yery little consider-

ation to the HVAC system design, or to the energy coﬁsunption
. ! N

‘of the buildisﬁ.q

Experience has shown that the architectural design

performed. Consequently, while the energy analysis may be
used to show that'the architectural concepts chosen ar; un-
att;gctive from the energy consumption point of view, it is
generally too late to chaige ecouomiéally the phy;ical

characteristics of the building. ' - _ ¥

i
, A number of proprietary and non-proprietary computer
programs are currently available on the market-to evaluate the

energy consumption in buildings. Host o%‘these programs are

bizh technolosy based and require detailsd architectural and

* BVAC system data as . .input, for this reason they are unsuitable

! )

for use at the counceptual design stage. /

.

o«
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‘One of the primary requirements of any tool for the : «i
evaluation S% éncloaure treatments at an fly design .g'tage is ,: '.%
. that'it can be easily and quickly used %ylechitects to provid

a firsé order estimate of energy fequiréhents 8o that a com; ; ' N

pé}ison of various alternatives can be made. Once thaizziic

P s SN

enclosure eleﬁénts are designed based on bgérgy effici

performance, other atructuralfqarthitegtural and HVAC system
details can be develagped.

.
+

In° this report the estimates of the annual energy

-
R

consumption of a speg}fic office buildingtaré;decermined for ‘
\ .
various enclosure dombinations and lighting levels. The annual

heating, cooling and total eﬁergy consumptions are estimated ?

>
. ' 3

“and plotted against each of the assumed variable architectural N
parameters in order to determine the relative effect of one ‘é
parameter upqn the building energy requirements. Then, "the

senaitiviﬁy of the total energy consumpﬁion to changes-in wall

9

‘conductivity, level of i1llumination and glazing percentage 1is

- A

aialyzed. Finally, using the equivalent buildin; tpermal'
reoiﬁtancﬁ (4], the effects of glazing percentage and wall | , 4
‘in:hlgtibn are combined and by superimpoéinéléie iighti;g.level, :
'tye cusulative éffect of all the ar;hiﬁectural parameters uponb

[
.
- ¢ \

the anfg;l energy consumption is represented on a graph.

. The intention of this report 1is to present, through
. o

a case study, a methodology to evaluate the energy consumption .
of an office building.

LN
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2.0 LITERATURE 'SURVEY

In this chapter a brief literature survey on the
effects of enclosure elements on the energy consumption is

piesented.

r

, In commercial and industrial buildings many dif-

ferent elements contribute to- the overall heat gain and loss..

The enclosure elementg may represent &8 relatively small per-

1

centage of the total load. Léonaequently, in many inatan;es?
wall insulation by itself may be difficult to Justify in eco- ‘*
nomiﬁ terms in both existing and new buildings, parsicularly.
i1f the extermal ﬁall has ;.reaaonably low tranamiﬁsioqﬁcoef—
ficient (e.g. 0.T - 0.20 BTU/HR.SQ-FT.DEG-F). Double

glazing, on the other haﬁd, with proper shkding devices for

the reduction of sclar gains duringnthe cooling Qeaaon could be

— L .
justified for certiin weather conditions. : o

Ambrose [z] states that "there are many system.
design options and:naterigl selections for a bﬁilding. To .

economise design’ time and costs it is therefore necessary

to develop nationally recognised guidelines Eo'as;ure minimum

standards for building energy performance".

\ . o

ASHRAE 90-75 [3] is ome such standard which covers
all phases of heating and air conditioqing.including the

maximum allowable heat flow through the exterior envaloﬁe.-
4

‘Section 4 of Ref. [3] establishes the minimum requirements for

ﬁhernal-dedign of major portions of the exterior envplope

©
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a

of a new Building according to é défined building classifica-

1

- 7 tion and for a particular climatic condition expressed in

annual degree days.

N
In Ref. [3] ‘buildings are classified into ‘two types: «

T

Typ; "A" which includes:
A-1 Detached one and two family dwellings.
A-2 All other resLdentiaI)buildings: three.
N . A ' ).aggries or less inéluding multi-family
- - ~+ dwellings, hotels and‘motelé.‘
type hB" which includes all Sther buildings not

covered under the description of type "A" buildings.

n

Figures 15 and 16 show the minimum comﬁined thermal

_ :fan.&ittance vniue (U;'value) for the gross area of axtfrio;
valls éhing anﬁual heating degreé days for type "A" nndjéype
nge ggildings. The wall combined thermal transmittance value

L4

: . UK
is defined as the sum of ‘the products of the trannmigg:;;e

°  values. of each wall componenf and their correaz}ndence ire:, ,

divided bypthe'grosa area of the exterior wall.

; ' Rudoy'and Duran [}j in their study, analyzed the

g .. cffecf; of lighting,'gla;iné percentage and type and wall

| {insulation on annual heating.aﬁd cooling load for a single
zone offi;c module. In terms of lighting intensity, Rudoy
and Duran concluded that a reduction inm lighting intensity
(from 3:16 to 1.58 vhtEp/SQ.!T) reduces the cooling load by

ZSi while the heéeating loadtin increasad by 15%. They suggest

IS

H




PEY R

that reduction of lighting ievel by using nagural light

EPTIRE L

’ . , .
A . 0 ”,7 .
o~

o

combined with heat recdvery would offer ome of the best

energy conservation aptﬁéné for office bdil&ings. For the

»

analysis of the effects of fenes&rétion, the combined thermal

) transmittance value was used for three different types of

glass. The results are shown in Figure 23. This analysis

seems ‘to indicate that the annual heating emergy ‘is not

>

linearly related to the U-value and that the annual cooling
energy is also not linearly related to the shading coef-

ficient.

-

Spielvogel [5] in his study on the effects of

increased insulation on energy consunption, indica d that,

for some applications, the cooling load increagses’with the -

increase of.wall ;nsulation,pr&bably because of reduction of

exfiltration .of the internal heat gains.

In general, most of th; exiating ;tudiés seem to
indicate that energy conservation cannot b::telated to a
single paramdter but must depend\o; an interrelationship of i}
a variety of factors. This may, also mean that itlis helpful

té analyze eaéh building at a givgn-location to assess the

_real contribution Gf)various energy conservation options

o
* -

before selecting the best method to ecomomize energy.
» 7 \

xhe\eontzibu:ion of this report is to present a '
simple method which esn‘be used to assess various options’
and combinations of several architectural ‘parameters of an .

office complex in oféct to obtain an energy efficient building,
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3.0 PROGRAM DETAILS . ]
3.1 3Basic ‘ ' ' ' i

The computer proé:an used in this case study is

entitled "Architectural Building Concepts (ABC) frogran",,

7

a

. Version 3.0[1]9

s
L RN e L]

4 ;
It was developed in 1978 by the Department of

Public Works Canada because of a pressing need for a simple :

2 .
tool capable of analyzing the effects of basice architghtural

S et s

parameters. on building energy consumption.
[

The ABC program does not perform heating or gooling

1

energy caléulatinnl; instead it simply dqes.a table lookup-

RTINS PO SR

interpolation from databaaé of precbnppted values to evaluate

“\ the enﬂrgy consumption in a bﬁ}lding. . - ' :

»
~

‘ The ABC program is meant to be used to assess

[

{=

’ slternatives and to afd in chg optimum selection of ar

-

tectural parame:eri of a building at the conceptual stages

13

of design, when the design of the mechanical and electrical

systems are not yet prepared.

/
A 4

3.2 Methodology Used —

-

c The heating and’cooling :equirgpcngs ate affectad '
» to a zrcit extent by archigectural fdb;qrs such as insu-
lation ; type and anountnof zlazinﬁ, bﬁildin;.locutioﬁ ;nﬁ
o:ftn:ation, occnptncy_dnn:iéy and pdriod, vcntiiation}ap{

. infiltration rates. a ' - ‘



. 10

s -

B
\

¢

- . " To be able to generat{fzahimplified energy calcu-

lation procedure it is necessary to group these factors into
- ) ' a ‘ . 4
* a 8ma’ll ny¥mber of variables and assess their effects on the

, thermal %oads. i
J/ - The building construcfion characteristics can be
) - described by the following equacionsf ‘ .
T . ' ~ v .

