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Analysis of the Effects of ‘Selected Enclosure and . :
HVAC System Operation Parameter variations on

Buildi T ' - :
ng ihermal Loads -

Steven S. Avram
‘ -

Carrier Opcost program is freéuently used by
environmental and control system' designers and
contfactots in the Montreal .area to determine building
energy requirements and for the‘ initial cooling and
heat&ng equipment capacity determinati?n. Due to the

proprietary nature of this program, the designer has

limited information to assess the results.

In this report, the effects of ;ariatiods of
selected enclosure and environmental control system ~
operation ﬁarameFefg\) on éhe thermal loads of a
commercial building in Montreal, are determined through™
a case stuéy using the Carrier Opcost program. Such an
analysis will aid the designer to determine which
enclosure and system operation alternatives to consider,

for a cost and energy effective design.

13

L (1ii)



J

The effects oﬁ the variations of ‘these parameters on

Fhe peak cégiing loads are fougd to be negligible}“based
. on the Ease study). ’Fhe corqgspohding,effec%§~ on the
peak heatiné '1oads are founé to be signif;cant. ‘In
;onsequence, for similar applications of this program,
the iﬁbut choices for the peak heating load calcglatio‘s

should be carefully 3valggted.
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CHAPTER 1

1.0 Introduction

o

Various = computer assisted methods for the
evaluation of cooling and heating loads of buildings,
are now commonly uséd by designers,: contractors, and
energy conservation specialists 1in the construction

industry. Several surveys of the available computer

programs  for building load calculations have been

publishéd [1,2]. The available load calculation programs

are mostly proprietary (source programs are not

available for public scrutiny)[2].

Among the existing programs (for micro-computer
applications) the Carrier Opcost program {3] is most
fregquehtly used by cﬁntractors and consultants in the
Eq}lding industry in the Montreal metropolitan area.
This observation 1is based on the author's experience
(for over ten years) in this industry. The reasons for
the frequent use of this program, are easy access, no
usage cost and its ability to calculate cooling and
heatiﬁg loads as well as the energy consumption of a

building. 1In addition, this program [3) is structured to

(1)
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minimize the time required for the preparation of input

data.

. For energy effective design of buildings,‘i;“ is
necessary to evaluate the effects of variations of the

enclosure parameters (such as the thickness of the

~insulation, type of glazing, type of construction, etc.)

and the ' indoor environmental control sysﬁ?m operation
parameters (such és temperature setbacks and set-ups,
system shut-off during unoccupied periods, and lighting
intensity) on the building thermal loads. When a
proprietary program %s used for such evaluations, due to
limited documentation on the program structure provided
by its developer, the user *may not be able to justify
the results provided by the program,

The objective of this study is to evaluate the
effects of variations of the input parameters of the
program [3] on the computed peak thermal loads (cooling
;nd heating) and to compare the results from this method

with those calculated by the standard manual methods

[4,5], so that the users may have a better understanding

of the program results,

(2)

B 7 it b e - -
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A description of the building is g;ven in Chapter
2, In Chapter 3, the standard methods for calculations
of cooling and héating 1loads are. discusseqd. , A
description of the Carrier Opcost program is presented
in Chapter 4. Twelve variations of the enclosure and
system parameters (iﬁpggg) were devel&ped from the
prégram and are summarized in Appendix 1. An analys%s of
the results, inc{yding comparisons with the resultslfrom
the standard manual methods are presented in Chapter 5.

'
Conclusions are outlined in Chapter 6,

A flow chart of the methodology used in this study

is shown in Fig. 1.

b ' (3)
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: CHAPTER 2

2,0 Building Description and Specifications

The buiiding used in léhis case st éy ié a low rise
office building located in Montreal, Canada, consisting
of three floors; the two top floofks aﬁegused for office
work, and the ground floor contains some commercial

y -t
space, in addition to offices. Typical floor plans for

the building are ¥hown in Fig. 2 and the elevatioﬁs are
shown in' Fig. 3, An exterior wall section detail is
shown in Fig. 4 and for a glazing detail, see Figq. 5.
x

Heating for the building 1is provided by. single
phaée, standagd watt density (250W/ft.length), perimeter
electric baseboard heaters installed along thé outside
walls, and the cooling is done by a rooftop aif

conditioning system, with cqnstant conditioned air

supply air volume,
Recessed fluorescent fixtures are used for lighting.

The dgeneral office space 1includes the typical

assortment of office equipment found in modern office

(5) .




buildings. The nature of the tenancy incLhdes law firms

|

and insurance brokers. The commercial space is occupied

by a variety store on the ground floor having the same

operating schedule as the other- tenamts.

shown in Table 1.

IR
[

B T o o S R N PO

.

The normal occupancy schedule is as follows:

- :
Weekdayé * { 8:30 a.m. - 5:00 p.m.
Saturdays (20% occupancy) 9:00 a.m, -.1:00 p.m.

Sundays i Closed

A summary of the major building specificatioqs are’

' 4
[
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Table 1

Building Specifications

r{’ ~

Sumary ot/ Buildihg Specifications v

Location : Montreal

Total floor area : 13,430 ££2

Number of floors : 3 (no basement)

Type of occupancy: Private and general offices,
cammercial units

. ' " Construction Details -
Envelope : See Fig. 4
Glazing : See Fig. 5

Roof . : 4 ply built up asphalt and gravel

on concrete deck

Ceilings ¢ Suspended acoustical 2 ft. x 4 ft. tiles
on T-bar tracks
Environmental Design Conditions (Ref. 4)
Heating : Outdoor design temperature: - 160F
Indoor design temperature : 72°F
- Normal degree days [ 7] : - 4525
Cooling '+ . : Outdoor design temperature: 88°F db
o ‘ and: © 73%F wb
Indoor design temperature : 76°F
B and: 50% RH
Cooling is provifled by a rooftop, constant volume air conditioning
. unit. - ‘ :
Lighting + Fluorescent, recessed, fixtures

1.75 W/Et2

[

(7).
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il [ANAJA 1 - k" face brick with tie backs
i . , 2 - 17 air space ‘
— 3 - 2" rigid fiberglass
@——-‘97 = —@ . asphalt impregnated
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CHAPTER 3

3.1 Cooling and Heating Load
Calculations Procedure , ' e
(standard Method [4,5])

In this chapter, a description of the cooling and
.heating load calculation methods recommended by
A.S.H.R.A.E: [4,5] and the results obtained, are
presented. The results obtained from these calculations
are used as the basis for comparison with the results

from the computer assisted method [3].

