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Background
IES partner, Qi Square Pte Ltd, have developed a unique process that they call Virtual Audits (VA)
where an energy analytics software is used to account for the effect of building physics on its energy
performance. As part of the workflow, a calibrated energy model built using the IES ICL suite that
mimics the actual performance of the building needs to be created. For large building portfolios,
virtual audits prove to be economical and efficient in providing cost effective solutions for energy
efficiency to owners and facility managers, as compared to on-site audits and visits. The primary
objective of this article is to highlight a recently completed virtual audits project by the IES team in
collaboration with Qi Square using IES VE as the main simulation tool for multiple branch offices under
the portfolio of a leading bank in Singapore. More information regarding the virtual audit process can
be obtained at Qi Square Singapore’s website: https://www.qisquare.sg/.
Buidings Portfolio
The buildings considered in this project included 15 individual branch offices with approximately
111,000 square meters of net area located throughout Singapore. These branch offices are
categorized as whole buildings (2 buildings are part of a business hub), small office buildings, multiple
office floors of a commercial tower building and small office units (shop houses and mall units). Figure
1 below shows the baseline Energy Usage Intensity (EUI kWh/m2) of these offices as derived from
monthly utility bills available. The range of observed EUIs imply significant variation in system specifics
and operation trends across individual branch offices in this portfolio.

Figure 1 Annual EUI of the Portfolio Buildings.

Data Collection and digital model development in IES-VE
For setting up the energy model in IES VE, specific data pertaining to building systems and its operation
are first collected. Srutinization of available data enables a thorough quality check, which is required
for establishing the basic digital twin for proceeding further with the virtual audit process. The table
below shows data required for every stage of the energy model:

Table 1 Data Requirement for Energy Model
S.No.

Model Tasks

Requirements

1

3 D model

Architectural Drawings (optional: ACMV, lighting, power layouts with
detailed partitioning)

2

Space label

Architectural Drawings (optional: ACMV, lighting, power layouts with
detailed partitioning)

3

Façade and construction set
up

Plans and elevation drawings, material properties of glass and wall, U
values, SHGC, ETTV

4

Space grouping

Architectural Drawings (optional: ACMV, lighting, power layouts with
detailed partitioning)

5

Model inputs

6

Schedule of operation

No. of occupants (furniture layout), Lighting power budget
calculations, input load summary (receptacles, elevators, data center
equipment etc.)
Occupancy profiles, lighting, equipment usage patterns, VAC system
operating schedules

7
8

ACMV grouping
VAC network set up

9

Others

ACMV drawings showing duct layout
Schedule of equipment (e.g. AHU, PAHU, FCU, Chillers) and
components (fans, pumps, VSD, VAVs); optional: detailed load
breakdown summary
Renewables or any energy efficient features

Subsequently, detailed energy models are set up for each of the branch offices by utilizing the
available data. In the case of missing or unavailable data, appropriate assumptions are made as per
design standards (ASHRAE and BCA Green Mark) or project experience from similar buildings in the
region.

Figure 2 VE Models

Model Calibration
The first step of VA process is calibration of the building energy model, where the parameters in the
model are adjusted, albeit iteratively, for bringing its performance within an acceptable margin of
uncertainty with respect to the actual performance of the building. This enables a model which is
representative of the actual building operation to be generated. Normalized Mean Bias Error (NMBE)
and Coefficient of Variation of Root Mean Square Error (CVRMSE) are the two statistical indices that
are widely applied for evaluating the calibrated models. ASHRAE Guideline 14-2014, sets the target
for monthly-based calibrations as within ±5% for NMBE and 15% for CVRMSE.
For this project, monthly electricity consumption data in the form of electricity bills for the periods
between April to September 2019 were available for model calibration of the small office buildings
and small office units. Monthly electricity consumption data for the whole year were available for the
business hub campus and multiple office floors of the commercial tower building and were used for
model calibration. Figure 3 below shows the comparison between measured and simulated energy
consumption between April to September for all the buildings in the portfolio.

Figure 3 Measured and Simulated Electricity Consumption of Individual Buildings.

The calibration accuracies are more than 98% for all the buildings. With individual calibrated models,
an overall “calibrated portfolio” is achieved as shown below in Figure 4:

Figure 4 Measured vs Simulated Electricity Consumption of Entire Portfolio

For the portfolio, NMBE and CVRMSE achieved is 0.98% and 2.46%, respectively.
The annual consolidated energy usage as per individual buildings and building types is depicted below
in Figure 5.

