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EXECUTIVE SUMMARY

Recommendation

It is recommended that the Corporation approve this report as Manitoba Hydro’s best estimate of Net
Firm Ehergy and Net Total Peak requirements in Manitoba for the 2002/03 to 2022/23 period.

Demand Side Management in the Forecast

This forecast is based on historical billing data and therefore includes the Demand Side Management
(DSM) savings achieved to date because DSM savings are inherently contained within the customers’
billing records. The cumulative savings by the end of 2001/02 for all Residential, Commercial,
Industrial and Street Lighting DSM programs (excluding the Curtailable Rates Program) is estimated
to be 81 MW and 380 GW.h at the customers’ meter. Including the reduction to T&D losses, the
cumulative savings at generation are estimated to be 90 MW and 426 GW..h.

This forecast contains a reduction for future DSM savings associated with the Basic Customer
Information and Service. This DSM level is the minimum amount of DSM services and activity that
Manitoba Hydro will provide to customers in the future. All other DSM options are analyzed on an
incremental basis to this level. Beyond 2001/02, the incremental savings associated with other DSM
options are treated as supply side resources and therefore are not included in this forecast. By
2022/23, the Basic Customer Option is estimated to result in a total of 149 MW and 623 GW.h of
savings at the customers’ meter. These savings are expected to occur in the Residential sector
(101 MW and 427 GW.h), in the General Service sector (40 MW and 166 GW.h) and in the
Winnipeg Hydro service area (8 MW and 30 GW.h). Adding another 10-14 % savings due to reduced
T & D losses, the total savings at generation will be 170 MW and 708 GW.h by 2022/23.

Summary of Forecast Changes

Substantial revision to the format of the forecast document was undertaken last year. The new format
provides more complete information. The forecast contains historical information on all sectors since
1981/82. Weather adjustments have been added to the sectors that are weather-sensitive. Sections were
added for Manitoba Hydro Sales (General Consumers), Distribution Losses, Construction, Manitoba
Hydro at Common Bus, Manitoba Load at Common Bus, Transmission Losses, Station Service, Net
Firm Energy and Net Total Peak. The report presents results in an more organized and complete
fashion.
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The General Service >10 MW category was changed and renamed Top Consumers to better reflect

+/the-type.of customer represented. The General Service < 10 MW category was changed and renamed

Mass Market. This change involved the removal of Isobord, Canadian Agra, Namew and Black Hawk

“Mining (formerly Keystone Gold) from the GS >10 MW to the Mass Market category. Midwest

Foods and McCain Foods were moved from the GS <10 MW to the Top Consumers category. The
Top Consumers category now contains all the major energy consumers in the Manitoba Hydro service
area. The Mass Market contains all other Commercial and Industrial businesses.

The chart below shows the change from the previous forecast for the five, ten and twenty year
intervals into the future. The changes are reported for each sector. The reasons causing the.load
changes are explained afterwards.

Residential - The Residential forecast was lowered as a result of fewer housing additions and lower

all-electric average use. The all-electric average use was lowered to reflect revised estimates for
electric space heating in new homes.

General Service - The General Service forecast was lowered to reflect lower energy consumption
expectations in the primary metals and oil/petroleum sectors. The General Service Mass market
econometric model was revised to include the real price of electricity and real gross domestic product
(GDP). The previous model did not include real GDP.
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- Area and Roadway Lighting - Consumption has not changed significantly.

Distribution Losses - The distribution loss percentage was raised from 4.6% to 4.7%. This was offset
by a reduction in overall sales.

Construction - Consumption has not changed significantly for the 2006/07 and 2011/12 time frames.
The construction forecast increased in 2021/22 due to advancement of the in-service date for the Gull
generating station.

Winnipeg Hydro at Common Bus - The Winnipeg Hydro forecast was lowered due to revisions
associated with the Winnipeg Hydro econometric forecasting model. The model was revised to include
the real price of electricity and population. The previous model did not include population. |

Transmission Losses - The transmission loss percentage was raised from 9.2% to 9.3 %, but lower
Residential and General Service sales caused the transmission losses to decline slightly.

Station Service - The station service percentage was lowered from 1.0% to 0.9%.

Net Firm Energy - All of the sectors listed before this category will influence Net Firm Energy. The
decrease is mainly due to lower expected loads in the Residential, General Service, Winnipeg Hydro,
Station Service and Transmission Losses classifications. |

Net Total Peak - The Net Total Peak decreased as a result of lower growth levels for Net Firm
Energy. The peak does not change much by 2006/07 because the initial starting point is much higher, -
reflecting the significant peak load growth experienced in 2001/02. This growth is reflected in the
parameters of the Hourly Load Model. |
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- METHODOLOGY

- -~ The Base Forecast, Medium-Low and Medium-High scenarios were prepared to analyZe the sensitivity

~ towards changes in economic and demographic assumptions. These forecasts were prepared using a
combination of forecasting techniques. Detailed explanations of the forecast models are contained in
the Residential, General Service, Winnipeg Hydro and Net Total Peak sections of this report. A brief
summary of the methods used is described below:

Residential - Econometric and end-use analysis were performed and equations were developed to
explain the relationship of Residential electricity consumption to various economic and demographic
factors. The Residential Forecast is calculated using a detailed multi-step, end-use approach.
Econometrics are used to forecast the total number of Residential customers and to separate the
customers into Standard (non-electric primary space heat) and All-Electric (electric primary space
heat) categories. The 1998 Residential Survey provided an update for appliance saturation rates. This
information was combined with previous survey results to prepare a forecast of future appliance
~saturation rates. Conditional Demand Analysis was performed on the appliance survey data to update
unit energy consumption (UEC) for each appliance type. Energy Management staff provided estimates
for appliance lifetimes and for future unit energy consumption of each major appliance. The
information is used to calculate an energy forecast for each end-use.

