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Lighting the way:
Perspectives on the global
lighting market



Foreword

The lighting market has been receiving much attention lately due to its high potential for
CQO, abatement and its many new entrants. However, no comprehensive report exists
providing a holistic view across all the key sectors and applications, geographies, light
source technologies and different stages of the value chain. In this context, McKinsey
& Company was commissioned by Osram to draw up this market report with an
independent perspective on the global lighting market and its likely evolution.

In order to develop a holistic overview of the global lighting market, including an estimate
of LED market share going forward, McKinsey conducted a worldwide survey of lighting
professionals as well as consumers from seven different countries (the US, Germany,
Japan, China, Russia, Brazil, and India). McKinsey also developed a model allowing it

to draw assumptions regarding the size of the global lighting market through to 2020,
differentiated by application, geography, and light source technology. The market model
is not based purely on this survey: it also factors in broad, deep research on hundreds of
key parameters.

McKinsey has been working in this industry for many years, investing over USD 2 million on
primary research through the McKinsey global LED Competence Center, with a network
of more than 30 dedicated experts. This report incorporates the firm’s accumulated
industry insights together with synthesized data from external sources. The appendices
contains details of the assumptions supporting the findings, and a full list of references.

This market forecast cannot offer any guarantees of a specific future path as many
uncertainties underlie the industry’s development. However, McKinsey’s research
reveals indications of the trends described, and we very much hope this report will be of
assistance to decision makers in this industry.
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Important notice

This market report has been prepared by McKinsey on the basis of public sources
and certain information provided by McKinsey’s Global Lighting Professionals and
Consumer Survey, Pike Research Global Building Stock Database 2011, the IMS
Research Quarterly GaN LED Supply and Demand Report, and other sources (please
refer to the appendices for a full list). In preparing this market report, McKinsey

has relied on the accuracy and completeness of the available information, and has

not undertaken independent verification of the accuracy or completeness of such
information.

Neither the market report nor any part of its content is intended or suited to constitute
the basis of any investment decision (including, without limitation, to purchase any
securities of any listed company or in connection with the listing of any company)
regarding any company operating in the market covered by this market report or any
similar markets.

This market report contains certain forward-looking statements. By their nature,
forward-looking statements involve uncertainties because they relate to events that
may or may not occur in the future. This particularly applies to statements in this
report containing information on future developments, earnings capacity, plans and
expectations regarding the business, growth and profitability of companies operating
in the market covered by the lighting market or any similar markets, and general
economic and regulatory conditions and other factors that affect such companies.
Forward-looking statements in this market report are based on current estimates and
assumptions that are made to McKinsey’s best knowledge. These forward-looking
statements are subject to risks, uncertainties, and other factors that could cause
actual situations and developments to differ materially from and be worse than those
McKinsey has expressly or implicitly assumed or described in these forward-looking
statements. The market covered by this report is also subject to a number of risks and
uncertainties that could cause a forward-looking statement, estimate, or prediction

in this market report to become inaccurate. In light of these risks, uncertainties,

and assumptions, future events described in this market report may not occur,

and forward-looking estimates and forecasts derived from third-party studies that
have been referred to in this market report may prove to be inaccurate. In addition,
McKinsey does not assume any obligation to update any forward-looking statements
or to conform these forward-looking statements to actual events or developments.

McKinsey does not assume any responsibility towards any persons for the
correctness and completeness of the information contained in this market report.
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Executive summary

Projections reveal that the global lighting market will have revenues of
approximately EUR 110 billion in 2020 — comparable to the global TV market. A
number of megatrends underlie this expansion. Global population growth and
urbanization are increasing the overall demand for lighting products. At the same
time, resource scarcity and climate change are of increasing concern. Governments
around the world are responding to this with greater regulation towards energy
efficiency, and the lighting industry is addressing the issue by pursuing the
development and enhancement of more energy-efficient lighting technologies.
Despite its large size and

“Population growth, resource scarcity, and carbon abatement potential,
climate change concerns are driving technological  the lighting industry
advances in the lighting industry.” has historically lacked

transparency. This is due to
its high complexity and fragmentation — driven by more than 10 major application
areas and 6 key technologies — and the differences in deployment based on

geography.

The advent of LED - only the fourth lighting technology in the history of humankind —
is set to transform this industry. LED technology, however, has not yet achieved a
competitive cost position in most applications. But heavy investment from various
companies is cutting costs at a rate of 30 percent p.a., and LED is becoming a broadly
affordable technology. The McKinsey model developed for this market report, including
data gathered from lighting professionals and consumers around the world, reveals
that LED’s market share is likely to accelerate over the next decade, with revenue
growth of 30 percent p.a. Figures suggest that global revenues from the LED lighting
market will amount to almost EUR 65 billion by 2020 - close to 60 percent of the
overall lighting market.

LED lighting — powered as it is by semiconductors — is very different from traditional
light source technologies that use electrical filaments or plasma with bulky glass
covers. This will lead to a fundamental disruption of the lighting industry along the
entire value chain. New
“The significant differences in LED technology  entrants from Asia, often

vs other lighting technologies will lead to a with a background in other
fundamental disruption of the lighting industry  areas of semiconductor
along the entire value chain.” manufacturing, are

ramping up capacity
quickly. Entirely new possibilities of lighting using LED technology, such as
dynamically changing light color temperature, or flexible designs as seen in cars,
are challenging the standard interfaces that have been in place for decades. New
growth opportunities are also emerging in the area of intelligent lighting systems




resulting from the greater controllability of LED-generated light, resulting in an
expected EUR 7 billion in revenues in lighting systems control components in 2020.
While the hype is mainly around LEDs, other green transition technologies such as
CFL, HID, and halogen will also play an important role.

The three largest sectors in lighting are general lighting, automotive lighting, and
backlighting. Backlighting has long been the major driver of the LED market, with its
lower brightness requirements. However, while it will likely remain stable in market
size across technologies at approximately EUR 4 billion until 2016, the backlighting
market is expected to decline to around half of that by 2020, with brighter LEDs
leading to a decreasing number of LEDs required, for example, per TV. In contrast,
the automotive lighting market will continue to grow from its current revenue of EUR 13 billion
to EUR 18 billion across technologies by 2020, driven mainly by the conversion of automotive
headlamps to LED technology. The high design flexibility LEDs offer and the fact that
automotive OEMs are embracing the technology worldwide is making them one of the
most visible vanguards of LED technology today.

General lighting is the largest sector, accounting for approximately 75 percent of the total
lighting market. It is also the most complex lighting market, with multiple applications
and characteristics that vary substantially by geography. Residential lighting has the
highest share, accounting for

“General lighting, automotive lighting, and over 40 percent of the total
backlighting are the three largest sectors in general lighting market. Its
lighting — with general lighting accounting for LED penetration is slower, but
approximately 75 percent of the total lighting thanks to its total market size,
market.” its worldwide revenues from

LED are likely to be over EUR
20 billion by 2020. In terms of LED penetration, architectural lighting is the early adopter
due to LED’s technological edge in color control, with over 85 percent market share in
2020, although it is likely to
“Architectural lighting is the early adopter due  remain limited in terms of

to LED’s technological edge in color control, market size. Hospitality, shop
with 39 percent penetration as of today.” and outdoor LED applications
are also all expected to see
fast growth in market share to 70 percent or more by 2020 by utilizing the advantages
of LED. In contrast, office and industrial applications will be slower movers due to the
current high penetration of cost-competitive linear fluorescent lamps.

