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ABSTRACT

AN ENERGY MANAGEMENT PROGRAMME FOR
GRANDE PRAIRIE PUBLIC SCHOOL DISTRICT

by James A. Love

Completed in partial fulfillment of the requirements
for the degree Master of Environmental Design.

Faculty of Environmental Design
_University of Calgary, September, 1978.

Development of an energy management programme for schools operated
by Grande Prairie Public School District was undertaken under the
auspices of Alberta Education. Emphasis was placed on energy conserva-
tion ‘measures not requiring large capital investments.

Organizational, motivational, technical, and financial considera-
tions were analyzed. Detailed analysis of past patterns of consumption
was performed for the Grande Prairie schools. A .comparative assessment
was made of data on 1977 utility purchases by eighteen other Alberta

school systems. : i

‘Substantial variations in annual energy consumption rates were
found to exist among the schools located in Grande Prairie. The average
consumption rate and the ranges of consumption rates for the Grande
Prairie schools were similar to those for schools operated by the other
Alberta school systems which were studied.

Daily monitoring of purchased energy consumption in the Grande
Prairie schools was initiated during the 1977-78 winter. Additional in-
formation was obtained with special instrumentation.

Annual energy savings of 15 to 55 percent were found to be possible
through reduction of demands placed on environmental control equipment.
These savings could be realized without significantly affecting the
‘teaching environment in any adverse manner. Major factors limiting the
savings potential were the climatic conditions and the generally inade-
quate functional planning and design of the schools. Administrative,
custodial, and maintenance staff were found to be the key personnel 'in
implementing conservation measures. -

These findings from the 1977-78 study period were used to formulate
a pilot energy management programme to be implemented and evaluated dur-
ing the 1978-79 school year.
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INTRODUCTION

Due to changing resource values during this decade, components of
energy supply and demand in Canada are being subjected to-consciéus
scerutiny; reducing growth in consumption of petfoleum and natural gas
has become 'a national objective (EMR,1976) (a list of abbreviations is
-iﬁcluded on page 215). Fuels derived from these two resources presently
satisfy most of our annual energy demand, but readily accessible depof
sits of petroleum and natural gas are rapidly being exhausted.

Operation of buildings accounts for more than one quarter of fossil
fuel use, making the aréhiteotural environment a major consideration iﬂ
planning for conservation. Theoretical and ‘empifical studies indicate
that improved building operation practices can produce 15 to 35 percent
;feauctibns in annual énergy requirementé of individﬁal buildings (Dubin,
1976).‘ Such conservétion meaéures'are advantageous because they involve
négligible capital expénditures and can produce immediate benefits.
They, together with other measures for effecting improved energy perfor-
mance, are among the techniques used in energy management. The Grande
‘Prairie Energy Managgment Project was commissioned to explore the poten-
tial of eﬁergy management as an approach to energy conservation in
. Alberta schools. | |

The spudy originated with a decision by Alberta Education to fund’a
piiot ehergy conservation programmne in Grande Prairie School Diétrict
No. 2357. The sponsor specified that measures which would "not require
major capital expenditures were to be the focus of the local effort, and
that a research report should be produced makiné the findings of the

Grande Prairie study available to other agencies and adminigtrative bo-



dies. The Board of District No. 2357 subcontracted the research work to
a group at the Faculty of Environmental Design, University of Calgary.

The goal of the project was, as stated in the research proposal,
"to develop an energy management programme which will minimize energy
consumption in the Grande Prairie School District facilities, while
maintaining an environment conducive to the teaching process". The pro-
. ject team was to:

(i) Assess energy use in the Grande Prairie School District
facilities. ' ‘ -

(ii) - Develop a management programme aimed at improving energy
performance in the Grande Prairie School District facili-
ties. :

(iii) Implement, monitor and evaluate spécific measures for im-
proving energy performance in various buildings in Grande
Prairie School District.

"(iv) Use the information gathered during the project to esti-
mate savings attainable in buildings.such as the ones
under study.. :

(v) Integrate the results of this study with those underway
elsewhere in Alberta concerning school building design
and retrofit.

(vi) Prepare a report on the project for distribution to
Alberta school districts and other agencies.

A two year time span was allotted for completion of the project.
The research contract was approved by the University of Calgary in
1977.09. This interim report details findings from the first ten months
bf research. - During these initial ten months, detailed measurement and
evaluation of energy utilization in Grande Prairie Public School Dis-

- _trict has been accomplished, and conservation techniques have been test-

‘ed. This effort has laid the groundwork for full implementation .of an



enérgy management progfamme in the school district during the “second

year of the project.



1. STATEMENT OF THE PROBLEM

Thersubject of this research study‘is the development of energy
management techniques for schools. Energy conservation may be viewed
from several differentrpepspectives'— those of the local school district
-and ﬁhe nation as a whole being two of thé possibilities. Problems fac-
ing Grande Prairie Public School District are discussed below, together
with the results of a pgeliminary "energy audit" of the local buildiﬁgs.
The impact of schools on aggregate Canadian energy consumption' is then
-briefly énalyzed. ‘ Sqme of ‘the .benefits to be realized through a
research study of éenergy management for schools are reviewed. Finaily,

the physical organization of the report is outlined.

1.1 The Probiem from the Grande Prairie Perspective

An expenditure of less than $200 000 for utilities m;ght éppeép re-
latively minor in a total budget of $6 000 000, the amount disbursed an-
nually by Grande Prairie School District. However, unlike business en-
terprises, a school districthannot‘simply write utility costs off as
tax deductible expenses. Since‘district budgets are based on fixed
grants; utility expenditures compete with other district interests for
revenue. Savings in utility expenditures arettherefore much more signi-
ficant to a . school district fhan cursory examinétion might reveal.

Results of a survey, undertaken by the Grande Prairie Public School
- District admihistration and compiled in Table 1.5, revealed that Grande
Prairie facesrhigher energy costs than most other Alberta school sys-

tems. While Grande Prairie spent $55 000 on electrical services in



Table 1.1. Comparative utility costs for selected lo-
cations in Alberta.

Cost
Electricity Natural Gas
Consumption o 72 GJ 275 GJ :
) (20 000 kWh) (269 MCF)
Grande Prairie “ $688.01 ~ $164.88
Edmgnton ' $426.65 ¥ | $115.13
Calgary ' , | $510.60 . $118.457
Medicine Hat ‘ ’ $224.QO $77.59
“International"' : - $600.00 ##

L]

*  Based on 150 kVA of demand
¥%# Based on international commodity equivalent-priced

natural gas at the 1976 world price for oil
‘(Source: W.A; Ross)

.. (This study was based on electricity and natural gas
consumption as indicated by the 1975.02 utlllty
. invoices for Parkside School)-

SourceE Grande Prairie School District No.2357

1973, by 1976 this item had risen to more than $110‘000. If th§~$55 060
incfease were available for other purposes it dould hire needed mainte--
ﬂanée staff, purcﬁase educational-supplies, fund special programmes, aﬂd
secu;e other benefits. Mgre 'disconcerting to thé Grande Prairie ad-
:ministratioﬁ ié the converse implication of continuing inflation - con-

tinued_ero§ion of the spénding power of the school district. It was the-



spectre of these economic tradeoffs which spurred Grande Prairie School
District No. 2357 to seek a means of cost control for utilities. The
District administration's concern is therefore more aptly described as

"dollar conservation" than energy conservation per se. .

1.2 Description of thé_Proiect Locale

‘Energy may be counted among the précious commodities in Grande
Prairie. This city of 17 000' lies north of the 55th paréllel in
Alberta's Peace River District (see Figure 1.1), and is subjected to
severe extremes of cold. The mean annual temperature of 1.4 degreeé Cel-
sius (DOT, 1975) serves as a reminder that local weather remains cool
throughout the year compared with éther North American regions (see
" Table 1.2).

As an organization dedicated to eleméntary and secondary education,
tﬁe Grande Prairie public school system is typical of Alberta school
systems in its basic goals and operation. School planning discloses
roots in the neighbourhood unit concept - one elementary school may be
found in each of the four qﬁadrants of the city (see Figure 1.2). The'
three‘buildings used fof instruction at the Jjunior high school leyel are
grouped around the Administration and Maintenance building near'thé cen-
tre of. town. An academic and vocational high: school lies at the
northwestern perimeter. These buildings are used by *200 teacheré and
3350 students.r A noninstructional staff of 80 deals with general ad-

ministration of the school district and maintenance of physical plant.
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Table 1.2. Climatic information for selected WNorth
American sites.

2.5% Design ' Mean Daily  Average

Temperature Temperature Celsius

(degrees Celsius) (degrees Degree=
Location January  July Celsius) Days
Grande Prairié -38.3 27.2 1.5 - 6107
_ Edmonton | -—32.2 28.3 2.7 5723
Caléary ‘ -31.6 29.4 . 3.9 5279
Lethbridge “31.1 . 31.1 4.8 4802
Medicine Hat - -32.2 33.9 §.5 4918
Ottawa © -25.0  30.6 5.3 4846
Washington D.C. ~7.2 33.3 | 12.2 2667

1.3 Energy Mini Audit

In the sbring of . 1977 a two day inspection of school district fa-
cilities was undertaken by J.A. Love, the present project coordinator.
Ié was immediately evident that a minimized first cost approach coupled
with design planning based on pre-1973 oil prices had resultéd in the
eonstruction of buildings not only unsuited to 1local conditions,‘ but
also exhibiting characteristics inimical to human comfort, effidient en-
ergy:use, and general durability.

Walls were typically uninsulated. Cracked expanses of concrete
block and split roof membranes were evidence of unstable foundation con-~
ditions. Buried fibreboard ductwork had collapsed,- increasing loads on

fan motors and constraining the supply of warm air to some of. the

- schoolrooms. Strips of light around door frames revealed apertures
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through which infiltratiop could occur.

Deﬁands placed on the building environmental control systems ap-
peared to be_excessive. Thermostats were found at settings as high as
27 degrees Celsius. Spaces well illuminated by daylight were simultane-
ously flooded with light from flouréscent fixtures. In some cases il-
lumination provided for corridors exceeded that provided for claésrooms.
Vacant rooms were found to be fully illuminated. No specific séﬂ of
building operéting prbcedures'was in effect. These observations sug-
gested that some savings éould be effected at minimal cépital cost,
.although a thorough conservation effort might require investments in up;
grading of structurés. |

Table 1.3. 1976 energy consumption rates of Grande

Prairie School District No.2357 bu1ld1ngs
(based on utility company records).

-

First Year Consumption (W/m23
of Arga Natural Electri- Total
Building - “ Operation (m™) Gas city
Avondale Elementary 1956 2 7181 §2.0 5.3 47.3
Hillside Elementary 1959 . '3 506 b2,y 7.3 h9.7
. Parkside Elementary | 1973 2 511 37.7 9.8 47.5
Swanavon Elementary ' 1957 2 334 60.1 . 8.6 68.7
0ld Montrose Junior High 1950 4 083 52.8 3.4 56.2
New Montrose Junior High 1961 5 617 4g9.5 HT1 53.6
Composite High 1962 14 694 4y.8 12.1 - 56.9
‘Administration and Maintenance 1961 1158 51.3 5.6 56.9

Central Park Auxiliary Building 1929 874 67.1 1.0 68.1
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Table 1.4. 1976 expenditures for energy for Grande
Prairie School District No.2357 buildings
(based on utility company records).

Cost($/m2)
Natural Electri- Total

Building Gas city
Avondale Elementary , ” 1.16 2i34 . 3.50
Hillside Elementary - ‘ 1.29 3.18 4. u7
Parkside Elementary 7 1.13 4,37 5.50
Swanavon Elementary | . 1.76 3.90 5.66
0ld Montrose Junior High 1.50 | 1.64 3.14
New Montrose Junior-High B . 1.27 2.08 3.35
" Composite High . 1.22 3.53 4.75
Administration and Maintenance 1.52 ©2.67 4,19
xCentral Park Auxiliary Buildiﬁg 2.10 : 0.65 2.75

Administrative stéff assembled further information needed to assess
energy use in Aistrict buildings. Utility.billing records were re-
trieved for each month of 1976, ang calculations of energy consumptioﬁ
rates and cost were performed:(see Tables 1.3'and 1.4). Since utility
records are subject to occasidnal errors and are sometimes based on es-
timates the tabulated results contained some minor inaccuracies. Howev-~
> er they were drawn from the only available source of information on con-
suﬁption‘ of purchased eneﬁgy. Requirements for natural gas were found -
© to range from.49.1 to 82.7 W/m2, almost a two fold variation. Even more
: prpnounced was the range in electricity consumption rates - from 1.0 to
']2.J W/m2.‘ Assessment of these figures and variations reinforced tﬁe

conclusion drawn from the inspection that energy savings were feasible.



Table 1.5. Summary figures on 1976 energy consumptioﬁ
and expenditures in Grande Prairie School
District No. 2357 (based on utility com-
pany records).

" Natural Gas Electricity Total Purchased

Total : 50 600 GJ 9 600 GJ 60 200 GJ.
Consumption (539 000 Th) (2 '690 000 kWh)

Average .

Consumptlgn . u8.4 8.2 56.6
Rate (W/m™)

Total $49 400 . “$111 600 $161 000
Expenditure .

Average

;Expeadlture - 1.33. 3.00 4,33
($/m™)

‘Average

Unit 0.87 $/GJ 11.62 $/GJ 2.67 $/GJ
Cost (0.0916 $/Th) (0.0414 $/kWn)

Notes:

1/ In 1976 Grande Prairie experienced 5557 Celsius degree-days
of heating compared with the annual average of 6173.

2/ Total area of Grande Prairie Public School District buildings
“is 37 558 square metres. :

3/ The utilization factor for school district facilities in

1976.was 87 percent (this is a measure of the students in
attendance compared relative to the system capacity.

The average unit cost of electrical energy was founq to be thirteen
times the figure for natural gas (see Table 1.5). Ineffiéiencies,of the
" thermal electrié generation process, more substantial capital costs for
the electrical ‘network and government pricing policies are the major‘
factors leading to a highey average unit cost for electricity. The

difference was significant because it was a reminder of the dichotomy
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. between energy and dollar conservation.

Determining the extent of_savings which could be realized in prac-
tice was not-possiblé.‘ No information was available on energy utiliza-
tioh of schools in Alberta. The partiéularrfuels used, energy prices
paid, and weather experienced in Grande Prairie were among the;factors
which could make comparison with other North American locations mislead-
_ing. - 6ne study (Lentz, 1976) hypothesized that a prototypical schoél
meeting 1975 standards and loéated‘in‘the north central area of the Un-
ited States would réquiré 55 W/m2 at 5000 Celsius degree days of heat-
ing. This compares with the Gfandé Prairie average of 56.6 W/m2 at 5557
Celsids .degreé déys in 1976, suggesting that the Grande_Prairié system
‘was not extremely inefficient on the whole. A study of commercial
buildings in Calgary yielded an average specific energy need of 68 W/m2
in buildings using énergy primarily - for environmental control (EVDS,
1978), although ﬁhe- diversity éf occupancies constituting thé sample
precludes a rigorous“cbmparétive evaluation. Based on the inspection
and subsequent apalysis, a reduction equivalent to between 10 and 15
‘percent of 1976 utility expenditures.(about $20 000) was estimated to be

feasible through improved management of operations and facility use.
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1.4 The Problem from the National/Provinéial Perspective

Present scenarios regarding supply and demand of purchased energy
show Capadian dehand outstripping domestie supply in the late 1970's.
-The cause is not only reséuroe depletién, but alss projected increases
in rates of energy consumption. Yet, for political and economic rea-
sons, "The overall objective of the National Eﬁergy Strategy which the
Governﬁent_ of Canada has adopted is. energy self-reliance". Nine policy
elements comprise this strategy. .They are‘directed at reducing demand
for nonrenewable fuels, increasing proven reserves of nonrenewabie fu-
els, substitution of more abundant resources for less .abundant
resources, and increésing flexibiiity in resource use (EMR, 1976).

Increasing prices for petroleum and natural gas is an importaht
ieyer in moving. Canadian society toward these goals. It makes energy
eon;ervétion a particularly attractive proposition from a 'financial
viewpoint. Although ‘the specific target of the programme is to reduce
thé average rate of growth in energy consumption to less than 3.5 per-
cent per year, some authorities assert that zero growth in energy con-
'sumption is both reasonable énd desirable (Brooks, 1976a). Advocates of
the laﬁter scheme claim benefits in direct retail costs to consumers, in
reduced investment cqsts for energy resource development, in dimproving
the balancé of paymeﬁts, and in reducing negative envifonmental'conse-
. quences of nonrenewable éﬁérgy use. They also point to international
inequities in resource use and to possiblé effects of continued growth
on the quality of life in Canada. In either case, energy conservation
is essential £o prolonging the lifetime of more accessible nonrenewable

resources; somehow Canadians must learn to live with more expensive
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petroleum and natural gaé. Rational self interest wouid Aictate puréu—
iﬂg conservation until the return became less attractive than alterna-
tive investments; Zero growth advocates argue that we must move beyond
what they call "economic efficiency" to a "conserver society" ethic.
Enefg& consumption per student in Graﬂde Prairie émounted to 17.2
GJ in 1976;hgiven 5 000 000 school age children in Canada, a very rough
estimaté of 86 billion GJ is obtained for all schools in the countr&.
This compares with 1300 billion G& currently used for residential space
heating (CMHC, 1§76) and 11 000 billion GJ for all sectors (Brooks,
1976b). Clearly eneréy conservation iﬁ schools can be but a smail part
of the solution to the nation's difficulties. On the other hand, a 10
percent permanent reduction by schools would be equivalent to a month's
production each year (9 billion GJ) from the Great Canadian O0il Sands
plaﬁt in northern Alberta. It is also part of £he character of energy
use and energy conservation that real chaﬁgerwillihave to be a resﬁlt of
millions of small deéisions made daily by individuals; widespread atti-
tudinal change is a prerequisite to major changes in patterns of con-
‘sumption.w. No single grand action can suffice and no particular effort

can be insignificant.
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1.5 The Relevance of the Grah@e Prairie Project

Guidelinesrfdr reducihg energy .consumption abound in periodicals,
manuals,j and fact sheets. These documents tell what Stéps to take bﬁt
Vﬁhey do not commonly.discuss how recgmﬁendations are to.be carried out,
-what( obstacles may'be encéuntered, or how regulation of building opera-
tion 'is to be optimized. They tend to‘negléct the problem Sf ~e£suring
1ong term continuation of improved performande. Some analyses of cos£
effectiveness exclude imp&rtant consideratiqns; as will be deménsprated
iﬁ‘ a subsequent chapter. Many questions peftaining t§ conservation ef-

- forts are left unaﬁswered; reliable answers become particularly iﬁpor—
. tant in formulating a specific energ& management programme for a séhoolh
district.

. Information and knowledge are two keyg to success in planning (as
"well as in implementatién). Through research the team sought information
vand knowledge necessaﬁy to effectively plan for energy conserygtion "in
Alberta schools. Although savings 1in Grande Prairie were of first
priority, also desiréblehwas the evolution of an approach which could

proauce savings - fér these other administrative units as well. To con-
“struct and assesé sgch an approaqh several areas of investigation were
defined. The amqunt to Dbe learned testifies to the relevance of thé

Grénde Prairie project.
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1.5.1 Technical Considerations

Although described as an organiéational approach to conservation,
ehergy maﬁagement necessarily incorporates technical elements. The -
building is g physical entity made functi;nal by machinery and other
equipment which consume'energy. Specifying conditions for human ph&éio—
logical comfort is a scientific exeréisé as evidenceq by publications
like the ASHRAE Handbook (ASHRAE, 1977). Before recommending any con-
- servation measure a sound understanding of its physical conséquences
must first be developed, and this too is a technical matter.

Tﬁe determinant§ of building energy performance were necessarily
among the first items to be investigated. Until recently the dynamics

of building performance have been largély ignored. Design choices were
intended . to satisfy requirements for human comfort during worst case
weather conditions as defined by static analysis. To establish the
causes of partieulaf consumption rates a more.sophisticated model,‘in-
corporating dynamic effects, must be formulated. Due fo project con-
straints elaborate MOdelling was not feasible, but efforts were made to
obtain some useful empirical data and to develop ; basic unQerstanding
of dynamic performance. By making a quantitative assessment of dynaﬁic
performance opportunities fog conservation could be better idenpified.

Implementation and evaluation of.‘conservation measures involved
many technical questions, some of which only became evident during the
course of the research. Suffice it to_éay that thése technical ques;

tions did not appear in any available case studies-on conservation.
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1.5.2 Facility Use Considerations

This category inoiudes facpors affeoting energy demand paotorns in
the building - what demands - are placed on the physical plant, the iﬁpaot
of these demands, and whethér these Qemands are amenaple to modifica-
tion. One exemplary constréint placed on energy managemoht becgmo,evi—
deot during tbe initial mini audit. Many thermostats were enclosed in
proteotive‘ metal casings as protection'from physical ‘abuse; some unpro-
tected bhermostats‘were badly damaged. Such conditions would impede the
use of measures such as reducing'ihteoior temperatures doring off hours.

' The mention of off hours introduces another major item to be stu-
oied - the scheoulingrof faoilitios through tho week and the calendar
year, since this affeots the application of conservation measures.

Demands placed on equipment by building users during hours of occu-
pancy ‘affeot levels of consumption - thermostat settings, the switching
of lights, operation of exhaust hoods,faod so on. Somehow a quantitg—

tive assessment of these items had to be made.

1.5.3 Financial Considerations

Tho disproportionate charges for energy in differeht guises 'have
 already" been mentioned. However the tale is further convolutod by.the
'structuriné of prices which Qaries with the form of energy ooosuméd, and
even  with the appétite of the consumer. No effort to reduce energy use
ooulo be responsibly conducted ﬁithout some attention to the‘ finonoial

consequences, since these are bound to be a client's major concern.
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1.5.4 Organizational Considerations

Since energy management is an organizational approach to conserva~
: tion, the organization owning and maintaining the facili£ies in question
had to be anaiyzed. This was to provide information oﬁ existing regula-
tion of energy use, and on new management functions which might become
necessary. As education is the primary purpose of the school distriét,r
.some ‘understanding of how this purpose is sérved was necessary to place
energy ﬁanagement in proper perspective with respect to other ongoing
aotivities. It also appeared to be wdrthwhile determining which func-
tions would be within the capacity §f the school district to perfofm,
and which would requ%re some additional assistance or expertise.

To be successful energy maﬁagement must become a "grooming" func-
'tion; one which is performed with meticulous regqlarity year after year.
It was necessary to develop a ffamework which would ensure such longevi-

ty.

' 1.5.5 Educational Considerations

Apart from studying the causes of existing consumption patterns and
the potential for change, processes for effecting change had to be
researcheq. Adaptation to a new stateﬂ of organizational capability
would require education of both the organization and the individﬁal
within it. Educating the organization means changing functions (éuch'as
those defined by job descriptions) so that adherence to the eneégy
management programme would be fairly independent of particular persénal-

ities. This concept had to be cultivated. Of course the individual
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could not be neglected, necessitating an exploration of attitudinal

change. -

1.5.6 Acquisition of Supplementary Information

It was intuiged that some problems and ‘opportuﬁities in managing
energy utilization in school systems might become evident ohly in the
course of .research and development. |

One immediately identifiable‘unknown at the initiation of the pro-
Jject was the level of energy requirements in school éystems other than
Grande Prairie Public School District. This information Qas needed to
formulate a savings estimate for school buildings, one of the project

objectives.

1.6 Report Format

” All of the forgoing considerations will be addressed in this ' re-
port, which proceedg from more theoretical and more general subjects to
topics ahd results more directly related to the specific problém of iim—
plementing an energy management programme in Gfande Prairie Public
_Séhool District.

Chapter 2 describes how the project work waé execufed. Chapter 3
examines the concepts of energy consefvation and energy management as
they apply to school systems. Chapter 4 explains the techniques and
problems of evaluating the efficiency of energy.use in school buildings.

Chépter 5 deals with the organization of the primary and secondary edu-
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cational sfstem*in Alberta, particul;rly as iﬁ affeéts'or has phe poten-
§ial forzaffecting energy manaéement in scﬁools. Results of a survey-@f
'energy expenqitures and_conspmption by selected Alberta school systems
are"aléo discussed.‘ Chapter 6 discusses two alternatives toyimproieds
oberatiqn ; new design aha retr;f;t. Chapter 7. details and aﬁalyzes
past patterns of energy consumbtion of the Grande Prairie buiidings
which were studied. Chapters 8 and 9 deal with the teéchnical and finan-
cial aspeots‘of impiementihg energy management in Grande Prairie Public
School Distniét.' 3esults from thé "enengx:use inventory" of -the Grande
Prairie facilitiés are presented in Chapter 10. Chapter 11 discusses
the implementation of conservation ﬁeasures in the Grande Phai?ie build-
ings. ‘Chabter 12 summarizes results of the energy consumption monitor-
ing programme which wag conducted simultaneouély with the implementation
of conservation measures. Ch;pter 13 discusses observations and conclu-
sions from the first year of wqu. 'Finally, Chapter 14 pfesents recom-

mendations for the second year of activity in Grande Prairie.



2. THE PROJECT PLAN

Six objectives were set for the projeét. Section 1.5 .discussed
knowledge. which might uséfully be acquired in achieving these‘objec—
tives. A project plan -was QEVised és a basis for agreement with the
sbénsors on how the ;eseérch group would proceed. The following'élemenﬁs

were specified:

(1) liaison

(ii)  literature search

(iii) involvement of user groups

(iv). monitoring

(v) inventorying

(vi) energy management program developmeqt, implementapion,'

and evaluation.

“These eiements had a common threa@ - all were to produce information ei-
ther to"guide the researqh effort or to enrich the energy management
" program. The exploitation of several information sources - fa;ilitated
corroboration .and elaboration of conclusions drawn‘ from any éingle

- source.
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2.1 Liaison

Liaisqn:was to ensure that as work progressed on the Grande:Prairie
ipqoject it would continue to meet the.expgctations of both the contrac-
tor (Alberta Education) and the subcontractor (Grande Prairie School
District). Although the éontract agreement specified general directions
for the project, these had to be céntinuousiy refined as information was
gathered and concepts were developed. Ongoing critical review of this
process by representatives of the, project spbnsors improved thé 'liﬁeli—
hood of their receiving a satisfactory'product.‘lt also aliowed the
reseafcﬁ team to capitali;e on thg special expertise of these represén-
tatives. The provincial steering committee for the.project included of-
ficials from two branches of Alberta Education (School Buildings, and
Planning and .Research), from Alberta Energy and Natural Resources, and
from Alberta Housing and Public Works. |
Liaison ensured that efforts in -Grande Prairie were coordinated
with building design and "retrofit" (ph&sical upgrading) stuaies simul-
taneously being fundeéd by Alberta Education. Direct links were also es-
tablished with the FEdmonton and Calgary groups responsible for these
projects. |
" Local liaigon was maintained through Mr. D. Taylor, Superintendent
of the District, and his associates. Since the greatest frequency and
:intensity of experimentai and data collection activity occurred at this

level, frequent communication was essential.
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2.2 Literature Search’

Energy conservation in schools and.other buildings has been the
subject of numerous case studies, theoretical analyses, and experimental
;prqgramme;. Accoﬁnts of such work were an inexpensive and helpfﬁl guide
to research and development. Matérial from diverse but peftinent fields
,of endeavour contributed to fefinement of the energy management concept.

Information obtained from the literature search had to be refined
as field work progresséd since .discussions of .conservation often lack
specificity regarding technical, motivational, and/or organizational
considerations. Major considerations are sometimes overlooked. Prob-
lems of implementation, evaluation, and ongoing management are frequent-
1& neglected. Seldom is special consideration given to climatic condi-
:tions encountered in Canada. These important quesﬁions had to be

resolved to develop a practical energy management programme.

