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The Value of Lost Load

1. Introduction

The value of lost load is the average willingness to pay of electricity consumers to
avoid an additional period without power. The value of lost load is a useful yardstick
for decisions on the total capacity of the power supply (e.g., Sanghvi, 1983). In the
efficient solution, the marginal cost of additional capacity, which is roughly equal to
the wholesale peak price, is equal to the value of lost load. In a regulated market like
the Irish, customers cannot express their willingness to pay, and suppliers cannot
reveal their marginal costs. Therefore, the value of lost load has to be inferred. This is
particularly relevant for Ireland as the electricity supply is rapidly expanding and
being restructured, and the prospect of supply shortages is real (Bazilian et al., 2006;
Lyons et al., 2007; Malaguzzi Valeri and Tol, 2006).

There are three groups of methods for doing so, if the preferred method (based on
preferences revealed in market behaviour) fails. The first alternative is based on stated
preferences (e.g., Beenstock et al., 1998). It relies on surveys of customers, who
answer hypothetical questions. This method is the most common one, but this may be
because it is academically the most challenging method. Stated preference methods
suffer from substantial biases. No Irish data are available. There is substantial
empirical evidence that using estimates from other countries is inappropriate. The
second alternative is to use cost estimates from black-outs or brown-outs in the past
(e.g., Corwin and Miles, 1978). This avoids the biases of the survey methods, but one

needs to assume that the future and the past are similar. Ireland has changed rapidly.

The third alternative is based on estimates of the production function, which relates
electricity use to output. This is the method used here. See Section 2 for an

elaboration.

CER & NIAUR (2007a) use a tautological method for estimating the value of lost
load. They use the estimated peak price of electricity for the planned capacity. In this
circular reasoning, planned capacity automatically equals desired capacity, and future

decisions are justified by reference to past decisions.



2. Data and methods

If there are no disaggregated data on the demand for electricity at peak hours, as is the
case for Ireland, one can instead use a production function. Production functions
imply demand functions. However, this method is one step removed from the variable
of interest, and additional assumptions (e.g., rationality of economic agents,
divisibility of goods and services) are required. Furthermore, typical production
functions are estimated for a year as a whole, and may not be appropriate for an
assessment of the impact of an event such as electricity interruptions for a few hours.
Nonetheless, the production function approach is adopted here as the only viable

option given data availability.

The method used here is identical to that used in de Nooij et al. (2007). Specifically,
the production function is assumed to be linear. That is, the value of electricity to a
particular industry equals annual electricity use over annual value added. The crucial
assumption is that companies are able to shift production in the year, so that the exact
time of the black-out does not matter. This assumption is a reasonable one for most
activities. Another assumption is that the duration of a black-out does not matter,

which is again reasonable for a relatively short brown-outs that could occur in Ireland.

Electricity use by sector can be found in the Energy Balances of the SEI for the years
1990-2005 (SEI, 2006). Operating hours are as in de Nooij et al. (2007). Production
data for the same period are taken from the ESRI Databank (Bergin and Fitz Gerald,
2006). The time series gives some idea of the evolution over time.

For residential electricity use, de Nooij et al. (2007) similarly assume that all activity
stops when there is no electricity — essentially, an hour of time is lost for every hour
without electricity. This seems large, but risk and annoyance are not counted. The
opportunity cost of leisure time is assumed to be equals to average wage, here
assumed to equal the average GDP per working hour, after tax. For those who do not
work, the opportunity costs are half the average wage. The cost per KWh follows
from dividing the total value of leisure production by total residential electricity

consumption, both by time of day and week.

Data on GDP, size of the population and labour force, and number of working hours
are taken from GDDC (2007). The average labour tax rate is taken from OECD



(2007); it falls from 40% in 1990 to 26% in 2005. As an alternative, we use the
average income tax rate from Bergin and Fitz Gerald (2006), which is roughly
constant around 20% -- the two tax numbers are consistent if one considers the
increase in the labour participation rate. Exelon (2007) shows that 44% of domestic
electricity is used during the day, 35% in the evening, and 20% at night. These
numbers are for Great Britain, but used here as such data are not available for Ireland.

3. Results

Figure 1 shows the value of lost load for the different sectors in 2005. There are
substantial differences. In “traditional” manufacturing sectors, the VoLL is only a few
euro per KWh, but this goes up to some €20/KWh in the manufacturing of electronic
and chemical products. Transport is exceptional, as it uses little electricity. The
average value is €8/KWh. Residential electricity use is by far the most valuable
among the large users.

The pattern shown in Figure 1 was very different in 1990. The largest differences are
for mining, where the VoLL has fallen by 7% per year on average between 1990 and
2005; and other manufacturing, where the VoLL has increased by an annual 14%. The
average has grown by 2% per year. The VoLL for households has increased by almost
3% per year. Although wage growth has only slightly exceeded the increase in
residential electricity use, the value of leisure time was substantially increased by the

fall in labour taxes.

Figure 2 shows the value of lost load for 1990-2005, split by time of week. The VoLL
grew by some 3.5% per year over this period, but growth was more rapid for 1997-
2004. The recent deceleration is largely due to the household VoLL, which is driven
by a deceleration in labour productivity growth and a saturation of the employment
ratio. The stabilisation of wage taxes is also important. If the average income tax is
used rather than the average wage tax, the VoLL increased by only 1% per year.

The VoLL differs substantially between week days and the weekend, and between
times of day. For production, electricity is most valuable in week nights, and least
valuable in weekend nights. This is because industries with the lowest VoLL tend to
work either on Monday to Friday from 9 till 5, or 24-7. For households, electricity is

more valuable in the weekend than during the week. During the week, electricity is



more valuable in the evening than during the day; the opposite is true for the
weekend. As the value of electricity is so much greater to households than to

companies, the household VoLL dominates the average VoLL.

The average VoLL is around €40-43/KWh, which is considerably higher than the
€10/KWh set by CER & NIAUR (2007b). The lower number uses the wage tax, the
higher number the income tax. At week days during the evening, when brown-outs
are most likely, the value goes up to €68-74/KWHh. This suggests that the regulators
aim for less power generation capacity than is socially desirable, and that the
probability of a brown-out is too large. At present, during a brown-out, it is policy to
shut off electricity in residential areas first, and in industrial estates later. As the
household VoLL is much larger than the company VoLL, this policy may be

reconsidered.

4. Conclusions

In this paper, | use a simple version of the production function approach to estimate
the value of lost load in the Republic of Ireland for the period 1990-2005. The
estimate suffers from lack of detailed data on residential electricity use. The value of
lost load has grown considerably over the last 15 years, as wage growth outstripped
electricity demand, and the Irish economy shifted towards production that has a
higher value added per amount of electricity used. In 2005, the VoLL is about
€40/KWh, which is considerably higher than the regulator assumes it to be.
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Figure 1. The value of lost load per sector in 2005. The average value (except

residential) is also shown.
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Figure 2. Value of lost load by time of week and year.
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