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Date: 30 July 2019

Built Environment Research & Innovation Institute
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Email: CHENG_Tai_Fatt@bca.gov.sg

Circular to Professional Institutes / Associations

Dear Sir / Madam,
AMENDMENT NO.1

GRANT CALLS FOR CITIES OF TOMORROW (CoT) R&D PROGRAMME

1. With reference to the second series (Batch 1) of grant calls for Vertical 4: Greater
Sustainability under the Cities of Tomorrow R&D Programme, which was launched on
14 June 2019, please note:

2. The following documents / clauses have been superseded:

S/N Description Remarks

CoT Information Sheet (V4 Greater oy

Sustainability) - CoT nformaton
AnneX B'g, B'10 & B'1 1,' Pal’a 25 (aS Sheet (V4 Greater St
highlighted)

Superseded as attached.

3. All proposals must be submitted through IGMS at https://researchgrant.gov.sg/ by 23

August 2019, 2359 hrs. Separate submissions outside of IGMS will not be
considered. Late submissions or submissions from individual applicants without
endorsement from the Host Institution will not be entertained.



1.1

2.1

2.2

2.3

CITIES OF TOMORROW (CoT) R&D PROGRAMME
SECOND GRANT CALL
FOR VERTICAL 4

Definitions

In this Call for Proposal, unless the contrary intention appears: -

(a) “Collaborator” means any company, institution, incorporated body or other industry
or academic collaborator, which is not an Institution or an Investigator but is to be
engaged in the Research in collaboration with the Institutions or any of them;

(b) “Host Institution” means the body or institution or administering organisation
named in the Letter of Award as the “Host Institution” as the body responsible for
undertaking and managing the Research;

(c) “Institutions” means collectively the Host Institution and the Partner Institutions
and “Institution” shall mean any one of them;

(d) “Investigators” means collectively, the Lead Principal Investigator, Team Principal
Investigators and Co-Investigators; and

(e) “Partner Institutions” means the bodies or institutions named in the Letter of Award
as the “Partner Institutions” as the bodies responsible for working together with
the Host Institution to undertake the Research

Introduction

The Cities of Tomorrow (CoT) R&D programme is a multi-agency effort, led by MND,
that recognises the challenges that cities face and aims to leverage R&D to address
these challenges.

The vision of CoT is to establish Singapore as a highly liveable, sustainable and resilient
city of the future, and as a vibrant urban solutions hub — a living model which features
cutting-edge urban solutions. This will be achieved through the integrated development
of R&D in 4 key verticals and 2 horizontals:

J Vertical 1: Advanced Construction

o Vertical 2: Resilient Infrastructure

. Vertical 3: New Spaces

o Vertical 4: Greater Sustainability

. Horizontal 1: Urban Environment Analytics

. Horizontal 2: Complexity Science for Urban Solutions

[Please see Annex A for the vision and research focus areas for each of the verticals
and horizontals]

A total of S$150 million has been approved to fund CoT. The funding will be set aside
from the S$900 million allocated to the Urban Solutions and Sustainability (USS) domain
under the Research, Innovation and Enterprise 2020 (RIE2020). More details on USS
can be found at: https:/www.nrf.gov.sg/rie2020/urban-solutions-and-sustainability.






3.1

4.1

4.2

4.3

4.4

4.5

4.6

Call Topics

For this grant call, there are a total of 3 Call Topics under Vertical 4. Please refer to
Annex B for the details of these Call Topics.

Eligibility

Principal Investigators (Pls) from all Singapore-based institutions of higher learning
(IHLs), public sector agencies and not-for-profit research laboratories as well as
companies and company-affiliated research laboratories/institutions, are eligible to

apply.

The Lead Pl who leads the Research must be based in Singapore and collaboration with
foreign organisations and experts in the capacity of Co-Principal Investigator (Co-Pl), or
as Collaborator is allowed. Research work should be done in Singapore, and should not
be carried out overseas unless expressly approved by the grantor.

Pls are allowed to submit proposals for one or more of the Call topics above. Please
clearly indicate the Call topic that the proposal will address in the Proposal Template.

R&D proposals already funded by other government agencies will not be considered
under CoT. Pls and supporting agencies will need to declare their other funding sources
as well as participation in other funding initiatives during application. Proposals with
similar scope, which are currently under evaluation by other funding initiatives, will not
be considered until the results from the other funding initiatives are finalised.

Grant applicants are strongly encouraged to collaborate with industry partners to
develop innovative solutions that can address the call objectives and demonstrate strong
potential for real-world application within Singapore.

Where applicable, we encourage the integration of relevant social and behavioural
research to complement the R&D work under these grant calls, to ensure user-centricity
and acceptability of the solutions proposed.





5.1

5.2

5.3

54

5.5

5.6

5.7

Funding Support

When budgeting for funding under CoT, the total cost of the project should include all
approved direct costs and indirect costs. All expenditure should be budgeted inclusive
of any applicable Goods and Services Taxes (GST) at the prevailing rates.

Direct costs are incremental cost required to execute the programme. Supportable direct
costs can be classified into the following cost categories:-

(a) Expenditure on manpower (EOM);
(o) Equipment;

(¢)  Other Operating Expenses (OOE);
(d) Overseas Travel; and

(e) Research Scholarship

e

For all direct cost items proposed for the project, please note that:

(a) Host Institutions must strictly comply with their own procurement practices;

(b) Host Institutions must ensure that all cost items are reasonable and are incurred
under formally established, consistently applied policies and prevailing practices
of the Host Institution; and

(c) All items/ services/ manpower purchased/ engaged must be necessary for the
R&D work.

The Lead Pl should exercise due diligence and ensure that the proposed budget is
correct and free from error.

