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EXECUTIVE SUMMARY

With this document, Life of the Land lays out a plan whereby each island would be
100% energy self-reliant by 2030. The chief baseload energy would be Ocean Thermal
Energy Conversion (OTEC). Pacific Biodiesel would focus on the production of Jet Bio-
Fuel.

Chapter 1 focuses on the key energy issues that need to be understood in discussing
energy projects. There is often confusion in public discourse between load and peak
load, between megawatts and megawatt-hours, between costs and financial costs and
between intermittent and continuous power. Key mechanisms for delivering non-utility
power to the grid are also discussed.

Chapter 2 focuses on energy efficiency. It is often, but erroneously, described as the
low hanging fruit. Energy efficiency is primarily an economic tool, not an energy tool.

Chapter 3 focuses on the major types of renewable energy. We include Sea Water Air
Conditioning in this section, although it is a displacement technology and not a
renewable energy. That is, it diminishes the need for renewable energy rather than
providing renewable energy.

In Chapters 4 we lay out the vision of what we want to accomplish. The key is
recognizing that energy facilities are part of, and not separate from, the community.
They need to be integrated into the educational system and there must be
transparency at every level; data must be collected and shared.

OTEC systems utilize a number of specific technological components including very
lengthy underwater pipes, and special heat exchangers, and they move around
substantial amounts of water. The facility must be in waters 4000 feet deep.
Underwater transmission lines are needed to bring the power to shore. To avoid the
coastal reefs, the transmission line should be buried using Horizontal Directional
Drilling (HDD).

While the oil industry brought us global warming, it also brought an understanding of
oil rigs and other offshore platforms. Unlike oil operations, which tap into huge
underground oil and gas fields that can leak or explode, the oil platform technology
can serve as relatively benign platforms for renewable energy systems such as OTEC
and wave energy facilities.

In Chapter 5 we discuss solutions for transportation.

Chapters 6-11 examine the impacts from various perspectives: environmental,
cultural, social justice and economics.
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The amount of electricity that could be generated is measured in megawatts (MW). The
actual amount of electricity that is generated is measured in megawatt-hours (MWhr).
The combined total of all electricity generating power plants operating in Hawai`i is
about 2300 MW. Table I lists the amount of Renewable Energy that could be brought
on line now, at today’s prices and using current technology

Table 1: Potential Renewable Energy Systems (MW)

Type Technology Kaua`i O`ahu Maui Moloka`i Lana`i Hawai`i State
Baseload
Power
(MW)

Ocean
Thermal
Energy
Conversion
(OTEC)

1550 100 1650

Geothermal 30 30 60
Biomass 30 40 2 2 74

Semi-
intermittent
Power (MW)

Concentrated
Solar Power

100 200 100 5 5 100 510

Blowhole
Wave Energy
Conversion
(BWEC)

30 200 10 240

Variable
Power (MW)

Wind Farms 500 100 2 100 702

Rooftop Wind 1 1
Photovoltaic 20 200 20 2 2 100 344
Hydroelectric 5 5 10

TOTAL
(MW)

185 2651 300 11 9 435 3591
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TIME LINE (2011-2025)

The large systems proposed within this document should be built over a 20-year
period. Table 2 lays out a reasonable timeline for installing these future systems.

Table 2: Installation of Future Baseload Renewable Energy Facilities

Year Kahe Pearl Harbor Kaneohe Kailua-Kona

2015 Kahe Marine
Research Park I
(OTEC: 150 MW)

2020 Kahe Marine
Research Park II
(OTEC: 200 MW)

Kaneohe Marine
Facility (Wave
Hub 200 MW)

NELHA Marine
Research Park
(OTEC 100
MW)

2025 Kaneohe Marine
Facility (OTEC
400 MW)

2030 Pearl Harbor I
& II (OTEC
800 MW)*

* Photovoltaic systems, algal biodiesel, micro-geothermal and/or batteries may
displace need for OTEC.
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significant disservice to the people of Hawai’i. While we write about several
alternatives, our focus is on ocean thermal.