2.3 User Involvement

inyolvement of user groups reflected'a major concern of the project. It
was desired to investigéte the potential for changing school building
performance by changing conduct and behaviour of the users thémselves.
be approach this rationally, it was necessary, as part of the research,
to‘ﬁetefmine the actual impact of users on consumption.

Through user‘participat;on in:p}anning and executing conservation
strategies, their understénding of the problem and commitment to a con-
crete respénse were sought. Because of their familiarity with the school

system and‘local conditions, users were also able to provide a wealth of
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information germane to the project.

Six user groups were identified:

(1) students
(ii) teachers

,‘-(iii) community gfbups'
(iv) administrators
(&) custodial staff

(vi) maintenance staff

Each one of these groups has a distinct set of characteristics.
Each one has a different relationship to other user groups and to physi—
cal plant operation. The first four userthe building as a stage for aé-
tivity, while the latter two‘afe chargéd with‘ensuring that facilities
remain‘physically functional. |

The goal of the project has been to minimize energy consumption,
but also to maintain an environment conducive to the teaching/leafning
experience; this may be'interpreted to mean an environment acceptable to
the occupants. Rather than simply imposing change by directive, the
research team sought to work cooperatively with the user groups in
achieving the goal. _Apart from winning acceptance of the conservation
programme, this encouraged user contributions. These peoplé provided
information essehtial to assessment of building performance, being fami-
' ;iar‘with operating histqries, enviropmental weaknesses, and architec-
tural details of facilities which they occupy or service. They also .
. participated in the implementation of conservatioh measures andr in the

collection of déta. They gave the research team feedback on conserva-



26

tion measures, and made suggestions about possibilities- for energy - sév—
ings. The aésistance ren@ered by users significantly benefitted the
research effort.

The one user group (if it can be referred” to as a group) not
directly contacted wéé the collection of community groups raﬁginé from
: Brownies to bingo clubs. Because of the diversity and number of these
groupé, time requirements for their involvement would have been-exces-

sive; each group al;o spends very limited amounts of time in a building.

2.4 Monitoring and Inventorying

Monitoring and inventorying were unobtrusive measures (Webb, 1966)
employed to provide further information for the assgssment of energy
Qse. "Monitoring" désignates measures involving repeated observations,
while "inyehtoryiﬁg"- designates measures involving observations at a
single point in time. Monitoring was useful in observing factors which
uﬁdergo significant change over time, while inventorying was useful in
~ observing relatively constant factors.

Many factors influence energy consumption rates - weather, building
use patterns, building characteristics, and plant operation. Some deter-
mination had to be made of the ‘relative impact of each of these factors
Aon building ‘performance. Particularly important to eluéidatelwaé the
relative impact of each user‘group on energy consumption rates. Moni-
toring and inventorying supplied much of the data needed to answer these

questions.
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2.4.1 Monitoring

Monitoring activitiés included sampling of energy consumption
‘rates, accumulation of weather data, and observation of demands placed
on building equipment. |

Quanﬁitative data on energy consumption furnisﬁ the mosta direct
measure for evaluation of building performance. Records of consumption
can be used to‘assess changes' in perfoﬁmance over time and to compare
relative efficiencies of several ‘buildings. Such records can be em-
ployed in anal&zing the factors shaping performance. Four sources of in-
formation were -available:

(i) + records maintainea by the utility companies for .billing

purposes. ‘

(ii) . records of meter readings performed at regular intervals
by custodians.

(iii) records produced by automatic devices installed by the
utility companies.

(iv) records produced through time lapse photography of meter
' dials by research team members.
Table 2.1 summarizes qualities of each of these techniques; a cou-
ple of general observations are worth notihg:
(i) - By using a diversity of measurement techniques, limita-
* tions of individual techniques were somewhat offset.
(ii) The metering devices must’ fulfill legal requirements for

accuracy; error attributable to the meters themselves is
negligible.
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Summary of advantages and disadvantages of

different data collection techniques for
monitoring building energy consumption.

Information Advantages
Source
Utility ~records are available on a
Records "monthly" basis
. ' -records must be accurate on
an annual basis
-the dates at which readings
are made are recorded
-estimated readings are
marked as such -
Meter -recording can occur at
Readings 24 hour intervals ’
-all buildings can be read
at. the same interval
- Automatic ~recording can occur at
‘Demand 15 minute intervals
Recorder -the intervals are fixed
~the data acquisition
times are known -
Time ~-recording can occur at
Lapse intervals of a few minutes
Photo- ~the interval is known -
graphy ~-the data acquisition
of times are known
Meter
Face

Disadvantages

~the "monthly" interval

may vary from 2 to 6 weeks
-different buildings are
not read at the same
intervals

-errors in meter readings
are not uncommon
-estimates are frequently
substituted for actual
readings

-gampling occurs only 5

days per week

~the time of day at which

the reading occurs varies
errors in readings are

not uncommon

~the information was available
only after the project started

-equipment is available on
on a limited basis
—-the information was available
only after the project began
~-the tolerance of readings is
limited by the available
recording equipment

~equipment is available on
a limited basis

~the equipment requires
skilled handling at 2 to 3
day intervals

-the equipment is highly
‘vulnerable to damage

No records are maintained on consumption rates of individual build-

ing

systems (lighting, space heating, water heating, etc.); natural gas

and electricity are metered at the building boundary only. It was usual-
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lé necessary to estimate consumption rates for these individual systems
due to " the resources needed (manpower, equipment, and. financial) for
diredt measurement.

Reasonably accurate estimates of relative impact on buiiding con-
sumption rates qoulﬁ be made for most electrical équipmentx given‘pre-
cise information on installed capacities ané overall hourly batferns of
consumption for a building. Estimates were not so easily formulated for
natural gas éonsuming.systems. For instance, energy requirements for
hot water heating are a function 6f many factors which cannot be directé
ly observed (demand for hot water, leakage, and system running lossés).
Where feasible, an effprt was mounted_ﬁd directly measure such system
requirements.

Grande Prairie has a well equipped meteorological' station at. the

airport, so available records for the local area were very precise.
However microclimatic-vaﬁiations between the airport (4 kilometres west
of the city) and school sites were a possibility. A recording thermo-~
graph was successfully operated at one school site to provide data for
testiﬁg this possibility, but measurement of temperature, wind, and oth-
er factors at every school site was not féasible. Since the meteorolog-
ical station is a relativelyrmipor one, basic solar data are not col-’
lected.

More difficult to monitor was the pattern of demands ~placed on
building systems (light switching, thermostat setting, etec.) by users.
Casual observations were made whenever the research team was‘working on
site, and some structured surveys were carried out. This was adequaﬁe

to draw some basic conclusions about user behaviour patterns, and was
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supplemented by comments from. different user groups.

2.4.2 Inventorying

As mentioned above, data gathered through inventorying supplemented
that obtained,through monitoring. Members of the research team procured
', information on:

(L) energy'donsuming equipment including heating, lighting,
and auxiliary systems . o

(ii) - school building enclosure systems (walls, windows,
roofs, etec.) ' Co ‘ “

«(iii) equipment operation schedules
(iv) plant maintenance schedules

(v) - facility use schedules

-While recording this information was usually straightforward, elu- _
‘éidating its implications vis a vis performance was sometimes very dif-
ficult. The ﬁany possible combinations and permutations of faétQPS‘ af-

fecting consumption aggravated this problem.

2.5 Energyb Management Programme Development Implementation and

Eyglugﬁion

"Programme developmeﬂt, implementation, and evaluation" designates
the overall process of refining the concept of energy management for
school syspeﬁs - the sequence of problem statement, problem analysis,

prqblem response applied rgpeétedly and at many levels of complexity as
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the‘technical, facility use,,financiai,‘organizational, and educaﬁional
facets of energy management were'probed.i

This process involvéd‘experiméntation with conservation :measures,
It invorved‘ technical evaluation‘using information from.monitoring and
inventorying. It invoived'systems analysis of the organizationai ‘en-
-vironﬁent to identify obstacles cénstrictiné rigoro&s regulation of en;
ergy use. It involved calculations of the financial consequénces af
differen£ decisions and exberiments.' Aisurvey of Alberta school dis-
tricts and divisions was ééndﬁcted to estimate the efficienc& of the
schobl building stock as it pﬁeséntly exists. It was, aé ﬁhe heading
\states, a éroeess of "development,.implementation,.and evaluation.d The

remainder of this report outlines the results of each stage of following

~this process.
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3. DEFINING ENERGY MANAGEMENT

Energy conservation and energy management were both of' concern  to
this stﬁdy; a clarification of terminology and basic concepts at éhis
point may serve t6 avoid confusion in subsequent discussions. Conserva-
tion is defined as protection from waste. Energy utilization and con-
servation involve a private or social choice of the character aﬁd hencé
6f the energy intensity of human activity; what c;nstitutes energy waste
is a value' judgement which may vary among different elements of society
(as was pointed out in the intfoductory remarks on‘economicrefficiency
..of energy use comparéd with the conserver soéiety viewpoint).

Eneréy management is a process of economic rationalization of
resource use; it invplves continuing adjustment of enérgy utilization
subject to constraints such as human comfort, sta£utory regulations,
manpower productivity’ and‘ various cost factors. Cost factors include
pgrchased“energy costé,'capital costs, and manpower costs. Since the
relationships amoné constraints aré subject fo change, decisions regard-
iné responses to.conétraints must be reviewed at regular intervals.

Energy management is a subset of the activities encompassed by en-
ergy conservation. It attempté to achieve the most efficient deployment
of resources once the character of a human activity_ has been chosen.
Economically efficient use of energy requires that consumption be re—‘
duced to.the point where tﬁe cost of saving one more unit of eneﬁgy be-
comes greater than the cost of using one more unit of energy. Most peo-
ple would'agree that‘energy used in buildings is wasted if:

(i) saving it would not impair the functioning of the build- -
ings )
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(i1) saving it offers a financially attractive return -

The present trends and forec;sts of large cost increases for pur-
chased energy consumed in buildings suggest that increased allocationsr
of capitai and manpower to‘reduce consﬁmption of fossil fuels is becom-
ing‘ more attractive economically (increasing manpower productivity is
alﬁdst always attractive and is a constant goal of skilled management).
Optimistically, rational-‘l%fe—cycle cdsting .techniques recognize all .
pertinent constraints énd;economiqally allocate expehditures accordingly
at the planning/design stage; realistically, uncertainty and other fac-
: tors’ can seriously complicate such decision-making. Decisions about al-
.location must be reassessed in iater periods - economic substibﬁtion in
1978 may be urieconomic substitution in 1980. In' practice reallocation
may be difficult dué to‘physical constraints - adding 2 ceptimetres of
‘insulation to a roof in the design phase bears a negligible additional
iabour cost; adding the same two centimetres after construction is com-
pléted would bear a much larger additional labour cost.

Energ& manageﬁent at the school district level must contend with
h varied time intervals iﬂ its coﬁtrolling functioﬁ,ifrom periods spanning
decades to iﬁtervals of a‘few hours. It encompasses activitiesr ranging
from planning of new schools to adjus£iﬁg thermostats. Of course not all
decisions bear the same consequences - they are regimented accordiné to
a hierarchy of cost importance.

‘The Grande Prairie research study was commissioned primarily to ex-
. amine enérgy conservation ‘measures which would not require extensive
capital expenditures. This left two complementary and closely related.

routes - increasing the produdtivity of .manpower and increasing the
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applied to

reduction of energy required in use and operation of school buildings.

As a decision-making function energy management isrhighly dependént

on information. Three types of information are required:

(i)_ Constraint definition.

Energy management requires knowledge of " optimization

processes and constraints (mentioned above).

(ii) Feedback.

Energy management requires.feedback on progress toward

goals dictated by the optimization processes.

(iii) Alternatives definition.

Energy management requires information on alternative
responses to changing constraints. To counter increasing -
energy costs the organization must know what remedial
possibilities exist, the costs of remedial action, the
extent of potential savings from remedial action, and

‘the means of implementing remedial action.

Definition of changing constraints and definition of alternative

responses require a specialized expertise. These two activities neces-

sitate the development of new approaches, the acquisition of techniques

from numerous fields of endeavour, and the synthesis of such apprdaches

and techniques into practically applicable programmes. Individuals with

a professional background would probably be required to ensure that such

work was competently performed.‘ Because constraints do not usually un-

~ dergo significant changes over very short time intervals, the,absénce‘of

local expertise in such planning may not be critical if it is provided

on a coﬁsultative basis when necessary. Feedback is largely a repeti-

tive function and can be incorporated at the local level without the ac--

quisition of a specé¢ial expertise.
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Energy management incorporates tﬁeory and practice from a varied
range of disciplines including management‘sciencé, psychopedagogy, and
engineering. It involves peqple and buildings, a mixture of social, or;
ganizational, institufional, and technical problems, a compléx of ac-
tions ana interactions. | |

The remainder of this section is devoted to elucidating some basic

concepts of energy management.

3.1 The Information System in Energy Management

As mentioned above, the information system in energy management ﬂés
.‘three components;‘éhese may be characterized asrﬁeing either rputiﬁe or
developmental activities. Regulation of building operation must beéome
routine under enérgy management,‘and information feedback is a roﬁtine
requirement of regulation. Information feedback and plant regulation
are necessarily locélly maintained functions. .

A continuous record of information on building energy cohsumption

is necessary to:

(i) identify potential energy savings
(ii) plan conservation strategies
(iii) regulate operation of physical piant

(iv) evaluate the effectiveness of the energy managemeﬁt
programme ’

(v) motivate building staff and users.
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Utilities recérd consumption for billing purposes, but the informa-
tion provided in monthly statements is inadequate for most energy
management purposes. Table 2.1 lists some of the shortcomings of ufility
recoérds in this respect. As one source commenfs:‘"Feedback from the
monthly ;r yearly‘invdioé accéunting éystem is too slow to allow the ra-
pid .operator response necessary. for successful energy conserving build-
ing operation" (Biggs, 1977). However, evalugtion of performance over
periodé shorter than a montﬁ is a theoretically complicated task because
of the number of variables which ﬁust :be accounted for .(over longer
periods many of Zthese variables behave in a random manner and can be
neglected without introducing significant error) (ASHRAE, 1976). A sub-
stantiél effort was made during the firsé year of the projéot to develop
satisfactory criteria for assessment of performance over time intervals
of léss than a month. Large amounts of data on patte;ns'of building en-
- ergy consumption were .collected to obtain a better knowledge of shor£
term behaviour.

Mo&ihg from an ihvoicing system for rconsumption monitoring to a
mére refined monitoring system requires development. Once the monitor-
iﬂg system is established, ié becomes routine.

Verification of performance may be imagined as an auditing func-
tion. Auditing involves methodical examination and review of a situa-
tion concluding with.a detailed report of findings. In accounting,
financial ﬁauditing pfovides a guide to the performance of a business.
In energy management, auditing of consumption provides a guide to the
performance of buildings. Four types of energy audit have been identi-

fied (EMR, 1977):



37

(1) The Historical Audit

This is a review of energy performance based on avail-
able accounting records.

(i1) The Diagnostic Audit

This is used to isolate the energy flows for specific
areas or components of a building.

(iii) The Periodic Audit

This is a review of energy performance at planned régu—
lar intervals. :

(iv)  The Continuous Energy,Audit

This involves steady moﬁitoring of energy flows.

Information obtained from the various types of audit will be of use

to different actors in theAschodl system. The building operator will

‘require very short term information in order to react éffectiyely .to
dynamic c¢onditions. The principal ‘of a school (as éhief building ad-
minisprator) will require ieés detai}ed information at less frequent in-
tervals as a check on operations, as will the district superviso; of
‘ mainbénance. These iﬂdividuals all’ have day-to-day involvements Qith
" teachers, studenps and. support staff who use and operate school bﬁild—
ings. The district central administration, one step further femoved,
méy require differently structured ihformation to assess performance on
'_a:system wide basis and to inform external consultants.

LThe feedbao% s&stem i£self should be as économical as possible in
overhead:- costs of time and effort. It'éhould also satisfy the'infbrméé

tion requirements of individual actors as precisely as possible.

ey
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Increasing ‘employee productivity (without increasing capital in-

vestment) can ‘be achieved through a more effective allocation of man-

.power to tasks or through manpower accomplishing more in current roles.

Motivation is pertinenﬁ to both these options; a tendancy to consider

conservation in planning and to conserve in action must be established.

In his organizational role the individual must strive for greater energy

productivity in the most appropriate manner.

"An Examination of Measures Designed to Encourage Energy Conserva-

tion from the Perspective of Motivation Theory" (Lazar,1975) summarizes

basic points to be considered in encouraging conserving behaviour:

(1)

(ii)

(iii)

(iv)

(v)

(vi)

(vii)

The challenge is not simply to create a tendency to
behave 1in a manner which conserves energy, but to make
such a tendency stronger than those which lead to ener-
gy consumption. ‘

New behavioural tendencies may be fostered by .intrinsic

and/or extrinsic motivational techniques (reasons or’

rewards).

Reward and punishment systems work but they prbduce
only symptomatic change. They leave the cause of the
problem untouched.

A reward should be significant, -immediate, and' ap-
parent. : ' ’

Giving reasons attacks the causes rather than the symp-
toms of behaviour. When intrinsic motivation is made to
work, it works long and well.

One can offer reasons to conserve but they can be used
as reasons to do otherwise - to consume while prices
are low, to not believe that local action will make any
difference.

One must believe that levels of.energy consumption ére
a problem and that conservation is the solution.



39

(viii) People will avoid behaving in a manner that is demon-
strated to be inconsistent with their sense of identi-
ty. Excessive energy use ("waste") is inconsistent
with many Canadian values. - "

(ix) Cognitive dissonance may inhibit conservation. ~ Change

that implies a denial of what 1is held dear may be
resisted. The use of a historical perspective and of
appealing new images can reduce such resistance. Alter-
native (and more attractive) images of a future energy
conserving society must be offered. '

- (x) The individual must have feedback to control his use of
energy: "He who wishes to conserve must know how much
he consumes."

it must be recognized in implementing a management programme that
effiéient utilization of energy is not the primary concern of most indi-~
viduals in a school system. However, more efficient energy utilization
~can be achieved without hampering primary concerns such as teaching and
recreational activities.

Just as the information system must be planned to operate with
economy of time and effort, so the ﬁanagement programme as a whole must
'be‘planned to operate with economy of time and effort. If energy manage-
ment activities become too onerous in terms of the benefits (as per-
ceived by users), they may be largely neglected. By identifying the im-
pact of specific user groups on energy consumption, efforts to improve
peﬁformance can be focussed Qhere they will have the greatest leverage.

By combining observations on human motivation with some principies

of management science the following components of a motivational pro-

gramme were formulated.
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' 3.2.1 Awareness

As a price inflating'effect, changing resource availability aqd
values are experienced by scﬁool users as consumers through éontact with
the market place. As a resource issue, changiﬂg availability and values
are experienced 'by scho&l users as citizens throﬁgh contact with the
communications media. These outside influences generate a certain level
of "backgrouna" awareness, but this had té be'sharpened to foéus oﬁ the
specific problems of the school district.r

Individualslhad to be made aware fhat the cost of electricity and
natural gas had. become a major expense to the school district. They had
to be convinced that conservation was necessary as a form of cost con-

trol..

3,2.2 Incentive

Apart from knowing that a problem existed, each person had to be
given appropriate reasons for taking personal responsibility in an ap-
'propfiate manner for conservation.

The quegtion of .what speoific kinds of incentive to use arose fre-
‘quenﬁli in discussions with the steering comnmittee and with school ad-
ministrators. There was strong support in some quarﬁers for the employ
of material rewards for users whose buildings showed improved‘perfor—
ﬁance. Some felt that these rewards could be "symbolic? (such as‘ a
piece of audiovisual equipment for a school as a collective), while oth-
ers felt thétrrewards should take the form of a bonus paid to individu-

als for performance. The concept of material rewards was resisted by
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the research team for various reasons. Some of these reasons were per-
ceived to be possibly transientlcircumstances (such as a lack of infof-
mation on baseline performanpe:of schools), while others were thought to
. exciﬁde material rewards as an approach on more permanent grounds. Some

reasons for this stance were:
3.2.2.1 Measurement

There was no proven accurate and economical technique for evaluat-
fing_ éhe efficiency of building performance over short intervals. Yet
section 3.2 (above) states that reWands‘should be "significant, immedi-
:ate, and apparent" gguideline iv). Even available longer term (and sup-
posedly more.accurate) techniques for evaluating performanée dO not
specify tolerances; Without a precise measure of building performancé
rewards Eould not be rationally related to user behaviour. An- Virra-
tional" system could penalize individuals making genuine efforts, or
benefit nqﬁéontribuﬁors.' This could have a net negative incenﬁiVe to

participate in the programme.
3.2.2.2 Allocation

To be eqﬁitable and acceptable to participants, rewards to indiyi-
duals would have had to Be_baséd on merit. Yet it was not known, at the
time research was initiated, what the rglative influence exerted by dif-
fe;enﬁ user groups on performance of a building was. Determining this,
given the number of factors affecting building performance, might -never
be feasible to the degree of brecisiop féquired in a materia; rewaﬁd

‘system.
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3.2.2.3 Rising Prices

The rate of increase of energy costs in Grande Prairie will prob-
ably- negate any decreases in dollar costs achieved through conservation
within three or four years. If a bonus were employéd to motivate users,
this could increase the actual level,of'expenditures above tﬁeir origi-
;nal level.
| ‘Aé the guidelines also suggest, material rewards might prbduce only

symptomatic change. If at a futpre date the School District had to
abandon material rewards due to financial hardships in other areas, it
might have to face a very difficult dilemma. Saving money tﬁrough cut-
ting bonuses.could simply lead to increased costs if energy conserving

behaviour ceased.
3.2.2.4 Spillover Effects

‘ If staff were reiﬁbursed for improved performance in energy usé,
they might come to expect sﬁch rewards for other activities. Conversely
people alfeady contributing to the welfare of the district in other Qays
might feel that rewarding individuals for one specific form of contribu-
tidn was inequitable. The potential appeared to exist for creating

friction in employee relations.
3.2.2.5 Alternative Incentives

It was reasoned by the research team that if motivation could be
achieved through means other'than material rewards, this would be desir-
able. It would avoid the costs and complications involved in material

rewards, and possibly be even more effective.
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-Excluding material réwards as incentives left 'two possibilities: -
réasons (intrihsic motivators) and nonmaterial rewards V(extrinsic
'motivators).- The queséioh was how these alternative incentives could
best be introduced into the school system environment. Energy use and

‘conservation involve far reaching social issues; schools are . beginning

'rto introduce aspects of these issueé in tbe classroom. However, indivi-
Auals-maf or may not accept the validity of the "energy crisis" as a
. reason for conserving. As the literature on educational administration
states (Clea;, 1971), this sort of issue lies.in the "personal domain" -
things that either have little direct relevance to the organization
and/or are extremely personal. Individuals may accordingly accept or re-
“ject a conservation campaign founded on the premise of declining
fesources; they may even become hostile if they feel their‘ personal
domain is sbeiqg trespassed. Broader acceptance of conservation may be
achieved‘by emphasizing itsrimportance as a local cost control tool.

’ Teachers and administrators agree thét in terms of internal organi-

zational mecpanics there is a high legitimacy for administrativé:influ—

'enée (the "organizationgl maintenénce domain")., Within schools it is

the role of principals and administrative staff to set policieé‘ana pro-

cedures for economic school operation. Individuals must be persuaded

"~ that levels of consumption can be reduced without major upset, and that

such reductions are a reasonable and effective form of cost control. If
an individual holds additional personal convictions favouring energy

conserving behaviour, this will further motivate him.
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Given this analysis,. reasons could be ﬁsed as motivators, and pro-
pagated through the-existing management structure. In many ways there
is nothing:special about electricity and natural gas as commodipies.
Admiqis&rators and other employees are already charged with responsible
application of reéources, human or otherwise. When interviewed; ﬁost
pnincipals confirmed that they beliéved energy management was in keeping
with their'administrative role, and was a responsibility compatible with
their duties. The main difference concerning the energy respurce is
that use is somewhat'less'easily ﬁonitored and regulated in terms.<fami—
liar to administrators and other employeeé.

_Nonmaterial rewards can complement reasons and can‘also ‘be propa-
gated thﬁough the existing management structure. They can be as effec-
tive as (or even more effective than) material rewards in altering human
.conduct and behaviouf. These rewards take the form of recognition{ per-
sonal or professional satisfaction, and infbrmation feedback (Seligman,
j978).

A prime example of nonmaterial rewardé acting as motivators is evi-
dent in.the interest df the school district adﬁinistration in conserva-
tion in the first place. The central administration stpod to gain no
personal or symbolic material benefits (in any direct sense) from con-
serving énergy. Their reward lay in the professional satisfaction . of
efficieqtly operating the school disﬁfict’and also in recognitipn from
the Board for competent management. The}e is no reason why these

‘motivators could not be:appliedhat other levels in the school district.
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This would require a serious commitment to the programﬁe by ad-
'ministrators. They would have to demonstrate a sincere and continuing
intefest in the efforts of their subordinates to conserve energy and
would have to set a personal example. |

Educators may also become more aware of energy u;ilization and cbn?
éervation as energy related issues become incorporated into theicurriou—
lum. -The school building:itself, as an energy consuming artifact, could
aléo be used as a teaching aid, increasing the awareness of sﬁudents and

staff.

3.2.3 Information

It is ndt enough simply to arouse the concern of users regarding
energy conservation - it is also necessary to ensure that they are made

aware of appropriate responses. Otherwise the programme will be inef-

. fectual.

3.2.4 Responsibility

Each employee and department must know precisely what his/its
responsibilities are. General -exhortations to conserve can be quite
frditlessi By delegating specific duties it is readily possiblé to judge
| whether individqal respoﬁéibilities are being mei. This will also ﬁinim—

ize counter productive uncertainty and confusion.
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3.2.5 Communication

Channels of communication pertinent to energy management should” be
‘established or reinforced. The foriality and complexity may vary with
the size and functions of the puildiégs.

An elementary school principal deals with fewer people and a small-
er building; a high school principal has academic and adminisprativemas-
sistants, sevefal custodians, and numefous departments to manage. In
each case, an appropriate means of pérceiving apd resolving conflicts

and problems must be found.

" 3.2.6 Feedback

Although this is a restatement in part of the article on incen-
tives, the folldwing.comments are important enough to merit redundancy.
_Each ‘member of the scﬁool!districp‘must believe that his pérticipation
in éonservation is meaningful. People must have feédback on perfér—
mance. The energy auditiﬂg éystem can provide information, but it must
be widely disseﬁinated to be effective.

More than .information feedback is required; administrators must ex-
presé tﬁeir interest in the efforts and achievements of subordinates in

‘ﬁaking the programme work.
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3.3 Organization for Energy Management

The importance of defined‘responsibilities in motivating conserving
behavieur has been mentioned. Grande Prairie Public School District,
- like most school éystems, has a hierarchical management structure,
iluustrated in Figure 3.1. ;The chart includes three of six user groups
(teachers, students, and community groups are not included). The user
groupe represented in the chart may be cateéorized as "secondary! since
their function is to ensure that certain Qants and needs of the other,
"primary", users are saéisfied. To this end, they will already have
certain responsibilities. These existing responsibilities and relatiqn;
ships had to be considered in organizing for energy management, as will
be discussed in later chapters. The organizational chart allows the
reader to better understand some of these management problems.

