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Introduction
What is BCA Green Mark?

The Building and Construction Authority (BCA) Green Mark scheme was launched in 2005 and is an 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 effectiveness and

enhanced environmental performance.

BCA Green Mark comprises a number of distinct rating tools that together holistically rate the built environment for its

environmental performance. These include:

¢ New Buildings: Non-Residential, Residential, Data Centres and Landed Housing
e Existing Buildings: Non-Residential, Residential, Data Centres and Schools
e User Centric: Office Interior, Retail, Supermarket, Restaurant and Laboratories

e Beyond Buildings: Districts, Parks, and Infrastructure

Introducing Green Mark NRB: 2015

Green Mark for Non-Residential Buildings NRB: 2015 is the 5th edition of the Green Mark scheme for new non-residential
buildings, such as commercial (office, retail and hotel), industrial and institutional buildings as well as specialised buildings

Hawker Centres, Healthcare Facilities, Laboratories and Schools. This version delivers:

e A streamlined rating scheme that addresses sustainability in a more balanced and holistic manner.
e Greater emphasis on climatically contextual design, energy effectiveness, health and wellbeing of building occupants,
smart buildings, and a systematic approach to addressing embodied energy and resource usage.

e Recognition of the design processes which respond to site context and facilitate sustainability considerations at the

early project stages where there is the greatest opportunity for low cost, high reward options to be implemented.

e A collaborative framework with more than 130 industry members and academics involved in the setting of metrics,

assessment methods and performance levels.

The Green Mark NRB: 2015 Criteria should be read in conjunction with the following accompanying handbooks and tools:

e Green Mark NRB: 2015 Technical Guide and Requirements
e BCA Carbon Calculator (Carbon Submission Form) (go.gov.sg/cc)

e  BCA Energy Performance Points Calculator



Why Green Mark NRB: 20157

Green Mark provides a consistent method to assess and verify buildings for their overall environmental performance,
assisting project teams to deliver a more sustainable built environment and encouraging best practices and market
transformation. It is a design guide that can be referenced to understand the attributes of what makes buildings truly
sustainable. Green Mark NRB: 2015 aims to further stretch building outcomes to substantially reduce the environmental
impacts and increase the life-cycle quality of projects. Moreover, it provides a platform to recognise and make
mainstream the leadership needed to drive creative, organisational & technical improvements to the overall

environmental credentials of projects.

Outcomes of Green Mark NRB: 2015

The indicators within the Green Mark criteria are mapped to internationally recognised sustainability outcomes. Driving
these outcomes through the Green Mark scheme can ensure buildings awarded under Green Mark will truly be high

quality environmentally sustainable developments for our current and future generations.

Climate

Buildings should demonstrate emissions reduction and resilience to the effects of climate change.

Resources
()
As stewards of the earth’s resources, buildings should use resources in an efficient manner to reduce .“'.
- -
its environmental footprint over the building life cycle. L Nt

Wellbeing

Liveable built environments are vital for our health and well-being-

Ecology
Buildings should consider their wider impact on the biosphere through the integration of nature and

protection of natural systems including flora and fauna.




Assessment Process

The BCA Green Mark Certification Process is as follows:

Application

e Submittal of application with relevant supporting documents for certification upon finalisation of building design.

e Upon acceptance of application and fee payable, a BCA Green Mark Assessor will be assigned for the duration of the project.

Assessment

e To be conducted when design and documentary evidences are ready.
e Comprises design and documentary reviews to verify if the building project meets the intents of the criteria and certification level; as well as
the prerequisite requirements.

dPLUS

e For projects with potential BCA Green Mark Gol and Platinum rating, a presentation to BCA panel for evaluation is required.

Verification

To be conducted upon projectcompletion.
Includes review of delivery records, updated documents on green features and building energy performance data. Site inspection and
measurement will be conducted.

For projects with BCA Gold™"*and Platinum rating, energy savings based on the actual building operating data and parameters will be required

to ascertain the energy performance of the building.

Green Mark NRB: 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 prerequisite
requirements 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 Score. 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”*"* or Platinum.
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 design is the total of all the numerical scores 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 ratings. Buildings must also fulfil their respective pre-requisite requirements to be awarded Green
Mark. The total points scored include the bonus points scored under Advanced Green Efforts, as well as in the respective

Annexes for buildings classified as hawker centres, healthcare, laboratories or schools.



BCA Green Mark Award Rating Scores

Green Mark Rating Green Mark Score

Green Mark Platinum 70 and above
Green Mark GoldPYs 60to< 70
Green Mark Gold >50to <60

Criteria Overview

To dovetail the criteria with the sustainable outcomes of Green Mark NRB: 2015, the criteria has been re-structured into
5 sections, with 16 criteria and 52 sustainability indicators. Each of the 4 main sections is equally weighted in terms of
points. The total point is 140 points, inclusive of 20 points from Section 5: Advanced Green Efforts as well as additional
credits scored under Annexes for specialised building types : hawker centres, healthcare facilities, laboratory buildings

and schools.

Smart Operations Leadership

Urban Harmony

Tropicality

o 7 Energy Efficiency

.

3
~
' Energy Effectiveness
\\.
Renewable Energy

Within the main criteria, criteria within the grey boxes with the 'Advanced Green Efforts' icon are scored under

5.1 Enhanced Performance.
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GM NRB: 2015 Criteria Summary

Prerequisite Requirements

Prerequisites P.1 to P.15: Parked under main criteria
Minimum Points Prerequisites

Energy Modeling Prerequisite

Elective Requirements

Part 1 - Climatic Responsive Design

P.1 Envelope and Roof Thermal Transfer
P.2 Air Tightness and Leakage
P.3 Bicycle Parking

1.1 Leadership

1.1a Climatic & Contextually Responsive Brief
1.1b Integrative Design Process

4D, 5D & 6D BIM (Advanced Green Efforts)

1.1c Environmental Credentials of Project Team

1.1d User Engagement

1.2 Urban Harmony

1.2a Sustainable Urbanism

(i) Environmental Analysis

Creation of possible new ecology and natural ecosystems (Advanced Green Efforts)
(ii) Response to Site Context

(iii) Urban Heat Island (UHI) Mitigation

(iv) Green Transport

1.2b Integrated Landscape and Waterscape
(i) Green Plot Ratio (GnPR)

GnPR 2 5.0 (Advanced Green Efforts)

(ii) Tree Conservation

(iiii) Sustainable Landscape Management

(iv) Sustainable Storm Water Management

1.3 Tropicality

1.3a Tropical Fagade Performance

Low heat gain fagcade (Advanced Green Efforts)

Greenery on the East and West Fagade (Advanced Green Efforts)
Thermal Bridging (Advanced Green Efforts)

1.3b Internal Spatial Organisation

1.3c Ventilation Performance

Wind Driven Rain Simulation (Advanced Green Efforts)

10 points

1 point
4 points
3 points
2 points

3 points

10 points

Up to 5 points
2 pts
1pt
3 pts
1pt

1.5 pts

Up to 5 points
3 pts
1 pt
1pt

1.5 pts
1pt

10 points
3 points
1 pt
1 pt
1 pt
3 points
4 points
1pt
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Part 2 — Building Energy Performance m‘

P.4 Air Conditioning Total System and Component Efficiency

P.5 Lighting Efficiency and Controls

P.6 Vertical Transportation Efficiency

P.7 Water Efficient Fittings

2.1 Energy Efficiency 22 points
Option 1: Energy Performance Points Calculator
2.1a Air Conditioning Total System Efficiency 5 points
2.1b Lighting System Efficiency 3 points
2.1c Carpark System Efficiency 2 points
2.1d Receptacle Efficiency 1 points
2.1e Building E
e Building Energy 11 points
Further Improvement in Design Energy Consumption (Advanced Green Efforts) 2 pt
pts
Option 2: Performance-Based Computation
2.1f Space Conditioning Performance X
10 points
Efficient space conditioning energy design (Advanced Green Efforts) Do
p
2.1g Lighting Performance .
6 points
Efficient lighting design (Advanced Green Efforts) |
pt
2.1h Building System Performance
6 points
Additional Energy Efficient Practices and Features (Advanced Green Efforts)
2 pts
2.2 Renewable Energy 8 points
2.2a Solar Energy Feasibility Study 0.5 point
2.2b Solar Ready Roof 1.5 points
2.2c Adoption of Renewable Energy 6 points
Further Electricity Replacement by Renewables (Advanced Green Efforts) 5 pts

PRt S RESORIEe StewardShip m‘

3.1 Water 8 points
3.1a Water Efficient Systems 3 points
(i) Landscape irrigation 1pt
(i) Water Consumption of Cooling Towers 2 pts
Better Water Efficient Fittings (Advanced Green Efforts) 1pt
3.1b Water Monitoring 2 points
(i) Water Monitoring and Leak Detection 1pt
(i) Water Usage Portal and Dashboard 1pt
3.1c Alternative Water Sources 3 points




3.2 Materials

3.2a Sustainable Construction
(i) Conservation and Resource Recovery

(i) Resource Efficient Building Design

(iii) Low Carbon Concrete

3.2b Embodied Carbon

3.2c Sustainable Products
(i) Functional Systems

(ii) Singular Sustainable Products outside of Functional Systems

3.3 Waste

3.3a Environmental Construction Management Plan

3.3b Operational Waste Management

12
18 points
8 points
1pt
4 pts

Up to 3 pts

2 points

Up to 8 points
8 pts
2 pts

4 points

1 point

3 points

Part 4 — Smart & Healthy Building m

P.8 Thermal Comfort

P.9 Minimum Ventilation Rate

P.10 Filtration Media for Times of Pollution

P.11 Low Volatile Organic Compound (VOC) Paints
P.12 Refrigerants

P.13 Sound Level

P.14 Permanent Instrumentation for the Measurement and Verification of Chilled Water Air-Conditioning Systems
P.15 Electrical Sub-Metering & Monitoring

4.1 Indoor Air Quality

4.1a Occupant Comfort

(i) Indoor Air Quality (IAQ) Surveillance Audit

(ii) Post OccupancyEvaluation

(iii) Indoor Air Quality Display

4.1b Outdoor Air

(i) Ventilation Rates

(i) Enhanced Filtration Media

(iii) Dedicated Outdoor Air System

4.1c Indoor Contaminants

(i) Local Exhaust and Air Purging System

(ii) Ultraviolet Germicidal Irradiation (UVGI) System

(iii) More Stringent VOC Limits for Interior Fittings and Finishes

(iv) Use of Persistent Bio-cumulative and Toxic (PBT) free lighting

10 points

2 points
1pt
0.5 pt
0.5 pt

3 points
1.5 pts
1pt
0.5 pt
5 points
2 pts
0.5 pt
2 pts
0.5 pt



4.2 Spatial Quality

4.2a Lighting

(i) Effective daylighting for common areas
(ii) Effective daylighting for occupied spaces
(iii) Quality of Artificial Lighting

4.2b Acoustics

(i) Sound Transmission Reduction

(i) Acoustic Report

4.2c Wellbeing

(i) Biophilic Design

(i) Universal Design (UD) Mark

4.3 Smart Building Operations

4.3a Energy Monitoring
(i) Energy Portal and Dashboard
(i) BAS and Controllers with Open Protocol

4.3b Demand Control

(i) ACMV Demand Control

(ii) Lighting Demand Control
(iii)Carpark Guidance System
4.3c Integration and Analytics

(i) Basic Integration and Analytics

(i) Advanced Integration and Analytics

4.3d System Handover and Documentation

5.1 Enhanced Performance
5.2 Complementary Certifications
5.3 Demonstrating Cost Effective Design

5.4 Social Benefits

10 points

Up to 6 points
2 pts
4 pts
1pt

2 points

0.5 pt
1.5pt

Up to 2 points
3 pts
1pt

10 points

3 points
2 pts
1 pt

3 points
2 pts
1pt
0.5 pt
3 points
0.5 pt per feature

1 pt per feature

1 point

Up to 15 points
1 point
2 points
2 points

13

Annexes for specialised buildings 10 to 15 points

Annex 1: Energy Efficiency Features for Specialised Building [Hawker Centres]
Annex 2: Energy Efficiency Features for Specialised Building Healthcare Facilities]
Annex 3: Energy Efficiency Features for Specialised Building [[Laboratories]

Annex 4: Energy Efficiency Features for Specialised Building [Schools]

15 points
10 points
10 points

10 points
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Part 1 — Climatic Responsive Design

Green Mark Points

P.1 Envelope and Roof Thermal Transfer

Gold Gold™ Platinum

ETTV (W/m?) 45 40 38
Maximum Thermal Transmittance for roof
Roof Weight A/C Bldg Non A/C Bldg
Weight Range (A/C areas > 500m?) (A/C areas <500m?)
Group (kg/mz) Maximum U-value (W/mzK)
Light <50 0.5 0.8
Medium 50to 230 0.8 1.1
Heavy >230 1.2 1.5

Prerequisite

P.2 Air Tightness and Leakage

Comply with SS 212: 2007 — Specification for Aluminium Alloy Windows
and SS 381: 1996 (2007) — Materials and Performance Tests for Aluminium
Curtain Walls

Prerequisite

P.3 Bicycle Parking

Meet the minimum quantity of bicycle parking lots required for the
development, in line with URA circular URA/PB/2018/03-DCG (or
prevailing circular) and LTA’s Code of Practice - Street Work Proposal
Relating to Development Works (or prevailing COP)

Prerequisite

1.1 Leadership

1.1a Climatic & Contextually Responsive Brief
Create climatic and culturally responsive brief including
target setting

1 point
(Up to 1 point for 1.1a)

1.1b Integrative Design Process
() Demonstrate Integrated design process

e Appointment of all relevant consultants early in the
design phase

e |dentification of responsible parties within the team to
implement relevant sustainability goals andtargets

e Detailing of sustainable design methodology action plans
and progress

e Addressing of opportunities and challenges with
integrative team strategies to achieve the targets

e Organising of design charrettes at key stages within the
projectdesign
(i) Involve Facility Manager (FM) in the design stage and
incorporating his inputs into design.

(i) Use of BIM

2 points
Rating Gold Gold™Us | Platinum
Min point for 1.1b - 2 pts
1 point
1 point

(Up to 4 points for 1.1b)

1.1c Environmental Credentials of Project Team

This pertains to the appointment of environmental
specialists at building design, construction and operations
stages.

Green Individuals:

® Green Mark Accredited Professional [GMAP] or Green
Mark Accredited Professional (Facilities Management)
[GMAP (FM)]

® Green Mark Advanced Accredited Professional [GMAAP]
or Green Mark Advanced Accredited Professional
(Facilities Management) [GMAAP (FM)]
Green and Gracious Builder:

e The main builder is a BCA Certified Green and Gracious
Builder.
Green Companies:

e Following companies with 1SO14001 certification:
Architect, M&E Engineer, C&S Engineer, Developer and
Main Contractor.

® SGBC Green Services Certified Firm.

0.25 point with at least one GMAP or GMAP(FM)

0.5 point with at least one GMAAP or GMAAP(FM)
(Up to 0.5 point for Green Individuals)

0.25 point for Certified or Merit; or
0.5 point for Excellent or Star rating
(Up to 0.5 point for Green & Gracious Builder)

0.25 point each per consultant type 15014001
0.25 point each

(Up to 1.5 points for Green Companies)
(Up to 2 points for 1.1c)



https://www.ura.gov.sg/Corporate/Guidelines/Circulars/dc18-03
https://www.lta.gov.sg/RT-COP-V1.2.pdf
https://www.lta.gov.sg/RT-COP-V1.2.pdf
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1.1d User Engagement

Provision of relevant information and guidance to building
occupants so that they can contribute positively to the
reduction of the building’s environmental impact

e Building user guide

e Sustainability Education Corner

e Sustainability Awareness & Education Programme
e Green fit out guidelines

e Displaying Green Mark credential

e Green lease
> 2>25% of the net lettable area
> 260% of the net lettable area

0.5 point each

1 point each
(Green fit out guidelines is required for all ratings. Display
of Green Mark credential is required for Platinum projects)

1 point
3 points

(Up to 3 points for 1.1d)

1.2 Urban Harmony — Part A

1.2a Sustainable Urbanism

Minimise environmental
through site analysis

impact to the surroundings

() Environmental Analysis
e Environmental Study

e Comprehensive Environmental Impact Assessment
(EIA) by 3rd party

(i) Response to Site Context

e Level 1 site analysis and design that demonstrates
sensitivity to the site condition

o Level 2 site analysis optimised design with at least
2 types of iterative simulations

(i) Urban Heat Island (UHI) Mitigation

e > 50% site coverage (at plan view) with mitigation
measures

e >80% site coverage (at plan view) with mitigation
measures

(iv) Green Transport

e Provision of electrical vehicle charging and parking
infrastructure for vehicles or to facilitate electric
car-sharing service (at least 1 lot per 100 lots (Up
to 5 lots)

e Meet the prevailing lower bound requirement by
of ‘Range Based Car Parking Standard (RCPS)’
based on development type and parking zone
published by LTA.

e Provision of bicycle lots over and above
requirements stated in URA circular
URA/PB/2018/03-DCG (or prevailing circular) and
LTA’s Code of Practice - Street Work Proposal
Relating to Development Works (or prevailing COP)
with at least 1 bicycle parking lot per 1,500m? of
GFA (Up to 30 lots)

e Additional features to promote bicycle usage

(at least 2 features to score)

1 point

2 points
(Up to 2 points)

1 point

3 points
(Up to 3 points)

0.5 point

1 point
(Up to 1 point)

0.5 point each

(Up to 5 points for 1.2a)



https://www.lta.gov.sg/apps/news/page.aspx?c=2&id=377d8c25-638e-4f53-956e-53fd1a43e67c
https://www.ura.gov.sg/Corporate/Guidelines/Circulars/dc18-03
https://www.lta.gov.sg/RT-COP-V1.2.pdf
https://www.lta.gov.sg/RT-COP-V1.2.pdf
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1.2 Urban Harmony — Part B

1.2b Integrated Landscape and Waterscape

Integrate a verdant landscape and waterscape into their
building design, to enhance the biodiversity around the
development and provide visual relief to building
occupants and neighbours.

() Greenery Provision

(i) Tree Conservation
e Preservation of existing trees on-site

e Replant an equivalent number of similar or native
species of equivalent LAl

(iii) Sustainable Landscape Management

e Certified under NParks Landscape Excellence
Assessment Framework (LEAF) certification

e Adoption of native species of greenery > 50% of
the flora selected

e Provision of landscape management plan

(iv) Sustainable Stormwater Management

e Certified under PUB Active, Beautiful and Clean
Waters (ABC Waters) certification

e Treatment of stormwater run-off
> 210% of run-off of total site area

» >35% of run-off of total site area

GnPR Points
0.5t0<1.0 0.5
1.0to<2.0 1.0
2.0to0<3.0 2.0
3.0to<4.0 2.5

>4.0 3.0

0.5 point
0.5 point
1.5 point
0.5 point
0.5 point

(Up to 1.5 point for 1.2biii)

1 point

0.5 point
1 point
(Up to 1 point for 1.2biv)
(Up to 5 points under 1.2b)

Rating Gold Gold™s | Platinum
Commercial,
Min point for 1.2b - Healthcare — 2 pts
Others — 1 pt

1.3 Tropicality

1.3a Tropical Facade Performance

Holistic consideration of facade performance can reduce
direct sunlight into the building and minimise thermal heat
gain, enhancing indoor comfort and lowering the energy for
conditioning the indoor environment.

Simulation Method

Overall Weighted Values Industrial Other building
Buildings types

Window U-Value 5.4 W/m2K 28 W/mZK

Wall U-Value 1.5 W/mZK 0.7 W/mZK

Overall Envelope U-value 2.4 W/mZK 1.6 W/mzK

Window-to-Wall Ratio

(Each facade) 0.2 0.4

Total Effective Glass Shading

Coefficient (SC; x SC,) 0.6 0.4
Roof U-Value 11 W/m2K 08 W/mzK
Sky light/ Roof window U-Value 4.3 W/m2K 2.2 W/m?K

RTTV (where there are sky lights for
AC areas)

50 W/m2K 50 W/m2K

1 point for meeting notional facade stated
1 point for every 5% heat load reduction
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Non-Simulation Checklist for Industrial Buildings

Non-Simulation Checklist for Other Buildings Types

Overall Weighted . Points for meeting or
Baseline . R

Values reduction from baseline

Envelope U-Value 24 W/mZK 0.5 points for every 0.4

(Up to 2 pts) W/m2K reduction

WWR (Excludes | 0.2 0.5 pt for meeting baseline
Facade openings/ 0.5 pt for every 0.05 reduction
voids) (Up to 2 pts)

Glass Shading | 0.5 1 pt for meeting baseline
Coefficient (SC1) 0.5 pt for every 0.05 reduction

(Up to 2 pts) from baseline

Effective Sun Shading |-
(Up to 2 pts)

1 pt for 210% effectiveness (N

&S)
1 pt for > 30% effectiveness
(East and West)
Roof U-Value 1.0 W/mZK 0.5 pt for every 0.1 W/mZK
(Up to 2 pts) reduction
Sky light/ Roof | 4 g W/mZK 0.5 pt for meeting baseline
window U-Value 1 pt for U-Value of 2 W/m2K
(Up to 1 pt)
Overall Weighted . Points for meeting or
Baseline . q
Values reduction from baseline
Envelope U-Value 1.6 W/mzK 0.5 pt for meeting baseline
(Up to 2 pts) 0.5 points for every 0.2
W/mzK reduction
WWR (Excludes |0.4 (E & W |1 ptfor meeting baseline
Fagade openings/ | facades not to | 0.5 pt for every 0.05 reduction
voids) (Up to 2 pts) exceed 0.3)
Glass Shading | 0.4 0.5 pt for meeting baseline
Coefficient (SC1) 0.5 pt for every 0.05 reduction
(Up to 2 pts) from baseline
Effective Sun Shading | - 1 pt for > 10% effectiveness
(Up to 2 pts) N&S)
1 pt for 30% effectiveness
(East and West)
Roof U-Value 08 W/mZK 1 pt for meeting baseline
(Up to 1 pt)
Sky light/ Roof | 5 5 W/mzK 0.5 pt for meeting baseline
window U-Value
(Up to 0.5 pt)

(Up to 3 points under 1.3a)

1.3b Internal Spatial Organisation

Adopting passive design strategies in the internal spatial
organisation of a building provides opportunities to
enhance building performance.

() Location of non-air-conditioned spaces, e.g. lift cores,
staircases, toilets, electrical plantrooms etc that covers

e 1/3 of the east and west facades

e 2/3 of the east and west facades

(i) Prorating the number of transient common spaces, e.g.
toilets, staircases, corridors, lift lobbies and atriums by
the mode of ventilation against the total number of
applicable spaces

0.5 point
1 point
(Up to 1 point)

Point scored =
No. of NV spaces x 2 + No. of MV spaces x 0.5 + No. of AC spaces x 0

Total no. of spaces

(Up to 2 points)

(Up to 3 points under 1.3b)

1.3c Ventilation Performance

Naturally ventilated functional areas should be effectively
designed to be thermally comfortable and healthy for the
building occupants.
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() Ventilation Performance Checklist

e Openings towards prevailing wind directions

e Depth of room vs opening

Ventilation Non-Atria Atria*
Single sided ventilation W <2H W < 3H
Cross ventilation W <5H W <£7.5H

*A factor of 1.5 can be applied to the W-H ratio for atria.
Atria are typically higher than surrounding floors (double
volume or greater).

(i) Full Ventilation Simulation

0.1 point for every 10% of units or rooms with openings facing
towards the prevailing winds (North & South)
(Up to 1 point)

>50% of applicable spaces — 1 point
>70% of applicable spaces — 2 points
(Up to 2 points)

Ai li
Wind Thermal - (A0 !ty .
. Air Change | Air Exchange |Points
velocity Comfort .
Rate Efficiency
0.2m/s - - - 3
0.4m/s [-1.0<PMV< >4 >1 4
+1.0
0.6 m/s [-0.8<PMV < >10 >1.2 4
+0.8
(Up to 4 points under 1.3c)
Rating Gold GoldPtus | Platinum
4 pts
e Gold™%-0.4 m/s
Min point for 1.3c - e Platinum—0.6 m/s
*Complementary methods to
compliance are available as
described in 1.3¢
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P.4 Air Conditioning Total System and Component Efficiency

Air Cooled Chi!led»V\{ater Water Cooled Chilled Water Distr-ict
System/ Unitary Air- Cooling
Green Conditioning System i System
Mark Peak Building Cooling Load (RT) (DCS)
Rating <500 | 2500 [ <500 | 2500
Minimum DSE nt (kW/RT)
Gold NA NA NA 0.9
(0.9, N.A.) (0.75,N.A.) | (0.67,NA) | (0.65, N.A.)
1.10 0.95
GoldPLUS | o005 | MR | 107,025 0.9 0.9
. 1.03 0.93 0.65, 0.25, 0.65, 0.25,
Platinum | .o 5 5) (0.67, 0.25) ( ik )

(nc, na) shall meet their respective thresholds.
nc: System kW/ton excluding the air distribution equipment or

DCS system kW/ton
na: Air distribution equipment kW/ton
Nt= NctNa

Prerequisite

P.5 Lighting Efficiency and Controls
Comply with SS 530 : 2014 — Code of Practice for Energy Efficiency
Standard for Building Services and Equipment.

Prerequisite

P.6 Vertical Transportation Efficiency
Lifts and escalators shall be equipped with AC variable voltage and variable
frequency (VVVF) motor drive and sleep mode features.

Prerequisite

2.1 Energy Effiicency

Option 1: Energy Performance Points Calculator

Section 2.1ato 2.1e

2.1a Air Conditioning Total System Efficiency

The use of energy efficient air-conditioning systems can optimise
their total system performance, and reduce the energy needed to
produce and distribute conditioned air into building spaces.

Peak Building Cooling | Baseline for Total Design System
Load (RT) Efficiency (kW/RT)

<500 RT 1.08

>500RT 0.98

For district cooling plants under Path B scenario, where the plant is
excluded from the computation, the baseline reference for the building
air distribution equipment can be taken as 0.28 kW/ton for the

purposes of points computation here.

Points scored = 0.2 x % improvement from baseline
(Computed by Energy Performance Points Calculator)

(Up to 5 points for 2.1a)

2.1b Lighting System Efficiency
The use of energy efficient lighting can reduce the energy needed
to illuminate a space.

Baseline: SS 530: 2014 - Code of Practice for Energy Efficiency
Standard for Building Services and Equipment

Design to comply with SS 531 — 1: 2006 (2013)— Code of Practice
for Lighting of Workplaces

Points scored = 0.1 x % improvement from baseline
(Computed by Energy Performance Points Calculator)

(Up to 3 points for 2.1b)

2.1c Carpark System Efficiency
The use of energy efficient carpark ventilation and lighting
systems can reduce the energy needed for carpark operations.

Points scored = 0.05 x % improvement from baseline
(Computed by Energy Performance Points Calculator)

(Up to 2 points for 2.1c)

2.1d Receptacle Load Efficiency
The use of energy efficient receptacle equipment can reduce their
energy consumption.

Points scored = 0.025 x % improvement from baseline x
% of functional areas
(Computed by Energy Performance Points Calculator)

(Up to 1 point for 2.1d)

2.1e Building Energy
Encourage effective design of building systems to reduce
building’s overall energy consumption.

% improvement from baseline

Points scored =

(Computed by Energy Performance Points Calculator)

(Up to 11 point for 2.1e)
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Option 2: Performance-Based Computation

Section 2.1f to 2.1h

2.1f Space Conditioning Performance

Efficient use of energy to maintain a thermally acceptable indoor
environment, by effective design of natural ventilation, energy
efficient mechanical ventilation and air-conditioning systems.

Proration based on mode of ventilation in functional spaces
Natural Ventilation
As per scoring

Mechanical Ventilation
Systems

Constant Volume &
Variable Volume

Fan systems with nameplate
motor power

Option 1: Fan system motor
nameplate

> 4kW < 4kw

No

0.35 baseline

Option 2: Fan system input

*Applicable pressure drop adjustments can be 0.3
considered based on SS553 in accordance to :
GM NRB: 2015 Technical Guide and
Requirements, subjected to BCA’s evaluation

0.17

Air-conditioning
Efficient air-conditioning system

Peak Building Cooling | Baseline for Total Design System
Load (RT) Efficiency (kW/RT)

<500 RT 1.08

>500RT 0.98

*TDSE refers to combined efficiency of the cooling and air distribution components
*For district cooling plants under Path B scenario, where the plant is excluded from
the computation, the baseline reference for the building air distribution equipment
can be taken as 0.28 kW/ton for the purposes of points computation here.

Total points scored =
% of NV areas x points scored under NV + % of MV areas x points
scored under MV + % of AC areas x points scored under AC

Natural Ventilation
Points scored = 6 points for design for NV + scoring in section
1.3c
(Up to 10 points)

Mechanical Ventilation
Points scored = 0.15 x % improvement from baseline stated in
SS553
(Up to 10 points)

Air-Conditioning
Efficient air-conditioning system

Points scored = 0.4 x (% improvement from baseline)
(Up to 9 points)

(Up to 10 point for 2.1f)

2.1g Lighting System Performance
The use of energy efficient lighting can reduce the energy needed
to illuminate a space.

Baseline: SS 530: 2014 - Code of Practice for Energy Efficiency
Standard for Building Services and Equipment

Design to comply with SS 531 — 1: 2006 (2013)- Code of Practice
for Lighting of Workplaces

Points scored = 0.17 x (% improvement from baseline)

(Up to 6 point for 2.1g)

2.1h Building Systems Performance

Encourage effective design of building systems other than space
conditioning systems and lighting systems to reduce building’s
overall energy consumption

(i) Receptacle Load Efficiency

Receptacle loads Nominal Values
Computer Intensive Office 22W/m?
General office areas 16W/m?
Large conference areas 11W/m?
Schools (Tertiary/IHLs) 8W/m?
Schools (Primary/Secondary) 5W/m?
Server/Computer rooms 540W/m?

(ii) Car Park Ventilation Energy

Points scored = 0.05 x (% improvement from baseline) x (%
of functional areas)
(Up to 2 points)

Mode of ventilation Points
Natural Ventilation 1.5 points
Point scored =
Without CO 0.015x%
Mechanical sensor/without |mprovemgnt
Ventilati Fume Extract from baseline
entifation (Up to 1 point)
With CO sensor .
+0.
/ Fume Extract 0.25 points

(Up to 1.5 points)
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(iii) Energy Use Intensity

(iv) Energy Efficient Practices and Features

0.5 point for meeting 25" percentile EUI as per prevailing
BCA Building Energy Benchmarking Report (BEBR)
(Up to 0.5 point)

Points scored = 0.5 x (% improvement from baseline total
building consumption)

(Up to 2 points)

(Up to 6 point for 2.1h)

2.2 Renewable Energy

2.2a Solar Energy Feasibility Study

The evaluation of a building footprint’s potential in
harnessing solar energy can raise awareness on viable solar
opportunities in the development and assist building
developers in their decision making to adopt photovoltaics.

0.5 point for provision of solar feasibility report
(Up to 0.5 point)

(Up to 0.5 point for 2.2a)
(Required for all ratings with building’s footprint
>1,000m?)

2.2b Solar Ready Roof

Designing roofs to be ready for photovoltaic installation
facilitates ease of their deployment should building
developers decide to do so at later stages of a project/
during building operation.

0.5 point each for achieving
° Structural readiness
. Electrical readiness
. Spatial readiness
(Up to 1.5 points)

(Up to 1.5 point for 2.2b)

2.2c Adoption of Renewable Energy

On-site generation of renewable energy can reduce the
building development’s power consumption from the grid
and carbon emissions.

Expected Energy Use % Replacement of Building
Intensity (EUI) Electricity Consumption by
[kWh/m?/yr] Renewable Energy
>220 1 point for every 0.5%
50 <EUI <220 1 point for every 1.25%
<50 1 point for every 2.5%

(Up to 6 point for 2.2c)
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P.7 Water Efficient Fittings
Meet minimum requirements stated in table

Type of Water | Prescribed Minimum . Prerequisite
Fittings WELS rating GRSl DA
Publi ff/ school
Basin Taps & 3 Ticks WELs rating t;i?eltz/ sl eelios
Mi
ers 2 Ticks WELs rating Other areas
S”?k Taps & 2 Ticks WELs rating All areas
Mixers
Shower Taps, .
Mixers or 2 Ticks WELs rating Fu3le) staff/ .SChOOI
shower facilities
Showerheads
Dual Flush
Flushing 2 Ticks WELs rating All areas
Cisterns
3.1 Water

3.1a Water Efficient Systems

The design of water efficient mechanical systems and
strategies can minimise potable water consumption in
building operations.

(i) Landscape Irrigation
o Every 25% of the landscape areas that are served
by water efficient irrigation systems with features
such as automatic sub-soil drip irrigation system
with moisture or rain sensor control.
. Every 20% of the landscape areas that comprises
drought tolerant plants.

(ii) Water Consumption of Cooling Towers

. Cooling tower water treatment system with 7 or
more cycles of concentration (CoC) with effective
filtration system.

. Provision of devices that recovers waste heat from
the condensers and helps reduce the water
requirement needed to remove heat through the
cooling towers.

0.5 point each
(Up to 1 point)

1 point each
(Up to 2 points)

(Up to 3 points for 3.1a)

3.1b Water Monitoring
Better control and monitoring can facilitate setting of
consumption reduction targets. Making the monitored
information accessible to end users can facilitate user
engagement programmes and promote behavioural
changes with regard to water management and use.
(i) Water monitoring and leak detection

. Private meters

o Smart remote metering system

(ii) Water Usage Portal and Dashboard

. Display metered data, trending of water
consumption (historical data) and relevant
parameters

. Display monthly water consumption of 50t
percentile line of the tenants/space within the
buildings. The information could also include 25t
and 75 percentile line.

0.5 point each
(Up to 1 point)

0.5 point each
(Up to 1 point)

(Up to 2 points for 3.1b)

3.1c Alternative Water Sources
The use of alternative water sources can reduce potable
water consumption for general application and use.

. AHU condensate collection where > 50% of total

condensate is collected

. NEWater supply

. On-site recycled water

o Rainwater harvesting

1 point each
(Up to 3 points)

(Up to 3 points for 3.1c)
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3.2 Materials

3.2a Sustainable Construction

To encourage the adoption of building designs, building
structures and construction practices that are
environmentally friendly and sustainable.

(i) Conservation and Resource Recovery

. The existing structures are conserved and not
demolished.

. The existing structures are demolished with an
enhanced demolition protocol, where a recovery
rate of > 35% crushed concrete waste from the
demolished building is sent to approved recyclers
with proper facilities.

(ii) Resource Efficient Building Design
. Concrete Usage Index (CUI)

. Adoption of sustainable building systems

List of Sustainable Building Systems

Pre-stressed Concrete Elements

Hollow Core or Voided Concrete Elements

Light Weight Concrete Elements

High Strength Concrete Elements (Concrete grade >60MPa)
Structural Steel Elements

Composite Structural Elements

Engineered Timber Elements

Prefabricated Prefinished Volumetric Construction units
Precast Concrete Elements

Leave-in Formwork

Others (to be accepted by BCA on case-by-case basis)

VVVYVYVYVYVYVYVYYY

(iii) Low Carbon Concrete

Clinker Content

Use of concrete containing clinker < 400 kg/m? for grades
up to C50/60 for = 80% of the applicable superstructural
concrete by volume

Replacement of coarse and fine aggregates
The usage should not fall below 1.5% x GFA for RCA and/ or
0.75% x GFA for WCS for points scoring.

1 point for either case

(Up to 1 point for 3.2a(i))

Project’s CUI (m3/m?) Points
<0.60 0.5
<0.50 1.0
<0.45 1.5
<0.40 2.0
<0.35 2.5

(Up to 2.5 points)
Total coverage area Points
< 50%* of CFA 0.5
> 50% of CFA 1.0
> 75% of CFA 1.5

* no computation required with adoption of any sustainable
building systems
(Up to 1.5 points)

(Up to 4 points for 3.2a(ii))

Concrete Categories* Points
Uncertified concrete 0.5
SGBC-certified 1-Tick concrete 1.0

SGBC-certified 2-Tick concrete 1.5

SGBC-certified 3-Tick and 4-Tick concrete 2.0

0.5 point for every 5% replacement by mass of coarse and
fine aggregates with recycled concrete aggregates (RCA)
and/ or washed copper slag (WCS) from approved sources
for the superstructure concrete mix.

(Up to 3 points for 3.2a(iii))

(Up to 8 points for 3.2a)
Gold GoldPLus
0.5 pt 2 pts

Platinum
3.5 pts

Rating
Min point for 3.2a

3.2b Embodied Carbon

This involves the computation of the carbon footprint of
the development and the building life cycle analysis to
better quantify the environmental impact of a building and
raise awareness among key decision makers.

1 point for declaration of Concrete, Glass and Steel
0.25 point per material for Declaration of additional
materials (Up to 1 point)

(Up to 2 points for 3.2b)
Rating Gold Gold™s | Platinum
Min point for 3.2b - 1pt
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3.2c Sustainable Products

Encourage the specification of resource efficient and
environmentally friendly products for use in the fit-out of a
building, taking a functional system approach to focus on
greening major fit-out materials whilst allowing for
flexibility in design as well as recognising designs with
optimal/ minimal material use.

(i) Functional Systems

Specification and use of green products certified by
approved local certification bodies, namely the Singapore
Green Building Council and the Singapore Environment
Council, within the 6 main functional system categories

(ii) Singular Sustainable Products outside of Functional
Systems

To encourage the use of sustainable products that do not
fall into the functional systems such as

o Hardscape - Includes items such as composite

timber decking, outdoor equipment, pre-cast

kerbs and drains, wheel stoppers in car parks,

Non-Speculative Buildings/ Speculative Buildings with

Tenanted Areas Included

Base Group
(Score this group prior to Finishes Group
Functional | score for Finishes Group)
System Coverage: 2> 80% for Coverage: > 80% for
Category external wall & roofing external wall & roofing
Coverage: 2 60% for the Coverage: 2 60% for the
rest rest
External Wall 1 pt 2 pt
Internal Wall 1pt 2 pt
Flooring 1pt 2 pt
Doors 1 pt 0.5 pt*
Ceiling 0.5 pt 0.5 pt
Roofing 0.5 pt 0.5 pt

* refers to supporting accessories for doors

Speculative Buildings with Tenanted Areas Excluded

Base Group
Functional (Score this gro.uy:? prior s G
System to score for Finishes
Category Group)
Coverage: 2 80% Coverage: 2 80%
External Wall 1 pt 2 pt
Internal Wall 0.5 pt 1pt
Flooring 0.5 pt 1pt
Doors 0.5 pt 0.25 pt*
Ceiling 0.25 pt 0.25 pt
Roofing 0.5 pt 0.5 pt

* refers to supporting accessories for doors

(Up to 8 points)

Singular products category Coverage 2 80%

Hardscape, building services and

M&E products certified by an 0.25 point per

drainage cells etc. approved local certification body product
. Building services and M&E products - Mechanical, .

electrical and plumbing equipment or products (Up to 2 points)

such as chillers, circuit boards, transformers,

water pipes

PP (Up to 8 points for 3.2c)
Rating Gold GoldPYs | Platinum
Min point for 3.2c 2 pts 3 pts 4 pts

3.3 Waste
3.3a Environmental Construction Management Plan
An effective and holistic management plan can facilitate 1 point

better environmental performance of the construction
process and promote waste minimisation.

(Up to 1 point for 3.3a)

3.3b Operational Waste Management

Appropriate collection and recycling provisions can
facilitate the segregation of recyclable consumer waste at
source. Provisions for the treatment of horticultural or
wood waste for buildings with landscaping can promote
their reuse and recycling as well.




25

Part 3 — Resource Stewardship

Green Mark Points

1 point each

. Facilities for the collection and storage of different
recyclables such as paper, glass, metal and plastic
in commingled or sorted form.

. Facilities or systems for food waste to be treated
and recycled, for buildings generating large
volumes of food waste.

. Facilities or systems for the placement of
horticultural or wood waste for recycling.

0.5 point each

° Provision of separate chute for recyclables,
beyond code compliance*.

o Provision of Pneumatic Waste Conveyance System
(PWCS), beyond code compliance*.

*NEA’s Code of Practice on Environmental Health (or
prevailing code)

1 point each

0.5 point each

(Up to 3 point for 3.3b)

Part 4 - Smart and Healthy Building

Green Mark Points

P.8 Thermal Comfort

The normal design dry-bulb temperature for comfort air-
conditioning shall be within 232C - 252C, and resultant
relative humidity < 65% in accordance with SS 553 : 2016 -
Code of Practice for Air-Conditioning and Mechanical
Ventilation in Buildings.

Prerequisite

P.9 Minimum Ventilation Rate

The building’s air-conditioning and mechanical ventilation
systems shall be designed to provide appropriate minimum
quantum of outdoor air rates as stated in Table 1 and Table
5 of SS 553 : 2016.

Prerequisite

P.10 Filtration Media for Times of Pollution

AHUs or dedicated outdoor air units in the building shall be
designed to accommodate fine dust filters of least a rating
of Minimum Efficiency Reporting Value (MERV) 14 (ASHRAE
52.2: 2012) or F8 (EN779: 2012), when the outdoor
pollution level is in the unhealthy range in accordance with
MOH'’s guidelines, as stipulated in SS 553 : 2016.

Prerequisite

P.11 Low Volatile Organic Compound (VOC) Paints

Low VOC paints certified by an approved local certification
body shall be used for at least 90% of the total painted
internal wall areas.

Prerequisite

P.12 Refrigerants

Air conditioning systems shall use refrigerants with ozone
depleting potential (ODP) of 0 or global warming potential
(GWP) of less than 100.

A refrigerant leak detection system shall also be installed in
critical areas of plant rooms containing chillers and/ or
other equipment using refrigerants.

Prerequisite

P.13 Sound Level

The relevant equipment as aforementioned shall be
designed to comply with the recommended ambient sound
levels in Table 4 of SS 553 : 2016.

Prerequisite

P.14 Permanent Instrumentation for the Measurement and Verification
of Chilled Water Air-Conditioning Systems

Permanent instrumentation to monitor chilled water plant
(water cooled and air-cooled system) efficiency shall also
be provided. The installed instrumentation shall have the
capability to calculate resultant efficiency (i.e. kW/RT)
within 5% of its true value, in accordance with ASHRAE
Guideline 22 and AHRI Standard 550/590. Each
measurement system shall include the sensor, any signal
conditioning, the data acquisition system and wiring
connecting them.

Prerequisite



https://www.nea.gov.sg/docs/default-source/resource/practices-/copeh---2017-(aug).pdf
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P.15 Electrical Sub-Metering & Monitoring
Subsystem measurement devices with remote capability
shall be provided, linked to a monitoring system and
measure and trend energy consumption data of:

. Each of the following energy sub systems:

Use (Sum of all loads) Sub-systems thresholds

Lift & escalator Sum of all feeders > 50 kVA

Heater, including heat pump |> 50 kWth

Process loads Connected loads > 50 kVA

Connected gas or district

services load > 75 kW

Mechanical ventilation The subsystem’s load > 15kW

VRF systems (CUs, FCUs) No threshold

. Each tenancy or floor, as well as high energy load

areas exceeding 50kVA such as car park, data
centres, IT closets and process areas.

Prerequisite

4.1 Indoor Air Quality

4.1a Occupant Comfort

The testing and evaluation of indoor air quality parameters
is crucial to ensure occupant comfort. Engaging building
occupants completes the feedback loop, and is essential for
the management and improvement of operational
practices in high-performing green buildings.

(i) Indoor Air Quality (IAQ) Surveillance Audit

Committed to conduct an IAQ surveillance audit within one
year after occupancy or after reasonable occupancy has
been reached. The audit shall be conducted by an
accredited laboratory under Singapore Accreditation
Council with respect to the recommended IAQ parameters
and acceptable limits stated in Table 1 of SS554: 2016,
based on Indicative methods or reference methods.

(i) Post Occupancy Evaluation

Committed to conduct Post Occupancy Evaluation (POE)
questionnaire, with appropriate corrective actions if
required, within a year after building occupancy or after
reasonable occupancy has been reached.

(iii) Indoor Air Quality Display

Provision of display panels for temperature and relative
humidity information at each floor/ tenancy, to raise
awareness among building occupants on the internal
conditions of the space.

0.5 point for indicative method
1 point for reference method
(0.5 pt required for all ratings)

0.5 point
Rating Gold GoldPYS | Platinum
Min point for 4.1a(ii) - 0.5 pt
0.5 point

(Up to 2 point for 4.1a)

4.1b Outdoor Air

Provision of adequate and proper ventilation in
conditioned spaces to prevent build-up in the
concentration of contaminants.

(i) Ventilation Rates

. Measurement and monitoring of outdoor airflow
volume in accordance with desired ventilation
rates.

. Use of demand control ventilation strategies such
as carbon dioxide sensors or equivalent devices to
regulate the quantity of fresh air and ventilation in
accordance with the space requirements.

0.5 point for precool units (e.g. PAHUs and PFCUs)
1 point for all AHUs and FCUs

0.5 point

(Up to 1.5 point)
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(ii) Enhanced Filtration Media

Permanent provision of Minimum Efficiency Rating Value
(MERV 14, ASHRAE 52.2 or F8/ EN779 class of filter or
equivalent).

(iii) Dedicated Outdoor Air System

Provision of a dedicated outdoor air system, such as
precool units, to encourage effective treatment of outdoor
air for cooling and dehumidification.

0.5 point for all PAHUs
1 points for all PAHUs and AHUs
(Up to 1 point)

Rating Gold GoldPUs | Platinum

Min point for 4.1b(ii) - 0.5 pt

0.5 point

(Up to 3 point for 4.1b)

4.1c Indoor Contaminants

Indoor contaminant pollution control at source and air
treatment strategies can safeguard the health of building
occupants.

(i) Local Exhaust and Air Purging System
. Local isolation and exhaust systems to remove the
source of pollutants
. Air purging system to replace contaminated
indoor air with outdoor fresh air

(i) Ultraviolet Germicidal Irradiation (UVGI) System
Provision of UVGI system in AHUs and FCUs to control
airborne infective microorganisms.

(iii) More Stringent VOC Limits for Interior Fittings and
Finishes

Specification and use of products certified SGBP Very Good
or above, of which the VOC emission rate standards meet
more stringent VOC emission limits.

(iv) Use of Persistent Bio-cumulative and Toxic (PBT) free
lighting

1 point each
(Up to 2 points)

0.5 point

Points
Functional System (VOC content within a Functional System
for > 80% of applicable areas must be
SGBP Very Good or above)
External Wall 1pt
Internal Wall 1pt
Internal Flooring 1pt
Ceiling 1pt
Doors 0.5 pt
Other Systems:
Fixed furniture/ 0.5 pt
system furniture

(Up to 2 points)

0.5 point for > 90% of light fittings in the project.

Rating Gold | Gold™vs | Platinum

Min point for 4.1c(iv) - Healthcare - 0.5 pt

(Up to 5 point for 4.1c)

4.2 Spatial Quality

4.2a Lighting

Natural lighting has been linked to the positive mental
wellbeing of building occupants. It connects enclosed
indoor environments with the external natural
environment. In the tropics, special care must be taken to
maximise effective daylight while minimising visual
discomfort and maintaining the fagade’s thermal efficiency.

(i) Effective daylighting for common areas

Prorating the number of daylit transient common spaces
with effective automatic lighting controls against the total
number of applicable spaces.

Note: Each toilet is counted as 0.5.

Points scored = 1.5 x (% count with daylighting for toilets,
staircases, corridors, lift lobbies and atriums)
+ 0.5 x (% areas of carpark with daylighting or having no
carpark.)
(Up to 2 points for 4.2ai)
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(ii) Effective daylighting for occupied spaces

Percentage of occupied spaces with access to effective daylighting
Points are computed based on the percentage of total
occupied areas that can achieve the specific Daylight
Autonomy (DA) requirement of DAN Ix,50% (without
overlighting), as outlined in the Green Mark NRB: 2015
Technical Guide and Requirements Annex B: Effective
Daylighting Simulation and Pre-Simulated Daylight
Availability Tables Methodology and Requirements.
Effectively daylit areas shall be integrated with automated
lighting controls.

Effective Mitigation of Overlit Areas

Pre-Simulation Daylight Availability Tables: Adoption of
suitable mitigation strategies for overlit spaces

or

Daylight Simulation: mitigation measures to effectively
address overlighting are included into the simulation model
in accordance with Annex B

(iii) Quality of Artificial Lighting
Low impact item
. Good light-output over life with a minimum
lifespan rating of L70 > 50,000 life hours
. Lighting designed to avoid flicker and stroboscopic
effects, by using high frequency ballasts for
fluorescent luminaries and LED lighting with < 30%
flicker
o Meeting the minimum colour rendering index (Ra
or CRI) in Clause 5 of SS 531 — 1 : 2006 (2013) —
Code of Practice for Lighting of Workplaces
High impact item
. LED Luminaires certified under SGBP scheme

Pre-Simulation Daylight Availability Tables or Daylight Simulation

Percentage Points
15to<35% 0.5
35t0<55% 1
55t0<75% 2
>75% 3

(Up to 3 points)

1 point

(Up to 4 points for 4.2aii)

0.5 point each for low impact item
1 point for high impact item

(Up to 1 point for 4.2aiii)
(Up to 6 points for 4.2a)

4.2b Acoustics

An improved acoustical performance for normally occupied
spaces can enhance the aural comfort of its occupants,
facilitating communication, reducing unwanted sound and
aiding in speech privacy.

(i) Sound Transmission Reduction

Projects that demonstrate that the acoustic performance of
the internal partitions between adjoining spaces will be
constructed to achieve the following performance levels:

Description Sound  Transmission
Class (STC)
Between general office spaces 40 - 50

Spaces where confidential speech | 50— 60
are required/ Between mechanical
and equipment spaces and occupied
spaces:

(ii) Acoustic Report

1.5 points can be scored for an acoustic design and
verification report adhering to the requirements in the
GM NRB: 2015 Technical Guide and Requirements.

0.5 point

1.5 point

(Up to 2 points for 4.2b)

4.2¢ Wellbeing

The state of being comfortable, healthy or happy.
Nurturing, healing and inclusive spaces can enhance the
building occupant and user’s environment, and overall
wellbeing.
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(i) Biophilic Design
. Provision of accessible sky gardens, sky terraces,
internal courtyards and rooftop gardens as areas
for respite.
. Building design that adopt biomimicry designs.

. The provision for at least 5% of the common areas
or functional spaces to have fixed indoor planting.

. Building design that takes after any natural shapes
and forms/ creates ecological attachment to the
place.

. Provision of images of nature for 5% of common
areas.

(ii) Universal Design (UD) Mark

1 point each

0.5 point each

0.25 point each

(Up to 3 points)

Certified/Gold — 0.5 point
GoldPY5/Platinum — 1 point
(Up to 2 points for 4.2c)

4.3 Smart Building Operations

4.3a Energy Monitoring

Tracking a building’s energy use with the data presented in
a relevant manner to engage its occupants can have an
effect in helping to manage building energy consumption.
Related to this ideal of sharing building data openly is the
need to apply open standards to future-proof the building’s
management system and to facilitate data exchange
between subsystems.

(i) Energy Portal and Dashboard
. Display metered data, trending of energy
consumption (historical data) and relevant
parameters
. Display monthly energy consumption of 50%
percentile line of the tenants/space within the
buildings. The information could also include 25
and 75" percentile line.

(ii) BAS and Controllers with Open Protocol

Use of BACnet, Modbus or any other non-proprietary
protocol as the network backbone for the building
management system, with the system being able to provide
scheduled export of a set of any chosen data points to
commonly used file formats.

1 point each
(Up to 2 points)

1 point

(Up to 3 points for 4.3a)

4.3b Demand Control

Using occupancy based controls to monitor the usage of
spaces and vary temperature, ventilation and lighting
demand  while  maintaining room  temperature
effectiveness, good indoor environmental quality and
lighting quality, can significantly reduce building energy
consumption. The energy savings from such controls can be
taken into account under the Energy Performance Points
Calculator under Part 2 Building Energy Performance.

(i) ACMV Demand Control

° Binary sensing controls
» 280% of all transient areas
» 280% of all occupied areas

o Occupancy-based sensing controls (for VAV

systems)

» 280% of all transient areas
» 280% of all occupied areas

0.5 point each
(Up to 1 point)

0.5 point each
(Up to 1 point)
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(i) Lighting Demand Control
Use of occupancy/ vacancy sensors to moderate brightness
of the luminaries for :

» 280% of all transient areas

» 280% of all occupied areas

(iii) Carpark Guidance System

0.5 point each
(Up to 1 point)

0.5 point
(Up to 3 points for 4.3b)

4.3c Integration and Analytics

The innovative and integrative use of data can optimise
workflow or attain persistence of high performance and
energy efficiency in a building. Basic integration and use of
sensor data can optimise and operate the building in an
informed and effective manner. The use of advanced
integration and analytics can provide enhanced efficacy in
lowering energy use, increase asset reliability, and improve
the user experience.

Basic Features Advanced Features
e Use adaptive control| ¢ Whole system optimisation
algorithms using a network of HVAC

e Exception handling by equipment
identifying systems that| e Integration of sub-systems to
deviates from expected optimise resource use or
performance/setting improve user experience

o Detect equipment that run | ¢ Use of Building Information
outside intended hours or Modelling (BIM) or similar

settings applications that provide
e Monitor equipment| location-based visualisation

condition for preventive| of multiple sensors

maintenance e Participate in a Demand
e Basic fault detection and Response programme with

diagnostics (FDD) of | electricity retailer

sensors by finding failed or

improperly operating

sensors or actuators

0.5 point each for Basic Features and
1 point each for Advanced Features

(Features displayed via

BMS, BAS, website or mobile app)

(Up to 3 points for 4.3c)

4.3d System Handover and Documentation

Proper system verification and handover of higher-order
functional and system level performance of buildings
control systems, mechanical systems and electrical
systems. The project shall demonstrate a commitment to
comply to verification requirements and show evidence of
relevant schedules and documentation.

1 point

Rating Gold GoldPLus | Platinum

Min point for 4.3d -

1 pt

(Up to 1 point for 4.3d)
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5.1 Enhanced Performance

5.1 Enhanced Performance

Credits Advanced Green Efforts indicators that are
highlighted within the Green Mark NRB: 2015 criteria, or for
other outcome beyond what is specified, based on high,
medium and low impact items.

