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Figure A1.1 Statistically Adjusted End Use (SAE) Model
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The main reason BC Hydro adopted the statistically adjusted end use model for the
commercial sector is to enhance transparency. In the 2005 Forecast, the
commercial sector load forecast was based on a regression approach using GDP as
the main driver. Since the 2006 Forecast, BC Hydro has run the SAE models for the
distribution class by the four regions.

A1.2.Industrial Forecast Methodology
Industrial Distribution

As indicated in the industrial section, BC Hydro applies a regression model to
estimate the sales for the remaining sectors of the industrial distribution customers.
The customers do not include sectors such as wood, mining, and oil and gas but
includes customers such as agriculture, chemical, and other types of manufacturing
and processing. The methodology used to develop the forecast for oil and gas loads
please see Appendix A3.2. For mining and wood, the methodology follows from
production and intensity, where the production estimates come from third party
consultants.

The industrial distribution energy forecast for the remaining segment is developed
using regression methods based on the following expression:

+B3*T
eocB

(A1.6) INDD = ( )*GDP

Where:
e [INDD is industrial distribution sales
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o and B are the regression coefficients from a time series regression of
industrial distribution sales over provincial real GDP and a time trend
and appropriate binary variables.

e is exponential base

T is a time trend variable

The results of the industrial distribution regression forecast, for the remaining
segment, are provided in the table below.

Model A1.1 Model A1.1
Estimation OoLS
Method
Constant 2.77
Independent -0.006
Trend Variable
Economy N/A
Binary Variable
Adjusted R-sq 0.13

Autocorrelation
Range (AR)

<0.86 or>1.56

Durbin-Watson

1.75

Autocorrelation
Detected?

No

The forecast as produced by estimated regression and the forecasts for oil and gas,
mining and wood sectors are provided in the table below.

Table A1.1 Industrial Distribution Forecast before DSM and Rates

Fiscal Regression Total Distribution Total
Year Forecast Oil and Gas Industrial
Remaining Mining Distribution
Industrial and Wood Forecast
Distribution (GWh) (GWh)
(GWh)
F2012 2,387 1,465 3,852
F2013 2,427 1,706 4,133
F2014 2,472 1,789 4,261
F2015 2,517 1,883 4,400
F2016 2,563 2,032 4,595
F2017 2,617 2,019 4,635
F2018 2,673 2,033 4,706
F2019 2,742 1,999 4,741
F2020 2,797 2,002 4,799
F2021 2,835 2,049 4,884
F2022 2,863 2,053 4,916
F2023 2,889 2,028 4,917
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F2024 2,914 2,037 4,950
F2025 2,936 2,045 4,981
F2026 2,962 2,053 5,015
F2027 2,984 2,061 5,045
F2028 3,011 2,068 5,078
F2029 3,041 2,075 5,116
F2030 3,076 2,083 5,158
F2031 3,107 2,088 5,195
F2032 3,134 2,058 5,192

Industrial Transmission

Development of the load forecast for the gas loads is described in Appendix A3.2.
The following information is supplemental to the process outline in the forestry and
mining sections in Chapter 8.

The methodology used in forecasting the industrial, transmission-voltage
consumption incorporates expertise from many sources. Although the forecast is
performed on a sector and customer basis, the methodology within each is basically
a three step process: 1) creation of consultant reports, 2) internal verification of the
reports and 3) compilation and forecast. The consultant reports, used to develop the
forestry and mining are produced by independent industry experts. Most of the
reports generated provide a long-term economic outlook for that sector and
individual production forecasts for each account within that sector.

During the compilation and forecasting process, the following information is compiled
and used to produce the individual account forecasts:

o Historical loads, power factors, load factors, production forecasts, energy
intensity factors (such as kWh/ unit of output);

e Expansion and expected in-service dates;
e The perceived risk of projects and new loads; and
e Discussions with BC Hydro’s Key Account Managers and other contacts.

These are compiled to develop a forecast for each transmission account in the areas
of forestry, coal and metal mining.

For the other large transmission industrial sectors including chemicals and the Other
category, (which includes government, transportation and some ports), the forecasts
are developed on account-by-account basis for the first 11 years of the forecast and
then extended by growth rate in GDP and elasticity to GDP in a similar manner to
equation (A1.6).

The industrial transmission elasticity of GDP used to develop the forecasts for the
chemical and the other remaining category are estimated to 0.38 and 1.09"?
respectively. The results of the regression models that determined this elasticity are
provided in the tables below.

Chemical Sector

The following regression model was used to develop elasticity to GDP estimates for
the transmission chemical sector.

(A1.9) Sales = o + B*GDP; + y4*binary variable

2 For continuity between the 2009 and 2010 Load Forecast, the elasticties and regression models, which
inform the elasticities, are unchanged between the two forecasts.
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Where:

GDP is total provincial real output
The binary variable accounts for loss of a large chemical customer in F2007

Sales is the transmission sales to the chemical sector

Model A1.2 Model A1.22
Estimation Method oLs
Variable
Constant 1115.4 (373.1)
Independent X 4.50 (1.6)
Variable (X =GDP)
Binary 1 -291.3(60.3)
Adjusted R-sq 0.68
Durbin-Watson 2.31
(Dw)
Autocorrelation <1.56 or >0.86
Range (AR)

Autocorrelation
Detected?

No. DW is
outside AR
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Transmission Other Sector

Sales to the Other sector in this section refers to: 1) large industrial Other sales as
shown in Table 8.2 and 2) non- Oil & Gas commercial transmission customers.

The following regression model was used to develop elasticity to GDP estimates for
these customers. The elasticity is 0.49 which was used to develop the long term
forecast for this segment of load.

(A1.10) Sales =
Where:
e Sales is sales for the remaining transmission sector

o + B*GDP,

e GDP is total provincial real output

Model A1.3 Model A1.3
Estimation OoLS
Method
Constant 509.61 (73.10)
Independent X 3.36 (0.49)
Variable (X =GDP)
Adjusted R-sq 0.80
Durbin-Watson 1.034
Autocorrelation <1.34 or >1.01
Range (AR)
Autocorrelation | Neither accept
Detected? or reject.
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A1.3.Peak Demand Forecast Methodology

Figure A1.2 below shows that the bottom-up peak forecast methodology involves
several steps for each of the distribution and transmission peak forecasts. The
general description of the development stages in system peak forecast is provided
following.

Figure A1.2 Peak Demand Forecast Roll-up

Bottom Up Driven
Forecasting Process
Detailed to meet users and
planners needs

r

4 Regions

15 Distribution 9 Transmission
Planning Areas Planning Areas

220 Distribution Substations;

160 Transmission Substations
The peak demand forecast is built up in three main stages, each incorporating
several steps. First stage is the creation of the substation peak in MVA non-
coincident', second, the four main service region peak forecasts in MW are

determined on a region coincident basis and third, the system peak in MW on a
system coincident basis.

Stage 1: Substation Peak Demand Forecast

The substation peak forecast is built up in several sub steps: 1 (a) first the weather
normalized peak loads by substation/area and short-term forecasts are developed; 1
(b) second the substation peak forecast guidelines are developed from an
econometric model for each planning area; 1(c) third an 11-year substation forecast
for each substation is created; and, 1 (d) finally the substation and guideline peak
forecast are averaged together.

The appropriate equations and description of the sub steps are provided below.
1 (a) Weather Normalized Substation Peak and Short-term Forecast

The equation below is the basis for a linear regression model that estimates the
relationship between substation peak demand and temperature:

(A1.11) KVA = o + B*min

Where:
+ KVA is the metered peak load; and

* min is the minimum mean temperature for the coldest day during the
metered period.

'3 Non-coincident is defined in the glossary.

BGhydro I racE 75
Page 75 of 111 May 2012



2012 Integrated Resource Plan

Appendix 2A
ELECTRIC LOAD FORECAST F12-F32

* o and B are the regression coefficients from a time series regression of
peak substation demands on temperatures.

Using the estimated regression coefficients, the weather-normalized peak is then
calculated based on the design day temperature for that substation™:

(A1.12) NKVA = o + f*designmin

Where:
* NKVA is weather-normalized peak; and
» designmin is the design temperature for the substation.

The first step involves estimating a relationship between substation peak demand
and temperature and determining weather normalized substation peak for each
substation for the previous winter. This is produced by equation A1.15. The weather
normalized substation peak along with historical growth rates of substation peak
demands, expected transfers of substation load and expected discrete load
additions or closures are used by BC Hydro Distribution planners to prepare a short-
term forecast for each substation for the upcoming winter. The first step is completed
with an estimate of the weather normalized peak for each substation for the base
year or the most recent historical year.

1(b) Distribution Peak Guideline Forecast.

In the section sub step, a distribution substation peak guideline forecast is prepared
for 15 planning areas for the first 11 years of the forecast period using the following
forecasting and (econometric model) equation:

(A1.18) SKj; = [04SFDHTG + 0,SFDNON + asMULTHTG + asMULNON + 0sU35E +
0(6035E]

Where:
« SKj is the total substation peak for the i planning area;
* SFDHTG is the number of single-family electrically heated homes;
» SFDNON is the number of single-family non-electrically heated homes;
* MULTHTG is the number of multi-family electrically heated homes;
* MULTNON is the number of multi-family non-electrically heated homes;
» U35E is annual energy consumption General under 35 kW,
» O35E is annual energy consumption General over 35 kWi,

* the coefficients a1, a2, a3, and a4 are kW contribution to the distribution
peak per dwelling in area i, for the four dwelling types under normal
temperature conditions; and the coefficients, o5 and o6 represent the
increase in peak demand due to a one-kWh increase in the General rate
class Under 35 and Over 35 kW energy consumption.

