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The future of Smart Buildings
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Figure 1: Data inputs and key capabilities of EMIS
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The future of Smart Buildings

Intelligent Building Analytics Platform

s

Adaptive
Energy
Modelling:

- Automatically
learns the building’s
thermal
characteristics and
energy requirements
- Adapts to changes
in space usage or the
building envelope
over time.

s

Forecast
Energy Use:

- Incorporates
weather forecasts,
utility data and
proprietary
algorithms

- create an optimal
forecast for the
building’s energy
usage, cost and
tenant comfort.

\/~

Optimized
BMS
Management:

-Continuously
optimize operations
based on current and
predicted conditions
sending command
changes

- Supply air
temperature and
Supply air static
pressure as well as
Zone air temperature

Variable

Parameters:
Operators can set key
parameters to
influence the
optimization process
depending on their
priorities for reducing
energy, cost or
increasing comfort
performance (or any
combination
thereof).

i €
o

Reports and
Dashboard:

All historical and
management
information is made
readily available
along with event
reporting.
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Automated System Optimization (ASO)

« HVAC

 Indoor air-quality monitoring

« HVAC predictive maintenance

« Indoor temperature optimization

« Outdoor environmental monitoring
« Operational optimization

Energy consumption optimization
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Smart Portfolio Management & Monitoring Solution
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I0T 7 Layer
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= 4D

Q
% Layer 7 - Transformational decision i Urban Design
‘ 3 People & Process making based on “Thing" Apps & Data | & Landscape
i |
‘B SR Layer 6 — Custom Apps built using
;3 Applications “Thing" data
i Layer 5 — Reporting, Mining, Machine
= Learning i
(=]
2 :
(Vv Layer 4 - Big Data, Harvest & storage of ;
“Thing" data '
o !
g Layer 3 - Cloud infrastructure (public,
o private, hybrid, managed)
! Layer 2 - Communications, Protocols,
o | Networks, M2M, Wifi, Telecom, HW Kits {
o | :
w H '

Layer 1 - Devices, sensors, controllers,
etc.
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Indoor Air Quality
Comfort

&
Welbeing
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Airborne Viruses Transmission m

Urban Design
Close contact & Landscape

Airborne 0,5 \ Susceptible
Infected viruses %
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For the Airborne Transmission Mode: Where particles will typically have dimensions less than 10 ym, decreasing the
concentration of these particles can be achieved by diluting them with fresh air provided by the ventilation process
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Air Quality Index AQlI

AQI Basics for Ozone and Particle Pollution Urban Design
& Landscape

Air Quality Index
Levels of Health
Concern

Numerical
Value

Air quality is acceptable; however, for some pollutants there may be a
Moderate 51 to 100 moderate health concern for a very small number of people who are
unusually sensitive to air pollution.

Unhealthy for 101 to 150 Members of sensitive groups may experience health effects. The
general public is not likely to be affected.

Everyone may bagin to axperlence health effacts; members of sensitive
nhealthy groups may experience more serious health effects.

Very Unhealthy Health alert: everyone may experience more serious health effects.

Health wamings of emergency conditions. The entire population is
more likely to be affected.
Five major pollutants

EPA establishes an AQI for five major air pollutants regulated by the Clean Air Act. Each of these pollutant
a national air quality standard set by EPA to protect public health:
« ground-level ozone 03
- particle pollution (also known as particulate matter, including PM2.5 and PM10)
« carbon monoxide (CO)
Organized by + sulfur dioxide (S02)
« nitrogen dioxide (NO2) #BIGSEXHIBITION
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Urban Design

CO2 Exposure time & effect on health & Landscops
Time Weighted Average exposure
Limit <8 Hours

Adverse health effects expected

General drowsiness

Complaints of stiffness and
odors

Acceptable level

®® BB

Healthy, normal outside level
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Safe/ Healthy Building Management m;? [T

Safe Building Management System %rtg:&giag

It's a custom loT application comes as a fast response to the
current situation of the COVID 19 outbreak and the importance

of social distancing and air quality management which have an
important role in putting this viral infection into control

Insights Data Collection
- . - _ Existing Sensor and Systems
< HVAC system Operations reset Real Tlme'Alr_Quallty - /—f—”\
< a Monitoring _ Adding new Sensor to Spaces / \|
_ Alarms Notification % \
< c \
< 3
> Visualization and User Interface 8 1
8 Real Time Occupanc _ Entrance Counting Sensor
> Reporting R . Y -
€ Monitoring _ Access System
To Keep Customer and Employee Safe and within Regulations
Organized by
d ‘ #BIGSEXHIBITION
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HE_BI

