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Abstract

The Manitoba Department of Energy and Mines, and the
public electrical utility, Manitoba Hydro, have an ongoing
interest in long-term energy demand forecasting and energy
conservation. They are currently. investigating; using an
end-use model - the Commercial End-use Planniﬁg System, also

known as COMMEND - for long-term energy demand forecasting

in the commercial sector.

End-use models require large amounts of detailed data
regarding energy consumption practices, the stock of energy
consuming equipment, and the physical characteristics of
buildings. The data is used to estimate parameters to

satisfy the input requirements of the end-use computer

model.

This study collected requisite data from a variety of
sources, including existing provincial energy audit data,
electric and natural gas utility monthly sales data, and the
provincial Health Services Commission's physical data. This
data was analyzed and the large majority of COMMEND's
parameter input requirements were estimated. Conducting an
actual forecast was beyond the scope of this study. Data
concerning the stock of energy consuming equipment was
obtained from the provincial energy audits and was used to

assess the potential for energy conservation in the Manitoba
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Health Care subsector. This potential is presented in the
form of Supply Curves of Conserved Energy (interactive

effects were not taken into account for this study).

This study estimated input parameters for an end-use
model, but it concludes that there are a number of
limitations placed on these estimates by the small number of
observations used in making the estimates. In particular
not enough energy audits of health care facilities have been
performed. The study also concludes that there is a large
potential for electrical energy conservation in the Manitoba
Health Care subsector at a cost per unit of energy below

that of supply.
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Chapter One: Introduction

Preamble

Long-term planning -having a 20 to 25 }year time
horizon- is important to energy policy makeré and utilities
because of the large capital expenditures and long 1lead
times required to place energy supply facilities on line.
In the past, long=-term planning was carried out mostly by
governments and producers (ed,. utilities), by matching
expected customer growth in energy demand with the
appropriate ‘'"supply-side" generating capacity or energy

purchases.

Certain energy events since the early 1970s have,
however, caused utilities to change their approach to
managing energy resources. The fluctuations in energy
prices which have occurred since the early 1970s have had a
three fold impact on supply side management. First, the
cost of building, financing and operating power plants
increased dramatically. Second, utilities did not expect,
and were thus not prepared for, their customers change in
energyy use behavior; and thirdly, the uncertainty associated
with long range projections increased, and the risk of

making incorrect projections became very large. The



reaction by utilities was to look for alternatives to the

way they planned, developed and managed energy resources.

As mentioned above, the vastly increased costs of
constructing energy plants, transmission and distribution
systems, and the increased risk involved with tying up large
quantities of capital, has in many areas of Nofth America,
motivated governments and producers to look for alternatives
to the need for large supply facilities. Two approaches to
reducing this need, are Least-Cost Planning (LCP) and Demand
Side Management (DSM). The term Least-Cost Planning refers
to efforts by utilities and regulators to ensure that both
supply side and demand side options are fully considered in
constructing resource plans for the provision of energy
sources to meet societies energy needs at the least cost
(Public Utilities Fortnightly 1987). Demand Side Management
refers to efforts by utilities to control or change the
quantity and timing of their customers consumption to avoid
costly capacity or supply acquisition. This balancing of
the mix of supply and demand side alternatives is called

Integrated Resource Planning (IRP) (EPRI 1987b).

The rising energy prices mentioned earlier caused
customers to change the way they used energy. Customers
responded to higher energy prices by reducing their energy
consumption. The higher energy prices initiated a search
for new and more energy efficient technologies, which in

turn enabled energy users to get more energy services for an



equivalent amount of money. Meanwhile, some industries have
made technological breakthroughs, enabling them to compete
with electrical utilities by producing energy as a secondary
product of their primary production (eg., cogeneration).
‘Another result was to increase competition for customers by

energy producers within the energy marketplace. .

Some long-term energy demand forecasters believed the
impact of more energy efficient technologies and changes in
energy consuming behavior would have a large influence on
the demand for energy in the future. As a result a new type
of energy demand forecasting computer model was developed
which attempted to take into account changes in energy
efficiencies and stocks of energy end-use equipment. These

models were aptly called end-use models.

The focus of this study is on a particular end-use
model called COMMEND, and the development of parameters
(which, when taken together, are called the T"“energy
baseline") to be used as inputs to COMMEND for the purpose
of making a long-term energy demand forecast for a portion
of the Manitoba Commercial Sector - the Manitoba Health Care
Subsector. The scope of this study includes development of
the above mentioned parameters and an assessment of the
potential for energy conservation in the Manitoba Health
care subsector. The scope does not include making an actual

forecast.



Problem Statement

The Manitoba Department of Energy and Mines and the
public utility, Manitoba Hydro, have an ongoing interest in
energy conservation and energy forecasting. They are
currently investigating using an end-use model for long-term
forecasting of energy demand in different commercial sub-
sectors and require the collection and analysis of end-use
energy data from these subsectors. The Health Care sub-
sector (including both public and private facilities), is a

large consumer of electricity and natural gas and is of

particular interest at this time.

Research Obijectives

The study has four main objectives:
1. To construct an energy baseline for the Manitoba
Health Care sub-sector using existing and collected end-use

data.

2. To examine the potential for energy conservation
in this sector.

3. To recommend energy conservation measures in the
form of energy consérvation supply curves.

4. To contribute to the energy planning and end-use
modelling efforts conducted towards integrated resource

planning, and particularly least-cost planning, in Manitoba.

Study Approach

The report can be considered to consist of two parts.

The first part, the development of an energy baseline, is

4



contained in Chapters Two and Three. The second part, the
development of supply curves of conserved energy, is found

in Chapter Four. The approach taken for the first part of

this study is as follows:

1. A brief discussion of energy forecasting models
and the main requirements of COMMEND, the end-use model

selected by Energy and Mines.

2. Sources of data for the Manitoba Health Care

subsector were identified and data was collected.

3. The data was analyzed and the model input

parameters were estimated.

The approach taken for the second part of the study is

as follows:

1. The method of calculating and constructing supply

curves of conserved energy was determined.

2. Sources of information on conservation methods and

costs were identified.

3. Priority fuels, end-uses, and conservation

measures were identified.

4. Data was analyzed to determine an end-use
breakdown of the Manitoba Health Care subsector's energy

use.




5. Estimates were made of energy savings for each
building type under a penetration rate which assumed that
total technical potential would be achieved, eg., a

penetration rate equal to one..

6. A technology data base was prepared for the
Manitoba Health Care subsector containing profiles of the
conservation measure, its cost, applicability and

penetration rate.

7. The energy saving impacts of the individual
conservation measures were summarized in supply curves of

conserved energy.



Chapter Two: Energy Demand Forecasting for Manitoba's
Commercial Sector: The Development of an Energy Baseline.

Energy is a requirement of both individuals and
society. It is needed to sustain satisfactory econonic
growth and to enhance individual and social well being. The
prospect of energy scarcity demands that we manage it in a
manner which will ensure both a present and a future supply.
An integral part of such an energy management plan is the
use of energy demand projections, or forecasts. Accurate
energy demand forecasts are necessary to ensure a reasonably
reliable availability of energy supplies, to help plan the
expansion of energy supply systems, and to efficiently plan
the capital intensive investments needed for building energy
systens. The cost of undertaking detailed and reliable
demand studies is small in comparison to the costs which
might be incurred if energy shortages develop, or if large
amounts of <capital with high opportunity costs are
needlessly tied up for long periods of time. Presently,
major uncertainties in the energy market, such as the course
of technological advances, political instabilities and
economic policies, makes any forecasting attempt a daring

one. For this reason, long-term forecasting is perceived by



some as an academic exercise. However, a failure to make
long-term forecasts would mean decisions being made about
immediate problems with little or no knowledge of future
consequences, so that future energy policy becomes a
collection of randomly selected remedies. The requirement
for efficient policy making dictates that we must try to
understand what the future will be 1like, and this is
achieved through 1long-term forecasting. Therefore, the
definition and the implementation of energy policies must
take place in a long-term context (20-25 years). An energy
baseline, the total energy consumption for a specified
component of the economy for a specified time period, is
required as a base from which to forecast energy demand.
This energy baseline concept and the methodology used in

deriving it will be discussed later in this chapter.

This chapter will provide a brief overview of the
various models available for energy demand forecasting, and
will highlight the model which has been selected by the
Manitoba Department of Energy and Mines.

Decision Making in the Enerqgy Field: Forecasting Methods
and Models.

Reliable decision making in the energy field requires
a knowledge of energy demand, of it's determinants, and of
it's dynamic aspects. Determinants of energy demand are
factors which explain the generation of energy demand at a
given time, as well as its evolution. These determinants

influence the evolution of energy demand both quantitatively

8



and qualitatively (Chateau 1982). Energy demand is dynamic
because demand is influenced, both positively and
negatively, by economic and social fluctuations such as
price increases and concern over the environment. The
acquiring of knowledge concerning the determinants of enerqgy
demand is, however, not sufficient for making clear and
expeditious decisions regarding the future. Another step is
required - forecasting. Forecasting is the step "which
consists of the transcription of this analysis into a
methodological tool allowing one to draw from the past and
from the present one or more quantified images of the future
in terms of which the decisions may be made" (Chateau
1982:181). The forecasting methods and tools may differ

greatly, according to the needs and questions for which the

forecast is needed.

There have been three types of energy demand
forecasting models used for long-term forecasting over the
years. They are trend analysis, econometric models, and the
most recent and the focus of this study, end-use models.
Trend analysis is the simplest method of forecasting. It
consists of the extrapolation of past growth pattern
determinants of demand, such as income, prices, consumer
tastes, etc (Munasinghe 1983). The main advantages of trend
analyses are their simplicity and the fact that they can be
based on available data. However, forecasting on the basis
of past trends can give unreliable indications of the

requirements for additional supplies when conditions

9



affecting energy demand change rapidly (Commission of
Inquiry into Manitoba Hydro 1979) . Rapid changes in energy
demand cause trend analysis forecasts to produce a wide
range of growth rates of demand for enerqy. This has
resulted in a trend towards the use of other methods for
energy forecasting. Trend analysis hodels are no longer
widely used, and were used in only 10 per cent of energy

forecasts in 1986 (Energy Resources Conservation Board

1987).

Econometric modelling is a more sophisticated approach
to energy forecasting. The econometric model works on the
rationale that, given a number of conventional econonmic
indicators which give a representation of the economy, the
level of energy demand, globally, per sector, or per energy
form, can be calculated (Chateau 1982). Some examples of
the economic indicators are GDP, income, and value added per
sector. Econometric model relationships are of a
statistical nature, their shape and parameters being based
on the correlation between the energy demand and the
economic indicators (Chateau 1982). The quality of the
statistical correlations determines the caliber of the model
relationships. Statistical tests, such as R? and Durbin-
Watson, are used to evaluate the validity of the statistical
correlations.

Technico-Economic or End-Use Models

Technico~economic, or end-use models, were developed

to describe the impact of technological and socio-economic

10



determinants on energy demand. The premise of the end-use
model is that energy demand is not for energy, but for the
energy services it provides (for example - light and heat).
End-use models are characterized by:

(1) being very disaggregated and considering energy
demand at the level of end-uses - thus the name "end-use
model"™. |

(2) energy demand being secured both in ﬁerms of useful
energy - energy in the form that is wanted by the consumer
(eg., heat for heating, light for lighting, mechanical power
for movement) - and final energy - any form of primary or
secondary energy available to the final consumer (egq.,
petrol, electricity). This results in energy demand being
classified in terms of fuel type and end-use - for example
natural gas - heating, and electrical - heating.

(3) useful energy needs being connected to physical
indicators of activity or of needs (eg., number of
refrigerators in an average home, or the number of beds in a
hospital), or else to economic indicators (eg., incomes,

value added) (Chateau 1982).

End-use models consider energy demand by sector and
sub-sectoral components, and then by end-use and fuel-type
components. Total energy ©projections, for end-use
classifications, are generally broken down into several
sectors. They are residential, commercial, industrial, and

transport.

11



The above characteristics stem from the importance
given to technology in the creation and development of
energy demand. The impact of prices on the development of
energy consumption is accounted for by technical choices
(industrial processing, etc), and substitution of energy

forms (natural gas heating for electric heating).

End-use model 1limitations are a result of the high
level of disaggregation, and are linked to:

(1) the accessibility of large quantities of wvaried
information, in both the technical and economic fields. The
models require detailed information on energy using
equipment, including age structure, efficiency and equipment
costs. Information concerning the behavior of decision
makers when purchasing end-use equipment is also required
(Jaccard 1987);

(2) the difficulty of parameter determination. Some
parameters may be determined by statistical regression, and
others are technical or behavioral estimations (Jaccard
1987). Since these estimates are not determined by
statistical regression, they do not have empirical backing
and it is therefore difficult to prove their validity; and

(3) 'End-use models tend to be "over determined"!
(Jaccard 1987:7), which means that they have a large number
of estimated parameters. The result of this is that when
the results of a forecast are backcast over a previous 5 to

10 year period to see if any of the behavioral parameters

12



should be adjusted, it is found that more than one set of
parameter values could give the same set of results.

Enerqgy Forecasting in Manitoba

Manitoba's long-term energy demand forecasting has
traditionally been based upon trend extrapolation and
econometric modelling. Both Energy and Mines, and Manitoba
Hydro have produced long-term forecasts in the past, with
Winnipeg Hydro's long-~term forecasts being incorporated into
those of Manitoba Hydro. Inter-City Gas' annual forecasts

are based upon trend extrapolation.

Energy and Mines produced its most recent long-term
energy demand forecast in 1983 for the years 1981-2005. The
forecast was based upon "The Manitoba Energy Demand Model",
a disaggregated econometric model, which forecasts energy
demand for all economic sectors (residential, commercial,
industrial, and road transport) based on key explanatory
variables including economic output, heating degree days,
demographic variables, employment, and energy |Dprices
(Manitoba 1983 as cited in Esler 1987). For a discussion of
limitations of the Manitoba Energy Demand Model, see Esler

1987.

Energy and Mines models energy demand for all energy
forms while Manitoba Hydro forecasts energy demand for
electricity only. Manitoba Hydro's forecasting methodology
varies for the various economic sectors, which include

residential and farm, commercial and industrial and

13



miscellaneous, and other major electricity consumption
categories (uncertain loads, system energy use, and Winnipeg
Hydro) (Esler 1987). Manitoba Hydro's energy demand
forecasts for all sectors and consumption categories were
based solely on trend extrapolation up to 1980. After this
time the residential and farm sector were modelled using
econometric equations, with price changes, changes in
provincial income, and changes in demographic indicators as

the main explanatory variables (Esler 1987).

Energy use in the Commercial and Industrial sector
forecasts are considered by industry type as defined by 1980
Standard Industrial Classification Codes (SIC CcCodes),
developed by Statistics cCanada. Forecasting of energy
consumptioh for commercial and industrial business types is
done wusing trend extrapolation. Periodically, expected
changes in general equipment efficiency and patterns of use
are subjectively incorporated into these trend
extrapolations (Kellas 1987 as cited in Esler 1987). Trend
extrapolation is also used by Manitoba Hydro to forecast

energy demand for Winnipeg Hydro, uncertain loads, and for

system energy use.

Manitoba Hydro and Energy and Mines are members of a
Least-Cost Study Team. They have recently begun to examine
the potential of end-use modelling for the residential and
commercial sectors. The end-use model which has been

selected by Energy and Mines for the Commercial sector is

14



called the Commercial End-Use Planning System, or COMMEND.
Manitoba Hydro will continue to use trend extrapolation to
forecast energy demand for industrial and "other" users,
since these sectors represent only a small number of users.
Due to their few numbers, it is also possible to estimate
future energy consumption of these séctors on a client by
client basis (Manitoba 1987 as cited in Esler 19875.

Commercial End-Use Planning System Model and Data
Requirements

COMMEND, the selected end-use model, was developed by
the Electric Power Research Institute in the United States
and is one of the most widely applied commercial sector end-
use models. COMMEND was initially developed in 1981 and has
since been used by more than fifty utilities in the United
States, Canada, and Australia (EPRI 1987a as cited in Esler
1987) . The model is able to provide an integrated framework
for examining the end-use and load shape programs of Demand
Side Management by means of its combination of energy sales

model and peak load sub-model.

COMMEND's modelling approach views energy demand as a
function of three factors:

(1) the physical stock of energy using capital (ie.,
end-use equipment) ;

(2) the base year energy use; and

(3) a utilization factor that represents actual

utilization of equipment relative to the base year (EPRI

1985) .
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In the short run - the time period in which the stock
of capital is fixed - only the utilization factor is able to
respond when exogenous factors, such as fuel prices, change.
In the long run, the fuel and efficiency characteristics,

and the utilization factor, of capital stock can change

(EPRI 1985).

The modelling of changes in utilization is
accomplished by using short run econometric fuel price
elasticities. "Fuel choice is forecast with a life-cycle-
cost behavioral micro-simulation sub-model, and changes in
equipment efficiency are determined using engineering and
cost information for space heating, cooling and ventilation
equipment and econometric elasticity estimates for the other
end-uses (lighting, water heating, ventilation, cooking,

refrigeration, and others) (EPRI 1985).

COMMEND is distinguished from traditional modelling
approaches by three characteristics; They are:

(1) a reliance on engineering relationships to
determine future heating and cooling efficiency. This
provides a sounder basis for forecasting long-run changes in
cooling and space-heating energy use requirements than
econometric studies by themselves can supply:

(2) a variety of engineering data on the energy using
characteristics of commercial buildings is provided for the

simulation model; and

16



(3) estimates of energy consumption by end-uses, fuel-
types, and building-types are provided by COMMEND (EPRI
1985). The specific building-types, end-use and fuel-types

used by COMMEND are shown below.

Building~-Types End-Uses , Fuel-Types
1. offices 1. space heating 1. electricity
2. restaurants 2. air conditioning 2. natural gas
3. retail 3. ventilation 3. fuel oil

4. grocery stores 4. water heating
5. warehouses 5. cooking

6. elem/sec school 6. refrigeration
7. colleges 7. lighting

8. health 8. miscellaneous
9. hotel/motel

10.nmiscellaneous

Peak demand and peak day hourly load profiles
forecasts are provided by COMMEND using the same end-use and

building type detail (EPRI 1985).

An advantage to using COMMEND is that existing data
deficiencies can usually be compensated for and that complex
relationships reflecting commercial end-use systems can be
endogenously represented in an end-use modeling structure.
Only a general knowledge of the commercial sector is
required to utilize COMMEND in addressing policy issues

(EPRI 1985).
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The following section was taken directly from An
Inplementation Guide for the EPRI Commercial Sector End-Use

Energy Demand Forecasting Model: COMMEND, EPRI 1985:2~2 to

2—70

Overview of the Model Structure

'Figure 2-1 is a schematic representation of the energy
portion of the model structure. The stock of energy-using
capital (i.e., end-use equipment) is measured in the model
by the stock of commercial floor space. Floor space is a
fairly accurate measure of energy-using capital since most
commercial end-use systems are installed to provide
illumination levels per square foot of floor space.

Heating and cooling systems are also designed according to
the area served.

Future floor space stock is forecast as a function of
employment forecasts by commercial subsectors (eq.,
employment in retail/wholesale buildings) and estimates of
floor space per employee, or directly as a function of
population, income, interest rates, and other relevant
variables. Forecasts of future floor space along with
estimates of the age distribution of existing floor space
stock and estimated depreciation rates yield estimates of
additions to floor space by building type. All of this
new floor space requires new end-use systems. Estimates
of the age distribution and depreciation rates of end-use
systems allow us to estimate the replacement of end-use
systems for existing commercial buildings.

Those end-use systems which are not installed in new
buildings and are not new replacements for existing
systems retain efficiency and fuel use characteristics of
the previous period. The efficiency of new systems is
determined endogenously in the model in one of two ways.
For space heating and cooling systems, engineering
relationships between operating cost and initial cost for
alternative heating and cooling system designs are used
along with estimated discount rates (which reflect
commercial establishments' preference concerning trading
of future savings for an increase in equipment costs) and
expected future fuel prices to determine choice of
equipment efficiency. This efficiency determination is
equivalent to choice of efficiency using a minimum life-
cycle-cost criterion.
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The average efficiency of new systems is determined as
the energy-weighted average efficiency choices of a small
sample of firms whose characteristics (discount rate and
price expectations) are described by population
distributions, with specific values determined through
sampling from the population. This microsimulation
approach to modeling permits representation of a cost-
based relationship where behaviorally determined variables
play an important role. This representation is a
necessary condition that must be fulfilled if one hopes to
explain recent space heating fuel choices actually
observed in the commercial sector.

