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On selection of representative operating conditions
for planning future investments in power systems

W. A. Bukhsh, S. Gill, G. S. Hawker, and K. R. W. Bell

I. INTRODUCTION

THE main role of a transmission system development
planner is to ensure that sufficient facilities are installed

on the system to enable it to be operated in accordance
with relevant operating standards. In particular, the system
development planner should ensure that the future system’s
capability to transfer power from producer to consumer would
be sufficient. In order to justify and quantify the benefits
of any transmission investment, a system planner needs to
take account of potential changes to generation capacity and
demand during the planning horizon. A key challenge here is
how a system planner manages to adequately represent future
operational conditions while maintaining the credibility of the
assumptions.

In this paper, we take up the question of which operating
conditions should a system planner look at whilst making
recommendations for future investments in a transmission
system. Moreover, we make a case for time-series analysis
and demonstrate that only considering snap-shots of future
operation does not adequately model the behaviour of an
electricity market. Throughout this paper, we use Great Britain
(GB) electricity transmission network as an example, and
use historic data for the year 2015/16 to demonstrate various
aspects of selecting operating conditions for system develop-
ment.

II. SYSTEM DEVELOPMENT PROCESS

In this section, we give a brief overview of a traditional
approach to system development process. The first step for
a system development planner is to postulate a set of sce-
narios that adequately represents the range of conditions that
might reasonable be expected to arise during the planning
horizon. These scenarios, among other things, include informa-
tion about demand, capacity and availability of conventional
generation, and available generation from wind. Once these
scenarios are built, a system planner needs to determine which
conventional generators would be dispatched by the whole sale
electricity market to meet the expected demand. Normally,
in system development planning, a simple merit order based
proxy for the market is used or, if a market dispatch is
constrained by network limits, an optimal power flow. In GB,
the market is largely decentralised so an initial dispatch might
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Fig. 1. A transmission planner system can influence the cost of balancing ac-
tions (BA) taken by a transmission system operator by proposing investments
in the transmission infrastructure. Definitions of the regions can be found in
[1].

breach network limits and require the system operator (SO) to
accept bids and offers in the balancing mechanism. Figure 1
shows this context. The main goal of a transmission system
planner is to minimise the cost of balancing actions (BA) that
a system operator would have to take in order to securely
accommodate the wholesale electricity markets preference for
generation. An investment in transmission infrastructure can
only be viable if the savings in expected balancing costs
exceed the cost of investment. Definitions of different regions
shown in Figure 1 can be found in [1].

In this paper, we are concerned with the assumptions that
are made in order to obtain a market solution e.g. demand,
available thermal generation and generation from wind etc.
and how the market would utilise the resources available to
meet demand at a particular time. From Figure 1, we note
that such assumptions can greatly influence the quantification
of costs of balancing actions and hence the case for a new
infrastructure investment.

The traditional approach to system development uses a set
of snap-shots that tend to expose extreme operating conditions
for a system [2]. For example, the planning standards used
in Great Britain that define minimum transmission capacity
requirements state that the GB transmission network should
be planned to cater for an average cold spell (ACS) peak
demand with an initially intact network [3]. The average cold
spell peak demand is defined as a demand that has a 50%
chance of realisation during the winter season. The planning
standards does not stipulate a condition for amount of wind
power penetration when ACS peak demand is realised.

Figure 2 shows out-turned variation of demand and variation
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(a) Max, min and mean over a 24-hour time period for half-hourly out-
turned demand of GB (2015/16).
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(b) Max, min and mean over a 24-hour time period for half hourly metered
wind penetration for wind BM units in GB (2015/16). Blue line represents
24% capacity factor.

Fig. 2. A figure showing max., min., and mean of wind penetration and
out-turned demand for Great Britain electricity network.

of metered penetration of wind power at the transmission
level, respectively. Assuming a system planner can postulate
a similar set of time-series for a certain future year, a key
question would be what level of demand and wind penetration
that a system planner should look at in order to recommend
future investments in transmission infrastructure.

