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Distributed Generation and Renewable Sources

Background:

Two independent efforts are currently underway to develop new starfdadt power systems. The
EMerge Alliance is working to develop a4Vdc standard for commercial, industrial and residential
buildings and thé&lectric Power Research Institutealong withLawrence Berkeley National
Laboratories are working together to delop a380Vdcstandard for data centers and other critical
facilities.

The successful development of these standards will have s significant impact in the design of and markets
for a variety of products including @t power supplies, electronic ballagtactional and sulfractional

motor drives, backip power supplies, and more. At the same timelrteenational Electechnical
Commission(IEC) is working to develop new connector standards for dc potependicesover the

suppliers of DC appliancesa the residential applications of DC power.

What has changed?

Economic, technology and environmental incentivesdranging the face of electricity generation and
transmission. Centralized generating facilities are giwiag to smaller, more distributedeneration
partially dueto the loss of traditional economies of scafebetter way to realize the emerging potential
of distributed generation is to take a system approa&dtich views generation and associated loads as
ada dzo 823 GSY 2 NJ Isoudes tad dieratdgafdlieldo the &rifl or can operate in
island,providing UPS services. The system will discorfnect the utility during large events (i.e. faults,
voltagecollapses), but may also intentionally disconnect wttenquality of poweirfrom the grid falls
below certainstandards. Utilization of waste heat from the soureell increase total efficiency, making
the project morefinancially attractive.Microgrid concept allows larger distribution generation by
placing many micro sourceghind single interfaces single interfaces to utility. Distributed generation
reduces the physical and electrical distance between load and source and thus helps to improve the
reactive support, enhance voltage profile, reduces losses, enhances possfhikiyng waste heat and
postpones investments in new transmission and large scale generation system

What is distributed generation?

Distributed generation (DG) generally refers to small scale (typicallyl80/kW) electric power

generations that producelectricity at a site close to customers or that are tied to an electric

distribution system. Distributed generators include, but are not limited to synchronous generators,
induction generators, reciprocating engines, microturbines (combustion turbinesuhatn high

energy fossil fuels such as oil, propane, natural gas, gasoline or diesel), combustion gas turbines, fuel
cells, solar photovoltaic and wind turbines.

Benefits of distributed generating systems

Distributed generation (DG) has a lower capétl cost because of smaller size of DG (although investment
cost per KVA of a DG can be much higher than that of a large power plant). It may reduce the need for
large infrastructure construction or upgrades because the DG can be constructed at the Etéahldé

the DG provides power for local use, it may reduce pressure on distribution and transmission lines. With
some technologies, produces zero, or near zero pollutant emissions once its useful life (not taking into
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consideration pollutant emissions eventire product life cycle). With some technologies such as solar

or wind, it is a form of renewable energy. DG can increase power reliability as backup or standby power
to customers. It also offers customers a choice in meeting their energy neddgever, there are no

uniform national interconnection standards addressing safety, power quality and reliability for small
distributed generation systems. The current process for interconnection is not standardized but is being
addressed as is the use of p&@ver inmicrogrids.

Each innovation embodied in thmicrogrid concept (i.e.jntelligent power electronic interfacesand a
single, smarswitchfor grid disconnect and resynchronization) veasated specifically to lower the cost
and improve theeliability of smallerscale distributed generation systerti®., systems with installed
OF LI OAGASaA vinyh QBK 2 TM M & & Y R

What is Renewable Energy?

Simply said, renewable energy comes from natural cycles and systems, turning theresamt energy
around us into usable forms.

wSySglkoftS 2N alFfGSNYyFriA@dSe SySNHe Aa 3ISySNrtte Of
petroleum, natural gas, and coal. Yet right now in the U.S. over 80% of our energy still comes from
nonrenewable sources.

Like the name says, renewable energy can be replenished constantly. Its sources include radiant energy
like solar, thermal energy like geothermal, chemical processes like biomass, gravitational energy like
hydropower, and motion energy like wind and Mafia 2 6 S NJP u

Some of the major current sources of renewable energy include:

Wind
Wind power is one of the cleanest technologies, and also one of the
most abundant and costompetitive energy resources, making it a
viable alternative to the fossil fueteat harm our health and threaten
the environment. Yet wind power is unreliable as a constant source of
electricity, impacts vast tracts of land, and is unavailable where wind
is intermittent. The U.S., with some notable exceptioriike General
Electric, vihose turbines power halfthg G A 2y Q& y SolonghgfR Ol LJ OA (@&
cededwind power market leadership to overseas competitanginly in
Europe. Expanding its wind capacity by 5,244 megawattsaonde than $9
billion in new investment in 2007, a 45 percgnbwth rate, the U.S. isn
LI OS (G2 adzN1J a4a DSNXIlye |a G4KS
2009.

