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DISCLAIMER

GSAS was prepared with the assistance and participation of many individuals and representatives from 
various organisations and the final outcome represents a general consensus. Unanimous support from 
each and every organisation and individual consulted is not implied. GSAS documentation is revised on 
a regular basis and as deemed necessary. GORD, through the Center of Excellence GSAS Trust, reserves 
the right to amend, update and change this manual periodically without prior notice. Where changes in 
regulations necessitate changes to the criteria assessment, notifications will be issued to all parties 
involved in the assessment and will be announced on GORD website at www.gord.qa. An appropriate 
transition period shall be allowed for projects undergoing the assessment process.

As a condition of use, users covenant not to sue, and agree to waive and release GSAS Trust and its 
members from any and all claims, demands and causes of actions for any injuries, losses and damages 
that users may now or hereafter have a right to assert against such parties as a result of the use of, or 
reliance on GSAS.
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Out of a deep concern on unsustainable urban living - 
especially in the Central and Western Asian continent, in 
2007 GORD developed and implemented the green building 
and infrastructure certification system. This recognizes 
the pioneering efforts of the developers, contractors, 
practitioners and entire construction community that 
has assumed responsibility to care for the cause of 
sustainability. GORD has come a long way since stewarding 
the Global Sustainability Assessment System (GSAS), 
formerly known as (QSAS), the Middle East’s first integrated 
and performance-based assessment system. Our mission 
is to encourage the development and implementation of 
sustainability principles and imperatives which stems from 
our vision on sustainable development of the region as well 
as globally. Over the last few years we have established 
a clear link of what we are doing in GSAS with the 
achievement on multiple Sustainable Development Goals 
of the United Nations. GSAS draws from top tier global 
sustainability systems and adds new facets and dimensions 
to the current practices in assessing the sustainability of 
the built environment. Over the years, GSAS has become 
one of the most comprehensive systems to date, that 
addresses the built environment from a macro level to a 
micro level targeting a wide range of building typologies 
and infrastructure projects.

GSAS Certifications now cover all the dimensions to assess 
and certify the sustainability of the built environment, 
be it design, construction or operation of projects. This 
performance based dynamic system, equipped with ever 
updated benchmarks and best practices, is a great tool in 
the hands of the building community to continually improve 
the sustainability standards of the built environment.

I would like to acknowledge the efforts and contributions 
from the State of Qatar, all our members, international 
partners and the associated consultants who helped in 
establishing the system and take it into new dimensions. 
Finally, the continuous support from Qatari Diar Real Estate 
Company (QD) and the Supreme Committee for Delivery 
and Legacy (SC) are highly appreciated, and without their 
support, GSAS would not be able to achieve what it has 
done in such a short span of time.

The UN Urbanization Prospects Report 
2014 states that 54 percent of the 
world’s population is residing in urban 
areas, and by 2050, 66 percent is 
predicted to be urbanized. Continued 
population growth and urbanization 
are projected to add a further 2.5 billion 
people to the urban population of the 
world by 2050.

To put this urbanization issue into a GCC 
context, close to 90% of the population 
in Gulf countries will be in cities by 2050. 

Cities are the hub of human life. It is 
critical to ensure that while we focus on 
the comforts of living, the cities remain 
sustainable, resilient and low-carbon. 
Sustainability is a way of life, which 
apart from reducing the environmental, 
social and economic burden, it also 
determines the quality of life and how 
human wellbeing is taken care of. As 
most of our time is spent in buildings and 
using associated infrastructure, they are 
the most common denominators that 
determine how sustainable the cities 
are and can be. Worldwide regional 
and international organizations are 
tirelessly working and cooperating to 
make cities better places to live with a 
special focus on the built environment.

A MESSAGE FROM

Founding Chairman

DR. YOUSEF MOHAMMED ALHORR, 
FOUNDING CHAIRMAN



GSAS 2019 Design & Build: Assessment & Guidelines Manual for Interiors Page 4

ACKNOWLEDGMENT 

FOUNDER & LEADER FOR GSAS PROGRAM
Dr. Yousef Mohammed Alhorr, 
Founding Chairman, 
Gulf Organisation for Research and Development - QSTP

SPECIAL ACKNOWLEDGMENT

• HE. Ghanim Bin Saad Al-Saad 
Former Chairman and Managing Director, Barwa Real Estate Group, State of Qatar

• Eng. Mohammed Al-hedfa, 
Former GCEO, Qatari Diar Real Estate Investment Company, State of Qatar

• Dr. Mohammed Saif Al-kuwari, 
Former President, Qatar General Organization for Standards and Metrology, State of Qatar

• HE. Eng. Hilal Jeham Al-Kuwari 
Chairman, Technical Delivery Office, Supreme Committee for Delivery & Legacy

DEVELOPMENT & SUPPORT 

Technical & Administration Support Teams, 
Gulf Organisation for Research & Development, 
Qatar Science & Technology Park, State of Qatar

PRINCIPAL PROJECT DIRECTOR (2007-2011)

Dr. Ali Malkawi 
Professor of Architecture and Chairman of the Graduate Group, 
University of Pennsylvania, USA

TECHNICAL LEAD (2007-2011)

Dr. Godfried Augenbroe, 
Chair of Building Technology, Doctoral Program, 
Professor, College of Architecture - Georgia Institute of Technology, USA

DEVELOPMENT INSTITUTIONS (2007-2011)

• University of Pennsylvania, USA

• Georgia Institute of Technology, USA



Page 5GSAS 2019 Design & Build: Assessment & Guidelines Manual for Interiors

QATARI GOVERNMENT AND SEMI-GOVERNMENT ENTITIES 

• Aspire Zone Foundation (ASPIRE)

• Barwa Real Estate Group (BARWA)

• Cultural Village Foundation (KATARA)

• Economic Zones Company (MANATEQ)

• New Port Project Steering Committee

• Lusail Real Estate Development Company (LUSAIL)

• Ministry of Culture & Sports (MCS)

• Ministry of Endowment and Islamic Affairs (AWQAF)

• Ministry of Interior - Internal Security Forces (ISF)

• Ministry of Municipality & Environment (MME)

• Mwani Qatar

• Private Engineering Office – Amiri Diwan (PEO)

• Public Works Authority (ASHGHAL)

• Qatar Foundation (QF)

• Qatar General Electricity and Water (KAHRAMAA)

• Qatar General Organization for Standards and Metrology (QGOSM)

• Qatar Museums (QM)

• Qatar Olympic Committee (QOC)

• Qatar Petroleum (QP)

• Qatar Rail (QR)

• Qatar Science and Technology Park (QSTP)

• Qatar University (QU)

• Qatari Diar Real Estate Investment Company (QD)

• Supreme Committee for Delivery & Legacy (SC)

REGIONAL PROFESSIONAL ORGANISATIONS

• State of Kuwait – Green Buildings Committee – National Buildings Codes Committee



GSAS 2019 Design & Build: Assessment & Guidelines Manual for Interiors Page 6

INTERNATIONAL EXPERT REVIEWERS AND CONSULTANTS (2007 - 2011)

• Dick Van Dijk, PhD [Netherlands] 
Member of ISO TC163 Energy Standardization Committee, TNO, Institute of Applied Physics.

• Frank Matero, PhD [US] 
Professor of Architecture and Historic Preservation, University of Pennsylvania.

• Greg Foliente, PhD [Australia] 
Principal Research Scientist, CSIRO (Commonwealth Scientific and Industrial Research 
Organisation) Sustainable Ecosystems.

• John Hogan, PE, AIA [US] 
City of Seattle Department of Planning and Development, Member of ASHRAE.

• Laurie Olin, RLA, ALSA [US]  
Partner, OLIN Studio.

• Mark Standen [UK] 
Building Research Establishment Environmental Assessment Method (BREEAM) Technical 
work.

• Matthew Bacon, PhD, RIBA, FRSA [UK] 
Professor, University Salford - Faculty Built Environment and Business Informatics; Chief 
Executive, Conclude Consultancy Limited; and Partner, Eleven Informatics LLP.

• Matt Dolf [Canada] 
Assistant Director, AISTS (International Academy of Sports Science and Technology).

• Matthew Janssen [Australia] 
Director of Construction and Infrastructure and Environmental Management Services 
Business Units (KMH Environmental); formerly the Sustainability Program Manager for 
Skanska.

• Muscoe Martin, AIA [US] 
Director, Sustainable Buildings Industries Council (SBIC), USGBC board member.

• Nils Larsson [Canada] 
Executive Director of the International Initiative for a Sustainable Built Environment (iiSBE).

• Raymond Cole, PhD [Canada] 
Director, School of Architecture and Landscape Architecture, University of British Columbia.

• Skip Graffam, PhD, RLA, ASLA [US] 
Partner, Director of Research, OLIN Studio.

• Sue Riddlestone [UK] 
Executive Director & Co-Founder of BioRegional, Co-Director of One Planet and M.D. of 
BioRegional MiniMills Ltd.



Page 7GSAS 2019 Design & Build: Assessment & Guidelines Manual for Interiors

PREFACE 

Global Sustainability Assessment System (GSAS) is the first performance-based system in the 
Middle East and North Africa (MENA) region, developed for assessing and rating the buildings 
and infrastructures for their sustainability impacts. The primary objective of GSAS is to create 
a sustainable built environment that minimizes ecological impact and reduces resources 
consumption while addressing the local needs and environmental conditions specific to the 
region. GSAS adopts an integrated lifecycle approach for the assessment of the built environment 
including design, construction and operation phases.

The 4th Edition of GSAS launched in 2019 has capitalized on 10 years of experience and ‘hands-
on’ implementation of GSAS, richness and capacity gained from the assessment of numerous 
and various building typologies totalling more than 217,000,000 square feet of built-up area  
more than 1,872,000,000 square feet of district master planning, and multi-disciplinary research 
projects conducted in collaboration with renowned world-class institutes on various aspects of 
sustainability in the built environment.

GSAS supports the project stakeholders with manuals and tools to aid projects in the implementation 
of the certification processes throughout the various phases of project development from pre-
design to post-occupancy.

The purpose of this manual is to provide projects with guidance and instructions on the 
assessment approach established by GSAS Trust to meet GSAS certification requirements for a 
specific building type. The manual offers valuable information on the requirements for assessing 
all criteria and describes the protocols and particulars for the evaluation of each criterion. The 
particulars include testing, reports, plans, simulations, calculators, and how to achieve the 
criterion levels. In addition, the manual lists the type and description of the supporting materials 
that the project needs to submit to demonstrate compliance.

It is believed that, although the Design & Build certification manages to assess the complete 
sustainability performance of all building types, it leads to partial assessment of the performance 
of buildings where interiors or fit-outs are introduced at a later date (e.g. by owners of retail/
shops within a shopping mall). Fit-outs play a very significant role in deciding the overall final 
performance of the building. GSAS Interiors primarily considers the sustainability aspects of 
individual fit-outs and provides an assessment system to evaluate performance across the most 
relevant five categories and twenty-eight criteria.

In conclusion, GSAS Interiors is introduced by GORD to ensure that GSAS has a full range of 
standards to assess sustainability performance of buildings in their entirety, irrespective of 
whether interiors are introduced simultaneously or after construction of the external envelope 
and utilities.

This manual should be read in conjunction with all other relevant GSAS manuals and publications.
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ASSESSMENT

CRITERIA SUMMARY

The table below summarizes the weights of GSAS Design & Build criteria and incentives for 
Interiors scheme:

NO. CATEGORY / CRITERION

LEVELS

WEIGHTS INCENTIVE 
WEIGHTSMin Max

[E] ENERGY

E.1 Thermal Energy Demand Performance -1 3 8.00%

E.2 Energy Use Performance -1 3 12.75%

E.3 Primary Energy Performance -1 3 3.50%

E.4 CO2 Emissions -1 3 2.75%

E.5 Energy Sub-Metering 0 3 2.00%

E.6 Renewable Energy 0 3 2.00%

Total 27.00% 4.00%

[W] WATER

W.1 Water Demand Performance -1 3 15.00%

W.3 Water Sub-Metering 0 3 2.00%

Total 15.00% 2.00%

[M] MATERIALS

M.1 Locally Sourced Materials -1 3 5.75%

M.2 Materials Eco-Labeling -1 3 5.50% 2.00%

M.3 Recycled Content of Materials -1 3 3.50%

M.4 Materials Reuse -1 3 1.25%

M.7 Responsible Sourcing of Materials 0 3 1.00%

Total 16.00% 3.00%
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ASSESSMENT

NO. CATEGORY / CRITERION

LEVELS

WEIGHTS INCENTIVE 
WEIGHTSMin Max

[IE] INDOOR ENVIRONMENT

IE.1 Thermal Comfort -1 3 5.75%

IE.3 Mechanical Ventilation -1 3 5.50%

IE.4 Lighting -1 3 3.50%

IE.5 Daylight -1 3 2.50%

IE.6 Glare -1 3 1.25%

IE.7 Views -1 3 2.75%

IE.8 Acoustics -1 3 3.50%

IE.9 Low-VOC Materials -1 3 2.00% 2.00%

IE.10 Airborne Contaminants -1 3 2.25%

Total 29.00% 2.00%

[MO] MANAGEMENT & OPERATIONS

MO.1 Systems Commissioning 0 3 2.50% 2.00%

MO.2 Waste Management 0 3 3.25% 2.00%

MO.3 Facility Management 0 3 3.75% 2.00%

MO.4 Leak Detection Systems 0 3 1.50%

MO.5 Automated Control System 0 3 1.25%

MO.6 Transportation Systems in Building 0 3 0.75%

Total 13.00% 6.00%
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ASSESSMENT

STRUCTURE OF ASSESSMENT

The table below summarizes elements of the assessment for each criterion in GSAS Design & 
Build certification:

PURPOSE Outlines the objective of the Criterion.

ASSESSMENT 
PRINCIPLES

Summarizes the overall principle of the Criterion for assessment.

ASSESSMENT Describes the requirements for assessing the Criterion.

CRITERION LEVELS
Lists the Levels associated with the indicators and compliance 
requirements of the Criterion.

SUBMITTALS
Lists the types and descriptions of the supporting materials that the 
project needs to submit to demonstrate compliance.

EVALUATION
Describes the general instruction and particulars for the evaluation 
of the Criterion.  The particulars include testing, reports, plans, 
simulations, calculators, and how to achieve the criterion levels.

Important Note:

GSAS Interiors scheme is used to assess the fit-out of all types of buildings, including single 
zones or multiple zones within a building to entire buildings of different scales. Although the 
scheme is used for different types of buildings, using the same processes and measurement 
principles, there may be differences in assessing Energy and Water categories reflected in GSAS 
Energia SuiteTM and GSAS Water SuiteTM.  
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E W M IE MO

ASSESSMENT

1.0 ENERGY 

The Energy category is concerned with improving the design and energy performance of the 
development having a direct and positive impact on both the consumption of resources and 
environmental quality including climate change, fossil fuel depletion, air pollution and human 
comfort, health and well-being.  

CRITERIA IN THIS CATEGORY:

E.1 Thermal Energy Demand Performance

E.2 Energy Use Performance

E.3 Primary Energy Performance

E.4 CO2 Emissions 

E.5 Energy Sub-Metering

E.6 Renewable Energy 
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ASSESSMENT

CRITERIA SUMMARY

The table below summarizes the weights of the Energy category and each of the associated 
criteria:

NO. CATEGORY / CRITERION

LEVELS

WEIGHTS INCENTIVE 
WEIGHTSMin Max

[E] ENERGY

E.1 Thermal Energy Demand Performance -1 3 8.00%

E.2 Energy Use Performance -1 3 12.75%

E.3 Primary Energy Performance -1 3 3.50%

E.4 CO2 Emissions -1 3 2.75%

E.5 Energy Sub-Metering 0 3 2.00%

E.6 Renewable Energy 0 3 2.00%

Total 27.00% 4.00%
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E W M IE MO

ASSESSMENT

1.1 [E.1] THERMAL ENERGY DEMAND PERFORMANCE

1.1.1 PURPOSE

To minimize the building energy demand through the establishment of GSAS thermal energy 
demand performance.

1.1.2 ASSESSMENT PRINCIPLES

• The Project will assess GSAS energy performance coefficient of the thermal energy demand 
(EPC

dem
) in relation to applicable GSAS benchmark.

• The Project will complete GSAS Energia Suite™ for E.1 Thermal Energy Demand Performance 
to establish the criterion level.

1.1.3  ASSESSMENT

The criterion requires assessing the annual thermal energy demand of the building by calculating 
the EPC value using GSAS Energia Suite™. The assessment considers the thermal energy 
demand associated with the external and internal heat gains of the building. 

The external heat gains are generally impacted by the passive design practice, which incorporates 
the building site, orientation, form, envelope characteristics & properties, and shadings.

The internal heat gains are generally impacted by the transmission gains from ventilation, people, 
lights, and appliances.

GSAS Energia Suite™ determines for each building type, the energy performance coefficient 
(EPCdem) based on the external and internal heat gains. 

EPC
dem

=
Q

dem_norm

Q
dem_ref

Where:

EPC
dem

  is the thermal energy demand performance coefficient.

Q
dem_norm

  is the normalized thermal energy demand in kWh/m2/yr.

Q
dem_ref

  is GSAS benchmark for the thermal energy demand.  It is the reference  
 energy of the notional building for a specific building type in kWh/m2/yr.

The criterion level is established based on the result of the EPC
dem

.
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ASSESSMENT

1.1.4  CRITERION LEVELS

Levels
Compliance with
[E.1] Thermal Energy Demand Performance Requirements

-1 EPC
dem

 > 1.0

0 0.8 < EPC
dem

 ≤ 1.0

1 0.7 < EPC
dem

 ≤ 0.8

2 0.6 < EPC
dem

 ≤ 0.7

3 EPC
dem

 ≤ 0.6

1.1.5 SUBMITTALS 

Types Descriptions

Documents

A narrative explaining the approach undertaken for the criterion 
assessment and highlighting the basis of any assumptions.

Relevant HVAC design drawings, specifications, cooling load and other 
supplementary calculations.

Relevant construction drawings showing the areas of the evaluated 
spaces.

Relevant shop drawings and material data sheets of the installed 
window and wall glazing and air terminal devices.

Report Commissioning or TAB Report of the HVAC system.

Tool GSAS Energia Suite™.
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ASSESSMENT

1.1.6 EVALUATION

1.1.6.1 General

• Determine the project information, and zone type for the energy criteria assessments.

• Determine the building envelope design information.

• Determine the indoor lighting design information.

• Determine the fresh air requirements of the building.

• Determine the design information of the physical characteristics of the envelope.

• Determine the shading reduction factors, if applicable.

• Input the data into GSAS Energia SuiteTM to determine the EPC value for E.1 Thermal Energy 
Demand Performance.

• Prepare all applicable documentation.

1.1.6.2 Calculator

A. Inputs

General Information Inputs

• Input the project details.

• Select from the pulldown menu if there is unoccupied internal temperature setback.

• Tick the applicable category/zone type for the EPC calculations.

• Select envelope tab to input values required to calculate the thermal energy demand of the 
building envelope.

• Select the lighting tab to input values required to calculate the lighting system thermal energy 
demand.

 
Envelope Information Inputs

• Input the internal total gross floor area of the airconditioned spaces.

• Input the building volume of the airconditioned spaces.

• Input the building height.

• Input the exposed opaque wall area for each orientation of the building façade.

• Input the opaque wall U-value for each wall orientation.

• Input the exposed door wall area for each orientation of the building façade.
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ASSESSMENT

• Input the door U-value for each wall orientation.

• Input the window area for each orientation of the building façade.

• Input the window U-value for each wall orientation.

• Input the solar reduction factors of the windows.

• Input the solar transmittance values of the windows for each wall orientation.

• Input the frame fraction of the windows for each wall orientation.

 
Lighting Information Inputs

• Input the installed peak power intensity of the lighting system in watts per square meter.

• Input the decorative lighting power in watts per square meter.

• Select from the pulldown menu the maintained illuminance of the lighting fixtures.

• Input the lighting occupancy dependency factor.

• Input the façade opening area for the natural lighting.

 
Ventilation System Inputs

• Input the fresh air ventilation requirements of the design.

• Input the minimum fresh air ventilation rates.

B. Calculations

• GSAS Energia SuiteTM automatically calculates the EPC value of thermal energy demand and 
generates the corresponding E.1 Thermal Energy Demand Performance criterion level.
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ASSESSMENT

1.2 [E.2] ENERGY USE PERFORMANCE

1.2.1 PURPOSE

To minimize the building energy use through the establishment of GSAS energy use performance.

1.2.2 ASSESSMENT PRINCIPLES

• The Project will assess GSAS energy performance coefficient of the energy use (EPC
use

) in 
relation to applicable GSAS benchmark.

• The Project will complete GSAS Energia Suite™ for E.2 Energy Use Performance to establish 
the criterion level.

1.2.3 ASSESSMENT

The criterion requires assessing the annual energy use of the building by calculating the EPC 
value using GSAS Energia Suite™.  Based on occupancy, operations profile and building type, 
the assessment considers the energy use associated with the design of the following building 
systems:

• Cooling systems based on seasonal energy efficiency ratio (SEER) or coefficient of performance 
(COP). 

• Lighting system and controls.

• Auxiliary systems comprising of ventilation system, air supply system, and HVAC pump system.

• Domestic hot water system

• Energy generation systems, such as photovoltaic (PV), solar hot water, wind turbine, absorption 
chiller, and combined heat and power (CHP).

GSAS Energia Suite™ determines for each building type, the energy performance coefficient 
(EPCuse) based on the aspects of the building systems design.

EPC
use

=
E

use_norm

E
use_ref

Where:

EPC
use

  is the energy use performance coefficient.

E
use_norm

  is the normalized energy use in kWh/m2/yr.

E
use_ref

  is GSAS benchmark for the energy use.  It is the reference energy  
 of the notional building for a specific building type in kWh/m2/yr.

The criterion level is established based on the result of the EPC
use

.
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1.2.4  CRITERION LEVELS

Levels
Compliance with
[E.2] Energy Use Performance Requirements

-1 EPC
use

 > 1.0

0 0.8 < EPC
use

 ≤ 1.0

1 0.7 < EPC
use

 ≤ 0.8

2 0.6 < EPC
use

 ≤ 0.7

3 EPC
use

 ≤ 0.6

1.2.5 SUBMITTALS 

Types Descriptions

Documents

A narrative explaining the approach undertaken for the criterion 
assessment and highlighting the basis of any assumptions.

Relevant HVAC design drawings, specifications, cooling load and other 
supplementary calculations.

Relevant construction drawings showing the areas of the evaluated 
spaces.

Relevant shop drawings and material data sheets of the installed 
window and wall glazing and air terminal devices.

Report Commissioning or TAB Report of the HVAC system.

Tool GSAS Energia Suite™.
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1.2.6 EVALUATION

1.2.6.1 General

• Determine the cooling system information.

• Determine the ventilation and pump system information.

• Determine the renewable energy system design information.

• Determine the system of controls for the HVAC system, indoor lighting system, renewable 
energy system, and the hot water generation system.

• Determine the design information of the hot water generation system.

• Determine the specification of the renewable energy system.

• Input the data into GSAS Energia Suite™ to determine the EPC value for E.2 Energy Use 
Performance.

• Prepare all applicable documentation. 

1.2.6.2 Calculator

A. Inputs

• In addition to the inputs in E.1 the following are the inputs required for the E.2 criterion.

 
Cooling Information Inputs

• Select the type of cooling system applicable to the project SEER or COP

• Input the seasonal energy efficiency ratio (SEER) value of the chilled water systems, OR

• Input the coefficient of performance (COP) of the other cooling system at 46 deg. C ambient 
conditions.

 
Lighting Information Input

• Select from the pulldown menu the control for the artificial lighting system.

 
Ventilation System Inputs

• Select from the pulldown menu the ventilation system.

• Select from the pulldown menu if the ventilation system utilizes 100% fresh air ventilation.

• Select from the pulldown menu the building air leakage.

• Input the controlled demand ventilation fraction.
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• Input the ventilation fan operation fraction.

• Input the heat recovery efficiency.

• Input the ventilation specific fan power.

 
Air Supply System Inputs

• Select from the pulldown menu the HVAC type.

• Input the supply air flow rate.

• Input the supply air specific fan power.

• Input the supply air fan operation time fraction.

B. Calculations

• GSAS Energia Suite™ automatically calculates the EPC value of the energy use and generate 
the corresponding E.2 Energy Use Performance criterion level.
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1.3 [E.3] PRIMARY ENERGY PERFORMANCE

1.3.1 PURPOSE

To reduce the dependence on fossil-based primary energy supply and delivery network through 
the establishment of GSAS primary energy performance.

1.3.2 ASSESSMENT PRINCIPLES

• The Project will assess GSAS energy performance coefficient of the primary energy (EPC
pri

) 
in relation to applicable GSAS benchmark.

• The Project will complete GSAS Energia Suite™ for E.3 Primary Energy Performance to 
establish the criterion level.

1.3.3 ASSESSMENT

The criterion requires assessing the annual primary energy of the building by calculating the 
EPC value using GSAS Energia Suite™.  The assessment considers the net delivered energy and 
the primary energy factor (PEF) determined at the national level.  Net delivered energy is linked to 
the various types of energy supply including electricity, gas, thermal, and renewable energy using 
different types of energy delivery networks.

GSAS Energia Suite™ determines the energy performance coefficient (EPC
pri

) based on the 
energy supply and delivery network.

EPC
pri

=
E

pri_norm

E
pri_ref

Where:

EPC
pri

  is the primary energy performance coefficient.

E
pri_norm

  is the normalized primary energy supplied to the building, in kWh/m2/yr.

E
pri_ref

  is GSAS benchmark for the primary energy supply and delivery network for a   
 specific country, in kWh/m2/yr.

The criterion level is established based on the result of the EPC
pri

.
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1.3.4  CRITERION LEVELS

Levels
Compliance with
[E.3] Primary Energy Performance Requirements

-1 EPC
pri

 > 1.0

0 0.8 < EPC
pri

 ≤ 1.0

1 0.7 < EPC
pri

 ≤ 0.8

2 0.6 < EPC
pri

 ≤ 0.7

3 EPC
pri

 ≤ 0.6

1.3.5 SUBMITTALS 

Types Descriptions

Documents

A narrative explaining the approach undertaken for the criterion 
assessment and highlighting the basis of any assumptions.

Relevant HVAC design drawings, specifications, cooling load and other 
supplementary calculations.

Relevant construction drawings showing the areas of the evaluated 
spaces.

Relevant shop drawings and material data sheets of the installed 
window and wall glazing and air terminal devices.

Report Commissioning or TAB Report of the HVAC system.

Tool GSAS Energia Suite™.
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1.3.6 EVALUATION

1.3.6.1 General

• Determine the primary energy sources of the delivered energy to the site.

• Input the data into GSAS Energia Suite™ to determine the EPC value for E.3 Primary Energy 
Performance.

• Prepare all applicable documentation.

A. Calculations

• GSAS Energia Suite™ automatically calculates the EPC value of the primary energy and 
generate the corresponding E.3 Primary Energy Performance criterion level.
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1.4 [E.4] CO2 EMISSIONS

1.4.1 PURPOSE

To establish CO2 emissions performance associated with the primary energy supply and delivery 
network.

1.4.2  ASSESSMENT PRINCIPLES

• The Project will assess GSAS energy performance coefficient of the CO2 emissions (EPC
CO2

) in 
relation to applicable GSAS benchmark.

• The Project will complete GSAS Energia Suite™ for E.4 CO2 Emissions to establish the criterion 
level.

1.4.3 ASSESSMENT

The criterion requires assessing the annual CO2 emissions of the building by calculating the EPC 
value using GSAS Energia Suite™.  The assessment considers the net delivered energy and the 
CO2 emission coefficient determined at the national level.  Net delivered energy is linked to the 
various types of energy supply including electricity, gas, thermal, and renewable energy using 
different types of energy delivery networks.

GSAS Energia Suite™ determines the energy performance coefficient (EPC
CO2

) based on the 
energy supply and delivery network.

EPC
CO2

=
E

CO2_norm

E
CO2_ref

Where:

EPC
CO2

  is the CO2 emissions performance coefficient.

E
CO2_norm

  is the normalized CO2 emissions, in kWh/m2/yr.

E
CO2_ref 

 is GSAS benchmark for the CO2 emissions for a specific country, in kWh/m2/yr.

 
The criterion level is established based on the result of the EPC

CO2
.
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1.4.4  CRITERION LEVELS

Levels
Compliance with
[E.4] CO2 Emissions Requirements

-1 EPC
CO2

 > 1.0

0 0.8 < EPC
CO2

 ≤ 1.0

1 0.7 < EPC
CO2

 ≤ 0.8

2 0.6 < EPC
CO2

 ≤ 0.7

3 EPC
CO2

 ≤ 0.6

1.4.5 SUBMITTALS 

Types Descriptions

Documents

A narrative explaining the approach undertaken for the criterion 
assessment and highlighting the basis of any assumptions.

Relevant HVAC design drawings, specifications, cooling load and other 
supplementary calculations.

Relevant construction drawings showing the areas of the evaluated 
spaces.

Relevant shop drawings and material data sheets of the installed 
window and wall glazing and air terminal devices.

Report Commissioning or TAB Report of the HVAC system.

Tool GSAS Energia Suite™.
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1.4.6 EVALUATION

1.4.6.1 General

• Determine the mix of primary energy supply.

• Input the data into GSAS Energia Suite™ to determine the EPC value for E.4 CO2 Emissions.

• Prepare all applicable documentation.

1.4.6.2 Calculator

• GSAS Energia Suite™ automatically calculates the EPC value of the CO2 emissions and generate 
the corresponding E.4 CO2 Emissions criterion level.
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1.5 [E.5] ENERGY SUB-METERING

1.5.1 PURPOSE

To install sub-meters for monitoring the major energy consuming systems.

1.5.2 ASSESSMENT PRINCIPLES

• The Project will assess the installation of energy sub-meters for monitoring the major energy 
consuming systems.

• The Project will prepare the Energy Sub-Metering plan to establish the criterion level.

1.5.3 ASSESSMENT

The criterion requires assessing the energy sub-metering system.  The system provides 
monitoring, controlling, recording, and reporting of the energy-consuming systems and equipment, 
devices and appliances, and other motorized equipment.  The energy-consuming systems that 
requires sub-meters are, but not necessarily limited to, HVAC system, lighting system, electric 
power-driven equipment, and other system’s mains in the electrical panel boards.  The energy 
sub-metering plan includes the descriptions of the energy sub-metering system designs and 
specifications.

