13 SUMMARY AND CONCLUSIONS

13 Summary and conclusions

Lighting is a large and rapidly growing source ofiezgy demand and greenhouse gas
emissions. At the same time the savings potentidighting energy is high even with the
current technology, and there are new energy @fitlighting technologies coming on the
market.

Currently, more than 33 billion lamps operate wavide, consuming more than 2 650 TWh
of energy annually, which is 19% of global electtyocconsumptionThe total lighting-related
carbon dioxide (C@ emissions were estimated to be 1900 million ton2005, which was
about 7% of the total global CQemissions from the consumption and flaring of fbfsels.
The global electricity consumption for lighting distributed approximately 28% to the
residential sector, 48% to the service sector, 16%he industrial sector, and 8% to street
and other lighting. In the industrialized countriesational electricity consumption for
lighting ranges from 5% to 15%, on the other hamdgdeveloping countries the value can be
even higher than 80% of the total electricity usage

More than one quarter of the world’s populationstdl without access to electric networks
and uses fuel-based lighting to fulfil its lightingeeds. The fuel-based light sources include
candles, oil lamps, kerosene lamps, biogas lampspgne lamps, and resin-soaked twigs.
While electrification is increasing in the develagicountries, it is more and more important
to adopt energy efficient light sources and ligigtisystems both in the developing and
industrialised countries. Solid-state lighting camdd with renewable energy sources has
already reached some remote villages in develogiogntries, where it brings affordable,
safe, healthy, and energy efficient lighting to fheople.

The amount of consumption of light in the world hamnstantly been increasing. The amount
of global consumption of light in 2005 was 134.7tglemen hours (PImh). The average
annual per capita light consumption of people wébcess to electricity is 27.6 Mimh,
whereas the people without access to electricigyardy 50 kimh.

Any attempt to develop an energy efficient lightistrategy should, as the first priority,
guarantee that the quality of the luminous envir@miis as high as possible. The results
presented in this Guidebook demonstrate that thigahievable, even with high savings in
electricity consumption. Through professional ligigt design energy efficient and high
quality lighting can be reached. Better lightingadjty does not necessarily mean higher
consumption of energy. While it is important to prde adequate light levels for ensuring
optimized visual performance, there are alwaystlighiels above which a further increase in
the light level does not improve performance.

The increased possibilities to control both theemgity and spectrum of light sources should
allow the creation of more appropriate and comfolealuminous environments. Also, the

use of lighting control systems, based on preseatetection and the integration of electrical

light with daylight, can lead to substantial energpvings. New technologies such as LEDs
offer high flexibility in the control of light speca and intensities, which enhance their
attractiveness besides their growing luminous affic

It is important to search for technological lighgirsolutions which meet human needs with
the lowest impact on the environment during thé® tycle. The environmental impacts of
lighting include production, operation and disposalamps and related materials. The total
lighting energy used depends, in addition to thedufighting equipment (lamps, ballasts,
drivers, luminaires, control devices), also on ligating design and the room characteristics.
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There are several characteristics that need todmsidered when choosing the lamp. These
include e.g. luminous efficacy (Im/W), lamp life)hspectrum and other color characteristics
(CRI, CCT), dimming characteristics and the effestsambient circumstances on the lamp
performance. Concerning all lamp types, the beastgaif coupled with poor or incompatible
luminaire, ballast or driver, loses most of its advages.

It is foreseen that LEDs will revolutionize the hgng practices and market in the near
future. The benefits of LEDs are their long life@ncolor-mixing possibilities, spectrum,

design flexibility and small size, easy control,dadimming. For LEDs huge technological
development is expected to continue. According t8 DOE, the maximum luminous

efficacy of phosphor converted cool-white LEDs dgpected be around 200 Im/W by 2015,
while the luminous efficacy of warm white LEDs ixgected to be above 140 Im/W. The
given values are for high-power LEDs with 1 rrchip size at a 350 mA drive current at
25°C ambient temperature without driver losses. Bpecial features of LEDs provide

luminaire manufacturers to develop new type of Inaires and designers to adopt totally
new lighting practices. The key success factortf broad penetration of general lighting
market by LEDs is a light source with high systeiffiGacy and high quality at moderate

prices. One barrier to the broad penetration ofrtireeket by LED applications is the lack of

industrial standards.

