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a b s t r a c t

Cost of unserved energy provides an economic measure of the cost of electricity interruptions to elec-
tricity customers. These values inform investment and refurbishment decisions related to the power
system, with the aim of optimizing network reliability. This paper reports on the development of an
economic model to estimate the value of electricity reliability in South Africa by Eskom to meet regu-
latory requirements. The model allows for the scalability of COUE from national level to more detailed
resolutions. The impact is that decisions for power system investment can be made to meet the needs of
planning and regulatory applications.

© 2017 Published by Elsevier Ltd.

1. Introduction

In South Africa, the Cost of Unserved Energy (COUE) is used to
provide an economic measure of the cost of electricity in-
terruptions to electricity customers and the economy as a whole.
These values are used to inform a number of investment and
refurbishment decisions related to the electrical power system,
with the aim of optimising network reliability. The economic cost of
electricity service interruptions has been of considerable interest
due to load-shedding in South Africa in the period 2008 to 2015.

The benefit of reducing the frequency and duration of electricity
interruptions is quantified in economic terms for planning and
regulatory purposes so that the business case for network invest-
ment and refurbishment can be defined and optimal levels of
reliability can be engineered for the needs of the South African
economy.

COUE is defined as the value (in South African Rands per kWh)
placed on a unit of electricity not supplied due to an unplanned
interruption of a short duration. These unplanned, short-duration
outage events are expected in a well-planned system with an
adequate reserve margin as a result of random failures of equip-
ment. Typically, a power system planner would balance the total
COUE against the cost to supply the energy not served in order to
make optimal planning decisions. It is assumed that businesses and
households experience theses outages infrequently, irregularly, and

of short duration; and therefore little or no mitigation measures
are implemented by customers. However, over the long-term,
the economic impact to customers of regular short-duration in-
terruptions or the quantifiable “nuisance value” to customers
should be factored into planning and investment decision-making
to optimize systems and improve reliability.

The contributions of this paper include the development of a
model for COUE for the residential sector and the economy at large,
focusing on South Africa. The methodology takes into account both
the direct and consequential indirect economic effects of electricity
interruptions.We develop amacro-economic approach that utilises
publicly available data and enables repeatable, transparently
calculated numerical values to represent the COUE.

2. Where and how is COUE used?

Electricity interruption cost studies have been conducted in
numerous jurisdictions worldwide. Billinton (2001) and more
recently Electricity Reliability Council of Texas (ERCOT, 2013)
reviewed studies from different regions worldwide. ERCOT
concluded, however, that the findings across regions are limited by
lack of comparability.

Nooij et al. (2007) identified two decision-making applications
for interruption-cost values: first, to make socially optimal invest-
ment decisions, and second, to decide which customers should be
cut off in times of electricity supply shortages.

COUE values have been applied in transmission planning and
investment in Australia (Hicklin, 2010), Canada (Bhavaraju, 2004)
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and Germany (Praktiknjo et al., 2011) as well as in tariff design in
Sweden (Carlsson and Martinsson, 2008), Thailand (Energy
Planning and Policy Office Thailand, 2001), and India (TERI,
2001). COUE is also used for generation investment planning and
policy decisions in Great Britain (London Economics, 2013), Spain
(Linares and Rey, 2013), and Ireland (Leahy and Tol, 2010).

In the South African context, COUE values are used exclusively to
inform socially optimal investment decisions for utility systems.
Both the South African Transmission Grid Code and the Distribution
Network Code require a regulator-approved method of deter-
mining the COUE as an economic parameter for network invest-
ment criteria. Additionally, COUE is defined as an input parameter
to South Africa's Integrated Resources Plan for future generation
investment.

In practice, these values are used for different applications with
respect to generation, transmission, and distribution of electricity
in South Africa.

In generation planning, COUE is used to assess the risk of eco-
nomic damage (at macro-economic level) as a result of generation
capacity inadequacy. This planning is concerned both with con-
strained economic growth as well as total losses in the economy
resulting from interruptions.

Investment in the transmission system in South Africa is pri-
marily based on a deterministic (n-1) criterion. The economic
impact of losing load or not being able to supply load is considered
before a decision is made regarding new investment. COUE is
commonly used in comparative analyses to prioritize investment
options.

