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DIRECTTESTIMONY OF N, RICHARD FRIEDMAN

What is your name, affiliation and role in this proceeding?

My name is N. Richard Frisdman. | am Chairman & Chief Executive Officer (CEQ)
of the Resource Dynamics Corperation headquartered in Vienna, Virginia. My
address, telephone number and e-mait address are 8805 Westwood Center Drive,
Suite 410, Vienna, Virginia 22182, Phone: (703) 356-1300 x203, E-mai:

nrf@rdenet.com. | have been engaged by Kauai Island Utility Cooperative (KIUC)

as a consuliant and expert witness in the field of districuted generation. My
professional and educational background is described in Exhibit Mo, KiUC-20C.
Have you addressed al! the issues noted in Docket No. 03-03717

All issues relevant to KIUC have been addressad in my testimony. Exhibit

No. KIUC-201 cross-raferences the issues posad in the docket by Prehearing
Order MNo. 20822 to the testimony responses providad herein and their page
numbers.

Plzase list the key points you intend 1o present in your testimony.

The key elemenis of my tfestimony include:

» The technology status of distributed generation (DG);
s The generation capacity situation on Kauai;

s  Ownership of BG;

» Which DG technoiogies are feasible for Hawaii;

« intercennection of DG; and

» Backup power charges to cusiomers with DG.
What is the status of DG technology today?

DG should be viewed as & potential electrical energy supply rescurce that can be
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econcmically applied under the correct conditions. Both the technology and its
commercial availability are evolving.
Please describe ihe generation capacity situation in Kauai,
All of the Hawallan islands ars isolated elecirical systems, consisting of
generation, transmissicn and distribuiion. KIUC has built sufficient generation
capability to offer reliable power supoly 1o its membsars and customaers, and is not
projecting a need for new generating capacity 1o meet load until 2012, As a
result of this situation, no new genersating capacity is now needsd on Kauai, if
DG is built by KIUC's customers on Kaual, this customer ownad and
interconnecied DG will likely have a significant impact on operations and system
stability due 1o lightly loaded feeders. KIUC will have difficuity absorbing the
impact of these lost revenues. KIUC's members and customers will as a result
individuaily experience greatsr cosis to absorb these lost revenues, either
through increased rates, or, for members, through a decrease in patronage
capital refunds/cradits.
What is the significance of this capacity situation on Kauai in terms of DG
ownership?
i generation is to be built on Kauai, even though no new capacity is nesded,
KIUC ownership of DG would offer ceriain benefits: all the cooperative’s
members and customers will share in any costs and benefiis (and members in
any profits through patronage capital refunds/credits), paymentis to support the

revanue requirement planned for any T&D system upgradss wouid be

maintained, and the KIUC system would gain another generation resource,
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increasing overall system flaxibility. With this in mind, utility ownership of DG
projects should be allowed and even encouraged on Kaual, Inthis cass, KIUC
and its members and customers could alse benefit from the strategic detloymeant
of DG around the island to optimize the design and operation of the T&D system.
Could you summarize which DG fechnolcgies are feasible and viabls for Hawali?
Mo general determination of what DG technologles are feasible and viable for
gither Hawait or Kauai can be mads at the cuirent time except on a case-by-case
basis. 1he szme situation pertains nationwide.

Please describe the impacts of interconnecting & DG unit with the KIUC
distribution systam?

From a technical perspective, any time the owner/oparator of a DG project seeks
interconnaction with KIUC's grid, KIUC is obligated {o consider impactson
personnel and public safety and system stability. KIUC's T&D system was
originally designed for the one-way flow of power, i.e., from the generators {0 the
customer. in assessing system performance in the case of two-way power flow,
KIUC must study the impacts as wall as prescribe specific requirements for
protective relaying, grounding, coordination and other factors as ngeded. The
engineering and system impact studies are intended to assess the need for any
system modifications or upgrades neesded (o accommodate the DG, Both the
cost of the engineering study, and any system modifications and upgradss
should be the responsibility of the DG ocwnerfbeneficiary. Of course, TKIUC is
the cwner, then all members and cusiomers will share in these costs and any

resulting benefils as mentionad above.
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How do backup/standby charges apply to & customer who has instalied DG?

The situation could arise in which a cusiomer installs DG and only remeains &
customer or member of KIUC in order to obtain backup and maintenance power.
In such a case, as further discussed below in my festimony, inorder o te fair to
all members and customers of the cooperative, KIUC would apply a standby tariff
hased on the cost of providing this backup service, including the actual cost of
raserving capacity for the DG customer's use when needed, KIUC s "Rider 87,
although ouldated, is currently available for this purpose. A similar argument
applies to exit fees that an end-user should pay if they decide to entirely quit the
system.

How would you define DG in terms of this proceeding?

DG has been defined for purposes of this proceeding (in Crder No. 20582) as
involving the “use of smail-scale electric generating technologies installed at, or
in close proximity to, the end-user's location.” The meaning of “small scalg”
warrants some discussion. The NRECA "Business and Contract Guide for
Distributed Generation (DG) interconnection, March 2002 covers systems up to
3 megawail (MW), seen as a logical break for smali-scale projecis. However, i
terms of a small, isolated system such as may exist on the island of Kaual, even
a 3 MW unit would be a large project on almost any of KIUC's distribution fseders

when compared to the peak load being served. Thus, | would favor nct assigning

a size range to DG, but retaining the flexibility to evaluate s project infems of iis

’ The Business and Contract Guide is part of the NRECA DG Tocolkit. The complete Toolkitis available at
hitp/fwww nreca.org/nreca/Poiicy/Regulatery/DGT ootikdilindax htmi.
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impact on feeder peak demand. In any case, a large combined heat and power
oroject (CHP) of tens of megawatts wouid escape the definition of DG.
This DG definition would also exclude wind farms and other forms of DG
located in remote locations with long distances to the loads being served.
Are you aware of any special characteristics of Kaual or with KIJC thatmay
impact the deployment of DG?
Yes. As mentionad above, all of the Hawalian Islands are isolaled electrical
systemns, consisting of generation, fransmission and distribution. Kauaiis an
isolated system with a current peak elecirical demand of aporoximately 72 MW,
with no interconnections with cther systems for emergency and economy power
exchanges as typically found with mainiand transmission systams. Withno
capability to receive backup and emergency power from other systems, KIUC is
required to build, operate and maintain a stand-alone system of generators
capable of serving the island’s peak load, while mesting the "adequacy of supply”
criteria specified by the Public Utilities Commission in General Order No. 7, i.e.,
“The generation capacity of the ulility's plant, supplementad by electric power
regularly available from other sources, must be sufficiently large to meet all
reasonably expectable demands for service and provide a reasonable reserve for
emergencies.” On Kaual, no "electric power regularly available from other
sources” exists, thereby compelling KIUC to build sufficient generation capability
to offer reliable power supply to its members. KIUC owns approximatsly 123 MW

of capacity on Kauai, sufficient to sustain the loss of the single largest unit during
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its annual peak ioad, and aiso the ioss of boih the largest unit and the fhird
largest unit to scheduled mainienance during morning peak hours. Additionally,
as mentioned above, KIUC is projeciing no need for new generating capacity to

