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IKTRODUCTION 

Many departments within federal and provincial governments are developing 
energy performance s t andards  [or energy b u d g e t s )  f o ~  var ious  types of buildings 

to ach ieve  maximum practicable improvements in t he  e f f i c i e n t  usc of energy. 
A s tudy  was ca r r i ed  out  f o r  t h e  Divis ion o f  Bujlding Ilcsearch, National 
Rcscarch Council o f  Canada, by the associated firms o f  Vinto Emgineering Ltd., 
and  Yoneda and Associates Ltd.  [ I ]  to provide guidance to s t andards - \v r i t ing  
bodies regarding t h e  fac tors  to be taken into account i n  setting cnergy twdgets 

consumption levels .  The study was also designed to illustrate how cncrgy 
shou ld  h c  ad jus ted  to rake variations of t h e s e  f ac to r s  i n t o  account. Thc 

r e s u l t s  of  t h e  s t u d y  showed t h e  r e l a t i v e  importance of c l i m a t i c  conditions, 

h o u r s  of use of  of f ice  space, and huilding s i z e  and shape, on the annual energy 
consumption of office b u i l d i n g s  [ Z ] .  Mathematical expressions were developed 

t o  p r e d i c t  the annual energy consumption in terms of heating and cooling 
degree days ,  infiltration ra te ,  envelope-to-floor r a t i o ,  hours of operation 
per  day and  days o f  o p e r a t i o n  per  year. The s t u d y  did n o t ,  howevcr, investi- 

gate ways to a d j u s t  t h e  energy consumption levels ro compensatc Ear vzrious 
extended hours of use  such as seasonal or p a r t i a l  overtime o p e r a t i o n s .  The 
latter cases usually occur when small groups of b u i l d i n g  occupants work periods 
of overtime in l a r g e  o f f i c e  b u i l d i n g s .  

T h i s  study, t he r e fo re ,  is aimed a t  i n v e s t i g a t i n g  t h e  connection betwecn 

annual energy consumption in office buildings and the number o f  operating 
hours pcr year, low levels o f  partial occupancy and the use of office space 
f o r  extcnded hours during h e a t i n g  and cooling seasons. Finally, a simple 
method of adjusting the reference energy budgets of t h i s  class of building 
i s  suggested t o  compensate f o r  various annual hours o f  o f f i ce  space operatinn 
other t han  that used in the reference energy budgets. 

OCCUPANCY AX13 LIGHTS PROFILES - VINTO AND YONEDA STUDY ANALYZED 

Operating profiles for 8 ,  12  and 16 hours p e r  day were e s t a b l i s h e d ,  

pat te rned  on contemporary b u i l d i n g  operat ion,  and 5, 6 and 7 days/rit~ck 

occupancy were s t u d i e d  [ Z ] .  Figures 1, 2 and 3 show t h e  percentage variation 
profiles f o r  peoplc and l i g h t s  for 8, 12 and 16 hours of operation per  day 

r e spec t i ve ly .  It was assumed t h a t  cleaning and sccur i ty  s t a f f  represent 

10 per  cent o f  the design capacity of t h e  building and occupy t he  space fo r  
four hours  and t h a t ,  f o r  security reasons,  5 per cent of t h e  f u l l  lights 
capac i ty  a re  t u rned  on when t h e  b u i l d i n g  i s  not used.  

The 8-hour profile ( F i g u r c  1) shows that the occupancy l e v e l  drops  from 
100 per cenr to 10 p e r  cent at 4:00 p.m., while the l i g h t s  l o a d  decreases by 

abou t  20 per cent evcry  hour from 5:00 p.m. to 8:00 p.m. The 12-hour profile 
(Figure 2) was i n t ended  to re f lec t  a r c g u l a r  8-hour working day followed by n 

4-hour overtime period [I] .  11e occupancy p r o f i l e  was similar to the 8-]lour 
profile b u t  at 4:00 p.m. t h e  building remained occupied f o r  1 hour  a t  80 pe r  
cen t  maximum lead and f o r  3 additional hours at 50 p e r  cent load. It was 

assumed t h a t  t h e  j a n i t o r i a l  work was performed d u r i n g  t h e  overtime p e r i o d  as 

t h i s  seemed t o  be common practice. The l i g h t s  profile was similar t o  t h e  



8-11our profile u n t i l  4:00  p.m. From 4 : O O  to 5:00 p.m. t h e  lights l eve l  was 
maintained a t  95 p e r  cent and then seduced t o  75 per cent  f o r  t h e  remainder 
of the ovcrtirne and janitorial per iod.  Fans were operated from 7:On a.m. to 
5:00 p.m; t h i s  included t h e  morning preconditioning period. 