Who is this written for?

Life of the Land has produced this document for the lay person concerned about our
present energy path. Some believe we face a threat of climate change. Some believe
that peak oil is around the corner and oil prices will rise back to $140/barrel and then
keep going up. Some believe that we should support the local economy by promoting
local sources of energy. Some believe that we should remove the volatility in the price
of energy. There are many reasons we need to change direction. We are writing this
report for those individuals interested in understanding one path forward: the OTEC
path.

Why ocean thermal?

The majority of power supplying an electric grid must be continuous power, that is, it
must always be available. Wind, wave, photovoltaic and concentrated solar are not
continuous sources. Garbage-to-energy, although “firm”, can only supply a small
fraction of our needs.

On the other hand, the tropical oceans of the world can supply 10,000 times the total
energy used by mankind, indefinitely, at all times of the day and the year. Ocean
thermal systems have limited greenhouse gas emissions, and a smaller footprint and
fewer impacts than other continuous energy sources.

Doesn’t ocean thermal heat up the ocean?

No, it cools the ocean, but in a very small way. However, a majority of the existing
fossil fuel power plants in Hawai`i do heat ocean waters.

If the impacts are so low, why don’t we have ocean thermal plants today?

The fossil fuel industry has become a trillion dollar a year industry, and despite fears
that oil has “peaked”, there remains $100 trillion dollars’ worth of economically and
technically recoverable oil in the ground. There are also significant amounts of coal
and natural gas that can be pulled out of the ground. Ocean thermal can displace all
of it, and the fossil fuel industries know that.

For example, HECO proposed a biofuel peaking unit for Campbell Industrial Park in
2005. Life of the Land countered with a robust and detailed ocean thermal proposal.
Neither the utility nor the regulators showed any interest.

While ocean thermal can easily be integrated into a grid in areas (1) in the tropics, (2)
without a continental shelf, (3) where there is a grid that can handle the load,
economy of scale would require a facility that could produce 50-100MW of power, at a
cost of $600-800 million dollars. It also requires a stable government and a utility that
is willing to accept ocean thermal energy.
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LOL continues to believe that Hawai`i is an ideal place to demonstrate that OTEC
works.

When will ocean thermal energy systems become a reality?

The HECO-State Energy Agreement (Oct 2008) states that Sea Solar OTEC will build a
25 MW system in 2015 and expand it to 100 MW in 2020, to be located somewhere off
the O`ahu coast.

Lockheed Martin is working with the Navy at Pearl Harbor to build a 10MW OTEC pilot
plant off Pearl Harbor (~2012), and then will build a 100 MW system in 2020 off the
Kalaeloa-Kahe Coast.

Ocean Engineering and Energy Systems (OCEES) International, Inc. is working to
build a 1MW OTEC facility at NELHA, along the Kailua-Kona Coast of Hawai`i Island.

As the price of fossil fuels rise, there is renewed talk worldwide regarding ocean
thermal energy.

Why should ocean thermal be built on a barge instead of on land?

If ocean thermal energy conversion (OTEC) systems are built on a barge at sea, a small
transmission line is required that would run under the reefs and the shoreline to
interface with the grid. If it is built on land then a several foot wide cold water pipe
needs to be brought through the reef and coastline.

What is the difference between the Big Wind undersea cable and one supplying
OTEC?

The Big Wind project involves 70-200 miles of undersea cable, which would be laid
through the Whale Sanctuary. The OTEC cable system would have 7 miles of cable.
The cable would avoid the Whale Sanctuary, and would go under the reefs and the
beach area.

Don’t we need a basket of energy choices?

Absolutely, Hawai`i should have multiple energy choices, including wind sources,
rooftop wind, wave energy, photovoltaic energy, and concentrated solar. While
renewable, none of these sources are “firm” or continuous.