General Service - The energy use requirements of our Top Consumers were reviewed individually.
Regression equations were developed to predict the electricity consumption for the Mass Market of
all other General Service customers. Estimates of the load reduction associated with Commercial
lighting standards were then deducted from the regression output. The total General Service load was
then broken down into nine Industrial and fourteen Commercial sub-groups, as defined by their
business function ( ie. Primary Metals, Pulp/Paper, School, Hospital, etc). The forecast has been
modified to reflect any major customers’ plans as well as applications for service from new customers.

Area and Roadway Lighting - Trends in the historical average use and number of customers were
derived and extrapolated for the sentinel and street hghtmg classifications. '

Winnipeg Hydro - Regression analysis was used to estimate the future energy demand for Winnipeg
Hydro. Estimates of load reductions due to Commercial lighting standards were deducted.

Net Total Peak - Annual energy is distributed to all 8 760 hours of the year using the base load,
heating slope and cooling slope as calculated by the Hourly Load Model. ’
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ASSUMPTIONS

~ Forecast assumptions for energy prices, real economic growth, population and housing are taken from
the 2002 Economic Outlook and the 2002 Energy Price Outlook. The following is a general overview
of the System Load Forecast assumptions:

Electricity - The electricity price forecast is based on CPI and rate increase projections contained in
the Integrated Financial Forecast. After ten years the CPI is forecast to increase 2.0% per year and
the electricity price increases are assumed to be 1.0% per year. The real price of electricity is forecast
- to decrease 17% throughout the forecast period..

Natural Gas - The real price of natural gas is expected to drop 20% over the next three years of the
forecast. In the short term, customers whose furnaces and water tanks expire, will consider the lower
capital cost and price stability associated with the electric option. In the longer term, natural gas prices
are expected to return to more normal levels and continue to dominate the space heating market. By
2021/22, electric space heat is expected to reach a market saturation of 38.0%, which is only 0.2%
higher than last year’s forecast.

Oil - This forecast assumes that new customers in no-gas available areas will choose to install an
electric heating system rather than an oil heating system. The real price of oil is expected to decrease
in 2002/03 and then remain relatively constant throughout the forecast period. In 2001/02, electricity
had a 63% price advantage over oil and is expected to maintain a significant price advantage
throughout the forecast period.

Economic Activity - The fqrecast for real economic growth in Manitoba is 1.8% in 2002/03, 2.7%
in 2003/04, decreasing slightly each year until stabilizing at 1.6% per year by 2013/14. The real
economic growth rate averages 1.8% throughout the forecast period.

Population - The population of Manitoba is forecast to increase by 3 130 per year, compared to a
historical average increase of 4 050 per year over the last ten years.

Housing - The number of homes in the Manitoba Hydro service area is forecast to increase 2 018 per
year, compared to a historical average of 2 757 homes per year over the last decade.
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RESIDENTIAL

- ‘The :Residential  sector represents 33.7% of all - Figure 1

sales within the Manitoba Hydro service area. It RESIDENTIAL SALES
includes electricity sales to individually-metered | e WD .
. . R ? istory
Residential and Farm customers for non-business |4, x
. s Weadjust,
operations. The Residential sector is comprised of |00 ot |
four forecast groups - Basic, Seasonal, Water |[ss00 M""M

*:/ﬁ,o"’
5,000 %,

Heating and Diesel. The last three groups ~

represent only 1.3% of all Residential sales. These |*°® /*'*

groups are forecasted separately because they have |**[7
3,500

unique rates, distinct usage patterns or different | =~ 1982 1987 1992 1997 2002 2007 2012 2017 2022
Fiscal Year Ending

“billing periods. The adjacent graph shows that the
load grew rapidly in the 80’s due to conversions of oil to electric space heating systems.

The Residential sector is forecast to increase from a weather-adjusted base of 5 343 GW.h in 2001/02
to 6 113 GW.h by 2022/23. This represents an average growth of 37 GW.h per year, which is slightly
lower than the ten year annual growth rate of 44 GW.h. The decrease in annual growth is primarily
due to a lower number of forecasted housing starts and lower space heating requirements for new all-
electric homes:
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RESIDENTIAL BASIC METHODOLOGY

The Basic category represents 98.7% of the total Residential sales. This category is separated in two
distinct groups - Basic Standard and Basic All-Electric. The Standard classification includes all
Residential customers that are incapable of heating the premises with electricity. The All-Electric
classification includes all Residential customers that are capable of heating the premises with
electricity. This distinction is very important because the average Standard customer uses around
10,000 kW.h per year and the average All-electric customer uses around 25,000 kW.h per year.
Electric space heating is the dominant end-use in the Residential sector, representing approXimately
36% of all Residential consumption.

Residential Basic Customer Forecast - Economic Analysis prepares a Residential customer growth
forecast. The Residential Basic category is forecast to increase 2 018 customers per year compared
to the ten year annual of 2 757 customers. The number of housing starts is expected to be lower due
to lower population growth rates and an aging population.

Standard and All-Electric customer data (1989-2001) is collected from the Customer Information Data
Base (CIDB) by combination of town and zone. There are 654 town and zone combinations in
Manitoba. The Residential Basic Customer Forecast is then allocated into these areas based on
historical growth patterns. The area of the province in which a new home is built is a determining
factor as to whether the house will use electric space heat. Homes built in natural gas available areas
tend to use natural gas space as their space heating fuel; whereas homes built in areas where natural
gas is not available tend to use electricity as their primary space heating fuel. This information is input
to the Market Share Model.

