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What is Green Mark?

The Building and Construction Authority (BCA) Green Mark scheme was launched in 2@9%rand
internationally recognised green building rating system tailored for the tropical climate. Green Mark
sets parameters and establishes indicators to guide the design, construction and operation of
buildings towards increased energy effectivenessamuaanced environmental performance.

BCA Green Mark is comprised of a number of distinct rating tools that together holistically rate the
built environment for its environmental performancéheseinclude:

New Buildinggncluding NorResidential, Residetiand Landed Housing

Existing Buildingsncluding NorAResidential, Residential and Schools

User Centrigncluding Office Interior, Retail, Supermarket, Restaurant and Data Centres
Beyond Buildingsncluding Districts, Parks, and Infrastructure

Green Mark015
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Green Mark for New Buildings(Non-Residential) 2015 is the fifth edition of the Green Mark scheme
for new buildings. Developed with extensive industry collaboration and 10 years of Green Mark, this
version delivers:

A streamlined criteria thadddresses sustainability in a more balanced and holistic manner
Greater Emphasig, climatically contextual design, energy effectiveness, greater focus on
health and wellbeing of building occupants, smart buildings, and a systematic approach to
addressing embaddd energy and resource use.

1 Recognises the design process and encourages due processes to respond to site context which
facilitates sustainability to be considered at the early project stagadere there is the
greatest opportunity for low cost, high rewdoptions to be implemented.

1 Green Mark itself becomesdesign guide and accessible to professionals, students and the
population at large

1 Acollaborative frameworlc with 102 external industry members involved in its setting of

metrics, assessment methednd performance levels.

1
1

Why Green Mark?

Green Mark provides a consistent method to assess and verify buildings for their overall
environmental performance which assists project teams to deliver a more sustainable built
environment and encourages best ptice and market transformation.

Green Mark 201%provides a platform to recognise and make mainstream|éaelershipneeded to
drive creative, organisational & technical improvemeimasthe overall environmental credentials of
projects. It aims to furtheistretch building outcomedo substantially reduce the environmental
impacts and increase the lifgycle quality of projects.

The assessment process of Green Mark is based on a face to face assessment with BCA Green Mark
officers, thus the assessments aiigorous, independent from commercial interests and fair. BCA
Green Mark is 1ISO 9001 certified for its quality assurance processes ensuring a robust system is in
place for project certification.
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Outcomes of Green Mark 2015

Green Mark aims todrive sustaindility outcomes enabling us to develop a high quality
environmentally sustainableuilt environment for our current and future generations.

Climate Responsiveness

A Green Mark building demonstrates its emissions reduction and its resilience to the effelitsate
change. This means that the building will have a closer connection to the climate in which it is located
through considered contextual design that take advantage of climatic vernacular as well as low carbon
active technology.

Resource Stewasthip

l'a adSéFNRa 2F GKS SIFENIKQa NBaz2dzNOSaxz || DNBSy 6
reduce its environmental footprint over the building life cycle. The building will demonstrate its
effective management of energy, water and waste &dl\as the use of physical resources including

the choice of construction materials and construction methods, the material finishes, and the
embodied energy of the building.

Health & Wellbeing

A Green building shall contribute positively to the healtid amellbeing of the user. It should be
comfortable and a healthy conducive environment that is fit for its purpose. This ensures that the built
environment enhances its vibrancy and liveability which is important for human health.

Conservation of Ecologic8ystems
A Green Building considers its wider impact on the biosphere through the integration of nature and
protection of natural systems including flora and fauna.
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Assessment Process

The BCA Green Mark Certification Process is as follows:

Application PreAssessment Verification

Submittal of application with § A preassessmentwudit will f Actual assessment to be ¢ Site verification to be

relevant supporting documents be conducted to give the conductedonce the design and conducted upon project
for certification upon finalisation project team a better documeriary evidences are  completion.
of building design. understanding of the criteria  ready.

and evaluation of the  Site  verification  process

certification level sought. ¢ Agsessment process includes includes review of delivery

design and documentary reviews records, updated documents or
to verify if the building project green features, building energy
meets (i) the intents of the performance data and
criteria and certification level photographic evidences. Site
and (i) the prerequisite  inspection and measurement
requirements. will be conducted.

Upon acceptance of application an
fee payable, a BCA Green Mai
Assessor will be assigned for th
duration of the project.

1 For projects with potential B 1 For projects with BCA G6l¢t
Green Mark GoR¥sand Platinum and Platinum rating, energy
rating, there is a requirement for  savings based on the actual
projects to be presented and building operating data and
assessed by panel members. parameters will be required to

ascertain the energy
performance of the building

Green Mark 2015 Ratings

The environmental performance of a building development shall be determined by the numerical
scores (i.e Green Mark points) achieved in accordance with the applicable criteria using the scoring
methodology and the prerequisiteequirements on the level of building performance as specified in
this Green Mark scheme document. Under this assessment framework, points are awarded for
incorporating sustainable design features and practices, which would add up to a final Green Mark
Sore. Depending on the level of building performance and Green Mark Score, the building
development will be eligible for certification under one of the ratings namely BCA Green Mark Gold,
Gold*YSor Platinum. For Singapore projects Green Mark Certifiedl lehall be tied to the
Environmental Sustainability Regulations. The design of the building development shall also meet all
the relevant mandatory requirements regulated under the Building Control Regulations.

The Green Mark Score of the building desigythe total of all the numerical scores (i.e. Green Mark
points) assigned based on the degree of compliance with the applicable criteria. The following table
states the corresponding Green Mark Score to attain the respective Green Mark rating namely BCA
Green Mark Gold, Gof§d“Sand Platinum. Buildings must also fulfil their respective-igguisite
requirements to attain the respective Green Mark rating. The total points scored include the bonus
points scored under Advanced Green Efforts

GREEN MARK 20[LF-OR PILC



BCA Green Markvard Rating

Green Mark Score Green Mark Rating

Green Mark Platinum
Green Mark Goltvs
Green Mark Gold

70 and above
60to< 70
50 to < 60

Green Mark Certified is equivalent to the BCA Regulation for Environmental Sustainability

Criteria Overview

To dbvetail the criteria with the sustainable outcomes of Green Mark 2015, the criteria will-be re
structured into 5 sections, with 16 criteria and 79 sustainability indicators.

Section 2: Building

Energy Performance

This section’s measures energy
effectiveness of a building via the
energy efficiency of its systems, total
building energy consumption and the
adoption of renewable energy.

Section 4: Smart & Healthy Building
This section will be enhanced to
look deeper into smart control
strategies and indoor environmental
quality management, for enhanced
liveability among Singapore’s
community and end-users and spur
the necessary behavioural practices
for greener buildings.

Section 1: Climatic

Responsive Design

This section recognises the
fundamental design and leadership
required to develop a sustainable
building for the tropics, and rewards
the design approach and decisions

at the conceptualisation, design
construction, handover and operation
of a building.

Section 3: Resource Stewardship
This section rewards buildings
designed to conserve and use
resources such as water, waste and
construction materials responsibly
during construction through to
building operation.

Section 5: Advanced Green
Building Efforts

This section recognises the
implementation of industry leading
strategies, designs or processes
that demonstrate exceptional levels
of sustainable performance or
innovation.

GREEN MARK 20[LE-OR PILC
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Green Mark 2015 Indicators

S/IN Item Points Page
Pre Requisites
P01¢ P22 | Prerequisites for All Projects NA 9
P.23¢ P38 | Prerequisite Requirementg Gold, Gol8-VSand Platinum | Varies 44
Awards
1.01 Leadership 10 66
1.01a| Climatic and Contextually Responsive Brief 1 67
1.01b| Integrative Dsign Process 2 68
1.01c| Environmental Credentials of Project Team 2 69
1.01d | Building Information Modelling 2 70
1.01le| User Engagement 3 73
1.02 Urban Harmony 10 76
1.02a| Sustainable Urbanism 5 77
1.02b| Integrated Landscape and Waterscape 5 84
1.03 Tropicality 10 89
1.03a| Tropical Fagcade Performance 4 90
1.03b | Spatial Quality and Internal Organisation 2 94
1.03c| Ventilation Performance 4 95
2.01 Energy Efficiency 7 100
2.01a| Air Conditioning Total System Effiacy 4 101
2.01b| Lighting Efficiency 3 103
2.02 Energy Effectiveness 15 104
2.02a| Building Energy 11 105
2.02b| Car Park Energy 2 106
2.02c| Receptacle Energy 2 107
2.03 Renewable Energy 8 108
2.03a| Feasibility Study 0.5 109
2.03b| Solar Ready Roof 15 111
2.03c| Replacement Energy 6 113
3.01 Water 8 116
3.01a| Water Efficient Systems 3 117
3.01b| Water Monitoring and Leak Detection 2 122
3.01c| Alternative Sources of Water 3 126
3.02 Materials 18 127
3.02a| Sustainable @nhstruction 8 128
3.02b| Embodied Energy and Life Cycle 2 134
3.02c| Sustainable Products 8 135
3.03 Waste 4 141
3.03a| Environmental Construction Management Programmes| 1 142
3.03b| Operational Waste Management 2 144
3.03c| Provision of Recycling Systeon Horticultural or Wood 1 145

Waste

[LFFOR PILC



S/IN Item Points Page
4 art and Hea Bullding 0 40
4.01 Indoor Air Quality 10 147
4.01a| Occupant Comfort 2 148
4.01b| Outdoor Air 3 153
4.01c| Contaminants 5 158
4.02 Spatial Quality 10 164
4.02a| Lighting 6 165
4.02b | Acoustics 2 174
4.02c| Wellbeing 2 180
4.03 Smart Building Operations 10 184
4.03a| Energy Monitoring 3 185
4.03b | Demand Control 3 188
4.03c| Integration and Analytics 3 191
4.03d| System Handover and Documentation 1 195
Green Mark Points Tl | 120
5. Advanced Green Efforts 20 200
5.01 Enhanced Performance 15 201
5.02 Demonstrating Cost Effective Design 2 202
5.03 Complementary Certifications 1 203
5.04 Social Benefits 2 204
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0. Prerequisite Requirements

The prerequisites for Green Mark 2015 sets the minimum environmental considerations tt
projedi aKI f f RSY2yaidNI 4GS ol aSR 2y AyRdzidNE
.dzZAf RAY3 /2y iNRE ! OGQa ! LIWINPOSR 520dzySyi
government bodies where relevant.

The prerequisite section has been orgaed to lead the project team through the variot
performance requirements necessary to achieve the level of rating desired.

The prerequisites for all projects must be achieved in order to progress to score Green Mark |
in the 5 main green mark seatis.

Prerequisites for AllProjects:
P.0%P.22 shall be achieved by all projects in order to be eligible for Green Mark Certification.
Prerequisites for Gold Gold™YSand Platinum

All prerequisites above shall be met with the applicable additioeglirements in P.2%.38.

GREEN MARK 20[LF-OR PILC



Prerequisite RequirementsAll Projects

PO1
P02
PO3
P04

P05

P06
PO7
P08
P09
P10
P11
P12
P13
P14
P15
P16
P17
P18
P19
P20
P21
P22

EnvelopeThermal Transfer Value (ETTV)
Maximal Thermal Transmittance for Roof
Air tightness and leakage

Air Conditioning Design System Efficiency
Permanent Instrumentatin for the Measurement and Verification of Air Conditioning
Systems

District Cooling System Efficiency

Energy Recovery Systems

Refrigerants

Minimum Ventilation Rate

Filtration Media for Times of Pollution
Thermal Comfort

Minimum llluminance Levels

Artificial Lightingenergy Performance
Visible FlickeFree Lighting

Vertical Transportation Efficiency
Electrical Suldetering & BMS

Energy Systems Controls

Water Efficient Fittings

Cycle of Concentration for Cooling Towers
Low VOC Paints

Sound Level

Bicycle Parking

GREEN MARK 20[LF-OR PILC



P.01 Envelope Thermal Transfer Value (ETTV)

Intent

To reduce air conditioning energy consumption to cool the indoor environment of the building due to
thermal heat gain through the buildingdade.

Scope
Applicable to all buildings with GER000nt and airconditioned areask500 nt.

Assessment

QX
(V)]
[N

18 RSGSN¥AYSR Ay | 002 NRI Y Odfe ob ErvefopeiTkefmamPariianaatel

for Buildingg = GKS 9¢¢+ akKlftf y20 SEOSSRY

Table P.0 -1 Maximum ETTV

Level of Award Maximum ETTV

45W/m
45W/m
40W/m?
38Wim*

Guidance Notes

At Design Stage:
Submission of the following:

1 ETTV calculation

1 Architectural elevation drawings showing the composition of the different facade or wall
systems that are relevd for the computation of ETTV

1 Architectural plan layouts and elevations showing all thecairditioning areas

1 Extracts of the tender specification or material schedules showing the material properties of
the fagcade and external walls

Verification (As Bilt):
Submission of the following:

1 Purchase orders/ delivery orders of the facade and external wall system
1 Ashbuilt material schedules showing the material properties of the fagcade and external walls
1 Revised ETTV calculation in the event of any desigmelsahat negatively affect the ETTV

References

! {Ay 3l L2 NB oHnnyo W/ 2RS 2y 9y @St 2 LIS ¢ KSNYI § t
http://www.bca.gov.sg/PerformanceBased/others/RETA.
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http://www.bca.gov.sg/PerformanceBased/others/RETV.pdf

P.02 Roof Thermal Transfer

Intent

To reduce thermal heat gain through the building roof.
Scope:

Applicable to all buildings with GE&00n?

Where a building is partially adonditioned and the aggregate aionditioned area is < 500irthe U-
value for the gross area of the roof shall adhere to Table-R.88 well.

Assessment
For buildings with aggregate aironditioned areax500n?

For roofs with skylights, the Roof Thermal Transfer Value (RTTV) as determined in accordance with the
formula setout in theCode on Envelope Thermal Performance for Buildings shall not exceed 50W/m

For roofs without skylights, the average thermal transmittancedllie) for the gross area of the roof
shall not exceed the limit prescribed in the table below for theresponding weight group:

Table P.021 Maximum Thermal Transmittance for roof of-aimditioned building
Maximal thermal
Weight Group Weight Range (kg/rf) transmittance¢ U-value
(Wm2K?)
<50 0.5

50 to 230 0.8

> 230 1.2

Fornon-air-conditioned buildings and buildings with aggregate @ionditioned area < 500/

For roofs of predominantly neair conditioned buildings, the Aalue for the gross area of the roof
shall not exceed the limit prescribed in the table below for theresponding weight group:

Table P.022 Maximum Thermal Transmittance for roof of rain-conditioned building

Maximal thermal
Weight Group Weight Range (kg/rf) transmittance¢ U-value
(Wm2K?)
<50 0.8
50 to 230 11
>230 15

Thelimits stipulated in Table P.@2does not apply to open sided sheds, linkways, covered
walkways, store rooms, utility rooms, plant rooms and equipment rooms

GREEN MARK 20[LF-OR PILC



Guidance Notes

At Design Stage:
Submission of the following:

1 RTTV calculation or-tAlue calclations

1 The weight calculations of the various roofs and their detailed cross section

1 Architectural plan layouts and elevations of the roof areas and theaditioned spaces

1 The weight calculations of the various roofs and their detailed sectionalidgavef the roof

composition
1 Extracts of the tender specification or material schedules showing the material properties of

the roofs
Verification (As Built):

Submission of the following:

9 Purchase orders/ delivery orders of the roof materials
1 Ashbuilt material schedules showing the material properties of the roof
1 Revised RTTV or U value calculation in the event of any design changes that negatively affect

those values

Definitions

Roof Thermal Transfer Value (RTP/ineasure of the average heat gain iatbuilding through its
roof.

References

A {Ay 3l L2 NB OHNNyO W/ 2RS 2y 9y @St 2 LIS ¢ KSNXI §
http://www.bca.gov.sg/PerformanceBased/others/RETV.pdf

GREEN MARK 20[LF-OR PILC
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http://www.bca.gov.sg/PerformanceBased/others/RETV.pdf

P.03 Air tightness and leakage

Intent

To design the building envelope to prevent uncontrolled air leakage, andrtmiisise any infiltration
of pollutants and hot and humid air from outdoors

Scope:
Applicable to all building envelopes bounding@ndtioned spaces.
Assessment

All windows on the building envelope shall not exceed the air leakage rates as specified in SS 212:
2007¢ Specification for Aluminium Alloy Windows.

Guidance Notes
At Design Stage:

QP declaation that design of the faestrations and the onsite construction quality will ensure air
leakage ratesvill not be exceeded

Verification (As Built):
Submission ofiatightness & leakageerification report
References

Singapore Standard 212 (200¢f LISOA FA OF (A 2y T2 NJSPRINBYShgapodeY | ff 28 GAYR264¢%

L{h odtTH o6HnncL WY¢KS NYyDeterminibionsfaiNdérimgalilly ofbdildirigszh présauyisatidn
YSUK2RQ LYGSNYytridazytt {dFyRFENR&E hNBHFIYA&LGAZY ®
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P.04 Air Conditioning System Efficiency

Intent

Air conditioning syems are one of the most energy intensive comporsftthe base buildingAir-
conditioning systems should be sized based on an accurate peak building cooling load as well as the
cooling load profile so as to meet the operating load conditions with opteffatiency. Various
combinations of chillers should be considered and designed to match the intended building cooling
load profile during operation for better energy performance.

Where the cooling capacity of any-camditioning system exeds 30 kW, the equipment
shall comply with the relevant provisions of SS 530: 2@@dde of Practice for Energy Efficiency
Standard for Building Services and Equipment and SS 553: Q6B ofPractice forAir-Conditioning
andMechanial Ventilation in Bildings.

P.04 (ixx Water Cooled Chilled Water Systems
P.04 (ii) Air Cooled Chilled Water Systems and Unitary Systems

GREEN MARK 20[LF-OR PILC



P.04 (i) Water Cooled Chilled Water Systems

Scope

Applicable to aikconditioned building areas with an aggregabecanditioned floor area500n¥ using
a central water cooled chilled water system. The plant efficiency includes chillers, associated pumps
and cooling towers.

Assessment

The design system efficien@SEDdf the chilled water plant shall be computed based on the simulated
operational design load profile with the power inputs of the various system components selected over
the operating range of the cooling load conditions.