14 . . . . -
A regression model using non-linear variables was also used for weather normalization.
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The forecasting equation for the distribution peak guideline model is
provided in equation A1.18. The guideline forecast provides the expected
total substation growth from the base year for each planning area. The
drivers of the guideline forecast are based on regional economic
information such as housing starts and employment. The guideline
forecast is provided to BC Hydro Distribution planners from Market
Forecast without adjustments for specific capacity additions or transfers.

1(c) Long-term Substation Forecast

In the third sub-step, an eleven-year substation peak forecast is prepared for each
substation using the guidelines, trends in substation growth, forecast load transfers
between substations and larger substation load additions. During this step,

BC Hydro planners may have additional and information or revised information from
field engineers on expected increases or decreases on discrete customer loads as
well as operational requirements for substations. This new information, along with
the impact of the guideline forecast, may result in a change to the initial short-term
forecast for each substation forecast from the first step. The long-term forecasts for
each substation are summed up to fifteen planning region totals. These are the total
long-term substation forecasts for each planning region.

1(d) Average of Long-term Substation Forecast and Guideline Forecast

The fourth sub step is the calculation of the blending or averaging of the long-term
substation forecast and the guideline forecast for each of the 15 planning areas.
Prior to the forecasts being averaged, the long-term substation peak forecast and
the guideline are aggregated from 15 planning areas into four regional total
substation forecasts. These sets substation forecasts (i.e. the long-term substation
forecast and the peak guideline forecast) are then averaged together for each of the
four service regions based on the following equation:

(A1 13) PKit = Zit SKitGuideIine + SK| Substation Forecast

Stage 2: Regional Peak Forecast
The regional peak is forecast developed using:

(A1.14) RPK| = 3, [PKy*DCF;*PF; + TP*TCF;*PF; + OP;"OCF]]

Where:

DCF is the regional distribution peak coincidence factor;

PF is the regional power factor for distribution and transmission;

TP is the transmission peak; this is the aggregate of the transmission
account peak forecast in each service region.

* TCF is the transmission coincident factor;
* OP is the other utility peak sales;

L]

OCEF is the other utility coincident factor; and

PK is the weighted average distribution substation forecast
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A transmission peak forecast is prepared for each commercial and industrial
transmission account using a bottom-up approach. This involves using the
historical peak data, information from Key Account Managers and market
information and industry reports.

Stage 3: System Coincident Peak Forecast

Finally, system coincident peak is created as the sum of coincidence-adjusted
regional peaks and it includes transmission losses:

(A1.15) SPK = (1 + TL)*3; RPK; *SCF,

Where:
e TL is the transmission loss factor; and

» SCF are the system coincidence factors for each of the four regions.
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Appendix 2 - Monte Carlo Methods

This Appendix describes the Monte Carlo model that is used to assess the uncertainty
associated with BC Hydro's Load Forecast. The description includes a discussion of the
methodology, assumptions and parameters of the model.

Load forecasting involves considerable uncertainty. The demand for electricity depends
on a large number of factors which fluctuate widely with time and which are difficult to
measure. Some of these factors include population, gross domestic product, weather,
technology, energy conservation programs (DSM), alternate energy source options, the
business climate experienced by major customers and the changing tastes and
customers. The challenge of assessing the uncertainty of the load forecast is to quantify
the way in which uncertainty in the major causal factors flows through to impact the
resultant load.

To quantify load forecast uncertainty, BC Hydro uses a Monte Carlo model and Monte
Carlo simulation techniques. The model and simulation analysis proceeds as follows:

o First, several major input variables or causal factors are identified. These are:
economic growth (measured by GDP); price of electricity (electricity rates); the
effectiveness of DSM, weather (measured by heating degree days) and elasticity of
load (with respect to GDP and BC Hydro electricity rates).

e Second, probability distributions are assigned to each input variable and a model is
specified that defines the mathematical relationship between the input variable and the
output variables.

e Third, a large number of random samples are taken from the input probability
distributions. The model is used, with each sample as input, to calculate a large
number of simulations of the output variables. These simulations are used to construct
probability distributions for the output variables.

The Monte Carlo model calculates the impact of the major causal factors that drive load.
The model perturbs the Reference forecast by calculating the impacts for each of the
causal factors. The impact factors are random variables. Each of the sectors -
Residential, Commercial and Industrial - is perturbed separately, and has separate impact
factors, but essentially the same methodology is used for all of them. The model is
implemented in Microsoft EXCEL augmented with Palisade Corporation’s @RISK
software. Energy demand for each sector is computed by the following equation.

(A2.1) E=EIITEC1Y

Here (E; is base case energy demand, E: is perturbed energy demand, and the impact
factors are identified by their superscripts; P for electricity price (rates), G for GDP, W for
weather, U for residual error and D for DSM.

Equation (A2.1) is used to calculate the random variable for energy demand before DSM.
A random variable for DSM savings is then calculated and subtracted to give energy after-
DSM.

Impact of GDP Uncertainty: In order to assess the impact of uncertainty in future GDP,
the base case GDP is perturbed. The base case GDP is denoted by (G; and the
perturbed GDP is denoted by G,  The perturbed GDP starts off being equal to the base
case GDP in the first year. It then grows at a growth rate equal to the base case GDP
growth rate ( ¢g:) plus a random perturbation growth rate ( g;). This random perturbation is
a normally distributed random variable with zero mean and a standard deviation of 1.70%.
That is:

(A2.2) gi ~ N(0,1.70%)
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The perturbed GDP is calculated by:
(A2.3.)Gi= G [1+ oge + gt 1.

The impact factor for GDP is then given by the following equation:
(A2.4) 1% =exp(aIn(Gi/ oGy)) = (Gi/ oGy )a

where o is the elasticity of load with respect to GDP.

Impact of Price Uncertaint)é (BC Hydro electricity rates): The calculation of the impact
factor for price changes (I';) is treated similarly. A random variable, the perturbed price
P¢ , is calculated starting from the base case price (P;. The perturbed price starts out being
equal to the base case price in the initial year. It then grows at a rate equal to the base
case growth rate plus a random perturbation. In the model, the random perturbation has a
triangular distribution with parameters (-2.5%, 0, +2.5%). However, unlike the case of
GDP, the impact of price change is assumed to take place on a cumulative basis.

Table A2.1 gives the elasticity parameters used in the current Monte Carlo model.
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Table A2.1. Elasticity Parameter for Monte Carlo Model

Mean Probability Distribution (a,b,c)
Short-term Price Elasticities
Residential -0.050 Triangular (-0.075, -0.05, -0.025)
Commercial -0.050 Triangular (-0.075, -0.05, -0.025)
Industrial -0.050 Triangular (-0.075, -0.05, -0.025)
Long-term Price Elasticities
Residential -0.050 Triangular (-0.075, -0.05, -0.025)
Commercial -0.050 Triangular (-0.075, -0.05, -0.025)
Industrial -0.050 Triangular (-0.075, -0.05, -0.025)
GDP Elasticity
Residential 0.670 Triangular (0.470, 0.670, 0.870)
Commercial 0.780 Triangular (0.580, 0.780, 0.980)
Industrial 0.500 Triangular (0.000, 0.500, 0.100)

In Table A2.1, Triang(a,b,c) refers to a probability distribution known as a triangular
distribution because its graph is a triangle. This distribution is zero for values of its
random variable less than a or greater than c. It has a maximum (most probable) value at
b.

Residual error: This factor incorporates the effect on load of other factors such as
changes in technology, consumer taste, household structure, business type, and inter-
regional differences. The residual error factor starts out at 1.00 in the base year and
grows at a rate that is, in each year, a random variable with the triangular distribution. The
impact factor is defined by the following equations:

(A2.5) 1Y =14 (1+g"%) 1% =1

where g"; denotes a random variable with a triangular distribution. Again, the @RISK
software allows the specification of probability distributions in the model.

Impact of Demand Side Management Uncertainty. The impact of uncertainty in energy
savings due to DSM is treated separately from the other impacts. DSM savings are
viewed as a random variable ( S;). This variable is subtracted from the previously
calculated before DSM energy demand to yield an after-DSM forecast.

(A26) Etafter= Etbefore _ St

The variability of DSM, as represented by the random variable S;, was not incorporated
into any of the 2011 Forecast uncertainty bands as presented in this document.

Impact of Weather: Variations in weather are an important source of uncertainty in load.
The weather impact is most important for the residential and commercial loads, so
weather impact is modeled only for these sectors. In British Columbia, the impact of cold
weather on residential heating load is the most important weather effect and is modeled
using heating degree days (HDD). HDD is an indicator of how much energy is needed to
heat housing up to a comfortable temperature. BC Hydro’s summer cooling load is much
smaller than the heating load, so the small effect of cooling degree days (CDD) is not
modeled.

The weather analysis is based on the last 10 years of daily temperature data at Vancouver
International Airport. For every day, the number of heating degree days is calculated by
the formula: HDD=max(0, Daily Temperature -18). Then, the annual sum of HDD is
calculated for each year.

BGhydro I pPAGE 81
Page 81 of 111 May 2012



2012 Integrated Resource Plan

Appendix 2A
ELECTRIC LOAD FORECAST F12-F32

A standard probability distribution of the Beta type was found to provide the best fit to this
data. The Beta distribution has 4 parameters, and is written Beta(a1,a2,Min,Max). Min
and max are the maximum and minimum, while a1 and a2 determine the shape of the
distribution.