The 16-hour profile (F igure  3) was intended to simulatc t h e  two 8-hour 

work shif ts .  Because t h e  building was occupied until midnight ,  i t  was 

assumed t h a t  j a n i t o r i a l  work d i d  not follow immediateIy thereaf ter ,  but  bcgan 

f o u r  hours p r i o r  to morning occuparlcy. The lights p r o f i l e  assumed t ha t  t h e  
janitors tu rned  on l i g h t s  as cleaning progressed,  in t h e  same manner as t h e y  

extinguished them when t h e  cleaning was done immediately a f t e r  work hours. 
Fan opera t ion  began at 7 : 0 0  a.m. fo r  precond i t ion ing  and ended at midnight. 

ENERGY CONSUMPTION CORRELATION 

A b r i c f  description of thc off ice  building used in t h e  Vinta and Yoneda 
s tudy  [ I ]  is given  in Appendix A. me Meriwethcr Energy Systems Analysis 
(ESA) program was used to calculate energy requirements when the previously 
descr ibed profiles of use were implemented. Table 1 gives a summary ~f the 
results, as reported i n  Reference 1 ,  showing thc  number of  days of use per 
year,  t h e  number of hours per  day and the t o t a l  energy consumption fo r  each 
case. 

The energy consumption data in Table 1 was used to develop a linear 
r e l a t i onsh ip  correlating hours of operation per day and days of  operat ion per  
year w i t h  t h e  annual energy consumption. The r e su l t  was e ~ r c s s e d  as: 

2 
E = energy consumption MJJm .yr. 

D = days  of operation per  year 1252 < n < 3651 
Y - Y -  

H = hours of operation per day (8 < 11 < 1 4 )  
d - d -  

A comparison between the energy consumption data i n  Table 1 and t h e  correspond- 
ing values  predicted by Equation I is shown in F i g u r e  4. 

OUTLINE OF THE PRESENT STUDY 

T h i s  study investigated t h e  effects  of various occupancy profiles and 
hours of use of  office space on t he  annual energy consumption of o f f i c e  build- 
i n g s .  Particular emphasis has been placed on cases where the o f f i c e  space is 

nscd f o r  an extended number of hours (overtime) at var ious  levels  o f  occupancy. 
The u s e  o f  o f f i ce  space during avertime periods i n  summer and winter  months 
was a l s o  s t u d i e d  t o  investigate t h e  effects of seasonal operation on t h e  
a n n u a l  energy consumpti on. 



Table 2 g i v e s  a summary of t h e  various occupancy profiles used in this 

s t u d y .  The 24-hour profile represents the use of o f f i c e  spacc fo r  3 consccu- 
r i v e  s h i f t s  p e r  day, a s  shown i n  F i g u r e  5 .  

Common practice in o f f i c e  huildings proves t h a t  o n l y  a small percentage 

of the t o t a I  occul~ancy use t h e  o f f j  ce space f o r  a l i m i  red number o f  hours  

a f t e r  t h e  normal 8-hour d a i l y  operation. To simulate t h i s  s i t t la t ion ,  thc  

8-hour profile was changed t o  account f o r  2 overtime p e r i o d s  o f  4 and (3 h o u r s  

Cl'igures 6 and 7 ) .  It was assumed t h a t  t h e  occupancy level d u r i n g  these 

overt imc periods varied between 5 and 15 per  cent of  the  des ign occupancy 
(in a d d i t i o n  to the cleaning and security s t a f f ) .  The 8-hour I igl l ts  profilc 

was used without  change, in the case of t h e  4-hour ovcrtimo, bccausc 1 i g h t s  

lcvel was hclieved to he  adequate between 5 : 0 0  and 8 : 0 Q  p.m. (Figure  11. I n  
t h e  cnsc o f  t h e  6-hour overtime, Z i g h t s  profile was extended from 7:00 p.m. to 

10:00  p.m. at 36 per cent  sf the design l i g h t s  l eve l ,  and then reduced to 
5 p e r  cent from 1C):OO p.m. to 7 : 0 0  a . m .  {F igu re  7 ) .  During the 4- and  6-hour 
overtime operation, it was assumed t h a t  the IIVAC systcm was i n  full operstion 
t o  provide comfortable conditions in the of f i ce .  T h i s  assumptiarl is  debatable, 
however, s i n c c  t h e  design o f  rhe air handling systems var ies  From one office 

bui l d i n g  t o  another .  

