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The historicnational commitments made at COP21 in Paris in 204r® followed by urgentactionto
reduce carbonemissiors. In support of these ambitionsfhe Climate Group, in partr&hip with
Philips Lighting, is continuing its work to increaseareness of the energy savibgnefits oflight
emitting diodes (LEDs) and thehugeimpact thatwill be realzed through scaleip of LEDs across all
sectorsaround the world

Buildingsoffer one of the biggesvpportunitiesfor emission reduction activitiéss theycanconsume
up to 1/3 ofglobalenergy demand, and account for about 1/4 greenhouse gas@HG emissions
globall. Lightingalonecanrepresent up to40% of a building energyfootprint? and, with the advent
of higHhy efficient and affordable LEDsan offer direct energy savingef 50-70% This percentage is
even greatewhen LEDs are used in conjunctigith smart controls.

As part of our work in 2018 The Climate Groupwill therefore highlight the immediate and
accessiblesavings benefits and wider opportunitiesthat connected LED lightingsolutions can
provide for indoor work-office environments.

LEDs are a sohstate lighting solution that have demonstrateshprecedentedenergy savings a
direct replacement technologyut the benefitsof LEDs go far beyond engrgavings. Thavailable
options for smart controls,light leveladjustment,color tuning and digital connectivity now offer
corporations ad property building managers new opportunitiEsimplement modernadaptive and
interactive lightingsolutions.The inclusion ofconnected lighting providesan opportunity forevery
office userto adjust their localand personal lighting environmertd suit their working hours This
‘“human c e ndapability’for usdrsgohtt @ kneg ¢ adaptto thdir preferredgnvironment
can aid inemployee well-being and help optimize potential performance and productivityFa
corporations where flexible working and hdesking is common, this alleemployeego work in a
range of locations and stithdividually configure their local working environment to their personal
preferences.

Tomaximizeenergy savings in the built environmefihkingLED lightingvith smartbuildingsensors
canprovideofficeandproperty asset manageraith compellingopportunities togatherdata onasset
occupancy, office areasagepatternsand environmentaktatus Thedata can provide theapability

to automatically turn off lighting wheemployeesare no longer present, turn down heating or air
conditioning in areas not scheled for imminentuse schedué cleaningactivitiesto onlyused areas,
andcoardinate with other building services such asess;, safety and security systems.


https://www.theclimategroup.org/

Keepingenergyefficiency With high leves$ of carbonemissions linked to buildirgg, there is a justi€d sense of urgency to focus

top of theagenda attention on increamg energy efficiency irexisting buildings, and rapidlyaccelerate the rate of

existing building renovations and upgradesbnnected LED lighting combined with building
Energy efficiencis STILL environmental sensorsan help unlock afar wider range of additional energy savingsssibilities
rankedthe highest policy through enhanced smart building asset managemeltalso creates a platform of connected
priority by energy infrastructure that can support future retiut of new building systems, sensorsanddata nt er ne't
professionals Thi nafservicgs.

As part of this urgnt action on accelerating building renovatioasd emissions reduction,EDs iad
connected lightingnfrastructurerepresens a priority action in terms of level of impact, speed of
impact and ease of deployment.

Buildings haveerylong
economic lifespang/hen
compared to other energy

consuming infrastructure ) ] o ]
This documentcovers key themes that ED adopteranay consider when reviewing theifuture

lighting needs and explorimaptions for indoor lightingipgrades We discussarious level®f options

for core energy savings, lighting system connectivity and fufaneofing systems so users can
maintain flexibilityand interoperabilityas new IoT technologies becomeadsable for trials and roll

out.

Building efficiency is one
of the most affordable
ways to curb climate
change?



Owned andleasedoffice
buildings
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spend their capital
budgets, especially where
tenants pay the utility
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empowered to invest in
capital projects, especially
when their leases are
short term.

Hence the opportunity for
third-party service
providerg ...and the
potential for new business
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options to optimie other
building services.

FOREWRD

Over the past 7 year§he Climate Group city lightingwork, in partnership with Philiptighting,
culminated ina call to actionthat all public lighting should be LE&r as efficientpy 202%. We are
now seeking to drive a more urgent goal for indeerand specifically corporate lighting. This
document is designed to support our ongoic@nsultation activities with corporateas they explore
LED options and develop their supporting business dA&eshowcase key topics and themes that
have arisen during our consultations and seek to highlight options and solutions for the different
lighting stakeholders.

LED lighting is an established and mature technology with proven energy savings, extended lifetimes

and reduced maintenance costsirst andforemost, we seek to highlight LED scaip as a priority
action on errgy efficiency for arporations. Based on energy savings alorniee case for LEDs is
compelling. Bubenefitsare extendedmuch further with options to addconnectedcontrols,smart
controls,dimming and coloselection

When LEDs are matched with connectehtrolsand dda gathering sensor® facilitate optimization
of all keybuilding servicesthe potential energy savings opportunitiéa the built environmentare
takento another level.With the evolution of smarter’ offices and flexible work environmentthe
gathering ofaccurateoffice usage dataand wider use of linked systems and contraisuld not be
more pertinenttoday. Smart lighting sensorsand controlswill playa compelling and catating role
in the transitioning office work environmenrtand optinmizing the energydriven services that support
them.

There has never been a better time to switch your business to smart, connected LED lighting.

CALL TO ACTION: ACCELERATIRBAURATEED ADOPTION

We aremakingclear ‘cals to actioni on connected LED lighting for corporates, landlords, property
developers and all stakeholdensth responsibilityfor office buildingassets.

The Climate Group calls on:

1 All property developers to instaltonnectedenergy efficientlighting solutions LE3 (or as
efficient) in all new/future buildingsas a key facilitating infrastructure to help accelerate
existing building retrofits

And

1 All corporate owned built environment lighting assets to be rapidly assessed for upgrading
to LEBbasedconnected solutions and scheduled for trials/installation tige end of 2020.

1 For all leased building assets, landlords to offer LED options to existing tenawatsd for
tenants to request that landlords offer connected, energy efficient LED lighting options for
all work/office environments bythe end of 2020.



WHY SHOULD WE PRIT& LED LIGHTING?

THERELATIVE IMPACT IBDS

There is a broad range efctions that can be taken to reduce energy demand and ultime
emissiors. TheU4E/en.lightefl campaign by United Nations Environméras undertaken a serie:
of studies on the energy efficiency benefiitdifferent technologies and their potential relsas
energy usage and savings that could be realised in 2030.