Market Share Model -This model predicts the proportion of customers that will install electric heat
in each of the forecast areas. This proportion is called the market share of electricity (MSE). It is
calculated by dividing the number of All-Electric Basic customers by the number of total (Standard
and All-Electric) Basic customers. This model employs an econometric equation that predicts the
future MSE in each area based on the previous market share and the relative prices of oil and natural
gas compared to electricity. Our analysis incorporates a dynamic logit model which assumes that the
market shares will grow in the shape of an "S" or saturation curve. Our model produces the following
results (with t statistics shown above):

(149.9) (10.0) 2.7) (-4.5)
LOGIT = (.931xLOGITI)  + (.080x Price) + (-.126x MHSK) - .05001
R’ = 98.2% DF = 7691
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LOGIT - Logit of the market share of electricity (MSE)
LOGIT1 - Logit of the market share of electricity for the previous year
“MHSK - Percentage of new additions to total housing stock
- Price. - - Relative price of natural gas compared to electricity if natural gas is available or
Relative price of oil compared to electricity if natural gas is not available

The adjacent graph shows that the MSE grew rapidly Figure 2

in the 1980’s due to the Canadian Oil Substitution R T Sriame

Program (COSP), the instability of oil and natural gas % Customersusing Electic Hoat "
prices, the perception of fossil fuel shortages and the M —
expectation of high price increases. The saturation of |3 -
electric space heating is expected to increase due to " /

‘the relatively high natural gas prices, taper off as /
natural gas prices decrease, returning to more normal |2
historic levels. In the last fifteen years of the forecast, !

the MSE increases marginally as real fuel prices ez ToT ooz O o oy 12 2017 2022
stabilize.

The Market Share Model is used to separate the Residential Basic Customer Forecast into Standard
and All-Electric customer groups. All-Electric customers are calculated by multiplying the number
of customers by the MSE. Standard customers are calculated by multiplying by (1-MSE).

Residential Basic End Use Model - This model uses the Standard and All-Electric customer forecasts
from the Market Share Model and incorporates appliance end-use assumptions. The appliance end-use
assumptions include an appliance saturation forecast, current appliance usage information, appliance
age distributions and appliance efficiency improvement information. This information is combined
into a spreadsheet to prepare the Residential Basic End Use Forecast.

a) Appliance Saturations - Historical appliance saturation data was collected from previous
Manitoba Hydro Residential Surveys. Appliance saturations were forecast using a combination
of historical appliance saturation information and professional judgement.

b) Appliance Usage - The current estimates of appliance usage or unit energy consumption
(UEC) were calculated using 1998 Residential Survey information and Conditional Demand
Analysis techniques. The survey results were screened for consumption records and survey
completeness. Missing values for the size of home, people per household and income questions
were imputed. Degree days heating/cooling and demographic factors such as income, people
per household and size of household were added to help explain usage variations. The forecast
specifies over thirty end-uses, including details of space heating by building type.
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¢) Efficiency Improvements - New appliances are much more efficient than existing appliance
stock. The average use per appliance will decline due to the amount of efficiency improvement
and the rate that older, inefficient stock is replaced. The future consumption levels of each
end-use were analyzed and forecasted independently based on literature, contact with other
utilities and professional judgment. Some end-uses such as fridges and freezers were forecasted
to become significantly more efficient. The number of replacement appliances were calculated
using a modified Weibull distribution with estimated appliance lifetimes.

The Residential Basic End Use Forecast is divided into Basic Standard and Basic All-Electric groups.
The electric space heating end-uses are added to the All-Electric classification. The other end-uses are
proportioned into the Standard and All-Electric classifications, resulting in the following forecasts:

-The Residential - Basic - Standard energy use Figure 3

remained quite constant during the 80’s because RES!SDTEAI\:\ITEIQLR gASIC
many rural oil heated customers switched to |enersy@wi
electric space heat. The effect of appliance | - hond
efficiency standards limited load growth in the |[35% Forecas:
early 90’s. This sector has grown in the last five |so00 -
years. The forecast contains limited growth in the |,_
next few years as customers react to relatively high 2000 " M
natural gas prices. The forecast assumes that most
new homes will install electric water heaters. "*ig82 187 963 1007 2002 2007 2012 077 20

Fiscal Year Ending
The Residential Basic All-Electric energy grew Figure 4
rapidly in the 1980’s as rural customers switched RE:E_EENL'EQ#}%E«:SIC
from oil to electric space heating. This SeCtor | enerywi
continued to grow because most new homes in | il
rural areas installed electric water and space heat. |25 s Ry
Many of the new, all-electric homes are being built | s000 L -;’M ==
in First Nations communities that do not have asool a2 -
access to natural gas. This category will continue / *
to grow due to new housing construction in rural w0 [
areas. : 500,082 Te57 1992 167 2002 2007 2012 2017 2022

Fiscal Year Ending
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RESIDENTIAL - OTHER

This. category includes the four Residential groups that represent only 1.3 % of all Residential sales.
" These' groups are forecasted separately because they have unique rates, distinct usage patterns or
different billing periods. These groups have a very minor effect on the overall load forecast and are
not discussed in detail in this report. These groups are forecasted using trend analysis and
extrapolation techniques.

Seasonal

There were 13 171 Residential Seasonal Standard customers by the end of the 2001/02 fiscal year.
The number of customers is expected to decrease 100 per year throughout the forecast period.
Average use was 1 961 kW.h per customer in 2001/02 and is forecast to be 2 000 kW.h per customer
in 2002/03 and grow 50 KW.h per year. There were 7 059 Residential Seasonal All-Electric customers
by the end of the 2001/02 fiscal year. The number of customers is expected to increase 50 per year
throughout the forecast period. Average use was 3 282 kW.h per customer in 2001/02 and is forecast
to be 3 300 kW.h per customer in 2002/03 and grow 100 kW.h per year.

Water Heating

Residential Water Heating is a flat rate unmetered service. This service has not been available to new
customers since November 12, 1969. There were 1 408 remaining customers in 2001/02. The ten year
trend is an annual decrease of 7.5% in the number of customers. The number of customers is expected -
to decrease 6% per year throughout the forecast period. Average use was 10 334 kW.h per customer
in 2001/02 and is forecasted to be 10 300 kW.h per customer. |

Diesel
This group includes the remaining diesel sites in Manitoba - Brochet, Lac Brochet, Tadoule Lake and
Shamattawa. These sites consumed 6 GW.h in 2001/02. Consumption is expected to increase to

17 GW.h by 2022/23. Consumption at these sites is expected to grow because the service limitations
have been upgraded from 15 amps to 60 amps.
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GENERAL SERVICE

- The ‘General Service: sector represents 65.9% of all Figure 5

sales within the Manitoba H}’dI'O service area. It GENERAL SERVICE SALES
includes sales to all Commercial and Industrial Energy (GWA)
L s . . . ’ istory
businesses within Manitoba, except businesses in the el
14,000 Weadjust
e Winnipeg Hydro jurisdiction. This sector consists of 20001 /*""M Forecast
six forecast groups - Top Consumers, Mass Market, 10,000 /“"K -

Seasonal, Water Heating, Diesel and Surplus Energy | ., a
Program (SEP). The last four groups represent only 6,000 *xf
0.4% of all General Service sales. The adjacent graph sooolbpop o
. 1982 1987 1992 1997 2002 2007 2012 2017 2022
» shows that the load grew, except during the 1982/83 Fiscal Year Ending

[T

recession and a minor downturn in 1999/00.