. e J . > [ 4

x = Ow.Aw + Ur.Ar + Ug.Ag + 1.08 Foa( "BTU ) . .
Af HR. SQ-FTQDEG-F . . ._.‘/‘(

’ ' -

g s o (.l)

- -

where the coefficient X represents the normalized component
. Y N

directly affectedaby the outdoor air temperature.

i

Y = Aﬁi%gﬁ (dimehsionless) - f (2)

C exwaen #

e vhere the coefffc;ent 1 represents, in normalized forl, the

. solar radi}iion through the windows. B

: ) N “ ‘ “ N |
i T .oz = %% (BTU/HR.SQ-FT) . Y ¢ E T

. ) ~ : y
\\ugerc the coefficient Z is the normalized form of the

“ o

{ internsl heat gains. : - . e,

‘ A further reduction im the number of variables can

N & ' be obtninqdfby determining the ratio of .these coefficients

thus: . . ' sé

v He




Ly

. 11 o
, . / .
" ‘.
. Y , _ . » |
LA 3 . (4)
-where V is now the ratio of solar coeb‘fficient' to t;t;e trans-
mission coefficlent and
A ) v
~e - E A B ) . a . .
) W 3 ) o (5)
where W is the ratio of internal heat gain coefficient to )
the transmission coefficient. i
. ‘ . . . ' ' » N
] / The heat gain per syr‘e ﬁéot of floor area for
" any given hour 18 the sum of tradsmission’ gains, solar heat
o ’ © ‘ . SRR
gains and internal heat gains. A
. \ ‘
. q = X(toa- tr)+ Y(CCH . SHGF) + Z - (6)
- dividing by X and substituting (4) and (5), equation (6) : )
J ’ ‘ - ’
becomes g K
. . :
1 = (toa - tr) + v(CcM . SHGP) + W (1) .
8 ‘ i} . > ° ) N v ] ‘
The annuval heating requirement for the space is
' obtaiﬁed by -summing all negat:yive hourly values of -% and: !
mr].tiplying' by the floor area and X ‘ .

Q' = Af.x.) T ' . (8)

-ve




[

;
H
!
N
¥

~air (fs) which-is assumed to bé at constant temperature (ts)

12 ) -

4

‘The annual cooling requirement ?Gi the space is

obtained by summing all positive hourly ‘values of 1 and

X
. multipi}ing‘by the floor area and X ) ¢ .y
. p . i
Qc=Af.X.Z-% ‘ RN -

¥ve

’The vh%ue Qec i8 the annual heat whiﬁh must be ;

removed from the room. ' e
L
. Outdoor air 1is often used to provide "free-cooling"

ta the room; this is hchiéved by a variable air volume (VAV)

~ i

aystém which maintains the foom conditions at a pre—established

b

temperature (tr) and enthalpy (hr)‘without using reheat. This
ideal system was chosen for the ABC program. The system

provides the necassary cooling by adjusting the flow of supply 4

B

.

‘ L 4

and enthalpy (hs)

q‘-‘;-"60.£a.S.Cp(tr—t:s) (10)

The amount of required refrigeration, or mechanical

cooling, is dependent upon the outdoor air conditions.

- If toa < ts, then the.air supply conditions can be main-— - ———

tained by hixing without refrigeration.

- If toa > ts and hoa < hs then only sensible cooling is

reqhired and it can be defined by thé‘equdtion,.
» ! -~ M » C.? .



qgr = 60 . S . Cp . fs . (toa - ts) (11)

’

By combining equation (11) and (10) and dividing'by X

©

L 4 - i
gr _. (toa - taz g . \ l :
X (tr =~ ts) X (12) }
_ . 2 _ |
= 1If toa > ts and hoa < hr, then the outdoor air must be )

mechanically cooled (sensible and latent cooling) to the

°

13

o supply air conditions. i

!

The»requiréd cooling is defined by .the equation

3

qr = S . 60 £s '(hoa ~ hs) \ (13)

Y
'

which, combined with equation (]:0) and divided by X

-

+
~

T - (hoa - hs) g - |
%- Cp(tr - ts) X ' ) (14)

<

.

e

* - 1If toa > ts and hoa > hr, then the room air is recircu-

lated and coolgd.rather than cooling the outdoor air?
except for the portioﬁ of air which is included in X as
L ]

ventilation air.

—

: , . " o . )
g ' . Similar to the above cases, the mgchanical cooling /7’\
% rejuired :.I.sh ;
1 : . . o
. - (br - he) - o .
ar Cp(tr - ts) ¢ . o (15)
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or

a

[ A

, ' . qr o hr - hs g . .
> %* Cp(tr - ts) X ‘ (16),'

e aaeaca

LY
A

Finally the annphl mechanical cooling requirement, Qr, iq : . ' ]

defined byv ) 3
3

3

Y qr ° « : 4
= B { . » ;

Qr af . x.H 3 | | an a

_ qr : : - A ;
vhere X 18 calculated by one of the equations (12), (14) ;
and (16) above, dependent upon the outdoor'ain conditions. . é
The algorithm presented in Iigure 13 represeants the sequedée ;} ‘
e for the proper'seiectipn of the cooling factors at a specli- é

fied outdoor air condition. The terms under summation in

equations (8), (9) and (17) can be fep;esen;ed by

o
-
i
RLERIP N :
—ve.
3
. Fc = 1
; . . +ve X ‘ o o . .
! . . pr = z;§£

+ve

The factors Fh, Fc and Fr have units of °F . hr and are used_

to compute heating and cooling in a mannerlvery similar to “
hegree-day. "An additional:factorlrs ls also used to cb&pute
heating when the room temperature is sesumed to be "set back” )
. to 65°F during the uﬁoccupied period. The d;;; base 1is )

created by computing Fh, Fc, Fr and Fs for various values of

V and W.




The .proper values of V and W are chosen according
to the loca;ion, the direction and the time schedule of the

) - . . N
zone under consideration.

"~ .

° The organization of the data base for omne particuiar
location is divided into eight ,thermal blocks,. one for each
, of eighq'cardinal directions andiof two time schedules, day-—

7 .
time and night-time. An example of data.base 'organization 1is

shown ‘in Table 27[1]. : Jfol:iE> -

The factors Fh, Fc, and Fr for day—timeland night-
time fbr‘a particular orientation and 1oc4tio£ are shown in

Figures 17, 18, 19, 20, 21 and 22 1 .

‘3,3 Calculation Procedures 4

3

After the input data sequence is entaered into the
- _ program and the cglculacion command is8 given, the following
sequence of operatiéﬁs‘takea piage: 4
) ~ The coefficient X is calculated using equation
(1) for the occupied (Xo) and unoccupied gxd)'
period. ‘ ‘
- The coefficient Y 1s calculated using equation .
@ :
. = The coefficient Z is calculate§ uningﬂzi?;tion
P

-

(3) for the occupied (Zo) and the unéacg ied

(Zu) period.

- The parameter V is calculated by using.equation
v {(4) for the occupied (Vo) and the unoccupiad
. . . ) . N >

-
*




»
BN

16 o
2 . - R (Vu) period, for Vthé direction and location
chosen. N . L \

- The parameter W is calculated l‘)y using equation

A s . (5) for the occupied (Wo) and the unoccupied (Wu)
period for— the ditection and location choeen.

o ) - The values of Fh, Fc, Fr and Fs for each period

B are obtained by interpolat’ion of the values given
'in the data base. )
- The annual heating and c'voling requirements are ’

v . .  .caleculated for each time period. , !

e

The combined heating and cooling are obtained
from all the periods given into the program.

An algorithm of the above sequence of calculations is shown

in PFigure 14.

3.4, Progrém Limitations

. \ '
One major simplification in-the program is the

"

assumption of an ideal HVAC systenm which can madntain pre~
. . o
established room. conditions vithout the use of releat.

~ .
The; derivation of the da‘t: base .was made with the o
following auump.tions. _ : o : d
‘- Building thernalénas.s eff;c‘t is neglected and

steady state equations i'r'c ule.d.

- The analylii applies to one zone, which is

‘considered to be independent of all other zones.

