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Case Study: 1350 Avenue of the Americas

It's easy to locate 1350 Avenue of the Americas during a blackout in New
York City - it's the place with the lights on.

The building is a beacon in the darkness because it doesn’t fully rely on
Consolidated Edison for its power — thanks to natural-gas turbines from
Capstone Turbine that generate electricity onsite.

2n the16th floor set-hack roof of the 25-story bu lding sit 12 Cepstone
C60 High Pressure Dual Mode ICHP units that create an individual power plant
generating 720 kW of clean and secure electricity — about 35 percent of the
building’s day-to-day electricity needs — regardless of the status of the aging
electric grid surrounding it.

The power plant of Capstone turbines is owned and operated by
OfficePawer Inc., a Conrecticut-based company that cffers multi-tznant
office building cwners an apticn that onoe was impessikle: Energy
independsncs and financial comr petitivenass.

OfficePoweer is teaning witk Capstone Turbine to increase the facilitys
power reliability and overall asset value by reducing 1350 AOA’s consumption
of grid power during high-cost peak periods. In addition, the Capstone turbines
provide thermal energy that carry up to 80 percent of the building’s heating
load during colder months. A Capstone Heat Recovery Module is installed on
the top of each turbine, capturing exhaust heat energy normally unused and
sent into the atmosphere.

“In the off cz spacs
real-estate market, the newest
amenity that is rapidly becoming
a necessity is a building’s ability
to deliver power,” said Joel
Wilson, CEZ of O ceFower,
"Energy is the raw material for
production of finanzial s=rvices,
legal, accounting and other
similar enterprises.”

Combined heat-and-power
is an essential feature of Mayor
Michael Bloomberg's energy
road map for the future — PlaNYC
2030. Capstone Turbine provides
a path to that future with its

clean and advanced turbines.
1 Beginning operation in
August 2006, the 1350 AOA
Capstone installation has
B experienced 99.4 percent
availability — an almost unheard
of figare far a distributed
generation system.

"Installing Capstone
Turbines is a way for building
owners to differentiate their
buildings in the marketplace
| so they can attract higher level
tenants — and increase the value
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of their building at the same time.

1350 Avenue of the Americas

Technologies

L3

12 Capstoae CEO High Fressure

Dual Mode ICHP units generating

720 kW of clean and secure electricity.
Capstone Heat Recovery Module ch
each turbine captures exhaust heat
energy.

Customer

CrificePower Inc., a Conqecticut-based
company that offers multi-tenant
office building wiaers ansrgy
independzancs and financizl
competitiveness.

Euilding: 1350 &venue cf tha
Americas, a 35-stany office tower

in Manhattan.

Results

Capstone Tu-hines provide 35% af
building’s day-to-day electricity needs
and up to 30% of haating reads.
Taetu-Eines are 2ta 2.5 times more
efficient than a central fire p ant.
Turkines cut the CO2 footprint in
half, or better.

2uring 2 “grid event® the tu-Eines
reconfigure nea~seam =ssly to
provide back up power to designated
"protected” loads.

Buildings total power costs 2re nevear
more than the cost of remaining tied
to the grid.

[



said.

efficiercy, raliability, almost complete lack of vibration,
and super-green emission levels, Capstones are the right
power generator for virtually all urban buildings,” Wilson

OfficeFowve- owns and operates the powar glart ina
long-term arrangement with the building owner. Under
terms of the agrezment, O FiczFower ensures a buildings
total power costs are not more than the cost of remaining
completely tied to the grid.

“Our economic business model aside, this is also about
what we're bringing to the market by relieving the grid of
same af its problerrs and how that, in turn, oenefits the
erwirermant,” Wilsen said, “If we're twice as 2fficient as
the grid, then we cut in half the CO, footprint of buildings
on the grid. We partnered with Capstone because they share
our vision of an energy option that not only serves building
owners, but also is environmentally responsible.”

OfficaFower scon wi | have more Capstone-kassd
installations in prime locations in New York City,
including 200 Park Ave., 220 E. 42nd St., 230 Park Ave.
and 666 5th Ave. =

How Does It Work? Air Bearing

By Marc Rouse, Capstone Product Manager

Perhaps the most intriguing
Capstone innovation is our patented
air bearing — a technological
innovation that provides a lubrication
solution superior to previously existing
technologies. The use of air bearings
in Capstone turbines provides longer
engine life, requires no maintenance
and reduces the unit’s ecological
footprint.