B The General Service sector is forecast to increase from a weather-adjusted base of 10 205 GW.h in
2001/02 to 14 447 GW.h by 2022/23. This represents an average growth of 202 GW.h per year,
which is very similar to the growth rates experienced over the last ten (212 GW.h) and twenty
(206 GW.h) year periods. The increase in General Service consumption can be primarily attributed
to steady economic performance and low electricity prices. The chemical, oil/petroleum and
food/beverage sectors are expected to lead the way.

LAt

ke ol
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GENERAL SERVICE - TOP CONSUMERS METHODOLOGY

This category includes the top energy consuming businesses in the Manitoba Hydro service area and
- represents 47.3 % of all electricity consumed in the General Service sector. The Top Consumers group
includes: INCO; HBM&S (Flin Flon/Stall), Gerdau (MRM), HBM&S (Ruttan), Griffin Canada, TVX
Gold, Nexen Chemicals, Simplot, TransCanada Power (TCP), Enbridge, Tembec (Pine Falls Paper),

Tolko, Louisiana Pacific, University of Manitoba, Maple Leaf (Brandon), Midwest Foods, McCain

Foods and Albchem, a new chemical plant in Hargrave that will be energized in this year. The Top
Consumers category includes all future energy requirements for the above mentioned customers. Some
customers are planning major expansions, some customers are expected to remain at current operating
levels and some customers are planning to reduce their levels of consumption in the future.

This category must also contain some speculative load growth because new, large Industrial customers
will be energized to the Manitoba Hydro system in the future. ‘Therefore, starting in 2006/07, we have
created a classification called Potential Large Industrial Loads. This classification is used to represent
the load requirements of potential Industrial loads that will be energized throughout the forecast
period, but at this time, these loads are unspecified. For example, in the last two decades, six new
Industrial loads have been energized in Manitoba - HBM&S at Flin Flon, TransCanada Power at Iles
Des Chenes, Maple Leaf at Brandon, Louisiana Pacific, New Britannia (TVX Gold) mine and
Albchem. The forecast must contain an allotment for new Industrial customers to set up operations
in Manitoba.

Each customer in the Top Consumers group is forecasted individually. Information on individual
company operating plans is collected by Manitoba Hydro Key and Major Account representatives.
This information is used to prepare company specific forecasts. Information of this nature can be very
sensitive and, as such, is treated as confidential and not available for public review.

The Top Consumers must be forecast individually Figure 6

because their loads do not grow in a slow, steady, LOAD GROWTH PATTERNS EXAMPLES
. . TOP CONSUMERS
predictable pattern. Their loads can change abruptly | energy scae

1.2

and in distinct stages. If a customer decides to expand

;
operations, the load will increase quickly. |[os

Conversely, if a customer decides to down size or |06
cease operations, the load will decrease dramatically. |**[—
These type of load changes are not conducive to

0.2

0 L———— L

econometric forecasting models and must be crtEzsAs el et REN
examined on an individual basis. The adjacent graph Company A Company B Company G Company D
—— —_—— —— e

illustrates the example of annual load variation that
can occur with large Industrial customers. Company
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A had a strike in year fourteen. Company B grew steadily throughout, but had a major expansion in
years five and six. Company C started operations in year twelve. Company D increased production
in year fourteen, but lowered electricity consumption due to plant efficiency improvements.

© .The adjacent graph shows that the Top Consumers Figure 7

category has grown consistently over the last two GENERAL SERVICE
. pe TOP CONSUMERS

decades. Most of the customers in this category have _
increased electricity consumption over this period. :Z:fy(ew‘h) History
Six new loads (HBM&S at Flin Flon, TransCanada |7.000 / F:
Power, Maple Leaf, Louisiana Pacific, New |600 /
Britannia and Albchem) have been added to the [%°® ’ N

system since 1981. These new customers have added |**® M"'ﬂ

1 420 GW.h of load over the period, averaging |7

2: Doo T 13 T T T T T 1 T
1982 1987 1992 1997 2002 2007 2012 2017 2022
Fiscal Year Ending

71 GW.h per year. Expansion at Nexen Chemicals
has also contributed to the growth of this sector.
The Top Consumer category is forecast to increase
from a base of 4 818 GW.h in 2001/02 to 7 020 GW.h by 2022/23. This represents an average growth
of 105 GW.h per year, which is slightly lower than the ten year (121 GW.h) and twenty year (111
GW.h) growth rates.

In 2002/03, this group is expected to grow rapidly due to the Nexen chemical plant expansion and the
addition of the new Albchem chemical plant. This growth will be offset slightly as Ruttan ceases
operations and Tolko is expected to add self-generation. In 2003/04, Maple Leaf at Brandon should
add a second shift and the HBM&S expansion at Flin Flon should be completed.