[}

, !
3.2 Dpescription of the Building Cooling Load Calculation

Method .
>
The building cooling 1load 1is comprised of the
following separate but interrelated components:
1. space heat gain
‘2. space cooling load
. 3. space heat extraction rate.

The space heat gain is the "instantaneous rate of
heat gain into the space, consisting: of heat conduction

O
(12)




through exterior walls and roof, solar radiation through
transparent surfaces, heat conduction through interior
partitions, ceilings and floors, heat generated within
the space by occupants, 1lights and appliances, heat
transfer rate as a result of ventilation and
infilktration of outdoor air.

Space coofing lbad is the rate of heat removal from
the space in order to maintain constant space
temperature. The cooling load may not be equal to the
insf@ntaneous’space heat gain due to the thermal storage
effect illustrated in Fig. 6. The space cooling 1load "
calculations are performed in accordance with the CLTD

and CLF factors described in reference [5]).

* Space heat extraction rate differs from the space
cooling load due to the temperature fluctuations in the
4space as a result of the heat gain and heat extraction
rates which ma& not be equal, and the efifects of the

building thermal mass.

(13)
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353 Summary of the Cooling Load Calculation Method [5]

'

The cooling load calculations method is performed

for the following load components,

3,3.1 Transmission Load (QTC)

The transmission load consists of the heat gains -
-through the roof (QRC), walls (ch), and glazing (OGC).

The total v;rahsmii§ion load (QTC) may be expressed as

~ N
‘

follows:

Qe Qec t Yic * e (1)

The transmission load components in equation 1 are

N

calculated as follows:

Q. = U-A * (CLTD) - ‘ . (2)
. where:
QC = transmission heat gafn due to roof, walls,

glazing or floor; (Btu/ﬂ?) or (kW).

(15)




o
4

Thermal - transmittance obtained from Ref.

[8); (Btu/hr‘ftz‘F) or (w/(mz'K)).
7
‘ »

”

corresponding heat transfer surface area;

(£t2) or (m?).

cooling load temperature difference

obtained from Ref [8]; (F) or (K).

4

3.3.2 Solar Load

The solar load represents the space heat gain due to

radiation from the sun, The lar load component (QSol)

. is expressed as follows:

Q501 =

where:

A(SC) (SHGF) (CLF) | (3)

solar heat éain (B&u/hr) or (kw)

™

the correéponding heat transfer syrface

area; (fiz) or (mz).

(16)
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(sC) = the shading coefficient for combination of
type of glass and type of shading obtained

- £
from Ref [9],

(SHGF) = maximum solar heat gain factor for specific

orientation of surface, latitude and month

obtained from Ref. [101; (Btu/(hr'£t?))
or (W/mz).

(CLF) = cooling 1load factor of‘glaSSlobtained from
Ref. [11].

3.3.3 Internal Load

The internal 1load consists of the heat gains due to

lights (QLite)’ people (QPT), equipment (Qequ) and is
expressed as follows:
Qint = OLite ¥ 91 * Qeqpr (4) "
Oite W) ihe T (CLR) Lo (5)'
Opp. = %s * %1 : : (6)

(17)




Qpg = N_ * (HG) ¢

. . (7)

! B s
Qpy, = C o Np T (EG)y oL W -
egpT Qegps * Qeqpr , 3 R }9{
Qeqps (HG)ggp T (CLRYG, SRRRELLEN
where;

¢

‘LQLite = . component of internal load due to space

heat gain from light fixtures; (W).

»

‘iW)Lite = the total number of watts: from qhé light
. fixtures. ' Co Ce s
B . [ 4 . , ¢ ‘ ’ bu L, bl
:(CLF)Lite = cooling load factor of liBhtingJ obtained
L from Ref. [12]}. B
QPT = " internal load dhé to heat gain from people;
(Btu/(hr+person)) or (W/persén).
Qpg' = sensible people load; (Btu/(hr-person)) or
 (W/person) . ’
° (18) L
e R -
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) Qfqu -
. ;Qeqésr
) ]
(He) o -
"ktnp)ﬁqp

N
g
o

- latent people load; (Btu/(br'pefson))* or
:(W/persqn).

ﬁymber‘of people oc&upying the space.
e

sénsible heat gain from occupants obtained

o

from Ref.{[i3].

latent ‘heat gain from occupants obtained ,

~ from Ref. [13].

a e

internal load due to heat” gain frbm
.appliances; (Btu/hr) or (W).
e

internal 1load'due to sensible heat gain

from appliances; (Btu/hr) or (W).

recommended rate of sensible heat gain

obtained from Ref. [15]; (Btu/hr) or (W).
cooling load factor for appliances obtained

" from Ref. [16].

L il

(19)




internal load due to lé;enp heat gain from

‘, eqpl - L
‘ appliances ' obtained from Ref. [15]; (Btu/hr)‘n
or (W). "

"

f
u

3.3.4 Ventilation and Infiltration Air Lodds .

0

The ventilation and infiltration air 1loads are

calculated as follows [4]:~

(Quent!sc = (Vyent!) (1.1) (&T) S (1;?»
(Qent’nc = (Vyent! (4840) MW)" S ‘u (12)L .
Qinelsc = Ving) Q.1 @D a3 .

@
¥

“‘Qinf)LC = (Vo g) 14840)° (aW) . ".hn, ‘(15),

where: ' P "

(Qvent)sc = sensible ’he?t gain due to venFiJQtl?n,
(Btu/hr). ’ a D
(Quene)pc = latent heat gain due to uveptllaflon; ,

({Btu/hr),

-~ N .
2 . v ©
Ce g e B N .
(20 e
. o
5 t
o «
o - b ©
“ v
)
.




(Qin¢dsc =

v

(Qinf)iq
(v

vent

v,

(aT)

L]

(aW)

) =

1nf) =

8

v

sensible- heat gain due  to infiltration;

(Bfu/hr).

latent heat. gain- dune .to infiltration;

(Btu/hr).

rate .0f ventilatiom air flow from. the o'\
system operation qafa; (ft3/m). o ce

A

rate of infilgration air flow obtaiped from

Ref. 11715 "(£t3/m), IR

o

v

difference between inside and outside air -

" temperature; (F). . v

o

difference between ‘inside and -outside

Amoigthre content in the air; D(poqnd of .

water per pound of dry air),

?

constant obtained from Ref. [17]..

constant obtained from Ref. [17].