Enhanced performance indicators within criteria

Advanced Green Efforts Under Part 1 Climatic Responsive Green Mark Points
Design

1.1b Integrative Design Process
4D, 5D & 6D BIM
> 4D (Time) BIM 1 point each
» 5D (Cost) BIM (Up to 3 points)
» 6D (Facilities Management) BIM

1.2a Sustainable Urbanism
Creation of possible new ecology and natural

1 point
ecosystems P
1.2b Integrated Landscape and Waterscape .
GnPR 25 1 point

1.3a Tropical Fagade Performance
Low heat gain facade 1 point
» ETTV < 35W/m?

Vertical Greenery on the East and West Facade

> For more than 30% of east and west facade 1 point
areas

» For more than 15% of east and west facade 0.5 point
areas

Thermal Bridging
Use of thermal break /insulating profiles certified by 1 point

approved local certification bodies

1.3c Ventilation Performance 1 point
Wind Driven Rain Simulation

Advanced Green Efforts under Part 2 Building Energy
Performance

Option 1: Energy Performance Points Calculator
2.1e Building Energy

Further Improvement in Design Energy Points scored

Lonsumption % improvement from baseline
» Additional improvement of the design = 3 - 11
energy consumption against the notional (Up to 2 points)

reference above maximum credit scored
under 2.1e Building Energy based on the
same formula.

Option 2: Performance-Based Computation
2.1f Space Conditioning Performance

Efficient Space Conditioning Energy Design
Achieve highly efficient air-conditioning design .
» Achieving 0.70kW/ton TDSE 0.5 point

» Achieving 0.65kW/ton TDSE 1 point .
(Up to 1 point)

2.1g Lighting System Performance
Efficient Lighting Design
Achieve highly efficient air-conditioning design
> 0.5 point for 40% improvement 0.5 point
» 1 point for 50% improvement 1 point
(Up to 1 point)
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2.1h Building Systems Performance
Additional Energy Efficient Practices and Features
» Additional improvement from baseline
total  building  consumption  above
maximum credit scored under 2.1h(iv)
Energy Efficient Practices and Features
based on the same formula.

2.2c Adoption of Renewable Energy
Further Electricity Replacement by Renewables
» Additional percentage electricity
replacement by renewable energy above
maximum credit scored under 2.2c
Adoption of Renewable Energy based on
the same formula.

Points scored
<% improvement from baseline)

— 40,
total building consumption 4%

3
(Up to 2 points)

% Replacement of Building
Use Intensity Electricity Consumption by
(EUI) [kWh/m?2/yr] Renewable Energy

Expected Energy

>220 1 point for every 0.5%
(beyond 3%)

50 < EUI <220 1 point for every 1.25%

(beyond 7.5%)

<50 1 point for every 2.5%
(beyond 15%)

(Up to 5 points)

Advanced Green Efforts under Part 3 Resource Stewardship

3.1a Water Efficient Systems
Better Water Efficient Fittings
Demonstrate the use of better WELS rated water
efficient fittings
» Use of better WELS rated water efficient
fittings for 100% of basin taps & mixer
and dual flush flushing cisterns
» Use of better WELS rated water efficient
fittings for 100% of applicable water
fittings as prescribed in P.7 whilst
ensuring user requirements are not
compromised.

3.2a(ii) Resource Efficient Building Design
Use of BIM to calculate CUI
» BIM is used to compute CUI

3.2a(iii) Low Carbon Concrete
Use of Advanced Green Materials
» Use of SGBC-certified 4-Tick concrete
» Use of SGBC-certified reinforcement bars
for  structural reinforced concrete
elements, for more than 80% of the
applicable superstructure elements by
volume.

3.2b Embodied Carbon
Provide Own Emission Factors with Source
Justification
» Provision of own material emission
factors
Compute the Carbon Footprint of the Entire
Development
» Computation of the carbon footprint of
the entire development and a detailed
carbon footprint report based on all the
materials used within the development.

3.2c Sustainable Products
Sustainable Products with Higher Environmental
Credentials
» Use of products certified to higher tiers of
environmental performance (per product).

0.5 point

1 point

(up to 1 point)

1 point

0.5 point each
(Up to 1 point)

0.25 pt per material
(Up to 1 point)

2 points

Singapore Green Points per product (>

Building Product 80% of the applicable
Certification Rating use)
Very Good (2-ticks) 0.25
Excellent (3-ticks) 0.5
Leader (4-ticks) 1.0

(Up to 2 points)
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Advanced Green Efforts under Part 4 Smart and Healthy Building

4.1a Occupant Comfort
Indoor Air Quality Trending
» Provision for monitoring and trend
logging of temperature and relative
humidity through a centralised system.
» Provision for monitoring and trend
logging of common indoor air pollutants,
such as formaldehyde, at each floor.

4.1c Indoor Contaminants
Zero ODP Refrigerants with Low Global Warming
Potential

» Zero ODP and GWP < 750

» Zero ODP and GWP < 10

4.3a Energy Monitoring

Permanent M&V for VRF Systems

Provision of permanent measuring instruments for
monitoring of energy efficiency performance of
Variable Refrigerant Flow (VRF) condensing units
and air distribution subsystem.

Permanent M&V for Hot Water Systems
Incorporation of Permanent Measurement and
Verification for hot water systems, with
performance requirement similar to P.14, for central
hot water system.

4.3c Integration and Analytics

Additional Advanced Integration and Analytical
Features

Additional advanced integration and analytical
features above maximum credit scored under
4.3c(ii) Advanced Integration and Analytics

4.3d System Handover and Documentation

Expanded Post Occupancy Performance Verification
by a 3rd Party

Owner engages an independent competent
professional to verify the operational performance
and provide recommendations on system
performance enhancement, conducted within one
year from the building’s TOP.

Energy Performance Contracting

Engagement an Energy Performance Contracting
(EPC) firm (accredited by SGBC) to implement and
deliver energy efficiency, renewable energy and/or
energy recovery projects with an energy
performance contract wherein the EPC firm’s
remuneration is based on demonstrated energy
savings. Operational system efficiency should be
guaranteed over a minimum of 3 years.

0.5 point

1.5 point

(Up to 2 points)

0.5 point
1 point
(Up to 1 point)

2 points

1 point

1 point

0.5 point can be scored per energy subsystem
(Up to 2 points)

1 point

Other enhanced performance indicators

2 points for high impact items
1 point for medium impact items
0.5 point for low impact items

(Up to 15 points for 5.1)
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5.2 Complementary Certifications

5.2 Complementary Certifications

Project demonstrates that it is certified through a local or
international complementary certification or rating tool
that assesses the project beyond the environmental
indicators within Green Mark NRB: 2015.

1 point

(Up to 1 point for 5.2)

5.3 Demonstrating Cost Effective Design

5.3 Demonstrating Cost Effective Design

Demonstration of cost effective or cost neutral design
beyond the norm through a detailed quality surveyor’s
report of the building.

1 point for cost effective design
2 points for cost neutral design

(Up to 2 points for 5.3)

5.4 Social Benefits

5.4 Social Benefits

Projects that demonstrate their social benefits or how
social sustainability has been incorporated into the
project, beyond core functionality of the building. This can
(but not limited to) include efforts that demonstrate
enhanced considerations to further wellbeing, welfare,
community integration as well as the purchase of clean
energy (e.g. solar energy) through third party leasing
contracts.

0.5 point for each distinct benefit

(Up to 2 points for 5.4)
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0. Pre-requisites

The pre-requisites for Green Mark NRB: 2015 sets the minimum environmental considerations that a project shall
demonstrate based on industry norms. All pre-requisites listed as follows must be fulfilled in order to be eligible to score
Green Mark points in the 5 Green Mark sections

Pre-requisites Directory for P.1 to P.15

P.1to P.15 are parked under the criteria sections. They must be fulfilled by all projects targeting certification.

Section Pre-Requisites

1. Climatic Responsive Design P.1-P.3
2. Building Energy Performance P.4-P.6
3. Resource Stewardship P.7

4. Smart and Healthy Building P.8-P.15

Minimum Criteria Points Requirements

Minimum Points Requwement
Pre-Requisite Requirement

Integrative Design Process - 2 pts

Green Fit-out Guideline - 1 pt

1.1d User Engagement ) i Displaying GM
credential — 1 pt
1.2b Integrated Landscape and Waterscape - Commercial, Healthcare — 2 pts ,Others — 1 pt
Ventilation Performance — Ventilation Simulation 4 pts (Gold™* - 0.4 m/s, Platinum — 0.6 m/s)
For Gold™Sand Platinum projects with > 2,000m? of naturally *Complementary methods to compliance are
1.3¢ ventilated occupied spaces, wind speeds must meet via - available as described in 1.3¢

ventilation simulation

2.2a Solar Energy Feasibility Study For buildings with a footprint 21,000m?— 0.5 pt
3.2a Sustainable Construction 0.5 pt 2 pts 3.5 pts
3.2b Embodied Energy = 1pt
3.2¢ Sustainable Products 2 pts 3 pts 4 pts
4.1a(i) Indoor Air Quality Audit 0.5 pt
4.1a(ii) Post Occupancy Evaluation - 0.5 pt
4.1b(ii) Enhanced Filtration Media - 0.5 pt
4.1c(iv) Use of PBT Free Lighting - Healthcare — 0.5 pt
4.3d System Handover and Documentation - 1 pt
Local Energy Generation for Centralised Service Hot water
Annex 2(d) Heating - - Healthcare — 1 pt
Annex 2(e) Onsite Airside Energy Recovery - - Healthcare — 1 pt
Annex 3(c) Onsite Airside Energy Recovery - - Laboratory — 1 pt
Annex 4(b) Raising Awareness on Environmental Sustainability . Schools — 1 pt
Annex 4(c) Communication of Efficiency Trends - Schools — 0.5 pt

* Laboratory denote Laboratory Buildings, Healthcare denote Healthcare Facilities

All projects will need to compute Energy Efficiency Index (EEI) and Energy Use Intensity (EUI) in kWh/m?/yr.

Legend (only digital copy is required) ‘

As-Built As-built drawings and documents m Photographic evidences

AE

Updated calculation for changes .
contractors or suppliers

Summary of purchase from contractors, sub-
ummary
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Energy Savings Requirements

Intent

The quantification and setting of minimum standards for energy savings of a green building can encourage an integrated
approach to building design optimisation. By determining the building’s energy usage based on different design options,
developers can better understand their impact on total building performance and make cost effective design decisions
that can maximise energy savings.

Scope

Applicable to all projects targeting Green Mark Gold"VS or Platinum rating.

Assessment

The minimum energy savings to be demonstrated for the following rating tiers are as follows:

Level of Green Mark Award Minimum Energy Savings

For a building with air-conditioned area > 5,000m?, an energy model shall be used to demonstrate the building's

designed energy savings compared to a prescribed reference model that reflects prevailing building standards and codes
of practice. The simulation shall be conducted in accordance with the Green Mark NRB: 2015 Technical Guide and

Requirements - Annex C: Energy Modeling Methodology and Requirements

For a building with air-conditioned areas < 5,000m?, detailed calculations can be provided in place of energy
modeling to justify the savings in energy consumption from a more efficient design.

For buildings served by existing DCS plants eligible for Path B as per the requirements outlined in the Green Mark NRB:
2015 Technical Guide and Requirements, the energy savings to be demonstrated (excluding the consumption of the DCS

plant) are as follows:

Level of Green Mark Award Cooling Load Savings Energy Consumption Savings (excluding DCS plant)

For projects targeting Green Mark Gold™"S or Platinum, the Energy Use Intensity should not exceed the 50t percentile

value of similar building type, stated in the annual Building Energy Benchmarking Report (BEBR). In instances where the

project exceeds the EUI stated, justification shall be provided and subjected to Green Mark assessment.



1. Climatic
Responsive Design

Buildings serve as structures sheltering their occupants from the variable external climate. With this

consideration, the built form should be considered to maximise its response to the local tropical climate, and
establish a contemporary tropical vernacular. By appreciating the site context, building designers can capitalise
on the physical environment and recognise opportunities for the urban built form to maximise responsive
design. Consideration of the building’s human centricity and whether it is in sync with its surrounding context
should also be given due account. It is paramount for such climatically contextual design to be weaved into
the early thinking of building design, and this is enabled through upstream effective leadership, supported by

a collaborative process of design with the partnership of relevant stakeholders.



P.1 Envelope and Roof ThermalTransfer

Intent
Minimising thermal heat gain through the building envelope and roof can enhance indoor thermal comfort and reduce

the energy needed to condition the indoor environment.

Scope

Applicable to building facades and roofs.

Assessment

Where the buildings’ aggregate air-conditioned areas exceed 500 m?, as determined in accordance with the formula set
out in the BCA Code on Envelope Thermal Performance for Buildings, the Envelope Thermal Transfer Value (ETTV) shall
not exceed the following limits:

Level of Award Maximum ETTV

Gold 45 W/m?
GoldPLs 40 W/m?
Platinum 38 W/m?

The average thermal transmittance (U-value) for the gross area of the building’s roof shall not exceed the following limits:

Buildings with aggregate air- Buildings with aggregate air-

conditioned area > 500m? conditioned area <500m?
Maximum Thermal Maximum Thermal

Transmittance for roof of air- Transmittance for roof of non

conditioned building air-conditioned building

Roof Weight Group Weight Range (kg/m?) Maximum U-value (W/m?K)

50 0.5 0.8

The limits stipulated do not apply to roofs with skylight for buildings with aggregate air-conditioned area > 500m?.

However, the Roof Thermal Transfer Value (RTTV) of such roofs, computed in accordance with the Code on Envelope

Thermal Performance for Buildings, shall not exceed 50 W/m?2,

The roof limits stipulated do not apply to open sided sheds, linkways, covered walkways, store rooms, utility rooms, plant

rooms and equipment rooms.

Definitions
As per the BCA Code on Envelope Thermal Performance for Buildings.
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Documentation Requirements
. Operation Document
Design Stage
& g (for handover to FM)
e Architectural elevation drawings showing the composition of the different fagade or

wall systems that are relevant to the computation of ETTV purchase
As-Built

EF]
0]

e Architectural drawings showing all the air-conditioned areas, shading device, ummary

composition of different fagade or wall and roof systems.

e Tender specifications and technical product information - showing the salient data of
the material properties that are to be used for the facade or external wall and roof
system

e ETTV and Roof U-value calculation in excel format

Worked Example
ETTV

Multiple blocks within the same development: A proposed building development comprises three building blocks. The
individual ETTV of the each building computed are as follows:

ETTV biggr = 35 W/m?  Apigg = 5000 m?
ETTVbigg2 =45 W/m?  Apigg = 6800 m?
ETTVbiggz= 40 W/m?  Apigg = 7500 m?
Therefore ETTV Weighted average

_ Z(ETTVbldg X Abldg) . (ETTVbldgl X Abldgl) + (ETTVblng X Abldgz) + (ETTVbldg3 X Ablng)
- Agupe a Agupt

_ (35x5000)+(45X6800)+(40x7500)
- 19300

Adevt = 5000+6800+7500
= 19300 m?

=40.46 W/m? (< 45W/m?)

Thus, the overall ETTV meets Gold level certification requirements.

Thermal Transmittance (U-Value) Of the Building’s Roof

A development comprises 1 air conditioned block (A) and three non - air- conditioned blocks (B, C, D). The roofs are made
of different material types, and the U-value of Roof D is calculated as an example as follows:

P — Weight  Thickness b k-value R-value (m?

(kg/m?) (m) (W/mK) K/W)

Outside surface film (high emissivity) - - - 0.055
325mm thick RC slab (Density: 2400 kg/m?3) 780 0.325 1.442 0.22538
somm ik oot (e e SRS oosoms v
Inside surface film (low emissivity) — Sloped roof 22.5° - - - 0.59500

Total Weight (kg/m?) 782
Total R-value Ry 2.26427

Therefore, the U-value of Roof D = 1/Rr = 0.44 W/m?K

After proceeding to calculate the U values of Roofs A, B and C (not shown), a summary is as follows:

b Roof Area B
Roof Weight Group - (‘xl;::z?(; ?:)Of (m?) (€) Mas (“’:Illun(:::(f) F(t:)o fType Complies?
Blk A ( A/C block ) Light 0.47 6000.00 0.5 Yes
Blk B ( Non A/C block ) Medium 0.53 800.00 1.1 Yes
Blk C ( Non A/C block ) Heavy Type 1 0.65 600.00 15 Yes

Blk D ( Non A/C block ) Heavy Type 2 0.44 100.00 1.5 Yes
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P.2 Air Tightness and Leakage

Intent
Minimising air infiltration through the building envelope can reduce the energy required for air-conditioning and enhance

occupant thermal comfort.

Scope

Applicable to all windows and curtain walls on the building envelope.

Assessment
For windows and curtain wall systems, air leakage rates shall not exceed the limit specified in SS 212: 2007 — Specification
for Aluminium Alloy Windows and SS 381: 1996 (2007) — Materials and Performance Tests for Aluminium Curtain Walls

respectively.

Documentation Requirements

Design Stage Operation Document (for handover to FM)

Technical specifications showing the relevant tests and details to | Testing report from an accredited laboratory
determine the air leakage limits rates

P.3 Bicycle Parking

Intent
Providing the necessary infrastructure to encourage cycling as an alternative mode of transport can reduce the energy

consumption from vehicular travel.

Scope
Applicable to all building developments outlined below.

Assessment
Meet the minimum quantity of bicycle parking lots required for the development, in line with URA circular
URA/PB/2018/03-DCG (or prevailing circular) and LTA’s Code of Practice - Street Work Proposal Relating to Development

Works (or prevailing COP).

Documentation Requirements

Design Stage Operation Document (for handover to FM)

Relevant plans showing proposed location of the lots m



https://www.ura.gov.sg/Corporate/Guidelines/Circulars/dc18-03
https://www.lta.gov.sg/RT-COP-V1.2.pdf
https://www.lta.gov.sg/RT-COP-V1.2.pdf

1.1 Leadership (10pts)

The long-term sustainability of the built
environment, economy and society depends on the
collective leadership of building owners in driving
sustainable buildings in partnership with the end
users of the building. Effective leadership is needed
to influence and drive creative, organizational and
technical improvements to the overall
environmental credentials of projects, from the
initial stages of the project through to building
occupation and operation. Upstream leadership
can push the boundary of projects’ fundamental
requirements and is the key towards shifting the
needle towards climatic responsive design. This is
supported by an integrated design process that
resonates among the stakeholders, a strong design
team and a shared vision of building a sustainable
development and how the vision could be
achieved.

e 1.1a Climatic & Contextually Responsive Brief
(1pt)
1.1b Integrative Design Process (4 pts)
1.1c Environmental Credentials of Project Team
(2 pts)
1.1d User Engagement (3 pts)




42

1.1a Climatic & Contextually Responsive Brief

Intent

Considering the constraints and opportunities for environmental sustainability to set design goals approaches early at the

onset of a building project can ensure a more holistic total building performance.

Scope
Applicable to all building developments.

Assessment
1 point can be scored for a climatic and culturally responsive brief detailed with:

Target Setting and Brief: Setting of agreed achievable formal sustainability targets for the project. In addition to the
project’s targeted Green Mark rating, such targets should involve specific sustainable outcomes and indicators. The
selection, deployment and responsibilities of the project team, builders and building operators should be detailed. This
includes the identification of at least one member of the team to take the lead in coordinating sustainability efforts and
tracking of the targets throughout the project phase. This could also include the client’s sustainable aspirations for the
project, and identification of its green potential benchmarked against similar projects.

Documentation Requirements

Design Stage

Written statements, reports, documents, correspondences and notes of discussion demonstrating the particular
project’s briefing process, endorsed by the client or client’s representative and acknowledged by the key project team
members.

1.1b Integrative Designh Process

Intent
Addressing and negotiating between the various needs of all stakeholders involved in a building project to achieve common

targets can result in a balanced and optimised sustainable design outcome. BIM can be used for coordination and design

integration, enabling optimisation of resources and downstream building performance.

Scope
Applicable to all building developments.

Assessment
A maximum of 4 points can be scored for this section.
(i) Integrative team

2 points can be scored if the design team demonstrates an integrated design process through design charrette
discussions. This encompasses the establishment of a collaborative framework for the project team during the briefing
and design phases to encourage value-added contributions and constructive discussions. This process, which should be
conducted in a consultative and non-hierarchical manner, includes the:

e Appointment of all relevant consultants early in the design phase

e |dentification of responsible parties within the team to implement relevant sustainability goals andtargets

e Detailing of sustainable design methodology action plans and progress

e Addressing of opportunities and challenges with integrative team strategies to achieve thetargets

e Organising of design charrettes at key stages within the project design
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Definitions
Design charrette: A collaborative meeting for design and planning. The aim of design charrettes is for the team to jointly
set and review sustainability targets, progress and outcomes They serve as platforms for the various 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.

Documentation Requirements

Design Stage

e Reports, documents, correspondences and notes of discussions at the various project stages demonstrating the
integrative design process
e Evidences of the implementation of design optimisation arising from the charrettes discussion

(ii) Design for operation

1 point can be scored by involving Facility Manager (FM) in the design stage and incorporating his inputs into design.

Documentation Requirements

Design Stage Operation Document (for handover to FM)

Reports, documents, correspondences and notes of discussions | Evidences of the implementation of the design or
that FM’s inputs are taken into design considerations. This can | features that cater to the maintenance or
include incorporations to BMS. operational need raised by FM.

(iii) Use of BIM.

1 point each can be scored for the following:

e Collaborative BIM: The use of a coordinated BIM modeling framework that harmonises the various
disciplines’ designs in a 3D environment, to co-ordinate spatial design and reduce clashes during
construction.

e  Green BIM: The use of integrative BIM models to form the base models for at least one environmental
analysis and building performance simulations, the results of which can be used to further optimise the
building design.

Documentation Requirements

Design Stage ‘

e Collaborative BIM: BIM Execution Plan showing evidence of BIM Collaboration requirements, and coordinated BIM

models of the Architectural, Structural and MEP (Mechanical, Electrical and Plumbing) disciplines

e Green BIM: BIM Execution Plan showing evidence of Green BIM requirements, details of the analysis software/
performance plugins used, processes and how this has been employed to evaluate and optimise the building design
in areas such as (but not limited to) building energy use, fagade heat gains and ETTV, lighting and daylighting
analysis, as well as natural ventilation performance etc




4D, 5D & 6D BIM (Advanced Green Efforts)

1 point each can be scored for the 3 levels of SMART BIM under Advanced Green Efforts:

4D (Time) BIM — This links time information to the BIM model for project scheduling and coordination. With real

time construction activity on site linked to it, 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 claims.

5D (Cost) BIM — This consists of elemental details, finishes, fixtures and equipment within the model linked to data

on performance, manufacturers and specifications. The use of integrated scheduling tools can be incorporated to

assist in the preparation of cost and quantity schedules and tracking of the projectbudget.
6D (Facilities Management) BIM — This involves the updated as built model of the building complete with the

procured fixtures, finishes and equipment data.

Documentation Requirements

Design Stage

e 4D BIM : Report showing virtual planning (including virtual mock-ups and
sequencing) of 3 critical areas in the project, and 4D BIM model with information
suitable for sequencing, to demonstrate how 4D BIM facilitates actual
construction.

e 5D BIM: Evidence of the use of integrated scheduling tools with BIM model and/
or BIM model with information suitable for quantity take-off and cost estimating,
to demonstrate how 5D BIM facilitates cost planning and monitoring.

e 6D BIM: Report showing the 6D BIM handover requirements and 6D BIM model
with information suitable for facility management.

Operation Document
(for handover to FM)

Coordinated 4D, 5D and/
or 6D model.

44
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1.1c Environmental Credentials of Project Team

Intent

A building project team with specialist green credentials can more competently and effectively coordinate the
environmental design approach throughout the building design, construction and operation stages.

Scope
Applicable to all building developments.

Assessment

A maximum of 2 points can be scored for the project teams with the following credentials:

Green Individuals (Up to 0.5 point)
e Green Mark Accredited Professional [GMAP] or Green Mark Accredited Professional (Facilities Management)
[GMAP(FM)] — 0.25point

e Green Mark Advanced Accredited Professional (GMAAP) or Green Mark Advanced Accredited Professional (Facilities

Management) [GMAAP(FM)] — 0.5 point

Green and Gracious Builder (Up to 0.5 point)
e  Main builderis a BCA certified Green and Gracious Builder —0.25 point for Certified and Merit or 0.5 point for Excellent

and Star rating

Green Companies (Up to 1.5 points)

e ISO 14001 certified: Architect, M&E engineer, C&S engineer, developer and main contractor - 0.25 point for each
consultant type

e SGBC Green Services Certified firms —0.25 point each

Documentation Requirements

Design Stage

e Certified true copy of the following:
o Certified GMAP / GMFM / GMAAP / GMFP
o main builder’s Green and Gracious Builder award
o IS0 14000 certificate of developer, main contractor, M&E consultant, C&S engineer and architect where
applicable
e  Extracts of SGBC certified companies from SGBC website

Worked Example

A project has the following members in its project team.

o Acertified GMAP who is actively involved in leading the sustainable design process during throughout the various
project stages. The Professional Engineer (Mechanical) is a certified GMAAP (0.5 point)

e  BCA certified Green and Gracious Builder (Star level) (0.5 point)

e The Architect, Developer and M&E Engineer are I1SO 14001 certified (0.75 point)

e The Architect and M&E Engineer are SGBC Certified companies (0.5 point)

Therefore, points scored for 1.1c = 2.25 points
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1.1d User Engagement

Intent
This refers to the provision of relevant information and guidance to building occupants/visitors to raise awareness on the
building’s green features, and on how they can contribute positively to reduce the building’s environmental impact

further.

Scope

Applicable to all building developments with occupants/visitors.

Assessment

A maximum of 3 points can be scored for the following:

e Building user guide — 0.5 point: To be disseminated to all eventual occupants in the building, the user guide should
provide a detailed overview of the sustainable design strategies and green features employed in the building, on how
they are operated and benefit the user.

e Sustainability Education Corner — 0.5 point: The Sustainability Education Corner should be dedicated to education
and promotion of green building elements and environmental sustainability as well as the green features specific to
the development. It should be located at a prominent area, easily accessible and noticeable to all tenants, building
occupants and/or visitors.

e Sustainability Awareness & Education Programme — 0.5 point: Awareness & educational programme could include
regular scheduled events or tour to generate sustainability awareness

e Green fit out guidelines — 1 point: To be disseminated to the relevant tenant management/ personnel, the guidelines
should detail recommended minimum environmental standards to assist them in making sustainable fit-out
decisions. Required for all ratings.

e Greenlease—up to 3 points: To be incorporated into the tenancy agreement, the green lease should establish agreed
levels of environmental performance between the landlord and the tenant for 2 60% of the net lettable area.

» 3 points for > 60% of the net lettable area.
» 1 point for 2 25% of the net lettable area.

e Displaying Green Mark credential — 1 point: Can be awarded upfront when building owner commits to display the
Green Mark Decal or Green Mark Plaque at prominent location (visible to public) when the project is completed.

Photos evidence of installed GM credential to be submitted to BCA. Required for Platinum projects.

Documentation Requirements

Design Stage Operation Document (for handover to FM)

e  Building user guide & Green Fit-out guideline: Draft of guide | e Sustainability Awareness & Education

prepared and endorsed by the client representative, complete Programme: Details of the programme and
with commitment that it will be circulated. schedule done/planned.
e Sustainability Education Corner: Location of corner and draft | ©  Green lease: Official tenancy agreement with
details of the information that will be provided at the corner green lease and compliance procedures
e Sustainability = Awareness &  Education  Programme: incorporated, complete with evidence of its
Commitment from building owner on the operation of application to the specific tenants

programme and draft details of the programme.

Building user guide & Green Fit-out

e Green lease: Draft green lease for specified NLA prepared and As-Built

guideline
Sustainability Education Corner & m
Displaying Green Mark Credential

endorsed by the client representative, complete with
commitment that it will be incorporated into the tenancy

agreement with details of procedures to ensure compliance
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Guidance Notes — Recommendation information to be included in the Building User Guide

An outline of the Building User Guide is as follows:

e Introduction — An overview of the design, the passive and environmental strategies employed and how they benefit the user.
e  Fagade and Roof Design - Details on how the fagade are designed to reduce solar heat gain and facilitate natural ventilation
where applicable
o Energy
- Details of the energy efficient equipment and their operational controls
- Details of energy labelling for any supplementary equipment and advice on selection
- Details on how to track energy consumption
e  Water
- Details information on the WELS rated products, water efficient system adopted and water conservation strategies
e  Waste & Recycling
- Information on the waste collection strategies and waste recycling practices
e  Green Transportation and Access
- Details of bicycle parking provisions and local transportation options to and from the building
e  Local Amenities
- Details of the amenities and facilities within and around the building
e  Responsible and Healthy Fit Out
- Details of the green products used within the building
- Importance of using green fit-out and low VOC materials
- Embodied energy of building materials selection
e  Responsible Purchasing
- Advice on green procurement strategies relevant to the type of building occupant
e  Others
- The environmental impact of user behaviour

- Information on good practices for sustainable building operations relevant to the building users including links to websites,
publications and organisations providing information or guidance on environmentally sound operations, environmental tips
and initiatives

For green lease, guiding templates (Office Green Schedule and Retail Green Schedule) may be found in the BCA website.




1.2 Urban Harmony
(10 pts)

With buildings forming part of a larger urban
environment, it is important 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. Designing for a building’s human-
centricity looks at how its presence can co-exist in
harmony with its surrounding context and
positively impact the movement and comfort of
the people in its neighbourhood.

e 1.2a Sustainable Urbanism (5 pts)
e 1.2b Integrated Landscape and Waterscape
(5 pts)
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1.2a Sustainable Urbanism

Intent

Through site analysis and mitigation measures, a sustainable accessible and contextual response can be developed to
ensure that the development enhances the urban realm as well as minimises its environmental impact and dis-amenity

to the surrounding buildings.

Scope
Applicable to all building developments.

Assessment

A maximum of 5 points can be scored under the following sub-criteria:

(i) Environmental Analysis

Up to 2 points can be scored for either the following conducted prior to the commencement of activities on site to identify
the anticipated effects on climate change, flora and fauna, soil, air and water that the development may have. It should
identify and implement measures to mitigate any adverse impacts, protect valuable site ecology and/ or to improve the

site to its original condition.

e  Environmental study — 1 point

e Comprehensive Environmental Impact Assessment (EIA) by 3™ party — 2 points

Documentation Requirements
Operation Document
(for handover to FM)

Design Stage

Submission of an environmental study report, or an EIA by 3™ party, acknowledged by the client or

client representative. The EIA shall be conducted by a competent specialist. The environmental study @ M

report shall not necessarily be used to fulfil authority requirements. The report/ EIA should detail:

e  The proposed development its need and existing environment (committed environmental
e The impacts of the proposed development and its alternatives on the environment, minimally | Mmitigation measures
covering the aspects of climate change, flora and fauna, soil, air and water where applicable implemented  during  the

e Recommendations and measures to mitigate any adverse impacts and / or opportunities to | construction and initial

improve the site beyond its original condition before the development. (Note: Replacement is | OPeration of the building)
not able to be considered as mitigating measures for features of identified value removed in the

construction process or site clearance.)

e A non-technical summary

(ii) Response to Site Context

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

1 point can be scored if the project can detail strategies in the EIA on how the completed project ‘heals the land’.
Beyond mitigation measures, it should have a net positive impact by enhancing the site ecology beyond its current
state. The regenerative features should be quantified in terms of an overall net improvement versus the building not
being constructed and the site remaining in the current context.

Documentation Requirements

Operation Document (for handover to

Design Stage
FM)
e Detailing of strategies to achieve the criteria intent and | A study utilising the agreed metrics at the design
how the regenerative features are quantified stage conducted at suitable intervals during the

e Detailing of metrics to be used and tracked during project | building’s operational life that demonstrates the
completion projects regenerative performance




50

A site analysis identifies the relationships between the human and physical geography of the site. It should consider how
the urban context, site topography and hydrology, site micro climate, site access and connectivity can inform the design

of the urban form and site layout to respond accordingly. Up to 3 points can be scored for either:

e Level 1 site analysis and design that demonstrates sensitivity to the site condition — 1 point

e Level 2 site analysis optimised design with at least 2 types of iterative simulations — 3 points

Documentation Requirements

Design Stage

Level 1/ Level 2 site analysis report

Guidance Notes

An outline of the site analysis report is as follows:

e  Executive Summary — A non-technical summary that summarises the site analysis

e  Urban context — The urban form, land use and its impact on the site. This shall include key vistas, view corridors, the urban grain
as well nearby amenities

e Site Topography & Hydrology — Land and topographical survey of the site facilitating design decisions based on the site’s
topographical features, storm water runoff and other key features. Can link to the EIA under 1.2a (i) if conducted

e  Site Micro Climate - Sun/ Wind/ Acoustics/ Views/ Air Quality:

- Level 1: Identification on plan and photographic evidences of the key micro climatic conditions of the site and how this will
be considered in the design
- Level 2: Macro level simulations, with at least 2 iterations, that analyse the site context on top of level 1.

e  Site Access and Connectivity — Details of pedestrian and vehicular traffic, site accessibility and public transport options. The
analysis shall investigate the connectivity potential to connect the site to existing green infrastructure such as parks, gardens or
cycle routes, as well as sheltered connectivity to public transport. The analysis should also look at physical connectivity feasibility
to adjacent buildings (existing or planned)

- Level 1: Concept design studies demonstrating how the functional requirements of the project responds positively to the
site context including enhancing site access

- Level 2: Iterative massing studies through macro simulations, with at least 2 iterations, that identify how the urban form of
the building has been optimised, the location of outdoor amenities have been located to take advantage of the site
conditions, including outdoor thermal comfort analysis. The simulations should identify that the building minimises its
impact on its neighbours

(iif) Urban Heat Island (UHI) Mitigation
Demonstrate measures to mitigate the urban heat island effect and through the material selection of the hardscape (eg.
materials with high Solar Reflectance Index), softscape (eg. greenery) and building surfaces (eg. coatings such as cool paints).
Areas for renewable energy generation such as photovoltaic panels are deemed to comply. Up to 1 point can be scored for:
e  >50% site coverage (at plan view) with mitigation measures — 0.5 point

e > 80% site coverage (at plan view) with mitigation measures — 1 point

Guidance Notes

The site plan (2D plan area in m?) can be used to calculate the site coverage of UHI mitigation measures such as:

e  Green and blue spaces for landscaping and roof

e  Roofing materials or coatings or cool paints with high Solar Reflectance Index (SRI) > 40

e Unshaded hardscape areas with SRI > 39, inclusive of unshaded carparks, internal roads, plazas and pedestrian walkways
e  Permeable paving strategies such as gravel or open paving systems

e  Other performance based strategies that demonstrate UHI effect mitigation

Areas for renewable energy generation, e.g. where photovoltaic panels are placed, can be deemed to comply.




Documentation Requirements

Design Stage

under 1.2c (i) Greenery Provision)

thermal emittance specifications

e Site plan highlighting vegetation, waterbodies, hardscape and roof areas

e (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 As-Built @
size shall be based on the mature crown size as per NParks guidelines (also referenced

Purchase

e Material schedules or specifications of the roof and hardscape finishes with
corresponding SRI values. Where such values are not provided, calculations in
accordance to ASTM E1980 — 11 may be used supported by solar reflectance and
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Operation Document

(for handover to FM)

EF]
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(iv) Green Transport

0.5 point each can be scored for the provision of the following:

e Electrical vehicle charging and parking infrastructure for vehicles or to facilitate electric car-sharing service:
There shall be at least 1 lot per 100 lots (Up to 5 lots)

e Meet the prevailing lower bound requirement by of ‘Range Based Car Parking Standard (RCPS)’ based on
development type and parking zone published by LTA.

e  Provision of bicycle lots over and above requirements stated in URA circular URA/PB/2018/03-DCG (or
prevailing circular) and LTA’s Code of Practice - Street Work Proposal Relating to Development Works (or

prevailing COP) with at least 1 bicycle parking lot per 1,500m? of GFA (Up to 30 lots).

e Additional features to promote bicycle usage. Examples of features (at least 2 of the features should be

implemented in order to score) include:

» Adequate shower and toilet provision above
NEA requirements

» Adequate provision of lockers

»  Bicycle maintenance facility

» Comprehensive wayfinding signage

Dedicated circulation routes within development for
cyclists to access bicycle parking and end-of-trip
facilities safely

Ground level sheltered parking

Innovative bicycle parking designs

Security surveillance for bicycle parking

Documentation Requirements

Design Stage

Operation Document
(for handover to FM)

e  Electrical vehicle charging and parking infrastructure

charging ( location & numbers) and parking infrastructure

infrastructure

approved by LTA

promoting bicycle usage.

- Extracts of the tender specifications and plan showing the provision of electric vehicle
- Plansindicating the location, number and provision of electric vehicle charging and parking
e Reduced car park provision below the prevailing car park standard, such as application

e Extracts of the tender specifications and plans showing the location of features

As-Built @



https://www.lta.gov.sg/apps/news/page.aspx?c=2&id=377d8c25-638e-4f53-956e-53fd1a43e67c
https://www.ura.gov.sg/Corporate/Guidelines/Circulars/dc18-03
https://www.lta.gov.sg/RT-COP-V1.2.pdf
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1.2b Integrated Landscape and Waterscape

Intent

Projects are encouraged to integrate a verdant landscape and waterscape into their building design, to enhance the

biodiversity around the development and provide visual relief to building occupants and neighbours.
Scope
Applicable to all building developments.

Assessment

A maximum of 5 points can be scored under the following sub-criteria:

(i) Greenery Provision

The provision of greenery for the development can be quantified via the Green Plot Ratio (GnPR). Points can be scored as

follows:
I T
0.5 to <1.0 0.5
1.0to <2.0 1.0
2.0t0<3.0 2.0
3.0 to <4.0 2.5
24.0 3.0

Note: Please take note of landscape replacement requirements based on Gross Plot Ratio (GPR) and development type
stated in URA circular URA/PB/2017/06-DCG (or prevailing circular).

Definitions

Green Plot Ratio (GnPR): GnPR calculates the 3D volume covered by plants using the prescribed Leaf Area Index (LAI) by
NParks.

Guidance Notes

The LAI of the individual plant species and its canopy area are predetermined design parameters as listed below:

PlantGroup | Trees | Palms_____| Shrubs & Groundcover

Open Canopy = 2.5

Leaf Area . _ Solitary = 2.5 Monocot = 3.5
Index (LAI) Intermediate Canopy = 3.0 Cluster = 4.0 Dicot = 4.5 2.0
Dense Canopy =4.0
Columnar = 12 m? Solitary = 20 m?
H *.
Fixed Area*: Non Columnar = 60 m? Cluster = 17 m2 Planted Area Planted Area

Note: Exceptions apply to trees or palms planted at < 2.0m centres trunk to trunk/ columnar trees as elaborated further
below.

The plant species sub-categories and LAl values can be obtained from the online website: http://florafaunaweb.nparks.qgov.sg by
searching the common/ scientific names of the plants.

open canopy intermediate canopy  dense canopy solitary cluster

monocot

f=i 2" =§
Trees and palms spacing (centre-to-centre): If the selected trees and palms are
to be planted at < 2m from trunk-to-trunk as illustrated below, the leaf area shall

be calculated as the product of LAl value and planted area



https://www.ura.gov.sg/Corporate/Guidelines/Circulars/dc17-06
http://florafaunaweb.nparks.gov.sg/
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Columnar trees: For trees that have tight, columnar crowns, the canopy area of 12 m? is to be adopted for calculation of leaf area.
These species include (but not limited to) the following:

e Garcinia Cymosa Forma Pendula
e Garcinia Subelliptica

e Polyalthia Longifolia

e  Carallia Brachiate

e  Gnetum Gnemon

Documentation Requirements

: Operation Document
Design Stage

(for handover to FM)

e Plan - 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 and the As-Built m
respective sub category and LAl values

e GnPR Calculation

[<Jtt]
[+][]

Worked Example

Intermediate Canopy 3.0 60 m? 8 no. 1,440 m?
Trees (no.) 5 >
Dense Canopy 4.0 60 m 12 no. 2,880 m
i ~ <
Palms Soll'tary (trunk-to trunk < 2mat 1.5m 25 NA rx152=7 m? 17.5 m?
(no. or m?) radius )
’ Cluster 4.0 17 m? 10 no. 680 m?
Shrubs (m?) Dicot 4.5 NA 20 m? 90 m?
Turf (m?) Turf 2.0 NA 90 m? 180 m?
Vertical Greenery (m?) - 2.0 NA 10 m? 20 m?

Total Leaf Area:  5307.5 m?

Assuming the site area is 4000m?,
Green Plot Ratio (GnPR) = Total leaf area / site area = 5307.5 / 4000 = 1.327

Therefore, points scored for 1.2b (i) = 1 points.

GnPR 2 5 (Advanced Green Efforts)

1 more point can be scored under Advanced Green Efforts if the project has a GnPR 2 5.

(i) Tree Conservation
0.5 point each can be scored for the following:

e  Preservation of existing trees on-site to prevent disturbance to established habitats.

e Replanting of an equivalent number of similar or native species of equivalent LAl for felled trees.
Documentation Requirements

Operation Document

Design Stage
(for handover to FM)

e Site layouts showing the existing and final locations (where applicable) and number of
the trees to be restored or conserved or relocated.

e  Existing site plans showing the location and numbers of trees that are to be felled with @
the 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 tree
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(i) Sustainable Landscape Management
1.5 points can be scored for projects certified under NParks Landscape Excellence Assessment Framework (LEAF)

certification. For projects not certified under LEAF, 0.5 point each can be scored for the following:

e The adoption of native species of greenery > 50% of the flora selected wherever possible to maintain the
local ecosystem
e  Projects that scored full points under 1.2a (i) for EIA

e Alandscape management plan established that covers, 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

Documentation Requirements

Operation Document (for
handover to FM)

Design Stage

e  Extracts of the tender, or a signed commitment from the developer / building | ¢  LEAF certificate
owner that NParks LEAF certification will be applied Adoption of native %
e Adoption of native species: Landscape plan outlining the native species with species CxiC=]
a calculation of the % of site coverage Landscape As-Built
e Draft landscape management plan with supporting tender specifications management plan

(iv) Sustainable Stormwater Management
Points can be scored for either of the following:
e Projects that have obtained PUB Active, Beautiful and Clean Waters (ABC Waters) certification — 1 point

e Treatment of stormwater run-off from total area through the provision of infiltration or design features
before discharge to the public drains, to reduce storm surges and to treat the water

» 210% of run-off: 0.5 point
» 235% of run-off: 1 point

Documentation Requirements

Design Stage Operation Document (for handover to FM)

e PUB ABC Waters Certificate e Declaration of an ABC Waters Professional on

e  Provision of infiltration or design features: the % of site area that is drained to the

»  Design calculation that shows the percentage of site area that is completed infiltration or design features for
drained to the infiltration or design features for treatment, with treatment

endorsement of an ABC Waters Professional

» Location plan of the relevant infiltration or design features Infiltration or design features

il
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G

1.3 Tropicality (10 pts)

Shaping building passive design in
consideration of the climatic context,
including its orientation, facades as well as
interior layout can reduce the building’s

heat load and energy usage and enhance
effective thermal comfort for its occupants.

From a performance point of view, buildings .
should be highly permeable in areas of
natural ventilation and at the same time be
shielded against heat ingress.

e 1.3a Tropical Fagade Performance (3 pts)

e 1.3b Internal Spatial Organisation (3 pts)

—

e 1.3c Ventilation Performance (4 pts)
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1.3a Tropical Facade Performance

Intent
The holistic consideration of facade performance can reduce direct sunlight into the building and minimise thermal heat
gain, enhancing indoor comfort and lowering the energy for conditioning the indoor environment.

Scope

Applicable to facades and roofs bounding conditioned or non-conditioned spaces.

Assessment

A maximum of 3 points can be scored for the fagade performance, based on weighted average area, assessed through
either:

Simulation method: Through building physics software simulation, 1 point can be scored for meeting the notional fagade
detailed as follows, and for every 5% heat load reduction of the envelope and solar insolation reduction of the

fenestrations against the notional fagade.

Overall Weighted Values Industrial Buildings Other building types ‘
Window U-Value ‘ 5.4 W/m2K 2.8 W/m?K
Wall U-Value ‘ 1.5 W/m2K 0.7 W/mK
Overall Envelope U-value ‘ 2.4 W/m3K 1.6 W/m2K
Window-to-Wall Ratio (Each fagade) ‘ 0.2 0.4

Total Effective Glass Shading Coefficient (SC1 x SC2) ‘ 0.6 0.4

Roof U-Value \ 1.1 W/mK 0.8 W/mK
Sky light/ Roof window U-Value ‘ 4.3 W/m2K 2.2 W/m2K
RTTV (where there are sky lights for AC areas) ‘ 50 W/m?K 50 W/m2K

Checklist method: Eligible for industrial buildings with a WWR < 0.25, and other building types with a WWR < 0.5. Points
can be scored as follows:

Non Simulation Checklist for Industrial Buildings:

Overall Weighted Values Points for Improvement ‘

0.5 points for every 0.4 W/m?K reduction from

Envelope U-Value 2.4 W/m2K . 2 pts
baseline

WWR (Excludes Facade 0.5 pt for meeting baseline

openings/ voids) 02 0.5 pt for every 0.05 reduction from baseline 2pts

Glass Shading 05 1 pt for meeting baseline 2 pts

Coefficient (SC1) 0.5 pt for every 0.05 reduction from baseline

: . > 10% effectiveness (North and South) - 1pt
Effective Sun Shading - 2 pts
> 30% effectiveness (East and West) - 1 pt

Roof U-Value ‘ 1.0 W/m?2K 0.5 pt for every 0.1 W/m?K reduction from baseline 2 pts

Sky light/ Roof window 0.5 pt for meeting baseline 1
4.0 W/m2K 1pt
U-Value pt for U-Value of 2 W/m?K
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Non Simulation Checklist for Other Building Types:

Overall Weighted Values Points for Improvement

0.5 pt for meeting baseline
Envelope U-Value 1.6 W/m2K 2 pts
0.5 pt for every 0.2 W/m?K reduction from baseline

WWR (Excludes facade 0.4 (East, West facades 1 pt for meeting WWR of 0.4 3
: : pts
openings/ voids) not to exceed 0.3) 0.5 pt for every 0.05 reduction from baseline
Glass Shading 0.5 pt for meeting baseline
0.4 2 pts

Coefficient (SC1) 0.5 pt for every 0.05 reduction from baseline

> 10% effectiveness (North and South) - 1pt

Effective Sun Shading - . 2 pts
> 30% effectiveness (East and West) - 1 pt

0.8 W/m2?K 1 pt for meeting 0.8 W/m?K 1pt

Sky light/ Roof window
U-Value

2.2 W/m?2K 0.5 pt for meeting U-Value 0.5 pt

Documentation Requirements

Operation Document

Design Stage
(for handover to FM)
e  Checklist method: e Qualified Person (QP)
- Excel calculations on how the weighted values were derived and point scored in the endorsed as-built
prescribed template format as in the worked example. drawings of the
e  Simulation method: fagade including
» Details of software used, process and extract of simulation results to demonstrate heat construction details
load reduction against the notional fagade. The model shall accurately reflect the spatial urchasel, | T
parameters of the building and be created using a DOE 2.0 or equivalent software. The As-Built ummary | [ ][<]

facade shall be modelled as per the notional fagade and as per design. The comparison
excludes any internal heat gains and internal zoning. The percentage heat load reduction
is determined through comparing the result against the notional fagade model. The heat
gain shall be computed based on relevant climate data (including solar heat gains) based
on an annual simulation.

Worked Example

An office building has a WWR of North = 0.27, South = 0.40, East = 0.25, West = 0.28. Each facade is 500m?. The overall WWR is 0.3.
The office has 2 types of wall: basic RC wall for the south facade W; (area: 300m?; U value: 2.00 W/m?K), and the remaining facades
of aluminium cladding composite wall material W, (total area: 1100m?; U value: 0.39 W/m?2K). Windows are all basic double glazed
of type F; (total area = 600m?; U-value: 2.6 W/m?K; SC: 0.65).
(Uw1 X Aw1) + Uwz X Awz) + (U1 X A1) _ (2.0 X 300) + (0.39 X 1100) + (2.6 X 600)

Overall facade area - 500%x4

=1.29 W/m?K

Overall Weighted Envelope U-value =

Based on this the total points for the fagade design is:

Overall Weighted Values Baseline Points for Improvement Points
0.5 pt for meeting baseline 1.6 —1.29
Envelope U-Value 1.6 W/m?K 0.5 pt for every 0.2 W/m?K reduction from 0.2 A e
baseline =1.275 pts
0.4 (East, West . (04-03) x0.5+1
WWR (Excludes fagade facades not to 1 pt for meeting WWR of 0.4 0.05
openings/ voids) 0.5 pt for every 0.05 reduction from baseline =2 pts
exceed 0.3) E, W facades WWR < 0.3
0.65 > 0.4 so no points
Glass Shading Coefficient od 0.5 pt for meeting baseline (I there isialmix of glass types
(SC1) 0.5 pt for every 0.05 reduction from baseline with different SC, to weight them

accordingly by area)

Therefore, points scored for 1.3a = 3.275 points (capped at 3 pts).
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Low heat gain fagcade (Advanced Green Efforts)
1 point can be scored for achieving ETTV < 35W/m?.
Documentation Requirements

As per P.1 Envelope & Roof Thermal Transfer

Vertical Greenery on the East and West Fagcade (Advanced Green Efforts)
e 1 point for more than 30% of east and west facade areas

e 0.5 point for more than 15% of east and west facade areas
Documentation Requirements

Design Stage Operation Document (for handover to FM)

Facade drawings and calculation showing the vertical greenery
provision on East and West Fagade

As-Built

Thermal Bridging (Advanced Green Efforts)

1 point can be scored for the use of thermal break /insulating profiles certified by approved local certification
bodies, namely the Singapore Green Building Council and the Singapore Environment Council, and with a frame
U-values, Ur, of < 6.0 W/m2K for = 80% of external facades adjoining air-conditioned interiors.

Definitions

Thermal barrier profile: A profile composed of two or more metal sections connected by at least one thermally insulating
(non-metallic) part. The thermal barrier can be continuous or in parts.

Thermal transmittance value of frame (Ux): The thermal transmittance of the frame design in W/m?2K (incorporating any
thermal barrier profile if any). This excludes the thermal transmittance of the glazing.

Guidance Notes

The Uy value of frames may be improved through thermally breaking the frame. According to 1ISO 10077-2, Uy may be
computed through the use of a calibration panel. The following shows a schematic of a generic profile section with calibration
panel installed.

LI I
Calibration Panel

Frame | st 2D 4
\ AN / Ly = Uppbpr + Upby

e FRAARR 2D
b v u,, = LT~ Uobs)
Flow i bf r
by, | b, 2190
Where:

bs- (mm): Projected frame length

by (mm): Calibration panel length for 2-D heat transfer effects

Ls?P (W/mK): 2-D heat flow through entire cross section incorporating calibration panel

Us (W/m2K): Pure frame U-value as defined in I1SO 10077, without the influence of the calibration panel

U’ (W/m2K): Frame U-value with calibration panel installed. It is inclusive of the influence from the calibration panel

Uy (W/m2K): 1-D Calibration panel pure U-value, without the influence of the frame

U’y (W/m2K): Calibration panel U-value 190 mm from sightline (or length corresponding to by). It is inclusive of the influence from the
frame

The use of the calibration panel may be simulated virtually in order to obtain the Us. When the frame design and material
properties have been confirmed, such a thermal simulation report can be easily obtained from the relevant manufacturer or
facade consultant. Acceptable simulation software must generate results In accordance with /SO 15099:2003 - Thermal
Performance of Windows, Doors and Shading Devices and ISO 10077 -Thermal Performance of Windows, Doors and Shutters.
Simulation must be carried for all different windows/ curtain wall profile sections used in the building project.

Documentation Requirements
Design Stage Operation Document (for handover to FM)

e  Extracts from the tender specifications showing the requirementto | ®©  Thermal simulation report (from windows/

incorporate SGBC certified thermal break/ insulating profile and to curtain wall manufacturer or facade consultant)
achieve Uy, value < 6.0W/m?K for each frame for > 80% of the showing that Ufr of the relevant facades used
applicable facades in the project complies with the criteria

e Initial design drawings labelling clearly the use of thermal break/ requirements

insulation profile As-Built
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Worked Example

The following worked example shows the steps to simulate and determine Ufr via a thermal simulation report. In this example, a
single mullion profile cross-section of a single generic unitized curtain wall system with thermal break/ insulating profiles is used.

Underlay ES
File Browse
Type [0F s Remove
Scaling
Horizontal |100 % Vertical |100 % plsh
Units mim - _.,:‘3 1 0
[~ | AutoConvert Set Color =
Underlay Ongin DiF Filter
%0 units oK
= |0 i
e o Cancel

1. Import exploded DXF file of the curtain wall profile cross-
section into the thermal simulation software as an overlay.

Material Definitions P4 e
material o — Q__')
[Caloretion Panel ~|| Close g
Material Type o

 Solid @ ¢ —
" Frame Canity New %
&
o
= e elete | -
=~ J ~
Sohd Properties ﬂl s
Conductvity [0 35 Wi Color i
Emissnity 09 Save Lib As 1
LoedLio |
[ g
u_____ o
j‘
=

4. Input the properties for the calibration panel.

4 b weeioe surtce Top Cempre of faemg
1 wegh o

s Serrce T g

st surfsce Tag snt

of azng

7. Save and run the simulation.
L) = Up by + Upb,

=51312 x 25 1 11679 x -2
1000 1000
=0.914 W/mK

[Auminum Alloy (painted] -l
Hardwoods (Oak. Maple)

Insulation Fiberboard

Insulation Fiberboard (Ceiling Tile, Lay-in Pans
Insulation Fiberboard (Rom‘ Board)

Mineral Fiber-Loose Fill (Rock. Slag, Glass)
Mineral Fiber-Low Density (Rock. Stag. Glass)
Mohair

Neoprene (Polychloroprene)

Particleboard. Plywood (High Density) =
Particleboard, Plywood {Low Density)
Particleboard. Plywood (Medium Density)
Perlite

Pine. Spruce. Fir, Larch, Mahogany
Plexiglas (PMMA)  Lucite

Polyamide (Nylon)

Polyamide 6.6 with 25% glass fiber
Polycarbonate

Aluminum Alloy (painted)
Frame Cavity
EPDM rubber

(Ethylene Propylene Diene
Manomer rubber)

» PABEGF25 (Poyamide 66

' with 25% glass fiber

2. Trace the imported curtain wall profile cross-section &
assign every element in the profile with appropriate
materials from the software’s material library.