To Ensure that the Air Quality and Occupancy Level within safe Limits S ban esian

To Slow the Spread of COVID-19 &Viruses/ Bacteria m;? 5
@& co2 0 PM25 PMI0O CO SOz NO= AQl  Qccupancy Level

AR

N\AX\MUM
20 Persons

. 120

Unhealthy for sensitive groups

M P .-

PHARMACY
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Application Case

Urban Design
& Landscape

Dashboard

Air Quality 050

™ . 51900

101-150

Occupancy Today Occupancy 1200
= §

65% /./'“"" o 201-300

, 301-500

Main Buiding Main Buiding

Ocupancy / Week Floor Occupancy Floor Occupancy

Main Building Main Building GF ~ Sth Floor Main Building 6th Floor ~ 11th Floor

Sunday

Monday Fith Floor [ cox) eleventh Floor

——
Fourth Floor tenth Floor

Tuesday

Wednesday

Second Floor eighth Floor

Thursday

FirstFloor seventh Floor

60%,
80%,
90%
85%j

o
)

Friday Ground Floor sixth Floor

N
Saturday
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Active
Workspace
Management
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Active Workspace Management m] r,
4

Urban Design
& Landscape

A I O [

Occupancy Infrared i Temp. Audio
(PIR + Audio) Temp. Humidity P Output
AL ~ A
™ =0)¢ @, \/3 “\/\/“ T
) ocean
Light Light ) i Audio
Color Level LED Ring Wireless Wireless  Signatures '™ Blaster,
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Urban Design
& Landscape

Active Workspace Management @Q r>
~/

Temperature - local and Occupancy detection - * Full BLE communications

occupant height. IR and algorithm uses PIR available - integrate with

air temperature sensors. motion, audio, and IR iOS and Android easily
sensors

‘ Humidity - Relative Audio out - customize \ Dual ethernet ports -
humidity at ceiling and sounds play through R supports BACnet, MQTT,

also at occupant height integrated speaker b v and REST-interfaces

EnOcean radio supports
connectivity to self-

/

S\

\

\
/

e — Lightintensity, RGB IR interface - control
components, and colour AV and other ocean’

E temperature all reported equipment directly
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Active Workspace Management

Mm Occupancy ﬂ IR | Thermistors
» PIR | Audio | IR

enocean S
@ : IR Blaster

SR : Humidity
-(C )- Light Color O3
= = N Light Intensity

(S

Bluetooth
Beacon

Audio Level
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Active Workspace Management m r)
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APM 4.0: ASSET PERFORMANCE MANAGEMENT
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APM 4.0: ASSET PERFORMANCE MANAGEMENT  §3) 6§

Jraciiies QL

APM APM
Asset Performance
Management
_ or/ 1T g o

>

\ ~ Safety, Environment, Cost,
|l@l| Technology Performance, Condition Connected
person
Connected
asset

IT

oT
@,} Operational Information
B Technology Technology
]
(=]

/ — OT/IT
N Lo
— Technolo @ d \C=5o :]
9y 5 o°
Sensor Edge Networking Industrial Internet Analytics AM Mobile & AR

& power of Things (lloT)
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APM 4.0: ASSET PERFORMANCE MANAGEMENT

Use Operational Architecture to Execute

APM APM
Asset Performance
oT/ IT Management

‘/ /

\ Safety, Environment, Cost,
— APM
/ — ot/

\ — Tedl

Technology Performance, Condition

oT IT
@,} Operational Information
Technology Technology

m —_—
- OB 2 & @A D
i " Analytics EAM Mobile & AR
& power of Things

G G
— APM i) P=S
- a5 — —
—oum = & 2y gffn B E‘
-« Connected == & E%" fansl @ 2] connested
Technoogy Tt e e e e W uemam  POTSOD
e
e e oo it b G et i
,. = - T o
& strage hnnd ‘management ‘execuion
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APM 4.0: ASSET PERFORMANCE MANAGEMENT  §&) b‘;

THE BI
Use Operational Architecture to Execute Management

OPERATIONAL
ARCHITECTURE

heud Next-Gen
s ms
ﬁ m

oT IT

Machinery Storage systems
i and assets Computing tech Smart Connected Operations - lloT Enabled
e — Dy
Monitoring systems Business applications