S (21) '= ' \\

[P PR



3.4 Summary of Heating Load Calculation Methaod [5]

The heating 1load calculations are performed 1in
accordence with the procedures described in Ref. ([5]; a
Ve summary of the heating load calculation method is shown

in' the following section.

-

/ ‘ N
3.4.1 Transmission Load.(QTH)

s
The transmission load (QTH) consists of the heat -

losses through roof (Q..), walls (Q..), glass (Qgy) and

floor (QFH). The total traQ§mission load is expressed as

* fdllows:

Qy = U * A AT ‘ ' | (15)
\where:

Qy = J | transmission heat loss due to roof, walls,

glazing and floor .(above or below grade);

(Btu/hr) or (kW) -

s

(22)
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cu
]

AT

\

thermal transmittence obtained from Ref.{8];
> A

(Bxu/(hg 'ftZ'F)) or (w/(mZ'Ki).

.

corresponding heat transfer surfage area;i

(£62) or (m?). @

©

difference. between inside and outside

temperature; (F) or (K).

4

For floors onvgrdde, the heat loss is calculated by:

where:

AT

k)
/

(on grade) =(F2) (p) (AT) (16)

the floor heat loss.coefficient obtained
from ' Ref. [18]; (Btu/(hr-F) per foot of
perimeter)) or (W/K per m of perimeter).

. 2
perimeter or exposed edge of floor; (ft) ox

(m).

-

difference between ingide and outside

tefperature; (F) or (KY.(‘““L, ‘

(23)¢ 9
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4 3.4.2 Ventllatlon (Qvent) and Infiltration-'cgihf) Air

Loads

P
. ° P m——— ’ . EIE N
' R .

A,

o § The heat loads caused lby air ventilatfoh and
‘ 1nf11trat10n are calculated. by the following formulae [5]
< . ' . ;
S Quent’ss = Vyent! (0.018) @r) o une
] . - . . :
RS o ‘ :
L“g . (Qvent)LI:I =W vent) (79.5) (aw) b (1’8) !
Y o, ) S . .
) (Qinf)SH = (vinf)b(o‘OIBJ (AT) Q * {19)
. (Qpelig = (Vipg) (79.5) @w) . © (20) .
g . ,\ ¢ L
where: ] e ’ ‘ -
¢ f-'v\ - * ' a
L. s e(Qvent)SH = sensible heat 1loss due to ventilatipgn; -
} (Btu/hr).
, . ’ .. - { ‘ ‘
e : - | " véntilation:
_(Qvent)LH ] latgnt’ heat ;o§s dug to ventilation;
) (Btu/hr).
i l
‘ ' ‘ °
. -~ ‘
(Qinf)SH = sens%ble heat loss due to 1nf1Lprat10n-
(Btu/hr). \
« .
~ ' . (24) - \
. . by !
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I3

l

(Qnedpg =

(v
(v

inf

a1

(4W)

vent

!

!

) =

.Jatent heat . loss Qdue to infiltration;
(Btu/hr).

~ .
‘rate of ventilation air. flow; (ft3/m).

~ : -

rate -of infiltration air Tiow; (ft3/mY.
'

difference between ' inside ‘and outside

temperature; (F).
difference between inside and -outside
moisture content of’air; (pound of water

per pound of dry air),

3.5%gummary of the Results of the Calculated Loads From

- 3

the Standard Method [4,5] . ' |

~ 'The summary of thg ' cooling .and heating loads

N

b}

calculated are shown in Tables 2 and 3 respectiyely.

1 (25)
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Table 2

Summary of Cooling Load Conpohents

. Calculated from the Standard Method [4 ] -
’ ' Load
Component Description et (Btu/hr)
Sensible Latent
(Qga Q0
1.0 Transmission (QTC) 23,073
1.1 Wall Transmission  (QyQ 7,607
1.2 Roof Transmission (Qro 12,495
1.3 Glass Transmission (Qq) . 2,971
2.0 Solar (Qg01) 195,716
3.0 Internal ‘ (Qintc) 96,581 | 39,740
3.1 Lights . {Qpite) ' 60,048 :
3.2 People , (Qpp) 34,170 34,170 «
3.3 Equipment ‘ (Qequ) 2,363 5,570
4(.0 Outside Air
4,1 Infiltration (Qinfc) 7,088 11,956
4,2 Ventilation (Quentc) 23,760 40,076
5.0 Miscellaneous - -
)
Total 346,218 91,712

Total Load = Qgc + Q1
= 437,990 Btu/hr
= 128.4 kW
= 36.5 tons
Where 1 ton= 12,000 Btu/hr '
1 kw= 3,412 Btw/hr '

(26)
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s

Table 3 °

v

Sumary of Heating Ioad Components-

Qalculqted from the Standard Method [ 5] .

@

C'(A :':)7 @
o : - Load in Btu/ht
Load Description ] —
o \ Sensible Latent
. ‘ Q) | Oy
1.0 Transmission' (Qryy) 289,534 |+
1.1 .Wall Transmission  (Quy) 77,326
I.2 Roof Transmission . * (Qgy). 37;714 :
1.3 Glass TransmiSsion  (Qgp) | 174,494 N
2.0 Floors on Grade (Qp) 52, 200 T
3.0 Outside Air
3.1 Infiltration - (Qingu) 51,037 13,515
3.2 Ventilation (Queritt) ‘122, 861 15, 682
Total Sub Loads 515, 632 29,197"
Total Load = Qgy +\CYLH -
= 544,829 Btwhr
= 159.7 KW
Where 1 kW = 3,412 Btuhr g
\
<

(27)
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CHAPTER 4

i .

4.1 Description of the)Carrier Opcost Load Calculation

v

Program B -

" In the, Carrier Opcost program [3], thex‘ load
calculatibns ;re pérformed using a modified bin method
3], The 'bins' are defined as 5°F (2.8%¢) _temperature
intervals, between the lowest and highest outdoor
temperatures recorded for a given location (See Appendix
2).. The hourly history of these bins for a typical year
at selected locations are incorporated into the program
(3] (See Appendix 2). The major phases in the load
calculation method used in the Carrier Opcost program

are_illustrated in Fig, 7.