O e Taany

Solar

{ 2T NI LI26SNI KA GKS F0Af Al @neig@nestlsy S RIe a2t @S YdzOK
Global module capacity will grow to 27.5 GW by 2012 from@AN in 2007, sufficient to produce 23 GW

of PV modules. Thiflm modules will have a market share of 34 percent in 2012 from 13 percent in
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2007, and rapid uptake of thin film will create new market leadé€ssts for CIGS thin films will be

down to 75cents per watt. Falling costs are quickly setting the stage for "grid parity” in major markets,
which will fuel demand for lorterm growth.

T.J. Rodgers, CEO of Cypress Semicondeets,solar matching the cost of coal power by 2012.
Already a publictility has used an array of 167,000 panels to boost the output of a "peaking"” plant,
which is the most expensive form of generation, of 38/kWh Harrus of Crosslink Capital sees a
"massive opportunity" in PV control systems and in adding sophistictdithe electric grid over the

next few years as advances in storage technology will enable PV to become a base load for electric
supply. One factor that may slow the pace as compared to the growth of the Internet, however, Harrus
warned, is that the gowament and utilities are involved. Yet he sees an immense global need for
renewable energy over the next 30 years, requiring investments of
up to $45 trillion as 3TW of power generation is added

Geothermal
Heat from the earth, or geothermal energg,dost effective,

L lechonal reliable, and clean, but is mostly confined to areas near tectonic

plate boundaries. Some progress has been made recently in

expanding the range of geothermal resources, but geothermal
powerremains a limited solutioto our energy needs In the United States, utilitgcale geothermab

only available (so far) in the western statd¢aska, and Hawaii. Most of those states dlave

mandated targets, which are helping drirew geothermal development. Geothermal is thiely

cleantenergy resource besides hydroelecttitat provides baseload power 24 hours a daryd with

averageplant uptime of 98 percenit does so even more reliably than nuclearcoalfired power

plants, both of which requirenore downtime for maintenanceWith averagegeothermal electricity

rates between 47 centsper kilowattk 2 dzZNE A G Q& y 2 & doekINFedn@estooihed / | £ A T2
utilitiest PG&ESouthern California Edison, and San Diego8&Gakectria have announced new
geothermalcontracts in the pst 12 monthsA 2008 survey by the
Geothermal Energy Associatipredicted that 86 new projects underway

in 12 states will more than double U.S. geothermabacity to more than
6,300 megawatts (MWEgnough to power some 6 million homes. The UkS.
already the global leader in geothermal, withd 2 dzi o Xnnn 2 F
9,700 MW of currengeneration An MITstudy put the potential for this at
100 GW worldwide by 2050. That could makeuadredyearold energy
concept a hot new energy technology.

Hydro

Harnessing the kinetic power of moving water to generate electricity is the
largest source of renewable power in the United States and worldwide. Hydropower can be a

sustainable and nonpolluting power source that can help decrease our dependence bfudssand

reduce the threat of global warming, but is limited to areas with large and consistent water sufiplies.
accounted for 6 percent of total U.S. electricity generation and 71 percent of generation from

renewables in 20070ver onehalf of the btal U.S. hydroelectric capacity for electricity generation is
concentrated in three States (Washington, California and Oregon) with approximately 27 percent in

2 aKAY3l2ys GKS 201 GA2Yy 27F tKeSGrand GoWlez P f | NAHS & i
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Ocean

Another form of kinetic power generation, the ocean's constant movement by way of waves, tides, and
currents is a powerful and clean energy resour@eean power industry centers have typically

developed in areas where the ocean wave, cur@md tidal resources are greatest. At the global level,
harvestable ocean power resources could account for 25 percent of total global electricity generation. In
the United States, we estimate more than 8 percent of total electricity generation could feaitgn

come from ocean power resources, with roughly one third of that derived from tidal energy.

In September 2008, the first fetdcale commercial wave power array was brought online off the coast of
Portugal, and many more installations are slated thofe. With more than 600 MW of comercial
projects announced for deployment over the next eight years, the consensus among the energy and
investment communities is that ocean power is poised to make a significant

contribution to the global energy mix.

Ocean power industry centers have typically developed in areas where the o
wave, current and tidal resources are greatest. At the global level, harvestable
ocean power resources could account for 25 percent of total global electrici
generation. In the Ubited States, we estimate more than 8 percent of to
electricity generation could potentially come from ocean power resources, with
roughly one third of that derived from tidal energy.

