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EXECUTI VE SUMMARY

Singapore has committed to reducing its emissions intensity by 36% from 2005 levels
by 2030. Buildings sector, which is responsible for morethanone-t hi rd of the <co
total electricity consumption, holds a major role in reduction of carbon footprint to

mitigate climate change.

To drive the energy efficiency of buildings, Building and Construction Authority (BCA)
has been working closely with industry and stakeholders towards the target of greening
80% of the building stock by 2030. Since 2005, BCA has rolled out a suite of initiatives
such as Green Building Masterplans, Green Mark schemes and the Green Buildings
Innovation Cluster (GBIC) programme. Besides, various government agencies have
embarked on several national sustainability programmes such as the Sustainable
Singapore Blueprint, Smart Nation initiative and SolarNova, driving a multifaceted
approach towards the development and adoption of sustainable technologies and

solutions for the built environment.

In the past decade, technological advances and intensified national efforts have been
shaping the | andscape of t Sieategapgodunitedagiselnui |t e
developing, deploying and mainstreaming technological innovations to push the

boundaries of building energy efficiency.

These developments have provided a great opportunity and powerful catalyst for
real i zi aspirat®@lobashieving Positive Energy, Zero Energy and Super Low
Energy Buildings (known as Super Low Energy) that are 60-80% more energy efficient
over 2005 levels.

To address challenges and harness opportunities provided by Super Low Energy
(SLE), BCA partnered with industry and academia, including the Energy Research
Institute @NTU (ERI@N) and Solar Energy Research Institute of Singapore (SERIS),
to jointly develop a Technology Roadmap that charts the pathways towards SLE via

development, pioneering and adoption of technologies.



The Roadmap examines a wide spectrum of emerging energy technologies, analyses
their interaction and integration, and explore their feasibilities in our tropical and urban
context. Through technology trending and foresighting, the Roadmap outlines the
broad strategies to help the industry design and develop cost-effective SLE buildings.



1. Il NTRODUCTI ON

Background

Global commitment for a deep cut on CO2 emissions has started a worldwide trend
toward reducing energy consumption and increasing adoption of renewable energy.
Singapore has targeted to reduce emissions intensity by 36% from 2005 levels by
2030.

In Singapore, buildings consume one-third oft h e n adtal etectridity consumption.
Building energy efficiency is critical
the long term challenges of climate change and global warming.

In this context, BCA has set the national target of achieving 80% Green Gross Floor
Area (GFA) by 2030. Since the launch of BCA Green Mark scheme in 2005, more
than 3,300 buildings or 36%?! of the building stocks by GFA has achieved GM
standards. BCA has progressively raised the energy performance of buildings through
a mix of regulatory, incentive and building research and development (R&D)
capabilities. The energy efficiency measures have reaped results where the current
best-in-class building has achieved at least 50% energy savings over 2005 levels, and
thebui | di ng s tEnerdgyse Intensigy (EI) Has improved by 9% since year
20082

Building Energy Consumption Landscape

Singapore consumed about 48,626 GWh of electricity in 2016. Buildings sector
which is responsible for more than one-t hi rd of the count
consumption, holds a major role in reducing carbon footprint to mitigate climate

change.

L As at July 2018
2 Building Energy Benchmarking Report (BEBR) 2017
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ELECTRICITY CONSUMPTION BY SECTOR
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Figure 1: Singapore Electricity Consumption Landscape (source: Energy Mar ket Aut hori ty
Singapore Energy Statistics 2017)

Commercial Building Landscape
For the buildings sector, commercial building, which comprises office, retail, hotel and

mixed development buildings, constitutes about 74% of the total energy consumption.
(See Fig. 2). Office building constitutes close to 45% of the total energy used in the

commercial building stock®.
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Figure 2: Energy consumption by building type in 2017 (source: BCA BEBR 2018 Report)

3 Based on analysis of more than 1,000 Buildings (commercial buildings, healthcare facilities Building
Energy Benchmarking Report (BEBR) for 2018.



Typical Office Building Energy Usages
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Figure 3: Typical Office Building Energy Usages

For a typical office building electricity consumption, mechanical systems such as air
conditioning and mechanical ventilation (ACMV), lighting, vertical transportation, etc
are responsible for the bulk of the energy consumption in a building. Majority of the
electrical consumption in a building is attributed to cooling (60%), mechanical
ventilation (10%) and lighting (15%). (Figure 3). Another active source of energy
consumption are plug loads, which may consume up to 25% of the total building
energy consumption. This is attributed to the extensive use of computers, monitors,
servers in commercial buildings, and mini refrigerators, televisions and other

appliances in guest rooms of hotels.

