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Basic principles

Energy management

Process of monitoring, controlling & conserving
energy in a building or organization

Building energy management (BEM)

A long-term strategy dedicated to continuous
improvement & energy efficiency

BAS/BMS can be used to provide real-time
monitoring & integrated control of a wide range of
building systems, energy use, environmental
conditions to optimise performance & comfort




Controlling & management operations of building automation system
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Basic principles

Energy management to reduce operating costs
Optimal start & stop of plant
Building warm up & cool down cycles
Automatic seasonal plant sequence selection
Seasonal temperature setting adjustments
Load based control strategies
Economy cycle control including CO,
Equipment runtime monitoring & duty cycling

Occupancy control & control setback




Building Energy Management Systems - How much energy can be saved

Energy conservation opportunities Estimated energy savings®
Turn up temperature to 25.5°C in summer 5% of cooling cost for each °C raised
Turn back temperature to 20°C in winter 9% of heating cost for each °C set back

Maintain air-conditioning units by annual check- | 15% of cooling cost
ups and adjustments

Maintain furnace at maximum efficiency by 10% of heating cost
annual check-ups and adjustments

Set back domestic water heater from 60 to 43°C | 6-12% of hot water cost

Maximise use of daylight 50-60% of lighting cost

Improve lighting maintenance 10% of lighting cost

Turn off unnecessary lights 17% of lighting cost

Reduce lighting 15-28% of lighting in existing buildings
25-50% of lighting in new buildings

Use insulating glass 10-13% of cooling and heating costs

Insulate hot water pipes and storage tanks 15% of water heating costs

Provide adequate insulation for roof 20% of cooling and heating costs

(* For typical examples only)




Basic principles

Typical steps of energy management:
1. Meter energy consumption & collect the data

2. Identify opportunities to save energy & estimate
how much energy each opportunity could save

3. Take action to target the opportunities to save
energy

4. Track progress by analyzing data to determine
the effectiveness of implemented energy-saving
measures




TYpical functions of energy management system
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» Data acquisition & monitoring » Predictive maintenance

» Data analysis & reporting » Renewable energy integration

» Load management & control » Cost analysis & budgeting

» Demand response » Regulatory compliance

» Energy efficiency measures » Remote monitoring & control
(Source: )




Basic principles

Major building energy management functions:

1. Dashboard: provides key information which 1s
optimized & intuitive to use

2. Monitoring: on equipment, major plants, energy,
power, water, fuel gas, operation & maintenance

3. Alarms: real-time alerts for equipment &
systems

4. Data visualization: graphical representation of
live & historical data

5. Analytics: to support informed decisions




. Site name: DemoOffice
Site address: 1000180 W Druid Hills, Dr Ste 305,
Atlanta, US
Zip code: 30330
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An example of energy dashboard for buildings
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Dashboards provide user visibility into energy consumption, equipment
status, space utilisation & occupant comfort conditions so as to identify
peak usage hours, compare usage trends, quantify cost savings &
Improve energy management strategies
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Smart energy monitoring with real-time dashboards

Smart energy monitoring Powered by ThingsBoard opensource loT platform. OR ¢
Voltage o Energy consumption o Energy meters a m
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(Source:

Mobile app platforms for building & facility management
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Basic principles

Key objectives of energy management:

Centralized monitoring & intelligent controls to
automate operations

Fault detection & diagnosis to support predictive
maintenance

Energy analytics & optimization of performance




Chiller plant analytics & fault detection diagnosis (FDD)

25.86 °C

0.0 %RH

* A diagnostic engine that turns data into actionable knowledge, allowing facility
managers to understand how the main components of a plant are performing

* Also calculates the electrical consumption for the given load & conditions for
each chiller and provides detailed analytics

* An alarm will be raised if a fault is detected

(Source: )




Cloud-based building analytics platform

| Blec. Accum. Today (for reference) b 15.9% Energy Use Breakdown aod 7d

1,982 kWh 2,087 HKD

| Elec. Accum. Month ifor reference) ¢ 22.4%
47 054 kWh 49 548 HKD
| Elec. Accum. Year (for reference) ¢ 35.3%
- I il
Hourly Energy (kWh) Muore Daily Energy (KWh) More | mManthly Energy (KWh)

il e |

Major features: fault detection and diagnostics (FDD), energy management, key
performance indicators (KPIs), automatic reporting