The forecast includes some potential for conversion of natural gas pipelines to electric drive motors,
further expansion in the chemicals sector and 60 GW.h per year by 2006/07, increasing to 90 GW.h
per year by 2012/13 for other Potential Large Industrial loads.
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GENERAL SERVICE - MASS MARKET METHODOLOGY

_This category;ihcludes all other Commercial and Industrial businesses located in the Manitoba Hydro:

-service area, excluding the Top Consumers group. This classification consists of 48 354 customer
_-meters that are classified as General Service and represents 52.3% of all the electricity consumed in
the General Service sector. This group is forecasted using econometric techniques. The General
Service Mass Market econometric model was derived using sales data over the 1989-2002 period and
produced the following results (with t-statistics shown):

2.0 (-0.6) (2.5) (0.4)
LGSNG= (.380xLGSNGI) + (-.237xLRPEl) + (.432xLGDP)’ + 1.16689

R? = 98.2% DF = 10

LGSNG - Log of the weather-adjusted General Service Mass Market sales

LGSNGI - Log of the weather-adjusted General Service Mass Market sales for the previous year
LRPE]1 - Log of the real price of electricity for the previous year

LGDP - Log of the real gross domestic product

The Mass Market forecast is finalized by reducing the econometric results by the amount of expected
savings from Commercial and Industrial DSM programs. The forecast is then allocated to the Small
Non-Demand, Small Demand, Medium and Large rate classes based on historical growth proportions.

The Mass Market load has grown steadily throughout Figure 8

the last two decades, except for brief periods of GENERAL SERVICE
MASS MARKET

inactivity during the economic downturns of the early

1980's and 1990's. This load is resilient and does not coo0r History
decrease dramatically due to economic fluctuations, |7.000 W
plant. closures and strikes. Many of the larger |, f by
businesses in this group are schools,' hospitals, 000 /ﬂ

grocery stores, hotels, large offices and government M

buildings that provide necessary services. These - e

3,000

T T T T T T T T T
1982 1987 1992 1997 2002 2007 2012 2017 2022

businesses are fairly stable, electricity consumption is
Fiscal Year Ending

not as dependent on volatile market conditions.

The Mass Market category is forecast to increase from a weather-adjusted base of 5 345 GW.h in
2001/02 to 7 403 GW.h by 2022/23. This represents an average growth of 98 GW.h per year, which
is similar to the ten (92 GW.h) and twenty year (99 GW.h) annual growth rates. The Mass Market
growth is based on expectations of falling real electricity prices and steady economic growth.
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GENERAL SERVICE - OTHER

This category includes .the four General Service groups that represent only 0.4% of all General
Service sales. These groups have unique rate codes and are forecasted separately for rate and billing

purposes. These groups have a very minor effect on the overall load forecast and therefore will not
be discussed in detail in this report. These groups are forecasted using trend analysis and extrapolation ‘

techniques.

Seasonal

There were 783 General Service Seasonal customers by the end of the 2001/02 fiscal year. The five
year trend is an annual decrease of 2% in the number of customers per year. The number of customers
is expected to be 770 in 2002/03 and decline 10 per year. Average use was 5 466 kW.h per customer
in 2001/02 and is forecast to be 5 550 kW.h per customer in 2002/03 and grow 25 kW.h per year.
Water Heating

General Service Water Heating is a flat rate unmetered service that has not been available since
November 12, 1969. There were 267 remaining customers by the end of the 2001/02 fiscal year. The
five year trend is an annual decrease of 5% in the number of customers. The number of customers
is expected to decrease 5% per year throughout the forecast period. Average use was 28 727 kW.h
per customer in 2001/02 and is forecast to be 28 700 kW.h per customer.

Diesel

The Diesel Full Cost classification consumed 5 GW.h in 2001/02. Consumption is expected to
increase to 18 GW.h by 2022/23.

Surplus Energy Program

Participants in the Surplus Energy Program (SEP) are expected to consume 26 GW.h per year during
the 2002/03 to 2003/04 period and then the program will be discontinued or altered in some fashion.
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AREA & ROADWAY LIGHTING

The Area and Roadway Lighting sector represents
“only 0.4% of all sales within the Manitoba Hydro
service ‘area. It includes electricity sales for the
Sentinel Lighting and Street Lighting rate classes.
Sentinel Lighting is an outdoor lighting service where
units are available as rentals to an existing metered
service or on an unmetered flat rate basis. Street
- Lighting includes all municipal roadway lighting in
the Manitoba Hydro service area. In the early 1990’s,
usage dropped due to conversion to energy-efficient,
high-pressure, sodium vapour street lighting.

Figure 9
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The Area and Roadway Lighting sector is forecast to increase from 68 GW.h in 2001/02 to 81 GW.h
by 2022/23. Sentinel Lighting is forecast to increase by 400 rentals per year with an estimated usage

of 500 kW.h each. Street Lighting is forecast to increase an average of 0.5 GW.h per year because
most of the existing street lights have been converted through the DSM initiative. New street lighting

additions should increase overall consumption.
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MANITOBA HYDRO SALES (GENERAL CONSUMERS)

-~The Manitoba Hydro Sales category consists of all Figure 10

sales delivered to customers in the Manitoba Hydro MANITOBA HYDRO SALES
‘service area. This category includes the total of all Sreray (GW.H) .

. . . ' History
sales from the Residential, General Service and 20000 e

— | Weadjust
Lighting groups. The General Service sector makes | 5000 M/”W —
up about two-thirds, the Residential sector makes up {16,000 M// _ -
about one-third and the Lighting group is only 0.4% | 14co )*"'?{* *

of all sales. The adjacent graph shows that Manitoba | '2°° a

10,000 |5

Hydro Sales have grown steadily, except for the

8,000 T T T H H T T i T
1982/83 recession. The high growth rates in the 80°s 1982 1987 1992 1997 2002 2007 2012 2017 2022

Fiscal Year Ending

were due to electric space heating conversions.

The Manitoba Hydro Sales (General Consumers) category is forecast to increase from a weather-
adjusted base of 15 615 GW.h in 2001/02 to 20 641 GW.h by 2022/23. This represents an average
growth of 239 GW.h per year, which is slightly lower than the ten year annual growth rate of
249 GW.h. The reasons for growth are specified in the Residential and General Service sections of
this report.
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. DISTRIBUTION LOSSES

The Distribution Losses category represents the Figure 11

resistence losses incurred in delivering power from DISTRIBUTION LOSSES

the distribution station to the customers' meter. These | eneray@wi)

losses are the difference between Manitoba Hydro at > j/,.w"" ;S;L
Common Bus less Construction and Manitoba Hydro | & —
T Sales less Diesel. Diesel sales are excluded because w0 . A ]/ -
they are not part of the Integrated System. The losses I YT
. vary because Manitoba Hydro Sales are measured on | *®° ]Ky*\q
a cycle billing basis and Common Bus is measured on N
a calendar month basis. Use at the customers' meter O i vartnany 28 2021

lags the delivery of power to the Common Bus.

