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Problem Background and Statement

1t is generally accepted that in the next decade the world oil extraction is going to
peak and every year after there will be less and less oil extracted. There are a group of
people in Humboldt County who feel our federal government is not taking enough action
now to prepare for a future with less oil dependency. They are called an Outpost and
they are one of many forming around the country. An Outpost is a group of community
members who work together to learn how about their biophysical resources and political
resources and try to find a way for their community to survive, intact and thriving when
the time comes that oil and gas are not so easily available. They are figuring out ways
their specific community can produce resources and sell food locally without depending

0%er any outside sources for energy, production or capital. The Humboldt Outpost has just
recently formed and we have taken on the job of compiling all the biophysical data we
can on Humboldt County.

Our problem, we have realized in starting this project, is not having all the
information on Humboldt County’s biophysical resources in a centralized arca. There is
no large folder which contains all the necessary reports, books, media articles and a list of
local producers, growers and manufacturers who offer the products in Humboldt County.
We are compiling the research and creating a single, cohesive document that the
Humboldt Oupost can refer to for information. The information will be used by the
outpost to help Humboldt County transition from a carbon to a post-carbon society. The
biophysical resource information breaks down into the following categories: soil, water,
hydrology, space heating, and energy (fuels and electricity). Using the Outpost Manual,

we have decided to use their list of questions to find all the information as well as add on



a few energy resources we felt should be considered in Humboldt County. The following

the list of questions we tried answering in the documents we have included:

Soil Analysis
What is the composition of your soil?

How fertile is it?

How well is it drained?

Where is it and how is it positioned?

Does the municipality or local government own any significant fertile land?
How expensive is the land with fertile soil?

Is it likely to be available?

Is the fertile land capable of being dry farmed, or will it require irrigation?

Water Analysis

What is the annual average precipitation?

What are the annual precipitation patterns?

Most importantly, when does most of the rain fall — in the winter or in the summer?

If mostly in the winter, as is common in many parts of the world, then great attention will
have to be given to the hydrological system and where and how to collect and store
water.

Hydrology
What are the nature, extent and flow of local rivers, if there are any?

What state are the rivers in?

Are there or were there underground rivers?

If the latter, have they been culverted, or simply filled in and built on?

What is the extent of ground water, is it regularly recharged by normal precipitation or is
it so-called “fossil watet” and effectively non-renewable?

Space Heating
What’s the cost of geo-exchange heating systems?

Is there ground source or air exchange?
Is there a local manufacturer and/or a local installer?

Energy-fuels
What are the benefits and drawbacks of biodiesel?

What role should biodiesel play in your locale?

Do you have a local producer of biodiesel?

How much biomass and land will it take to provide feedstock for production of biodiesel?
Does it make sense to build a biodiesel production plant?

Are there suitable locations and feedstock for small-scale biogas digesters?

Energy-Electricity
Is your electricity system publicly or privately owned?
Are you allowed to sell electricity back to the grid?
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What is your average insolation and what is the pattern of it throughout the year?
What local solar device manufacturers do you have in your locale or region?
What about for water heating and/or photovoltaics?

If neither of the above, how close is the nearest producer of any of these things?
Where are the nearest (reasonably) good sites for wind?

Where are the nearest wind turbines made?

What are the problems of instability when wind production makes up 15%-20% of the
electricity production?

Do you have any good sites for micro-hydro installations?

What are the main ways electricity consumption can be reduced for households,
communities, manufacturers and commerce?

How possible is wave energy?

How soon into the future will it be feasible?

What information is there on biomass?

How about wood gasification?



Goals and Objectives

Goals:
1) Compile all the data on Homboldt County’s energy, water and soils.
2) Process the data and write a paper that summarizes the information found and

what it all means.
3) Give a presentation and present the summaries we wrote.



Alternatives Section

Our semester long project is researching Humboldt County’s current status in

terms of its soils, water and energy. At first we had a difficult time coming up with an

alternatives section. Our project was already outlined for us and the solution we were

supposed to find was stated from the beginning. However, after speaking with Professor

Hansis, we determined that for our alternatives section, we would come up with a list of

items that would fine-tune the Qutpost manual. We also have listed items that makes the

Outpost questions more specific to Humboldt County and we have raised issues about

things that might not have any relevance outside of Humboldt County.

Alternatives/Suggestions

Receive grant $ to give stipends to the researchers and compilers of the data.

For energy, find information on conversion kits for straight vegetable oil.

For energy again, make it more site specific instead of county specific. Humboldt
County is large and has a variety of geographical regions, therefore county
average insolation is not as much use as region average insolation.

Energy components should be broken down into the different regions instead of
looking at county average as well.

We tossed around the idea that perhaps we should research what a post-carbon
Humboldt County would look like if the lower counties could no longer afford to
divert and siphon off so much of our lumber and water.

We should stockpile photovoltaics starting now because we do not have a
manufacturer in the county, just installers.

Ground source heating systems also have no local manufacturers.

The soil survey is 30 years old and the current one they are working on will not be
available until 2008.

Research wave energy possibilities and best sites in Humboldt County.



Implementation Strategies

Qur assignment is researching and compiling the soils, water and energy
information of Humboldt County for the Outpost group. We divided the research up as

follows:

1) Energy-fuels

Contact Andy in February about making an appeintment.

Get any information he can give us about his own personal experiences with
biodiesel.

Meet with Andy by the end of March.

Visit Footprint Recycling in April.

Read Sarah’s Biodiesel book by end of March to re-familiarize ourselves with
how biodiesel works.

Kelli to summarize bio-fuels information from her research by April.

2) Energy-electricity

Have Kelli read Sarah’s notes from her Engineering class on solar energy by
spring break.

Kelli to research as much as possible on energy section of project by
February.

Sarah to go to Shatz Energy Lab and talk to Jim Zoellick about Energy
Element of General plan in March.

Sarah to give relevant reports from Jim Z. at SERC to Kelli for summarizing.
Kelli read and summarize reports relevant for project by April.

Sarah to research reports prepared for Humbeldt Board of Supervisors in
Humboldt Room, referred by Jim Z. at SERC in March.

Make a stop at CCAT in April to see what information they may have.

Visit Real Goods, design and information center for renewable energy
technolgogy and get all the quantitative information during spring break.
Sarah brings her Source Book to class for background information.

Sarah to go to Six Rivers solar for manufacturing and installer information for
passive and active solar by beginning of April.

Read copy of Humboldt’s energy report written by Schatz lab.

Research wood gasification in April

Sarah to research in Humboldt Room, inventories on wind and micro-
hydroelectric sites in Humboldt County by beginning of April.

Sarah to meet with Michael Winkler on ground source heat pump information
and summarize information by April.

Sarah to research energy conservation in Humboldt County by March.

Sarah to summarized Michael Winkler’s model household energy
conservation reports and Schatz report on energy conservation for residence in
Humboldt by April.

3) Soils
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Sarah to meet with RCD to get soil survey and information on work in
progress survey by end of February.

Sarah to read and summarize soil survey for Humboldt County in February.
Sarah to research other soil reports and summarize by March.

4) Hydrology/Water analysis

Sarah to get read relevant section of Humboldt General County Plan update
for analysis on hydrology.

Sarah to research as much as possible on watersheds in Humboldt county by
end of February.

Find out about millponds and their purpose and if Humboldt County has any
during the month of February and March.

Sarah to summarize watershed information by April.

Kelli to research relevant water analysis; amount of rainfall, etc. by April
Kelli to summarize her research by May.



Kelli Reddy
Project Hours

Environmental Science Practicum

Date

Time/Activity

Monday 1/31

Wednesday 2/2
Wednesday 2/9
Tuesday 3/1
Wednésday 3/2
Tuesday 3/9
Monday 3/21
Wednesday 3/23

Monday 3/28
Tuesday 3/29
Wednesday 4/6
Wednesday 4/6
Monday 4/11
Wednesday 4/13

Monday 4/18

Sunday 4/24
Monday 4/25

2 hrs Researched biophysical resources and found outpost
articles, pfinted them out.

3 hrs Read the Outpost manual Professor Hansen e-mailed.

2 hrs Worked with Sarah on our goals and objectives

2 hrs Wrote the Background and Statement assignment

2 hrs Read Sarah’s book on Biodiesel

2 hrs Wrote the Goals and Objectives

2 hrs Read Sarah’s book on solar energy and solar sources.

1 hr Worked with Sarah on our alternatives and the Professor
gave us some advice.

2 hrs Worked with Sarah on organizing our information we have
collected so far.

2 hrs Wrote alternatives section

3 hrs Wrote summary for biodiesel section

2 hrs Worked on including Professor’s comments on alternatives,
goals and objectives, and background statement.

2 hrs Researched and found information on wave energy,
including a device being implemented in Trinidad.

2 hrs Wrote the implementation strategies (sorry, late!)

2 hrs Sarah and I brought all the information we have collected
so far, organized it, and split up the reports to write summaries for
them.

2 hrs Wrote the summary for wave energy and solar energy

5 hrs Edited biodiesel summary, wave energy and solar energy

and I wrote the anaerobic digestion summary




Wednesday 4/27

Thursday 4/28

Saturday 4/30

Saturday 4/30

Tuesday 5/3

Wednesday 5/4

Total Hours: 53 hours

3 hrs Went to the library with Sarah to go over each other’s
summaries so far and come up with a checklist of items we still
need to do.

2 hrs Wrote the wind summary

Shrs Wrote a summary for the upcoming General County plan,
energy report subsection (we have the table of contents to show),
old Humboldt County plan to accelerate economic development of
local energy resources, Draft energy report from Schatz lab and
wood gasification summary

2 hrs Printed out all the summaties (9 of them) as well as the
assignments, read Sarah’s summaries and gave suggestions, and
came up with checklist’s for things we both still need fo do.

3 hrs Bought the binder and put together all the reports with
Sarah in the library. Researched and foﬁnd the climatography
report for California. Organized the binder, wrote the table of
contents and reference section.

2 hrs Wrote the water summary and did a final edit of the rest of

my summaries.



Sarah Hall

Environmental Science practicum

Date

Time/Activity

Thursday 2/2/05

Sunday 2/6/05
Monday 2/7/05
Wed 2/9
Monday 2/14

Wed 2/23

Friday 2/25
Wed 3/2

Monday

Thursday 3/17
Monday 3/21

Wed 3/23

Saturday 3/26

Monday 3/28

Weds 3/30
Saturday 4/2

Monday 4/4

2 hrs — initial soil research

1 hr — Post Carbon manual reading chp1-3 (pg 19)

2 hr - soil research online and watershed research from general
plan.

2 hr. worked with Kelli on goals and objectives

3 research energy information/watershed/soil

1 hr phone & email request for meetings and information
-called Jim Zoelick for energy report

~called Michael Winkler ground source heat pump information
-called Andy/regarding Biodiesel

1hr. met with RCD to get soil analysis

1hr at Schatz Lab met with Michael Winkler

2 hr Read watershed info/research more on soil

2hr. Began research on dry farming. Contact South Hum. Comm.
Park to get info. / Emailed Michael again requesting information.

1hr. reading soil survey
1hr. reading outpost manual pg.43

2hr. research ground source heating stuff
.5 Discussing alternatives with Kelli

1 hr responding to email regarding dry farming and requesting
more information/reading soil survey grades and rating of Ag.soils.

Emailed Jim Z for energy information for Humboldt County.

2 hrs. Worked with Kelli organizing information, and worked on
summarizing hydrology information

2 hrs meeting at SERC with Jim Z.
2hrs. reading over reports from SERC

3hrs. Reading and summarizing watershed info
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Creating the Post Carbon City

By David Room, Post Carbon Institute

nsformed from car-city to the ecologlcal pedestrian clty from
www,.ecocitybuilders.org.

usiration of a downtown

In the modern tradition many cities have become obsessed with growth, Some find themselves using
new development to finance the services required for previous development patterns rely on ready
access to cheap energy supplies. These supplies, however, are now coming into question in a way that is
far more setious than the energy shocks of the 1970s; geology as opposed to geopolitics is driving a
process that heralds permanent energy scarcity. If energy realists are right, cities will need to refocus
drastically from energy-intensive development towards using much less energy, not only in the built
environment, but also in the whole city infrastructure.

A Stressed Biosphere

Energy-subsidized human activity is causing severe biosphere destruction that threatens all life on the
planet. Headlines regularly highlight rapid species extinction, fisheries depletion, and other disturbing
trends. Most troubling, there is now widespread scientific agreement that human-induced global
warming, primarily from the burning of fossil fuels, is causing increasingly harmful climate disruption.
Atmospheric greenhouse gases are at levels 30 percent higher than Earth has experienced during the last
400,000 years and they continue to rise inexorably. There are already clear signs of what may become

http://www.indybay.org/print. php2id=1706287 1/26/2005
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uncontrollable and irreparable impacts. Though obvious to many that urgent and dramatic action is
needed, civilization is clearly headed in the wrong direction.

Although human activity has always tended to disrupt ecosystems, climate and other environmental
problems have been exacerbated in the last century. Soon for the first time, more people will live in
cities than rural areas. City dwellers lead relatively energy intensive lives, even those that live in
poverty. As a result, energy consumption scales closely with our explosive urban population growth.
The primary enablers of the population run-up and the energy intensive urban lifestyle have been cheap
oil and natural gas. After one hundred and fifty years of extraordinary growth, these fuel sources are
reaching their limits.

il and Gas Peak

Oil and gas do not sit in underground caverns. They are trapped in gaps in certain types of rocks. This is
a critical point, because it means that oil and gas fields do not simply drain out as from a tank, but
generally follow a bell-shaped pattern of rising to a peak of production and then falling away, The US
peaked in 1970. Peak oil makes nonsense of recent claims by BP that we have enough oil for forty years.
Oil will still be pumping in a hundred and forty years--just not very much.

Alarm bells sounded in the 1970s with various oil and gas shocks, and there was talk of ‘running out.’
But the urgency was subsequently quelled by significant discoveries in Alaska and the North Sea;
extraction was a matter of engineering--very difficult, but possible. Times are different. Unlike the
1970s, we have found no new huge provinces--in fact the North Sea was the last such find. Worse still,
following a declining trend, in 2003 for the first time in many years no major fields were discovered,
and world oil production rate is now six times the current discovery rate. To underline how different
times are now, Matthew Simmons, chairman of the world’s largest private energy bank and writer of a
forthcoming book on Saudi oil, believes that Saudi Arabia--the world’s largest oil exporter--has reached
a plateau and that decline is imminent. The whole Middle East may also be on a plateau.

When global oil peak will occur is debatable, and can only be known for certain in retrospect. Princeton
geologist Kenneth Deffeyes and others believe we have passed the peak for conventional oil that is
easily and economically extractable using known techniques. Colin Campbell of the Association for the
Study of Peak Oil and Gas energy supply. Prudence requires that those involved in urban planning begin
considering the possibility that oil is peaking now, since revamping an infrastructure takes decades.
Impetus for Change

The imminent peaking of global oil and gas production could be the catalyst for positive transformation
of industrial society, and perhaps avert catastrophic climate change. It could also be disastrous. Essential
systems such as food, electricity, health care, and transportation that form the foundation of industrial
civilization depend on unfettered access to cheap oil and natural gas. Industrial agriculture relies upon
natural gas derived fertilizers, oil-based pesticides, oil-intensive transport, and plastic packaging. In fact,
fuel accounts for virtually 100% of the work that’s done in industrial society.

Once supply begins to drop and is no longer able to meet demand, less work will be done--which means
less economic activity. Alternative energies, conservation, and new energy carriers such as hydrogen
will undoubtedly play a role in future energy systems, yet collectively they will not be enough to
preserve industrial society as we know it. A largely positive outcome could result from unusual
planning, action, and enduring behavior change. Cities must prepare for a serious decrease in net energy
availability in their twenty year time horizon or else accept “the cyanide solution of much more coal and
nuclear” says Julian Darley, author of High Noon for Natural Gas.

http:/fwww.indybay.org/print.php?id=1706287 1/26/2005
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The burden of cities

Most future initiatives to stave off an energy meltdown will be led from the local level--where most
energy consumption actually occurs. Every city and community will have different portfolios of
solutions tailored (o their circumstances and culture. Solutions for Toronto suburbs will be different than
those of Johannesburg. Cities--backed by governments providing appropriate support by ending fossil
fuel subsidies, developing renewables, and considering carbon taxes ~ must begin experiments to

- discover what works and what does not in a given locale.

This knowledge must be gained before the coming energy crisis--experiments that don’t work now may
be considered useful information. If experiments fail in crisis conditions, people are likely to suffer
grievously as Cubans and North Koreans found out in the 1990s when they suddenly lost their cheap
Soviet oil. In fact, their experiences will likely prove instructive as the rest of the world grapples with
energy scarcity. To save precious time and resources, communities and cities will need to learn from
existing models, share experiments, outcomes, and lessons learned; the term sister city will soon have a
whole new meaning.

Cities need (o prepare themselves to do less materially with much less energy and fewer natural
resources, with the ultimate goal of living sustainably within the confines of their bioregion. “We need
to reinvent the city,” says Richard Heinberg author of The Party’s Over and Powerdown. “To not do so
will be suicide.” One famous example of energy and natural resource collapse occurred on Easter Island,
whose complex society unraveled into cannibalism.

Key building blocks of the solution

Relocalization is the process by which communities localize their economies and essential systems, such
as food and energy production, water, monetary, governance, and media. To even out local difficulties
relocalization will need some degree of regional integration. Cities need to support and collaborate with
community groups on relocalization experiments, since cities are the information hubs and the final
destination of most production and resources. The benefit will be adaptable communities and cities that
collectively operate within the means of their bioregion, using locally produced food and fuel. As the
author of The Geography of Nowhere, James Howard Kunstler, pats it, “the 3000 mile Caesar salad will
be much less palatable when oil is $100 a barrel.” Many regions will also have to experiment with local
currencies, as there may be great difficulties with present financial systems.

“The city is radically out of sync with healthy life systems on earth, and is functioning in nearly
complete disregard of its long-term sustenance”, says Richard Register of Eco City Builders. “We need
to move beyond New Urbanism to rebuild cities for people instead of cars and regain a human balance
with nature”. To roll back sprawl, Register suggests ecological city design as the framework for
rebuilding cities around high density, mixed use centers with pedestrian plazas, solar greenhouses,
rooftop gardens, ecologically informed architecture, and natural features like creeks. In Register’s ‘eco-
city’ concept, centers are interspersed with natural open space, parks, and farming, linking to other city
centers and regional centers via appropriate transit.

Sound municipal governance for the transition into the Post Carbon Age requires:

+ Nimble government that rapidly reconfigures for energy scarcity

- Active support for relocalization, worker-owned cooperatives, locally owned businesses, and
ecological city design

- Innovative municipal tools to affect land and energy use such as zoning ordinances, transfer
development rights, tenancy agreements, and community benefit agreements

http://www.indybay.org/print.php?id=1706287 1/26/2005
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- A contingency plan (or “Plan B”) that addresses how essential systems will work with less energy
- Pressure on national leaders for support of local efforts, including demands for a global carbon tax to
support local initiatives and experiments,

At tirst some of these suggestions will meet great resistance, As the evidence mounts, it will become
easier to make the case for serious change. Because so much time has been wasted since the 1970s il
Shocks were shrugged off, it is essential that cities begin preparations now. We have waited long
enough. "The starting is very important", says Jaime Lerner, the driving force behind Curitiba's (Brazil)
emergence as the world's most ecological city. "If you wait until you have all the answers, you will
never start."

Post carbon links:

ASPO - http://www.peakoil.net

Global Public Media - hitp://www.globalpublicmedia.com

Post Carbon Institute - http://urban.postcarbon.org

Museletter - http://www.museletter.com

Eco City Builders - htip://www.ecocitybuilders.org Illichville hitp://www.roadkillbill.com/I-Map.html

Community Solution - http://www.communitysolution.org

© 2000-2004 San Francisco Bay Area Independent Media Center. Unless otherwise stated by the author, all content is free
for non-commetrcial reuse, reprint, and rebroadcast, on the net and elsewhere. Opinions are those of the contributors and are
not necessarily endorsed by the SF Bay Area IMC. Disclaimer | Privacy
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Humboldt County Energy Report
The Redwood Coast Energy Authority (RCEA) was formed in 2003 and
represents 7 municipalities. They are: Arcata, Blue Lake, Eureka, Ferndale, Fortuna,
Trinidad and Rio Dell. This report is discuSsing the various topics of the purpose of the
RCEA including; develop/implement sustainable energy initiatives the reduce energy
demand, increase energy efficiency and advance the use of clean, efficient and renewable
resources available in the region. This draft report is divided up into 8 chapters.

Chapter 1- Background and Introduction

Chapter 2- Electricity and Natural Gas Demand

Chapter 3- Regulatory Environment

Chapter 4- Electricity Supply

Chapter 5- Natural Gas

Chapter 6- Demand Side Management/Energy Efficiency

Chapter 7- Distributed Generation and Renewables

Chapter 8- Recommendations for Additional Research and Next Steps

This is a very pertinent report that addresses many of the energy demands of

Humboldt County residents. It does not cover any of the alternative forms of energy, but
that we found in other reports. This report was wﬂtten‘to address our local energy needs
and help with the state’s goal of conservation, local clean generation and renewables.

The report goes into the history of energy planning in Humboldt and sites earlier
documents, one of which we have included (The Humboldt County Plan to Accelerate the
Economic Development of Local Energy Resources). We get most of our electricity
from PG&E which is a public utility and our rates, as with the rest of California, are
about twice the national average. The researchers who compiled this report state “there is
about 10-14 megawatts of potential local renewable generation capacity that might be

readily brought on-line to improve the supply-demand imbalance in this area”.



The most useful thing about this report is it is up to date and therefore the
information is accurate. This draft report was given to the public June of last year and the
final report will be coming out soon. The report divides Humboldt County energy users
into 4 categories: residential sector, commercial section (except timber and agriculthre),
industrial sector (mostly timber) and agricultural sector. It gives the percentage of
demand by each sector with the industrial sector using a whopping 47% of the county’s
total electricity consumption. This report should definitely be used by the Outpost, but
keep in mind the final report is soon coming out and the Energy section of the Humboldt

County General Plan, out in lat May, covers much of this report.



Humboldt County Energy Report

Draft
June 2004

Redwoeod Coast .
Energy Authority

427 “F" Street, Suite 236
Eureka, CA 95501
www.redwoodenergy.org
(707) 269-1700



Customer Disclosure and Funding Source Notice

The Regional Energy Authority Pilot Project operated by the Local Government Commission

and its subcontractors is funded by Public Goods Charge funds paid by California ratepayers

under the auspices of the California Public Utilities Commission. You are not obligated to
purchase any full fee service or other service beyond that which is funded by the Public
Goods Charge funds.

This report was prepared as a result of work sponsored by the California Public Utilities
Commission (Commission). it does not necessarily represent the views of the Commission,
its employees, or the State of California. The Commission, the State of California, its
employees, contractors, and subcontractors make no warranly, express or implied, and
assume no legal liability for the information in this report; nor does any party represent that
the use of this information will not infringe upon privately owned rights. This report has not
been approved or disapproved by the Commission nor has the Commission passed upon the
accuracy or adequacy of the information in this report.
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Chapter 1:  Background and Introduction

The Redwood Coast Energy Authority (RCEA) was formed in 2003 as a Joint Powers
Association, representing seven municipalities (the Cities of Arcata, Blue Lake, Eureka,
Ferndale, Fortuna, Trinidad and Rio Dell) and Humboldt County. RCEA’s purpose is to
develop and implement sustainable energy initiatives that reduce energy demand, increase
energy efficiency, and advance the use of clean, efficient and renewable resources available
in the region. :

This draft Energy Report was developed as a current snapshot of electricity and natural gas
supply and demand’, provide a current situation analysis, and highlight the growing
importance energy efficiency in accomplishing long-term energy resource adequacy. The
Report will establish a framework and the information upon which the region can develop a
preferred energy supply strategies with the goal of achieving a reliable, affordable and
sustainable energy future for Humboldt County. The Report is not complete in its current
form, but merely a starting point for engaging in discussions and a more collaborative
process for developing local energy strategies, plans and programs.