The energy sub-metering plan is a document that fully describes the strategies for monitoring, 
controlling, recording, analyzing, and reporting the energy-consuming systems and equipment, 
devices and appliances, and other motorized equipment.  The comprehensiveness of the plan to 
demonstrate compliance with the energy sub-metering installation requirements of the criterion 
determines the criterion level.

The plan demonstrates the following requirements:

• Strategy for monitoring and recording of the power consumption of the energy-consuming 
equipment and systems in the development.  

• Where applicable, provisions for real time data monitoring and recording of the information 
suitable for analysis and reporting.  

• Instrumentation and control system diagrams that fully describe the specification of the 
instruments and devices installed for monitoring the energy consuming systems including 
HVAC system, lighting system, and other motorized equipment.  

The criterion level is established based on the degree of compliance of all the required submittals 
to completely support the narratives of the energy sub-metering plan.
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1.5.4  CRITERION LEVELS

Levels
Compliance with
[E.5] Energy Sub-Metering Requirements

0 Plan does not demonstrate compliance.

1 Plan demonstrates partial compliance.

3 Plan demonstrates full compliance.

Incentive Weights:

An incentive score of 1.00% is awarded per level for providing energy sub-metering up to 2% max.

1.5.5 SUBMITTALS 

Types Descriptions

Documents

A narrative explaining the approach undertaken for the criterion 
assessment and highlighting the basis of any assumptions.

Relevant construction drawings, diagrams, and specifications.

Where applicable, the BMS schedule of points and control system 
showing the energy sub-metering system integration with the BMS.

Relevant as-built drawings showing the updates to the previous LOC 
stage submittals.

Plan Energy Sub-Metering Plan.
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1.5.6  EVALUATION

1.5.6.1 General

• Partial compliance for this criterion demonstrates the installation of sub-meters for HVAC, 
lighting, and fan-motors.

• Full compliance for this criterion demonstrates the installation of sub-meters for all major 
energy-consuming systems.

• Determine the provision of a system for monitoring, controlling, recording, and reporting of 
major energy-consuming equipment, fixtures, devices, and appliances.

• Illustrate in the presentation materials or diagrams the strategy adopted for monitoring the 
energy consumption of the facilities.

• Identify the locations and tapping points of the energy sub-meters.

• Provide the testing and commissioning report of the energy sub-metering system.

• Determine the training program for the proper calibration, use, care, and upkeeping of the 
energy sub-metering system.

• Prepare all applicable documentation.
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1.6 [E.6] RENEWABLE ENERGY

1.6.1 PURPOSE

To install on-site renewable energy generation systems.

1.6.2 ASSESSMENT PRINCIPLES

• The Project will assess the installation of on-site renewable energy generating systems with 
the capacity to contribute to the total annual energy need of the development.

• The Project will prepare the Renewable Energy plan to establish the criterion level.

1.6.3 ASSESSMENT

The criterion requires assessing the installation of the on-site renewable energy generating 
systems for the development.  The renewable energy generating systems are the equipment, 
devices, networks, and controls and instrumentation for collecting, storing, and distributing 
energy generated from renewable sources.  The assessment considers renewable sources such 
as solar, wind, geothermal, and other sources of renewable energy.

The renewable energy plan is a document that fully describes the system and strategies for 
generating energy from renewable sources.

The plan demonstrates the following requirements:

• Strategy for installing and making the system operational to supply the power needs of the 
energy-consuming equipment, fixtures, and appliances in the facilities.  

• Instrumentation and control system diagrams that fully describe the specification of the 
instruments and devices installed, tested, and commissioned for renewable energy generation 
and distribution.  

The criterion level is established based on the percentage of contribution of the onsite renewable 
energy to the total annual energy need of the development.
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1.6.4  CRITERION LEVELS

Levels
Compliance with
[E.5] Energy Sub-Metering Requirements

0 X < 2%

1 2% ≤ X < 3.5%

2 3.5% ≤ X ≤ 5%

3 X > 5%

Incentive Weights:

An incentive score of 0.66% is awarded per level for providing renewable energy up to 2% max.

1.6.5 SUBMITTALS 

Types Descriptions

Documents

A narrative explaining the approach undertaken for the criterion 
assessment and highlighting the basis of any assumptions.

Relevant construction drawings, diagrams, and specifications.

Where applicable, the BMS schedule of points and control system 
showing the renewable energy system integration with the BMS.

Relevant as-built drawings.

Plan Renewable Energy Plan.
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1.6.6  EVALUATION

1.6.6.1 General

• Determine the provision of a renewable energy system for generating and distributing power 
generated from renewable sources.

• Illustrate in the presentation materials or diagrams the feasibility study conducted for 
developing and delivering renewable energy system for the development.

• Identify from the drawings the locations of the equipment and distribution networks.

• Determine the testing and commissioning report of the renewable energy system.

• Determine the training program for the proper calibration, use, care, and upkeeping of the 
renewable energy system.

• Prepare all applicable documentation.
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2.0 WATER

The Water category is concerned with water conservation for indoor use. The natural water cycle 
is a system in which water resources are continuously exchanged between the atmosphere, 
soil water, surface water, ground water, and plants. This cycle treats and recharges freshwater 
supplies. Human consumption of fresh water outpaces the natural cycle and under these 
circumstances, water cannot be considered as a renewable resource.

CRITERIA IN THIS CATEGORY

W.1 Water Demand Performance

W.3 Water Sub-Metering
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CRITERIA SUMMARY

The table below summarizes the weights of the Water category and each of the associated criteria:

NO. CATEGORY / CRITERION

LEVELS

WEIGHTS INCENTIVE 
WEIGHTSMin Max

[W] WATER

W.1 Water Demand Performance -1 3 15.00%

W.3 Water Sub-Metering -1 3 2.00%

Total 15.00% 2.00%
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2.1 [W.1] WATER DEMAND PERFORMANCE

2.1.1 PURPOSE

To reduce the indoor water demand of the development.

2.1.2 ASSESSMENT PRINCIPLES

• The Project will assess GSAS water performance coefficient of the indoor water demand 
(WPC

dem
) in relation to applicable GSAS benchmark.

• The Project will complete GSAS Water Suite™ for W.1 Water Demand Performance to 
establish the criterion level.

2.1.3  ASSESSMENT

The criterion requires assessing the annual water demand of the development by calculating the 
WPC value using GSAS Water Suite™.  Based on occupancy, operations profile and building type 
the assessment considers the water demand associated with the indoor water consumption.

The indoor water consumption is linked to the specifications and schedules of plumbing fixtures 
and water-consuming appliances. 

The process water consumption includes the indoor and outdoor pools and water features, 
and health and wellness facilities assessed by evaluating the features of the water-consuming 
equipment.

GSAS Water Suite™ determines the Water Performance Coefficient of the indoor and outdoor 
water demand (WPC

dem
).  

WPC
dem

=
W

dem_occ

W
ref_occ

Where:

WPC
dem

  is the water demand performance coefficient.

W
dem_occ

  is the normalized water demand of the occupants for indoor use, in m3/yr.  

W
ref_occ

  is GSAS benchmark for the water demand of the occupants for indoor use for a specific 
building type, in m3/yr.

The criterion level is established based on the result of the WPC
dem

.
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2.1.4  CRITERION LEVELS

Levels
Compliance with
[W.2] Water Demand Performance Requirements

-1 WPCdem > 1.00

0 0.90 < WPCdem ≤ 1.00

1 0.85 < WPCdem  ≤ 0.90

2 0.80 < WPCdem ≤ 0.85

3 WPCdem ≤ 0.80

2.1.5 SUBMITTALS 

Types Descriptions

Documents

A narrative explaining the approach undertaken for the criterion 
assessment and highlighting the basis of any assumptions.

Report stating number of occupants, operating hours, floor or site area 
and other supporting information.

Relevant construction drawings.

Relevant shop drawings and material data sheets.

Report Testing Reports for the plumbing systems.

Tool GSAS Water Suite™.
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2.1.6 EVALUATION

2.1.6.1 General

• Determine the project information, category, and zone type for the water criteria assessments.

• Determine the site area, the built-up area.

• Determine the design occupancy load of the development. 

• Illustrate in the design drawings and schedule the quantities of the plumbing fixtures and its 
documented flowrates.

• Determine if there is demand for process water which can include water features, swimming 
pool or other specific applications.

• Input the data into GSAS Water Suite™ to determine the WPC value for W.1 Water Demand 
Performance.

• Prepare all applicable documentation.

2.1.6.2 Calculator

A. Inputs

General Information Inputs

• Input the project details.

• Input the site area

• Input the built-up area.

• Input the number of daily regular occupants of the facility.

• Input the number of average daily visitors of the facility.

• Input the gender ratio of the occupants.

• Tick the applicable category/zone type for the WPC calculations.

• Select indoor-use tab to input values required to calculate the water demand for indoor use.

 
Indoor-Use Inputs

• Part 1a: Fixtures

- Input the documented flowrates and quantities of the flush fixtures.

- Input the documented flowrates and quantities of the flow fixtures.
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• Part 1b: Prescriptive Method for Process Water

- Select from the pulldown menu if non-standardized water is use for the water features.

- Select from the pulldown menu if there are indoor water features.

- Select from the pulldown menu if there are swimming pools.

- Select from the pulldown menu if there is a jacuzzi.

- Select from the pulldown menu if there is a sauna.

- Select from the pulldown menu if there are medical hot tubs.

- Select from the pulldown menu if there are other facilities or fixtures that require non-
standardized water.

B. Calculations

• GSAS Water Suite™ automatically calculates the WPC value of water demand and generate 
the corresponding W.1 Water Demand Performance criterion level.
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2.2 [W.3] WATER SUB-METERING

2.2.1 PURPOSE

To install sub-meters for monitoring the major water consuming systems.

2.2.2 ASSESSMENT PRINCIPLES

• The Project will assess the installation of water sub-meters for monitoring the major water 
consuming systems.

• The Project will prepare the Water Sub-Metering plan to establish the criterion level.

2.2.3 ASSESSMENT

The criterion requires assessing the water sub-metering system.  The system provides monitoring 
and recording of the development mains’ domestic and irrigation water consumptions.  The 
water-consuming systems that requires sub-meters are the indoor and outdoor plumbing and 
irrigation systems.  The water sub-metering plan includes the descriptions of the water sub-
metering system designs and specifications.

The water sub-metering plan is a document that fully describes the strategies for monitoring 
and recording of the development mains’ domestic and irrigation water consumptions.  The 
comprehensiveness of the plan to demonstrate compliance with the water sub-metering 
installation requirements of the criterion determines the criterion level.

The plan demonstrates the following requirements:

• Strategy for monitoring and recording of the water consumption of equipment, fixtures, and 
appliances in the development.  

• Where applicable, provisions for real time data monitoring and recording of the information 
suitable for analysis and reporting. 

• Instrumentation and control system diagram that fully describes the specification of the 
instruments and devices installed for monitoring the water consuming systems, such as 
plumbing and irrigation water systems.

The criterion level is established based on the degree of compliance of all the required submittals 
to completely support the narratives of the water sub-metering plan.
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2.2.4 CRITERION LEVELS

Levels
Compliance with
[W.3] Water Sub-Metering Requirements

0 Plan does not demonstrate compliance.

1 Plan demonstrates partial compliance with the requirements.

3 Plan demonstrates full compliance.

Incentive Weights:

An incentive score of 1.00% is awarded per level for providing water sub-metering up to 2% max.

2.2.5 SUBMITTALS 

Types Descriptions

Documents

A narrative explaining the approach undertaken for the criterion 
assessment and highlighting the basis of any assumptions.

Relevant construction drawings, diagrams, and specifications.

Where applicable, the BMS schedule of points and control system 
showing the water sub-metering system integration with the BMS.

Relevant as-built drawings.

Tool Water Sub-Metering Plan.
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2.2.6 EVALUATION

2.2.6.1 General

• Partial compliance for this criterion demonstrates the installation of sub-meters for indoor 
OR outdoor water consuming systems. 

• Full compliance for this criterion demonstrates the installation of sub-meters for indoor AND 
outdoor water consuming systems.

• Determine the provision of a system for monitoring, and recording of major water-consuming 
equipment, fixtures, and appliances.

• Illustrate in the presentation materials or diagrams the strategy adopted for monitoring the 
water consumption of the facilities.

• Identify the locations and tapping points of the water sub-meters.

• Provide the testing and commissioning report of the water sub-metering system.

• Determine the training program for the proper calibration, use, care, and upkeeping of the 
water sub-metering system.

• Prepare all applicable documentation.
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3.0 MATERIALS

The Materials category is concerned with the conservation of natural resources and the use or 
reuse of materials and structure to have the least environmental impact. The construction sector 
has a significant impact on the environment. It accounts for the consumption of approximately 
40% of the raw stone, gravel, and sand used worldwide annually, 25% of the raw timber and the 
associated embodied carbon emissions for such materials.

Eco-friendly construction materials can contribute to reduce the adverse impacts on the 
environment, and create sustainable buildings promoting the health and well-being of occupants.

CRITERIA IN THIS CATEGORY:

M.1 Locally Sourced Materials

M.2 Materials Eco-Labeling

M.3 Recycled Content of Materials

M.4 Materials Reuse

M.7 Responsible Sourcing of Materials
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CRITERIA SUMMARY

The table below summarizes the weights of the Materials category and each of the associated 
criteria:

NO. CATEGORY / CRITERION

LEVELS

WEIGHTS INCENTIVE 
WEIGHTSMin Max

[M] MATERIALS

M.1 Locally Sourced Materials -1 3 5.75%

M.2 Materials Eco-Labeling -1 3 5.50% 2.00%

M.3 Recycled Content of Materials -1 3 3.50%

M.4 Materials Reuse -1 3 1.25%

M.7 Responsible Sourcing of Materials 0 3 1.00%

Total 14.00% 3.00%
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3.1  [M.1] LOCALLY SOURCED MATERIALS

3.1.1 PURPOSE

To maximize the use of local material and reduce the impact of long-distance transportation.

3.1.2 ASSESSMENT PRINCIPLES

• The Project will assess the cost and number of raw materials and manufactured/assembled 
products of local origin.

• The Project will complete the calculator for M.1 Locally Sourced Materials to establish the 
criterion level.

3.1.3  ASSESSMENT

The criterion requires assessing the local content cost and availability fraction of the locally 
sourced materials.  Locally sourced materials are locally manufactured or assembled materials 
with content or components either coming from local or foreign origins.  Materials vary according 
to the percentage of their local contents or components or the location of their assembly.

There are two groups of material listings of the locally sourced materials in the assessment, the 
major construction materials, and the minor construction materials.  The major construction 
materials are locally sourced materials that have significant contributions to the percentage of 
total material cost. The cost of local content is calculated based on a percentage of the local 
content weight to the total material weight multiplied by the material cost.  The minor construction 
materials are materials that have relatively small contributions to the development in terms 
of weight, volume or cost and therefore are grouped under this category to promote capacity 
building of various industries in the construction sector.

The calculator determines the indicator based on the sum of the percentages of the local content 
cost in major construction materials and the availability fraction for minor construction materials.

The criterion level is established based on the result of the indicator for M.1 Locally Sourced 
Materials.
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3.1.4 CRITERION LEVELS

Levels
Compliance with
[M.1] Locally Sourced Materials Requirements 

-1 X < 30%

0 30% ≤ X < 40%

1 40% ≤ X < 50%

2  50% ≤ X < 60%

3 X ≤ 60%

3.1.5 SUBMITTALS 

Types Descriptions

Documents

A narrative explaining the approach undertaken for the criterion 
assessment and highlighting the basis of any assumptions.

Evidence of the locally sourced materials cost and the total materials 
cost for the project, such as excerpts of up to date monthly certification 
approved by the Client (BOQ format).

Evidence of the use of the locally sourced materials on site, such as 
Material Approval Requests.

Specifications indicating the origin of the locally sourced materials and 
the percentage of local content.

Calculator M.1 Locally Sourced Materials Calculator.
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3.1.6  EVALUATION

3.1.6.1 General

• Determine the specifications and bill of quantities of the construction materials and products.

• Determine the specified locally sourced construction materials and products.

• Determine from the material data sheets the percentage of the local content of the specified 
locally sourced construction materials and products.

• Determine from the bill of quantities the itemized cost of each material and the total cost of 
the construction materials.

• Prepare the descriptions of the construction materials following the latest Construction 
Specification Institute (CSI) MasterFormat and use a uniform currency for costings and pricings.

• Input the data into the calculator for M.1 Locally Sourced Materials to determine the 
percentages of the local content cost in major construction materials and the availability 
fraction for minor construction materials.

• Prepare all applicable documentation.

3.1.6.2 Calculator

A. Inputs

Construction Materials Inputs
• Input the descriptions of the locally manufactured or assembled minor construction materials.

• Select from the pulldown menu the percentage of local content or “Locally Assembled” in 
case the local content is 0% but the material is assembled in the country.

B. Calculations

Construction Materials Calculations
• Factor = assigned value based on the selected percentage of local content of construction material.

• Availability fraction = calculated value based on the local content factor of construction material.

• Total availability fraction = sum of the availability fraction of all construction materials.

Summary Calculations
• (X) = sum of the availability fraction of construction materials.

• M.1 criterion level = the generated criterion level for M.1 Locally Sourced Materials based on 
the specified range from the criterion levels.
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3.2 [M.2] MATERIALS ECO-LABELING

3.2.1 PURPOSE

To use certified products and materials with enhanced environmental, health and resources 
conservation attributes. 

3.2.2  ASSESSMENT PRINCIPLES

• The Project will assess the cost and number of products and materials with GSAS approved 
certification for eco-labeling.

• The Project will complete the calculator for M.2 Materials Eco-Labeling to establish the 
criterion level.

3.2.3 ASSESSMENT

The criterion requires assessing the major construction materials and minor construction 
materials with eco-labels.  Eco-labeled materials are materials labeled with GSAS approved 
certification. Certificates identify eco-labeled materials as follows: 

• Material with Environmental Product Declaration (EPD)

• Multi-attribute material

• Single-attribute material

There are two groups of material listings of the eco-labeled materials in the assessment, the 
major construction materials and the minor construction materials.  The major construction 
materials are eco-labeled materials that have significant contributions to the percentage of total 
material cost.  The assessment considers the cost of eco-labeled major materials.  The minor 
construction materials are materials that have relatively small contributions to the development 
in terms of weight, volume or cost and therefore are grouped under this category to promote 
capacity building of various industries in the construction sector.

The calculator determines the indicator based on the percentage of cost of major materials 
with eco-labeling and the availability fraction of eco-labeled minor construction materials.  
The calculator adds the incentive weights given for having more than four eco-labeled minor 
construction materials.

The criterion level is established based on the result of the indicator for M.2 Materials Eco-
Labeling.
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3.2.4 CRITERION LEVELS

Levels
Compliance with
[M.2] Materials Eco-Labeling Requirements  

-1 X < 10%

0 10% ≤ X < 15%

1 15% ≤ X < 20%

2  20% ≤ X < 25%

3 X ≥ 25%

Incentive Weights:

An incentive score of 0.5% is awarded per additional eco-labeled temporary material up to 2% 
max.

3.2.5 SUBMITTALS 

Types Descriptions

Documents

A narrative explaining the approach undertaken for the criterion 
assessment and highlighting the basis of any assumptions.

Certificates of the materials with eco-labeling.

Evidence of the eco-labeled materials cost and the total materials cost 
for the project, such as excerpts of up to date monthly certification 
approved by the Client (BOQ format).

Evidence of the use of the eco-labeled materials on site, such as 
Material Approval Requests.

Calculator M.2 Materials Eco-Labeling Calculator.
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3.2.6 EVALUATION

3.2.6.1 General

• Determine the specified eco-labeled materials and products.

• Input the data into the calculator for M.2 Materials Eco-Labeling to determine the percentages 
of the eco-labeled major construction materials and the availability fraction for minor 
construction materials.

• Prepare all applicable documentation.

3.2.6.2 Calculator

A. Inputs

Part 1 – Major Construction Materials Inputs

• Input the descriptions of the major construction materials with eco-labeling.  Include in the 
descriptions of the name of the manufacturer of the supplied materials and products.

• Input the costs of the materials.

• Select from the pulldown menu the label type of the eco-labeled major construction materials.

 
Part 2 – Minor Construction Materials Inputs

• Input the descriptions of the minor construction materials with eco-labeling.

• Select from the pulldown menu the label type of the eco-labeled specialty materials.

• Extended List of eco-labeled materials. In case there are more than four eco-labeled minor 
materials, enter them in this list to achieve incentive score.

B. Calculations

Part 1 – Major Construction Materials Calculations

• Total cost of major construction materials with eco-labeling = sum of the itemized major 
construction materials with eco-labeling.

• Total cost of materials for the project = sum of the sub-total costs and lump sum cost of the 
construction materials, obtained from the Materials input sheet.

• Percentage of the cost of major materials with eco-labeling = calculated value based on the 
total cost of major construction materials with eco-labeling over the total cost of the materials 
for the development.
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Part 2 – Minor Construction Materials Calculations

• Availability fraction = calculated value based on the eco-labeling of minor construction 
materials.

• Total availability fraction of Eco-labeled material = sum of the availability fraction of all minor 
construction materials.

• Availability fraction of extended list (for incentive weight) = sum of the availability fraction of 
incentivized minor construction materials.

 
Summary Calculations

• Achieved values = results of Part 1 and Part 2 calculations.

• Maximum targets = fixed values assigned for the calculations of the percentages of the cost of 
major construction materials with eco-labeling and availability fraction for minor construction 
materials.

• Weights = fixed values assigned to give relative importance for the calculations of cost of 
major construction materials with eco-labeling and availability fraction.

• Weighted percentage cost of major construction materials with eco-labeling = calculated 
value based on the achieved value, maximum target, and the assigned weight for major 
construction materials.

• Weighted percentage of the availability fraction = calculated value based on the achieved 
value, maximum target, and the assigned weight for minor construction materials.

• (X) = sum of the weighted percentages of cost of major materials with eco-labeling and the 
availability fraction of eco-labeled materials.

• Incentive score (%) = calculated value based on the availability fraction of the eco-labeled 
materials exceed the maximum target set by the calculator.

• M.2 criterion level = the generated criterion level for M.2 Materials Eco-Labeling based on the 
specified range from the criterion levels.

• Incentive score (%) = 0.5% is awarded per additional eco-labeled temporary material up 2%.
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3.3 [M.3] RECYCLED CONTENT OF MATERIALS

3.3.1 PURPOSE

To use products and materials with recycled content.

3.3.2  ASSESSMENT PRINCIPLES

• The Project will assess the cost of building materials with recycled content, excluding MEP 
components, against the total cost of materials.

• The Project will complete the calculator for M.3 Recycled Content of Materials to establish 
the criterion level.

3.3.3 ASSESSMENT

The criterion requires assessing the construction materials with recycled content to help reduce 
the impacts associated with the use of virgin materials.  Construction materials with recycled 
contents are building elements and materials manufactured with recycled materials. The 
assessment excludes materials from the mechanical, electrical, and plumbing (MEP) systems 
and equipment.  Where materials are eligible for both M.3 Recycled Content of Materials and M.4 
Materials Reuse criteria, the assessment permits claiming for one criterion only to avoid double 
counting.

The calculator determines the indicator based on the percentage of total cost of recycled content 
over the total cost of materials.

The criterion level is established based on the result of the indicator for M.3 Recycled Content 
of Materials.
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3.3.4 CRITERION LEVELS

Levels
Compliance with
[M.3] Recycled Content Requirements  

-1 X < 2%

0 2% ≤ X < 5%

1 5% ≤ X < 10%

2 10% ≤ X < 15%

3 X ≥ 15%

3.3.5 SUBMITTALS 

Types Descriptions

Documents

A narrative explaining the approach undertaken for the criterion 
assessment and highlighting the basis of any assumptions.

Evidence of the materials with recycled content cost and the total 
materials cost for the project (MEP excluded), such as excerpts of up to 
date monthly certification approved by the Client (BOQ format).

Evidence of the use of materials with recycled content on site, such as 
Material Approval Requests.

Material data sheets of the materials with recycled content indicating 
the percentage of recycled content.

Calculator M.3 Recycled Content of Materials Calculator.
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3.3.6 EVALUATION

3.3.6.1 General

• For this criterion, use the unified Materials Inputs sheet in the calculator to list all the relevant 
construction materials and corresponding cost estimates.  The list follows the format of the 
Construction Specification Institute (CSI) MasterFormat 2016.

• Determine the specified materials with recycled content.

• Determine from the material data sheets the percentage of recycled content in the materials.

• Determine from the bill of quantities and specification, the percentage of the recycled content 
weight to the total material weight.

• Prepare all applicable documentation.

3.3.6.2 Calculator

A. Inputs

Materials Input Sheet

• Input in this section the costs of materials considered in the different materials criteria, as 
per the CSI materials classification. The Materials Input sheet includes cells for inputting all 
other materials that are not listed by default in the calculator’s materials division numbers.

• If any of the materials to be considered is not in the list, use one of the blank lines within the 
corresponding Division.

• Use the ‘Not broken-down materials’ rows at the bottom of each Division and the Total Cost of 
MEP line to calculate the Total Cost of Materials for the development. Ensure  the calculated 
Total Cost of Materials for each division matches those in the BOQ of the project.

Recycled Content Inputs

• Input the percentage of recycled content of the construction materials.

 
B. Calculations

Materials Input Sheet Calculations

• Sub-total Cost of Materials per Division = sum of the Costs of Materials per Division, including 
the lump sums (Not Broken-Down Materials).
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Recycled Content Calculations

• Descriptions and costs of construction materials with recycled content = referenced from 
materials input section.

• Cost of recycled content = calculated value based from the cost of material with recycled 
content and the percentage of cost of the recycled content.

• Sub-total cost per division = sum of the breakdown of costs of materials per division.

• Total cost of recycled content per division = sum of the breakdown of sub-total cost of recycled 
content per division.

• Total cost of materials (excluding MEP) = sum of the sub-total costs of materials per division 
excluding MEP.

• (X) = calculated value based on the percentage of total cost of recycled content over the total 
cost of materials, excluding MEP.

• M.3 criterion level = the generated criterion level for M.3 Recycled Content of Materials based 
on the specified range from the criterion levels.
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3.4 [M.4] MATERIALS REUSE

3.4.1  PURPOSE

To reuse building materials recovered from off-site sources.

3.4.2  ASSESSMENT PRINCIPLES

• The Project will assess the cost of reused building materials, components and products, 
excluding MEP materials, recovered from off-site sources against the total cost of materials.

• The Project will complete the calculator for M.4 Materials Reuse to establish the criterion 
level.

3.4.3  ASSESSMENT

The criterion requires assessing the reused construction materials.  Reused construction 
materials are building elements and materials that are salvaged, reused, or refurbished from off-
site.  Where materials are eligible for both M.3 Recycled Content of Materials and M.4 Materials 
Reuse criteria, the assessment permits claiming for one criterion only to avoid double counting.  
The assessment excludes materials from the mechanical, electrical, and plumbing (MEP) systems 
and equipment.

The calculator determines the indicator based on the percentage of total value of reused materials 
over the total cost of construction materials excluding the MEP systems.

The criterion level is established based on the result of the indicator for M.4 Materials Reuse.
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3.4.4 CRITERION LEVELS

Levels
Compliance with
[M.4] Materials Reuse Requirements 

-1 X < 1.5%

0 1.5% ≤ X < 2.5%

1 2.5% ≤ X < 5%

2 5% ≤ X < 7.5%

3 X ≥ 7.5%

3.4.5 SUBMITTALS 

Types Descriptions

Documents

A narrative explaining the approach undertaken for the criterion 
assessment and highlighting the basis of any assumptions.

Evidence of the reused materials cost and the total materials cost 
for the project, such as excerpts of up to date monthly certification 
approved by the Client (BOQ format).

Evidence of the use of the reused materials on site, such as Material 
Approval Requests.

Calculator M.4 Materials Reuse Calculator.
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3.4.6 EVALUATION

3.4.6.1 General

• For this criterion use the unified Materials Input Sheet in the calculator to list all the relevant 
construction materials and corresponding cost estimates. The list follows the format of the 
Construction Specification Institute (CSI) MasterFormat 2016.

• Determine the relevant reused materials.

• Determine the current economic value or market value of the reused materials.

• Input the data into the calculator for M.4 Materials Reuse to determine the percentage of 
reused materials over the total material cost of the development (excluding MEP).

• Prepare all applicable documentation.

3.4.6.2 Calculator

A. Inputs

Materials Input Sheet

• Input in this section the costs of materials considered in the different materials criteria, as 
per the CSI materials classification. The Materials Input sheet includes cells for inputting all 
other materials that are not listed by default in the calculator’s materials division numbers.

• If any of the materials to be considered is not in the list, use one of the blank lines within the 
corresponding Division.

• Use the ‘Not broken-down materials’ rows at the bottom of each Division and the Total Cost 
of MEP line to calculate the Total Cost of Materials for the development. Ensure the calculated 
Total Cost of Materials for each division matches those in the BOQ of the project.

 
Reused Material Value Inputs

• Input the current economic value or market value or contract value of the reused materials.

 
B. Calculations

Materials Input Sheet Calculations

• Sub-total Cost of Materials per Division = sum of the Costs of Materials per Division, including 
the lump sums (Not Broken-Down Materials).
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Reused Material Value Calculations

• Sub-total cost of materials per division = sum of the breakdown of costs of construction 
materials.

• Total cost of materials (excluding MEP) = sum of the sub-total cost of materials per division 
excluding MEP.

• Sub-total value of reused materials per division = sum of the breakdown of reused material 
value.

• Total value of reused materials = sum of the sub-total value of reused materials per division 
excluding MEP.

• (X) = calculated value based on the percentage of reused materials over the total cost of 
materials (excluding MEP).

• M.4 criterion level = the generated criterion level for M.4 Materials Reuse based on the 
specified range from the criterion levels.
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3.5 [M.7] RESPONSIBLE SOURCING OF MATERIALS

3.5.1 PURPOSE

To use certified responsibly sourced materials.

3.5.2 ASSESSMENT PRINCIPLES

• The Project will assess the number of products and materials with GSAS approved certification 
for responsibly sourced materials.

• The Project will complete the calculator for M.7 Responsible Sourcing of Materials to establish 
the criterion level.

3.5.3 ASSESSMENT

The criterion requires assessing the responsibly sourced materials with GSAS approved 
certificates.