=.All windows in o‘ni thirnnl Zone are aﬁuncd to

-




‘- ' 17 S r
' . '\
L , .
¢ face in the same direction. ‘ v

{

. . oy ‘
-~ Internal heat gains, Infiltration dnd ventilation

¥
rates are assumed to be constant during one time :

. s .
W WL e,

W

. ‘per'iod (oc':cupied/unoccupied period). ' §
- All internal heat gains are asgimied to be sengible | 5?%1
\ and\'latent'heat loads are neglected. g
- Solar heat gain factors are computed for the 21st A ;
. day of each month and include' a cloud cover modi- ;
‘ fier which is rﬁead from the veather tape. g
: . "

- Two systems 'are- considered: The system without

‘ 4
economizer simply meets the sensible cooling. load.

The systefn with the economizer is zn ideal VAV .
system with enthalpy economizer. '

‘ WWMM” B

-.Three options of temperature settings were com~,

sidered during the.preparation of data base. The

N\
available settings are:

: - ‘1. '72“’F for heqting and 78°F for cooling.
- : ‘ 2. 72°F - 65°F for heating and(.]\B\o'F fér cogling
| ,“ . (night s.et,back option). ‘
. .-3. ’ )»7501? for h'e‘at:ing P.nd cooling.

The program does not have a high degree of accuracy and

g e o

,should be used to\compare' only the relative energy consump- o

tion of one alternative with respect to another. For a more

L) ’ !
detailed energy estimate a more sophisticated program,ghould

be used.

1

o
<

)
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© 3,5 "Aggessment to Date ' .

-

-

The only assessment of the ABC program known to'

’

the writer vas one study carried ocut by M. Turaga at \thé
\

Centre: for Building Studies, Concordia University," Montreal

[6]. ’ ' . ’ < \
£ ) N N ° l-" ' )
Turaga compared the results of the ABC progranm

T T N S s

PR

with the actual energy ngnsumption of four buildings located
. ' / .
in and around the City of Montreal, The buildings selected

for the investigation were:
- An art nuseum with a floor ‘area of 41,377 SQ-FT ¢ i
complete with oil h'éating and air conditioning
V1 A ' ’ .
syatenm, ,

it e

- A public library with s floor area °f', 16, 498
SQ-FT with oii heating dn]ly (no mechanical
i v;ntil’ation and air conditioning g};stem). :
.77 % An office building with a floor area of 146,5687 |
‘SQ-FT wilt:h all electric heating and cooling : ' ,
sys tem. F \ ' o

* - = A courthouse witl’ £loor. area of 52,460 SQ-FT

with electric heating and cooling systenm.

3
b,
&
H
o
)
4
&

For the “purpose of investigation, the energy consumption was
divided 1into total electric and heating réquirements. The

total electric requirement includes lighting, equipmesnt and

electric service water heating energy. The heating require-

mepts are essentially the heating produced by fuel oll, gas
‘ & : .
or from stean. L. g . )

~




B .. . IR P T it Tt} Yo A

-4 .
For the total electric consumption, the results

! ES
. . " indicated a close agreement between actual and estimated’
values for the musgim, office building and courthouse,

whereas a difference of 45% was noted for the library. One

reason given for the large difference ié that the proportion

-
T L)

of electrical energy conaunpcion compared t:o total conaunp-

e

. t::l.on is low (19 32)

In all cases the estimated yalues vere found to

be higher than the actuﬁxoneh.

For the heating energy component, there-was li’ttlle

-
T aming 0 e Bt o ey - L

agreement between the estimated and act—ual values, ‘The
e U explanation given for the diaagreement was the lack of pro-..
i visions in the program for eimulating t:he actual nechanical
systems (no re-heat); the program also does not consider the
eff_ectshaf‘ ‘'Heat transfer between the different zomnes of a

éiven building. , v '

3

Table 28 duplicates the summary of actual and

B .
o it ot SIS 00 G St N B s 4370680 A . £

estimated building energy requirements published by M. ‘Turgga

- . H
g .

: C7].

The analyrsi'.s‘qu. the verification of the ‘validf{ty
of the program concluded that: d '
- . » i . o
. .- '= The program could be better suited for estimating

e ) .

- . the energy consumption in existing all-electric

buildings and the accuracy decreases with the

decrease of the percentage of "the electric con-




o

2,
¥

T M S Koo o o e S e

O T PO S S S P naf e ,W'-.-,r.,.az,.,,“'.',,?vﬁ:,fhw_.mtg?,‘cqm._w

©

] ) Y
symption when compared to the total energy .

consunption.
Ve , ’/

The prograia. may not be reliable for the ‘estima-
tion of total energy consumption in a buillding

with 2 high percentage of non-el‘ectric heating

‘cbnadmption (011, gas or 'steam).

In géneral, the program ‘could be used dt;ring the
conceptual stalges of a building desiygn ‘to'eva‘lua‘te
alteénativee‘and to aid 1iop the op_tigun‘ selection
of basic arqhiteétural_paramefe’rs. '

2

ter— '
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4.0 CASE STUDY

4.1 -Building General Description ] : ’ §

»

‘The office building select3d' for this analysis 1is
located in the city of Edmonton, Alberta. It consists of a "
retall area on.the lower floors and twenty—-five s.toreys of

offices. .

‘s M i
[ . . < : .

|
The total gross flo,oi- area of the office spa’ce is

. , . ’ I
©348,575°'SQ-FT and total leasable floor is 322,787 SQ-FT.

o o
B R N

Disregardi_ng washrooms, stairvells and elevator 4

ateas, which are located in the central core of the bu.ild:ing',‘ .
I C .
. each office floor has a.net area of 12,912 SQ-FT.

-

Two mechanical -rooins service the complex, cne 1is . '
-llocated on the t?ird floor, the othér on the p‘e‘nthouse floor.
The bullding outer '.e.nvelope is a'metal curtain wall w'ith four
inches of compressed Ql;sp £ibre 1nsulation. The glazing
consists of doubie glazed sealed units with bronze agar'”
glass outside and clear giass -in;ide. The amount of glazing (J

is 52 percent of the total envelope v‘erti’caliatjea of the
. ~ :

. - 8 1
A SR A USRI S5t 930 ook " TR RIS Nt e iR, mrd eyt b, o v
.

office floor\ levels. )

variaﬁle iir vollume (VAV) systen wvith economizer cycle
for cooling and 'ventilation. Secondary hgat:ing is obtained
by hat v-n'ter heated baseboard radiators located in thg,fojlter '

perimeter of the building.

-

v o e gttt e e ~ - -
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This analysis is berforned‘on,only the portfoh of

~

building allocated to offices between the mechanical rooms

U A R A

on the third floor and the penthouse floor. Other portions

¢

of the' building were not cansidered.

A

WS 33

S

Heat 'losses, or gains, through the mechanical .rooms

- ~ were disregarded. ) .

7 s e Y b L

4.2 Building Data : 3

The arcﬁitectural parameters requi;ed by the ABC

B L e N C TS

program for the computation ofjﬁhe annuéi enérgy éonaumptiona
ar;'divided into two groups. The first group consists of all
parameters which are assuméa constant or are pre-selected by
the progr;m: these are: ﬁ

-* ' thermal zonimg and floor area,

o ' C . ventilation and infiltration rates,

£

occupancy period and population density, and

‘ indoor-outdoor .air temperature. ‘ ;

. ,' The‘secpnd i&oup consista of all parameters which are ﬁréited

Y

as variable; they are: ‘ . ' .. S .

* wall insulation,
«

type of glazihg, L - ' B . ;

percentage of glazing, and - ¢ - _ . s

,fcvel of illumination.

"

\
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4.3 Building Constant Parameters

Thermal Zoning

The plan of a typical office floor is shown 1in
tigﬁre 1. Each floor is divided into an ‘interior zone, or 2

core, plus one perimeter zome facing each cardinal direction.

“ The depth of the perimeter zone is approximately
o ' v
20 feet. Each zone of the perimeter, for proper computer

, analysis, 1s thernaliy homogeneous; that 1is, the zone must

¥

' "gee'" the same thermal loads affected by lights, péople,

?

N solgr transmission, ventilation,'infilgyation, etc. Purther- ot

1' . *..moreé, the windows of each perimeter zone face in the.same

¢

‘cardinal direction.
3

Table 1 listse the constant architectural parameters

-~

lof each of the zones considered. The listed values of floor

area Qnd wall area are the total of the 25 storeys.

\

- g ‘ . Ventiia:ion and Infiltration

-~ N ! -y

The véntilation and infiltration thas for occupied
and uﬁopcupied periods are chlcqlated accordiné to recommended

. ASHRAE procedures [9:‘ and are listed in Table 1.

