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1 OVERVIEW

Snohomish County Public Utility District (PUD) provides electric service to 316,000
residential and business customers in Snohomish County and Camano Island. To meet this
responsibility, the PUD relies on power from the Bonneville Power Administration (BPA),
two PUD-owned generating plants, three third-party power supply contracts, and a portfolio
of conservation and energy-efficiency programs. In 2007, the firm power supplies from these
sources totaled 796 average megawatts (aMW). Conservation programs met roughly 10% of
the PUD’s load.

The purpose of this Integrated Resource Plan (IRP) is to establish an action plan that ensures
enough resources are available, at reasonable cost, to meet future loads. Achieving this
objective requires consideration of all possible options and a plan that is adaptable to
changing circumstances. Energy efficiency, renewable power supplies, purchased power
contracts, and PUD-owned resources are all among the potential alternatives.

Preferred Plan

The PUD’s IRP was developed by analyzing six resource portfolios, each designed to meet
different load and economic conditions. From this evaluation, a single Preferred Plan was
formed, which considers cost, reliability, risk, and operational constraints. The Preferred Plan

was heavily influenced by two PUD Commission guidelines:

e Rank conservation as the resource of choice for meeting load growth. Pursue all
cost-effective energy-efficiency measures and look for ways to accelerate the

acquisition of savings where possible and economical.

e To meet loads not served by conservation, pursue a diversified portfolio of low-
cost BPA power and renewable energy. To the extent possible, the new resources

should be located in the PUD’s service area.



The Preferred Plan meets both of these criteria and positions the PUD as a leader in
conservation and renewable resource development. The Preferred Plan calls for 96 aMW of
new cost-effective conservation—more than all of the PUD’s achievements to date. And it
establishes a “stretch” goal of 5% more energy efficiency. Additional power supplies would
come from a mix of BPA, wind and landfill gas contracts, and from small hydro, geothermal
and tidal energy projects the PUD would own and operate.

The Preferred Plan ensures the PUD will continue to meet the electric demands of its
customers efficiently and reliably; it is fully compliant with Washington State’s Renewable
Portfolio Standard, 1-937; and it provides flexibility by giving the PUD options for delaying

or accelerating resource acquisitions if loads grow slower or faster than expected.

Beginning in 2014, the PUD would add the first of a series of geothermal power plants
located in Snohomish County. Although there is evidence of geothermal energy in
Washington state, there has been little exploration and no utility-scale development. A new
technology, Enhanced Geothermal Systems (EGS), expands the number of sites that could be
used for power production. Under the Preferred Plan, the PUD would pursue this new option
as well as traditional technology approaches. If successful, the PUD would establish
geothermal power as a renewable resource that would meet the needs of Snohomish County

residents for many years to come.

Table 1-1 presents the details of the Preferred Plan. Sections 6 and 7 describe the
assumptions and reasons behind the resource choices.



Table 1-1
Snohomish PUD Preferred Resource Plan

(aMw)
2008 2010 | 2012 | 2016 | 2020

Expected Loads 818.5| 861.9 895.5| 951.1|1,011.1
New Conservation (w/ line losses) (7.2) | (21.2)| (35.6)| (65.4)| (96.0)
Net Loads after Conservation 811.2 | 840.7| 859.8(885.6| 915.1

Existing Resources:
BPA Contracts 699.3 | 699.3 699.3 | 699.3 659.1
Jackson Hydro 29.5 29.5 29.5 29.5 31.5
Everett Cogeneration 37.0 37.0 37.0 37.0 0.0
Wind (White Creek) 4.9 4.9 4.9 4.9 4.9
Klickitat Landfill Gas 4.9 0.0 0.0 0.0 0.0
Hampton Biomass 1.0 1.0 1.0 1.0 0.0
Market Purchases 24.5 0.0 0.0 0.0 0.0
PSE Conservation Transfer (10.2) (1.7) 0.0 0.0 0.0

New Resources:

BPA Tier 1 and 2 0.0 0.0 54.0 49.0 49.0
New Wind 0.0 58.0 58.0 58.0 58.0
Biomass/Landfill Gas 0.0 4.9 9.8 9.8 19.8
Small Hydro 0.0 2.0 2.0 5.0 5.0
Tidal 0.0 0.0 0.0 1.0 5.0
Geothermal 0.0 0.0 0.0 30.0 90.0
Short/Term Market Purchases 20.3 5.8 (35.7)| (38.9) (7.2)
Total Planned Resources 811.2 | 840.7| 859.8|885.6| 915.1
% of 1-937 Eligible Renewables 1.4% 8.2% | 10.8% | 14% | 21.6%
Renewable Energy Surplus 11 69 68 46 61

L Includes line losses, under critical water conditions.