The following minimum design system efficiencies must be met:

Table P.04 Minimum Design System EfficienéyVater Cooled Chilled Water Plants
Green Mark Rating Building Cooling Load (RT)

<500 RT
0.8 0.7
0.75 0.68
0.7 0.65
0.68 0.65

Building Cooling Load is determined based on the peak load on the design day. The Design System Efficiency
(DSE) is based upon tiperational Design Load which is determined by the average load profile through an
annual heat load simulation

Guidance Notes
At Design Stage:
Submission of the following if applicable:

9 Simulated cooling load profile over the operational hours prescrioed the inputs used

1 Plan layouts showing the mode of ventilation of spaces within the building as well as the
location of the plant room and cooling towers.

1 Technical specifications and product information of the various components of the building
coolng system designed for.

9 Detailed calculations of the part load power consumption of the various components over
the operational design load profile

1 Pump head calculations

Verification (As Built):
Submission of the following if applicable:

91 Delivery order®f air conditioning system
1 Completed Operational System Efficiency report of the air conditioning system detailing the
total operational performance measured over a 1 week period.

GREEN MARK 20[LF-OR PILC



Definitions

Design System Efficiency (DIi6jal kW/Rbased on the callation ofthe system power input (kWh)
over the total building simulated operational design load (RTh).

Peak building cooling loa®etermined based on design day conditions, namely where solar gains and
outdoor temperatures are at their highest and thassfull occupancy.

Operational design load he simulated building cooling load profile based on the average cooling load
F2NJ 0KS o0dzAt RAYy3IQa 2 LISNI i X ghertiondleddidnance Iskalboe FA O
based on the average RT over tirae range in table P.02.

Table P.04 Operational Hours to Ascertain the Design System Efficiency

Building Type Operational Hours

Office Buildings 9 a.m. to 6 p.m.
Retail Malls 10 a.m. to 10 p.m.
Hotels 24 Hours

Other Building Types To be deternmmied based on operating hours

References

{Ay3l LI2NB { il ¢dédiRacicefor EnengyBificiancy $tandard for Building Services and Equipmefitt wL b D
Singapore

! { Ay 3l L2 NB OHAMOD W/ 2RS 2y t SNA2RAOYQUY SNBENR 5 @R R |
http://www.bca.gov.sg/EnvSusl egislation/others/Code_Periodic_Energy Audit Bldg_Cool_Sys.pdf
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http://www.bca.gov.sg/EnvSusLegislation/others/Code_Periodic_Energy_Audit_Bldg_Cool_Sys.pdf

P.04 (ii) Air Cooled Chilled Watem®lar Unitary Conditioners
Scope

Applicable to akconditioned building areas with an aggregate air conditioned floor area greater than
500n? using either air cooled chilled water systems or unitary systems such as variable refrigerant
volume or variableefrigerant flow systems.

The air distribution system efficiency shall be excluded in this instance.
Assessment

The design system efficien@@SEpf air-cooled chilledwater plant can be computed based on the
efficiency at the expected operating pddad condition over the simulated operational design load
profile as P.04(i)

The DSE for unitary systems shall be based upon the total weighted system efficiency
The following minimum design system efficiencies must be met:

Table P.048B Minimum Design Systegfficiency of Air Cooled Chilled Water Plants or Unitary Systems
Green Mark Rating Building Cooling Load (RT)

<500 RT
0.9 0.8
0.9 DSE Must demonstrate
0.85 equivalency with P.04(j) to be
0.78 sotzidaed.

For areas with unitary system cooling, each system zone shall be simulated and the total weighted system
efficiency derived over the total weighted cooling load (RifkedX COReighted).

Guidance Notes
At Desgn Stage:

ttFOSYSyli 27 0KS O2yRSyaAy3 dzy A G & aKIFftf¢ 0S5
recommendations.

Detailed calculations of the Design system efficiency of theaiditioning system to be provided
substantiated by the following evidence

1 Simulated cooling load profile for design day and operational (average) load including the
inputs usedFor VRV systems using the weighted operational load (weighted RT)
1 Plan layouts showing the mode of ventilatiof spaces within the building.
1 Plan laputs showing the location of the agonditioning systems demonstratinggglement
of the condensing units
1 Technical specifications and product information of the cooling system at the rated conditions
1 Detailed calculations of the part load power consumptiacluding chilled water pumps for
air cooled chilled water systems
1 Weighted COP of the VRV/VRF systems
1 Total Design System efficiency of the@nditioning system.

Ay
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Verification (As Built):

As built schematics, delivery orders and photographs of theaiditioning systems installed with
particular emphasis on the actual installation of the condensing units in accordance with
manufacturers best practice.

Definitions

Weighted COP:

The weighted COP or Coefficient of Performance is used to calculate shggn dgystem efficiency of
the unitary system air conditioningg & SR 2y b.TheWaightédSADR B &alculated through:

CORWeighted= 0.4 X CObe+ 0.6 x COR

CORuonis defined as the ratio of total cooling capacity to effective power inpdubiioad cooling
capacity.

The project team shall calculate the unitary system design system efficiency and convert the units to
KWI/RT.

Weighted RT

The weighted RT is based upon the operational cooling load of the unitary system. This is calculated
basedon the operational schedule of the systems through the following method:

RTweighted= 0.4 X Ribose+ 0.6 X Rebos

Where RToonis the installed capacity of the zone (excluding standby units), apg, RB0% of the
installed capacity of the zone (excludiatandby units)

Unitary system zones:

A system zone is the internal area that served by a singular unitary system which is determined by the

A = 4 A x

O2yRSYASNI dzyAli YR (KS O2yySOGSR Fry O2Af dzyAila

Air Cooled Chillewater System®SE

Calculated in the same way as water cooled chilled water systems, except that there is no condenser
water loop.

References

{ Ay 3l L2 NB { il ¢diédiftacirefor ErengyiBificiancy $tandard for Building Services andeBtfipm { t wL b D
Singapore

Singapore Standard 553 (201®)ode of Practice for A@onditioning and Mechanical Ventilation in Build&§ygSPRING
Singapore

bltdA2ylLt 9YyGANRYYSYy(d ! 35y0@ Ra G AR Y S N chipd @ Tuda iy folieB@ &R Y A NJ
waste/energyefficiency/householgector/tickrating
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http://www.nea.gov.sg/energy-waste/energy-efficiency/household-sector/tick-rating
http://www.nea.gov.sg/energy-waste/energy-efficiency/household-sector/tick-rating

P.05 Permanent Instrumentation for the Measurement and

Verification of Air Conditioning Sgsts

Intent

To encourage the use of better energy management and monitoring of air conditioning systems
including air distribution systemt ensure optimal operational efficiency.

P.05 (i) Water Cooled Chilled Water Systems
Scope
Applicable toto all water cooled chilled water systems.

Assessment

Permanent measuring instruments for monitoring of ACMV system efficiency, including the chilled
water plant and air distribution subsysteshall be providedThe installed instrumentation shall have

the capabiliy to calculate resultant system efficiency (i.e. KW/RT) within 5% of its true value. Each
measurement system shall include the sensor, any signal conditioning, the data acquisition system
and wiring connecting them.

The permanent instrumentation shall comige of the measurement of the following:

1 All data are to be logged at 1 minute sampling time interval, and recorded totlied@mal
digit

1 Flow meters are to be provided for chilleehter and condenser water loop and shall be full
bore electromagnetic Multrasonic type of 1% uncertainty or equivalent. Electromagnetic
flowmeter shall be capable of electronicsitu verification to within +2 % of its original factory
calibration

9 Temperature sensors are to be provided for chilled water and condenser {gateand shall
have an endo-end measurement utertainly not exceeding +0.05°Qver the entire
measurement or calibration range. R0thermo-wells shall be installed in a manner that
ensures that the sensors can be in direct contact with fluid flow. Bians shall be made for
each temperature measurement location to have two sp2BEnermoswells located at both
side of the temperature sensor for verification of measurement accuracy.

9 Dedicated power meters (of IEC Class 1 or equivalent) and associateat ¢eremsformers (of
class 0.5 or equivalent) are to be provided for each of the following groups of equipment:
chillers, chilled water pumps, condenser water pumps, cooling towers and air distribution
equipment.

1 Minimally 1 weather station set along tlveoling towers to measure dityulb air temperature
and relative humidity

Guidance Notes

WSFSNJ G2 ./! ClvQa 2y LyaldNdzySyidlragAaAzy F2NJ t SNXYI

Cooled Chilled Water Plant System.
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At Design Stage:

The end to end measament uncertainty shall be derived through the root sum square formula
supported by the following documentation:

91 Detailed schematic drawings of the instruments locations and locations of test plugs
1 Instrumentation specifications and / or sample data sheets
1 Calculation of end to end measurement uncertainty.

Verification (As Built):
The performance verification may include onsite testing by BCA officers.

A heat balancesubstantiating test for water cooled chilledater plant to be computed in accordance
with BCA Code on Periodic Energy Audit of Building Cooling Ssfstéinbe submitted with the
following information:

Purchase Orders and Delivery Orders of the instrumentation installed

Extracts of the instrumentation specifications and brochures

Instrumentatbn calibration certificates

Asbuilt schematic drawings showing the location of each power meters, flow meters and
temperature sensors.

1 BMS screenshots showing the relevant calibration inputs have been entered for the
temperature measurement

=A =4 =4 =4

References

BEG {Ay3FILEZ2NBE onvamMmM0 WClva 2y LyaildNdHzySydl A2 ycook@ CHiledSNY I ySy
2 GSNI t I yd { atthd/SWita.gowSddide SVER/&hers/fgamvdi

.l {AY3FLERNB 6Hnamo0 W. /! /2RSS 2y t SNRA2RAO 9y SNHe ! dZRAG 27F
http://www.bca.gov.sg/EnvSusL egislation/oth&Eode Periodic Energy Audit Bldg_Cool_Sys.pdf
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SPRING Singapore

{1 w!9 DdAdzZARStAYS HH OHNMHO WILGhiledNHAYSSNY (itl f(iIAy24he 9EZRTRD @ 26fyAGIB2CONTA Y 3
Heating, Refrigerating and A@onditioning Engineers
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Using the Vapour Compressiod O f S@omditibnidyHeating and Refrigeration Institute
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P.05 (ii) Air Cooled Chilled Water Systems and Unitary Air Conditioning Systems
Scope

Applicable taall air cooled chilled water systems and unitary systems.

Assessment

Permanent measuring ingiments for monitoring of ACMV power consumption, including the air
distribution subsystemshall be provided.

The permanent instrumentation shall comprise of the measurementediichted power meters (of
IEC Class 1 or equivalent) and associated cutrensformers (of class 1 or equivalent) provided for:
OKAfft SNAZ OKAffSR 41 G4SN LlzyLlasxs O2yRSyaAy3d dzyAida

Guidance Notes
At Design Stage:
Submission of the following:

9 Detailed drawings and schematics of the power measwnet strategies for the air
conditioning system
9 Technical specifications and product information for the power meters

Verification (As Built):
Submission of the following:

91 Delivery orders and performance specifications of the installed power meters
9 As Buil schematics showing the location of the power meters

References
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SPRING Singapore
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P.06 District Cooling System Efficiency

Intent
To ensure that district cooling systems are being operated in an efficient manner.
Scope

Applicable to & conditioned buildings that are purchasing chilled water from a District Cooling
System (DCS) Supplier. A supplier of district cooling servieggstered under the Energy
Conservation ActHCA with the National Environment Agey (NEA).

Assessment

For District Cooling System (DCS), the project shall meet the following cooling system efficiency
(KW/RT):

Table P.071 Minimum Design System Efficiency of District Cooling Systems

District Cooling System Required District Cooling Sya Efficiency (KW/RT)

DCS by service provider (including 0.75 KWIRT
gazetted by law DCS zones) * Note:there will be progressive tightening of the
standard.This is projected to be S#%provement in
energy efficiencgffective between 2018 and 2020

Thedesign system efficiency of the district cooling system shall be computed based on the annual
average of the overall system efficiency of the district cooling system declared and submitted by the
District Cooling supplier.

Guidance Notes

Disclosure of Eftiency standard of District Cooling PlartDisclosure is to equip building owners
with relevant information (e.g.ranual average of the overall DCS efficiemggessary for the planning

and costing the purchase of chilled water from District Coolingplers in comparison with
conventional standalone chiller system. This knowledge will allow building owners and their project
teams to make informed design decisions as well as identifying the strategies required to achieve the
targeted Green Mark rating.
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At Design Stage:

Submission of the following:

1 Simulated operational cooling load profile for the proposed development as defined in P.04(i).

9 Technical specification and performance data of the various components of the building
cooling system designedcluding the chilled water pumping systems and the air distribution
system efficiency (kW/RT)

1 Applicable Measurement and Verification instrumentation as P.05

1 Plan layouts showing the mode of ventilation of spaces within the building as well as the
location of the applicable aiconditioning systems

Supplier of the District Cooling System will need to provide the following evidence:

1 Reports of the anual average of the overall DCS efficieroglorsed by qualified Energy
Auditor.

Verification (As Built)

Submission of the following

Monthly bills from DCS supplier

Asbuilt drawings showing DCS connection with the proposed building

Testing and commissioning report of installed system and components on the building side
Asbuilt drawings showing installesuipment on the building side

Purchase Order and Delivery Order of equipment

= =4 =4 -4 =4

Supplier of the District Cooling System will need to provide the following evidence:

1 Annual average of the overahergy efficiency performance of the district cooling plamgs
DCS supplieendorsed by qualified Energy Audit®equirements and standards shall refer
to BCA Code on Periodic Energy Audit of Building Cooling System
Actual energy performance of the DCS plant (KW/RT) = Annual electricity consumption of a
DCS plan{kWh) /[(24 hrs *365 days) * Annual Cooling Load(RTh)]. This excludes other
auxiliary services (electricity consumption from lighting, mechanical ventilation, air
conditioning systems, receptacle loads etc) as well renewable energy generation

9 Audit reporton the operating efficiency of the district cooling plaitequested by BCA

References

{ Ay 3l L2 NB { il ¢diédiftacirefor ErengyiBificiancy $tandard for Building Services and Edquipmefitt wL b D
Singapore

Singapore Standard 553 (201%®)ode of Practice for AGonditioning and Mechanical Ventilation in Buildf)gSPRING
Singapore
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BCA Code on Periodic Energy Audit of Building Cooling System.
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P.07 lBergy Recovery Systems

Intent
To reduce the energy to condition outdoor air through the use of energy recovery.
Scope

Applicable to projects specified tese energy recovery devices to reduce tumling demands per
SS 553

Assessment

For projects wher@xhaust air of 2.5i4s or greater from conditioned space in a single location shall
have an energy recovery system of at least 60% recovery effectiveness tested under AHRI standard
1060

For projects with no recirculation provided the air volume i8.5m/s the following options are
acceptable:

9 Provision of ruraround coil that could achieve the minimum of 45% energy transfer efficiency

1 Provision of plate heat exchanger of minimum 50% energy transfer efficiency or thermal
wheel of 65% energy transfer eféocy

1 Any other device of minimum 50% energy transfer efficiency

Guidance Notes
At Design Stage:
Submission of the following:

1 Performance specifications of the energy recovery systems that shall be used in the project
1 Schematics and drawings showing tHegation
9 Detailed design calculations on the energy recovery effectiveness

Verification (As Built):

Submission of @built schematicsand performance specificationsf the energy recovery systems
installed

References

Singapore Standard 553 (201®)ock of Practice for Ai€onditioning and Mechanical Ventilation in Build&ygSPRING
Singapore

GREEN MARK 20[LF-OR PILC



P.08 Refrigerants

Intent

To reduce the potential damage to the ozone layer and increase in global warming caused by the
release of ozone depleting substancasdagreenhouse gasses as well as ensuring adequate leak
detection systems are in place.

Scope
Applicable to buildings with air conditioning systems.
Assessment

All air conditioning systems in the buildings should use refrigerants with ozone depleting ipbtent
(ODP) of zero OR global warming potential (GWP) of less than 100.

A refrigerant ¢ak detection system shalsobe installed in critical areas of plant rooms containing
chillers and / or other equipment using refrigerants

Guidance Notes
At Design Stge:
Submission of the following:

9 Extracts from the tender specification stating the list of refrigerants that are permitted in the
project based on their GWP and or ODP
1 Extracts from the specification indicating the leak detection system to be installed

Verification (As Built):
Submission of the following:

9 List of the refrigerants used in the air conditioning system(s) and the applicable cooling
systems
9 Details of the installed leak detection system

Definitions

Global Warming Potential (GWPR}he globalwarming potential of a chemical relative to 1 unit of
carbon dioxide, the higher the GWP the higher the global warming potential. The GWP shall be
determined through the Intergovernmental Panel on Climate Change (IPCC) methodology using a 100
year Integréed Time Horizon (or ITH)

Ozone Depleting Potential (ODR)DP is the ratio of the relative amount of degradation to the ozone
layer caused by a particular substance relative to the calculated depletion for the reference gas CFC
11 (ODP =1.0)
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Montrealt NR 12 O2f Kl a | RRNBaaSR (GKS dzasS IyR GKS
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additional green efforts can be awarded to projects that use ditelinrhA @Sa (2 |1 C/ Qa LINE @A
and safety issues are fully addressed and relevant approval from authorities is granted

References

LYGSNB2OSNYYSy(lt tySt 2y JEAYFGS JKFEy3aS 6Lt/ /0 OHANMU
http://www.ipcc.ch/ipccreports/tar/wg3/index.php?idp=144
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http://www.uneptie.org/ozonaction/topics/hcfc.asp
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P.09 Minimum Ventilation Rate

Intent

To ensure adequate ventilation of buildings for the health and comfort of the occapant
Scope

Applicable to regularly occupied spaces which areaiditioned or mechanically ventilated.

Assessment

The project team shall design the-awnditioning system to provide appropriate quantum of outdoor

air rates as stated in SS 553: 20&ble 1¢ Outdoor Air Supply Requirement for Comfort- Air
Conditioningor SS 553: 201%able 5¢ Outdoor Air Supply For Mechanical Ventilation Inon
Conditioned Buildings ¢arts of Buildingswith No Natural Ventilation. The ventilation systems shall

be desgned to ensure that the minimum outdoor air intake equals or exceeds the maximum exhaust
airflow.