The study compare lighting, residential refrigerators, room air conditioners, distributi
transformers and industrial electric motor#t revealed that significant savings could be rzsli
across all technologies, and in many regions potential savings from lighting were compelling

Country examples: highlightingrelative impactof energy efficient technologies.
Percentage of each products estimated contributions to savings in 2030.

Country Lighting Residential Air Transformers | Industrial
refrigerators | Conditioning motors
Argentina 43 % 23 % 5% 7% 22%
Brazil 11 % 36 % 32% 16 % 5%
China 41 % 10 % 4% 45 % 0%
India 27 % 11 % 33% 5% 24 %
Israel 31 % 15 % 17 % 20 % 17 %
Kuwait 51 % 10 % 3% 22 % 14 %
Namibia 49 % 9 % 16 % 18 % 8 %
Oman 42 % 8 % 12 % 16 % 22 %
Russia 36 % 10 % 5 % 17 % 32 %
South Africa 43 % 7% 1% 21 % 28 %
Uruguay 35 % 22 % 7% 21 % 15 %
Zimbabwe 51 % 16 % 7% 23 % 3%
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optimal use of LED lighting could reduce this to 4%.




Beyondlighting

LEB can provide energy
savingf up to 5070%,
even beforethe addition
of smart controls.

Connected LED lighting
with in-built environment
and occupancy sensors
canprovidereaktime

asset status monitoring.

Theareause scheduling
of lighting, heatingcooling
systems and cleaning
services can all be
accurately assessed and
optimized for the building
‘as a whol e’

The availability of such
operational datain
buildingscan be truly
empowering.

o

LED 2020 CALL TO ACTION FOR INDOOR LIGHTING

Link to the wider smart
city environment

LED lighting connected to
Building Management
Systems, for asset monitoring
and management

Human-centric lighting,
increased wellbeing and
productivity

50-70% efficiency
savings with LEDs

Find out more at
TheClimateGroup.org

Smart buildings/
Internet of Things (I0T)
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CORPORATHGHTIN@&ONSULTATIGN

INTRODUCTND

TheParis Agreement, which commits nearly 200 countries to make efforts to limit global temperature
increase to under 2 degrees Celsius aboveipdestrial times, presents the challenge of identifying
urgent ‘next st edpvedownghkloatemissiohs act i ons to

The role that energy efficient lighting technologies can play in reducing global energy demand is
commonly underestimated. The unprecedented sazfi¢he savings- 50-70%-- and the immediacy

and relative impact that this can have when implemented at scaleans LEDs should not be
underestimated or overlooked.

Total energy use from the lighting sector accounts for around 16% of global electricity consuifiption
with its useconcentrated in cities- where over half & t he wor | d’ sThephuip ul a
environment is a priority target for emission reduction as it can contribute up to 40% of the 'world
CQemissionsGovernments around the world aencouraged to schedukpporting policies thelp
accelerate renovation of aging and inefficient building stock, and drive down city and building related
emissions And this opportunity is set to growThe hternational Energy Qutlook 2016 report
anticipatestotal world energyconsumption in buildings to increase by an average of hgéar from

2012 to 2040°

By applying experiencedm the past7 years ofwork byThe Climate Gyupin highlighting tte benefits
of LEDs in cities, ware now expandindg.EDconaultation work to help acceleratéhe adoption of
indoor lighting,particularly focusing oworporateoffice solutions.



Acceleratingrates of
building renovation'®

There are estimates that
in the UK alone, up t@5
85% of current buildings
will still be in use by 2050.

Governments have a key
role to play in accelerating
the adoption of energy
efficient lighting!”

AIMS AND OUTCOMES

CONSULTATIONSTAKEHOLDER ENGAGEME

The CIlimat e Gr oangéventsareodasguet to aupdomorparatesin exploring and
ultimately adopting energy efficient LED lightingndmeeting our 2020LEDadoption target We do

not intend to duplicate the efforts of national, regional, lighting standards and trade organizations
that support the adoption of LED lighting. Many sasf information on LEDs exist aatk a
valuable resource for coveringeneral and spefic regional exampleswith examplesreferenced in

this documer. Our goal is to supportorporatesin achieving our 202 LEDighting target

For leaders and policymakershe role of leaders and policymakeis crucialin helpingcreate the
policiesand incentives that cafacilitate adoption of enegy efficiency technologies such ld&Ds

For office tenants and occupiergroups: we invite you to participate in our series of events,
roundtables, webinarand workshops to explore ghopportunities that LEDs can provide.

For corporates considering the switch to LEDsve invite you to participate in ouconsultation
activities, which aredesigned to provide effectivéorums for reviewing key topics of interest,
addressing specific quies, facilitating expert advice araffering guidanceon adoption routes and
solutions.

For corporates that have already switched to LEDsve would like to highlight youexample,
achievements and savings, as well as exploring how your installatmmcisuld be further enhanced
through addition of new sensors and IoT innovation

For building managementproperty leasing managers:focusing on asset managemeand the
capabilityandprovensavingghat connected LEDs could provide your sites anditdjeve would seek
your involvement as a key stakeholderielping to drivescaleup of such technologies in the leased
office sector.

Forintegrators/installers/lighting solution providers:alongsidecorporaterepresentatives, we invite
technology service providers and consulting organizations to participate and contribute to the
conversatiors, discuss local and regional topics and highlight perceived challenges.

Telecom companies on the themes of connectyvand the 10T with a range of current and future
wirelesgmobile/ethernet connection solutions the involvement of communication platform
providerswill be essential to guide participants on optioaad ensure systems are flexiblsgalable,
adaptable, mteroperable and secure.

Big data/building data/analysis consultanciesthe advent of sensorenabled smart buildings
inevitably brings vast opportunities for data gathering and optation of all aspects of building
operations includingoffice services,space usage, overall assefficiency andemployeel/visitor
preferences.

Application developers:there are a vast array of existingnédfuture opportunities for application
development in support of control systems and the wider development of 10T retatdthologies
that will inevitably feature irsmart buildings andffice environments.

Academic/governmental institutions covering themesthe wealth of data that could & collected
and made availablies extensivelnparticular, focusingon light levels, color, time of day, temperature
and how these can affeeimployeehealth, comfort and welbeing and potentially productivity.