To be considered in the assessment, materials should comply with the Certification Body approved 
scheme for responsible sourcing of materials guided by regionally or internationally recognized 
standards, such as BS8902:2009 or equivalent.

Timber products should be sourced from sustainably managed forests to be considered in the 
assessment. Suppliers must hold Forest Stewardship Council (FSC) Chain of Custody Certification.

The calculator determines the indicator based on the numbers of responsibly sourced materials 
used in the project.

The criterion level is established based on the result of the indicator for M.7 Responsible Sourcing 
of Materials.
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3.5.4 CRITERION LEVELS

Levels
Compliance with
[M.7] Responsible Sourcing Requirements  

0 X = 0

1 X = 1

2 X = 2

3 X = 3

Incentive Weights:

An incentive score of 0.33% is awarded per responsible sourced material up to 1% max.

3.5.5 SUBMITTALS 

Types Descriptions

Documents

A narrative explaining the approach undertaken for the criterion 
assessment and highlighting the basis of any assumptions.

List and certificates of the responsibly sourced materials.

Evidence of the use of responsibly sourced materials on site, such as 
Materials Approval Requests.

Calculator M.7 Responsible Sourcing of Materials Calculator.
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3.5.6 EVALUATION

3.5.6.1 General

• Determine the relevant responsibly sourced materials.

• Input the data into the calculator for M.7 Responsible Sourcing of Materials to determine the 
number of responsibly sourced materials and the additional incentives.

• Prepare all applicable documentation. 

3.5.6.2 Calculator

A. Inputs

Inputs for Responsibly Sourced Materials

• Input the descriptions of responsibly sourced materials with GSAS approved certificates.

• Input the title of GSAS approved certificates of the responsibly sourced materials.

 
B. Calculations

• (X) = number of responsibly sourced materials.

• M.7 criterion level = the generated criterion level for M.7 Responsible Sourcing of Materials 
based on the specified range from the criterion levels.

• Incentive score (%) = 0.33% per responsible sourced material up to a maximum of 1%.
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4.0 INDOOR ENVIRONMENT

The Indoor Environment category is concerned with the quality of the indoor environment for 
the comfort, health and well-being of occupants and users. People spend most of their time 
indoors and the quality of the indoor environment has a direct impact on their health, comfort, 
well-being and satisfaction. The building design should promote a comfortable, healthy and safe 
environment for building occupants and users.

CRITERIA IN THIS CATEGORY:

IE.1 Thermal Comfort

IE.3 Mechanical Ventilation

IE.4 Lighting

IE.5 Daylight

IE.6 Glare

IE.7 Views

IE.8 Acoustics

IE.9 Low-VOC Materials

IE.10 Airborne Contaminates
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CRITERIA SUMMARY
The table below summarizes the weights of the Indoor Environment category and each of the 
associated criteria:

NO. CATEGORY / CRITERION

LEVELS

WEIGHTS INCENTIVE 
WEIGHTSMin Max

[IE] INDOOR ENVIRONMENT

IE.1 Thermal Comfort -1 3 5.75%

IE.3 Mechanical Ventilation -1 3 5.50%

IE.4 Lighting -1 3 3.50%

IE.5 Daylight -1 3 2.50%

IE.6 Glare -1 3 1.25%

IE.7 Views -1 3 2.75%

IE.8 Acoustics -1 3 3.50%

IE.9 Low-VOC Materials -1 3 2.00% 2.00%

IE.10 Airborne Contaminants -1 3 2.25%

Total 29.00% 2.00%
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4.1 [IE.1] THERMAL COMFORT

4.1.1 PURPOSE

To optimize conditions for a thermally comfortable environment.

4.1.2 ASSESSMENT PRINCIPLES

• The Project will assess thermal comfort in predominantly occupied typical spaces for the 
hottest hour of the year using one of the following methods:

- Absolute Predicted Mean Vote (PMV).

- Air Diffusion Performance Index (ADPI).

• The Project will complete the calculator for IE.1 Thermal Comfort to establish the criterion 
level.

4.1.3  ASSESSMENT

The criterion requires assessing the thermal comfort of the predominantly occupied typical 
spaces during the hottest hour of the year.  The predominantly occupied typical spaces are the 
typical indoor rooms or spaces where occupants stay for work or conduct businesses most of 
the time.  Examples of such rooms or spaces are the offices, reception areas, training rooms, and 
meeting rooms.  The hottest hour of the year is that time of the year when the window or wall 
glazing experience the highest solar heat gain.

The assessment establishes the thermal comfort of the spaces based on the absolute Predictive 
Mean Vote (PMV) method and the Air Diffusion Performance Index (ADPI) method.  

The occupant’s thermal comfort based on the PMV method requires selecting the two positions 
of the occupants in the room for the analysis, one position that is closest to the window or wall 
glazing and the other one that is farthest.  The occupant’s thermal comfort based on the ADPI 
method requires selecting the throw ratios and comfort index based on the type of the air terminal 
device and the room or space load.

The calculator determines the indicator based on the area-weighted average of the calculated 
levels from PMV and ADPI methods.  If any of the methods resulted with calculated value falling 
within the range of Level (-1), the criterion receives Level (-1).

The criterion level is established based on the results of the indicator for IE.1 Thermal Comfort.
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4.1.4 CRITERION LEVELS

Levels
Compliance with
[M.7] Responsible Sourcing Requirements  

-1 PMV > 2  OR ADPI < 80 in any space

0 0 ≤ X < 0.75

1 0.75 ≤ X < 1.50

2 1.50 ≤ X < 2.25

3 X ≥ 2.25

4.1.5 SUBMITTALS 

Types Descriptions

Documents

A narrative explaining the approach undertaken for the criterion 
assessment and highlighting the basis of any assumptions.

Relevant HVAC design drawings, specifications, and cooling load 
calculations of the evaluated rooms or spaces.

Relevant construction drawings showing the areas of the evaluated 
rooms or spaces.

Relevant shop drawings and material data sheets of the installed 
window and wall glazing and air terminal devices.

Report
Commissioning or TAB Report of the HVAC system of the rooms or 
spaces.

Calculator IE.1 Thermal Comfort Calculator.
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4.1.6 EVALUATION

4.1.6.1 General

• Determine from the design drawings the predominantly occupied typical spaces for evaluation 
including its internal areas.  Internal area means the internal floor area measured from the 
visible faces of the perimeter walls in the room or space.

• Determine from the selected room or space the positions of the occupant closest and farthest 
to the window or wall glazing.

• Illustrate in the design drawings the distances of the occupant’s positions and the dimensions 
of the window in the evaluated room or space.

• Determine from the design documents the room design conditions and glazing specifications.

• Determine from the design documents the air terminal devices and characteristics of the 
selected room or space for ADPI calculations.

• Illustrate in the design drawings the positions and distances of the air terminal devices.

• Input the data into the calculator for IE.1 Thermal Comfort to determine the absolute PMV 
value and ADPI value.

• Prepare all applicable documentation.

4.1.6.2 Calculator

A. Inputs

Part 1 – Space Information

• Input the name of the room or space.

• Input the measured internal area of the room or space.

• Select from the pulldown menu the assessment method.

 
Part 2 – Predicted Mean Vote (PMV) Inputs

• Input the design indoor air temperature.

• Input the distances of the occupant’s positions from the window.

• Input the required window or wall glazing measurements.

• Input the wall orientation and specifications of the glazing materials.

• Input the design room air velocity.

• Input the design indoor air relative humidity. 

• Repeat the same for all other rooms and spaces.
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Part 3 – Air Diffusion Performance Index (ADPI) Inputs

• Input the number of air terminal device in the evaluated room or space.

• Select from the pulldown menu the range of the calculated specific cooling load of the room 
or space.

• Throw ratios are determined based on the cooling load and type of air terminal device.

• The comfort indexes are determined based on the cooling load and type of air terminal device.

• Input the room or space characteristic length.

• Input the throw data of the air terminal devices in the room or space.

• Repeat the same for all other rooms and spaces.

B. Calculations

Part 2 – Predicted Mean Vote (PMV) Calculations

• Glass heat gain = calculated value based on the glazing properties.

• Shape factors = calculated values based on the measured distances and dimensions of the 
window to the occupant.

• Mean radiant temperature = calculated value based on the design indoor air temperature, 
total shape factor, and blind surface temperature.

• Absolute PMV value = calculated absolute value based on thermal load on body and the 
metabolic heat production.

 
Part 3 – Air Diffusion Performance Index (ADPI) Calculations

• Throw ratio = calculated value based on the ratio of the air terminal device throw data to room 
characteristic length.

• ADPI = calculated value based on the throw data and throw ratios of the air terminal devices, 
room load and characteristic length, and comfort index.

 
Part 4 – Summary Calculations

• (X) = area weight indicator calculated based on PMV and ADPI values.

• IE.1 criterion level = the generated criterion level for IE.1 Thermal Comfort based on the 
specified range from the criterion levels.
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4.2 [IE.3] MECHANICAL VENTILATION

4.2.1 PURPOSE

To maximize fresh air supplied with efficient mechanical ventilation systems.

4.2.2  ASSESSMENT PRINCIPLES

• The Project will assess:

- Compliance with minimum requirements of ASHRAE (or equivalent) standards for outdoor 
air and motor efficiency.

- The ventilation rates above the minimum requirements of ASHRAE (or equivalent) 
standards.

- The Percentage of Dissatisfied (PD) based on CO2 levels in predominantly occupied typical 
spaces.

• The Project will complete the calculator for IE.3 Mechanical Ventilation to establish the 
criterion level.

4.2.3  ASSESSMENT

The criterion requires assessing the percentage of ventilation rate above the minimum 
requirements of ASHRAE standard and the percentage of dissatisfied with room or space 
ventilation within specific zones.  Included in the assessment are the conformance of the efficiency 
of the mechanical equipment with ASHRAE standard and the adequacy of the outdoor air supply 
to predominantly occupied typical spaces.

The assessment considers both the system-based and zone-based evaluations of the ventilation 
requirements.  The system-based assessment of the mechanical ventilation evaluates the 
general ventilation rate requirement of the whole building.  The zone-based assessment of the 
mechanical ventilation evaluates the ventilation rate requirement of the predominantly occupied 
typical spaces and estimates the percentage of dissatisfied.  Mechanical ventilation means the 
non-renewable, power-supplied mechanical equipment supplies outdoor air to ventilate the 
predominantly occupied typical spaces.

The calculator determines the indicators based on the calculated average of the percentage of 
ventilation rate above the requirements of ASHRAE standard and the percentage of dissatisfied 
with room or space ventilation.

The criterion level is established based on the results of the indicators for IE.3 Mechanical 
Ventilation.
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4.2.4 CRITERION LEVELS

The calculator determines the criterion level based on the averaged results of the (X) and (Y) 
indicators.  If any of the mechanical ventilation indicators resulted with calculated value falling 
within the range of Level (-1), the IE.3 Mechanical Ventilation criterion receives Level (-1).

Levels
Compliance with
[IE.3] Mechanical Ventilation Requirements  

-1 Insufficient outdoor air OR Inefficient equipment according to the standards.

0 X < 5%

1 5% ≤ X < 10%

2 10% ≤ X < 15%

3 X ≥ 15%

Levels
Compliance with
[IE.3] Mechanical Ventilation Requirements  

-1 Outdoor air is less than the standards.

0 Y > 25% OR any zone with no CO2 control

1 22.5% < Y ≤ 25%

2 20% < Y ≤ 22.5%

3 Y ≤ 20%
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4.2.5 SUBMITTALS 

Types Descriptions

Documents

A narrative explaining the approach undertaken for the criterion 
assessment and highlighting the basis of any assumptions.

Relevant equipment schedules, and outdoor air ventilation rate 
calculations of the evaluated rooms or spaces.

Relevant construction drawings showing the areas of the evaluated 
rooms or spaces.

Relevant shop drawings or schematic diagrams of the air distribution 
system.

Equipment nameplate ratings or performance specifications of the 
procured air-conditioning and ventilation equipment.

Report
Commissioning or TAB Report of the outdoor air ventilation system of 
the rooms or spaces.

Calculator IE.3 Mechanical Ventilation Calculator.
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4.2.6  EVALUATION

4.2.6.1 General

• Determine from the design drawings the total gross floor area of the zones supplied with 
outdoor air from the mechanical ventilation system.

• Determine from the design drawings the predominantly occupied typical spaces for evaluation 
including its internal areas.  Internal area means the internal floor area measured from the 
visible faces of the perimeter walls in the room or space.

• Determine from the design documents the room design conditions, the calculations, and the 
controls system of the mechanical ventilation.

• Determine from ASHRAE standard the mechanical equipment efficiency and the minimum 
ventilation requirements.

• Determine from the equipment schedules the fan-motor efficiencies of the mechanical 
equipment.

• Determine from the relevant construction documents the required submittals of the 
conformance to design audits.

• Input the data into the calculator for IE.3 Mechanical Ventilation to determine the percentage 
of ventilation above the requirements of ASHRAE standard and the percentage of dissatisfied 
with room or space ventilation.

• Prepare all applicable documentation.

4.2.6.2 Calculator

A. Inputs

Part 1 – General Ventilation Inputs

• Input the total gross floor area of the mechanically ventilated zones.

• Input the calculated total outdoor air supply requirements of the building.

• Select from the pulldown menu if the specified fan-motor efficiencies comply with ASHRAE 
90.1 or International Mechanical Code (IMC).

• Input the minimum outdoor air requirement based on ASHRAE 62.1 or EN-ISO 15243 
standards.
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Part 2 – Room or Space Ventilation Inputs

• Input the name of the room or space.

• Input the calculated outdoor air supply requirement of the room or space.

• Input the minimum outdoor air requirement for the room or space based ASHRAE 62.1 or EN-
ISO 15243 standards.

• Input the number of occupants designed for the room or space.

• Input the measured internal area of the room or space.

• Select from the pulldown menu if there are CO2 sensors for ventilation control.

• Select from the pulldown menu the room ventilation system.

• Input the supply air design temperature.

• Input the room air design temperature.

• Repeat the same for all other rooms and spaces.

 
B. Calculations

Part 1 – General Ventilation Calculations

• Outdoor air/equipment efficiency = generated result based on compliance of the requirements 
to meet the standards.

• Ventilation rate above requirements = calculated percentage of total outdoor air supply over 
the standard’s minimum requirement.

 
Part 2 – Room or Space Ventilation Calculations

• Percentage of dissatisfied = calculated percentage of dissatisfied for each room or space.

• Area-weighted percentage of dissatisfied = calculated value based on the ratio of the sum of 
weighted PD over the total areas of the evaluated rooms or spaces.

 
Summary Calculations

• (X) = calculated percentage of the total outdoor air supply over the standard’s minimum 
requirement.

• (Y) = calculated percentage of the ratio of the sum of weighted PD over the total areas of the 
evaluated rooms or spaces.

• IE.3 criterion level = the generated criterion level for IE.3 Mechanical Ventilation based on the 
calculated average of (X) and (Y) indicators from the criterion levels.



GSAS 2019 Design & Build: Assessment & Guidelines Manual for Interiors Page 76

ASSESSMENT

E W M IE MO

4.3  [IE.4] LIGHTING

4.3.1  PURPOSE

To meet minimum compliance requirements for artificial illumination performance and avoid 
over-lighting of indoor spaces. 

4.3.2  ASSESSMENT PRINCIPLES

• The Project will assess the lighting in predominantly occupied typical spaces for the building:

- Compliance with the minimum requirements of IESNA (or equivalent) standards for 
illuminance and uniformity.

- The percentage of the total area over-lit by more than the specified limit.

• The Project will complete the calculator for IE.4 Lighting based on the results from lighting 
simulation software to establish the criterion level.

4.3.3  ASSESSMENT

The criterion requires assessing the illuminance and uniformity levels of the lighting design 
in predominantly occupied typical spaces. Included in the assessment is the compliance of the 
lighting design to meet the minimum requirements from IESNA or approved equivalent lighting 
standards using an approved lighting simulation software.

The software simulates the illuminance and uniformity level of the lighting design model of each 
room or space.  The lighting design model includes the lighting layouts and light fixtures specified 
for each room or space and the lighting control system.

The calculator determines the indicator based on the simulated results of the following:

• The illuminances and uniformity levels of the lighting design of the predominantly occupied 
typical spaces.

• The percentage of the total area that is over-lit by more than 20% from IESNA or approved 
equivalent lighting standards.

The criterion level is established based on the result of the indicator for IE.4 Lighting.
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4.3.4 CRITERION LEVELS

Levels
Compliance with
[IE.4] Lighting Requirements

-1 Illuminance and uniformity levels failed to meet the IESNA standards.

0 X > 30%

1 20% < X ≤ 30%

2 10% < X ≤ 20%

3 X ≤ 10%

4.3.5 SUBMITTALS 

Types Descriptions

Documents

A narrative explaining the approach undertaken for the criterion 
assessment and highlighting the basis of any assumptions.

Relevant construction drawings and specifications.

List of installed lighting fixtures.

Report Commissioning or Testing Report of the lighting systems.

Calculator IE.4 Lighting Calculator.
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4.3.6  EVALUATION

4.3.6.1 General

• Determine the illuminances and uniformity levels of the predominantly occupied typical spaces, 
such as but not limited to, the offices, reception areas, training rooms, and meeting rooms.

• Determine from the lighting standards the minimum required illuminance and uniformity 
level for each type of room or space.

• Determine from the results of the lighting simulation the illuminance and uniformity level of 
each room or space.

• Input the data into the calculator for IE.4 Lighting to determine the percentage of the total 
area that is over-lit by more than 20%.

• Prepare all applicable documentation.

4.3.6.2 Simulation

• Use an approved lighting simulation software to demonstrate the illuminance and uniformity 
levels of the lighting design in predominantly occupied typical spaces.

4.3.6.3 Calculator

A. Inputs

Space Type & Illuminance and Uniformity Level Inputs

• Input the description of the names and quantities of the typical spaces. 

• Input the total area of the typical space.

• Input the minimum required illuminance and uniformity level for each typical space from 
IESNA standards or approved equivalent.

• Input the resulting illuminance and uniformity level of the simulated lighting design of each 
typical space.

B. Calculations

• IESNA compliant = established compliance of the simulated lighting design from the IESNA 
standard’s minimum illuminance and uniformity level for each typical space.

• Over-lit by more than 20% = established the 20% over-lit of the lighting design of each typical 
space.

• (X) = calculated percentage of the total area that is over-lit by more than 20%.

• IE.4 criterion level = the generated criterion level for IE.4 Lighting based on the specified 
range from the criterion levels.
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4.4  [IE.5] DAYLIGHT

4.4.1  PURPOSE

To maximize exposure to daylight and reduce the demand for artificial lighting.

4.4.2 ASSESSMENT PRINCIPLES

• The Project will assess the daylight illumination levels below the minimum requirements of 
IESNA (or equivalent) standards in predominantly occupied typical spaces.

• The Project will complete the calculator for IE.5 Daylight based on the results from lighting 
simulation software to establish the criterion level.

4.4.3  ASSESSMENT

The criterion requires assessing the daylight illumination levels in the predominantly occupied 
typical spaces. Included in the assessment is the compliance of the lighting design to meet the 
minimum requirements from IESNA or approved equivalent lighting standards using an approved 
computer simulation software.

The computer software simulates the daylight illumination level for each room or space.  The 
assessment includes the simulation of daylight in the room with all artificial lights turned off and 
with an overcast CIE sky condition on 21st of December at solar noon time.

The calculator determines the indicator based on the area weighted average of the percentage 
of illumination level below the recommended level.

The criterion level is established based on the result of the indicator for IE.5 Daylight.
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4.4.4 CRITERION LEVELS

Levels
Compliance with
[IE.5] Daylight Requirements

-1 X > 40%

0 30% < X ≤ 40%

1 20% < X ≤ 30%

2 10% < X ≤ 20%

3 X ≤ 10%

4.4.5 SUBMITTALS 

Types Descriptions

Documents

A narrative explaining the approach undertaken for the criterion 
assessment and highlighting the basis of any assumptions.

Relevant construction drawings and specifications.

Simulation Daylight Simulation results.

Report
Commissioning or Testing Report of the lux meter’s measured 
illuminance levels of the daylight in the rooms or spaces.

Calculator IE.5 Daylight Calculator.
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4.4.6 EVALUATION

4.4.6.1 General

• Determine from the lighting standards the minimum recommended illumination level for 
each type of room or space.

• Determine from simulation results the daylight illumination level of each room or space.

• Input the data into the calculator for IE.5 Daylight to determine the area weighted average of 
the percentage of illumination level below the recommended level.

• Prepare all applicable documentation.

4.4.6.2 Simulation

• Use an approved lighting simulation software to demonstrate the daylight illumination levels 
in the predominantly occupied typical spaces.

4.4.6.3 Calculator

A. Inputs

Daylight Illumination Inputs

• Select the type of the room or space from the pulldown menu.

• Input the daylight measuring points in the room or space.

• Input the measured daylight illuminations in the measuring points based from the results of 
the simulation.

 
Part 1 – Inputs for Spaces Greater than 21m in Length or Width

• Input the recommended illumination level.

• Input the area of room or space.

 
Part 2 – Inputs for Spaces Less than 21m in Length or Width

• Input the name of the room or space.

• Input the space number associated with the inputted name of the room or space.

• Input the measured daylight illumination at the center of the room or space at 1.2m height 
based from the results of the simulation.

• Input the recommended illumination level.

• Input the area of room or space.
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B. Calculations

Daylight Illumination Calculations

• Average daylight illumination level = average of the sum of the measured daylight illuminations 
in the room or space.

 
Part 1 – Calculations for Spaces Greater than 21m in Length or Width

• Space type = fixed value from the inputted name of the room or space.

• Space number = fixed value associated with the inputted name of the room or space.

• Average daylight illumination level = fixed value from the calculated average daylight 
illumination level of the room or space.

• Illumination level below recommended level = calculated percentage of difference between 
simulated and recommended illumination levels over the recommended illumination level.

 
Part 2 – Calculations for Spaces Less than 21m in Length or Width

• Illumination level below recommended level = calculated percentage of difference between 
simulated and recommended illumination levels over the recommended illumination level.

 
Summary

• (X) = calculated area weighted average of the percentage of illumination level below the 
recommended level.

• IE.5 criterion level = the generated criterion level for IE.5 Daylight based on the specified 
range from the criterion levels.
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4.5 [IE.6] GLARE

4.5.1  PURPOSE

To reduce the level of visual discomfort from direct or reflected glare from sunlight.

4.5.2 ASSESSMENT PRINCIPLES

• The Project will assess:

- The measures implemented to reduce glare.

- The Daylight Glare Index (DGI) in predominantly occupied typical spaces in accordance 
with CIBSE (or equivalent) standards.

• The Project will complete the calculator for IE.6 Glare based on the results from glare 
simulation software or measures implemented for glare mitigation to establish the criterion 
level.

4.5.3  ASSESSMENT

The criterion requires assessing the daylight glare index in the typical space types for option 1 
and glare mitigation for option 2.  Options 1 and 2 are the two compliance pathways to establish 
the criterion level.  The compliance pathways of the two options are:

• Option 1 by using computer simulation to calculate the daylight glare index (DGI) in accordance 
with CIBSE standards or approved equivalent.

• Option 2 by glare mitigation.

The calculator determines the indicator based on the simulation results from option 1 or based 
on the measures implemented for option 2 glare mitigation.

The criterion level is established based on the result of the indicator for IE.6 Glare.
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4.5.4 CRITERION LEVELS

Option 1

Levels
Compliance with
[IE.6] Glare Requirements

-1 X > 22

0 20 < X ≤ 22

1 18 < X ≤ 20

2 16 < X ≤ 18

3 X ≤ 16

Option 2

Levels
Compliance with
[IE.6] Glare Requirements

-1 Building design incorporates an inadequate level of glare control.

0 Building design incorporates a low level of glare control.

1 Building design incorporates some glare control.

4.5.5 SUBMITTALS 

Types Descriptions

Documents

A narrative explaining the approach undertaken for the criterion 
assessment and highlighting the basis of any assumptions.

Relevant construction drawings and specifications.

Relevant as-built drawings showing the updates to the previous LOC 
stage submittals.

Simulation Daylight Glare Simulation results.

Calculator IE.6 Glare Calculator.
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4.5.6 EVALUATION

4.5.6.1 General

• Determine the dimensions of the typical spaces.

• Determine the properties of the indoor finishes.

• Determine the results of the computer simulation on the average DGI for each typical space 
type for option 1.

• Determine the glare mitigation for option 2.

• Input the data into the calculator for IE.6 Glare to determine the area weighted average of the 
DGI or to determine the glare mitigation.

• Prepare all applicable documentation.

4.5.6.2 Calculator

A. Inputs

Option Selection Inputs

• Select from the pulldown menu the option for compliance.

 
Option 1 – Computer Simulation Inputs

• Typical Space Definition for Each Type

- Input the names of the typical space.

- Input the total area of typical spaces with similar layouts.

- Input the height from the ground.

- Input the ground reflectance value.

- Input the sky condition lux value.

- Input the degree of the solar angle.

- Materials Specification and Simulation for Each Type and Building Orientation

- Input the wall reflectance value.

- Input the floor reflectance value.

- Input the ceiling reflectance value.

- Input the glass transmittance value.
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- Input the point 1 – south average DGI based on the simulation results.

- Follow the same inputs from above for the point 2-north, point 3-west, and point 4-east 
orientations.

• Option 2 – Glare Mitigation Inputs

- Select Yes from the pulldown menu if the development incorporates blinds for 50% (or 
more) of the glazed area.

- Select Yes from the pulldown menu if the blinds are independently user operable.

B. Calculations

• Typical space type = default value based on the inputted typical space type.

• Total area of spaces with similar layouts = calculated value based on the sum of the areas for 
each typical space type.

• Average DGI for each typical space type = calculated value based on the reflectance and 
transmittance values of the indoor finishes and the results of the DGI simulations.

• Total area of evaluated spaces = calculated value based on the sum of the total area of spaces 
with similar layouts.

• (X) = calculated area weighted average of the DGI for option 1.

• (Y) = calculated glare mitigation for option 2.

• IE.6 criterion level = the generated criterion level for IE.6 Glare based on the specified range 
from the criterion levels.
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4.6 [IE.7] VIEWS

4.6.1 PURPOSE

To maximize exposure to external or internal views.

4.6.2 ASSESSMENT PRINCIPLES

• The Project will assess the accessibility to external and internal views based on the floor and 
window areas for predominantly occupied typical spaces.

• The Project will complete the calculator for IE.7 Views to establish the criterion level.

4.6.3 ASSESSMENT

The criterion requires assessing the accessibility to external and internal views from rooms or 
spaces for the comfort and well-being of occupants.  External views are those to the exterior 
surrounding environment of the building when viewed from inside predominantly occupied 
rooms or spaces.  Internal views are those to internal common spaces, for example an atrium or 
courtyard and to points of specific interest forming part of the interior design of the building for 
occupants to enjoy, for example water features, artwork or sculptures.

The assessment establishes the accessibility to views based on the occupiable area analysis and 
the window area analysis.  The occupiable area analysis determines the area weighted percentage 
of the access to views within 7 meters from the perimeter walls.  The occupiable area is the area 
predominantly occupied and can exclude, for example: plant rooms, stairwells, technical rooms.  
The window area analysis determines the area weighted percentage of the window areas or 
unobstructed wall openings to the wall areas within the same façade orientation.

The calculator determines the indicator based on the area weighted view accessibility and area 
weighted window area factor for zones exposed to outdoor views. The calculator determines the 
indicator based on the percentage of areas exposed to internal views for zones with access to 
indoor views.

The criterion level is established based on the result of the indicator for IE.7 Views.
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4.6.4 CRITERION LEVELS

Option 1

Levels
Compliance with
[IE.7] Views Requirements

-1 X < 60%     OR     Y < 20%

0 60% ≤ X < 70%

1 70% ≤ X < 80%

2 80% ≤ X < 90%

3 X ≥ 90%

Option 2

Levels Requirement

-1 No Provisions for views

0 Provisions for views are provided for reception and common spaces

1 Provisions for views are provided for more than 25% of interior spaces

2 Outdoor courtyard with adequate landscape is accessible for occupants

3 Provisions for views are provided for more than 50% of interior spaces
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4.6.5 SUBMITTALS 

Types Descriptions

Documents

A narrative explaining the approach undertaken for the criterion 
assessment and highlighting the basis of any assumptions.

Typical Floor Plan indicating available window locations and interior 
features.

Building elevations showing windows areas.

Section through typical floor showing potential obstructions that block 
the view.

Illustration for indoor views features incorporated into building layout.

Relevant as-built drawings.

Calculator IE.7 Views Calculator.

 



GSAS 2019 Design & Build: Assessment & Guidelines Manual for Interiors Page 90

ASSESSMENT

E W M IE MO

4.6.6  EVALUATION

4.6.6.1 General

• Determine from the architectural drawings the floor areas and window areas of the typical 
floors.

• Input the data into the calculator for IE.7 Views to determine the area weighted view 
accessibility and area weighted window area factor for zones exposed to outdoor views.

• Input the data into the calculator for IE.7 Views to determine the area accessibility to indoor 
views for zones with access to indoor views.

• Prepare all applicable documentation.

4.6.6.2 Calculator

A. Inputs

Option (1) – Zones Exposed to Outdoor Views

 
Typical Floor Type Inputs

• Input the building typology of the typical floor.

 
Occupiable Area Analysis Inputs

• Input the occupiable floor area of the typical floor.

• Input the occupiable floor area within 7m from the viewing perimeter walls of the typical floor.

 
Window Area Analysis Inputs

• Input the total wall area of the typical floor. Consider finished floor to finished ceiling levels 
for area calculations.

• Input the total window area of the typical floor.

 
Summary Inputs

• Input the total area of floors with similar layouts.
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Option (2) – Zones Exposed to Indoor Views

• Input the total area of interior spaces.

• Input areas provided with views.

 
B. Calculations

Option (1)

Occupiable Area Analysis Calculations

• View accessibility factor for typical floor = calculated value based on the percentage of the 
occupiable floor area within 7m of the perimeter walls over the total occupiable floor area for 
each typical floor.

 
Window Area Analysis Calculations

• Window area factor for typical floor = calculated value based on the percentage of the total 
window area over the total wall area for each typical floor.

 
Summary Calculations

• Typical floor type = default value based on the inputted building typology of the typical floor.

• View accessibility factor = default value based on the calculated area weighted view 
accessibility factor for each typical floor.

• Window area factor = default value based on the calculated area weighted window area factor 
for each typical floor.