@ Smart Connected Assets -

lloT Enabled Sensors, instrumentation, Controls,
Aszets, and Materials

Organized b ;"i_f_i_ ‘.-";:
T L/ #BIGSEXHIBITION |
dmg events m | www.thebig5.ae "|
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THE BI

APM 4.0: ASSET PERFORMANCE MANAGEMENT  §&) E;

REDEFINING ASSET LIFECYCLE FOR Management

INDUSTRY 4.0
Centric

MRO In'.'sntnry AR/VR Based
Ophmuatm Training

Predictive/
Stores & Inventory Prescriptive
Management Analytics

RCM Packages
Mobile & Tools ~
Field Service Corrosion \ (RCA, FMEA, etc) /

Analysm
Anal'grsts

Advanced
Calibration CBM Tools Machine
Diagnostics
Machine Historians/
Cantric Data Acquisition Anal'grsls

“With MX functionality
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APM 4.0: ASSET PERFORMANCE MANAGEMENT ~ §3) &5

Facilities

Industry 4.0 Demands a New Approach to Management '
Asset Performance Management

APM 4.0

;i APM 3.0 Industry 4.0,

E Smart Connected Assets
< APM 2.0 and services,

= . inti i

g Instrumentation, prESCI‘:.II.".:II\‘li anal_ﬂlt:s,
8 APM 1.0 _ real-time data, machine learning,

= . Transactional RCM, CBM, lloT platforms,

2 Paper-based [:Msl!?lsstﬁmisim predictive Digital Twin,

w;:;ms time-based maintenance best practices
maintenance

processes /\
Pre-APM Age of Computing APM Defined Digital Transformation Age /\
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Prescriptive Analytics EQ THE| Bla

Urban Design
& Landscape

BIG DATA ANALYTICS FRAMBWORK

DESCRIPTIV DIAGNOSTICR PREDICTIVE PRESCRIPTIVE

What Why it What will What action
happened happened happen to take

~ 0w %
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Machine Learning @ r
Q THEBIG

Urban Design
& Landscape

NBW EXAMPLE: Discover previously
+ ANSWERS :  unknown relationships between
to :  certain materials, assets, produc-

NEW QUESTIONS : tion schedules, plants, and workers.

MACHINE LEARNING
ANALYTICS
Al\%&VERS EXAMPLE: Predict asset failures
+ . - based on sensor data like vibration,
NEW QUESTIONS corrosion, flow, temperature.
MACHINE LEARNING '
ANALYTICS
Organized by " . J:""
d t #BIGSEXHIBITION
mg events f www.thebig5.ae |



Urban Design
& Landscape

r

Remote Monitoring and Monitoring Based Commissioning
(MBCx)

&
Condition Based Maintenance
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EFs Checklist

. [

Urban Design
& Landscape

EF_1A EF_1B EF_2A EF_2B EF_4A EF_4B EF_5A EF_5B EF_6
Confirm Proper Operation of Hardware

Abnormal data v v v v v v v v v
Missing data v v v v v v v v v
Failed sensors v v v v v v v v v
Measure not meeting Command v v v v v v v v v
Confirm Proper Sequence of Operations

For each pair 1 EF must be ON at a point in time v v v v v v v

Organized by
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Fault 10 r
i Q THE Bl

. G
Evaporator Outlet Sensor Temperature is constant at 42 F "
Urban Design
& Landscape
mean std min 25% 50% 75% max Threshold Fuzzy Fault %
Chiller_01 42.18 0.3 40.1 42.05 42.2 42.3 45.35 42 +/-2 0
Chiller_02 42 0.46 38.7 41.85 42.05 42.25 49.75 42 +/-2 0
Chillerl
a5 —— LEAVING CHW TEMP
44
43
42
41
48
s K¢l E:xd al L g a2
_@1\.’3‘) _!91_\.'0‘) _@1\.’6) _@1\.’3‘) _LB-L\.‘Q‘) _@1\.’6) 5 _@1\.’3‘) N
DateTime US/Pacific
Chillerz
8 —— LEAVING CHW TEMP
48
46
" L
42
. 40
Organized by
o X > o » ' #BIG5EXHIBITION
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Fault 9

Evaporator Outlet Sensor Temperature should remain higher than 37 F otherwise the chiller
will stall

Organized by

dmg events

8 &8 & & & &

DateTime US/Pacific

mean std min 25% 50% Threshold  Fault %
42.18 0.3 40.1 42.05 42.2 37
42 0.46 38.7 41.85 42.05 37
Chillerl
—— LEAVING CHW TEMP
‘-a'&l a I &5 ‘ &l I ,x‘-l .
) o & & & &
& 191‘_,@ 1911"‘3 .t;,ﬁ'a 4 _@ﬁ,m
DateTime US/Pacific
Chiller2
—— LEAVING CHW TEMP
5.\5 Y ' sfr}I o ' o
191},\3 @1},\3 'z?"'\"e o ’@1},@5