Hawai`i’s peak energy use occurs between September and December from 6-8 p.m.,
typically on a dark windless evening. Relying only on intermittent sources means we
have to keep all of our fossil fuel units ready for those few occasions when they are
needed. The cost to operate them so infrequently would significantly increase the cost
of operation.
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A solution to this is batteries, which fall into three categories: (a) those that smooth
out second-to-second fluctuations, (b) those that smooth out minute-to-minute
fluctuations, and (c) those that shift several hours’ worth of electricity from the
morning to the evening. Hawai`i would need the last option and these are extremely
expensive.

Therefore we should have a basket of intermittent renewable energy backed by OTEC
as a firm continuous energy source.

Will an undersea transmission line impact the coral reefs?

Regardless of who builds the cable, the current approach to laying all offshore electric
and telecommunication cables in Hawai`i is to either go in areas without reefs, or to go
underneath the reefs. Using horizontal directional drilling a cable can be built below
the ground and seabed floor from the mauka side of the coastal highway to an area of
the ocean beyond the reefs.

Aren’t transmission lines difficult to install due to the steepness of the seabed?

Yes. Hurricane Iwa damaged some but not all of the transmission cables in the area. A
lot has been learned about how to install cables in the past three decades.

What will an OTEC platform look like?

An OTEC Platform would occupy several acres. Several visual examples are discussed
in Chapter 4.

What about wave energy?

Wave energy systems are less intermittent than solar and wind systems, but also are
less proven. Wave energy systems remove some of the energy of the wave, decreasing
damage to shorelines and decreasing wave action for surfing. We propose installing a
blowhole wave system operating at a wave farm off the Kaneohe Marine Air Corps
Station.

Will OTEC Companies put us at risk?

There are risks with any option, including remaining on the course of energy use set
decades ago. In Chapter 6 we discuss the environmental benefits of switching from
fossil fuel to OTEC. Obviously we need safeguards, insurance bonds, reputable
companies, oversight, etc. What is to be avoided is the approach being advocated by
Big Wind, a corporate approach that asks a community to accept the risk, but not
share in the profit.

What is the major risk from OTEC?

The major risks are injury and death to marine life and eggs/offspring. This is why
scientists, regulators and environmental monitors should be stationed on-site with full
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access to underwater video and continuous data monitoring systems. This is provided
for in our plan.

How will rates be affected?

The goal is to produce electricity for 20-25 cents/kWh.





Life of the Land * Hawai`i Energy Independence (2030) * Final Plan * page 12

CHAPTER 1: INTRODUCTION TO ENERGY

Energy

Energy can neither be created nor destroyed, but it can change forms. All energy
options in the world are derived from three sources: the sun, the earth, and the moon.
Sun energy includes solar, wind, biomass, biofuels, ocean thermal, coal, hydroelectric,
oil, ocean waves, and natural gas. Earth sources includes geothermal and nuclear
(uranium). The moon causes tides.

Electricity is simply a useful form of energy, from whatever source derived, that can be
transmitted to customers via a transmission and distribution grid.

Renewable energy can be either intermittent (solar, wind, ocean wave energy, biomass,
hydro) or firm (ocean thermal, geothermal, garbage, biomass, hydro).

Intermittent or variable sources are those that are available only part of the time, so
when electricity is needed the fuel source may or may not be available to produce it.
For example, solar panels will produce a lot of electricity when the sun is overhead,
some electricity at dawn and dusk, and no electricity at night.

Firm electric power, also called “baseload” power, is power that is always available
because the fuel source is always available to be converted to electricity. Firm fuel
sources include coal, oil, gas, nuclear, geothermal, and ocean thermal energy
conversion (OTEC).

Note that both biomass and hydro can be intermittent or firm.