Fuel price and efficiency elasticities are used to
estimate the efficiency of the other end-use systems
(water heating, lighting, ventilation, cooking,
refrigeration, and other end-uses). These efficiency
elasticities are econometrically determined from a pooled
cross-section time series analysis of commercial energy
demand. Short-run elasticities are netted out of long-run
price elasticities to implicitly determine the price
induced increase in efficiency.

Equipment utilization, reflecting intensity of
equipment use, is dependent both on equipment efficiency
and fuel price. Changes in utilization are modeled using
fuel-specific short-run price elasticities. For equipment
that has not been added or replaced in the previous year,
utilization will change relative to utilization of the
previous year only as a result of changes in fuel prices.

Since utilization of equipment actually depends on the
price of producing the end-use service, fuel price changes
must be weighted by efficiency changes in those cases
where new or replacement equipment has been installed in
the current year. For instance, if the price of oil
increases by 10 per cent, but the new space heating
equipment is 10 per cent more efficient, one would not
expect to observe a change in the space heating thermostat
settings (ie a change in utilization), since the cost of
providing space heating services has not changed.

Current and expected fuel prices and efficiencies of
new systems determine fuel choice characteristics of new
space heating systems. Again, since the price of
delivering the end-use service is the relevant price
variable, fuel price must be weighted by efficiencies.

Annual electricity use by end-use and building type is
an input to the peak demand model which forecasts sector
peak demand as well as defines the load curve for all end-
use building type detail. This is represented
schematically in Figure 2-2. End-uses are categorized as
weather-sensitive or nonweather-sensitive. For
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nonweather-sensitive loads, a so-called standard day
fraction is used to allocate a portion of annual energy to
daily use. This fraction can vary by season and
consequently reflects the slight weather-sensitivity and
seasonal operational variations of these end-uses. Daily
energy is then distributed across hour of the day by
normalized load curves.

For weather-sensitive loads (space heating and air
conditioning), the daily energy allocation is a function
of heating degree days for the winter peak day and cooling
degree days for the summer peak day and two preceding
days. The use of several preceding days' cooling degree
days permits representation of heat build-up prior to
summer peak.

Daily energy is then allocated across hours of the day
with normalized hourly load curves. These normalized load
curves are developed from hourly temperature
characteristics of the peak days supplied as exogenous
inputs. Thus, specification of dry bulb temperature for
each hour in the day is needed to develop a normalized
load curve from a response function estimated from hourly
load data obtained from a heat load simulation model such
as DOE 2.1. Both dry bulb and wet bulb temperature are
used in a temperature humidity index to account for the
impact of humidity in determining air conditioning hourly
loads.

Hourly loads are then summed across all end-uses to
develop a building load curve; a summation across building

types yields the commercial sector load curve and peak
demand'.
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Figure 1:
Commercial End Use Model.
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Figure 2: Schematic Diagram of the Commercial End-use
Peak Load Sub-module.
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Details of the Energy Model Structure

The causal relationships described above operate

through the following central equation:

T = T t t t +t
Q7,x,1 = SWM t—to UTi,k,1 * ©7i,k,1 * @4,k,1 ¥ ATy *A(T-t)

where:
T = simulation or forecast year.

Qi,k,l = energy demand for fuel i, end-use k, and

building type 1.
t, = age of oldest building stock additions.

Uti,k,l = utilization, relative to some base year (for

each fuel, end-use, building type, and vintage).

eti,k,l = EUI; y,j = annual energy use requirement

(for each fuel, end-use, building type, and vintage).

ati,k,l = S = fraction of floor space served (for
each fuel, end-use, building type, and vintage) (eg., fuel

share) .

Atl = floor space additions of wvintage (t) for

building type (1).

d(T-t) = fraction of floor space of vintage t still

standing in forecast year T (EPRI 1985:2-6).

For a detailed discussion of the model components, see

EPRI 1985 or Esler 1987. The scope of this study does not
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include a critique of COMMEND in terms of its constraints
and its weaknesses. COMMEND has been assessed by the
Manitoba Department of Energy and Mines and it has been
determined that the computer model will be used in its
energy forecasting program. The author does recognize that
there are limitations to the model and the reader is
referred to EPRI 1985 or Esler 1987 for a relevant
discussion. The next chapter will estimate the parameters

to be used as inputs to COMMEND.
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Chapter Three: The Development of an Energy Baseline in
Manitoba's Commercial Sector: The Health Care Subsector.

The purpose of this chapter is to develop parameters
to be used as inputs to an energy demand forecasting end-use
computer model. The computer model, known as COMMEND
(Commercial End-use Planning System Model), is used to
forecast energy demand for the commercial sector of an
econonmy, or for components of the commercial sector. The
actual forecasting of energy demand is beyond the scope of
this study and will be done by the Manitoba Department of

Energy and Mines at a later time.

The focus of the development of inputs in this study
is on the Manitoba Health Care sector, a subsector of the
Manitoba Commercial sector. The chapter begins by
identifying and characterizing the Manitoba Health Care
subsector and by classifying it into three building types -
Hospitals, Personal Care Homes (PCH), and Combination
Hospital/PCH. It then proceeds to discuss the major data
sources for this subsector and to evaluate the existing data
in terms of the computer model's requirements so that

parameters may be estimated for use as inputs.
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Taken together, the estimated parameters are commonly
referred to as the "energy baseline", and represent energy
consumption and physical characteristics (for example,
amount of floorspace in a building Category) of the
subsector under study. The energy baseline is developed for

a particular time period, in this case 05/87 tp 04/88..

Table 21 in Chapter 5 presents the input requirements
for COMMEND, and notes which of these have been estimated
in this study.

Energy Baseline Study Methodology

The methodology for the energy baseline portion of the

study is as follows:

1. Identification and Characterization of the Manitoba
Health Care subsector.

2. Identification of potential data sources.

3. Evaluation of existing data in terms of estimating
COMMEND's equation components.

Identification and Characterization of the Manitoba Health
Care Subsector

Energy users within the economy are broken down into
several sectors, based upon their economic activities. The
sectors are the residential, commercial, industrial and
transport. These sectors are very broad in scope and are
therefore further broken down into smaller subsectors, based
in part upon their energy use characteristics, and upon

their activities.
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The commercial, or service sector, is the focus of
this study. The commercial sector is disaggregated into
discrete subsectors based upon unique energy characteristics
and a separately definable rationale for forecasting growth
of the subsector itself. These subsectors include retail,
wholesale, finance and insurance, education, health care,
food stores, government, other service buildings. The
commercial sector includes all energy usersv who purchase
energy at commercial rates. In the United States the
commercial sector is the fastest growing of the energy
consuming sectors. This is also true in Manitoba, where it
represented about 22 per cent of energy consumption in 1986
(Canada 1986 as cited in Esler 1987:7) Growth in commercial
sector electricity sales has historically come from new
uses. For example, air conditioning when introduced in the
1940's was a small load but grew significantly through the
1950's to date, and now consumes 36 per cent of all
commercial sector electricity in the United States
(Squitieri 1986:31). This dynamism in end-uses of energy
allows for significant opportunities to conserve energy by
legislating efficiency standards, and providing more energy

efficient technologies and building designs.

The Manitoba Health Care subsector is an important
component of the commercial sector. In 1987 the Manitoba
provincial expenditures on Health Care was 31.5 per cent of
total expenditures (in comparison education was 17.7 per

cent) (Manitoba 1986:122). It is thought that energy costs
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accounted for 2 to 4 per cent of the total operating budget
in Canadian hospitals in 1982. The 1982 operating budget of
1037 public hospitals in Canada was approximately $10.4
billion. This means the energy costs for Canadian public
hospital was between $208 million and $416 million in 1982

(Canada 1983:27).

The Manitoba Health Care subsector has been classified

for the purpose of this study, in the following way:

HEALTH CARE SUBSECTOR

HOSPITALS
PERSCNAL CARE HOMES
RESIDENTIAL CARE HOMES

Hospitals

For this study, a hospital is defined 'as a health care
institution where patients are accommodated on the basis
of medical need and are provided with continuing medical
care and supporting diagnostic and therapeutic services
and which is licensed or approved as a hospital by a
provincial government, or is operated by the government of
Canada' (Canada 1988:59).

As of April 1, 1987, there were 105 hospitals in
operation in Manitoba, which included 85 public and 20
federally operated (Canada 1988:59). Hospitals are the most
costly component of the Health Care subsector using up about
50 per cent of total Health expenditures (Canada 1977:3).
In 1985-86, Manitoba's total hospital operating expenses
were $647,941,000 (65.8 per cent for gross salaries and

wages, 21.96 per cent for supplies and other expenses, 5.6
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per cent for employee benefits, 3.86 per cent for medical

and surgical supplies and 2.78 per cent for drugs) (Canada

1987a).

Personal Care Homes (PCH)

Personal care homes, of which there are 123 in
Manitoba with 8467 beds, are defihed as being those
facilities which maintain four or more beds for.residents
who require care principally because of the aging process.
These facilities are maintained for people who reside there
more or less permanently (Canada 1987b).

Residential Care Homes (RCH)

Residential care homes, of which there are 193 in
Manitoba with 4408 beds, are defined as those facilities
which maintain four or more beds for residents other than
members of the staff, and which provide care to at least one
resident. These facilities are maintained for people,
chronically ill or disabled, who reside there more or less
permanently. These include the following groups:

1. Physically handicapped and/or disabled, including
blind and deaf.

2. Mentally retarded.

3. Mentally handicapped.

4. Emotionally disturbed children.
5. Alcohol/drug problems.

6. Delinquents.

7. Transients.
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8. Others (including unwed mothers and shelters for
families in crisis) (Canada 1987b).

Rationale for the Manitoba Health Care Subsector
Classification

There are other economic activities related to health
care in Manitoba which have not been included in the above
classification. These include "offices of health care
professionals", such as physicians, surgeons, dentists and
diagnostic and therapeutic services. Miscellaneous health
services, such as voluntary health organizations, as well as
welfare organization, such as the Canadian National
Institute for the Blind are also health related. All of
these have, for the purposes of this study, been placed in
the "office building" component of the commercial sector
because, while these health care offices have an economic
activity which links them to the health care subsector, they
have other characteristics which suggest they should be
placed with office buildings. These characteristics are

explained below.

The level of economic activity in a subsector is
difficult to determine. This is an important limitation to
energy forecasting because economic activities are used to
forecast floor space, which is then used to forecast energy
demand. We therefore use floor space as a proxy to drive
energy demand in forecasts. The driving parameter for floor
space in health care offices and in office buildings in

general, is the number of employees, while in the other
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health care components (eg., hospitals, PCH and RCH), the
driving parameter for floor space is the number of beds
(Manitoba 1988b). This difference in this driving parameter
of floor space is a reflection of the difference in econonic

activities between the subsectors.

Health care offices and Hosp/PCH/RCH differ in their
energy consumption characteristics. The energy consumption
characteristics of health care offices compare more
favorably to office buildings than to other health care
program buildings, such as hospitals. Also, many health
care offices are located in office buildings and shopping
malls. The wutility bills are often paid by 1landlords,
making it difficult, to collect data on energy use within
individual health care offices. Since utilities forecast
for aggregate energy demand, placing the health care offices
in the office building component will not impact the
utilities ability to forecast energy demand for the
commercial sector. At the same time, data collection for
the office building's will be simplified since there will be
no need to distinguish between different types of offices in

the office buildings.

There are some drawbacks to classifying health care
offices within the office building subsector. If demand
side management impacts differently on health care offices
than on other office types (for example, medical offices

might not adopt low 1level 1light bulbs because of the
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activity in the office), then the assumptions that utilities
make about the effectiveness of conservation programs in the

office buildings subsector may be overstated.

We mnight assume, however, that since the number of
health care offices are very small relative to the number of
other offices in the office building subsectors, that any
anomalous demand side management impact in the health care

offices would be insignificant.

Other utilities in Canada, including Ontario Hydro and
TransAlta Utilities of Alberta, have classified health care
offices with office buildings.

An Overview of the Major Data Sources

The main approaches to data collection for COMMEND are
engineering simulations, survey research, end-use metering
and 1literature reviews (EPRI 1985). Generally, data
collection efforts in Manitoba have been limited to survey

research and some engineering simulations and estimates

(Esler 1987).

The main data sources for the Health Care subsector in
Manitoba include: (1) Statistics Canada; (2) the provincial
energy utilities (Manitoba Hydro, Inter-City Gas and
Winnipeg  Hydro); (3) the Manitoba  Health Services
Commission; (4) the National Health and Welfare Medical
Services Branch; (5) ENERHOSP (Hospital Energy Retrofit

Program); and (6) Energy and Mines' Energy Bus Program.
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Statistics Canada publishes an annual list of Canadian
Hospitals and Special Care Facilities (including personal
care homes) operating in each province by category (public,
private or federal), type, ownership and capacity, as well
as annual hospital statistics and an analysis of hospital
expenditures. Statistics Canada also publishes quarterly
statistics on provincial energy consumption by' different

fuels and sectors in its Quarterly Report on Enerqgy Supply

and Demand in Canada.

Manitoba's three major energy utilities: Manitoba
Hydro, Inter-City Gas and Winnipeg Hydro, are able to
provide energy consumption by customer class. These data
are not readily retrievable however, due to differences in
the utilities' respective customer coding systems and in
their definition of commercial customers (Esler 1987).
Provincial oil and propane suppliers were not contacted for
this study for two reasons: (1) an analysis of the energy
audits indicated that these fuels do not appear to have
large penetrations in the Manitoba Health Care subsector,
and (2) there 1is no central source of o0il or propane
consumption data - the supply industry consists of many
small suppliers - and consumption data for specific classes
of customers could only be obtained by approaching each
supplier on an individual basis, which is beyond the
abilities of this study. Esler (1987) indicates that for

future modelling of energy demand, aggregated sales
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statistics for these fuels available from Statistics canada

may be adequate.

Manitoba Hydro's major attempt at analyzing commercial
sector energy consumption was a survey undertaken in 1984.
However, the survey design was problematic and it has not
contributed much to the understanding of commercial sector
end-use energy consumption. For a discussion of the

problems of the survey, see Esler 1987.

The Manitoba Health Services Commission administers
the Manitoba Health Services Insurance Plan. The plan
finances an integrated system of hospital care, medical
treatment, personal care, pharmacare, and other health
services (Manitoba 1988a). The Commission publishes an
Annual Report and Annual Statistics which include
information on health programs, population, hospital care,
medicare, and personal care. The Commission also makes
available annually updated lists and addresses of urban and
rural health facilities (hospitals, personal care homes and
juxtaposed facilities) which includes the number of beds.
The Commission is also in charge of construction of health
care facilities in the province. However, it does not
maintain an historical record of floor space additions per

year, or a list of when each facility was originally built.

The National Health and Welfare Medical Services
Branch oversees and administers the federally operated

health care facilities in the province. These include
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nursing stations and hospitals in the north. Information is

available upon request.

ENERHOSP (Faraci 1984), the Hospital Energy Retrofit
Program, was a study conducted by the consulting company of
Faraci and Associates for the Manitoba Health Services
Commission and the Manitoba Dept. of Energy and Mines. Its
purpose was to examine the MHSC records and determine the
energy costs based on KW.h/gross sq. ft., or some other
suitable parameter. Building retrofitting was to be based
upon the results from this study. The report itself gives a
condensed and abridged summary of the data from the study
and is of limited use for this study. Faraci and Associates
was in possesion of the original study data containing
facility construction dates and floor space per health care
facility. However, they have indicated that they cannot
find the files containing the data and it appears that the

data may be lost.

The year 1980 saw the beginning of a
federally/provincially sponsored Energy Bus Program, which
has produced a significant quantity of engineering and
energy consumption data for various business types,
including hospitals and personal care homes. The programs
objective is to identify areas of potential energy cost
savings in commercial industrial buildings in Manitoba
(Esler 1987). Of the more than 1300 energy audits which

have been performed by Energy and Mines, 500 of them were

35



done within commercial and institutional buildings (Webb
1987 as cited in Esler 1987:73). Forty-seven of these
commercial/institutional audits were performed on health
care facilities, which is 11.2 per cent of the 419 health
care facilities in Manitoba. Of these 47 audits, 17 were
hospitals (22.7 per cent of the 75 hbspitals not combined
with PCH in Manitoba), 19 were personal care homes'(20.2 per
cent of the 94 personal care homes not combined with
hospitals), 10 were combination hospital/personal care homes
(33.3 per cent of the 30 combination hosp/PCH), and 1 was a
residential care home (less than 1 per cent of the 220

residential care homes in Manitoba).

Bias in the sample distribution may occur because the
audits are performed on demand. Facilities tend to be
active in energy conservation or not, which means that
interested groups (those wishing to have energy audits
performed) would tend to be more energy conservative and
disinterested groups less energy conservative. Bias in the
sample distribution would therefore be that those facilities
which are already more energy conservative than the norm
would be over-represented in the distribution. The audits
do not represent a large sample of the population and it is
difficult to assess the sample bias. In the case of
residential care homes (where there is only one audit), the
lack of data will not permit an analysis. The other

groupings (hospitals, personal care homes and combination
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hosp/PCH) will be assumed to be representative of their

respective populations.

Evaluation of Existing Data in Terms of COMMEND's Equation
Components

The following section will evaluate data sources to
estimate the main equation components of COMMEND. Table 21
in Chapter Five provides a summary of this evaluétion. It
summarizes the main data requirements for each COMMEND
equation component, and indicates if these components were

estimated in this study.

Note that deficiencies in existing data can usually
be compensated for, since the complex relationships
reflecting choices of commercial end-use systems are
represented endogenously in the model. COMMEND has
endogenous default values which are used when data input

requirements are not met.

Tt should also be noted that for the purpose of this
study a parameter is defined as a number describing some
aspect of a population. The value of the parameter is
unknown but a statistic is developed and used to make
inferences about the parameter. In short, the statistic,
known as the estimator, is used to estimate the unknown
parameter. The actual numerical value obtained by
evaluating the estimator is called the estimate. It is
desirable that the sampling distribution of an estimator

have a small standard deviation, so that large estimation
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errors are not likely to occur. However, as will be noted
in the following discussions, the sample used to develop
estimators in much of this study was quite small, and the
subsequent standard deviations were sometimes quite large.

Developing Floor Stock Data

This section will develop floorstock data parameters
required by COMMEND.

Definition of Building Segments

COMMEND's definitions of building types form the
primary market segments. We classify by building type
because specific types of structures have unique and
characteristic energy-using patterns. These patterns are
reflected in energy intensity values and differences in load
profiles.

COMMEND defines the Health building category in the
following way: 'Major differences exist between
hospitals, nursing homes, clinics, and medical offices.
Some analysts define health to include hospitals only,
allocating other buildings elsewhere. In particular,
medical offices and clinics are sometimes included in the
office category. Nursing homes are sometimes treated as a

separate category or included in miscellaneous' (EPRI
1988:2-4).

The writer has decided to include personal care homes
in the health care building type category because in mnany
rural communities in Manitoba, personal care homes are

attached to hospitals, making their energy consumption

patterns interdependent.
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Estimating the Current Floor Stock

COMMEND requires three types of floor stock data
entries as input values. They are:

(1) Estimates of total floor stock in some distant base
year (eg., 1945); |

(2) A series of gross additions to the stock'(eg., 1950

to 1980);

(3) A set of building survival functions (EPRI 1988).

The general method of developing these inputs, is to
develop estimates for a recent base year (eg., 1986) and
then to estimate the distant base Yyear (method to be
described later). This section will estimate floor stock in
the recent base year. This is referred to as the "current

floor stock".

The recent base year for this study is 05/87 to 04/88.
This period was chosen for three reasons: (1) to avoid
breaking the energy consumption data in the middle of a high
energy consumption period, such as Januaryi (2) consumption
data from the various utilities could all be obtained for
this period; and (3) it was the most recent set of
consumption data when the study began. Note that floor

stock is measured in square feet.

Floor stock or area is defined as conditioned (eqg.,
space heated or air conditioned) floor space within a

building and includes all the areas enclosed by the exterior
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walls of the building including basements, hallways,
lobbies, stairways, elevator shafts, and excluding parking
areas. It is important to understand the definition of
floor space which has been used since different definitions
can lead to as much as a 20 per cent difference in the floor

area of a specific structure (EPRI 1988).

There are several approaches to estimating current

floor stock. They are:
(1) physical measurement,
(2) survey expansion using response weights,
(3) survey expansion using ratio estimates,
(4) parametric methods using multipliers, and

(5) direct data sources (EPRI 1988)

The approach used in this study is the parametric
method using a multiplier. For a discussion of the other

approaches see EPRI 1988.