The weather impact factor is calculated by:
(A2.7) IV, = exp{ €w log( HDD;/ 2,782) }

where gy is the elasticity of Residential or Commercial load with respect to HDD.
&w is estimated judgmentally to be 0.374 for Residential and 0.05 for Commercial.
The number 2,782 is the mean value of HDD in the Lower Mainland as calculated
from a 10-year rolling historical average.

IV, is a random variable as are the other impact factors. However it differs from
the other impact factors in that its properties are the same for all years. This is
because weather in each year is independent of weather in all other years.
Therefore the width of the 80% confidence region for I, does not increase with
time.

As mentioned in section 5, the Monte Carlo uncertainty model was expanded to reflect
uncertainty in EVs and for overlap in codes and standards between Load Forecast and
DSM. This work involved developing distributions for each of these new items and
including them in the model.
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Appendix 3.1 - Oil and Gas

This appendix documents BC Hydro’s commercial and industrial oil and gas
forecast, and the reasoning behind the forecast for oil and gas sales. As previously
indicated, LNG loads are classified in the industrial sector of the 2011 Load
Forecast.

The oil and gas sector is categorized into four sub-sectors:

Oil Pipelines

Oil Refineries

Gas LNG/Pipelines
Gas Producers.

Figure A3.1 illustrates the sub-sector components of the oil and gas load forecast.
As shown, significant load growth is expected for the Gas LNG/Pipelines and the
Gas Producer sub-sectors.

Figure A3.1: Oil and Gas Sector

Oil and gas customers take electricity service at both transmission and distribution
voltages.

The forecast in this section includes the full expected loads for Initial LNG.
A3.1.1 Oil and Gas Overview

Currently, the oil and gas sector makes up five percent of BC Hydro’s industrial
sales. There are about 70 oil and gas operations located around the province.
These operations primarily produce, process and ship petroleum and natural gas.
Electricity is mainly used to drive compressors for production and pipeline
transportation. In the medium to long term, it is expected that the majority of new
gas production will be for export to markets in the U.S. and Asia. The main driver to
this sector in the medium to long term is the price for natural gas.

Over the past five years, sales to this sector have been aggressively trending
upward, consistent with significant increases in oil and gas production. In F2012,
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sales are forecast to increase by 9 percent over the previous year. In the short term
(F2011-2016), sales are predicted to increase fourfold, primarily due to increased
gas production in the Montney Basin and LNG activity on the North Coast.

In the medium term (F2016-F2021), oil and gas sales more than double, largely due
to increased activity in the gas production/pipelines and LNG sub-sectors. For the

latter 10 years of the forecast period, sales flatten as the level of goods and services
provided by oil and customers stabilizes in line with a levelling-off of gas production.

Compared with the 2010 Forecast, the 2011 Forecast is lower in the near term due
to the effects of depressed natural gas prices. In the medium to long term, the 2011
Forecast is significantly higher, particularly in the LNG/Pipeline sub-sector, with
respect to expectations for LNG on the North Coast. Note that gas producer load for
the Horn River has been removed in the 2011 Reference Load Forecast, and is
treated as separate scenarios in the analysis for BC Hydro Integrated Resource
Plan. Refer to Chapter 9.1 for more details.

A3.1.2 Oil Pipelines Overview

Sales to oil pipelines currently make up 25 percent of BC Hydro’s sales to the oil and
gas sector. These customers operate pipelines which serve to transport crude oil
and petroleum products. Electricity is primarily used in pumping stations and the
power sales are correlated to the volume of liquids shipped. Since these customers
are providing a service, as opposed to manufacturing a product, they are classified
as commercial load.

The main advantage enjoyed by B.C. pipeline operators is that their proximity is
conducive to exporting to Asian markets.

Oil Pipelines Outlook

Over the last five years, sales have generally trended up as new pipeline capacity
had been added to meet growing demand for exporting crude. In F2012, sales are
forecast to decrease by 16 percent compared to previous year, due to short-term
operational constraints that will limit shipments and thereby load.

For the first five years of the 2011 Forecast, sales gradually increase as a result of
incremental pipeline capacity which is realized by the alleviation of pipeline
bottlenecks. From F2016 onward, oil pipelines sales are forecast to grow at a
steady pace as anticipated expansion plans are implemented.

Oil Pipelines Drivers and Risk

Drivers:
Addressing capacity constraints along the pipeline;
Demand for crude from California and Asia;
B.C. demand for crude, gasoline and jet fuel, and;
Economic conditions.

Risk Factors:
o Environmental and social approvals for pipeline expansions and new
pipelines.

A3.1.3 Oil Refineries Overview

Sales to oil refineries make up 24 percent of the oil and gas sector. These
customers extract, refine and store crude oil and are thus classified as industrial
load. A small number of these customers (primarily located in the Lower Mainland)
refine crude oil to produce gasoline and jet fuel. They also refine diesel by removing
sulphur and provide liquid fuel storage.
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Sales in this sub-sector primarily depend on domestic demand for automobiles and
air travel. In the future, oil refineries sales are expected to be relatively more
dependent on export demand for crude oil and petroleum products. B.C. operators
have a competitive advantage due to proximity to petroleum sources, dependability
of shipping and receiving, and access to ports.

Oil Refineries Outlook

Over the last five years, sales remained relatively flat in line with local economic
conditions. In F2012, sales are forecast to increase slightly due to the expected
recovery in gasoline, diesel and aircraft fuel sales from the low levels of the 2008-09
recession.

Over the entire forecast period, sales are expected to increase by 23 percent.
Compared to the 2010 Forecast, oil refineries sales in the current forecast are
relatively unchanged.

Oil Refineries Drivers and Risk

Drivers
. Demand for gasoline, diesel and jet fuel;
o  QOil and gasoline prices; and
. Asian demand.

Risk Factors
. Environmental concerns;
. GHG regulations which might impact refineries; and
o Local and global economic conditions.

A3.1.4 Gas LNG/Pipelines Overview

Sales to this sub-sector compromises 10 percent of the total oil and gas sector
sales. Pipeline companies use electricity for compressing gas for shipping and
extracting acid gases. LNG operations use electricity primarily for the liquefaction
(refrigeration) process which involves chilling and pressurising natural gas. LNG
production is a relatively simple process in which the significant majority of work
energy is for driving compression in the refrigeration loops, in a process not
dissimilar to home-based refrigerators or air conditioning units. BC Hydro has
obtained information with respect to LNG demand requirements from potential
project proponents and industry publications/studies.

LNG production is a very capital-intensive process; maximizing throughput and
utilization are key objectives in LNG plant design. LNG plants therefore are
designed to operate continuously, with very little expected intra-day or seasonal
variability. Planned maintenance downtime is expected to be minimal, particularly in
plants with electrical drives, which is a key attraction of the grid electricity option in
plant design.

Gas LNG/Pipelines Outlook

Over the last five years, the load in this sector has been relatively small and highly
correlated to North American natural gas prices; however, over, the next 10 years,
sales are forecast to significantly grow driven by anticipated LNG requirements in
B.C.’s North West and associated pipeline compression. It is expected that the
natural gas feedstock for LNG will be primarily supplied from shale gas production in
North East B.C. See Appendix A3.2 for more information on northeastern B.C. gas
production and electricity demand expectations.

LNG exports to Asia are an attractive market for B.C.’s significant shale gas
reserves. North American markets for BC’s natural gas are increasingly limited by
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recent rapid increases in US shale gas production. The price gap between North
American gas markets and Asian natural gas markets currently exceeds $10/MMbtu,
and is not expected to narrow significantly in the next decade. Canadian producers
are increasingly looking to take advantage of this price differential, with a number of
LNG export projects being proposed for BC’s north Coast.

The 2011 Forecast includes two projects that have both received their export
licenses from the National Energy Board (NEB), and have requested electricity
service from BC Hydro.

1.

BC LNG Export Cooperative LLC, which is proposing to build a barge-based
liquefaction plant located in Douglas Channel near Kitimat. Preliminary LNG
production is expected to be approximately 700,000 tonnes per year. In
February, 2012, the NEB granted BC LNG Export Cooperative LLC a license to
export 36 million tonnes of LNG at a maximum rate of 1.8 million tonnes per
annum (Mtpa). Initial operation is targeted for early 2014. The project could be
expanded with additional phases. A final investment decision on the project is
expected in 2012.

Kitimat LNG, a partnership between Apache, EOG and EnCana, is proposing to
build an LNG export terminal to be located at Bish Cove on land owned by the
Haisla First Nation. The facility would be built in two phases, each totalling
approximately 5 Mtpa. The NEB approved a license in October 2011 to export
up to 10 Mtpa over 20 years. The currently targeted in-service dates are June
2015 for the first phase and April 2016 for the second. A final investment
decision on the project is likely to be made in 2012. A new pipeline, the Pacific
Trails Pipeline, has been proposed to transport natural gas from northeastern
B.C. to Kitimat.

The 2011 Forecast with Initial LNG, includes the full, undiscounted load for the
Kitimat LNG project and the associated pipeline compression and the BC LNG
Export Cooperative load on a risk-adjusted basis. BC Hydro assumes that once the
plants are fully operational, electricity sales to the two facilities would be constant
over the forecast period. The Initial LNG Load is expected to require approximately
5,000 GWhlyear of energy for refrigeration and associated pipeline compression
load. Since LNG is a very capital intensive undertaking, these operations typically
run at very high load factors, with minimal downtime, and little seasonal or intra-day
load variations.