OCEAN POWER'S POTENTIAL CONTRIBUTION TO ELECTRICITY GENERATION

Wae (TWhiear) Tidal (TWhiyear) Percent of Total Electricity Generation (2006)
us. 250-260 110 8.69% (4,254 TWh)
Canada 100+ 50+ 25.66% (584.4 TWh)

UK 58 18 19.06% (398.7 TWh)
Global 2,000-4,000 800 25.2% (19,027 TWh)

Source: EPRI, Powertech Labs, Britsh Petroleum

Of the 35 active companies in the ocean power industry, 24 are developing wave energy technologies.
While tidal and current energy technology companies represent a smaller overall part of the market, this
market segment might become the donaimt technology class within the ocean power industry. First,

the frequency and velocity of ocean currents and tides are predictable up to 100 years in advance. The
timing of electricity delivery from current and tidal sites is much more certain than tioan fvave

energy sites. Second, energetic current and tidal sites are closer to the shore than comparable wave
energy sites. This will reduce some of the costs associated with the build out of transmission lines, as
well as reduce some of the cost and réssociated with opemcean plant operations and maintenance.
Florida's Gulf Current is one of the most enedgnse ocean current climates in the worlthe ocean

power industry is emerging as one of the next substantive renewable energy sectors. Ocearawayv

tides are energetic and predictable, while the technology underlying their absorption and conversion
into electricity is well understood. The companies developing these technologies have evolved
substantially from their beginnings in the British angpower research programs of the 1970s. Today,
leading companies and research centers are developing innovative wave and tidal energy technologies
across the globe, from Florida to Australia to Scotland. In September 2008, the fissiaflellcommercial
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wave power array was brought online off the coast of Portugal, and many more installations are slated
to follow.

These are the ongoing projects:

¢ Inthe United States, the Pacific Northwest Generating Cooperative is funding the building of a
commercial wae-power park at Reedsport, Oregon. The project will utilize the PowerBuoy
technologyOcean Power Technologiesich consists of modular, oceaoing buoys. The rising
and faling of the waves moves the budiie structure creating mechanical energy which is
converted into electricity and transmitted to shore over a submerged transmission line. A 40 kW
buoy has a diameter of 1f2et (4m) and is 52eet (16m) long, with approxnately 13 feet of
the unit rising above the ocean surface. Using the thget mooring system, they are
designed to be installed one to five milesk(@) offshore in water 100 to 20@et (60m) deep.

e An example of a surface following device is Bedamis Wave Energy Convert€he sections of
the device articulate with the movement of the waves, each resisting motion between it and the
next setion, creating pressurized oil to drive a hydraulic ram which drives a hydraulic motor.
The machine is long and narrow (sndike) and points into the waves; it attenuates the waves,
gathering more energy than its narrow profile suggests. Its articyatections drive internal
hydraulic generators (through the use of pumps and accumulators).

e With the Wave Dragomvave energy converter large "arms" focus waves up a ramp into an
offshore reservoir. The water returns to the ocean by the force of gravity via hydroelectric
generators.

e The AquaBuOY, made Binavera Renewabldsc., wave energy déce: Energy transfer takes
place by converting the vertical component of wave kinetic energy into pressurized seawater by
means of twestroke hose pumps. Pressurized seawater is directed into a conversion system
consisting of a turbine driving an electigenerator. The power is transmitted to shore by
means of a secure, undersea transmission line. A commercial wave power production facility
utilizing the AquaBuQY technology is beginning initial construction in Portugal. The company
has 250 MW of projde planned or under development on the west coast of North America.

e TheSeaRaseibuild by Alvin Smith; which uses a entirely rteshnique (pumping) for gathering
the wave energy.

e A device calle€ETOQcurrently being tested offremantle Western Australiaconsists of a
singlepistonpump attachedo the sea floor with a float tethered to the piston. Waves cause
the float to rise and fall, generating pressurized water, which is piped to an onshore facility to
drive hydraulic geerators or runreverse osmosigater desalination

e Another type of wave buoys,usingecial polymeres, is being developed by SRI

e \Wavebobis a leading wave energy converter which has been conducting R&D over a ten year
period. With a track record of testing from small scaleseagoing trials in theAtlantic Ocean
near Galwayin Ireland Wavebob is now considered one of the leading technologies to emerge
in this new sectof.

Deep water wave power resources are truly enormous, betwe&kv/and 10 TW, buit is not practical
to capture all of thisWith more than 600 MW of commercial projects announced for deployment over
the next eight years, the consensus among the energy and investment communities is that ocean power

! http://en.wikipedia.org/wiki/Wave_power
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is poised to make a significant ¢abution to the global energy mix.ocations with the most potential

for wave power include; the western seaboard of Europe, the northern coast of the UK and the Pacific
coastlines of North and South America, Southern Africa, Australia and New Zeakamdrifhand south
temperate zonefave the best sites for capturing wave power. The prevailiegterhQ iaa these zones
blow strongest in winter.The UK has an estimated recoverable resource of betwee8®@0Nh of
electricity a year, this is roughly %% of the current UK electricity demand.