3. Draw a 191mm (from sightline without protruding gasket)
calibration panel in place of infills (e.g. glazing, spandrel
panels, etc).

Boundary Conditions Boundary Conditions
|Sin indoor Combined 226 ~| | sin outdoor combined 228 ~]
Model [Simpliied ~] Model [Simplified ~]

Convection/Linearized Radiation Convection/Linearized Radiation

Temperaiure |24 c Temperature |32 c

Film Coefficient |8 Wim2-K Film Coefficient |22

Wim2-K

5. Input the relevant boundary conditions for Singapore
context.

6. Assign the U-value surfaces accordingly (None, Centre of
Glazing, Frame & Edge) to boundary condition type (inside
or outside) as shown.

byr
e
W2,
L b,

% Enoe Enargy Nom | 335%

8. Extract these 5 values from the thermal simulation report
and input them into the following equations in order to
obtain the frame U value.

_ (L37- Upby)

Up, o
380
B (0.914 — 1.1680 x m)
= 91.614
1000

5.131 W/m2K < 6 W/m?K
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1.3b Internal Spatial Organisation

Intent
Adopting passive design strategies in the internal spatial organisation of a building provides opportunities to

enhance building performance.

Scope
Applicable to all building developments.

Assessment

Up to 3 points can be scored for the following:

e 1 point can be scored for locating non-air-conditioned spaces, e.g. lift cores, staircases, toilets, electrical
plantrooms etc that covers 2/3 of the east and west facing walls to reduce thermal heat gain into occupied
spaces. 0.5 point can be scored for 1/3 of the east and west facades covered by these non-air-conditioned
spaces.

e  Prorating the number of transient common spaces, e.g. toilets, staircases, corridors, lift lobbies and
atriums by the mode of ventilation against the total number of applicable spaces — Up to 2 points

Number of NV spaces x 2 + Number of MV spaces x 0.5 + Number of AC spaces x 0
Total number of spaces

Points scored =

Note: Handicap toilets are excluded from count. Each toilet is counted as 0.5 eachl

Documentation Requirements
Operation Document
(for handover to FM)

Design Stage

e Plans and elevations showing % of non-A/C fagade areas over total East & west facade

area
e Mode of ventilation: As-Built

- Plans & details of the common spaces including fagcade openings & mode of ventilation
»  Calculations showing % of spaces that are served by the different modes of ventilation

Worked Example

A proposed development has the following details:

Facing ‘ Fagade areas ‘ Facade areas of non-A/C Area ‘
East 3000 1600

West 3000 2000

Total 6000 3600

% of non-A/C fagade areas for East and West facing facades = 3800/6000 = 60% < 2/3. Hence, point scored = 0.5 point
A proposed development has the following details:

Number of Common Areas AC NV MV
Total number of common spaces = 10
Toilets 0 10 10 +20+20=50
Staircase 0 1 5 Total points scored
Corridors 0 8 5 04+40+10 .
Lift Lobbies 10 1 0 = (10+20+20) =1 point
Total Number 10 20 20
Weightage 0 2 0.5 Therefore, points scored under 1.3b

Sum (No. x Weightage) 0 40 10 for mode of ventilation = 1 point
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1.3c Ventilation Performance

Intent
Naturally ventilated functional areas should be effectively designed to be thermally comfortable and healthy for the

building occupants.

Scope

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

Assessment

A maximum 4 points can be scored for this sub-indicator based on the following options:

Ventilation Performance Checklist

Parameter Description Points
Openings towards 0.1 point for every 10% of units or rooms with openings 1
prevailing wind directions facing towards the prevailing winds (North & South)
Depth of room vs opening /1111 NS 250% of applicable spaces
W: Limiting depth for Single sided ventilation W < 2H W <3H meet - 1 pt or
effective ventilation Cross ventilation W <5H W <7.5H >70% of applicable spaces
H: Floor-to-ceiling height *A factor of 1.5 can be applied to the W-H ratio for atria. Atria meet - 2 pts

are typically higher than surrounding floors (double volume or

greater)

Full Ventilation Simulation

Up to 4 points can be scored for ventilation simulations or wind tunnel testing conducted based on Green Mark NRB:
2015 Technical Guide and Requirements Annex A: Computational Fluid Dynamics Simulation Methodology and
Requirements. The simulation results and recommendations derived are to be implemented to ensure optimised natural
ventilation. More than 70% of applicable naturally ventilated spaces to meet the minimum weighted average wind

velocity to score. Where the wind speed result cannot be met, thermal comfort or air quality modeling should be

performed and the relevant criteria stated in Annex A met for all naturally ventilated spaces:

Points  Minimum weighted Average Wind Velocity Thermal Comfort Air Quality
.. Moderate (0.2m/s) - -
Air Change Rate 24
Good (0.4m/s) LO<PMV<+10 Air Exchange Efficiency > 1
Air Change Rate 210
Very Good (0.6m/s) -0.8 <PMV < +0.8

Air Exchange Efficiency > 1.2

Guidance Notes

Checklist Method

Openings toward prevailing wind directions: This applies to naturally ventilated occupied spaces with window openings facing the
north and south directions. The prevailing wind comes from two predominant directions; that is the north to north-east during the
Northeast monsoon season and south to south-east during the South-west monsoon season. Hence, spaces with window openings
facing the north and south directions have the advantage of the prevailing wind conditions that would enhance indoor thermal
comfort. Meteorological data on the more precise wind direction and velocity of the site location can also be used as the basis for the
design.
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Prevailing wind directions from south to
south-east

It is not necessary for the window
openings to be located perpendicularly
to the prevailing wind direction. An
oblique angle is considered acceptable.
The following is an example of a
building layout with all spaces having
window openings facing the north and
south directions.

| S——

T

Prevailing wind directions from north to
north-east

Depth of Room vs Opening - Single sided ventilation: This applies to naturally ventilated occupied spaces with window openings
on one side. They shall meet W < 2H to score points.

) T
=l

—

For gathering spaces such as atria which are single-sided, they may apply a factor of
1.5 to the W-H ratio for occupied spaces. This means they can meet W < 3H instead
to score.

Exceptions: In cases where non-ducted circulation fans are provided (e.g. HVLS fans),
they may apply a factor of 2 to the W-H ratio for typical spaces. They mean they can
meet up to W < 4H instead to score.

Depth of Room vs Opening - Cross ventilation: This applies to naturally ventilated occupied spaces with window openings on
opposing sides of the space. They shall meet W < 5H to score points.

A e
= |

Full Ventilation Simulation

W

For gathering spaces such as atria which have cross ventilation, they may apply a
factor of 1.5 to the W-H ratio for occupied spaces. This means they can meet W <
7.5H instead to score.

Exceptions: In cases where non-ducted circulation fans are provided, they may apply
a factor of 2 to the W-H ratio for typical spaces. They means they can meet up to W
< 10H instead to score.

As per Annex A: Computational Fluid Dynamic Simulation Methodology and Requirement

Worked Example

Checklist Method
A school comprises the following:

e Block A: 4 out of 10 classrooms have opposite window openings facing the N-S direction. The rest of the classrooms

have single-sided window openings. The classrooms are naturally ventilated with dimensions H=3.5m, W=8 m

e  Block B: All the 8 classrooms have opposite window openings facing the E-W direction. The classrooms are naturally

ventilated with dimensionsH=3.5m, W=8m

e Block C: All the 5 rooms in this block are air-conditioned, e.g. administrative office, meeting rooms, lecture rooms,

auditorium and computer rooms

e A naturally ventilated atrium (H: 5 m, W: 14 m) with openings on opposite sides facing the N-S direction

4 cross-ventilated classrooms with opposite

W/H=8/3.5=23

both sides

) . Yes
window openings facing the N-S direction Fulfils requirement of W < 5H
. . . . W/H =8/3.5=2.3
6 classrooms with single-sided openings Does not fulfil requirement of W < 2H No
8 cross-ventilated classrooms with opposite | W/H=8/3.5=2.3 N
) ) o
window openings facing the E-W direction Fulfils requirement of W < 5H
A naturally ventilated atrium with openings on | W/H=14/5=2.8 y
es

Fulfils requirement of W < 7.5H

Total percentage

% of spaces with openings towards
prevailing wind directions

=—2*L 4100% = 26.3%
44+6+8+1

% of spaces which fulfilled requirement of
depth of room vs opening

= 2*8*1 100% = 68.4%
4+6+8+1

Total points for openings towards prevailing wind directions = % X 0.1 =0.26 points

Total points for depth of room vs opening = 1 point (> 50% of applicable spaces meet)

Total points for effective ventilation based on checklist method = 1.26 points
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Ventilation Simulation

A project has at least 7,350m? of naturally ventilated occupied spaces and is targeting Gold®'"s certification. It would first
need to perform a natural ventilation simulation with results and recommendations implemented. However, after doing
so, less than 70% of its naturally ventilated spaces are able meet a minimum area-weighted velocity of at least 0.4 m/s
due to certain constraints. The spaces thus can achieve at least Moderate ventilation performance but is unable to meet
Good natural ventilation performance required of Gold™s projects. It would then need to carry out either thermal
comfort or air quality simulation (it is eligible to do so as the spaces can achieve at least Moderate ventilation
performance). It must prove all its naturally ventilated spaces can either achieve PMV within the stipulated range via
thermal comfort modeling, or achieve an air change rate and air exchange effectiveness meeting the stipulated
requirements via air quality modeling. Thereafter, it would be deemed to comply with the prerequisite requirement for
GoldPYs and achieve 4 points in the criteria.

Wind Driven Rain Simulation (Advanced Green Efforts)

Up to 1 point can be scored for wind driven rain simulation in compliance with Annex A to identify the most effective
building design and layout that minimises the impact of wind-driven rain into naturally-ventilated occupied spaces.



P.4 -P.6 + POINTSPREREQUISITES 30 POINTS

2.1 Energy Efficiency (22 pts)
Option 1: Energy Performance Points Calculator
Option 2: Performance-Based Computation

2.2 Renewable Energy (8 pts)

Advanced Green Efforts (7 to 9 pts)



P.4 Air Conditioning Total System and
Component Efficiency

Intent
Energy efficient air-conditioning systems with better optimised total system performance require less energy to produce

and distribute conditioned air into building spaces.

Scope

Applicable to air-conditioning systems serving the building comfort cooling needs.

Assessment
Where the cooling capacity of any air-conditioning system exceeds 30 kW, the equipment (excluding air distribution) shall
comply with the relevant provisions of SS 530: 2014 - Code of Practice for Energy Efficiency Standard for Building Services

and Equipment.

Where the building’s aggregate air-conditioned areas exceed 500 m?, the Design Total System Efficiency (DSE) and the
efficiency of the cooling and air distribution components shall not exceed the limits in the tables below. For buildings with
different systems, the tables will apply for the system with a larger aggregate capacity. The DSE is based on the expected
part-load condition over the simulated average annual total cooling load profile for chilled-water systems, and total

weighted system efficiency for unitary systems.

a) Air Cooled Chilled-Water System/ Unitary Air-Conditioning System

Relevant equipment: Air-cooled chillers, chilled-water pumps, variable refrigerant flow (VRF) systems, single-split
units, multi-split units, air distribution system (e.g. AHUs, PAHUSs, FCUs)

Green Mark
Rating <500 RT 2500RT (nc, na) shall meet their respective thresholds.

Minimum DSE n: (kW/RT) ne: System kW/ton excluding the air distribution equipment na:

m NA (0.9, N.A.) NA (to be

1.10 (0.85, 0.25) assessed on case = e,
by case basis)

Air distribution equipment kW/ton

1.03 (0.78, 0.25)

b) Water Cooled Chilled Water System

Relevant equipment: Water-cooled chillers, chilled-water pumps, condenser water pumps, cooling towers, air distribution

system

Green Mark
Rating <500 RT 2500RT (nc, na) shall meet their respective thresholds.

Minimum DSE n: (kW/RT) nc: System kW/ton excluding the air distribution equipment na:

m NA (0.75, N.A.) NA (0.67*, NA)
0.95 (0.7, 0.25) Nt= Ne+Na
0.9 (0.65, 0.25)

m 0.93 (0.67, 0.25)

*to comply with NEA’s Minimum Energy Efficiency Standards (MEES) as well

Air distribution equipment kW/ton
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c) District Cooling System (DCS) — Within or outside gazetted zones, operated by supplier of district cooling services

registered under the Energy Conservation Act

Relevant equipment: DCS plant (e.g. chillers, chilled-water pumps, condenser water pumps, cooling towers, network
pumps, thermal storage, heat exchangers, renewable energy or energy recovery systems within the plant vicinity), building

air-distribution system

0.9 (0.65, N.A.) (nc, na) shall meet their respective thresholds.

nc: DCS system kW/ton

na: Building’s air distribution equipment and chilled-
0.9 (0.65, 0.25) water pumps.

nt=nNctna

*For DCS plants serving the building that were commissioned before October 2016, the supplier can meet the

requirements under alternative Path B stipulated in the GM NRB: 2015 Technical Guide and Requirements instead.

Definitions
Peak building cooling load: Determined based on design day conditions, namely where solar gains and outdoor

temperatures are at their highest and there is full occupancy.

Design Total System Efficiency (DSE): The efficiency of the air-conditioning system including the air distribution equipment
(e.g. PAHUs, AHUs, FCUs) in kW/RT.

Guidance Notes
Unitary Air-Conditioning System [DSE = Unitary Cooling Equipment Efficiency + Air Distribution Efficiency]

The unitary cooling efficiency component of the DSE (excluding the air distribution components) is computed based on the total
weighted system efficiency. The formula used is 3.517/ COPyeighted- FOr variable refrigerant flow (VRF) system, the efficiency should
be based on normal design dry-bulb temperature of 24 + 1°C and relative humidity RH < 65%. The efficiency can be computed based
on the full installed capacity of outdoor condensing units or part-load efficiency of the system. Where there are more than one
most frequent occurring part-load conditions for the building operation hours specified, the efficiency shall be based on the worst
case scenario.

System Zone: Each system zone shall be simulated. A system zone is the internal area that served by a singular unitary system
which is determined by the condenser unit and the connected fan coil units/ air handling units.

Weighted Coefficient of Performance: COPyeighted refers to the weighted Coefficient of Performance. It is calculated via the
following formula from NEA: COPyeighted = 0.4 X COP1g0y + 0.6 X COPs50y

COP100% and COPspy are defined as the ratio of the cooling capacity to effective power input at full load and at 50% cooling capacity
respectively.

Weighted Operational Cooling Load: RTueighted refers to the weighted operational cooling load of the unitary system in RTH. It is
calculated based on the operational schedule of the systems as follows: RTweighted = 0.4 X RT100% + 0.6 X RTs0%
RT100% and RTsog are the 100% and 50% of installed capacity of the zone (excluding standby units) respectively.

Water-Cooled/ Air-Cooled Chilled Water Plants [DSE = Chiller Plant Efficiency + Air Distribution Efficiency]

DSE is computed based on the annual energy consumption (kWh) of the system over the annual cooling consumption in RTh. The
units are in kW/RT.

Operational design cooling load: The operational building cooling load profile shall be simulated for one whole year to generate
the average cooling load over the building’s operational hours for one day in RTh. The annual cooling consumption shall be
computed based on the following operational hours:

Building Type Operational Hours

Office Buildings 9 a.m. to 6 p.m. (Monday to Friday)
Retail Malls 10 a.m. to 10 p.m.
Hotels 24 hours

Other Building Types To be determined based on operating hours
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District Cooling System (DCS) (only for DCS that are suppliers and comply to DCS Act)
DSE = DCS Plant Efficiency + Air Distribution Efficiency

The DCS plant efficiency refers to the annual electricity consumption of a DCS plant (kWh) over the annual cooling consumption
(RTh) of the DCS plant. The operation hours are assumed to be 24 hrs operation per day x 365 days. The relevant equipment for
the computation of the DCS plant efficiency includes those within the DCS Plant boundary.

Other auxiliary services for the DCS plant room (electricity consumption from lighting, mechanical ventilation, air-conditioning
systems, receptacle loads etc.) can be excluded from the plant efficiency computation. The energy generated by the photovoltaic
system at the plant can also be used to offset the total energy consumed by the DCS plant. The energy efficiency of the DCS plant
shall be measured over 8,760 hours in a year.

The air distribution efficiency applies to the customer building’s air distribution system. It excludes the customer chilled water pumps.

DCS Plant Boundary (includes but not limited to the following

= sgfail(“[‘ié"s‘% Customer Chilled equipment)
A 5 Water Pump (C-CHWP) « DCS Chilled Water Pumps (DCS-CHWP)
: T:\S.frsc(%uc“s“.?:n i @ - DCs Chillers (DCS-C)
A @ Supply Air » DCS Condenser Water Pumps (DCS-CWP)

Fop » DCS Cooling Towers (DCS-CT)
z Heat
- |Exhangor wom |+ DCS Network pump (DCS-NWP)

e - DCS Thermal Storage (DCS-TS)
= }‘_ Return A + DCS Heat Exchanger (HEX)
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I
l

3
1
}

Chillers ==1.|DCS Chilled Water
(DCSC) Pump (DCS CHWP) Customer Boundary

dDCS Network )
:'I:mp (DCS‘?NV\‘I);) » Customer Chilled Water Pump (C-CHWP)

‘ » Customer Air Distribution System (e.g. AHUs, PAHUs, FCUs)

-
DCS Condenser | =
Water Pumps |
(DCS CWP)  |=3

1]
[
i |

| DcsPlantBoundary | \ Customer

Note for buildings served by DCS: The load profile of the specific customer building is to be determined by the project team
over the operational hours prescribed by BCA. The energy efficiency of the DCS plant shall be computed by the DCS company
based on the total cooling demand of the customer buildings connected and/ or confirmed to be connected to the plant.
Evidences of the connection and supply of cooling provision between the customer building and the DCS company shall also
be shown. For existing DCS plants commissioned before Oct 2016, the energy efficiency of the DCS plant can be excluded from
P.4 and energy modeling savings computation if valid clearance from BCA is given to adopt Path B*, but information shall
still be provided by the DCS company for the computation of EEI/ EUI. For new building projects aiming for higher Green Mark
ratings and tapping onto new DCS plants commissioned after Oct 2016, the baseline will be similar to standalone chiller plant
system, stipulated in Annex C Energy Modelling Methodology and Requirements. The computation of energy saving for
intended rating will be computed based on energy consumption comparison of the proposed air-conditioning system with
the baseline model.

For buildings with different air-conditioning systems, the system and component efficiencies required to fulfil the prerequisite shall
only be that of the system with the larger aggregated capacity. On the other hand, the efficiency values used to score points under
2.1a and/ or 2.1e shall be weighted based on the efficiencies of all the different air-conditioning systems used within the building.
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Documentation Requirements

Design Stage

Operation
Document (for
handover to FM)

e Drawings/layout showing -
> proposed building cooling system (for new cooling systems)
> mode of ventilation of spaces
> location of the plant room and cooling towers

e Technical specifications and product information of the various components of the cooling
system (for new cooling systems) and air distribution system designed and installed

e Partload performance curves, pump head (for pumps of new cooling systems) and fan
static pressure calculations

e  For Gold™Ys and Platinum projects: Detailed calculations of fan input power for each PAU,
AHU and FCU in the building based on operational design load

e Detailed calculations of the DSE that include the cooling load profile in the prescribed
format as shown in the worked examples

*The DCS company shall submit the following documentation to BCA for BCA to issue
clearance to adopt Path B. If the submission is satisfactory, BCA shall issue clearance, valid
for 3 years from the date of issue. The developer/ owner of the building targeting Green
Mark rating should check with the DCS company early in the project stage on the plant’s
eligibility to adopt Path B:

»  Completed Energy Audit Report of the DCS plant and proof of installation of M&V
instrumentation (compliance with Verification requirements under section P.14 Permanent
Instrumentation for the Measurement and Verification of Air Conditioning Systems). The report
shall be endorsed by PE(Mechanical) or Energy Auditor of the plant

»  Operating conditions, energy efficiency and schematics of the equipment and measurement
instrumentation of the DCS plant

Energy efficiency roadmap of the DCS plant and commitment by the DCS company that the
efficiency of the equipment within the defined DCS Plant Boundary shall be 0.65 kW/RT or
better by 2025. The roadmap shall include the retrofitting plans and plant efficiency target at
years 2016, 2019, 2022 and 2025

e Area and operating hours of the spaces served by the air-conditioning system

e  Compliance with verification requirements under P.14 Permanent Instrumentation for the
Measurement and Verification of Water-Cooled Chilled Water Plant where applicable

e  Chilled-water plants: Completed Energy Audit Report (Green Mark NRB: 2015) endorsed by
PE(Mechanical) or Energy Auditor including the power for the air distribution system
detailing the total operational performance measured over a 1 week period. (The Report
template may be found at https://wwwl.bca.qov.sq/docs/default-source/docs-corp-
buildsg/sustainability/annexb_energy audit_report.doc)

e  Unitary/ split systems: Power consumption of the unitary systems

e DCS: For Path A, as per in-house chilled water plants but both the PE/ EA of the plant and of
the customer building shall endorse the Report For Path B, as per-in house chilled water
plants but only for the air distribution system, endorsed by PE/ EA of the customer building.
Valid clearance from BCA to adopt Path B shall be shown

e (Note: As-built drawings showing the connection and supply of cooling provision between
the building owner and the DCS company shall be submitted. At least one month’s bill paid
by the customer building to the DCS company when the customer building is reasonably
occupied shall be provided to calculate the annual cooling demand of the customer
building)

As-Built S,”,j‘,’,,‘,':,?,’;\ =

o

o



https://www1.bca.gov.sg/docs/default-source/docs-corp-buildsg/sustainability/annexb_energy_audit_report.doc
https://www1.bca.gov.sg/docs/default-source/docs-corp-buildsg/sustainability/annexb_energy_audit_report.doc
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Worked Example

An office building is served by an in-building chilled water plant, and has an air-conditioned floor area of 67,500 m?2.
Variable-speed drives are designed to control the speed of the chilled-water pumps and cooling tower fans. The building
is also served by a VRF system during the night-time for certain areas. However, as the tonnage of the chiller plant is
larger, P.4 is only applicable to the chiller plant. The project is targeting Green Mark Gold, hence the minimum chiller
plant efficiency for water cooled chilled water plant building to achieve Gold level of certification is 0.68 kW/RT. There
are no prerequisite requirements for the air distribution equipment for Gold projects.

Step 1 — Determine the peak building cooling load and relevant baseline

Simulation of annual building cooling load profile shall be carried out to determine the daily average cooling load profile,
peak building cooling load and the relevant baseline standard.

Time Hourly Average
Building Cooling Load Profile (RT) Cooling Load (RT)
Peak Building Cooli 8:00 1,150
1600 eak Building Cooling .
1400 4—— Load=1350RT 9:00 1,190
10:00 to 1,260
i;zz /—Q—Q—O—'@\_._\ o0
200 / From 9 am.to 6 pm. \ 19:00 980
3 From the simulated building
cooling load profile, the peak
o] T T T T T T T T T T T T T T T T T T : T T T T T 1 bu"ding C00|Ing |Oad IS found to
8888283888288 8888888888888 be 1,350 RT (> 500 RT).
SHAMIASRGEGONMINERER AR

Step 2 — Propose air-conditioning plant configuration and derive the respective power input of various components
The proposed air-conditioning plant configuration for the building operating hours specified are as follows:
e  Chillers: 3 nos. x 700 RT (2 duty and 1 stand by)

e  Chilled Water Pumps: 3 nos. x 45 kW (2 duty and 1 stand by)
e Condenser Water Pumps: 3 nos. x 37 kW (2 duty and 1 stand by)
e Cooling Towers: 3 nos. x 900 RT (2 duty and 1 stand by). Each cooling tower has 3 no. of 7.5 kW fans

It is important to design the air-conditioning plant configuration for other load conditions that are not within the
building operating hours specified, although this is not required for DSE calculation purposes.

2(a) Centrifugal water-cooled chiller (700 RT)
Based on the performance data of the selected chillers from manufacturer:

Evaporator Condenser
Capacity Chiller Input Chiller Efficiency

RT P kw KW/RT
( ) — ( ) / CWRT (QC)

100 700 363 0.519 6.67 12.31 29.68 34.80
90 630 329 0.522 6.67 12.31 29.68 34.29
80 560 291 0.520 6.67 12.31 29.68 33.78
70 490 260 0.533 6.67 1231 29.68 33.28

Installed capacity of the chillers (excluding standby) = 1,400 RT
Chillers configuration: 2 x 700 RT centrifugal chillers (operating) & 1 x 700 RT centrifugal chiller (standby)
Based on simulated total building load profile, we have:

Cooling Load No. of Chillers in Chiller Input Power

Chiller Efficiency

(RT) Operation (kw)

From 900 to 1000 and 1500 to 1800 1,190 RT 2 x 700RT @ 85% 0.521 620

From 1000 to 1500 1,260 RT 2 x 700RT @ 90% 0.522 658
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2(b) Chilled-water pumps (primary only):

® 2 nos. x 45 kW primary chilled-water pump to be installed with Variable Speed Drive (VSD)
e Water flow rate per pump at full load (Q) = 106 L/s
e Operating static head (h)=28 m

®  Pump(np) & Motor efficiency (Nm )= 86.8 % & 94.2% Where
Q: Water flow rate in L/s

(Q) ( p) (g ) (h) p: Density of water in kg/m?
A NBN, . N7\ g: Gravitational acceleration in
(10 )(np)(nm) m/s?

h: Static pressure head m

np: Pump efficiency

nNm: Motor efficiency

Power requirement of chilled-water pump at full load (kW) =

Power requirement of chilled-water pump (kW) _(1(32)6()1(3(:2;;;19)4(;?) = 35.61kWw

Power of 2 pumps @ full load = 35.61 kW x 2 =71.22 kW

The following equation for pump part-load power curve, referenced from Appendix 5.7 of the Non-Residential
Alternative Calculation Method Reference Manual 2013 by the California Energy Commission (CEC) is used in this
example to estimate the pump power at the part load conditions:

Pump power ratio = 0.0205x + 0.4101x? + 0.5753x3 where x is the part load ratio.

While the project team can propose other equivalent methodologies, the affinity law is not recommended as it does
not take into account losses during actual operating conditions.

Total pump power @ 85% part-load (kW) = Total Pump power @ full load x Pump power ratio
=71.22 x 0.66703 = 47.50 kW (When x=0.85, the corresponding power ratio is 0.66703)

Total pump power @ 90% part-load (kW)

=71.22 x0.77002 = 54.84 kW (When x=0.9, the corresponding power ratio is 0.77002

Cooling Load (RT) No. of Chilled-Water Pumps in Operation Total Operating Pump Power (kW)
1,190 RT 2 x45 kW @ 85% 47.50
1,260 RT 2 x 45 kW @ 90% 54.84

2(c) Condenser water pumps:

e 2nos. x55 kW condenser water pumps to be installed with VSD
e  Water flow rate for the condenser water pump (Q) = 132.5 L/s
e Operating static head (h) =20 m

e Pump (np) & Motor (nm) efficiency =88.5% & 94.7%

Power requirement of condenser water pump at full load (kW) = (132.3)(1000)(9.81)(20) _ 31.02 kW

(10%)(0.885)(0.947)
Power of 2 pumps @ full load =31.02 kW x 2 = 62.04 kW

Although VSD is installed, the flow is fixed at 45Hz (90%). Hence, power consumption is fixed at 90%.
Using the pump part-load power curve equation,

Total pump power @ 90% part-load (kW)

=62.04 x 0.77002 = 47.77 KW (When x=0.9, the corresponding power ratio is 0.77002)

Cooling Load (RT) No. of Condenser Water Pumps in operation Total Operating Pump Power (kW)
1,190 RT 2x37 kW @ 90% 41.77
1,260 RT 2x37 kW @ 90% 41.77

2(d) Cooling towers:

e 2 nos. of cooling towers to be installed with VSD,

e Heat rejection capacity per cooling tower = 900 RT, Total heat rejection for 2 x cooling towers = 1,800 RT
e Each cooling tower with 3 fan cells with fan motor = 7.5 kW

e Fan motor efficiency = 92%, Input power per cooling tower = (7.5 kW x 3 fans) / 92% = 24.46 kW

e Total input power for 2 nos. of cooling towers = 24.46 kW x 2 = 48.92 kW

In general, total heat rejection of chiller plant (kW) = Total Cooling load (kW) + Total electrical power input of chiller
compressor (kW)

The following equation for cooling tower power adjustment curve, referenced from Appendix 5.7 of the Non-Residential
Alternative Calculation Method Reference Manual 2013 by the California Energy Commission (CEC) is used in this
example to estimate the pump power at the part load conditions:
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Cooling tower fan power ratio
=0.331629 - 0.885676x + 0.605565x> + 0.948482x3 where x is the part load ratio.

While the project team can propose other equivalent methodologies, the affinity law is not recommended as it does
not take into account losses during actual operating conditions.

Fan power @ 76% part-load (kW) = Fan power @ full load x Cooling tower fan power ratio
=48.92 x 0.42465 = 20.77 kW (When x=0.76, the corresponding power ratio is 0.42465)
Pump power @ 80% part-load (kW) = 48.92 x 0.4963 = 24.28 KW (When x=0.8, the corresponding power ratio is 0.4963)

Step 4 — Derive the Chiller Plant Efficiency (DSE)

: Total Heat Rejection Percentage Loading for ~ Total Fan Motor Power
Cooling Load chiller Input Required Heat _ ) . & : g .

. capacity for 2 no. of Required and Available Heat at Required Part-Load

Power Rejection , . "

Cooling Towers Rejection Condition
C=A+(B/3.517) D C/ D x 100%
(RT) (%)
1,190 RT 620 1,366.28 1,800 76% 20.78
1,260 RT 658 1,447.08 1,800 80% 24.28

Since this example is an office building, the hours of operation for the calculation of the DSE are to be 9 AM to 6 PM

CH
Daily Average Chillers Total Power Chiller
. Pumps ower . .
Cooling Load |Power Input Input Configuration
(RT) ()] (kw)
9:00:00 AM 1,190 620 47.50 47.77 20.78 736.05 2 x700
R t°:’)°°:°° EM]({feach 1,260 658 5484  47.77 2428  784.89 2 X700
r
4:00:00 PM to 6:00:00 PM
1,190 620 47.50 47.77 20.78 736.05 2 x700
(each hr)
Daily Consumption (9:00:00 AM to 519.04 | 477.70 226.80 7,653.54
S 12,320 RTh | 6,428 kWh KWh KWh KWh KWh
Chiller Plant Efficiency kW/RT 0.522 0.042 0.038 0.019 0.62

Chiller Plant Efficiency of the proposed building cooling system = Total Energy Consumption/Total Cooling =
7,665.44/12,320 = 0.62 kW/RT.

The project achieves design system efficiency of 0.62 kW/RT, thus meeting the pre-requisite requirement for Gold level
of certification of < 0.68 kW/RT.

For higher awards projects, the power consumption of the air distribution equipment should be computed as well to
derive the total DSE
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P.5 Lighting Efficiency and Controls

Intent

Energy efficient lighting with adequate control strategies require less energy to illuminate a space.

Scope
Applicable to artificial lighting provisions for the type of usage specified in Clause 7 of SS 530 : 2014 — Code of Practice for
Energy Efficiency Standard for Building Services and Equipment.

Assessment
The maximum lighting power budget for artificial lighting and lighting controls shall comply with Clause 7 of SS 530: 2014.
In hotel buildings, a control device shall be installed in every guestroom to automatically switch off the lighting when

unoccupied.

Documentation Requirements

Operation Document

Design Stage
(for handover to FM)

e Lighting layout plans, control circuitry plans technical product/data sheet and | ¢ Documentation of
schedules showing the numbers, locations - types of lighting luminaries used and onsite verification of
compliance to the stated requirements. the as-built lighting

e Lighting level simulation showing the resultant lux level and uniformity of the lighting lux level achieved
design that meets or surpasses prevailing code requirements. As-Built [ p:',"tr:::’( %%

P.6 Vertical Transportation Efficiency

Intent

Energy efficient vertical transportation systems require less energy to transport passengers in buildings.

Scope

Applicable to all lifts and escalators, except typologies where such technology is not available.

Assessment
Lifts and escalators shall be equipped with AC variable voltage and variable frequency (VVVF) motor drive and sleep mode

features.

Documentation Requirements

Operation Document

Design Stage
(for handover to FM)

e Extracts of specifications that indicate the types of lifts, escalators and related e  Product catalogue,

features used. Purchase
ummary




2.1 Energy Efficiency
(22 pts)

Air-conditioning, lighting and receptacle loads are
typically the highest energy consuming building
mechanical systems. Additionally, given the
relatively large area of carparks in many
developments, carparks also constitute a significant
energy use. Using more efficient systems can reduce
their contribution to the building total energy
consumption.

Option 1: Energy Performance Points Calculator

®2.1a Air Conditioning Total System
Efficiency (5 pts)

® 2.1b Lighting System Efficiency (3 pts)

® 2.1c Carpark System Efficiency (2 pts)

® 2.1d Receptacle Load Efficiency (1 pt)

® 2.1e Building Energy (11 pts)

Option 2: Performance-Based Computation

® 2.1f Space Conditioning Energy (10 pts)

® 2.1g Lighting Energy (6 pts)
® 2.1h Building Energy (6 pts)
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Option 1: Energy Performance Points Calculator (22 points)

2.1a Air Conditioning Total System Efficiency

Intent
The use of energy efficient air-conditioning systems can optimise their total system performance, and reduce the energy

needed to produce and distribute conditioned air into building spaces.

Scope
Applicable to all the air-conditioning systems serving the building comfort cooling needs, including the air distribution

equipment.

100% non — air-conditioned building projects will score full points under this indicator.

Assessment

The Energy Performance Points Calculator shall be used to calculate the percentage improvement of the weighted total
design system efficiency of all the various air conditioning systems used in the project, against the code baseline. The
figure should be based on the operational design load determined by the simulated average annual total cooling load

profile. A maximum of 5 points can be scored as follows:

Peak Building Cooling Load (RT)
<500 RT >500RT

Total Design System Efficiency (kW/RT)

Points scored = 0.2 x (% improvement from baseline)

For district cooling plants under Path B scenario, where the plant is excluded from the computation, the baseline reference
for the building air distribution equipment can be taken as 0.28 kW/ton for the purposes of points computation here.

Guidance Notes

The Energy Performance Points Calculator shall be used to compute the points for this option.

Documentation Requirements
Operation Document

Design Stage (for handover to FM)

e As per P.4 Air Conditioning Total System and Component Efficiency. e As per P.4 Air Conditioning Total
e Energy Performance Points Calculator excel file System and Component
e For computation of fan power, 5% driver loss needs to be accounted for the Efficiency.

use of VSD. Project team can use lower value if they can substantiate VSD

ol

loss with documentation.

Worked Example

Example 1: Computation of the various efficiencies and final points under 2.1a for a theoretical office building which has
an air cooled chilled water system, unitary/ split system as well as a water cooled chilled water system is shown. The
operating hours for office buildings as specified: Monday to Friday: 9 a.m. to 6 p.m.

(a) Air Cooled Chilled Water System

Using the Energy Performance Points Calculator, the following inputs are given to determine the DSE of the air-cooled system:

e Average Cooling Load; Chiller Power input (Pcy ); Chilled water Pump Power (Pcrwe)

e Total Airside Constant flow (CF) or Variable Flow (VF) Motor Input Power (total hourly motor input power is based on the
aggregate of all constant or variable flow fans operating at this hour. For Variable Fan flow, the part load fan power may be
referenced from ASRHAE 90.1, Table G3.1.3.15 Part-Load Performance for VAV Fan Systems or Part-Load Fan Power Equation)
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Air Cooled Chiller Plant System

Daily Avg. Cooling Load Chiller Plant Total Chiller Plant Chiller
— (RT) i (kW) Pewr (kW) Power (kW) (kW/RT) configuration

9:00:00 AM 361 297 0.82 500RT X 1 nos
10:00:00 AM 349 275 11 286 0.82 500RT X 1 nos
11:00:00 AM 450 353 19 371 0.82 500RT X 1 nos
12:00:00 PM 447 351 18 369 0.82 500RT X 1 nos
1:00:00 PM 437 340 18 358 0.82 500RT X 1 nos
2:00:00 PM 459 360 19 379 0.83 S00RT X 1 nos
3:00:00 PM 454 356 19 375 0.83 500RT X 1 nos
4:00:00 PM 413 322 16 337 0.82 500RT X 1 nos
5:00:00 PM 373 295 13 307 0.82 500RT X 1 nos
6:00:00 PM 309 253 9 262 0.85 500RT X 1 nos

Daily Consumption _

(9:00AM - 6.00PM) 4,054 RTh 3,188 kWh 154 kWh 3,341 kWh kWH/RTh = 0.82

Total System

Air-Distribution System

Air-Side Total Air Distribution Air Distribution Total Airside + Chilled- | Total Air + Chilled-
VF Power | Air Distribution Efficiency o Water Systems Power \{V.ater System
(kw) Power (kW) (kW/RT) (kw) Efficiency (kW/RT)
9:00:00 AM 0.00 88 88 0.24 VAV 385 1.07
10:00:00 AM 0.00 85 85 0.24 VAV 372 1.07
11:00:00 AM 0.00 100 100 0.22 VAV 472 1.05
12:00:00 PM 0.00 101 101 0.23 VAV 470 1.05
1:00:00 PM 0.00 99 99 0.23 VAV 457 1.04
2:00:00 PM 0.00 100 100 0.22 VAV 479 1.04
3:00:00 PM 0.00 99 99 0.22 VAV 474 1.04
4:00:00 PM 0.00 97 97 0.24 VAV 435 1.05
5:00:00 PM 0.00 91 91 0.24 VAV 399 1.07
6:00:00 PM 0.00 75 75 0.24 VAV 337 1.09
Daily Consumption 937 2PL;, airside
(9AM - 6PM) 0 kWh kWh =937 kWh e
Air-cooled Chiller Plant Efficiency (kW/RT) | 0.82 TOTAL AIR DISTRIBUTION ENERGY CONSUMPTION o ‘
Air-Distribution Total Energy Consumption (kWh) (kwh)
Total 937,117 TOTAL AIR DISTRIBUTION EFFICIENCY (kW/RT) 0.23

(b) Unitary/ Split Conditioners System
e Average Hourly Cooling Load (RTweighted); Hourly Weighted COP (COP yeighteq)

e Total airside power input: Assume maximum load conditions without diversity (unless simulated through modeling)

Unitary/ Split Conditioners System
Hours

Average Hourly Simulated | Hourly weighted |Total Condensing Units & Unitary/ Split System |Unitary/ Split System
| Cooling Load (RT) | COP Indoor Unlts Power Input Efficiency (kW/RT) Configuration

9:00AM 200 0.72 200RT x1
10AM to 6PM (hourly) 350 4.82 255 0.73 200RT x2
7PM to 10PM (hourly) 150 471 112 0.75 200RT x1
Daily Consumption kWh/RTh
RTH 2 kWh
(9:00AM - 6.00PM) 3950 890 =0.73 kW/RT
Air-Distribution System Total System
Hours Total Air Distribution  |Air Distribution System |Air Distribution Configuration| Total Power Input | Total Efficiency
Motor Input Power (kW) | Efficiency (kW/RT) (FCU Others) of AC System (kW) (kW/RT)
9:OOAM 0.16 0.88
10AM to 6PM (hourly) 60 0.17 FCU 315 0.90
7PM to 10PM (hourly) 24 0.16 FCU 136 0.91
Daily Consumption
4 kWh 4 kWh
(9:00AM - 6.00PM) 66 3,55
Unitary/ Split System Efficiency (kW/RT) | 0.73 TOTAL AIR DISTRIBUTION ENERGY CONSUMPTION 663.5
Air-Distribution Total Energy Consumption (Wh) (kwh) .
Total 663,500 TOTAL AIR DISTRIBUTION EFFICIENCY (kW/RT) 0.17

(c) Water Cooled Chilled Water System

Using the Energy Performance Points Calculator, the following inputs are given to determine the DSE — kW/RT of the water cooled

system:

. Average Cooling Load; Chiller Power input (Pcy);

. Chilled & Condenser Water Pump Power (Pcywe & Pcwe ); Cooling Tower Power ( Pcr)

. Total Constant flow (CF) or Variable Flow (VF) Motor Input Power (total hourly motor input power is based on the aggregate of
all constant or variable flow fans operating at this hour. For Variable Fan flow, Part load fan power may be referenced from
ASHRAE 90.1, Table G3.1.3.15 - Part-Load Performance for VAV Fan Systems or Part-Load Fan Power Equation)
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The data within the following 2 tables were extracted from the Calculator:

Water Cooled Chiller Plant
Hrs Daily Avg. Cooling Per (kW) Pcrwe Pcwe Pcr Chiller Plant Total Chiller Plant Chiller
| load(RT) | o (kW) (kW) (kW) Power (kW) (kW/RT) | configuration |

.~ 9:00:00AM 1,444 943 0.65 700 RT x 3 nos.
10:00:00 AM 1,395 734 43 95 42 913 0.65 700 RT x 3 nos.
11:00:00 AM 1,801 941 71 95 54 1160 0.64 700 RT x 3 nos.
12:00:00 PM 1,790 935 70 95 54 1153 0.64 700 RT x 3 nos.
1:00:00 PM 1,749 907 67 95 52 1120 0.64 700 RT x 3 nos.
2:00:00 PM 1,836 959 74 95 55 1182 0.64 700 RT x 3 nos.
3:00:00 PM 1,816 949 72 95 54 1170 0.64 700 RT x 3 nos.
4:00:00 PM 1,654 857 60 95 50 1061 0.64 700 RT x 3 nos.
5:00:00 PM 1,493 786 49 95 45 974 0.65 700 RT x 3 nos.
6:00:00 PM 1,237 674 3 95 3 840 0.68 700 RT x 2 nos.

Daily Consumption 8,501 585 486 kWh/RTh =

(9:0éAM - 6.08PM) A SAEAB R kWh kWh SRS kWh e 0.65 kW/RT

Air-Distribution System Total System
Air-Side Air-Side Total Air Distribution Air Distribution Total Air +Water | Total air +water
CF (kW) VF (kw) Air- 5|de (kW) (kW/RT) Configuration (kw) (kW/RT)

9:00:00 AM 0 353 0.24 AHU-VAV 1,296 0.90
10:00:00 AM 0 341 341 0.24 AHU-VAV 1,254 0.90
11:00:00 AM 0 401 401 0.22 AHU-VAV 1,561 0.87
12:00:00 PM 0 406 406 0.23 AHU-VAV 1,559 0.87
1:00:00 PM 0 397 397 0.23 AHU-VAV 1,517 0.87
2:00:00 PM 0 400 400 0.22 AHU-VAV 1,582 0.86
3:00:00 PM 0 396 396 0.22 AHU-VAV 1,566 0.86
4:00:00 PM 0 389 389 0.24 AHU-VAV 1,450 0.88
5:00:00 PM 0 365 365 0.24 AHU-VAV 1,339 0.90
6:00:00 PM 0 302 302 0.24 AHU-VAV 1,142 0.92

Daily Consumption 0 kWh 3,748 3,748 14,226
(9AM - 6PM) kWh kWh kWh

Water-cooled Chiller Plant efficiency (kW/RT) | 0.65 TOTAL AIR DISTRIBUTION ENERGY CONSUMPTION o ‘

Air-Distribution Total Energy Consumption (Wh) (kwh) ¢

Total 3,748,470 TOTAL AIR DISTRIBUTION EFFICIENCY (kW/RT) 0.23

Summary
Based on the above information, the Calculator will generate the Total System Efficiency and point score.

'Water Cooled Chilled Water Plant
Air Cooled Chilled Water Plant 4054 0.82 0.23
Unitary System 3950 0.73 0.17
TOTAL 24,218 0.69 0.22
Total Daily Cooling Consumption (RTH) ‘ AC System Type ‘ Reference TOEL?:;:SS;?{L%;;FI)(IndUding All
24218 | Combination of System 0.98
% Improvement In AC Efficiency 6.89
POINTS SCORED FOR 2.1a 1.38

Example 2: A building is served by a DCS plant commissioned after Oct 2016 = DCS under Path A.
Use the Energy Performance Points Calculator to select the correct mode of DCS supply.
Please insert DCS efficiency information in Cell G8.Cell G7 is
Yes, optional, if available for information. Ignore cells input for
Path A Chiller plant system from cell D40 to J63. Hourly RT inputs are
still required for cell C31 to C54.

Is this project using chilled water supplied from a
DCS (regardless gazetted or non-gazetted)?
[Please choose from drop-down list.]

Obtain District Cooling system (DCS) plant efficiency (kW/RT) provided by DCS suppliers. In this example the DCS plant
efficiency is 0.65kW/RT.

Please key in info for DCS below (To be obtained from the DCS provider)

Average daily cooling load demand from DCS 17,538.24 RTh for one day
Average total power input from DCS (including secondary/distribution pumps, input only if available) 0 kWh/day
Average DCS plant efficiency (To obtain report from DCS Supplier ) 0.65 kW/RT

Key in the air-side information for the Customer building (same as the steps for air-side computation for other types of
air-conditioning systems). The total efficiency of the air distribution system combined with the DCS plant can thus be
obtained, and the points derived.

If the plant were commissioned before Oct 2016, it would be under Path B. In this case, the airside efficiency is used for
points scoring against a baseline of 0.28 kW/RT.
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2.1b Lighting System Efficiency

Intent

The use of energy efficient lighting can reduce the energy needed to illuminate a space.

Scope
Applicable to building interior lighting and landscape lighting, including tenant lighting provision. Carpark and

emergency lighting shall be excluded from the calculation.

Assessment

The Energy Performance Points Calculator shall be used to calculate the percentage improvement of the building’s
weighted lighting power budget against the code baseline in SS 530: 2014 - Code of Practice for Energy Efficiency Standard
for Building Services and Equipment. A maximum of 3 points can be scored as follows:

e Points scored = 0.1 x (% improvement from baseline)

The lighting should be designed to the recommended lux levels in SS 531 — 1: 2006 (2013)- Code of Practice for Lighting of
Workplaces.

Documentation Requirements

Operation Document

Design Stage
J & (for handover to FM)
e Completed Energy Performance Points Calculator e Asper P.5 Lighting
e As per P.5 Lighting Efficiency and Controls Efficiency and Controls

Worked Example

Step 1: Using the Energy Performance Points Calculator, the following inputs for a particular building are given to
determine the percentage improvement in the lighting performance from code:

e Area of the various spaces within the project

e Total power consumption based on the lighting layout design for each area and lighting fitting type used

Design Data SS 530 : 2014 Requirements
Description Total Power | Design Lighting | Reference Lighting | Reference Total Power
Consumption | Power Budget Power Budget Consumption (by area)
(by area) (W) (W/m?) (W/m?) (W)
Office, Work and Study
Open Office 1 1,500 11,205 7.47 12.00 18,000.00
Meeting Rooms 100 728 7.92 12.00 1,200.00
Transport and Goods
Corridors 500 3,048 6.10 7.00 3,500.00
Stairs, Escalators, 300 1,600 5.33 6.00 1,800.00
Travellators
Lift Lobbies 500 3,548 7.10 7.00 3,500.00
Rest, Clean, Exercise and Play
Toilets 150 1,500 10.00 \ 10.00 1,500.00

Manufacturing & Maintenance

Mechanical & Electrical |, o) 1,500 10.00 10.00 1,500.00
Rooms
Other
Open Office 2 1,500 11,205 7.47 12 18,000.00
TOTAL 4,700 34,334 7.32 10.43 49,000
Annual Consumption (kWh/yr) 98,195.24 140,140
% IMPROVEMENT OVER REFERENCE 29.9%

POINTS SCORED FOR 2.1(b) 2.99
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Step 2: If the project is using any lighting control strategy then input the relevant details in the lighting control strategy
table under lighting Power Budget Tab in the Energy Performance Calculator.

In this example, assume the perimeters of the open offices 1 and 2 are installed with automatic daylight responsive
controls while the 5 meeting rooms’ lights are installed with partial-on occupant sensing controls. Each occupancy
sensor controls an area of 10m?2,

Control strategy and Area No. Total Power per Power Adjustment Savings Annual Savings
[Select from drop-down list] Fittings Fitting (W) Factor (W) kWh/yr
Automatic daylight responsive control 65 28 0.03 54.6 156.16
Partial-on occupant sensing control 26 28 0.15 109.2 312.31
Total 163.80 468.47

Step 3: The additional savings achieved from lighting controls is not considered for points computation for 2.1b.
However, it will be reflected in the building energy tab and can contribute to the points under 2.1e.

R Notit')r?al Building Prop(')s'ed Building % Savings % of Propo.sed

Electricity (kWh/Yr) | Electricity (kWh/yr) Consumption
Air Conditioning System - - - 0.0%

Lighting 140,140.00 97,726.77 30.3% 100.0%
Mechanical Ventilation - - - 0.0%
Vertical Transportation - - - 0.0%
Hot Water Generation - - - 0.0%
Energy efficient Features - - - 0.0%
Others [please specify] - 0.0%
Service Equipment - - - 0.0%
Common area cooling - - - 0.0%
Common area cooling (Applicable only i i i 0.0%
for Retail Int Corridors and Retail Atrium)
BASE BUILDING 140,140.00 97,726.77

2.1c Carpark System Efficiency

Intent

The use of energy efficient carpark ventilation and lighting systems can reduce the energy needed for carpark operations.
Scope
Applicable to buildings with carparks. For building projects with no and open carpark, full points can be scored here.

Assessment
The Energy Performance Points Calculator shall be used to generate the savings of the carpark lighting and ventilation
systems against code. A maximum of 2 points can be scored as follows:

e Points scored = 0.05 x (% improvement from baseline)

Documentation Requirements

Operation Document

Design Stage

(for handover to FM)
e Completed Energy Performance Points Calculator. e On-site lux level
e Carpark drawings, schedules, layouts, data sheets and lux level simulations. measurements

e Mechanical ventilation schematics, data sheets, airflow simulations, control strategies

. Purchase
) As-Built ;‘s,,mma,‘,)
and calculations.

ol
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Worked Example

Step 1: Determine Ventilation System Energy
Based on the contractor/ supplier’s specification, input the MV Fan Schedule into the Energy Performance Points Calculator. The
Energy Performance Points Calculator will generate the Design and Reference case fan efficiency.

MV Fan Schedule

Floor | Space Air Flow |*Designed Flow Rateof | *Motor |, "
Location Area Served Label Area | Height | ACH Rate |[the Selected Motor Fan Static (Pa) Nameplate PEwaEr (VF\)/)
m?) | (m) (CMH) (CMH) Power (W)
5

e.g.B1  eg. Carparkforoffice = MVB1-1 13,612 25 170,150 170,150 \ ' 40,000 39,000
Contlnued for MVB1-1

Option 1 - Nameplate Power Option 2 - Input Power

Design Fan Efficiency Reference Fan Reference Nameplate | Design Fan Efficiency Reference Fan Reference Input
(W/CMH) Efficiency (W/CMH) power (W) (W/CMH) Efficiency (W/CMH) power (W) (Pa)

0.235 0.350 59,552.500 0.229 0.300 51,045.000
Total Airflow Rate (CMH) 170,150.00
Total Reference Nameplate Power (kW) 59.55
Total Design Nameplate Power (kW) 40.00
Savings (kW) 19.55

Step 2: Determine the lighting system energy performance
Based on contractor/ supplier’s specification kindly input the lighting schedule into the Energy Performance Points
Calculator:

Design Data SS 530 : 2014 Requirements

A
Description (::f)s Total Power Consumption | Design LPB | Reference LPB Reference Total Power
(by area) (W) (W/m?) (W/m?) Consumption (by area) (W)

Carpark 13,612 25,000 1.84 3 40,836
Loading Docks 0 0 0.00 0 0
TOTAL 25,000 40,836
% IMPROVEMENT OVER o
REFERENCE 38.8%

Step 3: Determine % improvement and points scored

Based on the information provided at Steps 1 and 2. The Energy Performance Points Calculator will be able to generate
the total energy of the building’s carpark systems and points score.

Notional Car Park Proposed Car Park % Savings
Electricity (kWh/yr) Electricity (kWh/yr)
Lighting 116,791 71,500 38.8%
Mechanical Ventilation 170,320 114,400 32.8%
Air Conditioning - - -

Receptacle Load - -

TOTAL 287,111 185,900
PROPOSED IMPROVEMENT (kWh/yr) 101,211
% IMPROVEMENT 35.3%
POINTS SCORED FOR 2.1c 1.76 points

2.1d Receptacle Load Efficiency

Intent

The use of energy efficient receptacle equipment can reduce their energy consumption.

Scope

Applicable to non-speculative buildings.

Assessment

Where the procurement of energy efficient receptacle plug loads and process equipment can be committed and
quantified at the design stage, their aggregate savings against BCA's reference receptacle power budget can be generated

using the Energy Performance Points Calculator. A maximum of 1 point can be scored as follows:

e Points scored = 0.025 x (% improvement from baseline) x (% of functional areas)
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Documentation Requirements

Operation Document

Design Stage
(for handover to FM)
e Completed Energy Performance Points Calculator e Onsite logged
e Technical Specification & Commitment to procure/ evidence of procurement of energy measurements or sub
efficient receptacle equipment metered readings of
e Provision of separate sub-metering/electrical circuit for receptacle load to facilitate receptacle load

measurement during operation. The sub-meters provided are to be linked with BMS. As-Built { Pumhase[ 5=
e The energy associated with each equipment shall be calculated and a W/m? value i
derived. Guideline figures are listed in the Energy Performance Points Calculator and

(]

can be used

e Baselines: For refrigerators or other NEA tick-labelled systems the baseline shall be a
1 tick system. For process loads, they shall be compared to the industry norm and
savings shall be justified through empirical evidence

2.1e Building Energy

Intent

Encourage effective design of building systems to reduce building’s overall energy consumption.