Action Plan

The actions necessary to carry out this plan are shown below.

10.

Implement all cost-effective energy conservation measures.

Actively pursue conservation “stretch’ goals and continue to seek new
opportunities for customers to save energy and reduce demand.

Work with BPA to establish a 2012-2028 power supply contract that maximizes
the benefits of the federal power system to the PUD.

Negotiate long-term contracts for renewable resources with third party
providers.

Immediately begin development of geothermal resources in or near Snohomish
County with a target commercial operation date of 2014 for the first power
plant.

Continue research and development of tidal energy systems in Puget Sound.
Evaluate and, where appropriate, pursue small-scale hydroelectric opportunities
in Snohomish County.

Where appropriate, encourage customer-ownership of small-scale resources.
Participate in regional transmission forums to ensure adequate transmission
capacity is available to deliver BPA and other generating resources to PUD
loads.

Continue to monitor emerging technologies and further develop staff knowledge,
tools and databases used to evaluate both supply and demand-side resource

options.

Through these actions the PUD will be prepared to serve the electricity needs of its

customers well into the future.



Organization of the Document

This document is organized into eight sections:

Section 1 is this overview.

Section 2 describes the PUD’s load forecasting methods and range of expected
energy demands.

Section 3 catalogs the PUD’s current resources.

Section 4 provides a backdrop to the planning process—outlining industry
dynamics and recent legislation affecting utility operations.

Section 5 addresses the analytic framework used to evaluate supply and demand-

side resources.
Section 6 describes the array of resource options available.
Section 7 presents the development and evaluation of the Preferred Plan.

Section 8 outlines the Action Plan necessary to implement the plan.



2 ENERGY REQUIREMENTS

Forecasts of future loads are the starting point for integrated resource planning; they are the
primary determinants of the PUD’s need for future resources. PUD staff developed six
separate forecasts: a Base Case load forecast representing the most probable future, two
sensitivity cases that vary the input assumptions within the Base Case, and three additional
forecasts corresponding to three possible future scenarios. Each load forecast takes into
account economic drivers, customer electricity usage patterns, impacts of past conservation

and energy-efficiency programs, as well as other factors.

Base Case Forecast

Figure 2-1 below compares the Base Case forecast to the PUD’s historical loads, measured in
megawatt-hours. Since 1970, loads have grown at an average annual rate of 2.3%. This trend
would have been higher, roughly 2.6% per year, were it not for the PUD’s prior emphasis on
conservation. Between now and 2012, total electrical demands (absent conservation) are
expected to grow by 13%, reflecting the county’s continued economic prosperity and rise in

population. Industrial loads are expected to remain at current levels.

Figure 2-1
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Section 2: Energy Requirements

Figure 2-2 below compares the Base Case forecast with the PUD’s resources under critical
water conditions;* assuming no new savings from conservation programs. Under these
conditions, the PUD does not currently have enough resources under contract or owned to
meet loads. By 2020, the gap widens to roughly 240 aMW.

Figure 2-2
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The seasonal shape of the PUD’s loads and resources is also an important consideration. The
PUD’s loads have historically been highest in the winter and that remains the case, although
summer air conditioning loads are increasing. The PUD’s resources, however, produce more
energy in the spring and fall than in the winter or summer. This pattern results in monthly
surpluses and deficits that the PUD must manage. Figure 2-3 below illustrates by comparing
forecasted loads for 2007 and 2012 with the PUD’s existing resources under “blend” water

conditions.?

1 Critical water conditions represent energy output assuming the lowest rainfall seen in the last 70 years.
2 “Blend” water conditions represent a year half-way between average and critical water conditions.