Usc of  an o f f i c c  building d u r i n g  extended hours  in summer es w i n t e r  

months is illustrated by people and l i g h t s  p r o f i l e s  as shown in F i g u r e  8 .  F o r  

example, durjng winter overtime operation t h e  b u i l d i n g  is used f o r  16 hours a 

day, 5 days a week, whereas t h e  rest of t h c  year,  t h e  8-hour pro f i  l e  is 
a p p l i e d .  This can be illustrated as foIlnws: 

I-Iotrrs of U s e  

1 . Decembcr, ,January, 16 hours  per day 

February and March 5 days per week 

2 .  April t o  November Y h o u r s  per  day 

(inclusive) 5 days per week 

P r o f i l e  10 (summer overtime) describes t h e  use o f  the of f ice  space as follows: 

Months Hours of Use 

I .  June,  Ju ly ,  August 16 hours per day 
and September 5 days per week 

2 .  October to May 8 h o u r s  per day 

( i n c  Eusive] 5 days per week 

Other  profiles o f  use listed in Table 2 are fo r  t h e  study of extreme cases 

such as occr~pying  t he  off ice  spacc 24 hours  a day,  7 days a week [profilc 2 ,  

F i g u r e  5) . On t h e  other  hand, when the b u i l d i n g  is  n o t  used a1 l year round ,  



profile 11 is applied assuming 2 night temperature setbacks, Z S . G 0 C  and 10°C.  

Finally, profiles 12 and 13 (Figures 9 and 10 respectively) are used to f i l l  
i n  t h e  gaps i n  t h e  matrix of profiles studied in Reference 1 .  

RESULTS 

Thc Meriwether Energy Systems Analysis [ESA) program was used i n  t h i s  

s t u d y .  Equat ion  (1) expresses the annual energy consumption in terms o f  the 
number of days per  year and the number of hours per day t h e  space i s  occupied, 
h u t  is bounded by t h e  following conditions: 

D between 2 5 2  and 365, 
Y 

Hd 
between 8 and 1 6 .  

To extend t h e  range of application of t h i s  equation, energy analyses using 

profiles 2 ,  9 ,  10, 11, 1 2  and 13 were carried out t o  derive an expression 
f o r  annual energy consumption in terms of t h e  hours  of usc p e r  yeas. 

In genera l ,  t h e  annual  energy consumption per square metre of o f f i c e  
space increased as t h e  hours  o f  use increased. This is illustrated in 
TzbTe 3 .  Using  that d a t a  and utilizing linear regression routines, a straight 
l i n e  relationship was obtained between t he  annual energy consumption and t h e  
hours of u s e  o f  space per year [Figure 11) .  This re la t ionship  is expressed 
as : 

2 
E = annual  energy consumption Fl J Jm myr. 

I = number of h o u ~ s  the space is used per year h/yr 
Y 

The cons tan t  746 in Equat ion  (21  represents t h e  energy consumption of 
t h e  building rd~cn it is n e t  occupied. This constant agrees  reasonably well 

w i t h  results ob ta ined  by u s i n g  profile 11,  i . e . ,  O h o u r ,  0 day profile where 
t h e  calculated energy consumption was 756.4 ~ ~ / r n ~ = ~ r ,  as shown in Table 3 .  

Since  t he  study in Reference 1 was made u s i n g  a n i g h t  temperature 
se tback  of  15,G°C, it seemed reasonable to keep  t he  n i g h t  se tback  thc same 
f o r  t h e  various profiles applied i n  t h i s  study.  However, t o  show t h e  effect 
of  n i g h t  setback on t h e  base energy consumption of t h e  building ( 0  hr/day,  

O d a y s l y r ] ,  p r o f i l e  I 1  was used with a night setback of 1 0 O ~  i n s t ead  of 
15.6"C. h 4 per cent decrease i n  t h e  annual energy consumption was realized 
by t h i s  change in the n igh t  setback (756.4 ~ ~ / r n Z - y r  at 1 5 . G ° C  and 

724 .2  M J / ~ ~ . ~ T  a t  IO°C. 