Scope

Applicable to all buildings.

Assessment

The Energy Performance Points Calculator* shall be used to generate the percentage improvement of the design energy
consumption of the base building against the notional reference. The consumption should exclude carpark and receptacle

loads. A maximum of 11 points can be scored as follows:

% improvement from baseline
3

e Points scored =

*Note: In addition to the Energy Performance Points Calculator, energy modeling (for buildings with air-conditioned
areas > 5000m?) or detailed calculations (for buildings with air-conditioned area < 5000m?) shall be performed to
demonstrate that minimum energy savings for GoldP'YS and Platinum ratings are met, as per 0. Pre-requisite

Requirements.

Documentation Requirements
Operation Document
(for handover to FM)

e Completed Energy Performance Points Calculator =
e  Technical specifications and product information of all energy related systems R

Design Stage

Further Improvement in Design Energy Consumption (Advanced Green Efforts)

Beyond the points cap, further points can be scored for improvement of the design energy consumption against the
notional reference based on the above formula, up to a maximum of 2 points.



81
Option 2: Performance-Based Computation (22 points)

2.1f Space Conditioning Performance

Intent
Efficient use of energy to maintain a thermally acceptable indoor environment, by effective design of natural

ventilation, energy efficient mechanical ventilation and air-conditioning systems.

Scope
Applicable to all air-conditioning and ventilation systems design to maintain thermal comfort, including the air

distribution equipment and mechanical ventilation systems.

Assessment

Up to 10 points can be scored based on the systems to achieve the intended thermal comfort of the spaces, prorated by
functional areas (excluding circulation, plant rooms and transit areas). Improvement is calculated based on system
efficiency of conditioning systems used in the project, against the code baseline. Project can use single mode of
ventilation for scoring if more than 90% of the functional space uses one mode of ventilation.

Up to 10 points based on proration of functional spaces
Natural Ventilation 6 points for design for natural ventilation

Up to 4 points based on scoring in section 1.3c will be added on.

Mechanical Efficient mechanical ventilation design

Ventilation

Point scored = 0.15 x % improvement from baseline stated in SS553.

Constant Volume & Variable
Systems
Volume

Fan systems with nameplate motor power > 4kW < 4kW
Option 1: Fan system motor nameplate 0.35 No baseline

Option 2: Fan system input

*Applicable pressure drop adjustments can be
considered based on $5553 in accordance to GM NRB: 03 0.17
2015 Technical Guide and Requirements, subjected to

BCA’s evaluation

Air-Conditioning Up to 9 points for efficient air-conditioning system

Peak Building Cooling Load (RT)

<500 RT >500RT
Baseline

Total Design System Efficiency (kW/RT)
1.08 0.98
Points scored = 0.4 x (% improvement from baseline)

*TDSE refers to combined efficiency of the cooling and air distribution components

*For district cooling plants under Path B scenario, where the plant is excluded from the
computation, the baseline reference for the building air distribution equipment can be taken
as 0.28 kW/ton for the purposes of points computation here.

Guidance Notes
The option will be computed based on performance of respective systems and would not require Energy Performance
Points Calculator for computation
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Documentation Requirements

Operation Document
Design Stage

(for handover to FM)

e Aplanto show the declared mode of ventilation for each space and compute the % for | ¢ A/C items as per P.4
each mode of ventilation based on occupant areas. Air Conditioning Total

e For mechanically ventilated areas, project team shall submit catalogues and details of System and
intended mechanical fan systems. Component

e For A/C areas, documents required as per P.4 Air Conditioning Total System and Efficiency.
Component Efficiency. All projects shall submit air distribution information. As-Built [ p:rrnnrrr':;(

e For computation of fan power, 5% driver loss needs to be accounted for the use of =
VSD. Project team can use lower value if they can substantiate VSD loss with
documentation

Worked Example

Please see example 2.1a. Peak load occurs at 2pm.

Air-Cooled Chiller Plant System Air-Distribution System Total System

Daily Avg. Chiller Plant Total : Total Air Distribution |Total Airside + Chilled-| Total Air + Chilled-

Cooling Load | Power (kW) [Pcy + ChillerPlant Air Distribution Efficiency Water Systems Power Water System

(RT) Pchwe] (76 Power (kW) (kW/RT) (kW) Efficiency (kW/RT)
2:00 PM 459 379 [360+19] 0.83 100 0.22 479 1.044

Water-cooled Chiller Plant System Air-Distribution System Total System

Total Airside +
Daily Avg. . Chiller Total Air Distribution . Total Air + Chilled-
Cooling Load SR TR Plant  [Air Distribution Efficiency IR ELC Water System
(RT) Efficiency (kW/RT)

(kW/RT) Power (kW) (kW/RT)

[Pch + Pchwp + Pewe + Pcr] Systems Power
(kW)

2:00PM 1,836  1182[959+74+95+55] 064 = 400 022 | 1582 0862 |

Unitary/ Split Conditioners System

Total Condensing Units and
Average Hourly Simulated , Unitary/ Split System Unitary/ Split System
Cooling Load (RT) Hourly weighted COP indoor Um(t;VC;)wer Input Efficiency (kW/RT) Configuration

| 2:00PM | | 4.82 | 0728 | 200RTx2

Peak Total | Combined Total System | Reference Total System S T—— Points

Cooling AC System Type Power| Efficiency (Including Air | Efficiency (Including Air I° ACpEff' . Scored For
Load (kw) Distribution) kW/RT Distribution) kW/RT n iclency 2.1a
459 Air-Cooled Chiller Plant System 479 1.044

1,836 | Water-cooled Chiller Plant System 1,582 0.862 Breakdown
350 Unitary/ Split Conditioners System = 255 0.728

2645 Combination of System 2316 0.875 0.98 10.7% 4.26

Efficient Space Conditioning Energy Design (Advanced Green Efforts)

e Upto 1 point for achieving highly efficient air-conditioning design

» 1 point for achieving 0.65kW/ton TDSE
» 0.5 point for achieving 0.70kW/ton TDSE

* For buildings tapping on district cooling plants under Path A scenario, it will include district cooling system efficiency
as well as air and water distribution efficiency of the building.
* Not applicable to buildings tapping on district cooling plants under Path B scenario.
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2.1g Lighting Performance

Intent

The use of energy efficient lighting can reduce the energy needed to illuminate a space.

Scope
Applicable to building interior lighting and landscape lighting, including tenant lighting provision and carpark
lighting. Emergency lighting shall be excluded from the calculation.

Assessment
Up to 6 points can be scored for energy efficient lighting design (including carpark lighting) based on percentage

improvement of the building’s weighted lighting power budget against the code baseline in SS 530 : 2014 - Code of
Practice for Energy Efficiency Standard for Building Services and Equipment.

e Points scored =0.17 x (% improvement from baseline)

The lighting should be designed to the recommended lux levels in SS 531 — 1: 2006 (2013) — Code of Practice for Lighting
of Workplaces.

Documentation Requirements

Operation Document
(for handover to FM)

Design Stage

e As per P.5 Lighting Efficiency and Controls

Worked Example

Please see example 2.2a (pls include carpark lighting if applicable).

% IMPROVEMENT OVER REFERENCE 29.9%
POINTS SCORED FOR 2.1(b) 5.08

Efficient Lighting Design (Advanced Green Efforts)

e Upto 1 point for achieving highly efficient lighting design

» 1 point for 50% improvement
» 0.5 point for 40% improvement

2.1h Building Systems Performance

Intent

Encourage effective design of building systems other than space conditioning systems and lighting systems to reduce
building’s overall energy consumption.

Scope
Applicable to all buildings.
Assessment

Up to 6 points can be scored for achieving lower building energy through lower receptacle load, more efficient carpark
ventilation and energy efficient practices and features.
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(i) Receptacle Load Efficiency

Where the procurement of energy efficient receptacle plug loads and process equipment can be committed and
quantified at the design stage, their aggregate savings against BCA’s reference receptacle power budget, as specified

under can be computed against baseline receptacle load value. A maximum of 2 point can be scored as follows:

Computer Intensive Office 22W/m? Schools (Tertiary/IHLs) 8W/m?
General office areas 16W/m? Schools (Primary/Secondary) 5W/m?
Large conference areas 11W/m? Server/Computer rooms 540W/m?

e  Points scored = 0.05 x (% improvement from baseline) x (% of functional areas)

Documentation Requirements
Operation Document
(for handover to FM)

e Asper 2.1d with computation update with/without the use of Energy Performance Points Calculator

Design Stage

Worked Example

A mixed office and retail development was designed to meet 13W/m? for receptacle in office areas. 70% of the floor
area belongs to the office. The proposed receptacle load has 18.75% improvement from baseline of 16W/m? for office
areas. Point scored = 0.05 x 18.75 x 70% = 0.66 points

(i) Car Park Ventilation Energy

Up to 1.5 point can be scored by prorating mode of ventilation for carpark and achieving least energy consumption for
carpark’s ventilation systems against code.

Point scored = 0.015 x % improvement
Points from baseline + 0.25 points 1.5 points
(Up to 1 point)

Note: For building with no carpark, full point can be scored if building occupants is more than 10 pax.

Documentation Requirements
Operation Document
(for handover to FM)

e  Carpark drawings showing the parking layout and any loading bays
" Purchase
e Mechanical ventilation schematics, data sheets, airflow simulations and calculations. As-Built m

Design Stage

Worked Example

e A carpark of 10,000m2 has 95% of areas in | Total Airflow Rate (CMH) 170,150.00
basement carparks and 5% of areas in open | Total Reference Nameplate Power (kW) 59.55
areas. Total Design Nameplate Power (kW) 40.00

e For mechanical ventilated basement carpark | Savings (kW) 19.55
with CO sensor, please see example 2.1c Step 1 | % Improvement 32.83%

Point scored = 5% of score for naturally ventilated carpark + 95% of score for mechanical ventilated carpark
=0.05x 1.5+ 0.95 x (0.015 x 32.83 + 0.25) = 0.78 points
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(iii) Energy Use Intensity

0.5 point can be scored for meeting 25 percentile EUI as per prevailing BCA Building Energy Benchmarking Report (BEBR).
Note that all projects will need to compute Energy Efficiency Index (EEI) and Energy Use Intensity (EUI) in kWh/m?2/yr as
prerequisite requirement.

Documentation Requirements

Design Stage Operation Document (for handover to FM)

e Computation of Total Building Energy’s Consumption to | e Building’s utilities bills and electrical meter
compute EUl and compare with top 25th percentile EUI readings for computation of EUlI with BEBR’s
with prevailing BCA BEBR. benchmark value adopted during design stage.

(iv) Energy Efficient Practices and Features

Up to 2 points can be scored for achieving lower energy consumption with more energy efficient practices and features.
Points scored = 0.5 x (% improvement from baseline total building consumption)

*Note: Hot water saving is computed based on Hot Water System Ratio (with or without heat recovery), which will

consider heating energy, pumping energy and thermal losses of system.

Such items could include energy efficient hot water systems, heat recovery devices, solar thermal devices, sunpipes/ light
shelves to replace artificial lightings with photosensors, motion sensors/ photosensors to control artificial lighting,
regenerative/gearless drive lifts etc.

Documentation Requirements
Operation Document
(for handover to FM)

Design Stage

e Technical specifications and product information of all energy related systems purchase

ummary

Worked Example

A hotel building uses the following energy efficient features have a combined energy saving of 7%
Energy efficient heat pump system to generate hot water

Heat recovering system

Regenerative lift

Motion sensors for staircases and toilets

YV VYV

Total Building Energy Consumption = 4.4 million kWh/yr

Computation for heat pump
Heat Source Output, Q; = 1,000,000kWh/yr
Hot water recirculating Thermal Energy Loss, Q, = 300,000kWh/yr
Effective Hot Water Thermal Energy Consumption, Qs = Q1 — Qz
=700,000kWh/yr
System electrical input energy = 250,000kWh/yr
Ef fective Hot Water Thermal Energy Consumption 700,000

Hot Water System Ratio = - =
System Electrical Input Energy—Energy Recovery 250,000-0

=2.8
Ef fective Hot Water Thermal Energy Consumption _ 700,000

1.6 1.6

Baseline energy consumption =
=437,500kWh/yr

Energy saving due to hot water system = 437,500kWh/yr — 250,000kWh/yr = 187,500 kWh/yr

Suppose energy saving due to other items are as follows:
Heat recovering system = 50,000kWh/yr

Regenerative lift = 50,000kWh/yr

Motion sensors = 22,000kWh/yr
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Total energy saving = 309,500kWh/yr

309,500 kWh/yr
% energy saving=4400 000kWh//3;/r = 7.03%

Point scored = 2 points (7% > 4% for max credit)

1 point for Additional Energy Efficient Practices and Features (Advanced Green Efforts)

Additional Energy Efficient Practices and Features (Advanced Green Efforts)

e Upto 2 points can be scored for further improvements.

> 1 point for every 3% improvement above 4% improvement from baseline total building consumption



2.2 Renewable Energy
(8 pts)

After  considering energy efficiency and
effectiveness, replacement of fossil energy use with
renewables should also be looked into. This
indicator focuses on driving the creation of
opportunities for generation and utilisation of
renewable energy. It aims to spur and acknowledge
efforts by buildings to work towards the vision of
zero energy or net positive energy low-rise buildings
and low energy high-rise buildings.

Note: Renewable energy and solar energy are used
synonymously here as the context of Singapore’s
tropical climate, coupled with limited natural
resources, warrants solar energy as the most viable

renewable energy option.

2.2a Solar Energy Feasibility Study (0.5 pt)
2.2b Solar Ready Roof (1.5 pt)

2.2¢ Adoption of Renewable Energy (6 pts)



2.2a Solar Energy Feasibility Study

Intent

The evaluation of a building footprint’s potential in harnessing solar energy can raise awareness on viable solar
opportunities in the development and assist building developers in their decision making to adopt photovoltaics.

Scope
Applicable to all building developments.

Assessment

0.5 point can be scored for a solar feasibility report detailing the following aspects:
e  Roof characteristics and shading considerations

e Technical solar energy generation potential
e  Economics of solar installation
e Roof access and safety requirements

e Roof spatial optimisation recommendations
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Documentation Requirements

Design Stage ‘

Submission of a solar feasibility report, as outlined below, acknowledged by (i) the QP/PE(Electrical) or PV specialist or
Certified GM Specialists (Certified GMAP, GMAAP) and (ii) the Developer’s Project Manager.

Executive Summary — A non-technical summary of the potential for solar adoption for the building, including the

developer’s decision on whether solar PV would be installed for the building, accompanied with appropriate

justification.

Roof Characteristics and Shading Considerations — description of the roof characteristics (i.e. number of roofs, roof

area, and height variation of various roofs) to be provided with drawings. Any potential shading from external

sources (e.g. adjacent buildings, trees, etc.) as well as internal sources from within project (e.g. M&E services, lamp

posts, etc.) are to be considered and quantified. Any considerations for shading due to external factors beyond the

project site area are to be supplemented with site drawings (or future development plans) that depict the estimated

height of shading source.

Technical Solar Energy Generation Potential — Based on the shading consideration and any site specific constraints,

the following information is to be provided using the prescribed list of assumptions provided below. Any unique

assumptions are to be clearly stated.

- Expected solar capacity (in kWp) potential of the roof and annual electricity generation (in kWh) based on solar
capacity potential

Economics of Solar Installation — Using the electricity generation potential, the economics of the solar installations

are to be quantified with the following considerations:

- Upfront costs of installation

- Expected maintenance costs, annual electricity bills based on energy consumption calculation, costs saving for
generation of electricity to be consumed on site, revenue from solar electricity sold to grid (if applicable) and
Payback period/Discount rate

Guiding Assumptions

- Solar PV technologies (unshaded) with area efficiency of 0.1 kWp/m? and annual generation yield of 1,100 —
1,300 kWh/kWp can be assumed if project has not decided on the specific PV technology to be used

- Tariff at $0.20 per kWh for low tension rate and $0.15 per kWh for high tension rate can be assumed if project
has not have information on potential electricity tariff (Further information may be found at http://www.solar-

repository.sg/future-electricity-price-scenarios)

Roof Access and Safety requirements — Identify the access and safety measures that would have to be installed.
Roof Optimisation Recommendations — Recommendations for the spatial optimisation of the roof design to
facilitate including M&E equipment locations to maximise the usable roof space.



http://www.solar-repository.sg/future-electricity-price-scenarios
http://www.solar-repository.sg/future-electricity-price-scenarios
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2.2b Solar Ready Roof

Intent
Designing roofs to be ready for photovoltaic installation facilitates ease of their deployment should building developers

decide to do so at later stages of a project/ during building operation.

Scope
Applicable to projects that scored under 2.2a Solar Energy Feasibility Study. Where solar panels are installed under 2.2¢
Adoption of Renewable Energy, the area coverage of the feasible roof area by the panels can be counted towards

compliance under this indicator.

Assessment

The project shall demonstrate its roof design for solar readiness for at least 50% of feasible roof area determined
through 2.2a. 0.5 points each can be scored for the following:

e  Structural readiness: Roof designed to accommodate optimised easy structural installation of solar panels
on rooftop spaces, and included proof that the building and roof can support any additional static and wind
load imposed by future PVsystems

e Electrical readiness: Provisions to accommodate optimised easy electrical installation of solar panels on
rooftop spaces

e Spatial readiness: Roof designed to optimise the available non-shaded rooftop area for solar panels -

adoption of roof spatial optimisation recommendations outlined in 2.2a Solar Energy Feasibility Study

Documentation Requirements
Operation Document
(for handover to FM)

Design Stage

e Detailed drawings showing the relevant design features for roof readiness.
For example: To score for structural readiness, the structural QP shall certify that the
building and roof can support any additional static and wind load imposed by future As-Built m
PV system

Worked Examples

Structural readiness

The building and roof shall be able to support any additional static and wind load imposed by the PV system. Depending
on the type of roof and components of the PV installation, the static load differs. For wind load, it depends on the
installation angle. In terms of roof designed to accommodate easy structural installation of solar panels, examples (non-
exhaustive) are as follows:

e Trellis: The use of trellis with 10-15° slope instead of horizontal top surface, to facilitate optimal module tilt angle
e  RCroof: The provision for a solution that does not require heavy ballast to prevent modules from lifting off in strong

wind. (e.g. provision of anchor points for solar support systems prior to waterproofing)

Electrical readiness
e Provision of room or sheltered space at roof level or max one level below, to accommodate inverters, circuit

breakers and PV feed-in switch boards

Spatial readiness
e Shifting of shade-casting structures such as staircase doghouses, lift motor rooms, water tanks and M&E equipment

away from the east-west sun path, where possible




2.2c Adoption of Renewable Energy

Intent
On-site generation of renewable energy can reduce the building development’s power consumption from the grid and

carbon emissions.

Scope

Applicable to building developments with on-site generation of renewable energy.

Assessment
The Energy Performance Points Calculator or manual calculation can be used to calculate savings from replacement of
the building electricity consumption through the use of renewable energy.

Points can be scored up to a maximum of 6 points based on the following:

This will also include the use of solar hot water systems and renewable energy sources such as solar panels.

Expected Energy Use Intensity (EUI) % Replacement of Building Electricity Consumption by Renewable
[kWh/m?2/yr] Energy

50 < EUI < 220 1 point for every 1.25%

Documentation Requirements

Operation Document (for handover to
FM)

e Drawings & Technical -specification showing location and the | ¢ Testing and commissioning report

Design Stage

salient features of the renewable energy system and the expected | ¢ Logging of the energy production and

renewable energy generated calculated energy replacement rate
e (Calculation of the percentage replacement of electricity and the
total annual electricity consumption of the development As-Built @ ES”;‘,;E,':,‘;‘;\ %E

Worked Example 1
Based on contractor/ supplier’s specifications, compute the % replacement:

Description (Example) Area Of PV Array kWop Installed Annual Yield Notes
(m?) (kWp) (kwh)

Upper roof Block A 2,000 200 240,000

Roof Block B 2,000 200 240,000

Total 400 480,000

Annual Replacement Rate 10.02%

Total Building Consumption (kWh) 4,788,030

EUI 158.63

Points Scored 8.02 (cap at 6 points)

Therefore, points scored under 2.2c (based on EUl > 50) = 6 points
Points scored under Further Electricity Replacement by Renewables (Advanced Green Efforts) = 2.02 points

Further Electricity Replacement by Renewables (Advanced Green Efforts)

Up to 5 more points can be scored for further percentage electricity replacement by renewable energy.



3. Resource
Stewardship

With global use of resources increasing in the backdrop of the limited carrying capacity of the Earth, it is
imperative that we work towards conserving the Earth’s resources for future generations. “Resource
Stewardship” in the built environment refers to the responsible use and protection of the environment
through conservation and sustainable practices. This section rewards projects for the responsible use and
conservation of resources from the stages of construction through to building operations and occupancy.
Resources covered include water, construction materials, construction and operational waste.
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P.7 Water Efficient Fittings

Intent

The use of water efficient fittings can reduce the building’s potable water consumption.

Scope

Applicable to all building developments with water fittings installed.

Assessment

The project shall demonstrate the use of water efficient fittings that meet minimum requirements as detailed in the

following table:

Applicable Areas

Type of Water Fittings Prescribed Minimum WELS rating

3 Ticks WELs rating Public/ staff/ school toilets
Basin Taps & Mixers . .
2 Ticks WELs rating Other areas
Sink Taps & Mixers 2 Ticks WELs rating All areas
Shower Taps, Mixers or Showerheads 2 Ticks WELs rating Public/ staff/ school shower facilities
Dual Flush Flushing Cisterns 2 Ticks WELs rating All areas

Exemptions can be granted on a case-by-case basis, where there are special functional needs. As for all other water
fittings such as flush valves, bib taps that are not listed in the above table shall comply with the mandatory standards

stipulated in the Singapore Standard CP 48 : 2005 — Code of Practice for Water Services.

Documentation Requirements
Operation Document
(for handover to FM)

Design Stage

e Extracts of the tender design specification showing all the water fitting provisions for
the development:

ul

]
]

. Purchase

e Water fitting schedules showing the numbers, types and the WELS ratings of the As-Built |_’“’"’"3’V5

proposed fittings in the prescribed tabulated format shown below along with the
WELS certificate.

Worked Example
Example of a hotel development where the pre-requisite has been met:

Water Fitting/ Quantity _ Aoplicable Areas Delivery Order Ref
Product Type 3 Ticks Mandatory WELS il No / Brand

Total No

50 Public toilets T1234/ Xbrand
Basin taps & mixers 30 Staff toilets T3456/ Ybrand 480
‘ 400 Hotel guestrooms, other areas T2222/ Zbrand
| sinktaps | 50 All areas T4321/ Abrand 50
Shower facilities at common areas
ShO\:\v/ﬁr taps & 20 (Public use) T2343/ ZXbrand 20
r
HES 400 Hotel guestrooms T6524/ ABbrand
20 Public use T7648/ YZbrand
Sh head 42
SWEIAESES 400 Hotel guestrooms T2676/ XZbrand 0
Dual flush Flushing 420 All areas T2454/ Fvbrand 420
Cisterns
Total No. of fittings ‘ 100 890 800 1790




3.1 Water (8 pts)

With increasing occurrences of droughts and dry
spells attributed to varying weather phenomenon
and global warming, bouts of water shortage
globally are an ever imminent threat. As Singapore
has limited water catchment resources, it is crucial
to implement good water management in order to
ensure the long term sustainability of Singapore’s
water system. Considering water efficient,
monitoring and potable water replacement
strategies in the building design can reduce potable
water consumption and raise awareness on

responsible use of water during building operation.

e 3.1a Water Efficient Systems (3 pts)
e 3.1b Water Monitoring and Leak Detection (2 pts)
e 3.1c Alternative Water Sources (3 pts)
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3.1a Water Efficient Systems

Intent

The design of water efficient mechanical systems and strategies can minimise potable water consumption in building
operations.

Scope
Applicable to all buildings with landscape irrigation, cooling towers or water fittings.
Assessment

() Landscape Irrigation

0.5 point each can be scored for the following, maximum of 1 point:

e Every 25% of the landscape areas that are served by water efficient irrigation systems with features such as
automatic sub-soil drip irrigation system with moisture or rain sensorcontrol.

e Every 20% of the landscape areas that comprises drought tolerantplants.

Documentation Requirements

Operation Document

Design Stage
(for handover to FM)
e  Water efficient irrigation system: e Water efficient
- Extracts of the tender and design specification showing the provision and details irrigation system:
of the water efficient irrigation system. As.Built m
S-bul
- Relevant layout plans showing the overall landscape areas and the areas that
would be served using the system. Calculation showing the percentage of the | ® Drought tolerant
landscape areas that would be served using the system. plants
e Drought tolerant plants:
ummary
- Relevant layout plans & calculation showing the overall landscaping and areas
that use drought tolerant plants

Worked Example

A project has 45% of the landscape areas served by automatic sub-soil drip irrigation system with rain sensor control.
Thus, points scored = 0.5 point (Every 25% of landscape areas served by water efficient irrigation systems attains 0.5
point)

The other 55% of the landscape areas comprises drought tolerant plants. Thus, points scored = 1 point (Every 20% of
the landscape areas with drought tolerant plants attains 0.5 point) = 1.5 points (capped at 1 point)

Total points scored under 3.1a(i) = 0.5 +1 = 1.5 point

(if) Water Consumption of Cooling Towers

1 point each can be scored for the following:

e Provision of cooling tower water treatment system along with effective filtration system that can help increase
solubility of water and facilitate 7 or more cycles of concentration (CoC) at acceptable water quality-
e Provision of devices that recovers waste heat from the condensers and helps reduce the water requirement needed

to remove heat through the cooling towers.
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Documentation Requirements

Operation Document (for

Design Stage
handover to FM)
e Cooling tower water treatment: e Cooling tower water
- Technical specifications of the proposed cooling tower water treatment treatment

system, filtration system and the methodology that would enable 7 or

more CoC without compromising on the water quality and operational
performance. - Maintenance regime

- Onsite testing reports

- Relevant drawings and details showing how the cooling towers have been .
] . i i e Reduction of water
designed, the location of the cooling towers and other supporting systems . .
) . requirement for cooling

that are required to achieve the proposed CoC where relevant towers

e Reduction of water requirement for cooling towers:

. . I . - Commissioning report
- Technical and design specification of devices such as heat pumps ——

e (Calculation of the expected heat recovered and potential water savings. Ae-Built
S-pul

Worked Example

Reduction of water requirement: A mixed development uses heat pump to recover waste heat from condenser loop
and reduce water requirement needed for cooling tower operation. The heat pump has a heating capacity of 430.6 kW
at the condenser water loop as the heat source. The manufacturer’s technical data sheet is as follows:

DESIGN PERFORMANCE
2 Input Pe Heati Cooling Evaporator Condenser
(kw)' Y | Power (COP) ¢ (k\m"g PD. | Tin | Tout | Flow | PD. | Tin | Tout | Flow
() (W) | @2 | () | (C) | Ws) | &B&) | (C) | (C) | (W)
4306 86.1 5.0 4306 3442 286 | 350 | 200 | 137 | 374 | ss0 | 650 [ 103
The water savings shall thus have to be calculated to Where

Q: Evaporation heat (ki/kg)

H: Evaporation heat (ki/kg) 2257 @atmospheric pressure
m: Mass of water (kg)

Based on the fundamental principle Q=mxh Water saving in Volume V = Mass/ Density

score the point.

Assuming the estimated total heat load requirement of this particular development for one whole day to be 2,580 kWh,
we can then derive it to be equivalent to about 6 hours of operation of the heat pump by dividing it over the heat
capacity of 430.6 kW.Based on the technical data sheet, the heat pump has a cooling capacity of 344.2 kW which is the
heat source that can be harvested from the condenser water loop. In other words, this will be the reduction in heat
required to be removed through the cooling towers or the amount of heat that is diverted from cooling towers.

Total heat source harvested per day = 344 kW x 6 hours = 2,064 kWh = 7,430,400 kJ
Mass of water m = Q/h = 7,430,400/ 2,257 = 3,293 kg
Volume of water = Mass / Density = 3,292 kg / 995.7 kg/m? = 3.3 m3 which is 3,300 L of water per day.

(Note: The heat source of heat pumps can typically be harvested from the chilled water loop or condenser water loop.
Please also note that the density of water is different for different temperatures. For example, for chilled water loop,
water temperature is approximately 10 — 15°C, thus the water density value between 998.2 — 999.7 kg/m? should be
used in the computation. Similarly, for condenser water loop where water temperature is approximately 30-35°C, the
water density value between 992.2 — 995.7 kg/m? should be used.)

From the calculation, the project can save 3,300 L/day of water if a heat pump is used to harvest the heat source from
condenser water loop.




Better Water Efficient Fittings (Advanced Green Effort)

e Upto 1point can be scored should the project demonstrate the use of better WELS rated water efficient fittings
» 0.5 points for use of better WELS rated water efficient fittings for 100% of basin taps & mixer and dual flush

flushing cisterns

» 1 point for the use of better WELS rated water efficient fittings for 100% of applicable water fittings as
prescribed in P.7 whilst ensuring user requirements are not compromised.

Documentation Requirements

e As per the documentation requirements of P.7 Water Efficient Fittings.

3.1b Water Monitoring

Intent
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Better control and monitoring can facilitate setting of consumption reduction targets. Making the monitored information

accessible to end users can facilitate user engagement programmes and promote behavioural changes with regard to

water management and use.

Scope

Applicable to all buildings with potable water usage.

Assessment

2 points can be scored under this section.

(i) Water monitoring and leak detection

0.5 point each can be scored for the following:

Provision of private meters for all major water uses in the development

Provision of smart remote metering system with alert features for leak detection

Guidance Notes

Common major water uses for building type where private meters should be installed to monitor the amount of water used area

are as listed:

(]

[ ]

(]

(]

(]

Institutional Buildings (IHL, o
prison, military or defence .
installations) .

[ ]

(]

[ ]

Sports and Recreational Facilities .
and Tourist Attractions °

(]

Office or Retail Buildings (or any .
other building types that are not .
specifically stated) .

Guestrooms

Cooling towers*

Food and beverage outlets
Production kitchen
Laundry

Cooling towers*

Toilets for each block
Washing areas

Cooling towers*

Toilets, wards and operating theatres
for each block

Cooling towers*

Exhibits or enclosures
Washing areas

Toilets

Cooling towers*

Toilets

Pantries

Cold water supply inlet to hot water
supply or boiler

Swimming pool

Spa & gym

Swimming pool
Food and beverage outlets / kitchens)

Kitchen

Cold water supply inlet to hot water
supply or boiler

Food and beverage outlets

Irrigation

Swimming pools

Food and beverage outlets
Production and processes

Note: For cooling towers, make-up water meters are to be provided to monitor water loss due to evaporation, drift and blow down

during cooling tower operation.

Building Type Major Water Uses
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Documentation Requirements

Operation Document

Design Stage
(for handover to FM)
e Private meters: e Screenshots of the
- Extracts of tender specification stating the provision of water metering for all BMS system
major water uses as outlined in the Guidance Notes integration and the

- Schematic drawings of cold water distribution system showing the location of the water leak detection

private water metering provided alert settings.

e Remote metering system: As-Built
- Schematic drawings and extracts of tender specification stating the provision of
remote metering system and how it connects to the building management system

and highlights of the specific alert features to detect water leakages.

(i) Water Usage Portal and Dashboard

Up to 1 point can be scored. This requires the provision of water management portal, dashboard or other equivalent

forms in the form of digital displays or web-based/ mobile application. 0.5 point each can be scored for the provision of

following functions in the water usage portal and dashboard:

e Display metered data, trending of water consumption (historical data) and relevant parameters which facilitate
better management of water consumption during building operation.

e Enable individual tenants/space to monitor their own water usages and consumption. Information will
include monthly consumption of 50™" percentile line of the tenants/space, based on operating hours, within
the buildings. The information could also include 25" and 75 percentile line to facilitate understanding of
consumption range.

Documentation Requirements

Operation Document
(for handover to FM)

Design Stage

e Specifications of the water usage portal, dashboard or other equivalent forms and
relevant parameters such as areas, occupancy areas or use type that are to be included
for monitoring and setting of water consumption targets.

e The data acquisition system, typically a building management system (BMS), must be
able to store the measured data for at least 36 months, and to create reports showing
minimally monthly, and annual water consumption associated with each meter with
option to export data.

e For the display of 50" percentile line based on operating hours, data can be displayed @
based on weekly or monthly information of individual tenant/space. As a good
practice, the inclusion of 25™ and 75% percentile line will help occupants to
understand their consumption performance better.

e Plans and schematics to illustrate:

- Location and means of access of the portal

e Single line diagram of the water sub-metering scheme and links to a BMS or equivalent

system
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3.1c Alternative Water Sources

Intent

The use of alternative water sources can reduce potable water consumption for general application and use.

Scope
Applicable to all buildings with potable water usage.

Assessment
Where alternative water sources are used for general application, for example landscape irrigation, toilet flushing, cooling
tower make-up water or washing of external areas/ carpark areas, up to a maximum of 3 points can be scored based on

the types of water recycling systems used as well as the extent of reduction in potable water usage:

e AHU condensate collection where > 50% of total condensate is collected — 1 point
e NEWater supply — 1 point
e  On-site recycled water — 1 point

e Rainwater harvesting — 1 point

Guidance Notes

Rainwater harvesting: The minimum rainwater harvesting capacity required is to be based on (i) the demands for
rainwater use using relevant parameters such as no. of occupants, water usage frequency or irrigation needs or (ii) the
collection area and precipitation using the following formula:

Volume = Roof Area x Precipitation x Efficiency

where

Volume (litres) Amount of rain that can potentially be harvested in that time period.
Roof Area (m?) Collection area. For slope, curved, pitch roof or similar form, projected areas can be used.
Amount of rainfall in that time period. Average mean daily rainfall derived from the latest

Precipitati s . . ) ; .

(,;E;;I)pl ation annual total rainfall and annual mean raindays published by Meteorological Services Singapore
is to be used in computation.

Efficlency (%) Percentage of water that could be captured, as opposed to splashing out of the system

somewhere and it is assumed to be 90% for simplicity.

Documentation Requirements

Operation Document
(for handover to FM)

Design Stage

e Schematic drawings and calculation of the following:
- AHU condensate collection

- NEWater supply As-Built m

- On-site recycled water such as greywater recycling

- Rainwater harvesting (indicate volume of the tank, the catchment area and area of
usages).




=

3.2 Materials (18 pts)

Buildings are resource intensive in their
construction and fit-out, and incur a significant
carbon footprint. Adopting sustainable construction
design and practices, considering embodied energy
from a life cycle approach as well as giving priority
to sustainable fit-out systems can reduce the

environmental impact of the building.

3.2a Sustainable Construction (8 pts)
3.2b Embodied Carbon (2 pts)
e 3.2c Sustainable Products (8 pts)
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3.2a Sustainable Construction

Intent
To encourage the adoption of building designs, building structures and construction practices that are environmentally

friendly and sustainable.

Scope

Applicable to all structural and non-structural components constituting the building superstructure.

Assessment

(i) Conservation and Resource Recovery

For projects built on sites with existing building structures, 1 point can be scored where either:

e The existing structures are conserved and notdemolished.
e The existing structures are demolished with an enhanced demolition protocol, where a recovery rate of > 35%
crushed concrete waste from the demolished building is sent to approved recyclers with properfacilities.

Documentation Requirements

Operation Document

Design Stage
(for handover to FM)
e Conservation permit and supporting documents if applicable e Detailed records of
e Pre-demolition assessment records of demolition site showing clear recovery/ the volume of waste
recycling targets and estimated quantities of salvageable materials sent to the relevant
e Method statement detailing how sequential demolition is to be carried out approved recyclers.
e Waste management plans such as plan layout showing locations of recycling bins for As-Built @ —=
collection and storage of different recyclable waste, records of waste movement from =

site to recycling facilities, proposed usage of the various types of recovered waste
e Details of best practice pollution prevention policies and procedures at construction
and demolition sites.

(i) Resource Efficient Building Design

Up to 4 points can be scored here:

Concrete Usage Index (CUI): Points scored are as follows:

prjcts v s
om I —
E I
R -
E I
N -

Adoption of sustainable building systems: Points can also be scored based upon the extent of use of
sustainable building systems as a percentage of the constructed floor area (CFA) as follows:
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Sustainable Building Systems
m 1.0 point 1.5 points

Pre-stressed Concrete Elements

Hollow Core or Voided Concrete Elements

Light Weight Concrete Elements

High Strength Concrete Elements (Concrete grade >60MPa)

structural Steel Elements Total coverage Total coverage Total coverage
. area <50%* of area > 50% of area = 75% of
Composite Structural Elements
CFA CFA CFA

Engineered Timber Elements

Prefabricated Prefinished Volumetric Construction units

Precast Concrete Elements

Leave-in Formwork

Others (to be accepted by BCA on case-by-case basis)

* No computation required with adoption of sustainable building systems <50% of CFA

Definitions

Concrete Usage Index (CUI): CUl is defined as the volume of concrete in cubic meters needed to cast a square meter of
constructed floor area (CFA):

Concrete Usage Index = Concrete Volume in m? / CFA in m?

CUl serves as an indicator of the amount of concrete used to construct the superstructure that includes both the
structural and non-structural elements. CUI does not include the concrete used for external works and sub-structure
works such as basements and foundations.

Documentation Requirements
Operation Document
(for handover to FM)

Design Stage

e  (Calculation showing the quantity of concrete for each floor level which should include
all the concrete building elements, such as non-load bearing and architectural
concrete components

e BIM model (if applicable), architectural and structural plan layout, elevation and
sectional plans showing the type of building elements/ systems used, the dimensions
and sizes of all the building and structural elements

As-Built

e Technical product information (including drawings and supporting documents) of the
building systems

e (Calculations of the use of alternative construction methods supported by detailed
design drawings.

Worked Example

Concrete Usage Index

Proposed development comprises a 30 storey block with a basement carpark and the following details:
Project Gross Floor Area (GFA) = 60,000m?. Superstructure elements are all precast.

The concrete usage index for foundation and basement carpark works are excluded in CUI tabulation.

Computation Of Concrete Usage Index (CUI) ‘

Project Reference No.: AXXXX-00001-20XX Total no. of storey for the project: 30
Block No: A
Thickness (mm) or Volume of
Structural System ) (mm) 5 Remark *
size (mm x mm) concrete (m?3)
1 1st storey
1.1 Columns 300x300, 400x400 120 57 nos of C80 300x300 precast columns
1.2 Beams 300x500, 200x500 320 Precast
Post—tensioned
1.3 Slabs 200,225,250 400 (Total floor area = 1,600 m?)
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1.4 Staircases 175 93.5 Precast

1.5 Suspended structures like planter boxes, bay ) 0 -
windows, ledges etc

1.6 Parapets - 0 -

1.7 External walls - loadbearing walls - 0 -

1.8 External walls — non-loadbearing walls 125 22 Precast green wall

(wall area = 176 m?)

1.9 Internal walls — loadbearing walls 200 55 RC (wall area = 275 m?)
Light weight concrete

1.10 Internal walls —nonloadbearing walls 100 10 (wall area = 100 m?)
1.11 Others (kerbs, ramps, services risers, etc) - 15 RC
Total volume of concrete for this storey (m?) 1,035.5
Total constructed floor area for this storey (m?) 2,200
2 | Typical storey (2nd to roof)
1.1 Columns 300x300, 400x400 115 Precast
1.2 Beams 300x500, 200x500 301.5 Precast
1.3 Slabs 200,225,250 320 Post-tensioned

(Total floor area = 1,280 m? per floor)
1.4 Staircases 175 93.5 Precast
1.5 Suspended structures like planter boxes, bay

windows, ledges etc ) 2 )
1.6 Parapets - 0 -
1.7 External walls - loadbearing walls - 0 -
1.8 External walls —non-loadbearing walls 125 22 Precast green wall

(wall area = 176 m?)

1.9 Internal walls — loadbearing walls 200 50 RC (wall area =250m?)
Light weight concrete

1.10 Internal walls — nonloadbearing walls 100 10 (wall area = 100 m?)
1.11 Others (kerbs, ramps, services risers, etc) - 0 RC
Total no. of columns 313
Total volume of concrete for one storey (m?3) 912
Total constructed floor area for one storey (m?) 1,926.6
Total volume of concrete for 2nd to 30th storey — includes roof level (m?3) 27,360
Total constructed floor area for 2nd to 30th storey — includes roof level (m?) 57,798
Total volume of superstructure concrete for this project (m?) 28,095.5
Total constructed floor area of superstructure for this project (m?) 59,998
Concrete Usage Index (CUI in m3/m?) 0.473

*To indicate if the structural elements is of precast concrete, post-tensioned concrete, high strength concrete (>Grade 60) or
reinforced concrete (RC) under the ‘Remarks’ column.

Concrete usage for the superstructure Constructed floor areas

1st storey = 1,035.5 m? 1st storey = 2,200 m?
From 2nd to 30th storey = 27,360 m? (including roof level) From 2nd to 30th storey = 57,798 m? (including roof level)
Therefore, total concrete usage = 28,395.5 m3 Therefore, total constructed floor areas = 59,998 m?

Important notes: The quantities of the concrete for all the structural and non-structural elements for each floor level are to be
computed. All the elements listed in the table such as columns, beams, slabs, suspended structures (like planter boxes, bay windows
and ledges etc.), parapets, walls and others (service risers, kerbs, ramps etc.) are to be included. The derivation of the concrete
volume breakdown must be traceable on the drawings. The concrete usages for foundation and basement works are to be excluded
in CUI computation. For project with raft foundation that is also the floor slab of 1st level, half of the volume will be accountable in
the CUI calculation.

Based on the point allocation shown in Table 1 of 3.2a(ii), CUI of 0.47 m3/m? < 0.50 m3/m?.
Therefore, points scored = 1 point

Sustainable Building Systems
Adoption rate of recognised building systems for the example is as determined below:

Building element Coverage based on area on plan

Post-tensioned Slabs 40,000 m?
High Strength Concrete Columns 57x0.3x0.3=5.13 m?
Composite steel Beams 1,000 m?
Lightweight concrete Walls 1,000 m?
Precast green walls 2000 m?
TotalEEArea 43,005 m?

*Note: Assumes no overlaps in the area of coverage on plan. Alternatively, area of coverage can be directly taken off from the plan
drawing instead of a tabular calculation as above.

From the CUI tabulation, CFA = 59,998 m?
% coverage by area =71.7% < 75%
Therefore, points awarded = 1 point.

Therefore, points scored for this sub-section = 1.0 + 1.0 = 2.0 points
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Use of BIM to calculate CUI (Advanced Green Effort)

1 point can be scored where BIM is used to compute CUI.

Documentation Requirements
Operation Document
(for handover to FM)

Design Stage

e Calculations from BIM software showing the quantity of concrete for each floor level
which should include all the concrete building elements, such as non-load bearing and
architectural concrete components

e BIM model, architectural and structural plan layout, elevation and sectional plans P

showing the type of building elements/ systems used, the dimensions and sizes of all

the building and structural elements
e (Calculations from BIM software showing the use of alternative construction methods
supported by BIM drawings.

(iii) Low Carbon Concrete
A maximum of 3 points can be scored here.
Clinker content —Points can be scored for the use of concrete containing clinker < 400 kg/m?for grades up to C50/60 for >

80% of the applicable superstructural concrete by volume as follows.

[emomocamrer e
EEC R -

EE T -
EE T -
s ceitess oo e K%

*Note: SGBC-certified concrete is deemed to have fulfilled the requirement of clinker content < 400kg/m?

Replacement of coarse and fine aggregates — 0.5 point can be scored for every 5% replacement by mass of coarse
and fine aggregates with recycled concrete aggregates (RCA) and/ or washed copper slag (WCS) from approved
sources for the superstructure concrete mix. The usage should not fall below 1.5% x GFA for RCA and/ or 0.75% x GFA

for WCS for pointsscoring.
Documentation Requirements

Operation Document
Design Stage

(for handover to FM)

e Extract of tender specification or proposed concrete mix design showing the | ® SGBC certification of the

maximum clinker content and/or Calculation showing the quantity of recycled/ concrete products/mixes
engineered aggregates (e.g. RCA/WCS) to be used for the project. used for the project
e SGBC certification of the concrete products/mixes used for the project. As-Built [ pumh,,e(
- ummary

Worked Example

Proposed development comprises a 30-sty block with a basement carpark as per example for 3.2aii CUI

Clinker content
Two types of Grade 40 Concrete were used for the project:
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Type 1 concrete: Type 2 concrete:

The total cementitious mix specified is 370 kg/m? of cement by mass. 20% of the |The concrete was certified by SGBC
cementitious mix was replaced by GGBS. Based on Table 1 of SS EN 197-1, the with 2-ticks rating

cement used for the project is classified as CEM2. (deemed to meet requirement of
Clinker content of this concrete = 0.8 x 370 kg/m3 = 296 kg/m? <400 kg/m?. clinker content < 400kg/m?).
Extent of use of concrete (by volume) = 40% Extent of use of concrete (by

The concrete was not certified by SGBC. volume) = 60%

Total concrete coverage (Type 1 and Type 2 by volume) that had clinker content < 400 kg/m? for the super-structure =
100%. Therefore, points scored = 0.5 points. Extra points cannot be scored for certified concrete as not all concrete
used is certified.

Replacement of coarse and fine aggregates

The project uses 10% replacement of coarse aggregate with RCA and 5% replacement of fine aggregate with WCS for all
slabs, and 30% replacement of coarse aggregate with RCA for all non-load bearing walls in the superstructure.

RCA WCS

Minimum usage requirement for RCA Minimum usage requirement for WCS

=0.015 x GFA = 0.015 x 60,000 =900 tons =0.015x GFA/Z =0.015x 60,000/2 =450 tons
Total concrete volume of all slabs Total concrete volume of all slabs

=400 m3 + 320 m3x 30 = 10,000m3 =400m3 + 320m? x 30 = 10,000m3

Total concrete volume of all non-load bearing walls

Total tonnage of fine aggregate used for super
=22m3+10m3+ (22 m3x30) =1,652m3 g gereg p

structure
. A — 3
[Approximate coarse aggregate content in concrete = 1 ton/m?] - 0.7 ton/m? x concrete volume (m?), 0.7 ton/m? x
Total tonnage of RCA used for super structure 28,095.05m? = 19,666.5 tonnes
= [*(10% x 1 ton/m?) x 10,000m’] + [*(30% x 1 ton/m?) x [Approximate fine aggregate content in concrete =
1,652m?] = 1,495.6 tonnes > 900 tonnes, 0.7 ton/m?]

therefore meeting minimum requirement. Total tonnage of WCS used for super structure

Total tonnage of coarse aggregate used for super structure = [*(5% x 0.7 ton/m3) x 10000m?] = 350 tonnes <
=1 ton/m3 x concrete volume (m?) 450 tonnes, therefore not meeting minimum
=1 ton/m3 X 28,09505m3 =28,095.05 tonnes requirement.

% of total RCA used for replacing superstructure concrete
coarse aggregate content

=1,495.6 tonnes/ 28095.05 tonnes x 100% = 5.3%
Therefore, points scored = 0.5 points

Therefore, points scored = 0 points

Therefore, points scored for this sub-section 3.2aiii = 0.5 + 0.5 = 1 point

Therefore, point scored under for 3.2a including 3.2aii = 2 + 1 = 3 points

Use of Advanced Green Materials (Advanced Green Effort)

» 0.5 point can be scored for use of SGBC-certified 4-Ticks concrete, as per above.
» 0.5 point can be scored for use of SGBC-certified reinforcement bars for structural reinforced concrete
elements, for more than 80% of the applicable superstructure elements by volume.

Documentation Requirements

Operation Document
Design Stage

(for handover to FM)

e As per 3.2qiii Low Carbon Concrete for SGBC-certified 4-Tick | ® As per 3.2qiii Low Carbon
concrete Concrete for SGBC-certified 4-
e Extract of tender specification or proposed use of SGBC- Tick concrete
certified reinforcement bars for structural reinforced concrete | ¢ SGBC certification of the
elements for more than 80% of the applicable superstructural reinforcement bars.

elements by volume Purchase
As-Built |\

e SGBC certification of the reinforcement bars used for the
project.




3.2b Embodied Carbon

Intent
BCA’s Carbon Calculator or Carbon Submission Form (go.gov.sg/cc) allows developments identify their carbon debt

and quantify their environmental impact and embodied energy, as well as allow benchmarking of projects over time.

Assessment
A maximum of 2 points can be scored for the use of BCA Carbon Calculator or
Carbon Submission Form to submit the embodied carbon footprint of the

development:

e Declaration of Concrete, Glass and Steel — 1 point

e Declaration of additional materials —Up to 1 point (0.25 pt per material)
g0.gov.sg/cc

Documentation Requirements

Operation Document

(for handover to FM)

Design Stage
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e Embodied carbon footprint computation saved and exported in PDF format via BCA
Carbon Calculator and submitted with the relevant supporting documentation and
calculations. Preliminary/ proposed concrete mix designs are acceptable at the design
stage, but need to be updated if there are any amendments made to the designs
during the verification stage.

e For declaration of emission factors via BCA’s online embodied carbon calculator,
project team must provide the sources of the emission factors with the relevant As-Built

(]
(][]

detailed calculations.

e Detailed report of the carbon footprint of the development including (but not limited
to) the quantum and types of materials used within the development, the emission
factors with supporting documentation. Examples of other contributing elements that
can be considered include emissions from activities during the construction phase and

transportation.

Worked Example

Examples of additional materials that can be declared: Aluminium, paint, timber flooring, ceramic tiles etc.

Provide Own Emission Factors with Source Justification (Advanced Green Efforts)

Up to 1 point can be scored for the provision of own material emission factors (0.25 pt per material).

Compute the Carbon Footprint of the Entire Development (Advanced Green Efforts)

2 points can be scored for computation of the carbon footprint of the entire development and a detailed carbon
footprint report based on all the materials used within the development.

3.2c Sustainable Products

Intent

The environmental performance of materials covered here includes their recycled content and environmental impact

during production and resource extraction. The intent is to encourage the specification of resource efficient and
environmentally friendly products for use in the fit-out of a building, taking a functional system approach to focus on

greening major fit-out materials whilst allowing for flexibility in design as well as recognising designs with optimal/ minimal

material use.
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Scope

Applicable to non-structural building components. Structural components are excluded.

Assessment

A maximum of 8 points can be scored for (i) and (ii).

(i) Functional Systems
Points can be awarded for the specification and use of green products certified by approved local certification bodies,
namely the Singapore Green Building Council and the Singapore Environment Council, within the 6 main functional system

categories of the building as follows:
Non-Speculative Buildings/ Speculative Buildings with Tenanted Areas Included

FunCtlonaI SYStem category Wmm

Base Group (Coverage: = 80% for 0.5 pt 0.5 pt
external wall and roofing and Coverage:

2 60% of total applicable area for the

rest)

Finishes Group (Coverage: 2 60%) 2 pt 2 pt 2 pt 0.5 pt 0.5 pt 0.5 pt

Speculative Buildings with Tenanted Areas Excluded

Base Group (Coverage 2 80%) 1pt 0.5 pt 0.5 pt 0.5 pt 0.25 pt 0.5 pt
Flnlshes Group (Coverage: 2 80%) 2 pt 1pt 1pt 0.25 pt 0.25 pt 0.5 pt

All products (only if used) within a Group for the stipulated coverage must be green certified to score for that Group.

Additionally, in order to score for a Finishes Group, projects must score for the respective Base Group first. Detailed
examples may be found in the GM NRB: 2015 Technical Guide and Requirements.

Definitions

Speculative building: A building where the specific tenants are unknown during the period of its construction.
Non-speculative buildings: A building where the specific tenants are known during the period of its construction.
Functional systems: The term is used to describe the holistic use of products within the respective functional (operational)
systems. The interior architectural fit-out of buildings is made out of 6 major building components for specific functional
uses, e.g. the external wall, internal wall, flooring, doors, ceiling and roof. The functional systems described in the Green
Mark criteria awards Green Mark points when products are used holistically in the respective functional use. The products
included in the functional system are dependent on the choice of products and the installation methodology to provide the
functional system for what the space is designed to be used for. Products are thus classified into need-based groups/
systems. As such, the criteria recognises the use of less resources - where a functional system could meet the operational
requirement by using less products, this is still considered as meeting the functional system objective. For example, if there
is no need to plaster or skim coat to the slab soffit nor need for ceiling boards to cover the overhead, this can be considered
to have met the functional system requirement for ceiling for that sectional area of the application.

Guidance Notes

There are two options for scoring. The project should decide on either one which is most appropriate for its context. The
first table Non-Speculative Buildings/ Speculative Buildings with Tenanted Areas Included includes tenanted areas in the
point computation. It applies for non-speculative buildings where the fit-out products, including tenant spaces, are
known and to be included for the assessment. Speculative buildings where the building owners have the power to
influence and control the tenants fit-out, such as through green leasing measures, could also apply the table.

The second table Speculative Buildings with Tenanted Areas Excluded applies for speculative buildings where the decision
on the type of products are to be used in tenant spaces is not known and wants to exclude the area from assessment.
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For the first table, the coverage of certified products in the functional systems shall be at least 60% of the area where
the functional system is applied. For the second table, the percentage shall be at least 80%. However, please note that
the roof and external wall for speculative and non-speculative buildings are independent of the tenants fit-out, and
thus the points accorded for the greening of these functional systems are the same. The qualifying area coverage at
80% is applicable for both scenarios for these 2 specific functional systems.

Products are grouped within respective Groups - Base or Finishes Group - to form a holistic system. The Base Group
will be a pre-requisite for its respective Finishes Group; i.e. the Base Group for the respective system shall achieve the
score before the Finishes Group qualifies for scoring. The area coverage is determined as a system stacked; i.e. the
spread of area where the base group qualifies, the same area will be evaluated whether the finishes installed qualifies.