Parametric techniques use parameters called secondary
estimates, as opposed to primary or direct approaches.

Parametric techniques have two elements:

(1) "the parameter is usually a ratio, with square feet

in the numerator, and

(2) the scale variable is in the same units as the

denominator of the ratio" (EPRI 1988:2-11).

Common approaches include:

(1) per capita multipliers (ex. 200 sg. ft./person)
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(2) per employee multiplier (ex. 600 sq. ft./employee)

(3) intensity multiplier (ex. 90 kW.h/sq.ft.)

(4) others - area/bed for health care facilities.
area/room for lodging establishments.

area/seat for eating establishments.

This study uses the area/bed multiplier. - The scale
estimator is the number of beds. The data on the number of
beds for hospitals and personal care homes was provided by
the Health Services Commission (Manitoba 1988c, 1988d,
1988e) and by Statistics Canada (Canada 1987a, 1987b, 1988),

and by the Energy Bus audits. The current floor stock (F)
was estimated using the following equation:

F = area/bed * bed

The floor area data for the various facilities was
obtained from the Energy Bus Audits, the ENERHOSP report,
government agencies (eg., Dept. of National Defence for

military hospitals), and from data which Energy and Mine's

summer students collected.

The ratio of sq.ft./bed was calculated for each
facility which had values of area and beds available. The
facilities were then grouped according to the number of beds
and placed into size ranges. These ranges were 1-24, 25-49,
50-99, 100-~199, 200-299, and >300. The average sg.ft./bed
for each size range was calculated and these figures were
then used as multipliers to estimate the areas of facilities

in which area data was not available (number of beds data
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was available for all facilities). Table 1 presents a
summary of the average sqg.ft./bed ratios along with their

associated standard deviations and number of observations.

Table 1: Average sq.ft./bed ratios for Manitoba hospitals
and personal care homes.

Bed Average Standard Number of
Range ft.“/bed Deviation Observations

Building Type = Hospital

1-24 994.4 579.7 19
25-49 895.2 539.2 9
50-99 971.8 400.3 7
100-199 972.3 278.8 3
200-299 960 0 1
>300 943 128.7

Building Type Personal Care Home

1-24 704 0 1
25-49 767 .5 480.7 13
50-99 538.9 169.2 21
100-~199 557.2 330.6 9
200-299 491 65.4 3
>300 627 217.8 2
Building Type = Combination Hosp/PCH

1-24 - -—- -—
25-49 883 278.4 19
50-99 819.6 321.4 7
100-199 1035 132.9 2
200-299  --- -—- -—-
>300 -—- —-— -
Notes: -—- indicates data was not available.

Note that the large standard deviations indicate that
estimation errors are possible. However, the average

area/bed calculated for use as multipliers compared
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favorably with those from the Building Energy Technology
Transfer (Canada 1983). The following table presents
average ft.z/bed for Canadian hospitals and personal care
homes, from BETT. The average ft.z/bed ratios in Table One
are used for this study because they were calcualated for

Manitoba, and also because there are no others available for

Manitoba at this time.

Table 2: Average sq.ft./bed ratios for Canadian hospitals
and personal care homes (BETT 1983:D-11).

Bed Range Average ft.2/bed
1-24 841.7

25-49 736.3

50-99 910.5

100-199 901.9

200-299 1011.6

300-499 972.8

500-799 1063.2

800~-1999 1071.8

>2000 813.8

A report by Ontario Hydro indicates that not all
hospitals have equal floor space per bed allocations. It
states "that as the size of hospitals increases, up to
around 300 beds, there is a tendency towards more efficient
floor space utilization. Hospitals with more than 300 beds
tend to have larger average floor space per bed allocations,
possibly because of increased use of sophisticated
diagnostic and therapeutic equipment" (Ontario Hydro
1985:2). The average area/bed ratio in Ontario is

approximately 900 éq. ft./bed (Ontario Hydro 1984). This
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too compares favorably with the calculated figures for

Manitoba.

Below is a summary of the facility types, the total
number of facilities, and the number of facilities for which

the area was estimated.

Facility Type Total No. No. for Which No. for Which
Actual Measured Floor space was
Floor Space was Estimated

. Obtained

Hospital 75 46 29
PCH 94 49 45
Combination 29 47 2

The current floor stock for the recent base year is

presented in Table 3.

Table 3: Current floorstock values for Manitoba hospitals
and personal care homes.

Facility Type Current Floor Stock
Hospitals 5,646,859 sq. ft.
Personal Care Home 5,328,163 sq. ft.
Combination H/PCH 1,290,564 sq. ft.

Estimating Floor Space Additions (Historical Stocks) Atl *
d(T-t)

Floor area is the key driving variable for forecasting
energy demand in a commercial subsector. The floor space
additions component of the COMMEND equation is comprised of
two terms: "Atl", representing new floor space additions of
vintage "t for building type "1v; and "d(T-t)",
representing the fraction of floor space of vintage "t"

still standing in forecast year "TV.
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Thus, the COMMEND model requires vintage profiles for
floor stock and for the annual additions to this stock. The
use of vintage profiles serves two purposes, aside from the
one stated above. They are:

"(1) the appliance decay and replacement algorithms
rely on building age. In essence the building vintage
profile is used as a way to smooth appliance réplacement
decisions over time; and

(2) energy use patterns differ across vintages, due to
differences in structure characteristics, fuel choice

patterns, and end-use equipment efficiencies" (EPRI 1988:2-

21) .

The COMMEND model requires input data on the floor
stock in a distant base year, annual additions to the
current base year, and a set of building survival functions
that provide the 1link between new construction and changes

in the building stock.

COMMEND uses two sets of survival functions (referring
to that stock which has survived). They are distant base
survival and additions survival.

Distant Base Survival

The distant base stock is the entire stock standing in
the distant base year. In the years following this distant
base year, less and less of this floor stock survives as an

active component of the commercial floor stock.
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In the COMMEND model, the oldest part of the floor.
stock is assumed to have an exponential survival function of
the form:

Fp ¢ = Fp r (t-T) where
Fp is the floor stock in the distant base year T,
FT,t is the amount of stock remaining in year t, and

r is the annual survival rate (EPRI 1988:2-21).

COMMEND has default data sets for instances where
required inputs are not available. The default data for r,
the annual survival rate is 0.985, which means that 1.5 % of
the remaining stock decays in each year after the distant
base year. Figure 3 presents exponential survival functions
with several annual survival rates. For very old vintage
categories, EPRI (1988:2-22) suggests an overall building
demolition rate of 0.8% annually with rates of about 1.2%.
This study shall use the default value for r of 0.985 since
there are few buildings in the very old vintage categories.
The r value of 0.985 corresponds to a decay specification
with a 45-year mean life. According to EPRI (1988:2-24)
'the 45~year mean life assumption has a long history in
commercial sector analysis. Alternatives to this value have
been suggested. For example, as reported in the Bureau of
Economic Analysis, estimated mean service 1lives for
nonresidential structures is 36 years for commercial
categories (offices and retail), and 48 years for

institutional categories (education, health, and
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religious)'. Using the 45-year mean life as recommended by

EPRI would therefore seem to be valid.

Data is not available for floorstock for any distant
base year for the Health Care subsector in Manitoba.
Distant base year floorstock in the Health Care subsector is

estimated in the next section using a demographics approach.
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Figure 3: Examples of Geometric survival functions (EPRI
1988:2-23) .

COMMEND applies geomelric survival functions Lo the distanl base
year stock., In Lthe defaull dato sets the median life is set to
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Figure 4: Examples of Logistic Survival Functions (EPRI
1988:2-23).
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Additions Survival

Historical additions are entered year by year since

the distant base vyear. COMMEND uses a common Jlogistic
survival function for each vintage. Figure 4 presents
examples of logistic survival function. The logistic

function can be written as:

Dy = 1/{1+exp[atb(t)]}
Re = 1 - 1/{1l+exp[a+b(t)}] where
Dt is the percentage of additions decayed after t years,
Ry is the percentage of additions remaining after t years,
and
a and b are the logistic function parameters which are taken

from the S shaped decay or survival curves (EPRI 1988:2-22).

The Ry and Dy values can be read directly from
Figure-4. Note that in Figure 4; Case 1 is the standard
COMMEND shape, with a 45 year mean life (a=6.9, b=-0.153),
Case 2 has a 50 year mean life, with 98% survival after 25
years (a=7.8, b=-0.156), and Case 3 has a 30 year mean life,
with 98% survival after 15 years (a=3.9, b=-0.260) (EPRI
1988:2-24). This study uses Case 1 (eg., it assumes a 45
year mean life for buildings) as recommended by EPRI

(1988:2-24).
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An example of the use of the logistic curve is:
Rqig = 1 - 1/{1+{exp{a+bl5}] = 0.99 which can be read from
the logistic curve (although not as accurately). Thus the

percentage of additions remaining after 15 years is 99.

COMMEND's decay specification has the following
properties:

(1) a 45 year mean and median life,

(2) symmetric survival profiles around the mean life,

(3) strong survival through the first 25 years (96%

survives),

(4) rapid decay from the 25th to the 65th years (90%
decays), and

(5) extremely low remaining stock after 70 years (only
3% remains) (EPRI 1988:2-24). These values are installed in

COMMEND (version 2) and are applied to all building types.

The building survival functions are used to develop
historical vintage profiles and to develop construction
forecasts. Total new construction is translated into net
additions to the floor stock using the decay assumptions.
The decay functions can be altered, if need be, to tailor
COMMEND to Manitoba. "In reverse, any change in floor
stock will imply the required amount of new construction

only after decay of the existing stock has been considered"

(EPRI 1988:2-24).

The three approaches that are typically used to

construct historical vintage profiles are:
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(1) Demographics approach. In this approach data on a
scale variable are used to infer the vintage profile.

(2) Additions approach. In this case data on annual
building additions are used to develop the vintage profile.

(3) Mixed approach. Here, additions data are used for
the near past, and the demographic approach is used for the

more distant past (EPRI 1988).

As stated earlier, the Manitoba Health Services
Commission does not keep a record of annual additions to
health care facilities. Therefore, since the data on annual
building additions 1is not available for health care
facilities , the demographics approach shall be applied in
developing historical vintage profiles. For a detailed

discussion of the other two approaches, see EPRI 1988.

The demographic approach is the simplest and requires
the least data. It uses a single demographic scale variable
for each building type, such as total employment,
population, or school age population. The scale variable is
not usually used on an annual basis, but is used for a

series of years, for example 1920-30-40-50-60-70-80.

The exact vintage profile of the building stock is not
a key input to the COMMEND model, but a general spread of
the stock over time is required to run the appliance decay
and replacement algorithms. EPRI (1988) recommends the

demographic approach for initial implementation. If

51



additions data is available, the mixed approach is

recommended.

Population (the most easily obtained data) is not an
accurate scale variable. This is because the rate of growth
of population in Manitoba is decreasing, resulting in a
rising median age and a changing age structure in the
population. The premise when backcasting or forecasting
using a scale variable is that the estimated values will
change in proportion to changes in the scale variable. This
is likely not the case with fore- or backcasting floorstock
using population as the scale variable however, since the
demand for healthcare (and intuitively floorstock) may
indeed increase as the median age of the population
increases. This is important because the scale variable is
used in forecasting and backcasting floorstock, which in
turn is used by COMMEND as a proxy for forecasting enerqgy
demand. This is done on the premise that greater amounts of
floorstock will require more energy consuming equipment.

For this reason more than one scale variable was assessed.

The scale variables assessed in this study are total

provincial population and employment in the health care

subsector.
Step One: Backcast Stock

Backcast stock from the recent base year (1987) to the

distant base year assuming proportionality to the scale
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variable. A distant base year of 1940 is used. Floorstock

was backcast to 1920 since this was the most distant year

for which population could be obtained.

Fr = Fgy (Py/Pgy) for t equal to a series of years
(eg., 1920,30,40,50,60,70,80,87).

Where F¢ is the stock in year t, and

Py is the scale variable value in year t.

Backcasting stock using population as the scale

variable. Population data came from Canadian Economic

Observer (1988:91).

Year Manitoba Pop(x1000) Py/Pg
(t) (P¢) . .
1920 60% 0.566
1930 689 0.643
1940 728 0.680
1950 768 0.718
1960 906 0.847
1970 983 0.919
1980 1025 0.958
1987 1070 1.000

Table 4 presents the backcast floorstock for each year

and building type for population as the scale variable.

Table 4: Backcast floorstock using population as the
scale variable.

Year Floorstock (ft.z) in year t (Fy)
(t) Hospital PCH Comb Hos/PCH
1920 3198127 3017632 730918
1930 3636155 3430938 831027
1940 3841975 3625142 878066
1950 4053072 3824326 926311
1960 4781359 4511509 1092757
1970 5187721 4894938 1185630
1980 5408846 5103583 1236167
1987 5646859 5328163 1290564
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Backcasting floorstock using employment as the scale

variable. Data on employment in the Health Care subsector

came from Dimensions (1988:2-87).

The floor stock was backcast using the following

formula: Fy = Fgg * (Ey/Egg) for t = a series of years.

Hospitals:
Year (t) No. Employed (E) E{/Egg
1971 17950 - 0,813
1981 21015 0.952
1986 22075 1.000

Personal Care Homes:

Year (t) No. Employed (E;) Ei+/Ege
1971 4705 - 0,270
1981 13635 0.782
1986 17440 1.000

Table 5 presents the backcast floorstock for the two

building types with employment in the Health Care subsector

as the scale variable.

Table 5: Backcast floorstock using employment as the
scale variable.

Year Floorstock (ft.2) in year t (Fy)
(t) Hospitals PCH

1971 4590896 1438604

1981 5375809 4166623

1986 5646859 5328163
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Figures 5, 6, 7, and 8 present backcasted floorstock for the
various Dbuilding-types wusing the +two different scale
variables. A comparison of the floorstock using the two
scale variables indicates that more data on employment in
the Health Care subsector (eq., prior'to 1971) 1is required
before employment can be assessed for use aé a scale
variable. Note that there are no past actual floorstocks
available to which one can scale to check the accuracy of

the backcasted floorstocks.
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Step 2: Determine Average Additions

This step determines the average floorstock addition
for the time intervals between each of the scale variable
values. This relies on the decay functions determined
earlier (D¢ and Ry) and the relationship between .stock and
additions.

Assuming a distant base year of 1940

Fp = Fgo * r(T740) & sun®y ) Ap Rpt

where

Fp is the building stock in year T,

r is the geometric decay rate for the distant base stock,
Ay is building additions in year t, and

Rp_y is the fraction of additions remaining after i years
(EPRI 1988:2-26).

If we apply this equation to the first interval, 1940
to 1950, and assuming constant additions over that interval,

the equation becomes:

where

Abar, is the average additions over the 1941 to 1950
1ntervai (EPRI 1988:2-26). Rewriting the equation and
solving for average additions (At):

for t = 41,....,50 EPRI 1988 2= 26)

Repeating this procedure for the next interval, using the
basic equation results in the following:

— 20 n
F60 = F40 * r + Abar41_50 [R19+....+R10] 4 Abar51_6o
[Rg+..+Ry+1] (EPRI 1988:2-26).

The above equation can be rewritten in terms of average
additions, At:

A, = Abar = {Fgn = Fpq r20
t 51-60 60 40

- Abar
41-50
[Ryg+...+Rjg)}/[Rgt. . .+Ry+1]
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In general, the formula for additions in an interval
from years Ti=1 to Tj is:
Ap=(Fpy~Fpr (TI7D) - qunTi |, AgRpj_t)/sun®™ eniy Rpjog

where

Fp is the building stock in year T,

r is the geometric decay rate for the distant base
stock, |

Ay is building additions in year t, and

R is the fraction of additions remaining after i years

(EPRI 1988:2~26)

These two steps, backcasting and determination of
average additions, result in a distant base year stock value
(Fgo) and a set of annual additions that are constant in
each interval. Employing the decay functions, the additions
will reproduce the current base year stock value (Fgv) and
will produce intermediate stock values proportional to the
demographic scale variable (EPRI 1988). The annual
additions values (Agqr---+Agy) and the distant base year

stock (F4q) are placed directly into the COMMEND input file
(Epri 1988).

The value for Fgo: the building stock in 1940, was
determined in the previous section by backcasting stock

using population as a scale variable.
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Example of calculations:

= = - 10 .

For Hospitals:

F,o = 3841975 ft.?2

F o= 4053072 ft.

r = 0.985 (EPRI 1988:2-23)

R values were calculated using the following formula:
Rt = 1 - 1/{1l+exp[a+tbt])
where a = 6.9 and b = -0.153

Agq_50 = (4053072-3841975%.98519)/9.979

41-50 = 75159 ft.“ is the average addition for the
in%erval 1941 to 1950 for hospitals.

Continuing the example for the next interval, 51-60:

_ 20
?31;60 IRfii?o -Fq0 ¥°") = (Bbaryj_sg9 [Ryg*t...+R101)] /
9 e e o 1

where

Fgo = 4781359 ft.2
F,o = 3841975 ft.

r = 0.985

Agq_5o = 75159 ft.>2
Ryg+...+Ryg = 9.899
Rg+...+R ¥l = 9.979

Agq_go = 120014 ft.2 is the average addition for the
in%erval 1951 to 1961 for hospitals.

Similar calculations were carried out for the noted
intervals for all building types and are presented in table

6. Figures 9, 10, and 11 are a graphical presentation of

the gross floorstock additions.
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Table 6: Gross floorstock additions for Hospitals,
Personal Care Homes, and Combination Hosp/PCH.

Average Additions (ft.z)

Interval Hospital PCH Comb.

1941-50 75159 70917 17177
1951-60 120014 113240 27428
1961-70 203250 191780 46452
1971-80 269450 254244 61581
1981-87 576824 544270 131830
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Annual floor stock growth rates were estimated using
the additions values in Table 6. These estimated growth

rates are presented below.

Estimated annual floor stock growth
rates in square feet per year.
Building Types

Period Hospital PCH Combination
1941-50 7516 7092 1718
1951-60 12001 11324 - 2743
1961-70 20325 19178 4645
1971-80 26945 25424 ' 6158
1981-87 82403 77753 18833

Health care Building Vintage Categorization

The proportion of Manitoba health care buildings
within specific vintage classes was estimated in the study.
These proportions give a rough estimate of the proportion of
floor space within each vintage category. Vintage classes
were derived by analyzing the frequency distribution of year
of construction for a sample of each building type. The
date of construction was not available for all buildings.

Figures 12, 13, and 14 illustrate these frequency

distributions.
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The Hospital building category was grouped into three
vintage categories which correlated to major energy events

and to demographic periods. These categories are <1940,

1940 to 1970, and >1970.

The relative proportion of buildings (and therefore
floor area) within vintage classes was calculated for both

the large population sample and the energy audit sample.

The results are shown in Table 7.

Table 7: Comparison of a population sample and energy

audit sample for frequency distribution of Manitoba
Hospitals within vintage classes.

Vintage Population Energy-Audit
Class Sample

<1940 12% 28%
1940-1970 74% 61%

>1970 14% 11%

Total ft.“ 100% 100%

Similar vintage category analysis was carried out on
the two other building types in this study. The PCH
building category was grouped into three vintage categories.
These categories corresponded to major demographic trends
and major energy events. The vintage classes selected and
the proportion of buildings falling into that class are

presented in Table 8.
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Table 8:

audit sample

for frequency distribution

Personal Care Homes within vintage classes.

A comparison of the population sample and energy

of Manitoba

Vintage Population Energy-Audit
Class Sample

<1960 9% 15%
1960~-1979 85% - 80%

>1980 6% 5%

Total ft.< 100% 100%

The Comb. Hosp/PCH building category posed special
problems when it came to placing it into vintage categories.
In many instances the Hospital portion of the building was
built much earlier than the PCH section. This disparity in
construction dates made it impossible to come up with a
meaningful set of vintage categories for this building type.
It was decided to use the vintage category for hospitals

since the hospitals generally made up the larger floor area

of the combined building type.

The differences in the distribution between the sample
of the population and the energy audits does not lend
conclusive support to the hypothesis that the energy audits
are a representative sample of health care buildings in
Manitoba.

However, these differences may be due to the

relatively small sample of energy audits performed for these
building types. It should be noted that Esler (1987), with
a much larger number of energy audits performed on schools,
found that the energy audits are a representative sample of

schools in Manitoba. The differences may also be due to the
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fact that the population figures were themselves only a
sample of the population and may therefore be imprecise.
Floor Stock Forecasting

The COMMEND model provides a framework for forecasting
growth in floor stock and building additions. There are two
approaches:

(1) 'Additions approach. Building additions are
forecasted directly. Floor stock forecasts are given by
decaying the existing stock and adding in the additions.

