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ABSTRACT

This paper shows that there is a significant corrclation between energy consumption and national
income or output. Thus, it is inferred that power interruptions and shortages result to losses in national
income.

The study specifically deals with the impact of such power interruptions and shortages on the
manufacturing industries, the sector in the economy that uses electric energy most intensively and which has

one of the largest contributions to national income.

To quantify the impact of power interruptions on national economy, a simplistic approach is presented.
Estimating graphs are generated for each industry group of the manufacturing sector as well as for the whole
manufacturing industry.

INTRODUCTION

The demand for electrical energy has been observed to be increasing steadily and
people are attributing this to the economic recovery of the country. As a result, businessmen
are worried about the power supply situation in the country, both in terms of its availability and
reliability of operations. .

Do these foregoing statements mean that the availability of electrical energy influences
the economy of a country? To what extent do power shortages and outages affect the economy?

* A technical r presented at the 13th National Convention of the Institute of
Integrated Elggg:caq Engineers, Inc. November 17 - 20, 1988, Philippine Plaza Hotel.

** Exccutive Director, National Engineering Center, University of the Philippines.
*** Research Assistant, Industrial Research Center - NEC, University of the Philippines
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This paper, uses the Gross Domestic Product (see definitions) as the measure of the
level of economic activity. Figure 1 and Table 1 show historical trends for gross domestic
product (GDP), total energy consumption and total electricity consumption. Figure 1 shows a
marked relationship between GDP and energy consumption; thus, one can make the conclusion
that energy is a vital input to economic production.

Figure 2 shows the percentage contribution of the different sectors of the economy to
the GDP for 1986. The industrial and service sectors account for 70% of the total GDP with the
service sector contributing 6% more. Figure 3 shows the percentage contribution from the
different subsectors of the industrial sector. The manufacturing subsector accounts for 74%
which translate into about 24% of the total GDP.

Table 2 lists in decreasing order the contribution of the different industry groups of the
manufacturing sector to the Gross Value Added (GVA). The highest contribution comes from
food industry which accounts for 42%. This big amount can be attributed more to the large
number of establishments and not necessarily to a large GVA per unit output. Tables 3 and 4
give the historical GVA and total electricity consumption, respectively, for each industry group
from 1970 to 1981.

A method of assessing the impact of power interruptions is to estimate the outage costs,
i.e., the economic costs suffered by society when the supply of electricity fails or is expected to
fail. During or following an outage, consumers suffer direct costs since normal productive
activity is disrupted. Opportunity costs are incurred due to spoilage and idle productive factors.
Likewise, indirect costs are incurred when power is expected to fail. Consumers may adapt their
production methods and techniques in ways that are more costly such as purchasing alternative
and/or standby sources of energy. In addition, the opportunity cost of supplying electricity is
also forgone.

Therefore, it is appropriate to measure the impact of power interruptions on the
economy in relation to the effects of outages on productive activities. In the absence of primary
data, one can at best use a simplistic approach in determining the effect of power outages on the
economy. The concept of Electric Energy Intensity, defined as the electric energy required to
produce one unit of GVA, will be used. A study of the historical electric energy intensity
indicates that this parameter varies widely. Figure 4 illustrates the variations over the years for
selected industry groups. Given this constraint, one can only come up with an approximat¢
figure of the reduction in GDP given a certain amount of energy curtailment by using the
maximum, minimum or average of the historical electric energy intensity. Using the average of
the historical electric energy intensity, the average energy can be calculated for a given GVA a5
reflected in Table 5. Conversely, an equivalent GVA can be obtained given an amount of encrgy-
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Specifically, the reduction in GVA (and consequently in national GDP) can be
calculated by dividing the amount of curtailed energy by the average intensity. Figure 5 is a
quick estimating set of graphs for this purpose. Table 5 shows the average energy requirement
of the industries for the given GVA of 1986. Basing on the aggregated average intensify, a total
of 5,922,873 megawatt-hours is required for all the manufacturing industries. For example, a
0.1% reduction or six (6) million Kw-hrs (0.001 X 5,922,873) energy curtailment due to
interruptions and shortages will be translated into 33.9 million pesos (at constant price of 1972)
for the food industry. This reduction is equivalent to 242 million pesos at 1986 current price
(1986 price index = 712.4). The same procedure can be used for other industry groups. A more
accurate impact can be calculated if data on power interruptions from industry groups can be
obtained. In the absence of the data from the industries, the impact can be estimated by using
the aggregated average intensity and outage data from the electric utilities. This is more realistic
because curtailment cannot really be selective. So based on the average of all the industries, the
6 million Kw-hrs energy curtailment is equivalent to 21 million pesos and 150 million. pesos at
1972 and 1986 prices respectively.