Gas LNG/Pipeline Drivers and Risk

Drivers:

e Potential for the conversion of coal-fired generation to less carbon-intensive
natural gas-fired generation;

e Asian demand for LNG;

e Possible conversion of some of the Japanese nuclear fleet to gas-fired
generation;

o Medium to long term expectations for gas and oil prices;

o BC is the closest of the potential North American LNG sources to major
Asian markets;

e Carbon tax and fuel switching for GHG reduction purposes; BC Hydro could
service more industry loads at higher carbon prices; and

¢ Electrification of NE BC unconventional gas production.

Risk factors:
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e Social concerns over the footprint of the operations and the
exporting/shipping of oil;

¢ Rate impacts to BC Hydro customers; and

e The speed at which industry customers need electricity supply, and the ability
of BC Hydro and the regulatory process to respond to these requests.

A3.1.5 Gas Producers Overview

Sales to this sub-sector currently make up 41 percent of the oil and gas sales. The
gas producers are located in northeastern B.C. and primarily use electricity to power
their compressors. These customers are categorized as industrial because they
produce either conventional gas or shale gas. Although the production of
conventional gas in B.C. is expected to remain relatively flat, shale gas production is
forecast to grow substantially. BC Hydro anticipates it will be servicing a large
portion of shale gas production (see Appendix 3).

Gas Producer Outlook

Over the past five years, sector sales have risen by over 60 percent. In F2012,
sales are forecast to remain relatively unchanged due to weak gas prices in the near
term, which will dampen B.C. conventional and shale gas production.

In the first five years of the 2011 Forecast, sales are projected to increase nearly six-
fold; most of this growth attributable to shale gas development in the Montney Basin
(refer to in Appendix 3.2).

During the F2017-22 period, sales growth is forecast to slow and flatten out as new
drilling is expected to be directed at maintaining infrastructural efficiency. For the
latter 10 years of the forecast, sales are expected to increase marginally with new
drilling directed at maintaining gas flows at close to capacity to realize efficiencies.

Compared to the 2010 Forecast, the current forecast for the Gas Producer sub-
sector is at similar levels even though sales to Horn River producers have been
removed from the 2011 Forecast. Increased sales to shale gas producers in the
Montney Basin have mostly offset the 1,200 GWh load previously forecast for the
Horn River Basin producers.

Gas Producer Drivers and Risk — See Appendix 3.2
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Appendix 3.2 - Shale Gas Producer Forecast - (Montney)

Gas Producer Overview

As indicated in Appendix A3.1, customers serviced by BC Hydro for the production
of shale gas are included in BC Hydro’s industrial customer sector. This appendix
documents BC Hydro’s estimates of future load requirements for these shale gas
producers.

Shale gas refers to natural gas enclosed in a fine-grained sedimentary formation
with low reservoir porosity and low permeability. Although such basins have been
uneconomic in the past, new technological advancements such as horizontal drilling
and multi-stage hydraulic fracturing have enhanced commercial production of shale
gas.

Sales for servicing shale gas production are expected to occur in northeast B.C.
BC Hydro’s 2010 Load Forecast included expected sales from both the Horn River
and Montney shale gas plays; the 2011 Forecast includes sales from only the
Montney play and treats potential Horn River sales as a separate scenario for
analysis in the Integrated Resource Plan. For more detail on this point, refer to
Chapter 9. Regarding the Montney, (in the vicinity of Dawson Creek, see Figure
A3.1), sales are expected to increase substantially over the next 10 years, from
current low levels, primarily due to regional shale gas development. The Montney
Basin shales are believed to contain among the largest untapped reserves of
unconventional gas in North America.

Figure A3.1. Map of Montney and Horn River Basins

BC Hydro is closely following a significant number of developments in the Montney
area. Below are recent public industry announcements which reflect continued
global interest in the Montney Basin:

¢ The Kitimat LNG is granted a licence to export liquefied natural gas (LNG) from
B.C.
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e In June 2011, Petronas spends $1.07 billion for a 50 percent interest in three
Montney properties from Progress Energy. Petronas is the world’s second
largest LNG exporter.

e In March 2011, Sasol Ltd. of South Africa paid $1.05 billion for 50 percent of
Talisman Energy Inc.’s Cypress A properties in the Montney area. Sasol is a
world leader in transforming natural gas into liquid fuels.

e In December 2010, Sasol spends $1.05 billion for a 50 percent stake in
Talisman’s Farrell Creek properties in the Montney area.

The major advantages for Montney producers are the thickness and richness of the
gas reservoirs and their proximity to markets. Montney formations are among the
thickest in North America reaching up to 350 meters; which increases the resource
base and simplifies drilling. The Montney is also relatively rich in liquids, for which
the sale price is more related to an oil-price proxy than a lower gas price. Given
foreseeable oil prices, this is a major incentive to production economics. Montney
gas is relatively free of contaminants such as CO, and sulphur compounds. In terms
of infrastructure (roads, personnel, servicing industry) the Montney region is well
developed, relative to the more remote Horn River. Finally, Montney gas production
may form a significant basis for LNG exports from the BC west coast, which is the
closest potential export point from North America to Asian load centers. These
advantages serve as primary drivers for investment and drilling activity in the
Montney Basin.

Gas Producer Outlook

Sales to gas producers are forecast to continue to rise as it is expected that
producers will continue with drilling and completions programs. Drilling in F2012 will
likely be motivated less by gas prices and more by high oil prices, existing supply
contracts (where gas prices were previously locked in at higher levels) and drilling
obligations for the maintenance of land leases.

In the short term (F2011-F2016), sales are forecast to substantially increase, driven
mainly from expectations of new drilling operations. These projections are based on
customer requests for service and from BC Hydro’s forecasting model (see next
section for further details).

In the medium term (F2016-F2021), sales are forecast to continue to rise but at a
slower pace. It is expected that gas production will continue to expand and that the
number of sites serviced by BC Hydro will increase. By the end of F2021, gas
production is expected to reach 4,300 million cubic feet per day (MMcf/d) in the
Montney Basin. Although this projection is 37 percent higher than last year’s gas
production forecast, it is in line with third party projections. The primary reason for
the increase is that BC Hydro has significantly revised upward its forecast for the
northwestern part of the Montney Basin. This area has experienced a great deal of
investor activity as of late and is reportedly very rich in valuable natural gas liquids.

For the last 10 years of the forecast, sales peak and then level-off. This differs from
the 2010 Load Forecast in which gas production and electricity sales in this
timeframe was expected to decline. This change arises from BC Hydro’s view that
the life of regional shale gas wells will be longer than in the previous forecast,
resulting in relatively higher gas recovery. Sales in the 2011 Forecast are not
projected to begin an overall decline until F2033.

Compared to the 2010 Forecast, as driven by updated gas production expectations,
the 2011 Forecast for Montney gas producers is lower in the initial years but
becomes considerably higher afterwards. This is shown in Table A3.1 below. By
F2015, the current sales forecast is 12 percent higher, in F2020 the current forecast
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is 28 percent higher and in F2030 the current forecast is 44 percent higher. This can
be attributed to a number of factors including: (i) BC Hydro has experienced
increased inquires for electricity service, (ii) industry experts have increased their
gas production forecasts; and (iii) additional industry capital is being committed
towards gas production and export infrastructure.

Table A3.1 Montney Gas Production and Sales Forecasts — Before DSM and Rate
Impacts

Integrated Area (Peace Region)
Total Gas production Electrical Load
MMcfiday GWh
Forecast 20m 2010 201 2010
F2012 1,044 1,139 198 443
F2013 1,382 1,471 3N 635
F2014 1,800 1,883 1,068 1,123
F2015 2,332 2,213 1,637 1,463
F2016 2,859 2,474 2,136 1,783
F2017 3,428 2,698 2,323 1,939
F2018 3,792 2,879 2477 2,014
F2019 4,029 3,014 2,610 2,063
F2020 4,204 3,135 2,681 2101
F2021 4,345 3,205 2,845 2,204
F2022 4,463 3,256 2,889 2,249
F2023 4 563 3,288 2,922 2,294
F2024 4,646 3,302 2,952 2,326
F2025 4,714 3,312 2,979 2,358
F2026 4,768 3,314 3,005 2,390
F2027 4,808 3,297 3,030 2419
F2028 4,836 3,263 3.085 2331
F2029 4,853 3,213 3,079 2,230
F2030 4,858 3147 3,101 2,158

Montney Shale Gas — Drivers and Risk
Drivers

o Natural gas prices in North America — a high price stimulates load demand
because it makes it more profitable to produce shale gas;

e Price of oil — a high price elevates load demand. The Montney Basin is one of
a limited number of North American gas plays that is rich in natural gas
liquids; since liquids prices closely follow oil prices, a high oil price stimulates
production in liquids-rich gas plays;

e LNG port development in B.C. — LNG export development would significantly
increase demand for natural gas from BC.; and

¢ Fracturing technology — evolving hydraulic fracturing technology produces
proportionally greater benefits to the large rich shale gas plays such as the
Montney.