For financeproviders the opportunities for financingorporate and leased building lighting upgrades
is growirg, andthe energy savings potential @ED based projectnd rapid paybackre attracting
strong interest. We seek your participation in the review of financing mechanisms tailored for LED



projectsfeg. ‘ pay as you g¢go’ ,andorexplore heiw qmvestmentgnodelsthad s
can help drive LED adoptitmased on future savings.

CONSULTATIONBDPICS AND THEMES

The following sections discuss a range of key topics and themes that have arisenoduragly LED
dialogues withcorporations and aim to highligitommonexamplesand recurring questions

The sections are ordered to initially discuss the supporting business case validation, through proven
energy savings, angviewsome of the underlying decisions thetdrporates ad property managers

may face when reviewing infrasicture upgradesThe underlying technology benefits are pretesh
followed by a discussion of the upgrade optiohs$n particular options around connectivity and
coupled sensors and smart technologies.

G ! O edzdgé lightidly solution will help the customer make significant energy,
cost and C&savings while improving the overall working environmént.
Mark Wray, E.ON¢



LEDretrofit will cut Chase
. Iy ligktiag bill in half

@Doing this LED retrofit
made sense because the
payback on lighting is
pretty swift compared to
other interventions you
O2dzZ R YI 1S=z¢

@& akes enormous
environmental and
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Royal Mail GrougJk2o

The Royal Mail Group has
achieved savings of
11GWh per annum
following LED upgrades.

This provided modern
efficient lighting solutions
and significant energy
savings and reduced
maintenance costs.

The luminaires included
light leveland motion
sensors, to turroff lights
when they were no longer
required.

Energy savings of up to
70% have been achievéd.

UPGRADING TO LED LIGHTING

PROVEN ENERGY SAWANG

The underlying energy savinged efficiencybusiness case for LED adoptisproven.There is now
a growing number of successfabrporate installations showing dramatic energy savingsd
connected solutionsas well as thevider socieeconomic benefits foemployeesand asset managers.

Butgven the growi wprwei gletvi bkefitfandksavingswe BvBuld have
expected to see muchfaster drive towards adoption around the globe. A contributing fattothe
delay may bepoor experiencesduring the very early roll-out of LEDs, where minimurguality
thresholds, LED luminaire design critediad agreement of LED standards may have been evolving.

Our consultations will therefore focus highlighting examples bfest practicessuccessfutorporate
roll-out of LEIS, business casemnd paybacklessons learned, and supporting office and property
managers as they assess the level of savargs wider benefitghey can expect for theiunique
circumstancesand particularlyas they seek to build theinternal bushess case

DECISIONS FO®RPORATE® UPGRADE

Most buildingshave grown organically ovenany years, with investment in infrastructure being
undertaken in various stages as thesets develop, moderzd, and in some cases change ownership.

As a resultasset managers of existing buildings are not usually provided with an tpytyrto design
and install newighting infrastructure from scratchLEDs can offemanagersan opportunity to
reassess lighting requirements, with a wide rangeetfo-fittable andflexible lighting options and
colors,long operational life, high energy efficiengmart controlsand gportunities to dramatically
reduce running and maintenance costsall of which represent compelling additions to the overall
business case.

G ¢ KS KA Jéfficient LEY Bdkddledgy delivers huge energy savings, reduges CO
consumptionand minim6 & Yl Ay i Syl yO0S 02adGa ¢AGK?2dMarkl ye
Cavill, Energy & Building Engineering Services Manager at Royal Mail;

LED ADOPTION: NOW DRTER?

The potential forsignificant energy savinggth LEDs&nd wider benefitslearlymake the technology

a very attractive infrastructure investmentHowever, akey clallenge commonly faced by
stakeholders ito assesshe optimum time to make the transition to LEDs based on existing assets
and running costghe availability ofinance opions, and the practicalities of scheduling the hardware
upgrade.Someasset managemnaytherefore elect to postpone upgrading to LEDs, and this is where
the ‘cost of doing nomubtherbganceand ‘ opportunity

A common question in ourtEDconsultationsconcernghe potential for futureimprovements in LED
efficiency. Oer the next five years, incremental improvements in LED efficiencyodre expected,
but a balancanust be made between benefitting from up to 5% savings today and waiting to
benefit from additional albeit smalljmprovements in the future.

10



With the growing interest in LEPthere may be aropportunity for luminaire priceeductions in the
future?2. While increa®d volume productiorof assembled luminaires means priaaay continue to
incrementallyreduceover time the LED elemenitself forms a relatively small part of the overall
assembled luminaire costs (i.ethich also includesiousing, driver electronics, lenses, diffusers,
connectors etc.)Therefore,for fixed color lightingfurther manufacturing cossavings linked to the
LED component arékely tohave a limitedmpact on thefinal assembled luminaire ing

Employeeenabled BEYOND SIMPLE ILLUMINON:OWNERANDOCCUPIEBENEFITS

Wl dzyYly [ Sy ub

lighting?®,* LEDlighting options provideasset managers with awide range of choices to upgde lighting

“ Wa r (yellow rich) infrastructure Thisnot onlyrealizessignificant energy and cost savings, the potential benefits can

lighting... is known to help go beyond thisUpgrading provides an opportunity to reassess lighting needsutnde requirements

establish a comforting or and trial different lighting designs, colorgreacoverage, system connectivignd smart adaptive

relaxing environment, operation.

which many people

welcome early in the With the flexibility that can be achieved with LEghting, comes additionalopportunities touse new

morning or in an evening “human Igkimgtsoelutians toprovide employeescontrol over their environment and help

setting. maximie employee well-being health and productivity. For example studies report that blue
R enriched light in the mming canhelp increase attention and awareness, but warmer, yelt@h

Cool(blue rich) lighting light can bebeneficial in the lead up to sleép

[ ..oh the other hand, car

have an invigorating The breadth of building data that can also be gathered provides not only opportunities to fully

effectduring the dayand optimize and align building sewés, but also reveals asset whliion against predictions, and

therefore is often facilitates forward planning afmployeeand office/meeting space needs.

preferred in contexts such

asindustrial workplaces, LEDs lighting + sensor .
offices..to help enhance Presence Detection & Office Workers Office Asset Manager

concentration and Al

maximize human ‘ l;-ﬁl:ﬁ-ﬁl,ﬁ'ﬂl:ﬁ'i ' ) 0:t:

producti vity

[ ] ®
Iﬁi I-ET?I M I App enabled Light controls ‘ Data it mEl)
._i ._i . Personal Lighting Preferences « Master Lighting controls
':E I’E Adaptive Colours Occupancy Detection
Dimming options Optimised scheduling of

. . building services; heat/air con
Mixing of natural light

& and LED illumination Visibility of savings

®
Iﬁ-ﬁ ° Al

&4 5 ) 0:t2 Future asset planning
4 . .