Maintaining reliable grids requires mostly baseload energy. The exact percentage that
can be renewable depends on the characteristics of the grid, the intermittency of the
energy sources, and their interplay.1

It is better to not need energy in the first place (conservation) but if it is used, to use
less of it (energy efficiency). Sometimes “energy efficiency” is used to mean both
conservation and efficiency. Energy efficiency can also mean the production of
electricity for local use, for example, solar electric panels used for household
consumption.

A solar (photovoltaic) panel converts sunlight into electricity. The efficiency rating of a
solar panel refers to the maximum percentage of sunlight converted into electricity.
The capacity factor of the solar panel refers to the average percentage of sunlight
converted into electricity. The capacity factor averages sunlight conversion at noon,
dusk and night.

1 Further analysis requires knowledge of advanced mathematics, physics and electronics.
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Economics

Hawai`i’s gross state product, a measure of the total value of all goods and services
produced in Hawaii, is about $60 billion.2 Each year we export $6 billion to buy
foreign energy: petroleum, coal, and tropical biofuels.

Similar to the way a rock dropped in a pond creates waves rippling across the surface,
each dollar spent in Hawaii generates $3-4 of local economic activity (also known as
the economic multiplier). Keeping the $6 billion in Hawai`i that is currently spent on
foreign energy would therefore add $20 billion to the state economy.

How did we become so import-dependent, so dependent upon foreign fuel sources? In
the late nineteenth century Hawai`i energy and electricity systems were based on
locally available resources, including biomass, bagasse (sugar waste) and hydropower
(stream-water powering turbines). The twentieth century was the fossil fuel era, both
in the U.S. and in Hawai`i, by which point reliance on petroleum, coal and natural gas
had become the backbone of the U.S. economy. And although Hawai`i did not have
any petroleum, coal or natural gas, the price remained relatively low.

That changed in 1973 during the fourth Arab-Israeli war when the Organization of
Petroleum Exporting Countries (OPEC) launched the Arab Oil Embargo. The oil price
shocks propelled energy issues onto the front burner around the world.

At that time certain visionaries laid out bold new initiatives based on energy
conservation, energy self-sufficiency, and alternatives to fossil fuels. Nowhere was the
vision stronger than in Hawai`i, where advocates suggested that we become the
international model for sustainability. The Hawai`i State Constitution was amended in
1978 to add an energy self-sufficiency clause.

Shortly thereafter, the backlash of status quo forces regained the upper hand.
President Reagan ripped out the recently installed solar panels at the White House,
and Hawai`i sought to diversify away from oil by turning to coal. Coal is now Hawai`i’s
number two fuel source.

In 1988-89 AES Corporation (a multinational power production company) built a 180
megawatt coal plant in Campbell Industrial Park; this plant currently supplies 20% of
O`ahu’s electricity. The Hawaiian Commercial & Sugar Company’s (HC&S) Pu`unene
power plant on Maui consumes 60,000 tons of coal per year. Gay and Robinson
(Kaua`i) has proposed using coal and biomass to produce ethanol. Coal was also used
at the Hilo Coast Power Company (1985-2004). Hawai`i’s number three and four fuel
choices became garbage-to-energy and geothermal.

In 2008 oil peaked at $140/barrel. This affected transportation everywhere but
electricity in very few places. Oil accounts for only 2% of the nation’s electricity but
accounts for over 75% of Hawaii’s electricity; hence, Hawai`i felt twice the impact.

2 Hawaii Gross Domestic Product (GDP) in 2006 ($61.2B); 2007 ($64.4B); 2008 ($66.1B); 2009 ($66.4B).
http://www.usgovernmentspending.com/Hawaii_state_spending.html
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Load

Two terms which are sometimes confused are watt and watt-hours. Watt (a unit that
measures the rate of energy conversion) refers to the size of the system, that is, what
is the maximum amount of electricity that a system can produce. Watt-hours refers to
the actual amount of electricity produced. If a one-watt system is always turned on, it
will produce 24 watt-hours of electricity per day. A kilowatt equals 1,000 watts, and a
megawatt equals one million watts. Rooftop solar energy systems are usually in the
kilowatt (kW) and kilowatt-hour (kWh) range, while utility scale renewable energy
systems are usually in the megawatt (MW) and megawatt-hour (MWh) range.