Details of the «calculations method .used in the
Carrier Opcost program are presented in the following

sections,
. ]

(28
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4.2 Component Calculation Method

L

In this prSgram, the cooling 1loads £ due to

) .

transmission (QTC), solar (QSOI), ventilation (QventC

and infiltration (Qinfc) are assumed to be linear
functions of outdoor temperatures [3]. 1Interior loads due

to lights (QLite)' people (Qpp), and equipment (Q ) are

eqpT
calculated as averages over the following calculativi

periods:

a) first calculative period represents the occupied

’

hours;

b} second calculative (period represents unbccupied
hours.,
The duration of the calculative period is determined

by the number of bin hours, which corrésponds to the

following schedule of operation:

. "occupied” - heating and cooling systems operate

normally:




'unbccugied' - ﬁhe mode of operation ist

in summer - cooling is shut off;
. N ! ‘
in winter - heating is set ' back.  to
pfgdetermined minimum space
temperature,
& ) .
Load calculations "are performed for the following

selected outdoor temperature conditions:

A. Total Peak Cooling Load (QTPC)

The total peak cooling locad is the mid poin; of the

highest temperature bin occuring at any one location.

B. Total Peak Heating Load (Qrpy!

The total peak heating load is the mid point of the

lowest temperature bin occuring at any one location,

. (31)
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,4.3 Description of the Available Input  Options‘ for

‘Building Enc¢losure and HVAC System Operation
Variables
, \
In this section, the available input options in the
‘Opcost' program for the calculation of cooling and

hea;ing loads for the different enclosure and system

‘oberation'vaariables, are presented. The details of the

[}

' options available are shown in Fig., 8 and outlined in

Table 4,

,Typical percentage of available sunshine for
Montreal, for various cloud cover conditions used in the

program are shown in Table 5.

A

v

(32)
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4.4 Description of the Output Data

o

N
»

For the case study, Eypical _output data from the
program [3],v;s shown in Appendix 2. The output data is
presented for the following ‘three conditions;:

1. bin 1locad - ‘célculated:for each bin temperature

(cooling and heating).

2, maximum cooling load - calculated at summer design

temperature at a barticular elevation,

3. typical’ heating and cooling 1load - calculated for
each bin temperature other than summer design
temperature, (applies for heating and. cooling loads)

3 @ 4

The bin loads are presented in two series. The first

v oa

series is for the occupied periods and the second series
is for thé unoccupied periods. The ‘maximum load ,
c;iculated is used for the purpose of equipment
selection, The capacity of the maximu@ cooling load is
calqulaﬁed for clear sky conditions [3]. Typical 1loads
" for cooling and heating are galculatéd by iﬁcluding the
effects of cldud cover and thermal storage. Peak heating

load is calculated’ at the lowest bin (outdoor)

(36)
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RPN

i ' -8 . . 2 ’
.. A listing of the twelve computer runs and their

temperature for the selected location.

\ ¢

4.5‘Ana1ysis of the Data '

/

'An  evaluation of the effects of the building

»

_enclésuré and HVAC system operation variables on the

peak cooling and heating 1loads is presented in Cﬁapter
5 L

) . . | .

Among the input options available, the effects of

certain variations. such as -the glazing type (single,

- double, triple), lighting schedule and cooling system
. . . ' .

éhut down during unoccubied hours, may be determined

from simplé - manual éalculations, éonsequenfly, this
analysisli;'_r%%tr%ctéd‘to the variations -of‘'the other
parameters available. in, the program, The parameters
}or-analysis are 1is£;d in Table 6.

selected

’

properties used for.this study 1is pfesented in Table

v ?

3
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Table 6.1

Details of the Variations Considered
in the Load Analvsis

Type of Characteristics Run No,
Input 1. 2 3 4 5 617 8

«

i~

Building Building weight -

nclosure | light ' x x N
medium/heavy X x Ix |x |[x|x
¥all & roof colour -
light x
medium x x | x
dark x | x x [x

Drapes - light

. medium )
*dark xIxix|x{x ix|x|x
none

Glass = single

doudble. xIx|xfix {x |{x [x|x
) triple

weather Cloud cover -
ata minimum
Options maximum X

typical i x

none x |xix|x x |x
=YAC Setback - 12°F % Tx | x Ix jx |x
System none X
Operation |~

i

Unoccupied cooling’:

yes . x | x

no x Ix{x|xIx |x

Constant volume dx Ix IxPx jx (x |x|x

. Variable volume

Ceeupancy | Occupanecy schedule -
* Ligrhting! 7:00 a.m. - T7:00.p.m.iXx [XxX X |X |X ’x x
10:00.a.m,.-10:00 p.m.
24 hours

Lights - on 24 hours
off in unoc.|x jx |x{x fx |x jx |x

(39)
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5.1 Effects of the Enclosure and HVAC System Parameters

Variations on Peak Cooling and Heating Loads

The ‘effects of the variations of.the enclosure and
system parameters on the peak cooling and heating loads

are presented in Fig. 9 and Fig. 10 respectively.

An analysis/gf the effects caused by each parameter

-

variation and a cﬁmparison between the corresponding

peak cooling and heatfng loads with, the loads obtained:

from the standard method of calculation [4,5] follows in

this chaptef. | ' A

5.1.1 The Effects of the Building Weight Variation on

the Peak Cooling and Heating Loads (Al)

A summary of the effects‘broduced by the variation
of the weight of construbtion on the peak cooling and
heatiné loads ?s presented in Table 7. The corresponding
component breakdown details are shown 1in Table 7A of

Appendix 1.

3
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-Standard Method [4]

009

-light weight const.

(10-40 1bm/ft2)
-medium/heavg weight]
(>40 lbm/ft<)

-dark wall & roof
colour
-light wall & roof
colour

-none

~typical cloud cover

-maximum (See Table
5)

-no .
unoccupied

-yes Cooling

~constant supply ain
volume
-variable supply air
volume

~-10:00a.m.-10:00p.m.
occupancy schedule
—24 hours
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with dark drapes and double glazing
with dark drapes and triple glazing
with no drapes and double glazing

(42

~Standard Method [5]

-light weight constr.(10-40 lbm/ft2)
-medium/heavy weight (40 Ibm/ft?)

dark wall and roof colour
light wall and roof colour

none a

typical f  cloud Cover (See tables
maximum Appendix 1)

no
Unoccupied Cooling

12°F .

unoccupied
none up

120F setback

occupied
none P

o
constant supply air volume
variable supply air volume
. -10. '
10:00a.m.-10:00p.m. occupancy
24 hours schedule




Table 7

A Summary of the Effects of Weight of Construction on

Peak Cooling and Heating Loads

4
Peak Heating Load

Run Parameters Peak Cooling Load

No. | Weight of Construction Btu/hr Btu/hr
1 Light 440593 272587
2 Medium/HeaVy//#A 455115 © 290565
- Standard Method 437990 544829

Medium/Heavy

cooling load 3.2% greater and a peak heating

greater than the

weight construction.