• Total area of evaluated spaces = calculated value based on the sum of total area of floors with 
similar layouts.

• (X) = calculated area weighted view accessibility.

• (Y) = calculated area weighted window area factor.

• IE.7 criterion level = the generated criterion level for IE.7 Views based on the specified range 
from the criterion levels.

 
Option (2)

• (X) = calculated area view accessibility.

• IE.7 criterion level = the generated criterion level for IE.7 Views based on the specified range 
from the criterion levels.
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4.7 [IE.8] ACOUSTICS

4.7.1  PURPOSE

To meet the minimum acoustic performance requirements for indoor environments.

4.7.2  ASSESSMENT PRINCIPLES

• The Project will assess the acceptable acoustic quality for background noises and 
reverberation time in accordance with the relevant standards for various noise sources in 
predominantly occupied typical spaces.

• The Project will complete the calculator for IE.8 Acoustics to establish the criterion level.

4.7.3  ASSESSMENT

The criterion requires assessing the acoustic quality of the selected room or space based on 
the analysis of the background noises and reverberation time of the sound emissions from noise 
sources.  The predominantly occupied typical spaces are the typical indoor rooms or spaces 
where occupants stay for work or conduct businesses most of the time.  Examples of such rooms 
or spaces are the offices, reception areas, training rooms, and meeting rooms.

The assessment establishes the acoustic quality based on the total room sound level and 
reverberation time.  It includes analyzing the total room sound level due to background noises 
coming from outside traffic noise, diffuse sounds from air terminal devices, radiated sounds 
from noise sources in the ceiling plenum, and the discharge sounds from air distribution system.  
Where required in building typology, the assessment includes the calculations of the sound decay 
time called reverberation time based on the space geometry and the absorption properties of the 
interior finishes.

The calculator determines the indicator based on the background noise levels and reverberation 
time in the selected room or space predicted to experience the worst-case scenario.  Worst-case 
scenario means the room or space has the highest predicted exposure to background noises and 
reverberation time for each type of predominantly occupied typical spaces based on the design 
drawings and specifications.  If anyone of the evaluated spaces resulted with the calculated 
reverberation time that exceeds the value of 0.60, then the maximum attainable level for the 
criterion will be (0).

The criterion level is established based on the result of the indicator for IE.8 Acoustics.
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4.7.4 CRITERION LEVELS

Levels
Compliance with
[IE.8] Acoustics Requirements

-1 X > 1

0 1 ≥ X > 0.95

1 0.95 ≥ X > 0.90   AND   all     Y ≤ 0.6

2 0.90 ≥ X > 0.85   AND   all     Y ≤ 0.6

3 X ≤ 0.85   AND   all     Y ≤ 0.6

4.7.5 SUBMITTALS 

Types Descriptions

Documents

A narrative explaining the approach undertaken for the criterion 
assessment and highlighting the basis of any assumptions.

Relevant construction drawings and specifications.

Manufacturer’s performance catalogues or cut sheets.

Report Commissioning or Acoustic Report of the HVAC systems.

Calculator IE.8 Acoustics Calculator.
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4.7.6  EVALUATION

4.7.6.1 General

• Determine the background noise sources in the predicted room or space with worst-case 
scenario.

• Determine the dimensions of the space geometry and absorption property of the interior 
finishes of the predicted room or space with worst-case scenario.

• Classify the selected spaces into quiet and active spaces.  See the training manual for more 
details.

• Input the data into the calculator for IE.8. Acoustics to determine the background noise levels 
and reverberation time for each selected room or space

• Input the background noise levels and reverberation time generated for each of the selected 
spaces into the Acoustic Results calculator.

• Prepare all applicable documentation.

4.7.6.2 Calculator

A. Inputs

Space Definition Inputs

• Input the space name, area and height

• Input the surface areas and absorption properties of the indoor finishes.

 
Background Noise Inputs

• Traffic Noise from the Nearby Roadways

- Input the average number of cars passing by the nearby roadways per hour.

- Input the average speed of the cars.

- Input the average number of medium trucks passing by the same roadways per hour.

- Input the average speed of the medium trucks.

- Input the average number of heavy trucks passing by the same roadways per hour.

- Input the average speed of the heavy trucks.

- Input the perpendicular distance between the traffic noise sources and the receiver.
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- Input the road segments angles in radians from the line of the perpendicular distance.

- Input the road gradient adjustment in dBA.

- Input the shielding adjustment in dBA of the buildings and trees between the noise sources 
and the receiver.

- Input the building envelope area of the room.

- Input the transmission loss of the building envelope area in dBA.

• Background Noise from Air Outlets Sounds

- Input the distances of each air outlets to the center of the room at 1.5m height from 
finished floor level.

- Input the sound power levels of each air outlets for each frequency.

• Background Noise from Radiated Sounds

- Input the distances of each noise sources inside the ceiling to the center of the room at 
1.5m height from finished floor level.

- Input the ceiling effect attenuation for each frequency of each noise sources based on the 
ceiling types.

• Background Noise from Discharge Sounds

- Input the number of elbows of the air ducts inside the ceiling.

- Input the number of tees of the air ducts inside the ceiling.

- Input the number of zones supplied by the air ducts.

- Input the distance from the air outlet to the center of the room at 1.5m height from finished 
floor level.

- Input the discharge sound power level for each frequency.

- Input the end reflection sound attenuation for each frequency.

- Input the duct insertion loss of lined air ducts for each frequency.

- Input the tee reduction sound attenuation for each frequency.

- Input the elbow reduction sound attenuation for each frequency.
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Acoustics Results Calculator

• Enter types of predominantly occupied typical space

• Enter area represented by the worst-case scenario per each predominantly occupied typical 
spaces type.

• Select the classification of the space type (Quiet/Active).

• Enter Background noise and Reverberation time as calculated in Acoustics Calculator.

B. Calculations

Part 1 – Background Noise Calculations

Space Definition

• Room volume = calculated value based on the room area and room height.

• Sabins = calculated value based on the surface area and absorption properties of the indoor 
finishes.

Traffic Noise from the Nearby Roadways

• Automobile noise emission level = calculated value based on the average speed of cars.

• Medium trucks noise emission level = calculated value based on the average speed of medium 
trucks.

• Heavy trucks noise emission level = calculated value based on the average speed of heavy 
trucks.

• Automobile traffic flow adjustment = calculated value based on the average number and 
speed of cars.

• Medium trucks traffic flow adjustment = calculated value based on the average number and 
speed of medium trucks.

• Heavy trucks traffic flow adjustment = calculated value based on the average number and 
speed of heavy trucks.

• Distance adjustment = calculated value based on the perpendicular distance between the 
traffic noise sources and the receiver.

• Road segment adjustment = calculated value based on the road segments angles from the 
line of the perpendicular distance.

• Automobile average sound level = calculated value based on the noise emission level and the 
adjustment factors of the cars.



Page 97GSAS 2019 Design & Build: Assessment & Guidelines Manual for Interiors

ASSESSMENT

E W M IE MO

• Medium trucks average sound level = calculated value based on the noise emission level and 
the adjustment factors of the medium trucks.

• Heavy trucks average sound level = calculated value based on the noise emission level and 
the adjustment factors of the heavy trucks.

• Noise reduction = calculated value based on the Sabin value of the indoor finishes and the 
area and transmission loss of the building envelope.

• Sound level = calculated value based on the difference between the total average sound level 
and the noise reduction value.

• Total sound level = calculated value based on the total sound levels from the roadways.

Background Noise from Air Outlets Sounds

• Octave band = identified octave band number for each frequency.

• Mid frequency = identified range of frequencies.

• Environmental factor = assigned value for each octave band.

• Space effect = calculated value based on the sound power levels for each frequency of each 
air outlets.

• Sound pressure level = calculated value based on the space effect attenuations, sound power 
levels, and environmental factors for each frequency.

• Total air outlet sound pressure level = calculated value of the sound pressure levels for each 
frequency of all the air outlets.

• Adjustment factor = fixed value assigned for each frequency.

• Sound level from air outlets = calculated value based on the total air outlets sound pressure 
level and the adjustment factor.

Background Noise from Radiated Sounds

• Octave band = identified octave band number for each frequency.

• Mid frequency = identified range of frequencies.

• Environmental factor = assigned value for each octave band.

• Space effect = calculated value based on the radiated sound power levels for each frequency 
of each noise sources inside the ceiling.

• Sound pressure level = calculated value based on the space effect attenuations, sound 
radiated power levels, and environmental factors for each frequency.
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• Total noise sources radiated sound pressure level = calculated value of the sound pressure 
levels for each frequency of all the noise sources inside the ceiling.

• Adjustment factor = fixed value assigned for each frequency.

• Sound level from radiated sounds = calculated value based on the total noise sources radiated 
sound pressure level and the adjustment factor.

Background Noise from Discharge Sounds

• Flow division = calculated value based on the number of zones supplied by the air ducts.

• Sound effect = calculated value based on the room volume, distance of the air outlets, and the 
second band mid frequency.

• Sound pressure level = calculated value based on the flow division attenuation, sound effect 
attenuation, end reflection attenuation, duct insertion loss, duct fittings insertion losses, and 
the environmental factors for each frequency.

• Total air ducts discharge sound pressure level = calculated value of the sound pressure levels 
for each frequency of the air ducts inside the ceiling.

• Adjustment factor = fixed value assigned for each frequency.

• Sound level from discharge sounds = calculated value based on the total air ducts discharge 
sound pressure level and the adjustment factor.

Total Background Noise Sound Levels

• Sound level from background noise of traffic = calculated value based on the total sound 
levels from the roadways.

• Sound level from background noise of air outlet = calculated value based on the total air 
outlets sound pressure level and the adjustment factor.

• Sound level from background noise of radiated sound = calculated value based on the total 
noise sources radiated sound pressure level and the adjustment factor.

• Sound level from background noise of discharge sound = calculated value based on the total 
air ducts discharge sound pressure level and the adjustment factor.

• Total room sound level = calculated value based on the sum of the sound levels from 
background noises.
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Part 2 – Reverberation Time Calculations

• Reverberation time = calculated value using the Sabin equations based on the room volume, 
surface area and absorption properties of the indoor finishes.

Part 3 – Summary Calculations

• (X) = calculated total room sound level based on the sum of the sound levels from background 
noises.

• (Y) = calculated reverberation time based on the Sabin equations.

Acoustics Results Calculator

• (X) = Acoustic Indicator calculated based on the total background noises of each of the worst-
case scenarios. 

• (Y) = Reverberation Time for each of the worst-case scenarios 
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4.8  [IE.9] LOW-VOC MATERIALS

4.8.1 PURPOSE

To maximize the use of certified Low Volatile Organic Compound (VOC) materials.

4.8.2 ASSESSMENT PRINCIPLES

• The Project will assess the number of Low-VOC materials and finishes with GSAS Approved 
certifications.

• The Project will complete the calculator for IE.9 Low-VOC Materials to establish the criterion 
level.

4.8.3 ASSESSMENT

The criterion requires assessing the number of specified Low-VOC materials with GSAS approved 
certification.  Low-VOC materials are building materials, products, and finishes with zero or close-
to-none rates of volatile organic compounds (VOC) emissions with GSAS approved certification. 

The calculator determines the indicator based on the number of Low-VOC materials with GSAS 
approved certification.  The calculator adds the incentive weights given for having more than six 
Low-VOC materials with GSAS approved certification.

The criterion level is established based on the result of the indicator for IE.9 Low-VOC Materials.
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4.8.4 CRITERION LEVELS

Levels
Compliance with
[IE.9] Low-VOC Materials Requirements

-1 X < 3

0 X = 3

1 X = 4

2 X = 5

3 X = 6

Incentive Weights:

An incentive score of 0.5% is awarded per additional Low-VOC material with GSAS approved 
certification up to 2% max.

4.8.5 SUBMITTALS 

Types Descriptions

Documents

 A narrative explaining the approach undertaken for the criterion 
assessment and highlighting the basis of any assumptions.

GSAS approved certification for the procured Low-VOC materials.

Evidences of proposed materials being used on site, such as material 
approval requests.

Calculator IE.9 Low-VOC Materials Calculator.
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4.8.6 EVALUATION

4.8.6.1 General

• Identify from the design document the materials that potentially have VOC content.

• Identify from the market Low-VOC materials meeting the project specifications.

• Obtain GSAS approved certificates from material suppliers.

• Prepare all applicable documentation.

4.8.6.2 Calculator

A. Inputs

Low-VOC Materials Inputs

• Input the descriptions of the Low-VOC materials following the descriptions shown in the 
specification or material data sheets.

• Input the name of the certificates of the specified Low-VOC materials with GSAS approved 
certificates.

• Follow the same inputs for the extended list of Low-VOC materials with GSAS approved 
certificates.  Extended list caters for other specified Low-VOC materials with GSAS approved 
certificates in excess of the first 6 Low-VOC materials inputted above.

B. Calculations

• (X) = calculated number of Low-VOC materials with GSAS approved certificates.

• (Y) = calculated incentive weights.

• IE.9 criterion level = the generated criterion level for IE.9 Low-VOC Materials plus the incentives, 
based on the specified range from the criterion levels.

• Incentive score (%) = 0.5% is awarded per additional Low-VOC material with GSAS approved 
certification up to 2% max.
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4.9 [IE.10] AIRBORNE CONTAMINANTS  

4.9.1 PURPOSE

To provide measures for the control of potentially hazardous airborne contaminants. 

4.9.2  ASSESSMENT PRINCIPLES

• The Project will assess the potential sources and control measures to mitigate the impact of 
hazardous airborne contaminants.

• The Project will prepare an airborne contaminants control plan to establish the criterion 
level.

4.9.3 ASSESSMENT

The criterion requires assessing the system of controls for potentially hazardous airborne 
contaminants by preparing an airborne contaminants control plan.  Potentially hazardous 
airborne contaminants are hazardous particulates and chemical or biological contaminants that 
mix in the air that is supplied and recirculated in the rooms or spaces that could potentially cause 
a greater risk to human health and comfort of the occupants.  The plan includes identifying the 
potential sources and the system or measures developed to control the growth and dispersion of 
the potentially hazardous airborne contaminants.

The airborne contaminants control plan is a document that outlines the plan for controlling the 
sources of the potentially hazardous contaminants to mix in the indoor air.  

The plan demonstrates the following requirements:

• The potential existence of the sources of hazardous airborne particulates and contaminants 
in the rooms or spaces.

• Systems of control or any methods to capture or isolate, reduce or dilute, and filter or remove 
the source emissions in the rooms or spaces during construction and post-occupancy phases 
of the development.

• Management policy or facility to control the environmental tobacco smoke (ETS).

• Measures for materials safety handling or ban of the use of construction materials, 
components, and processes with carcinogenic properties.

• Where applicable, processes described in the plan for air quality sampling tests and analysis 
of the airborne particulates and contaminants in the indoor air.

The criterion level is established based on the degree of compliance of the plan to the requirements 
of IE.10 Airborne Contaminants.
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4.9.4 CRITERION LEVELS

Levels
Compliance with
[IE.10] Airborne Contaminates Requirements

-1 Plan does not demonstrate compliance.

3
Plan demonstrates compliance OR the development does not contain any 
potential sources of contamination.

4.9.5 SUBMITTALS 

Types Descriptions

Documents

A narrative explaining the approach undertaken for the criterion 
assessment and highlighting the basis of any assumptions.

Schedule of air cleaning devices.

Relevant construction drawings, air balancing diagrams/calculations, 
and specifications.

Relevant as-built drawings showing the updates to the previous LOC 
stage submittals.

Plan Airborne Contaminants Control Plan, when applicable.

Report
Commissioning or TAB Report of the ventilation system of the rooms or 
spaces.
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4.9.6 EVALUATION

4.9.6.1 General

• Determine any dedicated mechanical systems, exhaust systems, and negative pressure 
spaces for sources of contamination.

• Determine from the mechanical drawings and in the Construction Specification, all the types 
of filtration systems in use, and the effectiveness of these systems.

• Determine all entrances to the building and the entryway and ventilation systems used to 
capture any potentially harmful particles.

• Determine the list of rooms or spaces assessed to contain potential sources of hazardous 
airborne particulates and contaminants.

• Determine the provision of an airborne contaminants control plan that outlines the systems, 
methods, and measures for the control of source emissions.

• Determine the ETS policy at site.

• Determine from the design and construction documents the layouts and specification of the 
source emissions control.

• Determine the materials safety handling methods and list of the banned materials, 
components, and processes.

• Where applicable, determine the specification of air quality sampling tests and analysis of the 
particulates and contaminants in the indoor air.

• Prepare all applicable documentation.
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5.0 MANAGEMENT & OPERATIONS

The Management & Operations category is concerned with the design of the development for use 
during the operational phase. The development should plan for and implement sustainable and 
effective building management and operations practices.

Sustainable building management and operations can mitigate environmental impacts such as 
water depletion, materials depletion and human comfort and health.

CRITERIA IN THIS CATEGORY:

MO.1 Systems Commissioning

MO.2 Waste Management

MO.3 Facility Management

MO.4 Leak Detection Systems

MO.5 Automated Control System

MO.6 Transportation Systems in Building
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CRITERIA SUMMARY
The table below summarizes the weights of the Management & Operations category and each of 
the associated criteria:

NO. CATEGORY / CRITERION

LEVELS

WEIGHTS INCENTIVE 
WEIGHTSMin Max

[MO] MANAGEMENT & OPERATIONS

MO.1 Systems Commissioning 0 3 2.50% 2.00%

MO.2 Waste Management 0 3 3.25% 2.00%

MO.3 Facility Management 0 3 3.75% 2.00%

MO.4 Leak Detection Systems 0 3 1.50%

MO.5 Automated Control System 0 3 1.25%

MO.6 Transportation Systems in Building 0 3 0.75%

Total 13.00% 6.00%
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5.1 [MO.1] SYSTEMS COMMISSIONING

5.1.1 PURPOSE

To develop and implement a commissioning process that ensures the delivery and performance 
of the systems within the development.

5.1.2 ASSESSMENT PRINCIPLES

• The Project will assess the testing, adjusting, balancing, and commissioning in addition to 
training requirements associated with the Project systems.

• The Project will prepare relevant commissioning plan or report to establish the criterion 
level.

5.1.3 ASSESSMENT

The criterion requires assessing the commissioning of the development systems which include, 
but not limited to, HVAC systems, lighting systems and controls, electrical systems, water-use 
systems and renewable energy systems. The assessment considers measures associated with 
systems planning, design, installation, testing and operations under projected occupancy loads 
and conditions.

The commissioning plan is a comprehensive document that outlines the commissioning process 
and the facilities to be commissioned.  Commissioning process means a quality-oriented process 
that meets the requirements for assessing and documenting the commissioning anywhere 
throughout the design and construction phases of the development. 

The commissioning plan demonstrates the following requirements:

• Establishment of Commissioning Scope

• Establishment of Commissioning Program

• Establishment of Commissioning Schedules

• Establishment of Testing and Inspection Plans

• Development of Commissioning Specifications

• Determination of Special Testing Needs

• Determination of Operational Staff Training Needs

Alternatively, a commissioning report documents the limited scope of commissioning which is 
conducted at the final stages of the construction. The report covers the commissioning of main 
MEP systems in the development based on the owner or developer requirements. 



GSAS 2019 Design & Build: Assessment & Guidelines Manual for Interiors Page 110

E W M IE MO

ASSESSMENT

The commissioning report demonstrates the following requirements:

• Records of the calibrations of the instruments and devices used for commissioning the 
performances of the systems.

• Records and analyses of the collected data of the performances of the systems.

• Signed-off forms and templates of the Testing & Commissioning (T&C) and Testing, Adjusting 
& Balancing (TAB) reports.

In addition, GSAS accredited third-party Commissioning Agent (CxA) contracted by the owner 
or developer prepares and leads the comprehensive GSAS commissioning plan throughout the 
design and construction phases in collaboration with the consultants, contractors, and operator 
of the facilities.  The CxA develops the OPR as part of the commissioning plan, in conjunction with 
the project owner and ensures the requirements are quantifiable and measurable to verify that 
the development objectives will be achieved. 

The criterion level is established based on the degree of compliance of the plan or report to the 
requirements of MO.1 Systems Commissioning.
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5.1.4 CRITERION LEVELS

Levels
Compliance with
[MO.1] System Commissioning Requirements

0 Plan or Report does not demonstrate compliance.

1
Report demonstrates partial compliance with the requirements for MEP 
systems.

2
Plan demonstrates partial compliance with the requirements for all 
systems.

3
Plan demonstrates full compliance with the requirements for all systems by 
GSAS accredited commissioning agent (CxA).

Incentive Weights:

An incentive score of 2.0 % is awarded for assigning GSAS Accredited Commissioning Agent 
Service Provider.

5.1.5 SUBMITTALS 

Types Descriptions

Documents

A narrative explaining the approach undertaken for the criterion 
assessment and highlighting the basis of any assumptions.

Commissioning Specification.

List of the facilities to be commissioned.

Plan For levels 2 and 3, Updated Commissioning Plan, when applicable.

Report

For level 1, Commissioning Report

Relevant T&C and TAB Reports of the results of the system 
commissioning.
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5.1.6  EVALUATION

5.1.6.1 General

• Confirm the provision of a commissioning report or plan that outlines the scope of works and 
process adopted for commissioning.

• Determine the systems to be commissioned.

• Illustrate in the presentation materials or diagrams the commissioning process adopted for 
the design, construction, and operations of the facilities.

• Prepare all applicable documentation.
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5.2 [MO.2] WASTE MANAGEMENT

5.2.1 PURPOSE

To provide measures for the implementation of waste management best practice during the post-
occupancy phase. 

5.2.2 ASSESSMENT PRINCIPLES

• The Project will assess the measures implemented for managing organic waste and recyclable 
materials off-site.

• The Project will prepare a waste management plan to establish the criterion level.

5.2.3  ASSESSMENT

The criterion requires assessing the best practices adopted for the management of waste 
produced by the development by preparing a waste management plan.  The plan includes the 
measures and strategies to be implemented for the proper handling and disposal of organic 
waste and recyclable materials of the development.

The waste management plan is a document that outlines the plan for managing waste produced 
during the post-occupancy stage of the development.  

The plan demonstrates the following requirements:

• System for the collection and transfer of organic waste.

• System for collection, segregation and transfer of recyclable waste.

• Provision for ventilation of facilities for the storing and sorting of waste prior to its final 
disposal.

• Process for composting the organic waste and recycling of materials off-site.

The criterion level is established based on the degree of compliance of the plan to the requirements 
of MO.2 Waste Management.
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5.2.4 CRITERION LEVELS

Levels
Compliance with
[MO.2] Waste Management Requirements 

0 Plan does not demonstrate compliance.

1 Plan demonstrates partial compliance.

2 Plan demonstrates substantial compliance.

3 Plan demonstrates full compliance.

Incentive Weights:

An incentive score of 2.0 % is awarded for assigning GSAS Accredited Waste Management Service 
Provider.

5.2.5 SUBMITTALS 

Types Descriptions

Documents

A narrative explaining the approach undertaken for the criterion 
assessment and highlighting the basis of any assumptions.

Relevant design drawings and specifications of composting facilities 
onsite, when applicable.

Evidence of contractually binding commitment to composting organic 
waste off-site, when applicable.

Evidence of contractually binding commitment to recycling waste offsite, 
when applicable.

Relevant waste management process diagram.

Relevant updated specifications of waste storage and collection areas/s.

Relevant as-built drawings.

Plan Waste Management Plan.
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5.2.6  EVALUATION

• Partial compliance is achieved when collection, storage, and final disposal of waste 
requirements are met.

• Substantial compliance is achieved when either the composting requirements of organic 
waste or the recycling requirements of the recyclable waste off-site requirements are met.

• Full compliance is achieved when both the composting requirements of organic waste and 
the recycling requirements of the recyclable waste off-site requirements are met.

• Confirm the provision of a waste management plan.

• Illustrate in the design drawings the facilities for the collection, storage, and segregation of 
the organic waste and recyclable waste.

• Obtain from the Owner contractually binding commitment documents for off-site composting, 
when applicable.

• Obtain from the Owner contractually binding commitment documents for off-site recycling of 
waste.

• Prepare all applicable documentation.
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5.3 [MO.3] FACILITY MANAGEMENT

5.3.1  PURPOSE

To provide measures for the implementation of facility management best practice during the 
post-occupancy phase. 

5.3.2 ASSESSMENT PRINCIPLES

• The Project will assess the measures implemented for the management, operation, and 
maintenance of the development.

• The Project will prepare a facility management plan to establish the criterion level.

5.3.3  ASSESSMENT

The criterion requires assessing the best practices adopted for the operational management 
of the facility and the upkeep of the property assets of the development by preparing a facility 
management plan.

The facility management plan is a document that outlines the sustainable approach to the 
strategic management process for operating and maintaining a facility.  A sustainable approach 
indicates there is a comprehensive model followed for strategic planning.  

The plan demonstrates the following requirements:

• Provisions required for proper housekeeping of the development operations including 
janitorial, help desk support, storing facility, security, etc. 

• Provisions required for proper operation and maintenance of the development including 
building maintenance unit, access control, surveillance, MEP associated services, etc. 

The criterion level is established based on the degree of compliance of the plan to the requirements 
of MO.3 Facility Management.
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5.3.4 CRITERION LEVELS

Levels
Compliance with
[MO.3] Facility Management Requirements

0 Plan does not demonstrate compliance.

1 Plan demonstrates partial compliance.

3 Plan demonstrates full compliance.

Incentive Weights:

An incentive score of 2.0 % is awarded for assigning GSAS Accredited Facility Management 
Service Provider.

5.3.5 SUBMITTALS 

Types Descriptions

Documents

A narrative explaining the approach undertaken for the criterion 
assessment and highlighting the basis of any assumptions.

Relevant schematics, diagrams, and illustrations.

Relevant construction drawings and specifications.

Lists of green supply chains and management standards.

Relevant handover documents showing the updates to the previous LOC 
stage submittals.

Proof of contractually binding commitment from the Client stating the 
targeted GSAS-OP certification.

Plan Facility Management Plan.
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5.3.6 EVALUATION

5.3.6.1 General

• Partial compliance for this criterion demonstrates that the facility management plan is 
meeting the requirements of either soft OR hard facility management services.

• Full compliance for this criterion demonstrates that the facility management plan is meeting 
the requirements of both soft AND hard facility management services.

• Confirm the provision of a facility management plan for the post-occupancy operational 
phase.

• Illustrate in the presentation material the comprehensive model of the strategic management 
process followed for the strategy formulation, implementation, and evaluation of the facility 
operations.

• Prepare all applicable documentation.
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5.4 [MO.4] LEAK DETECTION SYSTEMS

5.4.1  PURPOSE

To install leak detection systems for major water supply and refrigerant pipes.

5.4.2  ASSESSMENT PRINCIPLES

• The Project will assess the installation of:

- A leak detection system in the major water supply lines.

- A refrigerant leak detection system in the air-conditioning systems.

• The Project will prepare a leak detection plan to establish the criterion level.

5.4.3 ASSESSMENT

The criterion requires assessing the systems for detecting refrigerant leaks in large air-
conditioning and refrigeration installations and water leaks in major water supply lines by 
preparing a leak detection plan.  The large air-conditioning and refrigeration installations that 
requires refrigerant leak detection system are the refrigeration plant of the central chilled water 
system, the refrigerant network (RefNet) system of the direct expansion (DX) plant, and other 
refrigeration systems that use stratospheric ozone-depleting substances such as the cold rooms, 
walk-in coolers and freezers, and refrigerated display cabinets.  The major water supply lines 
that requires water leak detection system are the water supply mains to the development and 
the main distribution lines to the wet areas such as the showers and bathrooms, toilets, laundry 
facilities, water filtration and pump rooms, and water tank rooms.

The leak detection plan is a document that outlines the development’s plan for the systems for 
automatic detection of refrigerant and water leaks.  

The plan demonstrates the following requirements:

• Provision of a system for the automatic detection of the refrigerant leaks in the large air-
conditioning and refrigeration plants.

• Provision of a system for the automatic detection of the water leaks in the water supply mains 
and distribution lines.

• Layouts, schematics, sequence of operations, and specifications to understand the 
functionalities of the provided leak detection systems.

• Training schedules and modules for the facility management personnel on the proper 
operations and maintenance of the leak detection systems.

The criterion level is established based on the degree of compliance of the plan to the requirements 
of MO.4 Leak Detection Systems. 
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5.4.4 CRITERION LEVELS

Levels
Compliance with
[MO.4] Leak Detection Systems Requirements

0 Plan does not demonstrate compliance.

1 Plan demonstrates partial compliance.

3 Plan demonstrates full compliance.

5.4.5 SUBMITTALS 

Types Descriptions

Documents

A narrative explaining the approach undertaken for the criterion 
assessment and highlighting the basis of any assumptions.

The BMS schedule of points and control system showing the leak 
detection system integration with the BMS.

Relevant construction drawings, diagrams, and specifications.

Relevant as-built drawings.

Report Relevant commissioning reports.

Plan Leak Detection Plan.
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5.4.6  EVALUATION

5.4.6.1 General

• Partial compliance for this criterion demonstrates the installation of leak detection system 
for major water supply lines OR refrigeration installations.

• Full compliance for this criterion demonstrates the installation of leak detection system for 
major water supply lines AND refrigeration installations.

• Confirm the provision of a system for detecting refrigerant leaks in the large air-conditioning 
and refrigeration installations.

• Confirm the provision of a system for detecting water leaks in the water supply mains and 
distribution lines.

• Illustrate in the presentation material the reliability of the chosen leak detection systems to 
provide real time responses to refrigerant and water leaks.

• Prepare all applicable documentation. 
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5.5 [MO.5] AUTOMATED CONTROL SYSTEM

5.5.1 PURPOSE

To provide automated control system(s) that optimize the operational performance of the facility.

5.5.2 ASSESSMENT PRINCIPLES

• The Project will assess the installation and commissioning of an automated control system 
to manage HVAC, lighting, and irrigation systems.

• The Project will prepare an automated control system plan to establish the criterion level.

5.5.3 ASSESSMENT

The criterion requires assessing the system of automated controls for the energy and water 
systems of the facility by preparing an automated control system plan.  The energy systems of 
the facility for assessment of its automated controls include the air-conditioning and ventilation 
systems and the lighting system.  The water system of the facility for assessment of its automated 
controls includes the irrigation system only.

The automated control system plan is a document that outlines the development’s plan for a 
system of automated controls and monitoring of the operational performance of the listed energy 
and water systems from above.  