This category also includes unbilled sales and the error associated with flat rate estimates. Unbilled
sales include energy used by Manitoba Hydro offices, Customer Accounting adjustments and energy
lost through theft. Flat rate estimates include a number of unmetered services where energy is
estimated and subject to inaccuracy. Distribution losses are forecast to be 4.7% higher than Manitoba
Hydro Sales less Diesel.

i ;
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CONSTRUCTION POWER

The - Construction” Power category represents the
-energy used by Manitoba Hydro and its contractors in
- the construction of major capital works such as
generating stations, converter stations and major
transmission lines. This category also includes station
service until a plant is commissioned. The adjacent
graph shows that consumption increased significantly
during the peak of Limestone development. Recently,
the Construction figures include 35 GW.h at Gillam,
7 GW.h at Limestone and another 1.5 GW.h at
Kettle.

Figure 12
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The Construction Power category is forecast to be 42.5 GW.h per year until the construction of

Wuskwatim and Gull generating stations commence. The most recent, approved development plans

project for a first power date of 2019 and 2020 for the Wuskwatim and Gull generating stations,

repectively. The sequencing of generation development plans are subject to change given an

appropriate business case.
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MANITOBA HYDRO AT COMMON BUS

Manitoba Hydro at Common Bus represents 86.9% of

- the Manitoba Load at Common Bus. It is measured as

the sum of all load from Manitoba Hydro distribution
points within the province. It includes all sales to
customers in the Manitoba Hydro service area plus
associated distribution losses. It also includes energy
used by Manitoba Hydro and its contractors in the
construction of major capital works such as generating
stations, converter stations and transmission lines.

The Manitoba Hydro at Common Bus category is
forecast to increase from a weather-adjusted base of

Figure 13
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16 395 GW.h in 2001/02 to 21 617 GW.h by 2022/23. This represents an average growth of
249 GW.h per year, which is slightly lower the ten year annual growth rate of 260 GW.h. Manitoba
Hydro at Common Bus will increase proportionally to Manitoba Hydro (General Consumers) sales.
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WINNIPEG HYDRO AT COMMON BUS

Winnipeg Hydro at Common Bus represents 13.1% of Figure 14

i .Itis m '
the Manitoba Load at Common Bus. It is measured as WINNIPEG HYDRO AT

the sum of all load from Winnipeg Hydro distribution COMMON BUS

points within the province. It includes all sales to |Zrs©"» ooy
customers .in the Winnipeg Hydro service area plus |2s00 - WM Wendgust
associated distribution losses. The adjacent graph {240 *ﬁ\r* £ Forecast

2,300

shows that the Winnipeg Hydro load grew [
significantly during the 1980°s due to development of :::
the downtown area of Winnipeg, but then dropped. In |, . ]
the 1990’s, the load remained stable, but has started | 100!, *

-, . . . 1982 19l87 19'92 19197 20'02 20'07 20l12 2(';17 2822
to slowly increase during the last four years. Fiscal Year Ending

The Winnipeg Hydro category is forecast to increase from a weather-adjusted base of 2 453 GW.h
in 2001/02 to 2 519 GW.h by 2022/23. This represents an average growth of three GW.h per year,
which is slightly higher than the ten year annual growth rate of one GW.h, but lower than the twenty
year annual growth rate 25 GW.h. The increase in consumption is primarily due to continued falling
real electricity prices and the expectation of steady population growth.
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~ WINNIPEG HYDRO METHODOLOGY

* The Winnipeg Hydro sector is forecasted using an econometric equation. The econometric model was
derived using sales data over the 1992-2001 period and produced the following results (with t-statistics
shown): '

(1.1) (-0.1) (0.5) (0.4)
LWHNG = (.394x LWHNGI) + (-.027xLRPEI) + (.338xLPOP) + 2.38426

R* =45.0% DFE =7

& LWHNG - Log of the weather-adjusted Winnipeg Hydro at Common Bus

LWHNGI - Log of the weather-adjusted Winnipeg Hydro at Common Bus for the previous year
LRPEl - Log of the real price of electricity for the previous year

LPOP - Log of the population of Manitoba

The Winnipeg Hydro forecast is finalized by reducing the econometric results by the amount of
expected savings from the Commercial lighting program in the Winnipeg Hydro service area.
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MANITOBA LOAD AT COMMON BUS

Manitoba Load at Common Bus is the sum of all Figure 15

" Manitoba Hydro and Winnipeg Hydro loads at MANITOBA LOAD AT
Common Bus. It represents the total load measured |, cwn COMMON BUS
from all the distribution points within Manitoba. It | Acal
. . 24,000 4 X
includes all sales to Manitoba customers plus |, | e
associated distribution losses. This category excludes |2000 fl/ by
transmission losses and station service. In the 1980°s, |'*® TR ‘
load growth was due to rural electric space heat :jzz yd
conversions and downtown development in Winnipeg. {12000 */

In the 1990’s, load growth was due to Industrial %% ~—————

T T T T T T
1982 1987 1892 1997 2002 2007 2012 2017 2022
Fiscal Year Ending

development in the Manitoba Hydro service area.