The weight of

significant effect

compared to the corresponding value
standar\ ethod. The
load is Uout 50% smaliler than

calculatbﬁ from the standard method,

.1

the: heatj

1ntérnal
|

'/‘\—4‘

= e
A e
s

e e i e

corresponding peak-*

construction appears

the peak

computer calculated peak

This

(43)

loads of

cooling

construction parameter produces a peak

load 6.6%

light

not to have a

load when

calg¢ulated from the

heating

the corresponding load
is caused by
‘gain components of solar radiation (Qgqo31), and

heat (Qint) which are subtracted from thé total



heat, loss of the building. In the ~standard method
calculqtions, credits are not given for the heat gain
components,

In practice, because these internal and solas heat
gains may not be available at all times, various safety
factors are used to determine the heating equipment's
required capacity. These factors increase the calculated
loads by b50% to 100% in order to ensure comfort

“conditions,

It 1is also of note that medium/heavy construction
attributes a smaller "lighting" load component in its
peak heating lodd calculations, than it does for light

weight construction (See Table 74).

J

5.1.2 The Effects of Wall and Roof Colour Variations on

+ Peak Cooling and Heating Loads (A2)

A summary of the effects produced by the variation
of wall and roof <colour on the peak cooling and heating
loads 1is presented in Table 8, The corresponding

component breakdown details are shown in Table 8A of

Appendix 1.

(44)




Table 8

A Summary of the Effects of Wall and Roof Colour on

Peak Cooling and Heating Loads

Run Parameteré Peak Cooling Load | Peak Heating Load
No. Colour of Walls & Roof Btu/hr Btu/hr

1 Dark 440593 290565

3 Eight 424495 279114

- Standard Method 437990 544829

The dark wall and roof colour component produces a
peak cooling locad 3.6% g:eatgr and a~peak heating lé?d.
3.9% greater than the corresponding loads for light wall
and roof colour.

The wall and roof colour parameter appears not to
have a significant effect on the peak cooling load when
compared to the corresponding valué calculated from the

standard method.

(45)




P

The computer calculated peak heating load is about
50% smaller than the corresponding 1load c?lculated from
the standard method and for the same reasons as

described in 5.1.1.

5.1:3 The E%fects of Cloud Cover Type on Peak Cooling

and Heating Loads (A3)

A summary of the
of cloud cover type on
loads 1is presented

component breakdown details are shown

9B of Appendix 1.

Y

effects produced by the variation

the peak c¢ooling and heating

Table 9. The

Table 9

-

corresponding

in Tables 9A and

A Summarv of the BEffects of (Cloud Cover on

Feak Cooling and Heating Loads

Peak Heating Load

fAun rarameter Feak Cooling Load

Yo. C;oud Cover Btu/hr Btu/hr
2 None 455115 290565
5 Typical 455115 414535
€& Maximum 455115, 431701
-' Standard Method 437920 544829

5.

(46)




The Opcost program calculations for pegk (maximum)
cooling load assume clear sky (no cloud cover effect)
(3)}. As shown in Table 9 and Fig. 9, the three different
cloud cover types presented in this study produced the

same peak cooling load.

o

<

The peak heating load calculated with no cloud cover

J (100% sunshine) was the smallest: peak heating load among

the(three options of this study and also produced a load
about 50% smaller than the corresponding load calculated
from the standard method. For the maximum cloud cover
option (less sunshine than the previous case) the peak
heating 1load was considerably 1arggr and the difference
to the staﬁdard method calculated value was reduced to
about 20%, This is due to the effect of the sglar

radiation (Qsol) component as explained in 5.1.1.

5.1.4 The Effects of HVAC sttem Operation Variations

(A4)
A summary of the effects prgoduced on the peak
cooling and heating loads, by variations in the HVAC

System Operations is presented in Table 10. The

{(47)



corresponding component bgéakdown details are shown in

7
&

Table 10A of Appendix 1.

~

Table 10
° A Summary of the Effects of HVAC System
Uperation Variations on Yeak Cooling
.and Heating Loads '

Run Yarameter Peak Cooling Iroad Peak Heating Load ;
No. Unoccupied Cooling Btu/hr ‘ Btu/hr
4 * no 450098 292854
e 7 yes . ¢ 428336 394867
T~ Standard Nethod 437990 | 544829

The peak cooling load is reduced by 4.8% "when the

" system provides «coo0ling during inoccupancy. This .is

caused by the removal of the accumulated heat during the .
ﬁnoccupied time period, by the cooling system. However,
the eﬁergy consumption wili be higher far such a case;
compared to the condition when there is no unoccupied

cooling. .

C (48)




!
i

This parameter appears to have no significant effect
on the peak cooling load when compared' ‘to the

[4

corresponding value calculated ffom the standard method.

-

The peak heating load as calcuiated by the computer

is almost 50% smaller when there 1is .no unoccupied

" 'cooling but only about 27% smaller when unoccupied

o

S

cooling is provided, ihs%omparison with standard method
éalculétiong. This is due to the same reasons explained
in 5.1.1; The relative large difference beéween the two
computer assisted célculations results is due to a large
difference in their solar radiation companent (Qsol)

{See Table 10A).

- ' ' ‘¢

L™
-’

5.1.5 The Effécts .of Temperature. Setback During Heating
\

Oéerations-(AS)

0

A summak§' of the effects produced by space

9

temperature setbatk  during inoccupancy on the peak"

heating load is presented in Table 11. The corresponding
component breakdown - details are shown in Tableé 11A and

11B of Appendix 1. .