Since being formed in 2003, the RCEA Board has been considering the potential programs
and strategies it can pursue to best serve its mission. Currently, the RCEA program efforts
are primarily focused on energy conservation. To a large extent, these programs are limited
by the objectives of its funding sponsors.?

In order to best understand the need and importance of energy conservation, one must fully
understand the broader issues of supply and demand that motivate and drive the need for
these programs. Current government state energy planning efforts place the highest priority
on conservation, local clean generation and renewables to meeting the State's resource
needs through an Integrated Resource Planning (IRP)? process. A local energy plan could
be a valuable contribution to this process.

The need for energy conservation and other alternative strategies like renewables, is driven
by the growing imbalance between supply and demand and the industry’s increasing
dependence on natural gas. Additional motivation for such planning comes from the growing
costs of electricity and natural gas. These costs have significant impacts on the local
economy. This Report will enable the region to address how it can best utilize energy
programs to reduce the drain of energy dollars from the region.

Research for this Report included a comprehensive review of all available data sources on
regional electricity and natural gas supply and consumption, and some economic indicators

! This study addresses electricity and natural gas only. For the purpose of this study, the use of the term "energy”
refers only to electric and naturat gas use in Humboldt County. Transportation energy is not addressed as part of
this Report.

2 The RGEA has received funding from the Galifornia Public Ulilities Commission (GPUC) for an energy efficlency
informalion and education program, as well as Depariment of Energy Million Solar Roofs Program funding for
addressing market barriers for the accelerated deployment of solar systems throughout the County.

3 Integrated Resource Planning is a public planning process and framework within which the costs and benefits of
both demand- and supply-side resources are evaluated to develop the least-total-cost mix of energy resource
options. In many cases, IRF includes a means for considering environmental damages caused by electricity
supply/transmission and identifying cost-effective energy efficiency and renewable energy alternatives.



that drive energy use, such as housing. n addition, a review of previous energy planning
efforts was conducted as well as interviews with several key stakeholders in regional energy
issues.

Why a Reqional Energy Plan?

The current emphasis on statewide energy planning does not necessarily mean that local
energy planning is not necessary. The importance of local planning is' essential and well
understood for issues like transportation, land use, waste management, water supply and
housing, but less understood for energy. In today’s environment of constrained electricity
and natural gas resources, the need for local energy planning is even greater than ever
before. The drivers of energy use, supply and the potential for unique strategies and
innovative programs are unique to Humboldt County. For example, Humboldt County |s one
of the few winter electricity load peaking planning regions in the state of California®. In
addition, Humboldt County has a tremendous amount of renewable energy capacity and
potent|al5 This potential could be utilized to a greater extent to assist PG&E and the State of
California achieve its aggressive Renewable Portfolio Standard® goals.

The Benefits to local government engaging in energy planning are significant, including the
potential to:

Improve the quality of life for their citizens;
Retain energy dollars in the local economy;
More effectively incorporate the concerns of local citizens in energy decisions;

Improve local air quality; and

v v v v v

Identify the areas where the local County can best assist the State to meet or
exceed ils policy goals.

The RCEA is well positioned to provide the leadership for such planning. A Regional Energy
Plan could become the basis for the organization to build on its current successes to access
additional funding for regional energy programs. In addition, a Regional Energy Plan could
provide the necessary focus on energy issues that are often lacking in County general Plans.
Humboldt County is currently updating its General Plan, so now is an appropriate time for the
RCEA to engage in a formal energy planning process. An overview of the issues that can be
considered in General Plans is outlined in Appendix A.

Humboldt County has a long history of local energy planning. A Study was completed in
April 1981 by the Humboldt County Energy Advisory Committee (HCEAC) entitled A Report
on Energy Use in Humboldt County and the ldentification of Major Areas of Policy
Recommendations. This report was done during a time when utility costs were estimated to
be rising at 17 percent per year. This report estimated that in 1980, $151 million was spent
on energy (including all forms), and of this, $135 million left the local economy. At that time,

+ Typically, electricity demand peaks occur during the summer months due to high air-conditioning loads.

Humboldt County's idle renewable capacily {power plants that are fully operational but shut down due to
economic or other regulatory constrainis) exceeds the total capacity of many California counties that are much
larger.

6 California’s Renewable Portfolio Standard (RPS) [Senate Bill 1078. Chapters 516, Statutes of 2002, Sher] was
enacted in response to growling concerns about over dependence on natural gas. The RPS requires all retail
suppliers of electricity in the state, including [OUs supply at least 20 percent of their sales from renewable energy
resources by 2017. Current legislation is considering acceleraling the RPS to achieve 20 percent by 2010,



transportation fuels accounted for 61 percent of the total energy use {on a Btu basis},
representing $91 million dollars, or approximately two-thirds of energy costs. The report
recommended that the two major actions would be necessary to decrease the amount of
dollars leaving the county - conserving energy and alternative energy development.

In 1983, as a result of “Project Independence,” the County published The Humboldt County
Plan To Accelerate The Economic Development of Local Energy Resources. That pian was
motivated by the slowing economy and its impact on the local timber industry — the primary
economic driver for the region. The study assessed the near-term development of
renewable resources, quantified the comparative and cumulative economic impacts of small-
scale renewable energy projects, and suggested actions to speed the development of these
projects. Some of the conclusions of this report included:

» The County should place a high priority on achieving energy management,
conservation, and alternative energy goals, policies and action plans in
General Plans.

» The County should develop an incentive program for cost-effective
improvements to facilities. As part of this program, savings would accrue to
an energy management fund for future improvements andfor for a self-
supporting energy management program.

» The County should use the Humboldt County Energy Advisory Committee to
develop the idea of the self-supporting energy management program with
initial funding from revenue sharing projects.

» An estimated 250 to 375 megawatts of energy resource development existed
in Humboldt County.

» Over 560 permanent jobs could be created by pursuing these energy
resources.

» County or other revenues generated by this developmént could reach $2
million annually.

» Local resource development could help stabilize the region from energy
supply interruptions.

In 1981, the City of Arcata also pursued the Arcata Municipal Solar & Conservation Ultility.
The purpose of this entity was to overcome the major barriers to the widespread
implementation of conservation and solar programs in the Humboldt and Arcata area,
including: 1) high initial capital costs and low capital availability, 2) lack of risk assurances for
consumers to reduce and/or eliminate risk for new and innovative technology, and 3) the lack
of credible data for area-specific decision making and cost benefit analysis.

It is interesting to note that many of the challenges that the region faced in 1980, it still faces
today. Although electricity rates did not grow at 17 percent per year, as a result of the
energy crisis of 2000-2001, PG&E and the State of California rates are nearly twice that of
the average in the US’.

? PG&E's system average rale is 13.8 cenis/kWh (Source: CPUC). The average rate for all utilities in the U.S. is
7.2 cents/kWh {Source: DOE).



Since 1980, electricity costs in Humboldt County have grown over 200 percent from $36.9
million to an estimated $120 million. Natural gas costs have increased 83 percent from
$19.7 million to approximately 36 million®.

In addition, there still remains a significant potential for energy efficiency, local self-
generation and addition renewable energy resources to be developed in Humboldt County.
According to recent data, there are at least 10-14 megawatts of potential local renewable
generation capacity that might be readily brought on-line to improve the supply-demand
imbalance in this area. There are also several areas within Humboldt County that have
promising potential for major wind projects to assist PG&E and the State to achieve its
Renewable Portfolio goals. [n additional, there are tremendous opportunities to better focus
energy efficiency programs that are available to consumers of the region.

QOrganization of the Report

Chapter 2 provides an overview of both electricity and natural gas demand, including
discussion of contributions by respective sectors (including residential, commercial and
industry) and various drivers to demand.

Chapter 3 provides and overview of the regulatory environment surrounding electricity and
natural gas industry. Included are discussions of the current regulatory trends and issues
that could impact Humboldt County's ability to achieve a more sustainable energy future.

Chapter 4 addresses utility-scale electricity supply issues, including the generation and
transmission infrastructure.

Chapter 5 addresses natural gas supply issues.
Chapter 6 addresses energy efficiency resources.
Chapter 7 addresses distributed generation and renewables resources.

Chapter 8 consists of recommendations for additional study and issues for consideration by
the RCEA.

% 1980 data source Arcala Municipal Solar & Conservation Utility Final Report. Current data derived from CEC
consumption figures for 2003, and PG&E tarilf data.



Chapter 2:  Electricity and Natural Gas Demand

Tota! Historical Electricity Consumption and Demand

Humboldt County's electricity consumption for 2003 was approximately 939.8 million kilowatt-
hours (kWh)®, which represents approximately 0.26 percent of the total California
consumption. For the past decade, electricity consumption has grown an average of 0.6
percent. While consumption saw over a 7 percent decrease during the energy crisis of 2001,
like much of the State, much of that savings was behavior-driven as evidenced by a
subsequent increase in consumption of over 5 percent in 2003.

Electricity peak demand is estimated to be about 146 megawatts for 2004. Peak demand is
estimated to increase on average by 1.3 percent per year', slightly less than the average of
1.5 percent for all of PG&E service territory. To put this electricity demand into perspective, it
is only about 12 percent more than the total output of the PG&E generating units at the
Humboldt Bay Power Plant and is approximately 54 percent of the total in-County generation
capacity.

Electricity Consumption By Sector

Residential Sector

Humboldt County's residential sector uses approximately 35 percent of the total electricity
consumption for the County. This compares to an average of 30 percent residential electric
consumption for the State of California.

The 2003 costs for electricity for the residential sector for Humboldt County are
approximately $41.8 million.

The primary end-uses for the residential sector include: lighting, refrigerators and freezers,
laundry, heating and ventilation, pools and spas, water heating, cooking and miscellaneous
plug loads (e.g. televisions, computers, etc.)

Commercial Sector (except Timber and Agriculture)

Humboldt County’'s commercial sector {excluding timber and agricultural industries) uses a
total of 16 percent of the total electricity consumption for the region. This compares to an
average of 35 percent commercial electric consumption for the State of California. The 2003
costs for electricity for this sector was approximately $29.7 million.

The primary end-uses for the commercial sector include: lighting, plug loads {e.g. computers,
office equipment), heating and ventilation, refrigeration and exterior lighting.

Industrial Sector (primarily Timber)

Humboldt County’s industrial sector (primarily timber) uses a total of 47 percent of the total
electricity consumption for the region. This compares to an average of 22 percent industrial
electric consumption for the State of California. The 2003 costs for electricity for this sector
was approximately $44 million. '

4 Eleclricity consumption does not include consumption offset by small distributed generation systems, like rooftop
solar and off-grid hydro. It does include consumption of larger customers that have larger generation systems,
like Fairhaven Power Company (Eel River Sawmills, Inc.) and Pacific Lumber Company.

' pG&E Transmission Study.



Agricultural Sector

Humboldt County's agricultural sector uses a total of approximately 2 percent of the total
electricity consumption for the region. This compares to an average of 7 percent agricultural
electric consumption for the State of California. The costs for electricity for this sector was
approximately $4.1 million.

Per Capita Electricity Consumption

The per capita electricity consumption of Humboldt County was approximately 7.3 MWh,
compared to a statewide average of about 7.1 MWh. It is difficult to draw conclusions from
this statistic without further detailed analysis. It is likely that the average residential demand
is much lower than that of the average of the state due to the milder climate and lack of air-
conditioning loads. On the other hand, the relative contribution of the energy intense timber
sector in Humboldt County is much larger than that of the rest of the state.

Electricity Demand Drivers

Long-term electricity use trends are driven by many factors, the most significant being
economic, population, commercial building and new housing.

_Geographic

Humboldt County is bounded on the north by Del Norte
County (served by PacifiCorp); on the east by Siskiyou
(served by PacifiCorp) and Trinity counties (served by Trinity
County Public Utility District); on the south by Mendocino
County and on the west by the Pacific Ocean. The County
encompasses 2.3 million acres, 80 percent of which is
forestlands, protected redwoods and recreation areas.

Climate

Climate plays the most significant role in driving energy
demand. Humboldt County is a region with moderate
temperatures and considerable precipitation. While the
average summer temperature of some areas of Northern
California is as high as 111°F, Humboldt County's average
summer temperature is 79.8°F. Temperatures along the
coast varies only 10 degrees from summer to winter,
although a greater range is found over inland areas.
Temperatures of 32 degrees or lower are experienced nearly every winter throughout the
area, and colder temperatures are common in the interior. Humboldt County differs from
many parts of the state. Like the Pacific Northwest, Humboldt County has a winter electricity
peak demand, rather than a summer peak demand like most of the state.

In most years, rainfall is experienced each month of the year, although amounts are
negligible from June through August. Seasonal totals average more than 40 inches in the
driest area, and exceed 100 inches in the zones of heavy precipitation. Precipitation does
not play a major role in consumption, but contributes significantly to the availability of
renewable hydro resources that will be discussed later in this Report.



Population

The 2000 population of Humboldt County was 126,518 and the 2002 estimated population
was 127,159. This population growth rate of 0.5 percent trails the State of California growth
rate of 3.7 percent''. The primary growth areas of the Gounty are around the unincorporated
communities of McKinleyville and Garberville, and the cities of Arcata and Fortuna.

Table 1 details County population projections over the next two decades, including estimates
for several of the incorporated areas.

Table 1: County Population Forecasted Changes

Location 1998 Population 2010 Population 2020 Population
Eureka 27,750 28,870 29,830

Arcata 16,330 18,180 20,000

Fortuna 10,140 12,560 15,000
Humboldt County 124,000 131,600 140,000
Unincorporated 67,400 67,800 68,140

Housing trends

Housing is a primary driver of load growth. Humboldt County had 54,434 households in
2002 and Is projected to add about 5,500 households by 2025 The County has a slightly
higher home ownership rate than the state average (57.6 percent versus 56.9 percent),
which may suggest that the non-ownership barrier to implementing energy efficiency should
not be as significant as other regions.

The County has a much lower percentage of housing units in multi-unit structures (18.1
percent versus 31.4 percent for the State of California). This would tend to increase the
energy consumption per household, as multi-unit housing tends to be more energy efficient.

Economy

In many parts of the state, economic factors are a secondary driver of energy consumption.
This is not the case in Humboldt County. With such a large percentage of electricity
consumption being contributed by industry, economic factors are likely to be most significant.

In addition to the production of commercial and industrial sectors, personal income drives
residential demand through the increased demand for electrical appliances such as
computers, printers, additional televisions, or refrigerators.

Commercial demand is driven in a large measure by number of businesses and square
footage of commercial building space. Other factors influencing commercial energy use are
vacancy rates, taxable sales, and population.

Industrial energy use is driven by employment and the output of manufacturing plants as
measured in value of shipments.

1 gaurce: U.S Census Bureau. http//quickfacts.census.gov/gfd/states/06/06023.html.
12 Tachnical Background Study for the 2003 Humboldt County Housing Element. Chapter 2, page 10.
hllp:llmvw.co.humbo'ldt.ca.uslplanning.’housing%ZOeIementlpdf!2003tb52.pdf.



During the past 25 years, Humboldt County has experienced a gradual transition from the
timber industry to more service-related industries. For example, in 1976 employment in the
goods producing sectors, (mining, construction, and manufacturing), was 28 percent of total
employment .in the County, (EDD 1998). In 1999 employment in the goods producing
sectors was 18 percent of total employment, (EDD April 1999). Over the same period,
employment in the service producing sectors, (transportation, utilities, trade, finance, other
services, and government), went from 74 percent of total employment to 84 percent of total
employment. In other words, while employment in goods producing sectors fell 10 percent
as a percentage of total employment from 1976 to 1999, employment in services producing
sectors increased 10 percent.

The employment decline in the goods producing sectors was due to declining employment in
lumber/paper products manufacturing. In 1976 County employment in lumber/paper
products manufacturing was 7,325, while in 1999 it was 3,900. Employment in lumber/paper
products manufacturing went from 18 percent of total employment in 1976 to 8 percent of
fotal employment in 1999. Employment in other goods producing sectors, (mining,
construction, other durable manufacturing, and non-durable manufacturing), taken together,
as a percentage of total employment, remained constant from 1976 to 1999. Experis have
characterized the transition as becoming a more "resource extractive” economy, toward
becoming a more sustainable resource-based economy ™. :

Table 2 shows the business patterns for the County 's business pétterns

2000 County Business Patterns for Humboldt, CA
Source: Bureau of Census

Number
Total with 10

Establish { employees|Percent > 10

NAICS/ Industry ments or less | Employees
41  Forestry, fishing, hunting, and agriculture sup) i13 100 88%
22 LUtilities 7 6 86%
23 _Construction - 415 393 95%
31-33 Manufacturing " 186 138 T4%
42  Wholesale trade 109 95 87%
44-45 Retail trade 661 575 87%
51 Information 59 48 81%
52 Finance & insurance 148 136 92%
53 Real estate & rental & leasing 140 138 99%
54 Professional, scientific & technical services 246 235 96%
55 Management of companies & enterprises i3 8 62%
56  Admin, support, waste mat, remediation servi 125 111 89%
61 Educational services 35 32 91%
62 Health care and social assistance 418 369 88%
71 Ars,entertainment & recreation 52 43 83%
72  Accommodation & food services 347 281 81%
81  Other services {except public administration) 323 316 98%
95 Auxiliaries (exc corporate, subsidiary & regior 3 3 100%
99 Unclassified establishments 53 53 100%
Total 3538 3151 89%

1B Dan ihara PhD, Executive Director of the Center for Environmental Economic Development.



Electricity Consumption Forecasts

According to the CEC, overali statewide electricity growth during the next decade is expected
to start out at approximately 2.2 percent and level off to an average of 1.4 percent. In
general, Humboldt County's electricity growth has lagged the rest of the state significantly in
the last decade. More analysis of economic indicators would be necessary to determine
whether this trend would continue.

Electricity Prices

California’s electricity consumers currently face considerably higher rates than consumers in
other Western states. Residential, commercial, and industrial consumers pay as much as
53, 110 and 117 percent more in electricity rates in California than similar consumers in other
Western states, however, PG&E rates are expected to decrease somewhat starting in 2004
through 2008 due to its emerging from Chapter 11 proceedings. PG&E rates for 2003 are
shown in Table 3.

Table 3: PG&E Electricity Rates
by Sector*
Sector 2003-2004
Electricity
Rates
{(Nominal
cents/kWh)
Residential 12.9
Commercial 17.0
Industrial 12.4
Agricultural 19.7

Natural Gas Consumption

Direct natural gas end-use consumption (excluding natural gas used in electricity production)
in 2003 totaled 48 million therms {MTh)}. Natural gas consumption has actually decreased by
an averdge of 0.9 percent per year for the last ten years, compared to an average increase
of about 1.0 percent per year for the State of California. This decrease is likely to be
primarily due to the shifting economic basis of the region as previously discussed.

Natural Gas Consumption By Sector

Residential

Humboldt County's residential sector accounts for the largest share of primary natural gas
consumption?®, using 43 percent of the total natural gas consumption. This compares to an
average of 21 percent gas consumption for the State of California. The 2003 costs for
natural gas for the residential sector for Humboldt County are approximately $15.3 million.

W gource: CALIFORNIA INVESTOR-OWNED UTILITIES RETAIL ELECTRICITY PRICE OUTLOOK 2003 —
2013, JULY 2003. GEC Publication No. 100-03-003.

15 Direct natural gas consumplion is for lypical end uses, and excludes natural gas consumplion of power plants
like the Humboldi Bay Power Plant.



The most significant residential natural gas end-uses are space heating and hot water
heating, each of which comprises about 40 percent of all residential gas use. About 85
percent of California homes use natural gas for heating.

According to recent studies, the Statewide potential for reducing electricity and natural gas
consumption exceeds 10 percent. This means that Humboldt County could be saving over
$1.5 million per year in residential energy costs alone.

Commercial (except Timber)

Humboldt County’s commercial sector (excluding timber and agricultural industries)
contribute a total of 26.5 percent of the total natural gas consumption for the region. The
costs for natural gas for this sector is approximately $9.4 million. ‘

According to recent studies, the Statewide potential for reducing natural gas consumption in
this sector is between 18 and 22 percent. |f Humboldt County could achieve this level of
savings, they would save over $1.9 million per year in commercial natural gas costs alone,
keeping these resources in the local community.

The commercial sector has more diversity in its end-uses than the residential sector. The
most significant direct commercial nalural gas end-uses are heating (35-40 percent) and hot
water heating (10 percent). Restaurants account for the largest share of commercial building
usage (22 percent), followed by miscellaneous buildings (e.g., auto repair shops, libraries,
theaters), offices, hospitals, and hotels.

Industrial (primarily Timber)

Humboldt County's industrial sector (primarity timber) contributes a total of 30.5 percent of
the total natural gas consumption for the region. The costs for natural gas for this sector are
approximately $10.8 million. The primary uses in this sector are fuel for healing processes
and as a fuel source for combined, heat and power electrical generation.



Chapter 3:  Regulatory Environment

One of the primary lessons learned from the recent energy crisis is the need for
comprehensive, integrated, long-term energy planning. During the recent energy crisis of
2000-2001, many agencies stopped energy planning efforts, trusting that markets would
entice suppliers to produce sufficient energy to meet growing demand. It is common
knowledge now that electricity is unlike many commodities - for all practical purposes, it must
be produced at the instant that it is used, making a market-driven supply/demand model
extremely risky and expensive. A resurgence in energy planning at the state and local level
has identified energy efficiency as the primary means to achieve resource adequacy in the
coming years.

Current State and Utility Planning Efforts

Currently, the State of California is undergoing a process of shoring up its energy planning
efforts. The California Public Utilittes Commission, in collaboration with the California Energy
Commission and the California Power Authority recently adopted a statewide Energy Action
Plan (EAP)*. In addition, the California Energy Commission adopted the Integrated Energy
Policy Report', which lays the groundwork for achieving the broader goals outlined in the
EAP. These plans lay out broad policy objectives of the State, including:

» Meeting 100 percent of demand growth with energy efficiency, demand
response, and renewable resources.

» Ensuring reliable, affordable, and high quality power supply for all who need it
in all regions of the state by building sufficient new generation.

» Accelerating the state’s goal for renewable resource generation.

» Upgrading and expanding the electricity fransmission and distribution
infrastructure and reducing the time before needed facilities are brought on
line.

» Promoting distributed generation, and
» Ensuring a reliable supply of reasonably-priced natural gas.

The Ehergy Action Plan recognizes that energy efficiency programs are among the most
important tools available to California in meeting these goals.

In addition, the investor-owned utilities, including PG&E, are once again required to develop
long-term integrated resource plans. PG&E filed its draft Long-Term Resource Plan'® in April
2004 and it is expected to be updated in July 2004. Lastly, PG&E files an annual
Transmission Plan with the California System Operator (CA-1SO). Planning for transmission
generally considers the most adverse conditions, such as low levels of hydroelectric power
from the Pacific Northwest, higher than anticipated levels of generation outages inside the
state, and the forced or economic retirement of older generation capacity. -

16 gee http:llww.cpuc.ca.govlstal'lclindustryleleclriclenergy+acﬁon+p|anl

7 http:/fwww.energy.ca.govienergypolicy/

18 ~PUC Proceeding R. 01-10-024 Order Instituting Rulemaking to Establish Policies and Cost Recovery
Mechanisms for Generation Procurement and Renewable Resource Development filed April 15, 2004.