Currently, there is a global trend to phase outffiognt light sources from the market
through legislation and voluntary measures. Two Egdulations for lighting equipment
entered into force in April 2009 and they will rdsun gradual phasing out of e.g.
incandescent, mercury and certain inefficient feswent and HID lamps from the EU
market. Similar legislative actions are carried w@ard the world: Australia has banned the
importation of incandescent lamps from February 208nd USA has enacted the Energy
Independence and Security Act of 2007 that phasgsrnzandescent lamps in 2012-2014.
Also other countries and regions have banned, artheir way to ban, or are considering to
ban inefficient light sources.

Innovative and efficient lighting technology is elrdy available on the market; very often,
however, the current installations are dominateditgfficient technology that does not
utilize control systems, sensors, or efficient iglources. Today, 70% of the lighting energy
is consumed by inefficient lamps. Low retrofittimgtes in the building sector (and thus also
in lighting installations) are the main barrier tbhe market penetration of adequate and
modern lighting technologies. It is estimated tB&¢6 of all buildings are more than 20 years
old, and 70-80% are older than 30 years. In ordeincrease the knowledge and use of
energy efficient lighting, it is essential to inage dissemination and education, as well as to
get new standards and legislation.

Energy efficient lighting also includes considecais of the control of light and the use of
daylight. A sustainable lighting solution includas intelligent concept, hight quality and

energy efficient lighting equipment suitable forettapplication, and proper controls and
maintenance. Further energy savings can be achievthdsmart lighting control strategies.

Today, the most common form of control (the stamdwsall switch) is being replaced by

automatic components which are based on occupandagight harvesting. Examples of

this technology are occupancy sensors which tuenitihts off when the area is unoccupied,
time-based controls and the dimmer plus photocethbination. These can lead to energy
savings that vary from 10% with a simple clock tora than 60% with a total integrated

solution (occupancy plus daylight plus HVAC).

For economic evaluation of different lighting saluts, a life cycle cost analysis has to be
made. Usually, only the initial (investment) cosiee taken into account. People are not
aware of the variable costs, which include energgts, lamp replacement costs, cleaning
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and reparation costs. In commercial buildings veftgn the variable costs are paid by others
who rent the flat, and the initial (investment) t®sre usually paid by the investor who
makes the system decisions. The energy costs ighéing installation during the whole life
cycle are very often the largest part of the whidlle cycle costs. It is essential that in future
lighting design practice, maintenance schedulesliéadycle costs will become as natural as
e.g. illuminance calculations already are.

The aim of an optimum lighting design is to achiesertain appearances and, at the same
time, to fulfill the fundamental physiological amasychological visual requirements and to
ultimately put the whole thing into effect in an engy efficient manner. LEDs allow for
completely new designs and architectures for ligiptsolutions, thus opening a new and
wide field of creativity for all lighting professimals. At the same time, some old rules and
standards for a good lighting design are no morgliapble to LEDs (e.g. glare assessment,
color rendering, light distribution, etc.).

The expert survey conducted during 2006-2007 witthie Annex 45 work indicated that
among the lighting community there is a lack of kvledge of the characteristics and
performance of new lighting technologies. Anotheajar topic that was raised was the lack
of awareness of the total life-cycle costs. Theveyralso indicated resistance to the adoption
of new technology.

Commissioning is done for the number of differemasons: clarifying building system
performance requirements set by the owner, audiffgrent judgments and actions by the
commissioning related parties in order to realihe performance, writing necessary and
sufficient documentation, and verifying that thessgm enables proper operation and
maintenance through functional performance testi@gmmissioning should be applied
through the whole life cycle of the building. Theu@ebook presents an example of
commissioning process applied to a lighting consydtem.

Case studies of different types of lighting systemsre conducted within the Annex 45
work. The studies were conducted for twenty buiggn most of which were offices and
schools. In office buildings different case studs®wed that it is possible to obtain both
good visual quality and low installed power for liing. In offices and schools it is possible
to reach the normalized power density of 2 WW/h00 Ix (even 1.5 W/M100 Ix in some
office cases) with the current technology. It wasiiid that the use of lighting control system
to switch the lights on and off based on occupasewnsors can reduce the lighting energy
intensity of office buildings. Additionally, the esof dimming and control sensors for the
integration of daylight and artificial light can efd to further energy savings. The case
studies show examples of LEDs in task, general aodidor lighting. The LED lighting
requires a new approach to lighting design. Theecstsadies show that LEDs can be used in
the renovation of lighting in commercial buildings.

