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Foreword

Metropolis Strategies is pleased to sponsor this reporttenChicagdRegio®d DNB Sy 1t9 02y 2 Y&
ASNPSa (g2 2F aSuNRBLRfA&E {(UNFXdIS3IASAaQ OdZNNBYyd Ay
promoting sustainable practices in the region.

C2NJ 0KS LI ad aS@SNIf &SINBZI GKSNB KI dtisatvé&y 02y a
in part by those who are working to limit greenhouse gas emissions or respond to ever higher

energy costs by promoting clean energy sources and imprexedyy conservation practices. It is

also of interest to those who are looking for new opportunities to grow the econiarttye Chicago

regionby identifying and nurturing new market opportunities drivenibgreasing demand for

energyand resourceefficiency.

This report offers a disciplined way to analyze the green economy opportunities best suited to the
Chicago region. It uses economic analysis to see where we might have a competitive advantage
over other metropolitan regions in growing new firms epanding markets for existing firm$he
report identifies 12 sectors that look promising for Chicagad delves more deeply into one
promising opportunity for growth- energyefficient lighting.

The reportis a first step for the Chicago regioit.provides a road map for how to identifyreen
economicopportunities, and ways to grow thenbeveloping these clusters of businesses requires
considerably morevork and a coordinated effort on the part of the leadership in the field. The

authors foundrelativelyfew formal or informal industry associations or business networks in this
sector of the economyThis suggesta need for morenstitutional capacityto identify and seize the
opportunities in ChicagoThisreport canserve as a catalyst for disci@s and actionjncluding

bringing together the disparate people and organizations working on environmental and economic
development issues in the region. Several organizations have already expressed interest in following
up on the action steps described this report. We look forward to working with them, and others,

G2 ANRG 2dzNJ NBIA2yQad INBSy SO2y2yvYeo

Thank you to the authorgohn Cleveland dhnovation Network for Communities arfbbert
Weissbourd and Sophie Cohen of RW Ventumsheir dedicationto this project. Thank you also

to the ArceloMittal Foundation the Grand Vicbria Foundationand theJoyce Foundatioffior

funding and advising this important endeaviWe hope that those aéady working in the field

from businesses tinvestors to na-profits andgovernmentswill find the reportuseful, and that

the leaders in the field will join in taking the next steps in our continuing effort to move the green
economy from idea to reality.

(A b sorpirrrsd
Adele Simmons

Vice Chair and Senior Executive
Metropolis Strategies
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Project Purpose and Summary

High energy costs, along with concerns about climate change and energy security, are driving rapid
global growth in demand for energy efficient products and sesi ¢ KA & f I NBES SYSNHAY
market presents major economic opportunities for the production side of the economy (including

for companies that would not themselves be considered green, such as ball bearing manufacturers

in the windpower supply chain) This project focuses on uncovering some of these opportunities in
Chicagd:A G | LILINR | OKSa (KS &3INBSy SO02y2Yéé GAGK (KS
development (not environmental impr@ment,though the two often align)

The particulareconomic approach applied in this project is cluster analys@luster based
interventions offer a particularly effective and powerful way of identifying and developing
strategies to build from concentrations of competitive assets in an economy, splgifitanutually

reinforcing firms and related institutions and inputs (enhancing the productivity of participating

firms, attracting firms and inputs, and creating new frm¢)K S LIN2 2SO0 Fy It &1 Sa / K
base to identify opportunities for clter development (as distinct from opportunities for individual

firm or entrepreneurial opportunities) to meet the emerging green market demand

The project was divided into two phase¢ KS FANRG LIKI &S aSid 2dzi (2 dz
economic landcape, identify promising sectdréor regional economic growth and select one

among them for deeper analysis in the second phafhe goal of Phask was to become more

deeply acquainted with the chosen cluster and to recommend strategies for its gregitnally It

should be noted that the project was designed to be illustrative, laigtily limited in scope: it did

y2i &a8S81 G2 FdAte Fyltel S SOSNE 2L NIdzyAde Ay
howto identify and design tailoreduster strategies Thus, while numerous sectors were identified

in Phasel that would benefit from a cluster development strategy, only Energy Efficient Lighting

was investigated in depth iRhasell. Applying the same process, cluster development styee

could be developed for the other sectors in subsequent projects.

The economic opportunities for responding to expanding green market demane divided into

39 different sectors. Of these, 12appearedto be especially promising avenues for economi
development in Chicago: Biofuels/Biomass; Green Chemicals; Organic Farms & Food Production;
Recycled Content Products; Smart Grid; Solar Thermal Energy; Vehicle Electrification; Water
Purification and Treatment; Wind Energy; Green Building; Buildinggizianagement; and Energy
Efficient Lighting As mentioned earlier, Energy Efficient Lighting was eventually chosen as the
G RS S L) RA.Z@ven the Sraitdd2sbidpe of this project, choosing only one sector necessarily

'/ KAOIF32¢ gAff 0SS dzASR AY(GSNOKEy3aIStofée gAGK GaNBIAZYE |
county Chicago metropolitan region. If the City or any other geography is intended, that will be specified.

®The terms sector and cluster areQIi® NB LIS SRt &8 GKNRdzZAK2dzi GKAA& NBLERZ2NI |y
ISYySNIftfe NBFSNER G2 Fff 2NJLINI 2F 'y AYRdzZAGNERI ISy SNI |
is defined in depth in Part |, Section 1, and generally cangfdirms in one or more sectors, along with related

institutions, that are economically connected. The two can empirically coincide, but often do not. Sector is more

often a categorization of firms by what they make or do, whereas cluster is a ggobpsed on the economic €o

dependency and benefits of agglomeration.

% The project adopted the sectors introduced by Brookings and BatteBézing the Clean Economy

The ChicagoRegios O O' OAAT 6 %A1 1 | Frofed PUrpbs® mmm



leaves out many others; key fimdjs related to each of these other sectors are summarized in
Section 2f Part land may serve as a useful starting point for future cluster development.work

Asthe project delved into thénergyHficient Lighting sector (discussed in Part Il), it became clear
that the cluster development opportunityas likelydifferent than expected Rather than narrowly
focused onEE Lightingthe analysis revealethat a promising clusteappears to beemerging in
dntegrated Lighting and BuildingnergySystems (ILBES). The lighting industry is in a state of
turbulence, spurred by the arrival of disruptive LED technology. As LEDs make up an ever greater
share of the lighting market, lighting production is becogincreasingly integrated with lighting
design, controls and management and with other energy efficiency products and services. The
distribution process is changing, giving energy management integrators, designers, utilities and
building managers a greateole.

Given these changes, Chicago has an opportunity to build on its unique asskeéscommercial
building sector¢ a large network of existing manufacturers, designers, architects and engineers,
energy management companies and oth&rf¢o supportthe development of the ILBES cluster.
Chicago could developnaapplied R&D networkhat would: provide manufacturers with an
opportunity to prove their quality in demonstration sites; develop relationships witterging and
increasinglymportant didribution channels such as lighting/building designers, ESCOs, utilities and
commercial building managers; and use these relationships to build trust and gain market
acceptance. It would also provide an opportunity for manufacturers of related products to
integrate with one another. This system would benefit the customers and distributors by allowing
them to easily compare products and work with the manufacturer to get the desired customization.
Overall, thisstrategy would use closknit relationships betwen building designers, owners and
managers, and providers of energy efficiency products and services, to shorten the time between
innovation developmentandiia LISY SGNJI GA2y AydG2 GKS YIFEN]Sho [ &
the commercial building séar, such a system could make Chicago the place to go to do real world
applied R&D and accelerate commergi@bility of energy efficient building technologies.

In order to make the vision of an applied R&D network for Integrated Lighting and BuildingyEn
systems a reality, Chicago needs to improve its institutional infrastructure in green economic
development. Unlike in other sectors of the economy, such as information technology, few
business and markedriven networks exist of firms, institutionphrtners and investors in the green
economy Even considering the emergent nature of the green econoamg with one or two
significant exceptiond, KA OF 32 Qa 3 NdtGtighal Bifeagtryicudé As@ess developed than
that of many other cities Toget to the onthe-ground, firmlevel knowledge and relationships
necessary to do cluster developmear) ongoing dedicated staff capacity that works directly with
business leaders in specific sectors should be develog@der time, this capacity euld build
knowledge and relationships thabuald enable practical business developnestrategies, allowing

for ongoing cluster development in multiple sectors of opportunity.

Structure of the Report
This report is divided into two parts, reflecting the praje@ & (i ¢ 2Thd fikst-partiascribes the

LINE 2S00 Qa Of dza § SNJ I LILINE I OK X -drigedziedoriorfid yrawth lakdS (1 K S ;
identifying the particular criteria used to select promising clusters fa gloject Using these

The ChicagoRegios O O' OAAT 6 %A1 1 | Frofed PUrpbs® mmm



criteria, the repot narrows from many green sectors of opportunity to the onenergy efficient
lightingr ultimately chosen to illustrate green cluster development

The second part of the report digs deeper into the energy efficient (EE) lighting sector, providing an
oveniew of the industry and its current trends and dynamics, based on further data, research and
extensive interviews with lighting experts The report ends with recommendations for
RS@St 2 LIYSy ( ER Fightindgsekt@ las\Bed as strategies for regibrgreen economic
development more broadly.
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Part |: Cluster Development Opportunities

1. The Cluster Development Approach

1.1. What are Clusters and how do they Drive Economic Growth?

A cluster is a group of firms and related economic actorsiastitutions that are located near each

othe YR G RNI g LINRRdAZOGA GBS ROl ydGl3IS FNRAcCuUSt&SAN Yd
can consist of hundreds, and even thousands, of firms of various types and s@@sFortune 500
corporations and largeprofessional service firms (advertising and accounting businesses, for
instance) to highly specialized R&D operations and small supplier busmesdsag with related

entities such as business associations, research universities, community colleges, twaonkeg

providers and professional development entities that support and connect firms to each ofloer

constitute a cluster, these firms and institutions must be interdependent actors linked
economically, socially and technologically within aregibn & 2 NIi 2 ¥ LINR Rdz0iG A2y &S

Clusters drive regional economic growth by enhancmg firm product|V|ty which they do by:
A WSRdAzZOAYy3 GNIyalLRNIFiAzy O02aGa RdzS G2 FANXYaQ Of
A Enabling the development and sharing of specializémbrgools and other inputs common
across the cluster firms;
A Providing cluster firms more efficient access to customers, who may also be geographically
concentrated (either as a cause or effect of firm clustering); and
A CIHLOAtTAGIFOAY3I AYYyERAES A2 Vithefirda@daiiiaing and Bnaviledge
exchange that results from iperson interactions among employees of clustered firms and the
movement of employees from one firm to another.