Motion Capture

The kinetic energy produced by the 250 raillivehicles traveling U.S. roads every ayow being
harnessed by a company, New Energy TechnologiesNiw.Energy Technologies Inc. is developing an
exciting new technology similar to what is used to power hybrid cars, but instead of being thstalle
eachvehicleA 1 Qa Ayadlff SR Ay (GKS NRIRgl&ax Ol LI dz2NR Y

3
heat! @SKAOt S SySNABe KI NBSadSNI FdzyOirzya & Ly &SE
Q

w»

down and thereby capturingandconvedA y 3 | LR NI A2Y 2F GKS @GSKAOf
electricity rather than wasted brake heat. If the kinetic energy generated by moving vehicles was
captured twice per day, then it could produce enough electricity to power over half amilimes

each day

New Energy Technologies Inc. is contributing to the future of energy today with a reliable, efficient very
real solution to our energy need3.he United States has about 250 million registered vehicles, which
adds up to a lot of pollubin and burning of fossil fuels. New Energy Technologies, Inc. prefers to look at
it another way, thoughThose250 million vehicleare a potential energy source aridew Energy
Technologietias developed a prototype engineered to harness some of the ldrestiergy being
generatedand wasted, by moving cars and light vehicl€ee company also has a fustits-kind

roadway embedded peristaltic action vehicle energy harvester specifically designed foildeadjer

bearing vehicles such as tractor trailersicks, buses, and other heavy vehicles.

Microturbines

Distributed generation (DG) technologies, suclyasfired reciprocating engines and microturbines,
have been found to be economically beneficianaeting commerciasector electrical, heating, and
cooling loads.Microturbines are an important emerging technologyey are mechanically simple,
single shaft devices withir bearings and no lubricants. They are designetbtabine the reliability of
commercial aircraft auxiliaggower units with thelow cost of automotiveurbochargers. The generator
is usually a permanemhagnets machine operating at variable speeds (50,200,000 rpm). This
variable speed operation requirg®wer electronics to interface to the electrical system.

The Reagan Liary gets its electricity from microturbines. There are 16 microturbines at the Reagan
Library, delivering over 95% of the power that the large building.u$ks microturbinesocatedat the
Reagan Library burn natural gas. The gas comes from the regipehhe system Thelibrary has much
lower electric costs than if it bought power from the Southern California grid. The microturbines
eliminate all but a small electrical connection to the larger grid. The process is highly efficient.

Equipment venda are generally optimistic. Ingers&bnd (Davidson, North Carolina) expects the

global distributed generation market, including services, to be about $2 billion by 2012. "Part of this is
organic growth and the rest will come from the substitution of peacating engines by microturbines,"
says Chip Bottone, president of Ingerd®find Energy Systems. Some observers believe the capital cost
of microturbines ($1,0083,000 per kW) and the high price of natural gas will hobble future growth. For

Prepared by Stephen Levy Pagel0


http://en.wikipedia.org/wiki/Temperate_zones
http://en.wikipedia.org/wiki/Westerlies

instance Forecast International (Newtown, Connecticug) provider of market analyses and intelligence
for the turbomachinery industryhas downward revised its prediction for microturbine production:
From 12,500 machines at a value of $849 million for the pe2@B- 2012 to 8,725 machines at $267
million for 20052014.

Microturbines are already popular where "free fuel" (such as landfill or digester gas) is available. IR says
that its MT250 microturbine is generating revenue from waste gas at a landfilribaBk, California that
would otherwise be a disposal expense for the municipality. Also in California, a wastewater treatment
plant is said to have reduced its electricity costs from 11 cents/kWh to 4.3 cents/kWh with an MT250
operating on biogas.

Fuel cells,

Fuel Cellproduce electricity from hydrogen armakygen, emit only water vapor. Fuells offer higher
efficiency than microturbines with loemissions but are currently expensividhey have an electrical
efficiency rate of 47 percent compared 36-35 percent for legacy combustion systems, says FuelCell
Energy. In combined heat and power applications, where the heat is captured and used, the result is an
overall energy efficiency of up to 80 percemhosphoric acidells are commercially availi@oin the

200-kW rangeand high temperature solidxide and moltercarbonatecells have been demonstrated

and are particularlypromising for distributed applications. A majbevelopment effort by automotive
companies has focuseth the possibility of usig onboard reforming of gasoliner other common fuels

to hydrogen, to be used in lo@mperature proton exchange membrane (PEM) ftrdls. Automotive

fuel cells will have a major impact smationary power if the automotive cost goal of $100/ksV

achieved.

