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Constrained Sri Lankan power system

Generation Capacity Mix in MW

e Capacity constrained
— Generation Capacity 4000 MW
— Peak Demand 2150 MW
— Large single coal plant 3x300 MW
— Hydro + Renewable = 1800 MW Electricity Generation Mix- 2014

* Financially constrained

— 2013 S 227 million profit
— 2014 S 95 million loss

M CEB Thermal-Oil

Total Generation : 12,413GWh

Electricity Generation Mix - 2013

* Hydro potential is exhausted

Total Generation : 11,960GWh



The remaining options

* Large Thermal (coal or LNG) — Utility Prefer

e Renewables

— Connected to distribution networks
— Net metering promote solar

* They cause operational problems



Operational problems with

Thermal plants

They are large (300, 500 MW)

Hence need large spinning reserve for N-1
Costly: Minimum 90 million USD for 300 MW
CO, emission

Do not run on partial loads providing spinning reserve
* |nefficient or not designed
* Private companies want to run at maximum

In an event of a generation loss

* Frequency drops rapidly (.7 Hz/s) and trip the thermal plants
 Leading to total black out



Operational problems with
Solar plants

* Do not support frequency control

 Hence rely on under frequency load shedding

Denies power to all in the lines
Disrupt consumers life

 Economic loss of unplanned interruptions is high
— Sri Lanka’s GDP $72.82 billion
— 0.3% of GDP = 5218 million

* Load shedding cut off renewables when it is needed
most



Solution: Use demand response from

all consumers
e Add two bus bars

* Essential lighting and sockets
— Low intensity lamp in every room
— TV and electronic devices

* Non-essential lighting and sockets

— That can be switched off for a
short period

— A/C, Fridges, cookers, hobs and
ovens, washing machines




Low cost device control
non-essential bus bar

Measure frequency and power input

Frequency drops
— switch off non-essential circuit

The Device

— measure load reduction and at the time of
switching

— calculate the energy until the frequency
returns

— display the energy not used

Utility pays consumers for the energy
reduction




Demand response is used in developed
countries from large consumers
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* |n the UK e
Ourservies Frequency Control by Demand Management

Electricity
Transmission
connections

— National Grid Ancillary Service ==

Technical Howto participate | Assessment Getting paid Market
Frequency response requirements process formation
Mandatory Frequency

Frequency Control Demand Management (FCDM) provides frequency response through interruption of demand customers. The electricity demand is
automatically interrupted when the System frequency transgresses the low frequency relay Seting on site

Response
r l l ( : t r rr] An FCDM provider must
e e n O n O e a n preauency Conlvol b
Demand Management  Provide the service within 2 seconds of instruction
Firm Frequency Deliver for minimum 30 minutes

Response

Deliver minimum 3MW, which may be achieved by aggregating a number of small loads at same site, at the discrefion of National Grid
System security

Have suitable operational metering

Reactive power
services Provide output signal into National Grids monitoring equipment

Trading

* |n USA: EnerNOC




Frequency responsive device installed
inside appliances

* Dynamic Demand, UK ' =
— RLtec™
* Pacific Northwest

National Laboratory,
USA

— GridFriendly™ =
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Financial implications

5.4 million consumers
Cost per modification = $20

Spending % of the economic loss (5218 mil) in
one year sufficient to do the modification

lgnoring other benefits

— cost of spinning reserve, economic, customer
comfortability, and satisfaction



Simulation model

No event data is available to the public

Event occurred in 19t September 2003 was
simulated in a reference

165 MW generator trip when load is 970 MW
The model is tuned to replicate the events occurred
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Existing loads shedding scheme




The event simulated
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Four cases of simulations

25-100 MW loads were shed at 49.7 Hz
GT plant was not tripped in any case

Case 25 MW- Only present load shedding stage 1 is operated
Cases 50-100 MW No present load shedding operated
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Conclusion

Maintaining spinning reserve is desirable
— Distributed renewables are non-dispatchable
— Running in partial loads is inefficient
— Costly
— CO, emission

Consumers should help by providing demand response when
the system is in difficult conditions

Consumers will be compensated when they helped
Simple device will work, but controllers are becoming cheap

This will be a paradigm shift in future power system operation