* This section draws significantly on two papers: Kosarko, Gretchen and Robeidt VeisizZNRS 4902y 2YA O LY
Dh ¢h wnnnanZé LINBLINBR FT2NJ GKS / KAOIF3I2 /2YYdzyAle ¢NHzaGz
9EA&GAYT YR 9YSNHAY3I /tdZAGSNBOT yR 22Ha&$R 353B3f 2 LWORS V5]
working paper produced for the Surdna Foundation, 2011 (forthcoming)

>The degree of geographic proximity exhibited by firms in clusters varies widely from one cluster to another,
NIy3Ay3d FTNBY | FSg 06ft20148 6SPTdra ad YHKIAT I QR INMBIES y[il RS
cluster) For the purposes of this paper, the primary unit of geographic reference is the metropolitan area, though

the question is an empirical one: any given cluster will have a specific geography of its memhtehryill often

be subregional inscaleW2 & SLIK / 2NINAIKGEZ adal{Ay3a {SyaS 27F /tdzadSNAY
5S @St 2 LIMeBybdkngs Institution, March 2006, 6.

/ 2NINRIKGS dal | Al Borfirey defhitich And Hiscuksion 6f M literature on clusters, see

9RgIFNR .SNEYIY YR 9RgIFINR CSaSNE dGaLYRdzAGNALFE yR wS3A2)
Web Book of Regional ScienBegional Research Institute, West Virgldraversity, available at
www.rri.wvu.edu/WebBook/Bergmai#reser/contents.htm

" Note that a cluster ecosystem is not the same as a membership organization or trade assadiagi@tuster is

defined by the economic interactions of its members, not their formal association (ar@act) K S 2 NHI yAT F GA 2y
represent members and ild@A Rdzl £ & | NBEX2y S 2F G(G(KS 1S8@& 2NAHIFIYyATlIGAZ2Yy&a A
O2yadGAiddziS I Of dza G SN {Gdzr NI w2aSy¥StRXZ aLYyRdzaAGNE [/ f
{ G NI GJ@EmaliENew Business Trends and I@&aks(Noverber 2005): 56.
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In addition to making existing firms more productive, clustgrow the local economy by attracting
firms and workers from outside the region that are seeking greater opportunities, in the form of
profits and growth, or a wage premium, respectively. Clusters also foster the creation of new firms,
as existing emplgees split off from one company to form another or entrepreneurs recognize an
opportunity to fill an unmet need of the cluster.

Recent evidence suggests that the emergence of a global and knowbedgd economy is
affecting what economic activities mobkenefit from clustering. As transportation costs for goods
have declined and the importance of interactions between the human capital embedded in firms
YR AyadAaddzirnzya KIFa AyONBlIaSR:z NB3IAzya | NB SEL
that specialize in different parts of production proces&esunctional concentrations, such as
corporate headquarters, baebffice or R&D capacities are thus becoming more important. In
effect, functional clusters arise from the proximity of facilitiesttparform the same functions for
different firms, rather than from the proximity of firms that operate in the same or related
industries? As a result, firms previously organized as a single unit or vertically clustered within an
industry (or set of relad industries) may now tend to organize themselves as muiti
organizations or benefit more from the docation of horizontal functions. Units performing
different functions then tend to locate in places where those functions are best supportedttis te

of cost efficiencies and productivity factors).

Though the benefits and behaviors of clusters are nothing magglomeration economies and
GAYRAZZAGONRALFf RAAGNAOG&E KI OS 0SSy tKKBI BENXT a ©6ax
was first ppularized in mainstream business literature by Michael Porter in his 1990 Boek
Competitive Advantage of NationsSince then, an explosion of cluster studies and a multitude of

Of dZAGSNJ RSTAYAUGUA2Y A KIF @S &L NJf3hlse & ¥dns thadiag t I NA&
32yS FNRY 2040dNRAGe G2 YSFIyAy3f SaaySH Despitd (i K2 dzi
the sometimes messy definition, clusters are a useful framework for thinking about regional
economies. More than that, clusters aageal phenomenon that exist in the production side of the

economy and can be identifiexhd strengtheneavith the right tools'?

Part of what makes clusters a messy concept is that each one manifests differently and draws its
advantages from differentisl NBR 0SYySFA(G&a FyR OANDdzradl yoSao

81885 So3odsr w2aSYyFSfRYE GLYRAZAGNE / fdzadiSNEYI12. dzarAySaa / K2
° At the same time, the information technology innovations associated with the knowledge economy reduce the

cost of sharing, managirand communicating certain types of information across disparate geographies, allowing

firms to separate functions that previously needed to be located in the same place.

10 Specifically, Duranton and Puga maintain that firms tend to locate their headgaant@laces that offer a wide

array of business services, while production plants are moved to more sgwtaialized citiesAn example of this

trend is provided by the decision of the Boeing Company to move its corporate headquarters to Chicagts while

primary production facilities remain in Seattls dzNJ yi 2y > DAft S& yR 5AS832 tdaAl X acC
' NB Iy { LIS Oduindl df Hrbai EcAndriiEz(2) (2005), 34370.

B/ 2NINRIKGSE dabl1Ay3 {Syas 2dfnnp TdzaaiSNBI=téa 20 awiAy'Sy Tad taR =S t ¢ .
OAGAYy3 OAY afA3dIKGfte RAFFSNBY(d F2NX¥O w20SNI wSAOKQaA M
POEFYLX Sa 2F adz0O0Saatdd Of dzaiSNB Ay Of dzZRS t 2NIfFyRQa ! Gf
Biotechnology ClusteryaR a Af ¢ dz] SSQ&a 2 GSNJ / f dza G SN
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FylFfeaAaac GKFG YSNBte SEIFYAySa lijdd yaAadrdiagdgsS Rl
patterns of industries in a region relative to the nation is insufficient. Such an andigsidails to

properly identify what firms are in fact clustering, or to capture the nuances of why a particular

cluster has formed, what characteristics and circumstances particular to its members and location

drive its performance, and how interventionigit further increase its productivityFor this reason,

after conducting basic research on several sectors, the project engaged stakeholders in one cluster,

in order to better understand the mechanics of the cluster, whether it is likely to be a regional
economic growth driver, and what types of interventions will help the cluster prosper.

1.2. Cluster Selection Criteria

Clusters are difficult to define and identify in general, and the challenge becomes much greater
when examining emerging firms asdctors whose economic inteelationships are less clear, and
often do not yet show up in the data (or even the categories of data) availabdeanticipated,
typical cluster analysis and categorization techniques shed some light on potentially promising
emergent green clusters, but also have serious limitations, requiring additional investigation.

2 KSy FylFtelTAya [/ KAOFI2Qa aGa3INBSyé¢ S0O02y2YA0 Of dza
guestionsc what is clustering? And is itromisingcluster? Thle 1 describes the characteristics to

look for to first understand if a cluster exists, and then to determine its potential for regional

growth in the context of this projectA group of firms need not demonstrate every characteristic in

order to be conmlered a cluster, nor must a cluster exhibit every criteria to be a worthy
development enterprise However, the more criteria met, the more likely it is that the sector will

be a good choice for the projectMore importantly, the specific characteristio$ the cluster will

influence the appropriate tools to use for its development.

Table 1 Identifying clusters.

Characteristics of a Cluster \ Criteria for aPromisingCluster for this Project

Is geographically concentrated Is expected to grow regionallgationally or globally

Shares suppliers Exhibits a large employment and firm base

Shares markets and customers Has above average concentration of employment and/or g

product compared to the nation(and is not already dominated
another region)

Exhibits relationships between Builds from strong, underlying regional assets

competitive firms
Has related, supporting institutions | Exhibits export potential

{ KFNBa &aO2YY2ya | Exhibits existing organization and leadership
institutes and specialize|
infrastructure, technologies, Ieor
pools or financing sources.

Industry structure is well balanced between large and small firm
Provides quality jobs for all skill levels

Will derive added value from intervention (in other wordbe
cluster is not already the focus of other efforts or market dynan
that would make intervention by this project redundant)
Contributes to reducing greenhouse gas emissions, or other
benefits the environment

Is supported by policy and locaktitutional environment

The ChicagoRegios O O' OAAT 6 %A1 1 | HaIACIuA® aavemﬁehtmﬁmme



In a perfect world, one would first determine what clusters exist in the region and then analyze
them based on potential to impact economic growtim the real world (with data constraints), the
process is iterative, usually stamg with a list of sectors or industries (which may or may not be
clusters), then evaluating the growth potential thiose and then through interviews determining
whether the sector does in fact demonstrate characteristics of a cldster

The charactestics and criteria outlined here were used to guide the selection of a growing green
sector that would illustrate the process of cluster development.

1.3. Cluster Selection Process

An extensive, separate Phasélemo describes in detail the methodology and data used in the

Of dZAGSNJ A4St SOlA2y LINROSaao ¢tKA& AyOfdzRSa adty
specific data from Brookings & Battelfeindustry research, review gfroprietary firm level data

and interviews with experts. Some key data conclusions are summarized below. For a detailed
description of methodology, see Appendix A, and for a fuller discussitinedindings, seethe

Phasd Memao.

Chart 1. Chicago Green Economy Bubble Chart
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information in another
way, grouping the sectors into five categories based on commonalities in thé data.

3 This process is further confounded by the fact that some measures, such as location quotient, can be used both
to suggest that a cluster existdthat it is a promising cluster.

' Note that the data used in this processiareflected in Charts 1 and 2) was preliminary, and may not perfectly
match the version of data released by Brookings and Battelle in July 2011. The overall trends remain accurate.