The selected“veutilatihn requirement is the minimum
quantity of outdoor air auppliea by a HVAC system Qith"pe'
economizer eyclp and 1s 42 745 CFM (or approxiuntaly 24 CFM
¥ . "per person) during the occupied petiod. No ventila:ipn 1-

assumed for the unoccnpiadeperiod. - - .
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[

The infiltration rate 1s assumel constant through-

~

out the year and 1s calculated by the crack method used for

high rise building. The infiltration rate is calculated for

the existing 52 percent glazing and it 1is assumed uncﬁanged
also for all other alter;acives with differ;nt glazing per- .
[ centage. This assumption is based on the fact ;:hgt the |
change in'infiltration rate due to di{fe:ent glazing types
and percentages is negligible- when compared to the amount
of Qe;tilation required. o 1 '

i

Occupancy Period and People Density
'i »
For the purpose of this analysis,[the annual

occdpancy period is\selected to be five days per‘week.' fhe
proéram automaticalli considers the occupancy period from
7:00 a.m. to 7:00 p.m., for 52 weeks per year. During the

occdpied period the area/peocple ratio is assumed to be 180

8Q~FT per person.

Night and weekends are considered unoccupied periods.

. Indoor aitd Outdoor Air Temperatures

The selection of indoor and outdoor temperatures

fs restricted to the values existing in the data base. '

“

~ Fox indoor temperatures, the program computes and
pfintl values of annual henting(requitencnti for two sets of

conditions.

»

¥

i
N




‘l. Constant coperation, which aséﬁﬂes 72°F during .
) ‘ occqpiéd and unoccupied periods, and
2. "Setback" operation, which assumes 72°F during
occupied period and 65°F during unoccupied
period.

The dompqtation 0f cooling requirements is based on a constant

indoor temperature of 78°F.

The outdoor temperatures usad by the program are
provided by tﬂ: Environment Can;dalWeather Data tape for the
City of Edmonton. This data 1is derivéd on the reference year
conéept [8] and is based on the nornali;ed hourly value; of

’ Fata gathered during a number of years.

<
4.4 Building Variable Parameters

The four architectural parameters chosen as variables

for this study are: wall ingulation, level of illumination,

type and amount of glazing.

These parameters were selected because 6f their
major effects on the energy requirements of‘aebuilding.' A%ao,
they must he defin;d at the early stages of design when

mechanical equipnent is not yet finalized.

Wall Insulation

) The external wall of the existing building is a

. X . -
. metal curtain type vith 'a four-inch thick compressed glass

. + . ﬂ ‘ 1
‘£4bre insulatioen. > ‘

N

-




n

c . .This study will comsider, in addition to the

existing wall, qu\other options. Namely:

- @

r - an opaque wall with 2.inches of insulation, and

= an opaque wall with 6 inches of insulation.

The U-Values of all alternatives mentioned above
: -

are the values for summer and winter conditions also taking

into consideration the outside film coefficient (air velo<,
city: 15 MPH for winter, 7.5 MPH for sﬁnmer).

N
‘
-

The selected wall U-Values are listed in Table 2.,

' ) Type and Anount of Glazing
a ]

The four typeé of glazing used in this study are:
- i

. clear double,
'tinCed double,
: ‘ reflective double, and

. clear triple. N

-

t | . For each of the above types of glazing, an average

year-round U-Value and shading coefficient i8é calculated.
1 , : ) X
Draperies are not taken into consideration in sh}ding coef-

-

ficients of glazing. The U-Vazues and shading coefficients

3
i
s

> are listed in Tnble 3. The amount of glaéing, as a petceﬁtase
of the té;al external wall (opaque wall plus glazingo was

14

originally set for the existing building at 52Z.

' This analysis will consider, in ad&ition to 52%,

two additional obtions of 32X and~721 of‘glazing.'

L
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R A IR RN T F oL




A e A e AERETRAR R

Illumination Level

4 .

Three illumination levels were selected for the

occupied perio& (7 ajm. - 7 p.m.; 5 days per week) and‘Bne ‘,

reduced ilLumination'level for t?% unoccupled period (nights

and weekendes. The selected lighting levels are considé;édr v ' i'

as.tﬂe_totgl wattage rating.ofifhewinst;lled luminaires
o i

divided by the office floor area. Localized task lighting

could also be considered, providing the wattage per unit area

of the officg gspace is maintained unchanged.

Table 4 summarizes the illumination levels..

»

4.5 Variations Congidered

4, ‘*\\ \
The annual energy required for heaﬁiﬁg (B), cooling

(c d illumination level (E) assyell as their equivalent

tetal\ (T) was computed for each of the variations schematically S |
\
represented below, namely:

5 thermal zomes (N'S'E'W'C) gﬁd their sum (Z),
levels of 111ﬁn1na¥ion (2,§ and 4 ﬁ/SQ-FT),
glazing percentages (32, 52 and 72%),

types of glazimg (CD, TD, RD, CT), N

w T W 1

thicknesses of insulation (2", 4" and 6"). S

1‘ .
H
!
A
i
P
LY
¢

There were 648 computer runs to satisfy 108 vari-
- 3 by

3

ations for all posaible combinations of diffqrant architec~-

tural parameters. Computer runs anfl variations are simmarised in \

! f v (. .

;helfollowing page.

&3
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CHAPTER 5

ANALYSIS OF RESULTS
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‘graphical form the annual energy consumption for heating,

_of changes of one single architectural parameter. Figures
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5.0 ANALYSIS OF RESULTS

A sample of the results obtained from the ABC

brogram is shown in Appendix C and a summary of the

computed annual energy consumptions 1s presented in Tables .

«

5 to 13, All conanmptions“are referred to the office building’)

L

operating with an economizer (VAV) and with a night time

]

temperature setback of 65°F.

(L
One way to analyze the results is to repréaent in

. . ' &
cooling and the total, including lighting, as direct effects

2, 3 and 4 show the effects of different wal; conductivities,

or insulation)fhickpess, on the buildiig’s energy consumption. ;
Figure 2 shows that the heating requirement increases with™ |
the iqcreaae of wall conductivity and ‘that clear triple glass %
requires less buillding heatiné than the other typea of glass

considered. Calculations indicate that at a vall U-value of .

0.06 BTU/HR.SQ-FT;DEG;F, or 4" insulation, the annual energy

\

consumption of the building, with clear double glass, 18 .33.32
higher than the consumption of the building with clear triﬁle'

-’ \«
glasa. An inspection of Figure 2 reveals that the four.glazing
- \

\
\

lines have the same slope and that the lines are straight. .
The constant line slopea‘show that changes in heating load due
to different wall cond;ctivities are independent of the
glazing tyées. The linea:igy of the lines is .the result

of the computation method used by the ABC program. This

. -




x(

‘ linearity is in partial disagreement with the conclusions

. 1 4 M ' \
" percentage of glazing on the heating, cooling and total annual

(4 o
W . - e e a v, B O i AR okt s ,al‘-;\'f,,‘r
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put forwardfby Ruqoy and Duran'in their studies[:4]. It
can be seen in Figure 3 that the‘cooling energy consumption
Aeclines with the decrease in wa;llinsulation. A aimilar
result was pbtained by Spieivogel [53 andlmentioned alsé by

Rudoy Eé].K

*

One possible explanation 1is that high wall thermal
conductivity, or litFle insulation, helps to dissipate through
the walls the heat generated within the space. This effélt is
noticeable in this study‘because in offiLe buildings, the

internal heat loads are relatively high when compared to

transmission loads.

, I; is interesting‘to‘note.ﬁhat the sequential order
ofxéhe glgéing lines in Figure 3 18 different from what %Ppears
in Figure 2. These figures indicate that the building heating

energy conauﬁption is at the minimum with clear triple glass

and that the cooling consumption is less with reflective

double glags; This was expected because the clear triple ‘ v
glass ﬁas a low thermal conductivity which minimizes heat

lossges by condﬁction. ‘Sinilarly, the reflective double glass

has a high value of shading coefficient wﬁich prevents the

radiant solar energy from entering the building. ’

R Pigures 5, 6 and 7 show the effects of varylng the
energy consumption of the building. In all fhrea figures it
18 clear that the energy consumption is directly proportional

to the amount of glazing. This result was expoctedibeqhule in the
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ABé program the amount of glazing is treated aé one of the
factors required for fhe compétafion of the wall equivalen;

thermal.-conductivity. A typical calculation of wall equiva-

vlent U-value 1s presented in Appendix D.