Chapter 4:  Electricity Supply

Electric supply to the Humboldt area is provided by both local generation and transmission
imports. Local generation consists of larger, utility-owned generations plants; smaller,
privately owner cogeneration plants that are located at industrial and commerciat facilities;
and small electric generation located at homes and businesses. Many of the smailer
generation systems are off-grid (small-scale, distributed generation and renewables will be
discussed in Chapter 7).

Utility and Other Larqe—'Sca]e Generation

Humboldt County has a mix of local electricity generation that totals over 265 megawatts
(MW) of capacity. This represents over 181 percent of the estimated 2004 total peak
demand of 146 MW, making Humboldt County a net exporter of electricity generation outside
the County.

Local generation includes the Pacific Gas & Electric (PG&E) Humboldt Bay Power Plant
(HBPP) located at the eastern shore of south Humboldt Bay at King Salmon. The HBPP
consists of three power generating units. Units 1 and 2, constructed in 1956 and 1958,
respectively, are fossil-fueled (oil and natural gas) and have a gross generating capacity of
53 megawatts (MW) each. The HBPP also includes two diesel-powered turbine Mobile
Eleciric Power Plants (MEPPs), with a capacity of 15 MW each run that run intermittently.
The long-term availabiiity of the PG&E thermal units is a concern due to their age and
dependability. The MEPPs are limited in the total number of
hours of operation per year due to emission limits. The
capacity factor' of the plants from 2001 through 2003 was
only about 35 percent (normally, base load power plants
operate at capacity factors in excess of 80 percent).

Unit 3, constructed in 1963, was a boiling water, nuclear-
fueled reactor with a gross generating capacity of 65 MW
that was in operation by PG&E from August 1963 to July
1976. It was closed because the economics of a required
seismic retrofit could not be justified following a moderate
earthquake from a previously unknown fault just off the
coast. It was permanently shut down July 2, 1976, and
retired in 1985. The plant was then placed in SAFSTOR
(with spent nuclear fuel rods stored in water pools on site)
until anticipated full decommissioning in 2015.

Figure 4: Humboldt County relative
to the PG&E Service Tarritory

Electricity Transmission {Humboldt County shown in dark
purple at the upper left hand of the

The second means to provide electricity supply to the region figure).

is through high-voltage transmission interconnection to

broader energy markets. The transmission grid provides for a number of functions. These
functions inciude:

19 Capacily factor is the ratio of the net electricity generated, for the period of lime considered, to the energy that
could have been generated at continuous full-power operation during the same period.



Support wholesale market transactions and help stabilize electric prices,
Improve system reliability,

Improve system stability and reliability,

Provide additional voltage support.

The disadvantages of new transmission are:

New transmission can be very costly,

- v w v v v v

Siting issues for new transmission lines are often complex due to the large
number of parties that are affected by such projects (e.g. visual impacts,
potential impacts on property values, concerns for the impacts of electric and
magnetic fields (EMF))®.

» This capital cost Is taxed for 30 or more years.

In the recent past, Humboldt County has been identified by the CA-ISO as a region of
concern due to congestion of the transmission system, as well as the potential for stability,
voltage collapse, and thermal overload issues. These problems are further compounded by
the reduced level of availability of the area generation due to age, generator maintenance
outages, and potential shortages or limitations of fuel {i.e. natural gas, oil, wood chip fuels).21

Pursuant to California 1SO (Cal-ISQ) regulations, PG&E prepares and submits an annual
electric transmission expansion plan. This Report identifies the electric transmission facilities
within the PG&E territary that are projected to not meet the Cal-1SO Grid Planning Criteria
during the next 5-years. The latest filing of this plan was September 23, 2003.

According to the recent PG&E Study, the Humboldt transmission system covers about 3,000
square miles, and is located at the northwest corner of PG&E’s service territory (see Figure

4). The Humboldt electric transmission system is comprised of 60 and 115 kV transmission
facilities.

The Humboldt area is connected to the bulk PG&E transmission system by four transmission
circuits, each ranging from 31 to 115 miles. Transmission import occurs primarily through
the two 115 kV circuits from the Cottonwood Substation. A one-line diagram of the
transmission system for Humboldt County is shown in Figure 5.

The power import capability of the Humboldt fransmission system is a function of the load
within Humboldt and the amount of internal generation. Previous longer-term studies (10-
years) have demonstrated that the existing system’s import capability can adequately serve
the projected load growth up to 10 years and beyond.

Under winter peak conditions, an overlapping outage of the Humboldt-Arcata-Janes Creek
80 KV line with Fairhaven PP unit offline could create low voltages within the Humboldt 60 kV
system. The Cal-lSO has identified that about 4 MW of “Required-Must-Run (RMR)
generation is required for year 20042,

By Oct 2004, PG&E is scheduled to construct a new 60 kV line section between Humboldt
Substation and Arcata Junction. This project will eliminate the need for RMR contracts in
Humboldt County.

2 Bor more information on EMF see http://www.niehs.nih.gov/oc/factsheets/emf/emf.htm.
21 ¢ aifornia 1ISO 2003 Summer Assessment April 11, 2003.

22 RMR generation is contracted with the CA-ISO to be available during peak periods.
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Figure 5: Diagram of the PG&E Transmission system in Humboldt County.



Chapter 5: Natural Gas

This chapter examines issues regarding the supply of natural gas for Humboldt County. The
western United States, and especially California, are undergoing a tremendous increase in
demand for natural gas as several thousand megawalts of new natural gas-fired electric

generating capacity are being constructed.

PG&E is the local distribution company (LDC) for natural gas in Humboldt County. PG&E
imports a majority of its natural gas supply from Canada as shown in Figures 6 and 7.

5 e TN
B .

Figure 6: Diagram of the natural gas pipelines interconnec'ting PG&E to Canadian natural
gas supply basins.




ithin California that supplies Humboldt

Figure 7: Diagram of the natural gas pipelines w
County.

Natural Gas Resources in Humboldt County®

There are natural gas deposits present in Humboldt County. Active gas wells are
concentrated in the Tompkin Hills Gas Field. Of the County's 39 gas wells, 31 are currently
producing and 8 are considered shut in, meaning they cannot produce gas at their current
depths and are sealed off in order to maintain the pressure on remaining deposits.3 In 2000,
net gas production was 1,337,796 million cubic feet (mcf); this represents a 31 percent
decrease in gas production since 1992, when net production was 1,927,787 mcf. Also in

3 hlln:.flwww.co.humboldt.ca.ugj_lzﬂ‘ﬁnqlqplmeelinqslnall res/nr_report.asp
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1992, 34 gas wells were in production' and 5 were shut in.4 Humboldt County contains three
inactive oil wells and has not produced oil in at least the past ten years.

FOREXCO, Inc. of Greensboro, NG, recently secured a 20-year lease (through 2022) to
engage in the exploration of natural gas in Humboldt County on the east and west side of the
Eel River near Alton to determine potential natural gas reserves. As part of this lease, they
have the rights to the exploration and operation of up to five previously developed well sites
that have the potential for up to five wells per site. FOREXCO has proposed to construct a
natural gas collection and transportation system that would cross the Eel River and
interconnect with the existing gas sales delivery point at the Pacific Gas and Electric
Company's (PG&E) natural gas meter station in Alton. The pipeline will be designed to
operate at a maximum allowable operation pressure of 1,360 pounds per square inch (psi).
The design of the project allows for greater capacity for possible future development of
natural gas reserves west of the Eel River.

LNG (Liquefied Natural Gas)

As natural gas prices soared in the last 4 years, many companies began pursuing plans to
built facilities to import LNG. Calpine Energy was recently turned away from performing a
feasibility study for the potential construction of an LNG facility on the Samoa peninsula.

Natural Gas Prices

Natural gas prices have climbed steadily in the vears and have been extremely volatile

as can be seen in Figure 8.
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Chapter 6 Demand Side Management/ Energy Efficiency

Demand side management has long been recognized as the best means to provide for
energy resources. The adage that “the cheapest kilowatt-hour is the one that is not used” is
more true today than ever. Based on recent studies, estimates of potential savings for
energy efficiency range from 35 to 100 gegawatt-hours, or $20 to 43 million between 2002
and 2011 for Humboldt County?®*.

Public-Good Energy Efficiency Programs

PG&E and other third parties, like the RCEA, are currently funded to offer a broad range of
energy efficiency programs that provide information, education and incentives to encourage
the purchase of energy efficient equipment and support practices for the design and
construction of energy efficient buildings and homes. These programs are funded by a
surcharge on electricity and natural gas rates. In 2000, the State of California enacted two
bills—AB995 and SB1194—extending the systems benefits charge on electric distribution
service to support energy efficiency programs with approximately $250 million in statewide
funding for energy efficiency programs through 2012. Itis estimated that about $1M of these
funds are collected from customers in Humboldt County each year.

Energy efficiency programs are categorized in several ways, including by seclor, by
technology or strategy and statewide versus local. Statewide programs are those that are
those that are offered by the utilities throughouf?the entire state. They are generally
applicable to any region in a like manner. Examples,of statewide programs include rebates
for high efficiency appliances. An example of sloeal program is the Redwood Coast Energy

Authority information and education progra

gl geographic location, is defined as “hard-to-
flly presumes that customers do not have easy
do not participate in energy efficiency programs

Humboldt County, by virtue of its rema
reach” by the CPUC. This designatigns
access to program information or geg
due to their being distant from the urbanéc

Codes and Standards

California’s building (Title 24) and appliance standards and are the most cost-effective
means of achieving energy efficiency in the state. Since 1975, the annual peak savings have
been significant. Title 34 codes are enforced by local government jurisdictions and there are
opportunities for local agencies to create programs to promote exceeding Title 24 minimum
standards. There are also incentive programs to help offset the costs of builders of
residential and commercial buildings to improve their efficiency.

This Chapter will be the primary focus of the RCEA in the coming months, as its program is
focused primarily on energy efficiency. Through this program, the RCEA will seek to
determine:

» How much cost-effective demand reduction and energy efficiency exists in
Humboldt County?

» What sectors should be addressed and how?

» What barriers to tradition energy efficiency programs exisl that are unique to
Humboldt County due to its rural nature, geography, climate, etc.?

* Estimates are based on a proportionate share of estimated statewide savings potential.
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Definitions

Demand-Side Management (DSM)

DSM includes energy efficiency, conservation, and load management. These measures
are also collectively referred to as "demand response” strategies because they focus on
influencing customer demands for gas and electricity. The primary difference between
these measures is that efficiency and conservation are means of reducing overall energy
use, whereas load management is a way of shifting energy use in response to the needs of
the electric system.

Energy efficiency refers to the permanent installation of energy efficient technologies or

the elimination of energy losses in existing systems. Examples include high efficiency
motors that use less energy, building insulation, or new ways of sealing ducts to prevent air
leakage. The purpose of pursuing energy efficiency is to deliver the same level of service
with less energy.

Energy conservation refers to behavioral changes in how one uses any energy-consuming
appliance, such as tuming off lights when leaving a room, or running the dishwasher only
when full. The behavioral change may last for a short duration or may be incorporated into a
habit or lifestyle.

Load management refers to strategies employed by electricity distribution companies to
manage their overall system load by “shaving peaks} and or *filling valleys” on a daily or
seasonal basis. Load management makes sense bEgause it is more expensive to purchase
energy to meet limited term energy peaks than fig,for'the utility to sponsor program or

tariffs that encourage customers to either shiff orfeduce their energy usage during these 0/
peak periods. There are three principal typs pad management programs being

operated in California today: air conditio g pool pump cycling programs, time-of-use L/
rates, and curtailable rate programs, glfifhie,last two years, the energy agencies in e
California have been working to expand eeﬂ’ectiveness of time-of-use pricing by g
adding a more dynamic element. "Dynaic pricing” uses price signals to induce

customers to cut back their energy use during periods of peak demand and high energy

costs. With dynamic pricing in place, electricity prices charged to customers can be

adjusted on short notice (typically an hour or day ahead) to reflect changes in the cost of
purchasing and delivering electricity. These measures help to make the energy system

more flexible by making the overall system demand level more responsive to changes in

supply. :

Potential Impacts of Energy Efficiency on the Local Economy

In is widely recognized that investment in energy efficiency can have a positive effect on the
local economy. These benefits accrue through the following:

1. Increased spending on energy efficiency in the local economy,
2. Reduced spending on power purchased from outside other region,
3. The possibility if increased regional spending on energy efficiency creating jobs.

Additional long-term benefits accrue to the region through lowered overhead or operating
costs for participants (resulting from the continued energy savings of energy efficiency
improvements over the 10 to 20-year life of the efficiency measure) and, therefore, increased
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Solar Energy

“I'd put my money on the sun and solar energy. What source of power! I hope we don’t
have to wait ‘til 0il and coal run out before we tackle that.” —Thomas Edison

Solar energy is a viable energy source Humboldt County should look into. That
being said, Humboldt County does not receive very much sunlight throughout the year.
Humboldt’s peak months are Many, June and July where an average daily insolation in
Arcata reaches 7-kilowatts. From a study done by the Solar Energy Group, the average is
4.4 peak hours a day in Butler Valley Ranch. Now, these are two isolated areas that have
been studied and proven to get a decent amount of insolation. But the county is very
diverse in terms of sunlight. The research should be getting done inland, away from the
coast which is shutting out the sunlight with coastal fog. That is why Butler Valley
Ranch is a good study to examine.

Humboldt County has a manufacturer of solar devices. There is Six Rivers Solar
in Eureka, CA right on Broadway. They manufacture the TrendSetter which is a solar
water heating, radiant floor heating system that gives homes energy efficient certification.
According to their phamplet, the TrendSetter is cost-effective for heating the home, doing
laundry, taking showers and heating pools and spas. The TrendSetter system can certify
a home as Energy Star efficient as well. Energy Star is a government-backed program
which is helping businesses and individuals protect the environment through incentives to
be more energy efficient. To be Energy Star efficient, a home has to be built with 30%
more energy efficiency that homes built in 1993.

Six Rivers Solar also installs photovoltaic panels on homes, offices and schools.
We cutrently do not have any statistics on how efficient these panels are but they

Therea e o, o (nstnilers oo
promised to get the info1'matiqn to us as soon as possible’* Overall, solar energy is can Locade in

e “Doucl Rook
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Monthly Solar Data, Butler Valley Ranch

Latilude: ;4 770 Longitude: 193, 900 Flevalion:gpy 0
Jan Feb Mar Apr May Jun Jul Aug  Sep Ocl Nov Dec Annual
SOLAR RADIATION (kWh/m? per monih)
horizontal surface 50 55 95 140 171 |19 215 190 146 83 50 43 1432
, 17 62 99 145 168 |200 237 218 181 99 67 69 1623
direct beam (normal incidence)
SOLAR RADIATION (KBtuftZ per month)
horizontal surface 16 | 17 30 44 sq | 61 68 60 46 26 16 14 454
direct beam (normal incidence) 24 ) 20 31 46 53 | 63 75 69 37 32 2 22 514
42 46 50 55 55 57 52 47 53 49 42 40 50
PERCENT OF POSSIBLE SUNSHINE*
MEAN CLOUD COVER (in tenths)* ? 7 7 7 7 6 7 1 b 6 ? 7 7
FRACTION OF EXTRATERRESTRIAL .39 .36 LAl 49 .51 | .56 .62 .61 .58 W43 V37 .38 .48
RADIATION (Kp)

Recording interval: 1971-1975

Source of eolar data:

. Apata for Eureka, 40° 48'N, 124°10" W, elevation 43'
U.S. Army Corps of Engineers, pyranograph.
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TrenaSetter-

Solar Water Heating Systems

Trendsetter turns sunlight into heat!

Trendsetter systems provide clean, reliable, and cost-effective hot water for heating your home, doing
laundry, or taking showers. Our systems can even heat your pool and spa!

Trendsetter systems improve your quality of life and add security to your future by making your home
more comfortable and your energy bills more affordable.

Trendsetter systems are designed to be reliable and easily maintained. Our 20-year limited warranty
protects your investment and ensures that your Trendsetter system will pay for itself over and over.

Trendsetter Systems are fully certified by the Solar Rating Certification Corporation (SRCC). 'The

SRCC certification is nationally recognized quality assurance.

Trendsetter Systems combine over twenty-five years of experience in state-of-the-art solar technoloii\_
)

providing the most time-tested and durable system available.

_Solar Radiant Floor Heating

Trendsetter takes the mystery out of Solar Radiant Floor Heating.

Trendsetter sets the standard for the indust{y_ because we combine Radiant Floor Heating with
Water Heating Technology. Radiant Floor Heating uses hot water to primarily heat your floo
instead of hot air that heats your ceilings and leaves your feet cold. =

Trendsetter Radiant Floor Systems are pre-designed and pre-assembled, saving you hours of time
and expensive labor costs. Our systems are uniform and code compliant. Trendsetter Radiant Floor
Systems are simple and functional, requiring low maintenance.

The Trendsetter System is the only radiant floor heating system specifically designed to be o
THERMODYNAMICALLY COMPATIBLE WITH SOLAR. The Trendsetter engineering models
for solar radiant floor systems perform up to 47% higher in efficiency than the older typical closed
loop boiler systems.

Trendsetter Radiant Floor Heating provides superior comfort at a much lower cost.



@ - 1t’s worth the energy.

-

Energy Star is a government-backed program helping businesses and individuals protect the
environment through superior energy efficiency. To earn the Energy Star rating, homes must be
built with 30% more energy efficiency than homes built to the 1993 national Model Energy Code.

Certification

As a service to our customers, Trendsetter Industries offers an Energy Star certification for each
project using Irendsetter Systems.








































































































































































































































Anaerobic Digestion

Anaerobic Digestion (AD) is a technology whose purpose is to process manure
and address many of the problems that come with dairy farms. There are three types of
AD systems; the lagoon digester, complete mix digester and the plug flow digester. The
AD works best under certain conditions that include the following factors: local weather
conditions, ].ocal water tables, manure collection technique, manure storage capacity and
the end use of AD products.

For Humboldt County, most of the dairy farms would not need to look intq AD
technology. However, there are some dairy farms that could benefit from using the
technology in the county. These farms have at least 400 cows that live in barns for the
wet season, and other factors that are located on page 9 of the report. The best AD
system for these dairy farms would be the plug flow digester. All three of the AD
systems are described in detail in the report, but I will summarize the information on the
plug flow digester. It is designed to hold about 20 days worth of undiluted manure. Each
time more manure is put in the holding tank, some manure is forced out the other side and
biogas is captured in the space between the newly digesting manure and the cover. The
manure is continuously heated in order to keep the temperature around 100 degrees
Faranheit. With constant exposure to heat, the bacteria and weed seeds will be killed
while the manure is being digested.

With a plug flow digester, there are many benefits for the dairy farmer. It could
produce anywhere from 4 million to 6.4 million cubic feet of biogas annually, depending
on the amount of manure. The plug flow digester would generate 124,000 to 198,000

kilowatt-hours of electricity annually. By making so much electricity, the farmer can




look forward to having a decrease in annual electricity bills ranging from $11,000 to
$23,800. Other benefits included getting thermal energy for water or space heating from
the engine-generator set, thus not uSing 3,400-5,500 therms of natural gas annually and
therefore creating savings from $2,800 to $4,500 on the farms heating bills. Another
benefit is the plug flow digester would produce fiber and this could be an additional
income ranging from $4,800 to $8,000 annually. Manure pit costs would be reduced by
about $9,000 a year as well. In conclusion, with all the savings and additional income
generated by the plug flow digester, those Humboldt dairy farms that fit the qualifications
can look forward to an annual income increase of $45,000. Some of the intangible
benefits are odor control, decrease in fly populations and environmental stewardship.

There are problems associated with AD that have deterred farmers from
implementing any of the three digesters. The installation costs are huge, about $500 to
$1,000 per cow which adds up to about $200,000 to $400,000 for the digester system. It
takes about 5.6 years for a system to have any economic payback, which is usually
considered too long for some farmers. However, with financial systems, more farmers
could be enticed into installing a plug flow digester. The Dairy Power Production
Program offers to pay half of the costs. The rest of the costs could be picked up by
PG&E’s Self-Generation Incentive Program which will pay about 40% of the costs of the
digester. With financial assistance, dairy farmers could see economic payback within 2.6
years.

In conclusion, the AD seems like a viable technology for the larger dairy farms in
Humboldt County. The AD effectively takes care of problems with manure while also

generating financial awards and intangible benefits. The repott by Schatz Energy



Research Center describes in details the technology, feasibility of AD technology in
Humboldt County, water quality benefits, cost of equipment and installation, and funding

sources for implementing AD technology.
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EXECUTIVE SUMMARY

The purpose of this report is to consider the feasibility of implementing anaerobic
digestion (AD) technology as a means of dairy manure management on Humboldt
County dairy farms. Funding for this projcct was supplied by the State of California
Community Development Block Grant # 01-EDBG-782 through the Humboldt County
Economic Development Office.

Current trends in milk production have forced dairies to intensify their operations. The
larger herd numbers required by today’s dairy operators in order to stay in business have
led directly to an increase in manure production. The volume of manure has become a
social and environmental issue. Dairies also consume significant amounts of energy in
their daily operation. Anaerobic digestion of manure is a promising technology that has
been shown to effectively address many of the problems associatcd with manure
management while providing a reliable energy resource. AD technology has the ability to
offer substantial benefits to dairy operators. In many cases, without the implementation of
AD technology on U.S. farms, many farmers would have been forced to cease their
operation.

There are a variety of AD systems used on U.S. farms, including covered lagoon
digesters, complete mix digesters, and plug flow digesters. Choosing the appropriate
system depends on many factors including local weather conditions, local water tables,
manure collection technique, manure storage capacity, and end use of AD products. The
U.S. Environmental Protection Agency’s AgStar Handbook offers five preliminary
screening questions that should be considered to determine whether AD technology is a
suitable manure management technique for Humboldt County. Based on the screening
questions, it would appear that many Humboldt County pasture-based dairies are not
currently ready to consider implementing AD technology as part of their manure
management plan. Some of the larger dairies in the county may be able to benefit from a
plug flow AD system. In order to conduct an analysis, a suitable Humboldt County
pasture-based dairy is defined. In summary, the dairy would have at least 400 cows that
are housed in freestall barns for a portion of the year. A more extensive description of
these requirements are listed on page 9. A dairy meeting these criteria could consider a
plug flow digester as part of their manure management plan, as long as benefits besides
encrgy production can be realized.

A digester on such a Humboldt County dairy could produce between 4 million and 6.4
million cubic feet of biogas and 124,000 to 198,000 kilowatt-hours of electricity
annually, leading to potential annual avoided electrical costs of $11,100 to $23,800.
Valuable thermal energy for water or space heating could be recovercd from the engine-
generator set displacing between 3,400 and 5,500 therms of natural gas per year, leading
to a potential annual savings of $2,800 to $4,500 on heating costs. The digester would
also produce enough fiber each year for an additional annual income of $4,800 to $8,000.
Manure pit maintcnance costs could be reduced by $9,000 per year. In summary,
anaerobic digester products and avoided operation and maintenance (O&M) on current



manure storage systems have a capacity to generate up to $45,000 for a suitable
Humboldt County dairy.

One of the main issues discouraging dairy operators from utilizing AD technology in
their manure management plan is the high capital investment necessary for instailing the
system, A plug flow system for a suitable Humboldt dairy would cost between $500 and
$1,000 per cow, leading to an installed cost of $200,000 to $400,000 for the complete
system. Expected operations and maintenance costs of an AD project may be another
deterrent. Based on costs reported for existing systems, O&M costs for a typical
Humboldt County digester designed to handle the manure from 400 dairy cows are
estimated to be $10,000 to $20,000 annually.