W

meet member load uniii 2012

The small isolated nature of Kaual affects the potential structure of the
electric system and the use of DG within the system. KIUC serves an average of
23 customers per mile of transmission and distribution system lines, and KIUC's
total annual revenue is less than $100 million, characteristics of a small
generation and T&D system. Accordingly, DG will likely have a significant
technical impact on KIUC's operations and system stability due to lightly loaded
feeders, and KiUC will have difficulty absorbing the impact of lost revenues due
to a customer leaving the systerm. KIUC's members and customers will also
experience greater costs as mentioned above, including for members the
reduction in or loss of potential patronage capital refunds/credits.

Finally, the relatively smali size ¢f the entire electric systern means that a
single customer can potentially materiaily affect the entire cooperative. For
example, a 3 MW turbine installed at a hotel resort represents a significant
percentage of the 72 MW peak demand of KiUC’s entire sysiem.

Are there any opportunities for DG in spite of Kauai's capacity situation?
Yes. The above concerns baing noted, there may be opportunities to instatl DG
to sarve new loads located gt the end of a long fesder or remole cusiomer loads

if the feeder is already or will become heavily loaded as a result of the new load
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addition. However, if existing feeder capacily is sufficient, DG may not offer any
significant benefits to utility cperations. Further, DG may be used to support
voltage requirements and other distribution system ancillary services, provided
KIUC is able to control the operation of the unit {(which argues in favor of KIUC
ownership of any DG located on the island).
How does KilC's status aé a cooperative affect the use of DG on Kaual?
KIUC is the only electric cooperative in Hawali, with about 29,000 member-
consumers. As a cooperative, KIUC has special characteristics that can impact
its response to DG. In particular, as a member-owned cooperative, KIUC i3
guiced by a set of seven principles that reflect the best inlerests of its members:
Al Yoluntary and Ogen Membership — Cooperatives are voluntary
organizations, open io all persons able {o use their services and wiling to
accept the responsibilities of membership, without gender, social, racial,
poiitical, or religious discrimination.
B. Democratic Member Control -~ Cooperatives are democratic
organizations controlted not by investors, but by the cocperative’s
members who use the cooperative’s services. The members actively
pariicipate in setling policies and making decisions. Thas elected
representatives on the ccoperative’s Board of Directors are accountable {o

the membership.

O

Members’ Eccnomic Participation — Members coniribute equitably to, and

democratically control, the capital of their cooperative, Money left over
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afiar KIUC's biils are paid each yaar (the margin betwesan income and
sxpenses) is designated as the members’ patronages capital. These net
rnargins are distributed annually to all members in the form of cashor
cradits to the member's patronage capital account, or any combination
thereof, in proportion o the value or guantity of the services purcnased by
the member from KIUC during the applicable fiscal year.
Autonomy and Independence — Cooperatives ars aufonormous, selii-naip
organizations conirolled by their members. if the cooperative enters into
agreements with other organizations, including governments, crraises
capital from external sources, the cooperaiive does so on terms that
continue to ensure democratic control by their members and that maintain
their cooperative autonomy.
Education, Training, and Information — Cooperatives provide education
and training for their members, elected representatives, managers, and
emplovees so they can contribute effectively to the cooperative's
agevelopment.
Cooperation Among Cooperatives — Cooperatives serve their members
most effectively and strengthen the cooperative movement by working
together through local, national, regional, and international structures. The
Mational Rural Eleciric Coogerative Association supperis KiUC's efforts,
including sharing the resuils of DG planning and R&D effors.

Concern for Community — While focusing on member nseds,
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cooperatives work for the sustainabls development of their communities
through policies accepted by their members.

As a result of the above principies, KIUC does not have to satislythe
needs of any shareholders, nor deal with the natural tension that exisis between
shareholders and ratepayers, insisad, KIUC seeks {o meetthe nseds of its
member-consumers. Thus, as it applies i¢ DG, ail the cooperative’s members
will share in any costs or revenues associated with a DG unit that is owned and
operated by KIUC and installed at a member's location.

You indicated that DG is evolving. Plaase describe the main DG technologies
available today.

DG has been deployed using several technologies since the 1820s. The main
technologies are reciprocating internal combustion engines, combustion turbines
including microturbines, steam furbines, fuel cells, hydropower, wind iurbines,
and photovoltaics. As further discussed below, varying characteristics make
some technologies more suitabie than others for DG, depending on the

installation appiication and site.

Reciprocating Internal Combustion Engines

Reciprocating engines, devaloped more than 100 years ago, were the first of the
fossil fuel-driven DG technologies o bs widely empioyed. Both Otto (spark
ignition) and Diese! cycle (compression ignition) engines have gained
widespread acceptance in almost every sector of the economy and arein

applications ranging from fracticnal horsepower units powering srnall hand-held
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iools to 30 MW baseload eleciric power planis. Reciprocaiing engines empioy
pistons that move back and forth in cylinders. Smaller engines (less than 2 MW)
are primarily designed for land transportation applications but can e converted
t0 power generation with little modification. Larger engines are, in general,
designed for power generation, mechanical drive, or marine propuision.
Reciprocating engines are currently available from many manufaciurers in all DG
size ranges. For DG applications, raciprocating engines offer low costs and good
efficiency, but maintenance requirements are high. CHP configuratiors ars
available with heat recovery from both the gaseous exhaust and from water and

oil jacksts.

Combustion Turbines

Combustion turbines have been used for power generation for decades and
range in size from small microturbines to large utility-sized turbines overa
nundred MW, Units from 1-15 MW are generally referred to as industrial
iurbines, a term which differentiates them from larger utility grade turbines and
smaller microturbines. Microturbines are manufactured in the 30 to 100 kW
range. Combustion turbines have relatively low instaliation costs, low emissions,
heat recovery through steam and infrequant maintenance requirerments, but low
slectric efficiency. With these traits, combustion turbines are fypically ussd for
CHP when a continuous supply of steam or hot water and power is required, as
peakars {limited yearly operating hours), and in combined cycle configurations

{exhaust heat used for additional power gensration).
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In a combustion turbine, air is compressed and 2 gaseous or liquid fuel is
burned at pressure to raise the air temperature. The combustion products are
expanded directly through the blades in a turbine 1o drive an electric generator
The compresscr and turbine in industrial combustion turbines usually have
multiple stages and axial blading. This differentiates them from smailer

microturbines that have radial blades and are single siaged.