The average EUI of commercial buildings has improved substantially over the period
from 2008 to 2017. This could be due to a mix of regulatory, fiscal policies and building

R&D capabilities over the last decade.



EUI of Mixed Developments has improved
by 13% since year 2008

EUI of Retail Buildings has improved by
8% since year 2008
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Figure 4: EUI trends for commercial buildings (sour

Educational Building Landscape

Educational building, which includes institutes of higher

61 Mixed Developments

ce: BCA BEBR 2018 Report)

learning (IHLs) and Ministry of

Educationds public school s, I @bott L¥6 ohthex t
total energy consumption.
a) Institute of high learning (IHL) and private colleges/schools

Over the eight-year period from 2008 to 2016, the annual electricity consumption of

IHLs and private colleges/schools had increased at a lower rate of 36%, as compared

to the growth of the corresponding GFA at 57%. The average EUI for universities was
358 KWh/m?.yr and 124 kWh/m?2.yr for polytechnics in 2017.

hig
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Figure 5: EUI trends for IHL buildings (source: BCA BEBR 2018 Report)

Some of the universities and polytechnics have plan to green their campus with a

target to lower energy consumption significantly. For instance, Nanyang
Technol ogi cal University (NTU)OG6s EcoCampus
energy, water and waste intensity for their campus by 2020 (using year 2011 as
baseline).

b) Public Schools

Singapore has about 360 public schools, providing learning environment for more than
400,000 students. Each school typically comprises low-medium rise (i.e. 37 6 storeys)
buildings with around 80% of floor areas that are naturally ventilated. On average,
energy consumption in schools is relatively low (i.e. 20 T 40 kWh/mZ2.yr). Public schools
which are in phases of installing solar panels under the SolarNova programme, have
shown the most potential to achieve Positive or Zero Energy School status with further

energy improvement measures.

Healthcare Facilities

Over the eight-year period from 2008 to 2016, the annual electricity consumption of
healthcare facilities has increased at a faster rate of 55%. In general, healthcare
facilities have an overall increasing EUI trend since 2008. It was observed that the

EUI has increased by 10% over the eight-year period. With the growing demand for



sophisticated healthcare services, there will be a need for hospitals, specialist centres

and polyclinics to place greater emphasis on energy efficiency.
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Figure 6: EUI trends for healthcare facilities (source: BCA BEBR 2018 Report)

Current Research, Development, Demonstration (RD&D) Initiatives

RD&D is a key enabler to accelerate knowledge application and capability building in
Singaporebd6s drive to promote energy efficien

Since 2007, BCA has worked with various agencies to set up research and innovation
programmes to support the national target of greening 80% of the building stock. One
such key programme is the $52 million Green Buildings Innovation Cluster (GBIC)*
funding support from National Research Foundation (NRF), established as a one-stop
hub to experiment, exhibit, and exchange knowledge of promising building energy

efficient solutions with industry stakeholders.

A stock take of existing R&D efforts shows that approximately S$45 million of funding
has gone into supporting close to 70 green building R&D projects to push the energy

efficiency boundaries further (See Fig. 7).

4 GBIC is a one-stop hub to experiment, exhibit, and exchange knowledge of promising building energy
efficient solutions with industry stakeholders. It comprises three major activities, i.e. R&D,
Demonstration and Repository.
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Figure 7: Green Building R&D funding distribution

Research funding has supported several disruptive technologies such as reinventing
air conditioning to cool buildings in the tropics. For instances, separate
dehumidification and cooling functions; develop highly effective desiccant membrane
to remove humidity in air-conditioning with less energy; develop high efficient
alternative cooling systems such as passive displacement ventilation. These

innovations could achieve more than 40% of energy savings on air-conditioning.
The other key areas of R&D focus is on developing cost effective smart building
technologies to make the buildings smarter, greener and healthier, using optimisation,

machine learning, big data analytics and smart controls.

Test-bedding and Demonstration

Besides applied R&D, piloting/demonstration projects that help translate R&D
outcomes to adoption are also emphasised. Piloting project provides an actual
building environment to demonstrate the impact and to realise energy efficiency
opportunities of various emerging technologies at the systems level. A positive and
impactful demonstration will give confidence and enable stronger buy-in from industry
in adopting new technologies and practices.

