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ABSTRACT

Elecltric power systein reliability is a very important
aspect for botlh producers ond consumcrs. For the forwmer it
is important to design an oplimally reliable system while
for the latter it i1s important for the economic use of elec-
tricity for production and services. Combining the two sides
one sets the importance of system reliability to the natio-
nal economy. One important indicator for determining optimum
reliasbility level is the cost of outage to consumers. The
authors in thls paper present an estimation for the cost of
outage using three methodologies. The overall average cost
of outage is estimated at JD 0.63/Kwh (U.S5.5 1/Kwvh) while
the specific outage costs are: JD 0.28/kwh, JD 0.32/Kwh and
JD 1.4/Kwh for domestic, industrial and commercial consumers
respectively.
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INTRODUCTION

It 3is a known fact that electricity plays a major
role in the development of nations. This role is, in a
way, more vital to the development process than other
services or commodities, Dbecavse electricity is essential
for the provision of these services and production of these
commodities in the first place. The projected demand for
electricity of the economic sectors in any country,
especially the developing ones, for increased moderniza-
tion, high rates of aeconomic growth and better standard
of living will add to the importance of the role of
electricity in the development process. Moreover, once
electricity service 15 extended to consumers it may be
impossible to do without it, or even to some extent to
replace it. This is true because electricity is the only
energy source for cectaln applications, such as lighting,
electromotive power, telecommunications and data proces-—
sing. Purthermore, it is a clean energy source which is,
in most cases, reliable and very competitively cheap.
However, once electricity supply to consumers becomes, for
any reason, less reliable or of inferior quality beyond an
acceptable level, an associated detrimental economic
effect must be attached to the supply of electricity in
its role in the development. This becomes an important
decision factor in the work of electricity planners. "How
reliable a power system should be?”, “what could be done
to improve rellabllity and quality of supply and at what
associated costs?" are questions to he answered Dby ¢he
planners. This paper provides an estimate for the cost of
electrxicity outage in Jordan to help planners in address-
ing these questions.

An electric pover system is adeguate only if {t is
capable of meeting the demand of consumers at all times
and with an optimum level of reliability. This optimum
leval depends on the inherent technicsal features of the
components of the power system and the investment policy
for expansion and enhancement of the power system. How-
ever, it is determined by the economic worth of electri-
city to various consumexs, i.e., negative economic impact
of the absence of electricity sexvice.

This last Eactor stems from the fact that an unreli
able supply results in Dboth short and long terms
consequence to the economy. In the short term the
customers may be forced to affect changes in their opera-
ting regime while in the long term they may take
decisions to acquire stariby sources or ultimately to
become self-reliant. To these are added the cost of idle
time, spoilage of raw materials, possible damage to
equipment and lost revenues.
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This paper sheds light onr the electricity outage
cosgts to various consumexs in Jordan and compares three
different methods for the evaluation of these costs.

DEFINITION OF THE PROBLEM

In Jordan, as In many developing countries, an
accurate assessment of the true economic value of
electricity outage to oconsumers, utility and the
natlonal economy are not existent to date. This informa-
tion 1is wvaluable for any planning study leading to
decisions regarding tariff, optimom reliability level of
the power system or its expansion.

At the consumer Jlevel the electricity worth {s
measured by the willingness to pay for the serxvice. How-
ever, this subjective measure must Dbe appropriately
gualified to arrive at a reasonable value. Moreover,
additional adjustments must be incorporated to reflect
the cost of damage or loss, i1f any, due to any outage.

The cost of outage te the uvtility maust be agual to
the cost of outage to the consuvmer plus all costs incur-
red to maintain a giyen reliabjlity criterion. This last
factor may entail the capital, operation and maintenance
costs needed Lo mairdtain the required level of reliabi-
lity of the power system.

ns for the cost to the pational economy, the cost of
securing foreign exchange for financing the expansion of
the power system and its operation must be added to the
utility cost. This cost to FT? national economy must be
adjusted using shadow prices to reflect any distor-
tions in prices in the local market. However, for the
case of Jordan the corrections using shadow prices are
not necessarxy due to the recent measures taken by the
government which are believed to be adequate to eliminate
any distortions 4in the -cconomic value of foreign
exchange. Furthermore, the wvalue of fuel and capital
equipment in Jordan is equal to the international prices.