(/Q ‘. A confirmation that the glazing perceﬁtase.is'
\k . directly related to the wall equivalent U-value can, be
deducted from Figure 5. Here, by extrapgfating the four

glazing lines to a hypothegical point correspondent to zero
glazing, the four lines seem to coincide. At this point the
wall equivalent U-value i8 equal to the U-value of the opaque

)
wall.

It should be mentiohed that in Figure 6 the rela-
tive bosftioh‘of the glazing lines is not the same as the
position appearing in Figure 3. In Figure 6 the annual cooling

'?opsumption increaaea with the inc%ease of glazing pe?cen&agg”/f
whereas, in Figure 3, it decreases with the increase of U-values.
One paossible explanation is that in Figure 6 the Ann::g cooling
consumption is affected not only by the thermal conductivity

bflthe glass but also by the glass shading coefficient. 1In

this ‘particular case the effect of the shading coefficient .

appears more pronounced than the thermal conductivity because
during the cooling period, which is mainly in summer, the
cﬂading coefficient helps to control .the amount of radiant solar
' energy ;Qtering tge buildiﬁg. This explanation is aub-tanti;ted
nl;o by the relative position of the four glazing lines ;hich
E uro.POlitioned in the same order aa'thgir respective shading

éoefgicien;l.

A

o,
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cooling and, total energy consumptiqgsat constant glazing

~ , : <
Figures 8, 9 and 10 show the effects of various
levels of illumination on °the building's annual heating,
percentage and wall. conductivity. Figure 8 iAndicates that
the annual heating decreases with the increase of the level .

of illumination. This was expected because the heat radiated

" by artificial lights contributes to the heating of the office

space. Conversely, the same heat produces a substantial

increase in cooling energy requirement as caﬁ be seen in ’
Figure 9. When hegting,:cooling and lighting requirements
afe combined, a; shoyn in Figure 10, the t;tal annual energy
load increases with the increased illumination level and the
increase is more pfonouncéd at high lighting lqwelé. These -

'
o 2 o

results are in agreement with the results publiiﬁ:d by Rudoy

(4.

!

Another way to analyze the results.is to investigate

the sensitivity of the bullding energy requirements affeéted
by changes in architectural parameters. ‘In Figure 11\:£e |
energy r;qﬂirementa, a; well as the architectﬁral parameters,
are e;péessed.as percentage variations from a base case. The
base case being the architectural parameters actually used in
the existing ﬁuiiding, namely 4" inaulagion,‘szz glaz%ng andl
3 watti/SQ—PT illumination and the energy requirement computed

¢

using these basic p;rnnetera; The sensitivity of each archi-
tectural parameter is represented by the slope of the’curvgs.
In Figuréd 11 it can be seen that at equal pefcentagas changes

”
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. required by one archi:ectural parameter to pro?uce a pre-

, \ S, e ey ! e daarrmg prreman v ans e d g o e
o ,5

of architectural parameters, the éﬁergy‘consumption of the
building 4is more gensitive to changes of the wall c9nductivity

than to changes of glazing percentage or of 1llum{;ation level.

f

. As an example .a 10% increase of wall conductivity produces a

5% increasg’ in annual energy consumption, wher%as a 10X increase
in {llumination 1e§e1 pro@uces a 27 increase in enéfgy load.
Becagse‘of the northern location of the building, the heating
energy conﬁumptiqn is by far greater t@an the cooling energy,

» N
consequeptly it appea;é logical that the wall conductivity has
a much higher impact on the energy consumptioh than the other

4

variables.

Figure 11 can also be used to analyze the effects
on the energy load resulting from simultaneous changes of two .
parameters. As one example, 1t can be seen that by increasing

the wall U-value by 1QZ ‘(which i:\equivalent tb the reduection

rof wall insulation from 4" to 2") the annual energy load remains

unchanged if, at the same time, the amount of glazing is reduced
by 14.8% (ﬁhnch is equivalent to ch§p31n3 the glazing percentage
fron 527 to 44 3Z). This graphical analysis was .compared with -
the results obtained ﬁrom\a coqpufar run made with the same
iodifieq'parayeters.‘ The diffefence\betweéﬁ the two fesulgs ‘.
vas léns than 12 ° E “
Pigura‘ll can also be used to _estimate the change

v

determined reduction, or increas®, in energy consumption. It

“can be shown graphically that in order to obtain a 50X reduc-

!
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tion in enexrgy consumption the fével of illumination should

be reduced by 26.5% or from 3 W/SQ-FT used in the base case
. » ,

to 2,23 W/SQ-FT. Again this'graphical.solution wag compared

: ® =
with the results obtained from a computef run. The difference

between the two results was approximately 0.2%.

A graph simi{ar to the ;ne in F%éure 11 could Qf'
made at the gar}y gtages of a building design. Such a graph
could be of invaluable help to architects and engineers to
évaluate a ;ariety of differgnt combinations of basic archi-

tectural parameters and could facilitate the sel%ction of the

most effective combination of ﬁarameters.

+

, A third way to analyze the results is to rep:esent'
in graphical form the percentage variation of the annual energy
consumption as a function of all variable parameters considered

in this study. Figure 12 is such a graph. Herelfhe type of

glazing and the level of illuminaéion are represented by dif-

P Y

ferent curves, whereas the giazing percentage, the wall, U~value

and glass U-value are grouped into one .equivalent U-value

represented by the abscissa.

A sample calculat;on\for the determination of the
equifnlent wall U-value i8 shown in;Appengix D and ai; calcu-

‘lated equivalent U-values are. tsbulated in Table '26.

Figure 12 indicates that cYear triple glass at
Q,V/éQ-FT illumination level is the most energj saving nﬁtig-

native at any v:iue of wall thotyul'couductivity. Conversely,

\ - ' ’. | .&.’ N ’ .
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the highest enérgz loqs is’obtained ﬁhen the level of
illumination i3 4 W/SQ-FT and the glass type is reflectivé .
double. It appears geas;nable t 'the most economical
@ f fombination of alt;rnativés, iom the eneréy saving point
of view, i8 the clear triplé glass which has the loyest
thermal condnctivlty and 2 W/SQ—FT whigé'is the minimum
level of illuminaéion considered in this study. Conversely,
the clear doubl: giaqs at & W/SQ~FT shoﬁld produce the highest
amount of energy loss. The mainrxfgson that the feflective
douple glass appéhrs to have the h;ghest energy congumption
fs that it has the lowest shading dbgffiéient,which,prevents
the winter solaf radiation from.entering gﬁe‘rﬁom and ptoduc?ng
"useful heat gain. This figure, similar to Fiéure 11, can be
~\ made at the early stages of‘kuilding design and be used for a
;preliminaty selection ‘'of architectural parameters whep etiergy

7

congervation is one of the dedigner's main objbctiveg.

-
s
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' tage and declined ‘with the increase of illumination lev‘i.

PP

4

6.0 <CONCLUSIONS -,

The ABC program was used to estimate the annual
enefgy consumption of each of the different values of the
gselectaed architectural parameters. A typical prinf—qut of

one cuﬁputer run is shown in Appendix C and the results

of all computations are summarized in Tables 2 to 13.
o A
The results were agalyzed‘in three stages. ~In the
firat stage the heating, cooling and total energy consumption
vas plotted against wall U-valuea,hglgzinngercentages!and
#}lumination levels #nd for each of the four types of élazing
considgred. - In this way the effe;ts of one single architec-
tural parameter were a;al;zed upon each of the major compone?ts

of the total aggual energy consumption. In the second stage

a aensftivity analysis vas carried out to determine which of

the architectural parameters had the greatest effect on the

ke

total annual energy consumption of the ﬂhilding.' Finally; in p

the third stage, all selected architectural parameters were

. plotted against the energy consumption. In this way it was

possible to identify the.best combination of architectural

parameters for an enexgy efficient building.

It was shown that the annual heating load rose with

the 1ncrcil¢ of wall thermal conductivity and glazing p;rcenr
/

N .

S8imilarly, the annual coeling load increased with the increase .