1o Though the heat map looks complex, it is actually relatively straigh#iat to interpret Sectos are presented

in rows, while the indicators are in columnéppendix A describes the indicators and how they were calculated.
Each cell is shaded according to its relative value compared a@ogss where pink indicates aw relative
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Chart 2. Chicago Green Economy Heat Map
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value and green represents a high relative vallibe actual values of the indicators for easttorare written in
orange text The visual nature of the heahap is useful for analyses like this one, in which the exact values of the
data ae not as important or reliable as the general relationships between.dake heat map automatically

groups data that score similarly across indicators, exposing commonalities that may not have been obvious
otherwise Based on these commonalities, teectorsare broken down into five identifiable groups and given a
label according to the characteristics observed in the data
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A few sectors included in the BrookinBattelle data do not show up in these chagither because
there were no Chicago firms listed or because the data were judged misleading or inac€urate.

From this quantitative analysis, which is described in nu&til in Appendix A and in the previous
Gt KtaasSy2xz¢ (GKS F2fft2gAy3a OftdzalSNA SYSNHSR | a Lk

- Green Architecture - Air and Water Purification

- Biofuels/Biomass - Solar Thermal Energy

- Energy Efficient HVAC - Energy Efficient Building Products
- Energy Efficient Lighting - Other Greenhouse Gas Reduction
- Green Chemicals - Conservation & Management

- Recycling & Reuse - Environmental Research

- Recycled Content Products - Other Green Products

- Organic Farms & Food Production - Energy Efficient Research

- Wind Energy

Of these, a few were removed from consideration for this project based on unique project criteria
(which, recall, seek not only high potential areas of green economic activity, but ones likely to lend
themselves to and illustrat well cluster approaches)a h § KSNJ DNB Sy K2dzaS DIl a w
GhiKSNJ DNBSY t NPRdzOG&a¢ gSNB (22 3JI6YBINEE (12T ORY
t
3

wSaSFNOKE YR A9YDBANRYYSYyGlf wSaSlkNOKé vidye AyO
do not themselves make interesting clusters as defined hérd 2 Yy A SN G A2y 9 al yI
GwSOeO0f Ayad g wSdzaSé 6SNB 020K R2YAYIlIGSR o6& (KS

Two promising clusterssmart gridand vehicle electrification did not show up well (or at 3lin

the data, most likely due to their highly emergent nature, but were added for consideration
because the interviews revealed potential that the data had not yet captuheirmation from the
interviews also caused the adjustment/combination of sometsrs For example, Air & Water
Purification was changed to Water Purification and Treatment, and Green Building emerged as a
broad megeacluster that encompasses Energy Efficient Appliances, Energy Efficient Building
Products & Materials, Energy EfficiddVAC & Building Control Systems, Energy Efficient Lighting,
Green Architecture, Building Design, & Construction, and Other Energy Efficient Produts

most people interviewed did not distinguish between the subparts of the Green Building cluster,
research for this project suggests that these subpartay represent multiple, overlapping
clusters'’ Within the Green Building megguster, Energy Efficient Lighting and Energy Efficient
HVAC & Building Control Systems (relabeled Building Emdagggement) stood out as having
standalone potential worth researching further.

®For example, Public Mass Transit included only the employment associated with Amtrak, and none with CTA,
Metra, PACE, etc
" This subject is discussed in Part II.
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2. Cluster Opportunities

After considering the data and the interviews, but before looking deeply at additional research, the
list of promising sectors for clustdevelopment stood at 12:
- Biofuels/Biomass
- Green Chemicals
- Organic Farms & Food Production
- Recycled Content Products
- Smart Grid
- Solar Thermal Energy
- Vehicle Electrification
- Water Purification and Treatment
- Wind Energy
- Green Building
o Building Energy Manageme
o Energy Efficient Lighting

A brief description of each of these, includiemployment data from Brookings and Battelle and
insights gained from interviews and industry research, is included below. This review serves both to
highlight the potential thatach of these sectors has to grow the regional economy, and to describe
why it was or was not selected for further analysis in Phhse

Biofuels/Biomass

The Biofuels/Biomass sector includes those firms engaged in the production of energy from
biologicalmaterial such as plants, trees, and even waste. A variety of firms make up the sector,
from farmers to forest trimmers to corn and cellulosic ethanol producers. This sector is still
relatively small in Chicago (approximately 760 employees), althoulghsita higher than average
concentration in the region. In addition, biomass was one of the four main sectors that a 2008
Bain/WBC study identified as promising, although a lack of Chiwaggd R&D and funding
hampered its potential. There is some biofsieesearch taking place at Argonne National Labs, as
well as at (mostly downstate) lllinois universities. One potential concern regarding biofuels is the
uncertain environmental benefits of coimased ethanol, although next generation advanced
biofuels shav far greater promise environmentally and economically. This potential cluster
demonstraes potentialand deserves further attention outside this project.

Green Chemicals

The Green Chemicals sector includes companies making a wide variety of cherfrmapaint to

machine lubricants to cleaning products to food and beverage chemicals. One of the only sectors

that stood firmly inthe togNRA 3K a gAYy Ay 3 ljdzk RN yié 2F GKS 06dz00
an above average LQ and positive growth treimdthe region. Still, the distinct inputs and markets

of the many different types of chemicals makes it less likely that a unified cluster strategy could
readily be developed, especially in the limited timeframe of this project. The green chemicals

sedor undoubtedly merits additional analysis outside the scope of this project in order to reach a
deeper understanding of its cluster development potential.
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Organic Farms & Food Production

Organic Farms & Food Production companies are engaged in thengrgwocessing or selling of
organic foodg¢ Chicago area firms tend to manufacture or sell food, with only a few farmers. This
sector overlaps with, but is distinct from, the local foods movement. While some organic food is
sourced or sold locally, otihdirms may participate in a broader market. Chicago hasfoleth
highest number of employees in this sector (2,800), but its employment growth and comparative
O2yOSYUNYGAZ2Y NIyl YdzOK f 246 SN 2 KAES |/ KA OF 32 Q2
this sector a natural fit, its transition to organics has been slower than competitors on the West
Coast, preventing the region from fully capturing the opportufiftiRegional growth in this sector is
likely to be driven by existing firms recognizing thearket opportunity in organics and
adding/converting some of their production capacity accordingly. A comprehensive industry
strategy could be developed outside of this project to accelerate that process.

Recycled Products

Companies in the Recycled Puots sector are those that use recycled materials (paper, metal,

glass) to create new products and materials. Though its location quotient is low, Chicago has the
fith f F NHES&G SYLX 28YSyid oFasS Ay GKAA TFASE Bd@ Ly |
Y6IEGA2ylf Y2RSt 2F do@LINRPRdAzOG adaeySNHe>é¢ KSfLAyY3
GNF aK AyG2 y2i§KSNDRa LINEReRyddimatdrials useld i dackaging wentd N2 & A
from around 150 million pounds in 2002 to over 400y AY HAN PP /| KAOIF32Q4
base in recyclable materials provides the region with an opportunity to lead innovation in recycled
products, which should be investigated further outside the scope of this project.

Smart Grid

The Smart Grid sear refers to those companies engaged in the improvement of the electrical grid,

bringing it into the 21 century through tweway, realtime communication technologies. A robust

smart grid will enable many other green sectors by providing opportunitbesbfiilding energy

efficiency, facilitating the integration of renewable energies into the power supply, and making it

easier and cheaper to recharge electric vehicles and maintain reliability. Smart Grid technologies

are so new that many companies havet yet been picked up by the data. Thus, while Brookings

Battelle found only 3 companies and around 100 jobs in the industry, it is clear from other work

that this sector is far more active in the region than the numbers suggest. Indeed, the lllinois
Inditute of Technology (IIT) is managing a $600,000 grant from SBA to develop a Smart Grid
Regional Innovation Cluster (SGRIC). As of several months ago, this cluster already had over 100
participants, including nofprofits, utilities, midsize firms, and sih IT and software companies. IIT

and its partners (Clean Energy Trust, lllinois Science and Technology CoalitiotHa@dn@nunity

Partners) will help firms grow by identifying financing tools, pursuing advanced research, and
creating new market opportuities. Due to recently passed state legislation, elements of a smart
ANAR gAff &a22y o0S3IAYy (G2 06S RSLI28SR AYy LfftAYy2A;
0SRZ¢ | dzyAljdzS LINRGAAAZ2Y @A0GK LI G Safdiapplications.2 & LJdzN
With help from SGRIC, lllinois could become a national leader in this sector. Given the cluster work
already being done by the SGRIC partners, it did not make sense for this project to also focus on the
smart grid sector.

®Altman, Durbin, Felt, Hazlett and LopeA f @1 £ ¢ KS / KAOF 32 t N2POS&aaSR C22R [ f «
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Solar ThermaEnergy

Solar Thermal Energy companies, distinct from Solar Photovoltaic companies, are those that
capture and distribute heat from the sun for energy consumption. Solar Thermal systems typically
work by harnessing the sun to heat water either for direa os to turn it into steam that drives an
electricity generator. Solar Thermal Energy is still very small in Chicago, but has grown significantly
over the last seven years, a trend that is expected to continue. Most support for a potential solar
thermal cluster in Chicago is due to the location here of the company Solargévinle possible

that Solargenix will jumpstart a solar thermal cluster here, Chicago is competing with regions that
already have a strong basé solar companiesnore sunlight and greater local demand.

Vehicle Electrification

The Vehicle Electrification sector, as considered for this project, primarily concerns activities related

to the electrification or hybridization of traditional vehicles, particulangavyduty trucks and

machinery and other fleet vehicles. This includes the firms related to the creation of high capacity

o GGSNASE GKFG YF1S KE@ONAR FyR StSOGNARO @SKAOf
sector is not apparent from the Brookingsattelle data, Chicago has research and manufacturing

assets that make a Vehicle Electrification cluster possible here. The presence, in particular, of

bl BA&G1F NI oFyR (2 | £SaaSN) SEGSYd /FGSNLIAE TN |y
status as aleader in the field of hybrid trucks. While several companies in this field have
headquarters in Chicago, fewer locate their manufacturing plants here; many more manufacturing
facilities related to electric vehicles are in nearby states Michigan andradi That being said,

some Chicago companies may have an opportunity to supply the larger clusters in these
neighboring states. In addition, if, as planned, Chicago invests in the proper infrastructure, it would
make a very attractive early test site falectric vehicles. Consequently, there may be an
opportunity related to the infrastructure and services for charging and maintaining fleet and
passenger electric vehicles.

