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CHAPTER ONE

THE PROBLEM

dntroduction .

Electricity is one of the five major.seurces of energy in
Wigeria; the others are coal, petrocleum, natural gas and Tuelwvood
(commonly referred to as firewood). And, it is next in importance
to petroleum ag an energy seurce in this country. Over the years,
the consumption of eleotrieity has been growing rapidly (about
20 percent per annum in the last two decades), and its contribution
to the overall development of the ceuntry has increased tremendously.
Between 1961 and 1976, fer instance, its share of the Gross
Demestic Produet (GDP) rose from 0,29 percent to 0,75 percent.

In that same peried while the GDP itself trebled, the contribution
of electricity to the GDP rose six-fold, Yet during the s:ime time,
per capita consumptien of electrieity increased from 7 K'Wil to 35 KWH
thus emphasising the rapid growth in consumption. The demand for
electricity has in faet been taxing the eountry's generating cystem,
and the latest rationing and eonstant outages have aggravated the

situation, It was against this baekground that the study was initiated.



Objectives of the Siudy

Our aim is to tse the methods of econometrics to achieve
the underlisted goa.s:

(a) to find out those factors responsible for determining
the level of electricity consumption in ligeria:

() +to quantify and assess the relative influence
of each cf these factors on the level of
electricicy consumption;

(¢) to spell out, briefly, the implications of the

results obtained in (a) and (b) above.

The subject matter will be pursued as follows: In the next
chapter, we discuss the state of the electricity industry in
Nigeria, Chapter 3 reviews some of the related literature.

In Chapter lj, the sources, nature and limitations of the data
employed are enum-rated. Chapter 5, is a presentation of the
models and the results from their specification, estimation and
evaluation. Chapter 6 is a discussion uf the implications of
the results from the preceding chapter, Finally in chapter 7,

we summarise and draw conclusions.



CHAPTER TWQO

THE STATE OF WLECTRICITY INDUSTRY IN NIGERIA

—_—

Historical Baekgrou:d

The first major electricity undertaking in Nigeria was
established in Lagcs in 1898.‘I T+ was then operated as part
of the Public Works Department (PWD). Following that, other
electricity undertakings were set up in various towns, many
of them by the Government (under the aegis of the P.W.D), some
Native Authorities and one or two large municipal authoritiea.2
The principal users of these early undertakings were the local
waterworks, hospitale and the inhabitants of the Government
(Reservation Areas) (G.R.A.)>. It is to be neted that the riutions
were not established for large-scale commercial or industrial use

nor for general public eonsumption.

1. IoBaR.D (1954),p.279.

2, Federal Miniatmy of Information (1967), p.13-1l. -
3, Dikko (1973), p.3-

4. Ibid.



411 along during this early period (1900~1950), some
private industrial organisations had been developing their oim
sources of electric energy. The oldest privately-owned cleciricity
generating company is the Nigerian Electricity Supply Corporction
(VESCO) besed in Tukuru, Jos. Bstablished in 1929, NESCC exn!oited
the hydro=-electric potentials in and around the Jos Platecu to
generate substantial amounts of electricity the bulk of which

is consumed on the tin minesfield.s

In addition, NESCO hase been
selling its surplus power to National Electric Power Authority

(N EJPoA. ).

The other major private effort was not primarily set up
for power generaiion. In faet, African Timber and Plywood Factory,
Sapele generated pewer for its own internal use, Owned orisginally
by the Miller Bro'hers (it was then only a sawmill) it waz taken
over in 1935 by tie United Africa Company Ltd. (U.A.C.). Uy 1948,
the African Timber and Plywood Ltd, (A.T. & P) was firmly established

and presently be to generate its own power. In addition to satisfyin
gan ying

B —

5. MNESCO's concession only allows it to supply the tin
minesf eld and also sell in bulk to NEPA, which
then r:sells to the general publie in Plateau Statc.



its intermal demand, A,T. & F. could sell power in bulk tc ..e then
Electricity Corporation of Nigeria, for disfwibution around lenele
township.6
Tn 1946, the 'igerian Government Electricity undertalin = wes
established as a scparate department to take ever the running and
maintenance of all the undertakings under the P.W.D.? Later in 1950,
the Blectricity Corperation of Nigeria Ordinance (No, 15) was passed
by the Gov-ernment.8 This in effeet transferred all installations
under the Wigerian Government Electricity Undertakings to the new
authority (E.C.N.). E.C.N, began eperatiens on the 1st April 1951
as a commercial electricity supply erganisation with powers to
generate, transmit and distribute electricity to all parts of
the country.9
B.CelN, took rver 16 installations in varieus parts of the