Snohomish County PUD — 2008 Integrated Resources Plan 7



to large load centers (easing transmission issues), makes tidal power of particular interest.
Though preliminary (given the current lack of any utility-scale TISEC generation anywhere
in the world), the EPRI estimate indicates the capital cost of tidal power to be approximately
$3,000/kW. There is, however, a host of regulatory, social, technical, and environmental

challenges to overcome before tidal power in the Puget Sound can become a reality.

The PUD has taken a leading role in the research of tidal power in the Pacific Northwest. In
March 2007, the utility received permits from FERC to study seven locations in and around
the Puget Sound. The FERC permits allow the PUD to study the potential of tidal energy at
these sites. Per the parameters of the permit, the entire study period can take up to three
years. The studies will confirm whether the projects are technically and economically viable,
and if they can be executed in an environmentally responsible manner. Figure 6-8 below
shows the seven sites located from Rich Passage near Bremerton to Speiden Channel in the
northern San Juan Islands. Based on preliminary studies, these seven sites combined could
provide up to 100 aMW of electricity.
Figure 6-8
Potential PUD Tidal Sites



As part of its initial study phase, the PUD has been measuring the velocity and direction of
tidal currents, considering potential tidal devices to employ, assessing environmental and
regulatory issues, determining how best to connect the energy to the electrical grid, and
conducting computer modeling studies to evaluate site conditions. Assistance has been
received from BPA, Energy Northwest, the University of Washington, and EPRI.

Staff anticipates the study phase to last through 2009 and once complete, staff will evaluate
the technical, economic, and environmental viability of pursuing a pilot demonstration plant.
A target date for the pilot plant is 2011, with the earliest generation available in 2013, for up
to 1 to 2 MW. For resource planning purposes, staff has assumed that up to 5 MW of tidal
capacity could be installed by the year 2020.

Solar

Solar energy is characterized by two general types of systems: photovoltaic (PV) solar cells
and solar thermal arrays. Solar energy generation from conventional PVcells is growing
rapidly worldwide, and substantial research/engineering is being applied towards thin-film
photovoltaic devices that have the potential to be much less costly to produce. Lenses with
mirrored dishes that focus sunlight on solar cells, thermal troughs/dishes and Stirling cycle
heat engines have also been developed. These approaches generally require automated

tracking systems to be effective.

Solar energy is not as compelling in Washington as it is in sunnier locales, but in the coming
years as PV manufacturing/installation costs decline and system efficiencies increase, solar
energy could have a meaningful position in a well-diversified energy portfolio. Puget Sound
Energy is currently developing a 500 kW solar PV array at its Wild Horse Wind Project east
of the Cascades. At a cost of $8,000/kW, solar PV systems are currently prohibitively

expensive for utility-scale power production.

Several federal and state incentives are making small-scale PV more attractive for

commercial and residential applications. Federal tax incentives allow businesses to write-off



up to a third of the cost of a PV system. Residential applications are offered the same
incentive, but the amount is capped at $2,000.

A relatively new state program pays owners of residential and business PV systems 15 cents
per kWh of solar energy produced until 2014. If the system utilizes panels and inverters
manufactured in Washington state, the program will pay up to 54-cents per KWh. These and
other incentives can result in payback periods of less than 10 years for commercial systems

and 15-20 years for residential systems.

While solar is not as cost-effective as other forms of renewable energy, staff are seeking the
best ways to bring solar opportunities to Snohomish County residential and small business
customers. Even though staff have not included solar resources in the resource stack over this
planning horizon, efforts are underway to create a program that supports customer-owned

solar through rebates, loans and incentives, technical advice, and active communication.
Hydro Power

As the nation looks for more domestically supplied energy, small and low impact hydro is
emerging as a promising alternative. The Energy Policy Act of 2005 directs the Secretary of
Energy to pursue a vitalization effort for hydropower, much the same as the Department of
Energy did for wind power. With aggressive measures in place, the equivalent wind-level
commitment of $377 million over a 10-year period could yield 23,300 MW of waterpower
capacity by 2025. EPRI estimates that 2,700 MW of new small and lower-power hydro plants
(<30 MW) and 5,000 MW of new conventional hydropower plants at existing non-powered
dams is possible in the U.S. by 2025. FERC has also been mandated to decrease the amount
of time it takes to license a new or added-to project, which could reduce the licensing period
from the previous five to 10 year range to a one or two year period.