1 -
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LA

-~ vA setback of 12°E'produces an 8.9% reduction in the

PN

peak heating load for - periods of- inoccupancy. This is

_ proportional to the changed. value Of AT used in -the

calculations,

[N

©

- The computer calculatéd peak heating Jload 1is‘gbout

e

25%° smalier than the corresponding load calculated from

the standard method. This difference is due to the same

Y

}easons explained in $;L.l.

o
T -

£

5.1.6 The Effects of the Type of Air Hangliﬁ§7¥g;stém on

" the Cooling and Heating Loads (A6)

-

hi

A summaryuéfﬁihe effects pfoduced by the xgrlation'

in'the air handling system type on ‘the peakcholing and

heating is presented in Table 12, The corresponding

" component breakdown details are shogr in Table 12A of

Appendix 1.

I
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Table 12

A Summary of the Effects of Air Handling

System’Type Variations oﬁ the

Peak Cooling and Heating Loads

\

(v

a

The type of air handling systém used has no effect

on the ﬁeak codlind'load, and shows a 9.2% difference -

when com%?réd to corresponding load as calculated from

the standard method. Most of the difference is

-

attributed’ to the triple glazing (U, '= 0.36) used in the

computer assisted method instead of the double glazing -

g = 0,55) used in standard method calculations, Thus,

" it can be seen that the type of air handi}ng system has

no significant effect on the peak cooling load..

‘ .0

Run Parameter Peak Cooling Load Peak Heating Load
-No. Air Handling System Btu/hr - Btu/hr
117 Constant Volume 397797 313352
12 | Variable Air Volume | - 397797 341620
- Standard lMethod 437990 544829
- u f \




A constant volume air handling system has .a peak
heating load 9% smaller than the corresponding load of a
variable air volume system, The variable air volume
system delivers less air, and thus wuses less fan horse
power than the constant volume system, This tran$1a%es
into a smaller 'Fan‘and Duct" heat gain component,”and
thus 'a larger net total heat loss load for the variable
air volume system, (See Table 123)

The computer assisted peak heating load is about 40%
smaller thaq~the'corresponding load palculgted from the
standara method. This caﬁ be explained by the difference

- in glazing type (as described above) and the reasons

outlined in 5.1.1.

'5,1.7 The Effects Caused by the Variation of the

Building Occupancy Schedule (A7)
¥
A summary of the effects produced by the variation
of the building occupancy schedule on'the peak cooling
and heating loads 1is presented 1in Table 13. The
corresponding component breakdown details aré shown in

Table 13&"of Appendix 1.

(53) ' ‘ ~



Table 13 '

»

A Summary of the LEffects of Building

Occupancy Schedule Variations on the

Peak Cooling znd Heating Loads

Run | 5 Parameter . Peak Cooling Load | Peak Heating Load
Yo, |~ Occupancy Schedule Btu/hr Btu/hr
9. 10:00 a.m. - 10:00 .p.m. 517471 346311
10 "24 FHours 517471 326483
- Standard Fethod 437990 ( 544829

the 12 hour (10:00 a.m, - 10:00

i
-

S

The building occupancy schedule has no effect .on the
peak coJ&ing load. The peak cooling load calculated by
the computer assisted method is 18.1% greater than . the

corresponding load célculated from the standard method. !
3

S

This dif ference is attributed to a "No prapes” shading
coefficient of 1.00 in the computer method, compared to

a 0.75 shading coefficient used in the standard method.

The 23' hour (continuous) occupancy has a 5.7%
smaller peak heating load than the corre poﬁding load of ~,

n_m,?yﬁoccupancy. Thé

difference is due specifically to the “lighting”
cbmpongntﬁ {See Table 13A) .

.

(54)




The computer assisted method produces a peak heating

. load about 40% smaller than the corresponding poad

’//' calculated from the standard method. This is /eﬁpldined
/

by the difference in the shading factor (as described

abovge) and the reasons outlined in 5.1.1. ’
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Chagter 6

S ‘ Conclusions

{ v

The conclusions from this study may be summarized as
|

follows: !
i

. -

For
l, In the Ca&rier Opcos@ program the peak cooling fgéds
\ i lj‘}
do not appear to be sensitive to the variations of the

A

following parameters:

A. Buildiné Weight ,
B. Wall and Roof Colour

C. Cloud Cover

D, Unoccupied Cooling

E. Temperature Setback

~F. Air Handling System Type

.G. Occupancy Schedule

4

-
2. For variations of the individual elements considered

(Al-A7), the corresponding variations in the peak
coolinﬁ loads computed from the program are found to be

negligible.

(56)



o,

3. For the variations of the individual parameters
con§idered %Al—A?), the results for the peak cooling
load computed from the program are very similar (+4%) to

those from the corresponding manual calculations.

4. Among the wvariations of the input parameters
considered (Al-A7), the effects of the variations of
ite&s Al, A2, and A5 to A7 on £he peak heating load
computed from the program, are found to be negligible.
Howevé?, the corresponding effects of the variations of.
cloud cover type (A3) and unoccupied cooling (A4) are

cons}derable (20% to 30%).

vt

1~

5. The variation of the input parameters considered,

produce significant differences (20% to 50%) in the

o

calculated peak heating load obtained from the manual

- and the computer assisted method,

Consequently, careful attention should be given to

v

the input choices for the computer assisted peak heating

load . calculations, in .otder to minimize potential
P

errors,

(57)
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Appendix 2

Carrier Opcost ‘Program Data
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ﬂj% AVAIL. ShNSHINE~FOR MONTREAG !
. » "
JAN' FEB MAR« APR "MAW JUN JUL -AUG. SEP OCT NOV DEC
100, 100 100 ,100 -100 100 100 ,100 100 {00 100 100
\ R

" ~27.85 (UNOCC.)
-29.36 (UNOCC.)
-30.87 (UNOCC.)

2l. EST. TYPICAL TONS
. 22. EST. TYPICAL TONS
"23. EST. TYPICAL TONS

- \
ve e LOAD CALCULATION ) " .
: , - . 04/10/84 ) A \
MONTREAL»® - QUEBEC , . LAT = 45 ALT = 98
CONST=MED-HVY ID= 76/50 : 72 . SETBACf= ¥2 1S =Y
. WALL COLOR: DARK et . ROOF COLOR: DARK
SYSTEM = CONSTANT VOLUME l , OCC. SCHED. : -7A-7P \
- 3 iﬁR# 31120821.6 \

1. SEST. MAXIMUM TONS @/ 88F. = 37.93 (occC.)

2. EST. TYPICAL TONS @ B85F. = 41.79 (occC.)

3. EST. TYPICAL TONS @ B80F. = 38.25 (0OCC:)

4. EST. TYPICAL TONS @ 75F. = 31.93 (oce.) .

5. EST. TYPICAL TONS @ 70F. = 29:17 (0CC.)

6. EST. TYPICAL TONS @ 65F. = 23.47 (0cCC.) ]

7. EST. TYPICAL TONS @ 60F. = 20.68 (oct.) - ‘

8. EST. TYPICAL TONS @ 55F. = 17.17; (OCC.)

9. EST. TYPICAL TONS @ S50F. = 10.52! (OCC.) ‘ -
10.™ EST. TYPICAL TONS @ 45F. =  %§7J9L.(0CC.) - .-,
11. EST. TYPICAL TONS @ 40F. = "5.99 (OCC.)