(Source: )




Cloud-based smart energy management platform
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BEM operations

Use of BAS data

Energy monitoring ©_
Fault reports & maintenance scheduling I |
Energy monitoring process:

1. Data collection (energy use data & breakdowns)

2. Data analysis (e.g. which indicates a problem or
malfunction)

3. Reporting (show energy use of each part)

4. Action (make effective use of the reports)




Basic concept of a building energy management system (BEMS)

USERS :
MANAGERS,
SUPERVISOR,
& ENGINEERS

POWER METER

Q D
@ -
% &
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. /
‘ WATER METER — -l ! i ==

 — e = = | [T

=6 — e ®
RECEIVER & CONTROL DATABASE BEMS ACCTUAL
STEAM METER CENTER CENTER REPORTS
GAS METER BUILDING AUTOMATION

. SYSTEM : Control & Processing
) by operators

(Source: Chin J. & Lin S.-C., 2016. A behavioral model of managerial perspectives regarding technology acceptance in building energy
management systems, Sustainability, 8 (7) 641. )




BEM operations

Energy metering equipment |
Meter module: e.g. on electrical circuits X /

=

S

Display module: show energy consumption rate

Data logger: store & transmit data

Data transmission system: connect data loggers &
communicate the data

Computer & related analysis software

Maintenance operations

Equipment runtime & conditions, faults & alarms




Typical metering equipment

Electric

Service Electric Distribution

Master
Meter

Utility Owned ]
POCC ‘ ‘ ‘ ‘

Utility Billing Point

POCC - Point of Common Coupling,
the point where control passes from
the Electric Utility to the building
Owner

Electricity meter Water meter

Gas meter
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" F ta\ R h) / ‘?
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Also chilled, hot water & steam meters

(See also: )




Metering data from a BAS/BMS server made available to a local area
network using an OPC server

Building Management System (BMS) Server

OPC Server LinkMaster BMS System
Modbus _ OPCto
Ethernet OPC Server BMS System

Master Bridge OPC Server

Ethernet

Ethernet to Ethernet to Ethernet to Ethernet to Ethernet to Ethernet to
Serial Bridge Serial Bridge Serial Bridge Serial Bridge Serial Bridge Serial Bridge

Modbus
)

Serial

(OPC = Object Linking and Embedding (OLE) for Process Control)

(Source: Capehart, B. L. and Middelkoop, T., 2011. Handbook of Web Based Energy Information and Control Systems)
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BEM operations

IoT smart meters

Combine conventional energy meters with the
Internet of Things (IoT) technology for real-time
data collection & transmission

Use communication protocols e.g. Wi-Fi, cellular
networks, or other wireless technologies

Can be used for energy management, grid
monitoring, smart homes & industrial fac111tles to
enable remote monitoring & control N ¢ j| .'




Typical smart metering system for smart metering applications

ol ;
Electricity usage
data sent to utility
Electricity usage Smart Meters
Remote
Information Technologies configuration of
4 ~ meter settings

. . Web Portal
o@s m

. Usage and Pricing
Information
- -
Decisions by Mobile devices
Customer customers about - Utility Back Office

\ Premises ) electricity usage Ewtem and MDMSJ

In-Home

Displays

Automatic response of . J

Control and Pricing

devices to price signals
P & Signals

(override is possible)
Control Technologies

Control of appliances Programmable
and equipment Communicating Direct Load

\_ Thermostat Control r

(Source: Abdeslam D. O. (ed.), 2023. Smart Meters: Artificial Intelligence to Support Proactive Management of Energy Consumption, Springer,
Cham. )




BEM operations

Uses of metered data

Energy billing & procurement

Measure tenant energy use, verify utility bills, identify
best utility rate tariffs, and participate in demand
response programs

Measure, verify & optimize performance

Diagnose equipment & systems operations; benchmark
utility use; 1dentify potential retrofit/ replacement
projects; and monitor, diagnose & communicate power
quality problems




BEM operations

Uses of metered data (cont’d)

Manage utility use

Monitor existing utility usage & utility budgeting
support
Baseline development + measurement &
verification (M&V) of savings