Administrative supervisory staff in the school district are largely
recrﬁited from the teeching staff, with the exception of the central of-
fice business staff, the high school business manager: and the mainte—
nance supervisor. As a result the interest and orientation of the adQ
ministrative staff is almost entirely toward the educative function.
This is reasonable in Qiew of the chief functions of the school dis-
trict, but has some drawbacks in terms of energy menagement and plant
adminiStration in general: the maintepance funcpion teﬁds to be regarded
as a’necessary appendage but not a direct‘and continuing concern of the
administration. Consequences of this viewpoint as they affect energy
use wlll be discussed in later sections, but the primary implication in
this regard is that more atteﬁtion will have to be given‘by administra-

tors-to use and operation of facilities than has been customary in the
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Figure 3.1 Grande Prairie School District No. 2357 Personnel Chart.
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4, 'EVALUATING ENERGY UTILIZATION IN SCHOOLS

Determining‘and cemparing efficiency of energy utilization in-
bdildings cannot be an exact:practice. The besic problem lies in estab-
lishing what‘the minimum energy requirements for a building would be
ﬁith economicéliy optimized operation, so that actual performance can be
-eveluatedl

éfficiency is defined as the ability to produce the desired effecp
yith a minimum of effort, expense, or waste. Basic mechanical effic@ency
is the ratio.of useful work achieved by a sysﬁem relative to the energy
supplied to ﬁhe system. Another type of efficiency meaeure is the so-
called "second law efficiency", ehe ratio of the minimum energy required
to perform a task to that actually used. _Neither of these standard de-
finitions is easily applied to buildings. .

Although energy supplied to buildings by utilities is subject to
continuous monitoriné, energy supplied by the sun varies w;th season,
:weather, and time of day. The work performed by buildings is in some
respects so diverse that it defies measurement. Obtaining a meaningful
caloulatlon for the energy efflclency of a building can therefore be. a
difficult task

Four classes of criteria can be considered when evaluating energy
utilization in schoele:

(i) Thoee which evaluate school system productivity with re-

gerd to energy use.

(ii) Those which evaluate the efficiency of use once energy
has been transported to the building boundary.

(iii) Those which evaluate efficiency of use based on demands
at - the point of resource extraction.
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(iv) Those which attempt to deal with life-cycle energy
demand of buildings.
Ail these types of measures are interrelated. Each type yields a dif-
ferent, but complementary, perspective on efficiency. The following sub-

sections discuss each of the categories in more detail.

4.1 Productivity

Indicators of productivity afe commonly émployed in manufacturing
processes, and indicators describing productivity of energy use are ra-
pidly gaining dcceptance. Modern school sysbéms may consume as much en-
ergy as small iﬁdustriél enterprises, although operating buildings with
the attention accqrded an industrial process is still uncommon. Such an
approach demands more structured evaluation of building performance.

A common industrial indicator of system energy performance is ener-
gy units purchased per uhit éf output. Educational jurisdictions may be
said to have two forms of output - primafily more competent individugis,
5 bﬁt also, in their buildings at least, quahtities of environmentally(re-
j gulated space. Eﬁe;gy use per unit of gross floor area is more clqsely
related to building performance, but energy use per student can have
some value as an iﬁdioator of resource allocation. This is perhaps.mbre
clearly stated by breaking the energy use per student indicatof into two
subcomponents - energy use per gross floor area and gross floor area per
student (the first indicator is the product of the latter two). It may
then be seen that efficient buiidings below utilization capacity may not

necessarily be an efficient allocation of resources.
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'Monetary expenditures for energy may also be used in measures of
product1v1ty, but since energy tariffs vary over time and with geograph-
ic locatlon, measures based on expenditures lack consistency needed in
comparative evaluation of building performance. They may be of greater
value in‘assessipg the relative finaneial impact of changing energy

- costs on different school systems.

4,2 End Use Efficiency

Because utilities meter each customer's consumption for billing
parposes,‘a fairly accurate record of purchasedreneﬁgy use over time can
be retrieved for most buildings. However, more than a simple record of
cohsumption is necessary to evaluate performance; some satisfactory
basis for comparison of use in different time periods and between build;
ipgs must be established.

The basic funétioﬁ of the built environment is the sheltering of
man's activities frem fluctuations in weather. The building enclosure
system acts as a paasive sebarator petween the exterior and the interior
elimates. The building 'environmental control equipment is the active
element, consuming fuels to maintain the interior environment within
:finer lbounds than can be achieved by the unaided passite element (Table
4.1 contains some typical figures on energy consumption rates of ~build-
';ing systeme). One is therefore concerned with the amount of energy ex-
pended to aaintain certain interior eonditions. These conditions -are
temperature, ventilation, humidity, and lighting levels required for hu-

.man comfort, usually as defined by professional bodies such as ASHRAE,



Table 4.1. . Annual energy qonsumption rates for a pro-
totypical school at 5000 Celsius degree

days (Lentz, 1976). .

Energg Use
by system ‘ : (W/m™)
‘Heating : ) 35.8
Light and Power 10.3
Water Heating ‘ 4.4
Fans ’ 1.5
. Cooling _ 1.5
Auxiliary 1.5
. 'TOTAL 55.0
by end use energy form
Total Electric o148
Total Non-Electric ho.2
TOTAL . . 55.0
by approximate total resource demand
Total Electric 49.3
Total Non-Electric . 4o.2
TOTAL 89.5

Note: Grande Prairie Schoolrgistrict No. 2357 facilit%es consumed
an average of U48.4 W/m™ natural gas and 8.2 W/m~ electricity

in 1976 at 5557 degree days.

Percent
ofztotal

65.
18.

26.

3.
00.

55.
4y,
100.

O30 ~30

the American Society of Heating, Refrigeration, and Air Conditioning En~

gineers. Some measure Of meteorological conditions must also be avail-

able to determine the climatic stress which the passive and active ele-

. ments of the building must resist to maintain the specified interior en-

vironment. These circumstances include ambient temperature pafterns,

quantities of insolation, and humidity ranges.
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Apart ffom energy required to maintain a specified sﬁate within a

given space in the face of adverseAexternal conditions, it ma& alsp be
. wofthwhile examining the "dgnsity" and "quality" of the sheltered ac-
tivity, if only at the conceptual plane. If more of an activity is ade-
quately supported by one building than by another, ceterus paribus,’ the
former building is the more efficient; this is directly related to the
idea-of éystem productivity, which has already been introduced. Qualiﬁi-
tative judgments of use value were evidenced during the wintef of
1976—77 when selected consumers lost their fuel supply due to shortages
‘in the northeastern ﬁnited States.

bne way of coping with the number of factors to be‘ considered and

obtaining baseline data for evaluation of building performance is
through computer modelling. This is perhaps the ﬁost accurate-means of
estimating building energy requirements un&ef "typical'" weather condi-
tions and with "normal" patterns of building operation. Hour by houf
caléulations of fheoretical demand for energy are performed for an eh—
tire "year". Utility records dre usually used to "ecalibrate" results in
the case ‘of existing buildings. On an annual basis, simulations can
produce relatively precise estimates. Such simulations can be a. valu-
able and necessary tool when designing new facilities or planning ﬁajor
modifications to plant. However simulations have capability and cost
‘1imitations which jsignificahtly reduce their Qalue in assessiﬁg opera-
tion of existiné buildings, especially on a cogtinuing basis. Computer
models dan be relatively costly to construct and operate. They reduire
weather information which may not be available for smaller cities. They

cannot account accurately for ther"human"’factor and for other factors
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which may produce.significént fluctuatigps in consumption over .periods
of less than a year. - |

One alternative is to indirectly measure efficiency by -compériné
energy supplied to buildings _performing similar functions. However,
analysis using suchrcompafative measures must be tempered with an}uqder—
standing of their iimitations as criteria. Any pair of school build-
B ings, ‘for instance, may‘differ both in.physical characteristics and in
use patterns. Thorough evaluation must proceed from general comparative
data to specific analysis of building systems and activity programming.

For comparative purposes, electricity and natural gas use can be
assessed on the basis of gro;s‘floor area (annual averége Watts per
square metre). Gross floor area is a readily obtained statistic, as it
is one basis for insurance assessments. It is related to net floor
areé,‘a good measure of the "working space" in a building, although the
‘ratio of the two varies among buildings. Although some portions of
‘building energy demaﬁd are generated largely volumetrically (such as
space conditioning) others are not - lighting, hot water heating, énd
operation of au%iliary equipment. Purchased energy consumed pe£ unit of
éross floor érea per annum is the ﬁeasure most commonly employed in the
litergture on energy management. It is sometimes Vreferred to as the
"specific energy need! of a building.,

The indicator described above dées not show how effectively . energy
is spént in achieving each requirement (heat;ng, lighting, ventilation,
etq.) ﬁor does it contribute to evaluating energy performance over

shorter periods of time.
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| Virtually ﬁo records of enérgy use according to._bui;diﬁg system
have been published. Such data is necessary to effectively plan conser-
vation measures. For some building systems accurate estimates of con-
sumption  can be made or can be calculated from indirect measures. Oth-
ers are more difficult to evaluate except by direct measure. -Short term
records are similarly of value in more acéurately determining the pat-
aterﬂ of energy expenditures within a building. These kinds of informa-
tion were sought in the course of ‘the first year of the Grande Prairie
study, and were supp;emented by observations of facility wuse, inven-
tories. of“ energy consuming plant, and records of facility operating
schedules so that a balanced evaluation of end use energy requirements
" could be formulated.

A third way of evaluating building performance is to use records of
past performanpe for purposes of comparison. However these recordsrmust
be much more precise than records which are presently used to account
‘for building_energy consumption. The development of this type of indi-
cator for use in the Grande Prairie schools is discussed in later ‘sec-

tions.

4:3 Total Resource Demand

This is a varia£ion on measuring end use efficiency. Total resbutce
demand encompasses not-only quantities consumed within the building, but
extends the demand implications back to the point of resource extrac-

‘tion. A concrete Alberta example of different consumption values ob-

tained with different kinds of measures is evident in electricity con-
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sumption; the supply of one energy'gnit of electricity requires thg ex-
\penditure: of roughly four energy units bf fossil fuel at a thermal gen-
‘erating stétion. Most of thg remaining energy is discharged as waste
heat, while the balance is dissipated in transmission. Thig fac£ illus-~
trates the fallagy of such approaches as using unnecessary .artificial
illﬁmination for heating purposes.

Total resource demand accounting must express the losses and bur-
dens involved in the processing, transportétion, conversion, and
delivery of various-forms of fuel and energy to the site (Phipps, - 1976;

Jones, 1976).

u,u Life-Cycle Energy Demand

Energy is consumed not only during lifetime operatioﬂ of a building
buf .also at the two boundary poinés of its lifetime: construction and
demolition. The energy demands at these points are difficult‘ to esti-
mate; one authority places them at the equivalent of three or four years
of building operation (Stein, 1976). A comprehensive analysis on a 1life
cycle basis should atteﬁpt ﬁo consider the cumulative energy consumed to
.produce and maintain a building from initial site work through to final
site clearance. Some - building materials, for instance, are.mugh more
energy intensive in manpfacture and in service than others. '

One point particularly-worth noting with regard to this criterion
.is that the .existing stock of scﬁool buildings rep;esent not only a
mbnetary investment, but also an energy investment. More extensive use

or more effective use of existing facilities could under certain condi-
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tions réduce the demand for new construction and fori additional energy

supply.

4.5 Measures Used in This Report

- This general discussion has beenrundertaken‘ to outline the full
scope’ of techniques for evaLuatiﬁg‘energy use in school buildings. In.
mos£ cases only end use efficiency ‘measures will be used in the
gemainaer of the report, althoughlpréductiVity of energy utilization and
totai reééurce demand will be specifically referred:to in a- couplem‘of

instances.
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5. QORGANIZATION AND ENERGY UTILIZATION OF ALBERTA SCHOOL, SYSTEMS

Although energy and dollar savings in Grande Prairie School Dis-~
trict No. 2357 alone would be significant, the reséarch work will be of
much greater value if it can a;so benefit other school éystems in Alber-
ta. This chapter explores some considerations relevanf to planning for
energy managemeﬁt bofh in Grande Prairie and on a province 'wide basis.

The“analYSis begins with a brief éxamination of present provincial
organization as it affects school district energy management. It then
goes on to a statiéticai'characterization of Alberta school districts.
. Finélly, a survey of utility expenditures by selected Alberta schoql
systems is reviewed. Information from the survey was néeded to perform
a oompanative evaluation of energy utilization in Graﬁde Prairie Public

‘School District.

5.1 School System Organization in Alberta as it Affects Energy

Managemept

' Caﬁadian provinces differ in the organization of elementéry and
secondary education. Some provinces have largely decentralized educa-
tibnal organizations, while others have a stronger central authority.

Different proyincigl approaches tp thg plahning and development of
facilities illustrate the variations in organizational philosobhy. In
Nevarunswick,‘for instance, coﬁstruction and upgrading of schools is
handled diregtly‘ by"the prévincial department of education (as is tﬁe
developmeqt of energy management programmes for individual schoois).

Alberta is one of the provinces in which much responsibility is delegat-
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ed to the local educational system. In Alberta local school districts
analyze space . requirements, assemble proposals, obtain assistancé in
capital funding from the prqyincial Department of Education and tender
entire building projects. The deéentralization of such functions is the
most notable;characteristic of elementary and secondary education in
Alberta, insofar as energy management is concerned. |

The Department of Education ﬂas a School Buildings ‘Administration
Branch which "assists school boards as autonomous corporate bodies to
plan; build, opératez and maintain school buildings in order to faciii-
tate the desired school programmes"™. A second purpose of the Bganeh is
"to enable government support for educational facilities in accordanqe
“with provisions of The Alberta Aet, The Department of‘Education Act, The
School Act, The School Buildings Act, and other relevant Statutes, and
'Regulaﬁions pursuant 'thereto". Alberta Education‘contributes substan~-
tially to local operéting and capital budgets through grant brograﬁmes.

The School Buildings Branch provides consultative and advisory ser-
vices regarding facilities; Field Work Inspectors travel throughout the
f.province to'offer advice, referral, and information. The Bfanch partici-
pates in workshops, one of which is held annually by the school build-
'ings‘maintenance people of the province thfough their ma}ntenance asso-
ciation.

The School Building Quality Restoration Program. is one pnograﬁme
developed by the School ‘Buildings Branch; it\assists school Spavds
financially and technically where thé failure df selected building coni-
ponents is involved. Thus, while local school systems arerautonomoﬁs,

they are not without guidanée and assistance as far as physical facili-
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ties are concerhed.

Because administrative responsibility fdr education is highly de-
" centralized, Alberta Educétion does .not have records of energy utiliza—:
tion in school buildings, nor.does it have informatioﬂ on gross floor
‘areas of provincial schools. A computerized information system on
school buildings is currently in the midst of a four year. deveiopment
_ programme. Thé "School Facilities File" will eventually contain more
than 130 pieces of data on each school in the province, including floor
areas, enrolment, .and structurai characteristics. Most of the informa-
£ion will be construction cost breakdowns for building systems. No daﬁa
collection 1is planned for items such as environmental control systems,
. insulation, or building energy conéumption.

Although the province customarily receives sets of drawings for
schools built with provinecial aid, these are not sepias (and hence can-
not be copied), are often incomplete or 6utmoded; and are not accessible
fpr general use (to feed the informétiod system mentioned above, floor
plans of each school in the province are being drafted). Drawings in the
possession of Grande Prairie Sohooi District were also incomplete and
copies were not available. w .

The provincial Department of Education does maintain compﬁter files
on each school distriect and school building, including data on the chief

administrator, name, address, and enrolment.
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There are about 140 school systems .in Alberta, operating 1368

schools and serving H29 000 students. Basic statistics are presented in

Table 5.1.
Table 5.1. Alberta school systems: basic statisticé.
| 'Nuﬁber Number
of of
School Systems Schools
System in in
Type Category Category
School Divisions 30 314
Counties 30 342
. Public School Districts 26 472
Roman Cathlic School Districts Ly 220 .
Other
Consolidaped School Districts 3 3
Catholic Public School Districts 1 2
Protestant Separate School Dist. 2 8
Regional High School Districts 3 T
Total Other 9 20
TOTAL | 139 T 368.

Enrolment
in .
Categor
66 070
86 168
192 666

75 578

585

42

4 878

2 251

8 159
428 9u0

‘As mentioned above, records do not presently exist either of build-

‘ing energy utilization or gross floor

area. Proportional enrolments can

be ‘'used as awrough indicator of relative impact on aggregate consumption

by different size school systems (school system enrolment is related to

space alldcations; and by this relationship to energy utilization);



Table 5.2.

System
" Type

Division
"County -

Public School
Roman Catholic
Otper

TOTAL

" Table 5.3.

System
Type

Division
County

bublic School
Roman Catholic
Other

TOTAL

Alberta school systems: number of
categorized

according to

systems
system student

enrolment categories and system type.

1ess
than
1000

students-

7

1

11
36

7
62

1001

5001
to to
15000 15 000
students students
21 2
26 3
10 3
6 -
2 -
65 8

15 001

to

45 000
stqdents

Alberta school systems: number of schools
categorized according to
enrolment categories and system types.

less
than
- 1000

students

42
12
16
41
8

119

1001 5001
to to
5000 15 000
students students

234 38
262 68

39 60

33 -

12 -
580

166

system student

15 001

more
than

45 000

students

" more

to than
45 000 45 000
students students

- 357

146 -

146 357

63
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Table 5.4. Alberta school systems: student enrolment
categorized according to system student
enrolment categories and system types.

less 1001 5001 15 001 more

) than to to to than
System 1000 5000 15 000 45 000 45 000
‘Type studegts students - ~students students students
" Division © 4 o9u8 50 413 - 10 699 - ' -
County 2 911 57 771 25 1486 - -
Public School . 5 112 19 037 - 19 212 - 149 305
Roman Catholic 14 803 10 122 - 50 653 -
Other 2 755 5701 -~ - - -
CtotaL . 30 532 143" Ol 55.397 ° 50 653 145 305

Table 5.5. Alberta school sysfems: selected statis-
tics ' categorized according to system stu-
dent enrolment categories.

Statistice less 1001 5001 . 15 000 more

" than” to to” " to " than
1000 5000 15 000 45 000 45 000
students students students students students
g of total :
students 7.1 33.3 12.9 11.8 35.0

Average Number
of Schools per .
Jurisdiction 2 9 21 73 178

Average Number’
“of Students per )
Jurisdiction 500 2200 6900 25 300 74 700

Tables 5.2 through 5.5 contain statistical information broken down ac-

cording to five enrolment size categoriés; these categories were select-
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ed based‘on.observationrof-district operations, on discussion with edu-
éational administrators; and on analygis of the data by researchers.

It is evident that‘altpough systems Qith less than 1000 students
number 62, or about 45.0 pepceht of the total, they serve only 7.1 pef-
cent of the students in the brovincé. This suggests that they .have a
minor’ effect on aggregate energy performance of Alberta schools. These
districts tend not even to have a maiﬁtenance team due to their small
size (only 2 gchools per system on average).
| At the other extreme ére sysfems with more than ﬁE 000 students
which number 2 (about 1.5 percent of the total), but serve 35.0 percent
of the students in the province. These districts (theVCalgary and Ed-
monton Public School Districts) have an extensive administrative struc-
ture, with a professional sta}f of architects and engineers; and spe-
cialized operating ana maintenanqe departments.

In between are systems with between 1000 and 45 000 students which
number 75 (about 53.5 percent.of the total) and serve 58.0 pe}oent of
: tﬁe students in the‘province. This class is further sﬁratified into a
large number of systems in the 1000 to 5000 students range, and other
larger units.

From these distributions it can be inferred that the organizational
problems in energy management will Vvary from one class of school syste@ :
tq another. For one thiné, small systems may léck ready access to pro-
fessional expertise, while large systems may lack intimate internal com-
whunications due to the size of the organizational structure. Both can
hémper efficient energy utiiization,‘ but the remedies may havé to be

varied.
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As was mentioned earlier, implementation of energy‘ management re-
quires a certain specialized expertise. While it may be economical for
a large school system to maintain such expertise in house, the same may
not be true of smaller districts. A possible.remedy would be the provi-
sion of such experﬁiselon a province—wide basis by Alberta Educafion in
its '"advisory and consultative role“.j Advantages of this option would
be thé-develoﬁment of a unit with a particular understahding of energy
‘ management for schools, providing continuity“to the province-wide con-
éervation effort. Such a unit wouid require“the guidance of profession-
als with knowledge of buildings, environmental control .equipment,.organ-
izatién and édministration, technical conservation measures, and energy

management techniques.

5.3 Survey of Alberta School Systems

A survey was conducted via questionnaire to obtain iﬁformation on
eﬁergy utilization in selected Alberta school systems. Since Grange
Préirie was in the 1000 to 5000 student enrolment category, all system
sambles were drawn from this "size range. Another consideration was
manageébility‘of data - systeﬁs with larger enrolments operate an avepr-
age of 21 or more schools eacht

The questionnaire requested the 'following information foq eaéh

school in the sampled systems:

(i) name
(ii)  number of levels

(iii)  gross floor area
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(iv) first year of operation

(v) 1977 expenditure for electricity
(vi) 1977 electricity consumption (in kilowatt~hours)

(vii) 1977 expenditure for natural gas

(viii) 1977 natural gas consumption (in thousands of cubic

feet)
(ix) use of air conditioning (yes or no)
(x) heating system type (forced air and/or hot water) '

The covering letter alsd requested information on any energy con-

.+ servation measures which had been taken (if any):

(1) - the reasons for implementing measures or programmes
(i1)  which measures were taken

(iii) who was responsible for implementaﬁion

(iv) starting date for implementation

(v) whether meaéures were cur;iculum oriented

(vi) whether the measures involved monitoring of consumption

Forty systems were contacted, of which 2l replied (see Table 5.6).
6n1y 15 systems were able po give a cSmplete;school by school account of
energy consumption énd expehditures. Some sets of data were so far re-
'moved from the‘ norﬁ that’ they were obviéusly totally incorrect. Other
sets of data were close to the norm in most . respects but exhibited
suspicious discrepancies in some elements (the extremely low electricity
consumption per student in S&stem:#11 for example). Some school dis—'
tricts c¢ould provide only dollar cost information, while others could

not provide records of either expenditures or consumption.
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Table 5.6. Response rates for the survey of wutility ,
expenditures in selected Alberta school

systems.
7 Number % of Number Contacted
Schools Systems Contacted 40 100.0%
Replies Co2h 60.0%
No Information Available 6  15.0%
" Limited Information Available 3 T7.5%
Complete Reply 15 37.5%

Statisticslbn building energy consumption rates aré presented in
Table 5.7. These reveal significgnt variations in performance of build-
ings, both within and amoné districts. To put the following con;umption
‘rates in perspective,'the energy efficient school oonsgruotion projectr
in Edmon£on is aiming for a total specific energy need of 28 W/m2 (250
kWh/mz/yr).‘ Average éonsumption rates for the sampléd school districts
were 47 W/m2.(410 kWh/mZ/yr) for natural gas and 5.5 W/m2 (MSEKWh/mZ/yr)
fqr; élgctricity, totalling 52 W/m2 (U458 kWh/m2/yP). The average range
in specific need for gas was from 30 W/m2 (260 kWh/mz/yr) to 66 W/m2
'(580 kWh/mz/yr)‘and for eleetricity was from 3.2 W/m2 (28 kWh/mZ/yr) to
9.6 W/m2 (84 kWh/mZ/yr). Eitreme values ranged from 14 W/m2 (120
_kWh/m2/fr) to 96 W/m2 (840 kWh/mZ/yr) for natural gaé, and from 0.4 W/m?

(3.5 kWh/mZ/yr) to 27.9 W/n® (2&6 kWh/mz/yr) for electricity.
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Table 5.7. Response rates for the survey of utility
expenditures in selected Alberta school

systems.
‘ Energy Utilization (W/m2)
School ' Natural Gas Electricity
Average ' Average
Highest Rate  Lowest Highest Rate  Lowest
System Speci- for Speci- Speci- . for  Speci-
Code fic the fic fic the fic
Number Need Unit Need Need Unit Need
1. 78 54 28 - 6.9 y,2 2.3
2. 290 170 140 w4 11.2 6.9
3. 54 46 .38 9.7 5.8 3.1
b, 82 52 14 b7 3.2 2.1
5. 82 63 50 8.3 5.9 4.3
6. 54 4q 32 11.6 4.8 0.4
7. 68 y7 27 4.8 3.9 2.0
8. 42 237 26 9.5 5.1 1.9
9. 73 . ho. o 23 6.7 2.5 1.4
10. 96 Uy 22 ©13.1 8.6 .4.9
11. ' 50 33 18 2.1 1.6 1.1
12. 64 38 26 27.9 6.5 h.9
13. 68 46 33 12.3 9.9 8.4
LR “ 46 b0 22 6.5 5.1 2.1
15.° 81 . 51 35 16.0 11.2 3.7
16, ; - - - - - -
‘ 17. - - - ) - - -
Grande Prairie 65 46 41 . 9.6 6.0 3.4
Grande Praire RC 61 56 39 b7 4.y 3.6
AVERAGES 66 u 30 9.6

5.5 3.2

Notes:r Systems #2 and #11 are not included in the averages
due to peculiarities of the proffered data on
consumption.

Systems #16 and #17 provided aggregate cost
information only.

The'average consumption rates and average ranges of consdmption
rates for the sample were very similar to the figures obtained for

Grande Prairie Public School District.
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One measure of the economic dimpact of wutility expenditures on
school systems is energy cost per student. Energy costrper student in a

s&stem will be a product of three factors:

(1) gross floor area per student
(ii) energy consumption per unit gross floor area

. (iii) dollar cost per unit of energy consumed

Table 5.8. Basic information on selected Alberta
‘ school systems. '
Area (m2)
School System Number of Arga Students per
Code Number Buildings (m™) Student
1 8 16 101 1639 9.8
2 8 T 872 1739 4.5
3 y 12 701 1533 8.3
y 8 17 163 1192 1.4
5 t 13 784 2054 6.7
6 10 20 746 2408 8.6
T -5 13 126 1082 12.1 .,
8 10 29 354 1971 14.9
9 15 29 643 2295 12.9
10 6 25 025 . 2469 10.1
11 7 29 373 4436 6.6
12 5 21 564 1507 14.3
13 6 14 309 1407 10.2
14 7 17 606 1886 9.3
15 6 21 954 2154 10.2
16 11 4y 526 hhol 10.1
T 9 18 264 3357 5.4
‘Grande Prairie 8 37 558 3351 - 11.2
Grande Prairie RC 4 9-257 1057 ° 8.8
AVERAGE | 9.8

A substantial variation in gross floor area allocation per student was
found to exist, with more than a twofold range between the maximum and

- minimum values. (see Table 5.8). Dollar costs and energy consumption
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Table.5.9‘ Information on dollar expenditures and en-
ergy consumption per student for selected
Alberta school systems. .

Electricity ‘ Natural Gas

School System Expenditure Consumption Expenditure Consumption

Code Number $/student MJ/student $/student MJ/student
1 17.17  ° 1300 14,32 16 800.-
2 19.63 -~ 1600 21.49 24 600
3 20.07 f 1520 - 15.77 ‘ 12 000
y 22.26 ‘ 1460 15.98 ° . 23 600
5 . 16.05 . 1240 12,07 13 400
6 19.96 1440 1.7 -
7 28.27 1510 16.145 ‘ 17 900
8 . 38.96 2410 16.07 17 600
9 20.51 1110 20.53 ° 17 400

10 22.07 2740 13. 44 15100

11 8.83 “ 300 18.62 7 100

12 k1,21 2940 14,39 17 100

13 22.53 . 3200 14,01 14-700

14 9..88 . 1510 3.98 11.700

15 29.03 . 3620 15.08 . 16 1400

16 20.08 - 13.39 -

17 . 10.51 - ] 10.90 -
Grande Prairie 35.28 2520 18.80 16 400 -
Grande Prairie RC 21.36 - 1140 16.25 15 500

AVERAGE : 23.07 1840 14.68 16 700

Notes: System #11 is not included in the averages because
of peculiarities in the proffered cost data.

Although system #2 was not included in the averages
of energy consumption rates because of data

peculiarities, the proffered cost data appeared
reasonable'upon verification.