As stated earlier, the estimates of losses in the economy based on the average electric
energy intensity are limited approximations because of its simplifying assumptions. Perhaps a
better estimate can be made if instead of the electric energy intensity, the Electric Energy
Content of the product is used. The energy content is the energy input required to produce a
unit product. Hence, it is expressed in energy per unit output. The number of products not
produced can be obtained by dividing the curtailed energy by the energy content
(energy/product). Multiplying the number of products not produced to GVA per unit product
gives the lost GVA. Thus, curtailment in energy can easily be transformed to opportunity costs
lost which consequently represent a reduction in the national product. However, available data
on energy content are, at present, insufficient for purposes of this study.

The energy intensities can be used by the government as one of the criteria in the choice
of the industries to develop. Furthermore, based on the intensities, it will be logical to think that
industries with low intensities should be given priority in electricity rationing -because they
contribute more to the economy even with less energy requirement. But one should not jump
into the conclusion right away. The contribution of industries to GDP also varies and is limited
by their production output. There is a need, therefore, to optimize the national income
considering both the GVA share and energy intensity of the industries. This leads us to the next
consideration made by this paper which is the level of industrialization of a country.

Industrialization could be measured using the ratio of the GVA contribution of the
industrial sector, specifically the manufacturing industries, to the gross domestic product. This is
commonly called the Industrialization Ratio. Since it has a relation to GDP, the share of each
industry group is correctly expressed in percentage of the GDP as shown in Figure 2, Figure 3
and Table 2.
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A careful study of other Asian countries’ GDP, intensity and industrialization ratio
reveals that there is indeed an existing relationship among these three (3) parameters. As
reflected in Figures 6 and 7, countries with high GDP have high energy intensity. Indonesia may
be an exception because of its oil exports. Furthermore, those with high energy intensity have
higher industrialization ratio compared to others. Highly industrialization Taiwan has a very
high energy intensity as well as industrialization ratio and is thus very dependent on energy.
Meanwhile, Korea, which has surpassed Taiwan’s GDP, has energy intensity which is
comparable to that of Taiwan even with a lower industrialization ratio. Thus, the dependence on
energy is also evident.

CONCLUSION

A simple method of assessing the impact of power interruptions to national economy is
presented. It was found out that power shortage and outages may not only distract the investors
to establish more manufacturing industries in the country but also reduce the national incom¢
substancially. Further research may be conducted to come up with methodologies in estimating
outage costs which are more reflective of the production activities of the industries.

Electric utilities should focus their objectives on the economic efficiency of their
operations in a nationalistic context. Energy sources should not only be available but also
reliable. Reliability indices of power supply should always be available so that provision for
outages can be provided.

A conscqtienCe of this study is the empirical relation that Gross Domestic Product can
possibly be increased to a certain level only for a given energy intensity by making more efficient
economic activities. Beyond that level, however, energy intensity has to increase. This means,

that as a country becomes developed, it has to increase its energy consumption. Figyre 8 is a8
illustration of this empirical relationship.
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DEFINITIONS

GNP, GDP, GVA

Gross National Product is a national income measurement concerned with the flow of
economic activities. It is broadly defined as a measure of the total value of final goods and
services produced by the economy. One of the approaches to GNP is the Industrial Origin
Approach (see any NEDA yearbook). This approach presents GNP as the value added
contribution by each industry sector, that is, the sum of all the value added of all enterprises.

Value Added is a measure of the difference between the market value of all the goods
that are produced and the cost of all the goods and materials produced by other producers. It is
the net contribution of the enterprise to the total value of production. In equation form,

Value Added = Value of final sales - purchases from other enterprises

Gross Domestic Product (GDP) is the GNP with the exclusion of the net factor earnings
from abroad. The earnings from abroad are those investments of the citizens in other countries

and direct earnings when they work abroad.