Such as 1n energy savings performance contracts
(ESPC) & utility energy services contracts (UESC)

Promote energy use awareness for building
managers & occupants




Example of analysing the electricity billings

Electricity Consumption Data Location: ABC Facility
[ C:\Project Files\Audit Manual\Spreadsheets\[Electricity Cost.xIs]Electicity Consumption Data ]
Billing Metered Metered Power Billed Energy Daily Load Demand Energy Adjust Sub Total
Date kVA kW Factor kW kWh Days kWh Factor Cost Cost (+/-) Total Cost
01/01/99 1,800.0 1,800.0 1,006,703 30 33,557 78%  $21,250 $50,365 ($11,147)  $71,615 $64,701
02/01/99 1,900.0 1,900.0 1,206,383 31 38,916 85%  $22,750 $56,441 ($13,204)  $79,191 $70,607
03/01/99 1,400.0 1,400.0 842,286 28 30,082 90%  $15,250 $42,144 ($9,263)  $57,394 $51,501
04/01/99 1,850.0 1,850.0 1,102,176 31 35,554 80%  $22,000 $53,315 ($12,132)  $75,315 $67,606
05/01/99 1,870.0 1,870.0 1,213,021 30 40,434 90%  $22,300 $56,641 ($13,252)  $78,941 $70,287
06/01/99 2,200.0 2,200.0 1,339,599 31 43,213 82%  $27,250 $60,438 ($14,716)  $87,688 $78,080
07/01/99 1,560.0 1,560.0 850,195 30 28,340 76%  $17,650 $42,540 ($9,438)  $60,190 $54,304
08/01/99 1,570.0 1,570.0 948,747 31 30,605 81%  $17,800 $47,467 ($10,429)  $65,267 $58,677
09/01/99 1,950.0 1,950.0 1,213,798 31 39,155 84%  $23,500 $56,664 ($13,308)  $80,164 $71,536
10/01/99 2,300.0 2,300.0 1,373,054 30 45,768 83%  $28,750 $61,442 ($15,111)  $90,192 $80,337
11/01/99 2,100.0 2,100.0 1,347,059 31 43,454 86%  $25,750 $60,662 ($14,731)  $86,412 $76,699
12/01/99 2,400.0 2,400.0 1,024,475 30 34,149 59%  $30,250 $50,984 ($11,685)  $81,234 $74,418
Totals/Max 2,400.0 2,400.0 13,467,496 364 $274,500  $639,104 ($148,415) $913,604 $818,752
Monthly Demand (kW) Monthly Load Factor (%)
3,000.0 100%
2,500.0 80% anos k——O——O/’\
°cTe o, 90% ¥ 90% v o o o
2,000.0 8% P 80% 82%\76’.,//81% 84%  83% 86\
60% 2 3
1,500.0 59%
1,0000 | 40%
500.0 - 20%
0.0 - 0%
Daily Energy (kWh/day) O Energy Cost B Demand Cost
50,000 — $100,000
40,000 — — $80,000
30,000 — — z $60,000 -
20,000 - - - - & $40,000 |
10,000 | I - 2 - $20,000 -
O $O T T T T T T T T T T T
32 833 383 3 3 3 3§ 3 8 283883828383 3

(Source: Department of Minerals and Energy, South Africa)




Analysis of the demand & energy use

Demand Energy
Plug Power
20.0% : Plug Power
';'g%t; 35.0% ~ Lights
' 50.0%
A/C A/C
40.0% 15.0%
Item Units Formula
Quantity (a number)
Unit Load kKW
Total kW kKW Quantity. x Unit Load.
Hrs/Period hours
kWh/Period kKWh Total kW x Hrs/Period
Diversity Factor ) o
(Div’'ty Factor) 0-100%
Peak kW kKW kKW x Diversity Factor

(Source: Department of Minerals and Energy, South Africa)




Breakdown of demand, peak demand & energy

Demand Breakdown Peak Demand Breakdown

Other Other
25% 28%
Lighting

Lightin
9 g 45%

50%

Motors
25% 27%

Energy Breakdown

Other
13%

Lighting
Motors 52%

35%

(Source: Department of Minerals and Energy, South Africa)
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Demand analysis m

Energy assessment & demand analysis: to
discover the patterns/profiles of energy usage