The cost of ehergy shortage to the utihﬁty was
studied by Billinton, Oteng-Adjei and Chajar =~ . They
compared two different methods, namely; customexr @damage
function and simulation, where the difference between the
results of the two methods was negligible.
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3. CALCULATION OF OUTAGE COST DASED ON THEORETICAL APPROACHES

There are basically two approaches fo J‘he calcula-
tion of outage COﬁEﬁA A simplistic approach and a more
detailed approach . In the former a singlc value for
each Xwh unmet is calculated regardless of the type of
consumer while in the latter the cost for each type of
consumer is calculated.

In the remainder of this section the results of the
outage cost for Jordan using the two approaches are
presented.

A measure of the economic activity of any country is
the Gross Domestic Product (GDP) which is basically the
sum of the value added by productive sectors of the
economy . In the following table the GDP (at constant
1980 prices) and the electrical energy consumption f£or
the period (1980 - 1990) are presented:

Table 1: GDP and Electrical Energy Consumption {in Jordan
{1980 - 1990):~

Electricity
Year| . GDP Gbp Consunption Gwh
(in million JD) (in million U.S.§| Total Economic
Sectors
1980 984 3303 877 53%
1981 1078 3292 1028 623
1982 1139 3231 1274 794
1983 1166 3211 1623 1056
1984 1189 3092 1944 1304
1985 1235 3130 2151 1457
|1986 1261 3603 2323 1576
1987 1297 3832 2655 1549
1988 1252 2813 2761 1880
1989 1343%* 2005« 2920 1980
1990 1316%** 1964 %+ 3089 3100

* 1980 constant prices
** Rstimate
(Sources: Central Bank of Jordan Statistical Bulletins and
Jordan Electriclty AMuthority Reports).
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Several comments are iLn order for Table 1 as follows:-

1. Average anrnval growth rate for GDP during the period is
4.1% for the values in JD,

2. hverage annual growth rate for GDP during the period
(except 1990 ) is 2.1%¥ for Gthe values in U.S.§ which
indicates that the exchange rate of the U.S.§ versus JD
has doubled during the periocd.

3. Average annual growth rate for total electricity
consumption is 15.4%

4. Average anndal growth rate for consuwption of economic
sectors is 17%.

5. The average yearly exchange rate for each year is used to
convert GDP figures finto U.S.§.

‘Since electricity is one essential element in the
economic development of any country then each Xuwh
consumed is directly proportional to certain JD value of
GDP. Thus the ratlo "GDP / electricity consumption” is a
representation of the value of electricity to the
economy. In other words it is a measure of the cost of
ocutage.

The cost of outage based on the values in Table (1)
varies from JD 0.5 to JD 1.12/Xwh for the total consump-
tion and from JD 0.7 to JD 1.B/Xwh for the cousumption of
economic sectors only. As for the values in U.S$.S, the
ranges are U.5.§ 1.44 to U.S.5 J.77/Kwh and U.5.§ 2.07
to U.S.§ 6.17/Kwh, respectively. Therefore, the average
outage costs for the period of study can be summarized as

follows:
Outage Cost based Outage Cosl based on
on total consumption |consumption of economic sectors
JD/Kwh = U.S5.§ /Kwh JD/Kwh = U.85.5 / Kwh
0.75 2.19 1.17 3.43