All products under each Group (where used during building operation) shall all be green certified to score for the
respective grouping. Where a product is not required to be used (by design requirement for operation) in the specific
grouping, the non-use may be deemed to have met the requirement. The tables below list broad examples of the
applicable products in respective group and functional systems. The list is non-exhaustive:

Typical Products

“ External Wall Functional System Internal Wall Functional Flooring Functional System H
System

Base . . Lightweight wall panels
Il Il !
i Curtain wall, integrated wall system, el s,

wall panels, blocks, metal cladding,

. . waterproofing, jointing, Levelling base, floor screed,
waterproofing, sealant, adhesives, P . &) . & & . 1
S . L L wall grouting, boarding waterproofing
jointing, grouting, pointing, (fixing . . B
insulation (fixing frame may
brackets may be excluded)
be excluded)
Finishes o All external face finishes including . . . o Raised floor systems (Insulation,
Grou . . . . All finishes including .
p skim coats, external paints (including : . underlay, carpets/ carpet tiles)
] ) plastering, skim coat,
primers), external coatings, corner corner beads, corner e Floor finishes including
beads, corner protectors protectors, fabrics, wall underlays, coatings, grouting, )
o Allinternal face finishes including papers, wall tiles, tiles pointing, skirting, adhesives,
skim coat, internal paint, corner grouting vinyl, laminates, carpets, vinyl’s, tiles, laminate
beads, corner protectors, fabrics, veneers, adhesives, paint flooring, timber flooring, marble
) etc. .
wall papers, wall tiles etc flooring etc.

Notes:
Where a product is not required for use within the grouping, it may be considered to have met the requirement. Excludes structural
walls, structural floor slab external architectural aesthetic features and openings. Areas are taken on both sides of the walls.

m Ceiling Functional System Roofing Functional System m

Base Plastering, skim coat (Note where the ceiling is | e For RC flat roofs: Levelling base, screed, waterproofing, = 0.5

Group an off form soffit finish, it is deemed to comply) insulation

o For Framed Roof: Waterproofing, insulation (excluding
structural frame)

Finishes Ceiling boards (excluding framing, fixing and All finishes including metal sheets, roof tiles, tile grouts, 0.5

Group bracing), insulation adhesives, paint finish, tiles, paints and coatings, adhesives, pointing, skirting

coatings

Note: Where a product is not required for use within the grouping, it may be considered to have met the requirement.

Excludes structural slabs ceiling slabs, Excludes structural roof slabs/ framing. The Roofing Functional System only includes
products above/ interspersed between the structural slab/ frame of the roof.

Glass door, door leaf, door finishes including laminates, paint and veneers/ vinyl sheets, varnish,
coatings

Finishes Group Door accessories, i.e. door frame, door frame finishes, ironmongery 0.5

Notes:
Where a product is not required for use within the grouping, it may be considered to have met the requirement.

Base Group

The Finishes Group here refer to the door accessories and not the door finishes.
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Documentation Requirements

Operation Document (for

Design Stage
handover to FM)
e  Extracts of the tender design specification showing: e For projects which include
»  The building functional system(s) which the project targets to score points for, tenant future installations in

and descriptions of each

» The requirements to use certified environmentally friendly products for
components making up the functional system(s), where they are used (Note: If evidence that the requirement
within the functional system a component is not used, e.g. where off-form will and / or is to be met. Where
concrete finish is the final finish base in the design specifications as the final
finish for use in operation, there is hence no need for additional tiling (or other)
finishes. In this example, there is hence no need for additional tiling to be

their computation, to show

tenants have completed their
fit-out, to show documentation

installed to qualify the finishes group. The off-form finish is deemed to have that the tenant fit-out materials
completed the finishes group). included in the scoring are green
e Tabulation of the functional system(s) which the project targets to score certified.
points for in the table format prescribed by BCA under the worked example —
e Design drawings marking the extent of use for each compliant functional As-Built Sfp:mﬂ =

system and the calculation of the extent of use.

e Design details of the systems used within each functional system; i.e.
construction method/ method statement details

e Product catalogues and certificates (if the product selection is confirmed)

e For speculative building projects which choose to include tenant future
installations in their computation, to show evidence and document that
building owner can assure that the requirement will be met by tenants; such
as, tendency agreements etc:

» Tenanted fit-out components within the building functional system(s) which
the project targets to score points for, and descriptions of each

e The requirements to use certified environmentally friendly products for
components making up the functional system(s), where they are used.

Worked Example

Example 1: This is the ceiling of a single storey non-speculative building, Building A, inclusive of tenanted areas

Area A: Ceiling soffit (i.e. underside of slab above) with certified plastering and paint (100 m?)
Area B: Ceiling soffit with certified skim coat and paint (200 m?)

Area C: Pre-finished off-form ceiling soffit (150 m?)

Area D: Ceiling soffit with non-certified ceiling board (150 m?)

Tabulating the areas for Ceiling Functional System, bearing in mind structural items are excluded:

Applicable items under Base Group Applicable items under Finishes Group

A (100m?) Certified plastering and certified paint No additional product required
B (200m?) Certified skim coat and certified paint No additional product required
C (150m?) No additional product required No additional product required
D (150m?) No additional product required Non-certified ceiling board

Total area that All areas meet requirement (100%) Areas A, B and C meet the requirement.

considered meet 100+200+150

. Coverage = =75.0%
requirement € = 1004200+150+150 °

As Base Group coverage is >60% including tenants, project is
As Base Group coverage is > 60%, 0.5 point can eligible to score for Finishes Group.

Points be scored. As area coverage for certified finishes under Finishes Group >
60%, points scored for Finishes Group = 0.5 point.

Total points for Ceiling Functional System = 1 point.




109

Example 2: This is the internal walls of a single storey speculative building, Building B. Area D belongs to tenanted area.

Area A: Block panel walls with waterproofing, jointing, grouting, plastering, skim coat, corner beads, finishing paint on
both sides. Everything is certified except for the corner beads (150 m?)

Area B: Lightweight panels party wall with waterproofing, joining, grouting, tiled finish on one side and plastering and
paint on the other side. Everything is certified except for the tiled finish (80 m?)

Area C: Drywalls with boarding and insulation (excluding fixing frame). Finishing paint on one side. The other side is not
painted. Everything is certified (50 m?)

Area D: Tenant area. Unknown what partitions tenants may install and landlord does not want to impose green lease
(Tenant partition walls area unknown)

Tabulating the areas for Internal Wall Functional System, bearing in mind structural items are excluded:

Applicable items under Base Group Applicable items under Finishes Group

Block panel walls with waterproofing, jointing, Plastering, skim coat, corner beads, finishing paint on both

A (150 m?
( ) grouting. All are certified. sides. Everything is certified, except for the corner beads.
B (80 m?) Lightweight panels party wall with waterproofing, Non-certified tiled finish on one side and certified paint on
m
joining, grouting. All are certified. the other side. All plastering used is certified.
C (50 m?) Drywalls with boarding and insulation (excluding Certified finishing paint on one side. The other side is not
fixing frame). Everything is certified. required to be painted hence is deemed to comply.
D (Unknown) Unknown Unknown
One face of Area B and both faces of Area C meet
requirement.
TOtE_’I area that Areas A, B and C meet requirement. g
considered meet . Coverage excluding tenanted area=
. Coverage excluding tenanted area = 100%
requirement 80+(50%2)
=32%
(150%2)+(80x2)+(50x2) ?
As Base Group coverage is > 80% excluding tenants, project
Project chooses to score using the table on excluding|is eligible to score for Finishes Group.
) tenanted areas. As Base Group coverage is > 80%, However, as area coverage for certified finishes under
Points points can be scored =0.5 pt Finishes Group <60%, points scored for Finishes Group =0
point

Total points for Internal Wall Functional System = 0.5 point.

Example 3: Building C is a speculative type retail building which plans to score points for Internal Wall, Flooring and
Door functional systems. Tenanted areas will be under green lease; i.e. the building owner has influence and control on
the type of fit-out materials to be used by tenants. The points are computed as follows:

Descriotion All Certified Coverage % of Functional GM Pts
P Products? g System Achieved

Internal Wall Functional System

Coverage: All internal wall of development including balconies with finishes (5,000 m?)

Base Group
1. Block. and panel walls (Includes waterproofing, jointing, wall Yes 100 m? 2%
grouting)
2. nghtwelght panel party walls (Includes waterproofing, jointing, Yes 200 m? 16% .
wall grouting) 1 point
. . S (100% of
3. nghtwelght panels for wet areas (Includes waterproofing, jointing, Yes 250 m? areais
wall grouting)
8% green
4. Lightweight panel walls for back of house and services, plant rooms Ves 150 m? certified)
(Includes waterproofing, jointing, grouting)
5. Drywalls for all tenanted spaces (Includes boarding, insulation. Yes 3,700 m? 74%
Excludes fixing frame)
Finishes Group
1. Block and panel walls: C cement plastering, corner beads, and 2 points
corner protectors where applicable; excludes fixing brackets) and Yes 100 m? 2% (97.5% of

finished with paint on both sides area is




110

2. On lightweight panels party walls: Combination of cement green
plastering & skim coat, corner beads, and corner protectors where Ves 800 m? 16% certified)
applicable, excludes fixing brackets) and finished with paint on ’
both sides

125 m? out
3. Lightweight panels in tenants’ wet areas: Non-certified tiled finish 52r5n0 ;uz of

on one side of the lightweight panels in tenants’ wet areas, and Yes (partial) 2.5%

with certified plastering and painted finish on another side (only halffg'ce
of wall qualifies)
150 m?
. . . (bare finish or
4. Lightweight panel walls for back of house and services, plant no finish; 2nd
rooms; Cement plastering with paint finish on one side and bare Yes level may be 3%
finish (no finishing) on the other side consider as
meeting
requirement)
5. Finishing paint on both sides of the drywalls for all tenanted spaces Yes 3,700 m? 74%

All Certified Coverage % of Functional GM Pts
Products? & System Achieved

Description

Flooring Functional System

Coverage: All floors of development including balconies with finishes (2,500 m?)

Base Group
1. Floor of circulation spaces and tenanted spaces: Floor screed Yes 1,900 m? 76%
2. Floor screed and waterproofing in wet areas Yes 500 m? 20% 1 point
. (100%)
3.  Floor of service area: Floor screed Yes 100 m? 4%
Finishes Group
1. Floor of circulation spaces: Certified floor tiles and grouting Yes 700 m? 28%
2. Floor of tenants’ spaces: Combination of certified timber Certified: 900
flooring and adhesives and final coating, non-certified marble Yes m? out of 36% 2 points
floorin 1200 m?
g (88%)
3. Floor of wet areas: Certified floor tiles and grouting Yes 500 m? 20%
4.  Floor of service area: No finish (i.e. cement screed finish) Yes 100 m? 4%

All Certified % of Functional GM Pts

Description Coverage

Products? System Achieved

Door Functional System

Coverage: All doors of development (100 nos)
Base Group

1. Doors to service spaces: Non-certified timber hollow core

and certified low VOC paint system (include basecoat and No 9
el itz 91 nos. 1 point
2. Doors to units: Certified timber fire rated doors with (91%)
e L Yes 85
certified veneer and finishing coats
3. Other doors: Certified glass door with no finish required Yes 6
Finishes Group (Door Accessories)
9
1. Doors to service spaces: Certified door frame with certified Yes (not eligible because 1%
low VOC paint finish for the frame level base is not a
certified products)
a) Door to tenanted spaces: Certified door frame with 81 nos. 0.5 points
- s Yes 75
certified veneer and finishing coats (81%)
b) Doors to units: Certified door frame with non-certified N 5
o

veneer for frame

2. Other doors: No frame required NA 6




111

(i) Singular Sustainable Products outside of Functional Systems

Where sustainable hardscape, building services and M&E products, including Electrical Energy Storage System (ESS),
certified by an approved local certification body are used, 0.25 point can be scored per product for = 80% of the
applicable use, maximum of 2 points.

Documentation Requirements

Operation Document
(for handover to FM)

Design Stage

e Extracts from the tender specification and drawings showing the requirements to
incorporate the environmentally friendly singular products that are certified by the W“
Purchase
ummary

approved local certification body for at least 80% of the respective applicable use As-Built

e Product catalogues and certificates (if the product selection is confirmed).

Worked Example

Project X has drainage cells and chillers with green certification.
Therefore, points scored for 3.2c (ii) = 0.25 x 2 = 0.5 point

Sustainable Products with Higher Environmental Credentials (Advanced Green Effort)

Up to 2 points can be scored for the use of products certified to higher tiers of environmental performance (per
product).

Singapore Green Building Product Certification Rating  Points per product (2> 80% of the applicable use)

Very Good (2-ticks) 0.25
Excellent (3-ticks) 0.5
Leader (4-ticks) 1.0

Documentation Requirements

. Operation Document
Design Stage

(for handover to FM)

e Extracts from the tender specification and drawings showing the requirements to
incorporate the higher ticks SGBP products for 280% of the respective applicable use As-Built Purdm\

mmary

e Product catalogues and certificates (if the product selection is confirmed)

Worked Example

Project X has internal partitions that are SGBP 2 ticks. As the partitions in tenants’ spaces are unknown, the
project is unable to quantify that the Internal Wall Functional System (including tenants) achieves the percentage
coverage requirement of 60% for speculative buildings.

All its drainage cells are SGBP 3 ticks, and all chillers are SGBP 4 ticks.

Therefore, points can be scored only for drainage cells and chillers, as coverage > 80% of applicable use. Points
cannot be scored for the higher ticks rated internal partitions as the project was unable to show that the total
wall area coverage is 2 60% of applicable use (including walls in tenants’ spaces). Points scored = 0.5 + 1.0 = 1.5
points.
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It is estimated that 2.2 billion tonnes of waste will be
generated globally in 2025 (Source: World Bank).
Singapore’s output of solid waste has increased
significantly over the years, from 1,260 tonnes per day
in 1970, to a high of 8,402 tonnes per day in 2015
(Source: NEA). Waste is an indicator of excess as it
means we are using more than we need and depleting
precious raw materials which could be by our future
generations. To minimise waste generation it is crucial
to use resources (other than building materials)
consumed during the construction process efficiently,
as well as provide adequate facilities and systems to

manage waste during building operation.

3.3a Environmental Construction Management
Plan (1 pt)
3.3b Operational Waste Management (3 pts)
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3.3a Environmental Construction Management

Plan

Intent
An effective and holistic management plan can facilitate better environmental performance of the construction process

and promote waste minimisation.

Scope
Applicable to all buildings.

Assessment
1 point can be scored for effective implementation of an environmental construction management plan on construction

sites through specific target setting, monitoring of energy and water use and construction waste minimisation measures.

Guidance Notes

The environmental construction management plan should contain the following:

e Energy Targets: Total energy consumption target set for the construction which includes the quantity of
diesel, electricity from the grid (kWh)
- The benchmark should be normalised to the building GFA to facilitate future benchmarking for projects
- Detailed recommendations for on-site energy management strategies

e  Water Targets: Total water consumption target set for the construction in m3
- The benchmark should be normalised to building GFA to facilitate future benchmarking for projects
- Detailed recommendations for on-site water management strategies

e Waste Targets: Dominant waste streams and means of collection and recycling
- The benchmark to reduce construction waste shall be established as waste (kg)/GFA (m?) of building
- The waste recycling rate shall be established as percentage of waste diverted from landfill or incineration plant

e  Monitoring and Reporting Method: Monitoring and measurement procedures for the usage of resources,
waste and recycled streams on site, and how the targets are tracked, monitored and reported to ensure
effective implementation of the environmental construction management plan.

Documentation Requirements

Design Stage Operation Document (for handover to FM) ‘

e Submission of the environmental | ®  Environmental construction management plan with written narrative of
construction management plan the overall environmental performance and resource usages during
that would be implemented on construction as well as measures taken to rectify any abnormality in the
site which should include usage of resources where applicable
definitive energy, water and | ¢ Detailed charts showing the actual energy, water and waste monitoring
waste target set for the and trending data against the benchmarks set at design stage as well as
construction. detailed records of the waste volume that were sent to the relevant

approved recyclers are to be included.
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3.3b Operational Waste Management

Intent
Appropriate collection and recycling provisions can facilitate the segregation of recyclable consumer waste at source.
Provisions for the treatment of horticultural or wood waste for buildings with landscaping can promote their reuse and

recycling as well.

Scope
Applicable to all buildings.

Assessment
A maximum of 3 points can be scored for 3.3b Operational Waste Management.

1 point each can be scored for the provision of the following:

e  Facilities for the collection and storage of different recyclables such as paper, glass, metal and plastic in
commingled or sorted form.

e  Facilities or systems for food waste to be treated and recycled, for buildings generating large volumes of food
waste.

e Facilities or systems for the placement of horticultural or wood waste for recycling.

0.5 point each can be scored for the provision of the following:

e Provision of separate chute for recyclables, beyond code compliance*.
e  Provision of Pneumatic Waste Conveyance System (PWCS), beyond code compliance*.
*NEA’s Code of Practice on Environmental Health (or prevailing code)

The recycling facilities or systems provided should be applicable to the building type and occupancy base and located at

the convenience of use for building users.

Documentation Requirements
Operation Document
(for handover to FM)

Design Stage

e Waste management plan detailing the separation of waste expected within the | ® Contractual
building based on its use. arrangement with
e Plan layout showing the location of the recycling facilities for collection and storage of waste collection
the relevant recyclables vendors for offsite
e  For buildings with large volumes of organic food waste, the provision of facilities or recycling where
systems for the segregation of food waste for separate collection, or the provision of applicable.
an onsite food waste recycling system. As-Built @
e Specifications of separate chute for recyclables, Pneumatic Waste Conveyance
Systems (PWCS). The separate chute for recyclables does not include storage and
sorting.



https://www.nea.gov.sg/docs/default-source/resource/practices-/copeh---2017-(aug).pdf

4.Smart and
Healthy Building

Most of us spend a substantial proportion of our time within buildings, where we are psychologically,

physiologically and emotionally affected by our surrounding environment. Aspects of a healthy indoor
environment include better air quality, effective daylighting, quality artificial lighting, pleasant acoustics,
inclusivity as well as biophilic design features that evokes the experience of nature. Designing for healthy
buildings can be a sound economic investment that reaps healthy economic returns, with measures to
improve the indoor environment leading to manifold monetary savings from improved health and well-being.
A healing, positive environment nurtures healthier and happier occupants. In spaces where people work and
study, this can result in increased work quality and productivity output. For social, recreational and
commercial spaces, this can translate to an enhanced consumer/ visitor experience and encourage more

frequent patronage and human traffic.

At the same time, managing a building’s indoor environmental quality well necessitates operating the building
smartly. Smart controls, direct access to building data and early fault detection allow the facility management
team to gain a good understanding of the building’s health. This enables necessary intervention and

optimisation measures to suit the occupants’ health and well-being.
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P.8 Thermal Comfort

Intent
The air-conditioning system should be designed to serve its intended purpose of providing a thermally

comfortable space for occupants.

Scope

Generally applicable to all air conditioning systems serving occupied spaces of building developments.

Assessment
The normal design dry-bulb temperature for comfort air-conditioning shall be within 232C - 252C, and resultant
relative humidity < 65% in accordance with SS 553 : 2016 - Code of Practice for Air-Conditioning and Mechanical

Ventilation in Buildings.

Documentation Requirements

Design Stage Operation Document (for handover to FM)

e Extracts of tender specifications showing the requirement | ¢ On-site measurements verifying indoor air
to design the system to meet the requirement of thermal temperature and the relative humidity with
comfort stipulated in S§553 : 2016 measurement locations highlighted on a plan

P.9 Minimum Ventilation Rate

Intent
The provision of adequate ventilation in a building is of fundamental importance to ensure the health of the occupants.

Insufficient ventilation can cause a build-up in the concentration of carbon dioxide and other contaminants emitted

indoors.

Scope

Applicable to air-conditioning or mechanical ventilation systems in regularly occupied spaces of all building developments.

Assessment
The building’s air-conditioning and mechanical ventilation systems shall be designed to provide appropriate
minimum quantum of outdoor air rates as stated in Table 1 and Table 5 of SS 553 : 2016.

Documentation Requirements
Operation Document
(for handover to FM)

Design Stage

e  Minimum outdoor air interpretation and computation by zones according to SS 553:
2016 Table 1 or Table 5
e The maximum exhaust airflow interpretation and computation by zones As-Built

e Extracts of tender specification and drawings showing the requirement to design the
system to meet the requirement of Table 1 or Table 5 in S§ 553 : 2016

Worked Example

Project calculates the required minimum outdoor air for every zones according to SS 553: 2016 and tabulated as
follows:
AHU schedule
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300 0.3 90 120

AHU 1-1 Lobby PAHU 1
AHU 1-2 Office 500 0.6 300 350 PAHU 2
AHU 2-1 Office 400 0.6 240 300 PAHU 1
AHU 2-2 Office 400 0.6 240 300 PAHU 2
AHU 3-1 Office 400 0.6 240 300 PAHU 1
AHU 3-2 Office 400 0.6 240 300 PAHU 2
AHU 4-1 Office 400 0.6 240 300 PAHU 1
AHU 4-2 Office 400 0.6 240 300 PAHU 2

PAHU schedule

PAHU Required OA Designed OA
amount (I/s) amount (I/s)
PAHU 1 1020 1100

PAHU 2 1250 1300

The project meets the pre-requisite requirements by providing appropriate minimum quantum of outdoor air rates as
stated in Table 1 and Table 5 of SS 553 : 2016.

P.10 Filtration Media for Times of Pollution

Intent
The effective removal of harmful pollutants in outdoor air from the building ventilation system through high

efficiency filters can enhance indoor air quality and the health and well-being of the occupants.

Scope
Applicable to air handling units (AHUs) or systems for dedicated treatment of outdoor air in air- conditioned

building developments.

Assessment

AHUs or dedicated outdoor air units in the building shall be designed to accommodate fine dust filters of least a rating of
Minimum Efficiency Reporting Value (MERV) 14 (ASHRAE 52.2: 2012) or F8 (EN779: 2012), when the outdoor pollution
level is in the unhealthy range in accordance with MOH’s guidelines, as stipulated in SS 553 : 2016.

Documentation Requirements
Operation Document
(for handover to FM)

Design Stage

e Relevant design drawings and specifications depicting outdoor air filtration strategy

and the design provision that MERV 14 filters can be installed during events of poor As-Built

air quality. This would include fan sizing for the increased potential pressure drop, and

the space for the filtration media to be placed

P.11 Low Volatile Organic Compound (VOC)
Paints

Intent
Limiting the use of high-emitting building and furnishing materials can improve the indoor environmental quality for

the health and well-being of occupants.

Scope

Applicable to all indoor paints including primers, sealers, base coats and top coats.
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Assessment
Low VOC paints certified by an approved local certification body shall be used for at least 90% of the total painted
internal wall areas.

Documentation Requirements
Operation Document
(for handover to FM)

Design Stage

e Extracts of tender specification & technical product showing the requirement to use
low VOC paints that are certified by an approved local certification body
e C(Certification details from approved local certification body

P.12 Refrigerants

Intent
Controlling the use and release of ozone depleting substances and greenhouse gases can reduce their potential
damage to the ozone layer and curb global warming.

Scope

Applicable to all air conditioning systems within building developments.

Assessment

Air conditioning systems shall use refrigerants with ozone depleting potential (ODP) of 0 or global warming potential
(GWP) of less than 100.

A refrigerant leak detection system shall also be installed in critical areas of plant rooms containing chillers and/ or

other equipment using refrigerants.

Documentation Requirements

Operation Document (for handover

Design Stage to FM)
e Extracts from the tender specification stating the list of refrigerants that | e  List of the refrigerants used in the
are permitted in the project based on their GWP and or ODP air conditioning system(s) and the
e Extracts from the specification indicating the leak detection system to be applicable cooling systems
installed

P.13 Sound Level

Intent
Minimising noise and vibration from mechanical and electrical equipment can ensure a basic level of acoustic comfort for

occupant health and wellbeing.

Scope

Applicable to mechanical and electrical equipment serving occupied spaces of building developments.

Assessment
The relevant equipment as aforementioned shall be designed to comply with the recommended ambient sound

levels in Table 4 of SS 553 : 2016.
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Documentation Requirements

Design Stage Operation Document (for handover to FM)

e Calculations, measurements, equipment catalogues and/ | ¢ Onsite measurement information of sound levels,
or tender specifications to demonstrate that the complete with a method statement and plan
equipment design will comply with the recommended drawings showing the relevant testing locations
ambient sound levels in the code

P.14 Permanent Instrumentation for the
Measurement and Verification of Chilled
Water Air-Conditioning Systems

Intent
Better energy management and monitoring of chilled water air-conditioning systems can ensure their operational

efficiency can be optimised and maintained throughout the equipment lifespan.

Scope
Applicable to chilled-water air-conditioning systems serving the building with aggregate cooling capacity exceeding 30
kW. This applies also to district cooling systems (DCS) operated by suppliers of district cooling services registered under

the Energy Conservation Act.

Assessment

Permanent measuring instruments for monitoring of chilled-water system (water cooled and air-cooled system) operating
efficiency shall be provided. The installed instrumentation shall have the capability to calculate the resultant operating
system efficiency (i.e. kW/RT) within 5% of its true value and in accordance with SS591. Each measurement system shall
include the sensor(s), any signal conditioning, the data acquisition system and wiring connecting these components. The

permanent instrumentation shall comply with the following:

e Location and installation of the measuring devices to meet the manufacturer’s recommendation; location of

temperature sensors should be within reach to facilitate site verification

e All data logging with capability to trend at 1-min sampling time interval, and recorded to the 3rd decimal digit

e Computation and display of air-side efficiency, water-side efficiency and total system efficiency.

e  Magnetic in-line flow meter, with 1% uncertainty and capable of electronic in-situ verification to within +2% of its
original factory calibration. If installation of magnetic in-line meters is not possible, ultrasonic flow meters or other
flow meters that can meet the indicated performance may be used.

e Temperature sensors are to be provided for chilled water and condenser water loop and shall have an end-to-end
measurement uncertainty not exceeding +0.05°C over the entire measurement range. Provisions shall be made for
test-plugs or additional thermowells to be installed before and after each temperature sensor along the chilled
water and condenser water lines for verification of measurement accuracy. All thermo-wells are recommended to
be installed in a manner that ensures the sensors can be in direct contact with the fluid flow. There shall be valid
justification if direct immersion of the temperature sensor(s) is/are not possible. Such projects will be assessed on a
case-by-case basis.

o Dedicated power meters (of IEC Class 1 or better) and metering current transformers, where applicable, of Class
1 or better, are to be provided for each of the following groups of equipment where applicable: chillers, chilled
water pumps, condenser water pumps, cooling towers, air distribution sub-system (i.e. AHUs, PAHUs, FCUs)

e A heat balance substantiating test for the water-cooled chilled-water system is to be computed in accordance to
SS 591 for verification of the accuracy of the M&V instrumentation. The heat balance shall be computed over
the entire normal operating hours with more than 80% of the computed heat balance within + 5% over a 1-week

period. Heat balance readings should generate automatically from BMS/BAS.
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Documentation Requirements

Design Stage

Operation
Document
(for handover
to FM)

The methodology for determining the total uncertainty of measurement shall be computed using
the root-sum square formula as follows:
Un = Individual uncertainty of variable N (%)

Errorms =/ XL (Uy)? where
N = Mass flow rate, electrical power input or delta T

In deriving the measurement errors contributed by flow meters, an additional 1% is to be included

in the computation.

The following shall be submitted:

e  Detailed schematic drawings of the instruments locations and locations of test plugs.

e  Technical specifications and / or sample data sheets/ product information for instruments and meters.

e  Calculation of end to end measurement uncertainty.

e Detailed drawings and schematics of the power measurement strategies for the air conditioning system
(inclusive of the air distribution equipment).

e  Pressure drop due to flow meter, such as reduced bore flow meter, needs to be computed in pump head
calculation. For new installation, projects should design to use accurate flow meter with lesser pressure
drop.

e  Projects are encouraged to use metering current transformers of Class 0.5 or better to achieve better
accuracy.

e  Commitment to comply with the requirements.

The performance verification may include on-site testing by BCA officers. A heat balance-
substantiating test for water cooled chilled-water plant to be computed in accordance with BCA
Code on Periodic Energy Audit of Building Cooling System shall be submitted with the following
information:

e  Energy Audit report (GM NRB: 2015).

e  Extracts of the instrumentation specifications and brochures.

e Instrumentation calibration certificates.

e As-built schematic drawings showing the location of each power meters, flow meters and temperature
sensors.

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

e Site requirement: To determine the chilled-water plant efficiency, airside efficiency and total system
efficiency using the following operation data/ installations to demonstrate compliance with the design
specifications:

- From Building Management System
> Chilled-water plant kW/RT, Air distribution system kW/RT, Total system kW/RT
> CHWS, CHWR, CWS & CWR temperatures of the header to be checked for consistency against
the temperatures of individual chillers and/or individual branches
> CHW & CW - header flow rate to be checked for consistency against the flow rate(s) of individual
branches
»  The accuracy of the programmed formula for the computation of the kW/RT of the various
parameters
- From the operating chiller panel(s):
> CHWS, CHWR, CWS & CWR temperatures to be checked for consistency against the BMS data
> Approach of CHWS/CWS with refrigerant evaporating/condensing temperature
> Location of the chilled-water flow meter(s) installed to comply with manufacturer’s

. Purchase
As-Built ;-;ummaw )

recommendations

P.15 Electrical Sub-Metering & Monitoring

Intent

Monitoring major energy uses in the building can enable audit and continuous improvement to optimise use and

avoid energy wastage.

Scope

Applicable to all building developments with GFA of 5,000m? or more.
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Assessment
Subsystem measurement devices with remote capability shall be provided, linked to a monitoring system and

measure and trend energy consumption data of:

e Each of the following energy sub systems:
Lift & escalator Sum of all feeders > 50 kVA
Heater, including heat pump > 50 kWth
Connected loads > 50 kVA

Connected gas or district services load > 75 kW

Process loads

Mechanical ventilation The subsystem’s load > 15kW

VRF systems (CUs, FCUs) No threshold

e Each tenancy or floor, as well as high energy load areas exceeding 50kVA such as car park, data centres, IT closets

and process areas.

Documentation Requirements

Design Stage Operation Document (for handover to FM)

e  Sub-system equipment specifications e BMS or supervisory control and data
e Power meter and current transducer specifications acquisition (SCADA) display of meter readings
e The remote capability and link to a BMS/EMS system and trends
e Single line diagram showing the location of the power meters | ® Commissioning report of the sub-metering
e Design of the main switchboards (MSBs) and power system

distribution boxes (DBs) As-Built { P:';Erl:l:s;[

Worked Example

Roof Top

AHU Room

AHU Control

NI Storey

2" Storey

15t Storey

Basement

In the above metering scheme of a hospital, the energy consumption can be partitioned as follows:
e Each major energy load areas: data centre, car park, heat pump
e Each major energy use: light, plug load (power)
e Air distribution sub-system (VAV, AHU, FCU)
e Each floor and ward

There is also a private main meter to record the whole building energy consumption.




4.1 Indoor Air Quality
(10 pts)

Contemporary research has shown that poor air
quality is an attributing factor to sick building
syndrome symptoms and respiratory illnesses, which
can have detrimental effects on business productivity
and performance as well as the wellbeing of the
occupants. As people spend longer hours in buildings,
research has also indicated that the cost of poor
indoor environmental quality could well be even
higher than most other costs. It is important to ensure
good air quality to reduce the risk of illnesses within
building occupied spaces where occupants are
expected to work or remain in for an extended period
of time.

e 4.1a Occupant Comfort (2 pts)
e 4.1b Outdoor Air (3 pts)

4.1c Indoor Contaminants (5 pts)
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4.1a Occupant Comfort

Intent
The testing and evaluation of indoor air quality parameters is crucial to ensure occupant comfort. Engaging building

occupants completes the feedback loop, and is essential for the management and improvement of operational practices

in high-performing green buildings.

Scope
Applicable for normally occupied spaces air-conditioned for comfort purposes.

Assessment

(1) Indoor Air Quality (IAQ) Surveillance Audit

0.5 point can be scored for an IAQ surveillance audit conducted by an accredited laboratory under Singapore
Accreditation Council with respect to the recommended IAQ parameters and acceptable limits stated in Table 1 of SS554:
2016 Code of Practice for Indoor Air Quality for Air-Conditioned Buildings, and committed to be conducted for the

building within one year after occupancy or after reasonable occupancy has been reached.

1 point can be scored if the above IAQ surveillance audit is conducted based on the reference methods stated in Table 1
of SS554: 2016.

The spreadsheet of the standardised IAQ report template is available at:

e  https://wwwl.bca.gov.sg/docs/default-source/docs-corp-buildsg/sustainability/IAQ-report-template.xlsx

Documentation Requirements

Design Stage Operation Document (for handover to FM)

e Extracts of the tender specifications showing the | ¢ 1AQ surveillance audit report by an accredited
requirements to conduct an IAQ surveillance audit laboratory. For functional spaces outside of the
within one year after occupancy by an accredited above mentioned standards’/ guidelines’ remit, the
laboratory, with respect to the recommended IAQ performance standards for the respective IAQ
parameters and acceptable limits stated in Table 1 of parameters shall be determined based on prevailing
SS554: 2016. industry best practice standards

(ii) Post Occupancy Evaluation

0.5 point can be scored if a Post Occupancy Evaluation (POE) questionnaire is committed to be conducted within a year
after building occupancy or after reasonable occupancy has been reached to assess occupant wellbeing and interactions
with their indoor environment. Appropriate corrective actions should also be committed to be taken to improve the

quality of the indoor environmental conditions if required.
The spreadsheets of the standardised POE survey questionnaire and results are available at:

e https://wwwl.bca.gov.sg/docs/default-source/docs-corp-buildsg/sustainability/poe _survey template.xlsx

e https://wwwl.bca.qgov.sg/docs/default-source/docs-corp-buildsg/sustainability/poe results template.xlsx

Documentation Requirements

Design Stage Operation Document (for handover to FM)
e Extracts of the tender specifications showing the requirements | ® Demonstration that the response rate of the
to conduct a POE within one year after occupancy and to POE meets the sample size
undertake corrective actions if required. Commitment to | ¢ Evaluation of the POE results and the list of
sample at least 10% of building occupants or at least 100 the corrective actions based on the
occupants should be made respondents’ comments

(iif) Indoor Air Quality Display
0.5 point can be scored for the provision of display panels for temperature and relative humidity information at each

floor/ tenancy, to raise awareness among building occupants on the internal conditions of the space.


https://www1.bca.gov.sg/docs/default-source/docs-corp-buildsg/sustainability/IAQ-report-template.xlsx
https://www1.bca.gov.sg/docs/default-source/docs-corp-buildsg/sustainability/poe_survey_template.xlsx
https://www1.bca.gov.sg/docs/default-source/docs-corp-buildsg/sustainability/poe_results_template.xlsx
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Documentation Requirements

Operation Document
(for handover to FM)

Design Stage

e Extracts of the tender specifications showing the requirements to display

temperature, and relative humidity at each floor and each tenanted area Ae-Built @
S-bul

e Plan layouts showing the locations of the fixed display panels for each floor and each

tenanted area

Indoor Air Quality Trending (Advanced Green Effort)

Up to 2 points can be scored for the provision of monitoring and trend logging for the following:

e  Provision for monitoring and trend logging of temperature and relative humidity through a centralised system
—0.5 point

e  Provision for monitoring and trend logging of common indoor air pollutants, such as formaldehyde, at each floor
— 1.5 point

Documentation Requirements

Design Stage Operation Document (for handover to FM)

e Extracts of the tender specifications showing the | ¢ Technical specifications of the sensors

requirements to monitor and trend-log temperature | © Two-week trend-logging data from the

and relative humidity through a centralised system centralised monitoring system

e Plan layouts showing the locations of the sensors that As-Built m
are monitored and trend-logged

4.1b Outdoor Air

Intent
Provision of adequate and proper ventilation in conditioned spaces to prevent build-up in the concentration

of contaminants.

Scope
Applicable to all building developments with air conditioning systems supplying outdoor air to occupied spaces. Full

points can be scored here for buildings with no air-conditioned spaces.

Assessment

() Ventilation Rates

A maximum of 1.5 points can be scored for the:

e Measurement and monitoring of outdoor airflow volume in accordance with desired ventilation rates at precool units
(e.g. PAHUs and PFCUs) or all AHUs and FCUs - 0.5 point or 1 point respectively
e Use of demand control ventilation strategies such as carbon dioxide sensors or equivalent devices to regulate the

quantity of fresh air and ventilation in accordance with the space requirements — 0.5 point
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Documentation Requirements

Operation Document

Design Stage
(for handover to FM)
e  Measurement and monitoring of outdoor airflow volume e BMS or standalone
> Detailed schematics, specifications and method statement for the provision of direct system logged data
outdoor airflow measurement devices with capabilities to measure the outdoor air intake (minimum of a 2 week
volume with an accuracy of £10% of the minimum outdoor airflow period) of the

Demonstrate location of sensors in accordance with the manufacturer’s guidelines and outdoor air volume

linkage to BMS for monitoring the outdoor air volume (A standalone data logging system can .
& & ( BEING sy and airflow

be used if no BMS is available)
» Method statement for programming alerts, when the outdoor air volume drops below the As-Built m

minimum set points and varies by more than 15% above the airflow set point

» Plan layout indicating the provision of access panel for regular maintenance of airflow
sensors
e Use of demand control ventilation strategies
» Plan layouts and schematics showing the locations and the types of control devices utilised.
» Method statement on how the devices regulate the outdoor air volume to maintain indoor
air quality.
e When CO; sensors are used, demonstrate alerts have been programmed into the BMS
where the CO; levels exceed the set point with reference to recommendations by
S§5554 : 2016.

(i) Enhanced Filtration Media

0.5 point or 1 point can be scored for the permanent provision of Minimum Efficiency Rating Value (MERV 14, ASHRAE
52.2 or F8/ EN779 class of filter or equivalent) to all PAHUs or to all PAHUs and AHUs respectively.

Documentation Requirements

Design Stage Operation Document (for handover to FM)

e Extracts of tender specification and technical | ® Technical specifications and filtration classification
specification of - MERV 14 (ASHRAE 52.2) or F8 testing report of the filters used on site
(EN779/EN1822) class or equivalent filters used for each

As-Built @ purchase
air distribution system

(i) Dedicated Outdoor Air System

0.5 point can be scored for the provision of a dedicated outdoor air system, such as precool units, to encourage effective

treatment of outdoor air for cooling and dehumidification.

Documentation Requirements
Operation Document
(for handover to FM)

Design Stage

e Design intent and details of the air-conditioning and air distribution system
e Schematics of the air distribution system that are connected to the dedicated outdoor As-Built m
air system (Precool AHU/FCU system)

4.1c Indoor Contaminants

Intent

Indoor contaminant pollution control at source and air treatment strategies can safeguard the health of building

occupants.

Scope

Applicable to buildings with relevant ventilations systems.
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Assessment

(i) Local Exhaust and Air Purging System

1 point each can scored for the provision of:

e Localisolation and exhaust systems to remove the source of pollutants
e Air purging system to replace contaminated indoor air with outdoor fresh air

100% non — air-conditioned building projects will score full points under this indicator.

Documentation Requirements
Operation Document
(for handover to FM)

Design Stage

e Local exhaust: e Air purging method
» Plans, schematics, mechanical drawing and tender specifications showing the statement, BMS
requirements to provide local exhaust riser for local isolation and exhaust systems to schedules and screen

remove the pollutants at source, i.e. from printing or photocopying equipment, to prevent shots of air purging

the contamination of the functional areas. The ductwork shall be such that the exhausted
programme for the

air must not be recycled to other spaces. For speculative projects, the exhaust system fans

must be installed as a part of the base building project
» A written description on the attributes of the isolation strategies and exhaust system and
how tenants shall connect to the exhaust risers for indoor pollutant removal As-Built m
e Air purging: Written descriptions and schematics on the air purging strategy including

any requirements for dedicated fresh air intakes and indoor pollutant exhausts

(i) Ultraviolet Germicidal Irradiation (UVGI) System
0.5 point can be scored for the provision of UVGI system in AHUs and FCUs to control airborne infective

microorganisms.

Documentation Requirements
Operation Document
(for handover to FM)

Design Stage

e  Extracts of the tender, technical specifications and schematics showing the provision
of UVGI (UV wavelength to be 254 nm and safety interlock must be provided) system

in AHUs and FCU
e Highlight the location of the system is adjacent to and after the cooling coils As-Built m
e  Manufacturer’s guideline on the intensity, location, reflector design and number of
lights according to the AHU design

(iii) More Stringent VOC Limits for Interior Fittings and Finishes

A maximum of 2 points can be scored through the specification and use of products certified SGBP Very Good or above,
which meet more stringent VOC emission limits. All products used in the respective Functional System with coverage of
> 80% of applicable areas must be SGBP Very Good or above to qualify for GM points for respective System.

=  On interior fittings such as system furniture, cabinetry etc
= On wall or floor finishes as part of the functional system

Functional System Other Systems

External Wall Internal Wall Internal Flooring Ceiling Doors Fixed furniture/ system furniture
1pt 1pt 1pt 1pt 0.5 pt 0.5 pt

Note: For finishes, the combination of components that make out the finishes level of the functional system shall meet the criteria.
Where bare finishes were to be used as part of the design for the operation of the building, this will apply to the final coat of treatment
on the bare finish, be it protective coating or sealer or paint. If absolute no finishes are used, this criterion is not applicable unless the

base finish is ascertained to meet the higher stringent standard on VOC contaminant.
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Documentation Requirements

Operation Document

Design Stage
(for handover to FM)
e  Extracts of the tender design specification showing: e Product certificates,
» The building functional system(s) which the project targets to score points for, and data sheets and
descriptions of each element delivery out of
- Oninterior fittings such as system furniture, cabinetry etc interior finishes and

- Onwall or floor finishes as part of the functional system

paints
» The requirement stating lower or no VOC contaminant, i.e. use of SGBC 2 ticks certified

e Listing of interior

products for all components containing VOC that are used in the functional system(s) for
finishes and finishes

the project.

Note: For projects which include tenant future installations in their computation, to show of tenanted spaces,
draft tenancy agreement specifying the above requirements where applicable.

e Tabulation of the functional system(s) which the project targets to score points. purch %
. . . . . As-Built | \cymmar

e Design drawings marking the extent of use for each compliant functional system and A=

the calculation of the extent of use.
o Design details of the systems used within each functional system; i.e. construction
method/ method statement details.

e Product catalogues and certificates (if the product selection is confirmed).

(iv) Use of Persistent Bio-cumulative and Toxic (PBT) free lighting

0.5 point can be scored for the use of PBT-reduced or free luminaries for > 90% of light fittings in the project.

Documentation Requirements

Operation Document (for

Design Stage
handover to FM)

e Specification of the luminaries used within the project and their requirement | ¢  Data sheets of the luminaries
to be PBT free. that demonstrate that they are

e  Show fittings - have mercury content of 250% lower than permissible limit, PBT-reduced or free
as per Environmental Protection and Management Act (Chapter 94A). luminaries

e Calculations of the extent of PBT reduce or free luminaries usage. As-Built [ p:r,:'.:l:s;( %

Zero ODP Refrigerants with Low Global Warming Potential (Advanced Green Effort)

Points can be scored for the use of refrigerants with Ozone Depleting Potential (ODP) of 0 as well as low

global warming potential (GWP) as follows:

e GWP<750-0.5 pointor
e GWP<15-1point

Documentation Requirements

Design Stage Operation Document (for handover to FM)

e Extract from the tender specification showing the | @ List of the refrigerants used in the air
requirement for all zero ODP refrigerants to have low GWP as conditioning system(s) and the applicable
stated in the criteria cooling systems
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4.2 Spatial Quality

(10 pts)

The spatial quality of a building is assessed through the
experiential value of both the physical and social
qualities of the spaces within the development.
Although many spatial quality indicators are
qualitative, there are a number of commonly agreed
upon indicators that act as a reliable proxy to
determine the projects spatial quality which can
enhance the indoor environment and wellbeing of the
occupants and visitors to the building. These include
creating access to quality daylight and artificial
lighting, ensuring spaces are acoustically comfortable
and inclusive as well as incorporating design features

that evoke a connection to nature.

e 4.2a Lighting (6 pts)
e 4.2b Acoustics (2 pts)
o 4.2c Wellbeing (2 pts)



4.2a Lighting

Intent

Natural lighting has been linked to the positive mental wellbeing of building occupants. It connects enclosed indoor
environments with the external natural environment. In the tropics, special care must be taken to maximise effective
daylight while minimising visual discomfort and maintaining the facade’s thermal efficiency. This is made possible by
incorporating effective daylight design strategies at the beginning of the design process. Where daylight is not possible,
adherence to minimum quality standards for artificial lighting provisions ensures well-lit and comfortable spaces for

occupants.
Scope
Applicable to common spaces and occupied spaces of building developments.

Assessment

Up to 6 points can be scored for the following:

(i) Effective daylighting for common areas

Effective daylighting for common areas — 2 points
Up to 2 points can be scored by prorating the number of daylit transient common spaces with effective automatic lighting

controls against the total number of applicable spaces. Note: Each toilet is counted as 0.5.
1.5 points for % count with daylighting for toilets, staircases, corridors, lift lobbies and atriums-

0.5 point for % areas of carpark with daylighting or having no carpark.

(i) Effective daylighting for occupied spaces

Effective daylighting for occupied spaces — 4 points

Percentage of occupied spaces with access to
effective daylighting (3 points)

Points can be scored as follows based on the
percentage of total occupied areas* that can achieve
the specific Daylight Autonomy (DA) requirement of
DAN ix50% (without overlighting), as outlined in the
Green Mark NRB: 2015 Technical Guide and
Requirements Annex B: Effective Daylighting
Simulation and Pre-Simulated Daylight Availability
Tables Methodology and Requirements. Effectively
daylit areas shall be integrated with automated
lighting controls.

* Note: exclude special rooms that cannot have

Pre-Simulated Daylight
Availability Tables:
Simplified method for

standard designs to guide

concept stage design in
identifying design
strategies for optimised
daylight design.

Daylight Simulation:

Performance-based daylighting due to operation needs.

.5

method for non-

Percentage

15t0<35%
35t0<55%

standard/ complex

designs.

55t0 <75 %

w N = O

Documentation Requirements

Design Stage

Effective Mitigation of Overlit Areas (1
point)

1 point can be scored for the adoption of
suitable mitigation strategies for overlit
spaces, such as blinds which are
controlled with daylight sensors, variable
opacity glazing (electrochromic glass,
thermochromic glass), bi-level glazing
(glazing with higher VLT for higher level
glazing and glazing with lower VLT for
lower level glazing) and fitted glazing.

1 point can be scored where mitigation
measures to effectively address
overlighting are included into the
simulation model in accordance with
Annex B.

Operation Document (for handover
to FM)

With reference to Annex B: -

e Tabulation of all applicable daylit area and computation of the distance of
penetration from the fagade, the height of the opening / fenestration and
the percentage of daylit areas over total areas.

e Drawings to show that openings fenestrations provide daylighting to the
space.

With reference to Annex B:

e Perform spot measurements of
the effective daylighting through
lux measurements

As-Built




130
(iii) Quality of Artificial Lighting
Points can be scored for the following attributes of lighting used in occupied spaces, maximum of 1 point (90% of the

applicable functional areas should be served by the relevant luminaires to score):

e Good light-output over life with a minimum lifespan rating of L70 > 50,000 life hours - 0.5 point
e Lighting designed to avoid flicker and stroboscopic effects, by using high frequency ballasts for fluorescent

luminaries and LED lighting with < 30% flicker - 0.5 point
e Meeting the minimum colour rendering index (Ra or CRI) in Clause 5 of $S 531 — 1 : 2006 (2013) — Code of Practice
for Lighting of Workplaces - 0.5 point

e LED Luminaires certified under SGBP scheme - 1 point

Definitions

LM80: The Illluminating Engineering Society of North America (IESNA) approved standard for measuring lumen
maintenance of LED light sources. LM-80-08 applies to the LED package, array, or module alone, not a complete system;

it is testing a component level. The standard does not provide guidance for extrapolation of testing results.

Documentation Requirements

Operation Document

Design Stage
(for handover to FM)
e Light-output: e Lighting data sheets
» LED lighting: Detailed specifications and the schedule of luminaries - to demonstrate the and relevant test
minimum R, lifespan rating is in accordance with - I[ES TM-21 method, based on LM80 test reports
report
» Other types of lighting: —-Demonstrate lifespan rating requirement is in accordance with - 7
relevant applicable internationally accepted test methods As-Built j%p::'::q;) %

e Lighting designed with minimal flicker and stroboscopic effects: Submission of
specifications showing use of LED lights of high frequency ballasts with frequency > 20
kHz and LED drivers with <30% flicker -

e Meeting the minimum colour rendering index: Detailed specifications and the
schedule of luminaries to demonstrate the minimum colouring rending index is in
accordance with Clause 5 of S§531 — 1 : 2016 (2013) — Code of Practice for Lighting of
Workplaces in all areas.

e Certified LED luminaires: Schedule of LED luminaires used and relevant SGBC
certification.

Worked Example

The proposed development provides the following lighting quality for its occupants at various spaces:

Reference R, The proposed lighting design meets
(SS531: 2006) the reference values as stated in SS
531: 2006 (2013) and the LED lightings
installed are based on lifespan rating
Atrium 60 60 of Lo for 250,000 life hours and meet
minimum colour rendering index,

Type of interior, task or activity Design R,

Office Space Type 1 80 80

Corridor type 1 40 40 .
hence the project can score a
Toilet 80 80 maximum of 1 point under this credit.
Mechanical & Electrical Rooms 60 60

Carpark 40 40
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4.2b Acoustics

Intent

An improved acoustical performance for normally occupied spaces can enhance the aural comfort of its

occupants, facilitating communication, reducing unwanted sound and aiding in speech privacy.

Scope
Applicable to occupied spaces of building developments.
Assessment

(i) Sound Transmission Reduction

0.5 point can be scored for projects that demonstrate that the acoustic performance of the internal partitions

between adjoining spaces will be constructed to achieve the following performance levels:

Between general office spaces 40 - 50
Spaces where confidential speech are required/ Between mechanical and 50 - 60
equipment spaces and occupied spaces:

Equivalent sound transmission metrics may also be used to qualify the range.

Documentation Requirements

Operation Document
(for handover to FM)

Design Stage

e STC details incorporated into the tender specifications .
As-Built

(i) Acoustic Report

1.5 points can be scored for an acoustic design and verification report based on requirements as follows.

Definitions

Reverberation time: The length of time required for sound to diminish 60 decibels from its initial level.

Guidance Notes

Acoustic Design Report format:

e  Executive Summary — summary of the key design recommendations for the project
e Acoustic Considerations:
» Impact of the project on the immediate noise environment, especially noise sensitive accommodation, including both the
construction and operational stages of the building.
External noise sources and propagation affecting the development.
Internal noise sources, acoustical design and criteria used within the building.
Internal layout planning, finishes selection and acoustical performance of the building.

Y V V V

Site massing, landscaping and facades design to mitigate the adverse impacts of external noise.
e  Fagade Noise Ingress Control Criteria:
» Noise survey methodology,results and standards.
» Recommendations for fagade treatment & spatial arrangement of interior spaces.
e Internal Acoustic Design Criteria:
» Sound transmission reduction targets in compliance with 4.2b (i) Sound Transmission Reduction. STC shall be calculated
using recognised design guidelines, field or laboratory test results by certified/accredited agency or design calculations.
> Reverberation time targets.
» This should be demonstrated via detailed design calculations or acoustic modeling.
» Sound reinforcement systems and/or public address system (where applicable).
e Internal Acoustic Design Proposals:
» Proposals for sound absorptive and sound insulation -with supporting calculations or field or laboratory test results by
certified/accredited agency for typical areas.
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Acoustic Verification Report Format:
e Environmental Noise & Survey (as-built)

» Methodology and testing standards.

Facade Noise Ingress Control (as-built)
» Fagade ingress noise measurement for internal
Internal Acoustics (as-built)

» External impact of development on the surroundings.

areas.

» Sound insulation & Reverberation times measurements.
» Commissioning and handover of noise masking or sound reinforcement systems (where applicable).

Functional Space

Reverberation Requirements (adapted from AS/ NZS 2107):

Recommended Reverberation

Time (T60 seconds averaged
between 500, 1,000 and 2,000Hz)

Calculation of reverberation time

The reverberation time can be
calculated by hand where:
A = (01S1 + 0252 + A3S3 +....+ 0nSn)

RT=0.163 x V/A

A - Total equivalent sound absorption

area of a room (in Sabin or m?)

ay,i- the sound absorption coefficient

Institutional

for different materials 1->i as
specified/used in a space/room.

(Schools, Civic
buildings)

Si,i- the total surface area of different
materials, 12> corresponding to the

respective absorption coefficient (m?).

RT — Reverberation Time in seconds.

Hotel

V — Room Volume (m?3)

Atria/Commercial
Lobby

Open Plan Office <1

Qerenee el (Ees 510.8 (0.4 for rooms with tele or
video conference)

Classrooms 0.6-1.0

Seminar / tutorial rooms 0.6-0.8

Libraries <1.0

Reading rooms 0.6-0.8

Music Rooms 0.5-0.7

Music Studios 0.7-0.8

Multi-Purpose Halls <1.5

Gymnasiums <15

Meeting Room <0.8

Large Banquet Room/Hall <1.2

Retail, office, institutional, or hotel |To reduce as far as practicable for

atria or main lobby spaces noise control

Documentation Requirements

Design Stage Operation Document (for handover to FM)

e Acoustic design and | e
verification report for
the project based on
the format
Guidance Notes. The
should be

by a
qualified acoustician.

under

report
prepared

Acoustic verification report of onsite testing and measurements to demonstrate that
the acoustic objectives have been met, with recommendations for continued
operational performance. Where defects due to workmanship are found, these
should be corrected
For sound insulation measurements, a representative sample of partitions shall be
tested, i.e. 10% of the total (lower quantity if there is extensive repetition). For fagade
noise ingress measurements and reverberation time measurements, a selection of
rooms shall be used for testing, i.e. 5% of the total (lower quantity if there is extensive
repetition). Testing shall be conducted in accordance with /SO 3382 - 3:2012 Acoustics
— Measurement of Room Acoustic Parameters.

Worked Example

Volume of room = 30m3

Meeting room of dimension 3.0m width, 4.0m length, 2.5m height with 4 timber doors (1.0m x 2.4m).

