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3.2 Thermal Comfort

The following standards should be met in order to ensure that the building
has adequate thermal comfort:

Table 4 Acceptable Ranges for Thermal Comfort Parameters

Parameters Acceptable range Reference Standard
/ Note

Dry bulb temperature 22.5°Cto 25.5 °C Singapore Standard
(DBT) CP: 13 1999,
Relative humidity < 70 %. Code of practice for
mechanical ventilation
<0.25 m/s. and air conditioning in
buildings, clause 7.3.

Air movement

Mean Radiant MRT-DBT < 2 °C To study the
Temperature (MRT) performance of facade
system

3.3 Illumination

The following standards should be met to ensure that interior occupied
spaces and parking spaces have adequate illumination levels:

Table 5 lllumination Levels for Various Interior Occupied Spaces

Space Type lllumination*
(lux)
Floors & Outdoors 20 10
Driving Aisles 100
Ramps & Corners 100 50
Entrance & Exits 300 50
Circulation areas (corridors and stairs) 150
Lifts 75-150
Enquiry desk 300-750
Working areas (occasional visual tasks performed) 500
Ambient lighting for computer use 300-750
Visual tasks of high contrast or large offices 300
Visual tasks of medium contrast or small offices 500-700
Visual tasks of low contrast or very small offices 750

* based on CP 38:1999, Code of Practice for Artificial Lighting in Buildings.
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3.4 Outside Air Ventilation

The following standards shall be met to ensure that interior occupied spaces
and parking spaces of the building are supplied provided with adequate
fresh air:

Table 6 Outdoor Air Supply Requirements for
Various Interior Occupied Spaces

Type of Occupancy | Outdoor air supply | Reference Standard

(L/s per m? floor

area)
Office space 0.65 CP: 13 1999, Code of
Reception areas 0.95 Practice for Mechanical
(lobby & corridor) Ventilation and Air

Conditioning in Buildings

3.5 Indoor Air Quality

The following standards shall be met to ensure that interior occupied spaces
and parking spaces of the building have adequate indoor air quality:

Table 7 Acceptable Levels for Various Indoor Air Pollutants

Parameter Maximum Concen- Averaging Time*

tration for Specific
Indoor Air Pollutants*

Carbon dioxide 1000 ppm (1800 8 hours

mg/m?)
Carbon monoxide 9 ppm (10 mg/md) Spot measurements
Formaldehyde 0.1 ppm (120 pg/m?) Spot measurements
Ozone 0.05 ppm (100 pg/m3®)  Spot measurements
Suspended Particulate 150 pg/m? Spot measurements
matter
Volatile Organic 3 ppm Spot measurements
Compounds
Bacteria 500 CFU/ m® Spot measurements
Fungi 500 CFU/ m® Spot measurements

(2 cycles)

* based on Guidelines for Good Indoor Air Quality in Office Premises, 1st Edition (1996) and CP: 13 1999, Clause

16
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3.6 Occupants Survey

A survey shall be conducted among the occupants in order to understand
their acceptance level of the indoor environment of the office space. A
sample survey questionnaire is available at this website (http://www.esu.
com.sg/research2.html). The indoor environment should be acceptable to at
least 80% of the occupants for the building to qualify for the Label.
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4.1 Application Procedure

The application package may be downloaded from the ESU website at
www.esu.com.sg. A flow diagram showing the overall application process is
given in Annex 1. The applicant may contact ESU for clarification and further
information.

The applicant may want to do a preliminary benchmarking as mentioned in
section 5.1, to assess their eligibility prior to engaging an ESCO. This may be
done interactively through the web-based benchmarking tool available at
the ESU’s website as cited above.

4.2 Engaging an ESCO

An accredited Energy Service Company (ESCO) will need to be engaged
to evaluate and certify the building’s eligibility and conformance vis-a-vis
Section 2 and 3 of this technical document. The ESCO shall prepare the
necessary documents and reports for submission to ESU for evaluation. ESU
will then notify the applicants on the results of the assessment.

The applicant may engage any of the Accredited ESCOs as listed on the ESU
website: http://www.esu.com.sg/esco/index.html.
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4.3 Costs

A nominal fee will be charged by the ESU for the evaluation of the ESCO’s
report and site visits where necessary to verify certain features and/or
measured values, as well as the administration of the award and the cost of
preparing the plaque and certificate.

ESU has also surveyed the various ESCOs and established an indicative cost
of engaging ESCOs to undertake the measurements, process and submit an
application for the Energy Smart Office label. This results are as shown in
the indicative cost table (Table 8) below:

Table 8 Costs for Engaging an ESCO

Size of Small Medium Large

Building (5000-10000 m?) (10001- (>25000m?)
25000 m?)

Estimated cost $10,000 $20,000 $30,000 -

of engaging an $40,000

ESCO




guidance for escos

guidance for e

5.1 Benchmarking

Building energy efficiency performance benchmarking can help to review
consumption patterns within a building and compare them against the
industry norms.