Guidance Notes
At Design Stage:
Submission of the following

1 Minimum outdoor air interpretation and computation by zones according to SS 553: 2015
Table 1 orTable 5

1 The maximum exhaust airflow interpretation and computation by zones

9 Extracts of tender specification showing the requirement to design the system to meet the
requirement ofTable 1 orTable 5 in SS 553: 2015

1 Mechanical design drawings and schematieflecting the minimum outdoor supply air to
individual zones

Verification (As Built):
Submission of the following:
9 As built drawings showing the outdoor air supply to the air distribution systems
1 Onsite photographic evidence of the outdoor air duceomg to the air distribution systems

References

Singapore Standard 553 (201%)ode of Practice for A@onditioning and Mechanical Ventilation in Buildf)gSPRING
Singapore

{1l w!9 {GFYRFNR cH®M o6HnAmMoU Wt Syekidah Sodiedy yf Heafing) Ref@E&indiando f S
Air-Conditioning Engineers
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P.10 Filtration Media for times of Pollution

Intent

To adequate remove harmful pollutants from outdoor air taken in ventilation in the event of poor
outdoor air quality for the halth and welbeing of theoccupants

Scope:
Applicable to all air conditioned buildings.
Assessment

The air distribution system shd&lé designedn accordance wittsS553: 2015The codespecifies the
minimum filter requiremens, namelythe use of fine dst filters of at least a rating of Minimum
Efficiency Reporting Value (MERV) 14 (ASHRAE2D22). or F8 (EN772012),in the event of poor
outdoor air quality such as that during haze events presence of indoor source of fine particles

Guidance Nas
At Design Stage:

Submission of relevant design drawings and specifications depicting outdoor air filtration strategy and
the design provision that MERYV 14 filters can be installed during events of poor air quality. This would
include fan sizing for thimcreased potential pressure drop, and the space for the filtration media to
be placed.

Verification (As Built):

Submission of @ built drawings and onsite photographsoving ability to installMERV 14 or
equivalent filterduring events of poor air quaji.

References

{AY3FLLENB {GFYyRIFENR ppo oG2nmPpAG AW YARSE 2T Rt N SAIKA /SPRMNGE NJ SISANUJA
Singapore

Singapore Standard 554 (20M8pde of Practice fandoor air quality foralO 2 Yy RA (i A 2 Y SSRRINGI®laporeA y 34 Q
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P.11 Thermal Comfort

Intent

Air-conditioning is a major consumer of energy in a building. As it is used primarily to provide a
thermally comfortable space for the building occupants, a fundamental requirement is that the air
conditioning systenis designed to achieve thermal comfort.

Scope
Generally applicable to all occupied building areas with air conditioning systems
Assessment

The airconditioning system shall be designed to allow for cooling load variations due to fluctuations
in ambient ai temperature, internal loads and occupanailst maintaininga consistent indoor
condition for thermal comfort based on SS553: 2015 Code of Practice f@biditioning and
MechanicaMentilation inBuildings.

The dry bulb temperaturef the conditionedspaces should beetween 2&C and 2BC and elative
humidity less thar65%

Guidance Notes
At Design Stage:

Submission of esign details showing how the air conditioning system shall provide consistent indoor
conditions for thermal comfort.

Verification (As Built):

Submission ofn-site measurementserifyingindoor air temperature (wet bulb and dry bulb) and the
relative humiditywith measurement locationkighlighted on a plan.

References

Singapore Standard 553 (201®)ode of Practice for A@onditiming and Mechanical Ventilation in BuildisggSPRING
Singapore
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P.12 Minimum illuminance levels

Intent

Lighting shall be adequately provided in a building for its intended purpose. For the purposes of
promoting energy efficiency in buildings, the useadificial lighting as the sole means of lighting
during daylight hours is to be discouraged.

Scope:
Applicable to all buildings.
Assessment

The uxleveland uniformityof lighting withinthe building spaces shall be designed to comply with the
recommendkd illuminance in SS 581Code ofPractice forLighting ofWorkspaces

Thisshallbe demonstrated through lux level simulations @ther approved methods

Where daylighting is available, lighting control strategies should be considered to reduce tigg ener
consumption of the lighting whilst maintaining the adequate illuminance.

Guidance Notes
At Design Stage:
Submission of the following documents:

9 Lighting layout plans

9 Lighting schedules showing the number, location, and type of luminaries used

M Luminares data sheets

1 Lighting level simulation showing the resultant lux level and uniformity of the lighting design
at the relevant heights (such as work plandéisit meets or surpasses prevailing code
requirements

Verification (As Built):
Submission of the fldwing documents:

1 As built lighting layout, lighting schedule and luminaries data sheets
9 Purchase orders and delivery orders of the luminaries used in the project
1 Onsite measurementsf the as built lux level achieved

References

Singapore Standard 531af 1 (2006)2ode of Practicefgr A AK G Ay 3 2 F ¢ 2 NJ SARING Sidydpore | NIi mY
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P.13 Artificial Lightingnergy Performance

Intent

To ensure that the lighting provisions in the building adhere to minimum performance levels for
energy efficiency.

Scope:

Appliable to building lighting including car park lighting, external and landscape lighting as well as
facade lighting.

Assessment

The lighting power density shall be calculated for the building and shall meet the lighting power budget
in SS 530: 20«hilst adhering to requirements undd?.13Minimum llluminance levels

Guidance Notes

Indicator 2.01ighting System Efficienshall be used to check this prequisite requirement
At Design Stage:

Submission of the following documents:

9 Lighting layout plans
1 Lighting schedules showing the number, location, and type of luminaries used
1 Luminaries data sheets

Verification (As Built):
Submission of the following documents:

1 As built lighting layout, lighting schedule and luminaries data sheets
9 Purchase orders and tieery orders of the luminaries used in the project

References

Singapore Standard 530 (202&pde of Practice for Energy Efficiency Standard for Building Services and E€pGPRING
Singapore
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P.14 Visible Flick&ree Lighting

Intent

To usevisibleflicker freeluminaires irregularlyoccupied space® minimise physiological discomfort
for building occupants.

Scope
Applicableto alllighting using ballasts and drivers within regularly occupied areas of the building.
Assessment

Highfrequency electronic ballastsr equivalent drivers where LED lighting is being usedt least
shall be used for at lea®0% of all regularly occupied areas of the buildiftgere shall be no visible
flickering when dimmed

Guidance Notes
At Design Stage:

Submission of pecificatbns of high frequency ballasts with frequency > 20 laiwl equivalent
performance characteristidsom LED drivers that demonstrate that visible flicker has been addressed.

Verification (As Built):
Submission of grchase ordes anddelivery orders of thénigh frequency ballast@nd driversused

References

http://www.ledbenchmark.com/fag/LEfFlickerMeasurement.html

http://www.lrc.rpi.edu/programs/solidstate/assist/recommends/flicker.asp
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P.15 Vertical Transportation Efficiency

Intent

To adopt energy efficientertical transportation systems to reduce their energy consumption
Scope

Applicalte to all lifts and escalators in the development.

Assessment

Use ofVariable Voltage Variable Frequency (VVVF) drives and sleep mode fealtuliis and
escalators (except for typologiesuch as hydraulic lifts where such technology is not available)

Guidance Notes

At Design Stage:

Submission ofxdracts of specificatiosithat indicate the types of lifts, escalators and related features
used.

Verification (As Built):

Submission of grchase orders and delivery orders of the installed lifts and eswalavith the
technical product specifications indicating the VVVF motor drive, sleep mode and occupancy sensors
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P.16 Electrical StMetering & BMS

Intent

To enable audit and continuous improvement by identifying major energy use thereby optimising
energy use or avoiding wastage.

Scope
Applicable to all buildings of 50066 FA or more.
Assessment

Subsystem measurement devices with remote capability (including power meters or flow meters) shall
be provided, linked to a BMS/EMS and shall measure and treedjg consumption data of:

0] Each of the following energy sub systems:

Table P.171 Applicable Energy Sub Systems

Use (total of all loads) Subsystems thresholds

Lift & Escalator Sum of all feeders > 50 kVA
Heater, including heat pump > 50 kW,
Processdads Connected loads > 50 kVA

Connected gas or district services load > 75 kW
Unitary air-conditioning system (including No threshold
VRF systems)
Mechanical ventilation ¢CKS &addzoaeaisSyQa f2FR F

(i) Each floor, tenancy and high energy load (> 50k\V#gsasuch as car park, office, retalil
shops, data centres, IT closets and procesasae.g. kitchens, laundries).

Guidance Notes
At Design Stage:
Submission of the following:

Subsystem equipment specifications

Power meter and current transducer spécittions

The remote capability and link to a BMS/EMS system

Single line diagram showing the location of the power meters

Design of the main switchboards (MSBs) and power distribution boxes (DBSs)

=A =4 =4 4 4
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Verification (As Built):

Submission athe following:

9 Purclase Order and Delivery Order of the ssystem, equipment, power meter and current
transducers

1 Ashbuilt electrical single line diagrams showing the location of each power meters

Asbuilt MSBs, DBs design

1 BMS or supervisory control and data acquisition (3Alisplay of meter readings and
trends

1 Commissioning report of the stbetering system

=

References

Singapore Standard 553 (201%®)ode of Practice for A@onditioning and Mechanical Ventilation in Buildf)gSPRING
Singapore

Singapore Standard CP5 (¥9@Cod® of Practice f@ f SOGUNR OF f AyadGlfttl GA2yaQT {twLbD {AY
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P.17 Energy Systems Controls

Intent

To facilitate energy efficient operations and controllability of the mechanical and electrical systems
within the building

Scope:

Applicable to 8 building types and includes controls for-aenditioning systems, lighting systems and
hotel guestroom controls

Assessment

Air conditioning systemshall be equipped with manual switches, timers or automatic controls for
shutting off part of the akconditioning system during periods of narse, or reduced heat load.

Lighting controls shall be provided in accordance with SS 530: 2014 Code of Practice for Energy
Efficiency Standard for Building Services and Equipment

In hotel building, a control devie shall be installed in every guestroom for the purpose of
automatically switching off the lighting and reducing the@inditioning when a guestroom is not
occupied.

Guidance Notes
At Design Stage:

Submission o$pecifications, detailed drawings and degtions of the various control strategies that
will be employed within the buildingndhow they will provide the relevant controls to reduce energy
consumption

Verification (As Built):
Submission oAsbuilt drawings and on site evidence of the insdlcontrols for the energy systems.

References

Singapore Standard 530 (202&pde of Practice for Energy Efficiency Standard for Building Services and E€RGPRING
Singapore
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P.18 Water Efficient Fittings

Intent

To reduce potable water consumptidhrough the use of water efficient fittings
Scope

Applicable to all buildings with water fittings installed.

Assessment

The project shall demonstrate the use of water efficient fittitlgagt meet minimum requirements
undert | . Q &r Effitieint BuildingBasic) as detailed in the following table

Table P.18 Water Efficient Fittings Requirements

Prescribed Minimum
WELS ratings

Excellent WELs rating  Public/Staff/School Toilets
Other Areas

Very Good WELsting Exception : Hospital Wards &
Operating Theatre
All Areas
Sink Taps & Mixers Very Good WELs rating Exception : Hospital Wards &
Operating Theatre

S U, Lk Very Good WELSs rating Public/Staff/School Shower fatis
Showerheads

DIVEINSIVE NVl e NI Elgls| Very Good WELSs rating  All areas

Type of Water Fittings Applicable Areas

Basin Taps & Mixers

All other water fittings such as urinal flush valves, bib taps that are not listed in the &dideeshall
comply with the mandatory standards stipulated in the Singapore Standar® €Edde of Practice
for Water Services

Guidance Notes
At Design Stage:
Submission of the following:

9 Extracts of the tender design specification showing all the water fitting provisions for the
development;

1 Water fitting schedules showing the numbengpés and the approved rating of the proposed
fittings in the prescribed tabulated format shown below:
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Quantity Total No. State

Water Fittin based on .
Type ting WELs WELs Mandatory fitting Applicable
Excellent| Very Good| MWELS Areas

type

asin Tps and

Mixers

DualFlush
Flushing Cisterns
Total No. of
fittings

=
' <
D
=
(2]

Verification (As Built):

Submission of ater fitting schedules showing the number, brand/model no, types, delieeders
and approved WELS rating of the installed fittings in the prescribed tabulated format shown below.

o Quantity State Delivery

Excellent | Very Good| MWELS ' INCES Ref No
Basin Taps
and Mixers

N

- Sink Taps &

Mixers

Shower Taps
& Mixers
Dual Flush

4 Flushing
Cisterns

Total No. of
fittings

References
{ Ay 3L LE2NBE { (| yCode\dRPracticefary G NN a pBIBIWOSA QT {twLbD {Ay3Il LIR2NB

PoOf AO PGATAGASE .2 NRX {Ay3l L2 NB OHNMOD WDdzA RS0 221 2y
http://www.pub.gov.sg/wels/rating/Documents/WELS _Guidebook.pdf
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P.19 Cyclef Concentration for Cooling Towers

Intent

To educe water consumption for cooling purposes
Scope

Applicable to building developments with cooling towers.
Assessment

The Project shall demonstrate theeiof a water treatment system for cooling toweratizan achieve
7 cycles of concentratiofCoCht an acceptable water quality and operational performance

Guidance Notes
At Design Stage:
Submission of the following:

9 Technical specification showing the requirements to be incorporate with the coolingrtowe
design to achieve at least seven cycles of concentration.

1 Relevant drawings and details showing how the cooling towers have been designed, the
location of the cooling towers and other supporting systems that are required to achieve the
proposed cycle ofoncentration.

1 Technical specification of the namnemical water treatment methods adopted and the
methodology to enable the desired cycle of concentration without compromising on the
water quality and operational performance

1 Maintenance regime of the neohemical water treatment methods adopted

Verification (As Built):

Submission of onsite testing reports showing the cycles of concentration achieved and maintained
most of the time.
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P.20 Low Volatile Organic Compound (VOC) Paints

Intent

To limit the e of highemitting building and furnishing materials to improve indoor air quality for the
health and weHlbeing of occupants.

Scope:

Applicable to all indoor paints.

Assessment

The internal paints shall be certified by an approved local certificatialy.bo

All coats of paint shall be consideraaggludingprimers, sealers, base coats and top coats.
The paints shall comply with the following VOC content:

VOC content (watebased) shall b&5 gt for matt, 30 gL* for low sheen,XX/5 gL for semigloss
Test methods for paint VOC content shall comply with ISO 17895 or ISO 11890.
Guidance Notes

At Design Stage:

Submission of the following:

9 Extracts of the tender specification showithg requirement to use low VOC paints that are
certified by an approved local certification body.
9 Certification details from approved local certification body
1 Technical product information and delivery records
Verification (As Built):

Submission of put@ase orders and delivery orders of the indoor paints used

References

Singapore Standard 554 (208pde of Practice fandoor air quality foralO 2 Yy RA (i A 2 Y SSRRINGISIn§aRakey 3 & Q

Singapore Green Building Product CertificatiBingaporeGreen Bilding Council
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P.21 Sound Level

Intent

¢2 FOKASOS | o6lFaAxl tS@St 2F | 02dz2atA0 O2YF2NI Ay
Scope

Applicable to all occupied spaces in a building.

Assessment

Spaces to be designed for the following ambisotind levels:

Table P.241 Ambient Sound Levels

Area Average dBA

I AYSYlFIQa 3 ¢KSIFiNBa 25
Private Offices 35
Open Offices 45
Conference Rooms 35
Classrooms 35
Hotel Guestrooms 35
Places of Public Resort (e.g. shops) 45

Guidance Notes
At Design &age:

Detailed analysis, calculations and/or measurements to demonstrate that the ambient sound levels
shall be met by the design.

Verification (As Built):

Submission of onsite measurement information of sound levels, complete with a method statement
andplan drawings showing the testing locations.

References

{ Ay 3l L2NB { il yGodeNRPraptipeofor A@onditioniog add Mechanical Ventilation in Buildgs { t wL b D
Singapore
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P.22 Bicycle Parking

Intent

To provide the necessary infrastructueencourage cycling as an alternative mode of transport.
Scope

Applicable to all buildings.

Assessment

The following minimum quantity of bicycle parking lots shall be provided for the development: Lots
are to be installed and located in line witif A reglations

Table P.0X1 Minimum Bicycle Parking Provisions required

Building Category Requirements

For Gross Floor Area (GFA) of >1,00@n3,000n% ¢ 20 bicycle
lots shall be provided

Community, Sports and
Recreational facilities For GFA >3,000m
1 First 5,00n¥- 1 lot per 150m
1 Subsequent GFA: 1 lot per 500m
For GFA of >1,000o 3,000n% ¢ 10 bicycle lots shall be
provided

All Other Building Types

For GFA >3,000m
1 First 15,00m- 1 lot per 300mM
Subsequent GFA: 1 lot per 1,000m

Guidance Notes
At Design Stage:

Submission othe extracts of the tender specifications showing the requirement to provide the
required quantity of bicycle parking loés well as drawingshowing the quantity and location of the
bicycle parking lots

Verification (As Built)

Submissiomf photographs andsbuilt drawings of the bicycle parking lots

References

LTA regulation [to be advised upon implementation]
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Prerequisite Requirementg, Gold, Golg-“>
and Platinum Awards

Referencel Pre-Requisite Requirement  Gold Gold’tVS  Platinum

Indicator

Comply with prerequisites

- P.01-P.22 a a a
Climatic & Contextually

P23 | 101a Responsive Brief a (1) a (1)

P24 1.01b Integrative Design Process a (2)

P25 1.0le Green Fit Out Guidelines a (1) a1

P26 1.02c Greenery a a

P27 | 1.03c Ventilation Performance a (4) a(4)

P28  201a Alr_Qondltlonlng Total System a a
Efficiency

P29  2.03a gteur(‘j?""ab'e Energy Feasibility g5y 4 05 @ a (05)

P30 3.02a Sustainable Construction a (0.5) a (1.5) a (3)

P31 | 3.02b Embodied Energy a (1 a1

P32 3.02c Sustainable Products a (2 a (3) a (4

P33 | 4.01a (i) Indoor Air Quality Audit a (0.5) a (0.5) a (0.5)

P34 | 4.01a (ii) Post Occupancy Evaluation a (0.5) a (0.5)

P35 | 4.01b (ii) Enhanced Filtration Media a (0.5) a (0.5)
System Hadover and

e | aEte Documentation = ) 2 )

P37 | - Energy Modelling a a

p3g - Energy Efficiency a a

Benchmarking

The points are showim bracketsare representative for a commercial building complying with the
pre-requisites
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P.23 Create the Climatic & Corntexdly Responsive Brief

Intent
To demonstrate the environmental considerations of the project at the briefing stage
Scope:

Applicable to all buildings.