In terms of general lighting’s geographical aspects, Asia is already the largest
market in both the total general lighting market and LED general lighting market,
with current revenues of close to EUR 20 billion and EUR 1.5 billion, respectively.
Asia is strengthening its

“Asia is currently the largest market in general position due to its high
lighting and will likely strengthen its position to economic growth, with
over 45 percent of the total market in 2020.” Chinain the lead. China’s

general lighting market will
be EUR 13 billion by 2016 (41 percent of Asia’s and 17 percent of the global market),
and its LED general lighting market will be EUR 11 billion by 2020 (42 percent of
Asia’s and 20 percent of the global revenues). In terms of the LED penetration rate,
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Europe and North America are likely to lead going forward, but Asia is expected to
continue building on its number 1 position in terms of revenues due to the vast size
of its general lighting market.

The final trend in general lighting discussed in this report is the industry’s shift from
light source replacement to new fixture installation, fueled by the trend towards
light sources with longer

“The industry’s focus will shift from light source lifetimes — particularly LEDs
replacement to new fixture installation thanks to and other energy-efficient
longer-lifetime technologies.” light sources, such as CFL.

The resulting shift in profit
pools has far-reaching implications for all industry players, driving the emergence of
entirely new business constellations and strategies.
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Overview of the global
lighting market

The global lighting market is currently undergoing a radical change, fueled by the
exponential urban growth expected over the next decade, and the drive towards
ever greater energy efficiency. Its great fragmentation, however, has led to little
transparency. To provide greater clarity on this huge and very complex market,
McKinsey has conducted the first large-scale research of the global lighting industry.
The findings provide a clear picture of the status quo and a forecast through 2020,
covering major applications and technologies, including light sources and light
fixtures. This chapter outlines the scope of the study and the key drivers identified.

1.1 A poorly understood market, despite its size

The global lighting market is expected to have revenues of around EUR 110 billion

in 2020, with 6 percent and 3 percent p.a. growth from 2010 - 16 and 2016 - 20,
respectively (Exhibit 1) based on McKinsey’s Global Lighting Market Model.
Appendix 4 contains a description of the assumptions underlying the market model.
These figures demonstrate that the size of the global lighting market is similar to
that of the global TV market. It is important to note that this is calculated based on
the producer price. If the model’s calculations were based on retail price instead,
factoring in both the wholesaler’s and retailer’s value added, this would almost
double its size, making it comparable to the entire personal computer industry,
including both laptops and desktops.'

Exhibit 1

The global lighting market is growing steadily, with general lighting being
the major market segment

CAGR
Percent
Global lighting product market trend' by sector 2010-16 2016 - 20
EUR billions
110 108 6 3
100 97
90
80
70 69
60 76 88 General lighting 7 4
50
40
30
20
10 18 Automotive lighting 5 1
0 Backlighting 0 -17
2010 16 2020

1 Total general lighting market (new fixture installation market with light sources and lighting system control components [full value chain] and light
source replacement market), automotive lighting (new fixture installations and light source replacement), and backlighting (light source only: CCFL
and LED package)

NOTE: Numbers may not sum due to rounding

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

Despite its vast size, the lighting market has received little attention in the past. Previous
market reports have covered portions of the industry, such as light sources or LED
packages. Very few have presented a comprehensive perspective that also includes the
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lighting fixture market. This market report attempts to develop a holistic overview of the
entire lighting market from several angles, including different applications, technologies, and
geographies, encompassing both light sources and lighting fixtures.

The scope of McKinsey’s market model includes general lighting at the light source,
fixture and systems control component levels, automotive light sources and fixtures,
and backlighting at the light source level. The fixture market size also covers electrical
components such as ballasts. Light sources are defined as bulbs/tubes in traditional
lighting, and as LED modules/light engines and LED lamps in LED lighting. Please refer
to Appendix 3 for a definition of the value chain.

General lighting is the dominant market, with total market revenues of approximately
EUR 52 billionin 2010, which represents close to a 75 percent share of the total lighting
market. This is expected to rise to some EUR 88 billion by 2020 — approximately

80 percent of the total lighting market.

The general lighting market has two key drivers. The strong growth in construction invest-
ment in emerging countries is one. The second is the greater penetration of higher priced
light source technology, including LED, which raises the average price of lighting products.
The next section outlines the general contours of these major driving forces, while Chapter
3 provides a more granular perspective on the structure and development of the general
lighting market. Our calculations of market size do not include OLED for general lighting,
as the extent to which OLED will penetrate the general lighting market is still unclear. The
price of OLEDs is higher, while their lifetime is shorter than non-organic LED lighting.
Furthermore, OLED panels have yet to be manufactured in large sizes. Additional markets
may open up for OLED in general lighting in the future when OLED overcomes issues such
as its lifetime, especially for decorative lighting purposes. This would increase market size
estimates even further. (Please refer to Appendix 1 for definitions of all the light source
technologies covered.)

The automotive lighting market is steadily growing. The 2010 market size is estimated
at EUR 13 billion, representing approximately 20 percent of the total lighting market.
This is expected to climb to EUR 18 billion by 2020. More than 90 percent of automotive
lighting is related to exterior lighting, with the major application being the headlamp
market accounting for more than 70 percent of total automotive lighting. The trajectory
of the automotive lighting market is similar to that of general lighting as its growth drivers
are comparable: strong growth of the vehicle market in emerging countries (please see
Section 1.2 for further details), and LED penetration. Another trend in the automotive
lighting market is the shift from light source replacement to new lighting installation
business. The driver for this is the evolution towards longer light source lifetimes, leading to
a decrease in the replacement light source market.

The backlighting market is estimated to have had revenues of EUR 4 billion in 2010 at
the light source level. This represents 6 percent of the total lighting market. This market
report includes backlighting because the high penetration of LED in this market will
greatly influence LED prices in other sectors, such as general lighting. The light sources
analyzed were LED and CCFL (cold cathode fluorescent lamp). Currently, LED is already
a major light source for small to midsize screen backlights, such as for mobile devices,
laptops, monitors, and small-screen LCD TVs. It is also penetrating larger-size screen
LCD TVs, where CCFL technology has mostly been used. OLED displays are already
penetrating the mobile/ smart phone market, expanding OLED’s market share as it
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provides higher resolution than LCD displays. Even in large-screen TVs, OLEDs are
expected to replace LEDs due to the aggressive investments of Korean companies. Our
market report does not include the OLED market size in its model as OLED displays use
self-light-emitting technology without the need for backlighting, eliminating the concept
of alight source. The backlighting market (excluding OLED displays) will remain stable,
with revenues of EUR 4 billion in 2016. The market is likely to decline after that as LED
market share hits a ceiling, with brighter LEDs leading to a decreasing number of LEDs
per TV, and OLED beginning to penetrate larger-screen TVs.

This report does not include other lighting applications within this sector, such as signal, sign
display or medical lighting, machine vision lighting, or light sources for projectors, optical
devices, sensors as well as other electronics equipment. These markets are relatively small as
only the light source market can be included in these applications by their nature. They account
for a total market share of under 10 percent?, and this is expected to remain the case.

McKinsey global lighting professionals & consumer survey

McKinsey conducted a global lighting survey of both lighting professionals and consumers
in June 2011, focusing on the general lighting market. The countries covered were the US,
Germany, Japan, China, Russia, Brazil, and India. Over 650 respondents from the lighting
professionals sector took part, including architects, lighting designers, and electrical
engineers, and more than 1,000 respondents representing lighting products consumers
who have made purchasing decisions on lighting fixtures and light bulbs/tubes in the past
two years.