When two contacting bodies move
past each other, no matter how smooth
their surfaces, friction results in a
resisting force. This resisting force and
the heat it generates creates energy
loss and leads to material breakdown
and premature component wear.
Lubricants are typically used to reduce
friction between bodies and can help
transfer heat generated by their relative
motion against one another.

Lubricating oils are used in most
systems to alleviate the many problems
caused by friction. However, the
introduction of a wet, environmentally
unfriendly lubricating oil has severe
drawbacks. In most traditional oil-
lubricated systems, moving parts are
separated by a thin oil film. Thiz il film
is created and maintained through a
complex series of pumps, switches and
tubing. The oil is typically cooled with
a radiator and kept particulate-free
witk a filter. The irreducticr of all
these subsystems makes a failure to
deliver clean, cool lubricating oil more
likely, which will result in equipment

failure. These systems need regular
maintenance to ensure their integrity.
In addition, inspections, oil changes and
filter replacernents ars required. The
costs of maintaining a complex lube-oil
system is high, both economically and
environmentally.

Capstone’s air bearings side-step
many of these concerns by using
ordinary air as a lubricating medium
instead of oil. The principles of
air-bearing operation are similar to
those behind the operation of an air-
hockey table — the turbine shaft rides
on a cushion of air just as the puck in
air hockey rides on a cushion of air
over the table.

The unique aerodynamic shape of
the Capstone air bearing pulls a very
thin layer of air into space between

the rotating parts, which creates a near
frictionless cushion of air. The two parts
are no longer in contact and what little
heat is generated within the bearing
is dissipated as air flows through
the bearing. The air-bearing system
eliminates external lubrication systems;
provides longer engine life; and requires
no maintenance, no oil changes, no oil
filte- replacements and no inspsct ans.
Every Capstone MicroTurbine
uses air bearings and has only one
moving part in the turbine generator.
Traditional problems associated with
turbine lubrication are greatly reduced
with the use of air-bearing technologies.
In short, Capstone offers the highest
reliability and lowest maintenance
electrical generators in the industry
because of its air-bearing technology. =



Growing Interest in Propane Fuel

By Rene Flores, Capstone Applications Manager

Capstone-manufactured turbines always have
operated on a variety of liquid and gaseous fuels; often
in a straightforward fashion, and occasionally after the
implantation of a fuel-conditioning process. As a result,
Capstone now has turbines operating in an ever increasing
array of unique applications worldwide.

Many potential Capstone customers are interested in
propane, as it is a fuel that makes projects viable where
natural gas is not available. Propane is relatively easy to
store locally. In addition, the environmental (emissions)
kenefits of propane cuer trad ticnal diesel systerrs a lowr
turbines to operate continuously in locations that otherwise
would bz prohibitive with a d =s=l-fired 2naina.

With growing interest in propane, Capstone Distributors
and Customers must consider several items when propane
is zelected az the fuel for a spacific application. Thess itemes,
when properly understood and planned for, will promote
the reliable operation of a Capstone Turbine.

Must remain in vapor form

Propans fuzl, defined by Capstone as meeting ASTR D1835
(similar to HD-5 Special Duty propane), must remain in vapor
form throughout the turbine fuel system at all times and for
all operating conditions. Though propane is stored locally as
a liquid, it must be consumed by the turbine as a gas. Failure
to maintain the vapor form of the fuel poses considerable
risk to the life of the turbine engine. Condensed propane
constituents entering the engine lead to a sudden and

unexpected release of an enormous amount of energy;
which in turn can trigger over-speed events, over-temperature
events, engine shutdowns and potential engine damage.

Given the consequences of condensed propane constituents
entering the engine, the Capstone Distributor and/or Customer
must take various measures to ensure fuel remains in vapor
form when delivered to the turbine. Such measures usually
include the following:

& Cansuming propare from the bottom of storage tanls
sz of & puarmp

Usa of a vaparizer

Propar selection of vapaorizer type

Installing 2 demister between vaporizer 2nd turkine
Heat trace =nd insulaticn of fuel lines after the vaporizar
Maintaining turkine fuel systam above fuel dew point
temperature

* ¥ 4 ¥ ¥ ¥

Figure 1 is a generic representation of a propane fuel-
delivery train featuring these items.