G
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Fault 12

Chillers shall operate in a lead/lag configuration and should rotate weekly
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Urban Design

& Landscape
Fault %

Chiller_01 0

Chiller_02 0

—— (hiller_o1l

chiller_e2

~ T S
\,Q‘)‘\ \,B‘)‘\ \'Q‘),"L

» Ll » #

DateTime US/Pacific

—— Fault %

33
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Chillers Checklist

. e

Urban Design
& Landscape

Chiller_01 Chiller_02

Confirm Proper Operation of Hardware

Equipment turning ON and OFF as commanded

Evaporator Pressure Exceeds Minimum (34 PSI)

Condenser Approach Exceeds Maximum (3 °F)

Evaporator Approach Exceeds Maximum (2.5 °F)

Evaporator Aproach going Negative

0il & Sump Pumps Differential Exceeds Minimum (30 PSI)

0il Temp Out of Range (110 °F - 160 °F)

NI EN BN ESl RN RN RN BN
NI ENI BN Ko S BN SN KN

Evaporator Outlet Temp Exceeds Minimum (37 °F)

Confirm Proper Sequence of Operations

«
«

Evaporator Outlet Temp meets SP (42 °F)

Confirm Lead / Lag v v

Confirm proper equipment schedules X X

Organized by
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Fault 2

i 3, &5

. N . . THE BIG
Supply Air Temperature Set Point is based on a return air sensor temperature set point of 61 F Urban Design
when RH < 55% & Landscape
. . rolling
mean std min 25% 50% 75% max median [threshold| fuzzy X Fault %
window
AHU 01| 65 023 | 6227 | 6493 | 6499 | 6505 | 6842 [ 64.99 65 +/-2 30 0
AHU 02| 65 048 | 59.88 | 64.94 65 65.06 | 69.85 65 65 +/-2 30 0
AHU 03| 65 032 | 6053 | 64.95 65 65.05 | 70.19 65 65 +/-2 30 0
AHU 04| 65 044 | 6118 | 64.93 65 65.07 | 69.43 65 65 +/-2 30 0
AHU 05| 65 0.58 | 60.57 | 64.93 65 65.07 | 70.22 65 65 +/-2 30 0
AHU 06| 6296 | 148 | 5839 | 61.06 | 6338 | 63.97 | 66.06 | 63.38 65 +/-2 30 35
AHU 07| 65 038 | 6129 | 64.93 65 65.07 | 69.09 65 65 +/-2 30 0
AHU 08| 64.1 169 | 58.72 | 6486 | 6497 | 6503 | 68.14 | 64.97 65 +/-2 30 23
AHU 09| 66 0.5 61.41 | 65.94 66 66.06 | 70.71 66 65 +/-2 30 1
AHU 10| 64.1 169 | 5885 | 6479 | 6497 | 6503 | 67.88 | 64.97 65 +/-2 30 23
o Return Air Temperature
—— AHU_P1
AHU_©2
—— AHU_B3
—— AHU_B4
80 = AHU_05

—— BAHU_B6
AHU_07
—— BHU_B8
AHU_B9
AHU_1@

—— AHU_11
AHU_12
= AHU_13
70 | |f 1“
NI ™
T Lt

60

Organized by
& b 0 el ~ > bl 29 B
i i & & & o & & L
dmg eve Pt Pt P P P P e P e P e P e

DateTime US/Pacific
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Fault 1

VAV cfm should not exceed CFM Max threshold - VAV cfm should not drop below CFM Min thresh

G
Urban Design
& Landscape

BLDG_D_VAV_16

BLDG_D_VAV_15

500 J— 560
50 cmmin||
480
350 4060
— CFM
300 350 CFhmin
250
300
200
158 2560
100
> 33 5 > ) > 5 o 3 &> ool g R rag B 2 iag
e ®° & o o e &7 " o0 & & & & < & & & o
o o s o o Fos o P o i & Ee 7 2y i & o od
DateTime US/Pacific DateTime US/Pacific
BLDG_D_VAV_17 5o BLDG_D_VAY_18
1260 — CFM — CFM
CFMmin 1500 CFMmin
1008
1250
888
1000
608
758
400 500
200 250 ” U
) ]
& B p o~ : g 2 bl o>
o 5% 5% 5> & 57 &7 5 e £ ' P & e o o K o0
& « < E < « < « E o o > o o e > o >
5 L # k2 2 > 5 EXE L * *® L * g +® L4 +®