This survey asked questions that would indicate the evolution of the lighting industry,
particularly focusing on the future market share of LED lighting.

As an example of how this was conducted, the lighting professionals survey took four
different approaches at estimating LED market share in new fixture installations. The first
set of questions targeted levels of price acceptance in order to estimate LED market share,
which was calculated using both the responses as well as the future lighting product price
trend by technology. The second approach addressed levels of payback time acceptance.
Payback time forecasts were conducted based on different lighting product price levels

by country/light source technology, applying varying electricity prices. Major technology
barriers by application were surveyed in the third category, including the timeline by which
the barrier was expected to disappear. The last area surveyed concerned future LED market
share based on respondents’ expertise. These replies were then combined with the survey
results on key purchasing decision criteria to develop estimates on LED market share by
country and application.

1.2 Growth driven by various megatrends - especially energy efficiency

A number of megatrends are propelling the growth of the lighting market. One major
trend is population growth, especially in developing countries. Secondly, rising

incomes increase the amounts consumers are willing to spend on lighting. The third
is urbanization, with usage of light being larger in urbanized areas than in rural areas.
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Lastly, due to concerns about scarce resources and climate change, demand for
energy-efficient products has now become a global movement that is bringing about a
gradual shift to higher prices in the lighting market.

Global population growth and rising incomes. The world’s population is expected
to grow from 6.9 billion in 2010 to 7.7 billion in 2020. This is a fundamental driver for
growing lighting demand, both in residential but also in all other areas of lighting. The
population growth mainly originates from Asia, with a 78 percent share in the 0.8 billion
additional population between 2010 and 2020. The resulting shift in gravity will also be
reflected in the geographic distribution of the lighting market and the corresponding
need for products customized for these high growth markets.

Urbanization. The global economy is expected to grow by 3 - 4 percent p.a. from
2010 to 2020 in real terms. The major growth will be driven by initiatives in cities, which
directly impact lighting market demand, especially general lighting. Recent McKinsey
Global Institute (MGlI) research has revealed that 600 urban centers — covering a fifth of
the world’s population — are expected to account for around 60 percent of worldwide
GDP growth in 2025 (Exhibit 2). Urbanized cities use more light than rural areas, so the
urbanization trend will be a strong driver of light usage going forward.

Exhibit 2

Global 600 cities will contribute 60 percent of global growth by 2025

Number Share of popu-
of cities, lation, 2007 Contribution to global GDP growth, 2007 - 25"

2007 Percent Percent of total GDP growth
Megacities
Cities with more than 23 5 12
10 million inhabitants |
Large middleweights 45 5 13
Cities 5 million - 10 million
Midsize middleweights 5
Cities 2 million - 5 million 144 ! 18 49%
Small middleweights? ‘
Cities 150,000 - 2 million 388 ! 11
Other cities and rural areas? - 75 39

100% =

Global GDP growth 61 39 USD 54.9 trillion

1 Predicted real exchange rate

2 Smallest city in terms of 2007 population has 208,000 inhabitants (in South Korea)
3 Cities that do not belong to the City 600; small cities and towns and rural areas
NOTE: Numbers may not sum due to rounding

SOURCE: McKinsey Global Institute Cityscope 1.1

As for the population growth, the center of gravity for cities is shifting to developing
regions. In 2007, the 380 developed region cities in the top 600 (by GDP) accounted
for 50 percent of global GDP. By 2025, 136 new cities are expected to enter the

top 600, all of them from the developing world, and overwhelmingly from China (100
new cities). These include cities such as Haerbin, Shantou, and Guiyang. But China is
not the only economy that features in the shifting urban landscape. India will number
13 newcomers, including Hyderabad and Surat. Latin America will be the source of
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eight cities, including Cancun and Barranquilla. Rapid growth in emerging cities is
largely due to rising per capita GDP, whose contribution to GDP growth is much
higher than that of population growth (Exhibit 3).

Exhibit 3
City growth is mainly driven by the developing world GDP/capita
Population
Contribution of
population growth
Drivers of MGI Cityscope city GDP growth, 2007 - 25 to GDP growth
Compound annual growth rate, percent Percent
Developing China region’ 9.0 25 115 22
world
South Asia? 8.6 24 1141 22
Southeast Asia® 4.9 21 7.0 30
Latin America 36 1148 23
Eastern Europe and Central Asia 3.7 -0.4 41 9
Middle East and North Africa 34 20 53 37
Sub-Saharan Africa 3.9 32 71 45
Developed  United States and Canada 14 -0.823 37
world - 0904
Western Europe —=""13 33
Northeast Asia 14-021.6 13
Australasia 22 —-083.0 27

1 Includes cities in China (including Hong Kong and Macau) and Taiwan

2 Includes cities in Afghanistan, Bangladesh, India, Pakistan, and Sri Lanka

3 Includes cities in Cambodia, Indonesia, Laos, Malaysia, Myanmar, P.N.Guinea, Philippines, Singapore, Thailand, and Vietnam
NOTE: Numbers may not sum due to rounding

SOURCE: McKinsey Global Institute Cityscope 1.1

The automotive sector will expand as a result of this growth in the global economy,
directly affecting the automotive lighting market. China has been the largest
automotive vehicle market in the world since 2009, and the growth of automotive
markets in other developing countries is higher than that in developed countries
(approx. 6 percent p.a. in developing countries compared to approx. 2 percent p.a. in
developed countries from 2010 - 20 on a unit basis.) However, the trend in automotive
sales is moving towards smaller and lower price segments, which have a less
pronounced effect on the automotive lighting market on a value basis.

Energy conservation and the global movement towards CO, abatement. Scarce
resources and climate change are now two of the world’s greatest concerns. Although
there are several arguments on the scientific evidence, the implications ultimately equate
to those driven by the global energy depletion issue, which is indisputable. McKinsey has
been working on this topic for several years from the perspective of cimate change, and
has developed a global greenhouse gas (GHG) abatement cost curve that offers a very
holistic perspective on GHG abatement activities. These initiatives are in essence very
much the same as those required for energy conservation (Exhibit 4).

Analysis using the GHG abatement activities reveals that replacing current non-
energy-efficient light sources with energy-efficient light sources will provide substantial
economic benefit while at the same time reducing CO.,,. In contrast, most other CO,,
abatement activities will have a negative economic impact. Replacing incandescent
lighting with LED to reduce 1t CO,, per year in 2015 would provide an economic
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Exhibit 4

GHG abatement cost curve is beyond business as usual in 2030

Abatement cost

EUR per tCO,e Gas plant CCS retrofit
80 Reduced slash-and-burn Iron and steel CCS new build
- o agriculture conversion
€0 - EQL%IBQ(;e:i\g:r:‘z;‘l)candescem Reduced pastureland conversion Coal CCS new»bu\ld “
40 Appliances electronics Grassland management Coal CCS retrofit o
Molor systems efflcler.\cy Organic soils restoration
20 First-generation biofuels
’7’7 Cars — full hybrid
0 I T
5 10 L 15 20 2 30 35 38
-20 N
0 Geothermal Abatement potential
GtCO,e per year
-40 Rice management
Small hydro Solar CSP
6o Waste recycling Reduced intensive-
agriculture conversion
-80 Efficiency improvements, other industry High-penetration wind
Landfill gas electricity generation
100 Clinker substitution by fly ash SolarPV.
Building efficiency new build Low-penetration wind
-120 | Insulation retrofit (residential) - Degraded forest reforestation
140 F Tillage and residue management L Pastureland afforestation
Cropland nutrient management L Degraded-land restoration
-160 Cars plug-in hybrid L Nuclear
Retrofit residential HVAC
180 F Second-generation biofuels
-200 - Appliances residential