The difFerence in energy consumption caused by working t h e  same amount 
n $  over t ime n t  d i f f e r e n t  seasons of t h c  yexr (winter and summer) was deter -  

mined. Ihlen the office space was used f o r  overtime in winter, profile 5, was 

applicd and t h e  energy consumption was 1153.6  ~ . ~ / r n Z * y r  ; during summer 
over t ime  t h e  energy consumption was 1275.6 ~ ~ / r n 2  * y r .  

Rccnusc t h e  total number of hours of use of t h e  o f f i c e  space was t h e  

s a m e  in  both cases {winter  and summer seasons), t h e  difference i n  the annuaI 
energy consumption was due to the effect  of seasonal wearher v a r i a t i o n s .  
A comparison between h e a t i n g ,  c o o l i n g  loads,  e l ec t r i c  and gas consumption f o r  
sunlaner rand w i n t e r  overtime tlses i s  given i n  Table 4 .  As shoim there was no 
significant change in t h e  annual h e a t i n g  load between summer and ~ ~ i n t e r  
o v e r t i m e  operat ion.  On t h e  other  hand, overtime dur ing  t h e  summer months 
r e s u l t e d  i n  a 59 per  cent increase in the annual cooling load and 11 per cent  

morc energy usage than if the overtime was rjorkcd i n  winte r .  

Assume that t h e  off ice  space is used for t h e  same number of h o u r s  pel- 
y e a r  as t h a r  af t h e  combined normal and overtime periods (2760 hours pcr 
Y C ~ T ) .  From Equation 2, t h e  annual ene rgy  consumption wuuld be 

17 I .7.9 ~ ~ / m 2 -  ).r which is  midway between the summer and w i n t e r  overt i ,ne 
erlcrgy consumption f i g u r e s .  'this suggests t h a t ,  i n  similar climates, 
potential energy savings  e x i s t  when of f icc  space  i s  used for cxtendcd periods 
of time d u r i n g  t h e  w i n r e r  and f o r  a s h o r t e r  number o f  hours dur ing  summer 

months. Nevertheless, i m p l e m e n t a t i o n  o f  such a suggestion may be difficult, 
sincc contralling t h e  t i m i n g  and duration o f  overtime periods i s  not  always 
fcaslble. 

The l eve l  of occupancy d u r i n g  overtime periods is expected to contribute 
to i n c r e a s i n g  the annual  energy consumption of office spacc. The r n a g n i t u d ~  

of t h i s  increase i s  difficult to de f ine  because it depends on several Factors,  

one of  which is t h e  des ign  and layout  o f  t h e  a i r  handling system i n  t he  
building. 'To s tudy the ef fec t  of parrial  occupancy of  o f f i c e  space dul - ing  
overt ime p e r i o d s ,  p r o f i l e  I (8  hourslday, 5 days/wcek) was changed to 

accommodate t h e  assumed variations in occupancy levels and t h e  periods of use. 

F i r s t ,  it was assumed t h a t  the of f ice  space is used f o r  4 hours overtime 
at 3 d i f f e r e n t  l eve l s  of occupancy namely 5, 10 and 15 per  cent o f  f u l l  

occupancy (profiles 3 ,  4 and 5 (Figurc 611 respectively. The resu l t s  
(Table 53 show t h a t  changing the level of occupancy d u r i n g  the 4 hours 

overtime p e r i o d  from 5 to 15 per ccnt d i d  no t  r e s u l t  i n  a significant 
increase i n  t h e  annual energy consumption. The avcrage energy consumption o f  
1157.5 bh~/rn?*yr ,  from Table  5, i s  about 11 per ccnt  h i g h e r  than t h a t  o f  

profile 1 (8 Flours per day,  5 days per w e e k ) ,  see Tablc 3 .  On the o t h e r  hand, 

when t h e  building i s  used at f u l l  capacity for the same number o f  hours 
(3120 h / y r ) ,  the estimated energy consumption, u s i n g  Equation ( 2 3 ,  is 
1274.8 ~ ~ / m 2 - y r .  