The plan demonstrates the following requirements:

• Provision of a system for the automated controls and monitoring of the energy and water 
systems of the facility. 

• Layouts, schematics, sequence of operations, and specifications to understand the 
functionalities of the provided automated control system.

• Training schedules and modules for the facility management personnel on the proper 
operations and maintenance of the control system.

• Handover documents for the facility management.

The criterion level is established based on the degree of compliance of the plan to the requirements 
of MO.5 Automated Control System.
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5.5.4 CRITERION LEVELS

Levels
Compliance with
[MO.5] Automated Control System Requirements

0 Plan does not demonstrate compliance.

1 Plan demonstrates partial compliance.

3 Plan demonstrates full compliance.

5.5.5 SUBMITTALS 

Types Descriptions

Documents

A narrative explaining the approach undertaken for the criterion 
assessment and highlighting the basis of any assumptions.

Relevant construction drawings, control diagrams, specifications, and 
sequence of operations.

Relevant as-built drawings.

Report Relevant commissioning reports

Plan Automated Control System Plan.
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5.5.6  EVALUATION

5.5.6.1 General

• Partial compliance for this criterion demonstrates the installation of an automated system 
control for either water OR energy systems.

• Full compliance for this criterion demonstrates the installation of automated system control 
for both water AND energy systems.

• Confirm the provision of a system of automated controls for the energy systems of HVAC and 
lighting, and water system of irrigations.

• Illustrate in the presentation material the significant features and functionalities of the control 
system that contributes to the optimization of the operational performance of the facilities.

• Prepare all applicable documentation.
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5.6 [MO.6] TRANSPORTATION SYSTEMS IN BUILDING

5.6.1 PURPOSE

To provide an effective automated means of travel for occupants and users between floors and 
spaces in the development.

5.6.2 ASSESSMENT PRINCIPLES

• The Project will assess the installation of robust, efficient and adequate automated vertical 
and horizontal transportation systems in the development.

• The Project will prepare transportation systems plan to establish the criterion level.

5.6.3 ASSESSMENT

The criterion requires assessing the vertical and horizontal automated transportation systems 
by preparing a transportation systems plan. The assessment considers several factors when 
selecting any mechanical equipment used for circulation in buildings including, but not limited to 
the shape and size of the building, number of people, purpose of building, distribution of occupants 
and type of occupants e.g. children, the elderly or less able-bodied, in addition to traffic behaviour 
and occupancy loads.

The transportation systems plan is a document that that outlines the development’s plan for 
transportation systems in the building considering the operational performance of the vertical 
and horizontal systems.  

The plan demonstrates the following requirements:

• Passenger traffic demand and traffic flows

• Building functionality, form and layout arrangements

• Where applicable, results of simulation software used to determine the design requirements 
of the transportation systems.

• Identification of appropriate numbers of vertical and horizontal transportation, type, capacity 
and speed.

• Design specifications and selection of equipment and systems based on the recognized codes 
and standards applicable to the region.

• Provisions to meet the requirements for use by persons with disabilities.

• Energy management and control strategies.

The criterion level is established based on the degree of compliance of the plan to the requirements 
of MO.6 Transportation Systems in Buildings.



GSAS 2019 Design & Build: Assessment & Guidelines Manual for Interiors Page 126

E W M IE MO

ASSESSMENT

5.6.4 CRITERION LEVELS

Levels
Compliance with
[MO.6] Transportation Systems in Buildings Requirements

0 Plan does not demonstrate compliance.

3 Plan demonstrates full compliance.

5.6.5 SUBMITTALS 

Types Descriptions

Documents

A narrative explaining the approach undertaken for the criterion 
assessment and highlighting the basis of any assumptions.

Relevant construction drawings, control diagrams, specifications, and 
sequence of operations.

Relevant as-built drawings.

Plan Transportation Systems Plan.
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5.6.6 EVALUATION

5.6.6.1 General

• Determine the passenger traffic demand and analyze passenger traffic flows.

• Determine the building functionality, form and layout arrangements to ensure the incorporation 
of these parameters into the design of the proposed transportation systems.

• Use, if necessary, simulation software to determine the design requirements of the 
transportation systems.

• Design the transportation systems according to recognized codes and standards applicable 
to the region, building typology, uses and user requirements.

• Specify vertical and horizontal transportation to meet the requirements of handling capacity 
and robustness in terms of for example: number of lifts, size, speed, waiting time, response 
time depending on the expected usage and building type.

• Design elevators to meet the requirements for use by persons with disabilities.

• Specify proper control and energy management of equipment.

• Prepare all applicable documentation.
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1.0 ENERGY

1.1 [E.1] THERMAL ENERGY DEMAND PERFORMANCE

1.1.1 PURPOSE

To minimize the building energy demand through the establishment of GSAS thermal energy 
demand performance.

1.1.2 CONTEXT

EPC
dem

 is responsive to changes in the building site, building envelope and orientation, as well as 
internal loads in the building. Improving any of these factors will have a positive impact on EPC

dem
.

Major attention should be given to the building envelope such as the placement of windows and 
the building envelope U-values. The choice of shading, solar reflection, and other measures to 
reduce the solar heat gain factors have the greatest effect on reducing the predominant energy 
consumption for cooling.

1.1.3  GUIDELINES

Building Envelope

• Specify envelope elements with low U-values (high R-values) to reduce both solar and 
conductive heat gains and losses. Baseline recommendations for selecting the U-Values of 
envelope elements can be found in ASHRAE 90.1 for different climatic zones. 

• Specify all windows and skylights with low Solar Transmittance to control solar gain and 
reduce cooling load. Baseline recommendations for selecting the Shading Coefficient of 
windows and skylights can be found in ASHRAE 90.1 for different climatic zones.

• Design a building with a minimum number of windows on the west, east, and south orientations.

• Design a building with a maximum number of windows on the north orientation to benefit 
from indirect daylighting. 

• Design the building with the minimum acceptable quantity of windows, especially those 
oriented towards the west.

• Utilize passive solar design considerations.

• Increase roof surface reflectance and emittance using reflective paints, materials or coatings.

• Avoid specifying louvers on the side of the building facing high wind pressure in order to 
reduce the chance of introducing uncontrolled and unconditioned outside air into the building.

• Specify all the joints around the windows, skylights, and doors, as well as junctions between 
walls and other structural elements, to be built airtight to minimize air leakage rates.
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• Specify all the walls, floors, and chase penetrations with pipes and ducts to be filled with the 
proper material. Proper material specification will minimize the rate of air leakage occurring 
between the pipe/ duct exterior and the penetration opening.

• Specify vapor retardant on all the exterior structural elements to prevent humidity from 
entering or leaving the building.

• Use hybrid ventilation strategies, such as providing operable windows, where possible. If 
such strategies are used, pay particular attention to temperature and humidity control in 
the conditioned spaces. The entry of unconditioned and uncontrolled outside air into the 
building should be monitored and system provisions should be made to safeguard against 
inefficiencies and condensation. A thorough analysis shall be conducted before specifying 
operable or non-operable windows or other hybrid ventilation strategies, such as system 
controlled operable windows, or novel strategies to mix “non-pressurized” system ventilation 
with natural ventilation.

• Provide fly fans or roll-up doors at entrances to the building, such as loading docks, to prevent 
unconditioned, uncontrolled outside air from entering the building.

• Insulate pipes, ducts, plenums, and cold or hot equipment with the proper insulation types 
and thickness. Insulating pipes beyond the critical ratio will actually increase the quantity of 
heat transfer from the pipe.

• Provide an air-tight vestibule for the main building entrance to prevent large amounts of 
unconditioned air from entering the building.

• Provide overhangs for facades on buildings facing south, and adjustable customized fins for 
windows facing west and east to decrease the amount of solar heat entering the space.

• External shading devices protect the building against excessive solar gains during the summer 
but may have negative and positive effects on daylighting during the year. A daylight analysis 
should be used to show how positive effects can be maximized and glare can be minimized.

 
Building Internal Loads

• Design outside air quantity based on real occupancy of the building. Do not over-estimate 
the number of people in the building. For a comfortable and hygienic indoor environment, a 
minimum ventilation rate is needed when the building is occupied, typically 0.3 * V [m3/hr], 
where V is the ventilated volume, in m3 for residential buildings, and 30m3/hr/person for 
non-residential buildings during occupancy period.

• Use daylighting provisions to decrease the minimum required energy intensity of lighting. 
This decreases the size of the equipment and their associated ballast. However, when 
daylighting is utilized to reduce lighting electricity, the solar heat gain through glazing should 
be controlled, and in addition, glare and contrast must be controlled to provide a comfortable 
indoor environment. Daylights from skylights in North-facing zones are optimal.



Page 133GSAS 2019 Design & Build: Assessment & Guidelines Manual for Interiors

E W M IE MO

GUIDELINES

• For example, corridors in educational buildings are generally excellent spaces for daylighting. 
Overhangs should be positioned over the daylighting aperture and can possibly be sized with 
the light shelf to prevent direct sun from entering the space, especially during occupancy 
hours. Additionally, for office buildings, lower furniture in open plan office areas increases 
the efficiency of both the daylighting and the electric lighting system by reducing absorption 
and unwanted shadows. In office work areas, electric lights should be dimmed continuously 
rather than controlled manually in response to daylight to minimize employee distraction.

• Use task lighting and occupancy sensors to decrease the local lighting load. The use of 
occupancy sensors with manual-on and automatic-off control in day lit spaces, such as 
classrooms, offices, mechanical rooms, and restrooms, saves lighting energy. Also, the use of 
local articulated task lights (desk lamps that can be adjusted in three planes) in day lit spaces 
increases occupants’ satisfaction.

• Specify more efficient interior lighting. The widespread availability of compact fluorescent 
lamps and LED (light-emitting-diode) lighting options should reduce lighting electricity 
consumption and heat gains.

• Apply methods of total light management, where external solar shading, internal shading, 
and electric lighting are controlled in a holistic manner.

• Specify more energy efficient appliances to reduce the electricity requirements of plug loads 
and reduce heat gains from the usage of appliances, office equipment, and other devices 
plugged into electrical outlets.
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1.2 [E.2] ENERGY USE PERFORMANCE

1.2.1  PURPOSE

To minimize the building energy use through the establishment of GSAS energy use performance.

1.2.2  CONTEXT

EPC
use

 is a building performance indicator that is sensitive to the changes in a building’s HVAC 
systems and other equipment.

1.2.3 GUIDELINES

HVAC systems controls

Implementing control techniques when using on-site cooling generation equipment, such as 
chillers is necessary, for example: variable volume flow, primary/secondary pumping, frame-
and-plate heat exchangers use for water-side economizer or use of chillers with de-superheating 
availability for use of wasted heat in chillers to warm-up any domestic water heating (in cases 
where this is required).

• Use either an airside or waterside economizer which provide options for large energy 
savings. However, in a humid climate, the investment in a waterside economizer may not be 
a viable choice because weather conditions are not suitable for the operation of a waterside 
economizer. On the other hand, an airside economizer requires the means to treat large 
amounts of outside air introduced into the building through the economizer cycle. This by 
itself can be a major source of unwanted air leakage during regular operation of the system. 
For these reasons, a detailed study should be conducted to justify the use of the economizer 
cycle in the development.

• Use variable-speed-driven secondary pumps. This reduces pump energy by allowing each 
pump to operate at total system head. This also improves balancing of the system and creates 
better part load performance.

• Design and specify equipment based on operation near their maximum efficiency performance 
levels based on manufacturer data.

• Use an energy recovery system to recover the heating or cooling from the exhaust air before 
discharging it to the outdoors.

• Use variable air volume systems to reduce the chance of over-cooling or over-heating a 
space when it is not at its peak load conditions. For particular applications, constant volume 
systems, for example fan coil units, can be used to provide better performance. Such systems 
are more efficient due to their smaller size, multiple units, and limited control requirements. 
Before selecting a system, a study must be conducted to specify which type of system is more 
appropriate for the specific application.
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• Avoid using temperature sensors that can be readjusted locally.

• Use the maximum practical size of ductwork with a minimum number of elbows and direction 
changes. This will reduce the air pressure loss inside the duct and therefore, minimize the 
required fan power for pushing air through the ducts.

• Ensure that spaces that require continuous conditioning, such as electrical rooms or data 
centers, are served separately from the rest of the building. This will eliminate the inefficient 
use of equipment in serving small, specific spaces when there is no demand for the rest of 
the building.

• Use direct digital control systems to optimize start-up or shut-down of the systems.

• Provide provisions to use wasted heat through boilers, if applicable, and water heaters’ flue 
stacks for pre-heating water and air. However, this is typically not relevant in Qatar where no 
heating is required.

• Specifying HVAC systems capable of supplying the appropriate amount of outside air 
ventilation to the building, to provide a comfortable environment for occupants. Since this 
factor defines a major part of the load, particular attention should be paid to the design to 
provide the proper amount of outside air ventilation to the building. Excessive amounts of 
outside air will result in a high level of energy consumption, while a deficiency of outside air 
will make the building unhealthy and undesirable for the occupants.

• Minimize the energy use through the control of Thermal Storage. This system offers higher 
energy cost savings when the energy cost is different during the day and night.

• Select valves for energy savings to minimize the energy use of a piping system. Use ball 
valves or butterfly valves for insulation and balancing purposes, since both valves offer low 
pressure drop. Do not install a strainer upstream from the coil to protect the control valve, 
because they usually generate flow problems. Strainers at the pump usually perform the 
required job and are very accessible.

• Design the coil temperature difference about 2 to 3 degrees higher than the plant temperature 
difference (the water from the district cooling system) to account for coil heat transfer 
degradation.

• Divide the floor plans into exterior and interior zones with HVAC systems serving each zone 
individually with its own temperature and humidity sensors, if applicable.

• Provide motorized dampers for stairs and elevator shafts to reduce the chance of wasting 
conditioned air through these openings.

• Provide motorized dampers for all intake and relief/exhaust louvers and vents to protect the 
conditioned air from leaving the building and prevent unconditioned outdoor air from coming 
into the building.
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• Use condensate drain recovery from air handling unit coils to use for and reduce required 
cooling tower make up water or other water usages in the building.

• Use fan powered terminal units to reuse the plenum heat in controlling the temperature of 
the space.

• Use electrical finned tube radiation elements to protect large/tall lobby glasses.

• Use, in high-rise buildings, multiple mechanical floors and multi-stage plate heat exchangers/
pumps to reduce the required pump motor power.

• Use flow measuring stations at outdoor air intake to the air handling units to control the 
quantity of the outdoor air.

• Use, where possible, one or more of the following design options to improve the efficiency of 
the system: primary-secondary pumping, ice storage, cogeneration, coil loop for exhaust air 
energy recovery, total energy recovery wheel, and direct or indirect evaporative cooling.

• Use, where possible, one or more of the following control strategies to improve the efficiency 
of the system: chilled and condenser water reset, fan cycling, demand limiting, duty cycling, 
and fan pressure optimization at part load operation.

• Use innovative on-site energy generation methods, such as photovoltaic cells, to decrease the 
consumption of energy from public utility sources.

• Provide provisions and connections for selling the additional on-site generated electricity to 
the city network, where building demand is satisfied but the city has additional demand.

• Provide dedicated controlled exhaust systems for copy rooms to exhaust air from the room 
only when the copiers are functioning.

• Provide adequate air intake space for outdoor air-cooled equipment, such as cooling towers, 
to let them operate at the highest efficiency rating.

• Prevent stratification of return air and outside air within the mixing box to improve the air 
handling unit efficiency.

• Specify and enforce commissioning supervision for implementing all the above-mentioned 
improvements during the design phase.
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1.3 [E.3] PRIMARY ENERGY PERFORMANCE 

1.3.1  PURPOSE

To reduce the dependence on fossil-based primary energy supply and delivery network through 
the establishment of GSAS primary energy performance.

1.3.2  CONTEXT

The energy performance coefficient for primary energy sources (EPC
pri

) is a performance indicator 
sensitive to changes in the method of energy delivery. It is subject to different types of energy 
delivery, using different types of energy supply networks including electricity, gas, and district 
cooling. These factors are largely dependent on the city infrastructure and in the region the 
prevalent networks are electricity from large, gas-fired power plants and chilled water delivery 
by district cooling plants.

1.3.3 GUIDELINES

• Use the primary energy factor (PEF) after calculating the consumed energy at the building 
site to account for the efficiency of producing and delivering different types of energy to the 
site. For countries where the natural gas is used as the main source of electricity generation, 
which is delivered to the doorstep of a building the PEF is calculated as follows:

- Assume a 15% loss for extracting gas from the ground, a 55% loss for converting gas to 
electricity, and a 10% loss for delivering the electricity to the building site. These numbers 
are completely based on how the infrastructure is designed in different countries, and 
for Qatar, a detailed study will have to be performed to determine usable numbers. For 
example, the PEF would then be calculated as (1-0.15)*(1-0.55)*(1-0.1) =34.4%. Another 
example for the calculation for purchased chilled water depends on both chiller coefficient 
of performance (COP) and electricity resource utilization factor. Therefore, for a chiller 
with COP of 4 and 30% electrical resource utilization factor, the purchased chilled water 
resource utilization factor will be (4)*(0.30) = 120%. 

- These numbers only provide ballpark figures. Specific PEFs for energy carriers of 
electricity and thermal energy for the country have to be calculated using local data.
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1.4 [E.4] CO2 EMISSIONS 

1.4.1 PURPOSE

To establish CO2 emissions performance associated with the primary energy supply and delivery 
network. 

1.4.2  CONTEXT

The energy performance for CO2 emissions (EPC
CO2

) is a performance indicator sensitive to 
changes in the method of energy delivery. It is subject to different types of energy delivery, using 
different types of energy supply networks including electricity, gas, and district cooling. These 
factors are largely dependent on the city infrastructure and in the region the prevalent networks 
are electricity from large, gas-fired power plants and chilled water delivery by district cooling 
plants.

1.4.3 GUIDELINES

• Use CO2 emission coefficient to estimate the impact of emissions from the energy delivered 
Emission coefficients are factors to measure emissions resulting from the primary resource 
inputs during fuel combustion at power plants. They vary depending on the type of resources 
used for electricity generation and the type of delivered energy as secondary energy from 
power plants. Emission coefficients represent the combination of conversion inefficiencies 
and the transmission and distribution losses from the generation sources to the point of use. 
The conversion inefficiencies include the effects of pre-combustions, which are associated 
with extracting, processing, and delivering the primary resources to the point of conversions 
in the power plant or directly in the building. The EPC

CO2
 value can be improved to have 

less emitting power supplies (which have less emission coefficient value) as an example 
introduced in the EPC

pri
 improvement.
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1.5 [E.5] ENERGY SUB-METERING

1.5.1 PURPOSE

To install sub-meters for monitoring the major energy consuming systems.

1.5.2 CONTEXT

The use of energy submetering in buildings generates awareness of energy conservation among 
users including landlords and tenants as they will be aware of the exact consumption profile and 
costs associated with their behavior. 

Energy sub-metering will also facilitate the development of strategies to help improve 
performance, thereby ensuring the overall efficiency of systems operations.  In addition, Users 
can apply consumption data to implement conservation or renovation projects to lower usage & 
costs and meet government regulations.

Sub-metering devices are installed to monitor and evaluate energy performance and consumption 
during the building operations phase. Major energy systems should be metered and monitored 
in conjunction with data logging to enable continued accountability of energy consumption over 
the lifespan of the development.  Consumption data provides users with the information to locate 
high-consumption areas. 

1.5.3 GUIDELINES

• Provide monitoring devices that display and record the energy consumption data of major 
systems in the building.

• Provide energy sub-meters for all major energy-consuming systems, such as lighting, hot 
water heaters, boilers, fans, cooling, humidification, space heating, competition-related 
equipment, large-scale broadcast and media systems, equipment associated with industrial 
processes, and large-scale food service equipment.

• Ensure the energy sub-metering is properly and clearly labeled, easily accessible and 
convenient for regular access by the facility operators.

• Specify the appropriate location of energy sub-meters, for example in the plant room, 
distribution room, or control room.

• Determine the optimal quantity and specific locations of energy meters according to the types 
and complexity of systems to be monitored.

• Consider utilizing energy simulations or engineering analysis to predict overall energy 
consumption and evaluate major energy system performance.

• Determine measures and strategies for continued improvement of energy efficient building 
operations, throughout the design of the development and during the operational phase of the 
development.
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1.6 [E.6] RENEWABLE ENERGY

1.6.1 PURPOSE

To install on-site renewable energy generation systems.

1.6.2 CONTEXT

The use of renewable energy reduces the use of primary fossil-based energy sources, thereby 
reducing the associated environmental footprints. Using photovoltaic cells to generate electricity 
can be an effective method for the generation of onsite electricity. PV cells are sources of renewable 
energy that convert the energy directly into electricity using semiconductors. PV cells produce 
a direct current, which needs to be converted to an alternating current before it can be used in 
buildings. The common technique is to store direct current from PV cells in batteries and change it 
to an alternating current using an inverter. The major advantage of an alternating current created 
by the inverter is that the alternating current is compatible with the city utility grid. If the local PV 
system can generate additional electricity, the excess electricity can be transferred to the main 
utility grid and sold to the city electric provider, specifically when the city grid experiences high 
demand from customers during certain times of the day.

Similarly, solar water heating and thermal or electrical energy generation using other renewable 
sources such as mini wind mills, renewable biomass or geothermal sources help to reduce the 
environmental impact of primary fossil-based energy.

The best use of renewable systems is to generate electricity, for example, using Photovoltaic 
(PV) panels or wind turbines. PV cells are sources of renewable energy that convert sun energy 
directly into electricity using semiconductors.

1.6.3 GUIDELINES

Solar Energy and Photovoltaic (PV) Cells

• Use solar energy systems passively or actively to supply part of the building heating needs. 

• Manage PV system installation in the development. 

• Store currents from PV cells in batteries and change it to an alternating current using an 
inverter. 

• Transfer the excess electricity to the main utility grid, if the local PV system can generate 
additional electricity.
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Wind Power

• Use wind turbines to generate power. The applicability largely depends on local wind 
conditions (the height of installation is a major factor) and the possibility to construct an 
ingoing concentrated airstream into the turbine or turbine array.

• Conduct more thorough studies into the local situation to verify whether the use of wind 
turbines is a viable possibility for the specific country. The prospect of using local, building-
attached or building- integrated turbines is at face value illogical because the same investment 
as part of a wind park elsewhere, such as in an optimal dedicated location, would produce a 
far larger amount of electricity for the same investment.

Ground Source Heat Pumps

• Consider using ground source heat pumps since the unlimited capacity of the ground as a 
sink and source of heat rejection can provide energy efficient cooling. Figures 18 and 19 show 
cooling and heating cycles.
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2.0 WATER

2.1 [W.1] WATER DEMAND PERFORMANCE

2.1.1 PURPOSE

To reduce the indoor and outdoor water demand of the development.

2.1.2 CONTEXT

A reduction in overall water demand and consumption can be achieved by adopting water 
conservation strategies for indoor uses within the development. The most effective approach 
is through the specification of efficient sanitary fixtures, for example: dual flush toilets and low 
flow fixtures incorporating aerators and timers. In addition, the specification of water efficient 
appliances can further reduce water demand and consumption.

2.1.3 GUIDELINES

• Specify water efficient fixtures, for example, low flush toilets, vacuum toilet flush systems, dual 
flush toilets, flow-controllers, water-saving valves and fixtures on faucets and showerheads 
and low flush urinals.

• Specify water efficient equipment and appliances including dishwashers, washing machines 
or similar.

• Specify automatic shut-off’s, electronic sensors, and aerators on faucets.

• Consider the use of dry fixtures for example: composting toilets and waterless urinals to 
reduce water demand.

• Install leak detection systems to quickly and efficiently identify and locate water leakage 
points.

• Consider collecting condensate drain water from HVAC air handling systems and reusing



GSAS 2019 Design & Build: Assessment & Guidelines Manual for Interiors Page 146

E W M IE MO

GUIDELINES

2.2 [W.3] WATER SUB-METERING

2.2.1 PURPOSE

To install sub-meters for monitoring the major water consuming systems.

2.2.2  CONTEXT

The use of water submetering in buildings generates awareness of water conservation among 
users including landlords and tenants as they will be aware of the exact consumption profile and 
costs associated with their behavior.

Water sub-metering will also facilitate the development of strategies to help improve performance, 
thereby ensuring the overall efficiency of systems operations. In addition, Users can apply 
consumption data to implement conservation or renovation projects to lower usage & costs and 
meet government regulations.

Sub-metering devices are installed to monitor and evaluate energy performance and consumption 
during the building operations phase. Major water systems should be metered and monitored in 
conjunction with data logging to enable continued accountability of energy consumption over 
the lifespan of the development. Consumption data provides users with the information to locate 
leaks and high-consumption areas. 

2.2.3  GUIDELINES

• Install water meters on the main water supply to each building in the proposed project.

• Provide water sub-meters for all major water-consuming systems, such as bathroom 
fixtures, hot water heaters, boilers, competition-related equipment, and largescale food 
service equipment.

• Ensure that water meters are clearly labelled, easily accessible and convenient for facilities 
operators.

• Provide monitoring devices that display and record the water consumption data of major 
systems in the building.

• Consider connecting the water meter to the building monitoring system using a pulsed output 
to ensure detection of inefficiencies in water use and consumption.
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FURTHER RESOURCES

Websites:

1. “American Rainwater Catchment Systems Association.” American Rainwater Catchment 
Systems Association, https://www.arcsa.org/. Accessed 3 Sept. 2019.

2. “Colorado WaterWise.” ColoradoWaterWise.Org, http://coloradowaterwise.org/. Accessed 1 
Sept. 2019.

3. Energy Star, U.S. Environmental Protection Agency. “Sub-Metering Energy Use in Colleges 
and Universities: Incentives and Challenges.” Energy Star, 2002, https://www.energystar.gov/
ia/business/higher_ed/Submeter_energy_use.pdf.

4. “Irrigation Association.” Irrigation Association, https://www.irrigation.org/. Accessed 1 Sept. 
2019.

5. “Making A Difference; Saving Tomorrow’s Resources Today.” Universal Utilities, 2019, http://
universalutilities.com/.

6. “Save Water - Helping Australians Save Our Environment.” Save Water, http://www.savewater.
com.au/. Accessed 3 Sept. 2019.

7. “Water Supplies Department.” The Government of the Hong Kong Special Administrative Region 
of the People’s Republic of China, http://www.wsd.gov.hk.

8. “Water-Efficient Gardening and Landscaping.” MU Extension, University of Missouri, https://
extension2.missouri.edu/g6912. Accessed 1 Sept. 2019.

Publications:

1. Brown, R., and A. Palmer. TN 6/2002 - Water Reclamation Guidance: Design and Construction of 
Systems Using Grey Water. BSRIA, 2002.

2. Brown, R., and A. Palmer. TN 7/2002 - Water Reclamation Standard: Laboratory Testing of 
Systems Using Grey Water. BSRIA, 2002.

3. “Conservation of Water.” Water Regulations Advisory Scheme - Information and Guidance Note, 
no. 2, 2005.

4. Conserving Water in Buildings – A Practical Guide. Environment Agency, 2007.

5. Esteve, Y. Villacampa, et al. Sustainable Irrigation Management, Technologies and Policies II. WIT 
Press, 2008.

6. “Irrigation Association.” Irrigation Association, https://www.irrigation.org/. Accessed 1 Sept. 
2019.



GSAS 2019 Design & Build: Assessment & Guidelines Manual for Interiors Page 148

E W M IE MO

GUIDELINES

7. Leggett, D., et al. Rainwater and Greywater Use in Buildings: Best Practice Guidance: C539. 
Construction Industry Research and Information Association, 2001.

8. O’Neill & Siegelbaum, and The RICE Group. Hotel Water Conservation: A Seattle Demonstration. 
Resource Conservation Section, Seattle Public Utilities, 2002.

9. Onsite Wastewater Treatment Systems Manual. Office of Water, U.S. Environmental Protection 
Agency, 2002.

10. Pidou, Marc, et al. “Greywater Recycling: Treatment Options and Applications.” Proceedings 
of the Institution of Civil Engineers - Engineering Sustainability, vol. 160, no. 3, Sept. 2007, pp. 
119–31, doi:10.1680/ensu.2007.160.3.119.

11. Smith, Stephen W. Landscape Irrigation: Design and Management. 1st ed., Wiley, 1996.

12. Submetering of Building Energy and Water Usage: Analysis and Recommendations of the 
Subcommittee on Buildings Technology Research and Development. National Science and 
Technology Council, 2011.

13. The Secretary of State for the Environment, Transport and the Regions, and The Secretary of 
State for Wales. The Water Supply (Water Fittings) Regulations. 1999.

14. TM39: Building Energy Metering. 2nd ed., Chartered Institution of Building Services Engineers 
(CIBSE), 2009.

15. Water-Efficient Landscaping: Preventing Pollution & Using Resources Wisely. US Environmental 
Protection Agency, 2002.

16. WRAS Water Efficiency Sub-Committee. “Reclaimed Water Systems: Information about 
Installing, Modifying or Maintaining Reclaimed Water Systems.” Water Regulations Advisory 
Scheme - Information and Guidance Note, no. 1, Aug. 1999.

1. 
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3.0 MATERIALS

3.1 [M.1] LOCALLY SOURCED MATERIALS

3.1.1  PURPOSE

To maximize the use of local material and reduce the impact of long-distance transportation.

3.1.2  CONTEXT

The concept of a local circular economy in the built environment creates a more sustainable, 
efficient, and resilient economic growth. Procuring goods and services originating from the local 
market helps fuel economic growth and provides opportunities for employment. The construction 
industry contributes significantly to the national economy as it encompasses the utilization 
of versatile supply chain elements including material procurement, workmanship provision, 
manpower supply and the use of resources.

For materials to be considered as locally sourced, loose materials and assembled finished 
products must be available and procured from within the country borders.

3.1.3  GUIDELINES

• Procure locally sourced materials to reduce the transportation distance which will mitigate 
the environmental impacts of transportation.

• Investigate the availability of locally produced products and develop a materials logistic plan 
to identify manufacturers in the local market.

• Develop a procurement program to ensure the availability of materials according to the 
development timeline. These considerations should take place early in the design process to 
assess which locally sourced materials will be most appropriate and feasible in terms of the 
development design and budget.

• Source locally, where available, primary building elements such as aggregate, concrete, 
masonry, sand, and steel since heavier materials require more energy to transport, hence 
they have a greater impact on the environment if sourced from outside the country.