Note: The curve presents an estimate of the maximum potential of all technical GHG abatement measures below EUR 80 per tCO,e if each lever
was pursued aggressively. It is not a forecast of what role different abatement measures and technologies will play

SOURCE: McKinsey GHG Abatement Cost Curve v2.1

benefit (calculated as total cost of ownership) of around EUR 140 per 1t CO,,. Achieving
the same CO, reduction by introducing solar power would cost around EUR 80 per
11 CO, (Exhibit 5). Replacing traditional light sources would also require less capital

Exhibit 5

Switching to LED lighting is economically more attractive than other
means of CO, abatement, but not yet in focus

... while LED offers CO, savings

CO, abatement in vehicles and solar comes at a cost ... and still remains TCO-positive
CO, reduction Reduce CO,/km emis- Introduce solar Switch incandescent
lever sion of vehicles power systems lighting to LED lighting

Cost per ton of
CO, abatement ~-190" ~-80 ~ +1402
in EUR/ton CO,

1 Reduction of CO, in 2015 due to efficiency improvement of medium-duty vehicles in the range of 3.5 - 16 tons
2 Assumptions for 2015: price — LED ~ EUR 20, incandescent ~ EUR 0.6; luminous efficacy — LED 150 lumen per watt, incandescent 12 lumen per watt

SOURCE: pean Cc i McKinsey GHG Cost Curve v2.1
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investment than for solar power. The investment for substituting incandescent or CFL
lighting with LED is a fifth of the investment for installing solar power, calculated on a

t CO,e p.a. basis, which means subsidizing LED is a more efficient investment than
subsidizing solar power from a government perspective.

Replacing traditional lighting technology with energy-efficient technologies such as
LED is therefore much easier and represents much sounder economics for reducing
CO, emissions than other CO,, reduction activities. By and large, populations have now
adjusted to the fact that the average price of lighting products will increase. Energy
efficiency is the driving force that will contribute most powerfully to the upcoming
discontinuity in the lighting industry.

1.3 High fragmentation: lighting used in many different ways
In contrast to typical electronics products, the lighting industry is very fragmented and

complex, as lighting is used in so many different ways. It needs to be viewed along four
dimensions, all of which intersect, producing multiple variations (Exhibit 6).

Exhibit 6

The lighting industry is very fragmented and complex

Dimensions of the lighting industry

Applications = General lighting: residential, office, shop, hospitality, outdoor, industrial, architectural
Automotive: headlamps, DRLs, sidelights, rear lights, interior, etc.
Backlighting: TVs, monitors, laptops, handhelds

Other industrials: signal lighting, sign display lighting, medical lighting, projectors,
machine vision lighting, etc.

Technologies = Non-green traditional: incandescent, non-eco-friendly halogen, HID and LFL (CCG'-
based) lighting

Green?traditional: eco-friendly halogen, HID and LFL (ECG?-based) lighting, CFL, CCFL
Solid-state lighting: LED lamps, LED light engines, OLED, infrared, laser

Geographies = Europe, North America, South America, Asia Pacific, Middle East, Africa
Developed countries (OECD), developing countries (non-OECD)

End-market = Building owners, tenants

structure Lighting professionals: architects, lighting designers, interior designers, electrical
engineers, general contractors, electrical contractors, electrical wholesalers, etc.

1 Conventional control gear

2 Due to the broad range of different lighting products, green is defined per product group in line with typical energy efficiency standards within the
industry, 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.

3 Electronic control gear

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

The first — and most complex dimension —is applications. As explained in Section

1.1, the major sectors into which lighting falls are general lighting, automotive lighting,
and backlighting. However, there are also many others, such as lighting for camera
flashlights, machine vision, and projectors, or for traffic signals and signs. Even general
lighting has several applications where lighting usage differs, such as residential lighting,
shop lighting, and industrial lighting.
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The second dimension by which lighting needs to be examined is light source
technology. This field has seven main technologies: incandescent, halogen, LFL (linear
fluorescent lamps), CFL (compact fluorescent lamps), HID (high-intensity discharge
lamps), LED and OLED technology. Sub-technologies also need distinguishing, such as
cold cathode fluorescent lamps (CCFL), metal halide, and high-pressure sodium.

Athird key area is geography, especially in the general lighting arena. Electrical
regulations differ by region/country, and voltage requirements also vary. Light
preferences diverge by region/country, too. European consumers tend to prefer warm-
colored light, which favors the halogen market, while those in Asian markets have less
preference for warm light, giving the fluorescent lamp an advantage.

The fourth perspective is end market structure in general lighting. This industry involves
multiple purchasing decision makers, whether architects, lighting designers, electrical
engineers, building owners, or even government authorities. This makes marketing
activities and channel structure particularly challenging.

Further complexities are created by the advent of LED. This totally different technology
for emitting light is upending the role of the replacement business and transforming the
landscape of the lighting industry value chain entirely, as the next chapter will go on to
explain in greater detail.
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The LED revolution

The lighting industry has been a conservative and relatively stable industry compared
to other electronics industries. Human beings used fire as a light source for tens of
thousands of years until the revolutionary invention of the light bulb in the 1870s. The
fluorescent light bulb, another radical invention in the 1920s, proved more efficient and
has a longer lifespan. LEDs evolved in the 1960s using the light emission properties of
certain semiconductor materials. The full color spectrum they now offer combined with
their low input power and improving price levels make them the clear fourth-generation
candidate, set to disrupt the entire lighting market.

2.1 Prices falling: dramatic cost reduction trend

Theoretically, LEDs could become much cheaper than any other traditional lighting
currently in use. According to the US Department of Energy’s 2011 solid-state lighting
manufacturing roadmap, the prices of LED OEM lamps and LED packages are
predicted to drop by around 30 percent p.a. from 2010 - 15, and by 10 - 15 percent
p.a. from 2015 - 20. Extrapolating these figures means they would be a fifth of their
2010 price by 2015, and a tenth of the 2010 price by 2020 (Exhibit 7). This cost
reduction target is becoming increasingly aggressive every year due to the intensive
focus of companies in the sector. The price forecast for a warm-color LED package
for 2015 was USD 4 per kilolumen in 2009 and USD 3 per kilolumen in 2010, falling to
USD 2 per kilolumen in the 2011 version of the DOE roadmap.3

Exhibit 7

LED manufacturing roadmap in 2011 (300 Luminous efficacy
(lumen per watt)

LED lighting price/cost target (USD per kilolumen basis)
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SOURCE: Solid-state Lighting Manufacturing Roadmap 2011 (US Department of Energy)

There are two key drivers for reducing LED lighting costs. The first is improving the
brightness of light generated (measured in lumen) in terms of the power consumed
(measured in watt). This is commonly referred to as luminous efficacy (efficiency). The
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second is reducing production costs per LED product. Several activities are under way
to improve both of these dimensions.