To ascertain the energy performance benchmark of an office building, in
terms of percentile ranking among the total cohort of office buildings in
Singapore, one may use the benchmarking tool at the website: http://www.
esu.com.sg/smarttool.php. The benchmarking tool is developed by the ESU.
It has been used for the purpose of labelling classification. This interactive
web-based benchmarking may be used to provide an indicative assessment
of an office building for the purpose of labelling under the Energy Smart
Office scheme. However, for detailed assessments, other details may be
required to determine the exact performance ranking of a building.

The benchmarking system developed is based on a comprehensive database
derived from detailed surveys of 104 commercial office buildings and a
detailed systems’ investigation of 16 office buildings in Singapore. The
data has been processed and verified to ensure data’s integrity, accuracy
and normality. Outliers from the independent variables were excluded. The
total building energy consumption has been normalised for the effects of
primary factors such as gross floor area (GFA) and air-conditioned area; and
secondary factors such as building usage, occupancy, ownership, floor area
occupancy rate and so on. This results in a fair and accurate benchmarking
system. The sampling error has been determined to be about 5%. The input
data for the whole building energy use intensity benchmarking includes
GFA, car park area, monthly energy consumption for 1 year, number of
occupants, operating hours and so on.

ESCOs may use ESU’s findings as a basis for more detailed studies to identify
the problematic areas within a building, predict building energy saving
potential and give recommendations of actions to be taken.



5.2 DMeasurement and Verification

ESCOs shall make necessary plans and use calibrated instruments to
measure and verify all the eligibility criteria and performance standards.
Careful planning is required for all measurements to be taken concurrently,
and, as far as possible, measurement works shall be completed within
one week.

These plans should include measurement methodologies that clearly
explain the measurement instruments used, locations of measurement
points, measurement duration and standards being referred to; supporting
documents such as valid calibration certificates, valid laboratory reports,
energy bills and relevant equipment manufacturers’ manuals shall be
furnished in the report. Also, ESCOs shall compile and submit the relevant
documents that verify the buildings to have met the eligibility criteria.

ESCOs shall note the following requirements with respect to performance
measurements:

Table 9 Measurement Requirement For Various Systems
and Performance Standards

Systems / Requirements
Performance
Standards
1 Central air Data logging chillers for about 1 week. The standby
conditioning chillers need not be measured. Number of measurement

points shall be sufficient for detailed analysis of system
components such as cooling tower, condenser pumps
and chillers.

2 Lighting Record the total number of fittings, identify the type of
each fixture including wattage and ballast type. Estimate
energy consumption from the rated power. Estimate the
lighted areas from drawing plans.

3 Mechanical Estimate energy consumption from the rated power.
ventilation Estimate the ventilated areas from drawing plans.
4 Thermal Comfort  The temperature, relative humidity and air movement of

the representative sample space should be measured
during the occupied hours. Reviewing previous indoor air
quality report or testing, adjusting and balancing report is
generally not acceptable as a sole source of information,
but can be used for confirmation.

Observations and recording should be conducted to

see if there are any signs of significant occupant thermal
discomfort such as:

* QOutside fans brought in by occupants;

* Occupant putting on sweaters;

guidance for escos
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Systems /

Performance
Standards

Thermal Comfort
(Con't)

Mean-Radiant
Temperature
(MRT)

lllumination

Outside Air
Ventilation (fresh
air)

Requirements

* Open windows and

» Covered or occupant modified supply air diffusers.

It is advisable to take measurements in occupied areas that
have visible signs of occupant discomfort. If many of the spaces
measured are barely meeting the temperature and humidity
conditions, then more measurements have to be conducted.

All MRT measure ments have to be conducted near the facades
especially at the west-facing fagade during the late afternoon
and at the east-facing fagade during the late moming.

The illumination levels of a representative sample of the
occupied interior spaces as well as associated parking
facilities should be measured. Care must be taken to position
the light meter at the proper height on the work surface

at the task location. Shadowing the meter with body and
reflections off clothing should be avoided. 30 minutes times
should be allowed between the system switch-On and the
first measurement to ensure that the lighting system has
reached a stable condition. lllumination should be checked
both directly under the fixture and between the fixtures.
Areas with occupant supplied task lights de-lamped fixtures
or numerous burned-out lamps should receive additional
scrutiny as areas with visual discomfort.

Deviation from the recommended illumination levels of
roughly 20% is acceptable, given that the lighting design is
frequently tailored to the specific occupants’ needs and task
characteristic of the space.

The volume of outside air required by the space based

on the outside air supply rates specified should be
determined. Once the minimum acceptable volume

of outside air for the space is known, the volume of
outside air entering the supply air fan chamber should

be measured. If this is not feasible due to air handling

unit design or configuration, the percentage of outside

air should be calculated based on the operating
characteristics of the air handling unit using mass balance
equations. A representative sampling of the occupied
spaces should be taken for outside air measurements

or calculation. If a significantly sized space is marginally
meeting the minimum requirements, then more
measurements may be warranted. If there are a significant
number of personal fans, indicating stagnate air, damaged
or occupied-altered HVAC equipments like diffusers or
thermostats, additional measurements are necessary.