Iﬁﬁ Links to smart services and loT - « Links to smart services and loT

Schematic showing how sensors and controls can provide individuals the opportun
control/enhance their work environment, health and weding. In parallela wealth of

operational data on lighting usagand area occupancy can be gathered by ass@tagers to

help optimise all buildings services; providing full visibility of cast assist in scheduling
future office service needs.
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EXAMPLESShould businesses see the light with LEF§%"28

LEDs can provide savings up to78%, with this increasing up to >80% with smart controlsa
commercial building filled with halogelamps, swapping out these bright but inefficient ligt
could see businesses reduce thihting bills by a massivéd%® Furthermore,69% of businesse
agreed impoving the design of their offe environmentboosted productivity?®

The Edge®3!

One of t he sustaimabledoffice buikdingsts Del oi tt e’ s The E
and is fitted with LED lighting that can all@mployeesto personalize their office environmen
Fixtures itted with sensoramonitor lighting levels and air temperaturand employeeare able to
optimize their desiredlighting levelsand local temperature using agpased controls. For Deloitt
this individual and local control can greatigcilitate flexible working and hedesking.Data is
gathered from wheremployeesarrive to when they go home; if they arrive by car/bicycle they
be directed to free parking locationgjeneral employee movements, meetings, events, ar
selected preferences can be logged through the day and across the seasonahletata is
coordnated through a building Centralised Management System aligmanagers to view real
time data, and provide opportunities taptimise operations over time.HE Edgebuilding has beer
rated by BREEAMSs one ofthewn | d’ s mo st s u sTheseivas albolae additione
benefit; Deloitte experienced a-4old increase in the number of applicants for job robesed at
The Edge.

ThelLeadenhalBuilding:3?

The application of smart sensors and controls for LED lighting also feature in the offices
Architect Practice Rogers Stirk Harbour & Partnersere they have installed a tuable LELC
system This allows the cotatemperature (K)of the luminaires ® be adjusted through the day
using an approximation to ouratural circadian cycteAt the start of the day the LEDs emissic
arwarmwh i t e, thrpugh theaday they can be adjusted ‘@ol white to helop
of alertness,and thenwarmer white isthen selected as evening approach&ke lighting sensor
and controls are also able to take into consideration the outside light levels, and adjust the
accordingly, to maintain the required lighting levels and mazenthe use of natural light an
increasingpotential forfurther energy savings.

dsco Canada, RBC WaterPark PPce

The RBC WaterPark Placer e Cheadquartersand incorporate a range of st buildings
technology, includingmart, connectednfrastructure which enablesemployeesto use mobile
phones to contropersonalised comfort settings, includifighting and heating.

Much of the discourse around the clever science of smart buildings misses the
point about the rich opportunities it affds to address the very human challenges of
productivity, innovation and wellbeirg

Al Bahr Towers, Abu Dhalji

Architectural firm AHR designed ti#¢ Bahr Towerfor the Abu Dhabi Investment Council and i
high-profile example of how buildings can take advantage of the latest sensor technologie
tower facade/shutters exploitsuh r acki ng sensors and can of
position in theskyand lighting requirements insidesensors also capture wind speed and s
radiation data to adjust the building facade controls in cases of extreme winds or prolc
overcast conditions.

A key driver in the design was a more natural views form the
building and minimizing the use of artificial light.
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LED LIGHTING: THE TECHNOLOGY

CHARACTERISTICS AND BENEFITS OF LEDs

This sectionis designed to providex technology overview of LEDs, highlighting the underlying
propertiesand capabilitieshat make them an attractive opportity for buildingmanagers.Thekey
features worth emphasizing in the contextdaffice lighting areoutlined below.

SolidState Lighting (SSL¥® LEDs are based on solid semiconductor structures that can be
manufactured irhigh volume and mounted directly onto printed circuit boards. This means:

- LEDs awe ateoliid structure and therefore mo
enclosed, vacuum/filamenfluorescentand dischargéamps

- LEDs can be manufacturedvislume, at low cost coveringtaoadrange of output powers and
color options.

- White light LEDs can be manufactured at low cost using a blue LED coated by a phosphor
material (see side BoKow does an LED generate white light?)

- LEDs have long operatidridetimes, requiring less frequent replacement and maintenance.

- LEDs can be connected and controlled individually using a unique digital ID / IP address.

- LEDs can be turned on/off very rapidly with no wanmtimerequired making them suitable
for smart controls e.dight activated when a person/vehicle is detected by a motion sensor.

- LEDs can be operated over a wide range of intensities, making them suitable for adaptive
lighting (e.g. scheduled dimming) applications.

- The long operational life of LED®means they will need to be replaced typically much less
frequently, with a corresponding dramatic reduction in the number of luminaires required to
be recycled®.

- LEDs do not radiate high levels'difect h—ee.g. aswith a filament.

- Discharge lamps mayenerate visible light bgonvering UV light inphosphor insidehe glass
envelope and may notalwayseliminate residualJV emission, whereashite-light lighting
LEDdgypically use blue LEDS covered by phosphorshvériat negligible/zero UV levels.

- LEDs generate heat at their base, which is typically efficiently dissipated usingpfattal

High efficiencycompared to conventional lightingEDs have demonsted savings of up to 580%

and beyondwhen combined with smart sensors and controls. LEDs can produce more light output
‘“per Watt of powampgs The lightroutputdsnypieatytmieasurea in lumens (See
box on Lumens and Watts).

Long lifetimes *’LEDs have a very long operatilifg and can maintain a minimum light level (in
lumens) over an extended time.¢. up to 50,000 hour®), as defined by LM9, LM80* standards,
whi ch speci fy ‘ | Thendong oerationalt liketime no€ €EDs reges fewer
replacanents andfailed luminaires, providing significant maintenance cost savings opportunities and
similarlyreduced need for recyclingf luminaireg®.