In the best case scenario, an AD system installed on a Humboldt County dairy without
funding assistance has an economic payback period of approximately 5.6 years. This
length of time is often considered too long for a project to be considered viable solely on
an economic basis. In the worst case scenario, the project will not pay for itself during the
system’s expected lifetime. Without significant financial assistance, AD systems are only
a viable option for Humboldt County dairies whose operators place significant value on
intangible benefits such as odor control, decrease in fly populations, and environmental
stewardship.

Fortunately, there are many programs designed to help dairy operators fund and install
AD systems on their farms. With these types of assistance, implementation of AD
technology on a suitable Humboldt County dairy would become more feasible than
previously indicated. The best case payback period is reduced to 2.6 years with outside
financial assistance. The Dairy Power Production Program (DPPP) offers up to 50% of
project capital cost or up to $2,000/kW capacity. The remaining portion of the project
cost could be partially offset with PG&E’s Self-Generation Incentive Program (SGIP)
that would pay a rate of $1,500/kW or up to 40% of the projects’ capital cost. The
available financial assistance can significantly decrease the simple payback period of an
AD system installed on a suitable Humboldt County dairy. These results, combined with
the project’s intangible benefits, could make AD technology a viable option for a local
dairy’s manure management system. The USDA’s Rural Development Program also
offers funding for purchase of renewable energy systems, including biogas generators, by
agricultural producers.

Anaerobic digestion is a technology that has been shown to effectively manage dairy
manure while yielding resources with significant financial and intangible value. The
smaller pasture-based dairies of Humboldt County initially appear to be ill-suited for the
implementation of this technology, but under the right circumstances, a suitable
Humboldt County dairy could effectively use a plug flow digester as part of their manure
management plan.



INTRODUCTION

Current trends in milk production have forced dairies to intensify their operations. The
larger herd numbers required by today’s dairy operators in order to stay in business have
led directly to an increase in manure production. The volume of manure produced, which
was once manageable when herd sizes were smaller and less densely populated, has
become a social and environmental problem. Inadequate capturing, storage, and treatment
techniques increase manure’s capacity to degrade local air, soil, and water quality.
Pollutants generated by mismanaged livestock manure include blochemlcal oxygen
demand (BOD), pathogens, nutrient loading, methane, and ammonia'. Costs associated
with increased regulation of these pollutants have left many dairy operators struggling to-
survive. This affects not only the dairy operators and their families, but also the healih of
the local economy.

Dairies consume significant amounts of energy. Dairy energy loads include chiller
systems to cool milk, air compressors to operate milking equipment, heatess or boilers for
providing hot process water, and various types of pumps. Similar to other business
owners, especially here recently in California, dairy operators have to face increasing and
uncertain energy costs. The ability to buffer themselves against this uncertainty would
prove to be an valuable asset.

Anaerobic digestion (AD) of manure is a promising technology that has been shown to
effectively address many of the problems associated with manure management while
providing a reliable energy resource. AD is by no means a new technology. It has been
used on a small scale for many centuries in India and China. In Europe, AD systems have
become common on many farms. When properly designed, constructed, and managed,
AD systems have been a successful manure management tool on U.S. farms since 1972.
Using manure as the only input, an anacrobic digester yields three valuable outputs:
biogas, solid fiber, and a nutrient-rich liquid. In addition, AD technology offers a host of
intangible benefits that help keep farms operational. The principal reasons a dairy farmer
would consider installing an AD system include the following:

On-site encrgy production. By recovering biogas and producing energy on the farm, dairy
operators can reduce or eliminate monthly energy expenses. Electricity produced by
utilizing biogas in an engine-generator can be used on the farm or sold to a local utility.
Thermal energy for heating water or buildings can be acquired by directly burning biogas
in a boiler or furnace, or from a heat recovery system connected to the engine-generator
set.

Generation of stable, high quality liquid fertilizer and solid soil amendment. Digestion

does not reduce the quantities of nutrients in manure. The process converts them to new,

| Lusk, P. (1998) Methane Recovery from Animal Manures: A Current Opportunities Casebook. 3" Edition.
NREL/SR-25145. Golden, CO: National Renewable Energy Laboratory. Work performed by Resource
Development Associates, Washington, D.C,



more soluble, and often more available forms®. The liquid, commonly called filtrate, is a
valuable fertilizer that can be applied directly to the land. The AD process converts the
chief nutrients in manure, nitrogen, phosphorus, and potassium, into a soluble form that is
more readily available to plants. In the process of anaerobic digestion, the organic
nitrogen in the manure is largely converted to ammonium, a primary constituent of
commercial fertilizer, which is readily available and utilized by plants. The AD process
also produces an essentially sterile fiber that is nearly free of weed seeds and pathogens.
The solid fiber can be used as livestock bedding material or as an excellent soil
amendment.

Reduction in odors. AD systems have the ability to reduce offensive odors from
overloaded or impropetly managed manure storage facilities. These odors impair air
quality and may be a nuisance to nearby communities, particularly as new residential and
commercial development continue to expand into historically agricultural areas. Biogas
systems reduce these offensive odors because volatile organic acids, the odor-causing
compounds, are consumed by biogas-producing bacteria.

Reduction in ground and surface water contamination. Digester effluent is a more
uniform and predictable product than untreated manure. Its higher ammonium content

allows better crop utilization, and its physical properties allow easier land application.
Properly applied, digester effluent reduces the likelihood of surface or groundwater
pollution. Once the filtrate is properly applied, the risk of further ammonia losses is
extremely small compared to raw manure. There are three reasons for this: 1) due to the
lower viscosity of the filtrate, it penetrates faster into the soil. 2) soil ammonium
adsorption is high, resulting in low washout. 3) ammonium is more readily available to
plants than the organic nitrogen found in untreated manure; hence, the uptake through
nitrification is faster, and the chance for washout is reduced”.

Reduction in public health risk. Heated digesters reduce manure pathogen populations
dramatically in a few days. Many farmers have reported that their AD system has
substantiaily decreased fly populations on their farm®.

AD technology has the ability to offer substantial benefits, both economic and intangible,
to dairy operators. In many cases, without the implementation of AD technology on U.S.
farms, many farmers would have been forced to cease their operation.

21.usk, P. (1998) Methane Recovery from Animal Manures: A Current Opportunities Casebook. 3" Edition,
NREL/SR-25145. Golden, CO: National Renewable Energy Laboratory. Work performed by Resource
Development Associates, Washington, D.C.

3 Lusk, P. (1998) Methane Recovery from Animal Manures: A Current Opportunities Casebook. 3™ Edition,
NREL/SR-25145. Golden, CO: National Renewable Energy Laboratory. Work perfornned by Resource
Development Associates, Washington, D.C.
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DESCRIPTION OF THE TECHNOLOGY

Anaerobic digestion is a biological process in which bacteria break down organic matter
in an airless environment, with biogas as the end product. Biogas derived from dairy

" manure is comprised of approximately 60% methane (CHy), 40% carbon dioxide {COy),
and trace amounts of other gases, including hydrogen sulfide (H;S). Due to its high
methane content, biogas can be used as a fuel for energy conversion devices.
Alternatively, it can simply be flared, as the resulting carbon dioxide makes a lesser
impact on global climate than the methane. Anaerobic digestion can occur within three
different temperature ranges: psychrophilic, mesophilic, and thermophilic.

Psychrophilic digestion occurs at temperatures below 68°F and is usually associated with
systems that operate at ground temperature. Psychrophilic AD has the lowest biogas
production rate of the three temperature ranges. The production rate is susceptible to
seasonal and diurnal fluctuations in temperature, making it difficult to predict how much
biogas will be available.

The mesophilic range is between 68°F and 105°F. The optimal temperature for
mesophilic AD is approximately 100°F, which is nearly the same as the body temperature
of dairy cattle. This allows the same bacteria at work in a cow’s ruminant system to
continue breaking down the excreted organic matter for a period of sevcral days.
Digesters operating in the mesophilic range require constant heating in order to maintain
a temperature of 100°F.

The thermophilic range is between 110°F and 160°F. The elevated temperature allows for
the highest rate of biogas production and the lowest hydraulic retention time (HRT). The
HRT is the amount of time material must remain in the digester before it is sufficiently
processed. Digesters that operate in the thermophilic range require substantial amounts of
energy to maintain the proper temperature and are prone to biological upset due to
temperature fluctuations. To avoid upset, they require closer monitoring and
maintenance. Another drawback is that the effluent is not odor free.

There are a variety of AD systems used on U.S. farms. Choosing the appropriate system
depends on many factors including local weather conditions, local water tables, manure
collection technique, manure storage capacity, and end use of AD producis. Following is
a brief description of the three most common digester types used on U.S. dairy farms,
presented in ascending order of applicability to Humboldt County.

Covered Lagoon

Covered lagoons are the least technical and least expensive of the AD systems used on
U.S. dairy farms. They require large land areas, have the lowest biogas production rate,
and can only be used in areas with low water tables. Covered lagoons are not normally
heated, therefore they operate approximately at ground temperature in the psychrophilic
range. This technique is designed to work in a warm climate on diluted manure with less
than 2 percent solids content. Dairies that use water to flush feeding lanes, freestall barns,
and other surfaces could consider this AD technology as part of their manure



management plan, especially if the main priority is to reduce odors associated with
manure storage.

Biogas is captured by placing an impermeable floating cover over part or all of the
manure storage lagoon. Biogas production rates vary based on the temperature of the
lagoon, which in turn is affected by daily and seasonal fluctuations in ground
temperature, air temperature, and feedstock temperature.

Complete Mix Digester

Complete mix digesters are the most technical and most expensive to build and operate of
the AD systems used on U.S. dairy farms. The heated tank can be placed either above or
below ground and is designed to treat manure with a solids content between 2 pereent and
10 percent. The manure slurry is continuously mixed either mechanically or by using
pumped gas circulation to keep the solids in suspension. It is often operated in the
thermophilic range, thereby generating biogas at a high rate. Substantial amounts of
energy are required to maintain digester temperature and mix the digester contents. The
high capital and energy costs generally limit complete mix AD systems to large farms or
centralized facilities.

Plug Flow Digester

Plug flow digesters are designed to handle undiluted dairy manure with an 11% to 14%
solids content. The standard design consists of a covered rectangular concrete tank that
holds approximately 20 days worth of manure. Each time fresh manure is added to the
plug flow digester, which is normally done daily, an equal volume of digested manure is
forced out at the other end. Biogas is captured in the space between the digesting material
and the cover. A daily plug of manure requires about 20 days to pass through the digester.

Digestion is carried out by mesophilic bacteria in a temperature range of 95°F and 103°F.
The manure in the digester must be continuously heated in order to maintain the optimal
temperature range. This heat can come either from engine waste heat or from the biogas
stream itself. As with the complete mix digester, the long, constant exposure to heat kills
most pathogens and weed seeds in the manure. Plug flow digesters only work with
undiluted dairy manure. It is the optimal design for dairies that scrape manure daily and
that are looking to acquire energy from the biogas stream.

DETERMINING THE FEASIBILITY OF AD TECHNOLOGY IN HUMBOLDT COUNTY
In order to determine whether AD technology is a suitable manure management
technique for Humboldt County, five preliminary screening questions need to be
considered”.

(1) Does the dairy have at least 300 cows from which 100% of the manure is collected
regularly? Dairies of this size and larger can generate the amount of biogas necessary
to make the project financially viable. In Humboldt County there are many dairies

5 Roovs, K.F., and Moser, M.A. (1997) A Maial for Developing Biogas Systems at Commercial Farms in
the United States. AgStar Handbook. U.S. Environmental Protection Agency, Washington, D.C. EPA-430-
B-97-105



with at least 300 cows, but few of them can collect 100% of the manure because the
cows are pastured for a substantial portion of the year.

(2) Is manure production and collection stable year-round? AD systems are generally
designed to handle a consistent feeding rate. This is done to ensure a constant flow of
biogas and a consistent HRT. In the wet winter months in Humboldt County, dairies
that house their cows in freestall bamns can collect 80% to 100% of the produced
manure. In the dry months, cows are either sent to pasture or given access fo corrals.
While cows are being pastured, only about 30% of the manure can be collected from
feeding and milking areas. About 40% to 55% can be collected from cows that spend
time in corrals®. This variability in available manure can make it difficult to design
and operate an effective AD system.

(3) Is the current manure management system compatible with AD technology? Biogas
technology requires the manure to be collected regularly at a single point and to be
free of large quantities of bedding and other undigestible foreign material. Many
dairies in Humboldt County collect their manure regularly to a central location and
therefore could consider AD technology. Dairies that scrape manure could consider a
plug flow system, which requires a relatively high percentage of solids in the manure.
Dairies that flush would be limited to a covered lagoon system because of the low
percentage of solids in flushed manure. However, covered lagoon systems are not
practical in most Humboldt County dairylands because of the high water tables in the
Arcata Bottoms and Ferndale areas. Disregarding the water table problem, the
relatively cool weather in the county would substantially limit the production of
biogas in unheated lagoon systems. For lagoon systems in Humboldt County, the
main benefit of the system would thus be odor control.

(4) Is there a use for the recovered energy? All dairies in the county have a substantial
demand for electrical and thermal energy. These demands could be met in whole or in
part by producing energy on-site through the implementation of AD technology and
an associated engine-generator. :

(5) Is someone able to manage the system efficiently? Dairy operators in the county
would need to ask themselves if they are willing and able to spend the necessary time
and encrgy to keep their AD system working well. An AD system requircs someone
to pay regular attention to system operation, provide necessary repair and
maintenance, and have the desire to see the system succeed.

There is another question that local dairy operators need to answer that is not part of the
AgStar screening process. That question is:

(6) Does the dairy operator own the land or hold a lease with a remaining lifetime in
excess of the project’s expected lifetime on the land that is currently being used for

¢ Burke, D.A. (2001) Dairy Waste Anaerobic Digestion Handbook: Oplions for Recovering Beneficial
Products From Dairy Manure. Environmental Energy Company




the dairy operation? Unless this can be positively answered, the significant capital
investment necessary to build an AD system would not be justified.

A RECOMMENDED BIOGAS SYSTEM DESIGN FOR HUMBOLDT COUNTY

Using the previous screening questions, it would appear that many Humboldt County
dairies are not currently ready to consider implementing AD technology as part of their
manure management plan. Some of the larger dairies in the county may be able to benefit
from a plug flow AD system if other benefits besides energy production are considered.
In order to conduct an analysis, a suitable Humboldt County pasture based dairy would
need to fit the following profile:

(1) Manure from at least 400 cows can be collected on a regular basis.

(2) Cattle are housed in freestall barns during the wet season. This allows for maximum
manure collection for a portion of the year.

(3) During the months the cattle are given access to pasture or corrals, the cattle spend
enough time around the barn and feeding area in order to collect at least 40% of the
manure.

(4) Undiluted manure, free of undigestible material, is scraped daily into a single
collection point. Plug flow digesters do not operate propetly if the solids content falls
below 11%.

(5) A qualified operator is available to spend time daily, normally less than 30 minutes
but occasionally up to a few hours, in order to maintain proper operation of the
digester without sacrificing the dairy’s main priority, the well-being of the herd.

(6) The land on which the dairy exists is owned, or a long-term lease is secured, by the
dairy operators.

If these criteria can be met, local dairy operators could consider a plug flow digester as
part of their manure management plan, as long as benefits besides energy production can
be realized. The other types of digesters have drawbacks that prevent them from being
used in Humboldt County. The high capital costs, high operating and maintenance
expenses, and technical complexity of complete mix digesters make them a poor choice
for Humboldt County. The high water tables and cooler climate of the county are not
compatible with effective operation of a covered lagoon digester.

There are AD systems currently in operation on U.S. farms that were designed and built
by the farm operator, but this approach is not normally recommended. Design and
installation of an AD system should be conducied by an engineering firm experienced
with the complicated design calculations, technical requirements, and regulatory issues
associated with these systems. Appendix A lists companies with a proven track record in
the design and installation of successful AD systems on U.S. farms.



ESTIMATE OF BIOGAS, ENERGY, AND FERTILIZER PRODUCED BY A SUITABLE DAIRY IN
THE COUNTY.

According to published reports and actual case studies, 50 to 80 cubic feet of biogas can
be produced per cow per day when 100% of a cow’s manure is collected’. A suitable
Humboldt County dairy, as defined previously, would have the capacity to produce
substantial amounts of biogas, electrical and thermal energy, digested fiber, and nutrient
rich substrate from a plug flow digester. These products would have an immediate
positive impact on the dairy operation.

A complete plug flow AD system for a suitable Humboldt County dairy could be
constructed on a footprint of less than one-quarter of an acre. Based on a dairy size of 400
cows and the rest of the assumptions from the previous section, such a digester would
produce between 4 million and 6.4 million cubic feet of biogas annually with an
approximate energy value of 600 Btu/per cubic foot. Using an engine-generator
efficiency of 23%, between 124,000 and 198,000 kilowatt-hours of electricity (kWhe)
would be produced annually. These values assume the engine-generator would be on-line
85% of the year and that 10% of the generated electricity would be used for parasitic
loads such as compressors, pumps, and blowers. Many Humboldt County dairics are
charged for their electricity at a time of use (TOU) rate of $0.09 to $0.12 per kWh?,
leading to potential annual avoided electrical costs of $11,100 to $23,800.

Valuable thermal energy for water or space heating could be recovered from the engine-
generator set. A conservative estimate of 2,800 Btw/kWhe produced® would displace
between 3,400 and 5,500 therms of natural gas per year. Current natural gas rates of
$0.98 per therm during the winter and $0.65 per therm during non-peak periods lead to a
potential savings of $2,800 to $4,500 on heating annually . The digester would also
produce approximately 800 cubic yards of valuable fiber each year'®. This virtually
pathogen- and weed seed-free fiber has multiple uses. It can be used as freestall bedding
or as a high quality soil amendment. Dairy operators have reported receiving between $6
to $10 per cubic yard when the material is sold as a bulk soil amendment, for an
additional annual income of $4,800 to $8,000. When used as freestall bedding, dairy
operators have saved $20 to $50 per cow annually with an added benefit of lower mastitis
rates'l. Another area of substantial savings arises from manure pit maintenance due to

7 Roos, K.F., and Moser, M.A, (1997) A Manual for Developing Biogas Systems at Commercial Farms in
the United States. AgStar Handbook. U.S. Environmental Protection Agency, Washington, D.C. EPA-430-
B-97-105

- 8 Cherry, R. (30 May, 2003) Personal communication. PG&E

® Lusk, P. (1998) Methane Recovery from Animal Manures: A Current Opportunities Casebook. 3™ Edition.
NREL/SR-25145. Golden, CO: National Renewable Energy Laboratory. Work performed by Resource
Development Associates, Washington, D.C.

19 White, J., and Van Horn, C., (1998) Anaerobic Digester at Craven Farms: A Case Study. Oregon Office
of Energy, U.S. DOE DE-FG51-94R020021

" Lusk, P. (1998) Methane Recovery from Animal Manures: A Current Opportunities Casebook. 3"
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Resource Development Associates, Washington, D.C.
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less frequent cleanings and operation of manure spreaders. Annual savings of $9,000 can
be realized for a 400 cow dairy'.

The AD process produces a weed seed-free and nutrient-rich filtrate. Dairy operators
currently using AD technology have reported savings due to reduced herbicide and
commercial fertilizer use when they apply the filtrate to their land. However, the typical
Humboldt County dairy uses very little, if any, herbicides or commercial fertilizers on its
pasture lands. These benefits are thus of little financial value to local dairy operators. The
main benefits to the Humboldt County dairy operator of using digester filtrate on their
land would be greater ease of manure handling and higher quality forage material in the
pasture, The digested filtrate is a liquid that is much easier to manage, store, and then
later apply to the pastures than raw manure. Destruction of weed seeds and increased
nutrient value of the filtrate could allow for higher yields from pasture lands.

A plug flow digester installed on a suitable Humboldt County dairy thus has the potential
to generate income for the dairy operator through avoided costs and revenue. Energy
savings alone will range from approximately $14,000 to $28,000 annually. The sale of
digested fiber could generate up to $8,000 annually and avoided manure pit cleanouts
could save up to $9,000 a year. In summary, anaerobic digester products and avoided
O&M on current manure storage systems have a capacity to generate up to $45,000 fora -
suitable Humboldt County dairy.

WATER QUALITY BENEFITS FROM UTILIZING AD TECHNOLOGY.

Studies show that digester heat and retention time destroy fecal coliform bacteria that are
present in raw cow manure by more than 99%. This can potentially reduce the amount of
bacteria polluting a local watershed and possibly harming aquatic resources. Separation
of solids during the digester process removes about 25% of the nutrients from manure’’.
These benefits may be of limited value to Humboldt County dairy farmers, however, as
most of the manure that infiltrates local waters appears to come from manure deposited
on the pastures, not manure that is captured and stored. There is currently no available
data regarding the effect of dairy manure on local watersheds.

COST OF THE EQUIPMENT AND INSTALLATION, OPERATING EXPENSES, AND PAYBACK
PERIOD.

One of the main issues discouraging dairy operators from utilizing AD technology in
their manure management plan is the high capital investment necessary for installing the
system. A plug flow system for a suitable Humboldt dairy would cost between $500 and
$1,000 per cow, leading to an installed cost of $200,000 to $400,000 for the complete
system'®. The complete system includes manure collection, the anaerobic digester, gas
handling equipment, engine-generator and switchgear, effluent separation and storage
cquipment, engineering costs, permitting fees, and labor. A system that is both well
engineered and maintained has the capacity to remain functional for 20 years or more.

i

121, angerwerf, L. (14 February, 2003) Personal communication. Langerwerf Dairy, Durham, CA.

13 White, J., and Van Hotn, C., (1998) Anaerobic Digester at Craven Farms: A Case Study. Oregon Office
of Energy, U.S. DOE DE-FG51-94R020021
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Anticipated operation and maintenance costs of an unfamiliar technology may be another
factor discouraging many dairy operators from implementing AD projects. In reality,
however, these costs tend to be modest. Once installed, the cost of O&M on the system is
heavily dependent on the quality of the equipment used and the dedication of the operator
to keep the system running as well as possible. Engine-generator maintenance is
estimated to be approximately $0.015 per kWhe produced for an annual cost of $1,800 to
$3,000. This cost includes regular oil and filter changes, spark plugs, and an amortized
estimate for major overhauls during the life of the system %18 O&M for the remainder of
the system is more difficult to estimate. A good rule of thumb is that complete system
Q&M is approximately 5% of the initial capital cost'?. Total annual O&M for a typical
Humboldt County digester designed to handle the manure from 400 dairy cows is
estimated to be $10,000 to $20,000.

In order to evaluate the economic viability of an AD project, a simple payback period is
calculated for best case, median, and worst case scenarios. The results are summarized on
an annual basis in Table 1.

Table 1. Economic summary and simple payback period for an AD system installed on a suitable Humboldt
County dairy.

Best Case Median Case | Worst Case

Capital cost $200,000 $300,000 $400,000
Annual value of electricity $23,824 $17,496 $11,168
Annual value of thermal energy $4,558 $3,703 $2,849
Annual value of fiber $8,026 $6,420 $4,815
Annual savings on lagoon cleanout $9,000 $4,500 0
Annual O&M $10,000 $15,000 $20,000
Simple payback period 5.6 years 17.5 years > 20 years

In the best case scenario, an AD system installed on a Humboldt County dairy will pay
for itself in 5.6 years. This length of time is often considered too long for a project to be
considered viable solely on an economic basis. In the worst case scenario, the project will
not pay for itself during the system’s expected lifetime. Without significant financial
assistance, AD systems are only a viable option for Humboldt County dairies whose
operators place significant value on intangible benefits such as odor control, decrease in
fly populations, and environmental stewardship. High capital costs and the inability to
collect adequate amounts of manure, due to the pasture-based dairy economy of
Humboldt County, currently make these systems economically infeasible, unless
substantial assistance can be found to defray the initial costs.