Hourly demand profile
Peak demand profile
Understanding the time patterns of energy use

Study the electrical demand profile & identify
possible energy management opportunities

Identify opportunities for power factor correction

(* See also: How to Use Energy Profiles to Find Energy Waste )




A month’s energy profiles with hourly data for each day

Wed, 1 Aug 12 Thu, 2 Aug 12 Fri, 3 Aug 12 mat, 4 Aug 12 Sun, S Aug 12

i
1

Mon, B Aug 12 Tue, ¥ Aug 12 Wed, 5 Aug 12 Thu, 9 2Aug 12 Fri, 10 Aug 12 =at, 11 Aug 12 =un, 12 Aug 12

i
|

Mon, 13 Aug 12 Tue, 14 2Aug 12 Wed, 15 Aug 12 Thu, 16 Aug 12 Fri, 17 Aug 12 =at, 15 Aug 12 =un, 19 Aug 12

i
i

Mon, 20 Aug 12 Tue, 21 &ug 12 Wigd, 22 Aug 12 Thu, 23 &ug 12 Fri, 24 Aug 12 =at, 25 Aug 12 =un, 26 Aug 12

Maon, 27 Aug 12 Tue, 28 Aug 12 Wigd, 29 Aug 12 Thu, 30 Aug 12 Fri, 31 Aug 12

i b A A A

Al chart scales run from 0to 11913 KW (averadge power over half-hour irterval). Maximum, average, and minimum profiles are included for each day of the week.

(Source: Energy Monitoring Charts and Tables )




[C[ON
Demand analysis m

m Actual —=— Average (Wed)

90

Patterns revealed:
Peak demand
Night load
Start-up & shut-down

Weather eftects _
.I"'n"'rh.at SR on weekends - what's
Loads that Cycle jp'ke in energy usage? J using all this energy? J

The business is closed

Thu, 18 Jan 07 _,(I/I':ri, 18 Jan 07 Sat, 20 Jan 07 Sun, 21 Jan O
Interactions W
Occupancy effects V. 1
|5 Equipment.heirlg jﬁ.'-l‘?"' ar Sat, 27 Jan 07 Sun, 28 Jan
PI'Oblem areas left on overnight?

(* See also: Energy Monitoring Charts and Tables )
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Demand analysis _m'{m_

Analyse the profile
Require facility operational knowledge
Mark scheduled events on the profile

Correlate events with:

Demand increase, decrease, cycling, peaks
Reconcile with demand on utility bills

Investigate unknown patterns

“There’s always a savings opportunity in a

new demand profile”




Demand analysis

Obtaining a demand profile

Periodic utility meter readings

Recording clip-on ammeter measurements -

Basic recording power meter
Multi-channel recording power meters

A facility energy management or SCADA

(Y-
.
-~
.,
T

(supervisory control & data acquisition) system

A dedicated monitoring system

R
L".'.r.

Videos: Analyzing energy data (9:09) & loading energy data (6:54) with Energy Lens




Study of daily or monthly profile

Monthly Demand Profile

15 minute demand interval

1600 I (| | . 'h

300 ‘M l i I k‘

Day of the Month

(Source: Department of Minerals and Energy, South Africa)




Meter response (time delay)

Load
disconnected

100%

ED%—-l*E
A0% 4 -
70% -
B0% -
50% -
40% -
30% -
0% -
10% 4

% of Full Load Kecistered cn Meter

o 12 14 16 18 20 224 24

Minues Load Zonnected/Disconiected

Load

connected

(Source: Department of Minerals and Energy, South Africa)
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(Source: Department of Minerals and Energy, South Africa)




Demand analysis m

Savings opportunities

Sched

uling — reduce startup peaks

Infrec

uent demand peaks — avoidable

Shift on-peak to off-peak usage pattern

Equipment loading — consider sequencing

Correct power factor — on peak Pave = VI COS @
At service entrance
. . POWER FACTOR = cosp = R /%”/]x
In the distribution system Z R

At the point of use power factor (PF)




Demand analysis

Peak demand control

Eliminate accidental peaks

Shift activity “off-peak”

Peak demand warning for staff
Interlock equipment

Load shedding system

Use generator to “clip” the peak

Demand side management

Load Shifting

Conservation

>

»

N
A,
AN

Valley Filling

>

&
O

> =,

v

Peak Clipping
A

S

Load Building

Flexible Load
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Can you analyse this energy & demand profile?