(2) Stock approach. The building stock is forecasted
directly. Additions are inferred as the amount of new
construction required to produce the stock forecasts'
(EPRI 1988:2-39).

In both approaches, COMMEND allows the input of
forecast parameters and forecast exogenous variable values.
COMMEND allows the user to employ a wide variety of data and
estimation approaches. The options available are:

'-linear or double log

-with or without lagged dependent variables, and

-up to four exogenous variables for each building

type' (EPRI 1988:2-39)

EPRI indicates that the stock approach is most often
used and it was employed in this study. The goal of this
method is to create a sensible link between floor stock and

planning assumptions about the economy.
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For simplification, a single variable proportional
model of the following form shall be used.
Fp = b Xp
Where F is stock
is the forecast year

is an exogenous variable, and

o X 4

is a coefficient

The exogenous variable, X, should be a measure of
activity within the sector, such as "output", or thé price
of floor space. Since this type of data is usually
unavailable, an alternative measure of activity must be

used, some examples of which are regional income, population

and employment.

Population is a natural proxy variable for activity in
the health care subsector, since demand is driven by the
number of people (among other factors, such as median age,
income, stress, etc). Employment is a very common
explanatory variable in floor stock equations (eg., people

and space go together), and will be discussed in more detail

at a later point.

In this study population is used as the proxy variable
for activity in the health care subsector. As indicated
earlier, population is not an accurate proxy variable, but
is the only one available at this time. Another limitation
to be noted is that presently in Manitoba floor space is

planned on a per health care program basis. For example, if
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a region of the province requires better service in
cardiovascular analysis, a central hospital would be
allocated funds to develop the program, including adding
floor space if required. Also, as noted earlier, the median
age of the population in Manitoba is rising and this may
have a positive impact on the number 6f individuals seeking
care in both hospitals and personal care homes. There is
no data available on future employment in the health care

sector (likely the best proxy variable), and therefore

population will have to serve.

The coefficient b is a ratio of floor stock (F) to the
exogenous variable (X), in the near base year.
b = Fgg / Xgg
so Fp = b Xp

With this approach, the forecast ensures that the
ratio of floorstock to population will remain fixed in all
forecast years. By forecasting the exogenous variable, in

this case population, a forecast of future floorstock can be

derived.

The following is a projection of Manitoba's population
to the year 2006. The figures are taken from the Statistics

Canada publication Population Projections for Canada,

Provinces and Territories 1984-2006, Projection 1 (1985:69).

While the publication offers five different projections, the

projection figures used in this study represent "the most
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plausible course of events in the short term" (Canada

1985:41) and are, in effect, the most conservative.

Year Population (x1000)
1988 1088.4
1989 1099.1
1990 1108.3
1991 1116.3
1992 1122.9
1993 1128.3
1994 1132.4
1995 1135.2
1996 1136.9
1997 1137.5
1998 1137.6
1999 1137.4
2000 1136.9
2001 1136.1
2002 1135.1
2003 1133.8
2004 1132.4
2005 1130.7
2006 1129.0

Forecast of Floorstock.

Fp = (Fg7/Pgy) * Pp

where Fp is the floorstock in forecast year T
Fgs is the estimated floorstock in 1987
Pg~4 is the population of Mb. in 1987
Pp is the population of Mb. in forecast year T.

(a) Hospitals
Fp = (5646859/1070000) * Pp
Fp = 5.277 * Pp

(b) Personal Care Homes

Fp = (5328163/1070000) * Pm
Fp = 4.979 * Pq
(c) Comb. Hosp/PCH
Fp = (1290564/1070000) * Pp

The following table presents forecast floorstock for

the three building types using population as the scale

variable.
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Table 9. Forecast floorstock in square feet (1988-2006)
for Hosp., PCH, and Comb. using population as the scale
variable.

Year Forecast Floorstock FT

Hosp. PCH Comb.

1988 5743963 5419787 1312756

1989 5800432 5473069 1325662

1990 5848984 5518881 1336758

1991 5891204 5558718 1346408

1992 5926035 5591583 1354368

1993 5954533 5618473 1360881

1994 5976171 5638889 1365826

1995 59909047 5652832 1369203

1996 5999919 5661297 1371254

1997 6003086 5664285 1371978

1998 6003613 5664783 1372098

1999 6002558 5663787 1371857

2000 5999919 5661297 1371254

2001 5995697 5657314 1370289

2002 5990420 5652334 1369083

2003 5983559 5645860 1367515

2004 5976171 5638889 1365826

2005 5967199 5630424 1363776

2006 5958227 5621958 1361725
Notes: Underlined figures should not be used as floorstock
forecasts (see the discussion below) .

Figures 15, 16 and 17 present a graphical
representation of Table 9. The forecast shows an increase
in floorstock up to the vyear 1998, after which the
floorstock decreases. This aberration is a result of the
use of population as a scale variable because population
projections for Manitoba indicate a decrease in population
after the year 1998. However, once floorstock is added to
existing floorstock, it will 1likely not be removed (except
by natural decay) once population starts to decrease. For
this reason floorstock forecast values for 1998 should be

use for subsequent years.
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Note that for personal care homes the forecast
floorstock figures may be 1larger than in reality since
Manitoba has been increasing its Home Care Program in recent
years. The Home Care Program gives care to elderly residents
in their own homes in an attempt to delay their entrance
into a personal care home. The ratiohale for this program
is that it is cheaper to care for people in their.own homes

than to provide space and care in a personal care home.
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Developing Energy Intensity Estimates (EI=EUI*S)

This section discusses energy intensity values (EI),
energy use indices values (EUI), and fuel shares (S). Annual
ETI values are a measure of annual energy use per square foot
of floor area. There are two ways of presenting ETI values:

(1) EI values for individual buildings (energy use per
square foot for a single site), and |

(2) EI values for specific building types. These
aggregate values refer to average energy use per square foot
for a group of sites.

Individual Building Intensities
For an individual building, the annual energy
intensity for a specific fuel can be calculated as follows:
EI, = By / Fy
where Ep is the annual consumption of the fuel in
building b, and
Fy, is the size of building b in square feet (EPRI
1988:3-1).
Aggregate Intensities
For a specific building group (eg., hospitals), the

annual EI for a specific fuel can be calculated as follows:

where E is total annual consumption of the fuel,

F is total floor stock for the building type,and
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b -> B indicates all individual cases for the
building type (EPRI 1988:3-2).

The most common units of measurement for EI values is

KWh/ft.2 for electricity, and Kbtu/ft.2 for fossil fuels.

Annual energy use index values (EUI values) measure
annual energy use per square foot of floor space in
buildings for a specific end-use and specific fuel type.

For example, 10 KWh/ft.2 for electricity-spaceheating-

hospitals.

COMMEND requires as inputs, average annual energy use
indices by end-use/fuel-type/building-type. COMMEND uses
these values to calculate average annual EI values in the
following way:

EI = S, * EUI,
where EI is the EI ratio for a building type,
Se is the average fuel share for end-use e, and

EUI, is the average EUI for end-use e.

Energy Use Indices Estimates (EUI)

Various methods exist for estimating disaggregated
average annual EUI's. These include: (1) using estimates
derived from other studies; (2) conducting end-use metering
studies; (3) using building simulation models; (4)
performing conditional demand analysis (Esler 1987). For a
discussion of the advantages and disadvantages of these

methods see Esler 1987.
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The Energy Bus Audits are the source of the data used
in calculating the average annual EUI estimates used in this
study. The audits contain a summary of energy consumption

called the Energy Out Summary (See Appendix A for a sample).

Esler describes this summary:

'The Energy Out Summary contained in the audits, a
table of final energy consumption, is determined by a
computer analysis program which uses inputs on building
characteristics, weather data, operational parameters and
monthly energy consumption. Annual energy consumption
attributable to each end-use in the Summary is expressed in
terms of KW.h and energy cost. The efficiency of heating
and ventilation equipment is taken into account in this

table through the "stack losses" term' (Esler 1987).

End-uses examined within the energy audits include
heating, ventilation, 1lighting, fans and motors, water

heating, air cooling, car plugs, laundry and miscellaneous

consumption.

The Energy Bus auditing program has been carried out
over many Yyears, and as a result the audits may not be
representative of average consumption. To adjust for these
variances the annual fuel consumption estimates were weather
adjusted to a 1long term average (eg., 30 years). The
methodology for doing this is described in Appendix B. Note
that only weather sensitive end-uses - heating, ventilation

and air conditioning - were weather normalized.
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There are limitations inherent in generalizing on the

energy characteristics of health care buildings by placing

them into vintage categories. Hospitals in many instances
have been built in stages over many vyears. The 1latter
additions may have different energy consumption
characteristics than the original building. .This makes

classifying a hospital within one vintage ‘ category

problematic in terms of calculating average annual EUI's.

The majority of PCH's on the other hand, have been
mainly built in the 1960's and 1970's with few latter
additions. Classifying PCH's within vintage categories is
therefore not problematic in terms of calculating EUI's.
The Comb. Hosp/PCH's building category gives rise to a
special problem. PCH's in many rural communities were built
as additions to existing hospitals. The energy audits do
not, in general, treat this combination as two different
buildings, and often annual energy consumption is given for
the combination instead of for the Hospital and PCH
separately. Future energy audits should attempt to break
out the separate energy consumptions. Also, when there was
multiple fuel usage in a building, there was no consistency
in the number of electricity meters for the buildings,
making it difficult to differentiate with any certainty the
electricity consumption in the separate building types.
However, there was usually only one gas meter for the two
buildings. These inconsistencies make it impossible to

separate the Hospital EUI's from those of the attached PCH.
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In most instances the hospitals make up the larger floor
area of the Comb., and therefore it has been decided to use
the year of construction of the hospital as the vintage
category for both. Therefore, classifying a Comb. building

within one vintage category is problematic.

EUI estimation is also complicated by multiple fuel
heating use within a building. The energy audits showed
that a large proportion of hospitals are heated with more
than one fuel, which may or may not service different

portions of the total building floor area.

The energy audits also showed that the majority of
PCH's are heated by multiple fuels. Comb. buildings, by
nature of the definition of the building type, and according
to the energy audits are heated by multiple fuels also. The
analysis intended to address these problems in the following
manner. It was assumed that an entire building type (egq.,
Hospital, PCH, or Comb.) belonged to the vintage under which
it was first constructed. EUI's were to be calculated for
each building type for : (a) buildings heated by a single
fuel, and then (b) for buildings heated by multiple fuels.
It should be noted that hospitals should perhaps be
categorized by the number of beds since, as mentioned
earlier, not all hospitals have similar floor space per bed
allocations. However, the small number of energy audits
performed on health care buildings makes classification

according to single and multiple fuel heating impossible, as
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statistically valid EUT estimates could not be calculated
for such a small number of observations. The same is true
for categorizing according to vintage classes. Therefore,
due to the limitations of the existing data, the analysis
calculates EUI's for each building type, assuming one
vintage category and without classifyihg according to single
or multiple fuel heating. Average annual EﬁI's were
determined by calculating annual end-use ¢6nsumption for
each separate fuel and apportioning it evenly across total
floor space for the individual building. The EUI estimates
for each end-use and building type, along with their
standard deviations and number of observations, are given in

Tables 10, 11, and 12.

Limitations to this analysis are:
(1) The small amount of detailed information available on
the percentages of total floor area for each building type
within a particular vintage category;
(2) The lack of information on the proportion of total
floor area space conditioned by a particular fuel type; and

(3) The small number of energy audits performed on health

care buildings.

The 1large standard deviations associated with the
energy use indices estimates indicates that there may be
large estimation errors. Marbek (1987:28) presents
electrical energy use indices values for some end-uses for

Ontario Hospitals. They are as follows (in KW.h/ft.z):
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Lighting
Motors

Cooling

Space Heat 1

N O
POOWm

A comparison of Marbek's EUI values with those in
Table 10 indicates the following. The Lighting EUI value
(hospitals) calculated for this study may be to 1low,
although the lighting energy consumption values ére the most
consistently detailed in the enefgy out summaries, and
should therefore have the most confidence placed in them.
The motors EUI values from the two studies in question, as
well as the cooling values, are very similar, and there is
therefore, little reason to doubt the Motors and cooling EUI
values from this study. The space heating EUI value from
Marbek's report is much higher than that for Manitoba as
indicated in this study (18.08 as compared to 6.65
KW.h/ft.z). This may in fact be a result of the inability
of this study to determine the proportion of the floorstock
in individual buildings which were heated by electricity and
by natural gas. Calculations for EUI values assumed energy
consumption for electric space heating was spread over the
entire floorstock, but in cases where there is multiple fuel
usage for space heating (for example electric and natural
gas space heating) this would result in underestimated EUI
values. The data could not be assessed on a sinle fuel -
multiple fuel basis as the small number of observations for
each group would not produce statistically valid EUI values.

The writer concedes that the value may indeed be to low, but
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until more data is available, the calculated EUI value will

have to suffice.
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Table 10: Energy use indices for Manitoba Hospitals, all vintages.

Fuel Type End-uses
Lighting Space Ventil. Water Air Motors Car Laundry Misc.
Heating Heating Cooling Plugs

Electricity 6.45 6.65 23.22 4.86 2.78 4,59 1.28 5.06 6.32
(KW.h/£t2)

n.o. 13.00 6.00 1.00 2.00 10.00 8.00 13.00 1.00 13.00

s.d, 2.78 5.38 ———- 6.08 1.81 2.70 2.52 ---- 1.30
Natural Gas n/a 21.57 29.70 16.38 n/a n/a n/a 7.96 8.49
(KW.h/£t2)

n.o.

s.d.

0il
(KW.h/ft2)

n.o. n/a 3.00 1.00 1.00 n/a n/a n/a ---- ————

s.d. n/a 15.08 ——— ——— n/a n/a n/a -—-- ————

Table 11: Energy use indices for Manitoba Personal Care Homes, all vintages,

Fuel Type End-uses
Lighting Space Ventil. Water Air Motors Car Laundry Misc,
Heating Heating Cooling Plugs
Electricity 3.58 14.09 11.61 7.97 1.44 3.46 0.58 10.41 4,65
(KW.h/ft2)
n.o. 16.00 9.00 7.00 5.00 13,00 11.00 14.00 3.00 15.00
s.d. 1.54 9.13 4 .64 4.45 0.96 1.24 0.52 12.66 2.52
Natural Gas n/a 14,46 15.22 9.24 n/a n/a n/a 8.63 6.86
(KW.h/£t2)
n.o. n/a 12.00 11.00 8.00 n/a n/a n/a 6.00 6.00
s.d. n/a 5.88 8.35 4,82 n/a n/a n/a 6.18 7.50
0il n/a -—-- -—-- -——= n/a n/a n/a -——= ----
(KW.h/£ft2)
n.o. n/a - -—- -—-- n/a n/a n/a - ——--
s.d. n/a ———— ——— -—-- n/a n/a n/a == -——=

Table 12: Energy use indices for Manitoba Combination Hosp/PCH, all vintages.

Fuel Type End-uses
Lighting Space Ventil. Water Air Motors Car Laundry Misc.
Heating Heating Cooling Plugs
Electricity 5.32 11.79 12.43 5.21 1.51 5.36 0.56 3.02 6.96
(KW.h/ft2)
n.o. 9.00 8.00 7.00 5.00 8.00 7.00 6.00 3.00 7.00
s.d, 2.80 4.87 7.39 3.99 1.09 2.28 0.29 1.27 3.87
Natural Gas n/a 3.40 11.92 7.94 n/a n/a n/a -—-- -—--
(KW.h/£t2) - -
n.o. n/a 2.00 2.00 2,00 n/a n/a n/a -——= -————
s.d. n/a 4,81 5.68 1.76 n/a n/a n/a -—-- -—--
0il n/a 21.14 23.76 18.63 n/a n/a n/a —-— ———
(KW.h/£t2) _— ————
n.o. n/a 5.00 3.00 2.00 n/a n/a n/a -—-- ——--
s.d. n/a 12.57 11.65 18.33 n/a n/a n/a ———— m———

Notes: n.o. refers to the number of observations
s.d. refers to the standard deviation
n/a means that this combination of end-use and fuel type is not used by COMMERD
~--- means that data was not available to determine this value
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Utility Sales Data

COMMEND also requires monthly utility sales data -
preferably disaggregated into commercial subsectors - for
calibrating EUI estimates. To this end, a request was
submitted to Manitoba Hydro for the monthly electricity
consumption of the 419 health care buildings considered in
this study, including hospitals, personal care homes, and
residential care homes. Data was not retrieved for
approximately 24% of these buildings. This was due to

problems with name changes, closures, and incorrect

addresses.

Monthly utility electrical sales data was collected
for 50 of the 75 hospitals in Manitoba (67%), 80 of the 94
personal care homes (85%), and 26 of the 27 combination

Hosp/PCHs (96%). Residential care homes are not assessed in

this study.

Permission was given by IntercCity Gas to collect data
on monthly natural gas consumption, but only for those
customers from which a formal written permission was
obtained. TFor this reason a written request for permission
to search natural gas utility sales data was mailed to all
health care facilities for which addresses were available
and which were in the service areas of InterCity Gas.
Monthly utility natural gas sales data was collected for 20
of the 75 hospitals (27%), 44 of the 94 PCHs (47%), and 7 of

the 27 combination Hosp/PCHs (26%). While it can be assumed
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that all health care facilities consume electricity, the

same cannot be assumed for natural gas.

To obtain the total utility sales figures, part of the
consumption data had to be estimated. For electrical
consumption, this was achieved by calculating energy
intensity values (KW.h/ftz) using existing data 6n area and
electricity consumption. These EI values were then placed
into groups corresponding to the number of beds in a
facility. These groups were 1-24, 25-49, 50-99, 100-199,
200~-299, and >300. An average EI was determined for each of
these groups. These averages and their associated standard
deviations and number of observations are presented below in

Table 13.
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Table 13: Estimates of energy intensity values from
electrical utility sales data and floorstock.

Size Average Standard Number of
(beds) (Kw.h/ftz) Deviation Observations
HOSPITALS

1-24 23.98 17.39 18

25-49 19.82 11.45 7

50-99 12.11 (used 20) 6.51 -7

100-199 29.75 6.21 4

200-299 19.86 0 1

>300 23.35 8.14 5

PERSONAL CARE HOMES

1-24 10.39 8§.39 5
25-49 16.09 9.04 15
50-99 17.79 9.59 27
100-199 14.57 5.92 10
00-299 11.96 4.07 9
>300 15.91 0.52 2

COMBINATION HOSP/PCH

1-24 —— —_— ——
25-49 31.25 16.46 15
50-99 26.53 14.74 8
100-199 3.48 0 2
200-299 -—— -—— -—--
>300 -——- —— —_——
Note: ---- indicates data was not available for this
group.

The average EI values had, for the most part, large
standard deviations which indicates there may be large
estimation errors. This is possibly due to the small sample
size in each group, and to the varying behavior in
consumption practices within the building-type groups. BETT
(1983:1i) estimated average energy consumption in all
Canadian hospitals (all fuel types) for 1981 as 72.6

Kw.h/ft.z. The report unfortunately did not break down the
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ETI value into different fuel types. EPRI (1988:3-12)
estimated the average energy intensity value for Health
buildings at 18.6 KW.h/ft.2 which is reasonably close to the

average EI for Manitoba hospitals (21 KW.h/ft.z).

The calculated average annual EI values for
Hospitals, PCHs, and Comb.s within the different size
groups were used (except where noted) in estimating
electricity consumption. This was done by determining the
product of the estimated EI value (corresponding to the
number of beds in a facility) and the floor area of that
facility for all building types. The collected data on
electrical consumption was then summed and added to the
estimated consumption figures. Table 14 presents the

electrical sales data for all three building types.

Table 14: Electrical utility sales data for the Manitoba
Health Care subsector (time period 05/87 to 05/88)
Building Type Energy Sales
Hospitals 119.988 GW.h
Personal Care Homes 82.555 GW.h
Combination Hosp/PCH 26.541 GW.h
Total 229.084 GW.h

The same process was used in assessing natural gas
utility sales figures. Table 15 presents the average annual

EI values for natural gas in Manitoba Health Care

facilities.
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Table 15: Estimates of energy intensity values from
natural gas utility sales data and floorstock.

