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Challenges of Today’s Power Grids

• Demand (Energy) growth
In the last ten years,
 World Average: 38%
 In Turkey: (2002/132500 GWH…2012/283500 GWH) 114%

• Peak demand
 Turkey’s peak increased by 116% in the last ten years (2002-

2012); and is expected to increase 60% more up to 2020. 
 In 2006, duration of Ontario’s peak demand (3,616 MW) was

seen during 1% of the year. 1% reduction of Ontario’s 
estimated peak in 2020 can reduce capital costs by $870m 
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Winter (January)-Weekday

Peak demand: 31.5 GW

Summer (July)-Weekday

Peak demand: 35.0 GW

Typical Load Curves in Summer and in Winter
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Challenges of Today’s Power Grids

• High percentage of fossil fuels in generation
In 2012,
 In US: 70%
 In Turkey: 72%  (Mainly Natural-gas)

• Energy and Source Import
Energy Import
 918 GWh more than the exported energy is imported in 2011 

in Turkey:
Source Import
 72.9% of total the sources used in energy generation were 

imported in 2010
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Current Deficit Gap

Energy Dependency



Upcoming Technologies

• Distributed Generation & Microgrids
 Incresing penetration of intermittent sources in generation

• Electric Vehicles (EVs)
 Additional loading on existing infrastructure
 Big amounts of moving loads/storages in the grid
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Distributed Energy Resources (DERs)

• Energy Storage Systems
 Battery groups of prosumers
 Storage facilities of Microgrids 
 Batteries of EVs

• Distributed Generators
 Diesel generators
 PV panels
 Small wind turbines

• Flexible Loads
 Manually Controlled Loads
 Thermostatically Controlled Loads
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Virtual Power Plants (VPPs)

• VPPs are coordinated DERs to operate as a unified and 
flexible resources on the energy market.

• Compared to conventional power plants:

Faster response for supply/demand balancing.
High performance even in the cases of local power system
problems
Reduction of line losses and voltage drops
More efficient usage of  existing transmission line capacity
Availability of establishment in shorter time with less
investment
Need for remote communication and control infrastructure
Varying capacity because of DERs primary tasks and
volunteer-based participation
Shorter service time in the case of an event
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Demand Side Management (DSM)

• To influence consumption patterns, rather than
changing generation during events happening on the
grid

• Common demand management strategies
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Power Power Power

Time Time Time

Peak clipping Valley filling Load shifting

Strategic conservation Strategic load growth Flexible load shaping



Demand Response (DR)

Role of Advanced Demand Response in Organizing DERs as VPPs                     8/22

• Application ways of DSM strategies.
• Conventional DR applications: 

 based on external switching according to simple system 

parameters (mostly frequency)

 do not take consumer comfort into consideration

 not able to measure and reward participant’s 

contributions individually

 mostly for industrial loads



Advanced Demand Response (ADR)
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• Developing technologies in the field of
measurement, communication and control
infrastructure, expanding home automation and energy
management systems make it possible to manage loads:

 without affecting customer comfort (no change in 
reliability and in quality)

 considering and providing consumer benefits
(technically, economically)

 with minimum intervention
 also aiming residential and commercial consumers
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• Residential sector’s consumption is 21% of the total.( It
increases up to 35% when commercial buildings and
offices are taken into account)

• Managable loads in buildings from ADR perspective:
 Manually/Automatically Controlled Loads

 Washing machines
 Clothe dryers
 EVs
 Dishwashers ...

 Thermostatically Controlled Loads 
 Refrigerators
 Deep freezers
 Air conditioners
 Water heaters ...

Managable Loads in Buildings
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• Thermostatic loads have the biggest pie of electricity 
consumptions in houses

 Heaters and coolers consume around 40%

• Advantages of managing thermostatically controlled loads
 Availability of rescheduling 
 Common operational behavior
 Predictability

Managable Loads in Buildings
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• Past  Application Methods (basic switching)

 Based on external switching with manually controlled 
or frequency responsive individually operating relays

• Today’s Application Methods (partially-integrated control)

 Integration of external control devices that 
consider several user preferences and system 
signals with application based coordination

• Future Application Methods (fully-integrated control)

 Use of existing device and infrastructure (smart 
phones, tablet PCs, building automation 
systems, individual controllers of smart appliances) in 
cooperation with centralized management 
software (central coordination)

Control Methods
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Control Methods*

• Simplification of thermostatically controlled loads’ 
operational behavior for Advanced Demand Response 
applications:

* Done by Istanbul Technical University Smart Distribution Systems Study Group
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Control Methods*

• Integration of the simplified control method to respond an 
example event in the system (based on changing the set point 
of a thermostatically controlled load for starting active 
operation (interrupting passive operation-early consumption) 
or interrupting active operation (starting passive operation-
delayed consumption)

* Done by Istanbul Technical University Smart Distribution Systems Study Group
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APPLICATIONS