Applicable for the following Award Levels Points \
Goldyvs 1
Platinum 1

Assessment

Written statemeris and documents that demonstrate the sustainable briefing process of the project
SYR2NESR o0& (GKS OfASyid 2NJ Oft ASyidQa NELdMERSY Gl (A
Contextually Responsive Brief

Guidance Notes

At Design Stage:

Asper Indcator 1.01aClimatic & Contextually Responsive Brief

References

¢KS {AYy3IILRNB LyaidarddziS 27 ! NOKAGSOGa 6nnmou W GGNROGdziSa 2

{AYOtftF+ANE 5¢ O6HnAmMoU0 WDdzARS (2 !&aAy3 GKS wL.! tfly 2F 22NJ] |
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P.24 Integrative Design Process

Intent

To encourage a collaborative framework for the project team to set the building performance
benchmarks and targets collectively at the drawing board. This results in a more balanced and
sustainable design outcontbat also sets the right tone for sustainable operations and maintenance.

Scope:

Applicable to # buildings.

Applicable for the followingAward levels: Points

Platinum 2

Assessment
Asper Indicatorl.0lblintegrative Design Process
Guidance Notes

A cossdisciplinary design team is to be formed minimally at the concept design phase. The team
AyOf dzRSa GKS ! NOKAGSOG: aSOKFYAOFE ITyR 9f SOU0NR
Building or Quantity Surveyor, Environmental Sustainable Des®jD)(Consultant (if applicable) and

any other specialists or professionals applicable to the project including but not limited to structural
engineers, facilities managers, project managers, landscape architects, community groups, specialist
contractors etal.

At Design Stage:

Asper Indicatorl.01blintegrative Design Process
Verification (As Built):

Asper Indicatorl.0lblintegrative Design Process

References

ASHRAE Standard 189.1 (20¢Q) (i | Y Rl NR ¥F 2 NJ-PérfodnanseSGrderdBlildiagEnfotmatBreKAppendix g
LYydiSaNIiSR 58aA3yQT ! YSNA Ol y -GoaddidnigiEhgingeFs | S GAy 3T wSFNAISNI |

{AYyOt+ANE 5® 6HnAmMoOUO W!H aaSYyofAay3a I /2t 02N GAGS t8BRREOG ¢St
RIBA Phlishing

Integrative Process (IP) b{ L / 2y aSyadza bl A2yl f {dFyRFNR DdZARS o60HnmHO W5
and Communitie@ T ! YSNA Ol Y bl GA2yL+f {GFYyRIFINRAE Lyadaiddzi$
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P.25 Green Fit Out Guidelines

Intent

To ensure that the buildg tenants contribute positively to the environmental sustainability of the
project through the enforcement of occupant / tenant fit out guidelines

Scope:

Applicable taall buildings that have tenanted areas

Applicable for the followingAward levels Points

Gold™vs 1
Platinum 1
Assessment

The fit out guidelines that detail energy efficiency standards, water efficiency standards,
environmental protection standards and indoor air quality standardskft®% of the NLA.

Guidance Notes

At Design Stage:

Asper Green Fit Out Guidelinegnder Indicatorl.0le User Engagement
Verification (As Built):

Asper Green Fit Out Guidelinegnder Indicatorl.0le User Engagement
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P.26 Greeary

Intent

To integrate a verdant landscape and waterscape that is acceseibdd! to enjoy into their building
design andto provide greenery within the development to enhance the biodiversity around the
development and provide visual relief to building occupants and neighbours.

Scope:

Applicable to # buildings

Applicable forthe following Award levels

Goldtvs
Platinum

Assessment
Minimum Green Plot Ratio:

Table P.26L Minimum Green Plot Ratio

Commercial Industrial
25 15
3 2

OR

For projects with high site coverage and limited scope for green spacejects can opt to score 2
points under Indicatorl.02c Integrated Landscape and Waterscafog Gold™VSor 2.5 Points for
Platinum

Guidance Notes

At Design Stage:

GnPr calculation asub-indicator1.02c (i\Greenery Provision
Indicatorl.02cIntegrated Landscape and Waterscape
Verification (As Built):

GnPr calculation asub-indicator1.02c (i\Greenery Provision

Indicatorl.02cIntegrated Landscape and Waterscape
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P.27 Ventilation Simulation Requirements

Intent

To encourage the design for effa@ naturalventilation for thermal comfort, indoor environmental
quality for all naturally ventilated spaces.

Scope:

Applicable tdbuildings withw2,000nt of naturally ventilated functional spacesxcluding all transient
spaces and M&E spaces with the exception of commercial building atria

Applicable for the followingAward levels Points

Gold™vs 4
Platinum 4
Assessment

The CFD simulations wind tunnel testing are to be conducted based on the requiremeritsin
BCA Green Mark Computational Fluid Dynamic Simulation Guidahidesith reference to sub
indicator 1.03c (ipemonstrate Effective Natural Ventilatiofhe project must achieve tHellowing
performance

Wind Speed:

Table P.271 Average Wind Speed results
Level of Award Wind Speed Result m/s
Gold™tYs Good 0.4m/s
Platinum Very Good 0.6m/s

Projects should @monstratethe requiredwind speed for at least 70% of the applicable natiyr
ventilated areas in accordance with tl&CA Green Mark Computational Fluid Dynamic Simulation
GuidelinesWhere the project is not able to demonstrate this wind speed the following options are
applicable

Thermal Comfort

Predicted Mean Vote (PMV) andrcbe used as the thermal comfort indicator for the evaluation of
the satisfaction level of the occupants in the building. Mixed mode ventilation can be considered.

¢CKS LINP2SOG Ydzad RSY2yailiN)GS WY2RSNI GSQftieA yR
floor area and use thermal comfort modelling to demonstrate:

Table P.22 Predicated Mean Vote

Level of Award PMV
Goldtys -1.0 <PMV<+1.0
Platinum -0.5 <PMV<+0.5

a LJS
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Indoor Air Quality

¢KS LINB2SO0 VYdzald RSY2yaiNI G SofmsReaikast30% oftley R & LIS
floor area and use air quality modelling to demonstrate:

Table P.2B Air Change Effectiveness

Level of Award Air Change Rate Air Change Efficiency
Gold™vs a 4 g 10
Platinum a 10 a 1.2

This is only applicabfer the following building types:

1) Industrial warehouses with occupancy density no more than?f&rson
2) Sports facilities

Guidance Notes

At Design Stage:

The ventilation simulation report shdle prepared and submitted in accordance wsthb-indicator
1.03c (i) and assessed by a BCA CFD assssger requirements fot.03c (i) Demonstrate Effective
Natural Ventilation

Verification (As Built):
As persubrindicator1.03c (i) Demonstrate EffectesNatural Ventilation

References

1Y {AY3AFLRNBT W./! DNBSY alN)] /2YLdzil GAaz2ylf CftdzAR 5@yl YAO
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P.28 Air Conditioning System Total System Efficiency

Intent

To ensure that buildings utilising @ionditioning systems are optimisedrfintal system performance,
which looks at the total cooling system including the distribution of the conditioned air into the space.

Scope:

Applicable to all aiconditioned buildingst KS & 02 1LJS O2@SNA (GKS G201t aeai
air condtioning, including all the air conditioning systems normally in operation in the building and

the resultant aggregated total system efficiency. The total system efficiency is measured in KW/RT and
includes the air distribution system

Goldtvs
Platinum

Assessment
The total airconditioning design system efficiency shall not exceed the following:

Table P.28. Air Conditioning Total System Efficiency for Water Cooled Chilled Water plants

Building Cooling Load (R

<500RT 0 500RT
Minimum Design System Efficiency including air distribution system (kV
Gold™vs 0.95 0.9
Platinum 0.93 0.9

Table P.28 Air Conditioning Total System Efficiency for Air Cooled Chilled Water plants & Unitary
Systems

Building Cooling Loa(RT)

<500RT 0 500RT
Minimum Design System Efficiency including air distribution system (kV
GoldPtys 1.10 Total System Efficiency must
: demonstrate equivalency with
Platinum 1.03 Table P28

The air distribution system efficiency for Gdt¢fand Platinum projects should not exceed 0.25kW/RT
9EOSLIi 6KSNB G(KSNB INB AyaidlyOSa 2F aeaidsSvya oAl
approval, the fan system input power can be adjusted based on table 2a and 2b under SS553: 2015.

The total systenefficiency (kW/RT) will be adjusted accordingly
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Guidance Notes

At Design Stage:
As perindicator 2.018Air Conditioning System Efficiency

The air distribution (kW) shall be calculated based upon the fan input power for the Operational
Design Load pfde. Reference can be made to ASHRAE 90.1 (2013) Table G3.1.3.15 to calculate the
part load fan input power for VAV fan systems. Results from energy modelling may also be used (total
annual kWh input / total RTh of cooling)

Verification (As Built):
As perindicator 2.018Air Conditioning System Efficiency

References

Singapore Standard 530 (202&pde of Practice for Energy Efficiency Standard for Building Services and E€RGPRING
Singapore

Singapore Standard 553 (201%®)ode of Practice for Anditioning and Mechanical Ventilation in BuildiagSPRING
Singapore

ASHRAE Standard 90.1 203 Yy SNH& { i} yYRINR F@#MNa S dekd RMYSHAG AIEEOS.LAZA f[RAGY 34 QT
Heating, Refrigerating and A@onditioning Engineers
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P.29 Renewable Energy Feasibility Study

Intent

¢t2 ARSYGATFTEe GKS LINR2SO0Qa LRGSYGAIf Ay KFNYySaaAa
LIK23202t GFA0 o0tx0 G2 GKS LINRP2SOGQa FdzZ f LRGSYGAl

Scope:

Applicable to buildings with a footprint greater than oruedjto 1000

Applicable for the followingAward levels Points

Gold 0.5

Gold™vs 0.5

Platinum 0.5
Assessment

The project shall complete a feasibility study for solar renewable eresgerrequirementsunder
Indicator2.03aFeasibility Study

Guidarce Notes
As pemrequirementsunder Indicator2.03aFeasibility Study
Definitions

Building footprint is the area on a project site used by the building structure, defined by the perimeter
of the building plan. Open car park spaces, landscapes, undergomnstiruction spaces and other
non-building facilities (e.g. covered walkways, etc.) are not included in the building footprint.
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P.30 Sustainable Construction

Intent

Toencouragehe adoption of building designs, building structures and constructiactjres that
are environmentally friendly and sustainable

Scope:

Applicable to building superstructure (including rstnuctural components). Substructure
components are excluded

Applicable for the followingAward levels: Points

Gold 0.5

Gold™vs 1.5

Platinum 3
Assessment

As perrequirementsunder 3.02aSustainable Constructi@nd achieve the minimum points required
as indicated above

Guidance Notes

At Design Stage:

As perrequirementsunder Indicator3.02aSustainable Construction
Verification (As Built):

As perrequirementsunderIndicator3.02aSustainable Construction
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P.31 Embodied Energy

Intent

To better quantify the environmental impact of a building and raise awareness among key decision

makers
Scope:

Applicable to all projects.

This nvolves thecalculation othe embodied energy o building through the use of the BCA Online
Carbon Calculator through thminimumdeclaration of concrete, glass and steel.

Applicable for the followingAward levels Points

Goldtvs 1
Platinum 1
Assesment

As per requirements under Indicator 3l9Embodied Energy and Life Cycle

Guidance Notes

As per requirements under Indicator 3lDEmbodied Energy and Life Cycle.
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P.32 Sustainable Products

Intent

To ensure that due consideration is given to gpecification and use of environmentally friendly
products within the building

Scope:

Applicable tdouildings:

Applicable for the followingAward levels Points

Gold 2

GoldLvs 3

Platinum 4
Assessment

Projects shall submit the evidence and be assgsaecording to the requirements within 3.02c
demonstrating their use of lotapproved certified products.

Guidance Notes

At Design Stage:

As per requirements under Indicator 3@3ustainable Products
Verification (As Built):

As per requirements undéndicator 3.02 Sustainable Products

References

Singapore Green Building Product (SGBP) Certification Sbhtenfe/ww.sgbc.sa/greencertifications/product
certification/

Sirgapore Green Label Scheme (S@GitS)/www.sgls.sec.org.sa/satstandard.php
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http://www.sgbc.sg/green-certifications/product-certification/
http://www.sgbc.sg/green-certifications/product-certification/
http://www.sgls.sec.org.sg/sgls-standard.php

P.33 Indoor Air Quality Audit

Intent

To ensure the building demonstrates good indoor air quality through an indvoquality audit
conducted by an accredited laboratory.

Scope:

Applicable to all building developments with -awnditioning systems. An IAQ audit should be
O2yRdzOGSR 6AGKAY 2yS &SFNJ I TiGSN 2 Qudeids igr@dod A y NI 7
Indoor Air Quality in Office Premises

Applicable for the followingAward levels Points \
Gold 0.5
Goldvs 0.5
Platinum 0.5
Assessment

IAQ audit by an accredited laboratory under Singapore Accreditation Council and demonstrating good
IAQ performancevith reference to{ { pp n Y H n gydeligeblJoriGadd thdoor Air Quality in
Office Premises.

Guidance Notes

At Design Stage:

Asper requirements undesub-indicator4.0l1a (i)indoor Air Quality (IAQ) Audit
Verification (As Built):

Asper requiremetts undersubrindicator4.0l1a (i)indoor Air Quality (IAQ) Audit

References

Singapore Standard 554 (208pde of Practice fandoor air quality foralO 2 Yy RA (i A 2 Y SSRRINGISIn§aRakey 3 & Q

blFGA2YFE 9y @A NE YDOSWHRIS {1 ASS/E0 F 20N diffPc20R WL Y R22NJ | ANJ vdzk f A& Ay
Epidemiology, Singapore
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https://www.bca.gov.sg/GreenMark/others/NEA_Office_IAQ_Guidelines.pdf
https://www.bca.gov.sg/GreenMark/others/NEA_Office_IAQ_Guidelines.pdf

P.34 Post Occupancy Evaluation

Intent

To gather building user feedback. PostOccupancy Evaluation provides feedback on the indoor
SYGANRYYSyilGlt O2yRAGA2Yya Ay GKS o0dAfRAY3 |yR (KS

Scope:

Applicable to all building developments.

Applicable for the followingAward levels Points

Gold*vs 0.5
Platinum 0.5
Assessment

A Post Occupancy Evaluation (POE) should be conducted within one year after ocdopamncy
representative sample of the full time equivalent occupants within the building.

Guidance Notes

At Design Stage:

Asper requirenents under subindicator 4.01a (ii) Post Occupancy Evaluation.
Verification (As Built):

Asper requirements under sulmdicator 4.01a (ii) Post Occupancy Evaluation.
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P.35 Enhanced Filtration Media

Intent
To effectively remove contaminants to enhancedodair quality through high efficiency filters
Scope:

Applicable to all air conditioned buildings with air handling units orickddd treatment of outdoor
air.

Applicable for the followingAward levels Points

Gold™vs 0.5
Platinum 0.5
Assessment

The permanent provision of MERV 14 or F8 class of filter to treat outdoor air in air conditioning
systems.

Guidance Notes

At Design Stage:

As per requirements undesub-indicator 4.0D (ii) Enhanced Filtration Media
Verification (As Built):

As per requiements undesubrindicator 4.0b (ii) Enhanced Filtration Media

References

{AY3LFLE2NB {iGFyRFENR ppo oO2nympAi AW yARSE 2T Rt N-SAIKA /SPRMNG NJ SIS NUA
Singapore
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P.36 System Handover and Documentation

Intent

Toencourage control systems verification and to ensure operational continuity from construction to

building maintenance and operation

Scope:

Applicable to 8 buildings control systems, mechanical systems and electrical systems

Applicable for the followingAward levels Points

Gold™vs
Platinum

Assessment

0.5
0.5

The handover of the building for operations shall include the relevant mechanical, electrical and
control systems to be tested and verified to be operating within their desired parameterardper
documentation of said systems shall be provided for the building operations team.

Guidance Notes

At Design Stage:

As per requirements under Indicator 8@System Handover and Documentation

Verification (As Built):

As per requirements under Inditma 4.03d System Handover and Documentation

References

CIBSE Commissioning Codes: A (Air Distribution Systems), C (Automatic Controls), L (Lighting), R (RefGtaridiet

Institution of Building Services Engineers

{1 w! 9 DdzA RSt AZBY na &Mmnyiosinitrisas REBEIEOS éxfing, Refrigerating and@sinditioning

Engineers

1'{1w!9 DdZARStAYS mom
Refrigerating and Ai€Conditioning Egineers

'{1w!'9 DdzZARStAYS wmodn
and AirConditioning Engineers

OHANTDOU

OHAMNODU

Wi !/ 9 w ¢ BrieKcfiSodiety of WealindzA NB Y Sy (i

Wt NP O AriedesSSaciely af Nkatiny Reffigeddtinga  CL OA f
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P.37 Energy Modelling Requirements

Intent

To demonstrate the energy savings of the buildbagnpared to a prescribed reference model that
reflects prevailing building standards and codes of practice.

Scope:

Applicable to all building3.he energy modelling for evaluating the energy performance of a building
shall be carried out in the prescribadanner to quantify the potential savings based on energy
efficiency measures and improvements that reduce the cooling load over the reference model.

Important note energy modelling is to compare the building to a code compliant building simulated
as a eference model, and not the Green Mark 2015 reference building used under 2.02 Energy
Effectiveness.

Applicable for the followingAward levels

Goldtvs
Platinum

Assessment

The energy model shall be used to demonstrate the design periacmandassesed in detail by a
BCA energy modelling assesskiiesimulationshall beconducted in accordance with the BG#een
Mark Energy Modelling Guidelings verification the measured performance and efficiencies shall be
used to demonstrate compliance.