Office Building
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Typical commercial building daily electric load profile

Could you interpret & explain this?

Commercial Building Daily Electric Load Profile
45

®m Weather Load

w Variable Load

M Base Load

1 2 345 6 7 8 951011121314151617 1819 2021222324

Time of Day
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Systematic approach to energy management

BEM strategies

Measurement & visualization

Improve transparency of current energy usage

Diagnosis, analysis & implementation

Analyse building energy usage from various angles &
take appropriate actions by finding the exact cause of
energy waste

Verification & continuous improvement

Use data collected to ensure desired results are being
achieved & offer further measures for improvement




System approach to building energy management & control system

Energy Management

Flow of information and Control System

is essential I ‘

Optimize
y - central plant
Optimize systems
e distribution
Minimize systems + Chiller
Loads * Boiler
* Ducts & piping * Cooling tower

« Lighting * Pumps & fans * Pumps

« Plug and Process * Control * Control

* Envelope

* Set points/control

(Source: )
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Top 5 tips for successful energy management

BEM strategies

1. Identify sources of energy consumption

Pinpoint the specific areas that are utilizing the most
energy & break down the energy consumption

2. Collect the utility bill data
3. Analyse meter, operation & other related data

4. Identify opportunities to save on energy & costs

Develop a comprehensive understanding on how energy
1s being consumed

5. Track your progress

(Source: )




Combining energy management system (EMS) & building management
system (BMS) to improve asset performance

Visibility & Constant Feedback

Direct benefits
* Reduced Energy Costs
* Reduced Maintenance Costs

* Building Automation Monitoring
* Building Automation Control

* HVAC * Energy Management T ——
. . . b ]
*Lighting F LI, Indirect benefits
* Time Scheduling * Water Reporting * Reduced Overall Outgoings
* Occupancy and Demand Based * Dashboards * Reduced Vacancy
Control ¢ Contextual Notifications * Increased Workforce Productivity

* Visibility * Increased Rents
* Increased Asset Value
* Reduced Carbon Footprint
* Company brand differentiation
* Improved Reputation

Steering & Regular Tuning ECO nom iCS

(Source: )




Strategies for building energy management

MODEL PREDICTIVE DEMAND SIDE
CONTROL MANAGEMENT

BUILDING ENERGY
MANAGEMENT SYSTEM

FAULT DETECTION &
DIAGNOSIS

OPTIMIZATION

(Source: Mariano-Hernandez D., Hernandez-Callejo L., Zorita-Lamadrid A., Duque-Pérez O. & Garcia F. S., 2021. A review of strategies for

building energy management system: Model predictive control, demand side management, optimization, and fault detect & diagnosis, Journal of
Building Engineering, 33: 101692. )
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BEM strategies

Strategies for building energy management

1) Model Predictive Control (MPC)
White-box model, black-box model & grey-box model

2) Demand Side Management (DSM)

Energy efficiency + Demand response

3) Optimization
Stochastic + Robust

4) Fault Detection & Diagnosis (FDD)
Data-driven based + Knowledge-driven based




General description of related systems inside smart buildings

SMART BUILDING

GENERATION . . .
H B B

(Source: Mariano-Hernandez D., Hernandez-Callejo L., Zorita-Lamadrid A., Duque-Pérez O. & Garcia F. S., 2021. A review of strategies for
building energy management system: Model predictive control, demand side management, optimization, and fault detect & diagnosis, Journal of
Building Engineering, 33: 101692. )




A

Generation
Storage
/
= Energy
| contribution
Infrastructure Communications sectors 1n the
smart city

Hardware

Transport

(Source: Pandiyan P., Saravanan S., Usha K., Kannadasan R., Alsharif M. H. & Kim M.-K., 2023. Technological advancements toward smart
energy management in smart cities, Energy Reports, 10: 648-677. )




Smart buildings basic functions

Climate response Grid response

QD OO
® ©

Monitoring &
supervision

(Source: Dakheel J. A., Pero C. D., Aste N. & Leonforte F., 2020. Smart buildings features and key performance indicators: A review, Sustainable
Cities and Society, 61: 102328. )

