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IEA Solar Heating and Cooling Technology Collaboration Programme (IEA SHC)

The Solar Heating and Cooling Technology Collaboration Programme was founded in 1977 as one of
the first multilateral technology initiatives ("Implementing Agreements") of the International Energy

Agency. lts missionisi To enhance collective knowledge and applic
through international collaboration to reach the goal set in the vision of solar thermal energy meeting
50% of | ow temperature heating and cooling demand by

The members of the IEA SHC collaborate on projects (referred to as Tasks) in the field of research,
development, demonstration (RD&D), and test methods for solar thermal energy and solar buildings.

Research topics and the associated Tasks in parenthesis include:

1 Solar Space Heating and Water Heating (Tasks 14, 19, 26, 44, 54)
1 Solar Cooling (Tasks 25, 38, 48, 53, 65)
1 Solar Heat for Industrial or Agricultural Processes (Tasks 29, 33, 49, 62, 64)
1 Solar District Heating (Tasks 7, 45, 55)
1 Solar Buildings/Architecture/Urban Planning
(Tasks 8, 11, 12, 13, 20, 22, 23, 28, 37, 40, 41, 47, 51, 52, 56, 59, 63)
1 Solar Thermal & PV (Tasks 16, 35, 60)
1 Daylighting/Lighting (Tasks 21, 31, 50, 61)
1 Materials/Components for Solar Heating and Cooling (Tasks 2, 3, 6, 10, 18, 27, 39)
I Standards, Certification, and Test Methods (Tasks 14, 24, 34, 43, 57)
1 Resource Assessment (Tasks 1, 4, 5, 9, 17, 36, 46)
I Storage of Solar Heat (Tasks 7, 32, 42, 58)

In addition to our Task work, other activities of the IEA SHC include our:

International Conference on Solar Heating and Cooling for Buildings and Industry
SHC Solar Academy

Solar Heat Worldwide annual statistics report

Collaboration with solar thermal trade associations

[t et e A

Country Members

Australia France South Africa

Austria Germany Spain
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Canada Netherlands Switzerland

China Norway Turkey

Denmark Portugal United Kingdom
European Commission Slovakia United States of America

Sponsor Members

European Copper Institute ECREEE
International Solar Energy Society RCREEE
CCREEE RCREEE
EACREEE SACREEE

For more information on the IEA SHC work, including many free publications,
please visit www.iea-shc.org.
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PREFACE

Lighting accounts for approximately 15 % of the global electric energy consumption and 5 % of
greenhouse gas emissions. Growing economies, higher user demands for quality lighting and rebound
effects as a result of low priced and more versatile electric lighting continuously still lead to an
absolute increase of lighting energy consumption. More light is used, often less consciously.

Especially the electric lighting market but as well the facade, daylighting und building automation
sectors have seen significant technological developments in the past decade. However these sectors
still act mainly independent of each other, leaving out big potentials lying in a better technology and
market integration. This integration is on the one hand beneficial to providing better user-centred
lighting of indoor spaces. On the other hand it can contribute significantly to the reduction of worldwide
electricity consumptions and C02-emissions, which is in line with several different governmental
energy efficiency and sustainability targets.

|l EA SHC Task 61 / EBC Annex 77 AlntegratedroBol uti on
Component to system efficiencyod therefore pursues t
integration of electric lighting and daylighting systems including lighting controls with a focus on the
non-residential sector. This includes the following activities:

S
he

- Review relation between user perspective (needs/acceptance) and energy in the emerging
age of Asmart and c¢ on raetcepedody ofibuildifgs.i ngo f or a rel ev
- Consolidate findings in use cases and fApersonaso
- Based on a review of specifications concerning lighting quality, non-visual effects as well as
ease of design, installation and use, provision of recommendations for energy regulations and
building performance certificates.
- Assess and increase robustness of integrated daylight and electric lighting approaches
technically, ecologically, and economically.
- Demonstrate and verify or reject concepts in lab studies and real use cases based on
performance validation protocols.
- Develop integral photometric, user comfort and energy rating models (spectral, hourly) as pre-
normative work linked to relevant bodies: CIE, CEN, ISO. Initialize standardization.
- Provide decision and design guidelines incorporating virtual reality sessions. Integrate
approaches into wide spread lighting design software.
- Combine competencies: Bring companies from electric lighting and fagade together in
workshops and specific projects. Hereby support allocation of added value of integrated
solutions in the market.