For proposed Equipment to be purchased, please ensure that they are currently
unavailable in the Host Institution. In the event where the Lead Pl is aware that a similar
Equipment is available in the Host Institution, but has still proposed to purchase such
Equipment, the Lead PI has to provide the necessary justifications for CoT Directorate’s
approval. Please also note that there is a requirement to share Equipment purchased
using NRF funds with other researchers in Singapore.

At the end of the Research, CoT Directorate shall have the option to require the Host
Institution to transfer ownership of any of the Assets to CoT Directorate or any other
person or body at no cost.

The CoT will support 100 percent of the approved qualifying direct costs of a project for
Singapore-based IHLs, public sector agencies and not-for-profit hospitals and research
laboratories. Companies and company-affiliated research laboratories or institutions will
qualify for up to 70 percent of the approved qualifying direct costs of a project.





5.8

5.9

5.10

5.11

6.1

6.2

6.3

6.4

7.1

Indirect costs are costs that are incurred for common or joint objectives and therefore
cannot be identified readily and specifically with a particular sponsored research project,
but contribute to the ability of the Institutions to support such research projects (e.g.
providing research space, research administration and utilities, and not through the
actual performance of activities under the sponsored projects). Support for indirect
costs, in the form of overheads, will only be provided for Singapore-based IHLs, and not-
for-profit entities. Funding support of 20 percent of the total qualifying approved direct
costs (i.e., Total direct costs less exceptional items) will be allowed. Host Institutions will
be responsible for administering and managing the support provided by CoT for the
indirect costs of research. Indirect costs must be specifically provided for in the grant,
and approved by the Grantor based on the nature of the research.

Please refer to the document “Guidelines for the Management of Competitive R&D
Grants” for information on Disbursement of funds, Variation requests, Audit and
Progress reports and List of Non-Fundable Direct Costs for Research Projects.

CoT Directorate’s decision on the funding support to be awarded for each project is final.
CoT Directorate reserves the right to remove work areas and to award the various work

areas in parts.

Intellectual Property Rights

Government agencies who are Institutions or Collaborators shall co-own any Intellectual
Property (IP) arising from the Research. If Government agencies choose not to co-own
IP, they shall make this position known prior to award.

The Institutions shall keep and maintain a full, comprehensive and updated list of all
Research IP, which shall be made available to CoT Directorate for inspection at any
time.

The parties shall use best efforts to ensure that Research IP is properly managed and
wherever feasible, fully exploited and commercialized. When required to do so by CoT
Directorate, the Institutions shall attend such meetings as CoT Directorate may direct to
discuss the potential for exploitation and commercialization of Research IP.

The Government and public sector agencies shall reserve a non-exclusive, non-
transferable, perpetual, irrevocable, worldwide, royalty-free right and license to use,
modify, reproduce and distribute the Research IP for non-commercial, R&D and/or
educational purposes.

Letter of Award & Acceptance

Successful applicants will be informed by the CoT Directorate. Notification in the form of
a Letter of Award will be sent to the Director of Research for the respective Lead Pl's
Host Institution, and copied to the Lead PI.
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7.2

7.3

7.4

7.5

7.6

7.7

7.8

8.1

The Letter of Award will include the following:
(a) Statement of Acceptance;

(o) Terms and Conditions of the Grant;

(c) Guidelines on Grant Management;

(d) Performance Indicators and Milestones; and
(e) Schedule and Budget Details.

e

The Acceptance Form must be acknowledged by all of the following:
(a) The Director of Research (or equivalent);

(o) The PI; and

(¢) The Co-Principal Investigators (Co-Pls).

Upon acceptance of the CoT grant, the Pl, Co-Pls and Host Institution are bound by
these clauses and all other terms as specified in the Letter of Award.

The Pl or Co-Pls cannot also be the authorised officer representing the Institution. In
such cases, another officer duly authorised by the management of the Institution shall
approve on its behalf.

The Acceptance Form and Annexes (if applicable) should be returned to CoT Directorate
within a pre-determined time frame from the date of the Letter of Award. The date on
which the Statement of Acceptance is signed shall be taken as the date of acceptance
of the Award.

After the acceptance of the Award, the Host Institution, Partner Institutions and the
Collaborators shall enter into a written agreement that is consistent with the obligations
assumed under this Research and that includes conditions about: -

(a) the role of each party in the Research;

(b)  the provision of cash or in-kind contributions to the Research by each party;

(c) the work to be undertaken by each party and its technical/scientific contributions;
(d) terms relating to Intellectual Property ownership and commercialization; and

(e) any other obligations to be fulfilled as laid out in this set of guidelines.

The Investigators are responsible for putting in place research collaboration agreements
where and when applicable.

Research Integrity Policy

The Host Institution shall ensure that all necessary approvals for the research, including
all ethics approvals, have been granted prior to the commencement of any research
activities.





8.2 The Host Institution is responsible for establishing a research ethics and integrity policy
and enforcing its compliance. In carrying out any Research, the Host Institution shall
agree to:-

8.3

9.1

(a)

—_
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Comply with the provisions of any relevant laws of the Republic of Singapore,
statutes, regulations, by-laws, rules, guidelines and requirements applicable to it,
as well as all applicable policies and procedures adopted by CoT as the same may
be amended or varied from time to time;

Have in place a research integrity policy which sets out the principles for the
responsible conduct of research and procedures for investigating and responding
to accusations of misconduct;

Provide training in responsible conduct of researchers, for all researchers;

Be held responsible for the conduct of research and researchers; and

Ensure compliance with best practice, as well as the ethical, legal and professional
standards relevant to the research.