It should be noted that the outage <costs in
U.S.$S /Kwh using the <current exchange rate would Dbe
U.S.5 1.25/Kwh for total consumption and U.S5.5 1.95/Xwh
for the consumption of the economic sectors only. Fnter—
estingly enough, a recent expansion studylS has
estimated the outage cost (or cost of unmet energy) in
Jordan to be U.S.§ L/Kwh which is not far from the above
calculations. In this latter study, the calculations were
based on the average marginal cost of electricity produc-
t{on where the cost of outage was taken as twice the
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marginal cost. In this approach, the outage cost is
divided into outage‘due to apathy shortage and outage
due to enexgy shortage apa¢1ty portion is based on
the Long Rua Marginal (LRMC) while the energy
portion is based on the Sh t Run Marginal Cost (SRMC).
The average marginaj cost {s a combination of the two
marginal cost components. ¥

A previous load managemént study has attempted to
estimate the outage cost in Jordan whereby 1t vsed the
Minimum Cost of Outage Method ldMCOM). This approach

i1s simply,to estimate the expected value of the annual
outage costs assumlng a ‘functioffel relationship Dbetween
outage costs and the annyal tota}. number of service hours
lost due to outage. In this stuwdy the ouvtage cost for
domestic consumers is estimated '§t JD 0.24/Rwh. As for
the services (commerclial) .and .Hndustrial sectors the
approach {8 based on the regressipn of the value added of
these sectors aund the ectricity consumption. b\
recalculation of outage cosy baséd on value added for the
period (1980 - 1987) is as follows:

Y L, Value added (million JP)
e T \
a Sexvices sector : : Industrial sector
r 'l
Current Prices | Constant |Cbrrent Prices| Constant
1980 . 1980
Prices | Prices
=T
1980 567 567 -k 167 167
1981 758 752 l 208 1823
1982 858 740 1 230 199
1983 918 752 f 215 176
1984 966 767 J 251 199
1985 1019 784 ’ 253 195
1986 1048 806 242 186
1987 1068 822 252 1914

The outage cost for the services sector varies during the
period (1980 - 1987) from JD 0.98 to JD 2.27/Kwh while for the
industrial sector it varies from JD 0.2 to JD 0.55/Kwh. The
average outage cost is JD 1.53/Kwh for the services sector and
JD 0.33/Kwh for the industrial sector. Thus the calculations of
outag?slcosts according to the methodology of this previous
study yield the following average values:

Domestic Sector Services Sector Industrial Sector

JO/Kwh 0.24 1.53 0.33
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Therefore, the weighted average outage cost (based on

Bsctorial share of electricity consumption according to 1988
consumption figures) is JD 0.7/Kwh which is very close to the
JD 0.75/Kwh calculated Dy the authors using the simplified
method.

It[}§]worthwhile to state that the above mentioned two

studies were not primarily Jdirected to calculate the cost
of outage, rather the cost of outage was estimated for the
purposes of system expansion and load management.

4,

CALCULATION OF OUTAGE COST BASED ON FIELD SURVEY

Field study of shortage cost to different customeFﬁ
has Dbeen wused. Subramaniam, Billinton and Wacker
report on a field study of industrial c%ﬁtomer damage
function. Wacker, Wojezynski and Billinton also report
on a Canadian residential survey. )

The authors designed two Qquestionnaire forms; one
for domestic consumers and the other for industrial and
commercial consumers. The ¢questions were <carefully
prapared in order to be able to estimate, €from the
responses, the value of consumers willingness to pay for
electriclty service or in other words: what extra payment
they are wllling to give to avoid an autage? The factors
stressed in previous studies, e.qg.”’ were incleded in
the questionnalre . However, the resulls derived from
such fleld studies are only typical to the particular
case.

The guestionnaires were completed by the rxespondents
by interview. About one hundred domestic consumers, and
thirty industrial and commexcial consumers were
interviewed. The data was stafistically then analyzed
vsing the SPSS computer package . In the remainder of
this section the analysis of the survey results is
presented.

* The questionaire forms are available upon request from the

L8]

auvuthors

The SPSS is a collection of statistical analysis tools
that can be used either on a PC or mainframe computers.
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4,1 Domestic Consumers

So

About B80% of the respondents had experxienced at
least one outage during the past three years while the
remaining 20% were either do not remember or 8o not know
or were sure they 4id not have any outage. Thus, 80% is a
good percentage, to give enocugh <confidence in the
responses, which indicates that the large majority of
respondents responded from experience.