To achieve this goal, the work plan of IEA SHC Task 61 / EBC Annex 77 is organized according to the
following four main subtasks, which are interconnected by a joint working group:

- Subtask A: User perspective and requirements

- Subtask B: Integration and optimization of daylight and electric lighting

- Subtask C: Design support for practitioners (Tools, Standards,
Guidelines)

- Subtask D: Lab and field study performance tracking

- Joint Working Group:  Evaluation tool & VR Decision Guide

Subtask D demonstrates and assesses, and either verify or reject, currently available and typically
applied concepts for daylighting and electric lighting design and their integration to better understand
how various integrated lighting systems and their control mechanisms behave with respect to several
important parameters (e.g., energy use, thermal and visual environment, maintenance, adaptability to
new requirements, etc.) and how building users respond to them. Work includes a comprehensive
literature review of relevant research materials (in close collaboration with Subtask A.1), targeted
medium-term experiments in several living laboratories, supplemented by short-term investigations of
specific concepts or ideas in controlled research laboratory environments, as well as performance
tracking through fArealo field studies in recently con
building types in several of the participating countries. Case studies were selected in close
collaboration with other Subtasks.

Subtask D project areas:
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- D.1. Literature Survey: Quantifying Potential Energy Savings
- D.2. Monitoring Protocol

- D.3. Case Studies: Living Laboratories and Real Buildings

- D.4. Lessons Learned i Guidance to Decision Makers



EXECUTIVE SUMMARY

This report presents lessons learned from twenty-five worldwide real-life case studies implementing the
integration of daylighting and electric lighting. The case studies were monitored with respect to energy use for
lighting, visual performance, non-vi sual per f or msafistacgion. Taennbnitoringeisrlasgély based on
field measurements, but it is also complemented with simulations and calculations where needed.

The report is divided in two parts. The first part provides an overview of the case studies and the overall lessons
learned. The second part provides factsheets for each of the case studies; the factsheets include details on the
monitoring, results, and specific lessons learned.

Based on the lessons learned from the case studies, this report concludes that:

w The energy demand for lighting is drastically reduced thanks to the combined effect of more efficient light
sources, advances in controls, and raised awareness in the integration of daylighting and electric
lighting.

w Integrative lighting is currently driving the innovation in lighting technology and wider implementation is
expected as knowledge in the field of non-visual requirements for lighting expands.

w However, the current integration of the integrative lighting concept with daylighting in practice is limited,

which may result in significant energy rebound (increases).

Daylighting integration is of utmost importance for achieving quality beyond energy savings.

Integrated daylighting and electric lighting design is facing new challenges: questions connected with

comfort and health are yet to be answered.

€€
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1 Introduction

Analysing case studies has the potential to teach and inspire, allowing practitioners to verify the actual
performance of integrated solutions and to take informed decisions for new projects.

This report collates the results of extensively monitored real projects of integrated lighting and daylighting, termed
here as case studies. Twenty-five case studies are included in this report. Most of the case studies are real life
project, while a few consist of living lab experiments or laboratory studies. In respect to space type, these are
associated with the non-residential sector, with an over-representation of offices. Case studies also include
healthcare, retail, and a residence for the elderly. Geographically, these case studies are spread across five
continents. These case studies bring together various proposals of different solutions towards achieving project
goals connected with energy and lighting quality. Each case study has a different design objective, which is
pursued with a different solution. The monitoring of these case studies follows a framework proposed by [place
holder for T61 D.2]; with each case study adopting a different tool for monitoring, depending on specific design
goals.