Efficient and flexible use of lightt EDs ar e typically-d s$wall salumaget
rather than aconventional glowing hot filament or a glowing gas discharge lamp. The fact that LED

light comes from a small area allows lighting engineers to employ very efficient optical designs that

can deliver Ilight to the r etpeelLERIldminaiteaeasignsdah t h

optimized for a breadth of lighting needs, and specified to reduce-bgkting and light pollution.
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Broad range of LED color optionsEDs can be manufactured to emit specific light colors as well as
different white light options (@ . war m ‘yel |l ow’ , neutr al and coc
suffered from color instability, pécularly with low aiality lamps and the color would change as the

LED aged. This issue hgreatly improvedand LED manufacturers are now able to specify and
warranty longterm LED color operation.

lhz2 [95{ D9b9w!¢9 21L¢9 [LDI¢ !b5 W h[l

LEDs were first developed in the 1960s, and since then multiple variations of color ranging frc
yellow, green and blue have been developed. A major breakthrough that allowed LEDs to be
general lighting applications came in the 1990s withdegelopment of high power blue LEDs basec
new semiconductor materials. By using a single high power blue LED, coated with a phosphor r
a low cost white light could be developed. The blue light is absorbed by the phosphor which thel
light ecross a range of spectrum colors which combine to create white lighfitpee)

By selecting the composition of the phosphor material it is now possible to create white light:
different appearancesThey can range from blwkiteoodbr y
with each characterized by specificn u mer i ¢ a l ‘¢ dMl-@xpressed inpiEts ketvio(k
There are 8 nominal white LED *‘color temper
and 6500K.The oveall efficiencyand lighting benefitean vary depending on the selected white optit
wi t h the (highdkeMinvalued) ¢ieng sl ightly more effici
(low Kelvin values)

White light

Cool Neutral Warm
White White White

Phosphor

Blue LED

For generallighting applications, where low cost options are important, white light LlEd3gd on the
structures shown abovare the main products of interest. The combined use of different cool, neutra
warm white LED solutions is being explored as an optigrrdaide office lighting with options to activa
cookblue white LEDs in the mornings, to help employees increase their alertness, and to switch ta
yellow/white LEDs in the mid/late evenings to help reduce Bigkt exposure in the immediate lead t
to bedtime.

TUNABLE WHITE AND DYNAMIC COEORS

There are product options available that ca
neutr al and warm white LEDs in office as in
from blue-rich to yellow rich colors can beteme d ‘* dy nami ¢’ l'ighting.

In many circumstances most office lighting needs can be satisfied with such solutions. However,
bespoke situations, full color spectrum tunability (Red/Green/Blue LED mixed) may be required wt
provide both mixed \wite as vell as individual specific caltighting capabilities- but mayrequire more
complex controls and are primarily selected for artistic lighting, external lighting, entrance foyers e
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Eachlighting situation is
unigque

The advent of LEDs can
provide an opportunity to
completely reassess
office lightingneeds;
color, adaptive controls,
the use of sensorgnd
the wider role connected
lighting could play in
building operations

LEDCONSULTATIONS: RRRING TECHNOLOGY SUBENS
Recurring technical questions are raised in consultation events, and examples include

LEDcolor: There are a range of LE&h fixed and tunedle color options however formost office

and buildingapplicationsconnected and adaptivevhite light LEDs arasuallysufficient. These can
come in a range of cool, neutral and warm white appearance @ard be installed with dimming
capabilities. Tere is ongoing debate on whiabption could be best suitedas a general lighting
solution, or whether for differentcircumstances and times of day, one may be more optimum.
Therefore trials of one fixed white option, and also mixed (cool/neutral/warm) arrays of white LEDs
can provide options fooptimisingthe lighting through the day, anidentifyinguser preferences.

LED glareThere have been examples where LED lumin&imdibited glare (bright light emitted at
specific or extreme angles), which may appear intense to drivers and pedestrians. A selected LEL
luminaire desigff maybe generally applicable across a widage of indoor office lightindoutwhich
mayhave undesired effects in certain specific locations. Such undesired effects can be minimized with
luminaire design, using light diffusing elements, shades/baffles and options for lighting engineers to
adjustthe luminaire alignmenét the time of installation.

Light flickers: Flicker is the high frequency variation of light which can be present in all common
electric mains powered lighting. Lighting standards define procurement guidance to ensure health
and safety requirements are satisfied but LED adopters may also wish to include hardware
compatibility testing angite specifidunctional acceptance tests at the time of installation to ensure
flicker standards are satisfied.

Emission of blue lightThe role ofLEDsas a contributor to dificial light exposurgand in particular
“bl ue | i g,andthe pessilplecesultimgdisyuption to sleep and subsequent health impact
a common question raised in our consultatiohs.terms of light intesity, individualluminaires are
specified within national safety exposure standandlere light intensity levels argrictly tested and
certified. The effects of all artificial light exposuoa the level of humaralertness can degnd on a
variety of fators incuding the source of light, theamount (intensity) of light, the duration of
exposure, the light colar the time of day the exposure occurs, the age of the observer,Satch
cumulativeexposurecan come fronwide variety ofdirect sources includg existing (noALEDffice
lighting, direct viewing of computer screens, mobile phones, tablets amdaers*®

The European Union Scientific Committee on Health, Environment and Emerging Risks published

research’ stating that there is no health risk for healthy humans to be exposed to LEDs in the normal
use of lighting and display produdfs.
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FRAMING LEINDOORLIGHTING OPTIONS

LIGHTING OPTIONS

Building asset managers seeking to upgrade thghting infrastructure willikely basetheir decisions
on the status of the current infrastructure, available funding and wbatential savings and wider
benefits could be realed. The range of available lighting options and the relative ease of
implementation of LEDs compared to other energy sawngding renovation solutions means
managerscan completelyevisit their lighting requirements and add prieusly unavailableontrols
and sensoicapabilities.For the purposes of our consultations, wan discuss the adoption of LED
lighting on four simplified levels.

Single or multiple budget

holders may exist 1. Direct replacement of conventional luminaires with equivalent onldED luminaires.
2. LEDOuminairescontrolledwith manual and app enablezh/off controls, optionafixed dimming,
Most lightind'® is not and photesensors. fiese may also includaotion/proximity sensorgo trigger lights.
installed and directly paid 3. (onnected LED luminairexcessible by users afidkedto a entralizedbuilding management
for by the enduser,and system allowing optimisation of building services beyonde thighting systemsEg. live
as a resultifferent occupancy sensor data and scheduled space usage could allow optimisation of heating/cooling
budget holders and systemsppdatesecuritystatus,and schedule cleaning/servicing etc.
incentivesmay exist 4. A fully integratecbuilding management system amdiditionallinks to external inputsand the

wider city and loT.