All Pls, research personnel and all other persons involved in the Research must comply
with the research ethics and integrity policy, and other approval requirements needed to
carry out the research programme. The Pls should undertake the following declaration:

(a)

In carrying out Research, agree to comply with the provisions of any relevant laws
of the Republic of Singapore, statutes, regulations, by-laws, rules, guidelines and
requirements applicable to it, as well as all applicable policies and procedures
adopted by CoT R&D programme as the same may be amended or varied from
time to time;

Agree to hold primary responsibility for the responsible conduct of research, and
shall abide and comply with the ethical, legal and professional standards relevant
to research, in accordance to the research integrity policy of the Host Institution;
and

Declare any potential conflict of interest that may arise from the purchase of
equipment/ physical items or engagement of manpower/ services in the course of
carrying out Research.

Evaluation Criteria

Proposals will be evaluated based on the following criteria:

(a)

(b)

Potential Contribution to CoT Objectives

. Relevance of proposed research in contributing to objectives/targets stated
for the CoT Call Topic.

Potential for Breakthrough and Innovation

. Quality and significance of proposed research, including value for money,
and the potential for breakthrough/innovation to advance knowledge and
understanding within its own field or across different fields.





10.

10.1

10.2

10.3

10.4

10.5

(c) Potential for Application and Deployment in Singapore and
Commercialisation/Export
o Potential for application of research outcomes in Singapore by a public
agency and potential for solutions to be replicated in Singapore beyond a
single site/project.
o Feasibility for commercialisation/ export in areas where Singapore has a
competitive advantage.

(d) Execution Strength and Technical Competency of Research Team
. Quality of plans for execution and delivery of the research programme and
goals, including the appropriateness of the proposed milestones and
deliverables (specific to evaluation of full proposal applications)
. Quality, significance, and relevance of the recent research record of the
Lead Pl and Co-Pls and the strength of the applicant group, including likely
synergy in delivering research and potential for international leadership.

Submission Instructions
Please download the Integrated Grant Management System (IGMS) User Guide from

the IGMS system at https://researchgrant.gov.sg/ for all instructions and guidelines on
the submission process and information relating to the Grant Call.

Lead Pl and Co-Pls from organisations that are not registered in the IGMS are advised
to contact cot submission@mailbox.hdb.gov.sg and BCA COT@bca.gov.sg_as soon
as possible. Applicants are advised to allow sufficient time (at least 2 weeks) for their
respective organisation to be registered, including registering their respective
researcher profiles in the IGMS prior to submitting proposals. Refer to Appendix 1 for
further information.

All applications and supporting documents for the CoT 2" Grant Call (Vertical 4 —
Greater Sustainability) must be submitted through IGMS at
https://researchgrant.gov.sg/. Separate submissions outside of IGMS will not be
considered. Late submissions or submissions from individual applicants without
endorsement from the Host Institution will not be entertained.

For enquiries on the Grant Call, please email to both
cot_submission@mailbox.hdb.gov.sg and BCA COT@bca.gov.sg. For other enquiries
pertainng to IGMS  system, please email IGMS  helpdesk at
Helpdesk@researchgrant.gov.sg.

Applications are considered to be successful only if all relevant documents are
submitted. The application documents can be downloaded from the “Research proposal’
section under “Research Details” after the applicant login to IGMS. The documents
required to be submitted are:

(a) Form A — Full Proposal;

(b) Form B — Budget; and





(c) Form C — Capability Indicators
It is advised to restrict each attachment to be less than 4MB.

10.6 Please follow the naming convention and format for labelling of softcopy attachments:

Attachment Naming Convention Format of attachment
Full Proposal Template | [Topic Code] FP_ Project tite | MS Word
CVs [Topic Code] CV_Project title MS Word
References (optional) [Topic  Code] References_ | MS Word
Project title
Budget Template [Topic Code] Budget_ Project | MS Excel
title
Capability Indicators [Topic Code] Indicators_ MS Excel
Project title

Important: Where relevant privileged or confidential information is needed to help
convey a better understanding of the project, such information should be disclosed
and must be clearly marked in the proposal.

10.7 In case of discrepancy between the information in the IGMS application form and the
attachments uploaded, the information in the attachments shall be taken as final.

10.8 As part of the CoT R&D Programme evaluation process, project submissions will be sent
for a round of peer review by domain experts. Research teams applying for the grant
call are invited to recommend peer reviewers for the CoT Evaluation Committee’s
consideration under the “Reviewers” section of the application form in IGMS.

10.9 The final decision on the peer reviewers will be decided by the Evaluation Committee.
Please refer to the following guidelines when recommending peer reviewers:

(a) Potential reviewers should not have a real or perceived conflict of interest to any
members of the research team (eg. from the same institution as the research team;
recently published work with members of the research team; have personal
connections with the members of the research team etc.)

(b) Potential reviewers should be experts in the related field. Researchers cited in the
reference list may be recommended as potential peer reviewers.





Appendix 1 - SOP for Creation of New Companies/Institutions in IGMS

Before you begin, please familiarise yourself with the various training guides on navigating the
IGMS system.

The various guides and manuals will help you understand the roles of various users in the
IGMS and the application process. These documents can be downloaded from:
https://researchgrant.gov.sg/Pages/TrainingGuides.aspx

Please be informed that companies or institutions who wish to apply for grants in IGMS will
need to be registered in the system for first time application. The registration of the company
or institution within IGMS is mandatory as part of the proposal submission workflow.

Please refer to the SOP below for the creation of a new company/institution within IGMS.