12. EST. TYPICAL TONS @ 35F. = 4.06 (OCC.)
13. EST. TYPICAL TONS @ ' 30F. = 0.00 (OCC.)
1l4. EST. TYPICAL TONS @ 25F. = -1.82 (0CC.)
15. EST. TYPICAL TONS @ 20F. = -3.78 (0OCC.)
16. EST. TYPICAL TONS @ 15F. = . =5.74 (0CC.) .
17. EST. TYPICAL TONS @ 10F. = -7.70 (OCC.)
18. EST. TYPICAL TONS @ 5F. = -14.21 (OCC.)
19. EST. TYPICAL TONS @ (F. = -16.21 (0OCC.)
20. EST. TYPICAL TONS @ -5F. = -18.21 (OCC.)
21. EST. TYPICAL TONS @ -10F. = -20.21 (occC.)
22. EST. TYPICAL TONS @ -15F. = -22.21 (0OCC.)
23." EST. TYPICAL TONS @ -20F. =  -24.21 (OCC.)
"1. \EST. MAXIMUM TONS @ 8BF. =- 6.71 (UNOCC.)

.2.. EST. TYPICAL TONS @ 85F. = 5.14 (UNOCC.)

3. EST. TYPICAL TONS @ 80F. = 3.45 (UNOCC.)

. EST. TYPICAL TONS @ 75F. = 1.78 (UNOCC.)

5. EST. TYPICAL TONS @ 70F, = 0.00 (UNOCC.)

6. EST. TYPICAL TONS @ 65F, = 0.00 (UNOCC.)

7. EST. TYPICAL TONS @ 60F. = 0.00 (UNOCC.)

8. EST. TYPICAL TONS @ 55F, = -0.95 (UNOCC.)

9. EST. TYPICAL TONS @ 50F. = -2.46 (UNOCC.)

10. EST. TYPICAL TONS @ 4S5F. = -3.97 (UNOCC.)
11. EST. TYPICAL TONS @ 40F. = -7.37 (UNOCC.)
12. EST. TYPICAL TONS @ 35F. = -8.87 (UNOCC.)
- 13. EST. TYPICAL TONS @ ‘30F. = -10.38 (UNOCC.)
14. EST. TYPICAL TONS @ 25F. = -14.36 (UNOCC.)
15. EST. TYPICAL TONS @ 20F. = -15.87 (UNOCC.)
16. EBEST. TYPICAL TONS @ 15F. = -17.37 (UNOCC.)
17. EST. TYPICAL TONS @ 10F. = -18.88 (UNOCC.)
18. EST. TYPICAL TONS @ . SF, = -20.39 (UNOCC.)
19. EST. TYPICAL TONS @ OF. = -24.84 (UNOCC.)
20. EST. TYPICAL TONS @ -5F. = -26.35 (UNOCC.}

e F. =

@ F. =

e F. =
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~ k-
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X , ,
- L]
S . [ 4 . P ~
. INpUTS . ¢ L o ‘
ORIENTATION OF BUILDING WALL N s E , ¥ RF
TRANSMISS{GN FACTORS 0.15 .15 0.15 0.15 0.09
ORIENTATION,OF BUILDING WALL NE ' NWw . SE SW . RP N
.TRANSMISSION FACTORS . 0.15 o.li. 0.5 0.15 0.0 A
SKYLIGHT U / SHADE FACTORS 6.76/ 0.6 ] ~
WINDOW’ U / SHADE FACTORS ¢ 0.55/ 0.75 ) .
LIGHTS WITH BALLAST : EVERYWHERE e - N—
. : OUTPUTS . .
NUMBER OF FEOPLE = 134 SENSIBLE PEOPLE LOAD = # 32,904
TOTAL' LIGHTS = 16,519 LIGHTING LOAD - 71,031
OTHER ELECTRICAL = 0 OTHER ELECTRICAL _ = 0
AREA OF N. GLASS = 0 NORTH GLASS SOLAR - 0 o ;
AREN QF S. GLASS = 0 SOUTH GLASS SOLAR = (] .
AREA OF E. GLASS = 0 EAST GLASS SOLAR - ] "
AREN OF W. GLASS = 0 WEST GLASS SOLAR = 0
AREA OF NE QLASS = 2,948 NE GLASS SOLAR = 49,340
AREA OF SE GLASS = 2,104 SE GLASS SOLAR = 62,947
AREA OF SW GLASS = 72 SW GLASS SOLAR = 6,031
AREA' OF NW GLASS = 384 NW SLASS SOLAR = 21,927
TOTAL GLASS AREA = 5,508 TOTAL GLASS SOLAR = 140,246
TOTAL GLASS AREA = 5,508 TOTAL GLASS TRANS. = 36,353
SKYLIGHT AREA - 0 TOTAL SKYLIGHT SOLAR = 0 s
* SKYLIGHT AREA » 0 TOTAL SKYLIGHT TRANS = 0 .
AREA OP N, WALL = 0 R. WALL LOAD = 0
AREBA OF S. WALL = ] §. WALL LOAD - 0
AREA OF ‘E. WALL\ = 0 JIE. WALL LOAD - 0
AREA OF W. WALL! = ] W. WALL LOAD ‘ - 0 -
AREA OF NE WALL = 328 RE WALL LOAD b - 393
AREA OF NW WALL = 1,601 NW WALL LOAD = 1,039 .
AREA OF SE WALL = 521 SE WALL LOAD = 1,430 . . {
AREA OP SW WALL = 3,408 SW WALL LOAD = 7,044 .
TOTAL WALL AREA = 5,858 TOTAL WALL TRANS. = 9,906 . .
AREA OF ROOF = 4,870 ROOF LOAD = 15,935
AREA ADJ. N.D.T. = 0 LOAD FROM N,.D.T. AREA= 0
EVAP PAN H.P. - 12.21 T. PAN & DUCT GAIN = 39,972
MISC + INFL SENS = 9,254 MISC. + INFL SENS. = 9,254
VENTILATION CPM = . 1,800 O. A.SENSIBLE LOAD = 23,539
MISC+INPL LATENT = 12,651 MISC. + INPL LATENT = 12,651 .
NUMBER OF PEOPLE = 134 PEOPLE LATENT LOAD = 27,532 :
VENTILATION CP¥ = 1,800 O.A. LATENT LOAD = 35,794
TOTAL CFM - 14,220 TOTAL LATENT LOAD = 175,976
EFF ROOM SENSIBLE= 325,490 EFF. ROOM LAT. LOAD = 43,762
~~>GRAND TOTAL LOADSMS 455,115 BTU'S <--
). EST. MAXIMUM TONS @ 88F.'= 37.93 (0CC.) . .
TOT SENSIBLE LOAD = 379,139 TOT LATENT LOAD = 75,976
AREA (SQ FT) = 13,430 $Q. FT PER TON - 354
SUPPLY AIR CFM = 14,220 CFM PER SQ FT - 1.06
INDICATED ACT. RM. RH = 51.308 %
SPACE DRY BULB DEG.F. = 76
DEGREES ROTATED = 0
T. ST. EVAP FAN = 3.00 CEILING RETURN 1!}
BYPASS F.’ ASSUMED IS .l ESHF = 0.88 ,
NET BLDG. ENVELOPE 'U' FACTOR = 0.27 ‘ &
MAX. PERIM. LOAD AMBIGUITY L] 0.0 TONS.
CASE CREDITS = 0/ 0 MBH SENS./LAT.
SUB-CASE RETURN AJIR PERCENT = O . .
INTERIOR ZONE SQ. FT. = 6446

