Digitising Energy Efficiency
through Virtual Audits

Nilesh Y. Jadhav
Founder & CEO
Qi Square Pte Ltd



Our Mission

Energy intelligence to simplify decision making in the built environment

Building Owner/Manager Consultant/Expert Tech Provider
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We help them with faster access to data and technology know-how
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Market problem

How are Energy Audits done today?
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Ouvr Solution: Virtvual Audits

Al- powered Remote Energy Assessment Tool
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Ouvr Solution: Virtvual Audits

Manual Performance Assessment
Heavy Reliance on Expertise

Trial & Error Approach

Limited Stakeholder Engagement

Digital Twin

Augmented Intelligence

A performance assessment tool
to uncover energy efficiency
improvements in buildings

remotely E



Virtual Audits: Value Differentiators

At scale, Accurate Results
across portfolio

in no time ASHRAE Level2 equivalent

IPMVP compliant
2-5 x faster

than on-site audit (Data transparency)

Cost-effective Whole Building

5-10 X cheaper Ho‘istic System-level interaction

of Energy Conservation
Measures for planning

than on-site audit
(no-contact, no travel)




Virtual Audits: Methodology

Physmal Building

Weather and

Geographic datI /
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Meter/Sensor data

Virtual Model (Machine-Learning)

(15t Principles)

Calibrated Digital Twin
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Virtual Audits: Part-I

o : Ener
: Digital Twin gy Implement
Data Collection > Conservation ECMs
U
P Measures (ECMs)
Steps-2 &3
= 1 year of energy = Add weather, GIS, = Simulate ECMs
consumption data occupancy, etc. data = Assess overall impact
= Building details = Create energy model = Retrocomissioning
= Optional short survey * Model calibration = Retrofitting
= Optional sensors = Data analysis = Calculate Financials
placement (Payback, ROI)

=Prioritisation support

T

Constitutes an ASHRAE Level2 Audit

* ASHRAE: American Society of Heating, Refrigeration Engineers E
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Virtual Audits: Part-1l (post implementation)

Implement Verification of

ECMs Savings

Step-5

= Calibrated simulation with
implemented ECMs
= Data Analysis

|
Complies with IPMVP Option-D

verification of energy savings

* IPMVP: International Performance Measurement and Verification Protocol E



I ESS—————
Virtual Audits: Part-lll. Live Analytics rr—

Real-time data analytics tool focused on energy performance improvement

Move from Excel B ———— Custom reports
sheets to cloud I — : and analysis
convenience . - on-the-go




http://live.qi-square.com

Virtual Audits: Live Analytics

Powerful tool for analysis:

Daily Values - December 2017

1. Stack, spline, column, pie charts
2. Dally, monthly, weekly, yearly, period
vViews o
3. Compare each and every parameter
4. Compare multiple sites within a o o 3

property/building/organization
Measure in values, measure in money = =
Notify unexpected energy patterns

after 4 weeks of data gathering (using =
ML based data banding)

o O1

2 4 B 3 10 12 14 16 18 20 22 24 26 23 30

- HDD FOOD -+ Raw Power DE -8 Refrigeration® -+ Submain*



Virtual Audits: Live Analytics e

Find energy saving opportunities on the go..

. Identify patterns on activity maps :
P y ey Actionable

. Analyse alerts identifying unusual energy insights
activity

. Devise saving strategies based on
breakdown graphs

Recommend necessary changes for
decrease energy/cost savings




Customers- 1 Mil. Square Meters Assessed Globally
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Case Study: Virtual Audits

Step-1: Digital Twin Creation: suburban Shopping Mall, Singapore
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3D Virtual Model

= Building data = Multiphysics Dynamic Simulation
= Overall: address, GFA, function * Integrated with Weather Data
= Architectural, Structural: CAD drawings, BIM = Building data integrated

= Mechanical & Electrical: layouts, equipment specs
= Operational data: schedules, profiles

= Energy Consumption data E



Case Study: Virtual Audits

Step-2: Digital Twin Calibration

1,500,000

< 1,000,000
2
~< 500,000 - :