Secondly, it was assumed t h a t  the of f ice  space is used f o r  6 hours 
overt ime a t  t h e  same t h ree  levels  ef occupancy, i . e . ,  5, 10 a n d  15 pe r  cerrt. 
This is illustrated by profiles 6 ,  7 and 8 rcsrectively in Figurc  7 .  In  



t h i s  case,  t h e  annual energy consumption d i d  not  change s i g n i f i c a n t l y  as a 
r e s u l t  of changing  the occupancy level  (see Table 6 ) -  However, t h e  average 
energy consumption (1 198 - 5  M J / ~ ~  - yr) is about 15 per cent higher than that o f  
p r o f i l e  1 (8 hours per day, 5 days per week) ,  Also ,  when t h e  building i s  used 

a t  f u l l  capacity f o r  the  same number sf  hours  (3640 h / y r ) ,  t h e n  t h e  estimated 
energy cnnsumption, from Equation ( 2 3 ,  i s  1363 ~ ~ / r n ~ - ~ r .  

These r e s u l t s  suggest t h a t  during overtime t h e  low occupancy period level 
in t h e  o f f i c e  spacc (up to 25 per cent) is not a significant parameter 
affecting energy consumption of t h e  of f ice  building. Neverthclcss, t h e  hours 
of operation d u r i n g  r d ~ i c h  l i g h t s ,  heating, and cooling systems are t u r n e d  on 
is an i m p o r t a n t  f ac to r  t o  be considered when setting energy budgets f o r  this 
type of b u i l d i n g ,  Meanwhile hea t ing ,  coo l ing ,  and air handling systems 
design and layout i n  a building have a direct ef fec t  sn thc n e t  energy 
consumption especially dur ing  partial occupancy and overtime periods  of  space 

use. 

Ifhen setting energy budgets for o f f i c e  buildings according to some basic 
conditions [bujlding size and shape, climate, hours of operation, c t c . )  they 
could be a d j u s t e d  t o  account for any number of hours of operation d i f f e r e n t  

from t h e  refcrence number. 

Assuming t h a t  the base energy budget  E* i s  c a l c u l a t e d  u s i n g  a base hours * 
of  use per ycar Hy , then: 

The cons tan t  a in Equation (3) depends mainly on t h e  bu i ld ing  

construction and i t s  l o c a t i o n ,  i . e . ,  weather. F o r  o t h c r  annual operating 
h o u r s  of office space  H the base energy budgct  cou ld  be a d j u s t c d  as 

follows: 
Y' 

Although t h e  linear relationship between annual energy consumption and hours 
of opera t ion  of of f i ce  space was proved to be  acceptable in t h e  case s t u d i e d ,  
it is essen t i a l  to examine this linearity for other geographical locations. 
To do so, appropriate of f i ce  building models could  bc used to perform similar 
energy analysis applying var ious profiles o f  use t o  cover a w i d e  range of  
horl rs  of operation. 

It is of ten  assumed that  the annual energy consumption i n  an o f f i c e  space 

is a monotonic increasing f u n c t i o n  of the number of  hours per year d u r i n g  

which t h c  space is used. A simple linezr r e l a t i o n s h i p  w a s  der ived  t o  conf i rm 
t h i s  assumption by s tudying a l a rge  office building over a range of hours of 
tlse o f  between O and 87'60 h/yr. 



There arc  t h r e e  elements thar  i n f l u e n c e  t h e  n e t  annual cnerRy 
consumption: season of the year (summer o r  winter), number o f  hours o f  
overtime and level of occupancy. T h i s  s t u d y  showed t h a t  the levcl of 

occupancy during overtime p e r i o d s  has the leas t  effect on t h e  annual 

energy consumption, and t h a t  overtime u s e  of o f f i c e  space is a significant 
factor to be considered when s e t t i n g  energy budgets for office b u i l d i n g s .  