Zero Energy Building @ BCA Academy, a living lab, was built in 2009. It is South-

East Asiads first retr ofphatovoltait (PX)Ed&etherewithui pped

more than 30 technologies. Over the past 8 years, this building has generated more
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energy than it consumed on an annual basis. As a demonstration and educational

platform, the ZEB has played an important role to testbed and introduce new

technologies to the industry.

“/
T el -

Figure 8: ZEB@ BCA Academy

The launch of the BCA SkyLabi n 2016, t he -niserotatdble fab forithe st hi
tropics, placed BCA at the helm of green building technology R&D arena. The ground-
breaking laboratory provides a platform to support technology test-bedding under real-
world building conditions to determine the integrated technology performance. This
will help minimise risks to building owners when a new technology is deployed to actual

buildings.

Figure 9: BCA SkyLab

Moving forward, BCA is partnering with the Singapore-Berkeley Building Efficiency and
Sustainability in the Tropics (SinBerBEST), a research entity under the National
Research Foundation CREATE Programme, to embark on a major research
collaboration to significantly transform BCA6s Zer o Ener gyintoBui | di n

12



positive energy building, ZEB Plus, which serves as a unique living laboratory for

smart building technol ogi eThecurent ZEBnwhich@dsf i ce o
already been recognised as one of the most energy efficient buildings in Singapore

with stellar energy efficiency50% better than a code-compliant building, will push its

boundaries further. The energy efficiency of ZEB will be enhanced to achieve a further

20% improvement over the current level. Together with the upgrading of the existing

solar PV system, the building will be able to achieve an overall energy surplus of at

least 40%.

ZEB P'US — GOing Beyond ZERO HAWIED HIGH PERFORMANIE DALMALSED

| M NG
DEMEAO CONTROLLED VENTLATIONSYSTEM 7] foran e e e b

Singapore-Berkeley Building
Efficlency and Sustainability in
the Tropics

Figure 10: Proposed ZEB Plus (source: SinBerBEST)

Upcoming Zero Energy Buildings

Zero energy buildings are gaining traction in Singapore. Besides the ZEB@BCA

Academy, there are several ZEB developments in the pipeline.

Nati onal Uni versity of Ze®iEmeggpBuidinggNZEBIABPEYd s f i r

Conceptualised by the NUS School of Design and Environment, the ZEB@SDE?® is
designed to be climate responsive with net zero energy consumption. The six storey
building will feature a range of green building designs, such as harnessing solar
energy, hybrid cooling approach, natural ventilation and lighting.

5The project is expected to be completed by 2019.
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One key aspect of the NZEB@SDE is its contemporary architecture design which

demonstrates a deep understanding of the tropical climate of Singapore.

NZEB@SDE is also designed to consume only as much energy as it produces. This
is made possible by harvesting solar energy using solar PV panels installed on the

roof.

Figurell: Net Zero Energy Building (NZEB@SDE) (Source: NUS)

Integral to the concept of net zero energy consumption for NZEB@SDE is the need to
rethink air conditioning. This resulted in the design of an innovative hybrid cooling

system which ensures that rooms would not be overly cooled.

Rooms will be supplied with cool air at higher temperatures and humidity levels than a
conventional system, and this is augmented with elevated air speeds from ceiling fans.
Coupl ed wi t h NZEB@SDE©OGSs tropical architect

comfortable environment that is also significantly more energy efficient.

14



Singapore Management University Net Zero Energy SMU-X

Another example is the SMU-X, which has obtained funding support from GBIC
programme, to design and construct a new 5-storey teaching and learning facility®.
SMU-X targets to achieve net zero energy building through the use of passive design
to reduce air-conditioning requirements, and to reduce energy demands by adopting
novel energy efficient technologies and experimenting with cutting-edge research

work.

To achieve the Net-Zero Energy target, SMU-X adopted the following approaches:
a) Adoption of Mass Engineered Timber (MET) for its building facades and
roofing design to effectively reduce solar heat gain, and to improve productivity
through time and manpower savings;
b) Tap on highly efficient chiller plant coupled with hybrid cooling system
using Passive Displacement Cooling System;
C) Integrate innovative technologies on a smart building solution platform to
improve the overall building energy performance

In addition, SMU-X will also see the widespread use of highly efficient solar PV on its

roof and veranda to generate sufficient electricity to offset the energy consumption.