1{n {llumination level and glazing percentage, mut'd.q;;i.d

Sy . : ¢
with the increase of wall U~value. One possible explanation
¢ \ : v .

P
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for this last conclusion was that high wall thermal conduc- -

<

o ek < B

: ‘.. /1 tivity helped to dissipate the heat generated within the

: . ) ' building.

~
3

As for thgw;&pe of glass, the clear triple glazing

R R i R Al

r

' was shown to produce the minimum heating consumptio&}#géaﬁgé.
« v '

o of low thermal conductivity which reduce:/yeathtr;nsmiss?hn

losses. Conversely, the reflective doub

I

e glazing &ielde%

1

: " the minimum cooling consumption because of a ro§ shading
.coefficient which prevented the radiant solar emergy from

| . entering the'hgilding.
H . VY
; ‘ ' When cooling, heating and lighting loads were summed \:

together to form the total annual energy consumption, it was

evident that the major contributors to the building consump-

C N v mm——

. tion were the heating andiiighting loads because of the high

latitude in which the building was located.

An example of the gensitivity of the annual energy
consunpiion to percentage variations in architectural para-
meters showed that the walfsU;Qalue was the major building

element affecting changes in energy loads. This suggests that .

5

M SALMSEII R, e 3 sat—_ .

to reduce the estimated energy counsumptiqn the architect'thould.
¢ - .

first decrease the wall U-value.

\ K ’ ‘ ) -

Figure 12 indi;lted that the minimum level of .

" 1llumination and glass with lov U-values ‘was the best alter-
~ % * ' -

' " pative for am energy efficient building located at high lati-.

. ’ tudes. This figure suggested also that glass with lov-chtdins"
coetficicit should be. avoided because it rejects the :lsi:nt.'p“*

. *
~

¢




— . e 35 4 -

R ( LY ° : ; ~
B A L 1-}~nf»3mm§ o i Pt o b g , "
' ) . - ' . e
. :
, , ‘ 41 g ,

. ’ ‘\ ,
¥ ) T, ‘ _ = .,, :
4 solar energy which could favorably contribute to the
Y, .. ~ )

‘
: heating of the enclosure. ‘ , :
£ ; ’ ,
% ¢ . . ‘ . .
ks . 0 .
..' ’ ’ © ' ’
. v ’ ' N .
v . \ . N ° . .
¢ - u ° s .
. . . -
% . . ) , .
© o ‘ ) v N ’ ' N
. N . ¢ 4 ' B . 13 ’
H . o . .
J‘ ‘ " {' : : A . ! o v
i 4 C . . o .
4 P v . ,
° . ’ . . »
q a ' ' ) . (
‘ .. \ :
. . Sy . . ' '
- N s . R :
‘ ; N\ ' [ " . ’ ’
§ . : . 7
i . B L] ’ ! s '
PE— . ’ . : . , -y
f; L . N o
3 " o - . M s "
N ) " i ‘ . . 3 . . R i . . .
3 ' . i
' ‘ LT t ,‘ . * N . . ‘F o ® '
. © . ' P 7 . ' . "
0 ) ' > + ' ‘
* . ! N\ LIRS g ° v, “
M ]
, . .. ( N A B .
& o . ' . o
y . a . l' I . . B
‘ . . ' ‘ . o ~ ’ ‘ h .
. . ) ' LR l. . o . 5 s .
~ ’ ‘ . . ;“ ' ".,‘.,-'
N ! \ ' X v e . . N ' . - b ' ¥ e L
' n .‘: \ T 'l ‘1” o B ) C F N ‘v’ ‘.n.d .,‘ o ':‘ ‘\“ :‘




e !

oo B
\

it

e SN - " REFERENCE#
1 ABC Program: Bhgineering Manual and User%s Manual A
. Version 3, March 1980 by Public Work Canada, Design
and Construction Technology. !

‘ 2 E.R. AMBROSE, P.E.
! "Handbook of Energy Conservation for Mechanical N «
"’ Systems in Building"™. Article 18, p.p. 90 to 9@. ‘
é o Van Nostrand Reinhold, 1978.

+3 | ASHRAE STANDARD 90-75. Energy Conservation in New
' Building Design, 1975. C .

. 4 V. RUDOY and F. DURAN o -
A Effeet'of building envelope parameters on annual f,
f" ' heating/cooling load. ' ASHRAE Jouinal, July 1975. -
B ' ° 5  1.G. SPIELVOGEL. | .

y

' ‘ More insulation can increase edergy consumptidn.
! ASHRAE Journal, Vol. 16, No. 1, p. 61, 1974.

o ‘ 6 M. TURAGA

"Final Report of the Project on the Verificatiom of
the Effectiveness of Selected Energy Comnservation
: . Strategies on the "Ideal" Energy Consumption on
. ‘ Commercial Buildings."  Centre for Building Studiee, :
Concordia University, December 1979.- - 3

¢

? e

i 7 M. TURAGA, D.M. SANDER and P.E. DUMOUCHEL

"A simplified qpmpéler agssisted energy calculation
procedure for the evaluation of building architec~-
. tural concepts." Centre for Building Studies, '
Canordia University, 1979. '

8 "Computer Aided Building Energy Systeme Analysis
’Ueing Meriwether Energy Systems Analysis Program", -
Reference Manual - Department of Public Work Canada, .
h1916o . 5 ! ‘

9 ASHRAﬁ Handhook, 1977 Fundanentnle, Chepter~21. A B




Lo

s

e

P .

PPN et ]

BN .

kP e e - T

g
.
\
.
. . . .
.
L4 N N
.
)
» .
.
’
. )
1
.
0 hY
&
, .
‘ ’
L]
A .
o
' :
.
. L3
NN
'
' v
.
. ' Al N
. .
. .
N g .
‘. + N .
+ ,Y
i A
e, . .
. - .
+ B A
IR oL .
Al ' N - te R
. . v
-’ ' :
" . oy, N .
. . .
N - 1 " B - ! -
- . L N

VPR e A I % i

s
.
.
.
~
' .
. -
-
.
.
.
. .I.
P
1 oo
e
. ~
’ f v
. .
. . .
’ v
. .
L ,
' > N '
i -
). .
f . ) .
N et
B R A
. , ,
- i o K
\
N
. s
o e e,
.
i ¥

- S B pingt §

\ ;
\./\x
o
. .
L)
»
£

APPENDIX A

>

.TABLES

. we
(4 °
~. . ’ .
]
B
‘ s
I

v




b4

» S
SYILIWVHVA INVISNOD :VLYQ LNANI 40 AYVAWNS =~ | 378VL

°

- - - - -5 | oot | vs9zar] oot ] ssizee wiol |
, g

081 Lo (o |-, 0 oLt - - lzoez| sivve 3402

" 081 v10° pro© | -0 o6t° |2'€z | LiLe |89t | oszvs 1S3M
8L - | w0 vL0° 0 ovbt”  lzoez | cueee |89t | oszvs 1Sv3
08l 290" .| z90° | 0 s91- |89z | oteey | 10z | 906v9  HLNOS
08l 2900 290" | - o goL-  18°9z | oweey | L0z | 90649 © HLYON

NOS¥3d . . - 1a- .
B /14-0s | - 031dADJONN | G31dND0 | GITNDJONN | GITdNDJ0 | % | Ld-0S | % 14-0s .
14-bS/Wdd ] 14 —DS/W4D LR vady | anoz
31403d - NOLLVYLTINI _ NOILVTIINIA 3d0T3AN3 ©d00d - | VWIHL
- | ° . . .
o -4 .
’ i A ) .