Water Purification & Treatment

The Water Purification and Treatment sector in@dadirms that are researching, manufacturing,

and distributing watetrelated technologies, as well as firms that provide related services. Water
technologies initially showed up well in the datandeed, in the final release of the Brookings and

Battelle ¢ GF X / KAOIFI3I2 NIYI1SR Im Ay SYLX28YSyid Ay a!
However, when looked at more carefully, the picture gets murkiBrookings and Battelle found

only a handful of air and water purification firms and one of them dominatedttital employment

and job growth'® Still, research for this project revealed many more water technology companies

than appeared in the data. While clear that Chicago has many important assets for a water cluster

(an existing firm base, research instituis, companies with large purification needs, and access to

Oft SIy 61 0SSN GKSNB A& a2YS 02y OSNYy GKIiG aAfsl d
g GSNI FTANYa® h@dSNJ GKS f1ad ¥Sg¢ e@SIENBI ahkf gl dzl S
historical strength in breweries, has become a leading example of the possibility of cluster
development, leading to questions of whether there is room for another major Water Cluster so

*Based on initial Bokings andattelle data, in which sector as a whole had around 1300 jobs; more recent data
released hows around 2000 local jobs in the sectdthese may be concentrated in one or a few companies, or
they may reflect more distributed employment.

The ChicagoRegios O O' OAAT 6 %A1 1 | HaIACIuA® aavemﬁbhtmﬁmme



close to Milwaukee. The jury is still out, with some of the behet the short distance between

here and Milwaukee could be an asset to development of another water cluster in Chicago. At the
GSNE tSLaids aAfgldzl $SQ& LINPEAYAGE LINBagfara |y 2
OKSANI y2NIKBdey ySAIKo2NRaE O

Wind Energy

At the core of the Wind Energy sector are wind turbine OEMs, wind farms, and suppliers of
thousands of different parts. In the BrookirBattelle data, Wind Energy stood out for its trends,

but not for its existing size or concenti@n in the area. Interviews and industry research revealed

that Chicago is home to many wind energy headquarters, which benefit from the same array of
0dziAySaad YR FTAYIYOALIf aSNWAOSa Fa 20KSNJ KSI RIj
includesmany companies that are already supplying wind companies and even more that may be

able to transition to the wind market supply chain. The Chicago Manufacturing Renaissance
Council, in partnership with the Great Lakes Wind Network, is leading effoftelminterested

O2YLI yASa YIS GKAA NI YyaAlGA2Y D /| KAOF 32Q4 LINRE
country, makes it an especially attractive location for wind companies to locate their headquarters

and their manufacturing facilities. Mket forces, state renewable energy mandates, and actions by

other organizations are already turning the Windy City into the \Wanergy City, leading this

project to focus on a sector receiving less attention.

Green Building

The Green Building sectoneompasses a wide array of economic actvigyeen architect and
construction firms, energy efficiency appliances, lighting and HVAC manufacturers, green material
producers, eta that may actually constitute several distinct clusters or-siusters. Anncreasing
YdzYOSNI 2F yS6 oO0dzZAf RAy3Ia y26 KIOS & 8HEByS,ywhichSt SY S
leads the country in the number of LEED certified buildffigEnergy efficient retrofits of existing

buildings are also growing in popularity, aideg efforts like Energy Impact lllinois, a Dibkded

and CMARed initiative in support of more efficient buildings. However, this aspect of the Green
.dZAf RAY3a &aSO02N) A& LINAYFENREE 20t O6APSO y 2 i
beyond the metro), and thus offers a less appealing economic growth opportunity. For the
purposes of this project then, the sectors that provide the energy efficient materials, systems and
products for green buildings to companies located both here and disesvare more interesting

and are receiving less attention from other actors. Especially promising opportunities are those

that link the local market for green buildings with the traded market for efficient products. Two

traded sectors building energy ranagement systems and energy efficient lightirghow

particular promise to do that in Chicago and are discussed in more detail below. As Part I
illustrates, the manner in which the subsectors of Green Building will emerge and operate as one or
several réated clusters is actively at play in the marketplace, and as yet an open question.

Building Energy Management
Building Energy Management companies reside at the intersection of information technology and
building management, and make products like heating, cooling and lighting controls systems and

YL YAYS . fFANE 6/ KdedfiecdHonildings, ut \WashingtokEaid NavyYork &r@daining fast
Chicago Tribund~ebruary 16, 2011.
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energy monitoring software. Chicago already has an above avemmgertration of jobs in this

field (LQ=1.2) and also has the R&D capacity, entrepreneurs, software talent, and other assets
required to build a competitive cluster in this area. Indeed, Chicago is already home to several
major companies in this field, ihcing Enablon, SAP, IHS, Johnson Controls, Siemens Building
Technologies, Schneider Electric and Honeywell International. Demand for Building Energy
Management is on the rise, presenting a real growth opportunity for Chicago. However, other
regions, noably Seattle and Philadelphia, already have sophisticated plans in place to develop next
generation technologies and compete globally in this market. To compete, Chicago will need to
RSOSt2L) a2YSGKAY A AAYAL I NI & a22iqudrangthsO CaptBring K I {
this opportunity may require a sophisticated,-fS LJG K F LILINE F OK  &aAYATf I NI {2
Efficiency Testing and Integration (BETI) Ceflter.

Energy Efficient Lighting

Energy Efficient Lighting refers primarily to LED amatdiscent lighting (the mostell-knownbeing

compact fluorescent lamps), although many lighting companies work with several different types of
lighting, including those not considered efficient. Chicago consistently has a very high location
guotient for Energy Efficient Lighting (2.4 in BrookhiBgtelle data) and related industries (Michael

t 2NISNRAE [AIKOGAYT yR 9f SOGNROIE 9ljdALIYSY (G Of dz
Lighting Fixture Manufacturing sector has an LQ of 1.7). Indtrsingds support aapid transition

to more efficient lighting technologies across the board, spurred in part by federal regulations.

/| KAOF32Q48 SEA&GAY3 o6la&asS Ay tAIKGAYI FANXYAEA FyR
avenue for cluster deatopment. For this reason, it was chosen for deeper analysis.

3. Conclusion

Each sector described in Section 2 represents a promising economic opportunity for Chicago
Unfortunately, the limited nature of this project precludes the additional analystired to

deeply understand and develop growth strategies for every opportunitystead, the project

selected Energy Efficient Lighting as an illustrative sector to explore below the surface, in a way that
could be emulated with other sectors in futunerojects Through numerous interviews and
SEGiSyaArdS AyRdzAGNER NBaSINOK:I (GKS LINR2SOiG. SELX 2
Part 1l describgthese findings and their economic development implications.

# Seehttp://psrc.org/assets/5590/BETIBusinessPlan fmfmore information on BETI.
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Part Il : Opportunities for Green CI uster Development in the
Energy Efficient Lighting Sector

The second half of this report examines the Energy Efficient (EE) Lighting sector and explores
possibilities for a cluster development strategy aimed at accelerating the growth of this cluster in
the Chicago region Examination of the EE Lighting sector proceeded through review of existing
industry analysis and repoffsand interviews withChicago area firms anthdustry leaders,
including manufacturers, designers, investors and distributors.

The information learned from this analysis is presented in four sectidree first summaresthe
LINE2SO00Qa 1S& TFAyRAyPliowing yhi isNb analysiy SfytHeE Lightthy a
industry, which describes the basic structure of the sectdhe core technologies; products and
services; customer segments; and the primary industry value chains and types of firms that
participate in those value chain3 his analysis is fundamental to understanding what might actually
constitute the cluster (andvhether there is one) The third section examines the primary market
dynamics and their implications concerning the opportunities for cluster developmieme fourth
section thenapplies the industry research to Chicagoalyzsthe local cluster charaeristics and
identifies growth strategies and next stepdn addition to recommending strategies specific to the
EE Lightingector(or, as it turns out, the emergingtegrated Lighting and BuildirignergySystems
cluster of which it is a partithe reprt also suggests steps to strengthen tBdicagoNBS I A 2 Y Q &
institutional infrastructure around green economic development

1. Summary of Findings and Recommendations

Key Findings about the EE Lighting Sector

e Historically conservative sectoundergoing transformation. The lighting sector has been a
traditional and conservative sector that is undergoing significant transformation.

e High growth TheEE Lightingector (especially in LEDs) is a growth sector with many new
business opportunities.

e Growth burst in the next five years The large burst in LED growth will come in the nef&t 2
years as costs continue to fall and performance and quality continuegoBig 2020, LED lights
are expected to account for up to 60% of the overall lighting market.

e New entrants Many new players will enter the market, throwing industry leadership up for
grabs.