Events Load Management

Aim of the 
Event

Type of the 
Condition

Target of 
Action

Type of Action

Before the 
Target Period

During the 
Target Period

Local 
Demand 

Limitation

High Demand Reduction
Early 

consumption
Delayed

Consumption

Low Demand Increase
Delayed

Consumption
Early 

consumption

Distributed 
Generation

Lack of Generation Reduction
Early 

consumption
Delayed

Consumption

Excess Generation Increase
Delayed

Consumption
Early 

consumption

ToU Tariff 
Savings

High Pricing Reduction
Early 

consumption
Delayed

Consumption

Low Pricing Increase
Delayed

Consumption
Early 

consumption

Special 
Requests

Lack of Supply Reduction
Early 

consumption
Delayed

Consumption

Excess Supply Increase
Delayed

Consumption
Early 

consumption
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Field Data Based Simulations*

Simulation 1: Control of A energy class and G energy class 
refrigerators according to existing pricing rates of Time of Use 
(ToU) tariff in Turkey.

* Done by Istanbul Technical University Smart Distribution Systems Study Group

Refrigerator Type Refrigerator 1 Refrigerator 2

Energy Efficiency Class A G

Gross Storage (lt) 119 564

Average Cooler Demand (W) 64 200

Average Defrost Demand (W) - 480

Daily Average Consumption 
(kWh)

0.32 2.45

Average Cooling Time
(min)

13 78

Average Warming Time (min) 52 94

Average Defrost Time (min) - 10

Period 
Type

Time 
Span

Pricing Ratio 
Compared to the 

Single Pricing Tariff
Normal
Period

06.00-
17.00

0.9

Expensive 
Period

17.00-
22.00

1.6

Cheap 
Period

22.00-
06.00

0.5
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Field Data Based Simulations*

• Change of demand for each period during working with minimum costs 
compared to the working with maximum costs

• Percentage of achievable savings in electricity bill

* Done by Istanbul Technical University Smart Distribution Systems Study Group

3,07

-23,12

3,855,17

-41,73

15,34

Normal Expensive Cheap

A Class Refrigerator G Class Refrigerator

0 5 10 15 20

Multiple pricing

Cooler Control

Defrost Shifting

Bigger thermal mass, better insulation, additional 
payments
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Field Data Based Simulations*

Simulation 2: Control of A energy class and G energy class 
refrigerators according to power output of a 2 kW PV panel.

* Done by Istanbul Technical University Smart Distribution Systems Study Group

Perspective
Refrigerator

A Class G Class

Change in amount of power used from 

the grid (Wh)
-1185.8 -22163.3

Active operation hours shifted to solar 

periods (hour)
18 110

Percentage of change in annual energy 

consumption (%)
1.06 0.77

Percentage of change in electricity bill (%) -2.42 -3.70
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Recent Pilot Projects

• Smart Electrical Energy Management and Building Energy Efficiency 
Technologies (SEEMBEET) Project*:

 Application of KNX home automation system on a microgrid test-bed 
for advanced storage and demand side management

 Coordination of KNX integrated microgrid with the rest of the 
electricity grid

• Integration of a Household Refrigerator into Demand Response 
Applications Benefiting from its Existing Hardware, Software and 
Communication Capabilities**:

 Application of beforementioned simplified control approach on a 
refrigerator by using its own technologies for
 DR potential analysis
 Identifying the required improvements
 Determining the ways of using home appliances as DERs of a VPP

* Being led by Istanbul Technical University and Technological Educational Institute of 

Western Macedonia

** Being led by Istanbul Technical University Smart Distribution Systems Study Group
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Pioneer Applications

• Nest wifi communicating, learning thermostat and partnerships 
between the company and several US Distribution Network 
operators for reducing summer peaks in 2013. (summer rush 
hour rewards).

 Over 49% consumtpion reduction in peak periods
 Comfort of over 88% of customers is not affected
 Around 6% reduction in total consumption in summer

• Remote monitoring and optimized thermostat scheduling service 
in US (EcoFactor)

 Around 3 kW load management potential per house
 30 minutes response time for unexpected events
 Comfort of up to 88% of customers is not affected

• Pilot project results of LG&E / GE Smart Refrigerator
 27% reduction during peak hours
 6% savings on daily energy costs
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Discussions

• Houses, commercial buildings and their owners are going to play
bigger and active role in future’s smart grid operations.

• Thermostatically controlled loads provide considerable potential for 
being used as Distributed Energy Resources of Virtual Power Plants

• Automated, communication-supported, integrated Demand Response 
approaches are vital for high customer participation and maximized 
benefits.

• The results of field-data based simulations are consistent with the 
results of pilot projects.

• Use of the capabilities of existing devices in buildings for Advanced 
Demand Response applications can reduce system installation and 
operation costs while fastening integration.
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