Steam Turbinas

Steam turbines wers inveniad in 1884 by Charles Parsons as an alternalive 10
the reciprocating steam engines that dominated that era. Steam turbines
generate rotary motion directly, and ars extensively used in instailations inthe
10-60 MW range. Steam turbines were brought to America in the early 1900s for
power generating applications. Steam turbines operate in much the same way
as industrial combustion furbines, except steam is the operating fluid. Instead of
using a cembustor a high-pressure boiler is used to generate steam. Waler is
pumped into 'the boiter and is evapcrated at high temperature and pressure,
creating the steam that eniers the turbine. The high velocity steam causes the
turbine blades fo rotate, creating power that can easily be converted info
electricity. A condenser and pump are used to collect the leflover steam, turn it
back into liquid water and feed it into the boiler, compleiing the cycle.

Fuel Cells

A fuel cell consists of two electrodes (an ancde and a cathode) separaied by an

electrolyte. Hydrogen fus! is fed into the anode, while oxygen (or air) enters the
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fuel cell through the cathode. With the aid of a catalysi, the hydrogen siom splits

intc a proton (M+) and an slactron. The proton passes through the eleciolyie to

the cathode. and the slscirons fravel through an external circult connected 28 a

i

ai

load, creating a DC current. The electrons continue on to the cathode, where
they combine with protons and oxygen, producing water and heal.
Most of the currently installad fusl cells are manufactured by UTC Fusl

Ceiis {(formerly International Fuel Celis), the malor manufacturer of commercially

o
<
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o
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=
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ails, and are 200 KW phosphoric acid-type fusi celis, Other fusl
cell technologies are being developed which differ primarily in the elecirolvie
employed, and may be sized for smaller residential and commercial applications.
Each different electrolyte has both benefits and disadvantages, based on
materials and manufaciuring costs, operating temperature, achievable efliciency,
power to volume (or weight) ratio, and other cperaticnal considerations. The part
of a fuel call that contains the electrodes and electrolvtic material is called the
“stack,” and is a major component of the cost of the tolal system.

Fuel cells requirs hydrogen for operation. However, it is generally
impractical to purchase hydrogen as a fuel. Il is most commonly exiractsd onsite
from hydrogen-rich sources such as gasoline, propane, or natural gas using a
reformer. Fuel cells have had difficulty gaining market shars due to thelr

rejatively high capital cost.

Hydropower

Hydropower converls the energy from water flowing downhill into slectricity using
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a spinning turbine that drives a generator. Hydropower was one of the carliest
elactric generation technclogles, dating back fo ihe 18¥ century. However, it
necessarily has limited DG potential because most hydropower production
canrot be usad near the water source. A smali number of DG hydropower units
exist, More importantly, some low head hydro and run-of-river DG orojecls are

being installed today.

Wind Turbines

Wind turbines are packaged systems that includs the rofor, generator, turbine
blades, and drive or coupling davice. As the wind biows througn the blades, the
air exerts asrodynamic forces that cause the blades to tumn the rotor. Most

sysiems have a gearbox and generator in a single unit hehind the turbine blades.

2}

The output of the generator is processed by an inverier that changes {he
electricity from DC to AC so that the electricity can be used. Most of the wrbines
in service today have a herizontal axis configuration. Wind conditions limit the
amount of electricity that wind turbines are able o generate, and the minimum
wind speed required for elsciricity generation determines the turbine rating.
Generally, the minimum wind speed threshold is attained more frequently when
the turbine is placed higher off of the ground. Also imporiant to consider when
siting & wind turbine is the terrain. Coastlines and hills are among the best
nlaces to locate a wind turbine, as these areas typically have more wind, The

imtermitient nature of wind limits itz fuli-time yse.
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Ehotovoliaic (PV)

oV solar panels are composed of discrate cells connected together that convert

light radiation into electricity. The PV ceils produce direct-current (DC) electricity

that is normally converted from DC 1o AC using an inverter. In some inslances,
additional power conditioning equipment may be reguired if the solar panel is
connected to the electric grid. The available solar energy that can be converied
to electricity depends upon the intensity of the light and the operating
temperature of the PV cells. Ancther major factor is the position of the solar
panel. In order to maximize light intensity, the pane! should be positionsd to
maximize the duration of perpendicular incident light rays.

. * * X

A number of observations can be made regarding the state of DG technology today:

o Technology improvernents have increased commercial availability and use
of microturbines and fuel cells.

2 Many smaller users have been instaliing renewable energy sysiems,

- especially under state sponsored net metering programs.

s The number of DG manufacturers has been increasing. Caterpillar,
Cummins, Waukesha Engine Dresser, and Wartsila, among others,
continue to produce reciprocating engines of ali sizes. Plug Power,
idaTech and others have joined UTC Fuel Cells in targsting potential fuel
cell users. Capstone and Turbec are selling microtwbines, and these

units are beginning to compete with General Electric, Siemens, Rolls
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Royce, Solar and other firms in the combustion turbine markst.

VWhat are the economics of the most common tschnologies, and how has this
influenced DG uss in various apglications?
The economics of common DG technologies are comparead in Exhibit No. KIUC-202.

Nationally — with their higher installed capital cost —fuel calls,
photovoltaics, and wind have been deployed reiatively infrequently compared to
reciprocating engines and combustion furbines. Since only the renewables (PV
and wind) create an opportunity to significantly reduce the use of fossi fugls,
these high capital costs suggest DG's impact in reducing fossil fuel consumption
in Kauai is limited. Nongtheless, as these more expensive technologies develiop
further, eccnomiss of scale may maks their use more commen.

No general determination of what DG technologies are feasible and viable
for either Hawail or Kauai can be made at the current time except on a case-by-
case basis. The same siiuation periains nationwide.

Could you describe the main BG applications today?

There are 6 main types of market applications foday: baseioad non-CHP,
baseload CHP, peaking, spinning, non-interconnected emergency/siandby, and
other non-interconnected units used for various operations. Each is described
below:

Baseload Powser

in this application, the DG technology is operated most of the year v dliow 2

facilily to generale some or all of its power on a relatively continuous basis.
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important DG charactaristics for continuous power include:

o High electric efficiency,
o i_ow variable maintenancs cosis, and
® L ow emissions.