Size Average Standard Number of
(beds) (ft3/£t2) Deviation Observations
HOSPITALS
1-24 197.74 190.88 2
25-49 78.37 89.49 6
50-99 51.98 75.02 '3
100-199 89.16 153.34 3
200-299 1.78 0 1
>300 3.8 6.52 5

PERSONAL CARE HOMES

1-24 ——— - ———
25-49 45.99 68.86 9
50-99 35.33 63.22 17

100-199 33.90 67.91 9
200-299 33.43 78.66 6
>300 1.86 0 1

COMBINATION HOSP/PCH

1-24 -——- ——— -——
25-49 50.32 26.64 4
50-99 121.2 63.1 3

100-199 -——- -——- -——

200-299 -—— -—— -——-

>300 ———- -—-- -——-
Note: ---- indicates data was not available for this

group.

Natural gas utility sales data were not estimated due
to the large inequities in the calculated average EI values.
These inequities are likely due to instances where multiple
fuel consumption took place. In these instances, assuming
the fuel can be apportioned to the entire floorstock for a
building where only a fraction of the floorstock is serviced
by that fuel, would result in underestimating the fuel

consumption per square foot.
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End-use Equipment Penetrations

COMMEND also requires as an input, end-use equipment
penetrations. Currently there is no available data on end-
use equipment penetrations in the Manitoba commercial
sector. However, a recent study by Engineering Interface

Ltd., entitled Commercial/Institutional Buildings Electrical

Energy Technology Study (1988), provides current (1988) and

future (2000) end-use equipment penetrations for Ontario.
The future penetrations are given, both for a scenario where
there are no government supplied incentives to buy the

assessed end-use, and also where incentives are supplied.

current end-use penetrations from the above mentioned
report have been used in this study to assist in the
development of energy conservation supply curves, which will
be discussed in the next chapter. Appendix C contains a
summary of these penetrations.
HVAC System Fuel Efficiency

Average annual HVAC system fuel efficiency is required
as an input to COMMEND for calibrating base year EUI's.
Average efficiencies for each fuel type broken down into
Hospital and PCH building-types were obtained from the
energy audits. These efficiency estimates, along with their
standard deviation and number of observations are presented
in Table 16. Average efficiencies for the Comb. building-
type were not calculated as it was felt that the hospital
and PCH building types would provide suitable information.

Table 16 illustrates that the efficiency of electric heating

o1



systems is constant for all building types, as it is a
convention to consider electric furnace efficiency to be
100%. Natural gas efficiencies appear to be slightly better
in hospitals than PCHs, although this is possibly due to

inaccuracies caused by the small size of the sample.

Table 16: Furnace efficiencies for buildings in the
Manitoba Health Care subsector (all vintages). '

Fuel Averagde Standard = Number of
Type Efficiency Deviation Observations
Hospitals

Electricity 100% 0 2
Natural Gas 80% 3.40 14

Personal Care Homes

Electricity 100% 0 5
Natural Gas 77% 3.34 12

Fuel Shares (Se)

Fuel shares refer to that fraction of floor space
conditioned by a particular fuel/end-use combination. Fuel

shares can be defined in two ways:

Whole-Building Approach. The whole building approach
is based on total building space. Fuel shares are defined

as follows:

un F
o, - BB B

Bum Fb

where Se is the share for equipment type e,

F,, is square footage for building b, and
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b @ e indicates a sum over buildings that
have equipment type e (EPRI 1988:4-1).

With this definition a building is included in the
numerator if it has the specific end-use being analyzed. If
it is included, all square footage for that building is
included. The whole-building approach, therefore, measures
that fraction of space that is in all buildings of the type

being analyzed (eg., hospitals) that have the specified end-

use equipment.

Conditioned Space Approach. This approach is based
upon the conditioned portion of the total space. Fuel

shares are defined as follows:

s . B88 b Cve _ BUHE Toe

gum Fb gum Fb

where Cpe is the fraction of building b conditioned
by end-use e, and

Fpe 1s the area in building b conditioned by
eng—use e (EPRI 1988:4-2).

This approach is used for two reasons. The first is

for dealing with cases where only a fraction of floor space

is conditioned. This is usually applied to heating and

cooling end-uses, but is not used for water heating,

refrigeration, or miscellaneous.

The second reason for using this approach is to deal
with cases where there are multiple fuels. In the above
formula, Cp, is the fraction of total space that is served
by a specific fuel type. This may be a fraction of the

conditioned space or of total space.
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EPRI (1988) indicates that either approach (whole-
building or conditioned-space) may be used, as long as the
EUI values are estimated accordingly. The section of this
report dealing with the estimation of EUI values, used a
whole building approach (eg., end-use/fuel consumption was
divided by the total conditioned floor area for a specific
building to estimate the EUI value). For this réason, and
also because the FEnergy Bus audits do. not contain
information on fractions of total space conditioned by
specific end-uses, the whole-building approach to estimating
fuel shares was used. Also, the energy audits do not
contain information concerning fractions of the conditioned
space serviced by a fuel type when there are multiple fuel

types present.

Fuel shares were estimated for the Manitoba Health
Care subsector using data from the Energy Bus audits and are
presented in Table 17. Note that COMMEND assumes that water
heating fuel shares are predetermined by space heating fuel
shares, and that 1light, air conditioning and fans/motors
end-uses are fueled entirely by electricity. COMMEND also
assumes that ventilation is fueled entirely by electricity.
This is not a valid assumption as evidenced by analysis of
the ventilation fuel shares. It is important to note that
the Energy Bus audit data does not make the same assumptions
as COMMEND concerning ventilation energy. The ventilation
in the Energy Bus audits is due to reconditioning of air

brought into the building and could be powered by a number
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of fuels including o0il, natural gas, electricity, and
propane. Users of COMMEND must take this into account,

perhaps by modifying the program.
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Table 17: End-use fuel shares (%) for Manitoba Health
Care facilities.

End—-uses Fuel Types
Electricity Natural Gas 0il

Building type = Hospital
Sample size = 18
Total floor area of sample = 2,236,832 ft.2

Lighting 100 n/a - n/a
Space Heating 15 88 -9
Ventilation 0.3 59 1
Water Heating 2.5 55 : 1
Air Condition 100 n/a n/a
Fans/Motors 100 n/a ' n/a
Car Plugs 62 n/a n/a
Laundry 5 46 n/a
Miscellaneous 62 46 -—

Building type = Personal Care Home
Sample size = 20
Total floor area of sample = 952,546 Ft.2

Lighting 100 n/a n/a
Space Heating 24 69 ———
Ventilation 18 69 -
Water Heating 14 47 ——
Air Condition 100 n/a n/a
Fans/Motors 100 n/a n/a
Car Plugs 78 n/a n/a
Laundry 10 34 -—-
Miscellaneous 79 41 -

Building type = Combination Hosp/PCH
Sample size = 11
Total floor area of sample = 524,560 Ft.2

Lighting 100 n/a n/a
Space Heating 69 6 65
Ventilation 41 6 37
Water Heating 28 6 31
Air Condition 100 n/a n/a
Fans/Motors 100 n/a n/a
Car Plugs 54 n/a n/a
Laundry 20 - -—

Miscellaneous 59 - _—

Notes:

n/a = not applicable; these end-use/fuel combinations
are assumed to be technically infeasible.

-=-= No data were recorded for this category.

96




Utilization

COMMEND requires data on the change in implementation
of end-use equipment from one year to the next for two
circumstances. Esler (1987) points out 'COMMEND models
utilization for two scenarios: (a) for existing buildings
where there is no change in equipment,'thus, utilization is
responsive only to price changes; and (b) fof new and
existing ©buildings where equipment is ..added, thus,
utilization is responsive to both price responses and the
efficiency of new equipment. pata on end-use equipment
penetrations and changes in existing commercial buildings,
and equipment penetrations in new building stock are not

available for Manitoba' (Esler 1987:105).
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Chapter Four: The Cost of Conserved Energy in the
Manitoba Health Care Subsector: . Supply Curves of
Conserved Energy. _

This chapter calculates the costs of saving a KW.h of
electricity associated with the application of .several
different conservation methods to electrical end-uses (for
example, the replacement of standard electric motors with
energy efficient electric motors). It also determines the
potential quantity of electricity which could be saved in
the Manitoba Health Care subsector assuming a 100 percent
market penetration rate for the electrical enerqgy
conservation end-uses (for example, assuming that all
existing standard electric motors are replaced with energy

efficient motors).

The costs per KWw.h of saved electricity and the
potential quantities of saved electricity are presented
graphically in the form of "Electricity Conservation Supply
curves" (Appendix F) for the various conservation methods
and three building types in the Manitoba Health Care
subsector (hospitals, personal care homes, and combination

hospital/PCH), and in the form of "Composite Electricity
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Conservation Supply Curves" (Figures 19, 20 and 21) for the

afore mentioned three building types.

The chapter begins with a brief introduction to supply
curves of conserved enerqgy. It then presents a detailed
discussion of the development of theses curves, including
data requirements, interactive effects (eg., the effect that
the implementation of one conservation method has on
another), and the various types of conservation supply
curves. The chapter proceeds to develop the costs/ﬁnit of
electricity for the selected conservation measures and
calculates the potential gquantity of saved electricity.
These values are presented in the supply curves discussed
above and their meaning is discussed in the section titled

"Interpreting the Supply Curves of Conserved Energy".

Introduction

Since the mid 1970's, utilities have become interested
in planning methods that concentrate on alternatives to
supply-side options. Least-cost planning (LCP) and demand-
side management (DSM), as discussed in Chapter Two, are two
of these alternatives. They reduce the need for new enerqgy
sources by changing the way energy is used. Least-cost
planning is an attempt to balance the mix of supply-side and
demand-side options to meet societies energy needs at the

least-cost (EPRI 1987b).

One important aspect of LCP is the development of

"conservation supply curves". The notion of these curves
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came from the end-use perspective on the analysis of fuel
supply and demand. This approach begins by recognizing that
demands for energy are derived from more fundamental demands
for energy services (such as lighting and heating). LCP
seeks the most cost effective way of providing the energy
end-use services in an economy. To accomplish this,
techniques (such as scheduling of motors) and téchnologies
(such as energy efficient motors), which can reduce the
energy requirements for a particular end-use service must be
compared on a symmetrical basis with energy supply options.
The "conservation supply curve" is a conceptual tool for
addressing such symmetrical comparisons. It is partially

analogous to the conventional economic supply curve (Marbek

1987).

Within economic theory, the concept of a supply curve
is one that expresses the instantaneous relationship between
the price of a commodity and the quantity which will be
delivered at that price. In a conservation supply curve,
"price" is replaced by "cost" (the cost of conserving a unit
of energy), and the "quantity" refers to quantity of energy
which can be conserved (or supplied through conservation)
given a specific conservation measure. The cost of
supplying a unit of energy through conservation can then be
compared to the cost of supplying a unit of energy through
constructing new supply structures. Figure 18 presents an

illustrative example of a supply curve of conserved energy.
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Figure 18: Example of a supply curve of conserved energy.
(from Meier 1983:19)

Cost of conserved energy

Cumulative energy saved . Total energy used

A schematic supply curve of conserved energy. 'Implémentation of

“measure x” will save energy, (AE)X, at a cost per unit of oonserved
energy, C,. :
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Developing Conservation Supply Curves

A supply curve of conserved energy is similar to a
supply curve for reserves of any energy source. It ranks
the reserves of energy in order of increasing cost and shows
how large each reserve is. The curve slopes upward since

increasing quantities of conserved energy becomes available

at higher costs.

Three types of information are required to construct a

conservation supply curve. They are:

(1) the baseline energy use (against which the energy
savings are measured),

(2) the quantity of energy that can be saved by a
particular conservation measure, and

(3) the cost of the conservation measure.

Baseline Enerqy Use

The conservation "supply" is essentially the
difference between the energy use if the conservation
measure were not implemented and the energy use after the
conservation measure is implemented. It is, therefore,
important to have accurate baseline energy end-use data.

Quantity of Saved Enerqgy

The horizontal co-ordinate (x~value) on the supply
curve is the cumulative energy saved annually by that
measure and all measures preceding it in the supply curve.
Determining this value requires research into the

characteristics of the energy-using stock. Research looks
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into experience with end-use technologies and techniques,
and into mathematical models (for example, building energy
models). Models are used to assess conditions when several
measures are being considered on one curve, because the
baseline energy use will change after each measure, and this
in turn will affect the savings that can be achieved with
subsequent measures (Marbek 1987). This will be further
discussed in the section titled Interactive Effects.
The Cost of Consexrved Enerdqy

Determining the cost of conserved energy (y-value)
requires engineering and economic data. The unit cost of
conserved energy, CCE (in cents per kW.h), is calculated by
dividing the annual investment in conservation (for
materials and labour) by the annual energy savings:

CCE = annual investment ($ per year)
annual energy saved (kWh per year)

Investment occurs only once and must be annualized by
multiplying it by the capital recovery factor,

. d .
1 - (1 + 48

where n is the life time of the measure (in years), and
d is the discount rate.

The unit cost of conserved energy 1is therefore
determined by the formula:

CCE = (capital recovery factor) x (investment)
annual energy saved

or CCE

(I/E) (._d _5)
(1 - (1 + 4)
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where I is the initial investment

E is the annual saving in energy (compared to
the baseline)

It can be seen therefore, that the cost of conserved
energy is dependant upon four variables:

(1) 'Investment (or initial cost) of the conservation

measure,

(2) Annual energy savings expected from the measure,
(3) Amortization period of the investment, and

(4) Discount rate of the investor' (Meier 1983:21).

There are obvious analogies to the criteria for

investment in the supply sector:
(1) 'Cost of extraction facility,

(2) Rate of extraction,

(3) Depreciation of facility (and possibly depletion of

the reserves), and

(4) Discount rate of the firm' (Meier 1983:21).

Interactive Effects

'The baseline against which energy savings are measured
is affected by all other measures previously implemented,
and this is the root of the interactive effects which
constitute the most difficult methodological problem in
the construction of conservation supply curves. Measures
typically save some percentage of the baseline energy use,
and so the absolute savings they achieve change (usually
downward) in proportion to the amount of energy saved by
all the previous measures. This in turn affects the unit
cost of the measure (which is inversely proportional to
the absolute value of E).

An example is provided by Meier (1982), who developed
an algorithm for calculating the CCE for a sequence of
space heating conservation measures for a house. First,
the CCE of each of the eight measures is calculated as if
it were the first to be implemented. Then the lowest cost
measure (duct insulation in this case) is implemented, the
baseline energy is recalculated and the unit costs of the
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remaining measures are recalculated and re-ordered. The
iteration continues until the optimum order is identified.
However, if the initial cost of duct insulation is
increased until it is slightly more expensive than the
next cheapest measure (wall insulation), its ultimate
position in the order falls not to second but to fourth
because of the interactive effects on other measures of
insulating the walls first.

Commercial lighting conservation measures provide
another example of these interactive effects. Reductions
in the energy output of lights reduce the cooling
requlrements in commercial bulldlngs in the summer and
increase the heating requirements in the winter. Thus,
lighting efficiency improvements also save air
conditioning energy but, if implemented first, increase
the unit costs of air condltlonlng efficiency
improvements, and conversely for heating energy.

These interactive effects illustrate an important
limitation of conservation supply curves that are based on
the cost of the conserved energy. The implementation of
one measure can send the unit cost of a similar measure
sky-rocketing. For example, measured against a common
baseline, insulating an attic to level A may save
electricity at 2 cents/kWwh, and insulating it to level B
may save more electricity at a slightly higher unit cost.
But because of the high labour component of this measure,
if the attic is insulated to level A, the unit cost of
1nsulat1ng to level B, given the new baseline, will
increase greatly. Thus to avoid double counting, a unit
cost value must be selected to provide a basis for
choosing between similar and mutually exclusive (for
practical purposes) options' (Marbek 1987:5).

Micro Conservation Supply Curves

The micro conservation supply curve is one for a
single unit end-use device or process (Marbek 1987). For
example, a conservation supply curve designed to show
collections of technical changes that could save electricity
in a standard electric motor, and show their costs compared
with the resulting savings. At this level it is possible to
get precise data on the end-use device and hence prepare a

precise curve.
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Macro Conservation Supply Curves

This type of supply curve is used to describes the
total conservation potential for many units of an end-use
device. For example, a curve showing the conservation
potential of technical changes in lighting for the Health
Care subsector. Macro supply curves can be used to describe
the aggregate of multiple end-use conservation potential in
an entire sector of the economy and thus, ‘can be quite
complex. The analysis uses average baseline energy use,
average costs for measures, average effects of the measures,
and, most difficult, average interactive effects (Marbek
1987). As Marbek points out 'Until much larger statistical
energy end-use and conservation data bases are available,
the development of macro conservation supply curves will
require the heroic assumption that distributions are normal
about the averages, and that the data allow one to make a

reasonable approximation of the average' (Marbek 1987:6).

Conservation Supply Curves Study Methodology

The methodology for the development of the supply
curves of conserved energy for the Manitoba Health Care

subsector is as follows:
1. 1Identification of potential data sources.

2. Identification of conservation measures to be

assessed.

3. Calculation of the baseline energy.
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4, Calculation of the energy savings.

5. Calculation of the cost of the conservation

measures.
6. Construction of the conservation supply curves.
7. Interpreting the conservation supply curves.

The Potential for Enerqy Conservation in the Manitoba Health
Care Subsector

An Overview of the Ma-jor Data Sources

The major approaches to data collection for developing
supply curves of conserved energy are engineering
simulations, survey research, end-use metering, and
literature reviews - including technical reports,
manufacturers publications, consultants reports, and end-use
studies. Since supply curves of this nature have never been
constructed before in Manitoba, there is no organized data

base from which to draw.

The main data sources for determining the baseline
energy use for specific end-use/fuel-type/building-type
combinations were the Energy Bus Audits, ENERHOSP, and data
collected by Energy and Mines summer students. These data

sources are described in Chapter Three.

The main data sources for calculating the energy
savings which can be achieved by a particular conservation

measure, and the cost of that measure, include: (1)
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technical reports; (2) manufacturers publications; (3)
consultants reports; (4) discussion with experts; (5) energy
bus audits; and (6) retail and installation cost data from

retailers.

Ontario Hydro and the Ontario Ministry of Energy are
currently pursuing studies in energy conservation potential
within its economic sectors. They have commissioned a
number of studies by various consulting companies, in
particular Marbek Resource Consultants Ltd. and Engineering

Interface Ltd. (EIL). These studies include technical

reports such as the Commercial/Institutional Buildings:
Electrical Energy Technology Study by EIL, and the

development of conservation supply curves such as
Electricity Conservation Supply Curves for Ontario by
Marbek. TransAlta Utilities in Alberta is currently
pursuing end-use forecast studies and therefore has the
potential to develop conservation supply curves.
Identification of Conservation Measures to be Assessed
Conservation measures to be used in the supply curves
were assessed based on the following criteria: availability
of data regarding end-use energy efficiencies, end-use
market penetrations, and fuel consumption by end-use and

building type.

Table 18 presents the nine conservation measures which
were selected and applied to the three building types in the

study.
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Table 18: Conservation measures assessed in the study.
These nine measures are applied to all building types.
MEASURE END-USE FUELTYPE
E.E. FLUOR. L-1 LIGHTING ELECTRIC
E.E. FLUOR. L-3 LIGHTING ELECTRIC
COMPACT FLUOR. LIGHTING ELECTRIC
H.E.CENTRAL COOLING SPACECOOL ELECTRIC
H.E.UNITARY COOLING SPACECOOL ELECTRIC
E.E. MOTORS MOTORS ELECTRIC
E.MAN.CONTROL SYS MOTORS ELECTRIC
MOTOR BALANCE-AIR MOTORS ELECTRIC
MOTOR BALANCE-WATER MOTORS ELECTRIC

Appendix D contains a description of the conservation
measures. Note that one measure included in Appendix D is
not assessed in this study due to 1lack of data. That
measure is called Energy Efficient Lighting - Level Two.
The above measures are applied only to the fuel type

electricity for the following reasons.

The commercial sector's use of natural gas is mainly
for space heating. Hospitals and PCHs commonly use natural
gas boilers, which have for the most part, already been
upgraded to a high energy efficiency. Other conservation
measures which could be employed to conserve natural gas (or
other energy forms for that matter) in the space heating
end-use include such things as caulking/weatherstripping,
and temperature setback. These types of measures are
considered to be "no-cost/low-cost" measures and represent a
large energy conservation potential. They have not been
assessed in this study because it is impossible to know how

much has already been implemented (eg., what are the

penetration rates of the measures?), and also because the
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costs of the measures are very site specific (eg. the cost
varies significantly from building to building) and any
calculation of costs would have therefore been very
imprecise. Low-cost/no-cost measures exist for other fuel
types also - for example turning off lights when not in use.
The conservation supply curves which will be produced in
this study are therefore not complete in terms of the energy
conservation potential of the Health Care subéector, and may

well under-represent it.