'per student are shown in Table 5.9, while Table 5.10 contains figufes on
avéragek prices paid by the sampled shool systems for energy. 'Tables
5.11 and 5.12 assemble data on all three factors . determining cost _per

student for electricity and natural gas respectively.
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Table 5.10. Average price paid per energy unit for
selected Alberta school systems.

‘ 1977 Expenditure 1977 Expenditure

School System . for Electricity for. Natural Gas
Code Number cents/kWh $/GJ cents/Therm - $/GJ
1 4.8 13.30 9.0 0.86
2 4,y 12.20 9.2 0.88
3 4,7 13.10 13.8 1.31.
y 5.5 15.30 7.1 0.68
5 y,7 13.10 9.5 0.90
6 5.0 13.90 8.9 0.84
7 6.7 18.60 9.6 0.90
8 5.8 16.10 9.6 0.96
9 6.7 18.60 12.4 1.718
10 2.9 8.10 9.4 0.90"
11 9.2 25.60 28.3 2.69
12 5.0 13.90 8.8 0.84%
13 2.5 7.00 10.0 0.95
14 2.4 6.70 3.6 0.34
15 2.9 8.10 9.7 0.92
16 - - - -
17 - - - - -
Grande Prairie 5.0 13.90 12.1 1.14
Grande Prairie RC 6.4 17.80 12.9 1.22
AVERAGE W7 13.10 ©10.9 1.04

(Note: Systems #2 and #11 are not included in the averages)

Some examples may hélp to clarify the value of these tables. It is
evident for System #2 that although utilization of space is very effi-
cient, the extremely poor natural gas use efficiency of the buildings

resﬁlts in a higher than average cost per student. On the gther hand,
System #11 thch hé; a relatively inefficienﬁ space aliocatioh and exhi-
bits average natural gas use efficiency pays only slightly more than
average cost per student for gas since it benefits significantly from a
low‘ﬁnit gas cost. Grande Prairie Public School District has an average

natural gas consumption, but above average space allocation and unit en-
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Table 5.11. Summary statistics on per unit costs for
electricity for selected Alberta school

systems.

‘ Floor . 1977 1977 1977
School Arﬁa Electricity Electricity Electricity
System (m"™) Consump&ion Unit Cost

Code per - (GI/m") Cost per
Number - Student o ($/Gd) Student
1 9.8 0.13 13.30 17.20
-2 4.5 0.35 12.20 19.60

3 8.3 0.18 13.10 20.10

ly 1.4 0.10 15.30 22.30

5 6.7 - 0.19 13.10 16.00

6 8.6 0.15 13.90 20.00

N 12.1 0.12 18.60 28.30

8 14.9 0.16 16.10 39.00

9 12.9 0.08 ) 18.60 20.50

10 10.1 0.27 - 8.10 22.10

1M 6.6 0.05 25.60 8.80

12 4.3 0.20 13.90 41.20

13 10.2 0.31 7.00 22.50

14 9.3 0.16 6.70 9.90

15 10.2 0.35 8.10 29.00

16 . 10.1 - - 20.10

17 - 5.4 - - 10.50

Grande Prairie 11.2 0.22 - 13.90 35.30
Grande Praire RC 8.8 0.14 "17.80 21.40
AVERAGE 9.8 0.19 13.10 23.10

(Note: Systems #2 and #11 are not included in the averages)

eréy costs, giving it‘one of the highest ratiés'of cost pef student. -
Table 5.13 contains basic information on the buildings in the sam-
ple. Few schools were reported to be equipped with air-conditioning,
which can be a significant energy consumer. Although, in Grande
Prairie, older- schools were found to be equipped with hot water heating
systems andrnewér schools with forced air systems, this was not a éon—
. 8istent trénd in the questionnaire data. The system with the oldest

buildings (#5) also had the highest natural gas consumption rates, while
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Table 5.12. Summary statistics on per unit costs for

natural gas for selected Alberta school -
systens.
Floor 1977 1977 - 1977
School Arga Natural Gas Natural Gas Natural Gas
System (m™) Consumptign Unit Cost
Code per (Gd/m™) Cost " per
Number Student ' ($/GJ) Student
1 9.8 1.7 0.86 ‘ 14.30
2 4,5 5.0 0.88 21.50
3 8.3 1.4 1.31 15. 80
b 4.4 1.6 0.68 . 16.00
5 6.7 - 2.0 0.90 12.10
6 8.6 1.5 0. 89 ' 11.20
7 12.1 - 1.5 0.91 16.40
8 14.9 1.2 0.91 16.10
9 12.9 1.3 1.18 '20.50
10 10.1 1.5 0.99 13. 40
11 6.6 1.0 2.69 18.60
12 14.3 1.3 0.84 14,40
13 10.2 1.5 0.95 14.00
1 9.3 1.3 0.36 4,00
15 10.2 1.6 0.92 15.10 -
16 10.1 - - 13. 40
17 5.4 - - 10.90
Grande Prairie 17.2 1.5 1.14 18.80
Grande Praire RC 8.8 1.8 1.22 16.20
AVERAGE 9.8 1.6 0.93 -14.70

(Note: Systems #2 and. #11 are not included in the averages)l

s&stems with newver buildingé'tended to have lower gas consumption rates.
Even System #15,‘with air-conditioning had a relatively low requirement
for natuﬁal gas. No such patterné were found to exist in the electrici-
£y consumptidp data.

Two school districts reported attempts at implementing energy con-
-gervation programmes; but Qere having problems Qitﬁ achieving sustained
reductions or in simply implementing the programmes.. | As one letter

stated: "To date measures have been implemented but have not been effec-
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. Table 5.13. Basic information on buildings in selected
Alberta school systems. :

Number
of Number Number
" Aip- of of Number
. condi- "Hot  Forced of
School System Number tioned Water Aip Stean

Code of Average Build- Heating Heating Heating
Number Buildings Age ings Systems Systems Systems

1 8 1957 - - - -

2 8 i - 0 5 "5 0

3 y 1956 0 2 y 0

y 8 - 1954 0 T 5 0

5 4 1951 | 0 h y . .0

6 10 1954 1 3 8 0

7 5 1958 0 2 b 3

8 10 - 0 1 g 0

9 15 1949 0 3 6 10

10 6 1965 0 5 3 0

11 T 1966 0 6 3 0

12 5 1963 1 6 3 0

13 6 1963 0 2 b 0

14 7 1940 1 3 1 1

15 6 1970 ! 3 3 0

16 11 1952 0 y 11 0

17 9. 1954 0 9 0 -0

Grande Prairie 8 1962 2 2 6 0

tive because of lack of concern on the part of personnel." These systems
‘both replied ‘that they were monitoring energy consumption, but presum-
ably this did not extend beyond recording of information on utility in-

voices, since no-special approaches were mentioned.



76

5.4 Summary

Energy management is a nascent function in Alberta school systems,
as -elsewhere, and will require development at both the provinecial and
local'organizétional levels tO‘ensurg_an adequate filow of information.

The surve& resuits indicate that Alberta school systems have not
yet achieved a rationalization of energy utilization. They also indi-
cate that some difficulties are being encountered by those systems which
are’ atteﬁpting to Dbetter ﬁegulaterenergy utilization. This ﬁay be in
part a function of system size; different size systems may require dif-
ferent forms of consultative assistance in resolving their difficulties.
A role may exist for the School Buildings Administration Branch to - as-
sist school systems in this regard on a continuing basis, particularly

in view of the Branch's present advisory functions.
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6. . STRATEGIES FOR CONSERVATION

Alberté Educatiop is sponsoring the investigation of three ap-
proaches to.energy conservation in schools - more éfficient operation of
facilities, retrofit of facilities, and construction of new facilities.
Other chapters’ of this report are largely concerned with séra;egies of
reducing énergy requirements through reducing demands on building equip~-
ment %nd through opefating equipment more efficiently. However, one of

the objectives of the Grande Prairie study is to also consider the emer—
'ips of the other’tw0 strategies.
: Tablé 6.1. Reductions in consumption rates which
could be achieved if Grande Prairie School

Distrigt No. 2357 buildings requiEed only
3 W/m~ electricity and 12 W/m natural

. gas.
1977 % ' 1977 %
Natural . Reduction Electri Reduction
.Gas Possible ~city Possible
Consumpt%on Through Consuthion * Through
Building (W/m"™) Replacement  (W/m”) Replacement
Avondale 42,0 71.4 5.3 43.3
Hillside 2.4 7.7 7.3 58.9
Parkside 37.7 68. 1 9.8 69.3
Swanavon 60.1 80.0 " 8.6 65.1
01d Montrose 52.8 LT3 3. 11.8
New Montrose 49,5 75.8 4,1 26.8
. Qbmposite yy 8 73.2 1201 75.2
Administration 49.5 75.8 - 5.6 46. 4

Central Park 67.1 82.1 1.0 . 0.0
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6.1 Obsolescence of Facilities in Grande Prairie

Table 6.2. Dollar savings which could be achieved by
replacing Grande Prairie School District
buildings with more efficient structures.

Estimated ]
Replacement Total Saving
Cost 1978 Dollar .Savings as
(Thousands Percent of
: . of Natural Electri Replacement
Building Dollars) Gas —city Total Cost
Avondale 1192 3 142 3 031 6 173 0.5
Hillsiae 1613 4 015 7 2U45 11 260 0.7
Parkside 1916 2 860 . 8 316 11 176 0.6
Swanavon 924 3 760 6 119 9 879 1.1
01d Montrose 877 6 388 826 7 164 0.8
New Montrose 2 675 T 277 3 538 10 815 0.4
Composite 5789 19 324" 39 931 59 255 1.0
Administration 161 1 819 835 2 653 1.6

Central Park 279 1 806 0 1 806 0.6

‘An optimistic predicted energy consumption rate for an energy effi-
ciéht school is‘15 W/m2 (130 kWh/m2/yr) -3 W/m2 electricity consumption
aﬁd'12 W/_m2 natural gas‘consumption (at 5000 Celsius degree-days). In
Table 6.1; the reductions in gas -and électricity consumption rates which
‘wduid be realized at such rates are computed for each building in Grande
'Prairier School District. In Table 6.2, the reductions are translated
into annual monetary savings‘in 1977 dollars. It is evident that thé
marginal savings in energy costs through replacement of facilities would

not justify capital costs of neﬁ construction even if energy costs in-
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creased by a factor of four.

It appears £hat only if new facilities afe necessary for additional
reaéons can the capital expense of neﬁ construction be justified. In
such cases consideration should be given to phasing out the least effi-

cient performers in a given school system.

6.2 Retrofit of Facilities

A detailed study was carried but under the supervision of the Cal-
gary Board of Education on retrofit of facilities to reduce energy re-

quirements. Basic information on the schools studied is contained in

Table 6.3.
~ Table 6.3., Basic information on the Calgary schools
for which retrofit measures were evaluat-
ed.
Gross ' >
Floor Consumption Rate (W/m™)
: AEea : Natural ~ Electri Total
School . (m) Gas -city
Briar Hill 2 632 24, 1 2.8 26.9
Marlborough Park 2 734 36.6 10.5 47.1
Lord Beaverbrook 23 515 25. 4 8.7 34.1
Patrick Airlie 2 129 39.6 3.9 43.5
Terrace Road - L 2 184 19.5 5.9 25.4

AVERAGE ‘ . 29.0 6.4 35.4

Possibilities considered by the consultants included addition of insula-

tion, changes to mechanical systems, and some operational changes. The
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‘conclusion was that major energy savings froﬁ other than operational
changes éould be accomplished only with large capital expenditures and
major mechanical system changes. It was further concluded that the phy-
., sical changes‘investigated were not cost effective fqr the schools stu-
died. |

The results of this report do not appear to offer much hope‘for re-
trofit- as a panacea for present energy consumbtion rates of Alberta
school buildings in the immediate future. However, retrofit should not
be summarily dismissed from considératipn as a viable conservation meas-
ure in the short run. The féllowing discussion outlines justifications

for its application under certain conditions.

6.2.1 Specific Evaluation

Specific evaluation of an individual building and its dpmponent
gystems is required to determine the feasibility of retrofit. Among the

factors to be considered are:

6.2.1.1 Energy Consumption Rates

‘Tﬁe Calgaryrschools consume 25 percent less gas on average than
those oﬁeraﬁed by the surveyed Alberta school systems, and 19 percent
mofe electricity. However they also reqdired énly :44 percent of . the
avérége maximum natural gas consumption of buildings operated by sur-
veyeq Alberta school systems, and only 67 percent of the average maximum
electricity consumption. - The potential energy savings from retrofit may

therefore be subject to extreme variation, with fhe Calgary buildings
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representing relatively efficient structures and a‘minimum potential for

savings.
6.2.1.2 Local Utility Costs and Rate Structures

The average unit cos£s paid by thé Calgary schools for naturai gas
and electricity were $1.21/GJ and $8.60/GJ respectivély, compared. with
$1.14 and“$13.90 in Grande Prairie.‘ Ser&ice tariffs are also structured
differéntly in Calgary, in some cases reducing the relative return from
reductions in energy consumption. 'Such variations in cost factors will

affect the local feasibility of retrofit.
6.2.1.3 Physical Characteristics of the Building

Review of. the Calgary report reveaied thaf the studied ‘buildings
are equipped with more sopﬁisticated environmental control quipmept
than that installed in the Grande Prairie schools (and possib}y in other
Aiberta school buildings). In particular, heating and ventilating re-
quirements are satisfied by different systems, allowing more control
ovér system operation. Buildinés equipped with different mechanical
systems maj be amenable to or require different approaches to conserva-

tion from those buildings studied.
6.2.1.4 Estimated Service Life

The estimated service life of a building must be considered in
planning for retrofit. School districts have standard forecasting tech-
niques for determining probable future enrolment levels in specific

areas, and hence the probable requirément for school buildings.
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Although uncertainties and unforeseeable factors may create problems in
using such rational planning techniques, they are the most effective

" planning tools available.

'6.2.2 Expenditure and Work Load Balancing

Whilé the modetary cost of realiiing energy savings is an important
factor. in evaluating the economics of retrofit, there are other factors
. which may involve equally significént costs. If a school system Wwaits
until retrofit offers an attgactibe return on investment, it may face a
sudden budget increase in order to ﬁay for the ppgrading. On the other
hand, if retrofit is implemented incrementally in a school system's
bui;dings, this Qould help to forestall a sudden drain og income.
Another advantage of incremental retrofit is that in house labour could-
be employed .on such‘projects when not engaged in other activities. In
this case, the ohly "peal" cost to the school system would be the'cost

of materials.

6.2.3 Human Comfort

If écﬁools do not meet basic requirements for human comfort (dis-
cussed in Chapter 8), this is an additional justification for physical
upgréding of facilities. Some work éarried out under the Building Qual-
ity Restoration Program (sucﬁ as installation of new lighting systems)

has been based on this justification.
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6.2.4 User Expectations

Users may expect that in return for their effprts to conServé ener;
gy,i the school sysﬁém should also make a contribuﬁion;' This viewpoint.
was,expfeséed by several users in Grande frairie who felt that ény dél—
' lar‘savings from more conseryative use and operation should be "ploughed

back" into upgrading of the school buildings.

,All of the forgoing faétors nécessitate a specific evaluation of
‘retrofit on a school system by school system and building by building

basis.
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7. ASSESSMENT OF GRANDE PRAIRIE ENERGY UTILIZATION FROM ARCHIVAL DATA

As stated in Chapter 4, thorough analysis of energy use in build-
ings musf proceed from general comparative analysis to more specific
evaluation of building systems and activity programming. This ~ chapter
examines characteristics of‘energy utilization in Grande Prairie School
District as revealediby inféfmaﬁion obtained from.utility invoices.

Déta collectéd by surveying selected Alberta scﬁool systems made
possible_the most elementaryistep in a comparative e&aluation of perfor-
mance - comparison between members of a specific consumer grou§ based onr
past performance.

As an additional check on energy use in Grande Prairie Public
: School District, consumption rates were compared with those for.bﬁild-
ings belonging to the.local separate school district. Grande Prairie
Roman Catholic Separate School District No. 28 opérates four schools
~within the same municiéal boundaries aérthe public school systém. Aﬁ
inspection gf Catholic schools was carried out to supplement consumption
re§ords with observations on the facilities.

More intensive data :cblleotion was undertaken for the public

schools to examine variations not only between buildings, but also over

" time.



7.1 Energy Consumption Rétes of Selected Alberta School Systems

Table 5.7 contains statistics 6n réported 1977 energy coqsdmption
“rates for several Alberta school systems. Girande Prairie was abouﬁréS
:percent aone average in electricity consumption and averége in natural
gaé consﬁmption. |

Heating is the major environmental control load in Alberta schools.
From Table 1.5 it is evident that heating requirements in five Alberta
reégional centres vary by up to 14 percent from the average annual value
- of 5366 Celsius degree-days (Calgéry comes closest to the average value
for these five centres). However visual inspection of natural gas con-
sumption rateg and geographic locétion of school districts showed little
relationéhip between variations;in natural gas consumption and heating
reéuirements. Adjacent Jjurisdictions experienced discrepancies‘of 20
percent in more than one instanﬁe, while colder sites were observed - to
experience lower levéls of; consumption than warmer‘sites. Thus, in
spite pf measurable climatic variatiéns within the province, geographic
variations in consumption rates appear .to be inflgenced morerstrongly by

other factqrs.

7.2 Energy Consumption Rates in Two Grande Prairie School Systems

Tables 7.1 and 7.2 summarize statistics on 1977 specific ‘energy
need of buildings operated by the separate andipublic school districts
in Grande Préirie. Overall System average consumption is 60.5 W/m2 for
the former and 57.2 W/m2 for the latter, When total resource demand is

considered, the figures are closer to 78 W/m2 for the former and 80 W/m2
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Table T7.1. 1977 specific energy need and consumption
rates for Grande Prairie Roman Catholic
‘Separate School District No. 28 buildings.
(based on utility company records).

" First : 5

Year _ Consumption (W/m)
of Arga Natural Electri Total

Building Operation . (m )_ Gas -city

Holy Cross =~ 1954 . 2198 60.5 3.6 64,1
St. Clement's 1961 1712 57. 3.6 . 61.0
St. Gerard 1963 1640 . 38.7 4.7 43.4
St. Joseph's 1965 3707 60.8 u.u 65.2
District Average Specific Need 54.3 4,1 58.4

:for the latter. Differences in consumption lie in patterns of . energy
use. Electrical use is greater for the public school district,.while
natural gas requirements are lower.

It is interesting.to note that Holy Cross School (1954) and the 01d
Montrose School (1950) exhibit similarly high raéeé of natural gas con-
sumption. Both employ hot watér heating systems and have similarities
in construction detail. Oﬁ the other hand, St. Clément's School (1961),
which bears many similarities to Avondale (1956), consumed U0 -percent
more natural gas in 1577 on a per unit basis.

The two high schools, which comprise large éegmeﬁts of both séhool
district's facilities. (40 percent of gross floor areg in both cases),
exhibited markedly different performance. St. Joseph's consumed 27 per-
cent more natural gas and 54 percent less electricity than the Composite
High School. These schools, although of comparaple vintage and located

. . \
within several metres of each other, are constructed quite differently.
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Table 7.2. 1977 specific energy need and consumption
' rates for Grande Prairie School District
No.2357 buildings (based on utility com-
pany records).
. : Total
Electricity Natural Gas Purchased
Consumption Consumption Energy
: RatS Ratg Consumgtion,
Building (W/m™) (W/m™) (W/m™)
Avondale Elementary . 5.1 40.8 7 45.9
Hillside Elementary : 7.3 “ 1.9 4g.2
Parkside Elementary ’ ‘9.6 42.6 52.2
Swanavon Elementary ‘ 8.0 by, y 52.4
- Old Montrose Junior High ’ 3.4 . 52.3 - 55.7.
New Montrose Junior High 4.2 4.6 48.8
Compositezﬁigh 9.6 hr.7 57.3
 Administration Building 5.6 49.5 55. 1
Central Park Auxiliary-Building 1.0 70.0 71.0
~ District Average Specific Need 6.0 ug.2 54.2 -

* In terms of functional space planning, one would expect St. Jbseph's

School to be more efficient in natural gas use. However this is just

one. factor affecting consumption rates and, in this case, apparently

other factors dominate.

. Lower levels of lighting at St. Joseph's combined with fewer hours

of usage explain some of the variation in electricity consumption rates.
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7.3 Energx‘Cbnsumption Rates in Public School District Buildings -

Table 7.2 summarizes 1977 specific energy need and natural gas and

felectricity consumption rates for Grande Prairie Public School buildings

fthe administration and maintenance building is included in this compar-

ison). To facilitate comparison normalized gas and electricity consump-

tion rgtes (actual rates divided by average district energy consumption

rates) are shown in Table 7.3, together with the percentage of total,

gross floor area which each building in the district represents.

Table 7.3.

Building

Avondale
‘Hilléide
?arkside
Swanavon

0ld Montrose
New Montrose
Cémposite
Adm;nistﬁation

Central Park

Rationalized 1977 energy consumption rates

for Grande Prairie School District No.
2357 buildings. n
Rationalized Effective
Percent ’ Consumption ’ Consumption
of GFA - Electricity Gas Electricity Gas
8.3 0.72 0.85 6.0 7.0
10.5 . 1.03 0.87 -10.8 9.1
7.5 135 0.88 0.1 6.6
7.0 - 1.13 0.92 7.§ | 6.4
2.2 0.48 1.09 5.8 13.2
16.8 0.59 0.03 9.9 15.6
43.9 135 0.9 - 59.2 43.5
3.4 0.79 1.03 ?.7 3.5
2.6 0.10 1.4 0.3 . 3.8
 7oTAL 12,7 ° 108.7

The percenﬁage gross.floor area is multiplied by the nofmalized rates to

obtain figures included in the fourth and fifth columns, labelled effec-
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tive electricity and natural gas utilization. From éhe normalized  rates
it can be seen that significant variations occur, with a couple of
buildings exhiﬁiting much higher‘than average consumption rates. The
effective“energy uﬁilization figﬁres show the combined impact of rela- |
tive size and relative consumbtion rate on overall school system perfor-
mance. Demand for electricél energy at the Composite High School
- predominates in determining system efficienoy for thét energy forml‘_The
same building also-has a major influence on overall natural gas consuﬁp7
tion. |

Comparison of utility purchases from year to year was undertaken to
examine the variability of annual consumption rates. Annual variations
in weathér (particularly tgmperature) markedly affect demand for.natural
gas, the main source of suppleméntary heat. Degree~days of heating are
used as a measure of heating requirement; gas consumption .can be rétibﬁ—
~alized by this measure of heating requiremént to correct for yearly
fluctuations in averaée rtemperature. Figure 7.1 shows natural gas
démand at Avondale School over sevgral years; one plot shows the actual
consumption rate, while the other shows the consumption rate corrected.
for variations in annual heating requirements (a much flatter curvej.'

Annual electricity consumption rates for these buildings are not so
dependent on weather‘and do not require such corrections.

Figures 7.2 through 7.5 show consumption -of electricity aﬁd natural
gas over séveral years for Grande Prairie Public School District build-
ings. Some variations in electricity and natural gas consumptibh rates
were attributable to additions to and renovations of existing buildings.

Additions were made to the Composite High School in 1974, to the Ad-
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Figure 7.4 1972-77 natural gas consumption rates for the Hillside,
Parkside, Swanavon, 0ld Montrose, and New Montrose Schools
(based on utility company records). The plotted rates are
corrected for different annual heating requirements.
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ministration building in 1973, gnd.tb Hillside School in 1977. The 0ld
Montrose School was damaged by fire and renbvaged in 1977. Lighting was
modified at the Avondale and Hillside schools in 1977. However signifi-
‘cant variations in electricity consumption occurred independently of
physical modifications, as is moét dramatically iilustrated by the 1977
decline in electricity consumption at the Composite High School (since
the schools were not under observation before September of 1977 _exact
causes of such shifts are difficult to determine). Visual inspection of
" the plots shbws that-performance ié affected by factors other thén heat-
ing reduirements, since there‘is little agreement in performance trends
for the Séhools over the years. This suggests that use and operation of
individual Buildings plays a major role in Shaping annual fluctuations
in performance.

Building electricity consumption rates have been fairly consistent-
‘ly stratified over the years, ana have exhibited a very wide range of
values (fro@ 1.0 to §.6 W/m2 in 1977). The spread in natural gas con-
sumptioﬁ rates (correotéd for'variations in annual heating requireﬁents)
has been more limited (between 7.0 and 11.6 mW/m2 per degree-day, with
most buildings consuming between 7.0 and 8.5 mW/xh2 per degree-day in
1977)L‘ Some buildings have undergone ;argevehanges in natural gas con-
sumption‘rates over the years, even beéomihg moreror-less efficient than
other bui;dings.
| ‘Table 7.4 compares'rankings of the school buildings Qhen ordered
accopding to installed electric capacity (electric billing demand) and
énnual electricity consumption rates. Although the ranking cor;espon-

"dence is not one to one, it is very close. The major ranking discrepan-
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Table T7.U. Electric capacity and electricity consump-
" tion rates for Grande Prairie School Dis-
trict No. 2357 buildings (based on utility

company records).

1977 1977-01

Electricity Billing Demand -
Consumption . for Electricity

Ra&e . . ) 5

Building (W/m") Building (peak kW) (peak W/m“)
Composite 10.4 Parkside 88 - 35
Parkside 9.7 Swanavon 70 30
Swanavon 8.5 ' v Cémposibe 400 25
Hillside. 7.5 Hillside 88 25
Avondale 5.8 New Montrose 118 21
New Montrose 4.1 Avondale 48 17
0ld Montrose 3.5 0ld Montrose 56 ' 14
CentPal Park 1.0 Central Park 12 14

ey bccurs in the case of the Composite High School. The higher coﬁsump—
tion relative to'capaoipy is attributable to more extensive usé qf the
high school facilities for é;ening and weekend activities.

Figures 7.6 and 7.7 show the distribution of 1977 school system
demand for’élecpricity and natural gas on a monthly basis. ’Electr;city,
consumption was fairly consistent over the school year -~ spring, fall
énd winter average consumption rates varied by less than 5 percent.

During Ju;y and August (when Grande Praire public schools are- hot
© in use) electricity 6onsumption amounted to 10 percent of the annual to-
tal. Natural gas consumption rates exhibited a much greater seasonal

vériation, in accordance with monthly heating requirements; almost 60
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‘percent of annual consumption occurred in the mid-November to mid-March
period; Only U percent of annual consumption occurs in the July-August

period, and only 11 percent in the mid May to mid Septembér‘

7.4 Conclusions

The following conclusions were reached based on the analysis of ar-

chival data:.

(1) - Grande Prairie Public School District is typical of
Alberta school systems with similar enrolments-in its
building energy requirements.

(ii) . Examination of individual buildings in the system re-
vealed subtantial variations in performance between
buildings and over time which suggested that better re-
gulation might be possible.

" (iii) Analysis revealed a potential for energy savings during
‘ "the summer months. N

(iv) It is evident that in determining overall system perfor-
mance, the high school plays a major role.



100

.

8. TECHNICAL ASPECTS OF ENERGY MANAGEMENT IN GRANDE PRAIRIE SCHOOL.

DISTRICT

The preceéing chapter examined patterns of energy utilization in
Grande Prairie School District faciiities;_this chapter examines some of
the determinants of building energy consumption levels and types of

" measures used to reduce thesé levels.

8.1 Technical Analysis: Human Comfort

The primary function of Suildings is to provide spaces where peoéle
can engage in various activities with an economic minimum ofrdisturbance
by the natural environment. Extensive research has been.invested in ﬁhe
definition of conditions for human physiological and psychoiogical conm~
fort. By wutilizing écientifically deveioped criteria the building
designéy can propose eﬁclosure systems and environmental control systems
with some dggree of confidence that they will meet human requirements.
The same criteria can bé‘used to_aéséss whether performanée of an exist-
ing building is adequate. The criteria are based on averages of human
reactions to environmental conditions staged in laﬁoratories{ in prac-
tice, each individual is the best judge of his own comfort.