Drawing fuel from a tank’s bottom as a liquid and using
avoporizer based fual-dalivery system helps ensure the turkine
receives fuel at required pressure levels. If propane fuel is
taken from the top of the tank, then fuel-delivery pressure
is primarily dictated by local ambient conditions. If ambient
conditions do not suppart the required rate cf vaporization
of liquid fuel within the tank, then delivery pressures to the
turbine will drop, resulting in unreliable operation.
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Figure 1: Generic Representation of a Propane Fuel-Delivery Train



Type of vaporizer critical
Sincs propane-fired turkine applicasions tand to be
stand-alone applications, vaporizar type also is critical 1o
the turbine’s reliable operation. A dliect-flred vaparlzar,
for exam ole, uses sorna fual 1o wapor 2z the fuel; end as
such, does not require power from the turbine for black-
start conditions. However, code and safety considerations
[=2.9., MFPA 58] may dictate that such a vaporizer be locatad
a minimum distance (usually 25 feet) from the turbine, which
increases the need for heat tracing and insulation to maintain
the fuel’s vapar fo-r sfter it has passed through the vaporize-
Alternatively, electric vaporizers may be used (often rated
for hazardeus |ocations), allowing placemsnt of the vaporizer
near the turkina, Such vaporizers reduce the amount of fusl
line heat tracing and insulation required for operation.
But an external power source (e.g., a large battery bank)
is required for black start conditions.

Fuel settings, fuel inlet pressures & fuel system temps

Other items to consider are speci-ic to the turkine itself
and include turbine fuel settings, fuel inlet pressures and
turbine fuel-system temperature. A Capstone C65, for example,
requires a steady fuel pressure of 75-80 psig (517-552 kPa
gage) at the fuel inlet for full power operation on natural gas.

In a propane application, however, the required inlet
pressure is reduced to approximately 60 psig (414 kPa gage).
Likewise, the required inlet pressure for full power operation
of a C30 turbine is reduced to 45-50 psig (310-345 kPa gage).
Under part-load conditions, the required fuel inlet pressures

b

Fifteen 65 kW Capstone microturbines running on propane provide
primary power for a booster station on an oil pipeline at Ramon
Station in New Mexico, US.

Apstona Tursine

Capstone’s
Service
Capability

LOTparatior

Propane tank fueling microturbines at Ramon Station.

for the C30 and C65 may require further reduction to achieve
stable and reliable turbine operation.

Turbine fuel settings also require adjustment for propane
use. The fuel index value, used with turbines operating a
smart proportional valve (SPV), require an adjustment to
approximately 0.2 - 0.3 from the default value of 1.0 used
with natural gas. Likewise, turbines operating with a
Woodward fuel valve, such as the high-pressure C65, may
require adjustments to the Wobbe Adjustment (wobadj)
fuel parameter and/or the fuel type designation. Note that
adjusting the fuel-type designation from the default natural
gas value to a propane designation currently requires
assistance fromn a servica provider certified as an advanced
ASP, or a direct Capstone support representative.

Just as the fuel-delivery system after tha fual voporizar
to the turbine must be heated and insulated, there may
be need to maintain the fuel system within the turbine to
temperatures above the fuel’s dew point. While not always
necessary, turbines operating in cold environments will
exper =nce asignificant drop in fuel temperaturs within
the turbine due to air passing through the enclosure for
electronics and engine cooling purposes. Consult the Capstone
Applications Engineering team for further information on
various options available to keep the fuel system’s temperature
above the fuel dew point temperature.

Capstone Distributors who take these crucial items into
consideration will offer reliable propane-based solutions to
customers. With a growing number of propane-fueled turbine
applications operating successfully, new customers now are
zhle to reliakly gain the banefits of a Capstone Turbine energy
solution fueled with propane. =
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Distributor Spotlight

Sweet-Spot Analysis from E-Finity Distributed Generation

Capstone Distributor
E-Finity Distributed
Generation in Wayne,
Penn., has developed
an innovative — and
effective — system to
analyze a potantial-
customer’s site, review
data and determine if
the site is a candidate
for Capstone turbines.