User response




Key technologies in smart buildings

|~ Lighting system

Control system
— Sensors and actuators
Smart Meters

| i .
G 4

& Energy storage

Advanced HVAC system

Renewable
energy system

Electric Vehicles

(Source: Dakheel J. A., Pero C. D., Aste N. & Leonforte F., 2020. Smart buildings features and key performance indicators: A review, Sustainable

Cities and Society, 61: 102328. )
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Smart energy '

Smart energy management (SEM)

Leverage the connectivity & Internet of Things
(IoT) to track, measure, control & optimizes
energy consumption throughout the building(s)

Adoption of microgrids, energy storage, electric

mobility, localized grids for cities, communities, &
campuses that are self-sufficient & can disconnect
from the traditional grids to operate independently

Provide power backup 1n case of emergencies &
contribute towards clean energy future




Basic concept of smart plug for energy monitoring & management

TR, Internet
/Smart Plug’) Internet _r ) s
| —g =5 /" Smart )
Mobile App —__ — Speaker

Gateway Y
- j ®
v,
- ‘ \

Wi-Fi  § Z-Wave Ordinary

. BLE | Zigbee .
4 N “a v Ry Device

Socket ( \
Smart Plug
I l ------------ > 'y l ------------ -
Smart Plug | ' Device |
=] Plugged into - . Plugged into —
' the Socket _ NS J Smart Plug =
\ Y E-%
N J

(Source:



Smart home energy management system

XX

~ |Ac/DC

XK

&

Converter

X

Smart
Meter

aasseeeeees Power Line

---------- Coordination Signal

Control/Measurement Signal
J

Smart Load Storage Device

(Source: )




Energy saving devices & applications at home

Smart water meter
Smart = & Smart
light bulbs di electricity meter

Smart
curtains

" - SMART
| / Energy Saving

| Light sensor

(Source: )




Smart energy concept in smart cities

2. Smart Energy Data Analytics 1. Intelligent Energy

Digital Twin-based City Energy
Management System
Energy Blockchain Billing System

- Building & Area loT Mesh Network
- Al-based Building Management System
- [Edge Computing-based

Distributed Energy Optimization Model Optimal Energy-Traffic Information System

Automatic Driving Electric Vehicle

Blockchain-based P2P

Energy Trading System
ESS-based Distributed

Energy Management

System

5. Renewable Energy

- Sustainable Zero Energy Building
- Hybrid Renewable Energy Generator
- Energy Remodeling and Retrofit

4. Energy Security for City

- Security Twin System
(Smart energy city safety system based on AR/VR)

(Source: )




Smart energy management system framework

Smart & RL-optimized Energy Management System
Storage policy

Environment

RL-Agent

i
~_____

Production / consumption

Reward
Population dynamics modelling
Storage policy
performance
Social mechanics
Population dynamics v

Fraction

S— o

| — '

Scenario parameters Scenario sustenability

(Source: Mounsif M. & Medard F., 2023. Smart energy management system framework for population dynamics modelling and suitable energy
trajectories identification in islanded micro-grids, Energy and Al, 13: 100242. )




Smart energy Ny

Technologies supporting smart energy
management 1n smart cities:

1. Smart grids: enable real-time monitoring

2. Renewable energy sources: e.g. solar, wind

3. Energy storage: ensure reliable energy supply

4. Smart buildings: optimize energy use

5. Electric vehicles: reduce carbon emissions

6. Smart home: provide convenience & efficiency

7. Data analytics: 1dentify inefficiencies
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(Source: Pandiyan P., Saravanan S., Usha K., Kannadasan R., Alsharif M. H. & Kim M.-K., 2023. Technological advancements toward smart
energy management in smart cities, Energy Reports, 10: 648-677. )




Renewable energy resources & energy storage systems

Solar Thermal Collectors

Wind Energy

Flywheel

Supercapacitors

K-

Compressed Air Energy
Storage

Whn Oernared Freasen Of wid okar o
PrODUCTION GOPA. WaRe MV Gownull
PO upper 1 eser v