Most notable iﬁ the successful propagation of standardé have been
the American Society of Heating, Refr;éerating, and Air-conditioning En-
‘gineers (ASHRAE, 1977) and the Illuminafiné Engineeringﬂ Society (IES,
“1972); ' Standards exist for thermal oomfort, illumination levels, venti-
lation rates, humidity and noisé. The first three receive greatest at-

tention in design of Alberta schools since they are most oniously of
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concern in the Canadian environment.

Comfort condipions are functions of activity, attire,kand age, as
well as :of the physioiogical and psychologiccl characteristics of che
individual. Typically accepted schoolroom standards specify . 0.019
m3/sec/person ventilation (ASHRAE Standard 62-73), 22 degrees Celsius to
25- degrees -Celsius room temperature (ASHRAE Standard 55-66), and 300 to
‘1100 lux (30 to 110 footcandles) of illumination (iES, 1972); these ex-
amples provide somé indication of the types of measures used to specify
eriteria. 7

A much more detailed knowledge of principles and guidelines is bef
”quired for competent design. In ensuring adequate ventilation, it is
also ﬁecessary to avoid subjecting occupants to excessive drafts. In en-
.suring thermal comfort not only air temperatufc, but also temperatures
of'wall surfaces must be considered (to avoid excessive radiant heat
loss to exterior walls. in winter, for instance). In ensuring a comfort-
able 1@minous environﬁenf not only tne level of lighting, but also glare
Iénd shadow must be considered.

Thermal regime, illumination levels, and air quality affect rboth
energy consumption and human comfort (McNall, 1976). Excess levels of
service provided over several hundred hours per &ear can be a needless
energy. éxpenditure. Remedying insufficient 1cvels of servicc can in-
crease human‘healph and prodcctivity. Mcny Canadian buildings QO not
meet recognized standards, either through excess or deficiency. Matching
of performance to stanﬁands has been extensively dccumented (Dubic,

1976).
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A'more controversial aspect of guiaeliﬁés is their validity. Il-
lumination guidelines are the most intensely disputed standards for en-
‘vironmental control. Proponents of higher lighting levels argue that
they 1increase human productivity, while proponents qf lower lighting
‘1evels,maintain that increments in productivity dwindle rapidly above
200 1lux. VWith thélmarginal cost of providing increasihg lévels of il-
lumination rising sharply and the marginal benefit of more illumination
fapering off at higher levels, critical re—examinationvof standards is
tend}ng to favour a less resoureeﬁ consumptive tradeoff. For‘ spaces
‘which gre mechanically cooled the resource cost is compounded byfthé
thermal inefficiency of lighting systems. Richard Stein (Stein, 1976)
preéénts many of the arguments against the high levels of illumination
specified in IES lighting standards,‘ Research funded by the General
Services Administration in the United Sta£es has also contradicﬁed'IES
. spoﬁsored findings. Although some school districts have moved toi.even
lower levels (Thomas, 1976), standards recommended by the GSA (Wotton,

19?6) wefe adopted as minimum average levels for Grande Prairie schoéls:

(1) Workplace - 540 lux (50 footcandles) (planar)
(ii)  Background - 320 lux (30 footcandles) (planar)

(iii) Corridors - 110 lux (10 footcandles) (planar)

Many factors enter into high duality illuminati&ﬁ apart fpomflighf—
ing levels; one musi consider shadow, glare, and light distribution.
Theée are discussedrby Stein, Wotton, and other authors. Care was taken
to ensure that ﬁhey_wére considered when making modifications in Grande

Prairie.
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The thermal regime maintained in a building is also a majpr deter-
minant of energy consumption levels; and manipulation‘of this reéime is
also being examined as a sourée of energy savings. ASHRAE Standard
55-T4 maintains that "normally clothed adults engaged in office activi-
ty" are comfortable between 23 and 26 degrees Celsius at low relative
humidity. Other sources show comfort for Canadians occuring ;t Zl‘de-
grees Celsiu§'(01gyay, 1963). The British comfort zone ranges from 15 to
21 degrees Celsius (Brooks, 1956)! Scientific expériments have demon-
strated ‘that sedentary‘job performénce andrcomfort are actually iﬁproved
when the ambient temperature is reduced from highér to lower tempera-
ﬁureé (25.6 to 20.0 degrees . Celsius - Reddy, 1976). Again, the stan-
"dards vary, and the literature must be consulted for more 'detailed
.analysis of the causes. Thertemperature at which most .people will be
cémfortable can be éhifted higher in summer and lower in winter (to
reduce'respéctive cooling and heating 1loads) by removing or édding
clothing. For a man.dressed in a warm suit the comfort zone boundary ma&
lie around 18 degrees Celsius; forza man dressed in a light suit the
comfort zone boundary may 1lie grouﬁd~26 degrees Celsius (McNali, 1976).

Standards are necessary for protecting health, for guiding plant
-operation when control is not decentralized, and for general purposes. of
-specificétion. The best guide to human comfort will be the acceptance
1 éf conditions by users. This may be as much a psychological as a physio-

logical.acceptance.
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8.2 Technical Analysis: Physical Plant

8.2.1 Conservation Measures

Technical measures for improving energy efficieﬁey may be grouped

in three categories.
. 8.2:1.1 Period of Operation

Reducing the timeﬂfor which any active system must operate will
generally tend to reduce annual eﬁergy requirements.

Instructional days in schools number less than 200; at 9 hours of
use per day. this amounts to less than 25 percent of the 8760 hours in a
year. For two summer months each year only custodial and maintenancé
staff may have access to the buildings. During the winter school space
Qay iig unoccupied for 12 to 24 hours per day; at times these spaces are
‘Qnoccupied' for up to a'weeﬁ., Of course, community uses and other func-
tions add to the number of hours when conditions for human comfort must
be sustained.

During off hours tolerances for interior éohditions can be relaxed
permitting energy savings:(ventilation is not required, warmer or cooler
temperatures are acceptable). Adjustment of conditions will still re--
quire récognitidn of considerations other than humah comfort and energy
conservation. Some heating during the winter, for instance, :is_ still
necessary to ensure dﬁrability of bpiiding systems and components.
Within the limits of these physical‘constraints, substantial energy sav-
ings are theoretically realizable through off hourrheductions without

affecting‘primary activities.
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This is ngt meant tg imply that community uses of schoois shoufd be
discouraged. The reverse is true froﬁ a community plahning standpoint.
Increasing the "load factor"rfor public buildings can be a very signifi-
‘cantrmeans of consetving both énergy and capipal. The increménéal costs
of additional use may aptually be quite small; as will‘ be demonstrated
in chapter 13.

During "business" hours eondipions for human comfort must be satis-
fied. ABeéause switches and thermostats are highly decentralized control
rmechanisms, demands on building systems will largely be determined by
‘individual users. If usérs‘ become more conservative=;n their demands

building performance can be improved.

8.2.2 Level of Operation

The rate of doing.workr(power) multiplied by the time over which
the work is performed determines the enefgy consumption. Reducing the
level of operation at which any active system must operate will general-
ly ‘tend to reduce annual energy requireménts. It can also reduce the
péak demand factor on which sbme utility charges are based. Such reduc-
tions may be possible' if ra building system is over-performing or if

demand on the system can be reduced.
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8.2.2.1 Efficiency of Operation

The less energy a system requires to perform a given task, the more
efficient it  is. Proper ﬁaintenance of equipment (lubrication, adjust-
ment, etc.) is one aspect of ensuring the application of full energy po-
tential. Buil&ings are frequently'dperated by individuals lacking an
understapding. of the .systems, resulting in. excessive consumption
(Saunders, 1976). The same problem was found with-some coﬁsistenoy in

this study.

8.2.3 Building Systems:

The building systems to which measures may be applied are as fol-

lows:

(i) enclosure -systems (walls, windows, and roofs)
(ii)  space heating systems

(iii) lighting systems

(iv) | domestic water heating systems
(v) circulating systems (ventilation air, domestic water)
(vi) auxiliary systems (shop, office, audiovisual)

(vii) space cooling systems
(viii) = humidification systems

(ix) control systems
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Enclosure systems and control systems consume the least energy, but:
. are the mosf important systems in reducing energy consumptipn. By reduc-
ing heat loss/heat gain, the enclosure system significantly reduces
gtility consumption.. It must be méintained in good repair to minimize
air infiltration and heat conduction._ Control systems afe the mecﬁaﬁi-
cal intelligence which govern environmental control system operation, or
which' allow humans to govern operation. It is important that they be ac-
cessible, functional, and calibrated as accurately as possible.

It is.not possible to review all the features of building systems
and their impact on building energy requirements in this reﬁort. De-
téiled discussions of relevantrtobics may be found in the literaéure

(Dubin, 1976).

8.3 Conclusions

Rationaiization of energy.consumption levels exhibited by a build-
ing is subject to constraints not ohly of utility costs, but also of hu-
man comfort and material durab;lity of building components. However, by
satisfying these. constraints with economy of energy expenditure, both

energy and financial resources can be conserved.
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9. FINANCIAL ASPECTS OF CONSERVATION IN GRANDE PRAIRIE SCHOOL DISTRICT

The federai government has a stated objéctive of energy self-
reliance for Canada. Niné major policy elements have been‘proposed in
suppoft of this objective. The first policy element is "appropriate en-
ergy pricing": "bomestié prices must continue to increase, to reinforce
efficiency and restraint in energy use". Thé second ' policy element is
"eneréy conservation": M"The federal government's energy conservation
programme is designred to ebcourage efficiencies in‘energy use and, more
generally, to reduce the réte at which Canadian energy requirements will
grow- in the future" (EMR, 1976). Provincial governménts are similarly
éncouraging restraint in energy consumption. |

Increasing ppices are‘intended as a signal to consumers thét 'effi-
. ciency of energy use muét‘bé increased; the interest in conservation ex-
“pressed by Grande Prairie School District shows that this economic mes-
sage has been received and correct}y interpreted. To clarify the specif-
ic local implicatioqs of increasing energy prices, an analysis of school
district budgeting and of retail energy pricing iA Grande Prairie. is un-

dertaken in the following sections. -

9.1 Utility Expenditures and School District Budgeting

As a fraction of the total school district budget, Grande Prairie
School District utility expenditures amount to only 3.9 percent (based
on the 1977 Budget - see Figure 9.1). As a fraction of non salary ex-
penditures they amoun£ to 13.0 percent. At international prices for en-

érgy; the value of utility services purchased would have amounted to ap-
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Province of Alberta
ESTIMATED REVENUE

$5,918.755
Alberta Municipalitjes $1,150,435

Other $185.569

N ‘ Salaries $4 148 715
ESTIMATED OPERATIONAL "
EXPENDITURES

Public Utilities $231.115

$5918.755

Other, $1539 525

N

- Salaries $4.148 715

ESTIMATED OPERATIONAL

EXPENDITURES
- (Utilities at international value) Public Utilitiels $522.000

Other $1 539 525

Figure 9.1 1977 Sources of revenue and allocation of funds in Grande
Prairie School District No.2357. A hypothetical set of
expenditures with utility prices at international rates
is shown.

$6 209 755
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proximately- 8.0 percent of fhe total budget,zand approximately 25.0 per-
cent of non salary expendltures, over the same perlod The increase in
total school district fundlng required to cover such an ihcfease iﬁ
utility expendi;ures would have been 4.9 percent, had it been necessary.
From this perspective present shifts in fos;il fuel prices pose a signi-
fiéaﬂt but not a catastrophic financial threat to the school distgict.

At international energy priceé, the physical work a man can perform
daily is valued at less than five oents‘(Leaney, 1977). This illus~-
trates the present monetary cheapﬁess éf mechanical energy used in the,
westgrn world (and the importance'of conserving reserves which provide
this energy). Where energy’costs do begin to 'appear expensive in the
short run is in the opportunityncosts of inefficient energy use; Ten
percént of the 1977 utilities budget could have purchased the services
of a highly qualified teacher or almost half the new textbooks required
annually by the district.

Average annual utility expenditure increases of about 15 percent
have been the recent trend in Grande Prairie Schqol District. Alberta
PowerfLimited has- advised the Grande Prairie School Boafd that inéreases
in electric serv1ce tarlffs of 20 percent annually may be expected over
the next few years. At such a rate of increase the cost of electrlc ser-
‘vicg will double in less than four years. It is not unlikely, given
sﬁafed governméng policy, that natural gas prices will also double over
,-the same period. This means that inefficient operation will pose rapldiy

increasing opportunlty costs over the. next few years.
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In‘therlong run energy prices are diffidult to estimate. with both

accuracy and confidence; questions of resource availability and interna-

‘tional economics enter uncertainty into the energy situation. “Given the’

cost of further.resource development, future energy costs (in 1978’d61—

lars) at double today's figures will probably be a minimum constraint in

'future financial planning.

. 9.2 Utility Tariffs and Dollar Conservation

Fiscal successiof energy'eonservation must be:reckonéd int monetary
terms. ,However, redugtidn; in cohsumbtion cannot be directly translated
into dollars; utilify service tariff structures. must be consultéd to
determine the dollar resultant of conservation efforts.

Table 9.1. Northwestern Utiiities Limited ﬁatural Gas

: Service Tariff effgctiyé 1977-08-01.

Billing»Schedule:.‘.r

1  Fixed Service Charge = $4.20
2  Energy Charge = .11/therm ($1.05/GJ)
3  Add 8.7% franchise tax to the total of 1 .and 2

I Subtract 3;5% provincial discount from the net of
1,2 and. 3 combined

Formula: Effective Monthly Charge= $4.39 +‘$O.12 # Consumption
' in Therms .
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Table 9.2. Alberta Power Limited Electric Service
Tariffs effective 1977-08-01.

Rate Schedule 21 (General Serviée)

For the first 40 kWh per month per kllowatt of bllllng demand
$0.097 per kWh ($26.90/GJ)

For the next 160 kWh per month per kilowatt of billing demand
.$0.058 per kWh ($16.10/GJ)

For all use in excess of 200 kWh per- month of billing demand
$0.0321 per kWh ($8.90/GJ) :

'Billing Demand: The maximum -eléctric demand (kW) experienced

during either the previous 11 months or the current
month. ‘

Provincial Discount: A 3% reduction is applicable to the total
charge for electric service.

Formula: Monthly Charge = 6.54 ¥ Billing Demand + 0.0312 # Electric
Consumption

Rate Schedule 32 -(Large General Service)

Demand Charge: For the first 300 kW or less $2607.45
For the next 200 kW $8.23 per kW

Energy Charge: For the first U400 kWh per kilowatt of billing demand
$0.0185 per kWh ($5.10/GJ)

For energy in excess of 400 kWh per kilowatt of billing demand
$0.0103 per kWh ($2.90/GJ)

Prov1n01al Dlscount A 3% reduction is applicable to the total
charge for service. :

Formula: Monthly Charge = $134.30 + 7.98 ¥ Billing Demand +

0.0179 ¥ Electric Consumption

(only if consumption is less than
400 times the billing demand)
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Despite minor complications introduced .by taxes and discounts,- na-
tﬁral‘ gas tariffs applied to Grande Prairie écho;ls are'reiatively'
straightforw;rd (see Table 9.1). A 10 percent reduction in gas consump-
tion will immediately produce a reduction in billing very near tq 10
‘percent.‘

Electric serviée tariffs often distort the translationr of * energy
savings inté dollar savings (see Table 9.2). The distortion is a reflec-
tion of infrastructure capiﬁali?atién costs, operating costs, and polit-
'icallyjdeterﬁiﬁed prieing policieé. Two electric raté schedules apply in
Grande Prairie School District: Rate Schedule 32 only to the Comppsite
High Sdﬁool, Rate Schedule 21 to all other buildinés. Rate Schedule,32
offers a lower average unit cost to large consumers. In 1977, ${1.90/GJ
(5.3 cents/kWh) was paid for electrioit& at the larger school, while the
average unit costs for all the other buildings combined zwas $14.40/GJ
(5.2 cénts/kWh). Customers of Alberta Power Limiteq are (according to
company policy to be)'billed according}to.the least expensive service
tgriff applicable. .

Reduction of expenditures for natural .gés can only be achieved
throdgh reductionrof consumption. Réduction of cost for electricity can
be achievéd either ghnoughrreductioh‘of péak demand or reduction of:con—
sumptioﬂ (see Table 9.3). A 10 percent saving in electricity consumption
alone will not produce a 10 percent dollar saving, nor will a 10 percent
reductioﬁ in biiling demand alone produce a 10 percent dollar saving.
Joint reduétion of billing demand and consumption will produce the
highest dollar return. This makes permanent reduction of base load the

‘most attractive source of dollar savings; reduction of consumption over
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Table 9.3. A study of hypothetical conservation ef-
forts examining discrepancies between en-
ergy and dollar savings according to dif- .
ferent scenarios.

Building Billing Demand - Monthly Electricity Monthly Utility
‘ (kW) : Consumption (kWh) : Change
A 360 100 000 $4957.25

B 80 20 000 $1181.20

Reduction in
- . " Monthly Utility
Conservation Measure Building = Reduction Charge

1. 2000 kWh reduction A © 2000 KkWh $37.00 0.7%
“in consumption - B 2000 kWh $64.20 5.4%
2. 2 kW reduction in A 2 kW  $16.4  0.3%
peak demand - B 2 kW $13.48 1.1%
3. 10% reduction A 10 000 kWh $185.00  3.7%
in consumption B 2000 kWh $64.20 - 5.4%
4. 10% reduction in - A 36 kW $296.28  6.0%
-~ peak demand B : 8 kW $53.22 4.5%
5.. 10% reduction in A (see above " $481.28 9.7%
peak demand-and B figures) $117.42 9.9%

consumption

shorter periods will produce disbroportionately less éignificant - mone-
tary 1benefit; (reducing disproportionately high billing demand by even-
ihg out peak loads may still be an important step in rationalizing ex-
penditures). |

Scrutiny of the electric service tariffs indicates that dollaf sav-
‘ings achieved lthrough a sustained reduction of peak electric demand
would not accrue until 12 months after reduction was achieved. A very

short relapse from good management practices (re-establishment of a
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higher peak) can greatly reduce monetary benefits of conservation for an
extended period. Kilowatt-hour for kilowatt-hour, reductions in consump-
“tion at the smalier buildings produce almost a twofold larger dollar

saving.

let D be the billing demand in kW
.C be the monthly consumption in kWh
MCH be the monthly charge
ACH be the annual charge

from Table 9.2

Rate Schedule 21: MCH=6.54D + 0.0312C
Rate Schedule 32: MCH=7.98D + 0.0179C + 134.30 (D>=300)

Assuming 10 months operation annually and C to 'be the average
" monthly consumption during these months:

Rate Schedule 21: ACH = 65.4D + 0.312C

Rate Schedule 32: ACH 95.8D + 0.179C:+'1612. (D>=300)
By solution of simultaneous equations, the point at which equal
charges are incurred is deflned as: .

D = 0.00437C - 53 (D>:300)
or C = 228.6D + 12 200 (D>=300)

At the 1978-05 billing demand of 360 kW average monthly consump-
tion exceeding 94 U400 kWh (340 GJ) makes Rate Schedule 32 more
attractive. 1977 consumption averaged over 10 months was 124 000
'kWh (446 GJ). ‘ ‘

" Figure 9.2. An examination of the transfer point for
electric service tariffs applicable to the
Composite-High School.
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fhe two electric rate schedules were analyzed to determine the
point at which trénsfér from one schedule to another woﬁld oceur (éee
Figure 9.2). This transfer point is a funétion of the relatigqship
between billing Qemand and electricity consumption. Raté Schedule 32
favours consumers with.a higher ratio of consumption to demana,.and with
demand not much léss than 300 kW. |
' -Rate Schedule 32 exacts a large charge for:demand even whén con-
sumption ris very low. (as in July and August); Determination of the
transfer point between schedules from monthly éharge formulas would‘ er-
roneously -favour Rate Schedule 32 over a broader range than is actually
econohical, since it would not take into account ‘the summer billing
éharges.

1977 performance of the Composite High School resulted in Rate
Schedule 32 being substantially more ' favourable to the school district.
from a financial perspective. ,If conéervation efforts could shift the
advantage to Rate Schedule 21, this would be be significant because the
immediately realizable benefits of further reductions in consumptﬁon
woulq be increased by 75',percent due to the higher @arginal cost of
electricity ﬁhder Rate Schedulé 21: ($8.90/GJ  (3.21 cents/kWh) versus
$5.10/GJ (1.65 cents/kWh) under Rate Schedﬁle 32).

Eleétric‘energy is far more-costlf than that obtained from natural
gas. Average 1977 unit costs paid by the school district were $13.90/GJ
(5.0 cents/kWh) for electricity and $1.14/GJ (12.1 cents/ therm) for né-
tural gas. A 10 percent reduction in 1977 electricity conéumption and
peak demand at all schools would have saved the school district approxi-

ﬁately $6000 pef annum immediately and $12,000 per annum after 1978
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ii(disregarding rate increaées and assuming no relapses from conserva-
tion).‘ A 10 percent reduction in i977 gas consumption would have saved
the school district‘$7000 per annum. The high cost of electricity, fhe
relative ease of eyaluating its end use efficiency, and the time deiay
preceeding the realization of fﬁll savings for réductions méde ig a
firét briority in rationalization'of utiiity expenditures.

. As was mentioned in 9.1, retail prices for energy can be expected
to continue increasing at an escalation rate of 10 perceﬂt to 30 percent
over the next few years. Potential eneréy savings are }imited by con-
straints such aé human comfort,‘equipment efficiencies, and building
eomﬁonént durability. It cannot be expected, therefore, that energy
management will reduce school district utility expenditures for more
_ than a short period, if at all; from 1976 to 1977 alone the average unit
‘3price: paid for electricity by Grande Prairie School District rose by 11
percent, and that paid for natural gas by 25 percent (see Table 9.14).

Table 9.4. 1976 and 1977 average unit prices paid for
electricity and natural gas by Grande
Prairie School District No. 2359.
Average unit cost

Utility 1976 , ’ 1977 * Increase

Electric 12.50 $/GJ 13.90 $/GJ 119
(0.045 $/kWh)  (0.05 $/kWh)
Natural Gas 0.92 $/GJ 1,14 $/GJ 25%

(0.0097 $/Therm) (0.0121 $/Therm)

However, failure to rationalize energy use will bear an increasingly

heavy penalty. As unit prices continue to rise, more extensive invest-
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ments of time, effort and capital in improved energy efficiency will be
warranted. The real and significant benefit from energy conservation

will lie in the forgone costs of continued excessive consumption.
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10. INVENTORY

Early in the project an inventory of physical plant was conducted.
Table 10.1 outlines the building systems which were studied and the
kinds of information which were gathered. ‘Tables 10.2 through 10.4 list
some general characteristics of the buildings.

Table 10.1. Matrix showing types of data collected for

various buildings in Grande Prairie School
District No. 2357. .

Information Equipment Equipment o
Gathered Type Model Capacity Layout Zoning Condition Setting

Environmental Control System

Space Heating o © Q © ‘ ) ] - ]
Lighting o N ) - )
,Dom;zstic Hot Water o Q . o © @
tirculating ‘@ 0o o o ]
. Space Gooling '0 () ] o ]
Contiol @ o ©
Auxiliary © ]
", Enclosure o o (-]
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Table 10.2. Basic¢ information on Grande Prairie School
District No. 2357 buildings.

- Gross
Year Floor Heating :
of Arﬁa System Aip-
Building Construction (m~) Levels Type conditioning
Avondale . 1956 2 781 1 forced air - no
Hillside 1959 .3 506 1 forced air " no
Papkside S 1973 2 511 1 forgéd air partial
Swanavon 1957 2 334 1 forced air no
0ld Montrose 1950 . . b4 083 2 hot water no
New Mon£rose 1961 . 5617 1 forced air no
Composite © 1962 14 694 | 1 forced air partial
Central Park 1929 87l 2 hot water no
Admiﬁistration 1969 | 1 158 1 f&reed air partial

Grande Prairie Séhool District has an inventory of 145 main heating
units in eight school buildings. These were supplied by a dozen dif-
ferent manufacturers, and include two dozen model types énd sizes. This
small samble gives some indication of the rather staggering amount of
informatioh describing physical plant.

The information_was largely organized by coding it on school floor
plans - particularly lighting layout and capacity (power), illumiﬁation
1evels; equipment location,'and data on thermostats (location, éetting,

and condition).
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Table 10.3. Information on electrical systems in
Grande Prairie School District No. 2357

buildings.
Installed ElecErlc Capacity Classroom
(W/m™) Illumination
School Total . Lighting Other % Other (planar lux)
Avondale T 14 3 17.6 430 to 860
Hillside 25 22 3 12.0 1080 to 2040
Parkside 'h35 Coo2h 11 310 800 to 900
Swanavon | 30 | 24 6 20.0 250 ‘to 1800-
0l1d Montrose 14 8 6 42,8 - 540 to 760
New Monérose 21 C 11 10 47;6 300 to 760
Composite 27 18 9 33.3 550 to 1080

Table 10.4. Information on forced air heating systems
in Grande Prairie School DlStPlCt No. 2357

buildings.
Heating
System 1977  Number
Input Natural Gas of Gas Number
) Capacbty Consugptlon Burning of
School - (W/m (W/m Units Thermostats
‘ Avondale 277 41 17 14
" Hillside 273 42 27 22
Parkside : 230 42 15 9
Swanavon 293 4y .26 BT
New- Montrose 246 : 45 47 ho

Composite . 230 48 58 70
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The eight schools are similar iﬁ some of ‘the basic buildings sys-
tems used to construct them (structural materials, heating units, ete.),
Eﬁt differ markedly in the particular organization of these components
on each site.

The two oldest buildings, Central Park ana: 01d Mbntrose,. differ
- most fromt the other buildings. They are boﬁh,two story strﬁctures and
employ hot water heating systems with a single central boiler. fhese,
buildings exhibited the highest natural gas*and‘lowest électripity con--
'sumption rates (Central Park is oﬁitted from tables of data on electri-
city use because its consumption rate is s0 smallrthat it ié not even
.demaﬂd metered). High rates of heat loss may be attributed to-infiltra-
tioﬁ around the extensive glazing and to the single glazing itself. The
boilers are very old and decrepit, and the heéting systems do not
_.respond consistently to controls.

The newer buildings are virtually all single level concrete block
construction, and all have forced air heating systems. All of the newer
buildings have been modified in some fashion since construction. Even
‘lthe néwest school, Parkside, which was originally construcfed with "open
‘plan" classréoms, has been partitioned iﬂto smaller spaces.

. Because of the detail which would be required to provide descrip-
tions of every building, basic sample inventories of just two buildings
(Parkside Elementar& School and the Composite High School) will be
presented.

Supplementaﬁy details concerning other buildingé will be presented

later.



10.J Parkside Elementary School

ﬁecause of its relatively small size (see Figure 10.1) it is possi-
ble to present a relatively‘coﬁprehensive set of information on Parksideﬂ
School. The: building also provides a ﬁore satisféetbry model for gtudy ’
than some of the other schools because it has not been extensively modi-
fied since constrpétion.

The building is in superior structural condition compared with oth-
er Grande Prairie schools - differéntial éettlement has not yet become a
problem.

Commonly used exits have vestibules, al£hough fire exiﬁs: from the
gym and open.areas do not have vestibules. Doors do exhibit substantial
cracks between the door and frame (up to 10 mm).

Heat is supplied yia a forced air system (see Tables 10.5 through
10.7). The heating system capacity and consumption are comparable to
those of the other neﬁer schools (see Table 10.4). The interior class-
rooms and the resource centre are served by a roof—mounteq multi:zone
air conditioning unit with a YOkW (132.5 kBtu/h) cooling capacity.