DateTime US/Pacific
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VFDs Checklist r

THE BI

G
Urban Design
AHU_1_SF AHU_2_SF AHU_3_SF AHU_4_SF AHU_5_SF AHU_6_SF & Landscape

Confirm Proper Operation of Hardware

Abnormal data «f o o o o W o o 7 «f o o o o
Missing data « o o o o o o o o « « o o X
Failed sensors « « 7 o o d d J « « « o « o
Measure not meeting Command «/ «/ < < « <« ) « « < «/ < < NEI

AHU_7_SF AHU_8_SF AHU_9_SF AHU_10_SF AHU_11_SF

1 2 1 2 1 2 1 2 1 2 3 4
Confirm Proper Operation of Hardware
Abnormal data «f o o o o o W 7 7 «f o o
Missing data «/ «/ 74 7 « « ) ) ) < «/ 74
Failed sensors « «f 74 74 « < « « « «f « 7
Measure not meeting Command «f «f 74 o o «f « 7 « «f «f 74

AHU_12_SF AHU_13_SF AHU_14_SF AHU_15_SF

1 2 3 4 1 2 1 2 ) 4 1 2 B 4
Confirm Proper Operation of Hardware
Abnormal data «f «f o o o o o 7 7 «f «f o o o
Missing data «/ «/ 74 74 « « ) ) ) « d 74 « «
Failed sensors «f «f 7 7 < < #' « «f «f «f 7 « 74
Measure not meeting Command «/ «/ < « « < < < « « «/ < < «

EF HWP

1A 1B 2A 2B 4A 4B 5A 5B 6 1 2
Confirm Proper Operation of Hardware
Abnormal data «f o o o o o o o o « «f
Missing data «/ «/ 174 « « « « « «/ «/ «/
Failed sensors «f «f 7 o o d < o «f «f «
Measure not meeting Command «f «f 74 o «f «f « o « «f «f

Organized by
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Continuous Life Cycle Reports

Summary of FAHU-B1 Monthly Checkup Report

Urban Design
& Landscape

System Pass /Fail Remarks
. . On coil air temperature sensor shows
Air Temprature Sensor Fail P
error
. . - RH Sensor showing correct values
Air Relative Humidity Sensor Pass e 9
within the expected range
Co2 values shows values in expected
Demand Control Performance Pass range, fans are controlled adequately Main observations
to reflect the control of fresh air.
Supply temperature is CIOSIy tracking Main observed faults /alarms OR Actions to be
Coo|ing Performance Fail the setpoint, Setpoint temp not ID No. Recommendation to Improve Impacts of the observation Actions done by
following the logic efficiency / Process
Heat Recovery Wheel . Performance not evalulated due to Check the oncoil air
Perf Fail in th it t 241 On coil air sensor readings out of range. |Sensor fault affects saving |temperature sensor; Check  |SmartAE 0&M
errormance €ITor I the on coll ttmperature. “ |(sensor failure) calculations the sensor connectionand  [team
Voltage, current and power shows sensor reading
Electrical Power Parameters Pass |values in expected range. Unbalanced || , :’rf;e(acbgar”mga"l‘g betweendand 4.5 |y ce the motor life Check phase C cable and | [\
within allowable limits Amp unbalance ratio > accepted limit Reduce the motor life Gl (e Ve
541 No direct relation between Co2 sensors [Fans almost kept running at gg%:;?osc;r:o?:’?:jr::s to SmartAE 0&M
*"  |value and the demand constant speed. team
detect the demand
Itis recommended to
Increasing in the reprogramed the unit to be
543 (e ) whgel opergted consumption of the HRW operate based ona [OIEREAE e
based on the FAHU unit operation : . team
motor difference in temprature
between fresh and return.
- Energy Saving Issue
- Equipment performance issue
- Comfort Issue
Organized by L/
dmg events www.thebig5.ae



SMART AUTOMATION ENERGY

THANK YOU

Firas Obeido Tamimi
Chief Executive Officer
Firas.Obeido@smartae.com
E2E Energy Efficiency Arabian
(Smart AE - KSA)
Riyadh, KSA
Dubai, UAE
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Concrete Facilities Geotechnical HVACR Offsite Project Solar Stone Design Technology Urban Design
Management & Engineering & Modular Management & Landscape
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