As for the preferred time for an outage, 1if any,
about 50% prefers the period 12-18 hrs., while about 25%
prefers 0-4 hrs.. Only 2% does not mind an outage in the
perfod 1B-~24 hrs., and 15% in the period 6-12 hrs. This
means that ths majority of respondents prefers the
afterncon perlod (6 hrs.).

Several questions were designed to estimate the
consumers willingness to pay to avoid an outage. The
average value of willingness to pay 1is JD 1.35 (the
cholces given to consumers in the qguestionnaire were:
JD 0.5, JD 1, JD 2, and JD 5 as extra payment to avoid an
outage). Furthermore, 52% and 29% of respondents prefer
one outage per year and one outage every Ssix monlths, if
£hey must have any, respectively. Moreover, the value of
average monthly bill of the respondents was JD 10.7 which
1s roughly eguivalent to about 200 Xwh/month consumption.

As only 6.5% indicated that there was food or eguipment
damage due to outage, it ls safe to state that the cost
of ocutage is eguivalent to the direct value of willing-
ness to pay only. However, since the JD L1.35 is for one
outage and the duration of the preferred outage is six
hours, as mentioned earlier, the willingness to pay 1is
1.35/6 = 3D 0.225/hr.

From the responses to several questions, the average
instantaneous connected elecktrical load for a typical
household can be estimated as follows

3 x 0.06 Kw {(Lighting)
+ 1 x 0.2 Xw (T.V)
+ 1 X 0.25 Kw (Refrigerator)
+ 1 x 0.1 Kw (Miscellaneous)
= 0.73 Kw

the cost of an outege becomes
0.225/0.73 = JD Q.31/Kwh.

This is in close agreement with the result indicated
in section 3 above (JD 0.24/Kwh)
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4.2 Industrial and Commerclal Consumers

About 90% of the respondents have had an electrlicity
outage to their premiscs within the past three years.
The majority of respondents (75%) hada a frequency of
outage between three to six months. As for the duration
of outage 75% of the respondents estimated a perlod of
30 minutes to 2 hours for the ouvtages they experienced.

All of the respondents that have standby generators
indicated that they operate Chem during outages while
none uses the generators to reduce their electricity
bil). Moreover, about two thirds of the respondents
employ their work force ia other e&ctivities; such as
material handling, maintenance, calibration, storage,
etc., during outages. This finding leads one to conclude
that there 1s very little 1dle time cost for workers
during an outage.

Theoretically the cost components of electricity
outage (FP an industrial or commercial ouwtfit are as
follows ':

Cost of electricity outage = $pC + IPFC + OPC

where,
SPC : Spoiled production cost
IFC : idle factor cost
OPC : overtime production cost

As for the first cost component all the respondents
indicated that for materfal damage to occur the outage
duration should be longer than twoé hours. Since most of
them responded that they experienced outages in the
range of 30 minutes to two hours, Lhus this cost
component will be the loss of expected revenue. This is
estimated Ln the following analysis:

Average electricity cost to industrial and
commercial consumers 1is JD .030/Kwh and JD .05/Xwh,
respectively, which all respondents indicated that it
constitutes not more than S% of production cost for the
industrial sector and 3% for the commercial sector.

S0, at the utmost, the outage of electricity in an
industrial firm will cause a complete production stop-
page which will cause about 100% loss of production
revenue. lfowever, this production loss can be overcome
ot compensated through overtime work keeping in mind
that this has an added assoclated cost which is overtime
pay and production rescheduling. Hence, the net SPC can
be estimated at 50% of the total production cost;
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.030
.05

On the other hand, the commercial sector can be classi-
fied into two groups. The first comprises firms which
are tied to other enterprises to facilitate their
operations. Xn this case an outage will cause psartial
loss of productivity since such firms are not totally
dependent on electricity and do not have dirxect inter-
action with customers. Consequently, the net SPC can be
estimated at S0% of the total operation cost.

x .50 = JD 0.30 /Kwh

The second group comprises firms which provide
services directly to customers. A characteristic of such
service firms is the inability to reschedule or delay
provision of services. Hence, an outage will cause total
loss of revenue making the net SPC of equal 100% of
expected revenue.