CREATION OF ACCOUNT FOR LOCAL USERS

Step 1:

To register a new entry in IGMS, companies/institutions will need to send an e-mail to
cot_submission@mailbox.hdb.gov.sg and BCA COT@bca.gov.sg with the following details:

Subject: Creation of new Company/Institution in IGMS for CoT 2nd Grant Call Vertical 4

Details of the New Company/Institution to be Created in IGMS
e Full Name of Company:
¢ Indicate Local Company or Foreign Company:
¢ Indicate Public Company or Private Company:
e UEN (for local company) or Unique Identifier (for foreign Company):

Step 2 (For Co-Pls):

For Co-Pls, please proceed to register an account on IGMS using CorpPass after the
company/institution has been registered on IGMS. Thereafter, the Lead Pl will be able to add
the Co-Pls’ name in the IGMS when he/she fills up the application form.

An Open Researcher and Contributor ID (ORCID) is also necessary to complete the
application. Please register for a ORCID at: https://orcid.org and update the user profile on the
IGMS system with the ORCID.





Step 2 (For Lead PI):

For Lead Pl who will be submitting the application under their company/institution, the role of
HI Admin is necessary for the assignment of relevant roles (“ORE” and “DOR”) to other IGMS
users in the company/institution. The grant application is only considered to be submitted after
the PI had submitted the proposal on IGMS for ORE’s endorsement and DOR’s approval.

After the company/institution has been created in IGMS, BCA/HDB will inform them to
nominate an HI Admin. The following steps will apply:

(1)  The company/institution will need to nominate a HI Admin. The HI Admin (including all
other intended IGMS users) will need to ensure that his/her CorpPass account and
ORCID account has been setup. An Open Researcher and Contributor ID (ORCID) is
necessary to complete the application. Please register for a ORCID at: https://orcid.org
and update the user profile on the IGMS system with the ORCID. To set up a CorpPass
account, please visit www.CorpPass.gov.sg.

(2) The HI Admin will need to login to IGMS using his/her CorpPass account to
register/update his/her profile inside IGMS. Please note that the IGMS would grant
him/her the Principal Investigator (Pl) role by default.

(3) After the HI Admin has been successfully registered in IGMS, the HI Admin will notify
BCA/HDB CoT with the information below:

e Full Name of HI Admin:
e E-mail Address of HI Admin:
e Designation of HI Admin in his/her company:

BCA/HDB CoT will arrange with IGMS to change the role of the person from a Principal
Investigator (PI) to a HI Admin.

Step 3 (For Lead PI):

(1)  After the role has been updated from Principal Investigator (PI) to HI Admin in IGMS,
BCA/HDB CoT will inform the company/institution.

(2) Once granted the role as a HI Admin, he/she can proceed to assign the relevant roles
(e.g. “DOR”, “ORE”, etc.) to the various users within his/her organisation.

Note:

(1) To complete a proposal submission, 3 distinct roles are required from any company or
institution to endorse the proposal, namely: Lead Principal Investigator (PI), Office of
Research (ORE) and Director of Research (DOR).

(2) The HI Admin will manage the roles of the users in their company or institution. A HI
Admin can concurrently hold the role of Lead Pl. He/She will be able to select different
profiles upon login to IGMS:

(a) Login as HI Admin —to maintain institution & user profiles
(b) Login as Pl —to apply for grant call.
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CREATION OF ACCOUNT FOR FOREIGN USERS

For local companies/institutions with foreign staffs without access to CorpPass/SingPass. The
following steps apply:

(1)  All foreign users from the company (i.e. Hl Admin, DOR, ORE, PI) will “Register’
themselves in IGMS via “Login for overseas users without CorpPass/SingPass”.

Login for overseas users without
CorpPass/SingPass

4
o

Rt pursns 1enpsdin

Foigod your passwornd?

(2) After all the foreign users have been successfully registered in IGMS, the HI Admin will
notify BCA/HDB with the information below:
(a) Full Name of HI Admin:

b) E-mail Address of HI Admin:

Designation of HI Admin in his/her company:

Full Name of DOR (if DOR is foreign user):

E-mail Address of DOR (if DOR is foreign user):

Designation of DOR in his/her company (if DOR is foreign user):

Full Name of ORE (if ORE is foreign user):

E-mail Address of ORE (if ORE is foreign user):

Full Name of Foreign PI/Co-PI(s)*:

E-mail Address of Foreign P1/Co-PI(s)*:

c
d
e

~— — ~— —
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~
~

= =

*list down all the foreign users that requires tagging to a company/institution
(3) BCA will follow up with IGMS to tag the foreign user to your company.

Note: The HI Admin cannot add a new foreign user. However, the HI Admin can
change the role of a user, or, delete an existing user in his’her company.
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Appendix 2 — Frequently Asked Questions (FAQs)

Q: |am alocal Pl with access to CorpPass. How do | register an account on IGMS?

(1) Go to the URL: https://researchgrant.gov.sg/eservices/account/login
(2) Click on “Login for Pl / ORE / DOR”

Singpane Comarate Autert

Co r?Pass

Login for P1/ ORE / DOR

in on a5 Host Insftution HR/Finance

Login for HIHR / Finance

(3) Enter CorpPass login credentials

Log in with CorpPass

e © @8

®

| Remember Entity 1D

Forgot Entity / CorpPass ID of Password

(anEEI

(4) For first time login, user will be directed to IGMS registration page.
(5) Fillin all necessary details.
(6) Click on “Retrieve” button to receive an activation code (the code is valid for 10

minutes and will be sent to the e-mail registered)
(7) Key in the activation code and click on “Next” to complete the registration

Registration

Ploane mput your name emal aocress. and pastaocd B0 create an acoourt yoor caseword shouls have
alphangmarc character and no J CONSACulve Characier Shouid be denSCal Your pasywond cannct be e

Identification typs .

Mantification No.
« Name
+ E.mail 1D v

= Activation code Retrieve
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Does the Co-Pls need to register an IGMS account?