Currently, DG is being utilized most often in 2 continucus power capacity
for industrial applications in facilities with low thermal demands. Commercial
sector usage, while a fraction of iotal industrial usage, inciudes seclors such as
grocery stores, hotels, and hospitals, usually in facilities whers the puilding has a
heating, ventilating, and air conditioning system that makes cogeneration

installation costly or there is little need for space conditioning.

Combined Heat and Power (CHP)

Also referred fo as Cooling, Heating, and Power or cogeneration, this DG
technology is operated most of the year to allow a facility to generate some or ali
of its power. A portion of the DG thermal output is used for waler heating, space
heating, steam generation or other thermatl loads. In some instances, this
thermal energy can also be used o cperate cooling eguipment. Important DG

characteristics for combined heat and power include:

» Readily recoverable thermal ouiput,
P L_ow variable maintenzance costs, and
s L_ow emissions.

CHP characteristics are similar to those of baseload power, and thus ihe
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therma! demand necessary for CHP is not a requisiie for baseload applications.
As with baseload applications, CHP is most commaonly used by industrial clients,
with a small portion of overall installations in the commercial sactor. Because of
their superior life-cycie economics, CHF appiications are much moere common
than baseload applications

Pegking Powsr

In a peaking power appiication, DG is cperated to reduce overall eleciicity cosis

o ¥

hut the DG is not operated on & coniinuous basis. Units can be operated 10
reduce the utility's demand charges, to defer buying electricity during high-price
periods, or to allow for lower rates from power providers by smoothing site

demand. Important DG charactaristics for peaking power include:

@ Low instalied cost,
® Quick staniup, and
o Low fixed mainienancs costs.

Paaking power applications can be offered by energy companies to clients who
want o reduce the cost of buying electricity during high-price periods.

Spinning Reserve

A limited amount of DG unils are applied as spinning reserve for electic grid
suoport. They may operats anywhera from a few hours per vear to nearly full-
time, yet produce relatively little generation. Most are owned and operated by

municipals or rural electric cooperatives. Many are located at substations.
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Premium Power

DG may be usad to provide “premium” electricity service at a higher lavalof

reliability and/or power quality than is typically availabl rid.

£ : 3
from the

ey

0

Custorners typically demand uninterrupted power for a variety of applications,
and for this reason, pramium powaer is brokan down into three catagories
Emergency/Standby Power Sysiem - This is an independent system that
automatically provides electricity within a specified time frame to replace the
normal source if it fails. This system is used o power equinment whosg failure
would resull in the shuidown of business operations and/or threatensd health
and safety. Customers include apariment, office and commercial buildings
hotels, schools, and a wide range of public gathering places.
Safety and Security Power System - This independent system provides electricily
to replace the normal source if it fails and thus allows the customer's entire
facility to continue to operate satisfactorily. Such a system is critical for clients
ncluding airports, fire and police stations, military bases, prisons, water sucply
and sewage treatment planis, natural gas transmission and distribution systems
and dairy farms.
Mission Critical Power Systerm - Clients who demand uninterrupted power, Tree of
all power quality problams such as frequency variations, voltage transients, dips,
and surges, use this system. Power of this qualily is not available directly from
the grid — it requires both auxkiliary power conditioning equipment and either

emergency or standby power. Aliernatively, a DG technology can be used as the
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primary power source and the grid can be used as a backup. Premiumpower
sysiems are used by mission critical systems fike airliines, banks, insurance
companies, communications stations, hospitals and nursing homes.

The growing sremium power markst may present the ulility with an
opportunity fo provide a vaiue-addsd service 1o thelr customears.

important DG characteristics for premium power applications are

iher Mon-interconneciad

A number of DG units greater than 1 MW in size arg usad in the fisld insither
temporary or non-permanent locations. As such, they are nol interconnscie ad
with the grid. Primary applications of these DG units include special operaiions
such as offshors oll platforms, oil field drilling, entertainment sites {a.g,,
Hollywood sets, circuses, county fairs), construction sites, and other lsmporary or
mobile applications. Many of thaese DG unils are designed to be transporied by
truck or rail to the iob site. Fuel is provided either by temporarily connecling a
gas line or via fanked slorage.

How much DG has been installed inthe U.8.7

Tabie 1 below provides an indication of the relatjva size of the DG market by
application, as of the end of 2003, As noted therain, the largest market
application is emergency/standby generators, which are generally operated
independently and are not interconnected with a utllity grid. CHP is the largest
interconnectsd market application, dus to its frequently supericr efficiency and

associated operational economics.
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Table 1. U.S. Installed DG Capacily 2003

Gigawatis (GW)

Catagory GwY
Baseload 4
CHP 22

Peaking

i

—

Spinning reserves

Emergency/standby non-interconnected 183
Other non-interconnecied 13
Total BG 234
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Source: The instailed Base of U.S. Distributed Generation, 2004 Edition, Resocurce Dynamics Corpergtion, Vienna,

Virginia.

Q. How would ownsrship of the DG unit affect KIUC's member-consumers and

customers?

As noted earlier in my testimony, KIUC has built sufficient generation capability {o

offer reliable power supply fo its members and customers, and is not projecting a

need for new generating capacity to meet load until 2012. f generationis to be

built on Kauai, even though no new capacily is neaded, the DG unit may be

ewned by 1) individual end-use customers, 2) third party investors, or 3) KiUC. A

customer may be interested in instailing their own generation to lower costs

and/or improve reliability. For the reasons discussed above, this optionmay be

most attractive to the customer in the case of CHP applications where a

significant thermal load may be served by the DG unit, as in the caseofa large

hotel complex. In some cases, a third party might approach a rasort holel and
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offer to provide them power for a rate lower than the applicabie KIUC tariff. In
either case, the hotel would own or lease, operate (or pay for operation as part of
their power rate), and in most cases control output from the DG unit.
in the above situation, it is likely that the hotel would remain a member oOF
customer of KIUC in order to receive backup and mainienance power when
needad. An open issue here is the rates that KIUC should charge the cusiomer
for backup/standby powsar when needed, especially when KIUC must 1reserve
a fixed amount of generating capacity for this customer, 2) maintain ine
transmission and distribution system to serve this customer when needed, and 3)
=till meet its revenue requirement necessary for T&D constructiorn and it
operations with reduced revenues from the hotel. In this case, the revenus
requirement must be spread over the remaining smaller cusiomer base, theraeby
incrementally increasing costs for all other members and cusiomers. Al other
cooperative members and customers wouid then have 10 pay mors er the
utility’s fixed costs, including costs associated with the T&D system. The hotel, if
siil a customer of KIUC, would aiso see the resulting increased costs (and if still
a member, would see the corrasponding reduction in patronage capital
refundsicredits), which would most likely not be anticipated or taken info
consideration by the hotel when the DG/CHP feasibility study was conducted.
This is not io say, however, that the customer would not see any benefits
in the above appiication. i is just that these realized benefits from eleclricity
generation might be limited by other factors. For example, the cusiomer may