"We call it a sweet-

spot analysis,” said Jeff
g Beiter, Managing Partner
of E-Finity, “because the
sweet spot is the minimum
BTU load the site requires, which then tells us how
mzry tu-kines the site can utilize at 100% cutaut.
The analvsis allows us to cuic<ly and efficiently
qualify a client site. Everything is done via
computer, which saves us from driving to various
sites and wasting fossil fuels. The analysis is an easy
way to identify a customer’s minimum thermal and
electric requirements, and then know how much
Capstone Turbine poeer the site can utilize.”™
Beiter and the E-Finity team target potential
customers they meet at trade shows, via referrals
from reps and “credible leads from our Mid-
Atlantic dealer network,” he said. The next steps
are as follows:

1. Potential customers get a short introductory
letter from E-Finity, an easy-to-complete 2-page
questionnaire titled “Site Survey Form” (see
Figure 1) and Capstone product data sheets.

2. The Site Survey asks quick questions about
the customer’s utility, base load (kW), peak load
(kw), average monthly usage (kWh), if natural
gas is available onsite and at what pressure,
types of heating sources onsite and 12 months
of gasfoilisteam hills for accurate sizing.

3. E-Firity enalyzzs the data, plugs figures inta
its Sizing Array Calculater [see Figure 2) end
within 3 days, sends a 1-page proposal letter
that identifies inrmadiate erergy saving: and
site benafits.

4. E-Finity follows up with a phone call within
2 days to set a face-to-face meeting.

"It's been successful for us,” Beiter said.
"We're sending out at least 2-3 of these a week
and getting great response.”

Capstone Distributors interested in learning
more about E-Finity’s Sweet-Spot Analysis can
contact Jeff Beiter directly at (610) 688-6212 x 111
aor jheiter&e-finity.cocm. =

E-Firity Distributed Sencoration LLC
“lhes e Al Pdependen 2t
LN T R
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Turbing Corporation

Site Survey Form

[ This document is used to aid E-Finity with peliminary design of potential projects. It will help E-Finity to better understand the intended application of the
MicroTurbine, as well as how the MicroTurbine will be installed.

Note

[ The information contained in this document s intended solely for the individual or entity to whom it is addressed. You, the recipient, acknowledge and
agree that implementation of any information contained in this document and/or compliance with Capstone specifications does not guarantee proper
Note |installation, commissioning or performance of any particular Capstone MicroTurbine or any particular application. Furthermore, you acknowledge and
agree that you bear all liabilty for the implementation of any information contained in this document and that the information contained herein does not
[change, modify or impact the allocation of liability contained in any agreement between you and E-Finity or Capstone.

[ This information is proprietary to Capstone Turbine Corporation. Neither this document nor the information contained herein shall be copied, disclosed to
others, or used for any purposes other than the specific purpose for which this document was delivered. Capstone/E-Finity reserves the right to change or
modify without notice, the design, the product specifications, and/or the contents of this document without incurring any obligation either with respect to
lequipment previously sold or in the process of construction.

Note

E— [eesrersen ]
E-Finity Contact
Project Name
Company Name
Primary Contact Cont?ct Name: Phone No.:
Email Address: Fax No.:
Technical Contact cont?Ct Name: Phone No.:
Email Address: Fax No.:
City:
Project Location a4
State / Province:

General

Project Timeline

Building Use
Does Facility Have Use for Standby Power in the event of a utility failure? ‘ No v ‘
Electrical
Utility Other v other |
Tariff Does Building Have Multiple Meters?
Base Load (KW) KW O Yes o
Peak Load (KW) KW
Avg Mo. Usage kwh kwh
Note: Please include 12 Months of Electric bills for economic analysis

Figure 1: Page 1 of the Site Survey Form E-Finity Distributed Generation sends to all
potential customers.

Calculator By: Jim Bondi
Sizing Array from Gas Bills
Note: Use month with a history of least usage for hydronic heating or hydronic & domestic
Use 12 month average for domestic HW only

Amount Units
Dekatherm v

Blling Doy Dola=r EHclencoy Bt 1ins Rlnfaa T Pecilen Binflh Uutpuk

2,095,528.98

19512.2

Based on Monthly Average
[ EUhaTuls nes [ReamTichine:® |
| 5.14 | 2.51

Step 1: E-Finity inputs
data from the month
with least hydronic
heating.

*Note: Using SS Heat Exchanger Step 2: Calculations
determine number of

turbines needed.

Figure 2: E-Finity’s Sizing Array Calculator determines number of Capstone turbines
needed.