The Lead Principle Investigator (Lead PI) will submit the online application in IGMS but
he/she will need to add the relevant Co-PI(s) as research team member in IGMS. All
Co-PI(s) must be registered in IGMS before they can be added as a research team
member.

Is the proposal, budget and capability indicators templates available on IGMS for
download? Is there any specific format for CV to be submitted?

To download the Full Proposal, Budget and Capability Indicator templates, applicants
will need to click “Apply” and login to IGMS, under the “Research Details” tab, look for
“Research proposal” section to download the templates from “Please click here”.

The instruction to prepare CV can be found under the “Research Team, Collaborators,
Referees” tab, at the “Research team” section, click “Add” to download the document
from “Please click here”.

Is signatory on the Budget template necessary before submitting it on IGMS?

Yes. It is necessary for Form B to be endorsed before submission on IGMS. E-signature
is acceptable.
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Annex A: Vision and Research Focus Areas for CoT Verticals and Horizontals

The CoT programme was developed by MND Family in conjunction with our partner agencies,
with the aim of delivering outcomes in collaboration with the research community and industry
partners. 4 verticals were identified to address key issues of national concern and R&D
roadmaps were drawn up to direct funding through the setting of challenge statements. 2
horizontals, which represent specialisation in fields that are cross-cutting, were also identified
as key enablers for the 4 verticals.

Cities of Tomorrow Programme

/ Key Research Verticals \

Advanced Construction Resilient Infrastructure New Spaces Greater Sustainability
Productive Urban
Construction Underground - Ecosystems
Space ’
Resource and Quality W
Land i
Optimisation Land Eing e
Recamation Qii,  (ENCTE/S  EETEN
Nuisance 2;”."“ i
Mitigation eiEnCy: ‘-__
Coastal
Protection m

= Enabling Horizontals Fan

= Livd + Urban Environment Analytics m
\ o) + Complex Science for Urban Solutions T j

The vision and research focus areas for each of the verticals and horizontals are as follows:

Vertical 1 - Advanced Construction

Vision: To build a highly productive, integrated and technologically advanced construction
sector

Key Research Focus Areas:

. Productive Construction— Develop an integrated, intelligent, digitally-enabled
construction environment that is highly productive and cost effective.

. Resource and Land Optimisation— Reduce and reuse resources required in
construction, and intensify land use for off-site production.

. Nuisance Mitigation — Reduce the environmental impact of construction activities.

Overall Target:

. Improve productivity by at least 30% from current best practice or at least 50% from
conventional practice (whichever is better) at cost parity with best in class in 2016
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Vertical 2 - Resilient Infrastructure

Vision: To create a robust, flexible and well-maintained city that has reliable and cost-efficient
infrastructure

Key Research Themes:

. Building Structure and Fagade Fixtures— Minimise building defects and enhance
building inspection processes, as well as to reduce the cost and manpower needs for
maintenance.

. Building Systems — Enhance the performance and reliability of key Mechanical and
Electrical services.

Overall Target

. Improve productivity of building inspection and repair by at least 50%
o Improve reliability of key M&E services at least 50%
. Enhance effectiveness of tree management

Vertical 3 - New Spaces

Vision: To ensure sufficient space capacity to support Singapore’s growth, yet maintain a
liveable environment

Key Research Themes:

. Underground Space — Enhance underground mapping accuracy and reduce cost of
underground development.

. Land Reclamation — Reduce material usage, cost, and environmental impact of land
reclamation.

Vertical 4 - Greater Sustainability

Vision: To create a high quality living environment that is inclusive, resource efficient and
adaptive to climate change

Key Research Themes:

o Urban Ecosystems — Create sustainable, resilient and green cities through applying an
ecosystem approach to urban planning, development and management.

. Quality Living — Create a comfortable and pleasant living environment for residents.

. Energy and Resource-Efficiency - Enhance the energy and resource efficiency of towns,
estates and buildings to reduce the environmental impact of operations.

. Coastal Protection - Future-ready coastal protection for sea level rise.

Overall Target
o Urban Ecosystem
o Facilitate planting of greenery on 50% of all public transport-related infrastructure
(e.g. MRT columns/tracks, sound barriers, covered linkways, over express ways)
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o Feature large canopy planting on 100% of streets
o Repopulation of 100% of historical extinct flora into Singapore’s Nature Reserves.
o Connect 100% of fragmented Nature Areas and Reserves

Quality Living

o Reduce ambient temperature of residential housing estates by 4°C

o Reduce ambient noise level in residential housing estate while maintaining natural
ventilation by 10 dBA

Energy & Resource Efficiency

o Positive-Energy Low-Rise, Zero-Energy Medium-Rise, Super Low-Energy High-
Rise Buildings

o Building project level: 60-80% more energy efficient than 2005’s building code

standard

Specific technology level: 20% better than existing best in class technology

Reduce domestic water consumption by 10%

Reduce potable water usage in residential buildings common area by 50%

Increase domestic recycling rate by 10%

O O O O

Coastal Protection
o Future ready coastal protection for sea level rise

Social and Behavioural Sciences (as horizontal enabler)

o Understand and map people’s socio-spatial behaviour in HDB towns to facilitate
the testing and implementation of R&D interventions

o Understand needs, behaviours and living patterns of diverse community groups
e.g. the elderly, local-foreigner relations, non-traditional households to facilitate
testing of interventions to enhance living experience

o Understand perceptions, behaviors and values towards nature & greenery and
sustainability to influence and enable uptake of complementary behaviour that are
in line with the overall goal of increasing greenery and becoming more sustainable
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Horizontal 1 - Urban Environment Analytics

Vision: To achieve responsive and targeted service delivery as well as resource efficiency in
municipal services and urban planning

Key Research Themes:

. Data Analytics, Sensing and Predictive Diagnosis— Provide targeted services,
anticipate emerging trends for better response, and prioritise resources to optimise
output.