15 White, J., and Van Hom, C., (1998) Anaerobic Digester at Craven Farms: A Case Study. Oregon Office
of Energy, U.S. DOE DE-FG51-94R020021

16 Ross, C.,Drake, T., and Walsh, J. (1996). Handbook of Biogas Utilization, Second Edition. Muscle
Shoals, AL: Southeastern Regional Biomass Energy Program.

17 Ross, C.,Drake, T., and Walsh, J. (1996). Handbook of Biogas Utilization, Second Edition. Muscle
Shoals, AL: Southeastern Regional Biomass Energy Program.
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There are many programs designed to help dairy operators fund and install AD systems
on their farms. A few of these programs are described in the following section. With
these types of assistance, implementation of AD technology on a suitable Humboldt
County dairy would become more feasible than the previous analysis indicates. The
Dairy Power Production Program (DPPP) offers up to 50% of project capital cost or up to
$2,000/kW capacity. The remaining portion of the project cost could be offset with
PG&E’s Self-Generation Incentive Program (SGIP) that would pay a ratc of $1,500/kW
or up to 40% of the projects’ capital cost.

The capacity of the engine-generator set for the suitable Humboldt County dairy would
be approximately 40 kW. This system size would make $80,000 available from the DPPP
and $48,000 to $60,000 available from the SGIP. The revised economics are summarized
in Table 2.

Table 2. Revised economic summary and simple payback period for an AD system installed on a suitable

Humboldt County dairy assuming financial assistance from the DPPP and SGIP.

Best Case Median Case | Worst Case

Revised capital cost $92,000 $180,000 $280,000
Annual value of electricity $23,824 $17,496 $11,168
Annual value of thermal energy $4,558 $3,703 $2,849
Annual value of fiber $8,026 $6,420 $4,815
Annual savings on lagoon cleanout $9,000 $4,500 0
Annual O&M $10,000 $15,000 $20,000
Simple payback period 2.6 years 10.5 years > 20 years

As Table 2 indicates, available financial assistance can significantly decrease the simple
payback period of an AD system installed on a suitable Humboldt County dairy. These
results, combined with the intangible benefits discussed previously, could make AD
technology a viable option for a local dairy’s manure management system.

FUNDING SOURCES CONTRIBUTING TO IMPLEMENTATION OF AD TECHNOLOGY ON
DAIRY FARMS.

Funding is available from a variety of sources to assist dairy operators with the costs of
installing and operating an AD system on their farm. A brief description of some funding
options follows.

Grants

The primary source of funding for dairy farm biogas projects in California recently has
been the Dairy Power Production Program (DPPP). This program was funded by the
State under Senate Bill 5X and is administered by the Western United Resource
Development Corporation (WURD), a dairy operators’ industry association. This
program was originally funded with $9.6 million and, as of September 2002, had
approved $2.5 million in funding for nine projects representing approximately 1.5 MW in
generating capacity.
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The program offers two funding alternatives. The “buydown” option provides up to 50%
of project capital costs or $2,000/kW capacity, whichever is less, in up-front funding. The
applicant is required to demonstrate the technical feasibility of their project to receive
funding. Under the “incentive” option, considered to be riskier financially, the applicant
is not required to prove feasibility in advance and is given a 5.7¢/kWh incentive for
energy generation up to 50% of project capital cost over the first five years the project is
in operation. Most applicants to the program have chosen the buydown option in order to
get up-front capital. DPPP grants cannot be combined with any other form of State of
California energy funding.

As of June 2003, funding is still available from the DPPP. For more information, call
Kathi Schiffler at (209) 527-6453. The program’s website is www.wurdco.com, or write
to:

Western United Resource Development, Inc.
1315 K Street
Modesto, CA 95354

In a May 2003 telephone conversation, Ms. Schiffler pointcd out some important
limitations on the Dairy Power program. Some dairy operators have inquired about
aggregating their manure to more cost-cffectively opcrate a multi-dairy digester. WURD
consulted with the State and have expressed the opinion that this may not be an
appropriate use of DPPP funds, in part because it raises regulatory concerns about
permitting and licensing requirements for the digester system operator, who in accepting
manure from other parties for processing would be operating as a commercial waste
handler. There are also regulatory issues connected with the hauling of manure between
farms on public roads. :

Ms. Schiffler also provided information on concerns expressed to the California Public
Utilities Commission (CPUC) by her organization and others that California’s investor-
owned utilities have structured their proposed net-metering rates applicable to dairy
biogas projects in a way that would under-compensate dairy operators for electricity
generated via such projects. In response to complaints by WURD and other groups, the
CPUC has suspended implementation of these electric tariffs until they can resolve the
fairness issue. In general, PG&E and other major California utilities have shown
reluctance to purchase electricity from their customers who use distributed generation.
They are under no legal obligation to buy biogas-generated electricity, although recent -
State legislation will require them to buy a percentage of their energy from “green”
generating sources, including biogas, by 2017.

PG&E’s “Self-Generation Incentive Program” offers financial incentives for up to 1.0
MW of on-site distributed generation systems. Biogas projects would be compensated at
a rate of $1,500/kW or up to 40% of the projects’ capital cost, whichever is less, at
program level 3-R (internal combustion engines and small gas turbines operating on
renewable fuel). Certain restrictions apply to this incentive program, among them that the
clectricity generated by the system must be used on-site, and the equipment installed
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needs to be factory-new and carry a minimum three-year warranty. See
www.pge.com/selfgen for more information, or contact:
Self-Generation Incentive Program
P.0. Box 770000
Mail Code B29R
San Francisco, CA 94177
(415) 973-6436

According to WURD’s Kathi Schiffler, WURD does not place any restriction on
combining their grant with PG&E’s ratepayer-supported incentive program. However,
she reports that PG&E will deduct the portion of a project supported by WURD from the -
total project cost before calculating the portion of the project cost the utility will support.
For example, a $200,000 project receiving $80,000 jn support from WURD could not be
eligible for more than $48,000 (40% of the remaining $120,000 project cost) from
PG&E.

The USDA’s Rural Development Program is offering funding for purchase of renewable
energy systems by agricultural producers. A total of $23 million is available nationwide,
to be disbursed in individual grants of $10,000 to $500,000. The grant cannot exceed
25% of total project costs, and the 75% match provided by the applicant cannot include
any other federal funds. While biogas systems arc cligible under this grant program, note
that “operating, maintaining, routine repairs, or fuel costs for biogas or biomass
renewable energy projects” are specifically not eligible for funding. The original grant
proposal deadline of June 6, 2003 was recently extended to June 27, 2003. For more
information or to download the Notice of Funds Availability, see:

www.rurdev.usda.gov/rd/farmbill/9006resources.html or contact:
‘Charles Clendenin, USDA Rural Development
430 G Street, Agency 4169
Davis, CA 95616-4169
{(530) 792-5825

Tax Credits

At this time there appears to be no state or federal tax incentive for biogas-based
clectricity generation other than standard cquipment depreciation. The federal
government offers a Renewable Electricity Production Credit to commercial/industrial
taxpayers, which includes “closed-loop biomass” systems where crops are grown
specifically to produce clectricity. IRS Form 8835, used to apply for the credit, explicitly
excludes manure-based generation systems. The State of California’s Solar or Wind
Energy System Credit specifically applies only to photovoltaic and wind energy systems.
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CONCLUSION

Anaerobic digestion is a technology that has been shown to effectively manage dairy
manure while yielding resources with significant financial and intangible value. The
smaller pasture-based dairies of Humboldt County initially appear to be ill-suited for the
implementation of this technology, because of the high initial capital cost of these
systems and the fact that local pasture-based operations may not allow for adequate
manure collection. Under the right circumstances, which include the acquisition of
available funding, a suitable Humboldt County dairy could effectively use a plug flow
digester as part of their manure management plan.

The plug flow digester would produce biogas and an effluent that could be separated into
a solid fiber and a liquid filtrate. The biogas can be used to generate electrical and
thermal energy for on-site use, thereby reducing energy expenses. The fiber can be sold
as a high quality soil amendment or used as animal bedding. The liquid filtrate can be
land applied as a high quality fertilizer. Intangible benefits such as odor control and
decreased fly populations are invaluable if the operation plans to expand or if residential
arcas are located nearby.
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APPENDIX A: SYSTEM CONSULTANYS AND DESIGNERS
Listed below is the contact information for companies that specialize in designing AD

systems. They were chosen for their proven track record with dairy-based systems. This
is not to be considered an exhaustive list because many other companies can assist in the

development of farm-based AD projects.

RCM Digesters, Inc.

P.O. Box 4715

Berkeley, CA 94704

Phone: (510) 658-4466

Fax: (510) 658-2729

Website: www.rcmdigesters.com
¢-mail: contact@RCMDigesters.com

Environomics

P. 0. Box 371

Riverdale, NY 10471

Phone: (718) 884-6740

Fax: (718) 884-6726

Website: www.waste2profits.com

e-mail; environomics@waste2profits.com
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APPENDIX B: QUICK REFERENCE SUMMARY TABLE

BIOGAS COST & BENEFIT CALCULATIONS

Numiber of cows
Worst Case Bost Case
CAPITAL AND MAINTENANCE COSTS
Capital Cosls
Diggster system cost per cow
Totat digester system cost $200,000
Avoided O&M Costs
Lagoon cleanout annual cost $9,000
Source: Langerwerl
O&M Costs
Enginc generator maintenance
cost per kWh gencrated

annual cost | $1.861]
Fiber recovery system mainlenance

costperyd | SI| | S

annual cost
Complele system (5% of capial)
AYOIDED COSTS AND REVENUE OFPFORTUNITIES
Avoided Energy Cosis
Season : Wel Dry Wet Dry
Cows 400 400 400 400
Monlhs 4 . 4 [
Biogas (Ml */cow/day)} . 50 50 80 80
Fraclion manure collected 0.85 0.4 0.85 0.4
N*/day 17000 8000 27200 12800
NY/season 2 067,200 1,945 600 3,307,520 3,112,960
BTU/N? 600 600 600 600
BTUW/day 10,200,000 4,800,000 16,320,000 7,680,000
BTUW/scason 1,249,320,000 | 1,167,350,000 | 1,984,512,000 | 1.867.776.000
Gensel efficiency 23% 23% 23% 23%
Gross kWh'day 687 323 1,499 517
Gross kW h/season 83,560 78,645 133,696 125831
kW capacily 29 13 46 22
Nel avail, cleciricity 90% 90% 90% 90%
Plant availability 85% 85% 85% B5%
Net kKWh/season 63,923 60,163 102,277 96,261
BTU hcal/scason 178,985,369 168,456,818 286,376,591 269,530,909
Therms heal/scason 1,790 L85 2,864 2,695
Avoided elec. Rale ($AWh)* $0.09 $0.0% 50.12 0.12
Avoided gas rate ($/h)* £0.98 $0.65 $0.98 0.65
Seasonal avoided elec costs (8) $5,753 $5415 512,273 $11.551
Seasonal avoided gas cosls ($) $1,754 $1,095 52,806 51,752
Annual avoided cnergy costs (3) $14,017 528,383
*Source: Roberl Cherry, PGEE
Soil Aniendment Revenue Opporiunity
Scasonal cubic yards fiber 413 388 413 330
Value (§/yd*) 6 6 10 10
Scasonal valuc 52,481 $2,335 $4,134 $3,891
Annual value $4.815 £8,026
Siniple Payback w/o Funding | 51.1 years | 5.6 ycars ]

|caEital cost{annual revenuc-annual Q&M costs)]
unding Opporiunitles - Sce report for more information

Dairy Power Produciion Program
PG&E Self-Generation Incenlive Program
LSDA Rural Development Program

50% of capilal cost or $2,000 per kW capacity
40% of capital cost or $1,500 per kW capacity
$10,000 to $500,000 bul noi lo exceed 25% of total projcet cost

Land arca requlred for housing Length (1) Width (1) Arca (1°)
Digesier 150 40 6000
Enginc-generator and Swilchgear 25 25 625
EfMlunt collection 20 20 400
Solids scparator 50 25 1250
Tolal [F¥E L
0.19 acre
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Biodiesel

We have a book called “From the Fryer to the Fuel Tank” that is useful resource
when checking out biodiesel. The book is by Joshua Tickell and is what CCAT refers to
when they have their biodiesel site up and running. When you use vegetable oil as a fuel,
you know the crops can grow more for you to use each year so that there is a cycle that is
being followed and it is sustainable. There are many benefits to biodiesel that include;
safer for the environment, nontoxic, burns cleaner and 100% biodegradable. There is an
infinite source because there will always be plants and therefore there will always be
vegetable oil. This energy does not depend on a finite source such as oil which is
extracted under the earth’s surface and took millions of years to form. This is a annual
product that if managed correctly, can be continued infinitely.

A drawback to biodiesel is if we depend on it solely, then our needs could outpace
plant production, thus landing us right back at square one. But this should not be a
problem because the Outpost is look at having a variety of energy sources be utilized so
there is no dependency on one energy source. Another drawback is it is still emitting
CO2 which means we still have not found a way to reduce global warming and still keep
our cars going. This is a huge problem because global warming is changing the
environment everywhere and there is a danger that millions of plant and animal species
will be wiped out because they cannot adapt to the different climate quickly enough.

We did not find any reports on biodiesel and Humboldt County. However, I am
happy to report there are two sources of biodiesel Humboldt residents can currently
choose from. The first is Andy Cooper and he co-owns “Footprint Recycliﬁg”. He

produces about 2500 gallons per month and sells all of it. Theye collect from 80 vendors



which represents about half of the county’s restaurants and businesses. Many of the
fastfood oil waste is collected by an outside vendor that pays higher prices. It would be
difficult to collect fastfood grease anyhow because much of it is from animal fat which
does not do well in engines in cold weather. The drawbacks with Andy need to be
addressed. Humboldt County has about 130,000 resdients and they consume, on average,
4.4 million gallons of gasoline a month (derived from state average). Even if Footprint
Recylcing used all the fryer grease in the county, it would supi)ly less than 0.2% of the
county’s transportation fuel needs. The other source is Renner, and they will even deliver
the biodiesel to your door. The problem with using them is they use virgin oil which
defeats the purpose of reusing waste oil. But it is good to have a variety so they should
certainly still be considered an option.

As an energy to be thrown in the pot with a multitude of other energy sources,
biodiesel is great. It is available cheaply, we have 2 manufacturers of the product, and it
can be made in your own backyard if you wanted. The drawback is it keeps the status
quo in regards to global warming, it would not account for a large percentage of our
energy consumption, and much of the county’s potential fryer grease is being taken out
by an out of town company. However, I advise looking through the various articles we
have included in this section for more education on the energy and to look for

possibilities and solutions we may have overlooked.
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Biodiesel can be produced by several pracesses.

Home

8] ) . )
Technolo ¥ Vegetabte oils or fats can be converted ta fatty acids, which in turn are converted to esters. Oils or fats
Products converted to methyl or ethyl esters directly, using an acid or base to accelerate {catalyze) the transest
Services reaction. Base catalyzation is preferred, because the reaction is quick and thorough, It also occurs at It
Customers temperature and pressure than other processes, resulting in lower capital and operating costs for the b
Partners ) . ) ) )
Compan The most common method of producing biadiesel is to react animal fat or vegetable oil with methanol
Lompany of sodium hydroxide {a base, known as lye or caustic soda}. This reaction Is a base-catalyzed transests
FAQ produces methyl esters and glycerine. If ethanol is substituted for methanol, ethyl esters and glycering
Links Methano! Is preferred, because it is less expensive than ethanol.
Articles
Contact Feedstock Prices

The cost of vegetable oll feedstocks like soy or waste vegetable oil { know as yellow grease) is the [arg
component of biodiesel production costs. Yellow grease is much less expensive than soybean oil, but it
limited, and it has uses other than fuel. For example, yellow grease is used as an animal feed additive
production of seaps and detergents. From 1993 to 1998, the average supply of yellow grease in the Ur
was 2.633 billion pounds, enough to make 344 million gallons (22,440 barrels per day) of biodiesel. EI
assumes that competing uses would limit biodiesal production from yellow grease to 100 mittion gallon
(6,523 barrels per day).

EIA‘s price projections for soybean ol are based on data  yaple 1. Soybean Oil Prices as a Function of
from the U.S. Department of Agriculture (USDA), Office  yse for biodiesel Production, 2004-2013 {20
of Energy Policy and Mew Uses. The USDA estimated the  Gajlon) ‘
effect on agricultural markets of a renewable fuels

requirement for gasoline and diese! fuel by constructing 50 Million Gallons 200 M;

. of Soybean Oil of Soy
two agricultural market forecasts: a renewa_ble fuels Marketing Used for Biodlesel Used f
standard case with, and a reference case without, Year Production Produt
biodiesel production from soybean ofl. The EIA forecasts .
of soybean oil prices are based on an assumed quantity 2004/05 1.95 2.22
of oil used for biodiesel production in each forecast year  2005/06 1.91 2.17
(Table 1). 2006/07  1.87 2.15
in th ble fuels standard th tient of th 2007/08 1.84 212
n the rengwable fuels standard case, the quotient of the
increase In soybean oll prices and the guantity of 2008/09 1.86 2.20
soybean oil used for biodiesel production provides the 2009/10 1.89 2.25
rate of change in soybean ofl prices with respect to the 2010/11 1.94 2.35
quantity of soybean oil input to biodiesel production. The
most current baseline soybean oil prices, assuming no 2011/12 1.99 241
biodiesel production, are also obtained from the USDA. 2012/13 2.06 2.47

The USDA does not forecast yellow grease prices, atthough in the past the prices of yellow grease and
have moved together. The results of a linear regression are:

Yellow grease price = 0.49 x Soybean oll price .

Yellow grease price projections (Table 2} are estimated

. R - ) Table 2. Projected Prices for Yellow Grease,
by using soybean oil price projections in the above

equation. (2002 Dollars per Gallon}
Marketing Year Price
Biodiesel Production Costs 2004/05 1.09
2005/06 1.07
Operating expenses were estimated at 31 cents per 2006/07 1.05
gallon (2002 cents), excluding the cost of the oif or 2007/08 1.04
grease and energy, and the sale of the glycercl was
estimated to reduce the cost by 15 cents per galion of 2008/09 1.08
biodiesel. 2009/10 1.10
2010/11 1.15

hitp://www distributiondrive.com/Article15 html 4/19/2005
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The biodiesel production process uses, for each gallon,
0.083 kitowatthours of electricity and 38,300 British
thermal units (Btu) of natural gas. EIA estimates energy
costs (in 2002 cents) of 18 cents per galion in 2004 and
16 cents per gallon in 2005 and 2006.

2011/12 1.18
2012713 1.21

A new biodiesel plant is estimated to cost $1.04 per annual gallen of capacity. EIA assumes that the pi
by equity with an annualized return of 10 percent over 15 years. Treating the hypothetical income stre
annuiky over the 15 years, the estimated capital cost is $1.36 million per year, or 13.6 cents per gallor

at full output.
Total cost of production

A comparison of total production costs of diesel fuel by
type of feedstock is provided in Table 3.

The cost comparison in Table 3 Is made between the cost
of hiodiesel {excluding capital) and the cost of petroleum
diesel. (Including capital)

Current Biodiesel Production Capacity

There is currently excess produckion capacity in the
biodtesel industry. Petroleum refiners, on the other hand,
use more than 90 percent of their capacity, and
additional capital investments are needed to keep up
with increasing demand and tightening product

Table 3. Projected Production Costs for diest
feedstock, 2004-2013 {2002 Dollars per Gal
Marketing Soybean Yellow

Year 0il Grease
2004/05 2.54 1.41
2005/06 2.49 1.39
2006/07 2.47 1.38
2007/08 2.44 1.37
2008/09 2.52 1.40
2005/10 2.57 1.42
2010/11 2.67 1.47
2011712 2.73 1.51
2012/13 2.80 1.55

specifications, such as the transition in 2006 from a highway diesel sulfur [imit of 500 parts per miltion

per million. Soybean ofl blodleset has essentially no sulfur.

The National Biodiesel Board claims that dedicated biodiesel plants with a total capacity of 60 to 80 mi
per year (3,414 to 5,219 barrels per day) have already been built. In addition, 200 million gallons {13,
per day) of capacity are available from oleochemical producers, such as Proctor and Gambie.

Biodiesel producers will produce up to 80 million galtons per year at a price just high enough to covery
The capacity in the oleochemical industry will not come on-stream unless the price of biodiesel is suffic

draw methyl esters out of other uses.

Because soybean blodiesel producers have overcapacity and a product that more than meets the upcol
diesel suifur limit, they need make no additional capital investments to produce output up to 80 millior

2006 and beyond.
Government Incentives for Biodiesel Production

For the past several years, the USDA has offered grants
for biodiesel production through the Commodity Credit
Corporation (CCC). The CCC payments for expansion of
biodiesel production in the fiscal years 2004-06 are
$1.45-$1.47 (2002 dollars} per gallon for soybean oil
biodiesel (Table 4) and 89-91 cents per gallon for yellow
grease biodiesel (Table 5).

Base production payments apply to production up to the
level of the prior fiscal year, and additional production
payments are for production above the level of the prior
fiscal year. CCC payments for producers with output
levels of 65 million gallons per year or less are shown in
Tables 4 and 5. Payments for output levels above 65
million gallons per year are approximately 30 percent
lower than the values shown in Tables 4 and 5.

The CCC payments effectively reduce the variable cost of
additional soybean oi! and yellow grease biodiese! to
$1.10 and 53 cents per gallon, respectively, in fiscal year
2004. Additional units produced in fiscal year 2004,
however, become base units in fiscal year 2005 and are
eligible only for much smaller, and declining, base

http://www.distributiondrive.com/Article15 .html

Table 4. Soybean Qil Blodiesel Preduction Ct
Subsidies, 2004-2006 {2002 Dollars per Gal

Fiscal Yeal
Costs and Subsidies 2004 20
Variable Cost 2.55 2.t

CCC Base Production Payment -0.43  -0.
Variable Cost of

Base Production, Net 2.12 2.2
Variable Cost 2.55 2.0
CCC Additional

Production Payment -1.45  -1.
Variable Cost of

Additional Production, Net 1.10 1.

Table 5. Yellow Grease Biodiesel Production
Subsidlics, 2004-2006 (2002 Dollars per Gal

Fiscal Yeal

Costs and Subsidies 2004 201t
Variable Cost 1.42 1.
4/19/2005
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production payments. The variable cost of soybean oil
and yellow grease biodiesel added in fiscal year 2004
jumps to $2.32 and $1.27 per gallon, respectively, in
fiscal year 2005,

The transportation bili passed by the Senate on February
12, 2004, includes excise tax credits for biodiesel
blending. The legistation allows diese! blenders to clalim a
credit against the applicable Federal motor fuels excise
tax if a batch of diesel fuel contains biodiesel. If the

CCC Base Production Payment -0.27
Variable Cost of

Base Production, Net 1.15
Variable Cost 1.42
CCC Additional

Production Payment -0.89
Variable Cost of

Additional Production, Net 0.53

Page 3 of 3

0.l

blender uses biodiesel made from virgin o, such as soybean oil, the credit is $1 (nominal dollars) per
biodiesel. If the blender uses hodlesel made from nonvirgin oil, such as yellow grease, the credit is 50
gallon of biodiesel. The proposed legislation also includes business income tax credits at the same rate
blending of biediesel from virgin or non virgin oil. The proposed Federal tax credits would expire after :

© 2002 DistributionDrive all rights reserved.
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Eureka Times-Standard

Liquid gold: Biodiesel in Humboldt County

By Ann Johnson-Stromberg The Times-Standard

Sunday, March 20, 2005 -

Taking a page out of the backpacker's mantra, Footprint Recycling is treading lightly in our community. Starling out on grants
and a dream, Andrew Cooper, a 31-year-old Humboldt State University master's student, decided to set out in pursuit of

developing and selling biodiesel.