Therefore, for the commercial sector the average
SPC component cén be estimated at 75% of the total
producftlon cost =
.050

.03
As for the other two cost components; IFC and OPC it
can be concluded that the first is negligible while the
other was included in the calculation of net effect of
the spoiled production cost as indicated above.

¥ .75 = JD 1.25 /Kwh

In summary, the weighted average outage cost,
considering the above outage costs of the domestic
irdustrial and commercial sectors and their respective
electricity consumption percentages, is calculated as

follows:
' outage cost electricity consumption
sector ID/Kwh
Domestic 0.31 30
Industrial 0.30 40
Commercial 1.25 20
L | I
Note : 10% of the electricity consumption is accounted
for other sectors which are not included in the
survey.

The weighted average ouvtage cost

0.31 x 0.3 + 0.3 x 0.4 + 1.25 x 0.2
0.9

JD 0.51/Kwh
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4.3 Summary of Findings From the Sutrvey

As a result of the analysis of the responses to the
survey the following conclusions are reached:
a) The high response to the gquestionnaize from the
: domestic sector leads to substantial findings; On the
other hand, the response from ¢the industrial and
commercial sectors was not adeﬁyﬁte, as experienced
by other researchers previously .

b) The lack of some information in gome of the inter-
viewed firms were apparent and worrisome.

¢} The results of this empirical study are indicative
and can be used 4in cconomic feasibility studies.
Furthermoxe, the methodology used in this research
can be readily applied in other countries leading to
more substantial results than other methods.

d) The survey prodvced important results other than
those related to the cost of outage. (e.g. average
monthly electricity bill, preferred time of ocutage,
and usage of autogeneration).

S. CONCLUSIONS

Two  theoretical approaches and one empirical
approach are used to estimate the cost of electricity
outage. The first approach is based on the relationship
between the GDP and electricity consumption, The result
of outage cost using this approach is JD 0.75 /Kwh for
total electricity congumption and JD 1.17 /Xwh for the
consumption of economic sectors only.

The second approach is based on disagregating the
analysis to the three main consuming sectors; namely,
dowmestic, industrial and commercial. The result of
outage cost using this approach is JD 0.24 /Kwh for
domestic consumers, JD 1.53 /Xwh for commexcial
consumers and JD 0.33 /Rwh for industrial consuimers. The
weighted average cost o¢of outage <comes to about
JD 0.7 /Kwh.

The third approach is based on a field survey where-
by the questionnaires and the interviews concéntrated on
facts that could give resuvlkt to the willingness to pay
of domestic consumers and direct and indirect outage
costs for industrial end commercial consumers. Theg
outage costs estimated using this methodology are
JD 0.31 /Kwh, JO 0.30 /Kkwh and JD 1.25 /HKwh for
domestic, industrial and commercial consumers respecti-
vely., The weighted average outage <cost is about
JD 0.50 /Kwh using this empirical approach.
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Combining the results of all three approaches one
gets a range for the outage cost Dbetween JD 0.50 /Kwh
and JO 0.75% /Kwh. Even though, these two numbers were
calculated using two different methodologies, however,
if one desires to obtain a single indicative wvaluve an
overall average cost of outage figure of about
JD 0.83 /Kwh can be safely recommended {roughly
1 U.85.8 /Kwh). This single estimate can be used as a
proxy for outage cost in planning studies.

However, if specific consumer category outage costs
are reguired then JD 0.28 /Kwh for domestic,
JD 0.32 /Kwh for industrisl and about JD 1.4 /Kwh for
commercial consumers are recommended.
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