Step 1: Calculate the surface area related to each absorptive material (e.g. floor, wall, door, ceiling)

Surface Surface Finish Area (m?)
Floor Carpet on concrete base 12
Doors Timber 9.6
Walls (excluding door area) Concrete block, painted 25.4
Ceiling 12
Step 2: Obtain values of absorption coefficients for the carpet, painted concrete block walls and the timber doors, and ceiling
Surface Area (m?) 250 Hz 500 Hz 1,000 Hz 2,000 Hz 4,000 Hz
Floor 12 0.03 0.06 0.15 0.30 0.40
Doors 9.6 0.10 0.08 0.08 0.08 0.08
Walls 25.4 0.05 0.06 0.07 0.09 0.08
Ceiling 12 0.28 0.25 0.14 0.13 0.13
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Step 3: Calculate the absorption area (m?) related to each absorption surface (ie for floor, walls, doors, ceiling) in octave frequency
bands.

Absorption area (m?) [Absorption area = Surface area x Absorption coefficient]

Surface 250 Hz 500 Hz 1,000 Hz 2,000 Hz 4,000 Hz
Floor 0.03x12 =0.36 0.72 1.80 3.60 4.80
Doors 0.96 0.77 0.77 0.77 0.77
Walls 1.27 1.52 1.78 2.29 2.03
Ceiling 3.36 3.00 1.68 1.56 1.56
Step 4: Calculate the sum of the absorption area (m?) obtained in Step 3.

250 Hz 500 Hz 1,000 Hz 2,000 Hz 4,000 Hz
Total absorption area (m?) 0.36+0.96+1.27+3.36 =5.95 6.01 6.03 8.22 9.16
Step 5: T60 seconds averaged between 500,1000 and 2000Hz

250 Hz 500 Hz 1,000 Hz 2,000 Hz 4,000 Hz
Reverberation Time

0.163*30/5.95 =0.822 0.814 0.811 0.595 0.534
RT = 0.163*V/A
0.74 [(0.814+0.811+0.595)/3]
(Fulfils requirement for meeting room < 0.8)

4.2c Wellbeing

Intent

Wellbeing refers to the state of being comfortable, healthy or happy. Providing nurturing, healing and inclusive spaces
can enhance the building occupant and user’s environment, and overall wellbeing. This includes integrating within
buildings places of respite, nature access, architecture that invoke a connection to nature as well as accessible and

inclusive spaces.

Scope
Applicable to all building developments.

Assessment

A maximum of 2 points can be scored for the following:

(i) Biophilic Design
Points can be scored for architecture that reinforces the attributes and experience of nature to nurture the human-
nature relationship:

e Provision of accessible sky gardens, sky terraces, internal courtyards and rooftop gardens as areas for respite — 1
point

e Building design that adopt biomimicry designs — 1 point

e Provision for at least 5% of the common areas or functional spaces to have fixed indoor planting — 0.5 point

e Building design that takes after any natural shapes and forms/ creates ecological attachment to the place —0.25
point

e  Provision of images of nature for 5% of common areas — 0.25 point
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Documentation Requirements

. Operation Document
Design Stage

(for handover to FM)

e landscape plans of the relevant accessible sky gardens, sky terraces, internal
courtyards and rooftop gardens with indication the outdoor furniture and
refreshment area.

e Plan layouts and perspectives of the interior planting design at the applicable areas

with calculations that demonstrate the plant coverage as a percentage of the relevant As-Built

floor areas.
e Short description/ plans/ sketches to demonstrate and explain the adopted
biomimicry/ natural shapes/ forms and the sense of ecological attachment

e layout identifying common area where images of natures has been incorporated.

Worked Example

The fagade of a building has been designed to look like part of a natural landscape. Potted plants and planter boxes
have been placed at the lift lobbies, corridors and atrium. There are also multiple large landscape paintings hung in
the atrium. The area of the common areas is 400m? while the area of the atrium is 40m?2.

Item Details Points

Fagade of a building has 0.25 pt (Natural form) 0.25 pt
been designed to look like el il
part of a natural landscape

Potted plant area = 1t x r2 where r is the radius of the plant 0.5 pt

Planter boxes area = Length x breadth of the planter box (Indoor planting)
Potted plants and planter

boxes at common areas Assume total fixed planting area totals up to 20m?

Percentage of common area with fixed indoor planting = 20 /
400 x 100% = 5%

Percentage of common area with images of nature = 40 / 400 0.25 pt
Multiple large landscape x 100% = 10%

paintings hung in the atrium 0.26 (Images  of

Nature)

Total 1 point

(i) Universal Design (UD) Mark
The BCA UD Mark accords recognition to developments that adopt a user-centric philosophy in their design,

operations and maintenance. Points can be scored for projects being awarded either:

e UD Mark Certified/ Gold Award — 0.5 point
e UD Mark Gold™V5/ Platinum Award — 1 point

Documentation Requirements

Design Stage Operation Document (for handover to FM)

e UD Mark application form, accompanied with tender | ¢ BCA UD Mark Letter of Award
documents and written commitment from the developer /
building owner on the targeted level of UD Mark award




4.3 Smart Building
Operations (10 pts)

The use of automation, data and behavioural science
can enable building professionals to optimise
equipment and related processes in order to maintain
equipment  efficiency and  building comfort
requirements. A three-level taxonomy is defined to
classify the maturity of smartness as a framework,
namely basic monitoring of data, using feedback from
data to control demand, and finally advanced
integration and analytics of data. Additionally, a
proper handover to the facilities and operations team
is of fundamental importance to ensure that the
systems work as per their intended function and that
sustainable design is translated into actual operational
performance.

4.3a Energy Monitoring (3 pts)

4.3b Demand Control (3 pts)

4.3c Integration and Analytics (3 pts)

4.3d System Handover and Documentation (1 pt)
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4.3a Energy Monitoring

Intent

Tracking a building’s energy use with the data presented in a relevant manner to engage its occupants can have an effect
in helping to manage building energy consumption. Related to this ideal of sharing building data openly is the need to
apply open standards to future-proof the building’s management system and to facilitate data exchange between

subsystems.

Scope
Applicable to all buildings.

Assessment

() Energy Portal and Dashboard

Up to 2 points can be scored. This requires the provision of energy management portal, dashboard or other equivalent

forms in the form of digital displays or web-based/ mobile application. 1 point each can be scored for the provision of

following functions in the energy portal and dashboard:

e Display metered data, trending of energy consumption (historical data) and relevant parameters which facilitate
better management of energy consumption during building operation.

e Enable individual tenants/space to monitor their own energy usages and consumption. Information will
include monthly consumption of 50" percentile line of the tenants/space, based on operating hours, within
the buildings. The information could also include 25" and 75 percentile line to facilitate understanding of

consumption range.

Documentation Requirements

Operation Document
(for handover to FM)

Design Stage

e Specifications of the energy portal, dashboard or other equivalent forms and relevant
parameters such as areas, occupancy areas or use type that are to be included for
monitoring and setting of energy consumption targets.

e The data acquisition system, typically a building or energy management system (BMS
or EMS), must be able to store the measured data for at least 36 months, and to create @

As-Built

reports showing hourly, daily, monthly, and annual energy consumption associated

with each meter with option to export data.
e Plans and schematics to illustrate:
> Location and means of access of the portal
e  Electrical single line diagram of the sub-metering scheme and links to a BMS or EMS

(i) BAS and Controllers with Open Protocol

1 point can be scored for using BACnet, Modbus or any other non-proprietary protocol as the network backbone for the
building management system, with the system being able to provide scheduled export of a set of any chosen data points

to commonly used file formats.

Documentation Requirements

Operation Document
(for handover to FM)

e Extracts of the BMS or other equivalent building management, control and monitoring | ¢ Commissioning report

Design Stage

system that demonstrates that the building automation network. Controllers should of  the building
comply with open and non-proprietary protocols, such as BACnet, Modbus and KNX, management or
and provide interfaces to enable the easy integration of new devices with subsystems building automation
and facilitate scheduled and automated data export to widely-used file format such as system

Csv
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Permanent M&V for VRF Systems (Advanced Green Effort)

An additional 2 points can be awarded for provision of permanent measuring instruments for monitoring of energy
efficiency performance of Variable Refrigerant Flow (VRF) condensing units and air distribution subsystem. The
installed instrumentation shall have the capability to calculate resultant system efficiency (i.e. kW/RT or COP) within
10% uncertainty. Each measurement system shall include the sensor, any signal conditioning, the data acquisition
system and wiring connecting them. All data are to be logged at 5 minute sampling time interval, and recorded to at

least 1 decimal place, and data shall be available for extraction for verification purposes.

Documentation Requirements

Design Stage Operation Document (for handover to FM)

o  Detailed catalogue and method explanation for resultant system efficiency | ¢  The performance verification may include
within 10% uncertainty. on-site check by BCA officers.

e  Technical specifications and / or sample data sheets/ product information | e  Extracts of  the instrumentation
for instruments and meters for data logging. specifications calibration certificate and

e  Calculation of end to end measurement uncertainty brochures

e Detailed drawings and schematics of the power measurement strategies | ®  Extracts of data from logging system for
for the air conditioning system (inclusive estimation of power verification of performance.
consumption of air distribution equipment)

e  Details on how the owners or relevant parties are informed about the T
performance. jSummeary

e Commitment to comply with the requirements

Permanent M&YV for Hot Water Systems (Advanced Green Effort)

1 point for incorporation of Permanent Measurement and Verification, with performance requirement

similar to P.14, for central hot water system.

Documentary Requirement
As per P.14 Permanent Instrumentation for the Measurement and Verification of Water-Cooled Chilled Water Plants

for central hot water system

4.3b Demand Control

Intent

Using occupancy based controls to monitor the usage of spaces and vary temperature, ventilation and lighting demand
while maintaining room temperature effectiveness, good indoor environmental quality and lighting quality, can
significantly reduce building energy consumption. The energy savings from such controls can be taken into account under

the Energy Performance Points Calculator under Part 2 Building Energy Performance.
Scope

Applicable to buildings.

Assessment

A maximum of 3 points can be scored under this section.

(i) ACMV Demand Control
A maximum of 2 points can be scored for the use of the following controls to regulate the temperature and/ or

airflow of spaces served by air-conditioning and/ or mechanical ventilation systems:



138
e  Binary sensing controls
» 0.5 point for > 80% of all transient areas
» 0.5 point for = 80% of all occupied areas

e Occupancy-based sensing controls (for VAV systems)
» 1 point for > 80% of all transient areas
» 1 point for > 80% of all occupied areas

Definitions
e Binary sensing: Control is exercised based on whether the space is occupied (by one or more persons) or not

e  Occupancy-based sensing: Control is exercised based on measured occupancy, e.g. number of occupants

Guidance Notes

e 1 pointis scored if 2 80% of the applicable transient areas (by area) use occupancy-based sensing as a ACMV control strategy.
0.5 point is scored if binary sensing is used as a control strategy instead

e A further 1 point can be scored if > 80% of the applicable occupied areas use occupancy-based sensing as a ACMV control
strategy. 0.5 point is scored if binary sensing is used as a control strategy instead

e  The schematic of a typical multi-zone VAV-based HVAC system and a conceptual control algorithm that is implemented in an
occupied zone is shown

e  Part of the air removed from the occupied zone (return air) is mixed with the outside air and conditioned at the AHU to the
desired temperature and humidity ratio. The conditioned air, which is usually cold and dry, is distributed to the VAV boxes at
the zones through the ductwork. This temperature set point is reset dynamically based on whether the zone is occupied or not.
The control strategy is based on either occupancy-based sensing or binary sensing

%om Air Exogenous Inputs_

Conditioned Air

s Outside Temperature 5
»  Solar Radiation g

: — Zone ]
Supply Air A Y
SA
(SA) ControlInputs ™% o = s

. |
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e e~

g Return Air

Documentation Requirements

Operation Document
(for handover to FM)

Design Stage

e Location plans of the relevant sensors demonstrating that at least 80% of the

applicable areas are covered
. . . As-Bullt | \furchase
e Specifications of the sensors and a method statement of the ACMV controls including v
the sensor regulation of temperature and fresh air supply

(i) Lighting Demand Control

0.5 point each can be scored for the use of occupancy/ vacancy sensors to moderate brightness of the luminaries for >

80% of transient and occupied areas respectively.

Definitions

Occupancy/ vacancy sensing: Control automatically turns light off when motion is no longer detected.
Documentation Requirements

Operation Document
(for handover to FM)

e Location plans of the relevant sensors that demonstrate that at least 80% of the

Design Stage

applicable areas are covered. oo
e Specifications of the sensors and a method statement of the lighting controls including As-Built | Acummary
the sensor regulation of lighting level (brightness).
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(iii) Carpark Guidance System

0.5 point for having carpark guidance system to guide car to available lot. This will include signage to state the number of
lots in each segment of carpark. For building with no carpark, full point can be scored if building occupants is more than 10

pax.

Definitions

Provide information of the number of lots for key turning points within the carpark so as to reduce the time spent by cars

to find nearest available parking lots.

Documentation Requirements
Operation Document
(for handover to FM)

e Location signage for carpark guidance system and method of detection of available m
parking lots

Design Stage

4.3c Integration and Analytics

Intent

The innovative and integrative use of data can optimise workflow or attain persistence of high performance and energy
efficiency in a building. Basic integration and use of sensor data can optimise and operate the building in an informed and
effective manner. The use of advanced integration and analytics can provide enhanced efficacy in lowering energy use,

increase asset reliability, and improve the user experience.

Scope
Applicable to all buildings.

Assessment

A maximum of 3 points can be scored for the following:
(i) Basic Integration and Analytics

Assessment

0.5 point each can be scored for basic integration and analytics features such as (but not limited to):

Basic Features (Features displayed via BMS,

BAS, website or mobile app) TS

Use adaptive control algorithms e Adjust cooling tower approach based on wet bulb

temperature
e When efficiency of chiller plant system (in kW/RT) deviates
Exception handling by identifying systems that >10%
deviates from expected performance/setting e When a space setpoint is set below a typical value

e When a space operates significantly below its setpoint

Detect equipment that run outside intended

hours or settings e AHUs/FCUs that run past regular office hours

e Use embedded sensors to predict mechanical wear and

Monitor equipment condition for preventive failure

maintenance e Priorities equipment maintenance using machine condition
monitoring

Basic fault detection and diagnostics (FDD) of e Compare set points to actual to find leaking valves or stuck

sensors by finding failed or improperly dampers

operating sensors or actuators e Set algorithms to counter-check between sensors
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(i) Advanced Integration and Analytics

1 point each can be scored for advanced integration and analytics features such as (but not limited to):

Advanced Features (Features displayed via

BMS, BAS, website or mobile app) Brxaipe

Whole system optimisation using a network of
HVAC equipment

Integration of sub-systems to optimise resource
use or improve user experience

e Drive pumps minimally to satisfy the most demanding valve.

e Integration of ID card access system to a hot-desk scheme

Use of Building Information Modelling (BIM) or
similar applications that provide location-based
visualisation of multiple sensors

e BIM for facilities and asset management such as energy and
water use or temperature and relative humidity monitoring.

e Reduce energy consumption of specific electrical items for
short periods
Pls refer to *Demand Response Programme by EMA.

*Link: https://www.ema.gov.sg/Demand Response Program.aspx

Participate in a Demand Response programme
with electricity retailer

Guidance Notes

Both basic and advanced features needs to be displayed via BMS, BAS, website or mobile app.

Documentation Requirements

Operation Document

(for handover to FM)
e Method statement and extracts of the tender documents showing the provision of
ummary

Design Stage

system integration sensors and control strategies.

Additional Advanced Integration and Analytical Features (Advanced Green Effort)

An additional 1 point can be scored for additional advanced integration and analytical features beyond the points cap.

4.3d System Handover and Documentation

Intent

Design and delivery integration is essential to delivering an operationally energy efficient building. Control systems should
be properly tested and verified and to ensure operational continuity from construction to building maintenance and
operation. These criteria indicate the presence of a quality assurance plan to maintain the desired energy efficiency and
indoor comfort.

Assessment

1 point can be scored for a proper system verification and handover of higher-order functional and system level
performance of buildings control systems, mechanical systems and electrical systems. The project shall demonstrate a

commitment to comply to verification requirements and show evidence of relevant schedules and documentation.

Documentation Requirements


https://www.ema.gov.sg/Demand_Response_Program.aspx
https://www.ema.gov.sg/Demand_Response_Program.aspx
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Design Stage Operation Document (for handover to FM)

e List of relevant mechanical, electrical | ®  Written description of all the systems operation and control actions to
and control systems that are to be meet the functional requirements of the system, including control
tested and verified. strategy and logic diagrams

e Commitment letter from client to | @ Integration test results of air and hydronic systems
undertake system verification and | e  Schematic of BMS network & Description of BMS point list including
handover. user adjustable points, hard and derived points, and their respective
controller and register addresses

e Handover of all technical , instruction(covering details of system
operation) & training manuals, user guides and drawings, back-up
copies of software, software configuration along with software routine
and consumable spares

e List of all updated as-built documents for Green Mark Assessment
» BIM, Energy modelling and CFD models

As-built drawings and documents

Photographic evidences

Updated calculation for changes

YV V V VY

Summary of purchase from contractors, sub-contractors or
suppliers

Expanded Post Occupancy Performance Verification by a 3rd Party (Advanced Green Effort)

0.5 point can be scored per energy subsystem (e.g. lighting controls, mechanical ventilation, hot water system, heat
recovery system, renewable energy system) up to 2 points, where the owner engages an independent competent
professional (either a BCA registered Energy Auditor or a Professional Engineer (PE) (Mech/Elect)) to verify the
operational performance and provide recommendations on system performance enhancement. This should be

conducted within one year from the building’s TOP.

Documentation Requirements

Design Stage Operation Document (for handover to FM)

e Method Statement & Extracts of the | «  The verification report for each of the applicable building energy
tender documents showing the systems
involvement of third party to | ¢ The recommendation report for energy optimisation for all the
undertake performance verification. major energy subsystems along with relevant operational manual.

Energy Performance Contracting (Advanced Green Effort)

1 point can be scored for engaging an Energy Performance Contracting (EPC) firm (accredited by SGBC) to implement
and deliver energy efficiency, renewable energy and/or energy recovery projects with an energy performance contract
wherein the EPC firm’s remuneration is based on demonstrated energy savings. Operational system efficiency should

be guaranteed over a minimum of 3 years.

Documentation Requirements

Design Stage Operation Document (for handover to FM)

e Extracts of the tender documents including details on project | @ Extracts of contract
deliverables, financial model and duration of performance contract




The Green Mark NRB: 2015 Advanced Green Efforts section recognises the implementation of industry leading
performance or innovative strategies, designs or processes that demonstrate exceptional levels of
sustainability. The 20 points in this section are bonus points that can be added to the base Green Mark score
to help projects demonstrate their holistic environmental performance and achieve higher levels of Green
Mark award.

The enhanced performance criteria have indicators placed within the 4 main sections of Climatic Responsive
Design, Building Energy Performance, Resource Stewardship and Smart and Healthy Building that we have

identified as practices that are pioneering initiatives in sustainable design.

The remaining criteria within this section recognise projects that undertake sustainability with the view of
market transformation, such as demonstrating cost neutrality. Other criteria recognise broader aspects of
sustainability including socio-economic indicators or global sustainability benchmarking that address issues

outside of green building rating tools.

20 POINTS

5.1 Enhanced Performance (15 pts)

5.2 Complementary Certifications (1 pt)

5.3 Demonstrating Cost Effective Design (2 pts)
5.4 Social Benefits (2 pts)
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5.1 Enhanced Performance

Intent
Points can be awarded based on the Advanced Green Efforts indicators that are highlighted within the Green Mark NRB:
2015 criteria. Alternatively, where projects can demonstrate substantial performance to a specific sustainability

indicator or outcome addressed within Green Mark beyond what is specified in the criteria, points can be awarded on

a case by case basis.

Assessment

A maximum of 15 points for enhanced performance indicators can be scored for each project. Submission requirements
for assessment shall follow the guidance for each enhanced performance indicator within the main Green Mark sections,
or for other outcome beyond what is specified, based on 2 points for high impact items, 1 points for medium impact

items and 0.5 point for low impact items.

High Impact items (2 points each)
a) Inclusion of ACT Technologies (Annex D) for 250% of A/C areas/systems
Medium Impact items (1 point each)
b) Inclusion of ACT Technologies (Annex D) for 230% of A/C areas/systems
c) Achieve A/C system efficiency (excluding air distribution) better than 0.65kW/ton for whole range from
25% to 100% of the peak cooling load (based on A/C areas).
d) Adoption of Smart Facilities Management (FM)

Undertake to conduct a feasibility study using the 5-step SMART process template including cost benefit
analysis (refer to Technical Guide on Smart FM) and undertake to implement at least 2 of smart

technology solutions:
e Usage of robotics for feedback and optimisation of processes (e.g. cleaning, security)

e Usage of video monitoring coupled with facial recognition for incident detection in security

function
o Workflow automation to streamline FM services with feedback loop
e Use of digital twin to monitor assets and enable predictive maintenance
e) Adoption of Design for Maintainability (DfM)

To adopt at least 25 strategies/provision for integrating operation and maintenance experience in

planning and design process (refer to Design for Maintainability Guide: Non— Residential)

Low Impact items (0.5 point each)
f) Inclusion of ACT Technologies (Annex D) for 210% of A/C areas/systems

g) Undertake adoption of Smart FM in area such as M&E services, security, environmental services etc



https://www.bca.gov.sg/GreenMark/others/Guide_to_Smart_FM.pdf
https://www.bca.gov.sg/sustain/others/DfM-Guide-Non-residential.pdf
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Guidance Notes

® All projects should plot efficiency profile of all possible configurations of A/C equipment (as shown below), regardless if they are
scoring for the additional credit. If A/C system efficiency for whole range from 25% to 100% of the peak cooling load is able to
achieve better than 0.65kW/ton, the project will be able to score 1 point under medium impact item. Project teams are
encouraged to review lower load efficiency if operation hours for these lower load are significant.

Graph of A/C System Efficiency vs Cooling Load (Allowed by configuration)
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5.2 Complementary Certifications

Intent
Green Mark is an assessment tool that assesses the environmental sustainability of a building. However, the

consideration of sustainability indicators beyond those relevant to the built environment is also important.

Assessment

1 point can be scored where the project demonstrates that it is certified through a local or international complementary

certification or rating tool that assesses the project beyond the environmental indicators within Green Mark NRB: 2015.

5.3 Demonstrating Cost Effective Design

Intent
Projects that can demonstrate that they have achieved high levels of environmental performance without an increased
capital expenditure are of great interest to promote market transformation and encourage the mass market to drive

towards higher levels of environmental sustainability.

Assessment
1 or 2 points respectively can be scored for demonstration of cost effective or cost neutral design beyond the norm

through a detailed quality surveyor’s report of the building.
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5.4 Social Benefits

Intent

While Green Mark focuses on environmental sustainability, this criterion rewards projects that are able to demonstrate

that their project contributes to social sustainability.

Assessment

A maximum of 2 points can be scored for projects that demonstrate their social benefits or how social sustainability has
been incorporated into the project, beyond core functionality of the building. This can (but not limited to) include efforts
that demonstrate enhanced considerations to further wellbeing, welfare, community integration as well as the purchase

of clean energy (e.g. solar energy) through third party leasing contracts. 0.5 point for each distinct benefit.



!

Annexes

Energy Efficiency & Other
Green Features for Specialised
Building (up to 15 pts)

The Green Mark NRB: 2015 recognises the need for
context specific criteria to enhance the
sustainability value to the project. Annexes for
specialised building list the additional sustainability
features relevant to specific building types. The
points scored under the respective Annex are bonus
points that can be added to the base Green Mark
score (140).

e Annex 1: Hawker Centres (15 pts)

e Annex 2: Healthcare Facilities (10 pts)
e Annex 3: Laboratory Buildings (10 pts)
e Annex 4: Schools (10 pts)




Quick References Table

147

Certain criteria in GM NRB:2015 may not be applicable to specialised buildings types such as Healthcare, Laboratories,
School and hawker centers. Hence, additional criteria are added to the scoring for these specialised buildings types.

Additional points for different building typologies can be prorated based on size of functional spaces.

The below quick references table, highlights the various scorable, possibly scorable and unlikely-scorable credits for the

different annexes
v' : Scorable credits
O : possibly scorable credits

<> : unlikely-scorable credits

Elective Requirements

Office/Retail
/Commercial

Annex 1
Hawker
Centres

Annex 2
Healthcare

Annex 3
Laborato
ries

Annex 4
School

P.1 Envelope and Roof Thermal Transfer

P.2 Air Tightness and Leakage

P.3 Bicycle Parking

PSP

NSEYAN

ANR RN

SEYAN

1.1 Leadership

1.1a Climatic & Contextually Responsive Brief

1.1b Integrative Design Process

1.1c Environmental Credentials of Project Team

1.1d Building Information Modeling
4D, 5D & 6D BIM (Advanced Green Efforts)

o« «[x

SNENEVAN

ANERRNEN

SNENEVAN

1.1e User Engagement

<

<«

<«

<«

1.2 Urban Harmony

1.2a Sustainable Urbanism

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

Response to Site Context

Urban Heat Island (UHI) Mitigation

Green Transport

SR

SSENEN

AR AN

SSENEN

1.2b Integrated Landscape and Waterscape

Green Plot Ratio (GnPR)
GnPR > 5.0 (Advanced Green Efforts)

AN

Tree Conservation

Sustainable Landscape Management

AN

AN

Sustainable Storm Water Management

AN

[OJIGIAN

1.3 Tropicality

1.3a Tropical Fagade Performance -

Low Heat Gain Fagade (Advanced Green Efforts)

Greenery on East and West Fagade (Advanced Green Efforts)
Thermal Bridging (Advanced Green Efforts)

AN

1.3b Internal Spatial Organisation

1.3c Ventilation Performance
Wind Driven Rain Simulation (Advanced Green Efforts)

P.4 Air Conditioning Total System and Component Efficiency

P.5 Lighting Efficiency and Controls

P.6 Vertical Transportation Efficiency

ANENEN

ANENEN

AN RN

ANENEN

2.1 Energy Efficiency

Option 1: Energy Performance Points Calculator

2.1a Air Conditioning Total System Efficiency

2.1b Lighting System Efficiency

2.1c Carpark System Energy

2.1d Receptacle Energy

2.1e Building Energy
Further Improvement in Design Energy Consumption (Advanced
Green Efforts)

AR ANENAN

NEAENENEN

NESENENEN

ANENENANEN

Option 2: Performance-Based Computation

2.1f Space Conditioning Performance (10 pts)
Efficient Space Conditioning Energy Design (Advanced Green Efforts

2.1g Lighting System Performance (6 pts)
Efficient Lighting Design (Advanced Green Efforts)

2.1h Building System Performance (6 pts)
Additional Energy Efficient Practices and Features (Advanced Green

Efforts)
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2.2 Renewable Energy

2.2a Solar Energy Feasibility Study

2.2b Solar Ready Roof

2.2c Adoption of Renewable Energy
Further Electricity Replacement by Renewables (Advanced Green

Efforts)

ANENEN

SENAN

ANENEN

SENAN

P.7 Water Efficient Fittings

3.1 Water

3.1a Water Efficient Systems

Landscape irrigation

Water Consumption of Cooling Towers
Better Water Efficient Fittings (Advanced Green Efforts)

AN[©)

3.1b Water Monitoring

Water Monitoring and Leak Detection

Water Usage Portal and Dashboard

3.1c Alternative Water Sources

ANIN

3.2 Materials

3.2a Sustainable Construction

Conservation and Resource Recovery

Resource Efficient Building Design
Use of BIM to calculate CUI (Advanced Green Efforts)

Low Carbon Concrete
Advanced Green Materials(Advanced Green Efforts)

3.2b Embodied Carbon

Provide Own Emission Factors with Source Justification (Advanced
Green Efforts)

Compute the Carbon Footprint of the Entire Development (Advanced
Green Efforts)

3.2c Sustainable Products

Functional Systems

Singular Sustainable Products outside of Functional Systems
Sustainable Products with Higher Environmental Credentials
(Advanced Green Efforts)

3.3 Waste

3.3a Environmental Construction Management Plan

3.3b Operational Waste Management

Part 4 — Smart & Healthy Building
P.8 Thermal Comfort

ANIN

<<

AN

<<

P.9 Minimum Ventilation Rate

P.10 Filtration Media for Times of Pollution

P.11 Low Volatile Organic Compound (VOC) Paints

P.12 Refrigerants

P.13 Sound Level

P.14 Permanent Instrumentation for the Measurement and
Verification of Chilled Water Air-Conditioning Systems

A RN R RN R RS

ANENENANENANEN

ANENENENENENEN

oJANTS]ANENANEN

P.15 Electrical Sub-Metering & Monitoring

AN

AN

AN

AN

4.1 Indoor Air Quality

4.1a Occupant Comfort

Indoor Air Quality (IAQ) Surveillance Audit

Post Occupancy Evaluation

Indoor Air Quality Display
Indoor Air Quality Trending (Advanced Green Efforts)

S RNRS

ANENEN

ANRARN

ANENEN

4.1b Outdoor Air

Ventilation Rates

Enhanced Filtration Media

Dedicated Outdoor Air System

IR

SRR

AN RN

SR

4.1c Indoor Contaminants

Local Exhaust and Air Purging System

Ultraviolet Germicidal Irradiation (UVGI) System

More Stringent VOC Limits for Interior Fittings and Finishes

Use of Persistent Bio-cumulative and Toxic (PBT) free lighting
Zero ODP Refrigerants with Low Global Warming Potential
(Advanced Green Efforts)

SNENENE-

SNENEVAN

AN RNEN

L X[O|O

4.2 Spatial Quality

4.2a Lighting

Effective daylighting for common areas

Effective daylighting for occupied spaces

Quality of Artificial Lighting

ANENEN

SRR

{| 0|0

SRR

4.2b Acoustics

Sound Transmission Reduction

Acoustic Report

|+

4.2¢ Wellbeing

Biophilic Design

Universal Design (UD) Mark

AN

{0
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4.3 Smart Building Operations

4.3a Energy Monitoring

Expanded Post Occupancy Performance Verification by a 3rd Party
(Advanced Green Effort) Energy Performance Contracting (Advanced
Green Effort)

5.1 Enhanced Performance

Energy Portal and Dashboard v v v (@)
BAS and Controllers with Open Protocol v v v O
Permanent M&V for VRF Systems (Advanced Green Effort)

Permanent M&V for Hot Water Systems (Advanced Green Effort)

4.3b Demand Control

ACMV Demand Control < v 4 O
Lighting Demand Control v v v v
4.3c Integration and Analytics

Basic Integration and Analytics <> 4 v O
Advanced Integration and Analytics <> 4 v O
Additional Advanced Integration and Analytical Features (Advanced

Green Effort)

4.3d System Handover and Documentation v v v 4

Part 5 — Advanced Green Efforts

5.2 Complementary Certifications

5.3 Demonstrating Cost Effective Design

5.4 Social Benefits

SRR

SRR

NESENEN

SRR




150

Annex 1: Energy Efficiency & Other Green
Features [Hawker Centres]

Intent

Encourage use of innovative energy efficient equipment, system or design feature.

Scope

Applicable to naturally ventilated hawker centre building.

Assessment

A maximum of 15 points can be scored for the following:

a. Implementation of Environmental- friendly procurement & purchase policy — 0.5 point

To set in place a policy statement that supports environmentally friendly procurement and purchases within
Definitions the hawker centres, to reduce the adverse environmental impact of building owners’ purchasing decisions by
buying goods and products from environmentally responsible product/ service providers.

Documentation Requirements
Operation Document

Design Stage (for handover to FM)

e  Establish the following policies with endorsement by Client’s representative (not limited to):
> Environmental Policy for the organisation
» Organisation’s procurement and purchase plans
» Key appointment holders for the operation including the persons responsible for review,
implementation and roll-out of these action plans

b. All kitchen exhaust to be connected to centralised exhaust system with filter to remove odour or particulates — 2
points

The kitchen exhaust shall dispel smells directly through a centralised exhaust system without spreading from

Definitions the kitchen stove areas to the patrons’ seating areas.

Documentation Requirements
Operation Document

Design Stage (for handover to FM)

e  Drawings showing the schematic and layout of the proposed centralised kitchen exhaust system
e Technical specifications and product information of the various components of the exhaust system As-Built \:,',‘,',',’,':,f:,‘

designed and installed

c. Provision of design to facilitate outflow of heated air to provide thermal comfort at seating area.
— 2 points

To identify optimum design to dissipate heat load from kitchen stoves, heat release from customers, typical winds

Definitions and kitchen hood operations etc. away from patrons’ seating area.

Documentation Requirements

Operation Document

Design Stage (for handover to FM)

e  CFDsimulation as per Annex A: Computational Fluid Dynamics Simulation Methodology and
Requirements
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d. Provision of relevant information and guidance to facility management to main Indoor Air Quality performance in
respect to cleaning, prevent migration of odors at cooking, dinning & toilets etc — 3 points

Definitions To develop an active IAQ maintenance guidelines for Hawker Operators to maintain good IAQ in hawker centres.

2 points shall be awarded for the provision of good IAQ maintenance guidelines for Hawker Operators. A brief
outline of the guidelines is as follows (not limited to):

e Introduction — the intent of the guidelines

e  Strategies to minimise odours from kitchen stoves, toilet areas, cleaning products etc.

e  Preventive measures from birds and insects invading food accessible areas (e.g. seating areas, kitchens etc.)
e  Provision of feedback channel for corrective actions and follow-ups

e  Regular maintenance schedule and periodic review of the guidelines

Guidance
\[o] {13

Documentation Requirements

Design Stage Operation Document (for handover to FM)

e Guidelines prepared and endorsed by the Client’s representative, | © Guidelines and evidence on the
complete with commitment that the project team will brief the handover process to the appointed
appointed Hawker Operator on the operational requirement. Hawker Operator.

e. Provision of commitment to achieve “Happy Toilet” by Restroom Association Singapore (RAS) — 1 point

Definitions To encourage and recognise toilet owners and operators for keeping their public toilets well-maintained.

Documentation Requirements
Operation Document
(for handover to FM)
e  Extract of the tender, or a signed commitment from the developer/ building owner that | ¢ Letter of award
toilet operators shall apply for Restroom Association Singapore (RAS) Happy Toilet or Happy Toilet
Programme. certificate

Design Stage

f.  Provision of commitment to undertake POE every 6 months — 0.5 point

As part of the Smart Nation agenda, project is encouraged to adopt innovative and sustainable facilities
management solutions to optimise management and operation.

Definitions

Documentation Requirements
Design Stage Operation Document (for handover to FM)

e  Extracts of tender documents showing the provision of facilities | ® User manuals and system
. . . . . Purchase
management solutions integration and installation ummary
e  Method statements for the system integration/ operation reports

g. Provision of innovative and sustainable facilities management solutions to optimise management of Hawker
Centres’ operations such as of Internet of Things(loT), cloud computing, cashless payment — 1 point.
h. Points achieved under the following credits carries double weightage;
e  1.2a(iii) Urban Heat Island (UHI) Mitigation — 1 point
e 3.3b Operational Waste management — 3 points
e 4.2alighting — 6 points
e 4.2c¢c Wellbeing — 2 points
e  4.3Db(ii) Lighting Demand Control — 1 point
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Annex 2: Energy Efficiency & Other Green
Features [Healthcare Facilities]

Intent

Encourage use of innovative energy efficient equipment, system or design feature.

Scope

Applicable to healthcare facilities including hospitals, medical centres etc

Assessment
MinPoint ~~ ————— Rating Gold GoldPLUs Platinum
Annex 2(d) Local Energy Generation for Centralised Service - - 1 pt
Hot Water Heating
Annex 2(e) Onsite Airside Energy Recovery - - 1 pt

A maximum of 10 points can be scored for the following:
a. Use of energy efficient Uninterruptible Power Supply (UPS) systems — 1 point

For all UPS rated >= 5 kVA operating in the following systems must meet the minimum efficiency:
UPS Range (kVA
Type iy 25 to <10 10 to <20 20 - <40 40 - <200 2200
25% load 82.5% 86.5% 87.5% 89.0% 90.0%
CD::Vthsion o, 150%load 85.0% 91.0% 91.5% 92.0% 92.5%
line mode 75% load 87.0% 92.0% 92.5% 93.0% 93.5%
100% load 87.0% 92.0% 92.5% 93.0% 93.5%
Definitions 25% load 85.5% 90% 91% 91.5% 93%
Line interactive [50% load 91.5% 93% 93.5% 94% 95.5%
or ECO mode  |75% load 92.5% 93.5% 94% 94.5% 96%
100% load 92.5% 93.5% 94% 94.5% 96%
25% load 90% 94% 94.5% 95% 95.5%
Sy e 50% load 93% 96% 96.5% 97% 97.5%
75% load 94% 96.5% 97% 97.5% 98%
100% load 94% 96.5% 97% 97.5% 98%
. The points awarded will be based on the aggregated kVA meeting the minimum efficiency as a
gz't(:ince proportion to the total installed kVA for UPS rated > 5 kVA

Documentation Requirements
Operation Document

Design Stage (for handover to FM)

e  Drawing showing the schematic and layout of the proposed UPS system.
e  Technical specifications and product information of the various components of the UPS system.

b. Use of Low-loss service transformer — 1 point

All the low-loss service transformers must meet the performance metric stipulated below:

Definiti Transformer capacity No load loss at rated voltage |Full load loss at rated voltage
SHRILONS Transformer capacity > IMVA < 0.25% of rated load < 2.5% of rated load
15 kVA < Transformer capacity < 1IMVA < 0.35% of rated load < 2.5% of rated load

Documentation Requirements

Design Stage Operation Document
(for handover to FM)

e Drawings showing the schematic of the proposed transformer system.

e  Technical specifications and product information of the various components of transformer system.
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c. Computation of Service Hot Water Demand — for patients’ wards, kitchen and restaurant/ café and additional
service hot water demand for clinical & surgery, supply and sterilisation — 1 or 2 points respectively.

To capture the actual service water heat load for healthcare facilities for domestic and service hot water demand
and steam sterilization.

The SWH design flow rate is recommended to be computed based on the design flow rate per space type:

Design flow rate Design flow rate
Space type Space type

(litre/hr/person) (litre/hr/person)

Definitions i i

Patient room 69..6 (Iltrg/hr) or Imaging/laboratory : 2.869

9 litre/min/person) |Procedure room/trauma/triage  [2.869
Kitchen 503.4 (litre/hr) Operating suite 4.780
Café/Restaurant 1.434 Laundry/soiled linen 2.869
Examination/treatment 1.434 Sterilising 2.869
room/intensive care

Documentation Requirements

Operation Document
(for handover to FM)
e  Detailed record of
hot water
consumption.

Design Stage

e  Computation of service hot water demand.

e Information in relation to the capability of the data acquisition system to store the measured hot
water consumption data.

d. Provision of solar thermal hot water system or heat pumps or combines heat & power (CHP) system or
Photovoltaic Thermal (PV/T) or other low and zero carbon technology hot water system to meet service hot
water heating demand. The performance of service hot water system shall meet the efficiencies as described
below — 1 point. Thereafter, additional point for every 10% improvement from minimum efficiency stated for
each category (max 5)

e Solar Thermal Hot water system — Solar Factor (SF) of 0.5 or Solar Energy Factor (SEF) of 2
e  Hot Water System Ratio (HWSR) of 1.60 or Heat Pump — COP of 3.5
e  Combustion turbine — based CHP — Effective electrical efficiency of 0.5

e  Reciprocating engine based CHP — effective electrical efficiency of 0.7

Provision of solar thermal hot water system or heat pumps or combines heat & power (CHP) system or
Photovoltaic Thermal (PV/T) or other low and zero carbon technology hot water system to meet service hot water
heating demand. The performance of service hot water system shall meet the efficiencies as described below:
Definitions e  Solar Thermal Hot water system — Solar Factor (SF) of 0.5 or Solar Energy Factor (SEF) of 2

e  Hot Water System Ratio (HWSR) of 1.60 or Heat Pump — COP of 3.5

e  Combustion turbine — based CHP — Effective electrical efficiency of 0.5

Reciprocating engine based CHP — effective electrical efficiency of 0.7
Documentation Requirements
Operation Document

Design Stage (for handover to FM)

e  Drawing showing the schematic and layout of the proposed centralised service hot water system.

e Technical specifications and product information of the various components of the proposed
centralised service hot water system.

e. Promote airside energy recovery to all healthcare ventilation system through provision of energy — recovered
device with no-recirculation (i.e. 100% of the room air to be exhausted). The energy transfers efficiency of energy
— recovered device shall meet the below prescribed requirement — 1 point

e Run Around coil — min 45% energy transfer efficiency
e Plate heat exchanger — min 50% energy transfer efficiency
e Thermal Wheel - 60% energy transfer efficiency

e  Other types — min 50% energy transfer efficiency

Promote airside energy recovery to all healthcare ventilation system through provision of energy — recovery device
with no-recirculation (i.e. 100% of the room air to be exhausted). The energy transfers efficiency of energy —
recovery device shall meet the below prescribed requirement.

Definitions e Run Around coil — min 45% energy transfer efficiency

e  Plate heat exchanger — min 50% energy transfer efficiency

e  Thermal Wheel - 60% energy transfer efficiency

e  Other types — min 50% energy transfer efficiency
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Documentation Requirements

Operation Document

e  Drawing sho

Technical specifications and product information of the various components of the proposed energy-

(for handover to FM)
wing the schematic and layout of the proposed energy-recovery device.

Purchase
ummary

recovery device.

f.

Provision of process water management - 1 point

Definitions

To measure, manage and improve their efficiency in process water consumption using Water Efficiency
Management Plan (WEMP) can be found in the PUB website:

www.pub.gov.sg/conserve/Documents/WEMP.xls

Guidance
[\ [e] {1

Design Stage

e  Method stat

Extracts of tender documents showing the provision of process water management solutions.

This point is not applicable for mandatory WEMP submission in healthcare premises with water
consumption >5,000m3/month.

Documentation Requirements
Operation Document
(for handover to FM)

Detailed record of
process water
consumption.

ements for process water management plan.

g. Prevent

air-borne contaminate releases and NOx emission from Fuel burning process — 1 point

Definitions

The emission limits of Carbon Monoxide (CO), Oxides of Nitrogen (NOx) and Particulate Matters (PM) from fuel
burning process shall comply with the Code of Practice on Pollution Control (2000 edition) by NEA. In addition,
Generator sets powered by engines up to 560kWm to meet hot water service demand shall meet Stage Il emission:

Oxides of Nitrogen (NOx) | Hydrocarbon (HC) Carbon Monoxide (CO)
Genset Power (kWm) /kWh
(8 r) (g/kWhr) (g/kWhr
18-36 8.0 1.5 5.5
37-55 7.0 1.3 5.0
56-74 7.0 1.3 5.0
75-129 6.0 1.0 5.0
130-560 6.0 1.0 3.5
OR

Generator sets powered by engines up to 560kWm to meet hot water service demand shall meet Stage Il
emission:

Oxides of Nitrogen Hydrocarbon (HC) Carbon Monoxide (CO)
(st Pomrel (185 (NOx) (g/kWhr)g (g»}kWhr) (g/kWhr
18-36 7.5 5.5
37-55 4.7 5.0
56-74 4.7 5.0
75-129 4.0 5.0
130-560 4.0 3.5

Guidance
Notes

Design Stage

(NOx), Partic

Extracts of tender documents showing the emission of Carbon Monoxide (CO), Oxides of Nitrogen

For generator sets 2750kWm, it shall be installed, operated and maintained in calibration a NOx Continuous
Emission System (CEMS) with data gathering and retrieval capability

Documentation Requirements
Operation Document
(for handover to FM)

Purchase
ummary

ulate Matters (PM) and Hydrocarbon (HC) of generator sets.

h. Thermal
Pub
Pati

Clin

comfort & control for each category of A/C space — 0.25 point each
lic areas
ent and General Clinical Areas

ical areas with Specialized Ventilation Systems

Operating Theatre and Surgery
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Air-conditioning system is designed to ensure consistent indoor thermal comfort such that:

Area

Requirement

Public areas

The indoor operative temperature should be maintained between 24°C to 26°C, with
relative humidity <65%, in accordance with SS553, Clause 7.2.

Patient and General

Definitions Clinical Areas

The indoor operative temperature should be maintained at 24+2°C, with relative
humidity <65%., or according to ASHRAE Handbook 2007 Table 3

Clinical areas with
Specialized Ventilation
Systems

The indoor operative temperature and relative humidity should be maintained
according to HTM-03-01, Appendix 2 or equivalent international healthcare
standards.

Operating Theatre and
Surgery

The indoor operative temperature should be maintained between 18°C to 24°C with
relative humidity ranging from 50% to 60% or according to HTM-03-01, Appendix 2.

Design Stage

e  Extracts of tender documents showing design specification to ensure consistent | e
indoor thermal comfort for public area, patient and general clinic area, clinic area
with specialized ventilation systems and operating theatre surgery.

e  Drawing showing the schematic and layout of the air conditioning systems. area with

e  Technical specifications and product information of the various components of the
proposed energy-recovery device for re-heating.

Documentation Requirements

Operation Document (for handover to FM)
Detailed record of room air
temperature and RH for public area,
patient and general clinic area, clinic
specialized ventilation
systems and operating theatre surgery.

Purchase
ummary

i. Control of indoor thermal environment by re-heating the air by provision of site — recovered energy (including
condenser heat) or site solar energy — 1 point

Control of indoor thermal environment by re-heating the air is achieved by means of site-recovered energy

Definitions

Design Stage

e  Extracts of tender documents showing design specification to ensure consistent indoor thermal
comfort for public area, patient and general clinic area, clinic area with specialized ventilation systems

and operating theatre surgery.

e  Drawing showing the schematic and layout of the air conditioning systems.
e  Technical specifications and product information of the various components of the proposed energy-

recovery device for re-heating.

(including condenser heat) or site solar energy.

Documentation Requirements

Operation Document
(for handover to FM)

Purchase
ummary
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Annex 3: Energy Efficiency & Other Green
Features [Laboratories Buildings]

Intent

Encourage use of innovative energy efficient equipment, system or design feature.

Scope
Applicable to buildings with laboratories.

Assessment
MinPoint  ~~  —————  Rating Gold GoldPLus Platinum
Annex 3(c) Onsite Airside Energy Recovery - - 1 pt

A maximum of 10 points can be scored for the following:

a. Use of energy efficient Uninterruptible Power Supply (UPS) systems — 1 point

Definitions As per Annex 3 [Healthcare Facilities] item a.

Documentation
Requirements

As per Annex 3 [Healthcare Facilities] item a.

b. Design for variable ventilation and ventilation optimisation — 0.5 or 1 point per feature (up to 3 points )
To reduce energy use in air-distribution systems through use of variable ventilation and ventilation

optimisation.

Definitions

Up to 3 points can be award for this item. 0.5 point or 1 point per feature.

Examples Points per item
e Segregation of areas with different ACH design for more than 30% of applicable areas
e Localised exhaust or provision of effective isolation zoning of heat-generating

equipment for 30% of critical heat sources and instrument

e Adopt risk based assessment to minimise lab ventilation rate

Guidance e Segregation of areas with different ACH design for more than 70% of applicable areas

Notes e Localised exhaust or provision of effective isolation zoning of heat-generating
equipment for 70% of critical heat sources and instrument

e Reuse of return or recirculated cooled air from office/support areas for air make-up to |1 point per feature
laboratories areas or design for air recirculation within laboratory while meeting safety
requirement.

e Adopt VAV lab air flow and variable flow exhaust controls (Variable design)

Multi-stack exhaust plenum with staged-exhaust fans (Shut-off design)

0.5 point per
feature

Documentation Requirements
Operation Document
(for handover to FM)

Purchase\\, |[Z][—]
ummary | |5 [=]

c. Promote airside energy recovery to all laboratory ventilation system through provision of energy — recovered
device with no-recirculation (i.e. 100% of the room air to be exhausted). The energy transfers efficiency of energy
—recovered device shall meet the below prescribed requirement — 1 point

Design Stage

e  Drawings showing the schematic and layout of the proposed variable ventiliation and/or ventilation
optimisation strategies.
e  Computation of ventilation flowrate reduction and estimated energy saving.

e Run Around coil — min 45% energy transfer efficiency
e  Plate heat exchanger — min 50% energy transfer efficiency
e Thermal Wheel - 60% energy transfer efficiency

e Other types — min 50% energy transfer efficiency

Definitions As per Annex 3 [Healthcare Facilities] item e.

Documentation
Requirements

As per Annex 3 [Healthcare Facilities] item e.
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d. Receptacle load benchmarking with existing lab to optimise cooling load design — 1 point

Establish better operation estimate of proposed laboratory’s receptacle load intensity through
Definitions benchmarking with existing laboratory of similar nature. Computation of energy consumption will also
take into consideration of diversity, occupancy and schedule of proposed laboratory.

Documentation Requirements
Operation Document

Design Stage (for handover to FM)

e  Computation of receptacle load of existing laboratory with similar nature.
e  Comparison with established international reference.

e Design to measure receptacle load of proposed laboratory and formulate methodology/guideline to
facilitate that measurement in operation stage.

As-Built

[
]

e. Include lab specific energy-efficient items under Green Lease — 0.5 point
such as:
. Auto Sash Closure for Fume Hood
. Programmable timers for receptacles
. Use of energy efficient equipment

Guide tenants to select and install more energy-efficient items under Green Lease to facilitate reduced energy
consumption in operation. The list of items can include, but not limited to:

Definitions . Auto Sash Closure for Fume Hood

Programmable timers for receptacles

Use of energy efficient equipment

Documentation Requirements
Operation Document

Design Stage (for handover to FM)

e List of lab specific energy-efficient items under Green Lease, align with 1.1d User Engagement — Green
Lease. The list will include performance or certification requirement of these items.

f.  Green guideline to tenants/building users include monitoring of Air Change Rate or Air Changes per hour (ACH) —
1 point

To ensure mechanisms are available to monitor air change rate operate as per required. Tenants should evaluate
Definitions performance of systems and airflow needs, including non-occupancy hours, so as to reduce energy consumption
within safety limits.

Documentation Requirements
Design Stage Operation Document (for handover to FM)
Details of guidelines stipulated to ensure | ®  Air Change Rate or Air Changes per hour (ACH) chart for the laboratories.
tenants/building users monitor Air | This could include strategies to improve the performance of systems and reduce
Change Rate or Air Changes per hour | airflow needs, including those during non-occupancy hours, in future. Strategies
(ACH) for their laboratories. should reduce energy consumption while meeting safety requirements.

g. CFD study for exhaust air to prevent pollutants without sufficient dilution from entering neighbouring buildings —
4 points

The exhaust of laboratory buildings could harm occupants of neigbouring buildings if the air is taken as fresh air
Definitions without sufficient dilution. Hence, it is necessary to evaluate exhaust air flow mechanism to prevent pollutant of
exhaust from entering neighbouring building without sufficient dilution.

4 points shall be awarded conducting CFD study for exhaust air to prevent pollutants from entering neighbouring
buildings without sufficient dilution. CFD study shall comply Annex A: Computational Fluid Dynamics Simulation
Methodology and Requirements.

Guidance
[\[o] {=13

Documentation Requirements
Operation Document (for

Design Stage handover to FM)

e  CFD study with consideration of e Onsite verification  of
»  exhaust location and discharge height, installed exhaust system
»  wind speed and direction, and neigbouring buildings
» terrain  topology (including reasonable representation of  surrounding with respect to study done
buildings/structure), during design stage.
» neighbouring buildings’ fresh air intake locations,
» discharge elements, with reference to safety limit
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h. (Option 1) Points achieved under 4.3 b(i) ACMV Demand Control credit carries double weightage
(Option 2) Setback control for Non-Occupancy Operation — 2 points
e ACH for non-occupancy hours to be <60% of maximum operating ACH (for Biological/Chemical
Laboratories)
e Reduced ventilation/lighting operation during non-occupancy hours (for Physical Laboratories)

For Option 2

During non-occupancy operation, pollutants that are harmful to human exposure could be of a higher value as long
Definitions as they comply with fire safety requirements. During such a time, the dilution of air is set to a lower extent so as to
facilitate energy saving with reduced air flow requirements.

2 points shall be awarded if there is setback control for non-occupancy operation which requires:

- ACH for non-occupancy hours to be <60% of maximum operating ACH (for Biological/Chemical

. Laboratories
Guidance )

Notes - Reduced ventilation/lighting operation during non-occupancy hours (for Physical Laboratories)

This credit is scorable only if option 1 - double weightage for 4.03 b(i) ACMV Demand Control credit is not scored. It
requires mechanism/systems in place to determine non-occupancy/occupany. Systems will need to resume back to
occupancy mode when occupancy is determined and should cater for ramp-up for pre-occupancy.

Documentation Requirements

Design Stage Operation Document (for handover to FM)

e Details of mechanisms to detect non-occupancy/occupancy and | ®  Profile of setback due to non-occupancy and
associated setback controls. ramp-up due to occupancy for daily

e  Specifications/catalogue of equipment (including sensors) to facilitate operations.
Purchase ==
Eummar\r] Cdl=]

setback operations.
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Annex 4: Energy Efficiency & Other Green
Features [Schools]

Intent

Encourage integration of environmental sustainability awareness into curriculum and enrichment education in schools.

To allow exposure and communication of environmental sustainability to the public in early ages.

Scope

Applicable to primary, secondary educational buildings.

Assessment
Min Point tin Gold GoldPLs Platinum
Annex 4(b) Raising Awareness on Environmental - - 1pt
Sustainability
Annex 4(c) Communication of Efficiency Trends - - 0.5 pt

A maximum of 10 points can be scored for the following:

a. Provision, communication and dissemination of environmental policy that covers energy, waste and water
management plan and green procurement— 0.5 point

To set in place a policy statement that facilitates better environmental performance of energy and water

o management and promote waste minimisation, supports environmentally friendly procurement and purchases
Definitions within the school. The communications and dissemination of environmental policy to school community increases
awareness on the environmental responsibility of the school community.