country. Most of them (11) were eomplete generation, transmission

and distribution installationa.10 The faet must not be ignored that

6. I.BeR.D., loc. cit.

7. Ibid

8. TPederal Ministry of Information (1967), loc. cit.
e Dikko, loc. eit.

10s I BeeDs, 0p. cite., pe. 280,



E.C.N. came into being at a time when the demand for electricity
had begun to increase. Coming after the Second Buropean Jax, ond
the boom ‘that followed it, potential industrial and commercic!
demand for electrieity had reached a threghold that could suunort
an independent commercial electricity organisation. But the
generating plants (lience capacity) proved inadequate, for they
were mostly, as already noted, small-scale undertakings. licreover
these stations were not intereonneeted. Consequently new stations
were built, e.g., Ijora 'B', Kano 'B' (both using diesel), and
0ji River (using ecoal) as well as other smaller stations.’ |
Towards the end &f the 1950s, a deecisien was taken to build
a hydro-electric power station on the Niger River at Kainji.12
This was to meet not only eurrent demand then, but alsc anticipated
future demand for electrieity, and previde a larger generating
base for the country. To accommodate pest-independence growih
in demand while K~inji was under construction, short term measures

were taken, 'The shief of these was the develepment of gas-using

generating stations in Afam (Rivers State) and Ughe:M (Eendel EState).

11 - Dikkﬂ, 1OCC Oito

12. Ibid.



To

In addition the Kaduna Diesel Htation was expanded.

The civil war (1967-70) caused a sharp drop in the level of
electricity eonsumption, especially with the whele Eastern Hegion
disconnected from the system. Moreover, the war-time re-ession in
the areas unaffected by the war further dampefed demand for electric
energy. In Deeember 1968, Kainji Dam was commissioned; this increased
the total generating capacity available by nearly a hundred peroent.13
Vhen the eivil war ended, electrieity demand rose sharply, This, of
course, was attributed to the post-war boem, mueh of it propelled by
the increase in government expenditure on development and
reoonstruction.1h

Te meet this rapid increase in demand, government toek eertain
measures, In 1975, the E,C.N. and the Niger Dams Authority (set up
in 1962 to run and maintain Kainji Dam) were meeged to form ene
organisation ealled National Fleetrie Power Autherity (N.E.P.A.).
The main aim ef the merger was to reduce everlaps in their functions,
egspeejally transmiseion and generatien of pewer. Since, NEPA has

5

been the sole1 generator, transmitter and distributor of electrie

energy in Nigeria.16 Apart from the operational reorganisatien,

13. From LL1 MW in 1967/68.to 771 MW in 1968/69.
14. Dikko, op. eits, Ds L=5,
15, Daily Times May 23, 1978, p.T.

46, NESCO’s concession still stoed, though.



8.
several expansion projects were commenced: these included the
installation of additional capacity in Kainji, expansien of Afam and
Ughelli stations, and reinforcement of the transmission and distribu-
tion system. In spite of #1l1 these, NEPA could still not cope with
the fast-growing demand. Probably the problem of explosive demand
vas foreseen but at the time (1969) the financial position of the
government was weak and the country's credit rating abroad was
below par.17

In 1971, an attenpt was made to break NEPA's "monopoly":
state governments were allowed to generate and distribute pawer
in their areas ef jurisdiction.18 This arese out of the need to
extend eleetrieity to more users. States Rural Eleetrification Beards
(REB) were set up to supplement Federal Gevernment effert in the
area of rural eleetrification. Th® impaet{ of the States' Board

12 Fut definitely, they have not broken

is net quite apparent.
NEPA's "monopoly". In addition some cemmunities underteok
eleetrifieation projects by themselves if they could muster the

needed resources. In sum, rural eleetrifieation is being pursued

17. Dikke, ibid.
18, Olayide (ed.) 1976, v.89.

19. It does seem that some of these beards were afflieted
by technical and manpower :=cblems. In'-the.ease of Bendel

2

@te RJHE.B,y the senerators chased broke down quick
due to lack of maintenance, e e down quickly



ED

by (1) Federal Government, with NEPi as the executing agency: (2) the

20
State Governments (with NEPA in an advisory role)(3) local communities.

The Present Situation

What then is present ptute of the electrieity industry? NEPA
remains the only public elcctrieity supplier with nation-wide
generation and distribution concessions., Kainji pewer station serves
as the generation system's base, but interconnected with Afam, 0ji,
Ughelli and Ijora Stations, On the other hand, NESCO in Jos still
controls the supply to the tin minesfield while selling spare
energy to NEPA for general publie use in Plateau State. Moreover
States' Rural Electrification also generate and distribute electricity
in their areas of authority. For instanee NESCO is assisting the
Plateau State Government in its rural eleetrificatien scheme.21

In the face of a huge annual inerease in demand, the eleetricity
industry is bound to face some problems in its aetivities. Theugh
much has been written on them; it is still pertinent to examine

a few here.

