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"Smart grid" is a concept with many
elements where monitoring and control of
each element in the chain of generation,
transmission, distribution and end-use
allow the electricity delivery and use to be
more efficient.



Source: www.sxc.hu
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Desire to make the grid smarter, safer,
reliable and more cost-effective using
advanced sensors, communication
technologies and distributed
computing.




Normal Phone Smart Phone
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Technology

Rates & Regulations



Transmission Lines

arry Electricity
Power Plant Long Distances Distribution Lines
. Generates Electricity Carry Electricity
Before Smart Grid: s ToHouses

One-way power flow,
simple interactions

Transformer

Steps Up Volta:
For Transmissi

Neighborhood
Transformer Transformers On Pol?s Slep
n Steps Down Voltage Down Electricity Before It
Enters Houses

S, Power station Hospital

EERRE T (with own generator) e >

After Smart Grid:

Two-way power flow, «g
multi-stakeholder |
B A \
Interactions \
Apartment
buildings
L
smart-office z —— ——
huilding : 2.
Adapted from EPRI Presentation by Joe Hughes  Ithown B T Smart house
NIST Standards Workshop merator) 8 - - (with hydrogen-car
April 28, 2008 - generator)

Sources: The Eonomist; ABB

Source: Altalink, Alberta, Canada



Sensors
g} Detect outages, fluctuations,

Demand or price-driven control of . @\_

appliances

Distribution
Network

Interconnected
micro grids

) Microgrid
< Local Monitoring
and Control

Bulk Power

Control Room Functions

Balance electricity Supply/demand
across the grid

Wind Power Park |
Smart Inverters and Storage |
Minimize voltage and power fluctuations

© Saifur Rahman
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Merging Power Flow with
Information Flow:

Integrated Communications
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1.Power Infrastructure
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. Distribution Receiving Distribution
Control Center Substation cBas || Station Substation Recip
Engine
Micro- v Distrjbution
turbine Subdtation
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Residential Data — < Commercial
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= Engine cell

|Cogeneration | 4
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Industrial Commercial

Residential

Source: EPRI 11
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2-MW Roof-top Solar PV plant at KAUST



AC Power (W)

Riyadh Area

PV AC Power Qutput During One Sunny Week
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Reality Check
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IoT based Building Automatlon Systems

* In KSA the roof-top solar is gaining popularity
* Roof-top solar helps with mitigating peak loads

e Building Automation Systems (BAS) help to maintain
comfortable/healthy indoor environment

* Low-cost customizable BAS systems exist
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Sensors/

S PowerMeters
" g Power metér

Power

meter

(BACnet/M
odbus)

" Light sensor
(BACnet)

Occupancy.
sensor
i (BACnet)

il Y
L. &

Plug load
controller

(BACnet)
Smart plug

c - (ZigBee)
P P - P Step-dimmed Smart plug
’ P e Lightin b
Philips Hue  Light switch loag . ballast (wiFi) _~Plug Load
WiFi Controllers

Lighting Load Controllers

Controllers
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BEmosS

i Node1 : Der1

INCIDENT oc AC PANEL TOTAL

35361.2 W 514015 W 4958.0 W 14.54 % 14.03 %

TODAY

14.41 kWh

N Temperature

10105.01 Ibs
865.0 W/m? W/m? 84.0°F

Smart inverter control

REAL POWER CONTROL POWER FACTOR

Real Power Power

"“"'W"'- -0 it
100%

v Submit All Changes (@ View Past Usage and Sel Points:




Location: Arlington, VA

Area: 5,000 sq ft

Deployed Devices

* 1 Power meter

An average energy savings of 35% was achieved through dimming control

Oct 2016 Nov 2016

Dec 2016

Jan 2017

Feb 2017

Mar 2017

Apr 2017

May 2017

Jun 2017

AVERAGE

33.7% 33.9%

34.4%

33.4%

35.9%

36.2%

35.0%

36.0%

36.3%

34.5%
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. ‘Energy Savings by Controlling Light Intensity

Total Total Calculated Energy
Measured Energy Savings by
Energy Consumption Dimming (%)
Month Consumption without Dimming
(kWh) (kWh)

October 2016 264.37 399.90 33.89%
November 2016 278.13 423.78 34.37%
December 2016 280.76 426.40 34.16%
Total (October- 823.26 1250.08 34.14%

December)

Note: Scheduled dimming level from 6:30am to 9:00pm. Open office area A:
50%; Open office area B: 45%; Chief office’s desk area: 60%; Chief office’s
meeting area: 50%; Conference room A: 50%; Conference room B: 45%.
Lights are off after 9:00pm.
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i 145 lbs 188 Ibs 188 Ibs

Battery Cells LG Chem | -06L -12L
© > kW 12 kWh

www.bemcontrols.com



www.bemcontrols.com
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Tumalow Energy Ingenuity : Battery Slorage3

[ Wiw Past Viakiea

CURRENT STATUS

I

ACTIVE

BATTERY STORAGE

5 =
oring & Control

CURRENT READINGS

STATE OF GHARGE

98.9 %

QUTPUT POWER

-0.013 kW

CHARGING

"'7"
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"’"“(C‘ampus W|de Energy I\/Ianagement

.
Occupant Solar PV/Storage Peak demand
comfort Management ) reduction
Demand Energy Savings Alarm &
response (kWh) Notifications
s Building Energy Security
g : Management Surveillance

Utility/DR Aggregator ~  ~~——--- 3{/ Interne\f\\l..\::% _____

* DR Event i/ T B _ &8 HVAC
* Pricing ‘ I -
« Billing = | | Lighting loads
PR ...‘.‘::::: (. Plugloads

o :::: e Sensors/power meters
Encrypted TH 2,

Data Link ::::i;:" o 4 Battery storage
=58 ol | b PV Panels
Router o

Buildings = Security camera

®

www.bemcontrols.com
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‘* \'\ _for the Power System

. Hlstorlcally: Demand driven supply
(supply responds to demand)

e New Reality: Supply driven demand

(demand needs to adjust to meet
fluctuating supply with help from storage)

THE SMART GRID ECOSYSTEM



Smart
Buildings

< =
Supported by ICT and distributed networks

of intelligent sensors, data centers/clouds

\Q"

D ECOSYSTEM

THE - smART GRI

Smart grid: Bi-directional flows of
energy, remote control/automation
of power, integrated distributed
energy...

Smart city: Complex system of
interconnected infrastructures and
services...

Smart Campus: A collection of
buildings managed by the same
facility manager...

Smart buildings: Intelligent
building automation systems,
smart devices, productive users,
grid integration...
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IEEE President-elect Candidate 2020

Vote at: www.ieee.org/elections
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