The first part of this report illustrates the collection of case studies, which is followed by overarching lessons
learned from the monitoring. Finally, the case-study reports are provided in Appendix to this document, in the form
of factsheets. The factsheets here are short reports aimed at a wider audience; readers interested in more
information can refer to the citation list provided at the end of each factsheet.

1.1.1 Objectives
The objectives of this report are to:

- lllustrate selected case studies where daylighting and electric lighting are integrated in an energy-
efficient user-centred fashion,

- analyse the results from the case studies, and

- draw relevant conclusions for lighting designers and related professional groups, as well as building
users engaged in the design process

The report is intended to provide effective guidelines to industry members, designers, users and other decision
makers involved in designing integrated lighting systems and control strategies, by suggesting what works and
what does not; based on experiences from the consolidated research of Subtask D, e.g. through specific
recommendations and suggestions.
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2 Overview of the case studies

The collection of case studies is the result of the joint effort of IEA SHC Task 61 experts, and their monitoring
teams around the globe. Task 61 was launched in February 2018 and the monitoring of case studies was planned
to start during the second part of 2019. In the original plans, the monitoring was supposed to include only
occupied real-buildings or living laboratories; and the monitoring should have lasted around one year per case
study. Additionally, the monitoring should have been performed on-site only, and should also have included
results of user-surveys. However, due to the covid-19 pandemic, many of the monitored buildings experienced a
strict lockdown since February 2020, which prevented access to both, the occupants, and the monitoring teams.
Despite such circumstances, the monitoring teams have made great efforts to deliver robust results despite
drastic changes in the methodological approach to monitoring.

Given the above circumstances, the final monitoring of case studies presented here includes field monitoring
completed with simulations, shorter monitoring, or monitoring with only informal user surveys. Details on the
monitoring process are provided in each factsheet.

The case studies present a very heterogeneous set of projects. Instead of imposing a unified monitoring protocol
to achieve highly comparable results at the expense of diversity, such heterogeneity was purposefully
implemented by proposing a set of monitoring techniques as a toolbox for participants to choose from, according
to the differing means available to them, the accessibility of the building and the characteristics of the specific
case study considered.

As a result, this set of case studies presents a plurality of examples with a constant focus on the comfort of users
and the energetic consequences of differing designs, retrofits, and control choices. The practitioner is thus
encouraged to select examples most relevant to her or his problem, be it in terms of monitoring techniques, of
metrics to compute, or of lessons to learn.

2.1 List of case studies

Twenty-five case studies were monitored during the Task 61 activities. The case studies cover a large span of
climates and geographical position, both in longitude i from 123° W to 153° East i and in latitude 7 from 50°
N to 27° S, and climates (Figure 1).

Figure 1. Geographical distribution of the twenty-five case studies in IEA SHC Task 61 Subtask D.
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Nineteen of the case studies included real occupied buildings, while six consisted of living lab or mock-up spaces.
Most case studies are office or office-like buildings (twenty), although several of such case studies also include
the monitoring of common areas like meeting rooms, halls, etc. Three spaces can be considered residential, as
they consist of elderly home, rehabilitation, or psychiatric hospital for long stays. Finally, the last two case studies
consist of a retail space (furniture shop) and a sport venue (the national aquatic centre of Bejing built for the 2008
Summer Olympics) (Table 1).

Table 1 provides a summary with short identification (ID) name for each case study. The ID will be used
throughout the text to refer to the case study.