Figure 5 Energy End-Use as per Individual Building and Branch Type.

The maximum percentage of energy in the buildings are due to various equipment that include office
receptacle, data center equipment, power equipment, banking equipment, etc. The energy
consumption due to air conditioning equipment, distribution, exhaust and other ventilation fans and
pumps for chilled water distribution constitute air conditioning and mechanical ventilation (ACMV)
end use. For many buildings and small office units, chilled water is either supplied from a district
cooling distribution network or from the main distribution network of the parent building (like for
many mall units and shop houses). Consequently, only the electricity consumed by air and water
distribution systems are explicitly billed to the corresponding building and reported under ACMV
usage. LED based lighting fixtures are used in the buildings with average efficacy around 120
lumen/Watt. The calibration also included the Photovoltaic (PV) yield from existing rooftop solar PV
panels in the business hub campus. The billed electricity of a particular mall unit includes considerable
electricity consumption from a passenger escalator that provides customer access from the ground
floor level of the mall to the office unit located on the basement level.

Energy Conserving Measures (ECM)
At a high level, ECMs applicable for buildings are categorized as: Retro-commissioning measures (RCx)
and retrofitting (RFx) measures. Retro-commissioning measures involve minimal or no capital
expenditure and are based on operational improvements in the existing system by tweaking system
controls or by improving the operational behaviour of end users. On the other hand, retrofitting
measures involve capital investments that are required for additions or modifications in the existing
systems. Application of any major changes, such as retrofits and control tweaks in an operational
model substantiates the expected impact of changes in the real building with a high degree of
confidence. The calibrated model can act as an operational baseline to analyze the impact of an ECM
on overall performance in terms of annual energy savings.
The energy saving potential of various retrocommissioning and retrofitting measures are analysed by
running annual energy simulations on the calibrated models of each of the branch offices in IES-VE.
Figure 6 below shows the overall contribution of each of the considered ECMs on the reduction of
baseline electricity consumption across the buildings in the portfolio. The target savings for the whole
portfolio is 25%. The results show that the target is achievable, with the total simulated savings after
applying ECMs calculated at 27%.

Figure 6 Overall Savings by Applying Proposed ECMs.

On an individual building level, the energy reduction split between retrocommissioing and retrofitting
measures are shown below in Figure 7. The electricity savings for each building were observed as
ranging between 21-37% as depicted in this figure.

Figure 7 RCx and RFx Savings as per Individual Buildings and Branch Type.

Photovoltaic (PV) potential study
An assessment study of PV potential (both rooftop and building integrated photovoltaic) of the
individual buildings and office sites (that houses mall units and shophouses) was also included in this
project. This was done by visualizing the solar irradiance maps as well determining the PV yield at the
building or site by model simulation. The solar irradiance maps allow visual evaluation of the sun’s
intensity on various building surfaces. The net solar flux on a surface is affected by its orientation and
solar shading characteristics. Based on this evaluation, parameters such as available area and
applicable orientation can be passed on as inputs along with PV type in the IES VE to determine the
annual renewable yield from PV installations. This can be perceived as a PV feasibility study for the
buildings in this portfolio, which allows owners and facility managers to make informed decisions
regarding PV installation investments.

Figure 8 Solar Irradiance Maps.

Based on the qualitative evaluation from the available solar flux at the individual buildings and office
sites as depicted in individual solar irradiance maps, the annual PV yield is estimated. This involved
both the rooftop PV and building integrated organic photovoltaic (OPV) film installations at feasible
building surfaces. Based on this assessment, it is estimated that additional electricity consumption
savings of 19% can be realized through these PV installations.

Conclusions
This article details the application of the Virtual Audit Process developed by Qi Square Singapore on a
whole portfolio level. IES-VE proved to be an invaluable and effective tool for carrying out a Virtual
Audit for a portfolio of buildings in an efficient and economical mode. The whole process involved the
creation of energy models, calibrating these models against basic utility data available, analysing
proposed ECMs and finally estimating the yield from renewables. The project successfully
demonstrated viable solutions to improve energy performance on a portfolio level that provides the
client with the appropriate data and results to make informed decisions for realizing their energy
efficiency goals.