• Consult the tools and guidance section provided by the Waste and Resources Action Programme 
(WRAP) in the United Kingdom for more information on materials logistics planning.
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FURTHER RESOURCES

Websites:

1. “Appropriate Building Methods - A Way of Building with Locally Sourced Materials.” London 
Metropolitan University, https://www.londonmet.ac.uk/news/articles/appropriate-building-
methods---a-way-of-building-with-locally-sourced-materials/. Accessed 8 Sept. 2019.

2. “Construction.” WRAP UK, http://www.wrap.org.uk/category/sector/construction. Accessed 4 
Sept. 2019.

3. “Locally Sources Materials.” Inhabitat, https://inhabitat.com/tag/locally-sourced-materials/. 
Accessed 8 Sept. 2019.

4. “Regional Materials: Benefits and Advantages.” Buildings: Smarter Facility Management, https://
www.buildings.com/article-details/articleid/15165/title/regional-materials-benefits-and-
advantages/viewall/true. Accessed 8 Sept. 2019.

5. “The Benefits of Locally-Sourced Building Materials.” Construction Week Online Middle East, 
https://www.constructionweekonline.com/article-36185-the-benefits-of-locally-sourced-
building-materials. Accessed 8 Sept. 2019.

6. Thomas. “Top 6 Benefits Of Local Sourcing.” Thomas, https://blog.thomasnet.com/top-6-
benefits-of-local-sourcing. Accessed 8 Sept. 2019.

7. “Using Locally Sustainable Materials.” Sustainable Build, http://www.sustainablebuild.co.uk/
locallysustainablematerials.html. Accessed 8 Sept. 2019.

Publications:

1. Adekunle, Timothy, and Timothy ’Seyi Odeyale. “Innovative and Sustainable Local Material in 
Traditional African Architecture –Socio Cultural Dimension.” Structural Analysis of Historic 
Construction, Taylor & Francis Group, 2008, pp. 991–998. doi:10.1201/9781439828229.ch113.

2. Agboyi, Makafui R., et al. “The Impact of Sourcing on the Delivery of Raw Material.” International 
Journal of Advanced Research in Computer Science and Software Engineering, vol. 5, no. 8, 
Aug. 2015.

3. Building Material Selection and Use: An Environmental Guide. WWF Nepal, Hariyo Ban 
Program, 2016.

4. Danso, Humphrey. “Building Houses with Locally Available Materials in Ghana: Benefits and 
Problems.” International Journal of Science and Technology, vol. 2, Feb. 2013, pp. 225–31.

5. Luca, Giovanna Maria Lamberti de. Decision of Using Local Supplier as a CSR Strategy: Drivers 
and Benefits for Large International Companies. Sao Paulo Business Administration School, 
Getúlio Vargas Foundation, 2014, http://bibliotecadigital.fgv.br/dspace/handle/10438/11859.
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6. Onyegiri, Ikechukwu, and Iwuagwu Ben Ugochukwu. “Traditional Building Materials as a 
Sustainable Resource and Material for Low Cost Housing in Nigeria: Advantages , Challenges 
and the Way Forward.” International Journal of Research in Chemical, Metallurgical and Civil 
Engg. (IJRCMCE), vol. 3, no. 2, 2016, pp. 247–52, doi:10.15242/ijrcmce.u0716311.

7. Ugochukwu, Iwuagwu Ben, and M. Iwuagwu Ben Chioma. “Local Building Materials: Affordable 
Strategy for Housing the Urban Poor in Nigeria.” Procedia Engineering, vol. 118, Jan. 2015, pp. 
42–49, doi:10.1016/j.proeng.2015.08.402.

8. Unlocking the Benefits of Local Sourcing for Companies and Society - Final Report. KFW DEG, 
Dec. 2018.

9. Yadav, Prashant, et al. “Local Sourcing and Supplier Development in Global Health: Analysis 
of the Supply Chain Management System’s Local Procurement in 4 Countries.” Global Health: 
Science and Practice, vol. 6, no. 3, Oct. 2018, pp. 574–83, doi:10.9745/GHSP-D-18-00083.
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3.2 [M.2] MATERIALS ECO-LABELING

3.2.1  PURPOSE

To use certified products and materials with enhanced environmental, health and resources 
conservation attributes. 

3.2.2  CONTEXT

Environmental labels or eco-labeling has emerged as a useful tool for the society and offers 
a valuable contribution to the development and implementation of sustainable procurement 
practices. There are several objectives for pursuing eco-labeling including the following:

• Protecting the environment;

• Encouraging environmentally considered innovation and leadership

• Developing consumer awareness of environmental issues.

• Linking eco-labelled materials with life cycle environmental assessment and embodied 
energy.

There are three main types of widely adopted eco-labeling programs, guided by internationally 
recognized standards and each is serving a different purpose and addresses different attributes:

• Single-Attribute Labels

A single-attribute label identifies an individual environmental attribute associated with the 
product. An example of a single attribute label is the representation of recycled content or the 
energy efficiency performance of the product.

• Multi-Attribute Labels

In contrast to single attribute labels, multi-attribute labels/standards represent collective 
characteristics of the product with an aim to set criteria for the range of environmental impacts 
that the product category should tend to minimize or avoid. This is typically done by focusing on 
life cycle environmental impacts of the product categories e.g. energy saving, carbon footprint 
reduction, recycle or reuse of material and impact on the ecosystem and public health. These 
labels are good indicators of the “greenness” of the product category and are awarded when all 
the criteria of the standard are met by the product category.

• Environmental Product Declarations

Environmental Product Declaration (EPD) labels are awarded to a product for declaring its 
environmental impacts over its life cycle. The award of the label requires a thorough life cycle 
assessment study, which helps the comparison of the product with other products in the same 
category in terms of their life cycle environmental footprints. EPD label helps users to compare 
the relevant data among products and make an informed decision.
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3.2.3  GUIDELINES

• Procure eco-labelled materials and products which have enhanced environmental attributes.

• Investigate the availability of eco-labelled materials and products and develop a materials 
logistic plan to identify suppliers and manufacturers.

• Develop a procurement program to ensure the availability of eco-labelled materials and 
products according to the development timeline. These considerations should take place 
early in the design process to assess which eco-labelled materials and products will be most 
appropriate and feasible in terms of the development design and budget.

• Ensure the appropriateness and validity of material and product information and certification.

• Develop a matrix to identify the potential environmental impacts of materials and products 
to inform the decision-making process and specify alternative eco-labelled materials and 
products wherever possible.
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FURTHER RESOURCES

Publications:

1. A Guide to Environmental Labels -for Procurement Practitioners of the United Nations System. 
UNOPS, 2009.

2. Environmental Procurement Practice Guide. Vol. 1, UNDP, 2008.

3. Guidelines on Greening Public Procurement by Using the European Eco-Label Criteria. EU Eco-
label Helpdesk, 2001.

4. Sustainable Procurement: Buying for a Better World - The UN Sustainable Procurement Guide. 
UNEP/UNDP/UNOPS, 2008.

5. Tepper, Philipp, et al. Sustainable Procurement Guidelines for Office IT Equipment. UNEP, 2008. 
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3.3 [M.3] RECYCLED CONTENT OF MATERIALS

3.3.1  PURPOSE

To use products and materials with recycled content.

3.3.2  CONTEXT

The use of materials with recycled content reduces the environmental impact of extracting and 
processing non-renewable and virgin materials. Materials, products, components, fixtures and 
fittings made with recycled content can contain post- or pre-consumer content. Post-consumer 
content is waste that is recycled after the product has been used by a consumer. It may include 
construction or demolition debris such as recycled aggregate, steel and aluminum building 
elements, materials sorted for recycling purposes such as aluminum cans and glass bottles, and 
landscaping waste such as branches and leaves. Pre-consumer waste is raw material that has 
never been used by a consumer such as wood chips and sawdust. Pre-consumer materials are 
often by-products of manufacturing processes that can be recycled and reused.

3.3.3  GUIDELINES

• Procure materials and products with recycled content to reduce the need for the use of virgin 
materials.

• Investigate the availability of materials and products with recycled content and develop a 
materials logistic plan to identify suppliers and manufacturers.

• Develop a procurement program to ensure the availability of materials and products with 
recycled content according to the development timeline. These considerations should take 
place early in the design process to assess which materials and products with recycled 
content will be most appropriate and feasible in terms of the development design and budget.

• Ensure the appropriateness and validity of material and product information and certification 
where applicable.

• Develop a matrix to identify the potential environmental impacts of materials and products 
to inform the decision-making process and specify alternative materials and products with 
recycled content wherever possible.
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• Ensure that the materials and products with recycled content selected for the development are 
of a high quality, have no detrimental environmental impacts, and will not hinder construction 
in any way.

• Use insulation, acoustic wall panels, and ceiling tiles made from materials with recycled 
content as they are widely available. 

• Vinyl Composite Tiles (VCT) are often used for floors in education buildings. An alternative is 
tile made from recycled rubber. When using tile from recycled rubber, check to make sure it 
is not a strong volatile organic compound (VOC) emitter.

• Procure gypsum board which have a minimum of 10% recycled content and 100% recycled 
content paper facing.
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FURTHER RESOURCES

Publications:

1. Anderson, Jane, et al. The Green Guide to Specification. Blackwell Science Ltd, 2002.

2. Construction Site Best Management Practice (BMP) Field Manual and Troubleshooting Guide. 
Department of Transportation, State of California, 2013.

3. Coventry, S., et al. The Reclaimed and Recycled Construction Materials Handbook: C513. 
Construction Industry Research and Information Association, 1999.

4. Field Guide for Sustainable Construction. The Partnership for Achieving Construction Excellence, 
The Pennsylvania State University, 2004.

5. Pollution Prevention by Building Green. Office of Pollution Prevention, Ohio EPA, No. 86 2001.
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3.4 [M.4] MATERIALS REUSE

3.4.1  PURPOSE

To reuse building materials recovered from off-site sources.

3.4.2  CONTEXT

The reuse of salvaged or refurbished materials and products recovered off-site prevents diversion 
of such materials into the waste stream and reduces the environmental impacts associated 
with producing new materials and products. Salvaged materials are those materials taken from 
existing buildings and reused in new buildings and developments. Salvaged materials include 
flooring, paneling, windows, doors and frames, cabinetry, and masonry. They can be purchased 
from suppliers or recovered and relocated directly from an existing building.

3.4.3  GUIDELINES

• Identify salvaged materials and products for reuse to reduce the need for the procurement of 
virgin materials and develop a materials logistic plan to identify suppliers and manufacturers.

• Develop a procurement program to ensure the availability of salvaged materials and products 
for reuse according to the development timeline. These considerations should take place 
early in the design process to assess which salvaged materials and products for reuse will be 
most appropriate and feasible in terms of the development design and budget.

• Ensure the appropriateness and validity of salvaged material and product information where 
possible.

• Develop a matrix to identify the potential environmental impacts of materials and products to 
inform the decision-making process and specify alternative salvaged materials and products 
for reuse wherever possible.

• Ensure that the salvaged materials and products for reuse selected for the development are 
of a high quality, have no detrimental environmental and health impacts, and will not hinder 
construction in any way.
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FURTHER RESOURCES

Publications:

1. Anderson, Jane, et al. The Green Guide to Specification. Blackwell Science Ltd, 2002.

2. Construction Site Best Management Practice (BMP) Field Manual and Troubleshooting Guide. 
Department of Transportation, State of California, 2013.

3. Coventry, S., et al. The Reclaimed and Recycled Construction Materials Handbook: C513. 
Construction Industry Research and Information Association, 1999.

4. Field Guide for Sustainable Construction. The Partnership for Achieving Construction Excellence, 
The Pennsylvania State University, 2004.

5. Fleming, Tim, et al. Guide to Best Practice for Safer Construction: Principles. Cooperative 
Research Centre for Construction Innovation, 2007.

6. National Academies of Sciences, Engineering and Medicine. Guidebook for Construction 
Management Practices for Rural Projects. National Academies Press, 2013. www.nap.edu, 
doi:10.17226/22633.

7. National Code of Practice for the Construction Industry: Towards Best Practice Guidelines. 
Australian Procurement and Construction Council, 1999.

8. Pollution Prevention by Building Green. Office of Pollution Prevention, Ohio EPA, No. 86 2001.

9. Sustainable Construction: Simple Ways to Make It Happen. bre, 2008.
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3.5 [M.7] RESPONSIBLE SOURCING OF MATERIALS

3.5.1 PURPOSE

To use certified responsibly sourced materials.

3.5.2  CONTEXT

Responsible sourcing is a commitment by society to go beyond economic considerations and to 
account for social, ethical and environmental considerations when managing relationships with 
the supply chain of construction materials.

The growing practice of specifying and procuring responsibly sourced materials is promoting the 
conservation of natural resources, reducing the environmental impacts associated with the extraction 
and processing of non-renewable materials in addition to improving social and labor conditions.

In the case of timber, responsible sourcing helps mitigate the over-harvesting of forests that has 
led to the extinction of many tree species and the depletion of wood as a natural resource.

3.5.3  GUIDELINES

• Procure responsibly sourced materials and products which have enhanced environmental 
attributes.

• Investigate the availability of responsibly sourced materials and products and develop a 
materials logistic plan to identify suppliers and manufacturers.

• Develop a procurement program to ensure the availability of responsibly sourced materials 
and products according to the development timeline. These considerations should take place 
early in the design process to assess which responsibly sourced materials and products will 
be most appropriate and feasible in terms of the development design and budget.

• Ensure the appropriateness and validity of material and product information and certification.

• Develop a matrix to identify the potential environmental impacts of materials and products 
to inform the decision-making process and specify alternative responsibly sourced materials 
and products wherever possible.

Timber Products

• Use timber and wood products originated from sustainably managed forests.

• Use timber supplied by companies that hold Forest Stewardship Council (FSC) Chain of 
Custody Certification.

• Use products originated from forest management companies that comply with local 
regulations, demonstrate long–term land tenure and use rights, recognize the rights of 
indigenous people, maintain the ecology and biodiversity of the forest, enhance economic 
viability, and conduct adequate management, planning and monitoring of operations.
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FURTHER RESOURCES

Websites:

1. “Convention on International Trade in Endangered Species of Wild Flora and Fauna.” Cities.Org, 
https://www.cites.org/eng/disc/what.php. Accessed 4 Sept. 2019.

2. “ILO Declaration on Fundamental Principles and Rights at Work and Its Follow-Up.” International 
Labour Organization (ILO), http://www.ilo.org/declaration/thedeclaration/lang--en/index.htm. 
Accessed 4 Sept. 2019.

3. “The Global Conservation Organization.” World Wildlife Federation (WWF), http://wwf.panda.
org/. Accessed 4 Sept. 2019.

4. “Universal Declaration of Human Rights.” United Nations (UN), 6 Oct. 2015, https://www.un.org/
en/universal-declaration-human-rights/index.html.

Publications:

1. Anderson, Jane, et al. The Green Guide to Specification. Blackwell Science Ltd, 2002.

2. Environmental Impact of Building and Construction Materials. CIRIA, 1995.

3. ICC Guide to Responsible Sourcing. International Chamber of Commerce, 2008.

4. International Labour Office. Tripartite Declaration of Principles Concerning Multinational 
Enterprises and Social Policy. 5th ed., International Labour Organization, 2017.

5. ISO 9001:2008 Quality Management Systems - Requirement. International Organization for 
Standardization, 2008.

6. ISO 14001:2004 Environmental Management Systems - Requirements with Guidance for Use. 
International Organization for Standardization, 2004.

7. ISO 26000:2010 Guidance on Social Responsibility. International Organization for Standardization, 
2010.

8. Sourcing Reclaimed Material for Use in FSC Product Groups or FSC Certified Projects. Forest 
Stewardship Council, 2011.
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4.0 INDOOR ENVIRONMENT

4.1 [IE.1] THERMAL COMFORT

4.1.1 PURPOSE

To optimize conditions for a thermally comfortable environment.

4.1.2  CONTEXT

Thermal comfort can be defined as “that condition of mind which expresses satisfaction with the 
thermal environment” (CEN, 2005).

Accumulated research studies on the relationship between temperature and workers performance 
indicate that there is a negative impact on performance due to a warmer temperature of 30°C 
and a cooler temperature of 15°C, as compared to that at a human comfort temperature range 
of 21°C to 23°C. Similarly, work-related fatigue is higher at higher relative humidity (e.g. 70% RH) 
as compared to lower relative humidity (30-40% RH). It is acknowledged that workspaces need 
to be thermally comfortable for occupants to remain productive to their full capacity. Thermal 
comfort is based on the thermal adaptation of the individual occupant which is correlated to 
factors including geographic location and climate, time of year, gender, race, and age.

Thermal comfort of building occupants is dependent upon both environmental conditions and 
personal factors.

Environmental conditions include:

• Ambient temperature (air temperature)

• Radiant temperature (the temperature of the surfaces around the occupants such as walls, 
ceiling, floor and windows)

• Relative humidity (indicative of the amount of water vapor in the air -vapor mixture)

• Air velocity (the rate at which air moves around and touches the skin)

• Personal factors include:

• Metabolic rate (The activity of a person in terms of amount of energy expended)

• Clothing insulation (The type of clothing a person wears to retain or dissipate body heat)

Thermal discomfort generally occurs when the surrounding thermal environment does not 
meet the requirements of the human mind or body. In warmer environments perspiration can 
start, possibly leading to hyperthermia in extreme cases. These responses are reactions to 
uncomfortable environments.
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Provision of means to control parameters of thermal comfort is a key component. When occupants 
can adapt to the thermal environment by adjusting or changing clothing, varying the air speed 
across their bodies or adjusting blinds, then increasing variations in space temperature can be 
tolerated.

4.1.3 GUIDELINES

• Ensure acceptable and uniform distribution of temperature of the air surrounding the 
occupants.

• Ensure uniform mean radiant temperature for an occupant in spaces exposed to external 
climate conditions. Mean radiant temperature is considered to be the spatial average of the 
temperature of surfaces surrounding the occupant such as windows, doors and skylights.

• Ensure acceptable speed of air to which the body is exposed. Careful attention should be paid 
to split units air-conditioning systems, whether wall-mounted or free-standing types, since 
direction and speed of air may cause high level of thermal discomfort.

• Ensure adequate level of humidity at all times through proper operation of active cooling 
system and ventilation system and use of humidifiers/dehumidifiers.

• Ensure that local discomfort is avoided through proper furniture layout and people seating 
arrangements in relation to widows and AC diffusers and grills. Special considerations should 
be given to people with health problems such as sinuses, asthma and allergies.

• Achieve thermal comfort using one of the following methods: active conditioning (mechanical 
HVAC systems), passive conditioning (natural ventilation), or a combination of both active and 
passive conditioning. A hybrid system may be more suitable and effective for developments 
in a hot, dry climate.

• Ensure that the development design includes an efficient and appropriate building envelope 
responsive to climate conditions to help achieve the desired thermal comfort levels.

• Use one of the available HVAC load calculation methods to facilitate the selection of appropriate 
equipment to reach optimal thermal conditions within the building.

• Ensure that the design of the HVAC system capacity for spaces can satisfy the peak cooling 
load so that the thermal comfort of occupants in a space can be guaranteed for the hottest 
hour of the year.

• Provide appropriate control devices to set the optimum thermal conditions to the extent that 
they do not compromise the energy performance of the building. Ensure the HVAC system 
is flexible and can respond to part-load demands to provide optimum thermal conditions to 
minimize energy use.
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• Install automatic control systems for thermal comfort including those dynamic elements that 
have an influence on the thermal environment such as electric window openers and external 
shading devices.

• Design the HVAC system to be flexible and to respond to part-load demands to provide optimal 
thermal conditions while minimizing energy use.

• Conduct building simulations early in the design process to verify the zoning and control 
levels necessary to achieve the desired thermal comfort levels over the entire year and with 
variable occupancy/vacancy.

• Use the Predicted Mean Vote (PMV) or Air Diffusion Performance Index (ADPI) method for the 
assessment of thermal comfort in the design of the development.

Predicted Mean Vote (PMV) method

• The he PMV method evaluates and relates the environmental conditions and personal factors 
by employing a thermal sensation scale to determine overall thermal comfort. The most 
important factors for achieving thermal comfort in buildings that are actively conditioned 
are air temperature and humidity, both of which can be controlled through the design of 
the air conditioning system. PMV calculations may use the assumed design values for other 
secondary factors such as air velocity.

• Consider the mean radiant temperature that can vary due to design decisions such as exterior 
construction materials and the presence of shading devices.

Air Diffusion Performance Index (ADPI) method 

• The ADPI method evaluates the spatial conditions of air temperature and speed to convey 
a single-number means of relating temperatures and velocities in an occupied zone to the 
occupants’ thermal comfort. Higher ADPI values are desirable as they represent a higher 
comfort level.

• Calculate the ADPI of a space to determine the worst case by measuring the temperature and 
air velocities at points throughout the occupied space. These points are defined by ASHRAE as 
being the area six feet high from the floor and one foot away from the walls. The temperature 
and velocity at each measured point are used to calculate an effective draft temperature—a 
draft temperature of 0 is considered thermally neutral. Negative draft temperatures equate 
to cooling sensations, while positive values represent a predicted feeling of warmth. For more 
information, consult the ADPI curves in Chapter 31 of the ASHRAE Handbook of Fundamentals. 
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FURTHER RESOURCES

Websites:

1. Usable Buildings. https://www.usablebuildings.co.uk/. Accessed 4 Sept. 2019.

Publications:

1. ANSI/ASHRAE Standard 55-2004 Thermal Environmental Conditions for Human Occupancy. 
American Society of Heating, Refrigeration, and Air Conditioning Engineers, 2004.

2. ANSI/ASHRAE Standard 62.1-2004 Ventilation for Acceptable Indoor Air Quality. American 
Society of Heating, Refrigeration, and Air Conditioning Engineers, 2004.

3. ASHRAE Handbook: Fundamentals. American Society of Heating, Refrigerating and Air-
Conditioning Engineers, 2009.

4. Bauman, Fred S. “Giving Occupants What They Want: Guidelines for Implementing Personal 
Environmental Control in Your Building.” Berkeley: Center for the Built Environment, University 
of California, 1999, https://escholarship.org/uc/item/55c7r2hz.

5. Boed, Viktor. Controls and Automation for Facilities Managers: Applications Engineering. CRC 
Press, 1998.

6. Brennan, Terry, et al. “Unplanned Airflows & Moisture Problems.” ASHRAE Journal, vol. 44, Nov. 
2002, pp. 44–50.

7. Building Energy and Environmental Modelling - Applications Manual AM11. The Chartered 
Institution of Building Services Engineers, 1998.

8. “Chapter 12: Hotels and Motels.” ENERGY STAR Building Upgrade Manual, U.S. Environmental 
Protection Agency, 2007.

9. Environmental Design - CIBSE Guide A. 6th ed., The Chartered Institution of Building Services 
Engineers, 1999.

10. Harriman, Lew, et al. Humidity Control Design Guide for Commercial And Institutional Buildings. 
American Society of Heating, Refrigerating and Air-Conditioning Engineers, 2001.

11. Harriman, Lewis G., and Joseph Lstiburek. The ASHRAE Guide for Buildings in Hot and Humid 
Climates. 2nd ed., ASHRAE, 2009.

12. Trust Heating Control Technology Guide - CTG 002. The Carbon Trust, 2006.

13. Weather, Solar and Illuminance Data - Guide J. The Chartered Institution of Building Services 
Engineers, 2002, http://encore.lsbu.ac.uk/iii/encore/record/C__Re1000136?lang=eng.
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4.2 [IE.3] MECHANICAL VENTILATION

4.2.1  PURPOSE

To maximize fresh air supplied with efficient mechanical ventilation systems.

4.2.2  CONTEXT

There are two indoor air quality requirements that the room or space must maintain for its 
occupants. The first requirement is the air in the breathing zone should conform to the local health 
standards tolerance for health risk. The second requirement is the supply air and recirculated air 
in the space as perceived by occupants must be fresh and pleasant rather than stale, stuffy and 
possibly irritating.

With prolonged exposure, there are indoor air pollutants that could pose certain health risks to 
human beings. The health risks associated may be comprised of distinct, acute, or long-term 
adverse effects.

It is important to have an efficient and properly functioning air-conditioning and mechanical 
ventilation systems in the building to maintain the desired indoor air quality control. The quality of 
the indoor air systems can greatly impact the occurrence of respiratory diseases, the symptoms of 
allergies and asthma, the transmission of infectious diseases, chemical sensitivity and occupant 
productivity. High-efficiency particulate air filters can significantly reduce the risk of airborne 
pollutants thus reducing infection rates caused by a wide range of airborne pathogens.

Higher indoor CO2 concentration levels due to an inadequate ventilation rate are associated with 
occupants experiencing a tendency to be less satisfied with the indoor air quality as occupants 
report more acute health symptoms for example headache or mucosal irritation. It is argued that 
higher levels of various indoor-generated pollutants that can directly cause such adverse effects 
are associated with higher indoor CO2 concentrations occurring at lower outdoor air ventilation 
rates.

Effective ventilation for buildings ensures that occupant well-being and comfort can be achieved. 
Ventilation rates and air quality levels should meet the minimum compliance requirements of 
the following: ASHRAE Standard 62.1: Ventilation for Acceptable Indoor Air Quality, the equivalent 
CIBSE, or other accepted standard. 
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4.2.3 GUIDELINES

• Design an effective ventilation system that promotes efficient air exchange. The design 
should ensure that the outdoor air delivered to interior spaces will be delivered adequately to 
building occupants.

• Position fresh air intakes away from exhaust vents to minimize recirculation.

• Locate outdoor air intakes away from pollution sources including building exhaust air louvers, 
exhaust outlets from adjacent buildings, cooling towers, loading docks, air exhaust from waste 
facilities, parking garages, transportation stops, smoke discharge openings and dedicated 
exhausts from toilets and kitchens.

• Protect outdoor air intake openings from rainwater, animals and debris with screens and bird 
guards, and specify ventilation lining that will not release contaminants into the air path.

• Utilize a high-efficiency air filtration system to remove particles from the outdoor air before 
being distributed throughout the building.

• Ensure that the final filter in the system has an expected efficiency of higher than 90%.

• Minimize the risk of contamination by encapsulating or removing exposed insulation inside 
ducts, air-handling units and variable-air-volume boxes.

• Consider using positive building pressurization in hot climates to prevent warm and humid 
air from seeping into the building.

• Provide building occupants and users with the ability to individually control ventilation rates 
to ensure thermal comfort and well-being.

• Ensure that the ventilation air paths of mechanical ventilation systems are easily accessible 
for maintenance and servicing.

• Consider the balance between fresh air supply and energy efficiency when specifying and 
designing the ventilation systems.

• Use carbon dioxide sensors in air-conditioned buildings to ensure appropriate ventilation in 
response to varying occupancy levels and uses.
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FURTHER RESOURCES

Publications:

1. ANSI/ASHRAE Standard 55-2004 Thermal Environmental Conditions for Human Occupancy. 
American Society of Heating, Refrigeration, and Air Conditioning Engineers, 2004.

2. ANSI/ASHRAE Standard 62.1-2004 Ventilation for Acceptable Indoor Air Quality. American 
Society of Heating, Refrigeration, and Air Conditioning Engineers, 2004.

3. ANSI/ASHRAE/IES Standard 90.1-2004 - Energy Standard for Buildings Except Low-Rise 
Residential Buildings. American Society of Heating, Refrigerating and Air-Conditioning 
Engineers, 2004.

4. ASTM D6245-1998 Standard Guide for Using Indoor Carbon Dioxide Concentrations to Evaluate 
Indoor Air Quality and Ventilation. American Society for Testing and Materials, 1998.

5. Best Practice in the Specification of Offices - BCO Guide 2005. British Council for Offices, 2005.

6. Building Air Quality: A Guide for Building Owners and Facility Managers - EPA 402-F-91-102. U.S. 
Environmental Protection Agency, 1991.

7. “Chapter 44 - Building Air Intake and Exhaust Design.” HVAC Applications Handbook, American 
Society of Heating, Refrigeration, and Air Conditioning Engineers, 2003.

8. EN-ISO 13790:2008 Energy Performance of Buildings - Calculation of Energy Use for Space 
Heating and Heating. International Organization for Standardization, 2008.

9. Environmental Design - CIBSE Guide A. 6th ed., The Chartered Institution of Building Services 
Engineers, 1999.

10. Harriman, Lewis G., and Joseph Lstiburek. The ASHRAE Guide for Buildings in Hot and Humid 
Climates. 2nd ed., ASHRAE, 2009.

11. Heating, Ventilating, Air Conditioning and Refrigeration - CIBSE Guide B. The Chartered Institution 
of Building Services Engineers, 2005.

12. Minimizing Pollution at Air Intakes - TM21. The Chartered Institution of Building Services 
Engineers, 1999.

13. Office of the Deputy Prime Minister, United Kingdom. Ventilation: Approved Document F. 2006.

14. Trost, Frederick, and Jerry Trost. Heating, Ventilating, and Air Conditioning. Vol. 2, Prentice Hall, 
1998.

  



GSAS 2019 Design & Build: Assessment & Guidelines Manual for Interiors Page 170

GUIDELINES

E W M IE MO

4.3 [IE.4] LIGHTING

4.3.1  PURPOSE

To meet minimum compliance requirements for artificial illumination performance and avoid 
over-lighting of indoor spaces. 

4.3.2  CONTEXT

Interior lighting and illumination is critical to the wellbeing and security of everybody using an 
indoor environment. Poor lighting can influence the health of people at work causing side effects 
like eye fatigue, headache and migraines. It is also connected to ‘Sick Building Syndrome’ in new 
and renovated buildings. Side effects of this include cerebral pains, laziness, crabbiness, poor 
focus and low productivity. 

Aspects that would normally be considered for ensuring high quality of visual performance 
include levels of lighting; uniformity and ratios of illuminance; glare; color and room reflectance; 
energy efficiency; and other special considerations. The illuminance values recommended by 
established standards are valid for normal visual conditions and take into account the following 
factors: psycho-physiological aspects including visual; comfort and well-being; visual task 
requirements; visual ergonomics; practical experience; contribution to functional safety; and 
economic impact. The lighting should be maintained at higher levels when: visual work is critical; 
errors are costly to rectify; accuracy, higher productivity or increased concentration is of great 
importance; task details are of unusually small size or low contrast; the task is undertaken for an 
unusually long time; and the visual capacity of the occupant is below normal.

4.3.3  GUIDELINES

• Design the development lighting systems to ensure adequate illumination levels and light 
quality for the visual comfort and well-being of occupants.