Table P37-1 Minimum Energy Savings to be demonstrated through Energy Modelling

Level of Green Mark Award Minimum Energy Savings
Gold™vs 25%

30%

Guidance Notes

At Design Stage:

The energy modelling simulation shall be carried out in accordancethatBCAGreen Mark Energy
Modelling GuidelinesThe project must demonstrate the percentage energy savings forSeadd
Platinum as shown in table P-37above The Qualified Person (QP) and the appropriate practitioners
shall certify that the energy adelling for the building has been conducted in accordance with the
energy modelling methodology in the BG#een Mark Energy Modelling Guidelimesl ensure that

the assumptions, inputs and results are bona fide.
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Verification (As Built):

At stage 2 vdfication the project team shall complete and provide the following information:

1 the operational system efficiency report for the air conditioning system

the actual average building cooling load (Wjm

the actual average receptacle load per functional sp@w/nr)

The operational building EEI

The building EUElectricity billsand operational schedules

A comparison to the energy modelling result submitted at design stage broken down in
accordance to the format submitted at design stage

=A =4 =4 4 A

A project will havedeemed to have met the preequisite where the key energy consuming
components are operating to their designed efficiencies. A calibrated reference modehshb#
required except for circumstances including

1 A significant discrepancy in comparisontwtthe energy model results
Change of primary use

A change of functional area distribution

Changes in equipment specifications and performance

Changes in GFA

Change in ventilation modes

= =4 =4 4 =4

References
1Y {AY3AFLRNBT W./! DNBSYy alN)] 9ySNH& a2RStfAy3a DddzARStfAYySa

Singapore Standard 530 (2028pde of Practice for Energy Efficiency Standard for Building Services and E€qpGPRING
Singapore

Singapore Standard 553 (201®)ode of Practice for A@onditioning and Mechanical Ventilation in Build&ygSPRING
Sirgapore

ASHRAE Standard 90.1 20¢® y SNH& { (| y RéxteRLoBR@MNA S dskS RMRSAG A f . dzAf RAYy3a QT
Heating, Refrigerating and A@onditioning Engineers
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P.38 Energy Efficiency Benchmarking

Intent

To provide a numerical benclark for buildings to demonstrate their overall reduction in energy
consumption.

Scope:

Applicable to & commercial buildings.

Applicable for the followingAward levels

Goldtvs
Platinum

Assessment

The Energy Efficiency Index (EEI) computation ecbais the proposed model result from the Energy
Model. The project should demonstratédower EEthan table P.38L. Where the project exceeds the

EEI stated, the team shall provide a reasoned explanation. The overall Energy Use Index (EUI) for the
building and the separate Car park EUI shall also be presented.

Table P.38 EEI Benchmark for commercial buildings

Building Type Benchmark for Energy Efficiency Index (EEI) (kwh/m2/yr)
Office andInstitution 160
Hotel 260
Retail 360

Guidance Notes

The normédisedEEFor both the Proposed and Reference Models shall also be computed. The details
are as follows andeferenced totable P.382:

Calculation of EEI = [(TBEBCECCPEC) / (GFADCA)] x (NF/OH)
Calculation of Building overall EUI (Exclude cak)palTBECCPEC) / (GFA)
Calculation Car park EUI = CPEC / CPFA
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Table P.3&2 EEI References for calculation

References
(@ TBEC : Total building energy consumption (kWh/year)
(b) DCEC : Data centre energy consumption (kWh/year)
(c) CPEC : Car parkenergy consumption (kWh/year)
(d) GFA . Gross floor area (f)
() CPFA : Totalfloor area for car park @n
() DCA . Data centre areas (fp
() NF : Normalising factor based on typical weekly operating hours of the building ty
Office: 55 hours/wed
Retail :84 hours/week
Hotel and Industrial 168 hours/week
School & Institution 60 hours/week
Car Park : 168 hours/week
(h) OH . Weighted weekly operating hours (hours/week)

At Design Stage:

Submission offte EEI, EUI and carpark EUI in thealg tabulated format:

Efficiency Indicators Result

EEI (kWh/m2/yr)

Green Mark Certified and Gold Results from Energy Calculator
Green Mark Gold Plus and PlatinugResults from Energy Modelling

Explanation if EEIl exceeds benchmark

Building overal EUI(Exclude car park)
(KWh/m2/yr)

Car park EUI (kKWh/m2/yr)

(TBEC) Total (CPEC) Car park (DCEC) Dateentre (OH )Weighted TBEQ, CPEG
Building Energy energy energy weekly operating DCEC
Consumption consumption consumption hours (hous/week) (kWhiyear)

(kWhlyear) (kWhlyear) (kWhlyear)

(GFA)Gross floor  (CPFA)Total floor (DCA) Data centre (OA) Others NofGFA Total Area (m2)
area (m2) area for car park area (m2) area (m2) (GFA + CPFA +

(m2) 0A)

Verification (As Built):

Submission o$iage 2 verification actual EEl and EUI as per the design submission format.

GREEN MARK 20[LF-OR PILC



1. Climatic Responsive Design

Criteria Points
1.01 Leadership 10
1.02 Urban Harmony 10
1.03 Tropicality 10
TOTAIL 30
Advanced Green Efforts 7

Climatic Responsive Design Introduction

The longterm sustainability of the built environment, economy and society depends on
collective leadership of building owners in driving sustainable buildings.

ThedzLJA G NBFY f SFRSNBRKALI (2 LldzaK o6Se2yR (KS
the key towards shifting the needle towards developing climatic responsive designs.

To achieve climatic responsive design in a project, it is crucial to have anveffategrated design
process that resonates among the stakeholders, including a shared vision of building a sust
development and how the vision could be achieved.

The design team of a project should appreciate the site context, so as to captalise physical
environment and recognise opportunities for urban built form to maximise responsive design.

The built form should be considered to maximise its response to the tiaztal climate, and
establish a contemporary tropical vernaculdiheseare the essentials for impactflimatic
Responsive Design

The criteria highlighted in ylelw are scored undeBection 5. Advanced Green EffortBhe points
will form a part of the total Green Mark score, and contribute to the number of points in Sect
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1.01Leadership

Intent
¢2 NBO23ayA&aS YR LINRBY2(GS (KS oiprshtienha MEdecHnital Yy SSR S
improvements to the overall environmental credentials of projects, from the initial stages of the

project through to building occupation and operation. To further stretch outcomes in substantially
reducing the environmental ipact while increasing the lifeycle quality of building projects.

Criteria Points
1.01a Climatic & Contextually Responsive Brief 1
1.01b Integrative Design Process 2
1.01c Environmental Credentials of Project Team 2
1.01d Building Information Modely 2
1.01eUser Engagement 3
TOTAL 10
Advanced Green Effor| 3
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1.01a Climatic & Contextually Responsive Brief
Scope

This involves the evaluation of all constraints and opportunities as well as conceptualisation of clear
environmental sustainabfij targets and design approaches early at the onset of the project.

Assessment
Criteria Points
Climatic & Culturally Responsive Brief 1

Demonstration of the above process through two parts:

Strategic Definitionct NSt A YA Yy I NB RS T Aistaindble asyiratdris forittie projéxt ahdS y i Q &
identification of its green potential benchmarked against similar projects. Feasibility stodadging
assessmentsf options against functional requirements and potential constraints should be prepared

to rationalise the brief.

Preparation and Brief; Setting of agreed achievable formal sustainability targets for the project. In
FRRAGAZ2Y (2 (GKS LINR2SO0Qa GFNBHSGSR DNBSY al N] NI
outcomes and indicators. Thelsetion, deployment and responsibilities of the project team, builders

and building operators in order to ensure an optimised building should be detailed as well. This
includes the identification of at least one member of the project team to take theiteadordinating

sustainability efforts and tracking of the targets throughout the building design, construction and
handover phase.

Guidance Notes
At Design Stage:

Submission of written statements, reports, documents, correspondences and notes of diecussi
RSY2YyaGNF GAy3 GKS LI NIGAOdzZ F NI LINP2SO0Qa ONRSTAY
representative and acknowledged by the key project team members.

References

¢KS {AYy3IIFILIRNB LyaidAaAiddziS 2F | NOKAGSQPYBydmamdh! Wt ddNRadAga 2

{AYyOf+FANE 5& 6HAMOUO WDdzARS (2 ! aiAy3a GKS wL.! tfly 2F 22N]
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1.01b Integrative Design Process
Scope

This encompasses the establishment of a collaborative framework for the project team during the
briefing,concept design and technical design phase. Addressing and negotiating between the various
needs of all stakeholders to achieve the common targets results in a more balanced and optimised
design outcome. The integrative design process should be as consultatd norhierarchical
manner as possible to encourage vahaded contributions and constructive discussions.

Assessment
Criteria Points
Integrative Design Process 2

Demonstration of the above process through:

(1) Appointment of all relevant consultanesarly in the design phase
(i) Identification of responsible parties within the project team to carry out the
implementation of the relevant sustainability goals and targets
(iii) Detailing of sustainable design methodology action plans and progress
(iv) Addressing of pportunities and challenges with integrative team strategies to achieve
the various targets
(V) Design charrettes held at key stages within the project design, to
- Jointly set and review sustainability targets, progress and outcomes
- Serve as platforms for thearious disciplines within the project team to voice
opportunities to optimise design, and for the team to work together to evaluate the
opportunities against other constraints.

Guidance Notes

At Design Stage:

Submission of reports, documents, corresgences and notes of discussions at the various project
stages demonstrating the integrative design process.

References

ASHRAE Standard 189.1 (20¢Q) i I Y R NR T 2 NJ-Pérfo@nanseSGreerdBildiaganformatAeKAppendix tq
Ly 4 S3aNI { BrirericarSShded yf ®dating, Refrigerating and@kinditioning Engineers

Ol ¢SiI

&

{AYyOt+FANE 5¢d 6nHnmo0 W!H aaSyofay3a I /2tt1 02N GAGS tARA
RIBA Publishing

Integrative Process (IPANSI Cosy ddza bl GA2y It {4 yRFNR DdzARS oO6HnmuH0 W58aidy
and CommunitieQ T ! YSNAOFY bl GA2ylFf {GFyRFNRA Lyaidadadzis
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1.01c Environmental Credentials of Project Team
Scope

This pertains to the appointment of environmental sgdisits at building design, construction and
operation stages to drive and coordinate the environmental design approach.

Assessment
Criteria Points
Green Individuals 0.5
Green and Gracious Builder 0.5
Green Companies 15
Cap at 2 points

Green Individials:

0.25 points shall be awarded for a Certified Green Mark Manager (GMM) or Green Mark Facilities
Manager (GMFM).

0.5 points shall be awarded for a Green Mark Professional (GMP) or Green Mark Facilities Professional
(GMFP).

Green and Gracious Builder:
0.5 point shall be awarded where the main builder is a BCA certified Green and Gracious Builder.
Green Companies:

0.5 pointshall be awarded where at least 3 of the following are ISO 14001 certified: Architect, M&E
Engineer, C&S Engineer, Developer anchMGintractor.

0.5 point shall be awarded for each SGBC Green Services Certified firm.
Guidance Notes

At Design Stage:

Submission of relevant valid certificates, notes of meetings, letters of appointment, as well as
commitment letter endorsed by client on appmtinent intent for GMFM/GMFP if applicable.

Verification (As Built):
Submission of letter of appointment of GMFM/GMFP if applicable

References

Y {AYy3AFLRNBE 6unmp0d W SNIAFTASR DaCa k /SNIAFTASR DaCt «k Da:
http://www.bca.gov.sq/GreenMark/gm_manager.htmi

1Y {AY3FLLER2NB oHnmMpO WDNBSY FyR DNIOA2dza . dZAft RSNI! 61 NRQT w!
http://www.bca.gov.sg/Awards/GGBA/buildersward.html

{Ay3FLI2NE DNBSYy .dzAtRAY3 [/ 2dzyOAf oOoHnmHO WDNBSYy [ SNBAOSa /S
http://www.sgbc.sg/greencertifications/servicegertification/

ISO1408 6HAANO WIOYGBANRBYYSYGEE YEyF3asdySyidQT LYaGSNylFdAz2zylf hNEF
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http://www.bca.gov.sg/Awards/GGBA/builders_award.html
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1.01d Building Information Modelling (BIM)

Scope

This refers to the use of BIM as a tool to facilitate a coordinated design between all stakeholders in
the construction vlue chain. BIM can be used to drive initial performance simulation, validate and
fine tune performance downstream as well as to optimise construction methodologies.

Assessment
Criteria Points
0] Integrative BIM 2
SMART BIM (Advanced Green Efforts) 3
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1.01d (i) Integrative BIM

Also referred to as social BIM or collaborative BIM, integrative BIM refers to the use of a coordinated

La Y2RStfAYy3 FNFYSE2N] GKFdG KFEN¥Yz2yirAasSa GKS G N

facilitate the ceordinated spéal design and reduce clashes during construction. Integrative BIM
models can also be used to form the base models for various building performance simulations, the
results of which can be used to further optimise the building design. Many performangénplare

being developed that can evaluate building energy use, fagcade heat gains and ETTV, lighting and
daylighting analysis, as well as natural ventilation performance.

Assessment
1 point for the coordinated use of BIM between the involved parties endbnstruction value chain.
Minimally comprising of the Architect, the MEP Engineers and the Structural Engineer.

1 point for the use of BIM for environmental analysis, building performance simulation and clash
detection purposes.

Guidance Notes
At DesignStage:

Submission of the following where applicable:

1 BIM model
1 Relevant projectpecific procedural documents and specifications evidencing use of BIM in
project

91 Details of the analysis software used, processes and how this has been employed to optimise
the building design.

References
Y {AYAFLRNBE 6nHnmMedHSNE A I LETNBuwSyikdadn Dt sB\Bedia/586132/Singapore
BIM-Guide V2.pdf

Sinclaie 5® o6HnAMHO W. La h@SNIle (2 GKS wL.! hdzitAyS ttly 27

2
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https://www.corenet.gov.sg/media/586132/Singapore-BIM-Guide_V2.pdf
https://www.corenet.gov.sg/media/586132/Singapore-BIM-Guide_V2.pdf

SMART BIM (Advanced Green Efforts)

Smart BIM comprises of 3 levels:

1. 4D (Time) BIM; This links time information to the BIM model for project scheduling and
coordination. By reéicting real time construction activity on site, the 4D model can be used
to review progress against the construction programme and identify methods to assess delays,
make up time and evaluate extensions of time (EOT) claims.

2. 5D (Cost) BIM This consistsfaelemental details, finishes, fixtures and equipment within the
model linked to data on performance, manufacturers and specifications. The 5D model can
assist in the preparation of cost and quantity schedules and tracking of the project budget.
The use ofntegrated scheduling tools can be incorporated including those tailor made for
Singapore such as SIA Idol and INPQS.

3. 6D (Facilities Management) BIMThis involves the updated as built model of the building
complete with the procured fixtures, finishesguipment data.

Assessment

1 point each for 4D (Time) BIM, 5D (Cost) BIM or 6D (FM) BIM
Guidance Notes

At Design Stage:

Submission of the following where applicable:

1 4D/5D model

1 Relevant projecspecific procedural documents and specifications evidendinking of
relevant elemental attributes to the BIM model and how they are/will be used to optimise
processes

Verification (As Built):

Submission of the as built 6D BIM model complete with material, equipment and finishing schedule
data captured where gplicable

[LFFOR PILC



1.01e User Engagement

Scope

This refers to the provision of relevant information and guidatedeuilding occupants as to how they
Oy O2y(iUNROGdzGS LRaAGAGSte (G2 (GKS NBRAZOGAZ2Y 2F (K

Assessment
Criteria Points
Bulding User Guide 0.5
Green FiHout Guidelines 1
Green Lease 3
(cap at 3)

0.5 point for a building user guide to be disseminated to all eventual occupants in the building. The
user guide should provide a detailed overview of the sustainable desigtegies and all green
features employed in the building and how they benefit the user, with an emphasis on occupant health
and weltbeing. It should include clear O&M instructions related to the green features, written in a
way the users can understandhd information detailed in Table 1.04kein the subsequent page
should not be excluded from the guide.

1 point for green fit out guidelines to be disseminated to the relevant tenant management/ personnel
to assist them in making sustainable-dilit decisims. The guidelines should detail recommended
energy and water efficiency, environmental protection and indoor air quality standards. It should also
mention or provide links pertaining to other helpful information such as green teoentric
certificationschemes and green product certification bodies.

3 points for a comprehensive Green Lease (or equivalent) to be incorporated into the tenancy
agreement, that establishes agreed levels of environmental performance between the landlord and
0KS Sy | % adf théfnthettagle area.

Guidance Notes
At Design Stage:
Submission of the following where applicable:

1 Building user guide, green-fiut guidelines and/or green lease prepared and endorsed by the
client representative, complete with commitment that thewill be circulated as specified
above

i Official statements committing incorporation of green leasing for specified NLA into tenancy
agreements with details of enforcement procedures

Verification (As Built):
Submission of the following where applicable:

9 Official building user guide and greenditit guidelines for circulation, and evidence of their
circulation to the respective parties

1 Tenancy agreement with Green Lease and enforcement procedures incorporated, complete
with evidence of its application time specific tenants

[LFFOR PILC



References

A { Ay 3l L2 NB OHAMNO W, /! DNBSy [ S as ¢22t1A0Y h¥
http://www.bca.gov.sg/GreenMark/others/Office Green Sdhk.docx
! {Ay 3l LI2NB OHnAMnO W, /1 DNBSy [ S as$s ¢22t1A0Y w S

http://www.bca.gov.sg/GreenMark/others/Retail Green Schedule.docx
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Table 1.01€l: Recommended Information to be included in the Building User Guide

Introduction ¢ an overview of the design, the passive and environmental strategies employed anc
they beneft the user.

Energy
i) Details of the low energy lighting fittings and their operational controls
i) Details of energy labelling for any supplementary equipment and advice on selection
iii) Details on how to track energy consumption
Water
i) Details of WELS labels oftemafittings and water control strategies
ii) External water use and water recycling that is taking place if any
iii) Details on water saving measures and tips

Waste & Recycling

i) Information on the waste collection strategies, and what needs to be segregatet
recycling
ii) Information on good practice and local waste facilities for items that are not under

normal waste contract
Green Transportation and Access

i) Details of bicycle parking provisions and shower arrangements
ii) Details of the local transportation optisrto and from the building

Local Amenities
i) Details of the amenities and facilities within and around the building

Responsible& HealthyFit Out

i) Details of the green products used within the building
ii) Importance of using green fidut and low VOC materials
i) Embodied energy of building materials selection

Responsible Purchasing

i) Advice on green procurement strategies relevant to the type of building occupant
Others

i) The environmental impact of user behaviour

ii) Information on good practices for sustainable birilgloperations relevant to the building

users including hiks towebsites, pulications and organisations providing information
guidanceon environmentally sound operations, environmental tips and initiatives.
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1.02 UWban Harmony

Intent

To identify the impact of the physical form of a building, which prefixes its sustainable performance,
with respect to its immediate locale and larger context.

O 2 yceritrigity\hbwilit [Fefence wilbafigktiitdconyed Qa K dz)
as well as the movement and comfort of the people in its neighbourhood.