Records show that Pafkside School exhibited the highest per unit
Vglectric.:demand in 1976 and had the second Highest electricity consumpé
tion rate (Table 5.4). Table 10.3 shows that both Klighting and non-
lighting electri; capacity were higher at Parkside Sghool than at any
other échbol. Actual iiluminaﬂion levels were above iES standards, but
were exceeéed. at some other schools (in spite of their lower lighting
" power) because intérior surface finishes at Parkside were more highly
textured and of é‘relatively dark colour. The high non-lighting load is

largely aﬁtributéble to the excessive power of the heating and ventilat-
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Figure 10.1 Plan of Parkside Elementary -School.
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Table 10.5. Information on heating units installed at

Unit Input

Parkside Elementary School (broken down by .
unit capacity).

installed at

Total

- Qutput

Capacity
(W)

984 .
2240
490
2240

- 1492

Number Total Input
of Capacity Capacity
Units (kBtu/h) (kW) (kW)
y 82 24 96
4 137 40 160
2 110 32 64
[l 165 g 192
1 220 64 64
Table 10.6. Information on fan motors
Parkside Elementary School (broken down by
unit capacity).
Unit Motor Unit Motor
Number Specified by Installed by
of Manufacturer Contractor
Units (hp) (hp) (W)
4 0.25 0.33 246
y 0.33 0.75 560
2 0.25 0.33 245
] 0.33 0.75 560
1 2.00 2.00 1492

.ing system. - The total air supply volume was found

to be 10.7 m

3/sec

(Table 10.7). At Sir Robert Borden High School in Ontario this parame-

ter is only 23 m3/sec for a bhilding seven times as large _(Graham,

1976). 1Q.7‘m3/sec amounts to 0.0305 m

3

/sec per person at school:utili—

zation capacity; ASHRAE standards only call for 0.0023 in offices and
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Table 10.7. Information on ventilation rates at Park-
side Elementary School (broken down by
unit capacity).

Unit Total

Number . " Air Air
of ‘ Volum ’ © Yolume
Units (cfm) (m”/sec) - (m /sec)r

uy 800 0.368 1.47

2! . 1500 0.690 2.76
2 1000 0.460 - 0.92°

4 1800 0.828 - 3.31

1 4800 2.208 2.21

0.0092 in gymnasia. The extra air intake represents a severely in-

- creased heating burden in winter.

10.2 The Composite High School

The Composite High School (see Figure 10.2) was constructed in three

. phases:

(1) 1962 - 7 244 n> (77,900 sqft)
(11) 1969 - 5 989 m>- (64,400 sqft)

(11i) 1974 - 1 739 m> (18,700 sqft)

The latest addition, the west wing (organized around the_ resource
centre) 1is served by four roof mounted space multizone conditioning un-
its. The classrooms were intended to be easiiy remodelled with "tem-

porary" wall partitions. These have frequently been shiftéd to create
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new spaces. However the ducting for tbe space conditioning Vsystem and
the control systemé have never been adapted to these Aew éonfigurations.
When the control systems fér the space conditioniné units were initia;ly
installed, coded wire was not used consistently. Therefore thé mainte-
“ nance staff has very little idea of how the controls are connected.

The other sections of the school aré served by’ an assortment of
forced air heating units including thiough wall unit heaters! small
forded air furnaces, and ceiliﬂg,suspended unit heaters. éome of these
are located in very inaccessible locations, impeding maintenancg andrin—
spéctioh.

Domestic hot water is provided by four heaters at different points
in the building. The hot water distribution systems have been expéndeé
in an ad ﬁoc manner as the building has grown. Single systems heat very
diverse functions and inrsome cases incorporate exceptionally léng runs
6f piping.

Lighting levels varied from 500 lux in older classrooms to over
j080 lux in some vocational areas. The‘main entrance lobby was found to
* be illuminated with 1700 lux of artificial lighting, even though large.
amounts of daylighting are available.

Skylights in the gym had been blacked out to accomodate use of au-
diovisual equibment

Many entrance ways (particularly those providing . access to the
courtyards) have Qo vestibuies. Cracks of up to 10 mm width were found

between doors and frames.
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More than a dozen thermostats were encased in protective'metél en-
closures; several others were encased in locked plastic boxes. Some
thermostats were badly damaged.

The design organization of the building.(original structure, .addi-
tions, and modifications) is veryvineffiéient from both mainteﬁancerand

energy conservation viewpoints.

10.3 Common Building Characteristics Affecting Energy Performanée -

Some characteristics of buildings affecting regulation of energy utili-

.zation were recurrent.

10.3.1 Enclosure Systems
10.3.1.1 Differential.Settlement of Foundations

Foundation instability has impaired the structural quality of all the
newer schools in Grande Prairie, except for Parkside. Differential set-
ﬁlement of floor slabs and foundation footings is so bad that _it‘ is
" easily detected by visual inspection. In some cases, it exceeds 100 mm
over intervals of 500 mm. This has led to rupture of the enclosure

(both roof membrane and walls) and to unintended infiltration.
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10.3.1.2 Seasonal Heaving of foundations

In many cases the differenbial‘settlement‘mentioned above varies from
season to season. This complicates sealing of the envelope. For in-
stance, doors which fit properly in one season may have large gaps in

other sedsons.
. 10.3.1.3 Vestibules

Ehtrances are major sources of air infiltration, and hence of heat loss
in the winter. Yet many entrances in Grande Prairie schools lacked .such
) elementary thermal buffers as vestibules.

Sometimes vestibules had been constructed but interior doors were
reméved. This pfecaution .had usually been taken for safetywreasgné
Qﬁere vestibule doors had been designed so that the door swing could in-
jure unsuspecting byétandérs.

”Observation of vestibulgs in use inaicated that present design ap-
proaches do not commonly take into account actual functional reqpire;
ﬁents. Specifically, T-shaped entranpeS'would serve to deflect wind and
to better accomodate the use of vestibules as mud rooms. The matter

would bear more detailed investigation to verify this observation.
10.3.1.4 Solar shading

The same rooms which could not be kept warm in @inter could some?‘
times not be kept. from overheating in other seasons due to lack of solar
shading. In one school which was not utilizeﬁ at 100 percent capacity,
three south facing roomsv were commonly not employed‘due to excessive

heat gain in warmer months.
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10.3.2 Space Heating Systems
10.3.2.1 Zoning .and Control layout

In some classroom areas three rooms wére served -by a single éher—
mosfat and furnace. Thié usually meant that rooms varied in temperature
‘accordiné to the distanée from the furnace and the relative position of
the room in the building (one or two exterior walls). _The variation was
severe enough that when the thebmoétat was adjusted to keep a foom with
two exterior walls warm (in wiﬁter), windows had to be opened to kgep
. rooms with only one exterior wall ahd on the same system from gaining

excessive heat.
10.3.2.2 Mechanical Rooms

Mechanical rooms were frequently found to be cramped and to allow
access to equipment.only with difficulty. 1In at least one case, it is
necessary to dissassemble some units when extensive servicing of their

:neighbodrs is pequired.
10.3.2.3 Tandem Units

Some larger spaces are heated by furnaces working in tandem. In
virtuall} every case these had been connected so that separate operation
was not possible. This means that modular operation cannot be Qmpléyed'

to conserve energy in warmer months.
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10.3.2.4 Shop Areas

Some shop areaé require high rates of air exhaust to prevent the
build up of fumes. Because these spaces were heated by forced air sys-
tems (as opposed to radiant heat systems), it was impossible £o maintain
these spacés at temperatures above j6 td 13 degrees Celsius for several
winter weeks even with all heating units operating at full capacity.
Air supplied by éhe heating units was simply evacﬁated by the exhaust

units.

10,3.3 Lighting Systems
10.3.3.1_Biacked-out skylighté

) Skylights can reduce the requirement for artificial illuﬁihation.
However because teachers did not have a convenient means of shuﬁting out
this light when using audioviéuals, the skylights'in classrooms were al-
most ‘always blacked out with cardboard. This meant that the penalty of
the relatively poor thermal performance of the skylight was being paid

_ without the benefit of the additional light.
10.3.3.2 Excessive Lighting

Illumination levels were found to be highly variable in the -
schools, as can be seen from Table 10.2. In some rooms the range of
light intensity on student's desks was found to range from 200 lux (near

room corners) to 2000 lux (near windows).
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10.3.3.3 Mercury Lighting  Systems

hrLighting in several gymnasia had been dﬁgraded from incandescent to
_mercury vapour type 1amps: These provide only 51 lumens of light per
watt, compared with 75 lumens'éer watt for flourescent type lamps. 50
percgnt more power is therefor required to obtain the same apount of
light with'a mercury s&spem. Furthér, the mercury lamps require roughiy
15 minutes to warm up before full illumination ié‘provided by the mercu-
ry system. This means thét users,are. reluctant to switch off thesé

light during the day even when they are not in use.

10.3.4 Control Systems
10.3.4.1 Switches

In numerous instances, equipment could not be switched from reason-
able locations. In one case the switch for an exhaust fan was located
in the motor housing on the roof of the building. Unit heaters commonly
havé control switches mounted inside the housing; these can only be éc—
cessed by removing screwed on panels. In other ‘cases. equipmentr could
only be switched‘ by using circuit breakiﬁg equipment which is not

designed'for such use.
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10.3.4.2 Thermostats

In the four High School and Junior High School buildings, " many
thermostaﬁs were damaged, iroperable or inéccessible'(for their own pro-
tection in the last case). This impedes the adjustment of operating

levels to current conditions.

10.3.5 Domestiq Hot Water Systems
10.3.5.1 Aquastat Settings

Domestic hot water at all schools was between 50 and 60 degrees

Celsius at the faucet (for most purposes HS‘degrees is adequate).

10.4 Equipment Operation Schedules’

Lighting was typically operated from between 07:00 and 08:00 ‘until

between 18:00 and 22:00 depending on the activity patterns within the
’schools.'

The only timed regulation of building space conditioning equipment
before the project was initiated was performed by a clock on the exhaust
fans at'Parkside School. Theée are sef to operate from 08:30 to i6:30
Ménday‘to Friday.

Altﬁough the large multizone units at the Composite High School are
equipped -with similar clocks to permit automatic night setback of inte-
rior temperatures, the timing tabs had been removed by +the maintenance

staff so that the equipment operated continuously at full capacity. The



explanation offered was that winter power blackouts caused problems with
the timing. However, when the frequency of such blackouts was verified
with a representative of Alberta Power Ltd., the researchers were ‘in-
formed that such occurrences were extremely,rare.

Again, the maintenance staff claimed that equlpment was regularly
'shut down during the summer months. However information obtained from

utility reoords refuted this assertion, at least in part.

10.5 Plant Maintenance Schedules

" Checklists were found to exist for each school for the following

activities:

(1) lubrication of motors and fans at three month intervals.

(ii) cleaning of filters at one month intervals

These tasks are performed-by custodial staff in each school,: and
verified by the supervisor of maintenance through random checks. Some
heatlng units, partloularly in the Composite ngh School, can be reached
only by erecting a scaffold. It 1§ doubtful whether these units are
frequently serviced. |

| Oneuﬁaintenance man (according to the maintenance supervisor) dis-
mantles and services heating units in the summertime. However, with 145

units to attend to,. the frequency of treatment is necessarily limited.
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10.6 Facility Use Schedules

The Composite ﬂigh School and the other schools are used with quite
- different intenéities.

‘The High School is staffed by at least one custodian 2% hours a
day, 6 days per week. Activities run throughout the building from 68:30
to 22:00 during-weekdays; although utilization is lower in the eveniﬁg.
Night' courses. are taught in both vocational and academiclaéeas, while
époftihg facilities a;e in frequentruse for training and competition.
Sporting facilities iare the only spaces used with regularity on week-
ends.

The other schools are useq from 08;00 to 17:00 for academics; and
from 19:00 to 22:00 for community activities (during the week). Custo-
‘diai staff open and inspéct schools arouna 07:00; and close tﬂem betweeq
18:00 and 22:00 depending on the daily schedule. Evening use of these
schools is almqst alwéys restfioted to the gymnasia and public;areas.

Aétivities at all schools are scheduled by individual administra—
tors at each schodl, and use of facilities is usually supervised by reg-
" ular custodial staff.

Cleaning is schedulea:to occur between 16:00 and 18:30 at the ele-
mentary schools, and between‘16:00 and 22:00 at the high schools.

Apart from these regular functions, other activities, such as so-

cials and open houses, occur at more random intervals.
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i0.7 Summari

- Observations made during the invenéorying process revealed repeated
exanples of inefficient functional planning in terms of both maintaina-
bility and energy utilization. The more common and serious :instaﬁces
have beeﬁ enumerated above, and some implications of Ehése'conditions
have been mentioned.

The particular systems installed in the Graﬁde Prairie schools res-
tricted the range of conservation - measures which could be employed.
. Since heating and ventilating systems are not differentiated at most of
éhe schools, curtailment of hours of operation does not offer the poﬁene
tial for savings it does 'in many buildings. These systems had to be
kept operating continuously in.eolder weather to ensure durability .of
building componenbs. Features of buildings also.restriot the use of in-
termittent operation as a conservation technique, ‘even iﬁ warmer ﬁopths.
Problems with switcheé, as described above, impede the effective cqntrol
of building‘equipment by building operators.

Other éonditions, such as the unstable foundation conditions com-
plicate the implementation of more permahent chanées to improve perfor-
mance, such as sealing of the building‘ envelope. These problems are
discussed in more detail in the following chapter.

It was evident from the inventory that there is a need for improved

functional planning, design; and construction of school buildingsl



11. IMPLEMENTATION

11.1 User Involvement

At‘theionset‘of the project, three sets of seminars were organized.
They had the same basic themes but were varied to emphasize the in-
‘terests of the-partﬁcular user group to which.they‘nere addressed - ad-

ministrators, teachens{ and custodial/maintenance staff.

The aeminars for teachers weré presented once in each school tn an
_ aasembléd grouping. The seminars.for administrators (mainly principals)
and custodial/maintenance staff were held once for an assembly of each
group. .The .seminars dealt with the nature of the project and its pun—
pose, the reasons for conserving energy, the work to be‘undertaken, and
possibler contributions by .each nser group. It was particularli em-
phasized that conservation measures were to te'applied in a reasonable
. manner, that they were intended not_to be disruptive, and that implemen-
. tation of the programme should be carried out cooperatively. Users were
encouraged to voice their concerns at the seminars and were assured that .
rthe research‘team would listen to any future comments from users.

Questionnaires were subsequently distributed to teachers soligiting
their opinions on a number of items, both to provide infonmatibn and to
reinforcé-their belief that the research team was sinaerely intereated
in listening to their Qiews. Administrators, head custodians, and
maintenance staff ware interviewed frequently (about 12 contacts ner in-
dividua}) during the first -year of the project. Principals and custodi-
ans, being in daily contact with teachers and students, were. able to

~provide information on the reactions of these individuals as the project
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'progressed. Numerous random coneacts were also made - with teachers as
they were encountened‘in the’schoois.

Withrthe assiseance of Mr. K. Wagner, the Deputy Superintendent
responsible for science curriculum development eiperiments were conduct-
ed with carrying the concept of conservation into the classroom. A
closer liaison was maintained with teaehers at the grade six level who
were interested in the venture. Grade six scienee classes monitored
their schools energy consumption and experimented with basic measures to
neduce consumpﬁion. The research'preject coordinator also participated
in ftwo high school social studies classes .looking at- energy and society.
Several hundred copies of "100 Ways to Save Energy and Money in the

Home" were distributed to students.

11.2 Monitoring

Once besic information had been gathered on the characteristics and
energy utilization of the Gnande Prairie school buildings, it was neces-
sery to begin testing of conservation measnres.

The limitations of utility invoices as records of building perfor-
mance have already been mentioned. The lack of existing high quality
data pbsed a.problem in evaluating measures, since a precise record " was
required to thoroughly evaluate the nenefits of conservation meeeures.
A programme'of daily meter readings (excepting weekends and holidays)
was instituted in October. Custodial staff in eacn building recorded

'meter readings on forms speeially designed by the research tean. By the

middle of October 1learning problems had been overcome and a four week
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cohtro; périod was initiated to obtain a baséline measure of building
performance. During this‘geriod building users were specifically asked
_not to change their behaviour. As a further éontrol the ﬁseps of the
- three ‘junior high school buildings (the 01d Moﬂtrose, New Montrose, and
Central Park Schools) were requested to continue habitual practices for
the remainder of the year. Impiementation of the first electricity con-
servation measures was initiated after the first week, and impiementa-
tioﬁ of the first gas conservation measures was initiated after the
seventh week of the daily meter reading programme.

. More detailed ﬁonitoring of energy consumption was undertaken at
two sites: Parkside Elementary School and the Composite High Schqol..
Pérksidé School was the least complicated building to study, facilitat-
‘ iné the inﬁerpretation of results. The éomposite High School plays a
key role in overall district performance.

Northwestern Utilities Limited (the ﬁatural gas supplier) and
Alberta Power Limited were requested in October to install continuoﬁs
recording devices on gas and power entries at the two schools. By
February instruments had been installed in all the desired locations._

It turned out that the naturél gas consumption recorders could not
record fine enough intervals and quantities to satisfy the research
team's information requirements. As a substitute, a limited amount of
time lapse photography of meter dials was undertaken by the research
team.

Cbmputeh listingsrof data geperated by the electrical survey .units
(which record on magnetic tape) were received in'May. These enabled the

researcheré to undertake a detailed study - of electricity consumption
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patterns.

To obtain a better understanding of subsystem energy demaqu,
domestic type natural gés mgters were borrowed from Northwestern and in-'
staileq on two hot water heaters at the Composite High School and one at
Parkside.

Results obtained through monitoring‘are discuséed in Chapter 12.

11.3 Conservation Measures

‘ Measures were implemehted with the cooperation of administrators,

custodial staff, and teachers.

11.3.1 Electricity Conservation Measures
11.3.1.1 Lighting

From the inventory it was evident thag lighting and motors consti-
tuted the major electrical loads, with lighting being ‘the most amenable
to incremental change. |

Parkside'School, because of its relatively high electricity con-
sumption -rate; was selected as the initial test case for conservation.
. It had an installed electric capacity of 35 W/sqm of which 24 W/sqm waé
lighting. Two windowless classro;ms were reduced to a minimuﬁ of 5&0
. .lux (50 footecandles) of illumination (the'GSA recommended standard) by
removing 50 percent of the’flourescent tubes. Teachers complained that
although there was no ppoblem with "visipility", the rooms "felt dim" at

this 1lighting level. Fixtures were restored until teachers were satis-
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'rfied. This occurred at about 650 luxr(60 footcandles) and 16.8 W/sqm.
‘The perceived dimness probably was an effect:of the room finish - rela-
tively dark rough—texturea panels.and the lack of an exterior view.

The remainder of Parkside School was"adapted to lighﬁing levels
equivalent to those in the test rooms. After a couple of weekslteachers
commented thét although they noticed the change, it did not cause ;ny
problems.

At this point other’ elementary schools were adapted to the 540 1lux
‘level of installed 1lighting. ‘These schools were generally painted
lighter colours with a higher reflectivity (such as yellow). Under such
conditions, even in windowless blassrooms, teachers had no complaints
-%bout dimness at the'reduced iighting levels.

!Corridors were also reduced to lowér lighting 1levels. .Corfidor
lighting haé a greater influence on weekly electricity éonsumption‘than
its installed capacity might SUggest.. Some of this lighting is- active
25 hours a day, 7 days é week for security purposes. Corridor ligﬁting
of any type is usually in operation for more hours than any other light-
ing in a school building. Frequently this lighting had been installed
‘to provide ghe saﬁe illumiﬂation levels .as classroom’lighting.

Some corfidor lighﬁing at the Composite ﬁigh School was found to‘Se
even higher than classrodm‘lighting levels. 13 kW of the 400 kw‘record—
ed maximum demand was eliminated sy removing the excess.

| The second step in cutting elgctrical consumption was to reduce the
time over which lighting was wused. Custodial staff in elementary
‘schools were accustomed to operating all lighting from 07:00 to 18:30.

This routine was changed so that teachers switched on lights as they ar-
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rived in their class, and shut them off as they left. Teaching staff
were encouraged to mininize the use of lighting (at recess, lunch,

ete.).
11.3.1.2 Circulating Systems

Additional major electrical loads were furnace motors and similar
‘electrical equipment. These could not be shut down since the.ventila-
tion and space heating systems were one and the same.

The 0ld Montrose School is tﬁe only building with an independent
ventilatingr system. Apart from being a controllbuilqing, the mainte-
nance sfaff had found from'experience that the ventilation system drive
.;nits (mounted in roof housings) freeze up in colder weather if left
idle ovefnighﬁ during the colder months. Another problem was that some
equipment could only be switched from locations on the roof, while other

motors could only be switched with circuit breaking equipment.

""11.3,2 Natural Gas Conservatibn Measures
11.3.2.1 Aquastat Setback

Reduction of aquastat setting was a simple matter ekcepﬁ at the
Composite High Sghogl. Here each hot water system served a diverse
“éroup of functions (cafgteria, shower rooms, beauty culture; shop
areas), some of which required higher temperature hot water. Others
were so far removed frbm the heater that -lower temperature water lea?ing

the heating unit arrived at its destination at too low a temperature.
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11.3.2.2 Pefmanent Thermostat Setback

Thermostat setback can take two modes - permanent and short term
:(overnight, weekend, etc.)l Permanent setback produces the greatest
savings. However it is something of a problem under conditions found in
Grande ' Prairie. In the discuSsiOn'of human comfor£ (Section 8.1) radi-
ant heat loss to surfounding surfaces was méntioned as a‘possible cause
of discomfort. |

| Figufe 11.1 shows a calculation of interior wall temperature under
typical wintér conditions in Grande Prairie, Even with the room air
teﬁperature at 22.0 degreés Celsius, theoretical calculations .show the
wall surface temperature would attain only 11.2 degrees Celsius. In
fact, at exterior'temperatures'below -20.0 degrees Celsius, patghes of
frost were observed to persist on interior wall surfaces at some
sohoolé, indicating a surface temperature near 0 degrees Celsius (aver-
age weekly temperatureé were_ét 6r below —20‘degfees Celsius for 6 weeks
during the 1977-78 winter).

Just as sitting before a hot fire in éold air can provide adequaté
warmth; sitting near a cold wall in warm air can lead to discomfort.
Figure 11.2 duanéifieé phe effect of mean radiant temperature for “twé
locations in a square classroom with only one exterior &all. It is - evi-
dent that thermai conditions expebienced by the occupants of a ciaserom ‘
will not meet comfort eriteria even at "room temperature®.

Apart from deficiencies in mean radiant temperatures,.excessive‘air
infiltration was observed to cause discomfort in some classrooms; these
drafts become increasingly aggravating as temperatures drop further

below freezing.
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" In one classroom,:an air temperature difference of 4 degrees Cel-
* sius was observed to obtain across the width of the room.

- These reasons héve‘collgctively led the research teaﬁ to the con-
" e¢lusion thaﬁ no permaneh£ thepmoétat was possible within the constraiht
of maintgining conditions for human comfort. Therefore A none was at-.

,témpted.
11.3.2.3 Intermittent Thermostat Setback .

o Setting back thermostats at ﬁight and during otﬁer periods when the
schools are vacant was another possibility. Due to the construction of
‘the buildiﬁgs in Grande_Praifie and the severe climate intermittent set-
back presented something of a problemf‘ Burst p}umbing caused by freez-
ing is not an uncommon occurrence in the Psehool buildings during the
winfer (pipes are frequently routed along.pninsulated exterior walls),
and lowered internal temperatures increase the probability of such oc-
currences; The unit heaters and fan motors are exposed directly to air
temperatures of -30 degrees Celsiugron many winter nights. If thermos-
tats are reduced and furnace idlé time increased, components rﬁn a
greater risk of being frozen. Thié oceurs from time to time evén
without thermostat setback, leading ¢to bufnt out motors and damaged
heating units.

Nevertheiess, at Hiilside SChgol (where the custodian wa; particu-
. lahly ‘interested in improving performance) an aggressive setbaqk pro-
‘,grémme (reductioné to 16 degrees Cels@us) was pursued after the fourth‘

‘week of the control period until-the end of the,schobl year, and without

~mishap. Less aggressive thermostat setback programmes (reductions to 18
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" degrees Celsius) were experimented with ét the other 'conservation"
schools. - However iﬂ a couple“ of instances pipes froze during cold
" periods even when thermostats had not been set back. In geqeral, custo-
diélwstéff were relgctant (and with good reason) to experiment with such
measures.

While.thermostat setback at the smaller schools could - be managed
easily b& the custodial staff, tﬁe High School was not so amenable to
manual c;ntrol. With 70 thermostats to attend to, the custodial staff
‘could not possibly reset temperétures in time to anticipate the first

classes.

11.4 Conclusions

The range of conservation measures which could be applied was. lim-
ited by the types of mechanical systems installed in the Grande Prairie
échppls and by the éhermal properties of their enclosure systems.
Further; these enclosure ‘systems are in many cases inadéquate both to
ensure conditions'for human comfort and‘to protect bdilding components
‘from weather effects. Working with the custodial, maintenance, and ad-
ministrative staff revealed that very specific guidance is required in
the impiementation of conservation measures. Once routines are under-
stood,: they afe usually followed wiéh régularity as long as somg'evalua—
. tion of Qerformande aﬂd feedback occurs.

Changes in patterns of energy consuﬁption resulting from implemen-
tétion of these measures are presented in ;hapter 12 énd are also dis-

"cussed in Chapter 13.
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12. RESULTSAFROM THE MONITORING PROGRAMME

The uses df information on buildiﬁg energy utilization were
enumerated in section 3.2. Such information is a cornerstone of both
de&eldpmental and routine aspects of energy management. The researchers
particularly needed data to determine

(1) where, when and how energy is expended in the buildings

under. study. *

(i1)  what type of data and . what kinds of indicators are
necessary to audit building performance ’

(iii) the most effective techniques for evaluating the results
of implementing energy conservation measures.

Through an intensive programme of monitoring ‘building energy' consump-
tion, data were collectéd té fulfill these reduiﬁements.

Alfhough records of daily natural-gas and electricity meter read-
ings were maintained by custodial staff, weekly intervals were selected
as the basic time peri;d for evaluating performance in rall ‘schoéls.
Weekl& ;alculations of consumption rates benefit from the high degree of
pedundancy obtained by baéing them on daily or near daily readings (lim-
itations of'@anually obtained daily readings aﬁe outiined in Tabie 2.1).
Precise monthly récords can also be obtained from the same -data base of
daily readingé. ‘

In spite of the limitations of the daily readings, they were'uséful
(in séme circumstances) for analyzing building performance over beriods

of less than a wegk.
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Automatic recording.equipment, available on a limited basis, pro-
“vided more precise short term records. These were needed to identify
relationships between user agtivitigs and variations in energy require-
ments; and to.obtain a better understanding of energy demands by indivi-
dqal building systems. |

This chapter reviews the results obtained through evaluating elec-
triciﬁy and natural gas use ovér different time intervals, by differeht
building systems, against differeﬁt factors, and with different measure-
menf techniques. Analysis of ‘electricity consumption is dealt with
first, followed by analysis of‘nétﬁral gas consumption. In both cases,
"the discussion focusses first on longer measurement time peyiods (weeks
and months) énd then on shorter tiﬁg periods (hdurs and days). Results
of the éoﬁseﬁvatién effort are evident from the data collected in the

coéurse of the monitoring programme.

12.1 Analysis of Electricity Consumption

12.1.1 Weekly and Monthly Electricity Consumption Patterns

Figures 12.1 throuéh' 12.5 illustrate building requirements for
.electricity over t;me. " The conspicuous froughs in consumption rates
(Figures 12.1 ﬁhrough 12.3) at weeks 11 and 24 are attributable 'to
Christmas and Easter Vaéation periods. WNote that the troughs bottom at
very close to the same level, in spite of a twofold difference in heat-

ing requirements between the two periods.
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plotted).
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Peak demand appears to be more dependent on weather than are con-

sumption rates, although ;the dependency varies from .school to school

“(see Figure 12.4).