20, NEPA (1976), p. 2-5.

21. Personal communication from NESCO official



(i) Manpower shortage. The lack of skilled

engineers and technicians, to design, run

and maintain the supply systex has been a

great handicap.
To ameliorate the situation, NEPA has been training more personnel.
The long=-term strategy has been to shift emphasis from thermal
generation to hydro-electric.22 The argument is that the latter
requires far less operation and maintenance staff than the former.
This in the long-run will reduce the need to hire and train more
technicians, However, it is precisely this strategy that has
aggravated NEPA's short-term problem of constant outages in the
distribution system, For a hydro-statien requires far more lead~time
lag, (project preparation and physical construction period) than
thermal stations, so that while demand is moving up rapidly,
additional supply may not forthcome wuntil about five years after

23

the rise in demand has been observed, Meanwhile excessive pressure
on the existing capacity causes power supply interruptions. This

has led te the suggestion that NEPA ohange its policy and concentrate

22. Olayide(ed.) (1976), p.90.

23. Ilumoka (1973),p.5. Also, see Ayeni (1978),p.12.



11.

on building large thermal generating stations so as to meet
short-term rise in demand.zlI
(ii) The problem of personnel and organisation. The manpower
shortage facing FTP! is not helped by the relatively poor remumeration
it offers its staff, Conseguently, it finds it difficult to retain
its staff and more difficult to attraet experienced ones. Tied to
thig is the Civil Service rules under which it operates; this
reduces the level of efficiency and productivity of NEPA personnel,
One can contrast NEPA's organisation with NESCO, whieh runs a
better well-managed eompany. Tull~-scale commereialisatien of NEPA
has been preseribed as solution so that it ean determine its salary
and grade strueture with no referenee to the Public Service system.zs
(iii) Materials supply. The transmission and distribution of
eleectricity is being hampered by delays in arrival and shortage of
the necessary gadzets. While NFEPA may have planned to meet local
inereases in demsnd,this may be frustrated by lack of replacement
materials like transformers and fuse boxes.26 Invariably this

partly explaine why many neighbourhoods frequently suffer constant

load-shedding, since it is likely that existing distribution

2le - Ukpong (1976), p.163. See also Ayeni (1978), p.12.
25, Mva (1977), p.13.
26. Ayeni (1978), p.13



124

Tacilities may have been siretched above their rated capacity. “he
problem stems from th» reliance of the industry on extermal sources
of supply of these ecsential materials, Effort is now directed at
producing some of them locally, e.ge meters,cables and transformers.

(iv) 0@ordination. There is lack of coordination between NP4 on one
hand, and Government agencies and private organisations on the other
in the process of development planning. Most public and private agencies
plan projects that hrve physical and power supply implications without
consulting NEPA right from the conception stage. It is only when the
physical facility is ready that NEPA is invited to connect in their
power supply. Thue it is not unusual to find a new residential
neighbourhood springing up without adequate arrangements for power
and water connections. The effect has always been to disrupt NEPA's
plans, especially where such facility (e.g. a new industry) requires
a large power denmrd.26
The Future '

What future f r the industry? We may expect improvements in the
supply of power, vien and if the new and current projects are fully
realised. With f-rther reductions in Government expenditures antici-

pated, total money income may not grow as fast as it did in early 70s:

26, Ayeni, op. cit.



13.

yet, the rate of growth of electricity demand may not"decliné??" "
Furthermore, provisions have been made in the new constitution for
states to own and operate electric utilities. The repercussions

are likely to be great especinlly if states can gather the
necessary resources.28 The implications in terms of generation and
transmission development, tariff structure, and distribution system

will need careful analysis by the Federal Ministry of Mines and Power.

27. See Chapter 6.

28. Developments in this direction seem to be taking place.
Prior to this, the Plateau State Government waes planning
to take 60 percent shares in NESCO. And Kaduna State
Government is resuscitating its Water and Power Development
Company as a joint venture with a German firm. See New
Nigerian of 5t June, 1978, p.15.