22 A Jist of primary industry reference sources is includedgpefdixE.
2 A list of the interviewees is included ipgendixD.
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e More integrated technology. Unlike incandescent light bulbsné other traditional lighting
sources, which are sold separate from the fixture, LEDs are often integrated into the design of
the fixture and sold as one product.

e Distribution changes EE Lightingechnology will drive changes in distribution, incluglin
distributors with more technical and design knowledge; more direct distribution; and a larger
role for energy management companies and integrators of energy efficiency products and
technologies.

e Niche opportunities There will be many new opportunitidser players with customized niche
applications.

e Growth in nonrmanufacturing markets The market for lighting design, controls and energy
management will grow substantially, with much of it driven by regional players.

e Opportunities for US manufacturing While most commodity manufacturing will be done
overseas, the economics of domestic production are favorable for niche products with smaller
lot sizes and shorter lead times.

e Strong regional presence of firmsThe Chicago region has a large concergraif lighting
firms that cover a broad range of technologies, products, services and markie¢ssector has
a strong location quotient Many of these companies are actively transforming their business
models to adapt to new market realities.

e This isthe right time for leadership Because this is an industry undergoing fundamental
transformation, if the Chicago region wants to take a leadership position in the sector, this is
the right time to do it

Based orthese findings, the project makes thallbwing summary recommendations:

1. C20dza 2y (nke§ratedl Nighting &bBuddingy SNB & { & a.0@venithe Of dza
aGFraGS 2F Gdz2NbdzZ SyO0S Ay GKS 99 [ATIKGAYy3A &aS0G?2
YR GailiadsS G2 ¢gRASNR ®KS3peLIdzAlY AlGGK A2 ANS & LISOG =
attention to are: 1) the increased integration of lighting design, controls and management in
the EE Lighting sector; and &)greater integration of lighting with other energy efficiency
products and SNIWA O0Sa FTyR |y AyONBlFaAy3a NRfS 2F aSy
lighting distribution process These trends argue for focusing cluster developmant
Chicagmot on theEE Lightingiche by itself, but on the larger commercial and institutional
building energy efficiency markefThis expanded focus would encompass a broader range
of firms in the sector, including architecture/design; building engineering; property
management; energy efficiency management; building costminagement systems; and
Smart Grid integration.

2. Make Chicago the easiest place in the world to do real world applied R&D on building energy
efficiency technologies An applied R&D network would provide manufacturers with an
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opportunity to prove their quality in demonstrationitgs; develop relationships with
new/more important digribution players such as lighting/building designers, ESCOs, utilities
and commercial building managers; and use these relationships to build trust that allows
them to gain market acceptance without going through the cumbersome efficiency
verification praess. It would also provide an opportunity for manufacturers of related
products to integrate with one another. This system would benefit the
customers/distributors by allowing them to easily compare products and work with the
manufacturer to get the desed customization. Overall, th&rategy would use closknit
relationships between building designers, owners and managers, and providers of energy
efficiency products and services, to shorten the time between innovation development and
its penetrationA y 12 G KS YINJ] Sido [ SOSNI IAy3a [/ KAOKIA2
building sector, gch a system could make Chicago the place to go to do real world applied
R&D and accelerate commercialization of energy efficient building technologies.

2. Energy Efficient Lighting Sector Overview

2.1. Introduction to the Energy Efficient Lighting Sector

CKSNBE A& y2 LINBOA&AS RSTFAYAGAR2Y 2F gKIFG O2yadaidd
to denote lighting systems that are significantly meféicient over their life cycle than traditional
incandescent and less efficient fluorescent lighting systeffise two most common types &E

Lightingare compact fluorescent lights (CFLs) and light emitting diodes (LEBs)more efficient

T5 and T8lfiorescent bulbs are also sometimes included in this categénergy efficient lighting is

a subset of the overall lighting industry, and thus shares its market dynamics (which are changing as

the energy efficient subset becomes more popular)

Lighting is a major source of electricity use in the. UBe Energy Information Administration (EIA)
estimates that in 2010, about 507 billion kilowdaburs (kwh) of electricity were used for lighting
by the residential and commercial sector3his was equalot about 18% of the total electricity
consumed by both of those sectors and 13.5% of total &leStricity consumption.

e Residential lighting consumption was about 207 billion kWh, equal to about 14% of all
residential electricity consumption

e About 300billion kwh was consumed for lighting by the commercial sector, which includes
commercial and institutional buildings and public street amdhway lighting, equal to
about 22% of commercial sector electricity consumption.

Higher energy costs and interest protecting the environment from climate change are causing
consumers to demand lighting products that use less enefgympanies big and small have risen
to the challenge, and now new lighting technologies have the potential to significantly redece th
electricity used for lighting A recent Navigant Consulting report for USDOE projects that LED
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market penetration could reduce lighting electrical consumption by 25% below 2010 levels by
2030

Compared to many other market segments, the lighting imguss very complex and highly
fragmented” To understand the industry, it is useful to look at it from several different
perspectives Three of these are summarized in Table 2.

Table 2 Lighting Segmentations.

Lighting Technology \ Application Environments Types of Industry Players
¢ Incandescent e General lighting e Manufacturers
¢ High intensity discharge o Residential lighting fixtures | ¢  Material & Component
(HID) 0 Commercial and industrig Suppliers
e Fluorescent lighting fixtures e Architects, Engineers,
e Light Emitting Diodes 0 Outdoor lighting fixtures Designers
(LEDs) e Portableelectric lamps e Software and Controls
¢ Vehicle lighting fixtures e Distributors and Installers
e Backlighting for electronics e Energy Management
Integrators
e Utilities
e Federal GovernmeriR&D

Each of these aspects of the EE Lighting industry is discussed in more detail below.

2.2.Different Types of Lighting Technology

Table 3 provides some basic information on the four primary types of light source.

The level of lighting efficiendg measured by a combination of the lumens (a measurement of light
intensity) produced per watt of electricity, and the life expectancy of the light soufdese two
factors add up to the overall lifeycle costs of the lighting source.

?* Navigant Consulting, "Energy Savings Potential of -Sedite Lighting in General Illlumination Applications 2010

2030," February 2010, p. 42,

http://appsl.eere.energy.gov/buildings/publications/pdfs/ssl/ssl_enesgwingsreport 10-30.pdf

®1 NBOSyil aOYAyasSe NBLENI yz2aG8ayY alLynghduguy Nveyd G2 & LA Ol
FNFAYSYGSR FyR O2YLX SEX a tA3IKGAY3I Ad dASR Ay a2 Ylye
t SNELISOGA®SAa 2y GKS Df2olf [AIKIGAYI al NJSGzZz¢é aOYAaAyasSe .
http://img.ledsmagazine.com/pdf/LightingeWay.pdf.
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Table 3 Primaty light sources.

Light Source Description

Incandescent e Theincandescent light bulb makes light by heating a metal filament wire to a

temperature until it glows. The hot filament is protected from air by a glass

that is filled with inert gas or evacuated.

— e In ahalogen lamp, a chemical process returnstah to the filament, extending itg
W life. The light bulb is supplied with electrical current by féedugh terminals or
* wires embedded in the glass.

% e Most bulbs are used in a socket which supports the bulb mechanically and cor
the current supply @ the bulb's electrical terminals.

High Intensity e HID lamps are a type efectrical lampwhich produces light by means of an elect

arc betweentungstenelectrodes housed inside a translucent or transpareised

Discharge

quartzor fusedaluminaarc tube. This tube is filled with bodasand metal salts.
e Mercury vapor lamps and metal halide lamps are two common variations of the
technology.

e HID lamps are typically used when high levels of light over large areas are reg
and when energyefficiency and/or light intensity are desired. These ar
includegymnasiums, large public areagrehouses, movie theaters, footbg
stadiums,outdoor activityareas, roadways, parking lots, and pathways.

e Afluorescent lampor fluorescent tubeis agasdischarge lamphat
useselectricityto excitemercuryvapor. The excited mercury atoms produce shg
waveultravioletlight that then causes phosphorto fluoresce, producingisible
light.

o A fluorescent lamp converts electrical power into useful light more efficiently t
anincandescent lamp. Lower energy costs typically offset the higher initial cq
the lamp. The lamp fixture is more@stly because it requires lzllastto regulate
the currentthrough the lamp.

Compact e Acompact fluorescent lamfCFL) is Huorescent lamp designed to replac

Fluorescent Bulbs anincandescent lamp; most types fit inlight fixturesformerly used for
incandescent lamps.

e Compared to generaervice incandescent lamps giving the samunt of visible
light, CFLs use less power (typically one fifth) and have a longer rated life (six
times average). Despite a higher purchase price than an incandescent lamp
can save over five times its purchase price in electricity coses the lamp's

lifetime.
o Like all fluorescent lamps, CFLs contagrcury, which complicates their disposal.
Light Emitting  Lightemitting diodes (LEDs) are semiconductor devices that convert electrici
Diodes light. LED lighting is al$dl t f SR ¢a2f AR adrd8 € A3IK

from a solid objeat a block of semiconductor materiakather than from a
vacuum or gas tube, as in traditional incandescent or fluorescent lights.

e Unlike incandescent or fluorescent lights, LENSSa y 20 Ay KSNBy
light is actually a mix of wavelengths in the visible spectrum, whereas LEDg
light in a very narrow range of wavelengths, and so are ideal for producing co
light.

e Anorganic lightemitting diode(OLED is anLEDthat uses a layer of organi
compounds which emit light in response to an electric current. The advantag
OLEDs are that they can be printed on inexpensive flexible plastic substrateg
have better power efficiency; and faster response times. r&ly, however, they
suffer from very high production costs; short life spans; poor efficiency under ¢
circumstances; and lack of robustness in outdoor environments. They arg
expected to be a significant technology in general illumination for stme.
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Table 4 compares different features of LEDs, CFLs and incande8cents.

Table 4 Comparison of Common Light Sources.

Aspect LEDs CFLs Incandescents
Frequent On/Off Cycling no effect shortens lifespan some effect
Turns on instantly Yes slightdelay yes

Durability Durable fragile fragile

Heat Emitted low (3 BTUs/hr) medium (30 BTUs/hr) | high (85 BTUs/hr)
Sensitivity to temperature No yes some

Sensitivity to humidity No yes some

Hazardous Materials None 5 mg mercury/bulb none
Replacement frequency | 1 5 40+

(over 50k hours)

Chart 3, from USDOE, provides a graphic display of the performance variations of different lighting

technologies’’

Chart 3 Performance variations of different lighting technologies.
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Figure 1. Comparison of Luminaire Efficacies for Recessed Downlights with LED, Compact Fluorescent (CFL),
Cold-Cathode Fluorescent (CCFL), Halogen-IR and Incandescent Sources (includes ballast, driver and thermal losses,
where applicable). Lamps and retrofit products were tested in the same downlight fixture housing. Source: CALIPER

2.3.Application Environments

The lighting market is typically segmented into three categories of product applicatyeneral

lighting; automotive lighting and backlighting.