Risk Factors

e Greenhouse gas regulation — GHG emission reduction targets in B.C. and
the U.S;
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¢ Regulation of formation fracturing operations — the U.S. Environmental
Protection Agency is reviewing these operations near metropolitan areas in
the U.S., which may lead to constrained shale gas production;

e Other new N. American gas supply — which includes coal bed methane and
other shale gas plays on the continent and associated gas in Alaska;

o New global gas supplies. Russia, China and Australia have shale gas
potential. However, shale gas development in Asia is significantly behind
that in N. America. Nevertheless, LNG exports from Russia and Australia
will likely provide competition to N. American LNG. And domestic Asian
shale gas production could lower demand for N. American LNG; and

e Montney development and operational costs — the Montney is relatively far
from the major gas markets, whether in N. America, or potential LNG
terminals. These large distances require new pipelines, and higher
shipping tariffs and fuel gas costs than LNG that is closer to load (such as
in the US Eastern seaboard).

Shale Gas Forecast Methodology

BC Hydro employs two approaches to develop the forecast, referred to as the
bottom-up and top-down methodologies. The bottom-up forecast is based on
customer-specific information and analysis and serves as BC Hydro’s official load
forecast. The top-down forecast is a macro forecast that is used to guide and
confirm the bottom-up forecast.

Bottom-up Forecast

The 2011 gas producer load forecast is generated using a bottom-up approach; it
also includes an iterative exercise with the top-down forecast. The bottom-up
forecast originates from a compilation of current and expected customer load
requests. In arriving at an ‘expected’ or most likely net customer service
requirement, each customer request is evaluated, shaped and discounted based on
information from various sources internal and external to BC Hydro. External factors
come from a number of areas such as industry, producer publications and the top-
down forecast, as explained below.

Top-down Forecast

The top-down forecast uses macro information to arrive at the Montney load
forecast. In doing so, it serves as a guide to check and improve the accuracy of the
bottom-up forecast.

As discussed below, the top-down forecast is derived by creating and then
multiplying three data sets, as follows:

Top-down Forecast = Production x Intensity x Service Percent
Production Table

The production table is a forecast of annual natural gas volume over the life of the
gas play. The production table is constructed using a forecast of two drivers — wells
drilled (per year) and a well production profile. These parameters are determined by
setting the expected well life, initial production level and well decline rate.

The production table results need to be consistent with expectations for total gas
recovered, total wells drilled, average well production, planned pipeline capacities,
gas price forecasts and full-cycle economic costs for B.C. gas plays and competing
plays in North America. To ensure that the results are reasonable, BC Hydro
conducts a comparative analysis with those of industry associations, producers,
pipeline companies, and government and industry experts.
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For the Montney Basin, the major drivers for the production table are shown in Table
A3.2 below:

Table A3.2 Major Driver Characteristics and Production Assumptions

Well life 25 years
Initial well production level first
month 5.25 MMcf/day
Well decline rate - month 1
(annualized) 10.3%
Well decline rate - month 60 0.60%
Well decline rate - month 240 0.60%
Assumed to be uniform
Drilling pattern throughout the year
Total recoverable gas 64 trillion cubic feet
Wells drilled 11,000
Average production per well 5.2 billion cubic feet (Bcf)
Peak production year F2030
Peak production year volume 4.9 Bcf/day
Number of years of drilling 50
Number of years in modelling 70 years

Figure A3.2 shows BC Hydro’s shale gas production forecast for the Montney Basin
(bold line marked with x’s). This is used to produce the Base Case Forecast. Also
shown are production forecasts from other third parties.

Figure A3.2 Montney Shale Gas Production Forecast
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Figure A3.3 shows the production profile of a typical well in BC Hydro’s model and
typical well projections from other sources. As with Figure A3.2, source of the other
well curves is blanked out in the chart legend for the purposes of confidentiality.

Figure A3.3 Well Production Curve (with other industry projections)

Multiplying the production table by an intensity level yields the energy needed to
produce the gas over the next 60 years. This represents the total energy required to
bring gas to the high pressure pipeline grid. A percentage of this is assumed to be
serviced by BC Hydro (see below).

Intensity Table

The intensity factor is multiplied against gas production estimates to determine the
total energy requirement needed to produce the gas. Intensity times production
equals total energy needed, as shown in the equation below:

Intensity (MW/MMcf/day) x Production (MMcf/day) = Power Requirement (MW)

where: MW is megawatts of power consumption and
MMcf/day is million cubic feet of gas per day

BC Hydro’s intensity rate is a compilation of two approaches: (a) determining the
energy requirements of the major processes within a typical plant, and (b)
conducting an industry survey. BC Hydro’s calculation factors for estimating the
typical plant requirement are detailed below:

Compression 0.10 MW/MMCcf/d
+ Processing 0.010 MW/MMcf/d
+ Additional Compression 0.001 to 0.01 MW/MMCcf/d
= Total 0.111 to 0.120 MW/MMcf/d
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As shown above, the total intensity rate range is 0.111 to 0.120 MW/MMcf/d. This is
comparable to industry information indicating a range of 0.08 to 0.14 MW/MMcf/day,
with a number of estimates clustered around a value of 0.120.

The compression intensity of 0.10 MW/MMcf represents the energy needed to move
the gas from the wellhead, through the field gathering system and into a centralized
processing facility (where electricity is also used in the processing process, (which
includes the removal of gas liquids) and then eventually to the high-pressure,
downstream pipeline. This calculation assumes:

o Well-head pressures of 140 to 240 Psi
e Mainline pipe pressure of 900 to 1,440 Psi

e 2 or 3 stages of compression.

The processing intensity of 0.010 MW/MMcf/d is for ancillary electric loads for
removing water and acid gases. In the Montney, gas can be processed at the
processing facility since gathering pressures are low and the gas generally is only
slightly sour. This estimate assumes:

e Only a small portion of gas in the Montney is sour (in the regions closest to
the Alberta border), per industry sources; and

o The water content of the gas is low and much of the gas meets pipeline
specifications of about four pounds of water per MMcf of gas.

The additional compression intensity of 0.001 to 0.01 MW/MMcf/d is BC Hydro’s
estimate for additional load that is expected to be required to move gas from the
processing facility to the downstream pipeline. As the Montney play develops,
additional pipeline compression is expected to be required to move gas downstream.

Other assumptions:

e Hydraulic fracturing operations would not require service from BC Hydro;
these operations are of a short duration and generally in remote locations;

o Water recycling loads would not be material,
¢ Downstream pipeline loads would not be served by BC Hydro.

Service Percent Table

The service percent is the proportion of total energy to be provided by BC Hydro’s
electricity service. A number of factors have been considered by BC Hydro in
arriving at this figure — namely, evolving trends for the areas, engineering
calculations and economic analysis, discussion with BC Hydro staff who work
directly with the new customers and industry surveys conducted by BC Hydro. For
the Montney Basin, the forecast is divided into five areas with the following service
percentages:

e Dawson Creek: 40% ramping up to 95% over the forecast horizon
e Groundbirch: 15% ramping up to 95%
e Chetwynd: 20% ramping up to 85%
e Fox/Fort St. John: 20% ramping up to 70%
e G.M. Shrum: 20% ramping up to 37%.
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Appendix 4 - Electric Vehicles (EVs)

Overview

At present there is significant interest in EVs. Although there is much uncertainty
about when and if they will achieve large market penetration, EVs have many
attractive features, particularly with respect to emissions and fuel costs. There could
be significant numbers of EVs on the B.C. highways, provided charging
infrastructure issues are resolved. Since 2010, BC Hydro's long-term forecast has
included the impact of EVs. Some of the reasons for introducing EV into the load
forecast are:

e BC Hydro’s customers are showing greater interest in using EVs.

e Most major automobile manufacturers have announced plans to produce and
sell EVs in the next few years. A limited number of models are now under
commercial production.

e BC Hydro is working collaboratively with various organizations on issues such
as how to prepare the grid infrastructure for EVs, particularly with respect to the
management of peak loads from fast charging.

EVs have a large fuel cost advantage over gasoline vehicles. EVs are about four
times as efficient in converting fuel to motion. This efficiency results in much lower
fuel costs for EVs under all reasonably anticipated ranges of electricity versus
gasoline prices. Local environmental benefits are significant for EVs, in particular
due to reductions in carbon dioxide and other tailpipe emissions. The amount of
these reductions depends on how the electricity used in the EV is produced.
Generation by natural gas can reduce net CO, emissions by more than 50%, while
the use of non-fossil fuels such as hydro, nuclear, wind and solar could reduce
emissions to close to zero. Regardless of the generation mix, EVs have negligible
emissions in the location where they are used.

There are key barriers to the rapid adoption of EVs via large scale production. For
example some production EVs have a range that is too small. While the average
daily commute in the U.S. and Canada is less than 60km, most car owners want the
option of taking an occasional trip of several hundred kilometres or more. The
purchase price of EVs is higher than comparable gasoline vehicles; the difference is
typically in the range of $15,000 and $20,000, largely due to the cost of batteries.
This is a key barrier to the widespread adoption of EVs. In addition, a system of
rapid charging facilities will be needed at key locations such as shopping centers,
city centers and major highways. An infrastructure of repair facilities will also be
required. Electric cars will also have to prove their reliability. Design, style and size
of EVs will have to be acceptable to the public.

The development of improved battery technology is critical to EV introduction;
automobile manufacturers must take the risks and make the very large investments
that will be needed to move from announcements and small scale pilots to the mass
production of EVs.

The next sections discuss the development of the energy and peak demand impacts
of EVs included in the 2011 Load Forecast.