Table 1. Case studies and space type.

n. City Country ID Space type

01 ‘ Aldrans Austria AT Bartenbach office - mixed

02 Brisbane Australia AU Aurecon office - open plan

03 ‘ Brisbane Australia AU Aecom office - open plan

04 Brussels Belgium BE Stephenson health care, residence

05 ‘ Brasilia Brazil BR MME office - mixed

06 Boa Vista Brazil BR ForumSoPinto office - mixed

07 ‘ Brasilia Brazil BR UniBrasilia office - mixed

08 Beijing China CH CABR office - mixed

09 ‘ Beijing China CH NAC sport venue

10 Xining China CH BankChina office - mixed

11 ‘ Slagelse Denmark DK PsychiatricH health care

12 Aarhus Denmark DK Navitas office - mixed

13 ‘ Vikaergaarden Denmark DK Rehab health care

14 Stuttgart Germany DE IBP_LED office - two occupants (living lab)
15 ‘ Stuttgart Germany DE IBP_Daylight office - two occupants (living lab)
16 Ludenscheid Germany DE DIAL office - mixed

17 ‘ Kaarst Germany DE IKEAKaarst retail

18 Aversa Italy IT AbaziaSanLorenzo office - single occupant (living lab)
19 ‘ Oslo Norway NO Norconsult office - single occupant (living lab)
20 Madrid Spain ES IDOM office - open plan

21 ‘ Lund Sweden SE TheSpark office - mixed

22 Portland, OR USA US PortlandEC office - mixed

23 ‘ Oakland, CA USA US DualZoneShade office - mixed (field and living lab)
24 New York City, NY USA US NewYorkCity office - multi-occupant (living lab)
25 ‘ San Francisco, CA USA US SoSanFrancisco office - mixed

The range of integrated solutions that were adopted in the monitored projects is quite vast. A list of the main
solutions is provided in Table 2. Although all case studies include some form of integration, the designs focused
more on either daylighting or electric lighting for some projects. In such cases, there is a quite homogenous
distribution between case studies with higher focus on daylighting solutions and focus on electric lighting
solutions.
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Table 2. Summary of the main solutions adopted in the monitored case studies

ID Solutions

AT Bartenbach Combined top and side openings for deep daylight
penetration; external stating daylight deflecting louvres;
LED with reflectors controlled with integrative lighting,

daylight harvesting, presence sensing, and individually a.

AU Aurecon Highly glazed building; T5 and LED daylight harvesting and
presence sensing with override via remote control; manual

roller blinds.

AU Aecom Timber building with generous sidelit windows; T5 and LED

with occupancy sensors; manual roller blinds.

BE Stephenson ‘_ ‘ Daylit rooms tested for different lighting scenarios: dim
R C— e electrical lighting including workplane photopic illuminance
and non-visual melanopic vertical illuminance.

BR MME Fully glazed facades with brise soleil and solar control
films; high-efficiency T5 (103 Im/W) with daylight harvesting

and central management of target illuminance.

BR ForumSoPinto Passive solar strategies. Daylight and static shading.
Orientation and depth of building. Films in windows for
solar radiation protection; LED T8 replacement tubes at

6500 K.

BR UniBrasilia External horizontal brise soleil, solar control films, curtains;

efficient T5 fluorescent tubes with manual control.
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ID Solutions

CH CABR Horizontal blinds, tubular daylighting system; LED lighting
with POE, absence sensing, daylight harvesting, scene
control.

CH NAC Transparent ETFE inflatable pillows for daylight; high

power LED with different scenes (depending on sport) and
dimming possibilities.

CH BankChina Sidelight windows; IoT connected LED lighting system,
integrative lighting, daylight harvesting, occupancy sensing,

scene control (meeting rooms.).

DK PsychiatricH Large windows providing ADF = 2-3%; LED lighting with
different intensity and CCT during day and night, with

manual switch on-off.

DK Navitas Denmar k 6 |-emergy eosninerdialdbuildings.
Shading consists of black, manually operated, perforated
interior roller blinds with 50% openings. T5 4000 K and
manually operated desk lamps; luminaires grouped in
zones with daylight harvesting close to windows and
occupancy detection; manual setting of target illuminance

via room control panel.

DK Rehab Large windows; integrative lighting with daily schedule and
three manualscenes( il i ght t herapyo,

fical mi ngo) .

DE IBP_LED Dual-zone facade; traditional windows with automatic
venetian blinds (lower part); micro-optical structure with
LED above windows; zoning of direct-indirect luminaires

with daylight harvesting.