• Reduce the energy required for electrical lighting by incorporating daylighting, considering that 
admitting daylight into a building interior may also increase solar heat gain and consequently 
cooling demand.

• Ensure, by calculation and simulation that the benefits obtained from daylighting will not be 
compromised by a significant increase in cooling system energy use. The quality and quantity 
of daylighting within a building is determined by fenestration design, glazing properties, room 
geometry, interior surface finishes and shadows cast from adjacent buildings.

• Control daylight admission to interior spaces using plants, blinds, shades, light-scattering 
glazing or external architectural shading devices including louvers and baffles.

• Consider the use of atria skylights and clerestories to allow light into interior spaces, especially 
at the core of the building.
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• Provide light levels no less than those recommended in the IESNA Lighting Handbook, or 
equivalent.

• Determine the appropriate light levels for each of the different task-related spaces in the 
proposed building and design the lighting system to meet those requirements. For example, 
tasks that take place in a conference room are considered ‘visual tasks of high contrast and 
large size,’ and would require a horizontal illuminance value of 30 foot-candles according to 
the IESNA standard.

• Avoid over-illumination of entire rooms or spaces by providing individual task or accent 
lighting where higher illumination levels are required.

• Specify energy efficient lighting lamp technologies such as solid-state LED lamps or other 
energy saving fixtures.

• Ensure that lighting systems allow for adjustments by the occupants as necessary to promote 
comfort and maximize visual performance. Lighting controllability is the degree of control an 
individual has to turn lights off and on, adjust brightness and change the direction of light.

• Design lighting controls to the function of each space, number of occupants, usage pattern 
and the level of daylighting within each space.

• Coordinate light fixture layouts with furniture layouts to maximize lighting system efficacy.

• Consider the following important factors when specifying fixtures to improve light quality and 
visual comfort within the building: luminance ratio limits, veiling reflections, reflected glare, 
shadows, color and intensity.

• Minimize illumination intensity and lighting power through the specification and selection of 
energy-efficient lamps and fixtures.

• Use high frequency control gear fittings to minimize discomfort due to the flicker caused by 
luminaires that have a low frequency, for example, older fluorescent luminaries.

• Consider lighting design strategies including light shelves and indirect lighting systems that 
reflect light off the ceiling, providing uniform and ambient lighting conditions. The ceiling 
shape may be designed to more efficiently distribute light from windows or skylights using 
sloped or curved ceiling surfaces. The color, texture, and reflectance of interior finishes in a 
room can also help improve light conditions.
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FURTHER RESOURCES

Websites:

1. “Design Recommendations.” WBDG - Whole Building Design Guide, http://www.wbdg.org/
design/design-recommendations. Accessed 4 Sept. 2019.

2. “Radiance WWW Server.” Lawrence Berkeley National Laboratory, https://floyd.lbl.gov/
radiance/. Accessed 4 Sept. 2019.

Publications:

1. American National Standard Practice For Office Lighting (RP-1-04). Illuminating Engineering 
Society of North America (IESNA), 2004.

2. Ander, Gregg D. Daylighting Performance and Design. 2nd ed., Wiley, 2003.

3. Boed, Viktor. Controls and Automation for Facilities Managers: Applications Engineering. CRC 
Press, 1998.

4. BS 8206-2:2008 Lighting for Buildings: Code of Practice for Daylighting. British Standards 
Institution, 2008.

5. Code for Lighting. Part 2 - Recommendations. Chartered Institution of Building Services 
Engineers (CIBSE), 2002.

6. Football Stadiums: Technical Recommendations and Requirements. Fédération internationale 
de football association (FIFA), 2007.

7. Lighting Guide 7: Office Lighting. The Chartered Institution of Building Services Engineers, 
2005.

8. Lighting Guide 10: Daylighting and Window Design. The Chartered Institution of Building Services 
Engineers, 1999.

9. Rea, Mark S. The IESNA Lighting Handbook. Illuminating Engineering Society of North America 
(IESNA), 2000.

10. Recommended Practice of Daylighting (RP-5-99). Illuminating Engineering Society of North 
America (IESNA), 1999.

11. Steffy, Gary. Architectural Lighting Design. 2nd ed., Wiley, 2002.
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4.4 [IE.5] DAYLIGHT

4.4.1  PURPOSE

To maximize exposure to daylight and reduce the demand for artificial lighting.

4.4.2  CONTEXT

Based on research studies, daylight has been associated with reduced stress, improved 
performance and reduced errors, reduced absenteeism, increased positive attitude, reduced 
fatigue and improved job satisfaction. In addition, daylight provides contact with the outside living 
environment and improves circadian rhythms by affecting melatonin production and regulation. 
Also, windows provide a feeling of closeness to the surrounding environment and atmosphere. 

The average daylight factor is influenced by building form, size and area of windows in relation to 
the room, the light transmittance of the glass, how bright internal surfaces and finishes are, the 
presence of overhangs and other external obstructions which may restrict the amount of daylight 
entering the room. Building geometry and interior space planning should promote, rather than 
preclude, the distribution of daylight. The size and proportion of windows should depend on the 
amount of daylight required, type of view, the size of the internal space, and the position and 
mobility of occupants. When windows are confined to one wall only, it is recommended that the 
total width of the windows range between 25-50% of the length of the wall to offer optimum 
viewing opportunity.

Top lighting is when daylight penetrates a building from above the ceiling plane or is concentrated 
in the roof. Common top lighting strategies include: skylights, courtyards, lightwells and atria. 
Sunlight should be admitted unless it is likely to cause thermal or visual discomfort to the users, 
or deterioration of materials. However, adequate measures should be taken for controlling glare 
while designing to maximize daylight in buildings.

Incorporating strategies for daylighting increases the comfort and well-being of occupants and 
users while reducing the energy consumed by artificial lighting. By integrating daylighting into the 
overall lighting approach of the building a balance can be created between natural and artificial 
lighting.

Daylight can be modulated in a variety of ways, making it an appropriate solution for the different 
spaces within a building. The following outlines a number of these daylighting techniques: 

View Window: A view window is vertical glazing at eye level. While this can be a good source 
of daylight, there is a potential for glare and for “hot spots” created by direct sunlight. Louvers, 
blinds, and shades can help prevent these negative effects.

High Side-lighting/Clerestory with Light Shelves: As with view windows, this technique brings in 
daylight from the side. However, placing the window high on the wall helps to evenly distribute 
the light through the room. The use of a light shelf will also help with light distribution and can 
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help minimize glare. High side- lighting works best in spaces with high ceilings.

Wall Wash/Top-lighting: This technique is achieved by placing a skylight next to a wall. The 
daylight is distributed over the surface of the wall, providing indirect light.

Central Top-lighting: Louvers or baffles should be used to avoid direct sunlight and to evenly 
distribute the light.

Patterned Top-lighting: This technique consists of multiple skylights spread out over a large 
area in a grid. It produces even, low glare illumination which is good for large areas including 
gymnasiums, libraries, and cafeterias. Spacing for the skylight grid should ideally be 1 to 1.5 
times the floor to ceiling height.

Linear Top-lighting: This is a good technique for hallways. It produces a strong linear light that 
can aid with orientation.

Tubular Skylights: These skylights reflect daylight down through tubes. If they are used in a grid 
of proper dimensions, they can provide an even distribution of light. They are good for retrofits 
and useful in areas with deep roof cavities, since they can be designed to fit between the framing 
of a roof.

4.4.3 GUIDELINES

• Determine the lighting needs in the spaces throughout the development and take measures 
to maximize the daylighting potential of the building.

• Develop daylighting strategies considering the building orientation and the design of exterior 
and interior spaces.

• Orientate the development away from obstructing objects and other buildings to capture the 
maximum amount of light.

• Consider design elements, such as atria, courtyards, skylights, and shading devices, to 
harvest and control natural light. Deep-plan buildings can bring daylight in through atria and 
use angled wells and reflective surfaces to bring daylight into the core of the building to 
illuminate lobbies and interior circulation spaces.

• Design indoor recreational spaces, such as pools or fitness rooms, with large expanses of 
glazing and skylights to maximize daylight infiltration.

• Incorporate large window openings in areas of maximum daylight exposure.

• Minimize the depth of rooms and building floor plates to increase the amount of natural light 
entering the space.

• Increase the quantity of natural light by promoting design elements including light shelves, 
light ducts, and other apparatus to capture light.
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• Design the development to balance and control factors such as heat gain and loss, glare, 
visual quality and variations in daylight availability.

• Specify low reflective interior color schemes and materials to balance visual quality and 
quantity.

• Consider the use of sun shades, louvers, operable blinds and draperies and exterior light 
shelves to control and reduce glare.

• Design frit patterns for glazing surfaces and specify glass to reduce solar heat gain while 
allowing natural light into the space.

• Use technology to design and implement integrated daylighting strategies throughout the 
development.

• Consider computer modeling software to simulate daylighting conditions and develop an 
effective strategy for both natural and artificial light throughout the development.

• Consider other technologies such as photo responsive controls to maintain consistent light 
levels and minimize the change in the quality of light from natural to artificial.

• Utilize, where applicable, daylighting to reduce the energy required for electrical lighting, 
being mindful that introducing daylight into building interiors may also increase solar heat 
gain and cooling loads.

• Ensure, when daylighting is utilized for performing specific tasks, that factors impacting the 
quality and quantity of daylighting within the building such as window placement and sizes, 
glazing transmittance, room geometry, interior surface finishes, and shadows cast from 
nearby buildings are taken into consideration.

• Ensure the extent and type of lighting controls relate to the function of each space, the number 
of occupants, the frequency of use, and the level of daylighting within each space.

• Integrate daylighting into the overall lighting approach of the building to provide a balance 
between natural and artificial lighting.

• Locate the maximum number of spaces near daylight through efficient interior space planning 
and configuration.

• Integrate building systems, including artificial lighting with daylighting through control 
systems.

• Sloped ceilings can direct more natural light into a space. Sloping the ceiling away from the 
glazed area will increase the surface brightness of the ceiling itself deeper into a space.

• Design to avoid direct beam daylight on critical visual tasks. Poor visibility and discomfort will 
arise if excessive brightness variations occur in the location of critical visual tasks.
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FURTHER RESOURCES

Publications:

1. Baker, Nick, and Koen Steemers. Daylight Design of Buildings: A Handbook for Architects and 
Engineers. James & James Ltd, 2002.

2. Phillips, Derek. Daylighting: Natural Light in Architecture. Architectural Press, 2004.

3. Rea, Mark S. The IESNA Lighting Handbook. Illuminating Engineering Society of North America 
(IESNA), 2000.

4. Rutes, Walter A., et al. Hotel Design, Planning, and Development. W. W. Norton & Company, 2001.
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4.5 [IE.6] GLARE

4.5.1  PURPOSE

To reduce the level of visual discomfort from direct or reflected glare from sunlight.

4.5.2 CONTEXT

An excessive amount of luminance within the visual field produces glare, which can cause 
discomfort to building occupants. The issue of glare is exacerbated when there are high-contrast 
situations, which typically occur when the illuminance from a window opening is significantly 
higher than the luminance of adjacent surfaces that are dark and of low-reflectance.

All developments should avoid excessive daylight glare, as per CIBSE LG7 & BSEN12464-1 
Standards or equivalent. Particular attention should be given to spaces where occupants use 
visual display terminals (VDT) to prevent glare.

Windows and other openings that permit daylight can produce more severe glare than artificial 
lighting because of the intensity of sunlight. However, appropriate glare control for artificial 
lighting is also important for occupant comfort and the development should specify luminaires 
that meet the glare and illuminance requirements of the IESNA Lighting Handbook, or equivalent.

Refer to IESNA RP-5-99 for further guidelines to reduce glare.

4.5.3 GUIDELINES

• Consider the spatial arrangement of the building and interior spaces to minimize discomfort 
from excessive glare and contrast.

• Manage direct sunlight and reflections from bright external surfaces through windows, 
glazed doors, and skylights by using light shelves, blinds, louvers, fins, shades, tinted glazing 
and light-scattering glazing.

• Provide adequate controls to prevent glare within the building, especially in predominantly 
occupied typical spaces.

• Consider the provision of mechanically operated shading devices with manual override 
capabilities.

• Design for low luminance ratios and appropriate lighting of interior surfaces to maximize 
occupant comfort.

• Ensure the lighting system meets relevant standards in terms of minimum lighting levels, 
light uniformity and glare control. 
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FURTHER RESOURCES

Websites:

1. Bickford, E. Lawrence. “The EyeCare Reports - Computers and Eyestrain.” The EyeCare 
Connection, 19 Jan. 1996, http://www.eyecarecontacts.com/computers_and_eyestrain.html.

Publications:
1. Baker, Nick, and Koen Steemers. Daylight Design of Buildings: A Handbook for Architects and 

Engineers. James & James Ltd, 2002.

2. BS EN 12464-1:2002 Light and Lighting. Lighting of Work Places. Indoor Work Places. British 
Standards Institution, 2002.

3. Core Criteria for High Performance Schools. Vol. 3, Collaborative for High Performance Schools 
(CHPS), 2006, https://chps.net/best-practices-manual.

4. Design for High Performance Schools. Vol. 2, Collaborative for High Performance Schools 
(CHPS), 2006, https://chps.net/best-practices-manual.

5. Lighting Guide 3: The Visual Environment for Display Screen Use. The Chartered Institution of 
Building Services Engineers, 1996.

6. Lighting Guide 7: Office Lighting. The Chartered Institution of Building Services Engineers, 
2005.

7. Lighting Guide 10: Daylighting and Window Design. The Chartered Institution of Building Services 
Engineers, 1999.

8. Phillips, Derek. Daylighting: Natural Light in Architecture. Architectural Press, 2004.

9. Rea, Mark S. The IESNA Lighting Handbook. Illuminating Engineering Society of North America 
(IESNA), 2000.

10. Recommended Practice of Daylighting (RP-5-99). Illuminating Engineering Society of North 
America (IESNA), 1999.

11. Rutes, Walter A., et al. Hotel Design, Planning, and Development. W. W. Norton & Company, 2001.
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4.6 [IE.7] VIEWS

4.6.1 PURPOSE

To maximize exposure to external or internal views.

4.6.2 CONTEXT

A view of the outdoors is important for the comfort and well-being of occupants as it allows the 
eyes to refocus, helps to relieve eye strain and reduces visual fatigue. Unless an activity requires 
the exclusion of daylight, a view out-of-doors should be provided irrespective of its quality. Most 
people prefer a view of a natural scene: trees, grass, plants and open space. All occupants of a 
building should have the opportunity for the refreshment and relaxation afforded by a change of 
scene and focus. Even a limited view to the outside can be valuable. If an external view cannot 
be provided, occupants should have an internal view possessing some of the qualities of a view 
outdoors, for example, into an atrium. For interior zones where no direct daylight is provided 
the indoor nature exposure (INE) that replicates nature including plant-based features, organic 
textures, fish tanks, live or artificial plants, nature photography or art and sounds and aromas can 
be considered potential means of improving health and creating health-promoting environments.

4.6.3 GUIDELINES

• Configure interior spaces, and partitions to maximize views to the surrounding outdoor 
environment and consider alternative indoor views.

• Locate the maximum number of spaces near windows through efficient interior space 
planning and configuration.

• Integrate exposure to outdoor views into the overall design approach of the building and take 
measures to maximize the outdoor views potential of the building.

• Incorporate appropriate window openings in areas of maximum outdoor exposure, where 
feasible.

• Use interior glazing, an open plan configuration, and lower partition heights to maximize 
views to the exterior.

• Where possible, ensure that site obstruction objects are cleared and access to views inside or 
outside the building are made available to occupants.

• Consider arranging the plan such that spaces in frequent use are along the exterior of the 
building, while infrequently used spaces, including restrooms, elevator cores, and storage 
rooms, are contained within the core of the building.

• Consider the use of sunshades, louvers, operable blinds and drapes and exterior light shelves 
to control and reduce glare while providing opportunities for exposure to outdoor views.
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• Consider design elements, such as atria, courtyards, skylights, and shading devices, to harvest 
and control natural light.

• Consider the surrounding environment and provide a view of a landscape or distant buildings 
if possible, to allow occupants to focus on objects rather than solely a view to the sky. 

• Provide sufficient indoor planting in enclosed spaces lacking in natural views. Ensure proper 
housekeeping to control any presence of insects which might result in a negative impact on 
occupants.

• Provide indoor objects to enclosed spaces in the form of organic textures, fish tanks, nature 
photography or art as an alternative to natural views and ensure adequate distribution and 
locations.

• Create an indoor atrium, where feasible, in high traffic zone and provide planting and water 
features to create place of attraction in the workplace.

• Provide an outdoor courtyard, where feasible, with greenery and landscape that can be used 
by occupants for relaxation and break time. 

• Integrate building systems, including artificial lighting with daylighting through control 
systems to provide comfort to occupants.
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FURTHER RESOURCES

Websites:

1. Bickford, E. Lawrence. “The EyeCare Reports - Computers and Eyestrain.” The EyeCare 
Connection, 19 Jan. 1996, http://www.eyecarecontacts.com/computers_and_eyestrain.html.

Publications:

1. Lighting Guide 10: Daylighting and Window Design. The Chartered Institution of Building Services 
Engineers, 1999.
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4.7 [IE.8] ACOUSTICS

4.7.1 PURPOSE

To meet the minimum acoustic performance requirements for indoor environments.

4.7.2 CONTEXT

Good acoustic performance is essential for all building typologies, from open offices to worship 
centers. Some workplaces are exposed to high and unsafe noise levels for the occupants. To 
ensure the design and construction of healthy buildings, acoustics must be considered in the 
design as well as in the operation phases.

Noise within buildings is received from two sources:

• Intrusion from external surroundings.

• Building services.

Typical external noise intrusion sources include traffic noise (road, rail and/or aircraft sources); 
mechanical plant and equipment associated with adjacent buildings and industrial activities 
and local activities such as markets, maintenance, sport and leisure. Building services noise 
includes noise sources such as fans, air-conditioning, motors and pumps etc. The noise can be 
transferred to internal useable spaces by two mechanisms namely; air-borne noise transmission 
and structure-borne noise transmission. Both mechanisms of transmission must be considered 
in buildings by the provision of appropriate sound insulation and structural isolation.

The design should mitigate the effects of external noise sources through the layout of the building, 
location on the site and the location of noise-sensitive spaces within the building plan.

4.7.3 GUIDELINES

• Design the development to meet the minimum requirements for acoustic quality within the 
building to ensure a satisfactory level of acoustic performance. Interior noise levels should be 
maintained and avoid interference with the regular tasks of occupants and users.

• Consider noise generated both outside the building, on the development site or adjacent 
properties and noise generated from services, equipment and activities within the proposed 
building.

• Determine the specific requirements for each space, including privacy levels, sound isolation 
needs and acceptable background noise levels.

• Design for the appropriate acoustic performance levels within each area of the building.

• Use vegetation, earth berms, or other noise barriers on the site as a means of muffling offsite 
noise before it reaches the building.



Page 183GSAS 2019 Design & Build: Assessment & Guidelines Manual for Interiors

GUIDELINES

E W M IE MO

• Specify building components with appropriate sound transmission class (STC) rating, such 
as exterior walls, windows, and doors, to protect interior spaces from harmful noise sources. 
STC is a number rating system used to compare the sound insulation properties of building 
elements including walls, floors, ceilings, windows, and doors. STC ratings are impacted 
by the height of partition walls. For cases where sound isolation and/or privacy levels are 
important, full-height partition construction should be specified.

• Consider using acoustical ceiling tiles and wall panels or spray-on acoustical treatments in 
spaces where additional sound absorption is necessary.

• Provide sufficient noise insulation to mitigate impacts from interior noise sources including 
those generated by plumbing systems, mechanical ventilation systems and air conditioning 
equipment.

• Minimize excessive vibration from services and equipment as per the ISO 2631-2 standard or 
equivalent to mitigate acoustic problems in the building interior.

• Separate noise-generating areas from noise-sensitive spaces within the building.

• Consider the use of soft, sound absorbent materials for interior finishes including walls, floors, 
and ceilings in order to reduce noise levels. A higher sound absorption rate will attenuate noise 
transferred from the exterior or generated within the building and will increase the acoustic 
performance within the building. Acoustical information can be obtained from manufacturers 
to help select the most appropriate and effective materials and components to meet the 
acoustic requirements of the development.

• Consider the floor impact sound level and the performance of sound insulation as related to 
impact noises both heavy and light.
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FURTHER RESOURCES

Publications:

1. ARI 885 Procedure for Estimating Occupied Space Sound Levels in the Application of Air Terminals 
and Air Outlets. Air-Conditioning, and Refrigeration Institute (ARI), 1998.

2. BS 8233:1999 Sound Insulation and Noise Reduction for Buildings. Code of Practice. British 
Standards Institution, 1999.

3. BS EN ISO 140-4:1998 Acoustics - Measurement of Sound Insulation in Buildings and of Building 
Elements - Field Measurements of Airborne Sound Insulation Between Rooms. British Standards 
Institution, 1998.

4. BS EN ISO 717-1:1997 Acoustics. Rating of Sound Insulation in Buildings and of Building Elements. 
Airborne Sound Insulation. British Standards Institution, 1997.

5. BS EN ISO 717-2:1997 Acoustics. Rating of Sound Insulation in Buildings and of Building Elements. 
Impact Sound Insulation. British Standards Institution, 1997.

6. Football Stadiums: Technical Recommendations and Requirements. Fédération internationale 
de football association (FIFA), 2007.

7. ISO 2631-2:1989 Evaluation of Human Exposure to Whole-Body Vibration - Part 2: Continuous 
and Shock-Induced Vibrations in Buildings (1 To 80 Hz). International Organization for 
Standardization, 1989.

8. Office of the Deputy Prime Minister, United Kingdom. Resistance to Sound: Approved Document 
E. 2003.
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4.8 [IE.9] LOW-VOC MATERIALS

4.8.1 PURPOSE

To maximize the use of certified Low Volatile Organic Compound (VOC) materials.

4.8.2 CONTEXT

Many materials used in construction, such as paints, shellacs, insulation, sealants, and other 
materials used especially in finishes, have a VOC content. These materials have chemicals 
additives that readily vaporize (become volatile) at typical compounds have a low evaporating point, 
and typical indoor temperature and pressure conditions. Common VOCs include formaldehyde, 
benzene, flammable alcohols, cleaning solvents, etc. 

VOCs can pose risks to human health and have negative effects on the indoor environment. 
Research shows that high concentrations of VOCs indoors are linked to an increase in allergies, 
asthma and other respiratory diseases, especially affecting children. VOCs also cause discomfort 
to occupants in the form of odor. In contrast, low-VOC materials are formulated to reduce “off-
gassing” of potentially hazardous vapor emissions.

Standards related to the levels of VOC emitted from materials have been developed to support 
the decision-making process towards specifying materials with desirable healthy attributes.

Societal awareness of this problem has increased during the past few years; hence many low- 
VOC building materials have been developed and are now available in the market. For example, 
the performance of low-VOC latex paint has remarkably improved and its quality is equivalent or 
even surpassing the solvent-based paints at matching prices. Other low-VOC building materials 
are increasingly formulated to outperform their more volatile counterparts products such as 
composite-wood systems, coatings and sealants.

To mitigate the impacts of VOC containing materials the construction industry should make 
positive steps towards maximizing the use of low-VOC materials. 

4.8.3 GUIDELINES

• Specify materials that have a zero rate of volatile organic compound (VOC) emissions to 
minimize the health risks associated with indoor air contaminants. Indoor materials to be 
considered are the following: paints, coatings, primers, finishes, stains, sealants, caulking, 
adhesives, carpets, and composite wood products.

• Avoid composite wood and agrifiber products that contain urea-formaldehyde resins. Many 
alternatives to composite wood are available including recycled plastic, salvaged wood, 
oriented strand board (OSB), and certified wood. Bio-composites are also available; however, 
they should not be used in moisture prone areas. Low density fiberboard, a good option for 
tack boards, is made from 100% recycled paper.
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• Specify the smallest amount of adhesive possible. Also, when possible, have boards cut offsite 
in a space with adequate ventilation.

• Use Low-VOC materials for any indoor surfaces, such as flooring, walls, and ceilings and 
those used within wall cavities, above suspended ceilings, and below finished floors.

• Avoid the use of materials that may emit harmful contaminants into the indoor environment 
for indoor furnishings, mechanical system components, and any other systems or components 
within the building.

• Acquire, where possible, the emissions test data from manufacturers for each indoor material 
and finish. Reports should include information on material origin, test methods and results, 
and VOC emission rates.
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FURTHER RESOURCES

Websites:

1. The Carpet and Rug Institute. https://carpet-rug.org/. Accessed 4 Sept. 2019.

Publications:

1. Core Criteria for High Performance Schools. Vol. 3, Collaborative for High Performance Schools 
(CHPS), 2006, https://chps.net/best-practices-manual.

2. Design for High Performance Schools. Vol. 2, Collaborative for High Performance Schools 
(CHPS), 2006, https://chps.net/best-practices-manual.

3. GS-11 Green Seal Standard for Paints, Coatings, Stains and Sealers. Green Seal Inc., 2015.

4. GS-36 Green Seal Standard for Adhesives for Commercial Use. Green Seal Inc., 2013.
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4.9 [IE.10] AIRBORNE CONTAMINANTS  

4.9.1 PURPOSE

To provide measures for the control of potentially hazardous airborne contaminants. 

4.9.2 CONTEXT

The indoor air quality of a building is susceptible to airborne contaminants including hazardous 
particulates and chemical/biological materials, the presence of which, in an uncontrolled manner, 
can present a significant risk to human health and well-being.

Several sources for generating and transferring airborne contaminants are encompassed 
in buildings including, but not limited to, the following: pedestrian traffic into the building can 
introduce contaminants in the form of debris, dirt and dust; air handling units used to exchange 
both return air and outside supply air; building interior finishes allowing for the growth of fungus, 
mold and bacteria, water related systems and equipment including cooling towers and treatment 
systems potentially harboring waterborne bacteria and parasites.

Careful management and considerations must be implemented to mitigate the risks associated 
with these sources of contamination.

4.9.3 GUIDELINES

• Incorporate an entryway system with grilles, grates, or other effective systems to capture 
potentially harmful particles as occupants enter the building.

• Select and design entryway systems with a recessed floor area for collecting debris and 
particles as users enter the building. Systems with a recessed floor area allow for easier 
maintenance and cleaning and are more effective than other systems such as carpeted 
entryways.

• Isolate physically areas that may generate harmful contaminants from the mixing and storage 
of chemicals, such as maintenance and custodial spaces.

• Isolate high-volume copier, fax, and printer operations from other occupied spaces as these 
activities can generate harmful contaminants.

• Separate adjacent spaces from areas with potential contaminants using deck-to-deck 
partitions or sealed gypsum board enclosures.

• Use dedicated exhaust systems in areas containing potential contaminants and utilize 
negative pressurization to prevent contaminants from entering adjacent spaces and the 
building’s main ventilation systems.

• Utilize high-level filtration systems for air handling units that process both return air and 
outside supply air.
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• Select air handling units in part for their capacity to accommodate required filter sizes and 
pressure drops.

• Ensure easy access to air handling units for regular servicing and maintenance.

• Select appropriate interior finishes that possess the capacity to prevent the growth of fungus, 
mold, and bacteria on building surfaces. Indoor materials should resist microbial growth.

• Consider specifying hard surfaces, such as tile and wood flooring rather than carpets, as they 
are easier to maintain and clean.

• Design the building envelope with effective moisture barriers to prevent water from seeping 
into the building and to protect interior materials and finishes.

• Minimize the risk of Legionella through the proper design and location of wet cooling towers 
and building water treatment systems. Legionella bacteria can move into the building through 
outside air intakes and pose a serious health risk to building occupants.
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FURTHER RESOURCES

Websites:

1. “Green Seal; The Mark of Environmental Responsibility.” Green Seal, https://www.greenseal.
org/. Accessed 4 Sept. 2019.

2. US EPA, OCSPP. “Chemicals under the Toxic Substances Control Act (TSCA).” US EPA, 29 Apr. 
2015, https://www.epa.gov/chemicals-under-tsca.

Publications:

1. ANSI/ASHRAE 52.2-1999 Method of Testing General Ventilation Air-Cleaning Devices for Removal 
Efficiency by Particle Size. American Society of Heating, Refrigerating and Air-Conditioning 
Engineers, 1999.

2. ASHRAE 12-2000 Minimizing the Risk of Legionellosis Associated with Building Water Systems. 
American Society of Heating, Refrigerating and Air-Conditioning Engineers, 2000.

3. Bennett, K. M. Efficient Humidification in Buildings - Application Guides. Building Services 
Research and Information Association (BSRIA) Ltd, 1995.

4. Legionnaire’s Disease: Control of Legionella Bacteria in Water Systems: Audit Checklists. Health 
and Safety Executive, 2003.

5. Minimising the Risk of Legionnaires Disease - TM 13. The Chartered Institution of Building 
Services Engineers, 2013.
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5.0 MANAGEMENT & OPERATIONS

5.1 [MO.1] SYSTEMS COMMISSIONING

5.1.1 PURPOSE

To develop and implement a commissioning process that ensures the delivery and performance 
of the systems within the development. 

5.1.2 CONTEXT

Implementing a commissioning plan for the project helps to ensure efficient design, construction, 
calibration, and performance of all building systems as required by code and local building 
regulations. A successful commissioning process is dependent upon many factors including 
proper planning, thorough documentation, effective coordination and communication, and 
strategic implementation.

Building commissioning (Cx) is a process to verify all, or a number of the subsystems for 
electromechanical, plumbing, fire/life safety, building envelope, interior systems, utility plants, 
lighting, wastewater, controls and building security to achieve the project requirements as 
determined by the development owner and the consultant design team. Commissioning is quality-
focused and necessary in construction projects as it ensures that systems are planned, designed, 
installed, tested for future operation and to work to the best of their ability. Commissioning, when 
introduced at the start of the design process, is most effective and is one of the most significant 
factors to ensure long-term success.