(76) ’ R
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[ »~
e ’ . ' ; - \
i . . .
t ! . N -
L ’ : - , .
! _ . ' INPUTS . - ’
. ORIBNTATION OF BUILDING WALL N s E (w RP -
TRANSMISSION PACTORS ! . 0.15 " 0.15 0.15 0.15 0.09 4 ' ~
_ ORIENTATION OF BUILDING WALL & NE , NW SE SW RFP " '
. TRANSMISSION PACTORS 0.15 0.15 0.15 0.15 0.09
SKYLIGHT U / SHADE FACTORS 0.76/ 0.65 : .
WINDOW U / SHADE PACTORS + ,0.55/ 0.75
LIGHTS 'WITH BALLAST : EVERYWHERE
OUTPUTS
NUMBER OF PEOPLE = 134 SENSIBLE PEOPLE LOAD = 32,904
TQTAL LIGHTS = 16,519 LIGHTING LOAD = 46,881
OTHER ELECTRICAL = 0 OTHER ELECTRICAL - 0
AREA OF N. GLASS = 0 NORTH GLASS SOLAR - 0
—\‘\\\ AREA OF S. GLASS = o SOUTH GLASS SOLAR - 0
AREA OF BE. GLASS = 0 EAST GLASS SOLAR = 0
- AREA OF W. GLASS = 0 WEST GLASS SOLAR " 0
AREA OF NE GLASS = 2,948 NE, GLASS SOLAR = 14,595
AREA OF SE GLASS = 2,104 SE GLASS SOLAR = 176,725
AREA OF. SW GLASS = 72 sW GLASS SOLAR = 6,048
AREA OF NW GLASS = 384 NW GLASS SOLAR = 1,901
TOTAL GLASS AREA = 5,508 . TOTAL GLASS SOLAR = 199,268
‘ TOTAL GLASS ARBA = 5,508 TOTAL GLASS, TRANS, = §-278,70
SKYLIGHT AREA = 0 TOTAL SKYLIGHT SOLAR = 0-
SKYLIGHT AREA = 0 TOTAL SKYLIGHT TRANS = 0
AREA OF N. WALL = 0 N. WALL BLOAD - -0
AREBA OP S, WALL = 0 S, WALL LO - 0- .
AREA OF E. WALL = 0 E.” WALL LOA - 0
AREA OF W, WALL = 0 W. WALL LOAD , = 0
AREA OF NE WALL = 328 NE WALL LOAD = -4,040
AREA OF NW WALL = 1,601 NW WALL LOAD - = -19,807
AREA OF SE WALL = 521 SE WALL LOAD = -5,477
AREA OF SW WALL = 3,408 SW WALL LOAD = -37,798
*  TOTAL WALL AREA = 5,858 TOTAL WALL TRANS. = -67,122, .
AREA OF ROOP - 4,870 ROOF LOAD = -31,676
AREA ADJ. N.D.T. = 0 LOAD FROM N.D.T. AREA= 0
BVAP FAN H.P. - 12.21 T, PAN & DUCT GAIN = 39,972
MISC + INFL SENS = -51,620 '  MISC. + INFL SENS. = -51,620
VENTILATION CFM = 1,800 O. A.SENSIBLE LOAD = y-180,466
MISC+INFL LATENT = 1,970 MISC. + INPL LATENT = 1,970
NUMBER OF PEOPLE = 134 PEOPLE LATENT LOAD = 27,532
VENTILATION CFM = 1,800 O.A. LATENT LOAD - 0
TOTAL CFM = 14,220 TOTAL LATENT  BOAD =0
» EFF ROOM SENSIBLE= -120,036 EFF. ROOM LAT. LOAD = 0
-->GRAND TO T}k L LOAD= -290,565 BTU'S <~--
23. EST. TYPICAL TONS @ . -20P, = -24.21 (0CC.)
TOT SENSIBLE LOAD = %-290,565 TOT LATENT LOAD = 0
AREA (SQ FT) = 13,430 )
SUPPLY AIR CFM = 14,220 CFM PER SQ FT - 1.06
SPACE DRY BULB DEG.F. = 72 -
DEGREES ROTATED = 0
T, ST. EVAP FAN = 3.00 CEILING RETURN {11
BYPASS F. ASSUMED IS .1
NET BLDG. ENVELOPE 'U' FACTOR = 0.27 . R
MAX. PERIM. LOAD AMBIGUITY = 0.0 TONS.
CASE CREDITS = 0 /0 MBH SENS./LAT.
SUB-CASE RETURN AIR PERCENT = 0
INTERIOR ZONE SQ. PT. = 6446 .
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