end up paying higher fuel costs due fo the loss of the buying power ¢f the
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cooperative, maintenance and repair expenses, and replacement
(hackup/standby) power. Tnhe customer woulld aiso have to either relyon a
relatively unknown third party for equipment operation and maintenance (i CE&MY,
or train i3 own staff to conduct the O&M. Furthsr, if the customer is a KIUC
member, they would ses a material reduction in their patronage capi
refunds/credits. Nevertheless, the customer would gain control Of the generator
output, and may benefit from the thermal output of the unit. The cleiziled
susiomer economics of whather the DG is feasible for that cusiormer's purposes
must be determined on a casa-by-cases basis.

Perhaps most significantly, only the hotel, in this example, would benefit
frorn the instaliation of tha DG project. Any savings wouid only accrug o the
hotel. and no benefit would be realized by the KIUC system (or any of KIUC's
other members or customers) from the increased supply diversity represenied by
the DG installation

It must also be kept in mind that since Kaual is an isolated system, ther
no real market fo which the customer could sell excess power, especialy
pecause KIUC already has a sufficient generation capacity margin. Assuch, the
purchase of excess power from the cusiomer would have little 1o no bene fit 1o
KiLC's other members and cusiomers

However, if KIUC owned the DG unit, all the cooperative’s members and
customers will shars in the costs and benefits {(and the members in any profits),
payments to support the revenue requirement planned for any T&D systemn

upgrades would be maintained, and the KIUC system would gain another
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the henefits flowing from DG unit operation. The customer would aisc penafit
from having the DG unit operated by KIUC stalf with generation equipment O&M
experience. Howaver, it should be noted that general nolisies that requirs KILUC

ic always share presumed cost savings with end-users wi

s
C}

install DG ars
inappropriate. instead, any sharing of savings should be passd on actual cost
reductions o KIUC that are sile dependent.

With KIUC ownership, an additional benefit io members and cuslomers
would result from KIUC having control over the operation of the DG unit. In
addition to the incraased diversity of supply, KIUC would gain the value of
anciliary sarvices such as vollage support.

in fight of the above discussion, utility ownarship of DG projects should be
allowad and even encouragad on Kaual, In this case, KIUC and its members
and customers could also benefit from the strategic deployment of DG around
the island to optimize the design, operation and diversity of KIUC’s T&D system.
Which technologies might work best in Kaual?

As noted earlier in my testimony, any of the common DG technologies could be
implemented on Kauai, depending on speciic siie and operational
characteristics, fuel availabiiity and environmential impacts. Generally,
tecnnology options with the following characteristics would be best for KIUC and
its members and customers:

1

A Dispatchable,
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B. f2eliable and constant supply source (the intermittent nature of renewabies

is @ concern),

C. Fully-commercialized technology with responsive after-sals senvice
siupport, and
. Speacial traatment of renewablas may be warranted due to their lower

emission levels; CHP may also &
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Dispatchable units controlied by KIUC can be used when and as often as
needed to handle pezak demand periods and any system emergencies. This
could also help defer any T&D system upgrade costs if the DG unit is
strategically located on the grid.

A reliable and constant fue! supply source is an important characteristic of
KIUC’s existing generation, and any DG units integrated into the KIUC supply
system should have this same characteristic. The generation needs o be
available whan called upon.

Fully commercialized techinology is inherently more proven and reliable

than experimental technologies. Similarly, strong service support, incld

&

ing
ailability of spare parts and technical expertise on & local basis, is a necessary
component of a reliable system.
IUsing renewables and CHP can diractly lead to lower air emissions,
offering a positive societal benafit. The intermitiznt nature of renewables i3 a
concern, howavar, and options for incorporating energy storage into renewable

>~

system design may be ussiul 1o explore.



i

X}

Docket No. 03-0371
Exhibzit No KIUC-T-2
Witness Frisdman
Page 22 of 38
What impacts would DG have on the T&D system?
The impacts of interconnected DG units on the T&D system are very real. These
impacts must be evaluated on a case-by-case basis, requiring carsful engingaring
study. Typically, the larger the DG unlt, the more impact it will have onthe sysiem
it should be notad that KIUC's T&D system was originaily cdesigned for ths
ans-way flow of power, from the generators to the customer. As sLuch,
integrating DG into this system can complicate sysiem operations ang offer
unexpected impacts affecting system stabllity and personnel a and cusiomer
safety, thus necessitating the need for enginsering and system impact tdies 1o
determine any system modifications or upgrades that may be reguirad o
accommodate the DG.

Impacis from DG will aiso arlse dus to the cost of the enginesering stuay
and any resulting system modifications and upgrades needed 1o interconnact the
DG units to the T&D system. These costs shouid be the responsibility of the DG
owner/beneficiary. That is, such costs should not be borne by all of the
cooperative member-consumers/customers, but only those that directly benefit
from the DG. This policy is applied in nearly all the states. Of course, TKIUC is
the owner, then all customers would share in thess costs and any resulting
henefits (and members in any profits through patronage capital refundsforedits).

Sometimas, DG can lower T&D costs, or at least allow the deferral of
upgrades to existing T&D investment. This is a prime motivater for many

cooperatives and other utilities fo encourags the use of DG, To achisve these

savings, however, the DG must be located at a constrained subsiatlicn or aiong a
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feader whers it can be usad to support the grid. As a result, the availability of
these benefils are highly variable and sile speciiic.
In the short run, distributed generation deplovment may result inonly
minimal cost savings at best dus to & small reduction in transmission line losses

from providing generation at the customer location rather than having to ransmit

hulk energy over long distances. In the long run, DG may result in a tangible

2

nenefit if the utility will not be required to build or can delay the building of its next
large increment of power plant or T&D facilitias as a result of the DG.

Also, by distributing the generation sources geographicaily, DG can
increase overall system sacurity, from both natural disasters and from a terrorist
attack perspective. In fact, the 1.8, Depariment of Homeland Security may
sventually require state or local plans 1o be put in place thal increase the security
of electric systems.