As mentioned in Chapter Three, there 1is not enough
data available to determine baseline energy use for oil and
propane. For this reason conservation measures for these

fuel types were not assessed.

The above discussion makes it clear that these supply
curves of conserved energy for the Manitoba Health Care
subsector are not complete and should therefore be
considered preliminary.

Calculation of the Baseline Enerqy Use

The baseline energy use 1is calculated for end-
use/fuel-type combinations for each building type in the
following manner:

Baseline energy use EUI =* Flgorstock

KW.h/ft.% * ft.?
KW.h

The EUI's were estimated in Chapter Three and can be

found in Tables 10, 11, and 12. The floorstock for each
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building type was also estimated in Chapter Three and can be

found in Table 3.

Table 19 is a summary of the baseline energy use for

the time period 05/87 to 04/88.

Table 19: Summary of baseline energy use for end-
use/fuel-type combinations in the Manitoba Health Care
subsector for the time period 05/87 to 04/88.

HOSPITALS TOTAL AREA = 5646859 SQ. FT.
TOT ENERGY CONSUMED BY

FUEL END-USE END-USE (KWh)

ELEC LIGHTING 36422240

ELEC SP.HTNG 37551612

ELEC VENTIL 131120065

ELEC WAT HTNG 27443734

ELEC AIR COOL 15681327

ELEC MOTORS 25919082

ELEC CARPLUGS 7227979

ELEC MISC 35744617

Total= 317110656 KW.h

PERSONAL CARE HOMES TOTAL AREA = 5328163 SQ. FT.

TOT ENERGY CONSUMED BY

FUEL END-USE END-USE (KWh)
ELEC LIGHTING 19074824
ELEC SP.HTNG 75073817
ELEC VENTIL 61859972
ELEC WAT HTNG 42465459
ELEC AIR COOL 7672555
ELEC MOTORS 18488725
ELEC CARPLUGS 3090334
ELEC MISC 24775957

Total=

252501643 KW.h
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COMBINATION HOSPITAL/PCH TOTAL AREA= 1290564 SQ.FT.
TOT ENERGY CONSUMED BY
FUEL END-USE END-USE (KWh)
ELEC LIGHTING 6865800
ELEC SP.HTNG 15215749
ELEC VENTIL 16041710
ELEC WAT.HTNG 6723838
ELEC ATIR COOL 1935846
ELEC MOTORS 6917423
ELEC CARPLUGS 735621
ELEC LAUNDRY 4491162
ELEC MISC 8982325
Total= 67909474 KW.h
Total electrical energy consumption for the Manitoba
Health Care Subsector = 637521773 KW.h

Calculation of the Energy Savings (ES)

Energy savings refers to the amount of energy which
can be saved from the baseline of energy use by applying a
specific conservation measure, such as replacing a standard
efficiency motor with an energy efficient motor. Energy
savings for the selected conservation measures were

calculated using the following formula:

ES

BE x A xS x (P - Pc) where
ES = energy saved (Kwh)

BE = total Baseline energy used (KWh) for a specific
end-use/fuel-type/building-type combination (for example,

total electric lighting consumption in hospitals)

A = Applicability (that fraction of the end-use energy

consumption to which the measure is applicable)
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S = Per cent energy savings compared to standard
technology

P = Total potential market penetration of the end-use.
P =1.0 for all end-uses.

Pc = Current market penetration (1988) (these values
were obtained from Engineering Interface Ltd. 1988:42).

The following is an example of these calculations:

end-use: lighting
fuel type: electricity
building type: hospital

standard technology: fluorescent lamp fixture
2 - 40 watt lamps
1 - 16 watt ballast

system enerqy = 96 watts

conservation measure: replace with the following:
2 - 34 watt EE lamps
1 - 10 watt EE ballast

so system energy is

lamp energy = 2 xXx 34 watts +

ballast energy = 10 watts - 2 watts (due to 1 watt
reduced draw for energy efficient tubes)

system energy = 76 watts

Difference in system energies = 96 - 76 = 20 watts
S = per cent savings from baseline energy use
= 20 watts/96 watts = 21 %
A, the fraction of energy use to which the measure is
applicable was obtained from Engineering Interface Ltd.'s

Commercial/Institutional Buildings: Electrical Enerqy

Technology Study (1988:Appendix B). EIL. derived the

applicability factors from various sources and where no
information was available, an estimate of the application
factor was made based on EIL experience (Engineering

Interface Ltd. 1988).
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Pc, the current market penetration was also obtained
from Engineering Interface Ltd.'s Commercial/Institutional

Buildings Electrical Enerqy Technology Study (1988:Appendix
B).

Continuing with the example:

BE = 36,422,240 KW.h

S = 0.21

A = 0.82

Pc = .15

P =1.00

ES =BE xS x A x (P - Pc)
ES = 5,331,123 KW.h

Thus, 5,331,855 KWh of electrical energy can be saved
in Hospitals by installing Level One Energy Efficient

Fluorescent Lighting.

A complete summary of energy savings (ES), baseline
energy use (BE), savings from baseline energy use (8),
applicability (A), current market penetration (Pc) and
market penetration in the year 2000 (P) for the various end-
uses/fuel type/building type can be found in Appendix E,
Data Base Summary. It should be noted that the database
presents only the potential savings that might be achieved
in the current building stock without any interaction with
other measures. To estimate future savings, it is necessary
to take into account differences between new and existing
stock and to allow for interaction between conservation
measures. This requires the use of sophisticated energy
demand models such as those used by the Ontario Ministry of

Energy and Ontario Hydro.
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The three types of data used in the data base - the
baseline energy use, the quantity of energy that can be
saved by a particular conservation measure, and the cost of
the conservation measure - are used to generate inputs to

these models.
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Calculation of the Cost of Conserved Enerqgy (CCE)

As discussed previously the cost/unit of energy for a
conservation measure was calculated using the formula

CCE = (I/E) ( d )
(1 - (1 +d)™

where I is the initial investment
E is the annual saving in energy (compared to
the baseline)
d is the discount rate
n is the lifetime of the measure

The following, a continuation of the previous example,

is an example of calculating the cost/unit of energy.

end-use: lighting

fuel type: electricity

building type: hospital

conservation m.: level one lighting
BASELINE COST LIFE REPLACEMENT COST LIFE
TECHNOILOGY EACH YRS TECHNOLOGY EACH YRS
2-40W F LAMPS $1.45 5 2-34W F LAMPS 1.82 5
1-16W BALLAST $11.44 20 1-10W EE BALL $14.50 20

(Costs are in 1988 figures)
Annualizing the investment:

( d

) where d = 0.04
(L - (1 +4d)™ 10

[Note: A 4 percent discount rate was used because several
of the costs per unit energy used in this study were
obtained from Marbek (1987), who used a 4 percent discount
rate in their cost calculations. The Treasury Board
(1976:26) recommends the use of a social discount rate of
10%, and of 5% and 15% for sensitivity analyses. However,
Sumner (1980) argues that the 10% discount rate
recommended as a mean by the Treasury Board, is to high
and should be treated as an upper boundary. Burgess
(1981) also argues that the 10% figure is to high and
indicates that a social discount rate of 7.0% to 7.5%
should be used as the mean. Future studies should do
sensitivity analyses using different discount rates. This
study was unable to do so do to the lack of detailed
information for many of the equipment costs.]
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lamps: premium = $1.82 - $1.45 $0.37 x 2 tubes/fixture

$0.74/fixture
annualized investment = $0.74 x .04 . = $0.1662/year
1-(1.04) °

ballasts: premium = $14.50 - $11.44 = $3.06/fixture

annualized investment $3.06 x .04 , = $0.225/year

1-(1.04) <Y

Total annualized cost = $0.1662 + $0.225 = $0.3912/year

Assuming a 50 per cent load factor (Marbek 1987:51),
lights were on for 4383 hours/year.

Total energy saved per fixture = 0.02 KW/yr x 4383 hrs/yr
= 87.66 KWh

Cost per Kwh 39.12 cents / 87.66 KWh
0.446 cents / KWh

Similar calculations were carried out for the other
conservation measures. The costs of the conservation

measures are presented in Appendix D.
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Cost of Supply

The cost of supplying a KwWw.h of electricity by
building a hydro-electric dam in Manitoba was calculated in
the following way:

The cost of the next hydro electric plant + distribution
system + transmission system = $5 billion in 1999 dollars

(McVicar 1989).

Discounting this value to 1989 dollars using a 5% discount
rate:

Vo = present value (1989)

vn = future value (1999)

n = number of years to future = 10
Vo = Vn/(1=1)"

Vo = $3,069,566,267

Assuming a plant capacity of 1300 MW (McVicar 1989).

X = the theoretical amount of energy which can be
obtained from the plant

X = 1300 MW * 1088 KW/MW * 8766 hrs/year

X = 1.13958 * 10 RKW.h

Factoring out line and distribution lossess accounts for a
reduction of 12% (McVicar 1989).

Y = the quantity of electricity that can be delivered
to the user.

Y =X * 0.88

Y = 1.00283 *101° RW.h

Taking into account the Manitoba load factor which for
planning purposes is 60% (McVicar 1989).

total energy available to Manitoba from plant.
Y * 0.6
6,016,982,400 KW.h

N NN
[

Note: If there is energy available at nonpeak times (eg.,
overcapacity of supply), it can be sold at interruptible
rates.
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Assuming a dam life of 67 years (McVicar 1989), and
annualizing the initial investment:

A = [$3,069,566,267 * 100 cents/$] * [0.05/1-(1.05"67)]

6,016,982,400 KW.h

A = 2.65 cents/KW.h

Thus, the cost per unit of energy of supply is 2.65
cents/KW.h (the marginal cost of the next unit of supply).
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Tnterpreting the Supply Curves of Conserved Enerdy

Appendix F contains supply curves of conserved energy
for each conservation measure and building type for the fuel
type electricity. The curves show cost per KwWw.h of
electricity on the y-axis, and quahtity of electricity
(which could be saved if the specific conservation measure
was implemented to the point where the penetfation rate of
the measure was equal to 100 percent) on the x-axis. These
curves do not take into account the interactive effects
discussed earlier in this chapter, and are therefore
preliminary in nature. Future studies could acquire an

energy model capable of taking these effects into account.

As they are, the supply curves give a useful measure
of the ©potential for electricity conservation in the
Manitoba Health Care subsector. The following table
summarizes the energy conservation potential for the
assessed conservation measures in the Health Care subsector.
The table also lists the conservation block numbers which
correspond to the energy conservation supply curves in

Appendix F.
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Table 20: Summary of the energy conservation potential
for the assessed conservation measures in the Health Care
subsector.

Bl.Building Energy Saved Cost/Unit of Energy
No.Type (MW.h) (cents/KW.h)

Energy Efficient Fluorescent Lighting - Level One.
1 Hospital 5331.1 MW.h . 0.45 cents/KW.h
10 PCH 2018.8 0.45
19 Comb. 870.5 0.45

Total Pot. = 8220.4 MW.h at 0.45 cents/MW.h

Energy Efficient Fluorescent Lighting - Level Three
2 Hospital 4326.9 MW.h 3.96 cents/KW.h
11 PCH 2266.1 3.96
20 Comb. 815.7 3.96

Total Pot. = 7408.7 MW.h at 3.96 cents/MW.h

Compact Fluorescent

3 Hospital 653.9 MW.h 6.90 cents/KW.h
12 PCH 570.8 6.90
21 Comb. 164.4 6.90

Total Pot. = 1389.1 MW.h at 6.90 cents/KW.h

High Efficiency Central cooling

4 Hospital 2108.5 MW.h 2.00 cents/KWw.h
13 PCH 273.4 2.00
22 Comb. 164.6 2.00

Total Pot. = 2546.5 MW.h at 2.00 cents/KW.h

High Efficiency Unitary Cooling

5 Hospital 372.6 MW.h 2.00 cents/KW.h
14 PCH 555.2 2.00
23 Comb. 93.0 2.00

Total Pot. = 1020.8 MW.h at 2.00 cents/KW.h

Energy Efficient Motors

6 Hospitals 1443.1 MW.h 0.71 cents/KW.h
15 PCH 776.5 0.71
24 Comb. 338.6 0.71

Total Pot. = 2558.2 MW.h at 0.71 cents/KW.h
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Motors Scheduling

7 Hospitals 787.9 MW.h 1.63 cents/KW.h
16 PCH 931.8 1.63
25 Comb. 276.3 1.63

Total Pot. = 1996.0 MW.h at 1.63 cents/KW.h

Motor Balancing - Air

8 Hospital 1924.4 MW.h 1.34 cents/KW.h
17 PCH 915.2 1.34
26 Comb. 433.1 1.34

Total Pot. = 1540.7 MW.h at 1.34 cents/KW.h

Motor Balancing - Water

9 Hospital 244.9 MW.h 1.34 cents/KW.h
18 PCH 54.9 1.34
27 Comb. 44.1 1.34

Total Pot. = 343.9 MW.h at 1.34 cents/KW.h

The weighted average cost of conserved energy for the
different building types are:

Hospitals: 1.99 cents/KW.h
PCH: 2.25 cents/KW.h
Combination: 2.06 cents/KW.h

The weighted average cost of conserved energy for an
aggregate of all building types is:
2.08 cents/KwW.h

The weighted average cost of conserved energy was
determined for each building type and for an aggregate of
all building types. These values are presented at the

bottom of Table 20.

The summary in Table 20 indicates that the Energy
Efficient Lighting - Level One and Level Three conservation
measures hold the greatest potential for electricity

conservation in the Health Care subsector. It 1is
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interesting to note that the Level One measure also has the

lowest cost per unit of saved energy.

Conservation measures with a medium potential for
conserving electricity include Compact Fluorescent, H. E.
Central Cooling, H. E. Unitary Cooling, E. E. Motors, Motor
Scheduling, and Motor Balancing - Air. Of these, E. E.

Motors has the lowest cost/unit of saved energy.

Only one conservation measure had a relatively low
potential for conserving electricity - Motor Balancing -

Water.

Figures 19, 20, and 21 represent composite energy
conservation supply curves for the three different building
types assessed in this study. The figures show energy
conservation blocks in order of increasing cost per unit of
energy saved for each building type. The x=-axis shows
cumulative quantities of electricity which could be saved if
the measures were implemented. The numbers above each block
correspond to the different conservation measures as noted
in Table 20 and in Appendix F. Table 20 presents the
cost/KW.h of each measure and the quantity of electricity
which can potentially be saved using that measure. Note
that these curves do not take into account the interactive

effects as discussed earlier.

Figures 19, 20, and 21 also show the curve for

supplying a KW.h of electricity by building a hydro-electric
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dam. This cost was calculated earlier and is 2.65 cents per
KW.h (the marginal cost of the next unit of supply). It is
included to enable a comparison to be made between the cost
of supplyiny a unit of energy through conservation and

through building a dam.
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Figure 19. Electricity Conservation Supply Curve for
Manitoba Hospitals (interactive effects not included).
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Figure 20. Electricity Conservation Supply Curve for
Manitoba Personal Care Homes (1nteract1ve effects not
included) . -
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Figure 21. Electricity Conservation Supply Curve for
Manitoba Combination Hospital/Personal Care Homes
(interactive effects not included).
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Limitations to Interpreting the Supply Curves of Conserved
Enerqgy

Limitations include:

1. The curves in this study do not take into account
the interactive effects mentioned earlier. As é result the

potential for electricity conservation may be overstated.

2. The accuracy of the energy savings calculations
are dependent upon the accuracy of the energy baseline
(among other factors). The energy baseline was derived from
estimates of Energy Use Indices and of floorstock. The
energy use indices were derived from the energy bus audits
which in many instances had little information broken out on
some end-uses, such as motors. For these reasons, the
accuracy of the energy savings is 1limited by the large
number of previous estimations, and by the failure of the
energy bus audits to consistently break out detailed

information.

3. The cost/unit of saved energy is deemed to be
fairly accurate where costs were able to be determined for
Manitoba. In some instances the costs used were from
Engineering Interface Ltd. (1988), and this may pose some
limitations as costs may not be exactly the same in Ontario

as in Manitoba.
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The above discussion of limitations indicates the need
for accurate data in all portions of studies dealing with

conservation supply curves.
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Chapter Five: Conclusions, Recommendations and Limitations

Conclusions

Electric Utilities in Canada have recently begun to
look for ways to reduce the need for, or delay the
construction of, costly new electricity generating
structures. This report approaches this problem by
developing parameters necessary for forecasting long-term
energy demand within the Manitoba Health Care subsector, a
portion of the Manitoba Commercial sector, and by estimating
the potential energy savings which might be realized through
the modification of the way in which energy is used. The
latter part of this approach is part of what is known as
Demand Side Management (DSM). DSM refers to efforts by
utilities to control or change the quantity and timing of
their customers consumption to avoid costly capacity or
supply acquisition. This balancing of the mix of supply and
demand side alternatives 1is called Integrated Resource
Planning (IRP). This report contributes to the energy
planning and end-use computer modelling efforts conducted
towards integrated resource planning in Manitoba in the

following ways: (1) The study develops parameters necessary
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for long-term energy demand forecasting within the framework
of an end-use computer model, for the Manitoba Health Care
subsector; and (2) The study assesses the potential for
Demand Side Management in the form of energy conservation
within the Manitoba Health Care subsector. The demand side
alternatives which this report specifically looks at, deal
with technological change, such as improvéd energy
consumption efficiencies within electrical end-uses, an

example of which is electric motors.

The first part of the above stated contribution
towards integrated resource planning in Manitoba, is the
estimation (in chapter 3) of parameters which describe the
energy consumption and physical characteristics of the
Manitoba Health Care subsector. These parameter estimates,
taken together, are called the "energy baseline" for the
Manitoba Health Care subsector. The Dbaseline was
constructed for the time period 05/87 to 04/88, but it also
includes past and future estimates of floor area in the

health care subsector.

The parameter estimates which make up the baseline are
to be used by the Manitoba Department of Energy and Mines as
inputs to an energy demand forecasting end-use computer
model as part of their long-term energy demand forecasting
program for the Manitoba Commercial sector. The computer
model to be used in the forecasting is called COMMEND - the

Commercial End-use Planning System.
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Table 21 is a summary of the parameters which have
been estimated (and those which have not been) in this study
to serve as inputs to COMMEND. The location of the
estimated parameter within the body of the report is also
noted in this table. It is important to note that COMMEND
provides endogenous values for those parameters which could
not be estimated. This study does not assess the endogenous
values used by COMMEND, since it has already been determined
that the end-use model will be used for energy forecasting
by the Manitoba Department of Energy and Mines. It should
be noted that COMMEND provides a selection of endogenous
values for specific parameters, the choice of which is
determined by variables such as subsector (eg., health,
offices), building type, and fuel type. A limitation of
using endogenous values is that they may have been developed
for situations which are different from those in Manitoba,
and may therefore result in an inaccurate forecast. It may
be that an accurate forecast requires not only a good
computer model, but also an experienced forecaster who can
assess the endogenous values and determine if they are

appropriate for the forecast region.
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Table 21: Data Requirements of COMMEND

Model Data Estimated
Component Requirements in Study?

Floor Space
Additions

A)
(Atl*d[T—t] in the central equation)

1. Subsector floorstock in base Y
year.
2. Average ratio of floor Y

area/bed in base year
(based on different
size hospitals).

3. Estimated annual growth Y
rate.

4. Historical floorstock Y
estimates.

5. Future floorstock estimates. Y

6. Average floorstock additions Y
estimates.

Continued on next page.
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Energy Use

Indices

(e, or EUI)

(e k.1 in the central equation)
14 [

1. Floor area data for a sample Y
of buildings and subsector
floorstock by vintage.

2. Energy consumption (KW.h) by Y

fuel type.
3. Monthly utility sales data. Y
4. End-use equipment ' Y
penetrations.

5. Engineering and econometric data

-short-run and long-run fuel
price elasticities.

-end-use equipment costs
-end-use equipment lifetimes
-end-use equipment efficiency

KKK =

Fuel Shares

(a,or S)

(a~j x 1 in the central equation)
14 7

1. Floor area data for a sample Y
of buildings and subsector
floorstock by vintage.

2. Fuel shares by building type Y
and end-use for a base year.

3. Frequency distribution of N
population discount rates
and price expectations for
each fuel and end-use.

4. Monthly utility sales data. Y
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Utilization
(U
(U i,x,1 in the central equation)

1. End-use equipment penetrations. v*

2. Changes in existing buildings N
and equipment penetrations in
new building stock.

3. Historical and forecast N
average fuel price data.

Notes: * indicates the data was not estimated for
Manitoba, but was obtained from Engineering Interface

Ltd.'s Commercial/Institutional Buildings: Electrical
Enerqgy Technology Study (1988).