More 1tabie s varuabie Wiy rewadty o
oM SO0 Sty from turtene to
OF T Terewalee power
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o wind o ok e 1S
g matee upted during.
Urvt Gf ko dwvraiind

o Water ruem Dhroaagh turire
Creating sl truity

|
-

Thermal Energy Storage Hydroelectric Energy Storage

Superconducting Magnet
Energy Storage

(Source: Pandiyan P., Saravanan S., Usha K., Kannadasan R., Alsharif M. H. & Kim M.-K., 2023. Technological advancements toward smart

energy management in smart cities, Energy Reports, 10: 648-677.
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Smart energy management system integrated with building automation

Historical

" Weather Data

-
Nz

1
b Y ’

-‘-

’ A
]

(Source:

Historical
Energy
Consumption Data

Historical
RES Production
Data

control system
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Forecast
Smart Ener
Energy Manageme%¥
Demand System (EMS)
Forecast
Building Automation
Q& Control System
A
RES -
Production
Forecast




Energy Internet environment

: Industrial and

|

|

l —

' ~rg g Renewable Commercial Users
: - Energy

: Energy Storage

I = Devices- E
' | == 4 0

l N TN TN T TN T .
: Different Types of - Energy Flow
|

|

I

|

|

|

|

|

|

|

Electric Vehicles

Energy Production -

Q. - Electric Energy
J’ Information Flow Storage
/B N, Cold/Heat

_‘% Storage

AN EE)

Deep Leamning Machine Learning  Artificial Intelligence Communication IoT

Prosumers

(Source: Zhou K. & Wen L., 2023. Smart Energy Management: Data Driven Methods for Energy Service Innovation, Springer Singapore.
)




User classification
Precision marketing
Decision support

Production planning
Load dispatch

Investment & operation

Energy big data sources & applications

User Description Data

Household demographic
charactenstics, enterprise
charactenstics, energy
consumption unit
charactenstics, etc

User Behavior Data

Customer service data. demand

response data, travel data, etc

Energy Big Data

Internal Data of Energy
System
Energy consumption data,

energy production data,
equipment operational data, etc

Relevant System Data

Meteorological data,
geographic information, traffic
data, etc.

Behavior modeling
Service strategy

DR program

Load forecasting
Fault diagnosis

Energy efficiency

(Source: Zhou K. & Wen L., 2023. Smart Energy Management: Data Driven Methods for Energy Service Innovation, Springer Singapore.

)




Building energy equipment system scheme

Minihydro  Wind Photovoltaic Th. solar Biomass
system  system system system

& K P
+ ! [+: T +T>£ﬂDHW

! Hoat ey Radiant
Ener [ 1 storage heating
gy Heat ge 4 :
<> management | ymp/— —> —| Fan coll
Electric system | Hot piping ®  heating
grid | > Fan coill
""""""""" Cold piping ®  cooling

— 6 Lighting and appliances

Vehicle to Electricity
building  storage — L@ Service outlets

(Source: Casini M., 2016. Smart Buildings: Advanced Materials and Nanotechnology to Improve Energy-Efficiency and Environmental
Performance, Woodhead Publishing, Duxford, UK. )




Energy sources management in a Smart Building: energy harvesting vs.

external green energies & traditional fossil energies
GREEN ENERGY GENERATION

BUILDING ENERGY HARVESTING

I/ Air-flow energy harvester \

| Piezoelectric Energy Harvester :
: I

/[j N\ Wind generator farms
| Water Pipe harvester I

i Biomass plant

| : . | \
| Thermoelectric generation | ENESS:.?'NG . Water plant
| . o S ———— -
- Solar energy harvester / FOSSIL ENERGY GENERATION
\ - _ P * Sy S S - — ~.
! _ l! ' Nuclear plant
ENVIRONMENTAL ENERGY '
SENSORS MANAGEMENT j\i Gas plant
SET I v
f |
| Coal plant
\ Py - /
EXTERNAL * o o o 5 ¢ - = - -
SHARED
INFO

(Source: Benavente-Peces C., 2019. On the energy efficiency in the next generation of smart buildings—supporting technologies and techniques,
Energies, 12 (22) 4399. )




Further reading

Smart energy monitoring - live demo:

Smart energy & water monitoring for districts - live demo:

How to Use Energy Profiles to Find Energy Waste

Energy Monitoring Charts and Tables