Table 12.1.

School
Avondaie (*)
Hillside (¥)
Parkside (¥)
Swanavon (¥)
01d Montrose

New Montrose

Composite (¥)

Comparison of electric demand 1levels

be~

fore and after implementation of conserva-
in Grande Prairie . School

tion measures
District No.2357.

Registered'Deménd

1977-02

(kW) (W/m)
43 15 4y
88 25 64
79 31 61
62 27 48
48 12 42
109 19 88
- 352 24 320
16 14

. Administration (¥) 22

(¥ denotes conservation buildings)

(*¥% 4,2% of the decline was due to a minor

Peak Demand
1978--022
(kW) (W/m™)

16

18

24
21
10
16
22

10

adjustment of the lighting system)

%
Chang

+2.
~27.
-22.
-22.
~-12.
-19.

-9,
~36.

e

3

2

2

w

(¥4 _8.3)

Decreased requirements for electricity were exhibited by both "con-

* servation® and

"econtrol"

buildings between the pre- and post-

conservation periods on which Tables 12.1 and 12.2 were based. Electric

demand dropped. 19.2 percent in the .conservation buildings and 13.8 per-

cent in the control group (on average), while consumption dropped 2U4.1

:pefcent and 12.8 percent respectively. Decreases in demand and consump-



Table K 12.2. Comparison of electricity consumption
rates before and after implementation of
conservation measures in Grande Prairie
School District No. -2357. :

Electricity Consumption (W/mz)

1977-10-21 1978-03-14.
: to . to ) %

School 1977-11-11 1978-04-14 Change
MAvondale (¥) | 5.8 : 4,5 -22.4
Hillside (¥) 8.8 6.0 ~31.8
Parkside (%) 12.4 o 8.9 -28.2
Swanavon (¥) 9.3 6.0 | -35.5
Old'Montrose: 4.2 © 3.4 ~19.0 (¥*% ~13.0)
New Montrose 4.8 . A.B -10.4
Composite (*, 12.2 ‘16.0 -18.3
Administration (¥) 4.9 ' 4.5 - 8.2

Central Park - 1.0 0.85 -15.0

(¥ denoted conservation buildings)

(¥%* 6.0% of the decline at OM was due to a minor
adjustment of the lighting system) °

tion are also evident in the monthly data (Figures 12;4 and 12.5). For
both‘ coﬁservatioﬁ and control buildings,;consumption rétes can be seén
‘to decline.

- Comparison of monthly and weekly plots of electricity consumption
rates show that increasing the measurement period can obscure signifi-

cant fluctuations in performance.
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12.1.2 Hourly and Daily Electricity Consumption Patterns

Electrical survey unitéh capable of recérding requirements fbr
eledtricity over 15 minutgzintervals, were used to obtain very precise
information on patterns of consdmptibﬁ at the Parkside and Composite
Schools.

A typiéal daily record for Parkside School is plotted iq . Figure
“12.6. The' bése load represents 50'percent of daily consumption; on a
weekly basis the base load represents 60 percent of consumption.

Just as monthly averaging of consumption raées conceals some very
sharp vafiations ip requirements; . plots of hour by hour conéumption
rates conceal shorter interval variations (see Figure 1é.7).‘ As  the
time in?ervai becomes shorter, the activity pattern in the buildiné is
more precisely reflected in the electricity consumption!rates.

Two daily plots for the Composite High School are shown 'in Figure
12. 8. The '1ower overnight demand for power on Sundays was a recurrent
pattérn. The difference of 20 to 30 kW between the curves is about half
,the peak demand at an elementary séhool. This represents a potential
for significant savinés, since the. high school is inactivel during the
hours when this higher consumption rate obtains.

A succession of daily electricity consumptfon tqtéis are plotted in
Figure 12.9. Over the period shown,'a consistency of daily cOnéumption
rates‘is évident.‘ The base load (about 2000 kWh/da&) represents. aboﬁt

60 percent of weekly consumption.
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Average Sunday electricity consumption rate at Parkside Scﬁool was
'found to be 5.9 'W/m2 as measured by the‘survey unit. This compares with
6.6 W/m2 and 6.2 W/m2 weekly averages eaiculated for the Christmas and
Eaeter— holiday periods on the basis of'readings by custodiane. Average
Sunday rate at the Composite High was found to be 4.8 W/m2 compayed with
the 5.0 W/m2 and 4,2 Vé/m2 over the same holiday periods: Thus, weekly
.consumption records can be used ﬁo obtain some good estimates of base
loads when-electrical survey units are not aveilable. However more de-
failed inferﬁation is needed to ieolate items such as the higher week-

. night electric demand at the Composite High School.

12.2 {Natural Gas Consumption

Techniques for estimating heating requirements of buildings must
increase in sophistication as the complexity of the building increases.
As stated in the ASHRAE Systems Handboek (1976) "a simple procedure may
use only one measure; such as annual degree days, and will be appfopri-
‘ete only for simple systems and aéplieations". The school buildings - in
Grende Prairie are relatively simple buildings, and the dominance of
heating requirements in ' determining overall demand for natgral gas
rendersnthem amenable“to less sophisticated techniques of analysis. The
Systems Handbook also-states "records of past operaeing experieqce. of
the building in question, when theee are available, provide the most re-
liable and usuaily.the most accurate basis for the prediction of future
requirements". Data on gas consumption were collected and analyzed to

determine how effectively such estimating of energy requirements could
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be performed.

12.2.1 Week;y‘and Monthly Natural Gas Consumption Patterns

-Average'weeklyVtemperatures during the research stud& are plotted

in .Figure 12.10. Althougﬁ bﬁildings‘exhibited very similar consumption
L batterns (see'Figures 12.11 and 12.12), correlation of building perfor-
- mance ‘with”temperature left 7.1 percent of the variation in perforrance'
unaccounted for on average. Regression ‘lines were plotted for each
school - data on the Parks;de and Composite Schools are presented .in
'Figures 12.13 and 12.14 respectively.
From the results of the regression analysis{ Table 12.3 was rcom—
'tiled. The reference temperature is that above which suppleﬁentary use
of natural gas for space heating will not be required; the magnitude of
tﬂe slope of the regression line ("lossiness") is the increase in the
rate at which heat must be supplied to the building per degree -decline
in temperature. |

The reference temperature assumed for calculatiop of standard
. degree~-days is 18.0 degrees Celsius. It is evident that this reference
temperature does not match any of those obtéined through regreesion
analysis; This 4implies that degree days of heating will notwprovide a
very satisfactory correction for the effects of exterior temperature on

thermal performance.



Table 12.3.

Results of regression analysis of data on
weekly natural gas consumption rates in
Grande Prairie School District Buildings
during the research study.

Lossiaess Consumption

Reference (W/m Rate at
Temperature per 22 degrees
(degrees . degree Celsjus
Building Celsius) Celsius) (W/m™)
‘Avondale | 22.0 2.07 . 0.0
i Hillside 21.2 2.36' 0.0
Parkside 25.7 | . 2.02 7.5
Swanavon 16.6 2.81 0.0
0ld Montrose 31.4 1,97 18.5
New Montrose 19.4 2.72 0.0
Composite 22.8 2.35 1.97
Administration 22.6 2.35 : 1.4
Central éark 28.2 3.42 21.2
AVERAGE 26.0 2.72 5;6’

(the reference temperature and the lossiness correspond
to the intercept and slope of the regression line)
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The intercepts were obtained by extrapoiation; it is not :likely
that schools will consume 010 W/m2 of gas at 22 degrees Celsius since
hot water heéting;must still be accomodated. It is also evident, from

' the ﬂqgression line for Parkside, that the consumption rate;at this
school appears to be dwindling rapidly as the average weekly temperature
épproaches 22 deg}ees. Two schools appear to have extraordin;rily high
reference temperatures. Aﬁditional data will be required (and is being
obtained) to determine true consumption rates at warmer temperatures.

Lossiness also varies substaﬁtially from building to building.

Factors primarily affecting the lossiness of a building are:

(1)  thermal conductivity of the building envelope
(11)  air tightness of the building envelope

(iii) massing and site factors

These characteristics of a building are relatively stable over periods
ofnaﬁ least a year or two.

Factors which could affect both the reference témperature and the

lossiness of a building are:

(1) thermostat settings
(ii). domestic hot water heating

(iii) insolation

(iv)  wind
(v) heat gain from internal sources (people and lights)
(vi). spéee'cooling

(vii) = human demands (use of doors and windows, for example) -

(viii) heating system performance



1'(3

Average-effects of these factors will determine the reference tempera-
ture, while variations in these effects will cause scattering of perfor-
mance around the "lossiness line" for a building..

Various inveétigations, discussed in the following subsections,
were conducted  to gain a better understanding of -the effects of’these
factors on building energy requirements. Because reductions in consump--
tion were beiné séught of the same ordef of magnitude as fluctuations
causéd by these factors, it was essential to 'be able to correct for

" them.
. 12.2.1.1 Domestic Hot Water Demand

The only major uses of natural gas during the heating season -are
spaée heatiﬁg éndudomestic hot water heating.

. At Parkside School, the sole domestic water heater was métered.
Maximum weekly consumption amounted to 1.25 W/m2 for the building. To-
tal gas consumption at Parkside was over 140 W/m2 every week except dur-
ing the 1late spring. Daily readings of the meter on the hot water
heater revealed that the t&bieal weekday consumption rate was- 1.45 W/m2
and that the typical weekend rate was 0.96 W/mz. This cémpares with to-
£al standing pilot consﬁmption, calculated to amount to 1.3O::W/m2 fop
the schééi (furnacgs plus hot water heating units -~ Macriss, 1977).

At the Composite High School, the two hot water systems serving the
highest demand areas (cafeteria, beauty culture, and showers) were
metered. Joint consumption never exceeded 1.25 W/mz. Doubling this
figure- provideé a high estimate of domestic .hot water system demand for

gas at 2.50 W/m2. Total standing pilot consumption amounted to -0.80

B
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W/m2 (furnaces plus hot water heating units). Total natural gas con-
sumpﬁion “at ‘the Composite High Schooi also exceeded 40 W/m2 during the
winter months. -

:Given the magnitude'and regularity of natural gas use for domestic
hot water heating, this facéor does not appear to make‘great enough an
:impact on overdall performance to have caused the lafge week to week
&ariations» in lossiness or the high reference temperatures thqh were

observed at some schools.
12.2.1.2 Climatic Effects

Evaluating effects of heat:gain from the sun was a rather difficult
propoéition. No data on local insolation are:eollected by the Gréndé
Pfairie weather éffice. The nearest recording statiop is loéated at
Fort St. John, Briéish Columbia, some 100 km northwest of Grande
, Prairie. It was therefore necessary to employ solar data from this sta-

‘ﬁion in correléting natural gas requirements with heat gain from the
" sun. Local records were available té check wind effects.
Correlation of building natural gas consumption with averagé;weekly
_ temperature’ (discussed above) produced an average r-squared of 0.938
(with 33 weeks of data);‘when mulﬁiple correlation of nafural"gas con-
sumption' with average weekly temperature, wind speed, hours of insolg-'
tion, and days of schéol usé was undertaken, the average r-squaréd was
. found to ‘be 0.929 (with 20 weeks of data)r(see'Table 12.4). Ofrthis,
0.905 was attributable to temperature. Given the complexity of wind ef-
fects and the remoteness of the location at which the solar data were

collected, it is possible that thesé climatic comparisons are slightly
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Table 12.4. R-squared values obtained from analysis of
factors affecting variability of natural
gas consumption rates in Grande Prairie
School District buildings (step wise mul-
tiple regression was performed on 24 weeks
of data to obtain these figures).

Variable Explained

Hours Days
- of School )
Building A - Temperature Wind Sun Opened TOTAL
Avondale 0.874 - 0.016  0.010  0.015  0.915
Hillside 0. 889 0.008 ~ 0.001 0.003 0.901
Parkside 0.853 0.034 0.017 0.011 0.915
Swanavon - 0.884 0.000 0.002 0.000 0.943
oi& Montrose 0.921 0.001 0.002 o.doo 0.923
New Montrose 0.975 - 0.007 0.000 0.001 0.976
Composite E 0.9ﬂ5 0.002 0.003 0.001 0.952
i Aéministratioﬁ 0.849 0.002 0.004  0.007 0.880

inaccurate.

To probe the weather question further, croés—correlations of build-
ing performance were run (see Tablé 12.5). Cross-correlation of build-
ing natural gas cbnsumption prodgced'an average r-squahed of 0.92 This
‘suggeéts that weather effects to which 'all buildings were exposgd (such
as insolation) were not responsible for the remaining variation. .

'Cﬁoss-cérrelation of gas consumption by the four buildings located
beside each.other at the centre of épwn yielded an average r-squared of
‘0.94. ‘This suggests that microclimatic variations between school sites

were not responsible for the variations in gas consumption which are not
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Table 12.5. R-squared values obtained from cross-

correlations of natural. gas consumption
Prairie
District No. 2357 buildings.

rate variations in Grande

Building 01 02 03

Avondale 1,00 0.93 0.86

Hillside 1.00 0.87
Parkside < 1.00

Swanavon

01d Montrose

.New Montrose

Composite
Administration

Central Park

"AVERAGE = 0.92

~explained by climatic variables.

ol

0.93

. 0.98

0.86

05
0.89
0.92
0.90

0.90

1.00

06

0.9
0.96

0.92

0-96

0.94

12.2.1.3 Heat Gain and Heat Loss from Internal Sources

' lated to be 3.0 GJ/m°.

School

o7

0.88
0.89

0.89
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09

08
0.9% 0.90
0.95 0.93
0.87 0.92
0.94% 0.92
0.92 0.94"
0.96 0.97
0.91 0.89
1.00 0.91
.00

Typical weekly heat gain from lights at Parkside School was calcu-

Heat gain from users was estimated at 2.8 GJ/m2.

This amounts to 5.8 GJ/mZ, or between 8 percent and 48 percent of the

"‘research study.

less than 24 percent of the gas supply.

thermal wvalue of natural gas supplied weekly to the school during the

For most of the heating season, the 'figure represents
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Correlations of weekly gas consumption rates with the number of
days per week of school use showed a minimal connection between the two
(see Table 12.4). As with solar data, thisrcorrelation result cannot be
accepted at face value; the effects of human users on building energy
consumption are more complicated than eﬁfecté such as temperatupe. Peo-
ple contributé body heat to interior spaces, but they also cool build-
ings by admitﬁing duﬁsidé air through doors and other openinés. ‘Such
infiltragion is very difficult to estimate with precision. While théir
usé of lights will always wa;m'roéms, the results of people's use of
‘thermostats can be quite unpredictable, as the following example iylus—
trates.

Figure 12.16 shows naturél gas use‘ at Hillside -School plotted
’againsti average weekly temperature; One point, hoticeably\remé&ed from
Vthe vicinity of the regression line is marked. This point corresponds
to Ehe - first week of very cold weather in November. While an average
temperature of -1.2 degrees Celsius was experienced in the preceeding
"week, during the week in question a figure of -19.6 degrees was record-
ed. Conéumption of natural gas during this week was greatef than at
much cblder tempeéatures experienced later in the winter, as can:be ob-
served from the plotted daté. Threq other schools éxhibited ‘the éame
- éhenomenbn. _When "predicted" consumption rates (based on the regression
rplots) were substituted for phe actual rates'recqrdga during the week,

the r-squared obtained by correlating withrtemperature rose by:an aver-
‘age of_0.015 for thesé four buildings. The variation in gas consumption
. not accounted for by climatic factors was less than 0.100. Given the

apparent impéct of human users on building performance over a single
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Figure 12,16 Regression plot based on weekly natural gas
‘consumption rates at Hillside School.
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week, it is probable that the majority of the 0.100 residual variation
is attributable to variations in demands placed on environmental control

equipment by buiiding occupaqts.
12.2.1.4 Space Cooling

Space cooling could affect the reference temperature by raising it
for schools . equipped with such systems. However schools without space

cooling equipment were found to have high, reference temperatures.
12.2,1.5 Heating System Performance

The two schools with very high reference temperatures both have old
hot water heating systems; the high reference temperature is possibly a

manifestation of inefficiencies in these heating systems.
12.2.1.6 Summary

It appears that exterior temperature is the only major determinant
of requirements for natural gas. Of the sgcdndary factors causing vari-
ations in heating requirements from what would be expected as a ,resqlt
of simple'rphysical.heat loss by buildings to the exterior environment,
human demands appear to be substantially more influential than any other
such factors. Additional collection and analysis of data will be re-
qﬁired to further brdbe some of the peculiarities of pefformanqé_ which -
have been noted above. However, it'appeérs that a statistically based
chéracperization of building response to temperature can be used to

evaluate performance.
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12.2.2 Hourly and Daily Natural Gas Consumption Patterns

To develop a better understanding of the factors affecting building

‘requirements for natural gas, an attempt was made tg'measure natural gaé
> usage over very short periods, as was done for -electricity. Uﬂfor-
. ﬁunately the automatic gas survey units were not capable of préviding as
detailed,inférmgpion as the electrical survey units. Time 1apsé photog-
réphy of metér dials was undertaken at the Parkside School from
'1978.02.07 (Tuesday) to 1978.02.i2 (Sunday) to ﬁore precisely monitor
short term natural gas demands of the building. While a longer measure-
ment intervél would have been desirable, it was not feasible given the
nature of the attention required by the equipment. The object was to
examine the links petween patﬁerns of activity in the building and na-
tural gas consumption rates. Parkside was selected again because of its
relative lack of complexity. |

Figure 12.17 showé plots of hourly consumption rates for active'andr-

ingctive, daysv a£ Parkside School. No distinct variations linked to
hours of use could be found in the data. However, the absence of a dis-
tinet variation during the weekday is in itself conspicuous, since one
woﬁld expect a more substantial decline in gas subply during the day,
considering the heat gain from occupants, lights; and increased outdoor
" temperature. It may be that heat loss via infiltration just balanoés
heat éain from these other sources. It should be noted that aVeraées
over any period less than a day can bé somewhat misleading in that "in-
stantaneous" consumption rates fluctuate between observed méximum and
minimum rates throughout the day. Such rapid fluctuation§ are attribut--

-able to the intermittent and independent operation of 15 gas burners in



181

160

4o
1

WEEKDAY (78-92-29)

______ WEEKEND (78-92-11)

120
L

100
L

80
]

NQTTS/&QUQRE METRE GAS CONSUMPTION

v

ug

T T I T
o 400 800 1200 1600 2000 2400
: ‘ HOUR .

Flgure 12.17 Plots of weekday and Weekend hourly natural gas consumption
rates at the Composite High School over a 24 hour period.



182

14o 169
' .

129
L

100
1

=

80

1

NQTTS/&FUQREMETRE 6aS CONSUMPTION

uo
1

20

o) T (I T — T T T T T 1
L2000 2000 1200 200 1290 PQRQ 1200 PYVY 1200 VBQY 1200 Q009 .
78-02-08 78-02-09 78-Q2-19 78-02-11 78-02-12

Figure 12.18 Plots. of 6 hour natural gas cdnsumption rates at
the Parkside Elementary School.



183

the school, regulating temperatures:in different sections of the build-
ing. The magnitude of the fluctuations never exceeded 15 percent of the
mean daily consumption rates. Direct links between events such as morn-
ing arrivals -and evening departures, and "instantaneous consumption
rates" couldznot bé found. Further data collecpion and analysis would
" be fgquired to pursﬁe this enquiry.

Consumptign rates Qere calculated for‘each of the four sii houé
periods in a day, and plotted in Figure 12.18. Peak consumption rates
" occur 'in the early ﬁorning hours;lwhile the minimum consumption rate oc-
curs during the afternoon, as might be expected from.daily temperature

and insolation profiles.

12.2.3'Evaluation of Natural Gas Performance

Evaluating reductions in consumption was more cbmplicated for na-
tural gas than for electricity, due to the magnitude of the reductions
possible and the magnitude of variations caused by weather.

Since a contrql perigd had been instituted before"conservaﬁion
. measures Wwere implémented, and since control buildings were embloyed
after implementation; it was possible to develop Table 12.6. Four sets
_of weekiy data are presented for each of the control and conservation
groups. The first set correqunds to the pefiod after which conserva-
tion schools were requested to implemen£ gas conservation measures; The
second set corresponds to tﬁe éame‘period, but excludes one week due to
Phe abnor@ally high gés cqnsumption'rates experienced at four schools

(all. in the conservation group). The third set covers the "post-
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Table 12.6. Information obtained from monitoring for
evaluation of natural gas conservation.

measures.
Lossiaess
R~squared - Reference (W/m
y (Average Temperature- per
. Data Weekly . (degrees .degree
Set : Temperature) Celsius) Celsius)
Control Group
I Weeks 1-7 0.949 . 23.9 3.08
II Weeks 1-5,7 0.894 20.8 3.01
II1 Weeks 8-33 -0.959 . 26.4 2.68
IV Weeks 17-33 0.921 22.9 3.11
Conservation Group
I Weeks 1-7 0.969 21.2 '2281
IT Weeks 1-5,7 0.937 20.5 . 2.89
III Weeks 8-33 0.946 . 20.9 -1.98
IV Weeks 17-33 - 0.922 “ 19.6 2.48

control® pgriod. The fourth set covers '"postcontrol" weeks,  but ex-
cludes midwinter weeks in which temperatures much colder than those
recorded in the control period werevexperienced.

From period-Ii to period 1V, control buildings exhibited a 2.i de-
gree increase in reference temperature and a 3.3 percent increase in
lossiness. Over the same intervals, conservation building§ exhibited .a
0.9 degree decrease in reférenee temperature and a 14.1 percent decliné
. in lossiness. The drop in reference temperature is noteworthy, since it
was achieved in spite of a reduction in heat gain from 1ighting‘in‘the
conservation period (one would hormally expect the reference temperature
to rise if supplementary heat gain from interidr‘loads was réduced,
since a greater burden wbuld be placed on the4building heating systems).

A consistently maintained improvement in performance of this magnitude
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by the conservation buildings-would represent an overall reduciion in ~

natural gas requirements of between 15 and 20 percent.

12.3 Conclusions

Major savings in electricity consumption are to be achieved through
reducing excessive lighting, excessive use of-lighting, ana excessive
base load requirementsf Because of building system features and climat-
ic cohﬁitions, lafge scale re@ﬁctiéns of base load on a’year round basis
is'ndt poésible. "

While’savings in natural gas from conservation measures for the hot
water system can be easily achieved, this use of gas is a relatively
small.fractién of overall consumption. Space heating représents the
single major load. - However, again because of building system features
and climatic conditions, major reductions through thermostat setback are
ﬂot possible.

It is possible, through use of a statistically developed measure to
evaluate building pérformance in terms of naturalrgas requirements over
weekly intefvals. One week intervals appear to be the most satisfactory
time framework for ‘monitoring requirements for both natural éas and
electricity since they span the shoftest consistently recdrring activity
"cyele within the school systeﬁ. However a data base-of daily readings

is necessary to ensure the accuracy of weekly calculations.
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13. OBSERVATIONS AND CONCLUSIONS

13.1 Assessment of the Conservatién Effort in Grande Prairie

The objective during the first year was primarily to evaluate-tech-
niques for monitoring and regulating energy utilization rathef than to
secure the greatest possible savingé; Nonetheless, reductions in elec-
- tricity and natufal'gas consumbtion,.and in electric.demand levels, have
been achievéd which are equivaleht to a saving of more fhén $20 000 of
the annual $180 000 utility exbeﬁditure (in 1978). With full implemen-
tation of congervation measures, this saving should be substantially in-
creased.

. Secondary benefits have been realized both‘@irectly and iﬁdirectly
by the school district. A $2000 saving in expenditures for flourescent
tubes was a direct benefit of the oonsefvation programme. The 60 to 100
kW reduction in ‘peak electric demand by the public school distriect
repﬁesents a long run saving in infrastructure costs 'to the utility,
whieh will Dbenefit 6onsumers in general. A specific manifestation of
this benefit is the power supply for the new elementary schoél being
constructed by the separate school district in 1978. The reductibn in
-deméﬁd from conservation will allow this school to be connected without
an& incréase in the electric utility system capacity..

The following items represent a potential for future saviqgs:
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"13.1.1 Electricity
13.1.1.1 Summer Operation

It appears that a 5 to 10 percent reduction in electricity consump-
tion could be aéhieved by cutting electricity use in July and Auéust,
‘when the schools are inactivé. Measures are being taken to ensure that

this load is disconnected over this summer vacation period (1978).
13.7.1.2 Lighting

Reducbions of lighting levels have still to be implemented in some
areas, while ‘diéconnection of idle ballasts should reduce overall dis-
trict electric demand by a further 10 kw,‘wifh a corresponding reduction
in consumption (this work was not undertaken during the 1977-78 winter

‘sinoe thé district was in the process of hi;ing an electrician).
At some schools, .users cbuld still make‘significant reductions in

‘their demads on systems. .
13.1.1.3 The Composite High School

Reductions of excessive overnight electricity use at the Composite
High School represent a potential for a 5 percent annual saving in that

building.
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13.1.1.4 Fall/Spring Operation

While reductions in operating times ére not poésible frém November
éﬁroﬁgh March, weather during the months of September, October, April,
May and June, is moderate enough to ailow mofors of heating/ventilatiﬁg
units to . be switched off during‘inactive periods. If such motors are
operated only 50 hours per week, this would :amount to a 70 bercent
reduction in Qeekly base lpad. Maintained over 5 months,vthis would be
equivalent to approximately a 20 percent reduction ini annuall district
electricity consumption.l One obstacle to this measgre is the inaccessi-

ble location of controls for many units.

13.1.2 Natural Gas
13.1.2.1 Summer Operation

A small saving (about 2 percent) in natural gas consumption appears

to be possible through reduction of summer consumption.
13.1.2.2 Fall/Spring Operation

The electricity saving achieved through reduced operation of
heating/ventilating .units in warmer months would be parallelled by a
saving in natural gas. However, since 60 percent of natural gas con-
sumption occurs in the November to March period; the potential annual

- savings in natural gas would be about 5 percent.
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13.2 Sélective Retrofit

. Justifications for use of retrofit on a selective basis were dis-
.cussed in Chapter 6. 'Experienoenwith conservation éfforts in Grande
Prairie has revealed another important reason for selective application
of retrofit:‘pbysical modification of buildings may be necessary to fa-

cilitate the'implementation of operational measures for reducing energy

consumption. Specific examples of problems requiring a physical solu-
tion are:
(i) The relocation and installation of switches to allow

custodial staff greater control over building operation.

(ii) The rewiring of car plugs at the Composite High School
onto a separate meter to reduce winter peak demand for
the building. This would also make it possible to regu-
late the usage of car plugs. '

(iii) The addition of insulation to walls of schools. This
would extend the seasonal period over which
heating/ventilating units could be shut down. :

Addition of insulation has additional direct benefits ‘of reducing
heat flow through the building enveiope and of improving the conditions
for human comfort within the buildings. It would also allow lower per-
manent thermostat settings, since the '"cold wall" effect would be
remedied. This measure would also protect plumbing, allowing for a more
aggressive programme of thermostat setback during inactive periods.
. Apart from savings in utility expenditures, there would also be a“reduc-

tion in manpower and material costs of repairing weather damaged build-

ing components.
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13.3 Categorization;gi Schools

As determined from'the analysis of utility records, the Composite
High School consumes over half the electricity purchased by the school
district and forfy percent of éhe'natural gas. It .also has the highest
specific electricity need in the district. No other single building
comes:close to haviné the same impact.on overall district performance.