The second part of the contribution towards integrated
resource planning in the province is the assessment of the
potential for energy conservation, and 1in particular
electricity conservation in the Manitoba Health Care
subsector. To this end, nine different electrical end-use
conservation methods were theoretically applied to the
previously estimated "energy baseline" to determine how much
electrical energy could be saved through conservation
efforts within the Manitoba Health Care subsector. The
resulting potential energy savings are presented in the form
of T"electrical energy conservation supply curves" in
Appendix F, and in the form of "composite electrical energy
conservation supply curves" in Figures 19, 20, and 21.
Table 20 presents a summary of the conservation measures
assessed and the estimated potential energy savings

associated with each measure. The table also relates the
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block numbers on the conservation supply curves to the

individual measures.

The composite curves in Figures 19, 20 and 21
illustrate that there is a significant potential quantity
of electrical energy which can be saved through conservation
efforts in the Manitoba Health Care subsector aﬁ a cost per
unit of energy below that of supply (using a calculated cost
of supply of 2.65 cents/KW.h). The size of the energy
potential for the entire Manitoba Health Care subsector
cannot be stated in absolute terms due to the inability of
this study to take into account interactive effects.
However, the size of the potential for energy savings due to
just one of the conservation measures assessed in this
study, Energy Efficient Fluorescent Lighting - Level One
(8,220 MW.h at 0.45 cents/KWw.h), indicates that there is
good reason to carry out more research into the impact of
energy conservation on energy demand in Manitoba's
Commercial Sector.

Limitations and Recommendations

Limitations on the first part of the study, that part
dealing with the estimation of energy consumption and
physical parameters for the Manitoba Health Care subsector
to be used as inputs to COMMEND, were due in part to the
small sample size of energy audits (which contained the data
on energy consumption and physical characteristics) used in

estimating the parameters. The small sample size makes it
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impossible to state with certainty that the estimated
parameters are statistically wvalid, although in most
instances, comparisons with estimated values from other
studies indicate the estimates in this study are within an

acceptable range.

A limitation is also placed on the first part of the
study as a result of using population as a scale variable
when forecasting and backcasting the Manitoba Health Care
subsector floorstock. As noted in Chapter 3, population is
not an accurate proxy for back- and forecasting floorstock
due to the changing age structure of the population and the
declining rate of growth. Population projections for the
province of Manitoba show a steadily declining growth in
population and a decline in total population after 1998,
making population a poor selection for scale variable when
forecasting floorstock. Past population figures are
available for Manitoba for backcasting floorstock. However,
there are no past floorstock figures available which can be
used to check and verify the backcast figures and, hence, it

is not known if these backcast figures are correct.

Limitations on the second part of the study, that part
dealing with development of the Electrical Energy
Conservation Supply Curves, are also due in part to the
small number of energy audits, from which the average values
for Energy Use Indices and Fuel Shares were estimated.

The large standard deviations associated with many of these
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estimates indicates the possibility of 1large estimation
errors. As noted in this study, however, Esler (1987)
found in her study (with a much larger sample) that the
energy audits are representative of the population. Also,
comparisons of the EUI values with those from other studies

indicate they are within an expected range of values.

Another limitation of the second part of the study is
that it doesn't assess all conservation measures which have
the potential to save electrical energy, nor was it able to
assess conservation measures which conserve other forms of
energy such as natural gas and fuel oil. The quantity of
saved energy presented in Table 20 is, therefore, probably
understated in terms of the amount of energy (éonsidering
all fuel types) with the potential to be saved in the

Manitoba Health Care subsector.

The supply curves of conserved electrical energy
presented here are to be considered preliminary in nature
due to the inability of this study to take into account
"interactive effects", a limitation described in Chapter
Four. This limitation means that the quantity of electrical
energy which could potentially be saved in the Manitoba
Health Care subsector, as presented in Table 20, is probably
overstated. However, the study does not estimate the
potential energy savings for all possible conservation
measures and for all fuel types, which would be expected to

greatly increase the potential energy savings.
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A limitation is also placed on the assumptions used
regarding behavior of energy users. Although the theory
used in these calculation is correct, it is possible that
the user response will not follow the logic. That is, in
the case of fluorescent tubes, users see negligible labour
costs and a relatively certain return on their investment in
under five years, but in the case of the baliasts, the
assumed life is 20 years, and there is a Question as to
whether these new and unproven Yenergy efficient ballasts"
will have a 20 years life in reality. Therefore, users may
not follow the same logic as the theory used in this study
assumes, and only small changes in the assumptions could
wipe out the possible energy savings. It may be necessary
for government or utilities to supply incentives to energy

users to adopt the energy conservation measures.

A number of recommendations are suggested as a result

of the above mentioned limitations.

1. It is recommended that much more data on end-use
energy consumption and physical characteristics in health
care facilities (eg., more energy audits) be collected.
This would facilitate categorizing the data into vintage
categories and single fuel - multiple fuel categories, and
would add greater statistical validity to the estimated

parameters.

2. It is recommended that future energy demand

studies gather data on present and future employment in the
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economic sector under study, and to assess 1its use as a

scale variable for back- and forecasting purposes.

3. It is recommended that the Manitoba Health
Services Commission begin to tabulate the annual floorstock
additions to health care facilities in Manitoba, to

facilitate future energy demand studies in this sector.

4., It is recommended that future researchers acquire
an energy model capable of taking into accoﬁnt "interactive
effects". This will allow energy planners to state with
confidence, the potential for energy conservation in

Manitoba's Commercial sector.

Possibilities for Future Research
Since end-use models are new to Manitoba, and an
extensive data base for the various Commercial subsectors is
still in the beggihing stages, much work is still to be done
before this type of model can be effectively implemented for
forecasting. Specifically, the Health Care subsector could
be better characterized if the following research was

undertaken:

- Research into utilization (which includes the
effects of price elasticity and changes in equipment

efficiecy).

- Research into determining equipment penetration

rates for Manitoba.
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~ Research into establishing a distant year floorstock
for the various Commercial subsectors so that the available

scale variables used in this study can be assessed.
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APPENDIX A: SAMPLE OF ENERGY-OUT SUMMARY
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Energy Audit * Energy Out® Summary Format

Enerqy Out

.1 Heating (Light Fuel 011)
Transmission
Infiltration
Internal Heat Gain
Stack Losses

.2 Electrical/Mechanical
Lighting
Nursery School Heating
Electric Heat
Domestic Hot Water
Car Plugs
Fans, Motors and Misc.

Electrical Equipment

.3 TOTAL ENERGY OUT

¥ Reduced by the value of the internal heat gain from “free" sources, e.q.

kWH/YR.

226,000

34,800
-58,000
109,000

35,700
21,900
12,000
3,000
1,200

29,000
414,600 kWh

lights, solar, people, etc.

$/YR,

5,650"

820%
0
3,480

1,700
980
750
145

60

910
$14.,495

SOURCE: WEBB, 1987 (as cited in Esler 1988)
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APPENDIX B: METHODOLOGY FOR WEATHER ADJUSTING
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METHODOLOGY FOR WEATHER-ADJUSTING ENERGY
CONSUMPTION DATA (Esler 1988:139)

A. GENERAL

There are a variety of ways in which to adjust energy
consumption data to reflect consumption in a "typical year." One
of the most common and simplistic approaches involves using 18
degree Celsius degree day data (which are readily available from
Environment Canada) as the basis for normalization:

Adjusted fuel= Actual fuel * ( Base year DegreeDays )
consumption consumption Measured year Degree Days

The choice of base year for this calculation depends on the
application of the weatherized data. Choosing a specific base
year only reflects energy consumption in that year, which may or
may not be a "typical year." For the purpose of long-term end-
use modelling, it is more relevant to adjust consumption data to
a long-term average. The weatherization formula becofies:

Adjusted fuel = Actual fuel * ( Average Degree Days )
consumption consumption ctual Degree Days

Weather adjustments are usually only necessary for heating and
coeoling end-uses. Generally, the base load, comprised of
lighting, cooking and other non weather-sensitive end-uses, is
not affected by outside temperature. Lighting is an important
exception, since it can contribute significantly to heating and
cooling loads. .For example, a severe winter may result in
increasing consumption of natural gas for heating, but this is
not necessarily proportional to the change in temperature, due
to the influence of lighting. Since the relationship between
lighting and weather-sensitive loads is uncertain, it was not
considered in the analysis of school energy consumption.
Although this could be a limitation to the weather adjustment,
engineers estimate that at the annual consumption level of
analysis, it is difficult to assess the nature of these
relationships (Webb, 1987).

In adjusting school consumptioen—to reflect-long=term average
weather conditions, only the ‘heating and ventilation-portion of
total consumption was normalized. Schools-—were-weather-adjusted
individually based on degree days within their location zones
recorded at the time of the energy audit. Cooling was not
addressed in this study since the audits do not provide enough
data on air-conditioning penetrations and since air conditioning
can be anticipated to have low penetrations in schools, which
are generally closed during the summer.

One limitation to the weather-adjustment of school consumption
is that since end-use consumption was analyzed on an annual
basis in the audits, only annual consumption could be weather-
adjusted. It would be more meaningful to ahalyze consumption on
a monthly basis in future end-use analysis.
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B. PROCEDURE

The weather-adjustment procedure followed for schools used
thirty-year average degree days to normalize heating and
ventilation consumption. These average degree days were obtained
for several centers within each geographical zone identified in
the audits, based on geographical area coefficients derived in
another 'study (McVicar and Carroll, 1985). These coefficients
describe fifty-year average degree days in major Manitoba
centers relative to degree days in Winnipeg. The average
coefficient for each zone was then multiplied by Winnipeg's
thirty-year average, to derive the base for normalizing school
energy consumption. . : .

The method for estimating average degree days proved to be
relatively accurate when compared to actual thirty-year averages
for a sample of centers. The difference between thirty and fifty
Year averages was therefore considered to be negligible. The use
of average coefficients for particular zones ignores potentially
large degree day variation in larger zones, particularly the
North, South-west and Parklands, by concealing variation within
averages. Nonetheless, it was considered adequate for this
analysis. The coefficients are presented in Table 157

Thirty~-year average degree days for Manitoba zones

ZONE CENTER AVE. WINNIPEG ZONE
COEFF. COEFF. 30-YEAR 30-YEAR

1l. WINNIPEG 1.00 - 10661.6 10661.6

2. SOUTH-CENTRAL :
Roblin 1l.14 1.00 10661.6 10661.6
Morris 0.99
Morden 0.96
Emerson 0.92

3. SOUTH-EAST
Beausejour 1.01 1.03 10661.6 10981.5
Niverville 1.03
Pinawa 1.07
Pine Falls 1.05
Steinbach 1.01
Vita 0.99
4, SOUTH-WEST

Melita 1.00 1.04 10661.6 11088.1
Neepawa 1.03
Brandon 1.08
Virden 1.01
Boissevain 0.98
Minnedosa 1.11
Souris 1.04
Rivers 1.03

152



ZONE CENTER AVE. WINNIPEG ZONE
COEFF. COEFF. 30-YEAR 30-YEAR

5. NORTH-CENTRAL

Portage

La

Prairie 0.99 0.99 10661.6 10555.0
6. INTERLAKE

Arborg 1.13 1.07 10661.6 11407.9

Stonewall 1.04

Selkirk 1.01

Gimli 1.06

Eriksdale 1.08

Gypsumville 1.11

Stony

Mountain 1.03 .
7. PARKLANDS

Swan River 1.11 1.08 10661.6 11514.5

Russell 1.11

Dauphin 1.08

Ochre River 1.02
8. NORTH _

Churchill 1.66 1.28 10661.6 13646.9

Flin Flon 1.17

Lynn Lake 1.38

Glllam 1.08

Brochet 1.48

Grand Rapids 1.20

The Pas 1.00

Wabowden 1.28
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APPENDIX C: SUMMARY OF END-USE PENETRATIONS
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GGl

Current Penetration of Technology, Pc (%) - Percent of each Measure found in Current Building Stock

Engineering Interface Ltd. (1988:Appendix B)

Measure Schools “Univ Health  Religious Other Office Food Othe  Hotels Restaurents  Recreation Warehouses
Colleges Retail Retail Motels

High Efficiency Central Cooling 10 10 10 10 10 10 10 10 10 10 10 10
High Efficiency Unitary Cooling 10 10 10 10 10 10 10 10 10 10 10 10
Low Wattage Par Incandescent 5 5 2 1 5 10 10 20 5 2 2 2]
Screw-In Fluoresceat 5 5 5 1 5 10 5 10 10 5 5 2
Encrgy Efficicnt Fluorescent 35 20 15 5 10 20 20 20 10 5 10 15
Encgy Efficient Ballasts 2 2 1 1 1 3 1 2 1 1 1 1
High Efficiency Lurrinaires 1 1 1 1 1 1 1 1 1 1 1 1
{Light Switching 80 60 60 70 20 20 20 20 40 30 35 20
[ ighting Autornetion 10 10 10 0 10 10 10 10 10 10 10 10
Occupancy Lighting Controls 0 0 0 0 0 0 0 0 0 0 0 o
Daylichting 20 10 10 0 10 5 5 10 5 10 15
Efficient Motors 2 3 3 0 0 3 1 1 1 1 1 1
Variabl Speed Drives 1 5 1 0 0 5 1 1 1 0 0 o
Encrgy Managemeat Control System 25 35 20 1 10 30 25 25 15 10 10 10
Air Balancing 5 5 10 1 1 15 5 5 .5 1 1 1
Water Balancing 5 5 10 1 1 15 5 5 5 1 1 1
Power Factor Correction 1 1 1 1 1 1 1 1 1 1 1 1
ogencration 1 2 1 0 0 0 0 0 0 0 0 0
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Penciretion of Technology in the Year 2000
without Initiatives, P (%) - Percent of each Measure found in 2000 Building Stck  Engineering Interface Ltd. (1988:Appendix B)

Measure _ Schools Univ ‘Health  Religious Other Office Food Other Hotels Restavrants Recreation Warchouses]
v Colleges Retail Retail Motels
High Efficiency Central Cooling 20 20 20 20 20 . 20 20 20 20 20 20 20
High Efficiency Unitary Cooling - 15 15 15 15 . 15 15 15 15 15 - 15 15 15
Low Wattage Par Incandescent 20 25 25 4 20 40 30 60 40 20 20 10
Screw-In Fluorescent 15 15 7 3 15 30 40 60 15 7 7 7
Energy Efficicnt Fluoresceat 65 45 35 15 25 45 45 45 25 15 25 35
Encagy Efficient Ballasts 10 10 5 5 5 15 5 10 5 5 5 5
High Efficiency Luminaires 10 10 16 10 10 10 - 10 10 10 10 10 10
Light Switching 80 60 60 70 30 35 35 30 45 35 40 30
ighting Autornation ; 20 20 20 5 20 20 20 20 20 20 20 20
Occupancy Lighting Controls 5 5 5 5 5 5 5 5 5 5 5 5
Daylighting 25 12 12 5 12 7 7 7 . 12 7 12 208
[Encgy Efficient Motors 10 13 13 3 3 15 3 3 5 5 5 3
Variable Speed Drives 5 20 5 4 4 20 5 5 5 4 4 4
Encrgy Management Control Systems 45 55 40 20 30 50 45 45 35 30 30 30
ir Balancing 10 10 15 5. 5 20 10 10 10 5 5 5
Water Balancing ‘ 10 10 15 5 5 20 10 10 10 5 5 5
Power Factor Correction 5 5 5 5 5 5 5 5 5 5 5
iCogencration 5 10 5 0 0 0 0 0 0 0 0 0
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Penetration of Technology in the Year 2000
with Initiative , P* (%) Percent of each Measure found in 2000 Stock  Engineering Interface Ltd. (1988:Appendix B)

Measure Schools Univ Mealth  Religious Otha Office Food Otha Hotels Restaurunts  Recreation Warchouses|
. Colleges Retail Retail Motcls

Ttigh Efficicncy Centrul Cooling 40 40 40 40 40 40 40 40 40 40 40 404
High Efficiency Unitary Cooling 40 40 40 40 40 40 40 40 40 40 40 40|

w Wattage Par Incandcscent 30 40 40 6 30 60 45 90 60 30 30 15
Screw-In Fluorescent . 25 25 10 5 25 40 60 % 25 10 10 10
Fnargy Efficient Fluorescent 85 70 60 25 40 70 70 70 40 25 40 60!
Enenry Efficient Ballasts ' 25 25 20 20 30 20 25 20 | 20 20 20 20§
High Efficiency Luminaires 25 .25 25 25 25 25 25 25 25 25 25 25
Light Switching 80 o) 60 70 50 50 50 50 50 50 50 50§
1ighting Autormation 40 40 40 10 40 40 40 40 40 40 40 40
Occupancy Lighting Contrals - 25 25 25 25 - 25 25 25 25 25 25 25 25
Dayliphting 50 25 25 10 25 20 20 20 25 20 25 408
Energy Efficient Motors 30 50 50 25 25 50 25 25 25 25 25 25
Variable Specd Drives 25 50 25 20 20 50 25 25 25 20 20 : 20
Encrgy Management Control Systemy 65 70 60 40 50 65 60 60 55 50 50 50
Air Baluncing 50 50 60 40 40 70 50 50 50 40 40 40
Water Balancing 35 35 40 30 30 45 K 35 35 30 30 304
[i’owa Facor Correction 40 50 50 20 20 20 30 30 20 30 30 30
Cogencration 25 50 25 5 5 15 5 10 5 5 5 S




APPENDIX D: CONSERVATION MEASURES
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The following information on the various conservation
measures was used to analyze their costs and impacts for
each of the three building types -HOSPITALS, PERSONAL CARE
HOMES, AND COMBINATIONS.

Fluorescent Lighting

The standard unit of analysis of energy conservation in
fluorescent lighting is the four-foot two-40W lamp
luminaire with a 16W ballast.

The Level One measure for fluorescent lighting consists
of replacing the 40W lamps with energy efficient lamps
drawing 34W and of replacing the 16W ballast with an
energy efficient ballast drawing 10W. Combined with the
ballast savings due to the lower wattage lamps, the total
savings are about 21% of the baseline technology (40W
lamps, 16W ballast). The lighting level is reduced 7% to
12% (Marbek 1987:29). A $0.74 premium and 5 year lifetime
are assumed for the lamps and a $3.06 premium and 20 year
lifetime are assumed for the ballast (based on
calculations).

The Level Two measure for fluorescent lighting noted
here was not assessed in this study but is included for
interest and for future studies. It includes adding an
annodized aluminum reflector to the luminaire. This
allows half of the lamps to be eliminated. The remaining
lamps are replaced with high output 40W lamps (which draw
48W) to ensure lighting levels are maintained. The
ballast is replaced with a 10W ballast. The premium of
the lamps is $11.20 with a 5 year lifetime. The ballast
has a premium of $68.01, with a lifetime of 20 years, and
the reflector has a premium of $48 with a lifetime of 20
years.

The Level Three measure for fluorescent lighting
includes installation of electronic, dimmable ballasts
with photocell controls, reflectors and high output 40W
lamps (which draw 48W). The premium for the lamps is
$11.20 with a 5 year lifetime, the premium for the ballast
is $65 (Marbek 1987:30) with a 20 year lifetime, the
premium for the reflector is $48 with a 20 year lifetime,
the premium for the dimmer is $20 with a 20 year lifetime,
and the premium for the photocell controller is
$50/fixture (installed cost) with a 20 year lifetime.
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Compact Fluorescent

The Compact Fluorescent measure consists of replacing
incandescent bulbs (ave. wattage of 100W) with 22w
fluorescent compact lamp. The premium is $27 with a
10,000 hour (2.5 years) lifetime

Motors - Balancing

The cost and savings figures from Marbek (1987) and
Engineering Interface Ltd. (1988) were used to compute fan
and pump motor electricity savings due to air and water

balancing.

Enerqy Efficient Motors

The cost and savings figures from Marbek (1987) and
Engineering Interface Ltd. (1988) were used to compute
electricity savings due to replacement of electric motors

by enerqy efficient motors.
Motor Scheduling (Energy Management Control Systems)

Costs per unit floor area and electricity savings for
motor scheduling are taken from Marbek (1987).

Cooling

Two cooling measures were assessed in this study - High
Efficiency Central Cooling, and High Efficiency Unitary
Cooling. The baseline technology was considered to be a
standard selection chiller. The cost and energy savings
for these measures were obtained from Marbek (1987).
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APPENDIX E: DATA BASE SUMMARY

The following ENERGY TECHNOLOGY DATA BASE does not
include interactive effects which exist between
conservation measures.