In buildings having repetitive occupant and HVAC
configurations, direct measurement of a sampling of air
handling units may be acceptable. However, each air
handling unit should be inspected to determine if they are
operating properly.



Systems /

Performance
Standards

Indoor Air Quality

Requirements

To highlight any deviations from the list as shown below:

* AHU drain pans should be clean and properly sloped
and cooling towers should be cleaned and treated in
accordance with guidelines specified in the Code of
Practice for the control of legionella bacteria in air-
conditioning cooling towers in Singapore (Ministry of
Environment, August 1992).

The fresh air intake should not be placed near the
exhaust, traffic, car park, unloading bays, refuse chutes
or other nearby pollution. Intake should not be located
below ground level or close to evaporative cooling
towers.

Air handling unit rooms should not be used for passage
ways or for storage. Where they open to a source of
contamination, the doors of the room should remain air
tight.

The building should be free of visible signs of
microbiological sources such as mold and mildew. Other
indications like stained ceiling tiles, wet carpets, musty
odour must be noticed.

Combustion sources should be exhausted directly to the
outside and shall be assured of no back draft.

Written preventive maintenance program that includes
monitoring, inspecting and cleaning HVAC components
should be reviewed. The components of HVAC systems
should be inspected and cleaned at least every six
months.

The information from central energy management system
may be used at their discretion upon validation of a
representative sample of air handling units to meet the
standards.

guidance for escos
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ESCOs shall refer to the following table for the minimum number of sampling
point when measuring the environmental parameters:

Table 10 Number of Sampling Points Required for
Measuring Environmental Parameters

Environmental Minimum number of sampling points

Parameters

Small GFA | Medium GFA | Large GFA
5000-10000 | 10001-25000 | >25001
sgm sgm sgm

1 Thermal comfort

DBT 8 16 30

RH 8 16 30

Wind speed 8 16 30

MRT 4 8 12
2  lllumination

lux 8 16 30
3 lAQ

Carbon dioxide 8 16 30

Carbon monoxide 8 16 30

Formaldehyde 8 16 30

Ozone 8 16 30

Suspended 8 16 30

Particulate matter

Total Volatile 8 16 30

Organic

Compounds

Bacteria 8 16 30

Fungi 8 16 30
4 Ventilation 4 8 10

(fresh air)

ESCOs may choose between external laboratory or in-house resources to
measure the indoor air quality, which has some common aspects of the
thermal comfort except for MRT. Careful planning will be required to avoid
double measurement or lapses in measurement.



ESCOs shall conduct the occupants” survey and take heed of the notes as
shown below:

m The minimum number of people surveyed should be around 10% of
total occupancy or 30 whichever is the maximum.

m A walkthrough must be carried out before finalizing the sample
location.

m The sample should be representative of all the floors. In other words, it
should include people from lower floor, middle floor as well as higher
floors.

m The survey should be conducted during the occupied hours and the
people selected should be representative of the building occupants.

In addition, ESCOs shall calculate the normalised Energy Efficiency Index for
the report by using the formula as shown below:

Normalised EEI = (TBEC-DCEC-CPEC)/(GFA-CPA-DCA).

Where,

TBEC = Total building annual energy consumption
DCEC = Data centre energy consumption = 3216 * DCA
CPEC = Car park energy consumption

*GFA = Gross floor area including car park

CPA = car park area (above ground + under ground)
DCA = data centre area

* GFA shall be enlarged in the case of long operating hour tenants/ areas where the
Enlarged area = actual area of long operation x actual operating hours/*normal
operating hours

** Normal operating hours = 55 hrs/week

5.3 Source Energy

The source energy for electricity generation is estimated to be as 2.22 kWh/
kWh based on an overall power generation efficiency of 45%. This ratio is
estimated with consideration to the current situation in the electricity sector
of Singapore. This information will be used for computation of source energy
usage intensity value.

guidance for escos
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5.4 Submission

The report shall be prepared according to the format specified in Annex 2.
The completed documents should be sent to the ESU by post. The applicant
will be notified upon receipt of the application.

notification

Successful applicants will be

a. officially notified within one week of the approval of the application;
and

b. issued a plaque of the Energy Smart Logo for display at a prominent spot
of the building

Unsuccessful applicants will be issued a certificate, which indicates areas for

improvement in order to qualify for the next assessment after three years.
The sample of the certificate is given in Annex 3.

reference me

1. Application guidelines for the assessment and accreditation of energy
service companies (Auditing services), March 2005, Energy Sustainability
Unit, Department of building, National University of Singapore

2. Singapore Standard CP:13 1999, Code of practice for mechanical
ventilation and air conditioning in buildings.

3. Singapore Standard CP 38: 1999, Code of practice for Artificial lighting
in buildings

4. Guidelines for good indoor air quality in office premises, Ministry of
Environment, Singapore.

5. Code of practice for fire regulation in buildings.
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Figure 1 Flow Chart showing the application process
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