P9 NIKSF&aes a[ 95 [ A 3K inttp//emitheasyycond/ligeYledt bNlbs acBmybarisoid.htNFd & = ¢
T o{® 5SLINIYSY(d 2F 9ySNHE .dZAfRAYy3I ¢SOKyz2f23A84
{ 2dzNDSazé¢ htiliadisBaede.ansoy.go®buildings/publications/pdfs/ssl/comparing_white_leds.pdf
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e General Lightingcovers the use of lighting products in homes, office buildings, factories,
streets and othercommon uses It is the largest lighting market segment (75%tatal
global sales) and is heavily driven by trends in the real estate sdttocludes several sub
categories of application:

Residential

o Commercial

o Outdoor (streets, stadiums, parkihgfs, etc.)

o Portable Lamps (flashlights, etc.)

o

e Automotive Lightingcovers the use of lighting products in the car, truck and off road
vehicle markets It constitutes less than 20% of the total global market.

e Backlightingis the use of lighting for computers, appliances, hand held devices and other
electronics It is the smallest portion of the lighting market.

The technologies, products and sales and distribution channels for these application segments are
very different. Some of these variations are described in Table 5 below.

Table 5 Lighting application environments.
Application Dominant Typical Customers Distribution Channels

Segment Technology
Residential Incandescent | ¢ Homeowners ¢ Home stores (HomBepot, Lowes)
e Builders o Electrical contractors
Commercial Fluorescent e A&Efirms e Property management companies
e Contractors e Lighting designers
e Building owners e Electrical contractors
e Supply houses
e Manufacturers reps
e Energymanagementompanies
Outdoor HID, e Municipalities e Manufacturer reps
Fluorescent e Utilities ¢ Public bid
e Retailers e Contractors
Automotive Incandescent, | ¢ Auto manufacturers | ¢ B2B
Halogen, LED | ¢  Tier 1 suppliers
Backlighting LED e Device & applianc§ e B2B
manufacturers

This report and analysis focuses on theneral lightingsegment and does not address the
automotive and backlighting markets, which have a smaller opportunity and distinct value chains
and market dynamicsin particular, it centers on commercial and ditial lighting?® which can

be thought of as a part of the larger building sector, with energy efficient general lighting part of the
greenbuilding sector Green building is the practice of creating structures and using processes that

8 While energy efficient Outdoor Lighting is a growing marketusteropportunity around Outdoor Lighting was
less obvious, given the market dynamics and nature of the existing firnfsdad® (to be described more in
sections 3 and 4).
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are environmentalil responsible and resouresfficient throughout a building's lifeycle from siting
to design, construction, operation, maintenance, renovation and deconstruttion.

While there is no formal definition of the elements of the building sector, it can bkeoralown

into three basic categories, with several stdtegories (see Table .6)Of these categories and

subcategories, the lighting sector interacts most with the building services category and the building

controls subcategory

Table 6 Building Setor Categories3.0

Building Services

¢ Architecture, engineering and desig e

services

e Construction
Management

e Building Services

and

Constructio

0 Property management

(0]
(0]
(0]
(0]

Energy management
Janitorial services
Landscaping services
Waste management

' Building Products

Cleaning products
e Furnishings
e Windows
e Doors
e Flooring
e Insulation
e Roofing
e HVAC
e Lighting
e Plumbing
e Building controls

Building Materials

e Asphalt

e Concrete

e Metals

e Paint and coatings
e Plastics

e Textiles

e Wood

The building sector can be further segmented by buildyge. The major categories of building

types are single family residential; meféimily; commercial/institutional and industridt. Segment
differentiations are important for many aspects of the building sector, since product configuration,

sales and ditribution, and pricing vary significantly by segmefte commercial building sector is

especially relevant to the energy efficient lighting sector, as these building managers are more likely
to be willing to make the upfront capital investment necesgargonvert traditional lights to LED.

2.4.Types of Industry Players

There are many different kinds of companies that participate in the lighting seG@ome of the
major types of players are summarized below.

Manufacturers

Three companies dominatéhe global lighting manufacturing sectar Philips, GE and OSRAM

Sylvanig(a subsidiary of Siemensyhese companies together have constituted @ of the total

2 hitp://www.epa.gov/greenbuilding/

¥ partly based on the taxonomy @reen Building Alliancé D NB Sy
Analysis fo Pennsylvania and Benchmark States a I NI K

HANogo

.dzZA f RAYy 3 ¢MakeR dzO G &

% For a more complete segmentation of the building sector, see the recent reports on the Building Retrofit
Industry and Market (BRIM) initiatives, posted on the Rockefeller Foundation web site at:
http://www.rockefellerfoundation.org/news/publications/buildingetrofit-industry-marketbrim
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market for several decad€®.The large integrated producers manufacture, distribute and iserv
every type of light source for all end use environments.

The remainder of the market is occupied by a very wide variety of smaller niche manufacturers
Most specialize in one lighting technology or another, but many are also expanding their product
line to include new technologies like LEEsxamples of US based companies include Acuity Brands,

Cooper Lighting, Hubbell Lighting, Juno Lighting, and Leviton.

Material and Component Suppliers

The material and component suppliers vary widely by typkgbting technology For incandescent

and fluorescent bulbs, the primary components are the glass bulb; filaments; metal base; gases
(argon and mercury); ballasts; starters; and metal and plastic fixtuFes LEDs, there is a more
complex supply chainThe most important component is the LED chip its&fther components
include connectors, diodes, drivers, substrate, lenses, wires, and circuit boards.

Architects, Engineers and Designers

The architecture and engineeringndustry plays an importantote in influencing lighting choices,
primarily in the commercial building sectoArchitectural firms frequently have a lighting designer
on staff In addition, a subndustry of lighting designers typically works in small practices and
specializes in #design of lighting systems for large building contractors and owners.

Software and Controls

As energy efficiency becomes more important, and as LED technologies offer a wider range of
dimming options, lighting control systems are becoming a more ingmbrpart of the lighting
industry. Controls are typically sold through three different kinds of venues:

e Some controls are integrated into the lighting fixture and sold by the lighting
manufacturer.

e A separatesetof firmssells independent controlgroducts for the lighting sector.

e Some lighting controls are designed into integrated building management systems that
control overall building systems.

Distributors and Installers
Many different kinds of firms distribute and install lighting produatsjuding:
e Big box retail stores like Home Depot, Lowes and Walmart. (Home Depot is the largest
single buyer of light bulbs in the world.) These retailers typically serve residential

customers and residential contractors.
e al ydzF I OG dzNB NE Osaleslinltbe comMdcialdmd3nRustiaRsectors.

¥ McKinsey, 2011
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e Electrical contractor and electric supply houses are a key distribution source. Some of
these are large national players like Graingeradidlition, there is a robust network of
independent regional and i@nal electric supply houses.

Energy Management Integrators

Energy management companies are playing an increasingly important role in the lighting market.
This is driven by two primary factors:

e Anincreased interest in opportunities for comprehensa&vergy efficiency strategies as
a cost saving and greenhouse gas reduction strategy.

e New lighting technologies like LEDs have higHrapt costs that can be a barrier to
customer acquisition. Energy Performance Contracting (EPC), where a third party
Enegy Services Company (ESCO) covers the capital cost of installation in return for
compensation through savings, can be an effective way of overcoming this barrier.

CKAAZ YAOKS AyOfdzRSa GNIRAGAZ2YIFET G@&dzLISNI W{/ hat
Honeywell (many of whom also sell their equipment as part of the EPC deals), as well as specialized
energy management companies (e.g. Lime Energy), and companies that are focused only on lighting
management (such as Sylvania Lighting Services). AfleoBig Three lighting producers offer
lighting services products to their customers.

Utilities

Utilities are increasingly important players in this sector as Energy Efficiency Portfolio Standards
(EEPS) generate capital to subsidize energy efficieninggtechnology installation. EEPS programs
useratepayerfunds to pay for part of the cost of energy efficiency measures for residential and
commercial customers. In the top five states alone, these expenditures exceeded $2.2 billion in
2009 and are exgxrted to increase in the future.

A recent report of the American Council for an Energy Efficient Economy (ACEEE) noted how
important lighting technology was to the success of these programs:

G9f SOGNRO dziAf AGASE aSS lighkny tedhBofodies gscredtingLINE &S
substantial energy savings opportunities. One utility called the opporturélie®st

SYRf SaaqQo 2 A0K (0KS S@2ftdziAzy 27F LIN@SNI Y Yl
llluminating could meet their savings goals withh I K G A y¥*3 | £ 2y S ¢

% Nowak, Seth, Martin Kushler, Ntigel Scidino, Dan York and Patti Whitq, 9 y SNE& 9FFAOASyOe wSaz
Standards: State and Utility Stegfies for Higher Energy Savirdgs, ! Y S NA O foryan En2rdyyEfiidient
Economy, June 2011, p. 0tp://aceee.org/researchreport/ull3.
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Government

Many countries, including the US, are investing in R&D to advance their lighting indudtries
addition to the US, Japan, South Korea, Taiwan and China have made significant national
investments in LED R&D

TheUSDell NIIYSYyld 2F 9y SNHeéQa dAf RAy3a ¢SOKyz2f238& t |
initiative® that was established by the Energy Policy Act of 200% goal of this program is to:

G. & HnHp3X RS Q@ SdtaeliphtingRigchnglGyefRihatpédakedto conventional

lighting technologies, are much more energy efficient, longer lasting, aneccogietitive

by targeting a product system efficiency of 50 percent with lighting that closely reproduces

GKS gArarotsS LERNIA2YE 2F (KS adzyt AIKG &LISOG NI:

The SSL initiative supports a broad range of strategies to advance the SSLlirsgatiing:

e Basic energy science research that supports SSL

e Core technology research

e t NP RdzOG RS@St2LIVSyi
NR I RYl LJA €

e Manufacturing R&D to improve the efficiency of US SSL manufacturing

e Support for technology commercialization, including product testing, design
competitions, and technical information

e Development of standards for the industry

e Strategic partnerships, including:

NE&ASFNOKI AyOfdzZRAY3I O

G/ dzZNNBy G [ 95 YI N
lighting is estimated at around 5 percent
It is expected to be close to 40 percent [n