Private organtationsmay

historicallymanage their The relative and cumulative benefits of the fooptionscan be summarized in the figure below:

infrastructureand

operations budget POTENTIAL ENERGY SAVINGS SOURCE OF ENERGY SAVINGS
separately andhis may

createcompeting LED LUMINAIRES WITH LOCAL ON/ FROM LED EFFICIENCY ALONE
incentivesto reduce OFF SWITCH CONTROLS

equipment costs at the +

I'I? Ip ¢ CONTROLLED ﬁ!ﬁ"mﬁ ANDAPP LED LIGHTING CAN BE OPTIISED LOCALLY BY
'_ € yconseguence Y BASED CONTROLS + PRESENCE LOCAL OCCUPANCY SENSORS, LOCAL STAFF.
higherrunningcosts. DETECTION

= POTENTIAL SAVINGS BEYOND LIGHTING

CONNECTED LIGHTING * INTEGRATED.  pynccT SAVING FROM PARALLEL OPTIMISATION OF  AVAILABLE BUILDING DATA ALLOWS STATUS MONITORING

STATUS SENSORS T0 CENTRAL AND FINE TUNING T OPTIMISE SERVICES FOR CURRENT
HEATING, COOLING, LIGHTING AND OTHER ASSETS
BUILDING ASSET CONTOLS AND SCHEDULED USE OF ASSETS BY STAFF
4 +
FULL CONNECTED BUILDING ASSET
MANAGEMENT CAPABILITIES AND FINE TUNE SAVINGS USING NEW 10T SENSORS, N TR ST

SERVICES AND 10T INNOVATIONS COULD LEAD TO NEW

EXTENAL LINKS SERVICES, AND DATA OPTIMISATION ALGORITHMS OPPORTUNITES FOR NEW SERVICES AND SAVINGS

Figure: Option tepresents the core savings that a basic switch to LEDs can pi©@piten 2 could
be considered aninimum recommendation for adoption in office environmefitse addition of
connectivity and sensors provides routes to maximise benefits and functionality, as outlined in
Options 3through 4,wheredata gatheringallowsenhancedco-ordination and optirdation of wider
building systems.

Options 1, 2 each offer immediate energy savings from LEDs compared to traditional lighting. Options
3 and 4 also offer lighting managers opportunities donnected buildingwide monitoring, control

and assetmanagement capabilitiesia tools such asa central managementystens (CMS)and
dashboardsWhere budgets may be constraineahdfor circumstances where basic lighting solutions

are sufficient €.g. simple on/off contro) thenOption2 could be conidered a minimum specification,

but modul ar options to upgrade to add ‘connec
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INTELLIGENSNDSMARTCONTROLS

For thepurposes of the consultationse canuse the term intelligentuminaires as meaning a peet
luminaire prograrmed to turn onin reponse to activation of a local intelligeptesence detection

Le Hive Building, Paf% sensor.Such éatures carprovide additionalenergy savings, particularly if lights can be turned off
dimmedandactivatedautomaticallywhen needed.

Schneider EI
headquarters in Paris is a Currently manynew and excitingsgmartcontrol and loTconcepts are in development and wikely

7-storey building with require periods of trialling ashtesting to assess their benefits and business case. TherafgsEm
1,850 employees that has flexibility, interoperability and security are key themes to keep in mind wiivéking core building
reduced by 50%s assets (. lighting, heating, water etc.) tthe breadth of new smart/lofechnobgiesin development
heating, ventition, air —all ofwhich may havdifferent:

conditioning (HVAGNd ) ]

lighting energy use from - gpeedsof innovation and product development;

150kW/n?/year to 78&W/ - rangesof key adopters and managing stakeholders;

m?lyear in three years. - technical specifications and applicable standards;

- physical connection interfacepower requirementsand data protocols;
- safety and security requirements;

- new and ‘unproven
- legal operating requirements;

- data gathering rights e.g. of public and citizen information; and
- data ownership and rights of commercial use

operating business model

CONNECTED LIGHTING

Connected lightingor connection ready3houldideallybe considered the minimum requirement for

LED lighting upgrades, in both indoor and outdoor applications. Connectivitywieeless/mobile
based) can provide the fundamental linkage between lighting assets, end users, building managers
and the wider smarbuildingenvironment. The adoption of these links can allow software upgrades

to be made, and allow luminaimmounted seners to be incorporated within existing light fittings,
negating the need for separate sensor installations.

One solution to conmected building infrastructurecould be to define fixedsecure flexible and
manageable interfacefor systems and services linkad the building communications(cloud)
platform andto a central asset managemenystem (see figurebelow). This approach edd help
reduce the dependence ofspecifyng today all the different possible operating permutations,
requirements anctonnectionstandards for what could beraultitude of new andevolvingsmart and
loT technologies from a range of manufacturers.
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OCCUPANCY + MOTION
SENSORS

SERVICE + CLEANING INTERNET / PHONE
SCHEDULING SYSTEMS
WASTE AND WATER
MANAGEMENT IoTLINKS
APP CONTROLS
SECURITY MONITORING ENVIRONMENTAL
(CCTV) SENSORS
DOOR/ ACCESS HEATING/COOLING
CONTROLS SYSTEMS
EMERGENCY/ EVAC LIGHT USEAGE
MANAGEMENT PREFERENCES
INDOOR LIGHTINE

LIGHTING MANAGEMENT
/\'\ SYSTEM )/\{\
\

MOTION AND LIGHT SENSORS COULD BE
INSTALLED ON SELECTED LUMINAIRES WHERE

" LOCAL CONDITIONS REQUIRE IT n

Concept ofighting, sensorsand other building servicdimkingto a centralassetmanagement
systemAssetmanagerscancontroland update core buildingystemsndependentlywhile also
exploiting aconnectedand coordinatedsuite of systems.

