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» Real time control (V, Pf)
» Optimize distributed and
renewable generation

» Capacity reinforcement
deferral

» Network constraint
management

» Flexibility and extensibility
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« Steady state voltage control
Automatic restoration

Power flow management (CSP)
Network optimization strategies
Demand Side Management (DSM)



Demand Side Management
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Main Opportunities (CUE (o1~
* Better deals for customers &
« Manage household loadinthe ceol Use of Enerey

» Avoid network overloading and network

reinforcement (Local/ Global)
» Balance variable generation at the
regional/national level

» Balance the positions for energy suppliers

* Reduce the need for new build of large
power plants
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[Ref: Smart Grids UK Perspectives, ena]
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/I\/Iain Functions: \

 Distribution planning, monitoring,
and implementation

& Customer behaviour influence

« Demand and supply balancing

» Improvement of demand response

de energy efficiency /
Qa2
+ 20-20-20 Targets
(EV)

Emission Trading Scheme
Renewable Heat Incentives
Low Carbon Policy

Smart Grid Construction
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Main Drivers:
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Two-way Information
Flow, Two-way Power
Flow, Customer

DSM Contributions

Participation, Energy
Saving Technologies
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/Energy Storage
Devices, Large
Demand
Introduction and
Shifting,
Network Impact
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/DER Planning,\

Flexible Multi-
Objective
Approaches
Considering the
DER Benefits
and Impacts

Electric
Vehicle

(Plug-In Hybrid
EV, High Demand
in LV/MV
Network, Mobile
Load)

Decentralized
Energy
Resource
(Hydro, CHP,
Wind Turbine,

Heat Pump,
Thermal Storage)

N

- /

v

e

Smart Grid &

Smart Devices

(Smart Meter &

Smart House-hold
Devices, Two-way

Digital
Communication
System, Highly
Decentralized)

Demand Side
Management

(Peak Clipping,
Valley Filling,
Load Shifting,
Conservation,
Load Growth,
Flexible Load)

Network
Constraints

(Voltage Drop
Constraints, Fault
Current, Steady
State Limits,
Thermal Limits,
Loss Limits, DER
Connection)
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Electricity
Market

(Commercial
Models, DNO
Roles, Policies and

Market Reform)

Distribution
Networks’
Infrastructure

(Commercial
System,
Information
system, Tariff
System)
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Real Time Pricing,
Customer Participation,
Commercial Aggregator,
Communication Protocols

/Interaction among the\
DNOs, Suppliers, and
Customers (Customer
Participation);
Multi-directional
Power/Information

@ow.

Constraint Satisfaction Problem (CSP),
Optimal Power Flow (OPF),
Classic optimization approaches
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Capacity investment reduction

Losses reduction

Increase energy efficiency

Enable low carbon transport

Enable low carbon heating

—e Enable renewable generation
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Data Feedback

Models and Planning

Commercial Model (DNO Roles)

— Time-of-Use Tariff Scheme

— Real Time Pricing Scheme

— Maximum Demand Scheme
— Supplier Business Scheme

— DNO Directly Control Scheme

Domestic Customers

} ' Usage Data

Smart Meter

RTP & Demand Data

) PeoT WSd

Prica Control Signal } " Data Feadback 2

Commercial Aggregator «——
TSO & DNQ Price Signal

TSO
r §
Suppliers

Reliability & Prics Control Signal i

L DNO

* Developing Plan

» Marketing Planning
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Setting Objectives
Identifying Alternatives
Evaluation and Selection
Implementation

Monitoring

Customer Education

......

Trade Ally Cooperation
Advertising and Promotion
Alternative Pricing

Direct Incentives



Constraints Satisfaction Problem

Network Constraints
— Thermal Constraints
Transformer Capacity
Short Circuit Level
Short Circuit Ratio
Voltage Rise/Drop
Distributed Energy Resources

CSP for network overload
— DG connection (LIFO)
— Demand side control (priority basec

Simulation for DG Curtailment
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(Michael’'s Model in IPSA)

33kV Network Model for High DG and High Load Simulation




CSP for DG Control

Variables
& Domains

'y

Generator
Outputs
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Loads Details
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Contractual Constraints —Jp»|
Load Flow Constraint ——Jp»
Other Constraint

—»

CSP
Solver

Load Flow
Engine

Ranked set of N control actions which meet constraints
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Demand Side Control

Flow Chart

DSM Solver:

— Off line ‘Control’

— On Line Control
Constraints:

— Contractual (Priority)

— DNO Preference

— Power Flow
Inputs:

— Variables

— Demand Forecasts

— DG Accesses
Outputs:

— Control Patterns

— Data History

Off Line

Priority Investigation

DNO Preference

Monitoring System
(P Load & P Total)

(Provide Control
Pattern and
Time Profile)

[ Will market helps? J
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Will customer

participation follows
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Demand Side Control

DG Curtailment(LIFO)

/

heck Load Profil
(Meet the Control
Pattern?)

and Control Timer

Y

Sequencer Moves
Current Switching

Pattemn onto Output
Channel

Y

Timer Check
(Meets the Time

Profile?)

Send Control Signal
for Load Switching

A

Sequencer Moves
Next Switching
Pattemn onto Output
Channel

equencer Check
(Is Sequencer at the
End of Data)



Demand side management
application

DNO perspective of DSM functions

Commercial models and Network
planning

Active network management and
control approaches

Demand side control: load control
vs. DG control

Conclusion and Future Work Sathclyde

DSM control functions (online/
offline control)

Demand side control algorithm (CSP
for thermal limits)

Optimization capability for the
planning and operations

LV network case study and control
Implementation