Size is aﬁ immediately distinguishing characteristic of the High
School; it encompasses nearly three times the gross floor area of the
next largest building in the district. The scale and simplicity.of plan
~of ’tﬁe other buildings‘allows a tour of inspection to be completed in a
few minutes; the "Comp" requires a much longer time, not only because of
its size, But also because of a greatér complexity of plan. The greater
size is complemented by a greater diversity of function; the school in-
cludes not only -classrooms, but a fully equippéd wing for instruction in
‘indusprial vocations,lseveral léboratories,ra cafeteria and kitchen, and
other specialized activity areas.

Being a largegbuilding with diverse functions, the‘Coﬁp also has a
proportionately more extensive teaching, administrative, and custodial
staff than any of the other schools. The ﬁange of employment roles is
qiverse,. both among the teaching staff and among the administratiye and
:oustodial staff. The Comp is the only school with a full time profes-
sional business manager. The size of the building also merits thé pres-

ence of custodial staff on a 24 hour basis.

3
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These three charapteristics - impact on overall consumption, com-
blexity of function, and staffing - necessitate a different approach to
regulation of energy utilization at the High School. This approach will

be enlarged on in later discussions.

~13.4 Impact of User Groups on Consumption

"A fundamental question‘waé the relative impact of different user groups
on energy consumption. The answer is important in determining where ‘ef-
forts should be directed to realize the maximum energy savings in day to

day operations for the effort expended.

13.4.1 Electricity Consumption

Roughly 50 percent of éverage weekly electricity consumption in a
school isr attributaﬁle to .the base load which is mostly comprised of
electric motors.. These are not under the control of teachers ‘and stu-
dents. " Building usersr have more control over consumption by lighting
syétems which are responsible for the other 50 percent of weekly. elec-
tricity use. This control is 1limited to duration of use: installed
lighting'powefAis again beyénd the control ofrthe immediate useﬁz

Redﬁctions in lighting at selected schools produced corresponding
réductions of up té 27 pércent in registered electric demand and up to
36 percent reductions in consumption. Determining exactly how much of
-feduced electricity ,consumption was attributable‘to reduced electric

system capécity and how much to more careful Use was not possible at the
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conservation buildings, since éhe users (gven whén requested not to) be-~
came more cénservative in their ehergy use. Even at the New,Montro;e
School, a reduction of 10 percent occurred, althougp this was a "control
building". Similérly, at the“OldAMontrose School, a decline of 19 per-
- cent in consumption was noted, although 30 percent of this decline was
attributable to removal of 30 flourescent tubes in corridors. The
change‘not attributable to physical modifications at the control schools
was brobably a result of:the "Hawthorﬁe effect", which argueé“thét per-
formance improvements can sometimés be the result .simply of the .in—
creased attention paid to the group being studied (Seligman, 1978).

This demonstrates that,peoble using a building can have a 'signifi—
cant effect on levels of electricity eonsumptioq, but leaves unanswered
the question of what foeét each ﬁserlgrqup has. It was evident from
observation that studenté generally have the least influence on consump-
tion levels, since teachers and 6ther,staff supervise and have authority
in most -areas within a school.

Between 08:30 and 16:30, when teachers are occup&ing buildings,
lighting must be on in many-areas within a school. In windoWless class-
réoms, lighting is always required when the spaces are inAuse: " Because
rooms with. wiﬁdows are often poorly designed for illumination by day-
1ighting; artificial lighting is frequently needed to counteract exteri-
or giare and to balance inferior illumination levels. In the, Grande
Prairie schools, sbaces are often in use throughout the day. Duringnthe
winter, classrooms are in use as lunchrooms at noon for most of the stu-
dent bedy in elementary schobls; at other times of the year, bussed stu-

dents will still be around at noon. Within the 8 hour school day these



193

Eypes of circumstancés wili limit the amount of-ligﬁfing which can be
switched off. 7

Cﬁstodiéi staff, on the other hand, occupy school buildings from
07:00 to -08:90 and from 16:30 to 18:30 (or later), times when most of
the rooms are empty. This represents a minimum of 25 percent of Qaily
use- time. If these people are careless abéut use of lights they can
e;sily‘negate conservation efforts by .teachers. If they are conserva-
tive in their use they can make a 1afge difference in requi;eménts. It
was likel& thesé people wﬁo were résponsible for the majority of the én—'
:ergy savings in the control buildings. They, like other custodians,
were recording their buildings' eneféy consumption on a dai}y basis.
This certainly engendered aﬁ-inereased awareness of energy use in the
custodians at. the conservation schools. Added to this was the knowledge "
that these readings were beiﬁg evaluated by the research‘team.

An equally significant conservation role for custodians lies in the
operation of building equipment - custodial staff could reducg require-~
ments created by the base load. During, the warmer months (September,
bctober, April, May and June), substantial electricity savings could be
aéhievedlby switching off heating/ventilating systems at night.h If such
“systems are operated "from 07:00 to 17:00 Monday to Friday only, this-

'WOuld represent a 70 percent reduction in the weekly base load. -
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:13.4.2 Natural Gas Consumption

The savings in electrical eﬁergy obtained by switching .off
heating/ventilating units would be complemented by a saving in natural
gas. Again it must be emphasized that classrooms are only occupied 50
of' the 168 hours inva week, so that this saving could be very signifi-
cant. .

Such extréme measures cannot be applied during colder montﬁs. How-
ever in a classroom, even in midwinter, lighting and human body heat
contribute about 75 percent of the,space heéting suppl& (3 kW versus 1
kW from a unit heater). If thermostats are raised above 20 degrees Cel-
sius between 98:30 and 16:30, the net penalty in natural gés consumption
requirements is therefore not as great ds it might seem. The réal
penalty is incurred if thermostats are left at settings“higher than 20
degrees Celsius for the 120 hours per week that classrooms are unoccu-
_pied (greater energy sévings accrue as the interior -temperature is
further reduced, but this p$£éntial is limited by other constraints such
as du?ability of building compsnents). Custodial staff .can again piayma
major role by ensuring that thermostaté are set to Peasonable‘limits ét
16:30.

Where: teachers and students will have a major effect is in air in-
filtration. By using vestibules (where.Qhey exist) as thermal buffers
- and by leaving exterior doors open for a‘minimum amount of timé, the

load on heating equipment can be‘significantly reduced. In residential
construction, air infiltration accounts for dbout 30 percent of the
heating load; infiltration in'£he Grande Prairie schools can be éstimat—

"ed to be of the same order of magnitude.



. 13.4.3 The Composite High School

Features of the Composite High Schéol deserve some special com-
ments. Here, rmany spaces tend to be used 19ss inténsively for some
pefiods of the day than is the case at the other schools, creating a
greater ‘potential for daytimg electrioit§ savings. Some individual
staff members also control a relatively large amount of electricity and
gas use. ‘

In the vocational wings, shop. areas have high lighting levels (im-~-
portant for éafety reasons). These shops inclu&ed large amounts of
floor area, and so représent large individual electrical loads when all
the 1lighting is switched'on. Often only small parts of these areas are
in use -~ significant savings could be achieved by selectively swifching
lightipg as réquired. The shops are also equipped with large doors
opéniné to the outside for moving equipment in and out of the “serviée
bays. Infiltration tﬁrough these doors, when open, places a major load
on bhilding equipment. Therefore conservative use is important.

Ano@her area where significant savings can be made during active
hoﬁrs is the resource centre. This area is thoroughly illuminated by
sk&lighting. On an overcast day, levels of illumination exceed 2000
lux, even without ‘the aid ofﬂthe electric lighting system. This syétem
_;is therefore seldom réally needed althouéh the practice has been to use
it continually.i The lighting capacity in each of the shop areas énd the
resource centre is abput 6kW, or about 2 percent of the total 'school

electrical demand, so these are large unit loads.
¢
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Overnight demand at the Comp was found to be about 25 kW higher_ on
days other than Sundays than it was onVSundays (when the building was
totally unoccupied). This represents about 5 percent of annual consump-
tion af the Comp, an amount:equal to about one third of the total con-
sumption of any of the other schools. Yet there is onlf one individual '

in the building at the times that this consumption occurs.

13.4.4 Community Use

Community use of an eleﬁeﬁtary school gymnasium 3 hours per day 5:
days per week over 40 weeks would account for between 2 and 5 percent of
‘annual electricity consumption, or about $100 dollérs worth of electri-
city in .1978 dollars. The impact' on gas consumption would be
equivaient, barring extremely wasteful practices (such as leaving doors
open in midwinter). With buildings under custodial supervision, ho&ev—
er, ﬁasté should be limited. It can be concluded that community uses of
schools do not represent ah exorbitént energy burden to the school dis-

trict.

13.4.5 Maintenance Staff

The influence and potential influence of custodial staff on _energy
cdnsumption has been noted. Ihisfinfluende stems from the custodian's

“intimate relationshib with operations in his building.
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However, maintenance ;taff also have an important role to play.
Thé operating efficiency of the building and its component systems will
lbe significéntly affected by the quality of servicing which ié given
physical plant. Particulari&'important is maintaining the air-tighthess
rof the building envelope thrsugh regular inspection and repair (some - of
the physical obstacles to maintaining aif tightness héve been discussed

“in Chapter 10).

13.5 Organizational Problems in Energy Management

In the course of the project, major obstacles to conservation have
been identified and categorized. This section deals with some of the

human and organizational barriers to reduced energy consumption rates. -

13.5.1 Apathy,’Inertia; and- Ignorance

Some users were found to be unwilling to make an effort to.conserve
energy, small as the required effort might be. This was true of ele-
ments_of all user groups. ' The éxplanation (since these individuals were
frequently accosted and questioned) was sﬁéer apathy and -inertia. This
may have' to 60 with é factor called the "high efforﬁFlow payoff" factor
(Seligman, 1978). People do not believe that ﬂhe effort made to con-
serve really makes a difference.

This was reinforced by réndom interviews with teachers who were
‘spoﬁted; alone, in classrooms which were‘fully illuminated. In one

case, for example, the lady replied that she was very conscious of ener-
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gy conservation since her husband worked for Alberta';Power Ltd. - She
simply didn't think that the lights "made that mdch of a difference".
In another case, the gentleman replied that he was a recent university
graduate, and that as a welliinformed person he was concerned about,coﬁ—
- servation; however, the proffered réply about lights was the same.

Combafting“apathy, inertia, and ignorance will require a continuing

programme of education of all users.

13.5.2 Lack of Leadership

Ihe education of users must be carried out by the administrators,
who are the senior educators in each district and who have the recog-
-nized authority to implement change. |

in some cases, principals and their assistants were as guilty —aé
anf other“ party of energy waste. One'of these individuals habitually
left the iights on in his vacant home room, even after expressing con-
cern for conservation in meetings to plan for reductions at his séhool.
Another prime example is provided by the High School staff. The large
dobrs in the vocational wing are commonly used as a-";hort cut" to_the‘
staff pérking lot, especially in cold weather. This was a practice of
all staff, including administrators. Again, the problem is oée of not
realizing that the consequences of all ghese actions add up.

The administrators must make a genuine commitment, expressed in
deed as'Qeli as in word, to enérgy conservation. They must in turn fol-
low up on their staff: This will require more attention to the use of

the schobl building itself than has been customary in the past.
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A couple of school systems in Alberta have attempted to implement
eneréy conservation programmes, as have some school systemS‘in other
parts of Canéda. Interviews and case studies ﬁrovided some useful per=
spectives on leadership problems.

It is frequently the praétice to delegate responsibility for energy
management; this is usually the assigned task of the maintenance super-
;isor. Yet; this individual;ﬂwhilg he can sometimes reduce energy re-
quirements (barticulgrlyﬁif,he is competent and self motivated); cannot -
effectively assume responsibility for the whole district. The personnel
chart (Figufe 3.1) shows that the strongest lines of authority flow from
the superintendent via the principals to local school staff. Iq many
cases the maintenance supervisor is considered a subordinate figure to
principals and even to teachers; they will not.récognize his authority
to insist on changes in the use of séhools. Tﬁe situation will be even
worse if the maintenance supervisor is not motivated.

| Another problem is that the maintenance supervisor is not neces-
sarily trained to develop conservation measures or to aséess energy
utilization. His scope of responsibility often emphgsizes moré of a
"ecaretaker function", than one of finding new ways to iﬁprove'buiiding
performance. |

One' of the real problems for a district superintendent is 'évaluaf-
ing “energy utilizapion and the effectiveness of conservation measﬁreé
relative to their potential. This individual does not usually have a
technical Dbackground, yet it is essentiai that he be involyed in the

operation of the progrémme.
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13.5.3 Loss 6f Enthusiasm OQer Time

Energy conservation programmes are frequently initiated with much
puﬁlicity and little substance. Users are exhorted to be more conserva-
‘tivey but in time interest éenas tq wane. Over time éonserVation‘ may
also be displaced by othér coneerns.

A rigorous management‘approach is required to ensure that the pro-
grammé maintains its effectiveness. The information/auditing system is
essential in pro&iding an indisputable, éuantitafive, and continuing

"check on performance.

13.5.4 Discontinuity of Personnel

With céntemporary levels of mobility, roles are filled by different
beople for only short intervals of time. The géals, techniques, and
records of the energy ménagement programme must be well documented so
_that continuity of performance can be maintained. Again, the auditing

function should quickly indicate any problems in performance.

13.5.5 Resistance to Administrative Change

Many school systeﬁ administrators are already very busy people.
They may resent the time demands posed by energy management. However,
if the substantial benefits of a thorough éonservation effort are to be

realized, this resistance must be overcome.
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13.5.6 Lack of Communication

Administrators must be éware of what is happening in their' schools
as ' far as energy mangement- is concerned. A simple example is brovided
‘by<the plight of an‘elementary school custodian. A teacher fepded “to
leave lights on after Saturday work sessions in his classroom. The cus-
tbdién, because of:relative status, could not reﬁrimand the  teacher.
:;ﬁstead; the reminder about conservation was transmitted via éhe princi-

pal.

13.6 The Energy Auditing Syséem

Results‘obtaihed'by the research team show that it is possible to
‘perform‘ weekly evaluation of energy use with reasonable accuracy and -
economy 6f efforp. |

| One of ﬁhe considerations in implementigg a consumption monitoring
programme iS"Qhere respongibility shoﬁld be placed for keeping tréek of
performance. Reading of meters on a daily basis is negessarily‘é decen-~
tralized task. Calculation of consumption could occur either at the 10;
cal school or the central office. However, if centralized, this would
.reprgsent a couple of hours of work per week for a single individual,
even in a small school system.

" Principals in Grande Prairie agreed to keep records for their
gchools; this did not seem tg create any problemé although it did re-
quire the acquisition of some new skills. Oné advantage of ~performing
-this task locally is that it puts each administration in more immediate

cohtact with the evidence of its performance.
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One factor which could complica£e the evaluation of .user perfor-
. ‘mance is the_ph&sical upgrading of facilities wﬁich wili necessgrilyyoc-
cur as utility rates continué to climb. These modifications will lead
to reduétions in energy reduirements which should not be confused with

conservation efforts by users.

13.7 Consultative Assistance

There are several reasons why consultative assistance is necessary
' for a school system's energy management programme:
(i) System superintendents, who are not technical experts,
need unbiased information on the condition and perfor-
mance. of their physical plant.
(ii) Local staff are not usually equipped to evaluate energy
. utilization or to plan comprehensive management pro-
grammes . ”
(iii) 1In implementing energy management programmes in general
and conservation measures in particular, administrative,
custodial, and maintenance staff require very specific
guidance.
The need for consultative assistance has been identified by other prac-
ticing professionals'(Moses, 1977). 1In the estimation of:this research

team, it also will be a necessary service for Alberta school systems;

and one which would repay its cost many times over.
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13.8 Summary

These obsérvations and conclusions led to the formulation of the

recommendations listed in Chapter 14.
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14, RECOMMENDATIONS

The first year of investigation yielded much valuable intelligence on
. the impiementation of energy management. - This intelligence was gathered
£hrough experiMen£ation and explaration. The second year of the project
will involve the implemehtation of 'energy mgnagement as a routine func-
tiqn of the School District. It is recommended that implementation of

energy.management incorporate the following elements.

4.1 Energy Auditing

The importance of good information on éonsumption rates has been
discussed at' length. Weekly evaluation of performance offers the most
economic and satisfactory approach to control. To minimize error, ‘the
programme of' daily meter readings, on which the weekly evaluations are
_ based, should become a'contiﬁuing part of the custodian's duties. The
weekly evaluation should be performed byvthe school administration.

Schools will be evaluated -against their own past performancé. Be-
. éause of seasonal fluctuations in gas and electricity consumption, actu-
al weekly consumption is.not a usefﬁl indicator of performance. The in-
dicator of performance will be based on a "par“ value established for
‘each school on the basis'of ;esults from the 1977-78 monitoring pro-

gramme.
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14,2 Conservation Measures

Conservation measures are outlined in Appendix A. It is recommend-
ed that the year be divided into three operating periods, to correspond

to constraints posed by climatic and use conditions:

(1) summer
(ii) fall/spring (September, October, April, May, June)

(iii). winter (November, December, January, February, March)

Energy utilization and conservation would be gearedr according ‘té
thé, constraints posed by each period. ‘In summer virtually all systems
would be shut down. Major reductions ;n operating levels would occur in
the fall/spring period. Only minor reductions in heating system activi-
ty iévels woul& occur over the winter to ensure durability of building

components.

14.3 Incentives

It is recémmended that user comﬁitment to conservation be primarily
stimulated through the_existing‘management structure, in the same manner
that careful allocation of other school district resources:is achieved.
Use‘of the existing management structure, and_the motivators of personal
.récognition and job satisfaction worked in £he stimulation of signifif

cant efforts during the first year of the project.
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Performance charts shouldhglso be posted in conspicuous locations
wiﬁh;n eachAschool, so that occupants can monitor their progress.

The most critiecal pergonnel in ensuring the success of the pfo~:
~gramme are the ;dﬁinistraéive and custodial staff at each school, and
the administrative and maintenance staff at the central office. The ma-
| Jjor energy.savings are to be achieved through the efforts of these ;néi—

‘yiduals.

14.Y4 Consultative Assistance

It is evident that continuing access to expertise will be required
by the School District to point out further opportunities fof conserva-
tion and to provide the District Superintendent with feedback on ‘the
technical perforﬁancé of his maintenance staff and buildings. Members
of the research team will continue to play this role during the second
year of the project.

In the longer run, it is recommended that Alberta Educatioq‘aestab—
lish a' technical unit to deal with energy éonservation for schools.
Such a unit would require a‘proféssional staff which could operaﬁe with
a professional status equal to that of-échool administrators.

The advantage of a full time unit serving schools would be that it
could attain a high levelbof competence in dgaling with the specific
problems of schoolé. . It could also provide continuity for a province-

wide conservation effort for schools.
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14.5 Selective Retrofit

’

It is recommended that a programme of selec£ive retrofit be under-
takén to gradually upgrade the performance of the Grande Prairie School
District No. 2357 buildings. This‘would be undertaken with in house la-
bour and phased to oocur‘ in "slack time" for the maintenance crew.
Pfioritie; would be establishgd based on consultation betﬁeen the Super-
intendent, the Maintenance Supervisor, and the "outside advisor". Aﬁoﬁg

the objectives would be:

(1) ~ upgrading of controls for equipment
(ii) improvement of building enclosure air-tightness

(iii) improvement of building enclosure resistance to heat
" flow '

4.6 Summary

While the enérgy mahagement measures employed in Grandé Prairie
‘have not been capital intensive, they do pose a definite cost in time
and effort. This cost is also an ongoing coét. The school system must
‘be willing to bear this oosﬁ if it is to realize thé very significént
benefits of energy conservation. Functions to be carried out by school
'and district administraéions are outlined in Appendix B. Engrgy manage-
-ment wili involve a long and continuing process of education of .all
usérs in a sqhool system. The benefits of such a pfogramme, however,

are considerable.



Human

1. Work
ures.

APPENDIX A: MEASURES FOR SAVING ENERGY

Management Practices (for administrators)

cooperatively with users in the. implementation of meas-

A note of caution must precede the recommendation’ of

the following measures. For the sake of brevity, they
are stated rather tersely. These measures are maximum
initiatives to be taken; their implementation must be
tempered with a knowledge of circumstances in each
building - user circumstances must be considered. The
most effective means of dealing with such circumstances
is by delegating responsibility for specific implemen-

2087

tation of measures which will affect local users to the 1;

local school administration.

To give some concrete examples of specific con-
siderations which would require some thought before
measures could be adopted, measures 2.1 (night time
thermostat setback to 13.0 degrees Celsius) and 3.3
(morning thermostat reset to 20 degrees Celsius) will
be discussed. It is evident that special provisions
would have to be made for tropical. fish and other tem-~
perature sensitive animals kept in schools when the
former measure is implemented. The latter measure is
not to be considered an absolute dicta of the daytime
temperature ~ it is simply anticipated that users could
readjust the thermostat to preferred settings upon ar-
rival, but that this setting would place classrooms on
the boundary of the air temperature comfort zone. )

To gain acceptance, measures used to conserve en-
ergy must accomodate user preferences (within reason).

2. Monitor people's efforts and give them specific fgedback on
their performance.

3. Assign people Specific responsibilipy for their work spaces.

3.1

3-21

Teachers should see that classroom lights are switched
off when rooms are vacant (recess, noon, after school).

Shop instructors should selectively switch lighting
when only portions of their shops are in use. Exhaust
hoods should be operated as 1little as possible in
winter, late autumn and early spring. During cold
weather, use of exterior doors should also be minim-
ized. Equipment should be. operated -in an efficient
manner. :
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3.3

3.4

3.5

3.6

The evening cleaning crew should set thermostats at
night time levels at 16:00. '

The day crew should set thermostats at day time levels
during the morning round of classroom checks (at

- 07:00). :

Thermostats enclosed in protective céses should be
checked weekly,. where possible.

Staff should attempt to be economical in setting ther-

mostats. Wearing a sweater is frequently preferable to
turning up the heat.

. Publicize the energy conservation programme and results‘ of

energy consumption monitoring so that all groups within the
schools are aware of efforts and achievements.

Seasonal Operation Practices

Summer

1.1
1.2
1.3
1.4
1.5
1.6

1.7

Shut off all space heating‘systems.

Shut off hot water heating sysfems where possible.
Shut off ventilating systems for unoccupied areas.
Shut off air-conditioning for unoccuﬁied areas.
Minimize use of electric lighting systéms.

Operate air-conditioning from 10:00 to -15:00 only in
occupied spaces during work days.

Set internal.temperatures at 22  degrees Celsius or
higher when air-conditioning is operating.

Fall/Spring (September-October/April-June)

2.1

2.2

2.3

2.4

Set thermostats back to 13 degrees Celsius daily at
16:00. ’

Set thermostats to 20 degrees Celsius at 07:00 each
morning that classes are held.

In air-conditioned spaces operate the . cooling system
from 10:00 to 15:00 only during working days.

Maintain temperatufes in cooled spaces at 22 degrees

" Celsius or higher.

209
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1.

2.5

2.6

2.7

Shut off ventilation systems daily at 16:00 (this méy
be delayed for gymnasia and other areas used into the

evening) .

Turn on ventilating systems at 08:00 each morning that

classes are held.

Ensure that corridor thermostats are never set above 18

degrees Celsius.

Winter (November-March)

3.1
3.2
3.3

3.4

3.5

Ensure that no thermostats are set higher than 20 de-
grees Celsius when schools are nobt in use (check daily
at 16:00).

Where pipe freezing, motor burnout and other hazards do

not exist, set thermostats back to 16 degrees Ce131us'

daily at 16 00.

Set thermostats to 20 degrees Celsius at 07:00 each

.morning that classes are held.

Shut off air cooling systems.

Ensure that corridor thermostats are never set above 20
degrees Celsius.

Year-round

4.1

4.2

4.3

by

4.5

4.6

Substitute daylighting from windows and skylights for
electric lighting where feasible.

Minimize use of electric lighting systems. Lights

should be turned off in all unoccupied areas at all

times.

During cleaning llghts should be used only in the work-
ing area

Ensure that all windows are firmly closed {(check daily

at 16:00).

Ensure that both outside and vestibule doors are firmly

closed (check dally at frequent intervals, espedially .

after periods of heavy traffic).

Ensure that leaking hot water taps are repaired.

Maintenance Practices

Electrical

210



1.1

Reduce illumination levels where acceptable, but main- “

tain minimum standards:
- 540 lux in classrooms
- 110 lux in corridors
- {100 lux in shop areas

Maintain an even distribution of light.

152 Ensure that burnt out lights are replaced immediately.

1.3 Ensure that luminaires are cleaned monthly.

1.4 Replace existing flourescent tubes with low watt tubes
(but maintain minimum lighting standards)

1.5 Reduce parking lot lighting to minimum levels requifed
for safety.

1.6 Use proper size motors.

1.7 When redecorating, use light colours to achieve higher
illumination levels.

Mechanical

2.1 Ensure that controls are calibrated and in good condi-

- "tion.

2.2 Clean air filters monthly.

2.3 Lubricate motors and other rotating equipment monthly.

2.4 Adjust outdoor air dampers for tight closure.

2.5 Adjust heating and cooling equlpment to ensure maximum
combustion efficiency.

2.6 External door tension should be removed so that doors
will not stay open.

2.7 Clean strainer screens in water 01rculab1ng systems 4t’
two month 1ntervals.

2.8 Reduce air duct leakage.

Structural

3.1

 Caulk window and door frames. 'Caulk cracks in walls. .
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3.2 Install weather stripping around windows and doors
- where not subject to excessive shifting. .

3.3 Repair/seal broken winddws.



APPENDIX B: ENERGY MANAGEMENT PROGRAMME ORGANIZATION

Distrigt Functions

receive and assess weekly reports on energy consumption from
each school

produce and distribute district monthly energy use reports to
the Board and to each school (including cost estimates)

ensure that energy management measures are being implemented
at each school

provide technical assistance in implementing energy conserva-
tion measures

obtain the mean daily temperature from the weather office,
calculate the weekly average, and provide this figure to the
schools

check school energy consumption (monitor meters) at month end
in dJune, July, and August

ensure that equipment is switched off in July and August

School Functions

read natural gas and electricity meters every school day

keep track of weekly energy performance

evaluate whethef performance is satisfatory ‘based on records
of energy use and the activity schedule for the building.

implement energy conservation measures

ensure that all staff are aware of their responsibilities vis
a vis energy management

maintain plots of weekly natural gas and electricity consump-
tion indicators in the main entrance foyer of the school

213
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GLOSSARY

Celsius degree-days - the difference between the mean daily temperature’
and 18.0 degreeé Celsius when the mean daily temperature is
below 18.0 degrees Celsius; used as a measure of heating re-

quirements.

footcandle - a measure of the light falling on a square foot of surface

area (replaced by lux) .
insolation - the radiant energy received from the sun by a surface

lossiness - the increase in the rate of supply of subplementary:heat re-
quired by a building per degree drop in temperature below the

reference temperature.

lux - an SI measure of the light falling on a square metre of_ surface

rarea

" reference temperature - the average exterior temperature above which a
building will not require supplémentary heat for space condi-

tioning.

retrofit - the physical upgrading of -a building to improve its energy

utilization.

specific energy need - purchased energy consumed per unit of gross floor

area per annum.



LIST OF ABBREVIATIONS

ASHRAE - American Society of Heating, - Refrigeration, and

cbnditioning Eﬁgineers:

étu —‘British’ph;rmal unit

CEFP - Council of Educational Facility flanners ,
cfm - cubic feet per minute

‘CMHC ~ Cenprél Mbﬁtgagé aﬁd‘Hqusing Corpofation
EMR - Enefgy,iMines and . Resources Canédé

GFA - Grogs Floor Area

" GJ - gigajoule ‘"

hp - horsepowef;K

IES - Illuminating Engineering Society

J - joule

kWh -‘kiloQatt—hqur

MCF - phoqsand-cﬁbic_feet (of natur;i gas)

MJ - megajoule

NRCC - Naﬁional Research Council of C?nada

OEC - Office of Energy Conservation (EMR) .

215 -

Air-
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SI - System International
sqft - square feet

W - watts
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