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History of Power in the NW is
history of Columbia River




INn this presentation

Generation Sources for Electricity
Demand for Electricity

Electricity Prices

Role of Energy efficiency in the NW



Supply Picture

= Harvesting power of Columbia river
through the hydro dams has been the
engine of growth in the region.

= Their addition in the NW created the
ground for introduction of new high
electricity intensive industries.

= Nameplate capacity
= Generating capacity and capacity factor
= Capacity additions to meet peak loads



Incremental additions to Power Plants in the NW

Sum of Nameplate

Period Capacity (MW) Percent

Pre 1965 23,676 44%
1964-1985 13,057 24%
1985-1999 2,864 5%
2000-2015 13,873 26%

Grand Total 53,471 100%










Demand For Electricity

= Key drivers
= Population
= Economic activities
= Prices
= Efficiency of energy using devices



Population in NW grown from about
1.4 1n 1900 to about 14 millions in 2015



Population more than doubled

Regional population (000s)

y =155.11x + 5880.7
R?=0.9946




Economy almost quadrupled

GSP Billions of 2009 dollars

y =9.76x + 77.549
R*=0.9737

1965-1975
1976-1996
1997-2007
2008-2014

GSP Billions of 2009 dollars Linear (GSP Billions of 2009 dollars)
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Electric Sales Increased by 260%

Loss of large number of industrial load
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Average Annual Growth Rate

2.5%

Commercial

0.1%

Industrial

1.7%

Residential

1.8%

Transportation




Major Factors Conftributing to Change in
Demand for Energy

= Structural change in the economy
= Moving away from resource based
= Moving to services
= Weather ( energy and peak loads)

= Investment in Efficiency



Structural change

Industries Share of Gross State Product

Services share of total industry GSP Share of electricity intensive industries

Lumber, Primary Metals, Food and Paper products

Information, Educational, Financial services
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Aluminum Commodity Prices
fluctuation

Aluminum, and wood product Commodity Prices

——Plywood (¢/sheet) KPLYWOOD  ——woodpulp($/mt) KWOODPULP  ——Aluminum (S/mt) KALUMINUM
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Growth in Per capito
consumption has been rather
modest

Per capita Average Annual Growth

0.4%|Transportation

0.9%|(Commercial

-1.1%(Industrial

0.4%|Residential

-0.1%|Total




We See Five eras of growth In
the Region

Average Annual Growth Rate of
Economy Compared to Electricity
Sales

Average

Annual GSP  Electricity
Growth Rate (real) Demand
1965-1975 3.8% 5.33%
1976-1985 3.2% 2.45%
1986-1995 4.3% 2.70%
1996-2007 * 2.7% 0.07%

2008-2014 1.4% 0.10%

*- lost over 3000 aMW of load in publics
( industrial recession, aluminum smelters)

1965-1975 1975-1985 1986-1995 1996-2007 * 2008-2014

GSP Electricity Demand




Regional Price of Electricity

Retalil price of electricity is effected by the
amount of Revenue Requirement of the
utilities.

Revenue requirement is determined by
capital and operating costs.

The operating costs, include fuel cost.

Large investments in dams with low fuel
cost lead to low retall prices.



Regional electricity prices is lower than Nationadl
Average

Average Retail Electricity Rates S/million Btu

35

20



Retail Electric Rates increased by 173 %
in part due to
Overbuilding in response to fast economic growth in the 1960s and 1970s

9.0 : :
Retail Electric Rates y = 0.0735x + 3.4885

8.0 REALLY Increase in R? =0.794
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Prices also increased due to 2000-2001
wholesale Electricity Price Jumps

(Con’rribu’red to decline of electricity intensive industries)
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Investing in Efficiency

Glven excess generation capacity in the region
Given low electricity prices

One would expect less of a incentive to do efficiency

However, NW has been on the forefront of the
efficiency.



Since 1978 Utility & BPA Programs, Energy
Codes & Federal Efficiency Standards Have
Produced Almost 5700 MWa of Savings
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Efficiency now generates equivalent of more
than 17% of regional Mix of Generation



Investment in Electricity Efficiency Has Met
Nearly 55% of PNW Load Growth Since 1980

1990 1995 2000 2005

Load Net of Efficiency Efficiency Resource 1980 Load




Savings from Energy Efficiency Since 1978 Nearly Equal
the Annual Firm Energy Output of the Seven Largest
Hydro Projects in the Region
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So What's 5700 MWa?

It’s enough electricity to serve the entire
state of Oregon

It saved the region’s electricity consumers
nearly $3.51 billion in 2014

It lowered 2014 PNW carbon emissions by
an estimated 21.9 million MTE.

So the region has been doing more with
less.




Doing More with Less



AAGR GSP Electricity Demand Population

1965-1975 3.8% 5.33% 1.81%
1976-1985 3.2% 2.45% 1.67%
1986-1995 4.3% 2.70% 2.60%
1996-2007 * 2.7% 0.07% 1.36%
2008-2014 1.4% 0.10% 1.07%

*- high electricity prices and non-competitive nature of DSI
lead to about 3000 aMW of drop in demand for electricity.



Residential Sector is doing more with less
even with increase in consumer electronics usage

Weather normalized MWH of consumption per
capita

y =-0.03x + 5.3739
R*=0.5896

1980 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014




Commercial Sector is producing more
good and services with less electricity

Dollars of Output from Commercial Sector per MWH

of weather normalized consumption
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Change in Productivity of Electricity Use
(average MW per 10 million dollar of GSP)
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Changing
economic
structure of the
region.

Moving from High
electricity
intensive, low
market value
production to
higher value
production.



SO In Summary

History of NW is history of transitional growth from resource based
economy to increasingly more knowledge based economy.

Electric Power industry was set to met the fast growing loads of
1960s and 1970s.

Overbuilding of supply resources, in response to rapid load growth
of 1960-1970s resulted in sharp price increase.

Demand responded by:

= Change in industrial mix

= |nvestment in efficiency
This has led to doing more with less.
More goods and services with less energy.

Does the Next 50 years promises to be even better?

= Intomorrow morning’s Energy II session Council presentations sheds light on the
future direction of NW power system.



Efficiency Extends a PNW Legacy by
“Stretching the River”

The next great hy, ._ ' ... and reduced the

development to Jert: )
. must be that on the power systems carbon

Columbia River. FDR » 1932 footprint 15% below 1990
levels without further

harming fisheries or
native peoples
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