Finally, it is poss ib le  that reduction in the a n n ~ ~ a l  energy 
consumption of of f ice  buildings could bc achieved by working f o r  longer 
periods  of  overtime dur ing t h e  winte r  season and f o r  fewer overtime hours  
during t h e  s u m m e r  season. It would be constructive to investigate the  
situation for  other office buildings and climates s i n c e  t h i s  study dealt 
o n l y  with one off ice  building in one location. A l s o ,  f u r t h e r  s t u d y  i s  
needed to investigate t h e  interaction between t h e  annual energy 
consumption of  o f f i c e  buildings and v a r i o u s  types  of hea t i ng ,  cooling, and 
a i r  hnndling sys tems design and layout. 
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'TABLE 1 

Energy Consumption P ! J / ~ ~ .  y r  

Days of Use 
I-fours of U s e  p e r  nay 

p c r  Week 

S 12  16 

6 (304 days J y r }  1149 - - 

TABLE 2 

SUMMARY OF OCCUPANCY AND LIGHT PROFILES 

P r o f i l e  F i g .  No. Description 

8 hr/day - 5 days/week 

24 hr,fday 

8 hr/day - 5 days/wk -+ 5 O i  f o r  4 h r  

8 hr/day - 5 days/wk + 10% f o r  4 11s 

8 hr/day - 5 days/wk + 15% f o r  4 h r  

8 hr/day - 5 days/wk + 5% f o r  6 h r  

8 hr/day - 5 days/wk + 10% fo r  6 h r  

8 hr/day - 5 days/wk r 15% for 6 h r  

Winter overtime schedule 

S u m m e r  overt ime schedu le  

0 hr - 0 day 

12 hrJday - 6 dayslwk 

16 hr/day - 6 ciays/tr.k 



TABLE 3 

TOTAL ENERGY COMSWPTION FOR VARIOUS HOURS OF USE 

Profile Hours per Year Total Energy consumption 

w/m2 - yr 

No. I I  

No. 1 

No. 9 

No. 10 

No. 1 2  

No. 13 

No. 2 

(6 days/week) 

No. 2 

(7 days/week) 

* Reference Z 



TARLE 4 

EFFECT OF SEASONAL 'USE OF OFFICE SPACE ON VIE ANNUAL ENERGY CONSUMPTION 

Energy Gas Electric Heating Cooling 

Consumption Consumption Consumption Load Load 
2 

M J / ~  . yr d/yr G.J/ yr GJ JF G J/ yr 

Iz'inter 

overtime 
[Profile 9) 1 1 5 3 . 6  232170 5020 3850 1016 

Summer 

overtime 
( P r o f i l e  1 0 )  1275.6 267198 5 140 3869 1618 

TABLE 5 

ENERGY CONSUMPTION FOR PARTIAL OCCUPANCY OF 4 I-!OURS OVERTIME 

8 hours per  day, 5 days per  week p l u s :  

5% 10 % 15% 

Occupancy Occupancy Occupancy 

Cooling load 
GJ/yr 

Heating load 
G J/yr 

Elect r ic  

consumpti an 

G J J y r  

Gas 
consumption 

3 
rn /yr 246293 247369 248416 

Energy 

consumption 
2 

MJ/m -yr 



TABLE 6 

ENERGY CONSUMPTION FOR PARTTAL OCCUPANCY OF 6 HOURS OVERTIME 

8 hours per day, 5 days per week plus:  

5% 10% 15 % 

Occupancy Occupancy Occupancy 

Cooling load 

GJ/yr 

Heating load 

GJ/yr 

Electric 

consumption 

~ J / F  

Gas 

consumption 

m 3 / V  253003 254448 255977 

consumption 
2 

F1J/m - yr 



P E O P L E  - 8 H O U R S  

F I G U R E  1 

PEOPLE A N D  L I G H T S  P R O F I L E S  

L I G H T 5  - 8 H O U R S  

100 

n 
M 2 d B 1 0 N 2 4  b B I O M  

T I M E  

PEOPt  E - E2 H O U R S  

F I G U R E  2 

PEOPLE AND L I G H T S  P R O F E K E S  

L I G H T S  - 12 H O U R S  

P E O P L E  - E b  HOURS 

F I G U R E  3 

P E O P L E  AND l l G H T S  ( ' R O F I L E S  



P R E D I C T E D  E N E R G Y  C O N S U M P T I O N ,  ~ l i r n ~  y r  
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C O M P A R I S O N  O F  COMPUTED A N D  P R E D I C T E D  
E N E R G Y  C O N S U M P T I O N  1 4 )  