Improving luminous efficacy (less energy use to achieve the same brightness).
There are various opportunities to improve luminous efficacy along the value chain
(please refer to Appendix 3 for a value chain definition). At an epitaxy level, one of the key
drivers is greater sophistication of the critical production step, MOCVD (metal organic
chemical vapor deposition), in which the light-emitting layers are created. Options
include more efficient production handling and better choice of layer material, including
the substrate material onto which the light-emitting layers are deposited. At a chip level,
multiple activities to enhance luminous efficacy are currently underway, such as the
recent introduction of laser liftoff/flip-chip technology and surface roughening, both of
which increase the amount of light leaving the chip rather than being absorbed inside.
Initiatives are being taken to increase the amount of light reaching the human eye at

the package level, too. These range from changing the optical material or adding a
remote phosphor light source to using reflectors. At a module level, LED driver design
will continuously be refined to improve electrical efficiency, while enhancing secondary
optics can reduce light loss.

Lower production costs (reduce production costs per product). The second
OEM-related LED cost reduction lever, declining production costs, is being driven

by a wide range of activities that both reduce material costs and improve production
efficiency. Material costs are falling as the LED market expands due to economies of
scale. Choice of material is another driver. One of the most expensive components

of LED material costs today is the sapphire substrate. Using silicon (as in most other
semiconductor applications) instead of sapphire substrate can significantly reduce
substrate costs. Downsizing the LED package and thus the size of the entire light
source (and potentially the fixture) is further reducing material costs. Another leverage
point is that currently LED is still using 2- to 4-inch wafers, while other areas of the
semiconductor industry are using 12-inch wafers, which can greatly improve the
throughput of the MOCVD process. Integration of production steps — as is common in
the semiconductor industry —is another major cost improvement option. For example,
technologies are being explored that integrate the package and module step (chip on
board). Please refer to Appendix 5 for explanations of the technological terminology.

2.2 Penetration rising: growth of over 30 percent p.a.

The 2010 figure for the size of the LED lighting market in the general lighting, automotive
lighting, and backlight sectors is estimated at around EUR 7 billion. This amounts to
approximately 10 percent of the entire lighting market on a value basis. (LED market
share is expressed on a value basis throughout this report unless specifically indicated
otherwise). The McKinsey model calculates that LED lighting is expected to grow at a
rate of around 35 percent p.a. from 2010 - 16, leading to a market share of approximately
40 percent by 2016, with revenues of some EUR 40 billion. After that, the growth is
predicted to slow down to less than 15 percent p.a. from 2016 - 20, resulting in an LED
market share of around 60 percent in 2020 and revenues of approximately EUR 65 billion.

LED penetrated the backlight market first and has now also made inroads into the
automotive sector. However, the major market for LED going forward is expected to shift
towards general lighting (Exhibit 8).
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Exhibit 8

LED lighting market is expected to increase very rapidly
in the coming 10 years
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1 Total general lighting market (new fixture installation market with light sources and lighting system control components [full value chain] and light
source replacement market), automotive lighting (new fixture installations and light source replacement), and backlighting (light source only: CCFL
and LED package)

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

Successful deployment in the backlight market since the late 1990s. The
LED market began opening up in the 1960s with low-brightness red indicators in
several electronics products. As the technology developed, LED expanded into
higher brightness and white-color applications, starting with mobile backlighting
(around 1995) and backlighting for laptops (around 2005), gradually expanding to
larger-screen backlighting (from 2009) and other brighter white-color applications.
LED market share in the backlighting market was already 50 percent in 2010, thanks
to aggressive investments by Korean and Taiwanese panel makers. The share of
LED in the backlighting market is expected to peak soon, at close to 100 percent in
2016. The market is then likely to shift from LCD TV to OLED TV, which does not use
backlighting.*

Growing use in the automotive sector. The 2010 market share of LED in the
automotive sector was 12 percent, largely due to red LED applications, such as
indicators and brake lights. LEDs are increasingly being used in DRLs (daytime running
lamps), which are mandated for new car production in the EU from 2011 - 12, and which
OEMs are now also using as a competitive edge in their design, such as in the Audi A8.
LED also aims to penetrate the headlamp market, but technology barriers persist in this
field as LED is still very expensive for ultra-high brightness applications: halogen and
high-intensity discharge lamps (HID) have advantages at lower costs.

General lighting to be the key target. LED now penetrates general lighting, which

is the mainstream of the lighting market. LED’s market share was still low in 2010, at

7 percent. The key reason is that LED is still expensive for high-brightness applications.
However, RGB color LEDs are already well accepted in architectural lighting as they have
clear benefits over traditional lighting. White LED lighting is currently starting to ramp up,
too. As aresult of substantial cost reductions and the global movement toward energy
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savings, LED’s share of the general lighting market is expected to be 43 percent by 2016
and 64 percent by 2020. The details are covered in the next chapter.

2.3 Value chain transforming: disruption of industry structures

The penetration of LED technology just described is driving a far-reaching change to the
industry’s structure. This transformation is affecting every stage of the value chain, from
upstream, where altered production methods are driving new capabilities and entrants,

to downstream, where the fixtures market is expanding in multiple directions.

Upstream industry is experiencing a radical shift, with LED expected to
capture a huge share of general lighting. LED production methods are very
different from those used for traditional lamps, where electrical filaments or plasma
with bulky glass covers are used. This is leading to the emergence of an entirely new
industry and the upheaval of traditional industry structures.

Restricted to red and green low-brightness LEDs, the market was historically a very
niche industry. The invention of blue LEDs in 1995 has led to a rapidly changing
landscape over the last 15 years. From 1995 to 2005, the high-brightness white LED
upstream industry was dominated by a handful of companies protected by their
patents, following intensive IP-related battles between them.

From 2005 to 2010, the major LED application was backlighting for mobiles and
laptops, necessitating continuous cost reduction. Several Taiwanese and Korean
companies entered this market via licensing from the Big 5, gaining market share
with their low-cost production capabilities. In 2010, as LED brightness increased
and its costs started to fall, LED backlighting was introduced for large-screen LCD
TVs. The top LCD panel manufacturers have begun to heavily invest in the upstream
LED market, expecting high captive demand for LCD panels. They swiftly bought up
MOCVDs and gained a large share of the LED upstream market within a very short
time period.

Most upstream companies are now aiming to capture the general lighting oppor-tunity
as LED upstream business in general lighting is expected to be significant. This is
especially true once the LED package market in LCD TV backlighting stagnates, epi/
chip/package production capacity will shift to general lighting. Currently incumbents
are at an advantage in the general lighting market because high-power LED still needs
more sophisticated technology and a wider variety of application know-how than
backlighting. However, emerging multichip/chip-on-board technologies are opening
up opportunities for start-ups and semiconductor manufacturers.

Midstream, LED is set to become the next standard in the general lighting light
source market. In the traditional light source market, the three main players have
maintained a significant share of 60 to 70 percent globally for several decades, despite
partially outsourcing production to Chinese manufacturers.® Light source standards
for light bulbs/tubes in this field are already well established, meaning the light sources
produced by different companies are basically interchangeable. Traditional light
sources have become a commodity — a volume game product — as a result, and the
market tends to be oligopolistic, as is common in the world of commodities (whether
the automotive tire industry, glass industry, or semiconductor DRAM industry). LED
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lighting is uprooting these traditions on multiple fronts and realigning thinking on
standards.

m | ED as a light source is altering traditional standards. LED lighting is still just
emerging as a new general lighting light source, but it is already clear that its profile
will differ greatly from that of the traditional light source industry. The functionality of
an LED module (light engine) is similar to that of lamps (light bulbs/tubes) in traditional
lighting. Despite this, a standard for LED modules has not yet been set, although the
LED retrofitting market for light bulbs and tubes is currently adapting to traditional
light source standards as a default. This lack of standards in LED is due to LED’s
new value proposition, such as its long life and the compact/directional light source
it offers. As a light source, an LED may have an even longer lifespan than the lighting
fixture used for it, eliminating the need for light source replacement and leading to
integration of fixture and light source. In traditional lighting, design customization is
mainly for fixture designs that use a standard light bulb/tube, but fixtures can now be
designed more flexibly using a compact/directional light source.