. Mapping, Modelling & Simulation — Assess the impact of climate change on the natural
and built environment, and to incorporate mitigating measures in planning processes.

. Intelligent Systems - Improve industry productivity through automation, as well as to
improve reliability and consistency of compliance checks.

Horizontal 2 — Complexity Science for Urban Solutions

Vision: Applying complexity science to solve dynamic urban problems, by finding hidden
regularities and parameters that affect urban planning

Key Research Themes:

o Improving Liveability in Singapore — Use complexity science to create decision support
tools for urban planning, so as to better plan for a dense and liveable Singapore.
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Annex B: Grant Call Topics

Project Code: CoT_V4 GC2019-1_T1
Call Topic: Advanced Moisture Sensing Technology for Slope Monitoring & Urban

Greenery
1. Background
1.1 Recent extreme weather condition with increased rainfall intensities and frequencies

1.2

1.3

1.4

1.5

affect the unsaturated conditions of slopes significantly, thereby resulting in higher
possibilities of rainfall-induced slope failures. Mass rainfall-induced slope failures had
occurred in several places in Singapore on 9 Jan 2018 due to a high rainfall of 120 mm.
Meteorological Services Singapore also recorded prolonged and intense rainfalls over 5
continuous days from 17 to 21 December 2006 that contributed to seven major slope
failures around Singapore.

The incidences of many slope failures in Singapore during periods of intense rainfall
validate the major influence which rainfall and movement of groundwater have on
stability of residual soil slopes. Generally, loss of suction in the unsaturated soil (e.g.
wetting front advances and meets the rising ground water table from the underlying soil
layers within slopes) is deemed to be the primary cause of rain-induced slope failure.

Singapore is a “city in a garden” that treasures urban greenery. Urban greenery
comprises large population of plants. The ready availability of soil-water is fundamental
to plant growth and health. Excessive soil-water within the root zone is detrimental to
plants which often results in water-logging and anoxia, leading to root rotting. On the
other hand, insufficient irrigation level will not support healthy plant growth. The soil-
water balance controls the variations of moisture contents and suctions (affected
significantly by climatic conditions) in the unsaturated zone of the soil between the
ground surface and the groundwater table.

Hence, it is important to plan, design and operate a sensing system to:

(a) Facilitate healthy growth of plant varieties in landscape areas by ensuring the
irrigation is triggered based on optimal soil moisture requirements rather than
delivery at pre-set time intervals which does not consider weather conditions just
prior and during irrigation; and

(b) Monitor the stability of slope by tracking the distribution and variation of soil
moisture content, linking the unsaturated conditions to the factor of safety for
undulating terrains.

Understanding of the following theories and methodologies will assist in delivering the

objectives and scope of works:

(a) State of moisture in the unsaturated soil-root zone which is affected by the
variations in the flux boundary conditions due to micro climatic changes.

(b) Unsaturated soil mechanics principles which include the soil-water characteristic
curve, the unsaturated permeability and the unsaturated shear strength.

(c) Mathematical equations for describing the unsaturated/saturated water flow in
unsaturated soils.
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2.1

2.2

Analytical process of real-time data from field measurements of moisture contents
and suctions in the unsaturated soils.

Characteristics and water requirements of different types of plants.

Soil characteristics and type

Objectives and Scope of Call for Proposals

The call aims to develop an analytical tool and advance moisture sensing technology for
monitoring of:

(@)

(b)

Plant health and sustained healthy plant growth under different climatic conditions
e.g. dry and rainy periods, as well as different rainfall intensity through the use of
automated On-Demand irrigation system

Safety of unsaturated vegetated slope under different climatic conditions, e.g. dry
and rainy period, using the same set of soil moisture sensors and setting suitable
alert levels for pre-failure inspection that may affect the integrity of the slope.

The project comprises 2 phases:

Phase 1

Advanced laboratory testing (using unsaturated or equivalent techniques) to
establish the correlation between soil-water characteristics and types of vegetation
for different soil properties.

(b) Develop the appropriate criteria for pre-failure slope inspection and for maintaining
the plant health under dry and wet periods.

(c) Develop moisture sensing technology for automated real-time collection of
variations in soil moisture and suctions within unsaturated zone above the
groundwater table.

(d) Develop real-time analytics for processing sensed and complementary data in
order to provide timely warnings against slope failures and to provide timely
monitoring of plant health.

(e) Develop relationship/guideline between (1) plant health and moisture content for
a proposed variety of plants, and (2) slope stability and moisture content for a
proposed variety of soil types and slope characteristics.

Phase 2

Test-bed the moisture sensing technology on field site and ascertain its
performance against results from Phase 1.

Simulate similar parametric experiments for various plant types, soil-water and
slope characteristics.

Provide an analysis of material, installation, operations, and maintenance cost.
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3.1

3.2

Funding Support

The Call for Proposals offers funding support up to S$2 million (including indirect costs).
Proposals more than S$2 million will require strong justifications.

This Call for Proposals offers funding support for a period up to 3 years. Proposals
spanning more than 3 years will require strong justifications.
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Project Code: CoT_V4 _GC2019-1_T2
Call Topic: Agent-based/Network Models on Key Faunal Species in Singapore

1.

1.1

1.2

1.3

1.4

2.1

Background

Enhancing biodiversity is a key component of creating sustainable, resilient and green
cities. A major concern in this regard is characterizing and improving movement
pathways for faunal species. Birds, mammals, and reptiles are important taxa to
consider from an ecosystem services standpoint, for their ecological and cultural value
to humanity.