The commissioning plan can include the following key commissioning activities:

• Establishment of Commissioning Scope

• Establishment of Commissioning Program

• Establishment of Commissioning Schedules

• Establishment of Testing and Inspection Plans

• Development of Commissioning Specifications

• Determination of Special Testing Needs

• Determination of Operational Staff Training Needs

Commissioning is now a common practice as building owners and developers demand more 
from their investment. The primary objective of the commissioning process is to improve the 
development from design through post construction and occupancy.
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The commissioning authority or commissioning agent (CxA) is often directly contracted to 
the development owner to ensure an unbiased performance of the CxA. The CxA may be an 
employee of the development owner or a subcontractor, architect, engineer, test and balance 
contractor, or other trade contractor for specific trade testing. Best practice recommends that 
the CxA be contracted and maintained throughout the design, construction, and handover of the 
development to identify possible operational, installation, testing, and performance issues before 
they become a potential construction issue. The CxA works closely with the owner, design team, 
principal contractor and sub-contractors and is responsible for leading and managing the project 
commission process working closely in a co-operative work environment focusing on teamwork 
throughout the design, construction and post construction phases.

Typically, the CxA prepares the commissioning specification and commissioning plan during 
the development design phase. The commissioning plan is a live document to outline the 
commissioning processes and expectation based on the Owner Project Requirements (OPR), the 
Basis Of Design (BOD) and the construction documentation including drawings and specifications

5.1.3 GUIDELINES

• Consider introducing a commissioning program at the commencement of the project as 
this can be one of the significant factors for the long-term success in the post-occupancy 
operational phase.

• Appoint a qualified commissioning party to be responsible for leading the commissioning 
process, coordinating with the development team throughout the design and construction 
phases to ensure proper implementation.

• Develop the OPR in conjunction with the project owner and ensure the requirements are 
quantifiable and measurable to verify that the development objectives will be achieved.

• Ensure the commissioning plan covers all major building systems including but not limited to:

- HVAC systems.

- Lighting systems and controls.

- Electrical systems.

- Water-use systems.

- Renewable energy systems.

• Undertake all necessary measures to ensure that all systems are planned, designed, installed, 
tested and operated to work to the best of their ability under projected occupancy loads and 
conditions.
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• Develop a plan to address the coordination between team members of all phases, including 
design, installation, and operation. Coordination between phases is necessary to maintain the 
performance of the building’s systems at the maximum efficiency throughout the life of the 
building.

• Ensure that the commissioning process addresses the performance criteria for each system. 
The appointed party will review the necessary documents, such as design documents, 
submittals, and field-testing reports, to verify that the building systems are properly designed 
and installed to perform efficiently.

• Review and verify that the commissioning requirements have been included within the 
construction documents and development specifications.

• Prepare a commissioning report documenting necessary observations and evidences for the 
outcomes of the commissioning processes and procedures implemented as determined in 
the OPR.
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FURTHER RESOURCES

Websites:

1. “Building Commissioning.” WBDG - Whole Building Design Guide, 12 Nov. 2016, https://www.
wbdg.org/building-commissioning.

Publications:

1. Armstrong, J., and G. T. Machin. CCB Commissioning Code B: Boilers. The Chartered Institution 
of Building Services Engineers, 2002.

2. Burkhead, Carl E. Guidance for the Preparation of Operations Plans. US Environmental Protec-
tion Agency, 1993.

3. Butcher, Ken. CCM Commissioning Code M: Commissioning Management. The Chartered Institu-
tion of Building Services Engineers, 2003.

4. CCL Commissioning Code L: Lighting. The Chartered Institution of Building Services Engineers, 
2003.

5. CCW Commissioning Code W: Water Distribution Systems. The Chartered Institution of Building 
Services Engineers, 2003.

6. Commissioning Air Systems: Application Procedures for Buildings (AG 3/89.3). Building Services 
Research and Information Association (BSRIA) Ltd, 2001.

7. Commissioning of VAV Systems in Buildings (AG 1/91). Building Services Research and Infor-
mation Association (BSRIA) Ltd, 1991.

8. Commissioning Water Systems Application Principles (AG 2/89.3). Building Services Research 
and Information Association (BSRIA) Ltd, 2002.

9. Dicks, Marcus. Commissioning Management: How to Achieve a Fully Functioning Building. Build-
ing Services Research and Information Association (BSRIA) Ltd, 2002.

10. Heinz, John A., and Richard B. Casault. The Building Commissioning Handbook (2nd) Second 
Edition. 2nd ed., Association of Higher Education Facilities Officers, 2004.

11. HVAC & R Technical Requirements for the Commissioning Process - ASHRAE Guidline 1.1-2007. 
American Society of Heating, Refrigerating and Air-Conditioning Engineers, 1996.

12. Installation and Commissioning of Refrigeration Systems - GPG 347. The Carbon Trust, 2003.

13. Measurement, Testing, Adjusting, and Balancing of Building HVAC Systems - ASHRAE Standard 
111-2008. American Society of Heating, Refrigerating and Air-Conditioning Engineers, 2008.

14. Parsloe, C. J. Commissioning Water Systems (BG 2/2010). Building Services Research and In-
formation Association (BSRIA) Ltd, 2010.
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15. Parsloe, C. J., and A. W. Spencer. Commissioning of Pipework Systems: Design Considerations. 
Building Services Research and Information Association (BSRIA) Ltd, 1996.

16. Pennycook, Kevin. CCC Commissioning Code C: Automatic Controls. The Chartered Institution of 
Building Services Engineers, 2001.

17. Pre-Commission Cleaning of Pipework Systems (AG 1/2001). Building Services Research and 
Information Association (BSRIA) Ltd, 2001.

18. Pre-Commission Cleaning of Pipework Systems: Including Advice on Fit-out Works. 2nd ed., 
Building Services Research and Information Association (BSRIA) Ltd, 2004.

19. Teekaram, Arnold, and Anu Palmer. Variable Flow Water Systems: Design, Installation and Com-
missioning Guidance (AG 16/2002). Building Services Research and Information Association 
(BSRIA) Ltd, 2002.

20. The Commissioning Process - ASHRAE Guideline 0-2005. American Society of Heating, Refrig-
erating and Air-Conditioning Engineers, 2007.

21. The HVAC Commissioning Process - ASHRAE Guideline 1-1996. American Society of Heating, 
Refrigerating and Air-Conditioning Engineers, 1996.

22. Welsh, Terry, and Ken Butcher. CCR Commissioning Code R: Refrigerating Systems. The Char-
tered Institution of Building Services Engineers, 2002.

23. Wild, J. Commissioning HVAC Systems: Guidance on the Division of Responsibilities (TM 1/88.1). 
Building Services Research and Information Association (BSRIA) Ltd, 2002.

24. Wilson, J. CCA Commissioning Code A: Air Distribution Systems. The Chartered Institution of 
Building Services Engineers, 1996.
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5.2 [MO.2] WASTE MANAGEMENT

5.2.1  PURPOSE

To provide measures for the implementation of waste management best practice during the 
post-occupancy phase. 

5.2.2  CONTEXT

Solid waste management (SWM) is one of the important health and environmental issues the 
world is currently facing. The primary causes of waste production include an increasing population 
combined with an expanding rate of resource consumption.

Society can opt to reduce the amount of waste taken either to landfill or for incineration by 
adopting a solid waste hierarchy as follows:

• Reduce.

• Reuse.

• Recycle/composting.

• Disposal, when none of the other options are feasible.

Organic waste is material that is biodegradable from plant or an animal sources. Organic 
waste is usually broken down over time by other organisms and is often referred to as wet 
waste. Generally, organic waste comprises vegetable and fruit debris, paper, poultry, fish and 
meat remains and human waste which quickly disintegrate. Organic waste, the main stream 
of waste generated, accounts for 50% to 60% of the municipal solid waste with very little being 
composted. Composting is a practice that can significantly mitigate the health and environmental 
issues associated with waste generation. Organic waste is more biodegradable than inorganic 
materials, and the by-products produced after organic waste has been broken down can be used 
for composting and enriching the soil.

The growth in the industrial-related sector has caused an increase in the generation of hazardous 
waste. This also poses a risk to human health and habitat contamination. Deviation of hazardous 
waste from landfill is essential to avoid such major health and environmental impacts.
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5.2.3 GUIDELINES

Organic waste 

• Develop an organic waste management plan for the collection, storage, composting and/or 
recycling of the various organic waste streams.

• Provide sufficient space for sorting and storage of the various organic waste streams.

• Provide sufficient collection points for organic waste throughout the building, especially near 
concessions and other food service locations where most of the waste is produced.

• Provide collection bins for various waste streams to ensure building users can easily separate 
organic waste.

• Consider specifying self-closing airtight systems in areas containing organic waste to prevent 
risks to human health. These systems could be designed to be operated either automatically 
or manually, depending on user preference and their intended use.

• Allocate a central sorting and storage area for waste materials.

• Ensure that the sorting and storage areas are properly contained and ventilated to avoid 
the dispersion of noxious fumes and odors into occupied spaces of the building, which could 
present a possible health risk or discomfort to building occupants and users.

• Locate the organic waste storage spaces close to a vehicular access to facilitate collection 
and removal.

• Identify off-site facilities where organic waste can be transported. These off-site locations 
can be municipal facilities that handle and distribute large quantities of organic material and 
other smaller facilities that can reuse the material themselves.

• Ensure that all the organic waste material that is generated and collected can be used off-
site.

• Consider using the biomass of generated organic waste as energy. Organic waste generates 
heat as it is broken down and this energy can be harnessed to provide heat and power for the 
building.

• Consider, if feasible, the recycling of kitchen generated cooking grease. This grease is not 
easily disposed of in sewers or landfills and can instead be reused for various processes. For 
example, vegetable-based kitchen grease can be used in biodiesel-run machines, or other 
useful applications.

 



GSAS 2019 Design & Build: Assessment & Guidelines Manual for Interiors Page 198

E W M IE MO

GUIDELINES

Non-organic and non-hazardous waste

• Facilitate the collection of recyclable materials such as glass, plastics, paper, cardboard and 
metals.

• Provide facilities for the collection and storage of recyclable materials generated during the 
operational phase of the development to reduce the amount of waste taken to landfills or for 
incineration.

• Consider the size of equipment and facilities to be used for recycling management, for 
example compactors and wheeled bins, when allocating and designing the collection and 
storage spaces.

• Consider various recycling management equipment and strategies including recycling chutes, 
compactors, balers and individual collection bins located throughout the building to promote 
and encourage recycling activities.

• Ensure that the collection and storage spaces are clearly labeled for recycling, easily 
accessible to occupants and facility operators and situated close to vehicular access to 
facilitate collection and transport.

• Design properly contained and ventilated sorting and storage areas to mitigate the impact on 
the building’s indoor environmental quality in terms of unwanted odors and disruptive noises 
from recyclable materials.

• Ensure that the signage within recycling facilities demarcate the bins for various materials to 
avoid contamination and improper sorting.

• Evaluate possible security measures in cases where recyclable materials may be of a high 
value.

• Ensure the storage capacity will be sufficient for the anticipated amount of recyclable 
materials generated during normal building operations.

• Develop an instruction manual/booklet to educate building occupants and facilities operators 
on appropriate recycling procedures to maximize recycling rates.

Hazardous waste management

• Provide hazardous waste sorting and storage areas in a secure space separate from 
nonhazardous waste and away from any sources of ignition.

• Provide separated storage areas for different types of hazardous waste to avoid adverse 
chemical reactions and potential accidents.
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FURTHER RESOURCES

Websites:

1. “Organic Materials Management - Dept. of Environmental Conservation.” New York State, 
http://www.dec.ny.gov/chemical/8798.html. Accessed 5 Sept. 2019.

Publications:

1. Comprehensive Solid Waste Management Plan. Department of Sanitation, City of New York, 
2006.

2. Diaz, Luis F., et al. Composting and Recycling Municipal Solid Waste. 1st ed., CRC-Press, 1993.

3. Division of Planning and Standards. Best Management Practices for Grass Clipping Manage-
ment. Bureau of Waste Management, Department of Environmental Protection, State of Con-
necticut, 1999.

4. Zaman, Atiq. “Life Cycle Environmental Assessment of Municipal Solid Waste to Energy Tech-
nologies.” International Journal of Environmental Research, vol. 3, 2013, pp. 155–63.
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5.3 [MO.3] FACILITY MANAGEMENT

5.3.1 PURPOSE

To provide measures for the implementation of facility management best practice during the 
post-occupancy phase. 

5.3.2 CONTEXT

The International Facility Management Association (IFMA), defines Facilities Management 
(FM) as a profession that encompasses multiple disciplines to ensure functionality of the built 
environment by integrating people, place, process and technology. It is a process of managing 
and maintaining the facilities, which includes but not limited to office/living complexes, physical 
resources, site and any other electro-mechanical systems and utilities for the welfare of building 
occupants and users.

The benefits of adopting best practice in FM include financial savings related to avoiding costs 
due to ignorance of adequate preventive maintenance and increase in return on investment, 
personnel retention by maintaining a safe, comfortable and pleasant environment and core 
business performance due to well-maintained and uninterrupted business operations.

FM is focused on the efficient and effective delivery of support services and is a vital component 
in the support of an organization to undertake its core business by providing a safe and effective 
environment in which to operate.

The necessary provisions for the implementation of adequate FM in the post-occupancy phase 
include but not limited to: environment health and safety, fire safety, security, maintenance and 
testing, maintenance and cleaning of building fabric and janitorial services.



Page 201GSAS 2019 Design & Build: Assessment & Guidelines Manual for Interiors

E W M IE MO

GUIDELINES

5.3.3 GUIDELINES

• Consider a commitment to GSAS Operations if the level of facilities management services 
cannot be established during the design and construction phases.

• Consider the storage of chemicals and cleaning products associated with janitorial services.

• Provide a secure room if the building typology requires such space.

• Provide easily accessible space of adequate area for general or specific storage.

• Ensure that all fire systems are adequately designed and implemented with required 
provisions for maintenance, inspection and testing.

• Ensure necessary security provisions are implemented for CCTV, access control and general 
building security requirements based on the building typology and operational phase needs.

• Develop the Operations & Maintenance (O&M) manuals for all systems and equipment specific 
to the development.

• Provide adequate provisions to facilitate the works associated with the building fabric 
maintenance which may include all preventative, remedial and upgrade works required for 
the upkeep and improvement of buildings and their components.

• Provide adequate janitorial storage space in terms of area and ventilation. 
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FURTHER RESOURCES

Websites:

1. “Green Purchasing Guide.” UC Santa Cruz, https://financial.ucsc.edu/Pages/Purchasing_
GreenPurchasing.aspx. Accessed 5 Sept. 2019.

2. “Tertiary Education Facilities Management Association.” Tefma.Com, https://www.tefma.com/. 
Accessed 5 Sept. 2019.

Publications:

1. Facility Management Good Practice Guide. Facility Management Association of Australia Ltd, 
2012.

2. Hodges, Christopher P. “A Facility Manager’s Approach to Sustainability.” Journal of Facilities 
Management, vol. 3, Dec. 2005, pp. 312–24, doi:10.1108/14725960510630498.

3. Lewis, Bernard T., and Richard Payant. Facility Manager’s Maintenance Handbook. 2nd ed., Mc-
Graw-Hill Education, 2007.

4. Lowry, Dan. The Complete Guide to Facility Management. CreateSpace Independent Publishing 
Platform, 2017.

5. Roper, Kathy, and Richard Payant. The Facility Management Handbook. 4th ed., AMACOM, 2014.

6. Shah, Sunil. Sustainable Practice for the Facilities Manager. 1st ed., Wiley-Blackwell, 2007.

 



Page 203GSAS 2019 Design & Build: Assessment & Guidelines Manual for Interiors

E W M IE MO

GUIDELINES

5.4 [MO.4] LEAK DETECTION SYSTEMS

5.4.1 PURPOSE

To install leak detection systems for major water supply and refrigerant pipes.

5.4.2  CONTEXT

Owners and managers of office buildings and other commercial properties face many unique 
problems related to undetected water leaks. With most office buildings and spaces being 
unoccupied overnight and on weekends, the potential for catastrophic water damage, high 
insurance claims and reduced revenue is very real.

Water damage is one of the leading causes of insurance claims exceeding, in some cases, 
fire and theft claims combined. However, the latest advancements in water leak sensing and 
shut-off technology can uncover risk for building owners and managers. With air-conditioning 
refrigerants, fire water pipes, pantries, windows, ceiling, etc, the potential leak sources are both 
inside and outside the rooms. Occasionally the leak of water or refrigerant can be dramatic while 
in other instances the leak can be slower and over an extended period of time, often in hidden or 
concealed spaces.

Aside from the adverse environmental effect of water and refrigerant leaks, the provision of 
water and refrigerant leak detection systems help with property (damage) protection and the 
maintenance of critical systems (continuous) operation (e.g. bank datacenter/s). In addition, the 
detection systems should assist the building facility manager and maintenance staff to establish 
a precise location of the leak, ideally within a short time of detection.

Effective leak detection systems must be capable of detecting major leaks which otherwise might 
go undetected, thereby reducing the impact on water consumption and depletion and reducing 
the emission of refrigerants to the atmosphere.

5.4.3 GUIDELINES

• Undertake an assessment for the water and refrigerant networks in the development 
to determine the potential locations for leaks and identify the associated leak detection 
mitigation measures.

• Provide a leak detection system to cover the building(s) and site incoming/outgoing water 
supply lines and specific areas within the building where a major water leak might go 
undetected.

• Provide a refrigerant leak detection system to cover all refrigerant based cooling systems 
containing more than 200g refrigerant charge.
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• Specify systems that offer the advancements in wireless and monitoring technology in 
addition to capabilities that work well within the specific building portfolio being considered

• Consider automated shut-off valves. Automatically shutting off a water valve when a leak is 
detected can be very valuable to building owners if the property does not have 24/7 monitoring 
or the potential water source is close to critical equipment.

• Identify problem areas where wireless leak detection can be of most benefit. Wireless water 
leak sensing ensures any development can be fitted with sensors.

• Consider cloud-based sensors to be placed at sites of potential risk. Cloud technology supports 
the combination of data from all units into a single portal that can be monitored by building 
operators. Additionally, cloud-based management will not be interrupted by power outages.

• Ensure the leak detection systems are BMS connectable.

• Select leak detection systems that are not prone to false alarms.

• Consider the installation the leak detection systems that are capable of signalling an alarm, 
through the BMS to ensure the building facility operators are alerted of the leaks.

• Ensure that the water detection system can detect higher than normal flow rates for longer 
than a pre-set period.

• Consider combining water leak and water sub-metering systems into one system

• Consider, if feasible, the use of a dedicated built-in refrigerant detection system as opposed to 
using a signal generated by refrigerant auxiliary (pressure loss) contacts.

• Consider, if feasible, specifying a system with an automatic isolation and containment of the 
remaining refrigerant facility (auto pump-down) in addition to the leak/no-leak detection 
alarm.

• Ensure both duty and stand-by refrigerant based cooling systems are covered by the 
refrigerant leak detection system. 
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FURTHER RESOURCES

Publications:

1. Department of Water. Guidelines for Water Meter Installation. Government of Western Australia, 
2009.

2. Lahlou, Zacharia M. “Leak Detection and Water Loss Control.” Tech Brief - National Drinking 
Water Clearinghouse, West Virginia University, May 2001.

3. Mays, Larry W. Water Distribution System Handbook. 1st ed., McGraw-Hill Education, 1999.

4. Satterfield, Zane, and Vipin Bhardwaj. “Water Meters.” Tech Brief - National Environmental Ser-
vices Center, West Virginia University, vol. 4, no. 2, 2004.
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5.5 [MO.5] AUTOMATED CONTROL SYSTEM

5.5.1  PURPOSE

To provide automated control system(s) that optimize the operational performance of the facility.

5.5.2 CONTEXT

A building management system (BMS) is a computer-based control system provided in buildings 
to control and monitor the building mechanical and electrical systems, including cooling, lighting, 
irrigation, fire and life safety systems, security systems, etc. The implementation of an automatic 
control system should be customized and based on the specific installed systems in a building to 
create a central interface of data collection and controls systems. The BMS consists of a variety 
of components and can significantly reduce energy consumption and increase occupant comfort 
by integrating and optimizing the performance of multiple systems. A further benefit of the BMS 
is the recorded data available to facility managers. This data is essential for calibration and 
optimization and can alert the facility manager to critical maintenance issues.

BMS systems are now based on open communications protocols and can be WEB enabled thus 
enabling the integration of systems from various third-parties and accessible from anywhere 
around the world.

5.5.3 GUIDELINES

• Use BMS to maximize energy savings in buildings. BMS software nowadays offer a great 
degree of flexibility, for instance, it may allow individual occupants to have desktop control over 
their task lighting (which reduces the need for a heavy general overhead lighting system), or, 
for instance, cooling system set point temperature needs can be adjusted by zone to respond 
to specific zonal heat gains.

• Consider use of a BMS enabled air quality monitoring system to be able to manage airborne 
contaminant levels and purify the air.

• Ensure that the BMS has the capability to control lighting systems as they consume a significant 
amount of energy. The BMS may employ daylight harvesting technologies to manage energy 
usage and occupant comfort levels. With a careful balance of natural and artificial lighting, a 
building can benefit from considerable energy savings and an improvement in spatial quality.

• Install sensors to monitor and automatically adjust lighting levels to favor the usage of 
natural light, and make sure artificial lights have controls to respond to these adjustments. To 
optimize lighting, it is necessary that daylight sensors cover an appropriate area.

• Select appropriate shading systems, such as blinds and louvers, to work with the BMS and 
place sensors in appropriate locations relevant to these systems.



Page 207GSAS 2019 Design & Build: Assessment & Guidelines Manual for Interiors

E W M IE MO

GUIDELINES

• Install, where applicable, multifunction sensors to combine photoelectric light level detection, 
passive infrared levels, and ultrasonic motion detection. These sensors can be customized to 
increase artificial lighting levels based on motion detection or configured to perform different 
tasks based on the time of day.

• Program sensors to switch off or greatly reduce the lighting levels to address only specific 
tasks especially for periods of low occupancy.

• Employ motion detection sensors for ingress and egress paths connected to the BMS to 
provide specific illumination and reduce light pollution and energy consumption.

• Link the BMS to security systems, fire and life safety system and emergency management 
systems (EMS) to alert direct-response authorities in case of emergency situations.

• Consider the adaptability of the BMS, including what equipment can be controlled and how 
easy it is to reprogram the system.
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FURTHER RESOURCES

Websites:

1. “Intelligent Buildings - A Holistic Perspective on Energy Management.” Electrical Review, 2 
Sept. 2009, https://www.electricalreview.co.uk/features/6495-118645.

2. Lonix. https://www.lonix.com/specifications/IBMS_specification.pdf#/. Accessed 5 Sept. 
2019.

Publications:

1. Advanced Energy Design Guide for Small Office Buildings. American Society of Heating, Refrig-
erating and Air-Conditioning Engineers, 2005.

2. Bauman, Fred S. “Giving Occupants What They Want: Guidelines for Implementing Personal 
Environmental Control in Your Building.” Berkeley: Center for the Built Environment, University 
of California, 1999, https://escholarship.org/uc/item/55c7r2hz.

3. Bradshaw, Vaughn. The Building Environment: Active And Passive Control Systems. 3rd ed., Wi-
ley, 2006.

4. Grondzik, Walter T., et al. Mechanical and Electrical Equipment for Buildings. 11th ed., Wiley, 
2009.

5. Snowdon, Jane L. IBM Smarter Energy Management Systems for Intelligent Buildings. IBM Re-
search, 2009.

6. The American Institute of Architects. Architectural Graphic Standards. 12th ed., John Wiley & 
Sons, 2016.
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5.6 [MO.6] TRANSPORTATION SYSTEMS IN BUILDING

5.6.1 PURPOSE

To provide an effective automated means of travel for occupants and users between floors and 
spaces in the development.

5.6.2 CONTEXT

An effective mechanical or automatized transportation in the building is important for occupant’s 
wellbeing, efficiency and productivity. The transportation systems such as elevators or lifts, 
escalators, moving pathways help all building users move horizontally or vertically from one

place to another place in building. The means of transportation in a building change according 
to several factors which need to be considered when selecting any mechanical equipment used

for vertical circulation in buildings, including, but not limited to the shape and size of the building, 
number of people, purpose of building, distribution of occupants and type of occupants e.g. 
children, the elderly or less able-bodied, in addition to traffic behaviour and occupancy loads.

Elevators, installed to cover vertical distance, have the advantage of minimum waiting and 
travel time if smartly designed. They provide desirable speed or acceleration, comfort of travel, 
automatic levelling at destination points and smooth embarkment or disembarkment. Elevators 
are most suitable for safety of privileged class such as older people, pregnant women or disabled 
people. Elevators can be installed in all types of buildings.

Moving walkways and escalators, ideal to cover horizontal or inclined distance in horizontal or 
vertical spaces of buildings, help moving people at good speed on continuous basis. They facilitate 
to adjust the speed of movement as people in hurry can walk or climb stairs faster on escalators 
or walkways. Moving walkways or escalators can be found in buildings such as, airports and 
train/metro stations, shopping centres, and exhibition auditoriums. Moving walkways help moving 
heavy luggage quickly and effectively. One of the unique applications of moving walkways is their 
installation facilitates to channel visitors at museums or zoos safely to pass through venue in a 
certain sequence. The speed of walkway should be designed for safety at exit and entry points 
and therefore should be in the range of 30 to 40 meters/ minute.
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5.6.3 GUIDELINES

• Assess the passenger traffic demand and analyze passenger traffic flows to specify 
appropriate numbers of vertical and horizontal transportation, their type, capacity and speed.

• Assess the building functionality, form and layout arrangements to ensure the incorporation 
of these parameters into the design of the proposed transportation systems.

• Use, if necessary, simulation software to determine the design requirements of the 
transportation systems.

• Ensure the design of the transportation systems follows the recognized codes and standards 
applicable to the region, building typology, uses and user requirements.

• Provide vertical and horizontal transportation to meet the requirements of handling capacity 
and robustness in terms of for example: number of lifts, size, speed, waiting time, response 
time depending on the expected usage and building type.

• Optimize the design of the systems and ensure an adequate zoning arrangement.

• Design elevators to meet the requirements for use by persons with disabilities.

• Ensure proper control and energy management of equipment.

• Consider green elevators control strategies for operations, such as: reducing number of stops 
and selecting effective parking policies.

• Install an energy efficient recovery system in the elevator which is used in emergency 
situations to be able to reach the nearest story and be able to open the door.
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FURTHER RESOURCES

Websites:

1. “Escalators & Moving Walkways: Keeping People Moving in Busy Environments.” Stannah, 
https://www.stannahlifts.co.uk/products/escalators-moving-walkways. Accessed 5 Sept. 
2019.

2. “Escalators and Travelators: What Are Their Advantages in the Modern World?” Conner Pincus 
Group, 30 Apr. 2015, http://www.cpgroup.com.au/escalators-and-travelators-what-are-their-
advantages-in-the-modern-world.php.

Publications:

1. Amuda-Yusuf, Ganiyu, et al. “Role of Building Services Quantity Surveyors in Managing Cost of 
Green Buildings.” Advanced Materials Research, vol. 689, 2013, pp. 71–74.

2. Clarke, David. CIS Vertical Transportation Standard. Engineering & Sustainability Team, The 
University of Sydney, 2015.

3. Electrical & Mechanical Services Department. Guidelines on Energy Efficiency of Lift and Esca-
lator Installations. The Government of the Hong Kong Special Administrative Region, 2007.

4. ISO 25745-1:2012 Energy Performance of Lifts, Escalators and Moving Walks - Part 1: Energy 
Measurement and Verification. International Organization for Standardization, 2012.

5. ISO 25745-2:2015 Energy Performance of Lifts, Escalators and Moving Walks - Part 2: Energy Cal-
culation and Classification for Lifts (Elevators). International Organization for Standardization, 
2015.

6. Peters, Richard D. “Green Lifts?” Proceedings of CIBSE National Conference, The Chartered In-
stitution of Building Services Engineers, 1994.

7. Peters, Richard D. Vertical Transportation Planning in Buildings. Brunel University, 1998.

8. Seeley, Ivor H. Building Maintenance. 2nd ed., Palgrave, 1987.

9. Transportation Systems in Buildings - CIBSE Guide D. The Chartered Institution of Building Ser-
vices Engineers, 2005.
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TERMS AND ABBREVIATIONS

A

ADPI Air Diffusion Performance Index

ADT Average Daily Trips

ASHRAE The American Society of Heating, Refrigerating, and Air-
Conditioning Engineers

B

BOQ Bill of Quantities

C

Carcinogenic Material substances agents with properties known to promote 
cancer.

CDA Conformance to Design Audit

CDA stage The stage of GSAS certification for obtaining the final certificate.

CIBSE Chartered Institution of Building Services Engineers

Criterion level The established level of the assessed criterion for meeting the 
requirement of Level (-1), (0), (1), (2), or (3).

D

Development The real estate development or the site development or the 
building project.

DGI Daylight Glare Index

DNL Day-Night Sound Level

E

Eco-labeling Labeling of products and materials with enhanced environmental, 
health, and resources conservation attributes.

ETS Environmental Tobacco Smoke

G

GORD Gulf Organisation for Research & Development

Green transportation Mode of transportation that does not rely on fossil fuel. 

GSAS Global Sustainability Assessment System
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GSAS commissioning 
plan

In systems commissioning, it means a comprehensive document 
that outlines the commissioning process and the facilities to be 
commissioned.

GSAS-CM GSAS Construction Management

I

IESNA Illuminating Engineering Society of North America

Illuminance The measure of the amount of light received on a surface.

Indicator (X), (Y), and (Z) in the criterion level.

Indicator result The values of (X), (Y), and (Z) indicators.

L

Light trespass Obtrusive light which causes annoyance, discomfort, distraction, or 
a reduction in visibility.

LOC Letter of Conformance

LOC stage The stage of GSAS certification for obtaining the LOC.

M

MDS Material Data Sheet

MEP Mechanical, Electrical, and Plumbing

MEPF Mechanical, Electrical, Plumbing, and Fire Protection

P

PMV Predicted Mean Vote

Project, the The project stakeholders including client, design team and 
consultants.

R

Reflectance The ratio of the amount of light reflected by a surface over the total 
amount of light incident on the surface.

S

Sustainable approach In facility management plan, it means there is a comprehensive 
model followed for strategic planning.

Sustainable parking 
spaces

In eco-parking, it means parking types are designed and built with 
sustainable techniques.  
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Sustainable techniques In eco-parking, it means techniques that mitigate the negative 
impacts of heat island effect, rainwater runoff, and other open 
hardscapes with no shadings

T

TAB Testing, Adjusting and Balancing

T&C Testing and Commissioning

Transmittance The ratio of the amount of light passing through the surface over 
the total amount of light incident on the surface.

U

ULE Upward Light Emission

V

VOC Volatile Organic Compound