__News from the Globe

Tax Credit for Turbines & CHP Through 2016: On Oct. 3, the U.S. Congress passed a bill
extznding the 18% investmant tax credit for turbines through 2016 (up to 5200 per
kW), The same bill contained a new 10% irarestment tax credit on CHP systems threugh
2016. You should seek advice from your tax professional on how to apply the credits.

California Climate Change: California is implementing its landmark bill - the Global
Warming Solutions Act of 2006 - to reduce greenhouse gas emissions. Capstone is

a member of the combined-heat-and-power group California established to provide
input to the policy making process. Our goal is to ensure that climate regulation
promates the deploymet of Capstones low-emissichn tu-hings in the fight against
climate change.

Self Generation Incentive Program: A recent bill to reinstate combustion
technologies, including turbine CHP, into California’s Self Generation Incentive
Program rebste program ~ailzd its final step to oecome law hafore the close of the
legislative session. Capstone is working with partners to reintroduce the bill in the
next sess am, and is contributing input far a cost-kenefit analysis unceway that will
impact SGIP going forward.

U.S. Clean Heat and Power Association Annual Meeting: On Oct. 2, President and CEO
Darren Jamison and Director of Policy and Business Development, Justin Rathke spoke
at USCHPA's annual meeting. USCHPA is the trade association for the clean distributed
generation industry.

PowerGen Asia: Capstone presented a paper titled ”A Japanese Biogas Microturbine
Plant: Using Free Fuel to Generate Electricity, Heat and a Model for Carbon Revenue
Streams” at the PowerGen Asia Conference in Kuala Lumpur, Malaysia, on Oct. 22.
The paper was co-authored by Justin Rathke and Sohra Yatani and was selected as a
runner-up paper for the Best Paper Award.

FMA Congress: To spread Capstone’s message to high-level individuals in the building
management, construction and commercial industries, Capstone will sponsor and
deliver a presentation on its low-emission CHP systems at the FMA Congress in late
October. Distributor E-Finity will present a case study on its successful Masonic
Homes project.

New 100% Biodiesel Installation in England: Capstone recently installed one of its
first micraturbines running on 100 percens hiedizsel in the lusuricus 17th Certune-
built Ponsbourne Park Hotel in Newgate Street, England. The installation by

Capstone Distributor Cogenco is located outside of the main building in a purpose
built enclosure embedded in the well established gardens close to the main house.

Capstone Joins the U.S. Green Building Council (USGBC): The

13, Green Building Counzil dwwwew,usghcarg) is a non-profit
organization committed 1o expanding sustainable bailding practizes.
LSGET is compossd of more than 15,000 crganizatiors from acrazs
the building industry that are working to advance structures that are
erwircnmentally responsible, profitakle, and healt v places to live and
work. As a National Corporate Member of USGBC, Capstone is now part of the nation’s
foremost coalition of leaders working to transform the way buildings and communities
are designed. =

Upcoming
Events

29-31 October

FMA Congress

Hyatt Regency Inner Harbor
Baltimore, Maryland

11-14 November

2008 Global Distributor Conference
Ritz-Carlton

Cancun, Mexico

17-19 November

Saudi Oil & Gas (SAOGE)
Booth 622

Dhahran, Saudi Arabia

2-4 December

PowerGen International

Booth 1646

Orange County Convention Center
Orlando, Florida

Subscribe

To subscribe to Capstone's
quarterly newsletter, email

your name and email address to
marketing@capstoneturbine.com

o
< Capstone

.g)))w Turbine Corporation

documented runtime operating hours.

pollutants and greenhouse gases.

Capstone Turbine Corporation® is the world’s leading producer of low-emission microturbine systems, and
wias tirt toorrark et with cemmere ally siakle air acaring turhin: technelony. ~he sompang bas shipped thoosands

of Capstone MicroTurbines to customers worldwide. These award-winning systems have logged millions of

Capstone is a member of the U.S. Environmental Protection Agency’s Combined Heat and Power Partnership
whirh is comimitted to i nproving the ofticis ary ot t-0 nationn s onc -y intrestrocetane ard -edurcing cmigions ot

A LI Coreidicd 190 Q0012000 ancd 1400 700 moreifierd company, Sapstons is leaconartened inodateeenrth,

Talifarnia and has cfficas in Wowe ¥arle, Bozicn Jity, Milan, Nottingha o, S snnhai and Singapore.
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