Some information on bird movement and occupancy patterns exists in Singapore,
located in various databases across multiple organizations, but movement patterns of
particular mammal and reptile groups are more poorly understood. The need to promote
wildlife-friendly urban features in Singapore is growing, and understanding faunal use
patterns of greenery and pathways across the landscape is key to enhancing animal
habitat while also addressing public health concerns (e.g. animal droppings, intrusions
into human homes and facilities) and threats to wildlife (e.g. collisions with buildings or
road Kills).

Methods of tracking animal movements are generally time-consuming and labour-
intensive. With newer analytical methods and tracking technologies being developed,
however, a more integrative approach to understanding the movement patterns of faunal
species at a city-state level is necessary in order to optimise planning and development
strategies.

The broad goals of this project are (1) to develop and use agent-based or network
modelling tools to better predict patterns of faunal movement and occupancy in
Singapore across bird, mammal, and reptile species and (2) to identify appropriate
interventions, such as biophilic urban design features, that support the movement of
desirable fauna across the overall landscape of Singapore. This information ultimately
serves to inform greater connectivity between biodiverse patches, enhance ecosystem
resilience, reduce human-wildlife conflicts, and contribute towards a biophilic city in a
garden.

Objectives and Scope of Call for Proposals

Objectives

The objectives of this call are to:

(a) Select appropriate species to model faunal movement pathways, using a
combination of existing data and collecting additional data where necessary.

(b) Develop appropriate agent-based or network models to simulate movement
patterns of the selected representative species under different scenarios, and to
quantify how different taxa would respond to different landscape features.
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2.2

Identify specific landscape features and designs that would facilitate faunal
movement at a national level across small and broad scales, encompassing a
representative range of scenarios, landscape elements and cover types.

Develop and disseminate recommendations for practitioners to incorporate
biodiversity conservation and ecological connectivity into landscape planning and
management.

Technical specifications

The technical specifications are as follows:

(@)

Consolidate existing data: Creation of a centralized consolidated repository of
data on movement behaviour and other relevant auxiliary information, for all known
avian, reptile and mammal species of Singapore, including data gaps for each
species. Currently this data is scattered across different entities in Singapore: The
research team will collect and catalogue this information on species movement,
occurrence, feeding and habitat requirements, for each of these groups.

Shortlist species: The research team will prioritize the data from Deliverable 2.3a
in consultation with key stakeholders to create a shortlisted selection of at least
ten (10) species across the three taxa to be modeled in Deliverable 2.3d. Where
appropriate, “surrogate species” that can represent the characteristics of a broader
set of species in a particular group should be selected. The final shortlisted species
to be studied are subject to approval by NParks.

Collect additional data: Propose and conduct studies to address knowledge
gaps for the shortlisted species. Allowances for such works, including the
collection of primary data, must be included in budget of the current proposal (i.e.
no additional budget), and the studies are subject to approval by NParks.

Build the models: The research team will develop an open-source software tool
that significantly improves on current methodology to model species movement
behavior and occupancy at a national level across small and broad scales,
encompassing a representative range of scenarios, landscape elements and
cover types, i.e. species responses to different landscape features, built
structures, and design elements. These include, but are not limited to: streetscape
trees and greenery; natural habitat; and human-made elements designed for
increased landscape connectivity such as park connectors and skyrise greenery.

Develop guidelines for praxis: Based on the key attributes of natural and
artificial landscapes found to enhance the desired movement patterns in the
models from Deliverable 2.3d, the research team will develop a set of policy,
management, and design guidelines to foster biophilic principles in urban
management.
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2.3

3.1

3.2

Disseminate products: Facilitate a minimum of one (1) training workshop, plus
supporting materials, based on the Guidelines developed in Deliverable 2.3e, to

be aimed at CUGE stakeholders (e.g. staff and other practitioners in the landscape
industry), with an aim to increase capacity and expertise to better incorporate
biophilic design principles utilizing enhanced models of animal movement in
Singapore.

Summary of Deliverables:

The deliverables for this call are:

(a)

—_
o T
~ —

A centralized repository of movement behaviour data for all the avian, reptile and
mammal species of Singapore, including knowledge gaps.

A shortlisted selection of at least ten (10) species across the three taxa.
Additional studies to address knowledge gaps for shortlisted species.

An open-source software tool to model species movement behaviour and
occupancy.

Policy, management, and design guidelines to foster biophilic principles in urban
management.

At least one workshop and supporting materials to deliver guidelines to
practitioners.

Funding Support

The Call for Proposals offers funding support up to S$1 million (including indirect costs).
Proposals more than S$1 million will require strong justifications.

This Call for Proposals offers funding support for a period up to 3 years. Proposals
spanning more than 3 years will require strong justifications.

B-6





Project Code: CoT_V4 _GC2019-1_T3
Call Topic: Mixed-mode Ventilation for Office Buildings in the Tropics

1.

1.1

1.2

1.3

1.4

2.1

2.2

Background

In Singapore, most of the existing office buildings are air-conditioned and consume
substantial energy. While use of natural or mixed-mode ventilation has been widely
considered in temperate climates, it is hardly implemented in commercial buildings in
Singapore due to its unfavourable climatic conditions.

Previous attempts in this region were typically ineffective during building operation, as
occupants often converted the mixed-mode spaces into fully air-conditioning spaces to
increase their environmental comfort. Moreover, several other factors need to be
considered for the success of mixed-mode systems, including wind driven rain (WDR),
noise and pollutants protection, structural integrity of additional shading/wind guiding
systems, etc.

Recent technological advancements on building materials, equipment and design
methods have provided new opportunities to develop advanced mixed-mode ventilation
strategies and their potential applications to office buildings in the tropics. With
integration of multiple technologies and innovative designs, there is a potential to unlock
greater energy efficiency to support the government’s vision to achieve super low energy
buildings.