What are the economic impacis of DG on the member-consumars and cusiomers
of KIUCY

When an end-user deplovs a DG unit, they will pay KIUC less revenus becauss
they will be purchasing less power from the cooperative. As indicated above, all
other cooperative members and customears will then have {0 pay mors to cover the
utility’s fixad costs, including costs associaiad with generation and the T&D sysiem

In addition, KIUC's members and customers would aiso be impacted if
they were required to pay for, or in other words subsidize, all costs associated

with accommodating the interconnection of the DG unit. To avoid this, a8

mentioned above, it is KIUC's position that the particular DG owner/beneficiary
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should be required to pay for all costs associated with accommodating the
interconnection of the DG unit.

Finally, KIUC believes that nearly all DG end-users will expect o be
orovided power from KIUC as a backup service o their own generation. This
backup power might be purchased during peak demand periods, or asa backup
when the DG unit is being maintained or is otherwiss out of service. Since the
wires, transformers, switches etc. for thess two-way powsr flows must continue
to be sized by KIUC to meet the full powsr demand of the end-user, grid costs
will not decrease for KIUC even though their resulting revenue will decrease as a
result of the end-user's use of less power from KIUC. To address this and to be
fair to all members and customers of the cooperative, KIUC has a "Rider S,
Standby, Auxiliary, Supplementary or Breakdown Service for Customers with
Demands of 30 Kilowatis or More”, which was established by its predecessor and
designed to reflect the then cost of providing this backup service, including the
aciual cost of reserving capacity for the DG customer's use when needed. A
similar argument applies to exit fees that an end-user should pay if they decide {0
no longer interconnect with KIUC s grid.

Please elaborate on issues that must be considerad when interconnecting DG
with the KIUC grid?

Bacause of the above noted system and economic impacts, there are a number
of primary issues that must te considerad when interconnecting the DG unit to

KILC's grid. These include, without limitation:
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s Farsonnel and public safely.

2 System stability.

® Relevant standards fo be applied (e.g., IEEE 1847).

8 Nead for sarly notification to the uiiiity by a customer of his/harfils

interest/intent to install DG.

o interconnection process and reguirement issuses, inciudin

- Utility guidelines;

- Application forms;

- Fees;

- Engineering and system impact studies;

- Customer coniract;

- Sysiem modifications and upgrades (if needed); and

- Customer payment for any studies, moedifications/upgrades, testing

and acceptance.
s The appropriateness of developing a sireamiined process for small
sysiems.

The interconnection of DG to the grid is regulated by certain codes and
standards put in place o address safety and power quality issues. These codes
and standards set forth requirements for the manufacture, instaliation and
operation of DG interconnection squipment. The following three organizations
are major players in the DG interconnection codes and standards arena:

H

& Institute of Elecirical and Electronics Engingers (IEEE)
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s National Fire Protection Association (NFPA), and
® Underwriters Laboratorias (UL)

The \EEE anoroved Standard 1347, Standard for Dislributed Resource s
interconnectsd with Electric Fower Systems, in June 2063, This nhas been
adopted as a requirement in several states.

Underwritars Laboratories Ine, (UL) is an independant, not-for-profit
aroduct safety testing and certification organization. UL has tested products for
public safety for mors than a cantury and is the leader in U3, electrical product
safety and certification. UL has a number of certifications that apply 1o DG
interconnection equipment. The principle one is UL 1747 — Invariars,
Converters, and Controllers for Use in Independent Power Systems. These
requirements cover inveriers, converters, charge controllers, and output
controflers intended for use in stand-alone (not grid connected) or utility-
interactive {grid-connected) power systems.

interconnection includes both technical reguirements {as included in IEEE
15473, and business and contract requirements. The NRECA DG Toolkit
referenced earlier in my testimony includes sample contracts, application flow
charts, fee schedules and a cusiomer guide o haip explain utility interconnection
requirernenis. This provides a good foundation for development of any
interconneciion requirements.

What should be the role of DG in Integrated Resource Planning {IRP)?

Since KIUC is a faiiy new member-owned cooperative, ilis currentlyinthe

nrocess of developing an integrated resource plan framework {o prasent to the
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Commission for their review and approval by the end of 2004, which will replace

i

the existing framework prepared when all Hawaii eiechiic utilities were investor
owned. Ata minimum, this revised framework will require KIUC to scope how
DG will impact its sysiem needs.

System bensfits and costs ¢an be optimized only when considersd
holistically. Since DG is ons possible solution io not only generation, bul also 1o
meet and/or replace the need for T&D upgrades, KIUC favors inclusiondof DG in
the IRP process. Specifically, within any IRP, it may be useful to consider how
sffsctive DG may be o allow the deferral of a T&D upgrade project.

L.ooking forward, a survay of, or information coliection about existing
backup generation on the island {not interconnected) would prove ussful. Such
data may assist in any discussions of homeland security issues as welias
nlanning for use of these generators as part of a KIUC dispatchable virual power
plant. Thus, KIUC is in the process of censidering whether its next IRP study
shouid include such a survey,

How do siting and permitting issues impact the deployment of BG7?

When siting DG at a customer iocalion, a number of different building codes and
other governmenial requirements must be complied with at a local level, many of
which are enforced for safely and health reasons. DOE's Office of Energy
Efficiency and Renewable Energy mainiains a web site with links 1o overa dozen

LAY}

resources about codes and standards related to DG.2 Thess codes and permits

? hito i favew. pere energy.covide/deplovment/den road rescurces.shiml
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have a large impact on DG siting costs because they impose unigue sifing
requirernents for each DG project. In other words, having 1o meat varying
building codes may prevent a DG develeper from quickly repeating a permit
orocess learmned during a previous nroiscl.

The costs of applying for and complying with zoning permits, bullding
permits {including electrical, plumbing, HVAC, and other speciaiized bullding
permits) can be minimal compared 1o that of insuring that the DG unit mests air
amission standards. Indeed, most developers are somewhat famiitar with these
traditional processes and costs, since they occur on most construction projects
including the types of buildings or pads where DG is normally sited. Howsver, air
emission standards and permits are a special aspect of instaling DG.

Air permitting procedures for DG sites have e'vo'é;éd over receniyears. As
more DG units are installed and operated, state and local officials are
increasingly implementing new regulations and procedures specifically designsd
to address the needs and requirements of DG units. For example, some siates
have recently enacted revised Best Available Control Technology standards for
DG generators. Emission limits constrain the deployment of sormne types of DG
iechnologies in some regions, possibly limiting the choice of DG technology
availzble to a utility or end-user.