Figure 12: Singapore Management University Net Zero Energy SMU-X (Source: SMU)

6 The project is currently in construction phase and is expected to be completed by 2020/21.
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2. DEVELOPMENSIL OECHNOL ®R®WA D MAP

Objectives of Technology Roadmap

BCA has set a long term aspiration goal for positive (PE), zero (ZE) and super-low
(SLE) energy for low, mid and high-rise typical buildings in Singapore.

To support realisation of the goal, BCA embarked on a technology roadmap study of
the SLE for the Tropics, with the objectives of evaluating the technological feasibility
of SLE in the current and near future scenarios and to identify key emerging
technologies and recommend future R&D areas to advance SLE in the Tropics.

BCA partnered Energy Research Institute at Nanyang Technological University
(ERI@N) and Solar Energy Research Institute of Singapore (SERIS) on the
Technology Roadmap study.

Feasibility Studies Industry Consultation | SLE Tech. Roadmap

winternational scan ol ind_ustry engagement w>60 technologies identified
uData analysis ( >1,200 sessions/workshops oFFuture RD&D
buildings) w> 10 interviews with recommended

uModelling simulation stakeholders wmplementation &
oSite validations uSurvey 124 stakeholders adoption plan
recommended

Figure 13: Development of SLE Roadmap

The study started by reviewing two existing technology roadmaps developed in 2014,
i.e. Building Energy Efficiency (BEE) R&D Roadmap and Solar PV Technology
Roadmap. The BEE roadmap set normalised Energy Efficiency Index (EEI) targets

16



to achieve improvements in the EEI by 40% (moderate adoption) to 60% (aggressive
adoption) over 2013 best-in-class buildings (GM Platinum as a proxy) by year 2030.

The corresponding EEI for office building is as shown in Table 1 below.

EEI (KWh/m?/year)
Improvement | Improvement
2013 GM over 2013 over 2005
2005 Platinum GM Platinum levels by
Year Levels Building 2016 2020 2030 by 2030 2030
Moderate 244 143 131 114 86 40% 65%
Aggressive 244 143 122 101 57 60% 7%

Table 1: Targets setting BEE Roadmap by 2030

SLE Technology Roadmap recommends stretched R&D targets to achieve
improvements in the EEI by 60% over 2005 industry levels by 2018 and 80% by
year 2030. The corresponding EEI for office building is as shown in Table 2 below.

EEI (KWh/m?/year)
Improvement over
2005 2005
Year Levels 2018 2020 2025 2030 by 2030
SLE
Roadmap
Target 244 100 85 60 50 80%

Table 2: R&D Targets setting for SLE Technology Roadmap by 2030

International Case Studies

A scan of global international zero energy building initiatives and case studies were
carried out to review emerging technologies suitable for the topic. The findings of this
review aimed at broadening the understanding of existing high performance buildings
and serve to corroborate the possibility of technology integration and energy-efficiency
t hat be eved in Singaporeos

can achi

Industry Consultation
Since the beginning of the roadmap development, strong emphasis was placed on the

stakeholder engagement through a consultative process. Four thematic workshops

were conducted with focus group discussions for different types of buildings, i.e.

17
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schools, medium rise and high rise office buildings. More than 10 interviews and

engagement sessions with agencies and companies.
Survey was conducted with over 120 respondents from the industry, academia and

stakeholders. Over 80% of the participants gave positive responses to the SLE

aspiration and support developing a SLE initiative in Singapore.

Energy Modelling of Integrated Solutions

Energy-modelling studies were carried out on different typologies of buildings, with
focus on office and school buildings, to assess the energy-savings potential of an
integrated energy-efficient design. Design iterations were carried out on the energy
models, introducing advanced technologies in lighting, envelope, plug load
management, ACMV systems, controls and renewable energy using market-available
solutions. This progressive approach led to final energy models, representative of the

current and future (2030) technical potential of each building typology.

Building Data Analysis and Site Measurement

The study analyzed more than 1,200 building data from BCA Building Energy
Benchmarking Report (BEBR) 2016 and Ministry
explore the feasibility of these building stocks to achieve Positive, Zero and Super-Low

energy using moderate and aggressive assumption scenarios.

In this study, 12 schools were selected for site investigation on their energy
consumption pattern, indoor environmental quality, and potential areas for

improvements with existing or emerging technologies.