P E O P L E  - 24 H O U R S  

0 
M 2  4 6 8 1 0 N 2 4 6 8 1 0 M  

T I M E  

L I G H T S  - 24 H O U R S  

F I G U R E  5 

P E O P L E  AND L I G H T S  r ' R O F I L E S  



P E O P L E  

L I G H T S  

F I G U R E  6 

P E O P L E  AND L I G H T S  P R O F I L E S  FOR 

4 H O U R S  OVERTIME 15. 10 AND 15% 
O C C b l P A N C Y l  

P E O P L E  

L l G H T S  

PEOPLE A N D  L I G H T S  P R O F l l E S  F O R  

h I - IOURS O V E R T I M E  [ S .  10 A N D  1542 

O C C U P A N C Y !  



PEOPLE - W I N T E R  

T I M E  

L l G H T S  - W I N T E R  

P E O P L E  - SUMMER 

L I G H T S  - SUMMER 

F I G U R E  E 

P E O P L E  A N D  L I G H T S  P R O F I L E S  F O R  W I N T E R  
O V E R T I M E  A N D  NORMAL SUMMER O P E R A T 1 O N  

( T H E S E  P R O F I L E S  A R E  U S E D  F O R  SUMMER 
O V E R T I M E  A N D  N O R M A L  W I N T E R  O P E R A T I O N )  



P E O P L E  - 12 H O U R S  

Z 80 
' 0  - 6 0  
U P -  

u < 
c - 4 0  
u l w  - 20 

T I M E  

L I G H T S  - 12 H O U R S  

F I G U R E  9 

PEOPLE AND L I G H T S  P R S F I L E S  

P E O P L E  - l h  H O U R S  

T l M E  

L I G H T S  - 1 6  H O U R S  

M 2 4 b 8 1 0 N 2 d i r 8 1 0 M  

T l M E  

F I G U R E  10 

PEOPLE A N D  L I G H T S  P R O F I L E S  



APPENDIX A 

B U I L D I N G  DESCRIPTION 

The of f i ce  building used in t h i s  s t u d y  i s  12 storeys in h e i g h t  and has  a 
t o t a l  floor area o f  12224 m2. 'She building envelope i s  of precast cav i ty  

wall c o n s t r u c t i o n ,  with clear double glazed window units of approximately 
35 pcr  cent of exposed wall surface area. Building lighting is by 
fluoresccnt f ix tu re s ,  at an installed c a p a c i t y  of 48.4 w a t t s  per square 
metre. There are two l eve l s  ~f parking below grade, 

The mechanical sys tem installed in t h e  building is comprised of a medium 

pressure s ing le  duct  var i ab le  volume system with minimum volume setting of 

25 per cent of full a i r  f l ow  to t h e  terminal u n i t s .  Operation of t he  
variable volume regulators is controlled by space thermostats. The system 
also has an economizer cycle to take advantage of o u t d o o r  a ir  cooling. The 
h e a t i n g  plant  is comprised of two gas-f i red boilers, which produce hot water 
for both hea t ing  and c o a l i n g  (by means of absorption chiller). 

The 8 hour s  p e r  day, 5 days per week profile (2016 hours per pear) 
shown i n  Figure  1, r e su l t ed  in a t o t a l  energy consumption of  1041 b ~ / r n ~ - ~ r  

[l].  This result was based on the following conditions: 

Location:  Edmonton, Alberta 

Thermostat setting (heating] : 21°C DB 

-8Oc DP 

Winter outdoor design conditions: -34°C DB 

-34°C DP 

Night  s e t  hack temperature: 1 5 . 6 1 ~ ~  DB 

(a l l  year around) 

Thermostat setting (cooling]: 24.5"C DB 

Shutoff and setback time schedules; 

Week days: System is on only from 

7:00 a.m. to 6:00 p.m. 

Weekends: System i s  off  a l l  t h e  time 

This se t  of conditions is used when studying t h e  extended periods of 
occupancy, but only  t h e  shutoff and setback time schedules are changed to 
agree with t h e  occupancy p r o f i l e .  



H O U R S  O F  O P E R A T I O N  PEA Y E A R  
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C O R R E L A T I O N  B E T W E E N  A N N U A L  E N E R G Y  
C O M S U M P T I O N  A N D  THF NUMBER O F  H O U R S  OF 

S P A C E  U S E  PER Y E A R  