Documentation Requirements
Operation Document (for handover
to FM)

e  Establish the following policies with endorsement by Client’s representative (not limited | ®  Submission of evidence on the

Design Stage

to): communication and
»  Environmental Policy that covers energy, waste and water management plan for dissemination of environmental

school community policy to the school community
»  School’s green procurement and purchase plans (e.g. publish the policy on school
»  Key appointment holders for the operation including the persons responsible for website, emails, talks etc)

review, implementation and roll-out of these action plans
e  State the target audience to disseminate the environmental policy

b. Raising Awareness on Environmental Sustainability through creation of Sustainability Education — 2 points (0.5 point
each)

e Develop framework for Environmental Sustainability Education, such as incorporating bespoke curriculum
to be taught to students of different levels,

e Setting up of environmental club

e Spread awareness on environmental sustainability amongst staff and students through posters, courses,
competitions programmes or green corner.

e Implement student-led programmes or activities related to environmental sustainability.

To increase environmental sustainability awareness amongst students and staff through proactive school wide

Definitions efforts and sustainability education.

Documentation Requirements
Design Stage Operation Document (for handover to FM)
e  Framework developed for the Environmental Sustainability Education for
students of different levels.
e Document to show the environmental club activities and state the number of m
members in the club
e  Site visit to the green corner and poster displayed in school compound,
documents on the courses and competitions carried out.

e Commitment to raise
environmental
sustainability —awareness
through sustainability

education.

c. Communication of Energy and Water Efficiency Trends — 0.5 point
e  Regular sharing of energy and water usage (minimally on monthly basis) through platforms such as
newsletter, assembly and etc, with analysis on the reasons for the consumption trend.
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To encourage school to conduct continuous monitoring of their energy and water consumption and able to identify
causes of sudden changes in energy and water consumption and implement necessary corrective actions. Through
communication of the energy and water consumption trends, the school community can understand collective
efforts from their action can adversely affect the school’s energy and water consumption.

Definitions

Documentation Requirements
Design Stage Operation Document (for handover to FM)
e  Commitment to continuous monitoring
of their energy and water consumption
and communicate to school community.

e  Evidence on the materials used to communicate to the school community (e.g.
tabulation of the monthly energy and water usage for the last 12 months and a
graph showing the consumption trend).

e  Evidence on how energy and water trends is communicated to the school.

d. Higher ratio of functional areas with no air conditioning
e % of non-air-conditioned functional areas of total functional areas (based on table) — Up to 2 points

% Non-air-conditioned Points
60% to < 70% 1
70% to < 80% 1.5

> 80% 2

Definitions To encourage non-air conditioned functional areas within the school.

Documentation Requirements

Operation Document
(for handover to FM)

e Relevant layout plans showing the non-air conditioned functional areas. As-Built
. . . e . S-Bul
e  (Calculations to determine the percentage of the non-air conditioned functional areas.

Design Stage

Worked Example
A school has the following area in the school compound.

Functional Area Air-con area | Non air-con Area [The total functional area excludes outdoor
Classrooms, workshops - 15,000 m? ifootball field and common areas (staircase, link
Staff room, administration block 500 m? bridge and walkway), thus, the total functional
Multipurpose Hall, Library, Threatrette 6,000 m? area = 15,000 m?+ 500 m?+ 6,000 m?+ 1,000 m? +
Indoor Sport Hall - 1,000 m? 800 m?=23,300 m?

Canteen 800 m?

Outdoor football field _ 1,000 m? The percentage of non-air-con functional area =
Common areas (staircase, link bridge and - 2,000 m? (15,000+1000) / 23,300 *100% = 68%

walkway)

e. Minimising energy used to provide unnecessary or over-cooling — 2 points
e Setting room temperature of air-conditioned computer and LAN rooms to 24 degrees or above — 1 point
e Setting temperature of water in the water cooler to 15 degrees or above — 1 point

Definitions To minimise energy used to provide unnecessary or over-cooling.

Documentation Requirements

Design Stage Operation Document (for handover to FM)

e Specification / documents which stated the room temperature of | ®  Site visit to verify the temperature in the air-
air-conditioned computer and LAN rooms will be set to 24 degrees conditioned computer and LAN rooms is set to 24
or above. degrees or above.

e  Specification / documents which stated the water cooler used can | ®  Site visit to verify the water temperature from the
be set to 15 degrees or above. water cooler is higher than 15 degrees.

f.  Points achieved under the following credits carries double weightage;
e 1.2a(iii) Urban Heat Island (UHI) Mitigation — 1 point
e 3.1b(ii) Water Usage Portal and Dashboard — 1 point
e 4,2a(ii) Quality of Artificial Lighting — 1 point
e 4.2c Biophilic Design —2 points
e 4.3a (i) Energy Portal and Dashboard — 1 point
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Appendix A: Computational Fluid Dynamics
Simulation Methodology and Requirements

General

The CFD simulation methodology requirements encompasses 4 segments: (i) Ventilation simulation, (ii) Thermal comfort,
(iii) IAQ simulation and (iv) Wind driven rain.

Green Mark Scoring Requirements

To meet the intent of 1.3c Ventilation Performance in the Green Mark NRB: 2015 Criteria, natural ventilation simulation
shall be performed, and recommendations derived shall be implemented. Minimum average wind velocities at Moderate
level shall be met for at least 70% of the NV occupied space to score.

For building developments with > 2,000m? of naturally ventilated occupied spaces and targeting for GoldVS or Platinum
certification, the simulation results and the recommendations derived are to be implemented to ensure Good natural
ventilation performance or Very Good natural ventilation performance respectively for at least 70% of the naturally
ventilated occupied spaces.

In the event the wind velocity requirements to attain Good or Very Good natural ventilation performance are unable to
be met due to certain constraints even after optimizing the building design, thermal comfort or air quality analysis shall
be performed to meet the Thermal Comfort or Air Quality* requirements for naturally ventilated spaces in tropical
climate. This is provided that the development has attained at least Moderate natural ventilation performance. All the
occupied spaces shall satisfy the requirements for alternate compliance.

The requirements are summarised in the following table:

. .. Minimum Weighted Average . _
Wind Velocity Thermal Comfort Air Quality
3 - - -

Moderate (0.2m/s)

Air Change Rate > 4
Air Exchange Effectiveness of > 1.0

Air Change Rate > 10
Air Exchange Effectiveness of > 1.2

GoldPtys Good (0.4m/s) -1.0<PMV < +1.0

Platinum Very Good (0.6m/s) -0.8<PMV < +0.8

*The Air Quality criteria is only applicable for sports facilities and industrial buildings with occupancy densities less than 50m? per person.

To score points under Advanced Green Efforts, wind driven rain simulation may be carried out for naturally-ventilated
occupied spaces, to identify the most effective building design and layout that minimizes the impact of wind-driven rain
ingress into the spaces.

Ventilation Simulation Methodology and Requirements

The natural ventilation simulation shall be carried out using Computational Fluid Dynamics (CFD) modeling to identify the
most effective building design and layout for the development. The simulation results and recommendations derived are
to be adopted to meet the intent of the criteria.

(i) Simulation Software

The CFD modeling shall be carried out using well validated software. The CFD solver shall have the minimum capability
of solving the Navier-Stokes fluid flow equations for a three-dimensional incompressible flow at steady state. Turbulence
modeling shall also be included with the minimum requirement of using the standard k-¢ turbulence model, coupled with
the standard wall function. (Note: It is recommended to use the enhanced RANS eddy viscosity model (apart from the
minimum realizable k-€ turbulence model) and RANS Reynolds Stress Model.)

(ii) Conditions
All simulation models shall be carried out under isothermal conditions of 30.0°C air temperatures at steady state

condition. If the impact of heat sources is significant, heat source modeling shall be included. (Note: The aggregated heat
load from heat dissipating devices shall be modelled. Boussinesq or variable density can be used.)
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(iii) Computational Domain and Surrounding Buildings

The computational domain shall include the development of interest and the far field boundary which should be located
far enough from the building model to avoid artificial acceleration of the flow. As a general guideline, the direction
blockage ratio (BR, & BR}) along lateral and vertical directions should be less than 17%.

_ HBuildingS,max

Lo o
= JBulldings - 17¢, BRy <17%

Domain HDamain

BR,

It is also important to ensure that the blockage ratio (BR) arising from the projection of building frontal to the domain
enclosure is no larger than 3%.

The surrounding buildings residing within 500 m distance from the edge of development of interest should be modelled
explicitly. In the event that the building and surrounding development are located within hilly terrain with elevation more
than 10 m height, the topography information should also be included in the simulation models to capture the wind
redistribution arising from terrain gradient and vicinity effect. The ground surface beyond surrounding buildings site can
be modelled implicitly using the Davenport-Wieringa roughness classification.

(iv) Grid size

The computational grid generated for all simulations shall resolve the salient flow features in the naturally ventilated
spaces and around the development. The recommended grid sizes are as follows:

Within the functional spaces of interest 0.1-0.5
Building of interest 0.5-1.0
Surrounding building 1.0-5.0
From ground surface to 10m height in vertical direction 0.5-1.0

From 10m height to Hmax height in vertical direction, (Hmaxis the height of the tallest building

1.0 -5.0
among the group of buildings modelled explicitly)

As a guide, the dimension of the computational elements is advised to follow the principles such as:

e  Proper domain decomposition should be carried out to ensure a good quality mesh can be obtained.

e Hexahedra or prism body-fitted grid are preferred.

e A grid independent test shall be performed at the functional space through grid refinements in areas with sharp
gradients.

e Interms of the computational cell quality, the skewness of the cell is advised no greater than 0.9.

e The maximum stretching ratio for near building cell size should be kept to be less than 1.4.

Boundary Condition & Turbulence Modeling

(a) Inlet Atmospheric Boundary Condition

Based on local climatic wind conditions, meteorological data on the precise wind direction and velocity of the proposed
site location for the months of December, March, June and September shall be used for the CFD simulation. The prevailing
wind conditions, such as the mean speed and direction for Singapore, shall be based on NEA’s 18-year data at a reference
height of 15.0 m as follows:

North 2.0
North-East 2.9
South 2.8
South-East 3.2

The inbound vertical wind profile shall be assumed to be given by the Logarithmic Law with reference height at 15.0 m.
The wind profile shall be determined by using the following equations:
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u"as1: Atmospheric boundary layer (ABL) friction velocity

K: von Karman constant (0.42)

Cu: A constant, generally taken equal to 0.09

zo: Aerodynamic roughness length

Uy The specified velocity at reference height h

The aerodynamic roughness length zo for wind profile should be selected from the updated Davenport-Wieringa
roughness classification as follows, to match the terrain category of the development site of interest, including the
tree/greenery effect.

Landscape Description

0.0002

Sea

0.005
Smooth

0.03
Open

0.10
Roughly
open
0.25
Rough

0.50
Very rough

1.0
Closed

>22.0
Chaotic

Open sea or lake (irrespective of the wave size), tidal flat, snow-covered flat plain, featureless desert, tarmac,
concrete, with a free fetch of several kilometres

Featureless land surface without any noticeable obstacles and with negligible vegetation; e.g. beaches, pack ice
without large ridges, morass, and snow-covered or fallow open country.

Level country with low vegetation (e.g. grass) and isolated obstacles with separations of at least 50 obstacle heights;
e.g. grazing land without windbreaks, heather, moor and tundra, runway area of airports.

Cultivated area with regular cover of low crops, or moderately open country with occasional obstacles (e.g. low
hedges, single rows of trees, isolated farms) at relative horizontal distances of at least 20 obstacle heights.

Recently-developed “young” landscape with high crops or crops of varying height, and scattered obstacles (e.g.
dense shelterbelts, vineyards) at relative distances of about 15 obstacle heights.

“Old” cultivated landscape with many rather large obstacle groups (large farms, clumps of forest) separated by open
spaces of about 10 obstacle heights. Also low large vegetation with small interspaces such as bush land, orchards,
young densely-planted forest.

Landscape totally and quite regularly covered with similar-size large obstacles, with open spaces comparable to the
obstacle heights; e.g. mature regular forests, homogeneous cities or villages.

Centres of large towns with mixture of low-rise and high-rise buildings. Also irregular large forests with many
clearings.

(b) Ground Surface

Using appropriate roughness parameters is an essential component for accurate simulation of Atmospheric Boundary
Layer (ABL) flow. The two types of roughness parameters, (i) aerodynamic roughness length zo and (ii) equivalent sand-
grain roughness height ks, should be applied on different surface areas as listed:

Ground Surface Area Roughness Parameter

Area 1: From domain Inlet boundary to the boundary of explicitly modelled buildings Aerodynamic roughness length zo

Area 2: Within the region of explicitly modelled buildings Aerodynamic roughness length zg

Area 3: Within the site boundary of the development of interest

Equivalent sand-grain roughness
height ks

The region of inlet, approach and incident flow at the upstream of computational domain should be modelled with
appropriate aerodynamics roughness length zo as well as the relationship between equivalent sand-grain roughness
height ks with the corresponding aerodynamics roughness length zo.
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(c) Top and Lateral Surface of Domain

Use zero velocity gradients and zero normal gradients, i.e. “symmetry” condition, for all variables at the top and lateral
surface when the top and lateral boundaries of the domain are far away enough from the buildings (refer to the
requirements on the domain size).

(d) Outlet Surface of Domain

Use zero static pressure as the boundary condition at the outlet surface of computational domain.

(v) Discretization Schemes

In all circumstances, the users should attempt to apply 2" order discretization schemes, which are preferred over 1%
order discretization schemes to avoid numerical diffusion.

(vi) Convergence Criteria

To ensure the changes in solution variables from one iteration to the next are negligible, residuals with at least 4 orders
of magnitudes shall be achieved. In addition, monitoring points should be defined in the region of interest and the
velocities at those points should be recorded to ensure that the flow has reached steady values when simulation is
converged properly.

(vii) Design Iteration

There shall be at least two iterations of simulation models to assess the wind flow conditions and air-flow pattern within
the development to demonstrate the improvement in natural ventilation design. The simulation modeling can be
conducted based on the two best prevailing wind directions for the building development that is North or North-East and
South or South-East.

The naturally ventilated occupied spaces at the lowest level shall be selected for simulation. All naturally ventilated
functional spaces at the selected floor are to be included in the simulation model except for enclosed spaces such as
storerooms or CD shelters.

From the simulation results, the area-weighted average wind velocity of each simulated space shall be determined by
considering the air flow conditions of the applicable areas. The area-weighted average wind velocities of these areas are
to be computed at a horizontal-plane of 1.2 m above the floor level.

Thermal Comfort Simulation Methodology and Requirements

The thermal comfort assessment, where required, shall be carried out using Predicted Mean Vote (PMV) equation to
identify the most effective building design and layout for the development. The assessment and simulation results and
recommendations derived are to be adopted to meet the intent of the criteria.

For occupied spaces with natural ventilation performance unable to satisfy the minimum velocity prerequisites for the
corresponding Green Mark ratings, mechanically assisted ventilation shall be provided and thermal comfort modeling
shall be performed. The Predicted Mean Vote (PMV) shall meet the thermal comfort criteria for naturally ventilated
spaces in tropical climate. Thermal comfort assessment shall be based on the PMV equation as follows:

PMV =a+b X DBT +c X WIND

Industrial buildings  -4.974 0.202 -0.181

Healthcare facilities  -8.405 0.322 -0.686 30
Commercial atrium  -9.252 0.343 -0.747 31*
Hawker centres -13.075 0.443 -0.460 32
Sport faciliteis -9.945 0.379 -1.658 30
Schools -6.805 0.267 -0.87 31

Note: The PMV value is to be rounded up to one decimal point.
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Where
DBT: Indoor air temperature (°C).

*DBT value for commercial atrium can be derived from the result of simulation that considers solar radiation, thermal load
from human and equipment for event.

WIND: Indoor wind velocity (m/s). The value shall be derived from the result of indoor ventilation simulation via the Ventilation
Simulation Methodology and Requirements in this annex. Natural ventilation simulation with fan modeling can be performed
based on occupied spaces alone, without the inclusion of external domain with prevailing wind flow condition.

IAQ Methodology and Requirements

The Air Quality simulation shall be carried out using computational fluid dynamics (CFD) modeling to identify the most
effective building design and layout for the development. The assessment and simulation results and recommendations
derived are to be adopted to meet the intent of the criteria. This option is only applicable for sports facilities and industrial
buildings with occupancy densities less than 50m? per person.

(i) Air Change Rate

The air change rate calculation shall be calculated based on the following equation:
ACH = 3600 Q
Vol

Where

Q: Air flow through the occupied spaces (m*/s), determined from the result of indoor ventilation simulation via the Ventilation
Simulation Methodology and Requirements in this annex
Vol: Volume of the room (m?)

Air Exchange Effectiveness (AEE)

In addition to ventilation simulation, species transport modeling shall be performed based on steady state. The tracer gas
is recommended to be released through constant volume dosing within the occupied spaces of the natural ventilated
building. In order to avoid the impact of gravity on the concentration distribution, the molecular weight of the injected
tracer gas should be similar to air. The calculation of air exchange effectiveness shall be based on the concentration of
tracer gas within the occupied spaces following the rule of mass balance.

The AEE shall be calculated based on the following equation:
1
Z—ALZ Ci,outAi

&
a Ceq
Where
€,: Air exchange effectiveness
Ai: Face element area at the out-flow openings
Ciout : Concentration of tracer gas in the outflow air
Ceq: Average tracer gas concentration in the room when steady state is reached, which represents the equilibrium conditions

Wind Driven Rain Methodology and Requirements

If the project is targeting to score for Wind driven rain (WDR) simulation under Advanced Green Efforts, WDR shall be
carried out to identify and to reduce the severity of rain penetration into functional spaces of the development. Four
different raindrop sizes are to be analyzed. From the simulation results, the depth of rain penetration (measured from
the fenestration opening) into the functional spaces of the development shall be determined, and the most effective
mitigation method to reduce the severity of rain penetration without manual behavioural intervention identified. The
simulation results and recommendations derived are to be adopted to meet the intent of the criteria if points are to be
scored.

Green Mark points = Overall WDR points x Multiplier
The severity of rain penetration into functional spaces (per analysed wind direction) may be broken down into the
following 3-scale rating system as follows:
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Depth of rain penetration
WDR
Points

Mitigation of WDR Industrial | Healthcare | Commercial | Hawker | Sports | Schools
Building facilities atrium centre Facility

1. Verygood (nonoticeable penetrationof <p20m  <0.10m  <200m  <160m <L160m <0.50m 10 pt
WDR) :

2. Good (somebutacceptable degree of ' <94om  <0.20m  <400m  <3.00m <320m <090m ggpt
penetration of WDR) ’

3. Moderate (substantial penetrationof ~ <975m  <030m <600m  <440m <4.80m <L140m (gpt

WDR, barely acceptable)

The multiplier takes into account of the frequency of WDR occurrence which is broken down into the following 3-scale
rating system as follows:

Type of Rain Return Period Multiplier

1. Type 1 Rain (no WDR risk) Return Period < 2 months 0.8
2. Type 2 Rain (low WDR risk) Return Period < 6 months 0.9
3. Type 3 Rain (high WDR risk) Return Period > 6 months 1.0

The methodology will use the CFD methodology outlined within the section on Ventilation Simulation Methodology and
Requirements and adapt it to the following requirements as highlighted below:

(ii) Software

The software shall be also be capable of second-order discretization schemes with Lagrangian particle tracking.

(iii) Boundary Condition & Turbulence Modeling

(a) Inlet Atmospheric Boundary Condition

The inbound vertical wind profile shall be assumed to be given by the Logarithmic Law with reference height at 15.0 m.
The prevailing wind condition during raining period such as the wind velocity magnitude of different return periods for
Singapore shall be based on NEA 32-year data at a reference height of 15.0 m as follows:

Wind Direction [deg] NE
OOOI 045@ 090l 135l 180l 225l 270l 315l

Return Period (months) Wind Velocity (m/s)
1 2.9 3.8 4.4 4.5 4.4 3.5 3.4 3.0
2 3.9 4.9 5.0 5.2 5.2 4.4 4.1 3.6
3 4.8 5.8 5.5 5.9 5.8 5.2 4.8 4.1
4 5.4 6.3 5.9 6.3 6.3 5.7 5.2 4.4
6 6.2 7.1 6.3 6.8 6.8 6.3 5.7 4.8
9 7.0 7.8 6.7 7.3 7.4 7.0 6.3 5.2
12 7.5 8.4 7.0 7.7 7.8 7.4 6.6 5.5

(b) Rain Drop Size

Four different raindrop sizes shall be analysed, and the respective terminal velocity (Vierminal) Of different raindrop sizes
are as follows:

Raindrop Diameter [mm] Vterminal (M/S)

0.5 -2.0
1.0 -4.0
2.0 -6.5
5.0 -9.0

(c) Drag Coefficients

The drag coefficients for the raindrops (Cq) is a function of the relative Reynolds n umber (Re) and shall be taken from the
table as follows:
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1.80 15.0 269.0 0.671 1,461.0 0.498 2,772.0 0.615
9.61 4.20 372.0 0.607 1,613.0 0.503 2,905.0 0.635
23.4 2.40 483.0 0.570 1,764.0 0.511 3,033.0 0.660
43.2 1.66 603.0 0.545 1,915.0 0.520 3,164.0 0.681
68.7 1.28 731.0 0.528 2,066.0 0.529 3,293.0 0.700
98.9 1.07 866.0 0.517 2,211.0 0.544 3,423.0 0.727
134.0 0.926 1,013.0 0.504 2,357.0 0.559 3,549.0 0.751
175.0 0.815 1,164.0 0.495 2,500.0 0.575

220.0 0.729 1,313.0 0.494 2,636.0 0.594

(d) Other Settings

Piecewise integration of raindrop equation of motion performed under Lagrangian Particle Tracking shall not be larger
than 0.05 m length step size.

The injection location of raindrops shall be located inside the computational domain and outside the zone that is
influenced by the buildings. The raindrops shall be released high enough to enable them to reach their terminal velocity
of fall. It is recommended to use the following general rules to select the raindrop injection planes inside the
computational domain:

e The width and length of the plane should be larger than that of the building of interest

e The vertical location of the plane depends on the velocities and raindrop diameters:
- Higher velocities require a lower vertical location
- Larger raindrops require a higher vertical location

e The horizontal location depends on the chosen height of the injection plane, the raindrop diameter and the reference
wind velocity chosen for the simulation (recommended to be located at least 15H from the target building)

Guidance Notes

The following are guidance notes to help project teams keep track of their natural ventilation design and simulation
progress.

Description/Selection Response & Criteria

Provide the project details (especially information on natural ventilated design, building
Submission massing/orientation, GFA of natural ventilated spaces, % of opening & windows, credible

Details source of site information with surrounding buildings, vegetation and terrain, future
development etc.)

Hospitals, schools,
hawker centres, sports
Building Type facilities, commercial
atriums or industrial

facilities

Describe building functionality, targeted natural ventilated spaces and occupants, transit
area

Describe natural ventilated challenges, proposed solution, desired outcome and work
Problem N scopes from the simulation model. Whenever necessary, use the architectural drawing
Objective & Work Scope . . . . - . .
Statement for explanation. Describe design stages and fix simulation details. Subsequent design
change has to be supported by simulation results.

Describe the site information (including surrounding buildings, terrain, greenery), and

Within 500m distance illustrate how the geometrical info is incorporated into the simulation model (conversion

stream wise and span  process). Surrounding buildings within 500m distance stream wise and span wise from

wise from the edge of the edge of development of interest should be modelled explicitly; while the greenery

development of interest can be modelled implicitly with tree canopy approach. Terrain effect can be ignored if
elevation is less than 10m.

Site Information

The CFD solver shall have the minimum capability of solving the Navier-Stokes fluid flow
equations for a three-dimensional incompressible flow at steady state. Turbulence
modeling shall also be included with the minimum requirement of using the standard k-
€ turbulence model, coupled with standard wall function

(0NNl er[¢0 Simulation Methodology
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Inlet wind profile
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Outlet plane

CFD Boundary
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Window modeling
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Louver modeling
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CFD Numerical
Convergence criteria

User

Documentation

Baseline case
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Optimal case

Design Iteration

Documentation Requirements
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Description/Selection Response & Criteria

Describe simulation model assumption, limitations and geometrical simplification.
Whenever necessary, use the published literature data (including software manual) and
comparison between architectural & CFD model for explanation

Describe the domain decomposition methodology; and relevant meshing type for each
domain within the site. Describe the domain that be modelled implicitly with Davenport
Roughness classification

To perform mesh independence study for natural ventilated occupied spaces

To carry out proper domain decomposition. To use hexahedral cells in the rectangular

domain of NV space. Tetrahedral cells can be used to model the surrounding site features

of the NV space. Hybrid pyramid or cut-cell mesh can be adopted at the interface. For

implicit modeling of terrain roughness effect, prismatic or hexahedral cells is

recommended to be used. As a guide, the dimension of the computational mesh should

be set at 0.1 to 0.5 m within the functional space of interest, 0.5 to 1.0 m for building of

interest and 1.0 - 5.0 m for surrounding buildings. The computational element size in

vertical direction should be set at 0.5 - 1 m from ground surface to 10m height; followed

by 1 - 5m to Hmax height. Reporting on skewness and aspect ratio of the mesh is required.

1. To ensure horizontal ABL homogeneity in upstream and downstream

2. To ensure sufficiently high mesh resolution in vertical direction near ground (e.g.
height of first cell < 1m)

3. To know the relationship between equivalent sand-grain roughness height (k) and
corresponding aerodynamic roughness height, z,

4. To ensure first cell center point (y,) to be larger than physical roughness height (ks)

To use Boussinesq or variable density and check gravity direction, if thermal simulation

is performed.

To use the steady Reynolds-Average Navier Stokes (RANS), with minimum requirement

k-€ turbulence model equation for NV flow.

To ensure the vertical profile for wind velocity and turbulence in the ABL should be

modelled by assuming constant shear stress with height.

To use zero velocity gradients and zero normal gradients of all variables.

To use zero static pressure.
To use actual window opening size. Attach window schedule and drawing for verification.

To use fan input with appropriate swirl radial and swirl flow components.

To use simplified porous zone with appropriate pressure drop components and
directional effect.

To use aggregated heat load from heat dissipating devices, such as cooking stalls for
hawker center facilities, heat generators for industrial facilities and etc.

To use 2" order for momentum equations

To ensure solution is converged and monitored points at functional space reach steady
values

Training, experience, consult expert

Full documentation of parameters, readable scale

Baseline case — fixed building massing and layout
Modified case — to highlight improvement on NV design
Optimal case — final design with incorporation of NV features or passive innovative ideas

The Qualified Person (QP) and the other appropriate practitioners shall ensure that the following report and building 3D
model are available as evidences to demonstrate compliance with the ventilation simulation framework. The report

should comprise the following items:

1.0 Cover page with a proper title, design image of development, developer’s information (including developer’s name

and address and person-in-charge), consultant’s detail (including the principal’s name and authorized signature,

firm’s address and person-in-charge)



2.0 Table of Contents

3.0 Executive Summary
e Background of the development
e  Main findings
e  Concluding remarks

4.0 Background/ Introduction
e Building and site information
e Design strategies
e Detail of natural ventilation spaces (location, area, window to wall ratio etc.)

5.0 Methodology
e Describe methodology used in the study

6.0 Geometrical Model
e [sometric view of the development from various angles
e Domain size used
e Plan and 3D isometric model of units from various angles

7.0 Simulation settings
e Boundary conditions
e CFD software/ models used/ numerical scheme
e Mesh / cell sizing
e Solution control-convergence criteria

8.0 Result and Discussions
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e Simulation results for the development for all directions showing the main graphical plots of the plan pressure

and velocity vector and salient findings

e Tabulation showing the listing and details of all simulated NV spaces and the area-weighted average wind

velocity within each simulated space where applicable

9.0 Conclusion

10.0Appendix: The following plots are to be placed in the appendices:

e Simulation results for the development for each direction

- Static pressure (plan view-ground & mid elevation and at the level of simulated NV space, isometric

views on building fagade)

- Velocity vector and contour showing the plan view at ground & mid elevation and at the level of

simulated NV space, and a few isometric sectional cut plans to show air-flow patterns across the

development
e Simulation results for the natural ventilated spaces for each direction

- Static pressure (plan view at the level of simulated NV space)

- Velocity vector and contour showing the plan view at the level of simulated NV space, and a few

isometric sectional cut plans to show air-flow patterns across the NV space

If thermal comfort modeling or air quality assessment is attempted, a corresponding chapter in the report shall be added

to show the relevant calculations.
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If WDR simulation is carried out, a chapter in the report shall be added to show the results of Wind Driven Rain
penetration under different wind directions and the calculation of Green Mark points for WDR performance. The report
also shall contain the following information:

e Injection location of the raindrop into the computational domain (plan and sectional views)

e Raindrop trajectory into functional spaces (plan and sectional views)

e Tabulation showing the listing and details as well as the corresponding depth of rain penetration of all occupied
spaces where applicable.

Verification Stage

e The project team shall declare if any changes had been made in actual built layout compared to the submitted 3D
ventilation simulation model in the design stage. The re-assessment of ventilation simulation will depend on the
extent of changes and their impacts on NV performance.

e If thermal comfort modeling assessment is attempted, the post occupancy survey on the thermal comfort level is
required.
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Appendix B: Effective Daylighting Simulation
and Pre-Simulated Daylight Availability Tables
Methodology and Requirements

General

The extent of effective daylighting in buildings may be determined using the (i) simplified pre-simulated Daylight
Availability tables for standard designs building and spaces, or (ii) through detailed daylighting simulations. Both of these
methods are outlined in this appendix. The following terms are used in order to describe the lighting quality of the design
of an entire building or a specific space:

(a) Daylit area: Daylight Autonomy (DA) is a metric that describes the annual sufficiency of natural lighting levels in an
indoor space relative to a desired illuminance level. The daylit area is defined as the unit area of space which has a
daylight illuminance level meeting or greater than the code lux requirement (N Ix) for more than 50% of the building’s
occupied hours, denoted by DAy x, 50%

(b) Overlit areas: Useful Daylight llluminance Exceeded (UDle) is a metric that describes the frequency of which daylight
illuminance levels reach or exceed an acceptable threshold of 3000 Ix. The overlit area is defined as the area of space
where daylight illuminance levels area equal to or greater than 3000 Ix for 10% or more of the building’s occupied
hours, denoted by UDlesoo01x, 10%. Overlit areas are likely to lead to increased potential for visual discomfort in a space.
UDleso00 1x, 104 May be also be expressed or calculated as DAsogo ix, 10%, its equivalent

Daylight Autonomy Requirements
The specific daylight autonomy requirements are detailed for the various types of occupied spaces:

Daylight Autonomy requirement per
S/N space Occupancy Type

1 Offices and Institutional spaces where lux requirement is 500 lux DAsooix, 50%
2 Industrial, sports facilities, retail areas where lux requirement is 300 lux DA3oolx, 50%
3 Hotel and residential style occupancy where lux requirement is 200 lux DAo0lx, 50%

Note: The minimum lighting level is given by S5531 for non-residential type buildings and CP38 for residential type buildings

Overlit areas should not be counted as comfortably daylit for occupants. The total comfortable daylit area should be
calculated as UDlesogo 1x, 10% Subtracted from DAy ix, so%. The DAy ixand UDlesooo 1x are to be calculated using the following
program-specific occupied periods:

e Hotels and residential-style occupancy: 7:00 AM to 10:00 AM and 4:00 PM to 7:00 PM every day of the year
e  Others: 8:00 AM to 5:00 PM every day of the year

Buildings with a consistently unusual occupancy schedule may seek approval to pursue a custom occupancy period.

Note: The project is required to show that effectively daylit areas are integrated with automated lighting controls, i.e. the
design and installation and operation of artificial lighting are integrated with the availability of daylighting to the space.
Project is required to show that effective mitigation strategies are provided to spaces found to have the risk of
overlighting or are overlit.

Effective Daylighting Simulation Methodology

Buildings with unusual forms, double-height spaces, complex facades, top-lighting strategies, advanced daylight
redirection systems or other specialized design strategies, should use the full detailed daylighting simulation method to
quantify the availability of natural daylighting specific in terms of Daylight Autonomy (DA) requirement. The results and
recommendations derived from the simulation are to be used for assessment of criteria requirement.
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(i) Simulation Software

The computational modeling shall be carried out using well documented software that has the capability to carry out
daylighting simulation as per the stipulated details and granularity of the methodology. A tool should be chosen that can
accurately account for geometry and material properties of buildings for an annual, 8760-hour, lighting calculation while
producing the DAy x and UDlesg0 ix metrics. Simulation parameters should be chosen, regardless of the tool, which are
capable of accurately representing the complexity of the interaction between light, geometry and material being
considered. The tool should be capable of calculating enough bounces of light to represent the reflections of ambient
light deep into the space. The following minimum parameters are recommended in Radiance and Daysim-based analysis

engines:
Ambient bounces -ab 6
Ambient divisions -ad 1500
Ambient accuracy -aa 0.1
Ambient supersamples -as 500

Direct threshold -dt 0

Below are examples (non-exhaustive) of acceptable simulation software tools. Most of these tools are interfaces to the
Radiance and/ or Daysim lighting simulation engines.

DIVA-for-Rhino Rhinoceros 3D
Ecotect - UDlespo0 1x must be simulated separately as DA3ogp ix-
Groundhog Sketchup
IES-VE =
Ladybug Rhinoceros 3D UDlesg00 1x Must be simulated separately as DAsgoo x-
Lightstanza - Availability of required output metrics should be verified.
Openstudio Sketchup Results are only availavti)le;aalsizt;?;:a:ed results, not spatial
Sefaira Sketchup & Revit Availability of required output metrics should be verified.
SPOT Excel
VI-Suite Blender

(ii) Analysis Points and Sensor Grids

Sensor points for analysis should be placed in every space being analysed using a uniform grid where the spacing between
adjacent sensors is no further apart than 60 cm. A 30 cm grid is recommended, and denser grids are permitted in the
analysis. Analysis points that receive a maximum instantaneous lighting level of 1 lux throughout the year can be excluded
from the analysis, presuming they are contained within an opaque object or non-daylit space such as a wall or closet.

(iii) Climate Data
All annual simulations should be run using hourly climate data input from IWEC weather data. The sky luminance
distribution should be approximated at each hour using the Perez all-weather sky model, which is the default calculation

mode in Radiance and Daysim-based annual climate-based analyses and for all of the tools listed in the simulation
software section above.

(iv) Computational Domain

The computational domain for all simulations shall include the development of interest, the characteristics of the
immediate surroundings and buildings at a large scale level. Generally, all relevant storey levels of each building tower
together with the interior design layouts (such as walls and partitions) and properties of the following are to be
considered in the simulation of daylighting and overlighting in occupied spaces. However, it is permissible to analyse
typical rooms for each orientation and urban context of the building and extrapolate those results to the entire built floor
area using individual room data.
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(V) Materials and Objects

3D models of buildings and occupied spaces should be modelled with appropriate geometric complexity, being as close
to ‘as-built’ as possible including the physical form, placement of windows, mullion details, thickness of opaque building
components, exterior and surrounding obstructions and material properties. Interior partitions and exterior walls should
be modelled accurately and with their intended thicknesses. The floor-to-ceiling height should be accurate and account
for architectural finish details such as dropped ceilings. Some aspects to highlight are as follows:

a) Exterior Obstructions and Shading Devices

Exterior obstructions within a distance of 40 m from the building facade being studied, which will cast shadows and reflect
light, shall be modelled, e.g. louvers, overhangs, fins and balconies, exterior buildings. Exterior buildings adjacent to the
site shall be modelled within 4 m of geometric accuracy. Trees may be modelled as appropriately dimensioned cones or
spheres with material properties.

b) Furniture and Partitions

When a furniture design is known, furniture surfaces and half-height partitions (cubicle walls, for example) that are higher
than 90 cm above the finished floor height shall be modelled within 15 cm of geometric accuracy.

c) Skylight and Window Details

Skylight and window details greater than 5 cm in any direction, including sills, jambs, sashes and mullions shall be
modelled in 3 dimensions, taking into account, the thickness of the wall or ceiling in which they are set, e.g. the skylight
well (a vertical offset between its glazing surface and the ceiling). When the details of window framings and skylights are
not known, a 20% and 10% reduction to the visible transmittance of the glass (T.is value of 0.45) may be applied
respectively instead.

d) Small Details

Small details that will have little impact on the lighting distribution need not be modelled, e.g. door handles, HVAC diffuser
grills, wall electrical panels, etc. An object should be modelled separately when it is larger than 3 m?, is parallel to and
near a larger surface, and with material reflectance more than 20% from the surrounding surfaces.

e) Transmittance and Reflectance Properties of Materials

The transmittance and reflectance properties of materials shall be defined based on measurements, construction finish
specifications or glazing specifications where known. The value of the glazing visible light transmittance (T.is) shall be
extracted from the glazing specifications used for the project, such as in ETTV calculation. Otherwise, Ty;s value of 0.45
(transmissivity of 0.491) may be used for glass materials. For reflectance values, the following default values may be used:

Wall or partition 0.70

Carpet 0.20

Floor Tiles 0.40
Plasters 0.70

Furniture Any type 0.50
Ceiling Any type 0.80
Roof Any type 0.10
Asphalt pavement 0.10

Grass 0.20

Tree 0.20

Exterior Paving blocks 0.30
Building facades 0.35

Stainless steel 0.85

Swimming pool water 0.90

(vi) UDIe and Potential for Overlighting

Building spaces with UDlesogo 1x, 10% cOvering 15% or more of the floor area in a simulation-based or exceeding 1.3 m depth
of penetration measured from the facade using the pre-simulated tables are considered to be overlit and are considered
not meeting the requirement for effective daylight.

In this case, design modifications and mitigation strategies for overlighting should be incorporated to reduce overlighting.
For example, fixed shading devices can be added or the area of glazing reduced. Fully automated dynamic shading systems
or operable light-redirecting systems critical to the daylighting performance of a space, as well as their realistic geometry
and material properties can also be accounted for. This can be done in the simulation engine of choice using a geometric
model as in the Daysim calculation engine or using a bidirectional scattering and distribution function (BSDF) as in the
Radiance three-phase method.
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Worked Example

Effective Daylighting Simulation

The below image represents an example calculation for the bottom floor of a stacked 4-story block with a courtyard and
presumed office-type lighting requirement and occupancy profile (500 lux from 8:00 AM to 5:00 PM). The results shown
are from a single annual illuminance calculation, which is visualized such that areas with DAsgo ix, s0% and UDlesoooix, 10% are
shown using a gradient colour scale from blue (DAsgox, 50%) t0 yellow (DAsgoix, 75%) to red (DAsooix, 100%). Areas that are overlit
with UDlesgo0 x> 10% of occupied hours are displayed in pink, and non-daylit areas with DAsgo x < 50% of occupied hours
are displayed in grey. The analysis of the spatial percentages of this floor area indicate that DAsoo i, 50 % is achieved in
58.37% of occupied spaces without being overlit. Overlit areas, UDIlesooo1x, 10%, account for 10.85% of occupied spaces due

to the relatively significant East and West glazing.
/ R An example composite results view of a
g daylighting calculation. The analysis is of the

Daylighting Analysis

Daylit Area: 58.37 % bottom floor of a 4-storey office block using
Overlit Area: 10.85 % 3 3
Non-daylit Area: 30.78 % a 25 cm spacing sensor grid.

Daylight Autonomy 500 Ix (DA,__,)
(% Occupied Hours, 8am-5pm)

100

I90

80
70

60
. 50

W Overlit Area
(UD, 3000 > 10% Occ. Hours)

| Not Daylit Area
(DA, < 50% Occ. Hours)

Besides a plan-based visualization of the results, values should be tallied on a room-by-room basis using an implement
such as the table below, which is keyed to the representative floor plans, in this case by room numbers. Any space with
greater than 15% overlit area should be removed from the whole-building daylit area calculations. In the table below,
column values not included in whole-building calculations due to being in an overlit space are coloured red.

Floor Room TotalAreal(nd Daylit Area Overlit Area Comfortable Overlit Area Comfortable
# (m?) (m?) Daylit Area (m?) (%) Daylit Area (%)

1 1 72.1 72.1 11.4 60.7 15.8 84.1
1 2 26.5 26.5 2.5 24.0 9.3 90.7
1 3 245 23.6 3.5 20.1 14.1 82.1
1 4 60.1 27.6 6.1 21.5 10.2 35.7
1 5 55.6 8.4 1.1 7.3 2.0 131
1 6 293 20.7 3.9 16.8 13.2 57.3
1 7 33.0 30.2 4.5 25.7 13.6 77.8

Total 301.1 137.0 33.0 115.4 11.0 38.3

*Note: Red bold values not used in column summations due to room being >15% overlit.
Overall, 11% of the floor area is overlit, and 38.3% is comfortably daylit.

While the composite visualization above is an efficient way of displaying the pertinent simulation results for Green Mark
qualification, it is acceptable to show simulated results in multiple steps. For example, a practitioner might plot the results
of UDlesgno 1x Separately from those of DAsgo ix and perform the area calculations separately, subtracting the overlit area
from the underlit area in each given space and checking that the overlit area is less than 15%. Example visualizations using
this method are included below:

Overlighting Analysis Daylighting Ana}ysis
UDI,y;01, g 10-85% floor D s’ O

9.225 of floor area

Daylignt Autonomy 500 bx (DA, 1
{% Occupied Hours, Bam-Spm)

{% Occupied Hours, 8am-5pm)

- 10
B

= K RN

Example separated results views of DAsgo ix and UDlesog0 ik calculations.
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Pre-Simulated Tables and Methodology for Standard Designs

The Pre-Simulated Daylight Autonomy tables were derived from more than 4,000 simulated results using a reference
shoebox model. The tables can be used as a simplified method to determine the comfortable daylighting for each space.
They are suitable for use for spaces with standard designs in the Space Occupancy Type listed. The tables may be found
in Appendix B2 and at the following link:
https.//wwwl.bca.gov.sg/docs/default-source/docs-corp-buildsq/sustainability/GMNRB2015-Daylight-Availability-

Tables.pdf

Standard designed spaces are defined by the following building characteristics and urban parameters:
(a) Spaces with simple fagade designs that can be described by orientation, window-to-wall ratio (WWR), and
glazing visible light transmittance (Tyis)
(b) Spaces with typical room floor-to-ceiling heights between 2.5 mand 3.1 m

Note: In spaces with different ceiling heights, the depth of daylight penetration would naturally change due to different
contributions from the ceiling. Such cases may wish to consider using a full simulation in order to show the daylit area
more accurately.

(c) Spaces with simple horizontal overhang shading devices or no shading devices
(d) Relatively unobstructed spaces with average urban obstruction angles < 57.25°

The tables display results from pre-simulation daylight autonomy of spaces for the respective occupied hours stipulated
for the specific Space Occupancy types. There are 3 associated pre-simulated tables for each Space Occupancy type
representing differing levels of obstruction from the urban context. Each table contains 24 main blocks organized in a
grid, each of which contain 60 smaller squares containing numerical values. The numerical values within each squares
indicate the depth of comfortable daylight, defined as the depth of DA, s0x measured from the fagade subtract the
depth of UDlesogo i, 10% (N0t exceeding 1.3m) measured from the facade. In this way, the tables represent an effective
tallying of comfortable daylight penetration within a space—equivalent to the simulation-based methodology of
subtracting UDlesooo i, 10% from DA, so%; however, the distances indicated in the tables cannot be directly compared to
simulated results.

Blue squares indicate designs which have minimal overlighting risk (UDlesoo0 1x, 10% < 1.3 m from the fagade), whereas red
and pink squares indicate depths of daylight which are at risk of being overlit or overlit (UDlesgoo ix, 10% 2 1.3 m or 2.0 m
from the facade). Spaces which are at risk of overlit (red squares) or spaces overlit (pink squares) will be deemed not
complied with the daylight requirement, as such, the areas are not to be counted as part of the daylit area. The numerical
values for the red or pink squares are not provided.

Using the Pre-simulated Tables has its benefits for projects at conceptual design stage, as the designers may consider
varying the design parameters or shading provision to provide spaces with comfortable daylight condition. The Pre-
Simulated Tables can be used as a simple and quick design guide for this purpose.

Alternatively, designers could incorporate mitigation strategies, such as, complex shading, opaque bottom-up blinds,
translucent, adjustable venetian blind systems, etc.to address overlighting to the overlit spaces. A detailed simulation
shall be carried out to show that the strategies is effective.

(i) Urban Context Obstructing Daylight

The Average Urban Obstruction Angle (AUOA) describes the average portion of sky blocked by surrounding obstructions
opposite a facade, e.g. neighbouring buildings. It can be determined as follows:
H — h)

AUOA = arctan(

Where
H: Average urban height of the surrounding obstructions in meters measured from the ground
h: The height of the respective space’s floor level above ground
W: Width of street, between the building and its surrounding obstructions.

The following diagram shows an example of the derivation of the average urban obstruction angle for the three floors of
a building based on the average urban obstruction height of 15.5 m, the building-to-building distance of 20 m and the
floor height of each level:


https://www1.bca.gov.sg/docs/default-source/docs-corp-buildsg/sustainability/GMNRB2015-Daylight-Availability-Tables.pdf
https://www1.bca.gov.sg/docs/default-source/docs-corp-buildsg/sustainability/GMNRB2015-Daylight-Availability-Tables.pdf
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AUOA = 37.8°
AUOA =27.7°

AUOA = 154°

With the AUOA known; select the chart with the appropriate “Degree Sky Obstruction” for use. The AUOA (Degree Sky
Obstruction) are grouped into the following range; shown in three separate tables:

® AUOA of 0-11.25°- Relatively unobstructed spaces
® AUOA of 11.25-33.75°- Moderately obstructed urban contexts
® AUOA of 33.75-57.25°- Significantly obstructed urban contexts

(i) Window-to-Wall Ratio (WWR)
There are 10 WWRs included in the pre-simulated daylight autonomy tables: 10%, 20%, 26%, 32%, 39%, 43%, 52%, 60%,
70% and 87%. The WWR value closest to the actual fagade WWR from this list should be used.

(iif) Overhang Obstruction Angle (OOA)

The OOA is the angle describing the portion of sky blocked by a horizontal overhang. The angle is measured from the
bottom of the window assembly, i.e. from the zenith (directly overhead) to the outside edge of the shading device.

H,,
00A = arctan (?)

Hw is the height of the windows of the space, while P is the length of the shading device.

The following diagram depicts the measurement of the overhang obstruction angle from the bottom window sill:

—— 30 degree shading device

15 degree shadiing device

overhang obstruction angle measured
from bottom of window assembly

Within each Pre-Simulated Daylight Availability table, results are grouped in columns by the Overhang Obstruction Angle
(OOA). There are three column groupings for OOA; i.e. 0°, 10° and 15°. The closest value to the actual project OOA value
should be used.

(iv) Orientation

Within each table, each row grouping indicates one of the 8 major cardinal directions in which the fagade is oriented. The
facade orientation should fall within 11.25° of the chosen orientation from the tables.

(v) Visible Light Transmittance (Tuis)

Within each grouping, results are ordered by Ty;s along the vertical axis. Six T.is values are represented in the pre-simulated
Daylight Availability tables: 25%, 35%, 45%, 55%, 65% and 75%. A project’s Tyis should be derived from window material
specifications for the project, and the closest value to the represented T,is should be chosen for use in the tables.
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(vi) Limitations Regarding the Pre-Simulated Daylight Availability Tables

While the simplified Pre-Simulated Daylight Availability Tables effectively represents results for standard designs, there
are limitations that should be considered when using them. Some of the considerations when using them are described
as follows:

e Underestimation of lighting in spaces with opposing glazed facades: In spaces with windows on two opposing
facades, the depth of daylight penetration would naturally increase due to contributions from opposing sides of the
space. Such cases may wish to consider using a full simulation in order to increase their daylit area.

e Potential for double counting: If two glazed facades are located about a single corner, the daylit areas will overlap.
The total daylit area in these cases should be calculated using a floor plan drawing in order to avoid double-counting

Worked Example

Pre-Simulated Tables and Methodology for Standard Designs

Building X is a small three-storey commercial office building. The building has three floors, with the height of the finished
floor at 0 m, 3.5 m and 7.0 m above grade, with a floor-to-ceiling height of 2.8 m. Based on an average urban obstruction
height of 10.5 m and a building-to-building distance of 20 m, its three South-facing facades have an AUOA of 27.7°, 19.3°
and 9.9° as seen in the diagram below:

AUDA = 27.7°
" 0
AUOA = 19.3° )

PR
P RSy
| AUDA =3.9° 2
e P

In the example WWR calculation, a representative section of facade is identified that spans vertically from the midpoint
of each floor slab and is horizontally equidistant between identical windows. The vertical area of this representative
facade section is 10.92 m?. The facade section has 3 nos. of 0.264 m? and 3 nos. of 0.593 m? panes of glazing. This results
in a WWR of 23.5%.

vertical walls

A I T O O I A OO Y

floor slabs

height of dropped ceiling

0.264 m?(0.264 m?([0.264 m

areas of individual glass panes

i
i
i
i
i
|
:
i 0.593 m[0.593 m?|[0.593 m i
] T
i
i
|
i
i
i
|
i
)
|

representative area of wall drawn vertically
between the centerline of the floor slabs and
horizontally between wall centerlines

elevation drawing

WWR = 3x0264+3x0.593 100 =23.5% WWR is defined as the ratio of glazed area

- 10.92 over the total wall area multiplied by 100
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The following table indicates the building properties:

Floors 1-3 Unobstructed 0° (None) North 20% 65%
Floor 1-2 11.25-33.75° 0° (None) South 20% 65%
Floors 2-3 Unobstructed 0° (None) South 20% 65%

Therefore, two Pre-Simulated Daylight Autonomy Tables for the DA500y, so% lighting conditions will be used: the Table
between 0 and 11.25° and between 11.25 and 33.75°. The following table illustrates the results extracted from the Pre-
Simulated Daylight Autonomy Tables:

Comfortably Daylit Depth Potential or Risk of Overlighting?

Floors 1-3 North 1.7m No
Floors 1-2 South 1.2m No
Floors 3 South - Yes

Note that Floor 3 South will be overlit and therefore cannot be included in the results unless the design is changed. Next,
the results should be applied to the building floor plans. The space is a simple, open-plan rectangle with 11.4 m long daylit
facades and is 10 m deep. Looking at the case of Floor 1 in detail, this means that from the North, 1.7 mx 11.4 m=19.4
m? area is comfortable daylit. For the South bottom two floors, 1.2 m x 11.4 m = 13.7 m? area is comfortably daylit. The
percentage of daylit area can be obtained by simply summing the daylit area from each facade and dividing by the total
floor area. As an example, 33.1 m?/ (11.4 m x 10 m) = 29.0% of Floor 1 is daylit.

These results should be tallied per floor.

e Floor 1: 33.1 m? Daylit
e  Floor 2: 33.1 m? Daylit
e  Floor 3: 19.4 m? Daylit (Southern portion overlit)

As a result, percentage of the building which is daylit as per the Pre-Simulated Method for Standard Designs is as follows:

33.1m? + 33.1m? + 19.4m?

3x 114 m?2 = 250%

The result (percentage of daylight spaces) is then used to refer to the Daylight criteria for eligibility of Green Mark points.