Load is the average amount of electricity that is used over a period of time. Peak load
is the maximum amount of electricity that is used, and minimum load is the least
amount of electricity that is used. The O`ahu grid currently has a minimum load of
approximately 600 MW, a maximum load of approximately 1,300 MW, and an average
load of approximately 900 MW.

When a utility company provides information about load, it almost always refers to
peak load since that is what drives the need for additional generation and
transmission. Waikiki’s peak load in 1998 was 8%; that is, Waikiki’s maximum load
divided by O`ahu’s maximum load (which may not be on the same day but is in the
same year) was 8% for 1998.

Generation that is produced and used in the same general area is called Distributed
Generation (DG). Generation that is produced in one area, and is then sent on
transmission lines to another area, is called Central Generation (CG). Central
Generation requires transmission lines to be built between where the electricity is
produced and where it is consumed. The location of the generation and the
transmission lines raise Environmental Justice issues which are discussed in Chapter
9.3

3 Many pose the question as: why should one community, often economically-challenged and in the racial
minority, assume most of the undesirable infrastructure for electric generation that is designed to benefit
distant, better-off communities? Environmental Justice is part of the field of externalities: benefits and
risks which are not reflected in prices.
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The charts below delineate system peak load by Company4 (MW). The peaks on
different islands occur at different times, so the total does not refer to the amount
actually being generated at one specific time.

Utility 2008 2007 2006 2005 2004
HECO 1186 1216 1266 1230 1281
HELCO 198 203 201 197 195
MECO 206 216 218 214 218
Total 1590 1635 1685 1641 1694

HECO Peak and Minimum Loads5

Year Peak Demand (Net MW) Minimum Load (Net MW)
2005 1230 531
2004 1281 538
2003 1242 513
2002 1204 502
2001 1191 520
2000 1164 496
1999 1120 502
1998 1131 487
1997 1176 483
1996 1157 475

Costs

Specific financial data on energy systems is very difficult to obtain. In practically all
regulatory proceedings data is considered confidential and is only made available to
other parties who are non-competitors and who sign a Protective Order, a legally-
binding, court-enforceable, non-disclosure document. “Back-of-the-napkin” cost
estimates vary greatly and are highly dependent upon the assumptions used. Since
2001, the utility has used national security laws to restrict public knowledge of the
transmission and distribution grid. This includes the amount of load carried by
different transmission lines, distribution lines, and the amount of electricity delivered
to different communities. The specific characteristics of each line determine the
amount of intermittent energy that the line can carry.6

Many elements factor into a financial analysis of a utility’s system. Current and
future governmental actions have an enormous impact on the viability of new electric
generation projects, as do income and property tax rates, production tax credits, and
depreciation rates. The “cost” of money is also a key issue determined by the
percentage of debt, interest rates, and discount rates. The cost of the project itself is
critical, and includes capital purchase costs, the cost of land, engineering, installation,
insurance, and interconnection.

4 HEI 2008 statistical supplement and utility forecast, p.19.
http://phx.corporate-
ir.net/External.File?item=UGFyZW50SUQ9MzMzNTM5fENoaWxkSUQ9MzE2MTc0fFR5cGU9MQ==&t=1
5 http://www.heco.com/vcmcontent/GenerationBid/HECO/HECOSystemOverview.pdf
6 Introductory electronics is based on fifth semester calculus and is beyond the scope of this paper.
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Finally, the revenue stream can vary greatly. There are two major commercial wind
facilities on the Big Island, one at South Point and one at Hawi. The former has an
average output of 61% of its maximum output, while the latter has an average output
of 37% of its maximum output. Thus for an average hour, for each 1 MW of capacity,
the South Point facility produces 0.61 MWh while the Hawi facility produces 0.37
MWh. Finding sites that allow high capacity factors are much sought after, and thus
location-based data is very valuable and highly protected.