BCA is looking for effective environment solution for natural ventilated office and mixed
mode ventilation office.

Objectives and Scope of Call for Proposals

This study aims to develop innovative ventilation technologies to enable a paradigm shift
for cooling office buildings in the tropics.

The objectives and scope of the project are to:

(a) Review the existing mixed-mode ventilation' design/technologies used in office
buildings in the tropics;

(b)  Study state-of-the-art climate-responsive designs and passive cooling strategies;

! Mixed-mode ventilation refers to a hybrid approach to space conditioning that uses a combination of
natural ventilation from operable windows (either manually or automatically controlled), and mechanical
systems that include air distribution equipment and refrigeration equipment for cooling. A well-designed
mixed-mode building begins with intelligent fagade design to minimize cooling loads. It then integrates
the use of air-conditioning when and where it is necessary, with the use of natural ventilation whenever
it is feasible or desirable, to maximize comfort while avoiding the significant energy use and operating
costs of year-round air-conditioning

Source: About Mixed Mode, Center for the Built Environment (CBE), University of California, Berkeley,
2005. [Online] Available: www.cbe.berkeley.edu/mixedmode/aboutmm.htm/
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2.3

2.4

2.5

(c) Establish method of measuring thermal comfort for office users in the tropics,
achieving target of satisfactory thermal comfort, such as Predicted Mean Vote
(PMV) within +/- 0.7 within 80% of occupancy hours;

(d) Develop innovative passive and active technologies/solutions and their
integrations for effective natural ventilation office and mixed-mode office;

(e) Develop effective strategies to provide dynamic control of WDR and mitigate noise
and air pollutions;

(f)  Verify integrity, resilience and productivity for maintenance;

(g) Test bed technologies in a mock-up office under tropical climatic conditions to
verify their performance;

(h)  Live demonstration at BCA Academy or other suitable office buildings;

(i)  Organize seminars/workshops to educate and engage the industry to apply
solutions and build industry capabilities.

Technologies and systems that can be developed, integrated and tested, include but not

limited to:

(a) Windows and facade designs and technologies, e.g. monsoon windows, wind
walls, shading structures, passive noise barrier/fagade structures and/or others;

(o) Mechanical ventilation systems (inclusive of Indoor Air Quality considerations),
e.g. high volume low speed fans, air-conducting fans, jet fans and/or others;

(¢) Innovative air conditioning methods only to be in use during days experiencing
extreme weather conditions (inclusive of Indoor Air Quality considerations), e.g.
indirect evaporative coolers for indoors, radiant cooling systems and/or others;

(d) Smart controls and integration methods, e.g. optimized fan systems based on
wearable devices/heat map, optimized windows’ operation based on outdoor wind
conditions and/or others.

The project will be split into two phases. Phase 2 will be contingent on Phase 1 being
successful. The technologies test-bedding in the mock-up office under tropical climatic
conditions are required to show potential of achieving PMV within -/+ 0.7 within 80% of
occupancy hours (or other suitable measures of thermal comfort) for Phase 1 to be
deemed successful.

The project team is expected to work together with the building owner, consultants and
contractors (if any) for the demonstration in BCA Academy or any other suitable office

building to achieve the project’s objective.

Phase 1: Proof of Concept (POC) — 12 months

(a) Study and analyse the shortcoming and improvement to existing mixed-mode

ventilation design/technologies used in office buildings in the tropics and

adaptation of solutions from temperate climate;

Design innovative passive and active technologies/solutions and their integrations;

Develop effective strategies to mitigate noise and air pollution, control WDR to

ensure thermal comfort with good indoor air quality;

Verify integrity, resilience and productivity for maintenance.

(e) Develop prototype of identified technologies for natural and mixed-mode
ventilation office spaces;

Lo
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() Install and test the identified technologies in a mock-up office under tropical
climatic conditions;

Phase 2: Demonstration? — 12 months

(a) Live demonstration of the technologies to achieve natural ventilation and mixed-
mode ventilation in two sizeable office zones in BCA Academy (refer to Figure 1
and Figure 2) or other suitable office building;

(b) Design guidelines for Mixed-mode Ventilation Design and Technologies for Office
Buildings in the Tropics;

(c) Organise workshops/seminars to share with and educate the industry on the
findings, solutions, challenges and implementation of a mixed-mode ventilation
office space.

3.  Funding Support

3.1 The Call for Proposals offers funding support up to S$4 million (including indirect costs).
Proposals more than S$4 million will require strong justifications.

3.2 This Call for Proposals offers funding support for a period up to 2 years. Proposals
spanning more than 2 years will require strong justifications.

2 Demonstration for a minimum office space of 700m? to 1000m? is required.
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Figure 1: Tentative Layout of Office Space 1 as of 17 July 2019 (Level 14)
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ESPACE2

Basic provision of the spaces (subject to changes)

Spatial Purpose:

Spatial Provision:
Occupancy:
Operation Hours:
Loading Provided:

Headroom Provided:

Ceiling:

Air-conditioning:

Chilled water supply:

Ventilation:

Office space with printing areas, storage areas, discussion
areas and pantry for staff
Floor area as indicated in the drawings
Based on 10 m?/pax with office equipment and devices
Monday to Friday: 8.00am — 8.00pm
5KN/m?
Min. 3.6m floor-to-floor
Exposed ceiling
NIL
Chilled water pipe tee-off provided at the riser
Half height casement windows (height 1500mm) provided
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4. For enquiries, please email to both cot submission@mailbox.hdb.gov.sg and
BCA COT@bca.gov.sg.

Thank you.

CHENG TAI FATT
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