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1.5.

The performance of the new configuration and design of AGC was first determined by means of

the simulation model. The new configuration and design were then installed on the operational

system and performance was evaluated against the established criteria before being accepted.

The implications of the establishment of the Southermn African Power Pool were finally addressed.
As AGC was originally designed mainly for tie-line management, it can handle the tie-line bias

mode of operation with ease. There are, however, some issues, such as the responsibilities of

members and the possibility of joint AGC regulation, that need to be investigated.

LAYOUT

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Chapter 7

Chapter 8

describes the original design and configuration of AGC as developed by ESCA
Corporation and installed in Eskom by Westinghouse.

describes the enhanced design and configuration of AGC, incorporating mainly the
philosophies for long-term and short-term regulation that were implemented.

deals with criteria used in monitoring the AGC regulation performance.

presents the AGC system simulation done in Matlab® to test and verify changes to the
original control system.

provides operational results achieved on the actual Eskom grid after implementing the
enhanced AGC system.

discusses the impact of the establishment of the Southern African Power Pool on AGC.

provides a conclusion and recommendations based on the research effort.
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3.1.

3.2.

3. THE ENHANCED DESIGN AND CONFIGURATION OF AGC

BACKGROUND

This chapter describes the design implemented to optimise AGC for minimum control. It explains
the enhancements to the design as well as the configuration developed to overcome the
shortcomings of the existing AGC.

The regulation effort on any transmission system can be divided into a long-term load-following
(demand-following) regulation component that operates in the minutes horizon and a short-term
ACE regulation component that assures system stability and control performance in the seconds
horizon. An optimised AGC system will firstly be able to discriminate between the two regulating
components. Secondly, each component must be able to perform its duty successfully. If correctly
set up, the load-following component will have the greater economic impact whereas the short-
term ACE regulating component is more important for control performance and a stable system.
Criteria for monitoring AGC performance are discussed in the next chapter.

The structure of the original AGC system is based on a similar design, but the design and
configuration could not support the obligations adequately. The two components, their objectives,
and the enhancements to the original control system are discussed.

LOAD FOLLOWING (LONG-TERM REGULATION)

The load-following component can be described fairly easily and although obtaining the solution i
a complex procedure, proven methods are used. Load-foliowing is done by means of the base
point module, and more specifically the economic dispatch routine of AGC' for units selected ir
control economic mode. Enough generating units have to be selected in control economic mode 1
ensure proper functionality of the load-following regulation effort.

' The positioning of the economic dispatch routine is described in section 3.2.
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terms of scheduling it only at one control area at a time (incorrectly), to determine the sensitivity of
the power flow to control from the individual AGC systems. Only steady-state conditions are
observed with the initial frequency at 50 Hz and no tie-line schedules in place. Note that areas A

and C are connected only to area B.
A. Tie-line scheduling on the Southern African interconnected system

Schedule 70 MW export at control area C to area B, and schedule 70 MW import at control

area B from area C and schedule nothing at A.

¢ The generation in area C increases by 70 MW while that in area B decreases by 70 MW,

therefore no change occurs in the total generation of the interconnected system.

e 70 MW will thus flow from area C to area B without a change in the system frequency or errors

in the other tie-lines.

Schedule 70 MW export at control area C to area B without scheduling anything at B or A.

¢ The generation in area C increases by 70 MW, with no change in generation of area A or B,

resulting in a change in the total generation of the interconnected system.

e To overcome the transient imbalance of the system generation and demand, the system
frequency will increase to 50.02 Hz.
Afrequency = Ageneration(MW ) + bias(MW | 0.1Hz)
Afrequency =70 + 350/ 01=0.02Hz

e The demand in every control area will increase in the steady state, according to its individua

frequency bias, as a result of the load-frequency characteristic of the demand.

Ademand = Afreduency(Hz) x area bias(MW / O1Hz)
ademand A=0.02 x 20/ 01 =4MW
Ademand B = 0.02 x 30 / 01 = 6MW
Ademand C = 0.02 x 300/ 0.1 = 60MW
e As the change in generation only took place in area C, the changes in demand will be absorbet
via the shortest route over the tie-lines, resulting in errors of 4 MW on the B—A tie-line and 1

MW on the C—B.tie-line. (Note that the error on B—A is inherently transferred to C—B.)
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