Under recent changes the new law sets the federal investment tax credit for fuel cells through 2016. It

also increases the benefit from $1,000 per kilowatt to $3,000 per kilowatt or 30 percent of the capital
cost, whichever is less. Furthermore litigs are now entitled to receive the tax credit when they

purchase such technologiesa major development as power companies were once considered

obstacles to such expansion, arguing that fuel cells interfere with their own electricity sadestdiry

to the U.S. Fuel Cell Council, global sales for all types of fuel cells were reported to be up by 10 percent
and had reached $387 million in 2006, the latest year for which such information is available. Spending
on research is also up 4 percent to $88Blion. Its base case assumption is that stationary fuel cells
would be used to generate electricity and will supply 1 percent of the energy consumed in this country
in 2020. That will grow to 5 percent in 2035 and 10 percent in 2050.
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Storage

Appliation of individual distributedjenerators can cause as many problems as it may solve A system
with clusters of microsources designed to operate in an istande requires some form of storage to
ensure initiakenergy balance. The necessary storage camecimseveral forms; batteries or
supercapacitors on the DC bigs each micro source; direct connection of AC stordgeces (AC
batteries; flywheels, etc, includirigverters).. The future global market share for storage products and
services has beesstimated by analysts to be in the range of tens to hundreds of gigawatts.

Most emerging technologies such as microturbirnggtovoltaic, fuel cells and gas interr@mbustion
engines with permanent magnet generatoaive an inverter to interface with ghelectrical distribution
system where there is a choice of type of power; either DC or AC. Each has its benefits and limitations.
In the case of efficient appliances and motors, the DC power offers an advantage in efficiency and here
is where the EMP&¢thnology excels compared to its competitioh.soonto-be-released marketing

report from Business Communications @BCC) of Norwalk, Conn., predicts that the total global market
for capacitors, flywhels and superconducting magnetic energy storage (SMES) systems will rise at an
average annual growth rate (AAGR) of 5.9%, from $9.2 billion in 2005 to $12.2 billion in 2010. The

NEB LJ2 NI X -145 GlodaldBrkets fo®Capacitors, Flywheels and SMEE®y€Emerging and

al GdzNB ¢ SOKyz2t23A8as¢ SEIFIYAySa | GFENxASGe 2F RSOAO
projects their market growth over the next five years and discusses the factors affecting their growth.

According to BCC, the market for erging energy storage systems is segmented among a number of
devices that are discussed in the new report. These devices include capacitors, batteries, fuel cells,
flywheel energy storage (FES) systems, SMES systems and compressed air energy storage (CAES)
systems. The largest market shares are represented by capacitors, flywheels and SMES systems.

The total capacitor market can be divided into mature and emerging capacitor technologies. Mature
capacitor technologies include aluminum, tantalum and ceraraacitors. These capacitor types are
considered mature because they are technologically advanced, and they account for 98.7% of all
capacitor sales, says BCC. Materials for aluminum, tantalum and ceramic capacitors also are
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technologically developed. Nextbeless, material availability fluctuates, and new materials are being
explored to increase performance and decrease cost.

Emerging capacitor technologies include several capacitor types. However, BCC finds that the largest
and most rapidly growing markshares are represented by niobivoxide capacitors, film capacitors,
ultracapacitors, supercapacitors and aerocapacitors. The latter three technologies are types of electric
double layer (EDL) capacitors. Niobium oxide and film capacitor materials aneemahile EDL

capacitor materials are still being developed.

Of the three emerging devices considered in the report, the share for capacitor technologies is expected
to increase from 50.8% in 2005 to nearly 59% in 2010 as it grows at an AAGR of 2a.ghtte

forecast period. Currently estimated at $115.8 million, the combined shares of emerging capacitors as a
percentage of all capacitors also are expected to increase from 1.3% to 2.7% by 2010. Film capacitors
maintain the largest share of the markfetr emerging capacitor technologies, but niobitoxide

capacitor sales are growing most rapidly, according to BCC (see the table).

Furthermore, the report indicated that FES systems are the second largest segment within emerging
technology, with sales @ected to rise to $222 million in 2010. FES systems includespiegd

flywheels and lowspeed flywheels. Highpeed FES units control the largest share of the FES system
market, and sales for higkpeed FES devices are growing most rapidly. Uninterregtiblver supplies

are the dominant driver of the FES system market. In addition, markets for frequency regulation and
wind power offer significant growth potential for FES systems.

The industry for SMES systems is small but growing, according to BC&seht,fFMES systems are
primarily utilized in the utilities market. Nevertheless, SMES devices are more suitable for the
environment than some other energy storage devices, such as batteries. Hence, new opportunities
emerge as the industry receives moraéling from governments around the globe.

A variety of factors are said to be driving these trends ranging from the desire of U.S. lawmakers to
decrease dependency on foreign oil to growing consumer demand for utility power and rising energy
costs. Enviromental concerns also are at play. Some existing energy storage devices contain hazardous
substances such as lead, which various government organizations are seeking to eliminate. In some
cases, newer energy storage technologies can offer environmentaihdfy alternatives.

Global Market Value of Energy Storage Devices: Capacitors, FES Systems and SMES Systems, Through
2010 ($ Millions).

Device 2005 2010 AAGR% 2005 to 2010
Mature Capacitor Technologies® 8,940.00 11,660.00 5.5

Emerging Technologies** 228.05 549,90 19.2

Total 9,168.05 12,209.90 5.9

Emerging as a % of the total 2.5 4.5 0

= Aluminum, tantalum and ceramic capacitors.