It is worth noting that in the case of this building design, daylight coming in from opposing fagade was not able to be
shown using the simplified method. The project team may want to consider a full simulation which is likely to show the

higher daylit area.
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Appendix B2: Pre-Simulated Daylight Autonomy Tables

Unobstructed Urban Context (0-11.25 degree Urban Obstruction)
15 Degree Shading Overhang 15 Degree Shading Overhang
d 4.4
39 45 48 47
41 44 42 48 52
43 40 45 46
38 4.2

0 Degree Shading Overhang

Unobstructed Urban Context
= for DA of 200 lux

Depth of DAzooiux, s0% daylit area
minus UDlesoooiux, 10% overlit area
(commercial occupancy schedule)

ELV

(0.00 to 1.50) m daylight depth
(1.50 to 2.25) m daylight depth
(2.25 to 3.00) m daylight depth
(3.00 to 3.75) m daylight depth
(3.75 to 4.75) m daylight depth
(4.75 to 5.25) m daylight depth
>5.25 m daylight depth

Potential Overlighting [1.3-2.0) m overlit depth
Risk of Overlighting >=2.0 m overlit depth

3s

Glazing Tuis(%)
uo3.1q

|
52 60
Window-to-Wall Ratio (WWR) (%)




Glazing Tuis(%)
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22.5 degree Urban Context (11.25-33.75 degree Urban Obstruction)

22.5 degree Urban Context
for DA of 200 lux

15 Degree Shading Overhang

0 Degree Shading Overhang 15 Degree Shading Overhang

40 45 46 51

38 4.2
39

Depth of DAzooiux, s0% daylit area
minus UDlesooolux, 10% overlit area
(commercial occupancy schedule)

(0.00 to 1.50) m daylight depth
(1.50 to 2.25) m daylight depth
(2.25 to 3.00) m daylight depth
(3.00 to 3.75) m daylight depth
(3.75 to 4.75) m daylight depth
(4.75 to 5.25) m daylight depth
>5.25 m daylight depth

Risk of Overlighting >=2.0 m overlit depth

.Potential Overlighting [1.3-2.0) m overlit depth

uondalIg

| | | | |
10 20 26 32 39 43 52 60 70 87
Window-to-Wall Ratio (WWR) (%)




Glazing Tvis(%)

45 degree Urban Context (33.75-57.25 degree Urban Obstruction)
0 Degree Shading Overhang 15 Degree Shading Overhang
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45 degree Urban Context for
DA of 200 lux

Depth of DAxooiux, so% daylit area
minus UDle3ooolux, 10% overlit area
(commercial occupancy schedule)

(0.00 to 1.50) m daylight depth
(1.50 to 2.25) m daylight depth
(2.25 to 3.00) m daylight depth
(3.00 to 3.75) m daylight depth
(3.75 to 4.75) m daylight depth
(4.75 to 5.25) m daylight depth
>5.25 m daylight depth

Potential Overlighting [1.3-2.0) m overlit depth
Risk of Overlighting >=2.0 m overlit depth



Glazing Tuis(%)
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Unobstructed Urban Context (0-11.25 degree Urban Obstruction)

15 Degree Shading Overhang
39 39 42

38 42 43 4 Unobstructed Urban Context
8 38 4 for DA of 300 lux

0 Degree Shading Overhang 15 Degree Shading Overhang

Depth of DAsooiux, s0% daylit area
minus UDlesooolux, 10% overlit area
(commercial occupancy schedule)

(0.00 to 1.50) m daylight depth
(1.50 to 2.25) m daylight depth
(2.25 to 3.00) m daylight depth
(3.00 to 3.75) m daylight depth
(3.75 to 4.75) m daylight depth
(4.75 to 5.25) m daylight depth
>5.25 m daylight depth

Potential Overlighting [1.3-2.0) m overlit depth
Risk of Overlighting >=2.0 m overlit depth

uoaIg

26 39 52
Window-to-Wall Ratio (WWR) (%)



Glazing Tuis(%)
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22.5 degree Urban Context (11.25-33.75 degree Urban Obstruction)
0 Degree Shading Overhang 15 Degree Shading Overhang 15 Degree Shading Overhang

22.5 degree Urban Context
for DA of 300 lux

Depth of DAzooiux, s0% daylit area

minus UDlesooolux, 10% overlit area

(commercial occupancy schedule)
(0.00 to 1.50) m daylight depth
(1.50 to 2.25) m daylight depth

(2.25 to 3.00) m daylight depth

(3.00 to 3.75) m daylight depth
(3.75 to 4.75) m daylight depth
(4.75 to 5.25) m daylight depth
>5.25 m daylight depth

| | | | | | | | | |
10 20 26 32 39 43 52 60 70 87

N

aN

3

Potential Overlighting [1.3-2.0) m overlit depth
Risk of Overlighting >=2.0 m overlit depth

3s
uoaIg

M MS N

MN

| | | | | | | | | | | | | | | | | | | |
10 20 26 32 39 43 52 60 70 87 10 20 26 32 39 43 52 60 70 87
Window-to-Wall Ratio (WWR) (%)
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45 degree Urban Context (33.75-57.25 degree Urban Obstruction)
0 Degree Shading Overhang 15 Degree Shading Overhang 15 Degree Shading Overhang

45 degree Urban Context for
DA of 300 lux

Depth of DAsooiux, s0% daylit area

minus UDlesooolux, 10% overlit area

(commercial occupancy schedule)
(0.00 to 1.50) m daylight depth
(1.50 to 2.25) m daylight depth

(2.25 to 3.00) m daylight depth

(3.00 to 3.75) m daylight depth
(3.75 to 4.75) m daylight depth
(4.75 to 5.25) m daylight depth
>5.25 m daylight depth

| | | | | | | | | |
10 20 26 32 39 43 52 60 70 87

N

aN

3

Potential Overlighting [1.3-2.0) m overlit depth
Risk of Overlighting >=2.0 m overlit depth

3s
uoaIg

M MS N

MN

| | | | | | | | | | | | | | | | | | | |
10 20 26 32 39 43 52 60 70 87 10 20 26 32 39 43 52 60 70 87
Window-to-Wall Ratio (WWR) (%)



Glazing Tuis(%)
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Unobstructed Urban Context (0-11.25 degree Urban Obstruction)
0 Degree Shading Overhang 15 Degree Shading Overhang 15 Degree Shading Overhang

Unobstructed Urban Context
for DA of 500 lux

Depth of DAsooiux, s0% daylit area

minus UDlesooolux, 10% overlit area

(commercial occupancy schedule)
(0.00 to 1.50) m daylight depth
(1.50 to 2.25) m daylight depth

(2.25 to 3.00) m daylight depth

(3.00 to 3.75) m daylight depth
(3.75 to 4.75) m daylight depth
(4.75 to 5.25) m daylight depth
>5.25 m daylight depth

| | | | | | | | | |
10 20 26 32 39 43 52 60 70 87

N

aN

3

Potential Overlighting [1.3-2.0) m overlit depth
Risk of Overlighting >=2.0 m overlit depth

3s
uoaIg

M MS N

MN

| | | | | | | | | | | | | | | | | | | |
10 20 26 32 39 43 52 60 70 87 10 20 26 32 39 43 52 60 70 87
Window-to-Wall Ratio (WWR) (%)



Glazing Tuis(%)
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22.5 degree Urban Context (11.25-33.75 degree Urban Obstruction)
0 Degree Shading Overhang 15 Degree Shading Overhang 15 Degree Shading Overhang

22.5 degree Urban Context
for DA of 500 lux

Depth of DAsooiux, s0% daylit area

minus UDlesooolux, 10% overlit area

(commercial occupancy schedule)
(0.00 to 1.50) m daylight depth
(1.50 to 2.25) m daylight depth

(2.25 to 3.00) m daylight depth

(3.00 to 3.75) m daylight depth
(3.75 to 4.75) m daylight depth
(4.75 to 5.25) m daylight depth
>5.25 m daylight depth

N

aN

3

Potential Overlighting [1.3-2.0) m overlit depth
Risk of Overlighting >=2.0 m overlit depth

(%)
m

=4

=

@

23

2

E
___w
(%3
=
___E
=z
=

| | | | | | | | | | | | | | | | | | | |
10 20 26 32 39 43 52 60 70 87 10 20 26 32 39 43 52 60 70 87
Window-to-Wall Ratio (WWR) (%)

| | | | | | | | | |
10 20 26 32 39 43 52 60 70 87
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45 degree Urban Context (33.75-57.25 degree Urban Obstruction)
0 Degree Shading Overhang 15 Degree Shading Overhang 15 Degree Shading Overhang

| | | | | | | | | | | | [ | | | | | | | | | | | | | | | | |
10 20 26 32 39 43 52 60 70 87 10 20 26 32 39 43 5 60 70 87 10 20 26 32 39 43 5 60 70 8
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45 degree Urban Context for
DA of 500 lux

Depth of DAsooiux, sox daylit area
minus UDlesoooiux, 10% overlit area
(commercial occupancy schedule)

(0.00 to 1.50) m daylight depth
(1.50 to 2.25) m daylight depth

(2.25 to 3.00) m daylight depth
(3.00 to 3.75) m daylight depth
(3.75 to 4.75) m daylight depth
(4.75 to 5.25) m daylight depth
>5.25 m daylight depth

Potential Overlighting [1.3-2.0) m overlit depth
Risk of Overlighting >=2.0 m overlit depth
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Appendix C: Energy Modeling Methodology
and Requirements

General

The energy modeling for evaluating the energy performance of a building shall be carried out in a prescribed manner to
quantify the potential savings based on energy efficiency measures and improvements that reduce cooling load requirement
over the Reference Model. The energy savings shall be measured by comparing the annual energy consumption of the
Proposed Model (designed building) against the Reference Model (baseline building).

Simulation Software
The simulation software used for energy modeling shall meet the following criteria:

(a) It must have the capability to model the thermal performance of buildings in a multi zone format and calculate the
building’s total energy consumption over a continuous 12-months period.

(b) It must be tested by a recognised institution in accordance with ANSI/ASHRAE Standard 140 — Standard Method of Test
for the Evaluation of Building Energy Analysis Computer Programs (or other equivalent standards).

Reference Model

(i) Baseline Standards

The simulation model for calculating the baseline building performance (known as Reference Model) shall be developed in
accordance with the requirements in the following table on Baseline Standards. The requirements are applicable to all
buildings, including building served by new/ existing DCS plants.

Baseline

Standard Minimum Requirement

S/N Component

1  Building Description
1.1 Building Envelope BCA Approved () ETTV shall not exceed 50 W/m?

Design Document (b) For roof with skylight, RTTV shall not exceed 50 W/m?
Code on For roof without skylight, the average U value of the gross area of the roof shall not exceed
Envelope the limits below:
Thermal Weight Group Weight range (kg/m?) Max Thermal Transmittance (W/m?k)
Performance for
buildings Light Under 50 0.5
Medium 50 to 230 0.8
$5212:2007 - Heavy Over 230 12

Specification for (c) All windows on the building envelope shall not exceed the air leakage rates specified in
Aluminium Alloy §5212:2007.
Windows (d) Where the door opening of any commercial unit is located along the perimeter of the
building envelope, that unit shall:
(i) Be completely separated from the other parts of the building
(i) Have its air-conditioning system separated from and independent of the
central system.
1.2 Building Shape, Reference Model to be the same as Proposed Model
Size and
Configuration
1.3 Building Zoning & Reference Model to be the same as Proposed Model.
Thermal Block Zoning of air-conditioned and non-air conditioned areas shall be modelled based on the
approved building plan except for floor areas that conform to the provisions for Passive
Design Features under Para 3.9 to reduce air-conditioned spaces. Where ACMV zones are
defined on the ACMV design drawings, each ACMV zone shall be modelled as a separate
thermal block.



S/N Component

2 System Description

2.1 Air-conditioning
System Types

Baseline
Standard

SS 530 : 2014 —
Code of Practice
for Energy
efficiency
Standard for
Building Services
and Equipment

ASHRAE 90.1:
2013 — Energy
Standard for
Buildings Except
Low-Rise
Residential
Buildings

2.2 Chiller Efficiency SS530:2014

(a)

(b)
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Minimum Requirement

Based on the peak building cooling load, the reference system shall be as follows:
(i) Peak building cooling load > 500RT: Centrifugal chiller.

- Peak cooling load < 800 RT: 1 number of centrifugal chiller

- Peak cooling load > 800 RT: N numbers of centrifugal chillers equally sized with
each chiller < 800 RT
Peak building cooling load < 500RT and air-conditioned area > 5,000m?: Screw
chiller
- Peak cooling load < 300 RT: 1 number of screw chiller
- Peak cooling load > 300 RT: 2 numbers of screw chillers sized equally sized with
each chiller <300 RT

Peak building cooling load < 500RT and air-conditioned area < 5,000m?: The
reference system shall be of the same type as the proposed system.

For VRF systems, the baseline of constant COP of 3.28, 3.22 and 2.93 shall be
adopted, with reference to SS 530 : 2014, Table 1B.
Additional chiller or other air conditioning configuration may be considered if the
reference chiller(s) operate at less than 50% of its capacity for more than 20% of the

(iii)

(iv)

time.

For buildings with chilled water supplied/ to be supplied by a District Cooling System
(DCS) company*:

(i) Path A: The above item (a) and (b) are applicable to building with chilled water
supplied by DCS company under Path A. All ACMV components dedicated to the
DCS plant and building designed shall be included and considered. The energy
efficiency and chilled water system of the Proposed Model shall be that of the DCS
plant. The baseline efficiency will be 0.80kW/ton (with reference to DCS Plant
Boundary stated in P.4 Air Conditioning Total System and Component Efficiency).
Together with chilled water pumps within building (baseline = 0.0568 kW/RT), the
total allowable reference efficiency of the chilled water system would be 0.8586
kW/RT.

Path B: The energy consumption contribution from the DCS plant may be excluded
from the energy modeling provided the two criteria as follows are complied with:

(ii)

Level of Green Mark Cooling Load Energy Consumption Savings
Award Savings (exclude DCS plant)

Gold™s 10% 27%

Platinum 15% 33%

Paths A and B

shall be as per defined as per P.4 Air Conditioning Total System and Component Efficiency.
*Note: District Cooling System baseline is only used for buildings served by DCS supplier. It
does not apply to large chiller plant system owned and operated by building owner serving

their own buildings.

Minimum energy efficiency standard stated in SS 530 : 2014. Please refer below for the

default chiller efficiency curve.
For District Cooling System, please refer to 2.1(c).



S/N Component

2.3

Baseline
Standard

Air-Conditioning  S$553: 2016 -
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Minimum Requirement

(a)

Pumping system design criteria

Hydronic Systems  ~,qe of Practice (b) For air-conditioning hydronic systems having a total pump system power exceeding 7.5

2.4 Cooling Tower

2.5 |Air Conditioning
Fan Systems

for Air-
conditioning
and Mechanical
Ventilation in
Buildings

California
Energy
Commission
Non-Residential
Alternative
Calculation
Method
Reference
Manual 2013
Appendix 5.7

55 530: 2014

California
Energy
Commission
Non-Residential
Alternative
Calculation
Method
Reference
Manual 2013
Appendix 5.7

5$§553:2016

ASHRAE 90.1:
2013

Non-domestic
Building Services
Compliance
Guide 2013
Edition

kW, the pump power limitation for chilled water systems shall be 349 kW/m3/s. The

pump power limitation for condensing water systems is 301 kW/m?3/s.

(ii) For motors > 3.7 kW: The chilled water pump shall have VSD and the motor shall
have controls and/ or devices (such as variable speed control) that will result in
pump motor demand of no more than 30% of design wattage at 50% of design
water flow.

(iii) For motors < 3.7 kW: The chilled water pump shall be the equivalent of a constant

speed pump if motor is less than 3.7 kW.

(iv)

)

Condenser water pump shall be the equivalent of a constant speed pump.
Buildings served by DCS, code-compliance chilled water pump efficiency will be
0.0568 kW/RT for chilled water pumps within the building.

The above item (i) to (iv) are applicable to buildings with chilled water supplied by DCS
companiess. For Path B, only the customer building pumps shall be considered.

(c) Calculation for part load performance of chilled water pump with VSD and the minimum
operating load shall be capped at 50% (25 Hz) of the equipment capacity.

Pump power ratio
=0.0205x + 0.4101x% + 0.5753x3
where x is the part load ratio

Values in table below are for reference only
(projects are advised to use actual value and formula for computation)

X 020

0.025

0.4 0.5 0.6 0.7 0.8 0.9 1

0.059 | 0.111 | 0.185 | 0.284 | 0.413 | 0.573 | 0.770 | 1.006

Pump ratio

Project team can propose other equivalent methodology but affinity law is not recommended
as it does not take into account of loss in actual operating conditions.

Performance requirement for heat rejection equipment:

a) Propeller or axial fan cooling towers: Cooling tower performance shall not be less than
3.23 L/s/kW.

b) Centrifugal fan cooling towers: Cooling tower performance shall not be less than 1.7
L/s/kW.

c) Calculation for part load performance of Cooling tower with VSD and the minimum
operating load shall be capped at 50% (25 Hz) of the equipment capacity.

Cooling tower fan power ratio = 0.331629 -0.885676 x + 0.605565 x? + 0.948482 x*

where x is the part load ratio

Values in table below are for reference only

(projects are advised to use actual value and formula for computation)

X 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

CT ratio 0.186 | 0.146 | 0.135 | 0.159 | 0.223 | 0.334 | 0.496 | 0.716 | 1.000

Project team can propose other equivalent methodology but affinity law is not recommended

as it does not take into account of loss in actual operating conditions.

The ratio of fan system power to the supply fan air flow rate (main fan) of each air-
conditioning system at design conditions shall not exceed the allowable fan system power.
Airflow Rate for Reference Model

(a)

The airflow rate for the Reference Model shall be based on the auto-sizing function of
the energy modeling software used.

(b) The Reference Model for spaces served by fan coil units (FCUs) shall be of constant flow
system, and the airflow rate shall be auto-sized by the energy modeling software. For
hotel guest room FCUs where the airflow rate simulated is less than that of the smallest
FCU available in the market, the airflow rate of the proposed FCU can be adopted for
the Reference Model.

Fan System Design Criteria

(c)

For fan systems with a motor nameplate power > 4 kW, the fan power limitation in air-
conditioning system (the allowable fan system input power) shall be as follows:
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Baseline

Standard Minimum Requirement

S/N Component

(i) Constant volume shall not exceed 1.5 kW/m3/s (or 0.42 W/CMH + A) of supply air.
Reference control strategy for CAV system shall be constant speed.

(i) Variable volume shall not exceed 2.1 kW/m?3/s (or 0.58 W/CMH + A) of supply air.
Note: Fan power limitation pressure drop adjustment is not applicable for the following
devices:

- Return and/or exhaust air systems
- Return and/or exhaust airflow control devices
- Exhaust filters or other exhaust treatment
- Particulate Filtration Credit: MERV 9 — 14
Fan power limitation pressure drop adjustment can be considered for activities where higher
fan power is expected to overcome the high static pressure of the specialized hardware such
as kitchen exhaust, heap filter or high pressure exhaust system used in clean room,
laboratories and hospitals. There is no exception to the reference for cases when the proposed
fan power exceeds the reference power limitation in Table 2b of SS 553 : 2015
(d) For fan system having a motor nameplate power < 4 kW, the allowable fan system input
power shall be <0.6 kW/m3/s (0.17 W/CMH) of supply air. For cases where the proposed
fan power exceeds the reference power limitation, the energy consumption of the
proposed fan can be applied to the Reference Model.
(e) For computation of fan power, 5% driver loss needs to be accounted for the use of VSD.

Project team can use lower value if they can substantiate VSD loss with documentation.
Part load fan power limitation
(f) The reference control strategy for VAV system shall come with VSD without exemption,

applicable to all fans including small fan motors < 7.4 kW.

(g) Individual VAV fans with motors of > 7.4 kW shall meet one of the following
requirements:

- Be driven by an electrical variable speed drive.

- Have other controls and devices for the fan that will result in fan motor demand of
less than 30% of design wattage at 50% of design air volume when static pressure
set point equals one-third of the total design static pressure based on
manufacturer’s certified fan data.

- Calculation for part load performance of VAV fan with VSD and the minimum
operating load shall be capped at 50% (25 Hz) of the equipment capacity. The part
load fan power calculator may be referenced from ASHRAE 90.1, Table G3.1.3.15,
Part-Load Performance for VAV Fan Systems, Method 2 — Part-Load Fan Power
Equation for part load fan power calculation.

Fraction of full-load fan power = 0.0013 + 0.1470x + 0.9506x? - 0.0998x3
where x is the part load ratio (Ratio of current L/s against design L/s)

Values in table below are for reference only

(projects are advised to use actual value and formula for computation)

X 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Fan ratio 0.068 | 0.128 | 0.206 | 0.300 | 0.410 | 0.536 | 0.676 | 0.831 | 1.000

For laboratories, ACH baseline will reference to existing laboratory with similar function and
there should be setback ACH during non-occupancy. Where information is not readily
available, the following baseline can be considered after discussion with assessors. Projects
should design for minimum flowrate to reduce energy consumption within safety limit.

Laboratories ACH for unoccupied hours ACH for occupied hours
BSL1 3 4
BSL2 & 3
. 4 8
(Sprinkled)
BSL2 & 3
6 12

(Non-Sprinkled)

Maintain minimum 0.5m/s

- . airflow for fume hood(s) at
Minimum opening for fume

hood(s) working position.

Reasonable diversity to be
considered.

*ACH baseline for BSL4 / CDSL4 to be discussed with assessor(s) on case-by-case basis if

baseline for BSL3/CDSL3 are not suitable.

CDSL1, 2,3




S/N

2.6

2.7

2.8

2.9

2.10

211

S T— Baseline
P Standard
Mechanical SS$553:2016
Ventilation Fan
Syst
MRS ASHRAE 90.1:
2013

Non-domestic
Building Services
Compliance
Guide 2013
Edition

Design Airflow ASHRAE

Rates 90.1:2013
Section
G3.1.2.9.1

Exhaust Air ASHRAE
90.1:2013

Section 6.5.7.2

Lighting Systems  S§530: 2014

ASHRAE

90.1:2013
Hot Water SS 530 : 2014
generation

S§§553:2016

Energy Recovery SS§553:2016
Systems

192

Minimum Requirement

The ratio of fan system power to the supply fan air flow rate (main fan) of each ventilation

system at design conditions shall not exceed the allowable fan system power.

Fan system design criteria

a) Mechanical ventilation systems having a total fan system power > 4kW shall refer to SS
553 : 2015, Table 8 — Fan Power Limitation in Mechanical Ventilation Systems.

(a) Reference fan power limitation for mechanical ventilation system shall be constant
volume type and the fan system input shall not exceed 0.3 W/CMH + A.
Note: The fan power limitation pressure drop adjustment is not applicable for the following
devices:
- Exhaust air systems
- Exhaust airflow control devices
- Exhaust filters
Exceptions can be considered for activities where higher fan power are expected to overcome
the high static pressure of the specialized hardware such as kitchen exhaust, heap filter or
high pressure exhaust system used in clean room, and hospital. There is no exception to the
Reference Model for cases when proposed fan power exceeds the baseline power limitation.
(b) For fan system with a motor nameplate power < 4 kW, the allowable fan system input
power shall not exceed 0.6 kW/m3/s (or 0.17 W/CMH) of supply air. For cases where the
proposed fan power exceeds the reference power limitation, the energy consumption
of the proposed fan can be applied to the Reference Model.
For systems serving laboratory spaces, use a supply-air-to-room-air temperature difference
of 9°C or the required ventilation air or makeup air, whichever is greater.

Buildings with laboratory exhaust systems having a total exhaust rate greater than 2360 L/s
should adopt at least one of the energy efficient features as stated in ASHRAE 90.1 Section
6.5.7.2.

(a) The maximum design lighting power (including ballast loss) for a building’s interior
lighting shall not exceed the sum of maximal power for various areas calculated in
accordance with SS 530 : 2014, Table 7A- Maximum Building Interior Lighting Power
Density for Compliance (Space-By Space Method). Particularly, the maximum design
lighting power (including ballast loss) for laboratories shall be 16W/m?. The allowable
lighting power density stated in ASHRAE 90.1:2013 can be considered if the lighting
power budget for the types of usage is not available in S5 530.

(b) The allowable building exterior and outdoor (uncovered area) lighting power shall be
the combined total of the sum of the general hardscape lighting allowance determined
in according to SS 530, Table 7D and the sum of the additional lighting power allowance
for specific applications determined in accordance with Table 7E. The maximal power
density requirements specified in Table 7D are tradable but those specified in Table 7E
are not, unless stated otherwise.

(a) For generation of hot water < 60°C, the baseline shall be a heat pump with COP of 3.2.

(b) Control of indoor thermal environment via reheat of the air shall not be allowed except
for energy source from site-recovered energy (including condenser heat) or site-solar
energy, referring to SS 553, Section 8.14. The baseline for this case will be heat pump
with COP of 3.2.

(a) Exhaust air of 2.5 m3/s or greater from conditioned space in a single location shall have
energy recovery system with at least 60% recovery effectiveness. 60% recovery
effectiveness shall mean a change of enthalpy of the outdoor air supply equal to 60% of
the difference between the outdoor air and return air at design conditions when tested
under AHRI standard 1060.

(b) Control of indoor thermal environment by reheating the air shall not be allowed except
for energy source from site-recovered energy (including condenser heat) or site-solar
energy, refer to SS553, Section 8.14. The baseline for this case will be heat pump with
COP of 3.2.
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S/N Component SB';;edhan::l Minimum Requirement
3  Others
3.1 Receptacle & ASHRAE In general, the receptacle value for both the Reference Model and proposed design shall be
Process loads 2013 ASHRAE the same. Some default figures are as mentioned:
Fundamentals
Handbook (SI) a.  Computer intensive offices 22.0 W/m?
b.  General office areas 16.0 W/m?
C. Large conference areas 11 W/m?
d. Data Centre Source: 540.0 W/m?
e. Server Room ASHRAE 270 W/m?
f.  Schools (Tertiary/IHLs) 90.1.2013 8 W/m?
g. Schools (Primary/Secondary) 5 W/m?
Receptacle load to be capped at 25% of baseline total energy building’s energy consumption
if it exceeds that value.
Office
Energy savings is allowed in the form of a lower W/m? for the proposed design (as compared
to 16 W/m? for the Reference Model) if the project can commit to deliver lower receptacle
density at verification. The project team must provide a green lease, dedicated energy meters
and tenant engagement programme as evidences for Green Mark assessment.
Data Centres
Energy consumed by data centres must be included as receptacle loads in the model. The
scope and the calculation methodology must take reference from the BCA-IDA Green Mark
for New Data Centre Criteria. The PUE of data centres must be < 2. The building owner is
encouraged to apply for the BCA-IDA Green Mark for New Data Centre scheme if the share of
the energy consumed by the data centre is substantial compared to the building’s total
energy consumption.
Laboratories
Project could take reference from the receptacle load values stated in the ASHRAE
Fundamentals Handbook (SI) or other international recognised guides with diversity and
should consider existing measured data.
Schools
Energy savings, for above listed area, are allowed in the form of a lower W/m2 for the
proposed design if the project can commit to deliver lower receptacle density at verification.
The project must be able to effectively measure the areas’ energy consumption as evidences
for Green Mark assessment
3.2 Occupancy Rates Same as proposed design
3.3 Operation Same as proposed design
Schedules
3.4 Indoor Thermal  $S554:2016- Same as proposed design
Comfort Code of Practice
Conditions for Indoor Air
Quality for Air-
conditioned
Buildings
3.5 Minimum $S553:2016  Same as proposed design except for laboratories.
Ventilation Rates  epa 45 For laboratories, baseline air change rate would be:
EPA e 8 ACH (Occupied)
e 4 ACH (Non-occupied)
The project team can propose values for specific usages based on international/ Singapore
recognised guidelines.
3.6 | Heat Exchanger Same as proposed design
3.7 Lift & Escalator
without Same as proposed design
Regenerative Both the reference and proposed design baseline should incorporate A/C VVVF features.
Drive
3.8 Modeling
LimitatiF)n or Same as proposed design
Simulation

Program
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Baseline - :
S/N Component Standard Minimum Requirement
3.9 Passive Design For projects that demonstrate considerable efforts to reduce air-conditioning energy
Features consumption, a cap of 3% of additional energy savings from passive design features over

its Reference Model can be considered. Total energy saving accounted for passive design

features and renewable energy is capped at 5%.

For savings to be justified, design strategies that enhance the ventilation and thermal

comfort of the designated non air-conditioned spaces must be demonstrated. A written

justification detailing the design strategies used and evidences accompanied with
simulation and/or calculation of the energy saving estimate would be required for
evaluation.

Examples

e  Circulation spaces such as atria, can be considered if these spaces are largely designed
to be non-air-conditioned and sizeable. This is not applicable to areas that would
normally be non-air-conditioned, such as warehouses, school classrooms and
pantries.

e The introduction of air well or slopes to convert a mechanical ventilated car park to a
code compliant natural ventilated car park is also acceptable. However, open air
naturally ventilated carparks cannot be considered for energy savings.

4.0 Renewable Energy Energy generated from renewable sources, such as solar photovoltaic (PV) systems, could
be used to offset the 25% and 30% energy savings requirement for Gold"'YS and Platinum
projects respectively, up to a maximum of 3% energy savings against the annual energy
consumption from the Reference Model.

For example, if a project has annual energy consumption of 100 MWh simulated from the
Reference Model and 72 MWh from the Proposed Model, the project can attain 28%
energy savings. However, if it has solar PV installed to produce 2 MWh annually, it could
offset a further 2% of the energy savings. This brings its total energy savings to 30%.

Note:

Where there is no baseline standard for certain energy related features such as chilled beams, underfloor air distribution systems,
receptacle loads, lifts and escalators, hot water systems, reference can be made to ASHRAE 90.1:2013 Appendix G. For buildings with
special requirements where there is no reference based on ASHRAE 90.1:2013 Appendix G, the baseline set for similar building type
completed after 2005 can be considered. Detailed calculations must be provided to justify the savings in energy consumption from the use
of salient energy efficient features /equipment. Where justification cannot be provided, the same input parameters for good design practice
shall apply to both the Reference and Proposed Model.

(ii) Default Chiller Efficiency Curve

The default Chiller Curve and Chiller Configuration, references to SS 530 : 2014, AHRI 551/591, Path A, Full Load Conditions.
The standard rating conditions are based on chilled water supply temperature at 7.0°C, chilled water return temperature at

12.0°C, condenser water entering temperature at 30.0°C and condenser water leaving temperature at 35.0°C. The
default part load performance curves below are provided in DOE 2.2 and IESVE software 2014 which are compliant with
California’s TM24 requirement:

Sl I SN 3 o o e e e e
< 263kW 3.125 3.581 3.809 3.970 4.105 4.228 4.345 4.461 4.576 4.694
> 264 kW and < 528 kW 3.255 3.730 3.967 4.135 4.276 4.403 4.526 4.646 4.767 4.889
Rotary Screw
and Scroll > 528 kW and < 1055 kW 3.551 4.069 4.328 4.511 4.665 4.804 4.938 5.069 5.200 5.334
> 1,055 kW and < 2110 kW 3.842 4.403 4.683 4.881 5.047 5.198 5.342 5484 5.626 5.771
22,110 kW 4.185 4.796 5.100 5.317 5.497 5.662 5.819 5.974 6.129 6.286
< 1,055 kW 1.676 2.914 3.821 4.478 4.949 5.279 5.504 5.648 5.732 5.771
Centrifugal 2 1,055kW and < 1,407 kW 1.826 3.174 4.162 4.878 5.391 5.750 5.995 6.152 6.244 6.286

21,407kW 1.826 3.174 4.162 4.878 5.391 5.750 5.995 6.152 6.244 6.286
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Energy Modeling Methodology

The simulation model of the Proposed Model, as well as the Reference Model shall be:

(a)

Developed in accordance with the design parameters of the building. This includes:

Building design layout in terms of shape, size and orientation

Materials for walls, windows, roofs, floors, doors and permanent shading devices, internal partitions between
conditioned and non-conditioned spaces

Internal loads such as levels and schedules for occupancy, lighting systems, equipment, appliances and machinery within
the building

ACMV equipment, controls and other associated components selected for use in the building

Calculated using the same:

Software

Weather data: Appropriate up-to-date weather set should be used for energy modeling such as ASHRAE's International
Weather for Energy Calculation data for Singapore.

Operating schedules

Occupancy rates

Building design in terms of shape, size and orientation

Receptacle loads (exception for office, see 3.1 under Table 1 for requirements)

Indoor environmental conditions in terms of thermal comfort level: If a different condition such as higher space
temperature is used in the Proposed Model, there must be evidence to demonstrate that the overall thermal comfort
level is not lower than that of the Reference Model.

Internal illuminance levels (lux) for space lightings

Based on the overall energy consumption computed over a period of 1 year using the building envelope and all energy
consuming equipment that are selected during the design stage. This includes energy consumed by chillers, air handling
systems, plant equipment (e.g. water pumps, cooling towers, tube cleaning devices, chillers, etc.), and non-ACMV
systems such as lighting, lifts, escalators, ceiling fans and receptacle loads from equipment (e.g. photo-copiers, printers,
fax machines, computers, laptops, fridges, projectors, audio-cum video systems, water heaters, dryers, washers, etc.).

The basis for deriving the overall energy consumption and potential energy savings must be made clear and justifiable for

consideration. Notwithstanding this, the potential energy savings for the following systems/devices shall be capped as

follows:
Escalator 30%
Lift with regenerative features 18%
CO Sensors 15%
Occupancy sensors 15%
Photo sensors 15%
Renewable energy (e.g. solar energy) 3%*

* Total energy saving accounted for passive design features and renewable energy is capped at 5%.

The improved performance of the proposed building design can then be obtained by making comparison of the overall energy

consumption of the Reference Model against the Proposed Model.
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Calculation of Energy Efficiency Index (EEI) and Energy Use Intensity (EUI)

The normalised EEI based on the proposed model result shall be computed using the formula:
TBEC — DCEC — CPEC NF
EEINormalised,model = GFA—DCA X m

The EEl shall be computed as follows:
TBEC — DCEC — CPEC

EElpoqer =

GFA—DCA
The building overall EUI, excluding car park shall be calculated as follows:
TBEC — CPEC
EUImodel - GFA
The car park EUI shall be calculated as follows
CPEC

EUICanark,model = m
TBEC: Total building energy consumption (kWh/year)
DCEC: Data centre energy consumption (kWh/year)
CPEC: Car park energy consumption (kWh/year)
CPFA: Total floor area for car park (m?)
DCA: Data centre areas (m?)
GFA: Gross floor area (m?)
OH: Weighted weekly operating hours (hours/week)
NF: Normalising factor based on typical weekly operating hours of the following building types:
Office: 55 hours/week
Retail: 84 hours/week
Hotel and Industrial: 168 hours/week
Institutions: 60 hours/week
Carpark: 168 hours/week

Documentation Requirements

(A) Design Stage

The name and company of the Energy Modeling consultant, details of software used and its limitations, building type and
complexity shall be submitted to BCA. The Energy Modeling Form for Green Mark Scheme (Finalisation of Building Design)
following shall be submitted, of which the template may be found at the following link:
https.//wwwl.bca.gov.sg/docs/default-source/docs-corp-buildsq/sustainability/em form.docx

The Qualified Person (QP) and the appropriate practitioners shall certify that the energy modeling for the building has been
carried out in accordance with the requirements using the energy modeling methodology. The appropriate practitioner shall
ensure that the assumptions and inputs used for energy modeling are bona fide. The energy modeling specialist shall certify
and be responsible for the correctness of the modeling included proper usage of the relevant software.

The QP and the appropriate practitioners shall ensure the following documents and records are available as evidences to
demonstrate compliance with the energy modeling framework and validation of the potential energy savings during final
assessment. They are:

(a) Certification showing that the simulation software is tested and meet the criteria in accordance with the ANSI/ASHRAE
Standard 140

(b) Detailed drawings and other necessary information of proposed design
(c) Detailed system design calculation

(d) Summary of Space and Envelope Thermal Transfer Value (ETTV) of the Building Envelope as in Energy Modeling Form
for Green Mark Scheme (Finalisation of Building Design)

(e) List of data such as:

e Space input data for all zones comprising detail information on construction materials and their properties designed
for each individual zone. For example, room area, walls, windows, doors, floors, partitions, sensible and latent loads
(lightings, occupancy rates, receptacles loads, outdoor ventilation rates, misc. loads etc.). Schedules for each
individual operating zone (e.g. lighting, occupants, mechanical fans, AHUs, other mechanical and electrical
equipment, etc.)

e Executable input data files used in the generation of the energy estimates for the Proposed and Reference Models

e OQutput data on the monthly energy consumption by mechanical and electrical system components (e.g. Air-
conditioned systems, Lighting Systems, Receptacle Equipment, Lifts, Escalators etc.)


https://www1.bca.gov.sg/docs/default-source/docs-corp-buildsg/sustainability/em_form.docx
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e  One year simulated hourly cooling load data in the form of the Frequency vs Cooling Load (RT) plot, Cooling Load
vs Time, A/C efficiency vs Time

e Detailed computation of the ETTV for both Reference and Proposed Models

e Comparison of Reference Model versus Proposed Model as in Form: Energy Modeling Form (Finalisation of Building
Design)

e  Summary of Energy of End Use including Efficiency Indicators for both Reference and Proposed Models as in Energy
Modeling Form (Finalisation of Building Design)

e Summary printouts of energy modeling software for the Reference Model including summary of weather data
results Monthly energy consumption of mechanical and electrical system components such as air-conditioned
system, lighting systems, receptacle equipment’s, lift and escalator etc.

e Assumptions and limitations in modeling with rectifications
(f) Executable file of the EM simulation for both the Proposed and Reference Models

(g) Recommendations (if any)

(B) Verification Stage 2

For Gold™YS and Platinum projects, when the building starts to operate in a steady state, the developer shall within 2 years
after TOP, commence to gather data on actual site operation for the next 12 months period. Appropriate and adequate
power meters shall be installed to measure and record the breakdown on the energy consumption from the utilities bills.
Sub-meters are required to capture the annual consumption of data centre and car park lighting and mechanical ventilation.
Separate meters shall be provided during design stage to record the annual energy consumption generated by renewable
energy e.g. solar photovoltaic (PV) and energy savings claimed by energy saving devices, e.g. escalators, lifts, CO sensors and
occupancy sensors and photo sensors. Adequate meters shall be installed to data log and monitor and extract the necessary
information, e.g. monthly and annual energy generated (kWh) from the Solar PV. Dedicated meters shall be installed to
measure the operational energy consumption and intensities of receptacle load (W/m?) of office space to verify on the energy
savings claimed in energy modeling. Using the data on actual site operation, a revised energy modeling shall be performed
to compare the annual energy consumption of the Reference Model with the actual consumption of the building.

The project developer or building owner shall submit a Stage 2 Verification Audit Report of at least, but not be limited to, the
following content:

a) Form for Energy Modeling Form for Green Mark Scheme (Validation After Project Completion) - the template may be
found at the following link:
https://wwwl.bca.qgov.sq/docs/default-source/docs-corp-buildsq/sustainability/em form.docx

b) Electricity bills: Building landlord/ tenants/ DCS company bills for 12 months if applicable. Building cooling provision from
DCS company (Path A and Path B) shall provide energy efficiency information (kW/RT) of the plant to facilitate the
computation of EEl and EUI of the customer building. Monthly bills paid to DCS company shall be provided to facilitate
EElI and EUl computation at verification stage.

c) Energy Audit Report (the template may be found the following link: https://www1.bca.qgov.sq/docs/default-source/docs-

corp-buildsq/sustainability/annexb energy audit report.doc)

d) As-built electrical single-line schematics drawings

e) Description of deviations of the building operations to the Proposed Energy Model which was submitted for Green Mark
Certification e.g. monthly building occupancy rate, receptacle loads, data centre addition etc.

f)  BMS data log for the individual energy end use as in the actual energy breakdown under the Form for Energy Modeling
for Green Mark Scheme (Validation After Project Completion); kWh raw data in softcopy Microsoft Excel file format and
categorized according to the meters as-built schematics design.

g) Temporary logging of energy end use as in Form for Energy Modeling for Green Mark Scheme (Validation After Project
Completion); kWh raw data in softcopy Microsoft Excel file format.

h) Data Centre Monthly Energy Consumption - kWh raw data in softcopy (if applicable).

i)  BMS data log and monitoring of monthly and annual energy generated (kWh) from renewable energy


https://www1.bca.gov.sg/docs/default-source/docs-corp-buildsg/sustainability/em_form.docx
https://www1.bca.gov.sg/docs/default-source/docs-corp-buildsg/sustainability/annexb_energy_audit_report.doc
https://www1.bca.gov.sg/docs/default-source/docs-corp-buildsg/sustainability/annexb_energy_audit_report.doc

k)
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For actual building operations, state:
(i) Operation hours for the spaces using the cooling load profiles
(ii) Operation of chiller plant
- Operating hours
- Installed capacity
- Duty and standby
- Latest 1- week building cooling load
- Latest 1-week chiller plant efficiency profile
(iii) Operation hours of other air-con systems e.g. unitary system for after office hours cooling demand
- Spaces with after office hours demand
(iv) Human load schedules
(v) Lighting schedules
EEl and EUI Calculation
(i) The operational hours of the building and car park
(ii) Area of the car park
(iii) EUl information must tally with submission to BCA BESS system.
For Reference Energy Model, state:
(i) Operation hours for the spaces (Must be similar to actual operation)
(ii) Operation of chiller plant
- Capacity and configuration in simulation
- Simulated 1- week building cooling load
- Simulated 1-week chiller plant efficiency profile
(iii) Operation hours of other air-con systems e.g. unitary system for after office hours cooling demand (Must be
similar to actual operation)
- Spaces with after office hours demand
(iv) Human load schedules (Must be similar to actual operation)
(v) Simulation file in softcopy

A project will have deemed to have met the pre-requisite where the key energy consuming components are operating to
their designed efficiencies. A calibrated reference model shall not be required except for circumstances including:

(a)
(b)
(c)
(d)
(e)
(f)

A significant discrepancy in comparison with the 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

Guidance Notes

To assist in the generation of satisfactory results from the energy modeling simulation, the EM consultant should adhere to

the following self-assessment checklist before the energy modeling assessment.

A.

Overview 1) Verify if Energy Modeling is required.
2)  Verify the key performance indicators (KPI)
a. EEl
b. W/m?
c.  kW/RT
Input Checks (for 1) General Setting
both proposed a. Weather
and reference b. Elevation
model) c. Orientation
d. Area summary (discrepancies within 5%)
2) Fagade

a. Select at least 3 areas to verify facade selection
b.  Construction
c.  SCvalue of glass and U-Value of walls and windows.
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C.

D.

Output checks

Consistency
checks

3)
4)

5)
6)
7)
8)
9)
10)
1)
2)
3)
1)
2)
3)
4)

Thermal Zoning
HVAC design
a. Typical space W/m? and whole building W/m?
b. Cooling load profile
c. Cooling system
e  Compressor (e.g. chiller if applicable)
e  Condenser (e.g. cooling tower if applicable)
e  Pumps (if applicable)
e  Overall and individual efficiency (kW/RT)
d. Airdistribution (baseline - provide oversizing factor)
e Individual W/CMH
e  Typical CMH/m?and whole building CMH/m?
e Overall air distribution kW/RT
e. Overall — Provide unmet hours (Should not exceed 300 unmet hours)
Lighting
Receptacle load
MV fans
Schedule and diversity (including non-A/C areas like car park)
Energy saving items, eg heat recovery
Non-modelled items by alternative calculation
Indoor thermal parameters for three typical indoor spaces
Daily, weekly, and monthly building cooling load
Energy breakdown proportion
Proposed model and reference model consistency
Input data and output data consistency
Assumption verification
Exception calculation method
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Appendix D: Alternative Cooling Technologies
(ACT)

General

Singapore has a hot and humid climate and the use of conventional air-conditioning methods in such a climate requires
intense amount of energy. Since the inception of BCA Green Mark Scheme in 2005 and efforts of 3 Green Building
Masterplans in 2006, 2009 and 2013, various Alternative Cooling Technologies (ACT) have been researched and developed
to provide similar thermal comfort conditions and comparable Indoor Air Quality (IAQ) as conventional systems while using
significantly lesser energy.

Acceptable Solutions as Alternative Cooling Technologies
Examples of Alterative Cooling Technologies are:

a) Passive Displacement Cooling (PDC) Systems
b) Hybrid Cooling Systems
c) Decoupling of Latent and Sensible Cooling Systems

The adoption of above technologies in projects will be able to gain credits based on size of adoption under Part 5 Advanced
Green Efforts as well as credits under Part 2 Building Energy Performance through direct and indirect improvement in
performance and reduction in energy consumption. The use of ACT should not compromise thermal comfort and IAQ. The
ACT are expected to have energy savings from 10% to 40% depending on degree of applications, building functions and
application scenarios. The above list is non-exhaustive and other Alternate Cooling Technologies that intend to gain similar
credit will require review by BCA Green Mark team.

Passive Displacement Cooling (PDC) Systems

Description
Uses natural convection of heat transfer to move the cooled air without mechanical fans and thus reduced energy uses.
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Figure D1: Schematic for Passive Displacement Cooling (PDC) Systems [Copyright ©. Used with permission.]

Hvbrid cooling Systems

Description

Other than cooling through lower air temperature and lower humidity, cooling effect can be achieved through convection
and evaporation processes from occupants’ bodies with increased air speed. Within threshold limit, occupants feel cooler
with higher air movement without the need to cool the air further. There are various ways to increase air movement such as
desk, pedestal, wall-mounted, and ceiling fans. Electrical fans can be effectively used to increase air movement indoors and
effectively cool down occupants to ensure that occupants are in thermal neutrality with the indoor environment even at
higher set-point temperatures.
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Elevating air speed compliments with air conditioning systems and it only requires a fraction of the energy needed to cool
down the air temperature for achieving an equivalent thermal comfort condition. The higher the cooling temperature
setpoint, the higher the energy saving. Every 1 °Cincrease in the cooling temperature set-point is estimated to reduce ACMV
energy consumption by roughly 10%.

The air movement generated by specific fans, at different speed settings, can be obtained from the manufacturer’s

documentation. For ceiling fans, the data should comply with ASHRAE Standard 216. Project teams would need to ensure
thermal comfort is achieved, by checking design with comfort tool with reference to ASHRAE Standard 55.
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Figure D2: Schematic for Hybrid Cooling Systems (for illustration purpose only) [Copyright ©. Used with permission.]
Comparison of equivalent thermal comfort conditions.

For occupants involved in sedentary activities and wearing standard office attire, the same thermal comfort conditions can be achieved
either by having lower space temperature, or by increasing air speed with elevated space temperature.

Decoupling of Latent and Sensible Cooling Systems

Description

Separate system to handle sensible load (through the use of radiant ceiling panels, chilled beam, underfloor slab etc.) and
latent load (through the use of dedicated outdoor air system). There are many variants to this concept which comprises of
direct or indirect cooling of air with chilled water pipes in spaces. All or most of latent load are handled at fresh air supply to
allow chilled water pipes to handle mostly or only sensible load in spaces.

Radiant cooling through use of ceiling panels, metal chilled ceiling or comparable

The system operates primarily on the radiation principle and handles sensible cooling of the space. It is operated in
combination with a heat recovery mechanical ventilation system to supply fresh air, cover latent loads by maintaining space
dew point and if required, the remaining sensible load.

Metal chilled ceilings ceiling system is characterised by a variety of application and design options. It is used primarily in office
and administration buildings, retail outlets, in rooms for seminars and conferences, as well as in clean rooms and hospitals.
Some common variants are closed ceilings, island design, canopies or peripheral zones.
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Figure D3: Schematic for perforated metal chilled ceilings with heat recovery ventilation with heat pipe dehumidification.
[Copyright ©. Used with permission.]

Chilled beams

Chilled beams typically involves having metal chilled beams in occupant space and it is best suited for applications with high
sensible heat ratio and low fresh air demand in hot and humid climate. Chilled beams are broadly classified as passive and
active chilled beams. The former requires distinct load distribution with suitable space height to allow natural convection to
bring hotter air to be cooled by chilled beams located near the ceiling. The latter makes use of small fan systems to bring
about air movement toward the chilled beams. In applications where minor latent loads are involved, drain pans can be
coupled into the system.

Underfloor cooling through the use of slab or comparable

A chilled slab system typically utilises the concrete’s or screed’s thermal mass by embedding pipes, such as polyethylene
cross-linked pipes (PE-Xa), carrying chilled water to cool space’s slab/wall. The embedded pipes activate the concrete or
screed to temporary store and discharge thermal loads. In this way, activated ceilings, floors or walls contribute primarily to
the sensible cooling of the building by removing convective, conductive, short and long wave radiation cooling loads.

Chilled slab systems in tropical climates are recommended to couple with heat recovery ventilation systems in fresh air
supply, to remove latent loads before mixing with space air to control space’s dew point. This application is recommended
for base cooling, direct solar load removal and air stratification in building with high floor to ceiling height.
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Mr Kuan Chee Yung (CPG Consultants Pte Ltd)

Mr Lim Tow Fok (Real Estate Developers’ Association of Singapore)
Mr Ng Wee Kok (Singapore Manufacturer Federation)

Mr Pang Tong Teck (Singapore Civil Defence Force)

Dr Song Bin (Singapore Institute of Manufacturing Technology)

IEQ Taskforce

Mr Lim Fatt Seng, Chair (Comfort Management Pte Ltd)

Mr Toh Eng Shyan, Co-Chair (Building and Construction Authority)
Mr Beh Lean Hooi (CapitalLand Singapore Limited)

Mr Callan Lam (Meinhardt (Singapore) Pte Ltd)

Mr Ke Yam Cheong (Mitsubishi Electric Asia Pte Ltd )

Mr Lenz Wong (Pure Science International Pte Ltd)

Mr Leong Cheng Wee (Air-Conditioning & Refrigeration Association)
Mr Lim Sin On (Keppel Land Limited)

Mr Lui Wing Sin (GETC Asia Pte Ltd)

Mr Steven Kang (Measurement and Verification Pte Ltd)

Ms Swen Tan (Daikin Air-conditioning (Singapore) Pte Ltd)

Mr Tan Phay Ping (Building System and Diagnostics Pte Ltd)

Mr Vincent Low (G-Energy Global Pte Ltd)

Lighting Taskforce

Er Yvonne Soh, Co-Chair (Singapore Green Building Council)

Mr Eddy Lau, Co-Chair (Singapore Green Building Council)

Ms Leong-Kok Su Ming, Co-Chair (Building and Construction Authority)
Dr Gao Chun Ping, Co-Chair (Building and Construction Authority)
Mr Adrian Ting (CapitaLand Limited)

Dr Chien Szu-Cheng (Berkeley Education Alliance for Research in
Singapore)

Mr Dan Foreman (Arup Singapore Pte Ltd)

Mr Gaurav Jain (Lighting Planners Associates (S) Pte Ltd)

Ms Irene Yong (Beca Carter Hollings & Ferner (S.E.Asia) Pte Ltd)
Mr Kevin Sturrock (iLab Pte Ltd)

Ms Ong Swee Hong (ONG&ONG Pte Ltd)

Mr Rodney Lim (Singapore Green Building Council)

Ms Toh Yah Li (Light Collab LLP)

Noise and Acoustics Taskforce

Prof Lee Siew Eang, Co-Chair (National University of Singapore)
Mr Alvin Cheong (Alfem Engineering Consultancy Pte Ltd)

Ms Emily Tan Hui Ching (Earth-In-Mind Pte Ltd)

Mr Gabriel Anthony Vincent (CPG Consultants Pte Ltd)

Dr Kenny Yap (Acoustics & Environmental Solutions Pte Ltd)

Er Koh Kin Teng (Squire Mech Pte Ltd)

Mr Lai Kok Heng (City Developments Ltd)

Er Tan Kiat Leong (Beca Carter Hollings & Ferner (S.E.Asia) Pte Ltd)
Dr Xu Jingfeng (Arup Singapore Pte Ltd)



NV Taskforce

Ms Leong-Kok Su Ming, Co-Chair (Building and Construction Authority)
Prof Wong Nyuk Hien, Co-Chair (National University of Singapore)
Mr Allen Ang (Keppel Land Limited)

Mr Chang Tze Lum (Housing and Development Board)

Dr George Xu (Parsons Brinckerhoff Pte Ltd)

Dr Henry Feriadi (Duta Wacana Christian University)

Dr Kang Zhijian (MOH Holdings Pte Ltd)

Mr Markus Cheng (ADDP Architects LLP)

Dr Norman Wu (MOH Holdings Pte Ltd)

Mr Ong Joe Cher Shyan (Mott MacDonald Singapore Pte Ltd)

Mr Po Woei Ken (Building System and Diagnostics Pte Ltd)

Dr Poh Hee Joo (Institute of High Performance Computing, A*STAR)
Dr Tai Chin Hoe Jonathan (C2D Solutions Pte Ltd)

Mr Tan Phay Ping (Building System and Diagnostics Pte Ltd)

Mr Wee Amir Kim Hor (CFD Research (Singapore) Pte Ltd)

SLTDC Committee

Mr Ang Kian Seng, Co-Chair (Building and Construction Authority)
Assoc Prof Tseng King Jet, Co-Chair (Singapore Green Building Council)
Mr Adrian Cheong Wah Onn (Land Transport Authority)

Mr Ananda Ram Bhaskar (National Environment Agency)

Dr Chien Szu-Cheng (Berkeley Education Alliance for Research in
Singapore)

Mr Edwin Chan Yiu Wing (Nanyang Technological University)

Dr Er Johnny Wong (Housing and Development Board)

Ms Fong Pin Fen (Singapore Economic Development Board)

Mr Guo Dongbin (Land Transport Authority)

Ms Liaw Wee Lin (Housing and Development Board)

Er Lee Chuan Seng (Beca Asia Holdings Pte Ltd)

Mr Lim Yong Ching (Nanyang Technological University)

Ms Tan Ai Li (JTC Corporation)

Smart Control Taskforce

Mr Toh Eng Shyan, Co-Chair (Building and Construction Authority)
Er Tony Tay, Co-Chair (Parsons Brinckerhoff Pte Ltd)

Mr Alex Ng (Honeywell Building Solutions)

Mr Benjamin Lai (Kaer Pte Ltd)

Mr Lim Sin On (Keppel Land Limited)

Dr Lu Lu (Engie Services Asia Pacific Pte Ltd)

Mr Melvin Tan (Accenture Singapore)

Ms Michelle Ang (Kele Singapore)

Mr Ng Eng Sin (JTC Corporation)

Mr Raymond Kang Chi Chye (Johnson Controls (S) Pte Ltd)
Mr Shinwe Yeow (G Element Pte Ltd)

Mr Sin Jia Hau (Schneider Electric Singapore Pte Ltd)

Er Teo Yann (Squire Mech Pte Ltd)

Ms Yong Seow Kin (Singapore Health Services Pte Ltd)

Solar PV Taskforce

Mr Ang Kian Seng, Co-Chair (Building and Construction Authority)
Er Lee Chuan Seng, Co-Chair (Beca Asia Holdings Pte Ltd)

Mr Allen Ang (Keppel Land Limited)

Mr Desmond Chan (Singapore Economic Development Board)

Mr Chia Ming Hang, Lester (Housing and Development Board)
Mr Christophe Inglin (Phoenix Solar Pte Ltd / Sustainable Energy
Association of Singapore)

Dr Er Johnny Wong (Housing and Development Board)

Mr Johnny Lim Chin Huat (Surbana International Consultants Pte Ltd)
Ms Kavita Gandhi (Sustainable Energy Association of Singapore)
Mr Kong Wei Jie (Energetix Pte Ltd)

Dr Liu Licheng (Saferay Pte Ltd)

Mr Mark Netto (Sustainable Energy Association of Singapore)

Ms Olivia Oo (Singapore Economic Development Board)

Dr Thomas Reind| (Solar Energy Research Institute of Singapore /
National University of Singapore)
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Er Tony Tay (Parsons Brinckerhoff Pte Ltd)
Mr Yong Ping Quen (Building System and Diagnostics Pte Ltd)

Sustainable Construction and Carbon Taskforce

Mr Jeffery Neng, Co-Chair (Building and Construction Authority)
Er Lim Peng Hong, Co-Chair (Association of Consulting Engineers
Singapore)

Er Chia Wah Kam (ARUP Singapore Pte Ltd)

Dr Ho Nyok Yong (Singapore Contractors Association Limited)

Er Joseph Goh (Institution of Engineers Singapore)

Er Lauw Su Wee (LSW Consulting Engineers Pte Ltd)

Dr Song Bin (Singapore Institute of Manufacturing Technology)
Dr Tan Guan (T.Y. Lin International Group)

Er Quak Cheow Swee (Beca Carter Hollings & Ferner (S.E.Asia) Pte Ltd)
Er Yvonne Soh (Singapore Green Building Council)

Academic Collaborations
Prof Bert Blocken (Eindhoven University of Technology)

Asst Prof J. Alstan Jakubiec (Singapore University of Technology and
Design)
Assoc Prof Tham Kwok Wai (National University of Singapore)

Others

BCA would also like to thank the following organisations who have made
invaluable contributions during the criteria conceptualisation and
piloting phase:

ARUP Singapore Pte Ltd

Building System and Diagnostics Pte Ltd
Jurong Town Corporation

Land Transport Authority

LendLease Pte Ltd

National Environment Agency

Nu Wasser Pte Ltd

PUB, Singapore's National Water Agency
Singapore Green Building Council
Singapore Institute of Architects