DE IBP_Daylight Dual-zone facade daylight area: traditional windows with
automatic venetian blinds (lower), micro-optical structure in
plexiglass (upper); zoning of direct-indirect luminaires with

daylight harvesting.
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ID Solutions

DE DIAL 9 , ! . Automatic shading and lighting with manual override; highly
— ' controllable and customizable at individual level via PC
interface.

DE IKEAKaarst Windows in exhibition space; LED lighting with daylight

harvesting; integrative lighting.

IT
AbaziaSanLorenzo

Double manually controlled roller shade (semi-transparent
and blackout); manually controlled LED pendant with 7-
steps dimming and 3-steps CCT tuning. Remote controls
for shading and lighting available at desk.

NO Norconsult Sidelight windows with venetian blinds, horizontal daylight

pipe for deeper part of room; LED with daylight harvesting.

ES IDOM Double skin microperforated facade and roller shades; T5
pendants with open loop daylight harvesting.
SE TheSpark Highly glazed building with automatic roller shades;

integrative LED panels lighting system with manual
override, including manual dimmer.

US PortlandEC Electrochromic glazing with dynamic change of tint
(manually override), indoor venetian blinds (kept open
during test phase); fluorescent pendant with manual on-off

and occupancy sensing.

us
DualZoneShade

Dual-zone solar control (more daylight from upper zone,
glare-free and open view out from lower zone). Inverted
curved, horizontal louvres above (auto with manual
override), manual transparent film roller shade below;
Dimmable T8 pendant with daylight harvesting set-point
300 Ix.
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ID Solutions

US NewYorkCity High resolution lighting systems with individually
addressable, direct-indirect LED luminaires, separate
dimming control of up-versus down-light output, and
setpoint tuning, occupancy, scheduling and daylighting

control. Automated shading control.

us
SoSanFrancisco

Project optimized with M&V in a mock-up; automated roller
shades; individually addressable, indirect-direct pendant
LEDs with daylight harvesting and relay shut-off.

2.2 Monitoring process

The case studies were monitored in respect to four aspects, as defined in the report [place holder for T61 D.2]
energy, visual, non-visual, and user. The framework proposed in [place holder for T61 D.2] provides guide for
conducting building purpose-oriented monitoring protocol in real integrated project. Therefore, each case study
was monitored with a unique protocol. Some of the case studies introduced cutting-edge tools for monitoring, e.g.
use of wearable devices or ceiling mounted luminance cameras. Therefore, the actual monitoring of case studies
(D.3) informed the monitoring framework (D.2) in a continuous feed-back feed-forward process (Figure 2). The
final framework of [place holder for T61 D.2] is thus a result of this process.

{ ]

D.1 Literature Survey D.2 Monitoring Protocol D.3 Case Studies D.4 Lessons Learned
Quantifying Potential A framewaork to evaluate Living Laboratories and Guidance to
Energy Savings case studies Real Buildings Decision Makers

( )

Figure 2. Case studies in the context of IEA SHC Task 61 Subtask D activities.

The monitoring teams primarily defined the initial goals (or ambition) of their case study project i in coherence
with the framework and designed a purpose-oriented protocol for specific case studies later. The protocol
stressed on aspects relative to the initial goals, by adopting more robust monitoring tools for those aspects. For
example, projects aiming at a sensitive reduction of energy loads for lighting preferred to directly meter the
lighting use; while projects with different aims, especially when metering was possible only with great difficulty,
adopted calculation methods for evaluating lighting energy use.

Irrespective of the adopted tools, the monitoring teams planned to monitor each of the four aspects. However,
strict lockdowns in many countries forced some of the field evaluations to be skipped. These were replaced by
calibrated computer simulations, usually based on the field data collected to that date, or by a qualitative
evaluation, the latter being the case for the non-visual aspect in some of the case studies (

Table 3).
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Table 3. Monitored aspects and relative tools for the case studies.