EQUIPMENT INTEROPBRATY

With the growing range of products and services and potential for increased public access (da 10T)
control critical building systemthere is a need to ensureecue and protected installations, and
defined levels of accedslity. Conversely,here is adesiref or wi der , more stan
pl ay’ appr osmarhand loThamwareraedwider demand for more interoperabilityf
equipmentacross different manufacturerst is inevitable that not a single suppliwill be able to
provide all of a buildings operational products and services, winiekitably lead to the use of
equipment from diferent manufacturers, and growing recognition of the need for wider use of ron
proprietary sockets and open (but datacsee) protocols to allow future procurement flexibilifgr
customersas well as to drive standardization in the industry.
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Standards andjuality
thresholds

It is critical to define the
required lighting product
quality thresholdsand
lighting standards that
suppliers must meet.

This helps to ensure that
all suppliers are assessed
on a ‘'l evel
rather than simply on cost
for what may be very
different levels of product
quality, build, reliability
and operating standarsl

DATA PRIVACY, DATRRYICES, SECURITD ANVNERSHIP

Thegrowing interest irdeployment of sensors arld B i g gdtharingprojectsin citiesand buildings
data can encompass many activitieg.g. status of core buildingervices,assessingnergy use,
occupancy and use of assets, identifyamployeeactivities and preferences, security monitoring,
access control to secured areaisd emergency response planning

As the number and variety ahteractive servicesincreases,and the corresponding number of
potential users and access pointreasesthe potential forhacking, anddenial of service at t ac
becomes a concerrThere is therefore &alance to be made between maintaig the operational
security of fundamental infragructure, and the level to which it isllowed to beaccessed by
employees visitors, and widecloud based system&ne approacimentioned aboveould be for the
manager to maintain contralf critical assetgiaani s ol at i ng °‘buikibger foavdieré t o
the level of access froraxternal links are maaged limited and when required overridden yasset
management systems anmdanagers.

Finally, it is apparent from oyreviouscity focussedconsultations that the laws governing public
data collection (eg.including invasion dhdividual privacy)pwnersltip, and rights of commercialke
remainlargelyundefinedin many countriesTherefore, legal advice should be sought regarding rights
of data collectionand ownershiginked to monitoringand securityactivity in buildings, particularly
where this may include onitoring ofemployeeand visitor movements

LED STANDARDS, QUALAND ENFORCEMENT

With the advent of LEDmany new lighting solution providers are offering products and services, and
there is a need to ensure that all lighting products meet defined quality threshototl that local
regional and established internationdlghting manufacturers are all held accountable to the same
standards and quality control enforcement. This allows lighting managersinttertake fair
comparisons andssesproduct quality and performance from a range of paeiis.

While many governmental, corporate and trade agencies are working to bring consensus on lighting
standards,it is clear from our consultations thaegional variations remairBuilding andlighting
managersmay face an ongoing challenge of satisfying applicable local lighting standards, applying
wider international guidelines and industry best practices, undertaking appropriate trials and
assessments and benefitingpfn lessons learned by their pee¥s

The roleof government and policymakers is therefore critical, not onlyuhliclycommittingsupport

to large scalesnergy efficiency initiatives such as LED adoption, but also in parallel capacity building
initiativesin their regiondo ensure that national tsting labs and published standards are put in place,
and strictlyenforced?.
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VISIONS OF THE FUTYRE

Future office trends>556

Some of the growing trends in office working include; flexible working and hot desl
configurable office design including biophilic environmenitish energy savings optimed relative
to the outside environmentyirtual reality meeting(s), family friendlyffaces, Albased office
administraion, and the use of wearable technologies to facilitae smooth transition for
employeesrom commute tocomfortable and efficient environments through the day.

By allowing individuals and groups to control their surroundings, we allow
the space t@wome alive and become activated by people.

2 2 NI R Q 3i officé tdldpéin in[PArE

The new Sogeprom office is located in the La Defense area of Paris an€irist th@jor workplace
to explat broadband bidirectional LiFcommunications. Instead of WiFi or physical cables, o
wor kers wi || i nsert a ‘ acbonacygtb e internettvia LiRvith the

office lighting. The user willeceive data using visible light and communicate back to the

fixture using an infraed transmitter. A French firm also is installing based systems in the Pal
Metro, involving over 250,000 LED luminaires in 66 stations.

Grand View Researdtas predictedhe market for lightbased dah communications, including Li
and visible light communication woulte worth USp100 billion by 2024.

wWAda] 2F W. A3 BNRBUGKSNIR LISNOSLIWiAzZY

Theuse of sensors to monitdouilding occupancy and assetatus can provide managers witt
powerful information to optimie overall asset use. However, the usevefarabletechnology and
sensors can go far beyond simply building managemerd. ke of employee smart badges a
tags provide the potential capability to trackindividual employee and visitor behaviour, so
corporations exploring such systemmsust ensure individual privacy considerations are 1
compromised.

GC2NJ 62NJ LI I OS YI yI 3SNE X livé rKoBitei@ai enploygedéhavio
¢ but while this is aiding better office design, privacy implications are exteasive
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The benefits and value of
LED ownership can
extend far beyond simply
a reduced $ cost per light
unit (lumen), and reducec
maintenance costs.

Longer LED lifetimes alsc
means far less luminaire
replacement and
recycling.

The addition of smart
controls, and lighting
connectivity can provide
additional value
supporting future smart
building services,
facilitate asset
management, and
provide oppatunities for
wider data collection.

LED ADOPTION: HOW CAN WE SUPPORT YOU?

THE DECISION TO UPGRADE TO LEDS

Connected LED lighting solutions provide an opportunity for lighting and building asset managers to
reassess and optimize the lighting capabilities in their facilities/offices, and to explore how a
connected lighting infrastructure can integrate with angpport other key building services. As a
result, the LED procurement process will inev
means that multiple and new stakeholders could be involved in the procurement review decision.

"The current goalsf sustainability, reduction in energy consumption or "carbon emissions" can
distract us from the far better lontgrm success of achieving a truly sustainable lighting design.

It's not just about the technology, but why and how that technology is agppl!R®

In undertaking procurement of new lighting infrastructure there are fundamental processeasbat
managers will undertake At the most basic level, the first step towards upgrading is to review the
buildings current lighting assets inventorydathe new, projected future lighting needs and building
layout. This allows managers to explore new opportunities for removing or repositioning light fixtures,
to help address ovelighting and identifying desired light levels and colors, and the covesage
quality of light and services required in different areas. The breadth of opportunities available with
LEDs and matched controls can provide building managers and tenants with new and flexible options
to enhance office lighting and maximize potensavings.