Electric Utilities

HECO, and its subsidiaries Hawai‘i Electric Light Company (HELCO) and Maui
Electric Company (MECO), provide electricity for ninety-five percent of Hawai`i’s
residents. The three associated companies operate a total of sixteen petroleum-fueled
power plants distributed throughout the main islands of Hawai`i (except for Kaua`i,
which maintains its own electrical cooperative). These sixteen HECO plants, along
with independent alternative renewable energy facilities, have a power-generating
capacity of approximately 2,400 MW. Of the total sale of electricity, the percentage
from renewable energy sources currently ranges from HECO’s 15% to HELCO‘s 39%
on the Big Island.

Regulation

Utilities are regulated companies serving the public good. Utilities include water,
wastewater, electric and gas companies. The Public Utilities Commission in Hawaii
(PUC) regulates privately-owned and member-owned utilities, and also the contracts
they sign with private companies. The PUC does not regulate utilities owned by
municipalities.

Utilities can be owned by investors (HECO), customers (Kauai Island Utility Coop),
Municipalities (Honolulu Board of Water Supply), other utilities (HECO owns the
electric utilities on Mau`i and Hawai`i Island), or they can operate under contract to
the Public Utilities Commission (Hawaii Energy7).

The Public Utilities Commission must approve all utility expenditures exceeding $2.5M
in order for the utility to pass the cost onto their ratepayers.

On O`ahu, there are three energy utilities: (a) Hawaiian Electric Company (HECO)
which provides electricity; (b) Honolulu Gas Company, which supplies gas for home
heating systems; and (c) Hawaii Energy, an independent energy efficiency utility. Each
of these three entities are non-interlinked companies, they do not share board
members or invest in each other.

7 Hawaii Energy: www.hawaiienergy.com/
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Net Energy Metering (NEM)

Net Metering essentially allows a self-generator to use the grid as a battery. During the
day when a customer generates more energy than he or she needs, the excess is “sold”
to the grid, and at night the customer takes energy back from the grid. The system
uses one meter and at the end of the month the customer pays only for the net energy
used. At the end of the year the system is zeroed out – any excess energy placed on the
grid by the customer goes without compensation. Installation of a net metering
system, therefore, is sized to minimize the amount of free electricity given to the utility.

Feed-In Tariffs (FiTs)

Feed-in Tariffs (FiTs) have been successfully used in Germany and Spain, and were
just adopted in Ontario and Gainesville, Florida. The utility uses two meters: one
which buys energy from the grid at the retail rate, and one which sells electricity to the
grid at an established FiT rate. This allows self-generators to size systems to maximize
profits.

Third Party Power Purchase Agreements (TPPPAs)

Under a TPPPA, a third party designs, builds, owns, operates, and maintains the solar
system and sells back solar-generated electricity to the end-user. This model removes
the burden of significant upfront costs from the end-user, and also allows the solar
contractor, who has significantly greater expertise than the end-user, to assume the
responsibility for system installation and maintenance. Tax credits and accelerated
depreciation for the solar systems help to drive down their cost, as well as reducing
the electricity price charged to the end-user.

As the United Nations noted in 2008: "One of the main financing tools used [to finance
the installation of renewable energy facilities] is the third-party power purchase
agreement (TPPPA), which by some estimates drove 60% of the solar capacity installed
in California in 2007.”8

In 2008 SunEdison financed, constructed, and will now maintain a 0.283 MW solar
power system on the roof of Sam’s Club on Keeaumoku Street in Honolulu. It will
build three more systems on WalMart rooftops in the state as part of an agreement to
build twenty-two such systems in Hawaii and California at Wal-Mart stores, Sam’s
Clubs, and distribution centers in Hawaii and California. The systems are being
installed under a Third Party Power Purchase Agreement (TPPPA) which SunEdison