"It just fascinated me so much that you could make a fuel source for a diesel engine out of wasle vegetable cil, | mean
anybody can make biodiesel -- you can make it in a blender," Cooper said. "But | wanted to know and experiment with how |

could make biodiesel for the community.”

A recent recipient of the Humboldt County Waste Reduction Award, for effective use of recycled materials in manufacturing,
Cooper said Foolprint Recycling isn't just about providing an alternative fuel. The company is committed to all aspects of
reducing and reusing, in fact 75 percent of the equipment used is salvaged tanks and other odds and ends from various

places that were moditied.

‘The tacts are clear: Biodiesel is safer for the environment than its petro diesel counterpart. Biodiesel is nontoxic, bumns
cleaner, and is 100 percent biodegradable. Another big plus for biodiesel is that it can be used in any diesel vehicle with no
engine modifications and it can be mixed with conventional diesel with no ill-effects.

While many may be unaware of the benefits of biodiesel, Cooper and his partners have no problem selling his product, "We
make 2,500 galions a month and we sell every drop," he said. "l would really like to see that double or even triple. Our

limiting factor is the available grease.”

Cooper and his partners, Greg Bender and Chad Christensen-Woods, aren't gelting rich at this though. After covering their
expenses to collect and produce the fuel, Cooper said at the end of the year the three partners split a current profit of
$30,000 to cover their labor. Not exactly enough to support three families, and without their HSU interns Doug Kelly, Todd
Frisbee, Christopher Cook and Michael Kroger Footprint would be lost, he said.

Sill, Cooper has big plans for the future of his company and says every new business thal chooses Footprint Recycling
translates into less vehicular pollution in Humboldt County, and more alternative fuel for its citizens.

Footprint Recycling collects from 80 vendors, representing about half of the area's available restaurants and businesses.
Among them are Six Rivers and Lost Coast brewerles, St. Joseph Hospilal, Humboldt State University, College of the

Redwoods and Mazzotti's.

You might ask yourself --What about the fried fat biggles such as McDonald's and Burger King restauranis? Well, Cooper
said, he would love to be their recycling man, but he currently can't match the prices of an out of area "renderer” who
currently services many of the remaining half available.

As a renderer, there are other services besides providing and draining oil tanks. Since animal fats solidify at room
temperature, that waste cannot run a diesel engine in a cold weather environment, but restaurants still need to get rid of it.
Depending on the amount of wasle vegetable oll, the amount of additional waste needing to be hauied off and the location of
the vendor, all come into play when determining what the nominal fee for Footprint Recycling would be.

Foolprint already takes rendered butcher scraps to another facility near Medford, Ore., so they are hoping to break into out-
of-area markets along that route, like Crescent City.

"f | can out-bid my competitor up there, and if they are willing to support us it would be great,” Cooper said. "The influx of il
into this shop would benefit us greatly, enough to warrant going there."

Ron Rudebock, HSU director of dining services, said that it is kind of an unspoken policy to support the university alumni and
said he's been happy to have Footprint recycle their oil. Humboldt State has been recycling its waste oils for more than 20

http://www.times-standard.com/cda/article/print/0, 1674,127%257E2902%257E2773220,0... 3/30/2005
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years, but Rudebock said that he is glad te know it's now being used for biodiesel production.

"Andrew is doing a very good job, he upgraded our tanks and has worked diligently with us on educating staff and sludents
on what he Is using the products for," Rudeback said. "That's what we are here for -- education, and it's nice to see him
successful.”

Businesses aren't the only users of vegetable oil and Mark Loughmiller executive director of Arcata and Eureka Recycling
Centers is happy to offer the public a place to recycle theirs.

"The people who use the service, love the fact we take it,” Loughmiller said. "It really was Kind of an experiment for us o
accept from the public, | don't know how many people realize we collect it." '

Loughmiller said he assumes not a lot of people use bunches of oil, but did notice that just after Thanksgiving there was a
boost in oll collection from deep frying turkeys. To insure that Footprint gets a clean supply, customers must give the oil to an
employee rather than dumping it themselves. A well-learned lesson was when someons dumped motor oil in the vegetable

oil container and the center had to clean it out.

Loughmiller said Footprint empties a 25 gallon drum once a month, but said he couldn't speak to whether it is full every
month.

“It's unfortunate that he can't produce more because | know the demand out there would support it," he said. * You have to
applaud him for what he is doing and hope he has enough activity to stay in business."

For more information about biodiesel or Footprint Recycling call (707) 826-2606.
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Wood Gasification
Wood gasification has been around for over 150 years. It works when thereis a
lot of thinning occurring in an area. During WWIL, several European countries started
using wood gasification to fuel their machines because they were short on petroleum.
Typically the costs have been too high for small-scale usets, but I found a website with a
host of information on the possibilities for small—scaie use. The website has a host of
links to other pages and I found it very educational. You can virtually make your own

small wood gasification machine http://www.fluidynenz.250x.com/ link. There are

reports wood-powered engines being used around the world on

http://www.fao.org/documents/show_cdr.asp?url file=/DOCREP/T0512E/T0512¢00.htm

There is a mass of information including the following topics: homebuilt gasifiers,
Swedish charcoal gasifier, and a list of books and articles on wood gasification. The
website for all this information is:

http://www.colostate.edu/programs/cowood/New site/Useful links/Links/Wood-

gasifiers.htm and I highly recommending checking it out. Wood gasification is definitely
an energy source that should be implemented here in Humboldt County because we have
so many trees that it would be natural to thin them at a sustainable rate. In Denmark,
during WWII, 95% of their farm equipment, stationary engines, ferries and boats were
fueled with wood gasification. The possibilities for Humboldt County are endless, and

this is a technology I recommend really trying to get happening on a large scale.



Ground source heat‘ pump

Ground source heat pumps (GSHP) work differently than traditional heat systems
because they do not use fuel (propane or natural gas). The natural heat of the earth is
used instead. A series of pipes are put into the ground at varying depths called a loop. In
the loop is a water based fluid that circulates and absorbs the heat from the earth. The
heat is transported into the home or building and provides the winter heat. Inside the
home or building, a GSHP system concentrates the heat and released it at a higher
temperature.

During the warmer seasons the GSHP work in reversed replacing the need for an
air conditioning unit. The excess heat is pulled from the building into the loop, and re-
absorbed by the earth. (Redding Electric Utility)

http://www.reddingelectricutilitv.com/energvsvc/how gshpworks.html

Michael Winkler is an Arcata resident with a ground source heat pump installed at
his home. His house heating is from Water Furnace ES Split (30,000 BTU/hour); using 2
- 150 ft. vertical ground loops. He provided the following information.
The cost of the ground-source heat pump depends on a ﬂumber of factors including:

1. Climate (how cold or hot the weather is, as measured in "heating
degree-days” and "cooling degree-days” per year)

2. The size of the house and how well insulated it is.

3. Loop type (horizontal or vertical; horizontal is much cheaper, but
requires a large yard)

4. Soil composition and moisture content (a more porous soil conducts
heat better; softer soil is easier to bore holes in)

5. Soil temperature

6. Travel distance for the well driller

Winkler’s residence ground source heating system price is $12,802.




Local installers

Crystal Air

1413 Main Street, P.O, Box 1501
Weaverville, CA 95926
1-877-845-5739

Michael Ericksen

Earth Energy Systems, Inc.
956 Piner Rd.

Santa Rosa, CA 95403
PHONE: 707-523-4363
FAX: 707-523-4360

Manufacture

WaterFurnace International, Inc.
9()00 Conservation Way

Fort Wayne, IN 46809
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Energy Conservation
Design of Energy Conservation and Renewable Energy Program for Residential
Sector, prepared by Schatz Energy Research Center, July 2, 2001.
Schatz Energy Research Center (SERC) prepared a report, Design of Energy
Conservation and Renewable Energy Program for Residential Sector, offering results of
their work in design of energy conservation and renewable energy programs for
Humboldt County households (SERC, 2). Each area of analysis is covered thoroughly
and in some areas recommendations are provided. The report provides analysis on the
following areas;

Energy Education — Provides education of energy conservation and efficiency
methods to illustrate immediate savings. This demonstrates that investments in solar hot
water systems and solar electric systems are more cost effective than most people
realized. Energy education can come from community fairs, workshops, mailing list,
tours of energy efficient demonstrations homes in Humboldt County, and youth
education.

Electric Load Reduction — Provides information on two energy reduction
methods: compact fluorescent lights and phantom load reduction. Table 3.1 gives a
comparison of the cost of compact fluorescent, incandescent, and halogen bulbs and their
clectrical use. Phantom load reduction analysis provides information that through
education a substantial amount of energy can be conserved.

Weatherization — Provides information on energy savings through basic home

weatherization measures. Estimates of saving from $933 to $3,226 depending on house



size are possible from weatherization (SERC, 10). Table 4.1 shows the results of
analysis.

Solar Hot Water Systems - Provides cost-effectiveness for Humboldt County
geographical area determining the expected performance of the system. Information on
the basic types of hot water systems is provided, key information of energy education,
along with considering hot water conservation techniques (SERC, 16). Table 5.1 gives
savings and payback periods for solar hot water systems. The report also provides
guidelines recommended for solar hot water systems.

Solar Electric Systems — Provides list of equipment for two types of residential
photovoltaic PV system, cost of installation, and energy production potential. The
systems analyzed are grid-connection systems in that there is not a battery backl;p. Table
6.1 and 6.2 itemized the equipment needed for a 1-kW and 2-kW system. Figure 6.1 .
shows the configuration of typical residential PV system. This section of the report also
gives information on solar access and rebates from California Energy Commission.

Economic, Regulatory, and Utility Issue — Provides information on what local
government can take into account to help make available renewable energy programs.
The section includes economic, regulatory and utility-related concerns the local
government should consider. Attention to PV systems specific issues of permits, rebates,
utility rates, and grid interconnection are offered in this section, along with some

information on solar hot water systems.
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1. EXECUTIVE SUMMARY

This report presents the first results of our work on the design of energy conservation and
renewable energy programs for Humboldt County residences. These results are preliminary and
subject to revision. The systems discussed here should not be considered recommended
standardized systems, but instead represent commeon or current practice. All economic analyses
use June 2001 prices for electricity and natural gas. In this report, cost-effectiveness of measures
is presented in terms of simple payback time, i.¢. the time period required for energy cost savings
to repay the materials and labor costs of implementing the measure. We have not considered
savings that would result from bulk purchases of equipment and standardization of systems.

Energy Education
e Educating the public about energy efficiency and consetrvation techniques would produce
immediate savings and would make solar hot water systems and solar electric systems more
cost effective.
e Several distinct audiences exist for educational outreach: residential consumers, small
business owners, contractors, and government.

Electric Load Reduction
e Lighting consumes 25-30% of houschold electrical energy use. Replacing incandescent lights
with compact fluorescent bulbs in moderate to high use areas in homes generally provides a
1- to 2-year energy savings payback at current prices of electricity. Initial costs would range
from $8 to $12 per bulb. _
e A “phantom load” reduction effort would yield modest savings of electrical energy but would
be simple and inexpensive to implement.

Weatherization

« Weatherization measures would primarily reduce natural gas consumption.

e SERC engineers used a residential energy use model produced by Lawrence Berkeley
Laboratory, cost data collected from local contractors, and custom-designed analysis
spreadsheets to estimate potential savings, cus.w, and payback periods for a number of
weatherization and lighting efficiency measures applied to generic small, medium and large
Humboldt County homes. :

« The full package of seven weatherization measures would result in savings ranging from
$500 to $1,700 per house per year, depending on housc size and other variables.
Implementation costs would range from $2,000 to $4,000 per home, resulting in encrgy
savings paybacks between 2.4 and 5.0 years at current prices of natural gas.

Solar Hot Water Systems

« Before investing in a solar hot water (SHW) system, it is more cost effective to invest in
making homes more energy efficient. By taking steps to use less hot water and to lower the
temperature of the hot water, uscrs will reduce the size and cost of solar water heaters.

e The estimated installed cost of typical SHW systems that arc currently being offered locally
ranges from $4000 to $4600.

o Depending on the circumstances and at current prices of electricity, SHW systcms can be
expected to have reasonable (5-6 year) to longer (10 year) payback times when
supplementing an existing electric hot water heater.
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o When supplementing an existing gas hot water heater, SHW system payback times exceed
20 years at current prices of natural gas.

o SHW systems offer many other benefits such as improved environmental quality, enhanced
energy security, and Jocal ecconomic development opportunities.

Solar Electric Systems

o Homeowners should first greatly reduce their overall electrical energy usc through
conservation and efficiency before installing photovoltaic (PV) systems. Humboldt County
houscholds use an average of 15 kWh/day of electrical energy.

e It is much less expensive to meet energy needs through conservation and efficiency than to
install a larger PV system.

« Homeowners installing PV systems should switch to “net metering” so that they will be
billed for net annual electricity use.

o A 1 kW system would cost approximately $5200 installed after the California Energy
Commission (CEC) rebate. With good solar access, such a system could meet 100% of the
net annual electricity use of an extremely energy efficient home (i.e., one that uses 4
kWh/day or about 25% of the current average). '

o A 2 kW system would cost approximately $9300 installed after the CEC rebate. With good
solar access, such a system could meet 100% of the net annual electricity use of a very
cnergy efficient home (i.e., one that uses 8 kWh/day or about 50% of the current average).

e PV systems offer many other benefits such as improved environmental quality, enhanced

-~ energy security, and local economic development opportunities.

Economic, Regulatory, and Utility Issues

o Energy cfficiency and conservation measutes are almost always a less expensive way to
avoid energy costs than installing renewable energy generation equipment. Local government
and homeowners should thus ensurc homes are as energy-efficient as possible before
investing in solar thermal or solar electric (photovoltaic) systems.

» To effectively usc solar energy to heat water or generate electrical power a building must
have good solar access. The building must have an unshaded, south-facing roof area. The
iegal right to receive solar energy across another person’s propuity (a solar easement) is
guaranteed by California state law and by ordinance in Arcata. More active enforcement of
these laws may be required to protect solar access.

o Solar water heating is generally a more cost-effective measure than photovoltaic electricity
generation. '

e Rebates offered by the State of California make PV systems more affordable, but these
rebates alone do not make PV an inexpensive investment. Bulk purchasing discounts
leveraged by local government and customer time-of-use metering could, however, give grid-
connected residential PV systems a much faster economic payback. Administrators at the
Sacramento Municipal Utility District (SMUD) have expressed willingness to allow
Humboldt County governients to take advantage of discounted bulk PV equipment purchase
agreements already used by SMUD as part of their existing residential PV program.

o Local government could significantly reduce the cost to the consumer of SHW and PV
systems by:

1) Buying in bulk. Local government could pay less for system components and help the
consumer avoid crating charges.
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2) Creating standardized SHW and PV systems. Building permits can be made less
expensive and quicker to generate. These standardized systems may be quicker to install,
reducing labor costs.
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2. ENERGY EDUCATION

The objective of this section is to present methods for educating the public about the energy
efficiency and conservation techniques outlined in this report. Educational outreach methods
should be designed to reach a large audience in a cost-cffective manner, We have identified the
following four separate audiences that should be targeted: residential consumers, small business
owners, contractors, and local government building and planning officials. The following lists
describe possible educational outreach methods.

Residential Consumers and Small Business Owners:

e Community Fairs: Host energy education booths at community fairs (e.g. July 4th,
Humboldt County Fair, North Country Fair) to make energy efficiency and
conservation information available to the public. Community fairs are opportunities
to promote simple solutions, such as racks to dry clothes and power strips to eliminate
phantom loads, and to provide information on more complex measures, such as
weatherization.

o Worlkshops: Present energy education workshops at community centers throughout
the county. In addition to general information, these workshops should include
instructions for implementing energy conservation measures, such as weather
stripping and insulating a home. The workshops should also educate consumers about
state, federal and utility rebates and other energy system cost savings programs. Local
government may provide incentives to attend these workshops, such as free compact
fluorescent light bulbs or energy audits.

o Mailing Lists: Distribute informational postcards or packets to county residents and
businesses informing them of the program and inviting them to request an
appointment for a free or low-cost energy audit. The mailing could include interesting
facts about energy, phrased both in terms of dollars saved and the overall value of
conservation.

e Tours: Organize tours of energy-cfficient homes and businesses in Huinboldt County
to showcase and explain technologies.

e Youth Education: Encourage local performing arts groups, such as Del Arte, to
develop dramatic presentations for county schools that focus on energy efficiency and
conscrvation. These presentations should be developed with input from local teachcrs
to maximize their effectiveness.

Contractor and Government Official Education:

s Workshops: Present energy education workshops for contractors and local building
and planning department officials to educate them on measures that reduce the need
for energy expenditures in a home or business. Local government should survey
contractors and building and planning officials to determine appropriate content for
thesc workshops. An important aspect of this survey would be to determine if
workshops should be tailored to specific disciplines.

o Tours: Organize tours of energy-cfficient homes in Humboldt County to showcase
and explain technologies.
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3. ELECTRIC LOAD REDUCTION

The objective of this section is to present low-cost measures for reducing electrical loads, which
should always be the first step in the design of a renewable energy system. Two load reduction
measures are considered in this section: compact fluorescent lights and phantom load reduction.

Compact Fluorescent Lights :

Lighting consumes 25-30% of household electrical energy use. Compact fluorescent (CF) light
bulbs use less power (in watts) to deliver the same number of lumens as incandescent or halogen
lighting. The quality of CF bulbs has improved dramatically in recent years. Many types of CF
bulbs are available, and their light quality varies from a cool blue hue to warm yellow tones.
People's preference for certain brands differs depending on the desired application and light
quality. CF light bulbs operate most efficiently when they are used in fixtures that are left on for
~over 2 hours per day. They may fail prematurely if they are turned “on” and “off” excessively.

Table 3.1 summarizes a cost and payback time analysis based on a typical CF bulb (life,
expectancy of 10,000 hrs), compared to incandescent bulbs (life expectancy of 750 hours) and
halogen bulbs (life expectancy of 2,000 hours). An initial investment of $8 to $12 per bulb would
result in a payback time of 12 to 14 months. :

Also included is a comparison of the cost of purchase and operation of a CF torchiere light
compared to a halogen torchiere light. Initial cost of the CF torchiere fixture (approximately $75)
might be a barrier to consumer acceptance and could be offset using a torchiere trade-in program.
These programs entail the consumer exchanging their halogen torchiere, along with $15 to $35,
for a new CF torchiere fixture with a CF bulb. CF torchieres also offer a safety advantage, as
halogen torchieres pose a serious fire hazard. Utility and/or state conservation funds have

supported many successful torchicre trade-in events in other communities in recent years.

Phantom Loads

Many home appliances and consumer elcct: onjss preducis are using electricity constantly, even
when their power switch is in the “off” position. Examples of such “phantom loads” are the
clocks in VCRs and microwave ovens, the small black wall cubes that adapt DC appliances to
run on AC house current, and the instant-on features in televisions and home entertainment
centers. These loads typically range from 1 to 10 watls per appliance. A study by Lawrence
Berkeley National Laboratory estimated the average standby power load in California residences
to be 67 watts. While this may appear to be a fairly small waste of energy, it amounts to a lot of
power when added up community-wide. Based on 67 watts per household, Humboldt County’s
approximately 50,000 houscholds have a total phantom load on the order of 3.4 MW, or nearly
one and a half times the total output capacity of Matthews Dam hydroelectric plant at Ruth Lake.

A phantom load reduction program should consist mainly of consumer education. Phantom loads
can be reduced by teaching residents to remember to unplug appliances that are not in use, to
enable Energy Star® power-down modes on coinputet equipment, and to buy products with
Energy Star” labels, which have little or no standby power consumption. Local government
could also distribute low-cost power outlet strips (availabie for $4-$10 each) that would allow
residents to disable phantom loads. Estimated payback time for this measure would be
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approximately one year, assuming that cach household could reduce their phantom load by onc-

third by using three outlet strips.
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4, WEATHERIZATION

The objective of this section is to present the potential energy savings that could be achieved
through a basic set of home weatherization measures. In order to estimate the potential savings,
we sct up three before-and-after computer models representing 1000-, 1500-, and 2000-ft?
(“small”, “medium” and “large”) homes. The models were developed using Lawrence Berkeley
National Laboratory’s online energy analysis tool, “Home Encrgy Saver” (HES), which is
available at hitp://hes.Ibl.gov. HES is very user-friendly and uses the industry standard building
energy analysis computer program, DOE-2, to perform its internal calculations. The analysis is
quite sophisticated, incorporating local weather data to calculate year-round energy costs for the
modeled home.

We made a number of assumptions in setting up the models to reflect “typical” local homes. The
homes are assumed to have been built in 1956 with wood siding, attics and vented crawl spaces,
and use natural gas for space and water heating. The space heating system is a central forced air
unit with ducts in the crawl space. Existing insulation is assumed to be R-11 in the attic with no
wall or floor insulation. While HES also analyzes gas and electric use by appliances such as
dryers and stoves, the present discussion considers only energy used for space and water heating.

In addition to changing the house’s square footage to create the different models, we also
adjusted the home’s features in proportion to the size of the house. These features include the
number of occupants, heat output capacities of the furnace and water heater, total window square
footage, number of laundry loads per week, and other minor features. The 1000- and 1500-ft*
homes are single-story, while the 2000-ft* home is two-story.

The package of weatherization measures analyzed included:

e weather stripping all doors and windows;

e increasing attic insulation from R-11 to R-49 (Note: R-49 is the level of attic insulation
recommended by the U.S. Dept. of Energy for the logal climats zone. California Title 24
residential standards require only R-19 for ceiling/attic insulation in new construction.);
insulating water heater and hot water pipes;.

tuning up furnace to raise efficiency from 78% to 83%;

adding heating duct insulation;

sealing heating duct leaks; and

» installing a programmable thermostat.

Figure 4.1 illustrates where these measures would be incorporated in a typical home.

Tabie 4.1 shows the results of the analysis. Base case (pre-weatherization) annual space and
water heating costs range from $933 to $3,226, depending on house size. These costs come down
to $446 - $1500 with the weatherization package implemented, resulting in annual savings of
$487 - $1,726. In other words, the model indicates that this package of energy efficiency
measures could reduce water and space heating costs in typical area homes by more than half.

10
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We also used the model of the 1500-ft2 house with each of the seven measures implemented
individually in order to rank the measures according to energy savings value. The results of these
runs are shown in Table 4.2, Weather stripping, which presumably is defined in HES as general
infiltration reduction (door and window weather stripping and caulking of other gaps) achieves
the greatest savings, followed by duct insulation, programmable thermostat installation, and attic
insulation. '

Cost estimates were gencrated by surveying local contractors and by seeking “typical”
weatherization cost data on the Internet, primarily from Lawrence Berkeley National
Laboratory’s “Home Improvement Tool” (HIT) website (http://hit.1bl.gov). For each measure,
our collected cost data showed a fairly wide range. We used the lowest and highest reported
costs for each measure to estimate the “best” and “worst” energy savings payback periods,
respectively.