EV Impacts on Energy Requirements

For the 2011 load forecast, the energy impacts from EVs in the Reference forecast
and high scenario are unchanged from those included in the 2010 Load Forecast.

The load impact of EVs consists of a reference case and a high case scenario. The
forecast of EV impact on the load stems from a model that takes into account many
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variables including: population and vehicle growth, rate forecasts, gasoline and
electricity price forecasts, and efficiencies for both electric and gasoline cars. The
model produces a forecast of the number of EVs and their annual energy
consumption.

The EV reference case is conservative outlook for the development of the EVs and
resulting load impacts. The reference case includes the following key assumptions:

e A constant energy efficiency of 25 miles per gallon for gasoline vehicles
and 0.20 KWh per km for EVs;

e No specific new policy initiatives for encouraging EVs. The High EV
adoption case does include an assumption regarding a purchase incentive;

e The supply of EVs is constrained in the first 10 years of the forecast. Auto
manufacturers will need several years to significantly increase mass
production once demand for EVs increases. In addition the market place
will need time to evolve in areas of battery production, retrofitting current
factories or creating new facilities dedicated to EV manufacturing.

The EV adoption rate in the model is driven primarily by economics. Competition
between the fuel cost advantage of EVs and the lower capital cost of gasoline cars
drives consumer choice. Capital cost for EVs is $42,000 compared with $25,000 for
comparable gasoline cars. The penetration rate of EVs is very small in the first 5
years but increases rapidly from 2020 due to the relaxation of assumed
manufacturer supply constraints. As shown Figure A4.1, the percentage of all light
duty vehicles on the road (Stock Share) increases from 0.3% in 2017 to 16% in 2031
and to 29% in 2041. The number of B.C. EVs increases from approximately 10,000
in 2017 to over half a million in 2031 to over a million in 2041.

Figure A4.1 Stock Share of Electric Vehicles in BC
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Table A4.1 EV Residential and Commercial Load (GWh) and (MW)

A B C=A+B D
2011 2011 Total Ev | TotalEV
Forecast - Forecast - Load Peak
) . . Load
Residential | Commercial | Reference Reference
EV Load EV Load Case c
ase
Fiscal
Year (GWh) (GWh) (GWh) (MW)
F2012 - - - 0
F2013 1 - 1 0
F2014 2 1 2 1
F2015 3 1 4 1
F2016 12 4 16 4
F2017 29 10 38 10
F2018 53 18 71 19
F2019 86 29 115 31
F2020 128 43 171 46
F2021 186 62 248 67
F2022 262 87 349 94
F2023 355 118 473 81
F2024 465 155 620 112
F2025 592 197 790 147
F2026 738 246 984 186
F2027 902 301 1,202 228
F2028 1,075 358 1,433 270
F2029 1,248 416 1,664 313
F2030 1,420 473 1,894 358
F2031 1,590 530 2,120 404
F2032 1,757 586 2,342 451
Note:

1. The values in the table above do not include any rate impacts.

Table A4.1 shows the residential EV load and commercial EV load and the total EV
load included in the 2011 reference load forecast.

In the High Case scenario, a series of potential actions are anticipated to facilitate
the introduction of EVs, in particular that the purchase price of EVs is reduced by a
$5,000 government purchase price subsidy, which is assume to persist throughout
the forecast horizon. Similarly, there is an additional rebate of $2,000 towards home
charging equipment costs. Finally, the practical driving range of EVs increase over
time based on the assumption of a significant number of EV charging stations in

BC Hydro’s service territory. As seen in Figures A4.1 and A4.2, these measures and
initiatives significantly increase the adoption rate of EVs.

The annual energy load due to EVs is forecast for both scenarios; Figure A4.2
illustrates both load scenarios before rate impacts.
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Figure A4.2 EV Load Forecast

Risks and Uncertainties

The EV forecast is very uncertain; changes in any of the key model variables would
lead to significant modifications to the forecasts. Adoption of EVs will depend upon
many variables such as advances in technology, especially battery and fast-charging
technologies, consumer acceptance, the availability of charging infrastructure and
continued government support and initiatives.

EV Impact on Peak Demand
Overview:

Figure A4.3 shows the approximate peak EV impact included in the 2011 Reference
distribution peak forecast.

Figure A4.3 EV Impact on System Peak Demand
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Comparison to 2010 Forecast

The impact of EVs on BC Hydro peak load in the reference case is 10 MW in F2017
and approximately 410 MW in F2031, which is about 230 MW lower relative to the
peak impact in the 2010 Load Forecast. In the 2010 Load Forecast, a custom EV
peak model was developed within BC Hydro and used to estimate the peak impacts
of EVs. This model was not updated in 2011, so an alternative approach was taken.
Specifically, the peak impact of EVs over the second 10-year period of the load
forecast (and beyond) was assumed to follow the energy load growth rates are used
to develop the distribution peak forecast over this period. The peak demand impacts
in the High Case were assumed to be unchanged relative to the 2010 Load
Forecast, as were the energy requirements assumptions in the Reference Case.
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Appendix 5 - Codes and Standards Overlap with DSM

Codes and standards are minimum end-use efficiency requirements that come into effect
in a jurisdiction, and that are enabled by legislation or by regulation of manufacturers. U.S
based codes and standards are reflected in the average stock efficiency forecast of
residential and commercial end uses of electricity produced by the U.S. Department of
Energy’s Energy Information Administration (EIA). This EIA efficiency forecast is one of
the main drivers of the residential and small commercial end-use models that are used to
produce the BC Hydro load forecast before incremental Demand Side Management
(DSM) savings. BC Hydro’s DSM plan also considers savings that can be achieved from
B.C. and Canadian Federal codes and standards that target similar end uses as those
represented in the EIA efficiency forecast data. As such, there is a potential for
inconsistency in codes and standards planning assumptions between the before DSM and
rate impacts Load Forecast and the DSM plan.

Areas of Overlap between EIA and DSM Plan Codes and Standards

The EIA assumes that no new legislation or regulations fostering efficiency improvements
beyond those currently embodied in law or government programs will take place over the
forecast horizon. As such, the end-use efficiency levels assumed in the EIA forecast only
consider the targeted efficiency level from the mostly recently passed legislation or
regulations. These efficiency level assumptions are documented by the EIA™. BC Hydro
reviewed the EIA baseline codes and standards efficiency assumptions and compared it
to the codes and standards baseline efficiency assumptions as of December 2011. Using
this information, BC Hydro was able to determine where there were overlaps in
assumptions between the before DSM and rate impacts forecast and the savings from
codes and standards. The areas are shown as follows:

Areas of Overlap between EIA Codes and Standards and BC Hydro DSM Plan™

Residential Sector Lighting, ceiling fans, dishwashers, stand-
by power, set top boxes, TVs, freezers,
refrigerators and external power supply

Commercial Sector Lighting, large clothes washers, traffic
lights, large refrigerators, air conditioning,
packaged terminal air conditioning, dry
transformers, and building code.

Estimates of Overlap between EIA Codes and Standards and the DSM
Savings from Codes and Standards

The method used in the 2011 Load Forecast to estimate the impact of codes and
standards double counting was to rely upon on the estimated codes and standard savings
included in DSM plan'’. For lighting codes and standards double counting, a process of
freezing the input efficiency levels to the 2007 lighting efficiency forecast was used. This

1 Appendix A of the EIA Annual Energy Outlook 2009 documents titled “Handling of Federal and Selected
State Legislation and Regulation in the Annual Energy Outlook”. In addition information from EIA 2011 Annual
Energy Outlook and website www.appliance-standards.org was used to develop estimates of the overlap.
'® Note that in all of the end uses listed, the EIA provides an efficiency forecast for lighting separately. The
other end uses listed above are reflected in the “other” category and the EIA provides an efficiency forecast for
other category as a total group.

The codes and standards savings forecast included in BC Hydro’s latest updated DSM plan was used to
inform estimates of the overlap in codes and standards.
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method for lighting was chosen to provide consistency with 2010 Load Forecasts that had
already identified a double counting issue with lighting codes and standards.

BC Hydro used 50 percent of the DSM savings estimates of the various codes and
standards which overlapped with the EIA. The main reasons for using half of the DSM
estimates were:

e There is the potential for some error in the double counting impact estimating
process because there is uncertainty as to compliance levels for codes and
standards.

e At the time the load forecast was developed BC Hydro was exploring 5 future DSM
options. As such the overlap associated with the double counted end-uses might
vary pending which DSM option would be used for planning purposes.

Table A5.1 and Table A5.2 below show the estimates of the overlap between the
residential and commercial sector energy forecasts for the overlap areas. Table A5.3
below shows the BC Hydro’s distribution peak forecast with an estimate of the overlap
between codes and standards over the long-term™®.