III. SELECTION OF WIND AND DEMAND DAYS

In order to select wind and demand days that represent a
system extreme, it is worth looking at the following power
balance equation:∑

g∈G
pG
g,t +

∑
w∈W

pW
w,t =

∑
d∈D

PD
d,t (1)

where pG
g,t, pW

w,t, PD
d,t are generation from conventional

generation, generation from wind and real power demand
during time period t, respectively. Rearranging equation (1)
and differentiating with respect to t, we have:

∑
g∈G

dpG
g,t

dt︸ ︷︷ ︸
Constrained by generation flexibiliy

=
d

dt

(∑
d∈D

PD
d,t −

∑
w∈W

pW
w,t

)
︸ ︷︷ ︸

Flexibility from cutailment of wind

(2)

The LHS of equation (2) is constrained by the overall
flexibility from generation side i.e. sum of the individual ramp
rates from the conventional generators. The main flexibility in
the RHS of equation (2) is from curtailment of wind, given
that demand is largely inflexible and wind cannot offer upward
regulation. In this context, we note the following:

• maximum demand (or zero wind) cases does not neces-
sarily depict extreme scenario for future operation;

• snap-shot analysis fails to capture true availability of
thermal generation;

• flexibility from generation, i.e. ability of generation to
move up or down is as important as the available capacity
of the generation.

Figure 3 shows three selected days from the year 2015/16.
These days are selected based on the criteria of maximum
demand, maximum positive rate of change of demand, maxi-
mum positive and negative rate of change of residual demand
i.e. demand less wind, respectively. Table I gives further
details about these selected days. The red (dashed) curve in
Figure 3(a) corresponds to the day with peak demand and
maximum rate of change of demand. The black (dotted) curve
in Figure 3(a) corresponds to maximum positive rate of change
of residual demand. We note that the generation from wind
drops when demand was ramping up. This situation would
have made the conventional generation to respond much faster
than any other day of the year, provided available transmission
capacity enabled the flexibility to be used.

The green (dashed dotted) curve in Figure 3 corresponds
to the day with maximum negative rate of change. We note
that 2016-01-28 was a particularly windy day and on
average wind penetration in the system was greater than 4GW.
If generation from wind is available then ramping down is
not particularly a problem because in worst case scenario
generation from wind can be curtailed. However, if enough
flexibility is not available from conventional generation then
ramping up of a system can lead to problems.

These dynamic considerations suggest that simple snap-
shot and merit order proxies for what generation is required
to do are insufficient. A unit commitment should be solved
that respects ramp rate limits and other constraints such as
minimum on and off times. Figure 4 shows the results of a unit
commitment problem for peak demand day 2016-01-18 and
maximum +ve rate of change day 2015-11-30. Note that
demand and wind power penetration on both days is not same
and hence cost of generation can not be compared directly. We
have normalised the cost of generation in Figure 4(a) with the

TABLE I
SELECTED DEMAND AND WIND PROFILES FOR A DAY WITH HALF HOURLY

RESOLUTION FOR GB DURING THE YEAR 2015/16.

Day Comments

2015-11-30 Maximum +ve rate of change of (demand-wind)

2016-01-18 Maximum recorded demand of ∼ 51 GW.

2016-01-18 Maximum +ve rate of change of demand.

2016-01-28 Maximum −ve rate of change of (demand-wind)



3

0 6 12 18

25

35

45

55

t (hrs)

D
em

an
d

(G
W

)

2015-11-30
2016-01-18
2016-01-28

(a) A figure showing 3-days of out-turned national demand for GB during
2015/16.
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(b) A figure showing 3-days of metered wind generation in GB during
2015/16.

Fig. 3. Out-turned demand and metered wind penetration for selected 3-days.
The days are selected based on maximum peak demand, max rate of change
(+ve and −ve) of (demand−wind).

maximum cost for the day. We note that the rate of change of
cost of generation is much steeper when wind is ramping down
and demand is ramping up. Moreover the cost for morning
pickup is within 5% of the maximum cost during the day.

IV. CONCLUSIONS AND FUTURE WORK

In this paper, we have highlighted the need for consideration
of a broader class of operating conditions whilst planning for
future investments in electricity transmission system. We have
discussed the importance of temporal consideration e.g. ramp
rate constraints of thermal generation plants for constructing
a representative operating conditions for future operation of a
electricity network.

Future research will investigate the importance of spatial
distribution of demand and wind, and the accuracy of mod-
elling details and their impact on planning decisions for a
transmission system.
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(a) Normalised cost of generation.
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(b) Number of units committed for the two days.

Fig. 4. Comparison between the cost of generation and number of online
units for the peak demand day and max +ve rate of change day.
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