In 2005 the incandescent lamps dominate the lighénergy consumption in the residential
sector. The total annual light consumption in resitlal sector is only 3 MImh/person and
the electric energy consumption is as high as 1Whkperson. In the commercial sector the
annual light consumption is almost three times kig8.9 Mimh/person), while the energy
consumption is only 35% higher than in the residedrgector. This is due to the use of more
efficient lighting technology in the commercial $ec Compared to 2005, it is estimated that
there will be an additional light demand (light carmption by end user) of 25% by 2015,
and of 55% by 2030. This will, however, be compersiaby facility utilization factor
(improved luminaire light output ratio and roomlatice) and decreased mean operating time
(improved daylight utilization and control systems)
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It is expected that the share of different lightusces producing the total electrical light
output will change in the future. This is due toetkdevelopment of light source luminous
efficacies, legislative measures to phase out iceffit light sources in many countries, and
the penetration of the lighting market by LEDs. tine Annex 45 work forecasts for the
lighting energy consumption were made. On the badidhe most optimistic scenario,
according to which LEDs will take over the lamp rkats quickly and their luminous
efficacy is developing fast, the lighting energynsoimption in 2015 is reduced to half, and
in 2030 to one third, of the values in 2005. Thamaining unknown is the developments in
China, India and Africa, which will define whethd¢ne predicted energy savings become
reality.

The evolution of standards has, at large, folloviied development of lighting technologies,
cost of lighting and the increased scientific uretanding of vision. The recommended
values of illuminances have followed the developieinlight sources. For instance, in the
second half of the 2D century the evolution of fluorescent lamps leditzreases in the
recommended illuminance levels. The difference e the lighting standards and
recommendations in different countries has bearbatied to the economical context and the
geographical zone of the country. The current indbghting design is based largely on
providing more or less uniform levels of illuminagx in the room, while the perception of
the luminous environment is related mainly to ligkflected from surfaces i.e. luminances.
Thus innovative lighting design methods could b&aduced which give a high priority to
the quality of the luminous environment as our epesceive it. Both the electrical lighting
design and the use of daylight have a major immarctighting quality and energy efficiency.
The present lighting recommendations do not specdgommended values of daylight
factors or other daylight parameters. This is aldfievhere practical metrics could be
developed and mentioned in the recommendationsu&exh of the size of light sources
(compact HID lamps, LEDs) may lead to increasedk risf glare. Standards and
recommendations should be adapted accordingly. garameter to assess the quality of
lighting is the color rendering index CRI. The cent CRI is not suitable to LEDs due to
their peaked spectra. The CIE recommends the dpusot of a new color rendering index
(or a set of new color rendering indices), whiclosld be applicable to all types of light
sources including white LEDs. A major future devahoent of lighting recommendations is
that beyond the visual requirements they shouldesklalso the non-visual effects of light.

There is a significant potential to improve energfficiency of old and new lighting
installations already with the existing technologVhe energy efficiency of lighting
installations can be improved with the following asures:

— the choice of lamps. Incandescent lamps shouldelpéaced by CFLs, infrared coated
tungsten halogen lamps or LEDs, mercury lamps bghipressure sodium lamps,
metal halide lamps or LEDs, and ferromagnetic sfldy electronic ballasts;

— usage of controllable electronic ballasts with lmsses;

— the lighting design. Use of efficient luminairesdalocalized task lighting:

— the control of light with manual dimming, presensensors and dimming according to
daylight;

— the usage of daylight;

— the use of high-efficiency LED-based lighting syste

The Annex 45 suggests that clear internationalatiites (by the IEA, EU, CIE, IEC, CEN
and other legislative bodies) are taken to:

upgrade lightings standards and recommendations

integrate values of lighting energy density (kWH/m) into building energy codes;
monitor and regulate the quality of innovative liggources

pursue research into fundamental human requiremfenttighting (visual and non-
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visual effects of light)
— stimulate the renovation of inefficient old lightnnstallations by targeted measures

The introduction of more energy efficient lightingyoducts and procedures can, at the same

time provide better living and working environmenénd also contribute in a cost-effective
manner to the global reduction of energy consumpéiod greenhouse gas emissions.
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