'® The impact of overlap in code of standards was included in the overall growth rates of the energy forecast in
the second 10 years of the forecast. These energy growth rates are used to develop the distribution peak
forecast over this period.
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Table A5.1 Residential Energy Forecast (before DSM and rate impacts) with Overlap

for Codes and Standards

A B C=A+B
Adjustment §:|sel gentlal

2011 for Overlap

Forecast in Fc_>recast

Residential | Residential with Codes

Sales Code and asrtld

Standards andards
Overlap
Fiscal 1
Year (GWh) (GWh) (GWh)

F2012 18,214 28 18,242
F2013 18,641 71 18,713
F2014 19,003 110 19,113
F2015 19,353 125 19,478
F2016 19,731 148 19,878
F2017 20,094 199 20,293
F2018 20,492 238 20,730
F2019 20,915 268 21,183
F2020 21,360 290 21,649
F2021 21,739 309 22,048
F2022 22,110 325 22,434
F2023 22,470 338 22,808
F2024 22,846 359 23,205
F2025 23,158 371 23,528
F2026 23,481 384 23,865
F2027 23,814 390 24,205
F2028 24,186 405 24,591
F2029 24,508 420 24,927
F2030 24,848 433 25,281
F2031 25,197 444 25,641
F2032 25,575 457 26,032

Notes:
Note the values in column C do not include any adjustments for the impact of EVs and rate

1.

impacts.
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Table A5.2 Commercial Energy Forecast (before DSM and rate impacts) with
Overlap for Codes and Standards

A B C=A+B
Adjustment g:lr::ermal
2011 Fore_cast for Overla_p in Forecast with
Commercial Commercial
Distribution Code and Codes and
Standards
. Sales (GWh) Standards
Fiscal (GWh) Overla|:1>
Year (GWh)
F2012 14,568 16 14,585
F2013 14,911 29 14,941
F2014 15,218 37 15,254
F2015 15,528 45 15,573
F2016 15,877 55 15,932
F2017 16,212 72 16,284
F2018 16,559 86 16,645
F2019 16,931 100 17,030
F2020 17,283 113 17,397
F2021 17,562 128 17,690
F2022 17,837 141 17,978
F2023 18,095 152 18,248
F2024 18,360 167 18,528
F2025 18,579 179 18,757
F2026 18,840 194 19,033
F2027 19,143 206 19,349
F2028 19,522 223 19,745
F2029 19,901 239 20,140
F2030 20,333 256 20,588
F2031 20,773 271 21,045
F2032 21,231 289 21,521

Notes:
Note the values in column C do not include any adjustments for the impact of EVs and rate

1.

impacts.
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Table A5.3 Distribution Peak Forecast with Overlap for Codes and Standards

Notes:

A B C=A+B
Adjustment
2011 Forecast for10verlap in Pc_aak Forecast
e with Codes and

Distribution Code and Standards

Peak (MW) Standards Overlap (MW) *
Fiscal (MW)
Year
F2012 7,888 10 7,898
F2013 8,082 25 8,107
F2014 8,279 37 8,316
F2015 8,456 43 8,499
F2016 8,637 48 8,685
F2017 8,785 60 8,845
F2018 8,939 67 9,006
F2019 9,090 72 9,162
F2020 9,243 74 9,317
F2021 9,381 74 9,455
F2022 9,503 71 9,574
F2023 9,638 85 9,723
F2024 9,776 96 9,872
F2025 9,917 104 10,020
F2026 10,060 105 10,165
F2027 10,205 109 10,314
F2028 10,353 114 10,467
F2029 10,503 120 10,623
F2030 10,657 126 10,783
F2031 10,813 130 10,943
F2032 10,971 138 11,109

1.

Note the values in column C do not include any adjustments for the impact of EVs
and rate impacts.
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Appendix 6 - Forecast Tables

Table A6.1 shows the Regional coincident peak (MW) forecast for distribution before
DSM with rate impacts (Excluding Initial LNG Load)

Table A6.2 shows the Regional coincident peak (MW) forecast for transmission
before DSM with rate impacts (Excluding Initial LNG Load)

Table A6.3 shows the Domestic and Regional peak forecast before DSM with rate
impacts (Excluding Initial LNG Load)

Table A6.4 summarizes BC Hydro’s 2011 Reference Load Forecast before DSM
with rate impacts (Excluding Initial LNG load)

Table A6.5 summarizes BC Hydro’s 2011 Reference Load Forecast before DSM
with rate impacts (Including Initial LNG load)
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Table A6.1 Regional Coincident Distribution Peaks Before DSM with Rate Impacts
(Excluding Initial LNG Load) (MW)

Coincident Peak (MW)
Fiscal
Year Lower Vancouver South Northern
Mainland Island Interior Region
Actual
F2011 | 4,360 | 1,935 | 979 | 688
Weather-Normalized Actual
F2011 | 4,562 | 1847 [ 1,001 | 707
Forecast (Weather-Normalized)
F2012 4,596 1,861 1,022 751
F2013 4,709 1,898 1,038 795
F2014 4,858 1,913 1,061 820
F2015 4,966 1,923 1,082 850
F2016 5,070 1,936 1,095 894
F2017 5,172 1,955 1,105 911
F2018 5,275 1,972 1,122 924
F2019 5,380 1,992 1,130 936
F2020 5,483 2,009 1,141 950
F2021 5,576 2,027 1,152 955
F2022 5,680 2,048 1,155 960
F2023 5,821 2,073 1,173 964
F2024 5,960 2,095 1,189 968
F2025 6,102 2,118 1,206 971
F2026 6,248 2,141 1,223 975
F2027 6,397 2,164 1,240 978
F2028 6,550 2,188 1,257 982
F2029 6,707 2,212 1,275 985
F2030 6,867 2,236 1,293 988
F2031 7,031 2,260 1,311 992
F2032 7,199 2,285 1,330 995
5 years:
F2011 to F2016 2.1% 1.0% 1.8% 4.8%
11 years:
F2011 to F2022 2.0% 0.9% 1.3% 2.8%
21 years:
F2011 to F2032 2.2% 1.0% 1.4% 1.6%

Notes:
1. Growth rates based on weather normalized actual peak.
2. Vancouver Island peak values include Gulf Island peak demand.
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Table A6.2 Regional Coincident Transmission Peaks Before DSM with Rate Impacts
(Excluding Initial LNG Load) (MW)

Fiscal

Coincident Peak (MW)

Year Lower Vancouver South Nortt?ern
Mainland Island Interior Region
Actual
F2011 359 198 226 653
Forecast
F2012 430 257 297 603
F2013 452 265 341 679
F2014 457 297 348 889
F2015 470 294 378 997
F2016 462 295 406 1,099
F2017 465 294 414 1,181
F2018 467 231 418 1,247
F2019 485 222 421 1,262
F2020 494 221 420 1,288
F2021 494 221 420 1,284
F2022 495 221 420 1,287
F2023 498 221 410 1,284
F2024 500 221 409 1,289
F2025 502 221 409 1,291
F2026 507 212 355 1,270
F2027 508 212 339 1,217
F2028 510 211 341 1,219
F2029 512 211 361 1,193
F2030 514 211 363 1,210
F2031 517 211 366 1,257
F2032 519 211 368 1,259
5 years:
F2011 to F2016 5.2% 8.3% 12.4% 11.0%
11 years:
F2011 to F2022 3.0% 1.0% 5.8% 6.4%
21 years:
F2011 to F2032 1.8% 0.3% 2.4% 3.2%
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Table A6.3 Domestic System and Regional Peak Forecast Before DSM with Rate
Impacts (Excluding Initial LNG Load) (MW)

Lower Vancouver South Northern Domestic Vancouver Island
Mainland Island Interior Region System with Transmission
Losses
(MW) (MW) (MW) (MW) (MW) (MW)

Actual
F2011 | 4950 | 2133 | 1,335 1341 | 9915 | 2,228

Weather-Normalized Actual
F2011 | 5152 | 2044 | 1,358 1,361 | 10,047 | 2,136

Forecast (Weather Normalized)
F2012 5,243 2,118 1,520 1,354 10,308 2,213
F2013 5,379 2,163 1,579 1,474 10,684 2,259
F2014 5,535 2,210 1,609 1,709 11,162 2,309
F2015 5,657 2,217 1,659 1,847 11,490 2,316
F2016 5,753 2,231 1,701 1,993 11,797 2,330
F2017 5,861 2,249 1,719 2,092 12,047 2,349
F2018 5,967 2,203 1,740 2,172 12,215 2,301
F2019 6,091 2,214 1,751 2,199 12,394 2,312
F2020 6,204 2,230 1,762 2,238 12,580 2,329
F2021 6,298 2,248 1,772 2,239 12,710 2,348
F2022 6,405 2,269 1,775 2,248 12,854 2,370
F2023 6,550 2,294 1,782 2,249 13,039 2,396
F2024 6,693 2,316 1,798 2,257 13,236 2,419
F2025 6,838 2,339 1,815 2,263 13,433 2,443
F2026 6,989 2,353 1,778 2,245 13,548 2,458
F2027 7,140 2,376 1,779 2,195 13,678 2,481
F2028 7,296 2,399 1,799 2,200 13,889 2,505
F2029 7,455 2,423 1,836 2,178 14,094 2,530
F2030 7,618 2,447 1,856 2,198 14,331 2,555
F2031 7,785 2,471 1,877 2,249 14,602 2,580
F2032 7,956 2,495 1,898 2,254 14,831 2,605

Growth Rates:

5 years:

F2011 to F2016 2.2% 1.8% 4.6% 7.9% 3.3% 1.8%

11 years:

F2011 to F2022 2.0% 1.0% 2.5% 4.7% 2.3% 0.9%

21 years:

F2011 to F2032 2.1% 1.0% 1.6% 2.4% 1.9% 0.9%

Notes:
1.

w

Regional peaks include distribution losses only, unless otherwise stated in the table. Regional peaks
are not system coincident, as such they do not sum to the Domestic System Peak.
Lower Mainland includes peak supply requirement to City of New Westminster and Seattle City Light.
South Interior peak includes supply requirement to Fortis BC.
Northern Peak includes supply requirement to Hyder, Alaska but does not include Fort Nelson or other

Non-Integrated Areas.