¢2 Ffa2 GFr18 Ayd?

Criteria Points
1.02a Sustainable Urbanism 5
1.02b Integrated Landscape and Waterscape 5
TOTAL 10
Advanced Green Efforn 2
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1.02a Sustainable thanism

Scope

This involves conducting site analysis to develop a sustainable accessible and contextual response.
This ensures that the development enhances the urban realm and minimises its environmental impact
while creating minimal diamenity to the swrounding buildings.

Assessment
Criteria Points
(i) Environmental Impact Statement 2
(i) Response to Site Context 3
(iii) Urban Heat Island 1
(iv) Green Transport and Logistics 1
Cap at 5 points
Creation of possible new ecology and natural ecosystems (Advanced Gre 1
Hforts)
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1.02a (i) Environmental Impact Assessment and Statement

To empower building stakeholders through a holistic Environmental Impact Assessment and
Statement (EIA). The EIA serves as a reporting framework to understand the environmental impacts
of their decisions and thus make informed decisions to prevent environmental degradation.

To be conducted prior to the commencement of activities on site.
Assessment

1 point shall be awarded for a comprehensive EIA to identify the anticipated effects on the
environment a proposed development or project may have. The EIA shall identify design measures to
mitigate negative impacts to the site environment with a focus on climate change and ecological
systems. It should describe how the project can contributsitpeely to the overall ecology and
biodiversity of the site and its wider context.

1 point shall be awarded for the implementation of mitigation measures for the protection of valuable
site ecology during construction.

The EIA should cover the followiagpects listed under Table 1£2
Guidance Notes

At Design Stage:

Submission of EIA, endorsed by the client or client representative
At Verification Stage:

Documentary evidence and photographs of implementation of the environmental mitigation
measures ndertaken during the construction and initial operation of the building.

Replacement is not able to compensate the points for features of identified value removed in the
construction process or site clearance.

References

Environmental Protection Agenci§Bf I YR O0HAanH0 WDAdZARStE Ay Sa 2y (GKS AYF2NNEGA2)
{G1rG6S8SYSyida oleh/fiveneba.isidlisMdviCe@Sdritelines/#.VRksF1Iww

Eug LS| y | 2YYA&aA2Y OHAMpPO WOYGBANRYYSYyil ¢ LYLJ O
http://ec.europa.eu/environment/eia/eissupport.htm

L of{ o IYPBANRYYSyYyil ¢ t NEGSOUGAFPANRABGYEl f onmandoOe Wbt Oh2yo6b
http://www.epw.senate.gov/nepa69.pdf
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http://www.epa.ie/pubs/advice/ea/guidelines/#.VRks5-H1Jww
http://ec.europa.eu/environment/eia/eia-support.htm
http://www.epw.senate.gov/nepa69.pdf

Table 1.024l Outline of the EIA

1 The promsed development and its need
The existing environment of the site
I The impacts of the proposed development and its alternatives on the environment covering:
o Climate Change
0 Flora and Fauna (including aquatic life)
o Sall
o Air
o Water
I The recommendations and ma#&gs to mitigate any adverse impacts and / or opportunities
to improve the site beyond its original condition before the developméeat how he
ecological features or areas of the site are to be adequately protected from damage or
disturbance during theonstruction activities from site clearance and preparation through to
practical completion and handover.

9 Anon-technical summary

=
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Creation of possible new ecology and natural ecosystems (Advanced Green Efforts)

To demonstrate thati KS O2 YL SGSR LINR2SO0 WKSIKHfa GKS fFyRQ
net positive impact on the ecological system

Assessment

1 point for details and strategies in the EIS on how the project will enhance the site ecology beyond

its current state The regenerative features should be quantified in terms of an overall net
improvement vs the building not being constructed and the site remaining in the current context.

l INBSR YSGNROE 060adzOK a GKS { Ay 3l hitlNGkedddiRGE 2y |/
the project completion.

Guidance Notes

At Design Stage:

As perl.02a(i) Environmental Impact Assessment and Statement but with the relevant additional
information

Verification (As Built):

A study utilising the agreed metrics at the dpsistage conducted at suitable intervals during the
odzZA f RAy3aQa 2LISNI GA2y Lt €ATFS GKIFIG RSY2yaidN)I GdSa Gk
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1.02a(iii) Response to Site Context

To demonstrate how the site topography, microclimate, accesscamshectivity has informed the
design of the urban form and site layout. A site analysis should be conducted to identify the
relationships between human and physical geography of the site and inform how the building
responds to these factors.

Assessment

1 point shall be awarded for Level 1 site analysis and design that demonstrates sensitivity to the site
conditions.

3 points shall be awarded for Level 2 analysis and optimised design via iterative simulations.
The site analysis report format and contestdetailed in Table 1.622.

Guidance Notes

At Design Stage:

Submission of the site analysis document endorsed by the client or client representative.

Table 1.02-2 Site Analysis Document

1 Executive SummaryA nontechnical summary that summarises the site analysis
I Urbancontextc The urban form, land use and its impact on the site. This shall include key
view corridors, the urban grain as wedarbyamenities
1 Site Topography & HydrologyLand and topographical survey of the site facilitating des
decisionsbe88R 2y (KS &aAidSQa (2L1R2IANI LIKAOLFE FSt
This section can link to tie Sf conducted (1.02a)
1 Site Micro Climate Sun/ Wind/ Acoustics/ Views/ Air Quality:
o Level 1c Identificationon plan and photographic evidee of the key micro climatic
conditions of the site and how this will be considered in the design
0 Level X Macro level simulations that analyse the site context
9 Site Access and Connectivifyetails of pedestrian and vehicular trafféite accessibilt and
public transport options. The analysis shall investigiateconnectivity potential to connect th
site to existing green infrastructure such as parks, gardens or cycle rasite®|l as shelterec
connectivity to public transport. The analysis stialso look at physical connectivity feasibil
to adjacentbuildings(existingor planned
0 Level Ic Concept design studies demonstrating how the functional requirements ¢
project responds positivetg the site context including enhancing site ace
O Level 2¢ Iterative massing studies through macro simulations that identify how
urban form of the building has been optimised, the location of outdoor amenities
been located to take advantage of the site conditions, including outdoor the
comfort analysis. The simulations should identify that the building minimises its irr
on its neighbours

[LFFOR PILC



1.02a(iv) Urban Heat Island

To mitigate the urban heat island (UHI) effect through the material sefe®f the landscape,
(hardscape, softscape) and building surfaces. UHI refers to the increase in ambient temperature
caused by the storage of shortwave radiation by urban materials.

Assessment
%50% demonstrating ntigation measures 0.5
%80% demonstrating mitigation measures 1

The site plan shall be used to calculate the site coverage of the UHI mitigation measures such as:

1 Green and blue spaces for landscaping and roof
1 Roofing materials or coatings or cool paiwith high Solar Reflectance Index (SRI) > 40
1 Unshaded hardscape areas with SRI > 39, inclusive of unshaded carparks, internal roads,
plazas and pedestrian walkways
1 Use of permeable paving strategies such as gravel or open paving systems
9 Other performance based strategies that demonstrate URH effect mitigation
Areas with renewable energy (photovoltaic panels) shall be deemed to comply.

Guidance Notes
At Design Stage:
Submission of the following where applicable:

() Site plan highlighting vegetated and teebody areas, hardscape areas and roof areas

(i) Calculation of hardscape areas shaded by vegetation based on a midday sun i.e. the shadow
shall correspond to the area directly under the tree canopies. The tree canopy size shall be
based on the mature crowsize as per NParks guidelines (also referenced under 1.02c (i)
Greenery Provision)

(iif) Material schedules or specifications of the roof and hardscape finishes with corresponding
SRI values. Where such values are not provided, calculations in accordance t& X80y
11 may be used supported by solar reflectance and thermal emittance specifications

Verification (As Built):
Submission of the following where applicable:

1 Any design changes to be highlighted on the pan drawing and the areas recalculated

1 Photograghic evidences of the vegetated areas

91 Delivery orders of the hardscape materials and roof finishes supported by technical
specifications providing the SRI or solar reflectance and thermal emittance values

References

ASTM E198avm O HNnnmO W fot GaRllatiiB SolaNRei@étané® Index of Horizontal and Low Sloped Opaque
{ dzNFI O0SaQT !{¢a LYGSNYyridarzylt
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1.02a (v) EnvironmentallWriendly Urban Transport and Logistics

To reduce the emissions from vehicular transport to and from the building thrdogluse of ce
ordinated smart logistics systems, promotion of electric vehicles and the reduction of car parking lots.

Urban logistics facilities can be provided to facilitate aggregated distribution of goods through shared
infrastructure, assets and corlsgated deliveries to reduce the vehicular emissions associated with
deliveries.

Where onsite vehicular parking is provided, there should be car park infrastructure to support
electrical vehicles charging requirements.

Assessment
There is a cap of 1 poifar this sub indicator.

1 1 point for the provision or utilisation of smart logistics facilities
9 0.5 points for the provision of electrical vehicle charging and parking infrastructure
9 0.5 points for the reduction of car parking provision

Guidance Notes

At Design Stage:

Urban Logistics Facilities:

The project team shall demonstrate the estimated environmental benefits and details of the smart
logistics scheme through:

The estimation of reduction in greenhouse gas emissions (nitrogen dioxide, sulphulediceibon
dioxide, carbon monoxide, particulate matter, ozone) from delivery vehicles through an urban logistics
scheme

The potential reduction of energy from lesser trips made using the goods lift
Electric Vehicle Charging Infrastructure

The location anchumber of electric parking lots and the provision of the electrical points ready for
the charging infrastructure. There shall be at least 1 lot per 100 lots (cap at 5 lots)

Reduction of Parking lots:

Reduced carpark provision at minimally 20% below e @iling car park standard

b2GS ¢KS 5S@St2LISN) g2dAf R 0S NBIjdzZANSR (G2 &dzoYAd |
Ow/ t{0vQ F2NI [ ¢! Q& | LIIN2GIfd ¢KS LRAY(d akKz2dzZ R oS
LTA

Verification (As Built):

As built drawings and photographs highlighting the provision of the committed features.
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1.02bintegrated Landscape and Waterscape

Scope

Projects are encouraged to integrate a verdant landscape and waterscape that is accessible for all to
enjoy into ther building design.

Assessment
Criteria Points
0] Greenery Provision (GnPR) 3
(i) Tree Conservation 1
(i) Sustainable Landscape Management 1
(iv) Sustainable Stormwater Management 1
Cap at 5 points
GnPR greater than 5.0 (Advanced Green Efforts) 1
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1.02b(i) Greenery Provision

To provide greenery within the development to enhance the biodiversity around the development
and provide visual relief to building occupants and neighbours.

Assessment

0.5t0<1.0 0.5
1.0to <2.0 1.0
2.0t0 <3.0 2.0
3.0t0<4.0 2.5
%4.0 3.0
%5.0 1 (Advanced Green Effort)

The GnPR is a calculation that demonstrates the total leaf area of the greenery within the site over
the total site area. The greenery applicable includes any rooftop gardens, sky terraces, landscape
areas.

Guidance Notes
At Design Stage:
Submission of the following where applicable:

1 Plan layouts or software showing the site area as well as the greenery that is provided within
the development (including a listing of the number of trees, palms, shrubs, turf amd th
respective sub category and LAl \dwvith reference to Table 1.02b

9 Calculation showing the extent of the greenery provision in the GnPR calculation template

Verification (As Built):

9 As built drawings showing the landscape plans with the delivergrerdf the plants.
1 Recomputation of GnPR for any deviations using the GnPR calculation template

References
blFEdA2yFf tINJ& .2FNR O6Hnnc WSRuGARYDANBSY Nl &l vdzat AP {AFHI LI2 |

blFEdAZ2yFf tINJ& . 2FNR ty,2ARPOI ANXYWETS ab t2FFNJ250zN0 d2d INERGIYU N 24y

bFrdA2ylf tFEN]Ja .2FNR O6HAmMo0 I Hipt/Holadgnanweli.rdadds.gob.s§R Clt dzy 2 S0 QT

Table 1.0B-1: LAI values

Open Canopy = 2.5 : _ _
Intermediate Canopy = 3.0 Solitary =2.5 Monocot = 3.5

Dense Canopy = 4.0 Cluster = 4.0 Dicot =4.5

Columnar = 12rh Solitary = 20rh

Non Columnar = 60fn Cluster = 17rh

IfthetreesorthdJ- £ Ya I NB LI FYyGiSR G X nHony
shall be calculated as a product of the LAl value and the planted afga (m

2.0

Planted Area Panted Area
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https://florafaunaweb.nparks.gov.sg/

1.02b(ii) TreeConservation

To encourage preservation of existing treessite to prevent disturbance to edbiished habitats.
Where trees are felled the project team are encouraged to replant an equivalent number of similar or
native species of equivalent LAI.

Assessment
Tree Conservation Points
Preservation of Existing Trees 0.5
Replacement of Felled trees 0.5

Full points may be scored here for projects that had scored the full points Un@d2b Environmental
Impact Assessmelly demonstrating preservation of existing trees as one of the mitigation efforts.

Guidance Notes
At Design Stage:
Submission of théollowing where applicable:

i Site layouts showing the exiting final locations (where trees are being transplanted) and
number of the trees to be conserved or relocated

1 Existing site plans showing the location and numbers of trees that are to be felledheith
identification of the tree species and LAl values. The proposed landscape plans shall show the
proposed equivalent number and tree species with LAl values of the replacement trees

Verification (As Built):

1 As built drawings, transplanting records am site photographs of the conserved trees
1 As built drawings and photographs of the replaced trees

References

blEdAZ2yFf tINJ& . 2FNR 6HASIRPOG ARXYNBTS &b t21FNJ28zN0 d2d INRGIYG N 2AVi 8 = o

blEdA2yFf tIFNJ& . 2FNR 06H 1 Wetlievedtitpsl/iddafiuna@ebhpikks.dows® Cl dzyl 2 S0 QT
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1.02b (iii) Sustainable Landscape Management

To ensure the landscape enhances the native biodiversity through effective sustainable management
of the landscape of a development.

Assessment

1 point shall be awarded for projects certified under NParks Landscape Excellence Assessment
Framework (LEAF) certification.

For projects not certified under leaf certification, 0.5 points may be awarded for each @fltbwing:

0] The adoption of native species of greenery > 50% of the flora selected wherever possible
to maintain the local ecosystem
(i) Projects that scored full points und&r02b Environmental Impact Assessment
(iii) A landscape management plan established twters:
a. The use of organic composts from horticultural wastes
b. The potential for onsite composting
c. General landscape maintenance and management plan during building occupation
Guidance Notes

At Design Stage:

Submission of the following where applicable:

1 Extracts of the tender, or a signed commitment from the developer / building owner
that NParks LEAF certification will be applied for

1 Landscape plan outlining the native species with a calculation of the % of site coverage

| Submission of the draft landscapmanagement plan with supporting tender

specifications

Verification (As Built):

Submission of the following where applicable:

1 The letter of award or LEAF certificate

1 Delivery orders of the native species and quantity to be prepared and submitted. Any
variations would require a Habulation

1 The completed landscape management plan and implementation records supported by

photographic evidence, delivery orders of composts with reports of soil/ compost mixes
as well as the landscape maintenance manual
Refeences

blFGA2ylFf tIFN]la .2FNR O6Hnnc WSRUAARYDINBSY N &l ydzat ADPF {AZFAI LI2
brFraGA2yFE tIFNla .2FNR 6HASIRPOG AMNRCYNBTS ab t21FNJ2adzN0 d2d INRGHYG ¥V 2 @ = w

brdA2ylt tFIN]Ja .2FNR oOnHnmol0 dttpsk/iddafaunsebhpirks.dowsl Cl dzy | 2

S
bl GA2yl f tFNJ a .21 NR GHAMpP O W[ yR&aOIl LIS 9EOStfSyOs
https://www.nparks.gov.sg/partnewus/landscapendustry/leaf
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1.02b(iv) Sustainable Storm Water Management

To reduce storm surges and to improve the quality of water entering the public drains through
infiltration or design features.

Assessment
Susainable Storm water Management Points
PUB Active, Beautiful and Clean Waters (ABC Waters) certification 1
OR

Treatment of storm water rwoff through the provision of infiltration or
design features before discharge to the public drains
() Treatmentofko p’z 2F NHzy 2FF FNRY (2(1
(i) CNBFGYSYyid 2F xmm: 2F Ndzy 2FF |05

Guidance Notes
At Design Stage:
Submission of the following where applicable:

PUB ABC Waters certification application form

OR
Site layout plans indicatindpé total site area, the total paved area within the site as well as the total
catchment areas of the site for which the roff shall be treated. Treatment areas, and hydraulic
retention time of the design features are to be included as a part of the legilon that demonstrates
the percentage of storm water run of that can be treated through the proposed strategies

1 Proposed strategies for the treatment of the storm water +aiii shown through:
Drainage plans

Schematic drawings

Location plan

Sectional detils of the drainage feature

Specification of the filtration, transition layers, sub soil drainage layer and system,
overflow arrangement

o Design calculations and simulations (where applicable)

O O O O O

Verification (As Built):
Submission of the following where picable:

ABC Waters certificate

OR
As built drawings and photographs documenting the construction and implementation of the storm
water management system

References

tdzotAO | GAfAGASE .21 NR ovHnmny W OHMFRDT. SANABAESRYE SHy 21 0S8
http://www.pub.gov.sg/abcwaters/abcwatersdesignguidelines/Documents/ABC_DG 2014.pdf
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1.03Tropicality

Intent

To consider the passive design aspef the building, including its orientation, facades as well as
interior layout to reduce its heat load and energy usage as well as enhance effective daylight design

and thermal comfort.

Criteria Points
1.03a Tropical Fagade Performance 4
1.03b Intenal Organisation 2
1.03c Ventilation Performance 4
TOTAL 10
Advanced Green Effor| 2
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1.03a Tropical Facade Performance

Scope

A responsive tropical facade is one that reduces the heat gain into the building, providing perceptive
comfort through redeing the direct sunlight into the building. From a performance point of view, it
should be highly permeable in areas of natural ventilation and air tight in areas of air conditioning to
reduce air leakage.

Assessment
Criteria Points
Tropical Fagade Perfbance 4
Vertical Greenery on the East and West Facade (Advanced Green Featurg 1

Up to 4 Points shall be awarded based on the facade performance assessed through meeting or
exceeding the limits in table 1.03band 1.03k3 or through building simuten.