The Manitoba Load at Common Bus category is forecast to increase from a weather-adjusted base of
18 849 GW.h in 2001/02 to 24 136 GW.h by 2022/23. This represents an average growth of 252
GW.h per year, which is slightly lower than the ten year annual growth rate of 261 GW.h. Most of
this load growth will occur in the Manitoba Hydro service area.
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TRANSMISSION LOSSES

. Transmission Losses category represents the amount Figure 16
of energy that is lost in delivering power from the :

 generation stations to all of the distribution points on . TRANSMISSION LOSSES
the Common Bus. This category only contains losses |24 History
associated with supplying Manitoba customers. Losses |*** _ MMM Weadkst
attributable to exports and the gains attributable to jz A by

imports are excluded. It is calculated as the difference |, g0 f\yN
between Net Total Energy minus the Manitoba Load |10 wa _

at Common Bus. Transmission losses are substantial |**°
1,000L————

because most of the northern generation is transmitted | - 12 15857 1502 19972002 Efg?’ 012 2017 2022
4 . 1SCaj Year ng

to southern distribution points - 900 kilometres away.
Transmission losses vary significantly depending on system configuration, outages and the magnitude
of the load being transmitted over the lines. Note that the Transmission losses increased dramatically
in 2001/02 due to the failure of two transformers on the HVDC system.

Transmission Losses are forecast to be higher than normal in the first two forecast years. After that
the losses are expected to return to normal and are forecasted to be 9.3% of the Manitoba Load at
Common Bus. Transmission Losses will increase as the Manitoba Load at Common Bus increases.
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STATION SERVICE

...~ The -Station Service category measures the energy \ Figure 17
-used by power plants to generate power and service STATION SERVICE
their own load. Energy and peak estimates can either Energy G ‘
History
include or exclude station service, depending on the : *
» dep g 200 M Weadjust]

purpose for which they are to be used. Most energy

W Forecast
——

and peak numbers in this document exclude station |° faa

service. “Net” numbers exclude station service and {100

“Gross” numbers include station service. This is

50

i i

explained in the Glossary of Terms. Station Service
o ; 9 ok i) ook : T - T T T T L)
energy was not measured prior to 1993/94 and was | 1982 1987 1992 1997 2002 2007 2012 2017 2022

Fiscal Year Ending

s

included in the Transmission Losses category.

Station Service energy is forecast to be 0.9% of the Manitoba Load at Common Bus. Station Service
energy is forecast to increase from 162 GW.h in 2001/02 to 224 GW.h by 2022/23. Station Service
at the time of peak is forecast to increase from 37 MW in 2001/02 to 41 MW by 2022/23.
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NET FIRM ENERGY

.The NetFirm Energy category includes all electricity - Figure 18
that is generated to meet the firm energy requirements | NET FIRM ENERGY

of all customers within Manitoba. It excludes non- |..... cwn

firm (interruptible loads) and station service loads. It z::zz ks
is calculated by subtracting non-firm sales and station |, o, | e
service loads from the Gross Total Energy |z /,/ g
requirements. Net Firm Energy is a critical factor in | 2*® Bt

determining Manitoba Hydro’s future development ::zz: ;’W' .

plans. Net Firm Energy has grown steadily during the | 14,000 *{f

past two decades, except for the 1982/83 recession |20 T 102 107 ooa 2T T 2o s

and the economic downturn in the early 1990’s. Fleca| YearEnding

The Net Firm Energy category is forecast to increase from a weather-adjusted base of 20 738 GW.h
in 2001/02 to 26 381 GW.h by 2022/23. This represents an average growth of 269 GW.h per year,
which is slightly lower than the ten year annual growth rate of 280 GW.h.
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NET TOTAL PEAK

The Net Total Peak is defined to be the maximum

: Figure 19
~integrated hourly load at generation adjusted for losses NET TOTAL PEAK
associated with exports or imports, less station Service, |peax o
but with curtailed loads added back in. The term |>°* : Actusl
“integrated" indicates that the average load within that |**® M,.w* Wead]
Forecast
peak hour is used. The Net Total Peak has not grown |*°% o b
3’500 . M |

kXK
N YHF

our Industrial customers to improve the -efficiency of |2°®

T T T T T ] T H T
1982 1987 1992 1997 2002 2007 2012 2017 2022
Fiscal Year Ending

very much during the 1990's because many of our
3,000

large Industrial customers have improved their
2,500

efficiency. Manitoba Hydro is very diligent in helping

their business operations.

The Net Total Peak is forecast to increase from a weather-adjusted base of 3 769 MW in 2001/02 to
4 513 MW by 2022/23. This represents an average growth of 35 MW per year, which is higher than
the ten year annual growth rate of 26 MW, but lower than the twenty year annual growth rate 54 MW.
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HOURLY LOAD MODEL

“The Hourly Load Model is designed to accurately estimate total electricity usage in Manitoba. Hourly
. system energy readings are related to the hour of day, day of week, month of year, and the current and
- past temperatures.

The adjacent graph illustrates the model's Figure 20
concepts. The base load is the temperature-
insensitive part that varies by hour of day. The

Load-Temperature Relationshi
heating component is the additional load required mperat P

as the temperature decreases. The cooling 4%\’:0 —— T
component is the additional load required as the L E L E E B:Pseloq:d E
temperature increases. The model requires two 3'000_“'"?” ; ] “T;__"T _1;""%""
sets of inputs. (1) Base load coefficients are 2000____;__;54__ %;__5 45 JE E____
expressed in MW and vary by month, weckday, | Hedtng | | ] Ii
and hour of day. (2) Temperature-sensitive 1,000 "“;r‘c°’?p°"e§‘t"7;“‘7;““bo‘o uﬁig
coefficients, i.e. heating and cooling, are oo :Comp.Pnent

ok i Lesiass

i . -40 30 20 -10 O 10 20 30 40
expressed in MW/degree Celsius and vary by Temperature (C)
temperature and hour.

The Hourly Load Model predicts the hourly energy for every hour of each year. This is done for 25
different years of historical temperatures (from April 1977 to March 2002). In the first two years of
the forecast, these 25 replications are summarized to get expected values and their standard deviations

and represent the exact day-of-week pattern that will occur in these two years. |

In the remaining years of the forecast, each of the 25 years of temperatures are combined with four
day-of-week variations. These 100 replications are summarized to produce an average year. This
smooths out the variation that would otherwise occur due to extra weekends in a month or leap years.