Expert Peer Reviews

Peer reviews by international experts and local industry and academia experts were
carried out to seek comments on the efforts required to strengthen Singapore's
position as a global leader in green buildings in the tropics, and comments on the
emerging technologies and future RD&D to achieve SLE.

18



3. DEFI NI TI ONS IO HFEWNERIGY, RERO EN
SUPER LOW ENERGEYN@UI

The important first step is to create a common definition of a Super Low Energy
suitabl e for Si @wrahe globe, there areonrany elifferent definitions
of ZEB, mainly to suit the local context and address the practicality of achieving ZEB
in these countries. INnSi ngaporedés context, the Zero Ene
N The -imelass energy performing Green Mark building with all of its energy
consumption, including plug load, supplied from renewable sources (both on-

site and off-site) o .

Under the challenges and c¢ on wuthaniaed landscape,f Si ng
a balanced approach in spurring renewables adoption, in particular solar technology
to achieve zero energy, is recommended. Nonetheless, building development should
maximise the on-site renewable sources first before exploring off-site renewable

sources.

The approach of attaining a ZEB is by first achieving low energy consumption through
passive and active energy efficiency measures, followed by the use of renewable
energy to supplement the remaining load. In this respect, the pre-requisite for ZEB
should achieve at least 60% energy savings from 2005 levels.

ZEB

7

Generation >
Consumption

Consumptlon > Min. 60% 2005 levels
Generation energy savings

Renewable Energy Generation (KAVh/m?.yr)

v

Energy Consumption (KWh/m?.yr)

Figure 14: Graphical representation of PEB, ZEB & SLEB definitions
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A structured and expanded definition for ZEB, i.e. Positive Energy, Zero Energy, Super

Low Energy Building that is applicable to specific building types was defined as shown

below.

Category

Energy Efficiency’
(Beyond GM Platinum)

Renewable Energy (RE)
vs Energy Consumption
(EC)

Examples

Positive Energy

Zero Energy

Super Low
Energy

60% Energy Savings
over 2005 level

RE >= 110% EC

Public schools;
Camps;
Landed Houses, etc.

RE >=100% EC

Mid-size office
buildings and IHL
buildings, etc

High-rise commercial
buildings, etc

Figure 15: PEB, ZEB and SLEB definitions

7 Current best in clagsM Platinum building is able to achieve 50% energy savings over 2005 level

20



4. KEY TECHNOL OGIAECH | HOE SUPER L
ENERGY

In order to prioritize technologies and strategies to cut energy-consumption in
buildings, a number of key-action areas have been identified within the four broad
areas: Passive Strategies, Active Strategies, Smart Energy Management and

Renewable Energy.

Besides, user behaviour is critical in reducingab ui | di n g éssconpume apout o a d

25% of the total building energy consumption.

Net Zero

|

Renewable Energy >

Energy Consumption

v

Passive Strategies Active Strategies Smart Energy
Management

Sunlight Shading & Aj ditioni o .
Daylighting ir-conditioning Building Automation
- Mechanical
Natural Ventilation ildi
. o . Plug Load
Dynamic Facade Lighting Technologies Ma:agge?]:‘ent

Figure 16: Energy reduction strategies towards SLE

Passive Strateqgies

Passive strategies are a fundamental prerequisite in the design of energy-efficient
buildings, as these integrate energy efficiency and project-specific parameters (as
microclimate, material proprieties and functionality) into the skin and bones of the
building. Most of the passive solutions belong to standard good building and design
practices, and must be attentively tailored to each specific context. In the context of
retrofitting an existing building, the possibility of implementing passive solutions might
be limited and complicated, requiring in some cases consistent structural and

21



architectural changes to correct the physical features of a building, and must therefore

be assessed case by case.

Active Technologies

Active systems, typically mechanical systems such as air conditioning, mechanical
ventilation, lighting, vertical transportation, etc, are responsible for the bulk of the

energy consumption in a building.

In the commercial office building, the majority of the building electrical consumption is
attributed to cooling (60%), mechanical ventilation (10%) and lighting (15%). Another
active source of energy consumption is plug loads. These loads may consume about
25% of the total building energy consumption due to an extensive use of computers,
monitors, servers in commercial buildings and mini refrigerators, televisions and other

appliances in guest rooms of hotels.