- . . - . s e b
< - > -



N meammmem e g n

s g+t -~

TR € Wy e o e,

w——ais ey o

e e L TE Ny

u

. 45
INSULATION U-VALUE
THICKNESS BTU/HR:SQ-FT+DEG-F
CODE . ( INCHES) :
. ,//
R 2 2 114
R 3 4 .060
R 4 - 6 .040
Y
TABLE 2 - SELECTED U-VALUES OF OPAQUE WALL
){:"
* U-VALUE SHADING
BTU/HR+$Q-FT+DEG-F COEFFICIENT -
(DIMENSIONLESS)
. CLEAR DOUBLE 49 7 .88
TINTED DOUBLE 43 .58
REFLECTIVE DOUBLE .40 .38
CLEAR TRIPLE - K A

TABLE 3 - SELECTED U-VALUES

»

o7

@

AND SHADING COEFFICIENTS OF GLAZING

. .
-




— g A

" - T PO s S -
- : |
gé 46 . f
i .
LEVEL OF ILLUMINATION 3
‘ WATTS/SQ.-FT. OF FLOOR ‘
CODE . OCCUPIED | . UNOCCUPIED
é TN 2 : .2 .15
! .
' N3 L3 15
- W4 ‘ 4 .15
' | w 1
TABLE 4 - SELECTED LEVELS OF ILLUMINATION : . »
. ° |
: 1

R
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TINTED DOUBLE
e
LIGHTS GLAZING PERCENTAGE
2 W/SQ-FT
| 32%, 529 72%.
o 7 802 . 8 695 9 616
-11.401 -1.261 9.158
= \ .
= 4 7175 8 259 9 363
< -18.52 -6.212" . 6 325
- T
2| . 6 944 8 098 9 270"
-21.145 -8.040 15.269

»

TABLE 14: “TOTAL ANNUAL ENERGY REQUIREMENT ( KWH "x 1000)% AND ITS

PERCENTAGE DIFFERENCE FROM BASE RUN.

/

~ CLEAR DQUBLE

TABLE 15:

(V4

LIGHTS GLAZING ‘PERCENTAGE :
"2 W/SQ-FT ,
32% 52% 72%
2 7 979 9 053 : 10 154
= ‘ -9.391 2.805 _ 15.308
) § o 7 369 . 8630 9 909
= -16.318 -1.999 12.526
D, ‘
ol I 7185 - 8473 . . 9818
\ -18.862 - -3.782 11.492

£

ar

TOTAL ANNUAL ENERGY REQUINEMENT (K mﬁ} X 1000) AND ITS
PERCENTAGE DIFFERENCE FROM BASE RUN.
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. \
REFLECTIVE DOUBLE -
= |
< LIGHTS GLAZING P'ERCENTAGE l
2 W/SQ-FT e |
2y | 52% 72%
. 7770 8 619 97438
2 -11.765 -2.124 7.177
=
=20 7 134 . 8166 9 181
< | ¢ -18.987 -7.268 4,258
| -
20 _, 6 899 8 000 . 9 086
6 -21.656 -9.153 *3.180
TABLE-16: TOTAL ANNUAL ENERGY REQUIREMENT ('KWE x 1000) AND ITS
© PERCENTAGE DIFFERENCE FROM BASE RUN. .
CLEAR TRIPLE
TN
LIG ) GLAZING PERCENTAGE
" 2 W/9Q-FT ; .
EY 52% 72%
N\ 7 590 8132
= | 2 \19 -13.809 -7.654
(=] . .
e 6 474r 7372 1 0 789
S |4 -26.482 -18.556 -10.413 )
v - -
= . 6 250 7 018 780 |
6" -29.026 -20.304 -11.424
\ g * \\.
TABLE 17: TOTAL ANNUAL ENERGY REQUIREMENT (AR X 1000) AND ITS -
co PERCENTAGE OIFFERENCE FROM BASE RUN.
(4 n -‘;;
» |




PN

TR
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TINTED DOUBLE

5

LIGHTS j' GLAZING PERCENTAGE *
3 W/SQ-FT
L 374 . 52% 72%
\ 8 330 . 9 229 10 134
2 -5.405 - 4.804 15.081
= —
= 7 670 8 806 9 888
< |4 -12.900 BASE RUN 12.287
== v
21 .. 7 500 8 648 9 826
6 -14.831 -1.794 11.583
. . , ;
TABLE 18: TOTAL ANNUAL ENERGY REQUIREMENT ( RWE x 1000) AND ITS

. PERCENTAGE DIFFERENCE FROM BASE RUN.

CLEAR DOUBLE

?
L1enTs * ] GLAZING PERCENTAGE ,
" 3 W/SQ-FT ,
32% 52% 72%
" 8 536" " - 9 612 10 727
= |2 -3.066 9.153 21.815
z ”
>3 7 942 9 199 10 487
3 ° -9.81 47463 19.089
13 \ N
=1 7 725 9 047 10 398
6 -12.276 2.737 18.079

TABLE 19‘ TOTAL ANNUAL ENERGY REQUIREMENT (¢ KWH- x 1000) AND ITS

o

PERCENTAGE DIFFERENCE FROM BASE RUN.
LI
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~ w . .
REFLECTIVE DOUBLE
gems + GLAZING PERCENTAGE
W/SQ-FT :
32% 52% 72%
20 »'8 270 9 107 9 954
. -6.087 3.418 13.037
- . -
= o 7 654 8 669 9 702
< -13.082 -1.556 10.175
poes ]
2 | e 7 429 8 507 9 609
-15.637 -3.395 9.119

// i TABLE\éO:
/ T L

TOTAL ANNUAL ENERGY REQUIREMENT ( KWH x 1000) AND ITS
PERCENTAGE DIFFERENCE FROM BASE RUN.

A\

CLEAR TRIPLE

AN
5. - GLAZING PERCENTAGE
3 W/SQ~FT =
. 32% . 52% 1% (
- \
" 7 648 8 173 — 87135 ' |
. = | 2 . -13.150 -7.188 -.806
Q
= . 7 068 7 766 8 499
= |4 -19.737 -11.810 -3.486
[74]
=1, 6 855 7 617 8 412
6" -22.155 -13,502 -4.474
A

TABLE é\L/TOTAL ANNUAL ENERGY REQUIREMENT (KWH. x 1000
PERCENTAGE DIFFERENCE FROM BASE RUN.

)AND ITS



P

60"

o
- e . . TINED OOWLE - - . {
l: ‘ . . N i - Y l ! . 4
. 1 Lieuts GLAZING PERCENTAGE - . PR
beT | 4 W/sq-FT | :
- | 32% 52% . 2% -
, 8 980 9819 v 10.798 |
2 1.976 12.185 22.621 §
- . 3
= EEEE: 9 473 10 560
=< \ -4.656 7.578 .
= 4.65 : Y
2 . 8 189 9 324 10 73
6" -7.007 . 5.882 ©18.930

{ . TABLE -22: TOTAL ANNUAL ENERGY REQUIREMENT {XWH x 1000) AND ITS
i : PERCENTAGE DIFFERENCE FROM BASE RUN.

CLEAR DOUBLE !
| LIGHTS : GLAZING PERCENTAGE L . '
4 W/SQ-FT : .
32% 52% : 72%
; 9203 - 10.281 11 380
T | =& 4.508 16.750 - | 29.230
A ) 3 R :
E 8 632 9 881 11 145
= |4 , ~1.976 12.208 26.561 ;
w0 - : : .
= 8 423 9735 11 059
& | -4.349 1 10.50 - 25.585

> n

TABLE 23:\ TOTAL ANNUAL ENERGY REQUIR (JWJ( 1000) AND ITS -
o PERCENTAGE DIFFERENCE FROM BASE)RUN. ~ ~
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REFLECTIVE DOUBLE

3
e i
<

. ) ) ) °
© F uewrs | 6LAZING PERCENTAGE
S e 4 W/SQ-FT : ‘
- o ‘ , 32% N 5% 72%
¢ . 8 901 9 735 10 566
. _ - 1.079 10.550 19.986 ‘
=3 M 9 315 10.323
k = | -5.508 . 5.780 17.227
, ﬂ 21l 8 105 9 160 “ 10 233
a ] © -7.960 . 4.020 . 16.206
1 } - i ) ) %
TABLE-24: TOTAL ANNUAL ENERGY REQUIREMENT (XWH x 1000) AND ITS S
\ . PERCENTAGE DJFFERENCE FROM BASE RUN. Co,
R B | , CLEAR TRIPLE i
i TN ‘ 3
L :
! LIGHTS GLAZING PERCENTAGE |
; " 4 W/SQ-FT = ~
- 324  52% 723 ,
- 8338 8 879 943 | :
- | -5.315° ¢829 | . 7.132
: -3 : / .
3 =1 .. 7 797 8 487 9 206
=4 .58 | 3wz | 4.4z
. 7] - . . .
= e | 7.5 8 343 9123 :
6 1 axns |- 5288 ] .3.600

TABLE 25: TOTAL ANNUAL [ENERGY REQUIKEMENT (‘KH!F x 1000) AND'ITS
""" PERCENTAGE DIFFERENCE FROM BASE RUN,

) 4
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’f‘
63 )
LOCATION
DAYTIME - NIGHTTIME

. . \\_.‘ .
NORTH NORTH .