As shown in Table 4.3, estimated payback periods range from less than half a year to over eight
years. Weather stripping, duct insulation, programmable thermostats, and furnace tune-ups all
show rapid paybacks (i.e. less than three years), while attic insulation, hot water systcm
insulation, and duct sealing showed longer paybacks. (Note that our model assumed existing R-
11 insulation in attics; insulating a completely uninsulated attic would provide a faster payback.)
Overall payback for the full package of seven measures ranges from two and a-half to five years.
These are favorable results, as even a five-year payback represents a 20% annual return on
investment.

With the exception of duct sealing, each of the analyzed measures has an expected useful
lifetime well in excess of its payback period, assuming that the measures are performed by
trained contractors using quality materials. Tune-ups are recommended for gas furnaces every
three to five years.

Plans for Further Study , _
As patt of our further study of weatherization measures, we plan to perform the following rasks:

¢ Analyze more weatherization measures.

e Coordinate with RCAA’s weatherization manager, Val Martinez, to avoid program
duplication.

e Acquire NEAT (U.S. Dept. of Energy’s National Energy Audit Tool) software.

e Investigate PG&E (and other) certification programs for weatherization contractors.

e Analyze potential benefits of introducing local “beyond Title 24” energy codes for new
construction. :

e Refine recommendations for energy education program.

13
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5. SOLAR HOT WATER SYSTEMS

The objective of this section is to determine the cost-effectiveness of solar hot water sysiems
based on their expected performance in our geographic area. A typical system that is appropriate
for our area is examined. In addition, the basic types of solar hot water systems are discussed, the
importance of encrgy education and hot water conservation measures are considered, and
recommended guidelines for a solar hot water program are presented. Finally, plans for further
study are outlined.

Background
Solar water heating systems use energy from the sun to heat water for domestic use. A typical
system consists of flat plate solar collectors mounted on the roof, a solar hot water storage tank,

. an auxiliary water heater (either gas or electric), and miscellaneous components such as pumps,
valves, controls, and heat exchangers. The basic function of the system is to circulate water or
some other heat transfer fluid through the solar collectors and thereby collect solar heat. This
heated fluid then transfers energy to potable water in the solar storage tank. The solar storage
tank acts as a pre-heater for the auxiliary water heater. Cold potable water enters the solar
storage tank and is heated. When hot water is demanded, water from the solar storage tank is fed
to the auxiliary water heater and is further heated, if necessary, before being provided to the end

user.

Numerous types of solar hot water systems arc available. Four general types are:

e Forced circulation, or “active” systems, which use a pump to circulate fluid through the
collector;

e Integral collector storage systems, or “batch” water heaters, which combine the collector
and storage tank into one; ,

e Thermosyphon systems, which have a separate storage tank above the collector that
allows fluid to naturally circulate through the collector; and

o Beli-pumping systems that use a phase-change or other passivi: mcaus to cause the fluid
to circulate through the collector.

The most common system type is the forced circulation system. Within this system type there are
several frecze protection strategics. These include draindown systems, drainback systems,
recirculation systems, and closed loop anti-freeze systems. The appropriate type of freeze
protection depends on local climatic conditions. The most common type of system installed
locally is a forced circulation drainback system. A schematic of this system and its components
is shown in Figure 5.1. ' '

16
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Figure 5.1. Forced Circulation Drainback Solar Water Heating System
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Solar hot water systems have been in use for many years. In the 1860’s rooftop solar water
heaters became popular, but then lost favor when natural gas became readily available. In the

' 1970’s and 1980’s, the solar water heating industry saw another resurgence in interest due to a
perceived energy crisis and favorable tax credits. Unfortunately, many non-reputable vendors
sprang up and installed systems that were less than optimal. As the years passed, however, there
was a shake-out in the industry so that most of the systems manufactured and installed today are
generally reliable and of high quality.

Many solar hot water collectors and complete solar hot water systemns are now certified and rated
by the Solar Rating and Certification Corporation (SRCC). SRCC was incorporated in 1980, and
is a non-profit, independent third-party certification entity. They are the only nationally
recognized certification agency. The SRCC certification criteria cover the following: systeim

design, reliability, durability, safety, operation, servicing, installation, operation and maintenance
manuals, and system performance.

The California Energy Commission (CEC) is offering grants of up to $750 for solar hot water
systems through their Solar Energy and Distributed Generation Grant Program. To qualify for
{hese rebates the installed system must meet the following criteria:

e The complete solar hot water systemn must be certified by the SRCC.

e The system must have a minimum Solar Energy Factor (SEF) rating (from SRCC) of 1.4
for systems using electric supplemental heaters and of 0.8 for systemns with gas
supplemental heaters.

o The system must be covered by a 3-year warranty.
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¢ The system must be installed and operated in accordance with all laws, codes,
regulations, standards and manufacturer specifications.

e The system must be installed by a licensed contractor (Class A, C-46, C-53) or the
homeownet.

Conservation Measures and Energy Education

As part of a solar hot water program, consumers should first be educated about the importance of
using energy wiscly. Before investing in a solar hot water system, it is more cost-effective to
invest in reducing hot water use. Good first steps include:

installing low-flow showerheads and faucet aerators;

insulating existing water heater;

insulating hot water pipes;

lowering the thermostat sctting on the water heater to 120°F-130°F;

replacing the washers in any dripping faucets;

using the cooler cycles on.your clothes washing machine whenever possible;

using cold water, not hot whenever possible; and

using a timer to turn the electric heating element off during times when hot watcr is not
needed.

In addition, consumers should be informed about how to get the most out of their newly installed
solar hot water system. This information should include:

o Shower and wash clothes and dishes late in the day, after the sun has heated your water.
e During warm, sunny weather, turn the electric heating element off completely.

Cost and Savings Analysis for Solar Water Heating

SERC evaluated the potential cost and savings of two solar water heating systems that are
currently being offered locally. These were hoth forced circulation drainback systems featuring
SKCC certified SunEarth 4°x107 flat plate collectors. One system, consisting oi iwo collectors
and a 120-gallon solar storage tank, had an estimated installed cost of $4000. The second system,
featuring three collectors and a 210-gallon solar storage tank, had an estimated installed cost of
$4600. Assumptions used in the analysis were for a typical single family residence in the U.S. (a
household of 3 or 4 people) and were generally consistent with SRCC rating assumptions.
Analyses were performed for systems with either electric or gas auxiliary water heaters.
Economic evaluations included the $750 CEC rebate.

Results shown in Table 5.1 incorporate the current cost of electricity or natural gas for quantitics
below baseline usage. As shown in the table, solar water heating is much more economically
attractive if the resident is currently using an electric water heater. The payback times in this case
may rangc from 8 to 10 years, whereas the payback times are nearly three times as long for
somebody who is currently using a gas water heater. These numbers will vary based on '
numerous system conditions. However, the variables that by far make the most difference are the
initial installed cost of the system and the cost of the auxiliary fuel (electricity or gas).
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Table 5.1. Savings and Payback Periods Associated with Solar Hot Water Systems
Energy Energy Payback
System Size Use/Yr Use/YT § Savings/ | Period SSF* SEF**
(before) (after) Year (yrs)
Electric auxiliary water heater
2 collectors, |
120 gal. 5468 kWh 2643 kWh $327 10 52% 1.9
storage
3 collectors,
210 gal. 5468 kWh 1813 kWh $431 8.9 67% 2.7
storage
Gas anxiliary water heater
2 collectors, :
120 gal. 187 therms 90 therms $122 27 52% 1.9
storage
3 collectors, :
210 gal. 187 theyrms | 62 therms $167 23 67% 2.7
| storage

*QSQF = Solar Sav

system.

**SEF = Solar Energy Factor. This
divided by the total non-solar energy
to the Energy Factor (EF) rating that is give

Table 5.2 examines the
quantities. If a household uses 13

ings Fraction. This is the pe

baseline usage will be $0.194/kWh, and for 20

$0.238/kWh. These increases i

heatet tu about 5 to 6 years.

Recommended Solar Hot
The following is a list of recommen

should meet:

e All sites should have clear solar access between

throughout the year.

¢ The collector orientation should be w
e The collector slope should be in the range of 26°

41°N).

o Tnstalled systems should be SRC
e Participants should be cncourage

conservation measures as listed above.
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(gas or electric) required to
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Water System Guidelines

ded criteria that participants in a solar hot water program

ithin 15° of true south.
to 56° (within 15° of our latitude of

roent of the hot water load met by the solar water heating

livered hot water energy

heat the water. This factor is analogous

es associated with usage over baseline
their electric rate for their above
baseline, the cost rises to

lly fedude the payback period for a solty watst

at least 9 a.m. and 3 p.m. solar time
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d, or even required, to adopt basic hot water



HEC Report #1 July 2, 2001

Table

5.2. Payback Times for Solar Hot Water Systems Based on Above Baseline Electric Rates
Payback Period
System Size $ Savings/ Year (yrs)

Electric auxiliary water heater

130% to 200% above baseline

5 collectors, 120-gal. storage $503 6.5

3 collectors, 210-gal. storage $664 5.8
Electric auxiliary water heatet

200% to 300% above baseline

1 collectors, 120-gal. storage $617 5.3

3 collectors, 210-gal. stotage $815 4.7

Plans for Further Study
As part of our further study of solar hot water systems, w¢ plan to perform the following tasks:

Rescarch and analyze other available systems.

Investigate the availability of solar installers.

Verify system installed costs.

Identify the most cost-effective systems for our locale.

Examine the option of replacing the existing water heater with an on-demand water
heater.

Research the possibility of making bulk puechases of solar hot water systeins ata reduced
cost.

Research the lessons learned in other solar hot water programs, such as those promoted
by the Sacramento Municipal Utility District (SMUD) and by the State of Florida.
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6. SOLAR ELECTRIC SYSTEMS

The objective of this section is to provide approximate instalted costs, energy production
potential, and typical equipment for two example residential photovoltaic (PV) systems. The two
systems specified would generate a peak of approximately 1 kW (AC) and 2 kW (AC),
respectively. They would be grid-connected with no battery backup. Lifecycle costs are based on
an expected lifetime of 20 years. Participating homeowners would switch their electrical service
to “net metering” and would be billed for net annual grid electric use subject to a minimum
monthly charge, which is $5.

A residential PV system would allow homeowners to stabilize their electricity costs, contribute
to generating electricity in our area, and reduce the environmental impact of their electricity use
by generating clectricity from a renewable source (the sun).

We assume that homeowners who have PV systems installed will also greatly reduce their
overall energy use through conservation and efficiency measures. It is much less expensive to
meet energy needs through conservation and efficiency than to install a larger PV system.
Average residential electricity use in Arcata is approximately 450 kWh/month (15 kWh/day). In
a very energy cfficient home, clectricity use could be reduced to approximately 240 kWh/month
(8 kWh/day). In an extremely energy efficient home, it could be reduced to approximately 120
kWh/month (4 kWh/day). At a site in Arcata with good solar access, a 1-kW system could, on a
yearly basis, meet 100% of the electricity needs of an extremely energy efficient house. A 2-kW
system at the same type of site could, on a yearly basis, meet 100% of the electricity needs of a
very energy efficient house. '

Battery backup was excluded from these conceptual designs because it would:

approximately double the lifecycle cost of the system;

produce approximately 20% less net energy for the same number of solar panels;
require battery replacement approximately every itve years;

e require active involvement by the homeowner in maintaining the system; and

e require a dedicated shed or room for batteries and other support equipment.

Tables 6.1 and 6.2 list the typical equipment required for 1-kW (AC) and 2-kW (AC) PV
systems and their associated costs. The PV modules make up almost 75% of the total hardware
costs. A typical configuration for a 2-kW system is shown in Figure 6.1.

Table 6.1. Typical Equipment for a 1-kW (AC) Residential PV System
Manu-
Quantity] Ifem facturer Model $/ea | Watts total | § total
12 [PV Module| Photowatt |PW1000-95 $370 | 1025 (DC) $4,440
1 Inverter AES GC-1000 ]$1,000] 953 (AC) $1,000
2 Rack UniRac | U-GR/160 | $325 $650
L : Total] $6,090
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Table 6.2. Typical Equipment for a 2-kW (AC) Residential PV System

Manu-
Quantity| Item facturer Model $/ea | Watts total | § total
24 1PV Module| Photowatt | PW1000-95 $3700 2050 (DC) $8,880!
1 Inverfer Trace ST-2500 | $1,865( 1906 (AC) $1,865
4 Rack UniRac | U-GR/160 $325 $1,300
Total | $12,045

Note: The modules listed are nominally 95

inverter has a CEC-rated efficiency of 93%.

SMUD has provided us with a quote for PV
systems. We do not yet have information on

made of amorphous silicon, which has approximately

crystalline modules an
system listed in Table
racks for modules of similar size,

Watts, but are derated to 85.4 Watts by the CEC. The AES
The Trace inverter has a CEC-rated efficiency of 94%.

modules and inverters for a quantity of 100 2-kW
the cost of mounting racks. The modules quoted are

half the efficiency of the Photowatt multi-

d would therefore require twice the module arca as compared to the
6.2. Assuming that mounting racks would cost approximately the same as
the hardware cost for a 2-kW system using the quoted modules

would be approximately $2000 less than the cost listed in Table 6.2. Installation costs are likely
to be significantly higher than the system listed in Table 6.2.

Table 6.3 presents the estimated monthly output at local latitude using local insolation data for a
sitc with good solar access.

Y Solar PV Array

Solar Power
AC to Grid

Sun Tie Inverter
oL,

Main Utility
# Breaker Panel

Source: Trace Engineering

Figure 6.1. Typical Residential PV System Configuration
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Table 6.3. Monthly Output for PV Systems in Arcata with Good Solar Access

System Size AC Watts total kWh/month (ave)
1 kW 953 120
2 kW 1906 240

Note: kWh/month is based on average solar insolation for Arcata.

Installed Cost

Based on conversations with four PV installers in Humboldt County and one in Mendocino
County, installed costs are approximately $9 to $10 per watt for a 1-kW (AC) system ($9000 to
$10,000 total) and $8 to $10 per watt for a 2-k'W (AC) system ($16,000 to $20,000 total). The
difference between these installed costs and the equipment costs listed in Tables 6.1 and 6.2
reflect the labor costs for installation and the costs of balance-of-system components, such as
wires and disconnect switches. Costs will be significantly higher for difficult installations.
Output will be significantly lower for sites with a large percentage of shading or roof orientations
that are far from optimal.

Solar Access
A site has good solar access if it has:

» minimal shading between 9 a.m. and 3 p.m. solar time year-round;
e roof facing within 15° of true South; and
o tilt within 15° of our latitude of 40.9° on the south-facing roof.

California Energy Commission Rebates

CEC rebates are $4.50/AC Watt or up to 50% of total installed system cost, whichever is less.
For the specified 1-kW (AC) system the CEC rebate would be $4300.

For the specified 2-kW (AC) system the CEC rebate would be $8670.

Summary . ‘

Residuatial 1-kW and 2-kW photovoltaic systems are available that can iveet up to 180% of the
annual electric use for very energy efficient homes with good solar access. Typical installed
costs after CEC rebates are $5200 and $9300 respectively.

Areas for Further Study
¢ Time of use electric service in conjunction with refrigcrator and other timers to improve
cost-cffectiveness of PV systems
Group purchasing with SMUD or other organizations to reduce equipment costs
“Stay-clean” coatings for PV panels
Develop outreach to builders to include PV systems in new construction
Develop tic-in with U.S.Department of Energy “Million Solar Roofs” program
(http://www.eren.doe.gov/millionroofs/).
¢ Work with local lenders on low-cost financing of PV systems. Include PV systems in
“energy-efficient” mortgages.
(http://www.consumerenergycenter.com/homeandwork/homes/inside/mortgages.html)
¢ Encourage PV systems as mitigation for environmental impact of new construction.
Expand and publicize solar access ordinances in Humboldt County.
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Develop database of PV systems and PV installers in Humboldt County.
Expand PV education in Humboldt County.

Educate news media about PV and expand coverage.

Encourage local manufacturing of PV system components.

7 ECONOMIC, REGULATORY, AND UTILITY ISSUES

Tn this section, we consider economic, regulatory and utility-related concerns that local
government should take into account in creating residential renewable energy programs. Solar
hot water systems are discussed briefly. Greater attention is given to PV systems, as many
special issues, including rebates, permits, utility rates, and grid interconnection, all come into
play when using this technology.

First, we must state some observations:

e We don’t always spend the minimum possible amount of money to get a product or
service. For example, people are not necessarily attracted to the cheapest form of
transportation: some of the least expensive cars are some of the least sought-after, and
mass transit is often the cheapest but least chosen option. Glamour, status, atiractiveness,
etc. are also factors.

e Our system of economics doesn’t tell the whole story of costs. It doesn’t recognize
externalities (the value of avoided CO2, SO, NOy). It cannot recognize the value of
things that we don’t pay for (for example, peace and quiet, elimination of risk of future
price increases, philosophical stance).

 Plugging the “leaks” in energy systems by improving efficiency and reducing
consumption is almost always cheaper and better for the environment than finding new
sources of energy.

“Tabic 7.1 lisis examples of energy cost reduction measures and their associatcd capital COsis and
payback periods. Of the activities that require some investment, installation of simple, low-cost
conservation measures such as CF light bulbs and clothes drying racks probably give the best
return per dollar spent. The most bencficial use of solar energy for most consumers is to install a
solar hot water heatcr.

Solar Access
Using passive and active solar energy can substantially reduce energy needed from other external
sources, such as electricity and natural gas.

To effectively use solar energy:
e A building must be properly oriented.
e  Shading from other buildings and from vegetation must be minimized.
o Installation of solar energy systems must not be prohibited or unreasonably restricted.

Minimizing shading on active solar collectors such as solar waters heaters and solar electric
panels is especially important. '
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Table 7.1. Examples of Energy Cost Reduction Measures, Capital Costs, and Payback Periods

Activity : Cost Estimated Payback Time
(in decreasing order of cost-effectiveness) (at current local utility rates)
Turn off unused lights (porch lights, etc.) zero  |immediate
Hang up clothes on a drying rack $20 5-8 months
Change incandescent bulb to CF $8-12 |12-14 months at three hours/day
Reduce unnceded “phantom” loads $10 1 year
Install a solar hot water system $4,000 |5-10 years (replacing electric heater)
20-30 years (replacing gas heater)
Install a solar PV system $5,000 - [19-37 years (see economic analysis)
$25,000

A legal right to receive solar energy across another person’s propetty is termed a solar easement.
Qolar easements are guaranteed by California state law and by ordinance in Arcata.

The California Shade Control Act (AB 2321, 1/1/1979) “prohibits any tree or shrub occurring
subsequent to the installation of a solar system on another property from casting a shadow
greater than 10% over the collector area between the hours of 10 a.m. to 2 p.m.. standard time.”

The California Solar Rights Act of 1978 (AB 3250, 9/25/1978) gives people the right to install
solar energy systems, grants solar easement rights to properly owners and requires that

subdivisions be configured to maximize passive solar heating and cooling opportunities.

Arcata city ordinance Section 1-0311 (Solar Siting and Solar Access) defines rules for solar
casements and requires that:

. One building may not shade another by more than 10% from 10 a.m.-2 p.m. at any
... timg of the year. _ .
3 11 subdivisions, 80% of buildings must he oriented within 15° of N-5/E-V.

Legal rights to solar access already exist in state law and Arcata city regulations. Making citizens
and planning agencies aware of these laws and regulations can increase enforcement and
contribute to increased use of solar encrgy in Humboldt County.

Solar Hot Water Heaters

California residents who install solar hot water heaters are eligible for a CEC rebate of
$750/system. This offer expires June 29, 2001. CEC expects a renewal/extension but will not
know for sure until the state budget is signed. The CEC will continue to accept and hold
applications pending reauthorization of rebates.

Local government could increase adoption of solar energy by Humboldt County residents by

offering pre-approved, reliable solar hot water heating packages purchased in bulk. See the solar
hot water section of this report for the analysis of solar hot water systems.
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Solar Electric Systems

PV electricity is still more expensive than grid electricity. The cost of PV electricity is highly
variable, depending on the capital cost of the system and the assumptions made in the gconomic
analysis. PV electricity rates vary from $0.18/kWh to $0.60/kWh in the Eureka-Arcata area.
These costs continue to decrease over time. By buying equipment in bulk and making it easy for
consumers to install pre-approved packages (reducing the cost of the building permit and
installation), local government can minimize the total cost to the consumer. See the economic
analysis section below for more specific information.

The CEC’s Emerging Renewables Buydown Program offers a rebate of $4.50/watt or 50% of
system cost, whichever is less. The commission derates the output of the system to account for
normal operating conditions, so the rebate often turns out to be slightly less than indicated by
manufacturers’ product specifications. Any homeowner wishing to take advantage of the CEC
rebate must use PV modules and inverters that are on the CEC’s lists of approved equipment. To
be eligible for the rebate, the customer must have a site located in PG&E territory, and the
system must be grid-connected. The consumer can install the PV system and still be eligible for
the rebate, provided that she/he is able to understand wiring schematics, electrical codes, and
mounting techniques.

Space Requirements
As part of this analysis, we examined 1-kW and 2.4-kW systems. The areas required by the

sample 1-kW and 2.4-kW crystalline systems are approximately 5’ x 20° and 6” x 36
respectively. The best place for such systems is on a south-facing, unshaded roof (within 135
degrees of south and at a #ilt of 25 to 55 degrees from horizontal).

There is no minimum system size to qualify for the CEC buydown. The smallest CEC-approved
systems are available as 100-W modules with small inverters mounted on the back. These
systems tend to be more expensive per watt generated, but offer the possibility of modular
expansion. To qualify for the CEC rebate, the maximum size cannot be mote than 125% of the
site’s amiual histoiical or cprrent needs. ‘

Electricity Produced
In one year, a 1-kW system installed in the Arcata-Eurcka area will produce about 1200 kWh of

electricity. A 2.4-kW system will generate about 3100 kWh per year.

Under California “net metering” law, the homeownet will be credited for this energy by PG&E
at the same rate that the homeowner buys electricity. Essentially, the customer’s electric meter
will run backward as the PV electricity is generated and forward as the house draws electricity
from the utility grid. Net metering can be accomplished by using the existing electricity meter.
Most families consume between 3 and 30 kWh/day, or 1095 to 10,950 kWh/year. At least oncc a
year, the resident will be charged for the net energy consumed over the past 12 months. In
addition, regardless of PV output, PG&E assesses a minimum charge of $0.16 per day for
electric service (about $5/month) and will not pay the customer for a net surplus of electricity
produced over a 12-month period.
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Economic Analysis

We present here three economic measures: $/watt, payback period, and levelized cost (/kWh).
The $/watt figure is simply the initial cost of the system divided by the number of peak watts
expected from the system. The payback period is the number of years that elapse before the
system generates enough clectricity to pay for itself. And the levelized cost is the average annual
cost that the resident will pay per kWh of PV electricity.

The conclusions of any economic analysis can change dramatically as the assumptions are
vatied. For now, however, we use the following: an clectricity cost of $0.1332/kWh, an interest
or investment rate of 8%, and an inflation rate of 4%. Note that homeowners may be able to
combine net metering with time-of-use electric rates to substantially improve the economics of a
PV installation. Time-of-use rates are not considered in this preliminary analysis.

The full materials cost of the 1-kW (to be precise, 960 W) system (assuming no discounts),
before the CEC rebate, is $8798. Installation charges, including the building permit, are
estimated to amount to another $1450, for a grand total of $10,248. The full materials cost of the
2 4-kW system materials is $20,901, with installation charges of approximately $2,150, fora
total of $23,051. '

The CEC buydown is based on the generating capacity of the PV system. The current rebate
amount of $4.50/W will be reduced over time as program funds are depleted. Rebates are given
on a first-come, first-served basis. Consumers or retailers can reserve a rebate amount at a
specified funding level block. The system must be installed within nine months from the date of
reservation. For this analysis, we assume the maximum rebate level of $4.50/W.