ID ENERGY VISUAL NON-VISUAL USER
AT Bartenbach Measured LENI llluminance, CCT, Ev, EML, Questionnaires to
presence, dimming M/P occupants
level (longitudinal); (measured for (appreciation,
DF, DA daylight, electric perception)
(simulated), HDR lighting, mix)
for DGP

AU Aurecon

HDR at individual
level via calibrated
smartphone for
DGP and DGI,
cylindrical
illuminance via low
cost distributed
sensors
(longitudinal)

M/P via measured
SPD

Questionnaire to
occupants
(preference, glare)

AU Aecom

HDR at individual
level via calibrated
smartphone for
DGP and DG,
cylindrical
illuminance via low
cost distributed
sensors
(longitudinal)

M/P via measured
SPD

Questionnaire to
occupants
(preference,
satisfaction, glare)

BE Stephenson

Simulated LENI

DF, sDA, Spatial
Glare Distribution
(calibrated Climate
Studio simulations)

EML, M/P, CS
(calibrated ALFA
simulations);
use of personas

Discussion with
personnel

BR MME

LENI calculated
(long term),
measured baseline
+ intervention
(short term for
checking energy
savings)

Horizontal
illuminances, DF,
view out, HDR for

directionality,
luminance for
contrast

EML via
illuminance meter
method

Questionnaires to
occupants

BR ForumSoPinto

LENI calculated

Measured
illuminances,
Simulated sDA,
ASE, UDI, view out

EML via
illuminance meter
method

Questionnaires to
occupants

BR UniBrasilia

LENI and LPD
simulated via
Design Builder)

Measured
horizontal, vertical,
cylindrical
illuminance, view
out, HDR for
directionality;
simulated DF,
Annual DGP.

EML via
illuminance meter
method

Questionnaires to
occupants

CH CABR

Measured LENI,
LPD

Measured
illuminances, ADF,
Uo, SPD, CCT,
CRI

Qualitative

Questionnaires to
staff

CH NAC

Calculated LPD
and energy use

Measured
horizontal and
vertical
illuminances, UGR,
CCT, CRI

Qualitative

Informal chats

CH BankChina

Total energy use
(kwh), LENI
calculated

Measured
illuminances, ADF,
Uo, SPD, CCT,
CRI, Stroboscopic

Qualitative

Informal chats
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ID ENERGY VISUAL NON-VISUAL USER
ratio, UGR, spot
luminance
DK PsychiatricH Calculated LENI Horizontal Measured M-EDI, Interviews with

based on field
power data and
schedule

illuminance, HDR
for DGP and UGR,
SPD, CCT, CRI Ra

(O]

staff

DK Navitas Energy use for DF, illuminance Measured M-EDI, Interviews with
selected days (logged), HDR CS occupants
DK Rehab LENI calculated, Measured Measured M-EDI, Semi-structured
DIALux simulations illuminances CS, Pattern of light interviews
based on intake with
monitored data wearable sensors
DE IBP_LED Installed power Measured Qualitative Within-subjects
(W/m? 100 Ix) illuminances surveys
DE IBP_Daylight Energy use (kWh) Measured Qualitative Within-subjects
illuminances surveys
DE DIAL - Design values - Informal chats
DE IKEAKaarst Calculated LENI DF, DA, cylindrical M/P ratios Questionnaires to
based on illuminance, DGP, (calibrated ALFA visitors; interviews,
measured usage view out simulations) and survey to
pattern employees
IT AbaziaSanLorenzo | Measured power Measured EML, M/P, M-EDI Interviews with
for different horizontal and (measured for occupants
scenarios vertical daylight, electric
illuminances, lighting, mix)
occupancy
(longitudinal);
SPD, CCT, view
out, shade
properties
NO Norconsult Measured LENI Measured and Qualitative Questionnaires
simulated with occupants
illuminances
(horizontal and
vertical)
ES IDOM Simulated LENI via Measured DF, M/P ratios Questionnaires
Daysim reflectance, (calibrated Lark with occupants
simulated sDA, simulations)
uDI, DGP
SE TheSpark Calculated LENI DF,SPD, vertical M/P ratios KSS sleeping
based on illuminance (calibrated ALFA scale, interviews
measured usage simulations),
pattern Pattern of light
intake with
wearable sensors
US PortlandEC LENI measured, EC optical M/P daylight-driven | Questionnaires to