The technical potentials in the following summary are
taken from Engineering Interface Ltd, 1988, and are the
current market penetration and the expected penetration
rates in the year 2000. It is important to note that the
calculations in the body of this report used total
technical potential (P = 1.0). This assumes that all
existing inefficient equipment will be replaced by
efficient equipment.
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Measure: Level one fluorescent lighting
End-use: Lighting

Building sector: Hospital

Fuel type: Electric

Vintage: All existing building stock
Baseline energy use (BE): 36,422,240 Kwh
Applicability (A): 0.82

Energy Savings (S): 0.21

Current Market Penetration (Pc): 0.15
Market Penetration in 2000 (P): 0.35
Cost per KWh: 0.45 cents

Measure: Level two fluorescent lighting
End-use: Lighting

Building sector: Hospital

Fuel type: Electric

Vintage: All existing building Stock
Baseline energy use (BE): 36,422,240 KWh
Applicability (A): ?

Energy Savings (S): 0.45

Current Market Penetration (Pc):

Market Penetration in 2000 (P):

Cost per KWh: 2.93 cents per KwWh

Measure: Level three fluorescent lighting
End-use: Lighting

Building sector: Hospitals

Fuel type: Electric

Vintage: All existing building stock
Baseline energy use (BE): 36,422,240 KWh
Applicability (A): 0.25

Energy Savings (S): 0.48

Current Market Penetration (Pc): 0.01
Market Penetration in 2000 (P): 0.10
Cost per KWh: 3.96 cents per Kwh
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Measure: Compact fluorescent

End-use: Lighting

Building sector: Hospitals

Fuel type: Electric

Vintage: All existing building stock
Baseline energy use (BE): 36,422,240 KWh
Applicability (A): 0.03

Energy Savings (S): 0.63

Current Market Penetration (Pc): 0.05
Market Penetration in 2000 (P): 0.25
Cost per KWh: 6.90

Measure: High efficiency central cooling
End-use: Space cooling

Building sector: Hospitals

Fuel type: Electric

Vintage: All existing building stock
Baseline energy use (BE): 15,681,327 KwWh
Applicability (A): 0.83

Energy Savings (S): 0.18

Current Market Penetration (Pc): 0.10
Market Penetration in 2000 (P): 0.20
Cost per Kwh: 2.00

Measure: High efficiency unitary cooling
End-use: Space cooling

Building sector: Hospitals

Fuel type: Electric

Vintage: All existing building stock
Baseline energy use (BE): 15,681,327 KwWh
Applicability (A): 0.22

Energy Savings (S): 0.12

Current Market Penetration (Pc): 0.10
Market Penetration in 2000 (P): 0.15
Cost per KWh: 2.00
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Measure: Energy efficient motors
End-use: Motors

Building sector: Hospitals

Fuel type:Electric

Vintage: All existing building stock
Baseline energy use (BE): 25,919,082 Kwh
Applicability (A): 0.82

Energy Savings (S): 0.07

Current Market Penetration (Pc): 0.03
Market Penetration in 2000 (P): 0.15
Cost per KWwh: 0.71

Measure: Motor scheduling

End-use: Motors

Building sector: Hospitals

Fuel type: Electric

Vintage: All existing building stock
Baseline energy use (BE): 25,919,082 KWh
Applicability (A): 0.19

Energy Savings (S): 0.20

Current Market Penetration (Pc): 0.20
Market Penetration in 2000 (P): 0.40
Cost per KWh: 1.63

Measure: Motor balancing - Air
End-use: Motors

Building sector: Hospitals

Fuel type: Electric

Vintage: All existing building stock
Baseline energy use (BE): 25,919,082 KwWh
Applicability (A): 0.33

Energy Savings (S): 0.25

Current Market Penetration (Pc): 0.10
Market Penetration in 2000 (P): 0.15
Cost per KWh: 1.34
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Measure: Motor balancing - Water
End~use: Motors

Building sector: Hospitals

Fuel type: Electric

Vintage: All existing building stock
Baseline energy use (BE): 25,919,082 KWh
Applicability (A): 0.07

Energy Savings (S): 0.15

Current Market Penetration (Pc): 0.10
Market Penetration in 2000 (P): 0.15
Cost per KWh: 1.34

Measure: Level one fluorescent lighting
End-use: 1lighting

Building sector: Personal care home

Fuel type: Electric

Vintage: All existing building stock
Baseline energy use (BE): 19,074,824 KWh
Applicability (A): 0.56

Energy Savings (S): 0.21

Current Market Penetration (Pc): 0.10
Market Penetration in 2000 (P): 0.25
Cost per KWh: 0.45

Measure: Level two fluorescent lighting
End-use: Lighting

Building sector: Personal care home
Fuel type: Electric

Vintage: All existing building stock
Baseline energy use (BE): 19,074,824 KWh
Applicability (A):

Energy Savings (S): 0.45

Current Market Penetration (Pc):

Market Penetration in 2000 (P):

Cost per KWwh: 2.93
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Measure: Level three fluorescent lighting
End-use: Lighting

Building sector: Personal care home

Fuel type: Electric

Vintage: All existing building stock
Baseline energy use (BE): 19,074,824 KWh
Applicability (A): 0.25

Energy Savings (S): 0.48

current Market Penetration (Pc): 0.01
Market Penetration in 2000 (P): 0.10
Cost per KWh: 3.96 cents per Kwh

Measure: Compact fluorescent

End-use: Lighting

Building sector: Personal care home
Fuel type: Electric

Vintage: All existing building stock
Baseline energy use (BE): 19,074,824 KWh
Applicability (A): 0.05

Energy Savings (S): 0.63

current Market Penetration (Pc): 0.05
Market Penetration in 2000 (P): 0.20
Cost per KWh: 6.90 cents per KwWh

Measure: High efficiency central cooling
End-use: Space cooling

Building sector: Personal care home

Fuel type: Electric

vVintage: All existing building stock
Baseline energy use (BE): 7,672,555 KW.h
Applicability (A): 0.22

Energy Savings (S): 0.18

current Market Penetration (Pc): 0.10
Market Penetration in 2000 (P): 0.20
Cost per KWh: 2.00 cents per KwWh
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Measure: High efficiency unitary cooling
End-use: Space cooling

Building sector: Personal care home

Fuel type: Electric

Vintage: All existing building stock
Baseline energy use (BE): 7,672,555 KW.h
Applicability (A): 0.67

Energy Savings (S): 0.12

current Market Penetration (Pc): 0.10
Market Penetration in 2000 (P): 0.15
Cost per KWwh: 2.00 cents per Kwh

Measure: Energy efficient motors
End-use: Motors

Building sector: Personal care home
Fuel type: Electric

Vintage: All existing building stock
Baseline energy use (BE): 18,488,725 KWh
Applicability (A): 0.60

Energy Savings (S): 0.07

current Market Penetration (Pc): 0.00
Market Penetration in 2000 (P): 0.05
Cost per KWh: 0.71 cents per Kwh

Measure: Motor scheduling

End-use: Motors

Building sector: Personal care home
Fuel type: Electric

vVintage: All existing building stock
Baseline energy use (BE): 18,488,725 KWh
Applicability (A): 0.28

Energy Savings (S): 0.20

Current Market Penetration (Pc): 0.10
Market Penetration in 2000 (P): 0.30
Cost per KWh: 1.63 cents per Kwh
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Measure: Motor balancing - Air
End-use: Motors

Building sector: Personal care home
Fuel type: Electric

Vintage: All existing building stock
Baseline energy use (BE): 1,848,8725 KWh
Applicability (A): 0.20

Energy Savings (S): 0.25 _
Current Market Penetration (Pc): 0.01
Market Penetration in 2000 (P): 0.05
Cost per KWh: 1.34 cents per Kwh

Measure: Motor balancing - Air
End-use: Motors '

Building sector: Personal care home
Fuel type: Electric

Vintage: All existing building stock
Baseline energy use (BE): 18,488,725 KwWh
Applicability (A): 0.02

Energy Savings (S): 0.15

Current Market Penetration (Pc): 0.01
Market Penetration in 2000 (P): 0.05
Cost per KWh: 1.34 cents per KwWh

Measure: Level one fluorescent lighting
End-use: Lighting

Building sector: Combination Hosp/PCH
Fuel type: Electric

Vintage: All existing building stock
Baseline energy use (BE): 6,865,800 KWh
Applicability (A): 0.69

Energy Savings (S): 0.21

Current Market Penetration (Pc): 0.13
Market Penetration in 2000 (P): 0.30
Cost per KWh: 0.45 cents per KWh
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Measure: Level two florescent lighting
End-use: Lighting

Building sector: Combination Hosp/PCH
Fuel type: Electric

Vintage: All existing building stock
Baseline energy use (BE): 6,865,800 KWh
Applicability (A):

Energy Savings (S): 0.45

Current Market Penetration (Pc):

Market Penetration in 2000 (P):

Cost per KWh: 2.93 cents per Kwh

Measure: Level three fluorescent lighting
End-use: Lighting

Building sector: Combination Hosp/PCH
Fuel type: Electric

Vintage: All existing building stock
Baseline energy use (BE): 6,865,800 KWh
Applicability (A): 0.25

Energy Savings (S): 0.48

Current Market Penetration (Pc): 0.01
Market Penetration in 2000 (P): 0.10
Cost per KWh: 3.96 cents per Kwh

Measure: Compact fluorescent

End-use: Lighting

Building sector: Combination Hosp/PCH
Fuel type: Electric

Vintage: All existing building stock
Baseline energy use (BE): 6,865,800 KWh
Applicability (A): 0.04

Energy Savings (S): 0.63

Current Market Penetration (Pc): 0.05
Market Penetration in 2000 (P): 0.23
Cost per KWh: 6.90 cents per KWh
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Measure: High efficiency central cooling
End-use: Space cooling

Building sector: Combination Hosp/PCH
Fuel type: Electric

Vintage: All existing building stock
Baseline energy use (BE): 1,935,846 KWh
Applicability (A): 0.53

Energy Savings (S): 0.18

Current Market Penetration (Pc): 0.10
Market Penetration in 2000 (P): 0.20
Cost per KWh: 2.00 cents per Kwh

Measure: High efficiency unitary cooling
End-use: Space cooling

Building sector: Combination Hosp/PCH
Fuel type: Electric

Vintage: All existing building stock
Baseline energy use (BE): 1,935,846 KWh
Applicability (A): 0.45

Energy Savings (S): 0.12

Current Market Penetration (Pc): 0.10
Market Penetration in 2000 (P): 0.15
Cost per KWh: 2.00 cents per Kwh

Measure: Energy efficient motors
End-use: Motors

Building sector: Combination Hosp/PCH
Fuel type: Electric

Vintage: All existing building stock
Baseline energy use (BE): 6,917,423 Kwh
Applicability (A): 0.71

Energy Savings (S): 0.07

Current Market Penetration (Pc): 0.02
Market Penetration in 2000 (P): 0.10
Cost per KWh: 0.71 cents per Kwh
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Measure: Motor scheduling

End-use: Motors

Building sector: Combination Hosp/PCH
Fuel type: Electric

Vintage: All existing building stock
Baseline energy use (BE): 6,917,423 KWh
Applicability (A): 0.24

Energy Savings (S): 0.20

Current Market Penetration (Pc): 0.15
Market Penetration in 2000 (P): 0.35
Cost per KWh: 1.63 cents per Kwh

Measure: Motor Balancing - Air
End-use: Motors

Building sector: Combination Hosp/PCH
Fuel type: Electric

Vintage: All existing building stock
Baseline energy use (BE): 6,917,423 Kwh
Applicability (A): 0.27

Energy Savings (S8): 0.25

Current Market Penetration (Pc): 0.06
Market Penetration in 2000 (P): 0.10
Cost per KWh: 1.34 cents per KWh

Measure: Motor balancing - Water
End-use: Motors

Building sector: Combination Hosp/PCH
Fuel type: Electric

Vintage: All existing building stock
Baseline energy use (BE): 6,917,423 KWh
Applicability (A): 0.05

Energy Savings (S): 0.15

Current Market Penetration (Pc): 0.06
Market Penetration in 2000 (P): 0.10
Cost per KWh: 1.34 cents per KwWh
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APPENDIX F: SUPPLY CURVES OF CONSERVED ENERGY
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Cents per Kllowatt—Hour

Cents per Kllowatt—Hour

Block 1:

E.E. FLUOR. LIGHTING L—1

ELECTRIC / HOSPITAL

7.00

6.00

5.00

4.00

3.00 -

2,00 —

1.00 —

0.00

Block 2Z:

(Thousands)
MW.h of Saved Energy

E.E. FLUOR. LIGHTING L-3

ELECTRIC / HOSPITAL

7.00

6.00

5.00 -

4,00

3.00 -

2,00

1.00 —

0.00

1 I 1

N

(Thousands)
MW.h of Saved Energy
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Cents per Kllowatt—MHour

Cents per Kllowatt—Hour

7.00

6.00

5.00

4.00

3.00

2.00

1.00

0.00

7.00

6.00

5.00

4.00

3.00

2.00

1.00

0.00

Block 3: COMPACT FLUORESCENT

ELECTRIC / HOSPITAL

(Thousands)
MW.h of Saved Energy

Block 4: H. E. CENTRAL COOLING

ELECTRIC / HOSPITAL

(Thousands)
MWN.h of Saved Energy
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Cents per Kllowatt—Hour

Cents per Kllowatt—Hour

7.00

6.00

5.00

4,00

3.00

2,00

1.00

0.00

7.00

6.00

5.00

4.00

3.00

2.00

1.00

0.00

Block 5: H. E. UNITARY COOLING

ELECTRIC / HOSPITAL

(Thousands)
MW.h of Saved Energy

Block 6: ENERGY EFFICIENT MOTORS

ELECTRIC / HOSPITAL

(Thousands)
M¥.h of Saved Energy
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Cents per Kilowatt—Hour

Cents per Kijowott—Hour

7.00

6.00

5.00

4.00

3.00

2,00

1.00

0.00

7.00

6.00

5.00

4.00

3.00

2.00

1.00

0.00

Block 7: MOTORS SCHEDULING

ELECTRIC / HOSPITAL

i 1 1
2 4
(Thousands)
MW.h of Saved Energy

Block 8: MOTOR BALANCING—AIR

ELECTRIC / HOSPITAL

(Thousands)
MW.h of Saved Energy
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Cents per Kllowatt—Hour

Cents per Kllowatt—Hour

7.00

6.00

5.00

4.00

3.00

2.00

1.00

0.00

7.00

6.00

5.00

4.00

3.00

2,00

1.00

0.00

Block 9 MOTOR BALANCING—WATER

ELECTRIC / HOSPITAL

i I I I i

(Thousands)
MW.h of Saved Energy

Block 10: E. E. FLUOR. LIGHTING L—1

ELECTRIC / PERSONAL CARE HOME

T T T
2

(Thousands)
MW.h of Saved Energy
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Block 11: E. E. FLUOR. LIGHTING L-3

ELECTRIC / PERSONAL CARE HOME

7.00

6.00

5.00

4.00

3.00 —

Cents per Kllowatt—Hour

2.00 ~

1.00 —

0.00 I T

N -
-

(Thousands)
MW.h of Saved Energy

Block 12: COMPACT FLUORESCENT

ELECTRIC / PERSONAL CARE HOME

7.00

6.00

5.00

4.00

3.00 —

Cents per Kllowott—Hour

2,00

1,00 -

0.00 T T T

g i

(Thousands)
M#A.h of Saved Ensrgy
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Cents per Kilowatt—Hour

Cents per Kllowott—Hour

7.00

6.00

5.00

4.00

3.00

2,00

1.00

0.00

7.00

6.00

5.00

4.00

3.00

2.00

1.00

0.00

Block 13: H. E. CENTRAL COOLING

ELECTRIC / PERSONAL CARE HOME

(Thousands)
M#¥.h of Saved Energy

Block 14: H.E. UNITARY COOLING

ELECTRIC / COMB. HOSP/PCH

(Thousands)
MW.h of Saved Energy
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Cents per Kllowatt—Hour

Cents per Kllowatt—Hour

7.00

6.00

5.00

4.00

3.00

2.00

1.00

0.00

7.00

6.00

5.00

4.00

3.00

2,00

1.00

0.00

Block 15: ENERGY EFFICIENT MOTORS

ELECTRIC / PERSONAL CARE HOME

{(Thousands)
MW.h of Saved Energy

Block 16: MOTORS SCHEDULING

ELECTRIC / PERSONAL CARE HOME

E

(Thousands)
MW.h of Saved Energy
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Cents per Kllowatt—Hour

Cents per Kllowatt—Hour

7.00

6.00

5.00

4,00

3.00

2.00

1.00

0.00

7.00

6.00

5.00

4.00

3.00

2.00

1.00

0.00

Block 17: MOTOR BALANCING—AIR

ELECTRIC / PERSONAL CARE HOME

| I 1
2
(Thousands)
MW.h of Saved Energy

Block 18: MOTOR BALANCING—WATER

ELECTRIC / PERSONAL CARE HOME

T ] T
2
(Thousands)
MW.h of Saved Energy
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Cents per Kllowatt—Hour

Cents per Kllowatt—Hour

7.00

6.00

5.00

4,00

3.00

2,00

1.00

0.00

7.00

6.00

5.00

4.00

3.00

2,00

1.00

0.00

Block 19:

E. E. FLUOR. LIGHTING L-1

ELECTRIC / COMB., HOSP /PCH

T T T T T
0 2
(Thousands)
MW.h of Saved Energy
Block 20: E. E. FLUOR. LIGHTING L-3
ELECTRIC / COMB. HOSP/PCH

T T T T T

0 2 4

(Thousands)
MAN.h of Saved Energy
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Cents per Kilowatt—Hour

Cents per Kllowatt—Hour

Block 21: COMPACT FLUORESCENT

ELECTRIC / COMB, HOSP/PCH

7.00

6.00 -

5.00

4.00 —

3.00

2,00

1.00 -

0.00

7.00

I I i

(Thousands)
MW.h of Saved Energy

Block 22: H. E. CENTRAL COOLING

ELECTRIC / COMH. HOSP/PCH

6.00

5.00 -

4.00 -

3.00

2,00

1.00 -

0.00

g -

(Thousands)
MW.h of Saved Energy

183




Cents per Kllowatt—Hour

Cents per Kllowatt—Hour

Block 23: H. E. UNITARY COOLING

ELECTRIC / COMB. HOSP/PCH

7.00

6.00

5,00 1

4,00

3.00

2,00

1.00

0.00 T T T T Y

(Thousands)
MW.h of Saved Energy

Block 24: ENERGY EFFICIENT MOTORS

ELECTRIC / COMB. HOSP/PCH
7.00

6.00

5.00 —

4,00 1

3.00 -

2,00

1.00 —

0.00 .

N -
PR

(Thousands)
MW.h of Saved Energy
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Cents per Kllowatt—Hour

Cents per Kllowatt—Hour

7.00

6.00

5.00

4.00

3.00

2,00

1.00

6.00

7.00

6.00

5.00

4.00

3.00

2,00

1.00

0.00

Block 25: MOTORS SCHEDULING

ELECTRIC / COMH, HOSP/PCH

(Thousands)
MW.h of Saved Energy

Block 26: MOTOR BALANCING—AIR

ELECTRIC / COMH, HOSP/PCH

(Thousands)
MW¥.h of Saved Energy
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Cents per Kllowatt—Hour

Block 27: MOTOR BALANCING—WATER

ELECTRIC / COMB. HOSP/PCH

7.00

6.00 —

5.00 —

4,00

3.00

2,00 -

1.00

0.00

(Thousands)
MW.h of Saved Energy
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APPENDIX G:

A

BE
BETT
CCE
Comb.,
COMMEND
DSM
EX
EIL
EPRI
ES
EUTI
GDP
Hosp
HVAC
ICG
IRP
KW.h
LCP
MHSC
MW.h
P

Pc
PCH
RCH
S
SIC

ACRONYMS AND ABBREVIATIONS

Applicability Factor
Baseline Energy

Building Energy Technology Transfer Program

Cost of Conserved Energy
Combination

Commercial End-use Planning System
Demand Side Management

Energy Intensity

Engineering Interface Ltd.
Electric Power Research Institute
Energy Savings

Energy Use Indices

Gross Domestic Product

Hospital

Heating, Ventilation and Air Conditioning
Inter-City Gas

Integrated Resources Planning
Killowatt~hour

Least Cost Planning

Manitoba Health Services Commission
Megawatt-hour

Market Penetration

Current Market Penetration
Personal Care Home

Residential Care Home

Fuel Share

Standard Industrial Classification
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