Table 7.2 outlines the costs of the 1-kW and 2.4-kW PV systems and their associated economic
measures. This analysis shows the cost of PV systems to be quite high, even when the CEC
rebate is included, However, these costs need not be a deterrent to the adoption of renewable
energy in Humboldt County. Many cities are implementing renewable energy programs that are
successful and popular. By using local government bulk purchasing power and permit process
streaiilining to veduce the upfront cost of the system, we get very different results.

Table 7.2. PV System Costs and Associated Economic Measures

. System Size
Full Price Systems 960 W TARW

Materials Cost ' $8,798 $20,901

Labor Cost $1,450 $2,150
Total Cost $10,248 $23,051
CEC rebate $3,582 $8,704
Net Cost of System $6,666 $14,347
Net $/watt (peak) $6.94 $5.98
Payback Time (at .1332/kWh) 37 years 35 years
Levelized Cost $0.65/kWh $0.52/kWh

If local government buys PV system components in large volume and streamlines the permitling
process to be inexpensive and quick (which would require pre-approved PV system packages),
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renewably generated electricity can be made affordable and accessible for most people. In the
next scenario, we assume a 30% price break on the cost of the PV modules and inverter, a crating
fee of zero (for a bulk purchase), and a $50 permitting fee (as opposed to a $350 fee). Table 7.3
outlines the costs of the 1-kW and 2.4 kW PV systems and their associated economic measures
based on these price reductions. Labor costs could be reduced even further if installation were
simplified with a single contractor performing large numbers of similar installations.

Financing

If the cost of the system is incorporated into the cost of a new house, then the interest payment is
tax deductible, in that it is part of the morigage interest paid. For those customers who are adding
a PV system to an existing house, a home equity loan will allow the taxpayer to deduct the
mortgage interest. Rates of various types of loans and the tax effect of these loans should all be
taken into account when deciding the appropriate financing option.

The only federal incentive for PVs is a 10% tax credit or five-year accelerated depreciation for
the cost of equipment. This incentive is available to business taxpayers and not to individuals.

Table 7.3. Discounted PV System Costs and Associated Economic Measures

) System Size
Discounted Systems 960 W TARW
Materials Cost $6,217 $14,192
Labor Cost $1,150 $1,850
Total Cost $7,367 $16,042
CEC rcbate $3,582 $8,021
Net Cost of System $3,785 $8,021
Net $/watt (peak) $3.94 $3.34
Payback Time (at .1332/kWh) 23 years 19 years
Levelized Cost $0.27/kWh $0.18/kWh

Property Taxes B : |
All PV systems installed from 1999 to 2006 will not be subject to property taxes. However, the
PV systems would significantly increase the sales value of the homcs.

Interconnection Agreement

In order to connect to the grid, the resident must enter into an interconnection agreement with the
utility and apply for a net metering rate. The interconnection agreement includes technical
requirements, system permitting, maintenance obligations, and metering arrangements.

The main utility interconncction standard calls for an inverter that contains all the protective
relays and disconnects necessary to proteet both the homeowner and utility line workers. This
equipment must comply with the standards listed in the Institute of Electrical and Electronic
Engineers (P929) and Underwriters Laboratories, (subject 1741). The CEC is sponsoring classes
for electricians who would like to be able to install grid-intertied systems. The two-day
workshop costs $75 and takes place in a variety of Bay Area locations. Details may be found

online at http://www.endecon.com/html/training.html.
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The utility interconnection agreement will also specify minimum insurance requirements that the
resident must keep. Standard homeowner’s insurance may be adequate to meet these
requirements. California law prohibits utilities from requiring the homeowner to purchase
additional insurance for a PV system.

Permits

A building permit and possibly an electrical permit are required upon the installation of a PV
system. Local government can help by making the permitting process fast, efficient, and
inexpensive. It would also be helpful if the community or neighborhood approval process were
streamlined (for example, compliance with covenants, codes, and restrictions or CC&Rs)

After the PV system has been installed, the local permitting agency, usually a building or
electrical inspector, and the utility will need to inspect and approve the system. Corrections to
the system installation may be required for approval.

‘The CEC requires a copy of the building permit showing final inspection and a recent utility
statement showing electrical service at the installation location before it begins the rebate
process. In addition, the CEC requires a minimum five-year full system warranty against
defective parts, workmanship, or unusual degradation of output. For.professionally installed
systems, the warranty must also include the labor of removing and reinstalling any defective
components and shipping costs. Retailers must also provide a five-year warranty against
breakdown or degradation in electrical output of more than 10% of the rated output.

Installers

Properly licensed and knowledgeable installers exist in the Arcata area. Contractor costs can
range from $500 for a simple installation to $2500 or more for a more complex system.
Contractors holding an “A” (general engineering), “C-10” (electrical) or “C-46” (solar
contractor) license would be appropriate installers.

The CEC provides inany resources for those wishing to install PV systems. Thest include a
consumer guide, a guidebook for the program, lists of eligible PV modules and inverters, links to
relevant websites, etc. All of these can be found online at http://www.energy.ca.gov.

Recommendations

Because even the discounted 1-kW system has a consumer cost of nearly $4,000, we would
recommend consideration of smaller PV systems, from 0.5 kW to 1 kW in size. Local
governments should consider what levels of investment would be comfortable for the target
residents. Participating local government agencies could also consider subsidizing the purchase
of PV systems through grants or low interest loans.

Another argument in favor of smaller systems is that the area needed for smaller systems is more
likely to be available on most rooftops. Note also that because crystalline PV modules have a
higher efficiency than amorphous ones, they will take less room for the same output.
Homiecowners may also wish to fit solar hot water collectors alongside their PV modules.
However, the cost per kWh gencrated increases as the size of the system decreases. In addition,
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more installations will be necessary with smaller systems to supplant grid power with green
power.
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Model household demonstrating energy conservation
Michael Winker and Carol McNeill home efficiency data at 1090 1 2™ Street, Arcata

Arcata resident Michael Winkler provides model household utilizing renewable
technologies with a conservation ethic. Using solar power for electricity and hot water
heating, ground source heat pumped for household heating and powerful waste reduction
practices creates a very energy efficient home. Michael provided the following data on
his house;

Report stating the goal, objectives and implementations used to meet the stated
goal towards energy conservation for his household. It provides data on energy use from
12/11/03 to 12/10/04. The solar electric system equipment list displaying type of PV
panels and inverter, along with the orientation of the PV panels is provided. The house
heating units are provided describing his ground-source heat pump and passive solar
wall. Other conservation measures such as timer for thermostat, weatherization and
insulation measure to decrease energy loss in the home are described. Efficient water
heating, lighting, and cooking devices and conservation measure that apply to each are
inventoried. Conservation practices and equipment list of clothes drying, refrigerator and
freezer, computer, and phantom load reduction are supplied in the report. Transportation
and waster reduction practices are also indicated. The Winkler house hold displays a
diversity of easy to apply conservation practices and progressive renewable and
sustainable technologies to achieve minimal energy use for one household. One aspect to
be highlighted is the Winkler household generates 1 can of trash per year weighing a total
of 30 pounds. Two tables are provided. One illustrates kwh per day from time period

spanning 1/2/03-4/2/05. The second table gives annual use and generation. The



conclusion of the report has a list of recommended books on energy to provide education
on the current global energy crisis.

Winkler pfovides a list with key information on accessibility of purchasing
various energy efficient household items. The list includes house heating equipment
with installer and price information. Water heating unit is listed with manufacture,
distributor and price information. Cooking device equipment with retailer and price
information is provided. Equipment used dealing with phantom loads, standby power

and energy vampire is listed with manufacture and price information



1090 12 Street, Arcata

Carol McNeill and Michael Winkler

Goal: Minimize environmental impact of our home energy use

e Minimize energy use by maximizing efficiency
e Generate remaining energy using solar

12/11/)3-12/10/04
Generation = 3682 kwh/ year
Total Usage = 3149 kwh/year
Net Surplus = 533 kwh

and conservation

Gas

Air {equiv. Total T

GSHP | Handler | kwh) Refrig |ElecOther| HPWH | Usage Generation|Surplus

1206 198 44 329 6534 738.4 | 3149 3682 533 |kwh/year
8.6 10.1 kwh/day]

32.7%] 5.4% 1.2% 8.9% 17.2% 2_0.1% 85.5%

100.0% |14.5%

Solar Electric System (PV)

. 16 - Sharp Corporation, NT-SSE1U, 185W Multisilicon Modules

PG&E Time-of-use metering
Separate kwh meter for PV

¢ & & & &

House Heating

Heating Units

A. Ground-Source Heat Pump

e Water Furnace ES Split (30,000 BTU/hour)
e 2 — 150 ft vertical ground loops

B. Natural Gas Furnace (for backup)

C. Passive Solar Trombe Wall (3-foot high brick wall) |

8 on house @30 degrees from horizontal
8 on garage @20 degrees from horizontal
1 - SMA America, SWR2500U, 2.5kW, Sunny Boy String Inverter

HPWH

BecOther

(to absorb sunlight during day and release it as
Conservation

A. Controls
247 Programmable electronic timer for system, 03

B. Insulation
R-19-walls, R-19 floors, R-50 attic

heat at night and in the morning)

°F thermostat




C. Windows

Double-pane, low-E, vinyl frames

Thermal curtains

Open curtains and mini-blinds during day
Close curtains and mini-blinds at night

D. Leak Testing and Sealing
e Blower Door Test (house leakage @50 Pascals) 1450 CEM (before), 482 cfm (after sealing)
o Duct Blaster Test (duct leakage @50 Pascals) 26 cfm (after sealing)

" E. Leak Secaling
Metal tape, Mastic to seal ducts
Weatherstripping for doors
Expanding foam for ceiling light fixtures, electrical outlets and plumbing penetrations
Silicone caulk to seal between floors and walls
Weatherstripping for attic access
Draft-proof outlet covers

Water Heating
Air-Source Heat Pump Water Heater (very high efficiency)

ECR International, Watter$aver

Conservation

24/7 Electronic Timer

Heat traps

Pipe insulation

115 °F thermostat setting (lowest comforatable temp when 100% hot water (bathing) )
Don’t use hot water tap for small amounts of hot water

Leave water in bathtub until it cools to room temperature

Cold water for laundry

Lighting
All compact fluorescent (except in refrigerator)

Cooking

Devices

A. Solar (proportion of total cooking ~= /3

Solar Cooker, Solar Chef, Concentrating Solat Cooker

B. Gas Stove

C. Microwave Oven




Conservation

A. Retained-Heat Cookers

e Thermos-Nissan RPA 4500, 4.5 quart, stainless steel vacuum cooker
e Aircore 2.5 quart and 5 quart stainless steel double-layer cookers

B. Use water from bottle kept at room temperature for cooking to minimize water heating
energy and time

Clothes Drying

A. Solar (clothes line)
B. Indoor drying rack
C.. Gas dryer

Refrigerator/Freezer
Highest efficiency mass production refrigerator manufactured in 2000 (Maytag)
(Sun Frost would be more cfficient, but buying more solar panels is more cost effective)

Thermostat Settings (use highest safe temperatures)
Refrigerator: 40 °F
Freezer: 0 °F

Conservation
e Timer to shut off refrigerator (midnight-5 AM and noon-6 PM weekdays)

o Keep refrigerator full to minimize chilled air loss

e Minimize number of times refrigerator is opened

e Cool food to room temperature before putting it in refrigerator or freezer
e Defrost food by moving it from freezer to refrigerator

Computers

e Turn off when not in use
e Enable EnergyStar power-savings modes and make time-outs short
e Disable screen savers (they save no encrgy and are unnecessary)

Phantom Loads/Standby Power/Energy Vampires
(energy wasted when devices are off)

Before taking measures to reduce them
65 watts = 570 kwh/year

After taking measures to reduce them
10 watts (doorbell transformer) = 90 kwh/year

Measutes taken to eliminate phantom Joads
e Power strips

o Timers

e+ Battery for answering machine




Transportation

Walking

Bicycles

Bus (average efficiency: 125 passenger-miles per gallon)

Train (average efficiency: 60 passenger-miles per gallon)

Automobiles - Current - (2001 Toyota Prius (50 mpg), 1981 Honda Civic (40 mpg) )
Automobiles — Future - Plug-in hybrid (30-mile range on batteries)

Electric motor scooters

(Note: Airplanes have the worst energy efficiency of all, 25 passengers-miles per
gallon and on top of that global warming impact is 3X as great for each gallon of fuel
consumed giving a global warming impact 15X as great as for buses and 7X as great as
for trains )

Waste Generation/Recycling (reduce, reuse, recycle, buy recycled)
1 can of trash per year (30 pounds total) (last trash pick-ups, 1/16/2003, 2/27/2004)

Source reduction
Recycling — approximately 300 pounds per year
Composting — approximately 100 pounds per year

Recommended Books on Energy

. Title Author Stars
* {The decling of the age of ail Brian J. Fleay 4 /2
(Geodestinies Walter Youngguist 4 1/2
Resource Wars: The New Landscape of Global Conflict Michael T. Klare L
The Party's Over: Oll, War and the Fate of Industrial Societles Richard Helnberg 5
Hubbert's Peak : The Impending World Qil Shortage iKenneth S. Deffeyes 31/2
Energy at the Crossroads : Global Perspectives and Uncertainties Vactav Smil 4172
The Qil Factor: How Qil Gontrols the Economy and Your Financial Future IStephen Leeb 4
IThe Hype About Hydrogen: Fact and Fiction in the Race to Save the Climate Hoseph J. Romm 4 1/2
The End of the Oil Age Dale Allen Plieffer 3 1/2
The Coming Oit Crisis Colin J. Campbell 4 1/2
The End of Qil : On the Edge of a Perilous New World Paul Roberis 4 1/2
High Noon for Natural Gas: New Energy Crisis Julian Dariey 4
Powerdown: Options and Actions for a Post-Carbon World Richard Heinberg 4

Blood and Gil : The Dangers and Consequences of America's Growing Petroleum Dependency

Michael T. Kiare
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Winkler’s wonderhome is sustainably energized
Arcata Eye, August 5, 2003
By Rebecca Bender

From the outside, Michael Winkler’s home at the corner of 12th and K streets
looks much like any other Arcata house. Several solar panels - 2 common-enough sight -
line the roofs of the house and garage. An unremarkable blue shell on the side of the
house covers a ground-source heat pump, identifiable as such only by a colorful sign on
the fence. But unobtrusive though they may be, the panels and pump represent a
remarkable level of encrgy efficiency and low-impact living.

“] want to use the most renewable, sustainable, energy cfficient sources 1 can,”
Winkler explained. “Sources more secure than fighting for them in the Middle East.”
With his recent addition of eight mote solar panels and a ground-source heat pump to his
home, he’s taken one more step towards that goal.

Solar Power
Though Arcata’s sunlight can be sporadic, solar panels take advantage of the sun
whenever it is out, sending excess electricity back to Pacific Gas & Electric Company
(PG&E). “Basically it runs the meter backwards,” Winkler said, creating a credit with
PG&E which can be used as needed.

The addition of eight solar panels brings the total number of panels in use at
Winkler’s home to 16. The original cight have been in use for two years, with four
producing all the house’s electricity and four running the water heater, which draws heat
out of the air and works about four times as efficiently as a regular water healter.

The newest eight solar panels, installed by local energy technician Roger, provide
the electricity to run the geothermal heat pump.

Earth Energy
The ground-source pump, like most heat pumps, works simply by pulling heat out
of one source --in this case, the earth--and pumping it into another area--Winkler’s home.
«It"s much more efficient to move heat around than it is to creaie it,” Winkler said.

Crystal Air, a plumbing, heating and air conditioning contractor in Weaverville,
instalied the pump. “The ground-source pump’s applications are pretty much unlimited,”
explained Reno McFadden of Crystal Air. “The technology has been around since 1940--
it’s a proven technology.” Pumps can be installed as indoor or outdoor units, with vertical
of horizontal pipes. The pipes’ life expectancy of about 150 years means that once a
pump is installed, very little mainienance is needed.

Winkler's geothermal pump uses & standard compressor and two polyethylene
pipes drilled down to a depth of 150 feet. The need for such a depth is dictated by the
small size of Winkler’s yard, which limits the available space from which to draw heat



and have it replaced efficiently. In a more roomy setting, shallower pipes would work just
as well.

About eight feet below the earth’s surface, the heat is relatively constant, making
the ground an excellent source for consistent heat energy. On a night when the
temperature drops to 32 degrees, for example, the ground will remain right around 38
degrees.

Energy Investment
The geothermal pump compressor also works in reverse as an air conditioner,
making it an especially cost effective device in a climate with extreme heat and cold
fluctuations. “There’s no place that a pump won’t fit, from the Arctic Circle to the
tropics,” McFadden said. “After the initial installation, it pays for itself.

At a cost of approximately $12,000 to install, the initial outlay for a ground-source
heat pump is a daunting prospect for many, especially in comparison (0 a regular furnace,
which may cost $3,000 to $4,000. The long-term savings add up, however and for
Winkler, the desire to use the most sound energy sources made the investment
worthwhile, and the combination of energy-efficient measures already in use in his house
made it practical.

“Ip, the back of my mind, I’d been aware these existed for years,” Winkler said.
After doing some research, he decided that it was an option he'd like to explore. “For

each form of energy T use,” he explained, “Tlook at every available, feasible option.”

it starts with the recycling bug
Winkler's fascination with renewable resources started with recycling. “In the late
«80’s 1 got the bug,” he said. From recycling, he found it was an €asy transition into
exploring energy sources.

In the March 1998 issue of Scientific American, an article called, “The End of
Cheap Oil,” predicting a wortldwide decline in oil production, caught Winkler’s eye.
“This was really a pivotal article,” he said, “Carter’s idea of living within limits wasn’t
very popular, but he was right: We just can’t continue the wasteful ways we have now.”

Winkler has worked at Humboldt State University’s Schatz Energy Research Lab
sin 1997. He's currently working with HSU students on the Energy Independence Fund, 2
plan to produce all electricity from renewable sources.

A 50-year investment
Winkler estimates he’s spent about $32,000 altogether on solar panels, double-
paned windows, insulation and other preparation and installation costs in the three years
he’s owned his house. “1t saves about $600 a year on the electrical bill,” he said.
Laughing, he added, “So it’s about a S0-year investment.”



In addition to the personat benefits, however, Winkler’s sustainable lifestyle
makes an invaluable contribution on a local, community level and ultimately, on a global
scale. He produces only one can of trash per year uses a solar cooker and retained heat
cookers(which, incidentally keep his gas costs down to about $4 per year) and is a
member of Redwood Roots Farm, a community supported agriculture collective.

Of course, he continues to explore additional use of renewable energy, from heat
pump dryers to transportation. Among other projects always in the works, he’s “mulling
over” the possibility of a battery electric car that could even derive its battery encrgy from
solar power.

Roger commented, “This is probably one of the most diversified households in the
area in terms of its energy-efficiency measures.” Winkler emphasizes that being energy
efficient is something everyone can achieve without making drastic changes or
compromises in comfort.

“What I want is to be a model,” Winkler explained. “Yes, one way of saving
energy is to be uncomfortable. But it isn’t necessary. I want to be an example of a
comfortable, middle-class life existing within the limitations of local, renewable
resources.”



1090 12™ Street, Arcata
Carol McNeill and Michael Winkler

House Heating

Ground-Source Heat Pump (for house heating)
Water Furnace ES Split (30,000 BTU/hour)

2 — 150 ft vertical ground loops

Installer

Reno McFadden

Crystal Air

1413 Main St., P.O. Box 1501
Weaverville, CA 95926
1-877-847-5739 (tol}-free)

Price: $12,802
Ground-Source Heat Pump (links)

How Ground Source Heat Pumps Work
http://www.reddinge]ectricuti]ity.com/energvsvc/howgshpworks.html

Water Furnace Inc. (manufacturer)
http://www.waterfurnace.com

Water Heating
Air-Source Heat Pump Water Heater

Manufacturer
ECR International, Watter$aver
http://www.ecrintemational.com/prod_wattersaver_summary.asp

Distributor

J.W. Wood

3676 Old 44 Drive
Redding, CA 96099-1600
Phone: 530/222-0423
redding @jwwoodco.com

Price: $1099.42



Cooking
Retained-Heat Cookers

Thermos-Nissan RPA 4500, 4.5 quart, stainless steel vacuum cooker
hetp://www.coffee-makers-espresso-machines.com/cookware.html

Aircore 2.5 quart and 5 quart stainless steel double-layer cookers
www.ebay.com
Fixed prices between $100 & $130

Phantom Loads/Standby Power/Energy Vampires
"Kill-A-Watt" Plug-in Kilowatt-Hour Meter

C. Crane

1001 Main Street Fortuna, CA 95540

800-522-8863
http://www.ccrane.com/kill_a_watt.asp

Price: $44.95

AHERN COMMUNICATIONS
60 Washington Court - Quincy, MA 02169

800-451-3280
htip:/fwww.ahernstore.comVpd400. liml 20 VR AW=kill%213a %2 Bwalt& OV KE Y =kill%20waut& OV MTC=standard

Price: $34.95

Draft-proof outlet covers
Royal Baby Safety Corp.
79 Union Place - # 102
Summit, NJ 07901
Voice: (908) 598-0500
Fax: (908) 273-8106

http://www.babysafe.com/electric.htm

Time-of-Use Meter (PG&E)
One-time charge: $277
Monthly: $1.00 (approximate)
















Figure 1-1

Humboldt County Watersheds
v==y and Major Streams
& g "“l

% s 1]

~~1_~ Major Stream
~~_r~ Qther Stream

[ ] Watershed Boundary
[ ] Community Planning Area
Incorporated City

\ W/-'L ?\ §
N A—s 7o

Source: Humboldt County GIS, 2002.

BRSUsSIA N
Sapesmbar 3061 BN e
)

%}W i@ﬁiﬁﬁ‘§ 0 5 10 20
%‘3 % &: e
by e 2NN



CrrEo-AB
S N Lg-Mz-F ; :W.ﬁ

1 T

i, |
HF-gp 5
T b s

L
LEGEND ON SHEET 1| .
e ARRN Fdh
— | .FF‘K T Lﬁ}‘? (i
AV % | | | HE-ae ! ya-LEES

1 St HFTIp-G ) 4 | | ;' i : FI' :‘

t Y : 7 i i -

] COUNTY “-_ aze M ENHOCINO H4E cowmry R3E HoaM | L

i - REE MR UM s | .

" |

| o ~ GENERAL SOIL MAP

| - ' | This map is intended fér general planning. Each . - .

: : delineation may contain foils different from those | T

; shown on the map. Use detailed soil maps for oper- HUMBOLDT COUN. Y

B ational planning, and onvsite inspection for more |
' - 1 detailed decisions, \ : CA LI Fo R N !A )
-'.. i : _y \}/ PREPARED BY U.S. DEPARTMENT OF AGRICULTURE, SOIL CONSERVATION SERVICE
Cuppriinge e i P R . ¢k — . T . JANUARY 1967
i ; g N ! o1 2 3 4 &,
Cortographic Unit, Portiond, Oregon B 5 .
from State WM\‘:: «”iﬂﬂ:’%fﬁ:f i | . SCALE IN MILES A -
County Raad System map o o | e | I~ 0 ]
e : : 7-E-18268L-C

SUITABLE ONLY FOR GENERAL PI.;A‘NNIEE*BO‘ 2 -



	4
	20110809144401783
	20110809144741114
	20110809144941021
	20110809145115282
	20110809145427952
	20110809145659565
	20110809145904117
	20110809150038930
	20110809150138326
	20110809150433383
	20110809150527662

	map 4