The Domestic System peak recorded for the winter F2011 was 9,790 MW, excluding curtailment.
Actual, weather normalized and forecast values for all Vancouver Island peaks values include Gulf

Island peak demand.

Page 108 of 111

BGhydro {raceE 108

May 2012




2012 Integrated Resource Plan

Appendix 2A
ELECTRIC LOAD FORECAST F12-F32

LOAD FORECAST TABLES
Table A6.4-A6.5
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Table A6.4 2011 Reference Load Forecast before DSM with Rate Impacts (Excluding Initial LNG load)

| Total Hydro 2011 REFERENCE FORECAST - PROBABLE - BEFORE DSM WITH RATE IMPACTS (EXCLUDING INITIAL LNG LOAD) |
BC Hydro Senice Area Sales Integrated System
Residential Commercial Industrial Total BCH Nwest Total Firm Total Losses Total Total Peak
Fortis BC | Domestic Export Firm Gross Gross
Sales Sales Requirement | Requirement
(GW.h) (GW.h) (GW.h) (GW.h) (GW.h) (GW.h) (GW.h) (GW.h) (GW.h) (GW.h) (GW.h) (MW)
Actual
F2007 16,853 15,105 19,469 51,427 1,400 52,828 311 53,139 5,138 58,277 57,982 10,371
F2008 17,462 15,439 18,737 51,639 1,363 53,002 311 53,313 5,722 59,036 58,735 9,861
F2009 17,813 15,577 17,382 50,771 1,291 52,062 308 52,370 5,355 57,725 57,381 10,297
F2010 17,650 15,631 15,608 48,889 1,198 50,087 306 50,393 5,141 55,534 55,220 10,112
F2011 17,898 15,896 15,785 49,579 972 50,552 317 50,869 4,502 55,370 55,047 10,203
Forecast
F2012 18,199 15,964 16,433 50,597 981 51,578 313 51,891 5,220 57,111 56,803 10,651
F2013 18,652 16,460 17,645 52,756 1,109 53,866 311 54,177 5,426 59,603 59,260 11,026
F2014 19,035 16,957 18,975 54,967 1,250 56,218 311 56,529 5,626 62,154 61,743 11,505
F2015 19,352 17,390 20,082 56,825 1,390 58,215 311 58,527 5,797 64,323 63,895 11,832
F2016 19,711 17,811 20,917 58,438 1,530 59,967 313 60,280 5,956 66,237 65,796 12,140
F2017 20,089 18,196 21,686 59,970 1,536 61,506 311 61,817 6,095 67,912 67,457 12,389
F2018 20,495 18,620 22,317 61,432 1,541 62,973 311 63,284 6,231 69,516 69,055 12,558
F2019 20,923 19,087 22,675 62,686 1,547 64,233 311 64,544 6,354 70,898 70,432 12,737
F2020 21,371 19,433 22,987 63,791 1,553 65,344 313 65,657 6,467 72,124 71,659 12,923
F2021 21,766 19,714 23,037 64,517 1,559 66,076 311 66,387 6,550 72,937 72,476 13,053
F2022 22,218 20,034 23,103 65,355 1,567 66,922 311 67,233 6,643 73,876 73,419 13,197
F2023 22,690 20,353 22,973 66,016 1,575 67,591 311 67,903 6,723 74,626 74,171 13,382
F2024 23,179 20,672 23,049 66,901 1,583 68,483 313 68,796 6,821 75,617 75,164 13,579
F2025 23,615 20,944 22,956 67,515 1,590 69,105 311 69,416 6,896 76,312 75,860 13,775
F2026 24,080 21,267 21,832 67,179 1,598 68,777 311 69,088 6,908 75,996 75,544 13,891
F2027 24,565 21,635 21,899 68,098 1,606 69,704 311 70,015 7,010 77,025 76,573 14,021
F2028 25,105 22,084 21,974 69,163 1,613 70,777 313 71,090 7,128 78,218 77,766 14,232
F2029 25,596 22,535 22,058 70,189 1,621 71,810 311 72,121 7,242 79,363 78,911 14,436
F2030 26,103 23,036 22,312 71,451 1,629 73,080 311 73,391 7,375 80,766 80,315 14,673
F2031 26,613 23,544 22,891 73,047 1,636 74,683 311 74,995 7,532 82,527 82,075 14,945
F2032 27,150 24,069 22,931 74,149 1,644 75,793 313 76,106 7,655 83,761 83,309 15,174
Growth Rates:
5 yrs F2011- 1.9% 2.3% 5.8% 3.3% 9.5% 3.5% -0.3% 3.5% 5.8% 3.6% 3.6% 3.5%
F2016
11 yrs F2011- 2.0% 2.1% 3.5% 2.5% 4.4% 2.6% -0.2% 2.6% 3.6% 2.7% 2.7% 2.4%
F2022
21 yrs F2011- 2.0% 2.0% 1.8% 1.9% 2.5% 1.9% -0.1% 1.9% 2.6% 2.0% 2.0% 1.9%
F2032
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Table A6.5 2011 Reference Load Forecast before DSM with Rate Impacts (Including Initial LNG load)

| Total Hydro 2011 REFERENCE FORECAST - PROBABLE - BEFORE DSM WITH RATE IMPACTS (INCLUDING INITIAL LNG LOAD)
BC Hydro Senvice Area Sales Integrated System
Residential Commercial Industrial Total BCH Nwest Total Firm Total Losses Total Total Peak
Fortis BC | Domestic Export Firm Gross Gross
Sales Sales Requirement | Requirement
(GW.h) (GW.h) (GW.h) (GW.h) (GW.h) (GW.h) (GW.h) (GW.h) (GW.h) (GW.h) (GW.h) (MW)
Actual
F2007 16,853 15,105 19,469 51,427 1,400 52,828 311 53,139 5,138 58,277 57,982 10,371
F2008 17,462 15,439 18,737 51,639 1,363 53,002 311 53,313 5,722 59,036 58,735 9,861
F2009 17,813 15,577 17,382 50,771 1,291 52,062 308 52,370 5,355 57,725 57,381 10,297
F2010 17,650 15,631 15,608 48,889 1,198 50,087 306 50,393 5,141 55,534 55,220 10,112
F2011 17,898 15,896 15,785 49,579 972 50,552 317 50,869 4,502 55,370 55,047 10,203
Forecast
F2012 18,199 15,964 16,465 50,629 981 51,610 313 51,923 5,224 57,147 56,838 10,656
F2013 18,652 16,460 17,667 52,779 1,109 53,888 311 54,200 5,429 59,628 59,285 11,030
F2014 19,035 16,957 18,998 54,990 1,250 56,240 311 56,551 5,628 62,180 61,768 11,509
F2015 19,352 17,390 20,161 56,904 1,390 58,294 311 58,606 5,805 64,411 63,983 11,845
F2016 19,711 17,811 22,001 59,522 1,530 61,051 313 61,364 6,032 67,396 66,956 12,439
F2017 20,089 18,196 25,238 63,522 1,536 65,058 311 65,369 6,343 71,713 71,258 13,070
F2018 20,495 18,620 27,252 66,368 1,541 67,909 311 68,220 6,577 74,797 74,336 13,238
F2019 20,923 19,087 27,611 67,621 1,547 69,168 311 69,480 6,699 76,179 75,713 13,418
F2020 21,371 19,433 27,922 68,726 1,553 70,279 313 70,592 6,813 77,405 76,940 13,604
F2021 21,766 19,714 27,972 69,452 1,559 71,011 311 71,323 6,895 78,218 77,757 13,733
F2022 22,218 20,034 28,039 70,291 1,567 71,858 311 72,169 6,988 79,157 78,700 13,878
F2023 22,690 20,353 27,909 70,952 1,575 72,527 311 72,838 7,069 79,907 79,452 14,062
F2024 23,179 20,672 27,985 71,836 1,583 73,419 313 73,732 7,167 80,898 80,445 14,259
F2025 23,615 20,944 27,892 72,450 1,590 74,041 311 74,352 7,241 81,593 81,141 14,456
F2026 24,080 21,267 26,767 72,114 1,598 73,712 311 74,024 7,253 81,277 80,825 14,571
F2027 24,565 21,635 26,834 73,034 1,606 74,640 311 74,951 7,355 82,306 81,854 14,701
F2028 25,105 22,084 26,910 74,099 1,613 75,712 313 76,025 7,474 83,499 83,047 14,913
F2029 25,596 22,535 26,993 75,124 1,621 76,745 311 77,057 7,587 84,644 84,192 15,117
F2030 26,103 23,036 27,247 76,386 1,629 78,015 311 78,326 7,721 86,047 85,595 15,354
F2031 26,613 23,544 27,826 77,982 1,636 79,619 311 79,930 7,877 87,807 87,356 15,625
F2032 27,150 24,069 27,866 79,085 1,644 80,729 313 81,042 8,000 89,042 88,590 15,855
Growth Rates:
5 yrs F2011- 1.9% 2.3% 6.9% 3.7% 9.5% 3.8% -0.3% 3.8% 6.0% 4.0% 4.0% 4.0%
F2016)
11 yrs F2011- 2.0% 2.1% 5.4% 3.2% 4.4% 3.2% -0.2% 3.2% 4.1% 3.3% 3.3% 2.8%
F2022
21 yrs F2011- 2.0% 2.0% 2.7% 2.2% 2.5% 2.3% -0.1% 2.2% 2.8% 2.3% 2.3% 2.1%
F2032
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