Output from the Hourly Load Model produces monthly energy distributions, monthly peaks, annual

peaks, on-peak and off-peak energy splits, probabilities of peak occurrence, load duration curves,
hourly load estimates and other types of information.
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ALTERNATE SCENARIOS

A Medium-Low and Medium-High scenario have been prepared to represent the sensitivity of the

-~ forecast based on various economic and demographic assumptions. Each scenario represents a different

version of future economic growth in Manitoba. Although any number of assumptions could be made,
these two scenarios were chosen as being representative of Medium-Low and Medium-High economic
growth.

When compared to the Base Forecast, the Medium-Low scenario includes lower population growth,
lower housing formation rates, lower economic growth, lower oil and natural gas price increases,
lower electric space heat saturation rates, lower business formation rates, lower business electricity
usage, more shutdowns/closures of existing large customers and lower probabilities of large electrical-
intensive industries locating in the province. | '

When compared to the Base Forecast, the Medium-High scenario includes higher population growth,
_ higher housing formation rates, higher economic growth, higher oil and natural gas price increases,
higher electric space heat saturation rates, higher business formation rates, higher business electricity
usagé,. less shutdowns/closures of existing large customers and higher probabilities of large electrical-
intensive industries locating in the province.
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LOAD FORECAST UNCERTAINTY

- The Medium-Low and Medium-High scenarios represent the expected forecast of loads given a set of
specified economic conditions that correspond to assumptions of lower and higher economic growth.

However, these scenarios do not imply a likelihood of occurrence. To establish these likelihoods (and
for other probabilistic or risk analysis purposes), the following estimates of the variation in the forecast
are provided. The variation in the forecast is divided into two parts:

1) Weather and Random Variation - is the variation caused by above or below normal
temperatures, or by increased or decreased short-term consumption by groups of customers or
industries. This variation is determined from the Hourly Load Model.

2) Economic and Modeling Variation - is the variation due to changes in economic conditions
and modeling assumptions. This variation is obtained by taking the historical weather-adjusted
annual energy and determining the year-to-year variation in its growth. A statistically-based
method of estimating the year-to-year variation has been used this year, resulting in a lower -
estimate of future economic and modeling variation. This change has lowered the probability

- of exceeding either the Medium-Low or Medium-High: scenarios.

The two variations are combined to determine the total uncertainty of the forecast. These are converted
to a statistical measure known as a standard deviation. The future load is expected to be within one ‘
standard deviation of the Base Forecast 68% of the time and within three standard deviations of the Base
Forecast 99% of the time. |
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£ Figure 22
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FORECAST ACCURACY

. ..Comparing previous load forecast to actual results has been complicated by changes in utility operations
- .and reporting. Five major changes have occurred since 1990. Each of these changes will be discussed
briefly. ,

1) Interruptible Sales - Since 1991/92, Manitoba Hydro has offered interruptible rates to its
customers. These rates have created a distinction between firm and non-firm sales, which affect
the calculation of Net Firm Energy because non-firm sales are excluded.

2) Demand Side Management - Since 1992/93, Manitoba Hydro has included Demand Side
Management (DSM) as a supply side resource in the determination of System Capability and
Energy Requirement. The load forecast contains DSM associated with the Basic Customer
Information and Service option. The forecast includes savings from appliance efficiency
improvements and other base DSM program. It does not include incentive-based DSM
programs. These are reviewed as a supply-side resource that can be ramped up or down
dependant on future need. ’

3) Curtailable Rates - Since 1993/94, Manitoba Hydro has offered a curtailable rate program
to its customers. These rates affect the actual peak load experienced because customers are
usually curtailed at the time of peak. When calculating the Net Total Peak for this report, the
curtailments are added back to create a consistent hourly integrated load profile. The
transformed hourly load data is used in the Hourly Load Model. ’ "

4) Station Service - Since 1993/94, transmission losses and station service have been metered
separately at the generation stations. Previously, transmission losses and station service were
indistinguishable and recorded under transmission losses. The separation of transmission losses
and station service affect the calculation of Net Firm Energy because station services losses are
excluded.

5) Peak Definition - Since 1993/94, Manitoba Hydro has defined the system peak as an hourly
integrated value. Previously, the peak was recorded as an instantaneous or one minute peak.

Depending on when the forecast was created, adjustments have been made to the forecasted énergy and

peak values to account for these variances. This will present a more meaningful analysis of the long
term forecast accuracy.
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Figure 23
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Figure 24
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CALENDAR YEAR RESULTS
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GLOSSARY OF TERMS

‘The two key: differences in terminology used throughout this report are:

D GROSS vs NET - for both enefgy and peak, gross figures include station service loads; whereas

net figures exclude station service loads.

2) TOTAL vs FIRM - total energy includes non-firm energy; whereas firm energy excludes non-firm
energy. Total peak adds back curtailed loads; whereas firm peak excludes curtailed loads.

Station Service - is electricity consumed by generating stations in the production of electric power.

Non-Firm Energy - includes all energy sold to Manitoba customers on a non-firm basis. This category
includes all sales from the Surplus Energy Program (SEP).

Curtailable - is load that can be curtailed on short notice. Customers are given a discount for subscribing
to this less firm source of power. Curtailable loads affects peak demand because most periods of
curtailment tend to be at or near the system peak. It is assumed that this rate will have no effect on energy
consumption because customers can purchase make-up energy after the curtailment.

Gross Total Energy - includes all energy needed to meet the requirements of Manitoba customers on the
integrated system. This figure includes station service and non-firm energy. This figure does not include
diesel generation, Industrial self-generation, exports, exports losses or import gains.

Net Total Energy - same as Gross Total Energy except station service loads are excluded:

Net Firm Energy - same as Gross Total Energy except station service and non-firm loads are excluded.
Gross Total Peak - is the maximum hourly demand in a given year, required to meet the needs of
Manitoba customers on the integrated system. This figure includes (adds back in) station service loads and
curtailable loads. This figure does not include diesel generation, Industrial self-generation, exports and
losses associated with exports/imports.

Net Total Peak - same as Gross Total Peak except station service loads are excluded.

Net Firm Peak - same as Gross Total Peak except station service and curtailable loads are excluded.
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