An assessment of needsdrafting of requirementsdefinition of required standardsand setting of
product quality thresholdsultimately forms the framework for thenternal business caseand we

would encouragedifferent scenarios andoptions to be explored and associated costs can be
estimated. During this phase of project assessment, a commonly misplaced comparative metric is
di scussed; the project ‘payback peri dlidingid t s
unique, and caution should be applied when comparing different projects based solely on quoted
‘“payback periods’

One interesting, new and evolving route to |
‘“pay by L unstallatiwh eperationtahdemaintenance of lighting is managed by a service

provider, and the end user/tenant pays a fee. One such examples is RAU Aréhitaxtsa similar
‘pay as you' isjmopefatiocat Schipolwirportiingebrofe n g

CONSULTATION FINDINMEWARE COMPARINGRhw¢ 95 Wt whW9/ €9 wlLht
A common question in our LED consultation
“The pay bcarcviry degending ah your unique upgrade and financingccu ms t a
Every project scope and circumstances are unique in terms of lighting desldimancial approact
Project payback periods mélyerefore depend on a multitude of variables. Soimglding manager:

may alsoelect to pursue a fast paybackhereas others may deliberately spread their loans ov
longer period for their particular financial circumstances.
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Trialscan aid aloption
for all stakeholders

More and more building
managers are exploring
early LED lighting and
connectivity options as
they assess upgrade
options.

Theuse of early LED trial
can allow opportunities
for managers and
employees to experience
and test the benefits of
alternative whiter light
color gptions, as well as
adaptivesmartcontrols
and linkedsensos—
alongside traditional
lighting sources.

Finally, therole and valueof LED lightingrials should notbe underestimated.Trials can prove
invaluable for testing new lighting solutions and controls, and new configurations in different office
situations, and provide sources offeedback and preferences from the office ensers before
finalising procurement requirements.

Pog COP21 and COP22 there is a renewed urgency towards low carbon energy generation, increase
energy productivity, and technological innovation to drive down emissions at scale. LED lighting is one
of the mostmature, proven and energy efficient low carbon technologies available today.

LEDindoor lighting projects aralreadydelivering and, in many cases, exceedimigiinal projected
energy savings whilproviding new socieeconomic benefits foemployeesand tenants and wholly
new approaches to controls and sensors for critical asset data gathering.

The need for a sustained effort to drive LED scale up in buildings is clear and urgent. Thagataly
role of supportiveenergy efficiency policies and natial and suknational commitments cannot be
underestimated in drivingirgency and consensus among local stakeholder groups.

Our ongoing consultations will seek to involve all key local stakeholders to identify new options and
solutions that can facilitateED lighting upgrades, at scale, around the gl@éelook forward to your
participation in our expanding LED consultation process.

FINAL WORDACCELERATINGD CORPORATE ADORITI

LED technologies can offenprecedented energy savings opportunities, as wed asde range o
lighting options anctonnected systencapabilities tlat were previously unavailable end users
When compared to other energy efficiency actions that can be implemented in the
environment, LEDs represent a significant and compelling savings opportunity.

Ourgoalisto’ s p ot | imgédiate oppontuanity that LEDs and connected lightiag provide
in terms of monetary and energy savings, the immediacy of accessing thosgssand the scop
for stimulating widersmartservices. We seek tirive andsupport actions that can helgccelerate
LEDadoptionand realze our2020Call to Actionon energy efficienindoor corporatelighting.

However,The Climate Grouplsowantsto ensure he urgentdrive for energy eftiientlightingis
not compromised by low quality, sedtandard LED products being allowed to enter the market,
result in inappropriate replacement of fixtures, unnecessary digdting, or lack of @xibility in

light adjustment We recommendearly consultations andwhere necessary, sample trials

confirm and demonstratéighting needs, and taid in refiningprocurement specifications for larc
scale LED retiut.

Finally The Climate Group seeks ¢émcourage collaborative efforts and interoperability betwe
manufacturers and suppliers to help standassmart approaches and facilitate the roll out of |
innovations. Howevegbalance must be maintained betweércreasing accessibility and fletityi
and maintenance of control and assscuity.

As part of the suite of low carbon and energy efficient acticorporationscan exploreconnected
LED lighting solutionare ready today delivering on savingand should be prioritisedalongside
wider actions on building renovation$you have not yet actioned a review of the potential bene
and savings from energy efficient lightirglo so today.
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CONTACT INFORMATION

For further information on this activity, related events and how to participate please contact The
Climate Group teamIMorgan@theclimategroup.org

The document is intered to be a working documerds pat of The Climate Group engoingLED
consultatiors activitiesin partnership withSignify (formerly Philips Lighting).

This document was prepared Byoby Morgan and Dr Peter Curley, with background research by
Arianna Tozzi. Many experts aoohsultation participants have provided insights and guidance, and
we would like to thank all those that have supported our efforts.

The work has been supported by The Climateup donorsSignify Philips Lightingand The Prince
Albert Il of Monaco Randation.
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Appendix
CHANGING MINBETS:UMENS AND WATS

The advent of LEDs has prompted a need for wider awareness of how light performaneeifiscgplin
the past, light lamp were defined according to type (e.g. incandescent, mtgnsity discharge etc.) an
power Wattage (eg. 40W, 60W, 100W, 250W, 400W etc.). Eaclvedd a known light level, caland
quality of light, over a known area.

LEDsandeliver the same light output as traditional lights but using far fewer Wdtpowaver. This mean:
that the level of illumination of a traditional household 40W incandesdantp can now be achiever
using, for example, a 5W LEDMp. In future, as lights become more efficient, the specified Wattage |
reduce even further for the saenlevel of light output. So end users should select lighting solut
according to the amount of lighteeded— measured in Lumefi$—and not by Wattage. The efficienc
of thelampis defined by how many lumens are delivered, divided by the number of Watts consum
in Lumens per Watt (Im/W).

Manufacturers may pr ovi deguivalentotraditienal dights to LEDtpadudt
however caution is advised. Inm® cases, this approachli ghhatsi n
“ un-d e gh and examples of procured LED luminaires providing different or insufficient lig
coverage. Fothe avoidance of doubtve would encourage trials and/@roductsamplego be tested to
ensure that adopted solutions satisfy the requirements for the lighting applications.
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