0 Next Generation Lightinghdlustry Alliance

0]

(NGLIA)
Partnership  with  the
Engineering Society (IES)

llluminating

20186, rising to around 70 percent in 202
Government initiatives are key to

adoption. Governments are the chief

owners of most outdoor lighting and arg

therefore the prime decision makers or
LED installations. The current pressure
governments to reduce CO2 emissions
push LED market shakey’ (0 KA &

o Partnership with the International
Association of Lighting Designers (IALD)

In addition to R&D investments, governmemisoact as a

major customer folEE Lighting (McKinsey, 2011)

% U.S. Department of Energy & {Staté ligRting, KOG LIYKK 666 MOSSNBOSY SNHE ®32 JKk 6 dzA f
% Bardsley Consulting, Navigant Consulting, Inc., Radcliffe Advisors, Inc., SB Consulting, StateSoighting

{ SNDAOSA N (UViGoy AdKAtAyRE wSasl NDK FyR 5805t 2Ly Gy
http://appsl.eere.energy.gov/buildings/publications/pdfs/ssl/ss|_mypp2011 web.pdf.
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3. Energy Efficient Lighting Trends and Industry Dynamics

The lighting industry has historically been a mature, conservative industry with relatively few
dramatic changes in structure and technologihe first light bulb was invented in the 1870s, and

anotkKk SNJ 4§ SOKy 2t 23A0lIf Ayy20FiA2y RARY QU SYSNHS dzy
the 1920s The industry has operated without any fundamental technology changes until the
introduction of commercial scale LEDs in the latter decades of gtedatury.

The most important dynamic in this market will be the increased market share of M#e LEDs

now have a relatively small share of the general lighting market (7% in 2010), they are expected to
grow to dominate the market over the next deae, potentially achieving a 60%+ market share by
2020%° In the process, they will drive a radical restructuring of the lighting sector and its value
chain, creating many opportunities for new value creation and growth.

The advantages of LED lighting thalt drive this market growth include:

e Life span LEDs can last up to 10 times as long as CFLs, ahd05fmes longer than
incandescent bulbs.

e Efficiency LEDs are three to four times more efficient than incandescent and halogen
sources.

e Durability. Without a filament, LEDs are more durable and less prone to damage than
traditional lighting sources.

e No Mercury. Mercury disposal is a major issue for fluorescents of all types.

e lLess Heat LEDs produce 3.4 BTUs per hour, compared to 85 for incandebuoéhy,
therefore avoiding heat buildup in living and working spaces.

See Table 7 for a comparison of the costs over time for LED, CFL and incandescent light sources in a
residential setting’”’

Table 7 Comparison of light source lifetime costs.

' LED CFL Incandescent

Light bulb projected lifespan 50,000 hours 10,000 hours 1,200 hours
Watts per bulb (equiv. 60 watts) 6 14 60
Cost per bulb $35.95 $3.95 $1.25
KWh of electricity used over| 300 700 3000
50,000 hours
Cost of electricity (@ 0.20per KWh) | $60 $140 $600
Bulbs needed for 50k hours of use 1 5 42
Equivalent 50k hours bulb expense $35.95 $19.75 $52.50
Total cost for 50k hours $95.95 $159.75 $652.50

| COSBAVINGS OVER 50,000 HOURS, IN A HOUSEHOLI5 BULIBS
Total cost of bulbs and energy $2398.75 $3993.75 $16,312.50
Savings to household by switchin¢ $13,913.75 $12,318.75 0
from incandescents

% McKinsey2011,p. 17.

¥ Eartheasy¢ [ Qight Bulbs: Coparison Charts,http:/eartheasy.com/live_led_bulbs_comparison.html#d
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3.1. Dramatic Market Share Gains Forecast for LEDs

McKinsey and Company forecasts a fundamental shift in market share for diffdiggrit
technologies over the next nine year€hart 4, below, shows expected global shares for lwiits
(number of lights installed), anghlue(dollar value of the light units in Euros).

Chart 4.

Other non-LED green technologies will play an important role
in the transition to LEDs

Light source technology market share trend in general lighting (lamp level)

Percent
Unit base! Value base?
100% = 15 11 9 bn units 100% = 11 21 24 EUR bn
2  ~Incandescent 1 0 +Incandescent
9 12 8 5 “Halogen
12 Halogen \ nalog
2 ~HID 10 i “1I\.H|D
22 “'ll'lLFL
52 LFL \
3l CFL
LED

2010 16 2020 2010 16 2020

1 Calculated based on number of light sources (lamps), incl. both new fixture installations and replacements; incl. LED modulesflight engines
2 Total lamp and LED light engine market (ingl. LED madule)
MOTE: Numbers may not sum due to rounding

SOURCE: McKinsey Global Lighting Market Model; McKinsey Global Lighting Professionals & Consumer Survey

The level of disruption this kind of shift can produce should rfm¢ underestimated It projects
the value of the LED market will more thanadruplein the next five years.

/ KI NG p &aKz2ga K2g GONIRAGAZ2YIT € SYySNHeé STFTAOA
fluorescents (e.gT8 and T5 lamps) will play a trainal role in this market shift.
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Chart 5

Energy-efficient traditional technologies will play a significant role before
LED transition in 3 - 4 years

Global lighting product market trend! by energy-efficient products
EUR billions CAGR
Percent

2010-16 2016-20
110 108 6 3

100

LED 34 13

Green traditional? 2 -5

17

12 MNon-green traditional -6 -9

2010 16 2020

1 Total general lighting market (new fixture installations full value chain incl. ighting system control components, and light source replacements),
automaotive lighting {new fixture installations and light source replacement), and backlighting (light source only: CCFL and LED package)

2 Due to the broad range of different lighting products, green is defined per preduct group in line with typical energy efficiency standards within the
imndustry, e.g., Energy Star for CFL light bulbs. At the minimum, all green products need to provide an 20% energy efficiency improvement vs.
comparable non-green products.

SOURCE: McKinsey Global Lighting Market Model, McKinsey Global Lighting Professicnals & Consumer Survey, Indusiry Experts

Several interviewees emphasized that thegescaleshift to LED lighting technology will not
happen until additional improvements in the cost/performance ratio are achieved, but they see its
eventual ascendance as inevitabRepresentative quotes include the followify:

[ 95 O2aia ySSR 62t R2¥8 KBoP2YLISGTAUADS D¢

G.& YR fFNBS Ay 3ISYSNIt AffdzYAylFdA2yTZ [95 A
of light required on a cost effective baskankly, 75 and T8 fluorescents still offer efficient
high quality of lightand ar§ dzA 6 S A Y SELISY aA @S d¢

G[ 95 A& y20 @&Si. NB reR énarke2fdIJLBDNK W& shartiteynSis the
commercial/institutional sector There the lights get used for more hours, so the payback is
Fl adSNwe

GwAIKG y2g (K SNEEDs Theyrare salifig@5s2 tilmes &ratifional lighting
costs But the LED performance is improving rapidRight now we only have 5% LED
market penetration. dzi Ay H @SFNHR 2NJ Y2NB AdG gAff NBI

BAll guotations are from interviews with individuals in the energy efficient lighting sector. Attribistioot
included because interviewees were assured confidentiality.
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G[ 95a I NB 32 Ay 3 thé IRyhtidg ozarld e &fficaslof tike fubl@ SiNlbe lit
with LEDs Pretty soon, we will have $20 LED replacement bulbs 24 years the
LINKA OSKLISNF2N)XI yOS OdzNBS gAff ONRaAaad FyR GKS

dhyS 2F G(GKS 0Sad Y IgatiR.dTe eEchondic thebesalreadit makalzii R 2 2

sense There are 56 million cobiaead lights in the USAt $400 a fixture, that is a $20+
billion market The indoor market, however, is42years off Bulbs still cost $3&0 n n d €

G[ 95 KI & 0 8 yhoraddfidienthayiddcosy effective, even in the last 18 months

The price of chips has dropped from $2.40t0 $1120 G KAy 1 Al @At t S@Syidz

[ 95 RSOSE2LIYSYyld AacKSNBUAAY OO 288N @ KBl RX I O

platform ¢ so | agree thats S (st few years away before new installations are majority

LED. dzii GKSNB A& y2 ljdSadrzy GKFIG GKFIG Ad #KSN

aL 488 GKS [95 YI NJ Sliis Magpénifid a itFastd Ndanvileiek O f f &

imagined Quality is improving and price is coming dowrthink within the next 3! years,
GKS YIN]SG Attt 0SS om: 2N Y2NB [ 95 d¢

These market changes will be accelerated by federal regulatidie Energy bependence and
Security Act (EISA) of 2007 sets minimum standards of performance for light bulbs beginning in
2012 These standards are high enough that the incandescent bulbs commonly used by consumers
will not meet these standards The EISA will esseally eliminate 40W, 60W, 75W and 100W
medium screw base incandescent bulbs by 2814 hese regulations are expected to accelerate

the replacement of traditional bulbs by CFLs, halogens and LEDs.

3.2 Barriers to LEDMarket Growth

Although there appearto be a very strong consensus that the LED lighting market will eventually
grow rapidly and eclipse other forms of lighting, there also are a number of factors that represent
potential barriers to that growth These help to explain why the market has abeady reached its
projected height:

e Cost to Performance CurveAs noted above, LEDs are still considered to have high upfront
costs relative to lighting performanceCosts are rapidly dropping, however, and quick
improvement in the cost to performaeccurve is expected.