Small hydro can include mini-hydro (<1 MW), micro-hydro (<100 kW) and pico-hydro (<1
kW). The amount of energy that can be captured is a function of the vertical distance the
water drops (the head) and the volume of the water. One hundred cubic meters of water

falling 10 meters (low-head application) represents the same energy potential as 10 cubic



meters of water falling 100 meters (high-head application). Actual output depends on how
efficiently the power of the water is converted to electricity—maximum efficiencies of over
90% are possible, yet 50% is more realistic. Another method of capturing the hydraulic
energy is to divert the water out of the natural waterway through a penstock and then back to
the waterway. Such run-of-river applications allow for hydroelectric generation without a
dam. Small hydro projects generally do not have large storage reservoirs and are not
dependable as dispatchable resources as they rely on seasonal water flows. However small
hydro projects tend toward long life (25 to 50 years), simplified permitting and low O&M
costs. Items to consider when planning a small-scale hydro project are the environmental

impacts, water rights, planning and land-use laws, and access to transmission.

Some states count small hydro toward renewable compliance standards, but Washington
state’s 1-937 rules does not make fresh water generation (other than incremental hydro)
eligible, no matter the size. Even so, the PUD sees small hydro generation as an attractive
option, because it is emissions-free. Several potential small sites within the PUD service
territory have been identified. One that staff is actively considering could provide between 2
to 4 aMW of power. Nationally, there is a market for Low Impact Hydro Power (LIHP)
Renewable Energy Credits, and certification of a PUD resource as Low Impact could provide

additional revenue.

Jackson Hydro Project
Incremental hydropower from the Jackson Hydro Project can be added directly into the

PUD’s resource mix. Staff anticipates that by reconfiguring the penstock at the Jackson
project, generation can be increased from its current 103 MW capacity to a 112 MW rating.
This type of incremental hydro qualifies as a renewable energy resource under 1-937, so it

would count towards the PUD’s compliance needs.

Packwood Hydro
The Packwood Lake Hydroelectric Project began operation in 1964 and is located in the

Gifford Pinchot National Forest (approximately 20 miles south of Mount Rainier). Power
plant structures at the lake are limited to a small diversion and intake pipe a short distance

downstream from the outlet of Packwood Lake. A five-mile underground pipeline carries the



water down the mountain to the powerhouse, which is near the town of Packwood. There is
an 1,800-foot drop in elevation, which enables generation of up to 27.5 MW of electricity.
PUD staff is currently involved in the contract management of Packwood hydro project. In
the near future, the PUD may have the option to recall its 2 aMW share of generation from
Franklin and Benton PUDs.

Pumped Hydro
Pumped hydro is considered an energy storage resource. It has been in use since 1929, and

until 1970, it was the only commercially available storage option for large-scale generation
applications. Conventional pumped hydro facilities consist of two water reservoirs: one
located at a base level and the other at a higher elevation. Water is pumped to the upper
reservoir during off-peak hours where it can be stored as potential energy, and upon demand,
the water is released back into the lower reservoir, passing through hydraulic turbine

generators.

The barriers to pumped hydro storage can include high construction costs, long lead times
and geographic, geologic, environmental constraints associated with reservoir design. Access
to supplemental external water refill is also a concern. Pumped-hydro storage facilities
generally operate on a daily or weekly cycle. They are ideally suited to utility systems where
a significant difference exists between on- and off-peak power prices.

The reasons for building pumped storage have changed over the past 30 years. In the 1960’s
projects were built to provide low-cost peaking capacity instead of steam turbine or
combustion plants. Later, pumped hydro was recognized for its ability to provide on-peak
energy, spinning reserves and its load-following capabilities. With the growth of wind farms,
pumped hydro has added value as a possible avenue for shaping off-peak wind output into

more valuable on-peak hours.

Along with energy management, pumped storage systems can help control electrical network
frequency and provide reserve generation. Thermal plants are much less able to respond to
sudden changes in electrical demand, potentially causing frequency and voltage instability.

Pumped storage plants can respond to load changes within seconds.