Smart Enerqgy Management System

Building management system (BMS) is a control system that can be used to monitor
and manage the mechanical, electrical and electromechanical services in a given
facility. Such services can control, among other appliances, power, ventilation, air-
conditioning, physical access control, pumps, elevators and lights. These systems
improve energy-efficiency by allowing a usage of the appliances tailored to the real

needs, saving on operation and maintenance costs, and improve occupancy comfort.

One of the most fast-growing and dynamic technologies towards net zero is the smart
building technologies. Through tapping on Internet of Things (loT), advanced sensors,
big data analytics, smart technologies have shown a potential of saving an estimated
8-18% of total building energy consumption and providing a host of non- energy
benefits®. Through R&D, substantial progress has been made in areas such as data-

driven optimisation, model predictive control of multiple systems, etc.

Renewable Energy Technologies

Solar energy is currently the most feasible source of renewable energy for buildings to

offset their energy consumption in Singapore. Singapore receives an annual average

8 Smart Buildings: A Deeper Dive into Market Segments, American Council for an Energy-Efficient
Economy (ACEEE), 2017

22



irradiance of 1,636 kwWh/m? per year, which can be utilised through photovoltaic (PV),
by converting sunlight into electricity, and solar thermal, producing hot water. This

report will focus mainly on solar PV.

To achieve PE- ZE- status, the energy budget is strongly determined by the solar PV
out put of the building. Hence it is 1in
PV output. Fig 17 illustrates the efficiencies of commercially available PV modules. Fig

18 shows the current achievable and future projected energy factor for PV.

Technology EfflE:O|/oe)ncy Manufacturers (examples)
High- . 197 22 Panasonic, SunPower
efficiency Si

. . Jinko Solar, Trina Solar, Kyocera, Hanwha-SolarOne,
Mono-Si 1719 Canadian Solar, Hanwha-Q-Cells, LG

REC Solar, Jinko Solar, Trina Solar, Soltech,
Multi-Si 167 18 Mitsubishi, Sunrise Solartec, Motech, Mission Solar,
MegacCell, JA Solar, Yingli, Gintech, Suniva, Hyundai,
Suntech, LG

Thin film 14171 16 Solar Frontier (CIGS), First Solar (CdTe)

Figure 17: Efficiencies of commercially available PV modules, tested at standard test conditions (1000
W/m?2 and a cell temperature of 25°C)?

Year Energy factor (BAS) (MWh/m?) Energy factor (ACC) (MWh/m?)
201710 0.18 0.18
2025 0.28 0.32
2030 0.29 0.36

Figure 18: Energy factor for 2017, 2025, and 2030.

Strateqies to Impact User Behaviour

Plug loads are generally referred as an electrical energy consumption due to the use
of equipment plugged into an outlet, categorized as electronics, plug loads within
traditional end uses, and miscellaneous loads. Equipment commonly contributing to

plug-load energy comprises Audio/Video equipment, Computers and Monitors, Gym

9 SERIS Research and Fraunhofer Institute for Solar Energy Systems, Photovoltaics Report, 12 July
2017.

102017 values based on actual values?® rather than predicted values.

23
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and Training Equipment, Laundry Equipment, Office Occupant Comfort (desk lamps,
AC units, fans), Printers and Scanners, Kitchen and Breakroom equipment, Lab
Equipment, etc. (NBI 2012).

Plug load is a substantial energy end-use in office buildings in its own right, but also

significantly contributes to internal heat gains.

BCA Building Energy Benchmarking Report (BEBR) shows that the t enant s o
electricity consumption, including plug loads, is half of the total buildings'
electricity consumption for office and retail buildings. There is scope for building
owners and tenants to work together more closely to reduce their energy footprint.
Technologies to influence user behaviour need to be explored as well, to reduce

plug load energy consumption.

Details of the current technologies to achieve SLE are shown in Annex A.
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5. FEASI BI LI TESSTUD

The roadmap studied potential impacts, technical feasibilities, and implementing
pathways towards SLE using today and future technologies. Based on stocktaking
and technology foresighting, it identified more than 60 solutions from existing
technologies and emerging R&D innovations under four broad strategies (i.e. Passive
Design, Active Systems, Smart Energy Management and Renewable Energy), to be

supported over the next 5 - 10 years in order to develop and deploy the SLE solutions.

Feasibility Study of SLE with Current Technologies

Positive Energy for Low-rise Building

One of the key focus areas in this study

Singapore has about 360 public schools, providing learning environment for more than
400,000 students. Each school typically comprises mainly low-medium rise (i.e.3 71 6
storeys) buildings with around 80% of the floor areas that are naturally ventilated. On
average, energy consumption intensity in schools is relatively low (i.e. 20 i 40
KWh/m?2.yr).