% As this report nears completion, these standards face uncertainty in Congress. The omnibus spending bill passed
o0& /2yaANBaa 2y 5S0SY apmviisircttiat preventtne Depadienzsf Eriergyifom A G &

spending any money to implement or enforce the energy efficiency standards for lightbulds2 NJ y Ay S Y2y (i Ka

not yet clear exactly what effect this will have on the lighting industry, which supported the standardswiilt
not change the underlying economics that make more efficient lighting, and particularly LED lighting, the
technology of the future. Selettp://www.chicagotribune.com/business/breaking/climcandesceright-bulb-
banput-on-hold-20111216,0,805622.story

TheChicagoRegiod O O' OAAT 6 %AT 1 | HarfElAOppdiiitied OrGGEreErO0HIdted ekl
Development in the Energy Efficient Lighting Secto


http://www.chicagotribune.com/business/breaking/chi-incandescent-light-bulb-ban-put-on-hold-20111216,0,805622.story
http://www.chicagotribune.com/business/breaking/chi-incandescent-light-bulb-ban-put-on-hold-20111216,0,805622.story

e Product Quality Several interviewees noted that in the early stages of the LED market,
adzoadGFYyRIFINR LINPRdzOG& alLJ2ff dzi SR GmSquadity N S |
standards become more rigorous; customers become more istpated; and producers
improve their manufacturing quality, some of this concern is diminishing

e Distribution Barriers Many of the existing lighting distribution channels areeguipped to
sell a technically more complex product that requihégher levels of customized design and
a more sophisticated ROl analyss KA f S -8 RIFIAVHNENA Y IE 2F GKS RAA
appears to be in full swing, it still requires time to build this capacity at scale.

e Speed ofCommercial Viability. Changingstandards for efficiency verification in lighting
(e.g EnergyStar) make it difficult for firms to quickly change their technologies and then
200FAY GKS aSTFAOASYGeé fFr0Sts gKAOK Aa 2Fd0Sy

3.3.Changes in Market Share Will iive Industry Restructuring

These shifts in market share will drive a fundamental restructuring of the lighting industry over the
next decade It is important to understand that the future shape of this industry is not yet clear,
and many aspects of theector are undergoing transformation in real timeHowever, several
general trends in this restructuring were emphasized both in industry reports and in interviews
These include the following:

e Entrance of many new players into thf i The penetration o
market. driving a far-reaching change to the

industryaddhisstrulctur e

. . . transformation is affecting every stage
e More versatile and integrated technologies. of the value chain, from upstream,

where altered production methods are
e Changes in distribution, including a| driving new capabilities and entrants,

increased role for energy services companig 0 downstream, where the fixtures
market is expanding in multiple

. . . directions. 0
e Growth opportunities forplayers with niche
applications. (McKinsey, 2011, P. 22)

e Anincreased share of the industry profit pool going to players other than lamp and bulb
producers.

e Primary manufacturing done overseas, but many opportunities for-baked
production, especially in custom and niche protiu

Each of these key trends is discussed in more detail below.
New Players Will Disrupt the Industry Structure

¢ KS RAANHzZLIGA DS yIFddaNE 2F (KS yS¢ fAIKGAYT G§SOKy
report on the structure of the Solid Stat.ighting industry:
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G{2fAR &adldS tAIKIAYI A& OKIfftSy3aay3a AyOdzyoS
dzLJ ¥ 2 NJWAibkl fiomd Will successfully ride this new wave of innovation and what
impacts these changes will have on incumbents isyrotdetermined Although the first

wave of lighting innovation in the early ®@entury spawned the development of global
companies like GE, OSRAM and Philips, theSee?ttury innovations will create challenges

for incumbents New firms are emergingt all levels of the value chain to address the
opportunities presented by soli (i 1S f AIKGIAY I (SOKy2f 23ASadé

This view was reinforced by interviewees, many of whom represent some of these new value chain
players.

New technology challenges traditionadlayers:

GThe Big Three (Philips, OSRAM, GE) are trying to find their way in this market and exploit it
without cannibalizing their traditional market They are all making moves in the LED
market | think what they really fear is a foreign competitoG(LToshiba, Samsung) coming
FFGSNI GKS ' { YIFENJSG Ay | o0A3 gl & dé

G¢KS [95 YR SySNHeé& STFAOASyOe VYINjSia I NE
businesses ¢ KS& | NS dzaSR (G2 o0SAy3 a2NRSNJ dF 1 SNaE
based on how manyght bulbs they know are going to burn ouf they embrace LED, there

gAtt 0S y2 odAZ o GdINYy2OSNE y2 LINSRAOUOIOES NBL

Many new entrants followed by consolidation

A QS ySOSNI aSSy a2 Ylyeée ySg. OhecistangbasE&hias L2 LI dz
almost tripled in numberThe pattern seems to be that these small companies are acquired

08 GKS fIFNBSNJ LX I 8 SNA ®¢

G Fad @SFNI L (GKAY]l UGKSNB 6SNB Oftdnk 8e higz wH AN
players depend on the small ones tdkdut out and figure out where the successful new
innovationsare¢ KSy GKSe& 32 o6dz2 GKSY®E

OoLED companies are very capital intensiVheere are at least 200 Miacked startups in this
space Like the early PC players, they are all just a bit differebelieve we will see lots of
consolidation in the future The VCs are really struggling to make many of these deals
g2 NJ P

New players are not expected to take over any of the traditional high volume bulb manufacturing
business, which is a hightpst sensitive business, with high capital intensiowever, there is no
guarantee that the traditional Big Three will retain the commodity component position in the LED
market, which is a fundamentally different manufacturing value chaspecially ansidering the

N

“® Sanderson, Susan Walsh, Kenneth L. Simons, Judith L. Walls,-antlafin[ A IKGAy 3 Ly RdzAaGNEY {1
uaAz

Techndogyy GKS ¢NIyaAildAiAzy (2 {2ftAR {dF0Sz¢ {ft2Fy C2dzyRI
http://web.mit.edu/is08/pdf/Lighting%20t0%20distribute%2010Apr2008.pdf
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tension between their existing business model (e.g. lots of repeat orders to replace conventional

bulbs) and an LED model. Kodak developed the first digital camera in 1975, but failed to
successfully promote it and capture the digital mdrkperhaps because it competed with their

existing products and business model). Of course, as the new technology gained market share,
Y2RF1Qa GNIXRAGAZ2YIE FAEY YIFENJSGO FYyR o6daAaAySaa SN
the lighting industryor go the way of Kodak, is still to be seéWhile allof the large players are
participating in this market, the traditional electronics firms are expected to have a leg up on LED

chip production and eventually LED bulb productionGiven the uncertaigt of the major

commodity lighting market, the greatest opportunity for new firms is likely to be in customized
products and niche applications.

More Versatile and Integrated Technologies

LED technolgy differs from its predecessors not only in its lewglefficiency but in its versatility.
Though each LED is very small, they can be combined in any shape or size to create the desired
amount of light, including for applications that require only a tiny light source. LED light sources are
easily dimmablalue to their ability to use all or only a portion of the individual LEDs in the fixture.
Producing a virtually unlimited number of colors (without any filters), LED light sources also make
color changing effects possible by relying on LEDs of multiptescoi the same fixture. These
possibilities, as well as the capacity for point source lighting, backlighting and similar features
provide opportunities for design innovation unimaginable with traditional lighting.

In order to take advantage of featuresich as dimming and color changing, LED fixtures often have

built in controls. Not only is the control integrated into the technology, but the light source and the

fixture are often integrated. While there are LED replacement bulbs that will fit inttitivaal
AyOlFIyRSAaO0SylG a201Sdax [95aQ 2LIAYFE LISNF2NXIyOS
a power supply designed to last as long as the light source itself. Indeed, a major nexus of future
activity and innovation in the lighting marketliWbe around LEDased fixtures, rather than simply

the LED chip$:

The emphasis on integration of controls, fixtures and LEDs represents a model very different from
the traditional bulb replacement paradigm.

Restructuring and New Players Distribution

Distribution systems in the lighting industry have been configured for a high volume, commodity
pricing business with little customization and low engineering contehhe greater integration of
LED technologyvith controls and fixturefundamentally changes this equatioifhe economic
equation is more complicated upfront costs are higher, but lifeycle costs are lower, requig a

more sophisticated ROI analysis.

*' Kanellos, Michael'The Hidden Story in Solid State Lightir@reentech MediaMay 13, 2011,
http://www.greentechmedia.com/articles/read/thehidden-story-in-solid-state-lighting/.
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lff 2F GKAA YSIya GKS alfSa LINPOSAANYESROUAZ2YOE
of a commodity selt which means different distribution channels and different sales strategies
Interviewees predict that this will drive several kinds of changes in distribution, including:

e More direct distribution

e Less role fo commodity distributors like electric supply houses due to need for more
technical knowledge

e More of a role for energy services companies and other energy management
GAYUSAINI 02NAE

e Anincreased role for utilities in promotirteE Lighting

e A stronger role fodesign firms

These trends are reflected in the following interview quotes:

More direct distribution:
Gaeé LXIYy Aa G2 asStf Y2NB 2F Y& LINRBRdzOO RANB
OKIyySt o¢

6[95a 6Aft RNROS O lkdely Bdlitiohay distitiutBrs e avaidNg thedzii A 2 y
LED market because itistootechnidal G KAy {1 @2dz gAff &SS Y2NB A

More technical knowledge required:

G¢KS [95 fAIKGAYT &S00 2 NIiNEGghdnbrald &echhicalgel g & St
Sales used to be based just on cost because all the products were commodities and there
was very little performance difference between therNow there are big differences in
performance and many of those are driven by how you designighinlg systems This

requires a different selling and buying proceSsistomers need to be smarter and sales staff
YySSR KAIK fS@PSta 2F (GSOKYyAOILt (1y2¢6fSRISPHE

G¢KS SEA&GAY3T LRAYyGa 2F RA&GNROdzi pésionedy (K S
to sell these new lighting technologiesThey are used to high volumes of commodity

productscd KA LILJAY 3 & LI f f SGa 27T ThdnmesQhatcan sdlkthésE R 2 y
Y2NB A2LKAAGAOFGSR aztdzinzya oAttt KIFIGS Y2NB

Increased ESO role:
G,2dz gAft Ffaz2 &SS 9{/ ha. Tbe bigskalgsdpportunityidNd S NI NI

replacements and retrofits There are tens of billions of dollars of lights that need to be
dzLJANJ RSR®¢E

! o6A3 OKI ff Sy 3S archdiciditribiitisrisgisterioNdeet! fio miaké sainé a
sale several times, to the architect, to the engineer, to the building owirfeare needs to be
a new model | think more and more distribution will get taken up by ESCO plalymyisting

reps gathe way of realestate agens YR 23S0 LINBGG& aljdzSST SR
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