8 Energy Investment: Analysis of Trends and Issues in the Financing of Renewable Energy and Energy
Efficiency. (United Nations Environment Programme and New Energy Finance Ltd. page 22. Authors:
Rohan Boyle, Chris Greenwood, Alice Hohler, Michael Liebreich, Virginia Sonntag-O’Brien, Alice Tyne,
Eric Usher. ISBN: 978-92-807-2939-9, DTI/1066/PA). This report was commissioned by UNEP’s Division
of Technology, Industry and Economics (DTIE) under its Sustainable Energy Finance Initiative and was
produced in collaboration with New Energy Finance Limited.
See:www.unep.fr/shared/publications/pdf/DTIx1066xPA-GlobalTrends08.pdf
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calls a Solar Power Services Agreement (SPSA).9 Sample Solar Power Services
Agreements are available on the web.10

SunEdison and SunPower are two leading TPPPA proponents. SunEdison first used
the model in 2004 on a commercial installation, and has since installed 34MW of
systems for commercial users, all financed via TPPPAs (or SPSAs - solar power services
agreements, as SunEdison calls them). SunPower uses a similar model for its
SunPower Access program.

Solar installation financing is attracting major investors. Goldman Sachs, GE Capital
and MMA Renewable Ventures (a subsidiary of Municipal Mortgage & Equity) are all
investing in solar. In April 2008, for example, MAA Renewable Ventures announced
that it would finance fourteen rooftop systems on Macy’s California department stores,
with SunPower providing panels and systems integration.

Redevelopment

Part of the vision for a new energy paradigm for Hawai`i must include dismantling the
old facilities. For example, in 2006 LOL proposed replacing the Honolulu Power
Plant11, adjacent to Aloha Tower, with one level of parking and with a hilly park on top
of the roof. This would provide greater access to Aloha Tower and provide a harbor
park. Once the Hawai`i Free Trade Zone (located between Aloha Tower and Kewalo
Park) is relocated to Sand Island and Kalaeloa Harbor, a Green Lei of parkland would
then stretch from Aloha Tower to Ala Moana Beach Park.

Similarly, as OTEC and Distributed Generation displace fossil fuel generators, the
Kahe Power Plant would need to be decommissioned. The facility could be replaced
with a Telecommuting Park. A series of low rise (2-3 stories) buildings could be built,
the lower floor would house agriculture (aquaculture, aquaponics, vegetables), while
the upper floor could serve as a telecommuting center. Residents of Waianae and
Kapolei, who want to avoid long commutes (by bus, car or train) could instead work in
offices connected to their downtown workplace by high-speed internet.

9 Sam’s Club on Keeaumoku Street is the first of four Wal-Mart locations in Hawaii to receive a solar
power system. January 28, 2008. http://solarcellsinfo.com/blog/archives/1299
10 www.newcastleHawai`i.org/DocumentView.aspx?DID=1969
11 Halekawila means “house of electricity.” Halekawila Street runs adjacent to the Judiciary Building and
once went to the Honolulu Power Plant adjacent to Aloha Tower. Building Nimitz Highway cut off
Halekauila from the electric plant it was named after.
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CHAPTER 2: ENERGY EFFICIENCY

Energy efficiency focuses on reducing the demand for grid-based electricity, and can
be accomplished in many ways. The first step to becoming energy efficient is to simply
use less: turn off lights when not in a room, open windows to take advantage of trade
winds, and replace worn out appliances with ones that have an “Energy Star” rating;
these are designed to operate using less electricity.

Meters

Unfortunately, devices can use almost as much electricity in the off position, a
“consumer” convenience which allows quick starts. A “phantom” power load refers to
the electricity used by a device even when it is off.

To address this problem many utilities are building smart meter networks to collect
data from “smart” meters in a time frame that ranges from between every fifteen
minutes to an hour. The collected data is then sent back to a collection point on the
network. From that collection point, many utilities are bringing data back to the
utility’s back office where the numbers are processed and packaged for consumers
once a day. This can significantly delay the time it takes the energy information to
reach the customer, rendering the data outdated, often captured during a previous
day of electric use.