= New standards will depend on the directions the industry takes. Discussions
on LED general lighting standardization have been initiated by several organizations
(such as the Zhaga Consortium). The lack of standards is creating inefficiency in the
industry. For example, module/light engine manufacturers cannot enjoy economies
of scale, and fixture and module/light engine designers/engineers cannot design
their products smoothly: extensive coordination among various parts suppliers is
required.

For example, Zhaga'’s objective is to define a light engine interface — differentiating
light engine and module — from four different physical perspectives: mechanical,
thermal, electrical, and photometric. Currently, the Zhaga Consortium has

140 members and is holding very active discussions on light engine standardization.

The degree of standardization will likely vary depending on the application. One model
is that light engines are standardized products, where fixture designs are adjusted to
the commonly available LED light engines, and end users can replace LED light engines
themselves. The alternative is that light engines will be individually customized towards
lighting fixture designs provided by the fixture manufacturers. In this scenario, the light
engine business would be similar to today’s consumer electronics business: light engine
makers would need to align to fixture manufacturers’ design activities.

Downstream companies are exploring new growth opportunities beyond
their current business domains. Many lighting companies, especially fixture com-
panies, are seeking new growth opportunities through value chain expansion by
entering the systems/solutions businesses, as the advent of LED and the recent energy
efficiency movement are creating a new lighting systems/solutions market. Currently
the lighting fixture market is regionally/locally fragmented. Some leading companies are
also seeking growth opportunities through geographical expansion. However, major
consolidation is unlikely, due to the underlying fragmentation of the market.

m  Systems/solutions are a new downstream business opportunity. The
systems/ solutions arena is expected to be a large market in the future as new
solutions will be created for every type of application due to the advent of the new
light source, LED. Current revenues in the lighting systems control component
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market (excluding building systems, etc.)® are roughly estimated at EUR 2 billion.
This is expected to grow to EUR 4 billion by 2016 and EUR 7 billion by 2020
(Exhibit 9). This calculation does not include new applications such as biolight
systems, which represent upside potential in addition to the market growth figures
presented in this report.

Exhibit 9

Lighting systems control component market is growing very rapidly

Lighting systems control component
market trend
EUR billions

~

+16% p.a.

2010 16 2020

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

— Companies. Historically, the lighting systems/solution business has mainly
been covered by traditional controller (switch) companies and lighting control
systems companies. Many lighting companies, especially fixture companies,
are now targeting this area as one of the largest untapped opportunities in the
lighting industry. Many building solutions companies are also targeting the
lighting systems business as part of their overall building solutions business.

— Systems/solutions applications. Several types of lighting systems are in
use, such as the RGB dynamic color control system, mainly deployed for
architectural lighting. Color temperature control systems are relatively new
and have tended to be a niche market limited primarily to hospitality and
studio lighting up to now. Dimming control systems have frequently been used
in hospitality lighting and are now extending to every other form of general
lighting to minimize energy usage. There is also a trend towards using lighting
systems to regulate human, animal, and plant biorhythms. LED lighting has
an advantage in all these arenas due to its better controllability compared to
traditional lighting.

= RGB color control systems. As LED increases the functionality of RGB
color control, such as dynamic color control with a short response time, it
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is creating new applications: media fagades and dynamic entertainment
stage lights are just two examples. This control system is also used beyond
general lighting, such as for outdoor large-screen sign displays, where LCD
displays have difficulties achieving sufficient brightness.

= Dimming systems have mainly been used in high-end hotels, convention
rooms, etc., to change the spatial atmosphere. These dimming systems
combined with an automatic switch system (sometimes with a human
sensor) are now also being used to improve energy efficiency. As the
current efficiency of LFL lighting is good, switching to LED would provide
limited energy savings. However, a large amount of energy is consumed
when spaces/rooms are not in use: over 30 percent of lighting energy
consumption is wasted.” There is huge potential for improvement by
introducing automatic dimming control systems. Gas stations are generally
very brightly lit at night whether or not customers are using them. When
no one is there, a little light may be enough, and the automatic dimming
system would increase the light intensity when a car comes into the station.
Home/building energy management systems (HEMS/BEMS) are also
being intensely debated, where lighting is controlled remotely using other
electronic devices.

= Biolight systems have several applications. Plant growth lighting is used
in plant factories and gardens to accelerate the growth of plants. Recent
food shortage problems and the growing consumer awareness of risks of
contamination or infection in fruits and vegetables are accelerating demand
for plant factories. Animal barn light helps maintain barn animals’ health,
such as in chicken farms. Human biorhythm control mechanisms that deploy
light have a wider range of applications. One is to improve people’s work/
study efficiency in offices and schools. Research into human biorhythms
has revealed that light has a vast impact on human motivation and can be
optimized to specific circumstances to enhance people’s abilities. Light can
also have a direct impact on human health. New lighting systems are expected
to play a significant role in Scandinavian countries, which experience 24 hours
of darkness in winter.

Local lighting fixtures will remain a regionally fragmented market. Unlike
typical electronics products, the general lighting fixture market is regionally
segregated and fragmented. This is because purchasing decisions in the lighting
fixture arena are not made by end users alone, in contrast to decisions on other
electronics products. Many construction industry professionals are involved in

the decision-making process, such as architects, lighting designers and electrical
engineers, all of whom tend to be largely fragmented, local decision makers. Lighting
fixture preferences also differ by region and country, as do electrical regulations.
Local market access in the lighting fixture industry is therefore more important than
for other electronics products.

As the lighting fixture market is local, the landscape of fixtures players is fragmented
from a global perspective even though there are relatively consolidated markets

in some regions. In Europe, the fixture market is locally fragmented, with over 100
fixture companies. In the US, the lighting fixture market is relatively consolidated with
four major companies. In Japan, local consolidation is even higher than in the US:
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the top two companies have a large market share. China has many local companies,
including OEM suppliers for overseas brands.

The lighting fixture market will remain a regionally fragmented market although there
are some trends towards consolidation. For instance, some cross-border M&A
activity has taken place in Europe and the US. A number of leading Japanese fixture
companies are proactively expanding their business, mainly within Asia. Some
leading Chinese companies are seeking global opportunities beyond their OEM
businesses. However, due to the reasons described above, these trends will not lead
the lighting fixture industry towards a globally consolidated world like the upstream
LED industry and certain electronics sectors such as TV and PC, where a limited
number of companies have a high global market share.