Where simulations have been used, documents shall include screen shots of the model vs the notional
model and the results. BCA will check the model as a part of the assessment.

Guidance Notes

The ETTV preequisite must be met for the level of awatidat the project is targeting. This will also
be verified at the as built stage.

At Design Stage:
A notional fagade is detailed in Table Jadi3
Points shall be awarded based on the facade performance. There are 2 scoring options:

1. Simulation based for (1) Air conditioned commercial buildings with a WWR greater than 0.5,
and (2) Air Conditioned industrial buildings with a WWR greater than 0.25. The facade
performance is evaluated through a building physics model that demonstrates a performance
advantage gainst the notional fagcade for that building type. Points shall be scored based on
the heat load reduction of the envelope and solar insolation reduction of the fenestrations
the notional fagade shall follow Table 1.03b

Meeting Notional Facade
5%

10%

15%

AWDNPEP

2. Checklist basedfor commercial or industrial buildings that are not required to undertake a
simulaton-t 2 Ay da | N8 I ¢ NRSR-2 and 4.883. Faryprojécts ahiatS Q &
demonstrate exceptional facades, an additional 1 point can be scored.

M @
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Greenery on the East and West Fagade (Advanced Green Efforts)

a M FT2NJ xomr 2F LI AOF6tS FFe RS I NBI
b. ndp F2NI xmpz 2F | LIWLX AOIofS Fl el RS |

Verification (As Built):

1 Qualified Person (QP) endorsed As Buditndngs of the facade including construction details

1 A report highlighting any changes to the facade from that committed at the stage of design
assessment and how this affects the performance

9 The delivery orders of the materials used in the envelope

1 Testingor commissioning reports of facade performance where applicable

References

F{1lw!9 {{dFYyRINR dndm ouHnmMo0 WIRise R&GidentlaBlilgirigs SR G X 2Nérigadzai O RA Yy 3 &
Society of Heating, Refrigerating and-&onditioning Egineers

A { Ay 3l LI2NB OHNNyoO W/ 2RS 2y 9y @St 2 LIS ¢ KSNYI § t
http://www.bca.gov.sg/PerformanceBased/others/RETV.pdf

/L. {9 ¢aHo OHANEG OT ANISIANINIY[AS L dIATIRATY I/ KF NISNBR LyaliAddziazy 27

/L. {9 ¢aop oO6HAANO WOYDBANRBYYSyYyllf tSNF2NN¥IYOS ¢22t 1Al TFT2NJ
Engineers (UK)
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Table 1.03-1 Notional Fagade for Simulation

Commercial &

Institutional Buildings

Weighted Window UValue

Weighted Wall UValue O 7
Overall Envelope WYalue 1.6
WWR (each fagade) 0.4

Total Effective Shading Coefficient (SC1 x ok
SC2)

m3/h/m ’@ 50Pa

Maximal Air Le&age (AC Spaces only)
Roof UValue
Sky light / Roof window Walue

RTTV (where there are sky lighfisr AC
areas

I\)OU‘I

Industrial

5.4
15
2.4
0.20
0.6

10m¥h/m?@ 50Pa
1.1
4.3
50

Simulation Methodology

A model that accurately reflects the spatial parametefrshe building shall be created using a DOE

2.0 or equivalent software. The facade shall be modelled as per the notional fagade (Tabl&)1.03b
and as per design. The comparison excludes any internal heat gains and internal zoning. The
percentage coolingold reduction is determined through comparing the result against the notional
facade model. The heat gain shall be computed based on relevant climate data (including solar heat

gains) based on an annual simulation.

Note that Simulation is ONLY required foe following:

1) Commercial buildings with a WWR greater than 0.5, and

2) Industrial buildings with a WWR greater than 0.25

GREEN MARK 20[LE-OR PILC



Table 1.03& Non Simulation Score for Commercial Buildings:

Baseline Points for Improvement
Overall weighted 1.6 Wm2K? 0.5 pdnts for meeting U value of 1VBm2K?
Envelope Walue Additional 0.5pts for every 0.2W#iK?!
reduction.
Cap at 2 points
WANRS(EXCludesHacaca oy Y (e)e1)! WWR 0.41pt
openings/voids) East and West facades WWR 0.3%; 1.5pts
not to exceed 0.3% WWR 0.3; 2pts
Glass Shading 0.4 SC 0.4 = 0.5pt
Coefficient (SC1) SC 0.35=1pt
SC 0.3 =1.5pt
SC 0.2.5 = 2pt

X ME: STTSOUADS

<,
(0p))
QX
QX

|
(North and South)
- xom: STFSOGAQGSySaa
East and West)
5m¥/h/m 2@ 50Pa 5m#/h/m 2@ 50Pa = 1pt
3.5m¥h/m? @ 50Pa = 2pt

Roof UValue 0.8W m2K? 1pt for meeting 0.8V m2K?

Sky light / Roof window AWk 0.5points for meeting Walue
U-Value

Total Points (Cap at 4)

Table 1.03-2 Non Simulatin Score for Industrial Buildings:

Baseline | Points for Improvement

Overall weighted 2.4Wm2K? 0.5 points for every 0.4 \W2K?! reduction
Envelope Walue in U-Value compared to the baseline
Cap at 2 points

WWR (Excludes Facad gty WWR 0.20.5pt
openings / voids) WWR 0.1%; 1pt

WWR 0.1%; 2pts
Glass Shading 0.6 SC 0.5 =1pt
Coefficient (SC1) SC 0.45 = 1.5pt

SC0.4=2pt
Effective Sun Shading [ ¥xME> STFSOUAPSySaa
(North and South)
Effective Sun Shading & xom: STFSOGAGSySaa

East and West)

AlREeakage (ACSpacemN eyl @R 2F) 10m¥h/m? @ 50Pa = 1pt
7m’¥h/m?2 @ 50Pa = 1.5pt
5m¥/h/m 2@ 50Pa = 2pt

Roof UValue 1.0Wm3K?! 0.5points for a reduction of 0.1
Cap at 2 points

S VA WA AR 4.0W m2K? U-Value of AN m2K? = 0.5pt

U-Value U-Value of 2V m2K! = 1pt

Total Points (Cap at 4)
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1.03b Internal Organisation
Scope

The internal spatial organisation of a building provides opportunities to improve the operational
efficiency of the building over its entire lif8trategic decisiomaking including the location of nen
critical building services, transient spaces and vertical transportation all have lasting effects on the
0dzAft RAYy3Qa LISNF2NXIyOSo

Assessment
Criteria Points
Zoning of building services and transiepases to reduce occupied spaces heat ga| 1
Transient spaces to be passively designed 1

M LR2AYG aKlFftf 0SS F6FNRSR F2N) 20 0Ay3 o6dzAf RAY3
and other nonthermally critical norair-conditioned spaes on east and west facing walls to reduce
the thermal heat gain into the functional spaces.

1 point shall be awarded by number of all Common spaces araim@monditioned, such as toilets,
staircases, corridors, lift lobbies, atriums etc.

= sum of points/number of applicable common
spaces

Guidance Notes
At Design Stage:
Submissiorf the following where applicable:

1 Plans and elevations marking the locations of the building services anthaonally critical
non airconditioned spaces and the subsequent reduction of conditioned areas directly
exposed to eastern and western solairga

9 Plans and details of the common spaces including fagcade openings and ventilation modes

Verification (As Built):

Submission of as built drawings of the approved spaces

[LFFOR PILC
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1.03c Ventilation Performance

Scope

This refers to the design of naturally veatéd functional areas of buildings including atria to be
thermally comfortable and healthy for the building occupants.

Applicable for naturally ventilated functional spaces and gathering spaces such as building atria.

Assessment
Criteria Points
Demonstrae Effective Natural Ventilation 4 points
Wind Driven Rain Simulation (Advanced Green Efforts) 1 point

GREEN MARK 20[LF-OR PILC



1.03c (i) Demonstrate Effective Natural Ventilation

To encourage the design for effective natural ventilation for thermal comfort, indoor envirotahen

quality for all naturally ventilated spaces.
Assessment

Points shall be awarded based through the following options:

Criteria Points
Ventilation performance checklist 3 points
Full Computational Fluid Dynamics (CFD) Simulation 4 points

Ventilation Performance Checklist

Up to 3 points shall be awarded as follows:

0.1 point for every 10% of units or rooms with

openings facing towards the prevailing winds ({Na

South for Singapore)
Single sided ventilatian

1 Point

the limiting depth(W) for effective ventilation is twice  Where

the floor-to-ceiling height (H) [W&H]
Cross Ventilation

X p JE:
applicable

the limiting depth(W) for effective ventilation is five spaces

times the floorto-ceiling height (H) [WeH] meet

Combination with stack effect atria

15m limiting depth of space from facade to atria. 2 Points
Where

Note: XT JE?

Atria to have an effective opening >10% floor area. applicable
Atria can bel.5x the depth of room (above), or 2 x spaces
where the use of fixed fans or mixed mode systems  meet

employed.

Total 3 Points

CFD Simulation

A ventilation performane report shall be produced that documents the approach to the ventilation

of the relevant spaces.

Detailed CFD simulations shall follow BREA Green Mark Computational Fluid Dynamic Simulation

GuidelinesPoints shall be scored based on table 1-Q3c

[LFFOR PILC



Guidance Notes

Design Stage:

Ventilation Performance

Compliance to the checklist performance in table 1:03c
Full CFD Simulation

The CFD simulations or wind tunnel testing are to be conducted based on the requirementB@%he
Green Mark Computation#&luid Dynamic Simulation Guidelin€®r Gold Plus and Platinum projects

g A UK 2 ohmaturally Yentilated functional spaces (excluding all transient spaces and M&E
spaces with the exception of building atria) P.27 must be met.

1. Wind Speed:

The d$mulation results and the recommendations derived are to be implemented to ensure optimised
natural ventilation with minimum weightedverage wind velocity. Moderate, Good and Very Good
levels of performance are identified within t@omputational Fluid Dyamic Simulation Guidelines,
where Very Good represents the prequisite for Platinum and Good forGold Pluswithin the
occupied space.

Or

The simulation results and the recommendations derived are to be implemented to ensure optimised
natural ventilaton to the Moderate level as stated in ti@omputational Fluid Dynamic Simulation
GuidelinesThe project team can further demonstrate their ventilation performance through either:

2.1 Thermal Comfort:

For occupied spaces where the area weighted wind Wglde less than Very Good fBifatinumand
Good forGold Plusthermal comfort modelling shall be performed and shall meet the thermal comfort
criteria for naturally ventilated spaces in tropical climate based on the checklist approach.

2.2. Air Quality:

For occupied spaces where the area weighted wind velocity is less than Very Gédatiftrmand
Good forGold Plusair quality modelling shall be performed and shall meet the air quality criteria for
naturally ventilated spaces in tropical climate basedthe checklist approach.

Note: Option 2.2 is only applicable for the following building types:

1) Industrial warehouses with occupancy density no more than’frson

2) Sports facilities

References

U {AYAFLIRNBT W. /! DNBFY YAIONT ANAX LIdzd 2 A DIARSCH ¢gz8 R Q5 &

L. {9 '"LWEAOKGAZ2YA al ydz f MB208A0p 0 WAt &RNyYBaQEY G Kt Nii SANPH R
Services Engineers (UK)
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Table 1.03d ¢ For at least 70% of applicable naturally ventilated areas to meet

Moderate (0.2m/s) - -
Good (0.4m/s) -1.0 <PMV<+1.0 ' AN/ KIy3Ss

' ANJ 9EOKI y3S§ ¢
Very Good (0.6m/s) -0.5 <PMV<+0.5 I'ANJ / KIFy3asS
' ANJ 9EOKLI y3IS ¢

Note: No part of any room or space (other than a room in a warehouse) that is designed for natural
ventilation shall be more than 12.0 m from any window/opening that is ventilating the space.

Windows or other openings shall be located such that they are open to the exterior of the building, or
an air well with a minimum width of 3.0m and a minimum area opethe sky (table 1.032), or a
recess (void) exceeding 3.0m from the external building wall of minimum width 3.0m

For a functional space to be considered naturally ventilated there shall be one or more openable
windows or other openings with an aggregatea of not less than 5% of the floor area of the space
required to be ventilated. The effective open area of a sliding window is the unobstructed
area when the sliding window is opened fully. The effective open area of any openingthsiah

fixed louvers shall be assumed to be 50% of the area of the opening. For any casement windows
installed with restrictors and can be opened at least 30 degrees or more, the effective open
area of the window shall bassumed to be 50% of the window opening.

Table 1.03€ ¢ Minimum airwell size:

Xony 10nv¥
Every sbsequent 3m +1n?

1.03c (ii) Wind Driven Rain Simulation (Advanced Green Efforts)

Use of wind driven rain simulath modelling to identify the most effective building design and layout
that minimises the impact of windriven rain into naturallyventilated occupied spaces

Assessment

1 points shall be awarded for the useind driven rain simulation modelling to demonste
compliance to the Wind Driven Rain Simulation Methodology and Requirement withBGAeGreen
Mark Computational Fluid Dynamic Simulation Guidelines

Guidance Notes
Design Stage:

Submission ofisulation results and proof of adherence to the perforngarrequirements listed in
the BCA Green Mark Computational Fluid Dynamic Simulation Guidelines

References

1 {AY3FLERNBT W. /! DNBSY alN] /2YLdzil GA2yt+f CtdzAR 58yl YAO
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2. Energy Performance

Criteria Points

2.01 Energy Efficiency 7

2.02 Energy Effectiveness 15

2.03 Renewable Energy 8
TOTAL 30

Advanced Green Efforts 12

Energy Performandatroduction

The energy performance of a building is measured through the efficiency of its active syste
the urban tropicsthis is mainly attributed to air conditioning systems, atrtificial lighting and
water production in some building types.

The built environment is an important contributor towards reducing global carbon emission:
fossil fuel consumption. This seatiduilds on Section & Climatic Responsive Design, whe
building projects should also demonstrate the optimisation of building energy systems to re
the environmental impact.

Combining climatic responsive design and optimisation of building enesignsy, as well as
tapping on opportunities to adopt renewable energy, the energy performance of building pro
can be improved significantly.

In this version of Green Mark, an Energy Performance Points Calculator* has been formule
aidthedesign$+ ¥ (2 dzy RSNRGFYR GKS o6dzAf RAy3aQ S
reduce energy consumption. This calculator shall be used by the project team to compul
aSO0GA2yQa LRAYGAS FYyR (2 RSY2YAdNXrdS GKS

* In sprealsheet format

The criteria highlighted in yellow are scored un&exction 5. Advanced Green EffortBhe points
will form a part of the total Green Mark score, and contributéglie number of points in Section

0dzA f RA
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2.01 Energy Efficiency

Intent

To encourage buildings to stretch boundaries in optimising the efficiency of their high consumption
mechanical systems, namely the air conditioning and lighting systems.

2.01a Air Conditioning Total System Efficiency 4
2.01b Lighting Efficiency 3
TOTAL 7

GREEN MARK 20[LE-OR PILC



2.01a Air Conditioning Total System Efficiency
Scope

Covers the total system efficiency of all the air conditioning system equipment normally in operation
in the buiding, inclusive of chillers, unitary systems, associated pumps, cooling towers and air
distribution systems.

Nonair-conditioned building projects shall score full points under this indicator.

Assessment

Air Conditioning Total System Eificcy 4

The Energy Performance Points Calculator shall be used to calculate the total system efficiency of the
air conditioning systems used in the project. The relevant points shall be scored based on the table
below:

Building Cooling Load (RT)
<500 RT 0 500RT
Total Design System Efficiency (KW/RT)

1.08 0.98

1 point for every 6% improvement from baseline

The design system efficiency of the chilled water plant (air or water cooled) shall be computed based
on the simulated total buildig cooling load profile of the operational design load. This refers to the
power inputs of the various system components selected over the operating range of the cooling load
conditions, as defined in P0O4. The air distribution system efficiency shallskeé b@on the fan input
power over the operational design load. Where the fan input power cannot be determined, the
nameplate power shall be used.

For unitary systems the efficiency shall be based on the total weighted COP and the weighted
operational loa. The air distribution efficiency shall be based upon the weighted cooling load with
0KS Flry &LISSR lFaadzySR G2 o6S Fd KS KA3IK fS@St
The peak building cooling load is determined based on design day conditions, nainesty solar

gains and outdootemperatures are at their highest and there is full occupancy.

Points can only be scored provided thidie air distribution system efficiency does not exceed
0.28kWI/RT.For Air distribution systems with high pressure drops due to the functional requiseme

of the system, BCA will permit a fan power pressure drop adjustment based on table 2a and 2b under
SS553: 2015. The baseline of total system efficiency (kW/RT) will be adjusted accordingly

Guidance Notes

At Design Stage:
Submission of the following @pplicable:

Energy Performance Points Calculator

GREEN MARK 20[LF-OR PILC
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Technical specifications and product information of allcainditioning systems including:

9 partload curves and calculations
1 Detailed calculations of fan input power for each PAU, AHU and FCU in thadbddied on

operational design load.
Pump head calculations
9 Duct static pressure calculations

1 ACMV layout plan
1 Weighted COP and weighted cooling load calculations for Unitary systems

Verification (As Built):
Submission of the following if applicable:

1 Enegy Performance Points Calculator reflectingbagdt information

91 Delivery orders of air conditioning system including the air distribution systems

1 Completed Operational System Efficiency report of the air conditioning system including the
power for the airdistribution system detailing the total operational performance measured

over a 1 week period.
1 Power consumption of the unitary systems

References

Singapore Standard 530 (2028pde of Practice for Energy Efficiency Standard for Building Servicesigmde) SPRING

Singapore

Singapore Standard 531 (20M8pde of Practice fdighting of work placesL y' R 25PRIKG Singapore

ASHRAE Standard 90.1 20¢® y SNH& {dF yRINR F2MNA S dz 8 RMESAG AEEO S.LalkA f[RAY 34 Q1
Heatirg, Refrigerating and Ai€onditioning Engineers
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2.01b Lighting System Efficiency

Scope

This refers to the savings in using energy efficient lighting against code requirements.
Applicable to all building lighting excluding carpark and emergency lighting.

Assessment

Lighting System Efficiency 3

¢tKS 9ySNHe& t SNF2NXIYyOS t2Ayda /IfOdAFG2N aKIf f
lighting power density in comparison with the lighting power budget in SS 530: 2014. 1 poiteshall
scored for every 15% savings over code.