** Emerging capacitors (niobium-oxide capacitors, film capacitors and electric double layer capacitors),
FES systems, SMES systems.

Source: BCC Inc.
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DC Converter Market

The picture in terms of unit sales, however, is different with the Computing segment dominiuet at
beginning of the period and even slightly increasing its dominance by 2014. By 2014, the Computing
segment will account for 45% of unit sales ofdidcconverter modules. It's much lower (33%) share of
dollar sales is a reflection of the high usageaf-isolated pointof-load converters in the Computing
applications. The unit and dollar market shares of the Communications segment, about 33% and 38%,
respectively, reflect the relatively high use of more costly isolated converters in these applications.

While the Communications and Computing segments clearly dominate the market, there are significant
opportunities in remaining segments, particularly in the Industrial and Military/Aerospace segments.
Both of those segments have highthian average sellg prices. That is evident in the fact that the dollar
market share of the Industrial segment (22%) is significantly higher than the corresponding unit sales
share (14%). In the case of the Military/Aerospace, the difference between the unit share (3#& and
dollar share (10%) is over 3X. Mixing the Industrial and the Military/Aerospace segments may seem odd
at first, but when it is realized that the Military/Aerospace segment consumes significant quantities of
Industrial dedc converter modules as Comne@toff-the-Shelf (COTS) products, the overall opportunity

is apparent.

Finally, the Medical segment is small but stable throughout the forecast period. Unlike-tieeraarket,

where medical power supplies must pass strict safety standards such as, théBbnrisolated dedc

converter modules that dominate this segment are essentially the same products as those used in most
Communications and Computing applications. Separate forecasts are provided for Class I, Class I, Class
Il and NorPatient Care Mdical systems.

Dcdc module input voltage is correlated with both the Application in which the converter is employed

and with the powe#level of the converter. In addition, with the exception of the highest input voltage

(270+ V)there is a strong corration between sales and input voltage; the higher the input voltage, the

higher the sales. That correlation breaks down for 270WHile it is the highest input voltage, it
representsthesecontl 2 6 Sald Y2y SGl NB al f Sad Huyeabdistamast | & a LISC
exclusively found in narrow niches within the Computing and Military/Aerospace applications segments.

48V input, on the other hand, is a commonly employed input voltage in every application sednient
the dominant input voltage in Comumications applications. It is common in the dominant Wireline and
Wireless suksegments, as well as the rapidly emerging PoEssgiment. 48V is the secomdost used
input voltage in Computing, Industrial and Military/Aerospace applications. Only iratigeaf the
relatively small Medical segment is 48V not among the rRcostmon inputs.

DC Motors for More Efficiency

Electrical Apparatus Service Association (EASA) is an international trade organization with over 2,500
member companies that sell and/or sé® industrial electric motors, generators, transformers,
controls, variable frequency drives, DC adjustable speed drives and related equipment

Industrial applications use dc motor because the spEedue relationship can be varied to almost any
useful brm ¢ for both dc motor and regeneration applications in either direction of rotation.
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Continuous operation of dc motors is commonly available over a speed range of 8:1. Infinite range
(smooth control down to zero speed) for short duration or reduced lisacommon.

DC motors are often applied where they momentarily deliver three or more times their rated torque. In
emergency situations, dc motors can supply over five times rated torque without stalling (power supply
permitting).

The Heart of Energy Efficiency
According to many motor manufacturers, the heart of energy efficiency for any appliance begins with
the motort energy efficiency drives new motor technology, and vice versa.

Brushless D.C. Motors
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challenge. It has responded with its Nautilair brand variapleed brushless ch _ \
blowers for the combustion process for higfficiency premix or Hydronic hot Electric Motors and
water heaters or boilers for residential and light cmercial heating drives consume one
applications. According to Jodie McLay, market manager for Ametek TIP, the third of all our
Nautilair blower motor is based on the Windjammer brand blower that Ametek €lectricity. So a one
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commutated @& blower that does not have any brushes to wear out, and improvement in

contains sealed, lonf A FS 6 SFNAy3Ia GKFG gAaft LINETORIRIBCIeRCS | NA

aO[ & aleaoaé means a savings of
$1.4 billion dollars

A.O. Smith Electrical Products Company (EPC) has developed two new AY 2dzZNJ yI

brushless d.c. motors for the appliance industry that are said to consume les yearly electric bill.

than half the energy of conventionaffame subfractional horsepower motors. /

The new designs are intended to replace entrGframe models of evaporator
motors and condenser motors in freBee refrigerators.