Jan-17 Feb-17 Mar-17 Apr-17 May-17 Jun-17 Jul-17 Aug-17 Sep-17 Oct-17 Nov-17 Dec-17

o

B Simulated = Actual

N

Calibration Metric/Errors Achieved R::::;‘: Rf;“l;l':lid
Normalised Mean Bias Error (MBE)- Overall
Monthly Calibration to
Coefficient of Variation of the Root Mean Square 15 B - well-known ind ustry
Error (CVRMSE)- Overall Monthly standards
NMBE- Overall Hourly +10% 5%
CVRMSE- Overall Hourly 30% 20%

NMBE- Cooling Energy Monthly

CVRMSE- Cooling Energy Monthly
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Case Study: Virtual Audits

Step-3: Energy Breakdown Analysis

Tenants: 55%

Notes:

1. AHUs serving
common and
tenants areas are
powered by
landlord’s o ;
distribution boards fiEpte B i)

Lighting (tenants)
14%

MV (tenants)/

FCUs (tenants)

11

/

Landlord:45%

Water-cooled chiller plant
21%
MV (carpark) 2 \W/m?
2%

MV (staircases)

2
0% 2Wim
MV (M&E)
1% 7 Wim?
- MV (toilets)
0% 2 WII'I‘I2
Lighting
(comr
6 W/m?
————Lighting (staircases§ W/m?
Lifts\\o%
DX systerk 1% 1 W/m? Lighting (outdoor)
(tenants) Escalators 1%
1%

77W/m2 v\ Twm?

Annual Cooling Load Breakdown

Infiltration (sensible)

External: 20% . !

1%

. . Radiation (solar)
Conduction (external windows) 2%

0% Infiltration

(latent)
7% Lighting
18%

Conduction (roofs)
1%

Conduction (external walls)
. 1%
~ -
S~ -
-~

.‘i

Occupant (sensible)
6%

Conduction (internal floors) 3
3%

Equipment
latent
Conduction (internal walls) 4%

0% Equipment

44%
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Case Study: Virtual Audits

Step-3: Energy Demand & Renewables Integration Analysis

*13-May-2017 has a maximum demand of 1,286 kW at 1:00 pm

m Irradiance Image simulated with shading analysis “’SI"”"*"’fed"a”ac"y of 1,200 kW), highestin year 2017
1,400

1,200 kW f»~/'\"\

196 KW Savings of
1,004 kW $19,620 iyr

1,200

1,000

800

kw

600

400

01/Jan - 00-00 to 31/Dec - 23:00 200

KWh/m’
1221813

0
12:00:00 AM 4:00:00 AM 8:00:00 AM 12:00:00 PM 4:00:00 PM 8:00:00 PM

13-May-2017, Saturday

Actual (13-May-2017) Simulated (ECM 1to ECM 12) = Simulated (ECM 1 to ECM 13)

No shading from residential building nearby in the early morning and late
afternoon!

——Simulated (ECM 1 to ECM 14)

Contracted Capacity (Actual)

Contracted Capacity (Proposed)
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Case Study: Virtual Audits

Step-4: Energy Conservation Measures (ECM) Scenarios Simulation/Quantification

10% S 0.7 mil. 4.2 yrs
$1,400,000
[ B R 20% S 2 mil. 3.8 yrs
Bl -$14,765 238533 -$10.389 _m1 $16_789 —
$1,200,000 T 533578 - Savings of 30% S 3.3 mil 4.5 yrs
$544,453 Iyr : * *
-$92,033 W
(# JECM | S2B46T 82109 §T70%6 $5748 0 i
$1,000,000 1 Chillers Optimization 40% $ 5.3 mil. >.7yrs
2 Chillers staging control 9
3 Chiller Plant Optimization 50% $ 8.2 mil. 6.7 yrs
$800,000 4 Chiller Plant Optimization (Demand Based) $212,735
5  Higher temp set point in transitional spaces
$500.000 6  AC system calibration . ]
' 7 DCVinAC areas Energy Conservation Measures are a mix of
8  EE air distributionin AC areas .. . . .
$400,000 2SI EEElRmgicomionbicas a) Retrocomissioning: operational changes
' 10 EE lighting in staircases *Savings include energy TP
1 S cnt o sy, ) Retrofits:nvolve capex
$200,000 128 SEEotideoriighting contracted capacity savings
1 PseseE rom memum demand c) Combination of ECMs can be simulated
reduction ’
0 e.g. Solar PV effect on heat reduction

Actual ECM1 ECM2 ECM3 ECM4 ECM5 ECM6 ECM7 ECM8 ECM8 ECM10 ECM11 ECM12 ECM13 Proposed
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Case Study: Virtual Auditstive Verification

Step-5: Measurement & Verification using actual live data from buildings

[ [F]] M&v - Qisquare

&€ > C Y A& livegi-square.ccom/my_projects/647#savings

= [ Virtual Audits™
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) » Retrofit of Lighting
8 - Savings
See the relevant values and graphs for the whale project life-cycle and provide an execufive summary.