Another approach is to measure these phantom loads in real time by installing small
meters between an appliance cord and the wall socket. "The advantages of bypassing
the smart meter aren’t just the quick deployment times of these energy management
devices. The set-up could also offer the customer more detailed and quicker energy
data than data coming off of smart meters.”12

The Plug-in Energy Meter and Electricity
Cost Calculator13

Small devices can be installed between a
plug and a wall outlet that measure the
flow to each device when the device is on.

The Energy Detective14 (TED) runs about
$200-300 (depending on desired
features) and the cost for an electrician
to install it. TED sends real-time data
every 10 minutes to either a customer's
iGoogle gadget or Google account.

12 http://earth2tech.com/2009/10/05/googles-powermeter-bypasses-the-smart-meter-signs-up-first-
gadget-partner/
13 http://www.smarthome.com/11391/Plug-in-Energy-Meter-and-Electricity-Cost-Calculator/p.aspx
14 http://www.devicedaily.com/wp-content/uploads/2009/02/energy-detective.jpg
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Lighting

Consumers should replace incandescent light bulbs with compact fluorescent bulbs.
Toy ovens are often powered by an incandescent light bulb, which readily cooks food
because practically all of the energy emerging from an incandescent bulb is heat, not
light. The practical effect of this truism is that in large buildings, the unwanted heat
byproduct must be removed from rooms - using air conditioning. By switching to
CFLs, heat is not created and the room does not need as much cooling.

A light-emitting diode (LED) is based on diode electronics. Currently they are more
expensive and require specific heat management and current specifications. Their
advantages include longer life, lower energy consumption and smaller size.

Compact Fluorescent Light Bulb (CFL)15 LED Traffic Light16

Daylighting

Rather than blocking off a building from its environment and then creating an
artificial interior environment, daylighting allows an interaction between the two
environments.

Skylights are horizontal windows or domes placed on the roof of buildings, often used
for daylighting (using natural sunlight to provide lighting for buildings). The
daylighting concept has been around for centuries but the name is recent. It goes
against the traditional western “box architecture” with solid roofs.

Similarly, light “shelves” placed below windows can be used to reflect sunlight upward
to illuminate the ceiling, creating general illumination without the use of electricity.

Rooftop Solar Tubes capture sunlight from a number of directions, and through
reflective material and/or mirrors within the tube, transfer that light to where it is
needed within buildings. Skylight windows or domes placed at the roof of buildings
provide natural sunlight into buildings.

15 http://akagreen.files.wordpress.com/2009/02/cfl.jpg
16 http://www.fad.co.za/Diary/diary010/traffic-lights-led.jpg
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Rooftop Windows17 Skylight18

Light shelves19 placed
below the windows can be
used to reflect sunlight
upward to illuminate the
ceiling to create general
illumination.

Solar Tubes capture sunlight from a
number of directions, and through
reflective material and/or mirrors
within the tube, transfer that light to
where it is needed within the house.20

Within the
building the
solar tube
generates diffuse
light.21

Solar Water Heaters

Solar water heating is water heated by the use of solar energy, lessening the need for
electrical generation to heat water, often a household’s biggest use of electricity. Solar
heating systems are generally composed of solar thermal collectors and a fluid system
to move the heat from the collector to its point of usage. The system may use

17 http://buildingcommissioning.files.wordpress.com/2008/01/daylighting1.jpg
18 http://farm1.static.flickr.com/83/216500844_7154d601a2_o.jpg
19www.robotecture.com/endofmechanics/CONTENT/Student%20Apps/EZ/Zambrano%20EOM%20final/
template-img/light_shelves.jpg
20 http://www.inhabitat.com/2006/12/28/solar-tube/
21www.portlandonline.com/shared/cfm/image.cfm?id=114639