The feasibility study shows that achieving a positive or zero energy school is possible
with the incorporation of currently available technologies. These include LED lighting,
cool paint, energy efficient ceiling fan, lighting dimming system etc. as well as

renewable energy from the solar PV system.

The study concludes that over 60% of the 360 existing schools in Singapore has the
potential of achieving Positive energy or Zero energy status, by deploying solar PV
and adopting a series of energy efficiency improvement measures, as shown in Fig
19. It also shows there are tremendous benefits to carry out the ZEB upgrading
together with the improvement of indoor environmental quality for a more conducive
learning environment, as well as using the ZEB as an opportunity for a national

environmental sustainability education for the future generation.

25



6000

Total energy (MWh)

-

BASE MODEL LED LIGHTINGIN  IMPROVED COP+  REPLACEMENT OF ENERGY EFFICIENCY LED INALLSPACES DAYLIGHTBASED  ESTIMATION OF
ESTIMATED ENERGY COMMONAREA + COOLPAINT +DGU CEILING FANS INNV MEASURES & (INCLUDING DIMMING IN ELECTRICITY
USAGE (MWH) STAFFROOM (NOT INCLUDING CLASSROOMS&  POLICIESFORPLUG  CLASSROOMS) CLASSROOMS GENERATED INA

REDUCED CANTEEN LOADS YEAR (MWH/YR) BY
INFILTRATION) SERIS

Figure 20: Total Energy Consumption breakdown for low-rise school building (in MWh)

Zero Energy for Medium-rise Building

The main challenges for medium to high rise buildings to achieve ZEB status are
constraints of rooftop space, and high air-conditioning area which accounts for 70% to
90% of the total gross floor area for a typical office building.

Study has shown that to achieve ZEB in medium-rise (6 to 7 storeys) office buildings,
a paradigm shift of building design would be required. For example, greater adoption
natural ventilation or hybrid system of ventilation in office spaces would have to be

considered.

Different strategies were simulated for office buildings as shown in Figure 21. In this
simulation, the approach is to reduce energy consumption by having good passive
designs, follows by adopting high efficient AC, smart lighting system and plug load
reduction strategies. The balance of energy is then fully covered by the PV installation
on the roof top, covered walkways/ link ways/ carparks and extension of roof as a
cantilevered structure, to achieve ZEB status. The list of possible strategies to
achieve ZEB is as shown below:

A Natural ventilation (NV) in all ancillary spaces like corridor, toilet, staircase
A Improved Glass/Wall construction & shading

A Ambient-Task Lighting

A Reduced Plug loads
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Hybrid AC System
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High efficiency VVVF-Regen lifts
Reduce% AC space (57% AC)
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Figure 21: Total Energy Consumption breakdown for 7-storey office building (in MWh)

Super-Low Energy for High-rise Building

Different strategies using current cutting edge solutions were simulated as shown in
Figure 22 to bring down the corresponding reduction in energy use below
100kWh/m?/yr, to make it possible to be super-low energy with 60% energy savings
over 2005 levels.'! The list of possible strategies to achieve SLEB is as shown below:

NV in all ancillary spaces like corridor, toilet, staircase
Improved Glass/Wall construction & shading

Ambient-Task Lighting

= =4 A -

Reduced Plug loads

11 EEI for office building using the standards and codes from 2005 was seen to be 244 kWh/mZ/yr.
Current BCA Green Mark Platinum office buildings can achieve about 120-140 kWh/m?2/yr.
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1 Hybrid AC System
1 High Temperature CHWS
1 High efficiency VVVF-Regen lifts

Baseline model EEI+176kWh/m?2/yr

Final proposed EEI 72 kWh/m?2/yr

Figure 22: Total Energy Consumption breakdown for 20-storey office building (in MWh)

Feasibility Study of SLE with Future Technologies

In order to assess the potential of achieving SLE in the medium (2025) to long term
(2030), further studies and simulation were carried out based on the projected

technology improvement.

The study shows that with further technological developments and R&D, it would be
viable for a typical medium rise office building to achieve ZE by 2025 and PE by 2030.
High-rise office building could attain EEI of 50 kWh/m?/yr or below, making it possible

for super-low energy with 80% energy improvement over 2005 levels.
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