SHGC, U-Value, properties, EC tint for different times occupants
measured solar status, blinds and EC tints,
irradiance position, HDR for (measured via
DGP HDR)
US DualZoneShade Measured energy =~ Shades properties, Qualitative Questionnaires to
for lighting and measured occupants
cooling illuminances,
lighting energy,
HDR for DGP
US NewYorkCity Measured LENI Measured Qualitative Questionnaires to
illuminances occupants,
(longitudinal), PPD/PMV for
lighting energy, thermal comfort
HDR for DGP
US SoSanFrancisco LPD for different Measured Qualitative Interviews with the
scenarios illuminances facility
(longitudinal), management
lighting energy,
HDR for DGP
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3 Lessons learned

This chapter summarises the lessons learned from the twenty-five case studies as presented in the attached
factsheets, 86 The case studies. The lessons learned were first analysed together and then grouped in
categories, corresponding to the following subchapters.

Figure 3. Word cloud generated from the twenty-five factsheets presented in this report.

3.1 Dramatic reduction of energy demand

For the selected case studies, wise combinations of daylighting strategies, controls, and more efficient light
sources enabled reductions in energy demand for lighting by a factor of four compared with current installations.
Indeed, the energy demand for lighting was around 5 kWh/m2y for many of the office case studies, independent of
the type of office (single occupant or open plan) (Table 4). This is a striking improvement compared to the roughly
20 kWh/m2y found in most current installations and is much lower than the benchmarks provided by EN15193-
1:2017.

Energy demand for lighting is much closer to current benchmarks for case studies relying on traditional light
sources (16.84 kWh/m2y for recessed fluorescent T5 at the BR ForumSoPinto), or newer light sources with higher
efficacy, like the LED T8 replacement lamps used at the BR MME which achieved 17.23 kWh/m2y. Nevertheless,
the opportunities for energy saving in integrated design go well beyond the mere switching to LED. The case
study of the office in US NewYorkCity with 9.79 kWh/m2y for 12.2 m deep perimeter zones showed that 41-59%
of savings were attributable to re-lamping from fluorescent T5 to LED, but as much as 27-51% savings was due to
proper (re)commissioning (setpoint tuning), and 8-14% to control strategies (occupancy sensing and daylight
harvesting). Part of the CN CABR monitored rooms were equipped with T5; a hypothetic switch to LED would
have lowered the energy demand roughly from 6 kWh/m2y to 5 kWh/m2y. Possibly, most of the savings were
already achieved with daylight integration (side windows and tubular skylighting systems). This is a clear
indication that re-lamping alone is not sufficient to exploit the energy saving potential of lighting systems.
Integration must include controls and it should go along with a careful design, as well as a proper commissioning
and recommissioning.

The energy benefits of integration are found also in spaces different than offices. For example, in the retail sector,
the Living Room department of DE IKEAKaarst achieved a 50% of reduction in lighting energy (comparing actual
use of 40.3 kWh/m2y to the EN15193-1:2017 benchmark of 78.1 kWh/m2y). For health care, the solutions
proposed at DK PsychiatricH hospital allowed a 34% reduction in energy demand from 8.20 kWh/m?y to 5.40
kWh/m2y. However, integrated projects should be well-thought and designed to achieve such performances. For
two cases, the Home Decoration department of DE IKEAKaarst did use more energy than the benchmark (84.0
kWh/m2y) since extra electric lighting was used to illuminate products despite there being plenty of daylight. In
addition, given the particularity of the case study, inefficient halogen spotlights were used because of their high
colour rendering. In DK PsychiatricH, the existing lighting system, which consists of efficient LED, results in 60.5%
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