In addition, the National! Fire Pm%ecﬁ@é Association INFPA)Y hasbeen a
worldwide leader in providing fire, electrical, and iife safely o the pubiic since

1896. The NFPA publishes the Nationa! Elecirical Code (NEC) (NFPA-70),
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which covers glecirical equipment wiring and safety on the customer’s side of the
point of common coupling. DG owners/operators must comply with the
requirements of the NEC for all siectrical instaliations, typically subjectio
inspection and approvai by the county slactrical inspedior.

Customers choosing to install their own generating equipment mus:
hecome famiiiar and comply with all siting and permitting requirerments. The
tachnical expertise and costs reguired o do so may be significant.

What shouid the role of the regulated utility companies and the Commission be In

the deployment of DG in Hawaii?

Rele of KIUC. KIUC doss not have a specific position at this time as towhat ine

roles of the other regulated electric utility companies in Hawaii should bein the
deployment of DG. However, because of its cooperative structure, KIUC
helisves that it may have an entirely different rote in the DG process than the
other electric utility companies because, as a member-owned cooperative, KIUC
is not driven by the same factors as an investor-owned ufllity.

As mentioned in its Preliminary Staternent of Position, KIUC is still in the process
of evaluating what it means to be a member-owned cooperative and what
resulting role it should have in the DG process. KIUC is hoping that the subject
docket and its current preparation of the equity management plan will assist them
in making these determinations. However, as discussad above, it is KIUC's
nosition that while no new generating capacity is now nesced on Kaual,

generation is to be built, utility ownership of DG projects should be allowed and
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even encouraged on Kaual, For example, as mentionad above, if KIUC owned
the DG unit, gl the cooperative’s members and custorners will share in the costs
and benefits, payments to suppoert the revenus requirement planned for any T&D
system upgrades would be maintained
genaration resource, increasing overall system flaxibllity. KIUC and s members
and customears could aiso benefit from the strategic deployment of DG around

the island to optimize the design and operation of the T&D system.

mole of the Commission. As mentioned in ite Preliminary Position Statement and

discussed above, KIUC belisves that it is difficuit at this time to make any
reascnable general determination as to whal forms of distributed generation are
feasibie and viable for Hawail due to various uncertainties and variables. These
uncertainties and variables include, without limitation, (&) the uncertain role
distriouted generation will have in the elsctric industry in the futurs, (bj the fact
that many forms of distributed generation are siill unproven and are currenthy too
cost prohibitive or may not yet have been generaily accepte ad in the uillity arena,
(c) Hawsaii's stand-alone electric systems due to its isolated location fromthe
ainland United States, and (¢) Hawail's varying fopography and popuiation
distribution. As a resuli and as mentionad above, KIUC believes that any
determination of the specific forms of distributed ganeration that may be feasidle
and viable in Hawaii can only be made on a case-by-case basis locking at the

specific proposed project and location.
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As a result, KIUC believes that the role of the Commission in the DG
process at the current time should be 1o set forth policy object fives that could
assist the electric uiility in making the determination on & case-by-case basis
whether a specific distributed generation project or facility is feasible. in KillC's

opinion, thess policies must remain fairly general at the current time 10 allow Tor
sufficient flexibiiity as distributed generation technologies advance andthe
rasulting costs and efficiencies are improved and can be betler deisrmined, as
well as to allow KIUC to take into consideration the interests of ifls members.
However, at a minimurm, these policies should recognize the potential risk that
any exiensive or non-controlied infusion of distributed generation would have on
an electric utility's revenues and on ifs ratspayers. In connsction with this, these
policias should provide some guidelines to allow the eleciiic utility to, ala

minimum, recover its costs of allowing or pursuing

o

isiributed generation without
unduly burdening the ratepayers that are not directly bensfited by the distributed
generation, while also allowing the owner of the distributed generatfion o share in
ihe henefits of any savings it provides to the elsctric utility.

What revisions should be made 1o state administrative rules and utility rules and
practices o facilitate the successful deployment of DG7

As further discussed above, KIUC beilieves that the role of the Commission o
facilitate the succassiul deployment of distributad generation is 1o establish policy
objectives to assist the electric utility in making a determination on a case-by-

case basis of whether a specific distributed generation project or Taciity is
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feasible. These policies should remain fairy general at the current time o aliow

for sufficient flexibitity as distributed generation fachnologies advance and

asfficiencies improve, while a2l the sar
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roviding some guidelines o allow
the electric utility to recover its costs related 1o the distributed generation facilities
while also allowing the owner of the facilily to share in the cost savings o the
utitity.
Given the above and the policy objective set forth by the Commission in

Order No. 20582 opening the subject docket, it may be premature ai the current

[$)]

fime to undertaks as part of the subject dockst an analysis of what spedi

=iy

iC
visions should be mads 1o any state administrative rules and utility rules and
practices in connection with the above. However, some changes o these ruiss
and practices may be uitimately warranted to incorporate the any policies that
may result from this process.
Motwithstanding the above, however, as mentionaed above, KilJChas an
tablished “Rider 87, a tariff that applies when a customer installs DG and

remains a cusiomer of KIUC in order to obtain supplemental, backup and

maintenance power. The Rider S stan

dby charge is to be bassd on the cost of

providing this backup service, including the actual cost of reserving capacity for

the DG customer's use when needsd. (Otherwise, the remaining

mambers/customers of KIUC would be unfairly burdened with having fo pay Tor

this cost. Changes may be nesded o this Rider 8 o betigr reflect KiIUO's current
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cost of providing this backup service. A similar argument applies to exitfees that
an end-user should pay if they decide o entirely quit the sysiem.
Does this concluds your tsstimony?

Yas,
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N. Richard Friedman

Professional and Educational Background

Employment History, Professional Affiliations and Educational Background

| founded the Resource Dynamics Corporation in 1980 to provide
energy consulting services to utility companies, research organizations,
equipment manufacturers and the government. My technical and consuilting
responsibilities at the Resource Dynamics Corporation include the direction of
strategic business assessments, advising energy companies on customer
marketing strategies, and identifying opportunities for new business development
ventures. | direct my firm's activities in the field of distributed generation (DG),
and have been working and consulting in the DG field for over 2 decades. |lam a
nationally-recognized expert on commercial and industrial energy use, and over
the last 3 decades have written and lectured extensively on the application of
industrial technologies to process operations, customer power generation,
distributed generation and cogeneration, and innovative approaches to product
and service marketing.