Corporate Technology came up with the concept of a permangagnet motor, using ceramic ferrite
magnets, with the drive electronics mounted on the motor. The ERGr&iécs Group and V & R Design
Group then took those initial concepts and refined the design of the evaporator motor using new 3D
CAD softwareThe next phase of the redesign project is to replace théegniing condenser motor with

a brushless d.c. desigAccording to EPC, this would represent a significant improvement for customers
since traditional, unibearing, shadegbole motors are typically inefficient. Design plans include

applying electronics to make the motors more efficient.
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e ECPMs have the highest efficiency, approaching a 95 percent level (for the motor
only), because the permanent magnet rotor supplies the field, incurring no electric
resistance losses. ECPMs incur only minor ripple loss from PWM operation at
intermediate input voltages and speeds.

{2% Loss) (Minimum 2% Loss)
= - —
* L Power
. 115 . Transistor/
115 VAC EMI Filter VAC Rectifier oc Diade
* Bridge
- - T
A
Filter Y
Capacitor
Contrel
Circuits (1-2% Loss)
Source: GE Motors, 1990: Toshiba (a). (b): Lloyd. 1982

ECPM  electronically commutated permanent magnet

The advantage of DQPower are apparent in the power system needed to operate the dc motor. First
issue is the cost for the filter; rectifier and diode bridge can be eliminated. The DC power can be directly
fed into the control circuitry as well to eliminate the AGCDC conversion that usually accompanies the
power controller. One of the most expensive and unreliable components in the figure above is the filter
capacitor which is usually an electrolytic and the weakest element in the power system.

An electronically commutated motor (ECM) is a brushless motor which relies on the external
power drive to perform the commutation of stationary copper winding on the stator. This changing
stator field causes the permanent magnet rotor to rotate. These can also be referesi@C Brushless
motors, or AC induction motors.

* No need for the EMI fi

* Advanced power electronics provides a cc

» Easily configured for the Smart Grid technology

» Potential savings are greater with DC than AC power

+ As cost of electricity increases so does the savings of DC power

» Energy savings of motors with DC power electronics will save
Billions of dollar each year
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r A brushless permanent magnet motor is the
Electric MotorsAnd Diives highest performing motor in terms of torque /
/mes One [ra OrAll Our vs. weight or efficiency. Brushless motors are
Ele Cticity. usually the most expensive type of motor.
Electronically commutated,rbshless DC motor

@ Agriculture

O Transport

® Mining

B8 Refineries

® Power stations

o Tfud(-‘ service seclor
® Residential use

® Industrial consumption

systems are widely used as drives for blowers
and fans used in electronics,
telecommunications and industrial equipment
applications.

There is wide variety of different brudlss

motors for various applications. Some are
designed to roate at constant speed (those

used in disk drives) and the speed of some can
be controlled by varying the voltage applied to
them (usually the motors used in fans). Some brushless DC nfwwesa builin tachometer which

gives out pulses as the motor rats (this applies to both disk drive motors and some computer fans). In
general, users select brugfippe DC motors when low system cost is a priority, and brushless motors to
fulfill other requirements (such as maintenanfree operation, high speeds, amdtplosive

environments where sparking could be hazardous). Brushless DC motors are commonly used in
applications like DC powered fans and disk drive rotation motors.

Tumover of el. energy [TWh] Motors usage [1000/a]
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from 5 W to 25 W) running for about 23 hours a day (95% duty) on commercial refrigeration
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energy usage of 130,740 kWh, of which about 80% is wasted in heatituhdve to be

removed by the refrigeration system. If we replace each fan with an equivalent in ECM

technology, the annual energy usage will drop to 45,270 kWh, which gives a direct energy saving
(DES) of 85,470 kWh. The indirect energy saving on fhigartion system due to cooler motor

operation is estimated as 50% of DES (conservatively), equal to 42,735 kWh. So, total energy

saving is 128,205 kWhthat at US$0.10 per kWh average electricity cost, results in a $12,820

annual saving on the electrigibill.

Ga2NBE20SNE AF 6S O2yaARSNI GKIF G Sthe@terage? K al SR
supermarket will save annually 76.92 tons obQfat is the equivalent emission of almost 15
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average 12,500 annual miles and emitting 5.2 tons oGO

Electrc Motors and drives consume one third of all our electricity. So a one per cent

improvement in motor efficiency means a sa&ys of$1.4 billiondollarsinourh G A 2y Qa St SOG N
bill.
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Refrigerated Trailers

Refrigerated trailers must provide cooling for the load being carried. The power for the refrigeration
comes from the fuel carried by the truck and therefore costs the owner loss of fuel that could have
taken the rig further. What if the top of the trailer was covered by PV panels? How many panels could
fit on top of the trailer? If the trailer is 48 ft long and 102 inches wide and the panels were 1 by 1.5
meters in size, then how many panels could be accodatexr on the roof of the trailer?