ENERGY INTENSITY
Energy intensity is the ratio
domestic product.

of the energy consumption to the gross value added or gross

INDUSTRIALIZATION RATIO .
The ratio of the industries’ gross value added to the gross domestic product of a

country.

23



PHILIPPINES

GDP,ENERGY & ELECTRICITY CONSUMPTION

o~ %)
~ 0
o =
— ] =~
~ 32
0 Mfc
(o] 53 I =~
w oot
1] ki)
(=% u:-—48
=
c c o
o o.o >
oA
- r—lAv—icl
O — oA
- QA s
E LH 0.0 ©
o
SEEDC
. - D
-Ht‘a
| [ ]
.. o
[ -V >H 9
] =) oo Y
Fu] [&] s-:u’__j
2 80
] [SHAER
1 i
' B
! ; 8
o
n
o
(02}
-
<
g}
[9)]
—
(02}
—
o
L 9]
(o)}
-—
=
-
m
(02}
— -
g 9
o (&)
- »—'
o B
R~
o
-
[1a]
~
(92}
Ll
~
~
o
[Ce]
~
o
—
n
~
o
H —
' | <
~
(o))
| -

120

100
80
60
40

20
0

24



TABLE 1

GROSS DOMESTIC PRODUCT
TOTAL ENERGY CONSUMPTION
TOTAL ELECTRIC ENERGY CONSUMPTION

e - - e
' YEAR ! GDP ENERGY ELECTRICITY
! ! CONSUMPTION CONSUUMPTION
| m———m————— b e
‘ 1874 ! 64,139.00 75,185.00 11,108.00
H 1875 ! 68,361.00 78,352.00 12,2231.00
' 18978 ! 72,962.00 83,876.00 13,252.00
' 1977 ' 77,9380.00 89,731.00 13,833.00
‘ 1978 ' 82,727.00 84,135.00 15,537.00
' 19789 ' 88,346.00 97.420.00 17,804 .09
H 1980 : 9z,706.00 92.875.00 17,883.00
: 1981 ! 96,207.00 893,474 .00 18,583.00
' 1882 ! 98,98989.00 95,462.00 19,40&.00
i 1983 ! 99,920.00 98.472 .00 21,454 .00
H 1984 ! 83,927.00 92,620.00 21,180.00
' 1985 ' 89,603.00 92,080.00 22,786.00
i 19686 ! 80,770.00 94,700.00 21,797 .00
PO S
NOTES:
GDP in million pesos at constant prices of 1972
ENERGY CONSUMPTION in MBFOE
ELECTRICITY CONSUMPTION in Gigawatt Hours
SOURCES:

National Economic and Development Authority
Office of the Energy Affairs
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TABLE 2

GROSS VALUE ADDED
MANUFACTURING INDUSTRIES
1986
(In Million pesos at constant price of 1872)

e e e e —————— —— i ———— +
i i '

! Industry Group H GVA H PERCENT
] 1 [}

1 ] ]

e ket ittt Fmmm e ————— Fmmm
i ' i

iFood Industries ' 8,727 41.73%
itElectrical Machinery H 1,813 | 9.15%
iChemical & Chemical Prod. | 1,584 | 7.57%
iFootwear and wearing app. | 1,378 | 6. 59%
tProd. of petroleum & coal] 1,156 | 5.53%
iBasic metal industries ' 1,018 | 4.87%
i Tobacco Products ! 747 | 3.57%
iBeverages H 733 |, 3.50%
iMetal Products H 725 | 3.47%
'Miscellaneous manufacture, 448 | 2.14%
iPrinting and Publishing | 430 | 2.06%
iMachinery H 429 2.05%
'Wood & Cork Products H 388 | 1.86%
iNon-metallic mineral prod) 377 1.80%
| Rubber Products { 280 | 1.38%
'Paper and Paper Products | 172 0.82%
4 Transport Equipment ' 130 ! 0.62%
'Furniture and Fixtures H 120 | 0.57%
'Textiles ! 89 | 0.43%
'Leather and Leather Prod.! 61 | 0.29%
1 [} ]

1 1 |
ittt bkt e e - o
! TOTAL , 20,915 | 100.00%

Source: NEDA
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