(Fh,FcsFpr,Fg) (Fn,Fe,Fr,Fs
NORTHEAS NORTBEAST

(Fh»Fc:Fr:Ps) (Fb)Fc’FNFS)
| EAST EAST | _

(Fh IFC)FP!FS) (Fh1FC1Fr1FS)
SOUTH EAST SOUTHEAST

(Fh,Fe,Fr,Fs) ' (Fn,Fo,Fpr,Fs)

[souTH SOUTH p
: (Ffh,Fe,Fr,Fs) (Fh,Fc.?rﬂ‘}) '

. ' 5
SOUTHWEST SOUTHWEST

(Fh oFC1FI"FS)» (Fn,Fe,Fr,Fa)
WEST WEST .

(FhchaFrst) (ElllFCrFftps')
NORTHWEST _ NORTHWEST

(Fh,Fo,Fp,Fs) . (FnyFe,Fp,Fa) .

- »

TABLE 27. (ORGANIZATION OF DATA BASE[1]--
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. sSING TATA FILE B ' N
~EDNONTON FETENCE YER: STRGD SR TSTRTSTZ-T8 F.
. 5 # NN SEWIRDENT ++ A :
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' |
- 40N NRBER 4 :
' NE: BIGSITIRS = A i
; w 10 MLTIPLIER= L0 3 . ' Coe i
L o JDIRX: DIRECTION®  EAST ,
WL WAL AREMR ST (SBFT) iU-WLLEs w«mmm—n . ' !
WIND: WINDOW ARER= S2 X . - U-VALLEs 430 (BTUR S-FT DEG-F) ' 2 i
’ i SHADING COFF:= . 58 )
o / ROGF-  ROCF ARER= 0. (30-FT) M VALLE= 0.000 (BTU/HR ST DEGF) , - °
. — TE: OCCUPIED PERIODs S DAVSAREK ; O NIGHTS/WEEX ) . b
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TTOXIWPIDE 300 (WIT/SFT)  UNOCCPIEs . IS (WATT/S@-FT) , I
FEP GLLLPTED= 180 (S-FI/PERSON) ,WNOCCIPIED= ~ 0. (R-FT/PERSM) - - ]
o VENTILATHN REGUIREMENTS. : u ; . ‘
OCOPIE: . 140 (GWSHFT)  UNOCCUPIED= 0.000 (CPWSAT) : ]
. p ~ INFILTRATION RME . '
- CPIED= 074 ((AVSFT)  ;UNDCCIPIED: . 074 (wsn-as)
_ , HHUSING DATA FILE. EDY - S
. ‘ ~IRONTON REFERENCE YER, STRADARD SQUAR, TSTAT=72-78 F. : i
# NAL RERUIREMENT + , A ’ . p ‘ ‘
s.zcmcgf (LIGHTS): STS00L (K 10. 3 (IGM/R-FT)
& CONSTANT CPERATIOI oo~ , . .-
© HENTING:  S2017. (BTV) 65 11 iMBTW/SEFD) ‘
, WITHOUT ECOMOMITER:  140069. (TON-HR); 293 (TON-HR/SFT) ' :
> WITH ECOMGMIZER (W)= 42004 (TON-HR); .78 (TON-HR/SFT) : .
? ' + SETBAX (63 F.) WEN UOCCIPIED # . L B
HENTING: , 07578, BTV 55 70 BTSN . !
m: ' [y - .« ! B , v
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WHIGNE WIS
I WCRTTORS
MAT OEMLTIPLERe L0 L o Co
WER FLR RERS SIS0 (D) D |
DIRX: OIRECTIN=.  WEST » . .

WALL: WAL WREAR  JT7I7. (SRFT) U-VALLE= 060 (BTUAR ST DEG-F)
OINO: WINDOW REA= SZ X U-VALLE= 430 (BTU/IR SO~FT DEG-F) , -
. i SHADING COEF:= . 58
ROGF MER= 0. (SQ-FT) ;U-VALLE= 0.000 (BTU/WR S0-FT DEG-F)
(CCUPIED FERIOD= 5 DAYS/MEEK ; O NIGHTS/WEEX r
LNOCCPIED FERIQD® 2 DAYSAEEX i 7 NIGHTS/WEEK - :
MOPIE= 300 (WTT/SRF)  ,UNOCCPIED= ~ . 15 (WATT/S@FT)
HOPIDe 180 (S-FT/PERSN) L WNOCCIPIED= 0. (SO-FT/PERSON)
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. PECP:
) . VENT:  VENTILATIGN RESUIRDENTS: ‘
XCPID= . 1% (CAWSFT)  /UNOCCLPIED= 0,000 (GWS-+T) ‘ '
DFILRATION AE .- , Co
l XOPIE= . 074 ((AUSRFT) i NOCCIPIED® . 074 (ERUSEFT) -7 :
; CeMSING DA FILE: &M L . .
: ‘ ~EIMNTON REFERENCE YER,: STHOWD SGLR, TSTATSTZ-T8F. -
-y S BN EUIRDENT # . -
- 5 ELECTRICITY (LIGHTS): STOL (GH) 10.23 (KRH/S-FT) «
¥ wowwEmaTIN® 5 0 ‘ o e -
Ce HERTTNG: uBisla (BT 7.8 (MBTU/S-FT) \ : P
[ COOLING: / o . S

~SYSTEM.WETHUT ECONOMITER= 172082 (TON-HR); 317 (TON-HR/SR-FT). : ,
© T\oSYSTEM WiTH ECONOMIZER (VAV)=  73800. (TON~HR): L35 (TON-HR/ST)

{65 F. ) WHEN INOCCUPIED # ) - ‘ .
' 329709, (MBTU) " 9.5 (BTWST T

-SYSTEM WITHOT ECGNOMIZERe L07M0. (TON-HR); 241 (TONHR/SFT) ‘ .
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'I

ECT

WILDG TOTAL- SR OF IQES v

§ ONGGOCNGRO
2 "WaGSITORS
3 WESITRE .
4 BRGSZTIRS
¥ WOGS2TOR

HHISING DM'A FILEZ. £

EFFECTS (f ARCHITECTIRAL PRARIETERS GN ENERGY- CONSUNPTION IN BUILDINGS

4

. -EMONTCN REFERENCE YEAR, STANDARD SOLAR. TSTATa72-78 F.

© MU FETIRDENT
$02289, (KWH)

A% CONSTNT CFSRATION ¢ -

HEATING. . 15513730, (V)
COOLING., '

-SYSTE! WITHOUT ECONGMIZER= 804247, (TON-HR)
~SYSTEN HITH ECONGMIZER (VAV)= 284778 (TON-HR);

¥ SETBACK (63 F.) #HEN UNOCCIPIED #+

HEATING. T 13934554 (BJU)
COOLING:

~SYSTEM WITHOUT ECUNGMIZER= 653755, (TON-HR);
~SYSTEM WITH ECONGHIZER (VW)= 216489, (TON-R):

(3

10, 23 (KW/SR=FT)

18 37 (BTWSe-FT)

2 99 (TON-HR/SR-FT)
. 82 (TONHR/SG-FT)

‘. 93 (BTU/SR-FT)

2 04 (TONHR/SR-FT)

.87 (TOHR/SFT)
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SAMPLE CALCULATION FQR THE DETERMINATION .. _
» 0OF WALL EQUIVALENT U~VALUE, - U"Q . -
. v !
Ugq = Ug % FCo+ Dy x (1-2Cp) ‘
; Where U, = U-value of glazing ,
. & . .
- Uw mw U-value of opaque wall Y
PCG = percentage of 31£zing ‘with respect to -
- total wall . ;
. w
’ Example '
A , .
g ] For the ‘se run " ‘ \ .
. ~ Q : .
Ud = 0.43 3TU/HR.SQ—FT.DEG—F ’
* U, = 0.06 BTU/ER.SQ-FT.DEG-F : o
- N PG, = 52X or 0.52 ~
{ . .
then *
. . , .
© o Ugg T 0.43) x (.52) 4 (.06) x'(1 - .52)
= .252 BTU/HR.SQ-PT.DEG-F ”
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