101 inches is equal to 2.5 meters and 48 feet is equivalent to 14.4 meters. Then the top of the trailer

STAA Truck Tractor - Semitrailer

Semitrailer length : 48 feet maximum

KPRA* : no limit

Overall length * ho limit *(KPRA = kingpin-to-rear-axle)

Semitrailer length : over 48 feet up to 53 feet maximum

KPRA . 40 feet maximum for two or more axles,
38 feet maximum for single-axle trailers
Overall length © no limit

STAA Truck Tractor - Semitrailer - Trailer (Doubles)

Trailer length  : 28 feet 6 inches maximum (each trailer)
Overall length : no limit

would hold 14 panels which would provide for a 300 watt pawith a total capacity off.2 kW.

Interestingly, it takes approximately 5 kidVpower the refrigeration system. Now the 53 foot trailer

could accommodate 4.6 kW of solar panels. During the daytimes, especially during the sunniest part of
the day, the solar power will provide much if not all the power needed for the refrigerafonthe

double trailer, the roof area of both trailers could accommodate very close to 5 kW of solar panels. This
would be a real cost saver for the fleet owner and reduce the amount of diesel fuel needed for each run.

Solar PV along Highways

United States is just beginning

hNE3I2y A& Ayaill thighwsy3olal KS O2 dz
energy project The project will consist of a 104 kW

solar photovoltaic system that covers 8,000 square
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28% of the energy neededto gcS NJ 1 KS LINR 2SO ¢
location, the Interstate 5 and Interstate 205

. interchange in Tualatin.
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Electricity for the interchange will be provided by PGE.sblaepanels will come into play by producing
electricity during the day, giving the power to the PGE grid, and getting the equivalent amount of power
back at night from PGE to power lighting on the highwidgxt year, the Oregon Department of
Transportatiorplansto look at more highway project proposals. Eventually, the department would like

to generate 2 million kWh every year with the new projects.

The town of Carver Bsachusetts are asking the state officials to permit the installation of solar panels
along Route 44 to provide electricity for a town wasepply system. If the plan goes through, it would

be the first time a state highway has hosted a solar poweagllaion. The roadside panels would

produce about 140 kilowatt hours of power every yeaquivalent to powering 20 housesnd roughly

the amount of power needed to serve the planned municipal water system's two wells, electric pumps,
and watertreatment plant.

The cost of the solar power installation would be $900,000, plus $75,000 for new power lines, Berkowitz
estimated. At current electricity rates, the town would save $24,000 a year to power its water system,
and would also earn $7,000 in crediterh the power company.

Another possibility for roadside solar PV is altmyMassachusetts Turnpika toll road that runs from

the outskirts of Boston, westerly, all the way across the stAt®ther factor that makes a roadside

solar power plant possiblis a favorable rate change in power charges contained in the state's new

Green Communities Act, passed in May. The bill requires power companies such as National Grid to give
suppliers a better deal for power produced by renewable sources. Before tfepassage, electric
companies subtracted a significant power line distribution fee from the value of the power produced by
municipalities and other entities by renewable means.

In Europe

Photovoltaic noise barriers (PVNB) along motorways and railwaysiteiday one of the most
economic applications of grcdonnected PV with the additional benefits of large scale plants (typical
installed power: more than 100 kWp) and no extra land consumptidmns study was done for European
countries and points outhe large potential that can be exploited for PV on noise barriers

The basis of the assessment done to calcullagemaximal possible PVNiBoduction is as follows:

¢ All existing rails and roads (R&R) will be equipped Rith

e PV is mounted on the supgostructure (which is nobhecessarily a noise barrier) at the optimal
tilt,

o that there will be improvements in the technology

o all railroad pathways will be equipped with the PV noise barriers, and

¢ shading is included in estimating the outputs.

European etrapolated: In the progress of this study it
became evident that France, Italy and United Kingdom have
poor shortterm potentials due to the lack of Nfganning.
Consequently, a European extrapolated potential was
defined: Length density within each degresas correlated
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with the average shorterm potentials of the other countries
investigated.

Germanyhas very favorable conditions for the realizatiofifurther PVNB [5]:

¢ A high density of rails and roads

¢ An ongoing demand for a further
construction ofNB

e Reasonable to excellent tariffs for PV
electricity fedinto the inter-
connected grid

e Favorable acceptance of PVNB by the
public opinion

Consequently Germany is one of the key countries fairgforced introduction of PVNB.
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Schematic skete of different photovoltaicnoise barrier (PVNB)
structures including integrated PVNB

In United Kingdomthe actual potential for the

use ofPVNB is rather low as a result of the low
usage of noisbarriers on roads and railways, the lack of incentfeedPV electricity fed into the grid
and the reducegrogramof road building expected in the next few years

Inltaly, the actual potential for the use of PV on nosgriers is rather low as a result of the low usage
of noisebarriers on roads and railways and the lack of formeg¢ntives for PV electricity fed into the

grid.

Inthe Netherlandsattitudes d the parties involved in therection of PVNB are neutral to positive.
Obstacles tamplementation are the large number of parties involvedtia erection of noise barriers,

the economic feasibility anthe accessibility of noise barriers in urban

areas.
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