2.4 Technologies transitioning: energy efficiency rising throughout
the lighting sector

The current major light source on a unit basis per year (in terms of sales) is incandescent,
which has over 52 percent of the general lighting market (12 percent based on value).
The second largest light source on a unit basis is the fluorescent lamp, which is already
the largest based on value, with a share of over 50 percent. There are two fluorescent
types: the linear fluorescent lamp (LFL), which is mainly used in the office segment, and
the compact fluorescent lamp (CFL), which is used as a replacement light source for
incandescent bulbs. LFL’s current market share is around 16 percent on a unit basis

(19 percent based on value), while CFLs is 17 percent (31 percent by value). CFL's growth
has been significant over the past few years as many governments have been supporting
CFL to restrict incandescent usage. Other light sources are halogen and HID. Halogen

Exhibit 10

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)
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SOURCE: McKinsey Global Lighting Market Model; McKinsey Global Lighting Professionals & Consumer Survey
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has a 12 percent market share (10 percent by value), but usage is concentrated in Europe
and the US, where awareness of color quality is very high. HID, which is the most recent
technology apart from LED, has a 2 percent market share (14 percent by value) (Exhibit 10).

Although incandescent is today’s key light source on a unit basis, it has the lowest
energy efficiency. LED has a much better efficiency of 60 to 120 lumen per watt (at
lighting fixture/lamp level) than incandescent at 10 to 19 lumen per watt, and continues
to improve rapidly. However, it is not just LED that has better efficiency. Other non-LED
technologies that have greater efficiency than incandescent are CFL at 40 to 70 lumen
per watt, LFL at 35 to 87 lumen per watt (T8, for example), and HID at 50 to 115 lumen
per watt (e.g., metal halide). Moreover, all traditional lighting technologies are improving
their energy saving features as energy saving consciousness increases globally —and to
compete with LED — by increasing their efficiency. For instance, while normal halogen’s
efficiency compared (lamp level) to incandescent’s 60W is 11 to 12 lumen per watt, eco-
friendly new halogen’s efficiency is approximately 15 lumen per watt.®

The future technology split will shift towards a more energy-efficient mix, with non-LED
green technologies playing a major role before transitioning to LED, especially through
to 2016 (until LED gradually becomes more cost competitive). While the incandescent
market — calculated on a unit base — will decrease from 52 to 9 percent from 2010 to
2016, the shares of other energy-efficient technologies will increase. CFL, for example,
will rise from 17 to 25 percent over the same time scale, and halogen from 12 to 22
percent. These traditional eco light sources will also gain a greater share vis-a-vis

the same technology (normal halogen versus eco-friendly halogen, for example) as
their availability increases, even though their prices are higher than those of standard
products.

Exhibit 11

Energy-efficient traditional technologies will play a significant role before
LED transition in 3 - 4 years
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Moreover, this trend is not just for general lighting. Exhibit 11 shows the future estimate
of the technology transition between non-green traditional lighting versus green
traditional lighting, covering general lighting, automotive lighting and backlighting on

a full value chain. This shows the importance of green traditional lighting in the overall
lighting market before the transition to LED. Due to the broad range of different lighting
products, green is defined per product group in line with typical energy efficiency
standards within the industry, 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.
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Deep dive on the general
lighting market going forward

The big picture conveyed in the previous two chapters is based on detailed calculations
for every segment, technology, and geography. As general lighting is the largest market,
this chapter covers the individual applications in that field and presents the technology
trends by geography for each of the regions surveyed. The uptake of LED mapped
out over the next decade has radical implications for the sector’s industry structure.
Companies need to ensure that their strategies factor in these changes as constellations
gradually shift towards more new fixture installation business.

3.1 Applications: architectural is the early LED adopter, with
residential moving slowly but significantly

General lighting consists of seven applications. The first six — residential, office, shop,
hospitality, industrial, and outdoor lighting — are defined by type of location and building.
The seventh, architectural, is — in contrast — a functional application, the purpose of which
is mainly decorative or to create mood. The market size and development trajectory of
each application differs (Exhibit 12). Please refer to Appendix 2 for the definition of each
application.

Exhibit 12

Residential is and will remain the largest market segment,
followed by office and outdoor

General lighting market trend' by application
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The applications market is determined by the number of installation locations and life
cycle of fixtures. Since approximately 70 percent of buildings are currently residential,
the huge number of lighting installation spots make residential the largest application
overall.® Its market share is around 40 percent, although the average price of lighting
products in residential is low relative to others. Office and outdoor follow with a market
share of over 10 percent each —again due to their large number of lighting installation
spots. Although shop and hospitality have fewer installation spots, their lighting fixture



replacement cycles are faster than for other applications, which increases their lighting
market size.

Exhibit 13

Architectural is the early LED adopter, with residential moving slowly,
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LED market share and technology mix vary by application as each has differing key
requirements and barriers. These range from technology requirements to mismatched
incentives between purchasing decision makers and beneficiaries of energy savings
(so-called principal-agent conflicts).’® These different key requirements and barriers
affect each application’s LED market share, LED market size (Exhibit 13) and technology
mix (Exhibit 14). Architectural lighting already has a value-based LED market share of
almost 40 percent, while the other applications only have a single-digit LED market share
as yet. Residential is slower where LED penetration is concerned, but is already the
largest market thanks to its vast total lighting market size. The subsequent paragraphs
provide details for each application.

Architectural. Architectural lighting is the prime early adopter of LED. Market
share in this application segment was estimated at almost 40 percent in 2010,
and is expected to be 74 percent within just five years by 2016, and 86 percent
by 2020. One of the biggest advantages of LED in the architectural field is its
RGB color controllability. In traditional lighting, RGB code colors are controlled
by color film filters (color wheels), which require high maintenance costs. Another
important factor is that both the flexibility and speed of color control are limited
in traditional lighting. LED has overcome these drawbacks and created new
applications, such as media fagades and some entertainment lighting. A further
trend will be white LED market share. Although this is more expensive than
RGB, LED symbolizes energy consciousness, and architectural lighting is widely
defined as the high-end building lighting application that tends to use advanced
technologies.

Residential. Current light sources vary by region in the residential application.
Incandescent has the largest share globally on a unit basis, while the shares of
halogen and LFL are country-dependent. Europeans tend to use halogen, as
they have a strong preference for warm-colored light, whereas Asians tend to
use LFL, as their preferences on this are less pronounced.

The major trend in residential applications today is the increasing share of CFL.
People are shifting to CFL as awareness of life cycle costs grows. However,
CFLs lower color quality is a barrier to its penetration in segments that are highly
conscious of this feature, especially Europe.

In terms of LED penetration, residential is much slower than architectural lighting.
Current LED market share in residential is estimated at around 6 percent at
present. The current major LED lighting market in residential is light source
replacement as opposed to other segments, and this trend will likely continue
through 2016. As its current price is far higher than that of other technologies,
current LED market share is limited in this very price-sensitive segment. However,
LED lighting is particularly making inroads into lamp retrofitting as its price
declines, and the new fixture installation market is also expected to take off,
which results in a forecast of almost 50 percent LED market share for 2016 and
around 70 percent for 2020.

Office. LFL currently has a large share in the office segment, except in high-end
office buildings where more downlight-type lighting and warm color light sources
are preferred. Other technologies differ by country and by the location where

the lighting is installed. LFL is likely to maintain the highest market share even in
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2016, as its cost performance will still be the best. LED also faces principal-agent
conflicts in this segment (except in owner-occupied buildings), as the decision
makers are generally not the beneficiaries of LED’s low energy consumption.
Current LED market share in the office segment — where LED is a slow mover —
is estimated at around 2 percent and expected to grow to around 30 percent by
2016 and approximately 52 percent by 2020.