In mid-2007, the PUD commissioned a study on the possibility of pumped storage within its
service territory. The research indicates several viable sites within the county that could be
utilized for pumped hydro. Two sites were considered potentially attractive options, with a
range of generation from 100 MW to 125 MW. Pumped hydro could offer value to the PUD
as a capacity resource. Some additional benefits include:

= Reshaping low-cost off-peak energy from wind and other resources to meet on-peak
loads;

= Providing regulation support during on-peak hours;

= Providing operating reserves and other ancillary services, which the PUD now
purchases; and

= Reducing the need for additional transmission.

The value of pumped hydro for integrating wind on an hourly basis is not clear at this time.
The PUD will continue to explore the benefits and costs of using pumped hydro as a viable

peaking and reliability resource.

Emerging Technologies

There are many technologies that are emerging or that have not been fully developed due to
high costs and lengthy research processes. Fuel cells, hydrogen, fusion, wireless electricity,
plasma gasification, biofuels, organic photovoltaics, and various forms of nanotechnology
may all play a role in filling future energy needs. The staff at the PUD will continue to
monitor innovations that are on the horizon. Appendix E provides a high-level overview of

some future technologies.

2007 Request for Proposals for Renewable Resources

In July 2007, the PUD issued a Request for Proposal (RFP) seeking up to 100 aMW of
renewable energy between 2008 and 2012. The RFP did not seek specific renewable
technologies. However, the PUD stated a preference for renewable projects of 5 MW or

larger that qualify for 1-937 compliance, such as wind, tidal, solar, biomass, landfill gas, and



geothermal. The objective of the RFP was to obtain the most economic and reliable
renewable resources for the PUD’s supply portfolio. In evaluating the proposals, the PUD
was interested in the renewable resources that best aligned with several criteria: compatibility

with resource needs, cost, risk management, public benefits, and strategic and financial goals.

The PUD received 10 proposals including eight wind, one hydro and one biomass proposal
for a total of 360 aMW. Based on the criteria outlined in the RFP, staff short-listed five
projects in November 2007, and then requested additional information and set up clarifying
interviews with the sponsors. In December 2007, four projects were selected to a final list.
This list included three wind and one hydro project for a total of 75 aMW. Contract

negotiations with the proposers are currently taking place.

Fossil-Fuel and Nuclear Generation

Fossil fuel options include predominantly two subsets: natural gas-fired and coal-fired
generation. Each technology has advantages and disadvantages. Issues associated with
natural gas and coal-fired generation include environmental concerns, fuel cost volatility,
fuel availability, changing regulations, and taxes associated with carbon dioxide emissions
and other global warming precursors. Nuclear power production has recently enjoyed
renewed interest because of its lack of green house gas emissions. However, because there
are no plants contemplated in the Northwest, additional nuclear power does not represent a

near-term option for the PUD.

Gas-Fired Generation Types

e Simple Cycle Turbines — This technology is essentially a jet engine turning a
generator. It is typically used for peak load service during high price market
conditions and for meeting load variations from intermittent resources.

e Combined Cycle Turbines — Combined cycle turbines add a boiler to the simple
cycle technology. The jet engine turns a generator and the waste heat from the
process is used to generate steam for a turbine/generator set. This generation type

has been the technology of choice for meeting base and intermediate loads due to



its relatively low capital cost, quick construction lead-time and high fuel
efficiency.

Natural gas-fired boilers — In this technology, natural gas is used as a boiler fuel
to make steam for use by a steam/generator set. These plants were commonly
used for base-load applications until the advent of the newer and higher-efficiency
combined cycle turbine technology became available.

Co-generation — Also referred to as “combined heat and power” plants, co-
generation facilities can consist of several technology configurations. One design
involves a combined cycle plant where the boiler also provides steam to a host
industry or commercial enterprise such as a hospital. Other technologies include
use of natural gas or a waste fuel, such as wood chips, in a boiler to provide both
steam and power. When appropriately sized for the host thermal load, such an
arrangement can result in thermal efficiencies in the neighborhood of 80 percent.
Even so, it is often difficult to design and allocate capital and operating costs in

ways that make these projects cost-effective.