COUE is also used to justify the capital expenditure required to
implement utility projects and identify the least economic cost
(Marais et al., 2006). Refurbishment projects require COUE because
the level of impact on some refurbishment projects will depend on
the customer profile of the individual network.

For electricity distribution, COUE is used for load forecasting,
reliability based planning, and investment decisions. Load fore-
casting is premised on sub-zone classification and customer class
building up from the sub-station level. This type of analysis requires
economic impact measurement disaggregated by sub-station and
by economic sector. Reliability-based planning uses COUE values to
inform breakeven planning for capital investments. For distribution
network planning, COUE is used to identify life-cycle least eco-
nomic cost infrastructure investments among various alternatives.
The cost of a project to the electricity utility is weighed against the
cost impact if the project is not implemented and customers are not
served.

In addition to the application of COUE to investment and
refurbishment decisions, a need also exists within South Africa's
electricity distribution sector to ensure consistent and optimal
decision-making across entities, including the vertically integrated
national utility (Eskom) as well as municipal utilities. Approxi-
mately half of South Africa's electricity distribution is delegated to
municipalities. The municipalities, however, “lack appropriate,
politically-insulated commercial structures for the management of
distribution and supply, and which, in many cases, have failed to
maintain infrastructure and retain suitably skilled staff” (Newberry
and Eberhard, 2008). The need for a standardised COUEvalues to
improve selection and prioritisation of distribution infrastructure
projects was recognised by Cameron and Van der Merwe (2014).

3. Methods to estimate the value of service interruptions

International researchers have developed several approaches to
determining the cost of interrupted electrical power service. Pri-
mary amongst these are the production-function and customer
surveys (Nooij et al., 2007).

3.1. The production-function method

The production-function method uses official, published macro-
economic data, such as gross domestic product (GDP) and gross
value added (GVA), and household expenditure measures. This
method estimates the impact of electricity interruptions due to lost
production for businesses or lost utility for households.

According to Billinton (2001), the production method has
several advantages: it is feasible and simple to implement as a
result of data availability; it uses official, publicly available data, and
is thus, transparent, verifiable and repeatable; it is consistent with
the System of National Accounting (SNA) methodology of the
United Nations (United Nations, 1993); it enables and supports
macro-economic modelling, and it allows for scalability of COUE
measures from a national level to a more detailed resolution (e.g.,
the municipal level).

The key disadvantage of the production approach is that it as-
sumes that macro-economic indicators are a reasonable proxy for
costs of unserved energy. This is because the approach is based on
macro-economic estimations and no data are collected directly
from customers, and it is insensitive to variations in costs associ-
ated with time-of-day, day-of-week, and time-of-year in which
interruption occurs (Billinton, 2001). The impact of time de-
pendency on interruption costs is well documented (ERCOT, 2013)
and methods to account for this effect include using weighting
factors (Billinton and Wangdee, 2005) as well as associating in-
terruptions with time-of-day and seasonal intervals (Herman and
Gaunt, 2010). These methods are used in conjunction with
customer surveys to account for the impact of the time dependence
of interruptions and its potential relevance to planning and in-
vestment decisions.

While the relevance of interruption timing is relevant, the time-
consuming nature and high cost of surveys to collect relevant data
are also considered when assessing interruption costs. As a result,
the production approach is often used because it does not account
for time dependence. Interruption impact studies using the pro-
duction function method have been conducted in the Netherlands
(Nooij et al., 2007), Ireland (Leahy and Tol, 2010), Germany
(Praktiknjo et al., 2011), and Spain (Linares and Rey, 2013).

3.2. Proxy indicator methods

It is possible to estimate COUE from proxy indicators using data
collected from business. These indicators relate to purchases of
backup generation and other relevant measures. The key assump-
tion is that customers would invest in backup generation to avoid
interruptions at the point at which the value of generation equals
the cost of unreliability. Disadvantages associated with this method
include high data collection costs and the inability to disaggregate
the data to a more detailed spatial resolution.

3.3. Blackout case studies

Past blackout events can be used to estimate the cost of elec-
tricity interruptions by conducting after-the-fact case studies
(Billinton, 2001). The advantage of this method is that estimations
are based on real events and not hypothetical situations. However
these findings are limited to the characteristic of the events studied,
and these experiences can usually not be generalised to other
events (Targosz and Manson, 2007).

3.4. Customer surveys

This method uses survey questionnaires to collect data from
customers on the impact of unserved energy. It is based on the
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