The lighting shall include tenant lighting calculated throtlghbase lighting fit out or a Green Lease
in accordance tol.0le Green Usenshich shall stipulate the maximum lighting power density
permissible.

Guidance Notes
At Design Stage:
Submission of the following if applicable:

1 Energy Performance Points Calculator

1 Lighting layout plans and schedules

1 Luminaries data sheets

1 Lighting level simulation showing the resultant lux level and uniformity of theriglesign
that meets or surpasses prevailing code requirements

Verification (As Built):

Submission of the following if applicable:

1 Energy Performance Points Calculator reflectingwailt information

1 As built lighting layout, lighting schedule and lunmiea data sheets

1 Purchase orders and delivery orders of the luminaries used in the project

9 Documentation of onsite verification of the as built lighting lux level achieved

References

Singapore Standard 530 (20M) 2 RS 2 ¥ Enekgy Eificianfy@®ida@fotBuilding Services and EquipnGEsPRING
Singapore

Singapore Standard 531 (20M) 2 RS 2F t NI OG0 A OS A YNI2SPRIMK Siiggpare 2 F 62 NJ LI | OS

GREEN MARK 20[LF-OR PILC
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2.02 Energy Effectiveness

Intent

To consider the energy effectiveness of a building holidyicia terms of the extent of use of energy

systems in addition to their efficiencies when compared to a reference building. The elements of the
odzAf RAy3aQa SySNHe O2yadzYLIXiAz2y FNB OF f OdAZ F ISR | yF
Calculator that acompanies this section. This methodology guides projects through the process of
understanding their building energy performance and evaluation of the strategies to reduce their

building consumption. This serves to steer projects towards making sustaotedons from first

principles by (i) first considering the necessity of use of energy systems within spaces to adequately

fulfil functional end user requirements, before (ii) designing for the optimisation of such systems.

The Energy Performance Poiftd £ Odzf | G2 NJ | £ 82 OF f Odzf  1S& G(KS LINEE
GKAOK Oly 0SS dzaSR (G2 0SYOKYIN] GKS o0dzAf RAy3IQa LIS
The consumption and savings figures under this indicator are static in nature for the purposes of

calculation of energy sawys against a static reference model. Thus the figures are only an indicative
representation of the actual building performance.

For projects targeting Green Mark G@i¢Fand Platinum, dynamic energy simulations shall be
conducted in accordance with the &m Mark 2015 Energy Modelling guidelines and shall
demonstrate the prescribed energy savings as stated in P37 and P38 respectively.

Criteria Points
2.02a Building Energy 11
2.02b Carpark Energy 2
2.02c Receptacle Energy 2
TOTAL 15
Advanced GreeBfforts | 2
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2.02a Building Energy
Scope

This encompasses the total energy of the base building, excluding carpark and receptacle loads, based
on normalised operational hours.

Assessment
Building Energy 11
Advanced Green Efforts 2

The Energy Performance Points Calculator shall be used to generate the energy savings of the building
against a static reference model.

The points scored shall be as follows:

1 1 point for every 3% energy saving.
1 Advanced Green Efforts = 1 point f&0%, 2 pints forx0%

Guidance Notes
At Design Stage:
Submission of the following if applicable:

1 Energy Performance Points Calculator
1 Technical specifications and product information of alicainditioning systems

Verification (As Built):
Submission of théollowing if applicable:

1 Energy Performance Points Calculator reflectingw@it information
1 As built equipment, spatial schedules and relevant drawings, schematics
1 Equipment delivery orders and purchase orders

References

ASHRAE Standard 90.1 (2093engy Standard for Buildings Except bovk 8 S wS&aARSY GALFE . dzZAft RAYy3I&AQT

Heating, Refrigerating and A@onditioning Engineers

Singapore Standard 530 (2028pde of Practice for Energy Efficiency Standard for Building Services and Eqp§RrInG
Singapore

Singapore Standard 553 (200®)ode of Practice for AGonditioning and Mechanical Ventilation in Buildf)gSPRING
Singapore

/I'L.{9 DdZARVSKE®S Ha Wb OMNBaftéed InktitGtion afBuildRd SeFideSHNgINESKY
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2.02b Carpark Energy
Scope

CKA& | LILX ASa G2 GKS G201t SySNHe 2F || o0dzAf RAYy3IQ:
and ventilation systems.

For projects with no carpark, the full points under this indicator may be scored.

Assessnat

Car Park Energy 2

The Energy Performance Points Calculator shall be used to calculate the savings of the car park energy
systems.

0.5 Point shall be awarded for demonstrating 30% energy saving, and thereafter 0.5 point for every
subsquent 10% energy saving

Guidance Notes
At Design Stage:
Submission of the following if applicable:

1 Energy Performance Points Calculator

9 Carpark drawings showing the parking layout and any loading bays

1 The lighting power density calculation and suppatidlocumentation including schedules,
layouts, data sheets and lux level simulations

9 Mechanical ventilation schematics, data sheets and calculations

1 Mechanical ventilation control strategies

Verification (As Built):
Submission of the following if applidab

1 Energy Performance Points Calculator reflectingwailt information

1 The as built drawings of the carpark including the mechanical and electrical schedules,
relevant data sheets

9 Purchase orders and delivery orders of the installed systems

1 Documentationof onsite verification of the as built lux level achieved

References

Singapore Standard 530 (202&pde of Practice for Energy Efficiency Standard for Building Services and EqpgPRING
Singapore

Singapore Standard 553 (200®ode of Practice fohir-Conditioning and Mechanical Ventilation in Buildf§igSPRING
Singapore
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2.02c Receptacle Energy
Scope

This refers to projects who work with their occupants to procure energy efficient receptacle
equipment, including plug loads and process equipment.

Applies to nonspeculative buildings which can reasonably calculate the receptacle equipment
schedule at design stage.

Assessment

Receptacle Energy 2

The Energy Performance Points Calculator shall be used to calculate savings in trecletsgds in
the building.

30% Energy Reduction 1
35% Energy Reduction 15
40% Energy Reduction 2

Guidance Notes
At Design Stage:
Submission of the following if applicable:

Energy Performance Points Calculator

GCommitment to procure/ evidence of procurement of energy efficient receptacle equipment
Technical specifications of receptacle equipment

The energy associated with each equipment shall be calculated and & V&loe derived.
Guideline figures are listed the Energy Performance Points Calculator which can be used

For refrigerators or other NEA tid¢hbelled systems the baseline shall be a 1 tick system
Process loads shall be compared to the industry norm and savings shall be justified through
empirical eviegnce

= =4 =4 4

= =4

Verification (As Built):
Submission of the following if applicable:

1 Energy Performance Points Calculator reflectingwit information
1 Purchase orders and delivery orders of the installed systems
1 Onsite logged measurements or sub metered readofgeceptacle load

References

ASHRAE Standard 90.1 20¢® y SNH& {{dFyRINR T#MNaS dmkd RMRSyalG AOHEEOS.LAZA f[RASYy 34 Q1

Heating, Refrigerating and A@onditioning Engineers

NABERS Energy Guide to Tenancy Energy Estimatidr);(Rational Australian Built Environment Rating System
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2.03 Renewable Energy

Intent

To encourage the generation and utilisation of renewable energy, and raise the awareness of viable
solar opportunities within the development. In combination with energy aff@ solutions, the
criteria aims to motivate buildings to work towards the vision of zero energy or net positive energy
low rise buildings and low energy high rise buildings

2.03a Feasibility Study 0.5

2.03b Solar Ready Roof 15
2.03c Replacement Energy 6
TOTAL 8

Advanced Green Effor| 10
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2.03a Feasibility Study
Scope

CKA& altdzRe Ay@2t@Sa +y S@rftdzr A2y 2F GKS o0dzAif RA\
encourages installation of solar photovoltaic (PV). Aiiding footprint refers to the area on a project

site used by the building structure, defined by the perimeter of the building plan. Open carpark spaces,
landscape, underground construction and Homlding facilities (i.e covered walkways) are not

included in the building footprint.

Assessment

Feasibility Study 0.5

0.5 point shall be scored for a solar feasibility report tfediows the recommended format for the
report found under Table 2.03.

Guidance Notes
At Design Stage:
Submision of the following if applicable:

1 Solar feasibility report acknowledged by the QP/PE (Electrical)/ energy consultants, and the
project manager

1 Any considerations for shading due to external factors beyond the project site area
supplemented with site égiwings (or future development plans) that depict the estimated
height of shading source

References
Singapore Standard CP5(2088) 2 RS 2F t NI OG A OS ;BRPRWNGShg@@oi@e NA O f AyadlftlrdAazy

BCA (2008) Green Handbaghhotovoltaic (PV) systems in loiings,
http://www.bca.gov.sg/GreenMark/others/pv_quide.pdf

EMA & BCA (2008) Handbook for Solar Photovoltaic (PV) Systems
http://www.bca.gov.sg/publications/others/handbook_for_solar_pv_systems.pdf
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http://www.bca.gov.sg/GreenMark/others/pv_guide.pdf
http://www.bca.gov.sg/publications/others/handbook_for_solar_pv_systems.pdf

Table 2.03L Renewable Energy Feasibility Report Format

Executive Summarg A nontechnical summary of the potential for solar adoption for the buildir

Roof Characteristics and Shading Consideratiandescription of the roof characterists (i.e.
number of roofs, roof area, and height variation of various roofs) to be provided with drawings.

Any potentialshading from external sources (e.g. adjacent buildings, trees, etc.) as well as ir
sources from within project (e.g. M&E servicéamp posts, etc.) are to be considered a
guantified.

Technical Solar Energy Generation PotentiaBased on the shading consideration and any ¢
specific constraints, the following information is to be provided using the prescribed i
assumptiors provided below. Any unique assumptions are to be clearly stated.

i) Expected solar capacity (in kWp) potential on the roof based on shading consideratic
layout
i) Expected annual electricity generation (in kwh) based on solar capacity potential

Economicsf Solar Installation- Using the electricity generation potential, the economics of t
solar installations are to be quantified with the following considerations.

i) Upfront costs of installation

i) Expected maintenance costs

iiiy Expected annual electricity bikesed on energy consumption calculation
iv) Expected costs saving for generation of electricity to be consumed on site
v) Expectedevenue fromsolarelectricity sold to grid (if applicable)

vi) Payback perioddiscount rate

Guiding Assumptions

i) Solar PVtechnologies(unshaded) witharea efficiency of 0.1 kWp/Mmand annual
generation yield of 120Q 1300 kWh/kWp can be assumed if project has not decidec
the specific PV technology to be used

ii) Tariff at $0.23 per kWh for low tension rate and $0.18 per kWh for higbidarrate can
be assumed if project has not have information on potential electricity tariff.

RoofAccess and Safety requirementsidentify the access and safety measures that would h:
to be installed.

Roof Optimisation RecommendationsRecommendatios for the spatial optimisation of the roo
design to facilitate including M&E equipment locations to maximise the usable roof space.

Acknowledgement from QP/PE and DevelopeAcknowledgements fronQP/PE (Electrical)
Energy ConsultanttND5 S @ S f 2rbj#stNaraget are to be provided for the feasibility stus
report.



2.03b Solar Ready Roof

Scope

To recognise the roof a& resourceand encourage an optimised roof area for the deployment of
renewable energy or othaelevantuses.

Assessment

Solar Ready Roof 15

The project shall demonstrate its design for solar readiness, or for other roof top use (such as green
roof or roof terraces) where solar energy is not feasible through the design optiomisz the M&E
systems and the structural and electrical readiness.

Roof Readiness Description

Structural Readiness 1 Design of roof spaces should facilitate ease of solar
installation. Some examples are as follows:

o For metal roofs, use roof profile wiguitable
seams that allow easy application of roof
clamps, and avoid trapezoidal or corrugated
profile.

o For trellis, ensure trellis has 45° slope
instead of horizontal top surface, to facilitate
optimal module tilt angle.

0 For RC roof, provide for a stitin that does
not require heavy ballast to prevent modules
from lifting off in strong wind. (eg provide
anchors points for solar support systems pric
to waterproofing)

1 Roof layout designed to maximise solar installation.
Shadecasting structures such asaircase doghouses,
lift motor rooms, water tanks and M&E equipment
should be shifted away from the eastest sun path,
where possible.

Electrical Readiness 1 Provide space for Balance of Systems (eg. inverters
circuit breaker switch boards and cablingfh)

1 Correctly dimension enough circuit breakers for PV
feedHin.

Use Other than Solar 9 Details of other roof space feasibility (such as Greer
Roof) and the readiness of the roof for these uses

GREEN MARK 20[LE-OR PILC



Guidance Notes
At Design Stage:

Detailed drawings showirte roof readiness including the location of the relevant access, firefighting
measures, structural readiness and electrical readiness. For solar eatdeggst 50% of feasible roof
area (based on feasible capacity stated in feasibility study reportichias set aside and used as the
basis for design.

Verification (As Built):
As built drawings and on site photographs of:

9 Solar roof anchors
1 Roof layout and space provisions for solar systems
1 Evidence of roof readiness for other systems which are beiogtad where applicable

References

BCA (2008) Green Handbaghhotovoltaic (PV) systems in buildings,
http://www.bca.gov.sg/GreenMark/others/pv_guide.pdf

EMA & BCA (2008) Handbook folaB&hotovoltaic (PV) Systems
http://www.bca.gov.sg/publications/others/handbook for_solar_pv_systems.pdf

Singapore Standard CP 5 (20@)de of Practice faleO (i NA O} f  ASPRING Sinfapdiel 2 y & Q
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http://www.bca.gov.sg/GreenMark/others/pv_guide.pdf
http://www.bca.gov.sg/publications/others/handbook_for_solar_pv_systems.pdf

2.03c Adoption of Renewable Energy

Scope

This involves the use of renewable energy sources within the building development to reduce
O2yadzYLJiAzy 2F LIR6SNI FNRBY GKS INAR YR (G4KS o0dzAfF

Assessmant
0] Replacement Energy 6

Additional Replacement Energy (Advanced Green Efforts) | 5
Low to Zero Energy Building (Advanced Green Efforts) 5

The Energy Performance Points Calculator shall be used to calculate savings from replacengent of th
building electricity consumption through the use of renewable energy.

Points shall be awarded based on the following:

Expected Energy Efficiency % Replacement of Electricity (based on building electricity,
Index (EEI) [KWh/m2/yr] consumption) by Renewabl&nergy
% . |Cappedat6Poinis |
1 point for every 0.5% 3%
1 point for every 1% 6%
1 point for every 1.5% 9%
1 point for every 2.5% 15%

For Additional Replacement Energy (Advanced Green Efforts):

Expected Energy % Replacement of Electricity (based on building electricity
Efficiency Index (EEI) consumption) by Renewable Energy

[kWh/m2/yr]
% 1 point for % Capped at 5 Bonus
3% Every 0.5% 5.5%
6% Every 1% 11%
9% Every 1.5% 16.5%
15% Every 2.5% 27.5%

For Low to Zero Energy Building (Advanced Green Efforts):

% Annual Energy Replacement Bonus Points

60%
70%
80%
90%
100% (Net Zero)

a b wN PR
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Guidance Notes
At Design Stage:
Submissiorf the following if applicable:

1 TheEnergy Performance Points Calculator
9 Technical product specifications
9 Detailed drawings showing the location and renewable energy provisions
9 Calculations of the expected energy yield and assumptions
Verification (As Bilt):

Submission of the following if applicable:

9 As built drawings and on site photographs of the renewable energy source(s)
9 Technical specifications and integration reports of the installed system(s) including total
capacity installed
1 Testing and commissiing report
1 Logging of the energy production and calculated energy replacement rate
For buildings using renewable energy to demonstrate energy savings fof‘¢Saldd Platinum
projects, the annual energy replacement at stage 2 verification shall retipgriollowing:

9 Extracts of data logging and monitoring generated with minimum annual peak (kWp), average
peak (kWp) and annual cumulative energy generated (kWh)
9 Calculation of the replacement of electricity generated from renewable energy e.g. solar PV
parel. EEI to be calculated based on operating EEI
References

BCA (2008) Green Handbaghhotovoltaic (PV) systems in buildings,
http://www.bca.gov.sg/GreenMark/others/pv_quide.pdf

EMA & B@& (2008) Handbook for Solar Photovoltaic (PV) Systems
http://www.bca.gov.sa/publications/others/handbook for_solar_pv_systems.pdf

Singapore Standard CP 5 (20@®)de of Practice f@& t SO NR O f SPRING Sirigdpére (G A 2y a Q
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http://www.bca.gov.sg/GreenMark/others/pv_guide.pdf
http://www.bca.gov.sg/publications/others/handbook_for_solar_pv_systems.pdf

3. Resource Stewardship

Criteria Points

3.01 Water 8

3.02 Materials 18

3.03 Waste 4
TOTAL 30

Advanced Green Efforts 7

Resource Stewardshiptroduction

With global use of resources increasing in the backdrop of the limited carrying capacity of the
it is imperative that we work towards consgfvl G KS 91 NI KQ&a NX & 2 dzNL
built environment sector can contribute to this cause by reducing the impact of materials us
construction, reusing materials where possible and recycling construction waste.

¢KS GSNY oonMSNRONIOSE {NBESTSNE (2 GKS NBalLRya
through conservation and sustainable practices. This section rewards projects for the respc

use and conservation of resources from the stages of construction through to lpuigderations
and occupancy. Resources covered include water as well as mineral and material resources.

Projects are encouraged to identify ways to reduce environmental footprint through reductic
operational water, making material and construction ad&s which reduce carbon footprint an
designing for operational waste management. In facilitating building user stewardship, prc
can yield significant cost savings in the development process, while also help advance ol
environment to new heigls of design quality and environmental sustainability.

The criteria highlighted in yellow are scored un@&erction 5 Advanced Green EffortsThe points
will form a part of the total Green Mark score, and contribute to the number of points in Sect
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3.01 Water

Intent

To encourage responsible use of water in buildings through water efficient, monitoring and potable

water replacement strategies.

3.01a Water Efficient Systems 3
3.01b Water Monitoring and Leak Detection 2
3.01c Use of Alternative Water Sources 3

TOTAL 8
Advanced Green Efforts 1
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3.01a Water Efficient Systems

Scope

This refers tdhe design of water efficient mechanical systems to reduce the rate of water usage by
the development.

Assessment
(i) Landscape Irrigation 1
(i) Water Consumption of Cooling Towers 2
(iii) Water Efficiency Measures and System AudivéAced Green Effort) | 1.5
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