Coal-Fired Generation Types

Pulverized Coal — In a pulverized coal plant, coal is ground up and injected
through nozzles into a boiler where it is burned to raise steam, typically at high
temperature and pressure, which is in turn used to drive a turbine and generator.
Fluidized Bed — In a fluidized bed coal plant, pressurized air is injected under a
grate in the bottom of the coal-fired boiler. Crushed coal particles float inside the
boiler, suspended on upward-blowing jets of air and are “fluidized.” Limestone is
mixed with this fluidized coal. The result is a more thorough burn of the coal,
especially for lower quality coal, and removal of 90% plus of the sulfur and
nitrogen pollutants. Typically, the boiler is also able to burn other fuels such as
wood or waste tires.

Integrated Coal Gasification — In this technology, coal is gasified by baking it in
a large container in the presence of oxygen. The result is a synthetic gas similar to
natural gas, which can then be used in a gas turbine combined cycle plant (with
special technology) to generate electricity at high efficiency. There are several



advantages to this technology. First, the cost of electricity produced is not subject
to the cost, volatility, and supply issues associated with natural gas; second,
harmful emissions are much lower than conventional coal plants; and third, with
some technology improvements it may be possible to sequester the CO,

emissions, a primary contributor to global warming.

Carbon sequestration refers to the provision of long-term storage of carbon dioxide
emissions in the terrestrial biosphere, underground or oceans. In some cases, this is
accomplished by maintaining or enhancing natural processes; in other cases, novel
techniques are being developed to dispose of carbon. To be successful, the techniques
must be effective and cost-competitive; provide stable, long-term storage; and be
environmentally benign. Using present technology, the U.S. DOE estimates sequestration

costs are in the range of $100 to $300/ton of carbon emissions avoided.
Nuclear Energy

Nuclear energy is produced by a controlled nuclear chain reaction. When a neutron strikes a
relatively large fissile atomic nucleus, it forms two or more smaller nuclei as fission

products, releasing energy and neutrons in a process called nuclear fission. The neutrons then
trigger further fission, and so on. Whereas a conventional thermal power plant relies on a fuel
source such as gas, coal or oil to provide heat for generating electricity, a nuclear power plant
uses nuclear fission inside the nuclear reactor to create heat. The heat is then used to boil

water, produce steam and drive a steam turbine.

Nuclear power provides roughly 17% of the world's electricity with 435 operating reactors
spread among 31 different countries. The U.S. has 103 reactors and, although it has the most
nuclear capacity of any nation, no new commercial reactors have come on line since May
1996. Nevertheless, U.S. commercial nuclear capacity has increased in recent years through a
combination of license extensions and upgrading of existing reactors. New nuclear plants are
now being considered by utilities in the southeastern U.S., where coal has previously

dominated.



Difficulties with nuclear planning include long lead times regarding licensing, siting, rate
recovery and financing uncertainties. Capital costs are high, ranging from MIT’s 2003
estimate of $2,000-$2500/kW to Florida Power & Light’s 2007 range of $5,200 to
$7,800/kW. The wide range of capital cost estimates stems from a lack of consistent
economic methodology -- with some entities estimating project costs on an overnight basis,
while others utilize current or discounted dollars. Life cycle cost estimates range from $0.05
to $0.17/kWh.* A shortage of uranium and trained nuclear technicians is also cited as an

issue for nuclear development.

Some people are opposed to nuclear power based on concerns over long-term storage of
radioactive waste and the potential for accidents at power plants. National security issues
related to plant sabotage and nuclear proliferation have also been raised. Proponents claim
that risks are small and can be overcome. They point to nuclear’s baseload energy production
and zero carbon emissions as attractive features. There are a number of advanced nuclear
reactor designs under development that could make critical fission reactors much cleaner,
safer and less risky with regard to proliferation of nuclear weapons. A recent poll by KCTS
television found that 56% of those surveyed in the Seattle area now view nuclear energy in a

positive light.

That said, the likelihood of a new nuclear plant being built in this region is small. According
to Vic Parrish, CEO of Energy Northwest, the US has the manufacturing capacity to build
only 11 nuclear plants at any time. With 32 orders in the U.S. queue currently, and a
construction time of five years, the Northwest could not count on a nuclear resource before
the year 2030.

! Harding, Jim. “Reactor Economics 2008.” Presentation at the National Academy of Sciences/National
Research Council Panel Jan 22, 2008 in Washington, D.C.