_ 1 - Project Definition
Consumption before and after ECM

Dashboard Data Admin Info

Period Al Tm 1w

2-ECM
Baseline Period ECM

Reporting Period

3 - Baseline Period

g
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a
c
13, 4 - Reporting Period
=
3
=
§ 5 - Routine Adjustments
% . 0 . .
6 - Non-Routing Adjustments
1... 3Mar SMar 7Mar 9Mar 11 Mar 13Mar 15Mar 17 Mar 19 Mar 21 Mar 23 Mar 25 Mar 27 Mar 29 Mar 31 Mar 2 Apr 4 Apr & Apr SApr 10Apr 12Apr 14 Apr 16 Apr 18Apr 20 Apr 22 Apr 24 Apr 26 Apr 28 Apr
i i 7 - Model
6. Mar 13. Mar 20. Mar 27 Mar £ Apr 10. Apr 17. Apr 24 Apr
1 m v
8 - Savings
Baseline Period Reporting Period
1 March 2017 - 27 March 2017 4 April 2017 - 30 April 2017
~ o 9 - Executive Summary
Estimated annualized consumption without ECM: 45 538 92 K\Wh ( 54 368 50 )

A lized actual ption: 31,821.39 kWh ( $2,863.93 )
savings peryear: 16,717.53 kWh ( $1,504.58 )

& Download Report
Payback Period: 1.50 Year



Summary: Singapore Case Studies

-

Client: Large Private Bank
No. of Buildings: 15

Building Type: Mixed-use
Location: Singapore
Assessed GFA: 111,000 Sq.m.

@ings Potential: 28%; $1.2 miL/y

~

Client: Shopping Mall Operator
No. of Buildings: 6

Building Type: Retail

Location: Singapore

Assessed GFA: 310,000 Sqg.m.

@/ings Potential: 32%; $4.7 miI./y

Client: Telecom Provider

No. of Buildings: 2

Building Type: Data Centres
Location: Singapore
Assessed GFA: 86,000 Sqg.m.

kSavings Potential: 27%




Summary: Singapore Case Studies

Client: Technological University
No. of Buildings: 20

Building Type: Diverse
Location: Singapore

Assessed GFA: 250,000 Sqg.m.

@ings Potential: 35% /

Client: Shopping Mall Operator
No. of Buildings: 6

Building Type: Retail

Location: Singapore

Assessed GFA: 310,000 Sq.m.

@/ings Potential: 32%; $4.7 miI./y

Client: Telecom Provider

No. of Buildings: 2

Building Type: Data Centres
Location: Singapore
Assessed GFA: 86,000 Sqg.m.

kSavings Potential: 27%




Summary: Global Case Studies

Client: Hotel Group

No. of Buildings: 2

Building Type: Hotel
Location: Dubai, UAE
Assessed GFA: 22,500 Sg.m.

Qvings Potential: 30%; $175,000/j

USA

Solar PV Potential

Client: Certification Consultant

No. of Buildings: 1

Building Type: Office Plaza
Location: Georgia, USA
Assessed GFA: 52,000 Sq.m.

@
=

Client: Engineering Consultant
No. of Buildings: 10

Building Type: Residential
Location: Netherlands

Assessed GFA: 2,400 Sqg.m.

\Savings Potential: 30%; szgo,oo/y

kSavings Potential: 35%
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Digital Buildings. Sustainable Future

D .
Qi Square Pte Ltd

Co. Reg. No./UEN: 201716434E
1 Raffles Place #44-01A One Raffles Place, Singapore 048616

www.gisquare.sg

Nilesh Jadhav

nilesh@qisquare.sg
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