For over a decade prior to founding the Resource Dynamics
Corporation, | worked for a major electrical equipment manufacturer, for the
electrical design and energy consulting division of a large professional services
company, and as the Chief Operating Officer of a regional electrical construction
company. inthese diverse roles, | evaluated the economic and technical impact

of emerging energy technologies on industrial process operations; managed
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energy technology development and demonstration projects; developed technical
specifications for electrical power generation and distribution equipment for
electric utility applications; conducted site quality control audits of manufacturing
processes; developed electrical control systems and strategies; supervised
construction management, industrial process control, space conditioning and
energy distribution design; and developed analytical tools to evaluate the
efficiency of electrical installations and developed systems to monitor and control
job production and costing.
| hold a Master of Engineering Administration degree from the
George Washington University (Washington, D.C.) and a B.S. in Electrical
Engineering from the Moore Schoot at the University of Pennsylvania
(Philadelphia, PA). | am a member of the IEEE Power Engineering Society,
IEEE Industry Applications Society, and IEEE Energy Policy Committee; a
member of IEEE Standard Coordinating Committee 21 covering DG
interconnection, as well as Chair of IEEE Standard P1547.2 Work Group,
developing the Application Guide to IEEE 1547; a member of the Executive

Committee of the U.S. Combined Heat and Power Association; and a member of

the Association of Energy Engineers.

Background in Distributed Generation

| began working in the distributed generation (DG) field over

2 decades ago, developing business, market and technology strategies for
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manufacturers, utilities, project developers, end users, and financial institutions,
and having installed DG projects for both commercial and industrial end users.
| am the founder of the Resource Dynamics Corporation, a leading
consulting firm in distributed generation. My firm has conducted dozens of DG
and combined heat and power (CHP) studies for EPRI, DOE, utilities,
manufacturers, and equipment suppliers. We have also performed over a
hundred related research products covering the markets for electric power, fuel
supply to the electric industry, energy conservation efforts, and electric efficiency.
| helped develop the first national interconnection standard for
distributed generators in 1988 and am currently serving on the IEEE Standards
Committee developing the IEEE 1547 series of interconnection standard for
today's technologies. | led the development of technical requirements for
IEEE 1547, and facilitated discussions and negotiations between diverse
stakeholders during the 3-year standard development process (IEEE 1547 was
published in July 2003). | am presently chairing the |IEEE 1547.2 Committee
developing an Application Guide to the IEEE 1547 Standard.
| developed the “DG Toolkit” for the National Rural Electric
Cooperative Association (NRECA), focusing on the technical and business
requirements for interconnecting a distributed generator with the utility grid. Also
for the NRECA, | developed the “Application Guide to |IEEE Standard 1547
| am currently leading the project for EPRI entitled “Industry

Application Experiences with DG Interconnection to the Utility Grid”, an effort to
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update the original study from 2003. | led the 2004 lowa study of interconnection
guidelines, developing key recommendations to the state to remove barriers to
interconnection. | also managed the development of the report “Interconnection
Practices: State of the Art” for the DOE and the National Renewable Energy
Laboratory. | have directed numerous other DG and interconnection projects.
| served on the Task Force on Critical Power Needs of High Tech
Industries of the State of Virginia, examining the role of distributed generation for
data centers and other high tech operations. | recently directed an in-depth study
of the worldwide small power generation market for a major international

equipment supplier. | have presented on DG and CHP topics at numerous

professional conferences.
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Issues and Testimony Response Location

Testimony
Issues per Prehearing Order No. 20922 Repsgggse
Number(s)
Planning Issues
1. What forms of distributed generation (e.g., renewable energy 1, 3, 9-15,
facilities, hybrid renewable energy systems, generation, 23-24,
cogeneration) are feasible and viable for Hawaii? 33-34
1-3, 7,9,
2. Who shouid own and operate DG projects? 20-23, 25,
32-34
3. What is the role of the regulated utility companies and the 32-33
Commission in the deployment of DG in Hawaii?
Impact issues
4. What impacts, if any, will distributed generation have on Hawaii's 2, 24-25,
electric transmission and distribution systems and market? 27-28
5. What are the impacts of DG on power quality and reliability? 22‘?;%58
6. What utility costs can be avoided by DG? 3, ggz:?'
2,15,
7. What are the externalities costs and benefits of DG? 20-21,
23-28
, ) ) 9-13, 15,
8. What is the potential for DG to reduce the use of fossil fuels? 16
implementation Issues
9. What must be considered to allow a DG facility to interconnect with 3,27-28
the electric utility’s grid?
10. What is the appropriate rate design and cost allocation issues that | 3-4, 26-27,
must be considered with the deployment of DG facilities? 35
11. What revisions should be made to the integrated resource 29-30
planning process?
12. What forms of distributed generation (e.q., renewable energy 1, 3, 9-15,
facilities, hybrid renewable energy systems, generation, 23-24,
cogeneration) are feasible and viable for Hawaii? 33-34
13. What revisions should be made to state administrative rules and 34-35
utility rules and practices to facilitate the successful deployment of
D@?




DG Economics

Docket No. 03-0371
Exhibit No. KIUC-202

Wi

itness: Friedman
Page 1 of 1

Spark Igtlon

Packaged Cost

Installation Cost

~ 150-600

Fixed O&M

Variable O&M
SkWh

5-15 0.007-0.02
Diesel 200-700 150-600 10-18 0.005-0.01
Dual Fuel 250-550 150-450 10-18 0.005-0.01

Stirling (External Combustion "2,000-30,000 100500 | 0.001-0.01
Microturbines " 700-1,300 250-600 | 310 0.005-0.01

Industrial (Gas) Turbines 300-900 200-300 1025 0.0025-0.004
Steam Turbines 400-1.200 200-400 15-30 0.0025-0.005
Combined Cycle Turbi " 500-1,200 200-300 0.003-0.006
PEM 40005000 | 400-1.000 0.01-0.04

Phosphoric Acid 4,000-5.000 300-500 310

Photovoitaic "~ 7.100-20,000 10002000 | 00 -

Wind 2.500-7.500 500-1,000 -

Packaged costs include the prime mover, generator, inverter {if needed), and ancillary equipment.
Costs can vary based on size, duty cycle, and fuel.

Installation costs can vary with utility interconnection requirements, |abor rates, ease of installation,
and other site-specific factors. All costs in this table exclude equipment necessary for thermai utilization.

Source: Distributed Generation Sourcebook, 2004 Edition, Resource Dynamics Corporation, Vienna,

Virginia, July 2004.
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DG Characteristics for Premium Power Applications

]
Fast Power | Low Capital High High Secure Fuel
Quick Startup; Transfer Cost Reliability Availability Supply

Emergency

/Standby v v v
Safety & v v v v
Security

Mission

Critical v v v v v