Shop. This application consists of many subsegments, from supermarket (mainly
LFL and CFL) to fashion clothing display lighting (mainly halogen and incandescent).
Current halogen and incandescent users are sensitive to light quality, requiring high
CRI (Color Rendering Index), color consistency and well-managed light distribution.
LED is still at a disadvantage where these features are concerned. However, LED’s
light quality is improving: it already has a CRI of over 90. LED lighting is expected to
eventually replace incandescent and halogen as a result of this combined with its
other benefits, such as low energy consumption, lower heat generation, and greater
design flexibility, once LED costs fall.

LED is already better than LFL and CFL where many light quality features are
concerned, but its current challenge versus these fluorescent lamps is cost. As the
cost of LED declines, it is likely to penetrate the current fluorescent lamp segments
as well in the shop segment by emphasizing its features of light quality and design
flexibility, especially in the new fixture installation market. Moreover, LED’s lower
maintenance costs are also appreciated in this segment, especially at retail chains
such as Starbucks and Walmart.

Current LED market share in the shop segment is estimated at around 2 percent and
is expected to grow to around 50 percent by 2016, increasing to almost 75 percent
by 2020.

Hospitality. The hospitality segment is complex. Mid- to high-end segments
generally prefer warm light such as halogen and incandescent to obtain color quality
and dimmability. However, lower-end segments of the hospitality application tend to
use LFL, especially in Asia.

LED market share varies by subsegment, from high-end hotel lighting to low-end
restaurant lighting. Current LED market share in hospitality is estimated at close to
10 percent. It is expected to rise to around 50 percent by 2016 and over 80 percent
in 2020. Similar to shop lighting, high-end segments in the hospitality application
are sensitive to light quality. LED is still at a disadvantage in this respect. However,
one aspect in its favor is that the high-end hospitality segment emphasizes light
controllability (such as dimming) to change mood. This segment — hotel chains, for
example — also tends to be an early adopter of new technology as, to take just one
example, lighting is needed 24 hours a day in common areas. These features —in
addition to LED’s improved light quality — will help drive LED market share.

Industrial. LFL and HID are the major technologies in the industrial segment
at present. Current LED market share in industrial lighting is estimated at less
than 1 percent. A key driver of LED penetration in this segment is total cost
of ownership (TCO). LED can reduce lighting maintenance costs significantly,
especially in high, hard-to-reach places (high-bay lighting) where replacement
costs are much higher than in locations closer to ground level. However, in this



Lighting the way:
Deep dive on the general lighting market going forward

application LED needs to compete with HID and LFL, which have high energy
efficiency and good cost performance, limiting LED market share in this segment.
LED market share in industrial lighting is expected to be limited to around 20 percent
in 2016 and approximately 40 percent in 2020.

®  Qutdoor. The current major light sources in the outdoor segment are HID
and fluorescent lamps. HID is mainly used for wide-area lighting and LFL for
narrow-area lighting. HID mainly consists of mercury vapor, metal halide,
high-pressure sodium, and low-pressure sodium lamps. Sodium lamps are
very cost efficient (their price is low, and they have a long life), but their color
quality is considered poor.

The major technology shifts in outdoor lighting are towards both HID and LED
lighting. Within HID, white (high-CRI) HID is tending to gain share, while LED is
increasing its share within white-color preference segments due to its longer
lifetime and government support.

Similar to industrial lighting, the key buying factor in this segment is TCO. Outdoor
lighting is mostly installed at considerable heights, and the benefits of LED

are greater than in the field of industrial lighting. Current LED market share in
outdoor lighting is estimated at around 5 percent. It is expected to be close to
40 percent in 2016, rising to around 70 percent in 2020. Government initiatives are
key to adoption. Governments are the chief owners of most outdoor lighting
and are therefore the prime decision makers on LED installations. The current
pressure on governments to reduce CO, emissions will push LED market share
in this segment. However, LED needs to compete with HID, and LED will face
difficulties in replacing very-high-brightness applications such as stadium
lighting, where HID is expected to maintain its strong advantage.

3.2 Geographies: Asia leads the global LED general lighting market

Asiais already estimated to be the largest general lighting market with approximately 35 per-
cent of the total market and is strengthening its position due to strong economic growth
driven mainly by China. Asia’s lighting market share is expected to be more than 45 percent
by 2020. Europe and North America are likely to follow with a market share of approximately
25 percent and 20 percent, respectively, while the rest of the world will lag far behind these
regions (Exhibit 15).

A key reason for this landscape is that growth of the general lighting market is highly
correlated with local construction investment. Currently, Asia accounts for an approximate
35 percent share of global construction investment, followed by Europe’s 27 percent and
North America’s 17 percent. Asia also has a higher growth rate than other regions, driven
particularly by China and non-OECD Asia growing at a rate of 13 percent and 12 percent,
respectively, from 2010 - 16. Growth in Western Europe over the same time period is
expected to only be 2 percent (Exhibit 16).

The light source technology mix/LED market share in general lighting varies by region/
country and is determined by factors such as government regulation, development

of the economy, and light source preference. One of the major drivers for determining
technology mix is regulation. A heavy focus on climate change issues is now



Exhibit 15

Asia is the largest lighting market and will strengthen its position
going forward
General lighting market trend’ by country/region
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1 Total general lighting market: new fixture installation market with light sources and lighting system control components (full value chain) and
light source replacement market
NOTE: Numbers may not sum due to rounding

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

Exhibit 16

Fixture market will be supported by high construction investments in
developing countries, especially in non-OECD Asia, incl. China

Construction investment trend! by country/region, 2005 () Share (percent)
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driving regulation in each country/region. The current major light source worldwide,
incandescent, is — after dominating for around 100 years — facing a phaseout in many
regions due to government regulations. Its lifetime is shorter than that of any other
technology and its efficiency is also lower, resulting in the global movement to ban
incandescent usage (Exhibit 17). As incandescent currently accounts for a significant
share of the overall lighting market, this phaseout is having a high (but varied) impact on
each country’s/region’s overall technology mix.

Exhibit 17

Incandescent ban is now a global movement e—> Time unil ban
Timeline

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

US federal government!

100W X
75W x
40W & 60W X
EU?
o 100W > X
40W & 60W X
Japan
C All'i it

= Japanese government requires Japanese incandescent bulb manufacturers to stop all incandescent bulb
production and sales by 2012 on a voluntary basis
= Responding to this, bulb manufacturers have been phasing out production

China
* No incandescent bans have been announced in China

India
= A few state governments (Tamil Nadu and Karnataka) have banned the use of incandescent in publicly
affiliated institutions

@ ITHN - BIP

Russia’
100W X
75W X
25W
Brazil®
100W by 2014
60W by 2015 X
40W by 2016 X
25W by 2017 X

Time of year the ban comes into effect: 2 End of year
1 January 1 3 June 30

SOURCE: Press search; Credit Suisse analyst report; McKinsey analysis as of June 2011

Research indicates that the path to regional LED penetration might differ by country/
region. Currently, LED market shares in North America, Europe, and Asia are similar,
with each at around 7 percent. LED penetration in Asia is going to be behind that of
Europe and North America for reasons inherent to the trajectory of developing countries,
which include the lower price range of traditional lighting, more limited adoption of the
incandescent ban, and lower electricity costs. However, the vast size of Asia’s total
general lighting market, which is currently more than 35 percent of the global general
lighting market (with China accounting for around 15 percent), positions Asia as the
largest LED general lighting market as well.

This position is expected to continue strengthening due to the heavy growth of its overall
general lighting market, as outlined previously. The 2020 forecast for Asia’s LED general
lighting market is EUR 26 bill