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Abstract

Primary frequency control reserve is the fastest and most important operating reserve
which is used to keep frequency in allowable rang. The deployed primary reserve after a loss
of generating unit increases proportional to frequency deviation and according to governor
droop characteristic. Ramp rate and maximum generation output of generating units bound
primary reserve. Thus, increase in ramp rate leads to available primary reserve increases.
Ramp rates of generators are generally specified within elastic range of the strength of the
shaft to prevent the rotor from fatigue. These limits can, however, be exceeded, albeit at the
risk of reducing the rotor life. By incorporating appropriate ramping cost such effects on rotor
life can be compensated.

In this thesis, capability of providing multi-ramp rate (MRR) of generating units is
introduced. By using this capability independent system operator can choose each of ramp
rate modes for supplying sufficient primary reserve in day ahead simultaneous scheduling
energy and primary reserve. The multi-ramp rate capability is integrated in formulation of
simultaneous scheduling energy and primary reserve. The resultant mixed integer non-linear
problem linearized and implemented in GAMS software environment. Simulations performed
for various primary reserve bid prices of generating units, different load conditions and for
two isolated test systems. Simulation results indicate that deploying multi-ramp rate capability
leads to considerable decrease in total operation cost, energy price and its variations.
Moreover, results show that in minimum load condition the proper selection among the ramp
rates is normal, whereas in peak load condition to meet the reserve requirements of the
system, it is recommend that generating units operate in their very fast ramp rate which is
more economical than committing new generating units.

We also discussed the impacts of utilizing multi-ramp rate capability in the presence of
high wind generation uncertainties. Simulation results on a test system indicate that, by using
fast ramp rate of generating units, frequency deviation of the system varies within allowable
rang and wind power penetration limit is increased. Effects of using multi-ramp rate in smart
grid environment and in the presence of vehicle to grid (V2G) technology is also addressed in
this thesis. Fast responses of electric vehicles and their lower cost make them good option for
providing primary reserve requirements. Simulations on a test system indicate that electric
vehicles can provide considerable amounts of primary reserve and peak load. Total operation
cost by using services provide by electric vehicles can remarkably reduce total operation cost.

Vi
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! Frequency deviation

2 Automatic Generation Control (AGC)
® Secondary frequency control

* Secondary reserve
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! Tertiary reserve

2 Under and Over frequency relays
® Independent System Operator
*Vertical integrated structure

® Sequential schedule

® Ratinal buyer

" Simultaneous schedule
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! Multi-ramp rate (MRR)
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! North American Electric Reliability Council
2 Operating reserve

® Replacement reserve

* Non spinnig reserve

® Contingency reserve- non spinning

® Operating reserve—spinning

" Frequency responsive reserve

® Regulating reserve

® Contingency reserve- spinning
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! Self- Regulating
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! Load following replacement

2 Primary frequency control reserve
*Secondary frequency control reserve
* Tertiary frequency control reserve
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! Scheduled frequency