CHAPTSR _THREE

REVIZY OF RETATED LITMR IURE

+ — -

Houthakker (1{511’:) undertook a cx»css sscitlm anzlysis of

residential electricity comswmption ir Brxitein for the reax ‘}937/38

Taking o sample of L2 towns, he sought to find out the zignificant

explanatory varistles in the demand for clectricity by the

residential consuncer group freing a two--part electricity tariff.1

Te general form ol his model was:

(1) x=£ (n, p, & hy ©)

where

X

L}

2|
1}

o
i

0
i

h =

@
i

average annuil electricity consumption per consumer

average moncs income pexr houschold with a domes*tic two-.part tariff

marginal price of _  electricity

marginal pric: of gas on domestic tariffs

average holdings of heavy domestic equ_‘.pmf.-ntsz per customer

distubance t rm

* We are rot entirely certain if there has been any

explicit attempt at an econometric estimation of
electri ity consuaption in Nigeria. Ukpong (“976)
dwelt ¢ the supply side and also tried to forecast
future level of demand from a simple regression model
of ineme and electricity demand.

Diffecent electricity tariff systems ave reviewed
in Bclton (1951}, Houthakker (1951a) and Caywocd (1956).

Thes : include cockers and boilers, according
to Fouthakker.



15.

For e® timation, he used the linear and logarithmic function of (1)
(2)5 . ¢, x=am+bfp+eg+dr+e
Houthakker experimented with different forms of p and g in his
estimation: these are p, P_os p_h, g and 8_pe Using the correlation
coefficients between the variables as a choice criterion, the final
form of his model included m, P_ns B_p» h as the arguments in the
function (2). He presented the result of the estimation of
» (3) x=a+an+b/p,+cg,+dr+e
(4) log x =2 logm + B log Ppo+Ylogg,+ $logh+ loga+ €
A1l the coefficients in the two equations have the right signt nearly
all were significant at 0,05 confidence level except g_, in (5).3
The elasticities were positive for m, negative for p and positive for
& Thus for those British towns surveyed marginal price of
electricity and gas and money income ef households were the important

determinants of electricity consumption.

3. He however doubted the coefficient of h but did not
state why.



16,

Houthakker, in the same study, gave the results of a time=-series
estimation of eleectricity demand for the years 1920-383
(6) logx= 0.89 logY - 0.61 log p/ » + 0.0LS %

where

»
]

annual domestic electricity consumption per consumer

-
]

calculated average income of domestic electricity consumers.

average price of electricity

=]
L}

ok
H

time trend.

E
n

price level index.

Regrottably he did not elaborate on this aspect of his study (seep.368).
Fisher and Kaysen (1962) (henceforth F-K) used pooled time-series

cross-sectional data (1946~1957) from each of 47 American States

to estimate electricity demand for both residential and industrial

consumersy For residential, F-K estimated electric energy demand

(indirectly) by hypothesising that it is proportionate to the stock

of electric appliances held by households. Thus they built demand

models for each of four electric appliance types: washing machines,

5

refrigerators, ranges” and ironing machines. For instance their

L. F-K's work itself was not accessible to us. What follows
therefore relies on the accounts of Wilson (1971), Halvorsen
(1975) and Mount, Chapman and Tyrell (1974). Wilson and
Halvorsen discussed F-K's results for residential class only.

S. Refers to cook-stove.
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8pecification for electric ranges was

- 1
(Ry R, ) =2+ By (Ypq) + by v, 4 byBy +b Gy

5%t - H, 1) + by (Ft-Ft_1) +b7Mt +bg Py +b9P{:t +"1-'Nt

+ U

and the variables were defined as
HJc = stock of elegtric ranges
Y‘t = present ineome .

E_, = price of eleectric ranges

t

Grt = price of alternate €as ranges

H g = nunber of wired heuschelds

Ft = change in populatien

=
It

marriages
Pe t = average price of eleetrieity
P ot = average price eof Natural Cas
N t = aversge eleetricity oonsunptien per heur of normal use.
A and U are respeQtively constant and errer terms, the
b's are coefficlents, and the prime notatien is for
natural logarithms.
In their estimation, F-K used state-wide averages of all the

variables specified for the eleven years 1949-51 and 1951-57.



1.
F={'s results seemed contrary to theoretical expectation. "he mos?
significant explanatcry variables were demographic factors (ilt, I't, ﬁt);
the price of electricity was not a significant determinant of chan-zec
in the stock of appliances. TFurthermore, P

et

pogitive sign, and its elasticity was less than unity. They inevitouly

usually carried a

concluded that in the long run price effects were "small on the whole®,
(Pe112; Fisher and Kaysen, (1962))

F-K'g results and conclusions have since been seriously questionec,
Wilson (1971) made four observations on their analysis. First, that
the data employed were of "uncertain quality". Seoond, that they
examined only a reotricted group of appliances whieh had no
"adequate” substitutes (i,0. ges-using alterva*es) and whose
consunmption of electricity was only a fraotion of total potential
electricity requireent, Third, that they relied rather exclusively
on "state~wide" averages, especially in the price of electricity,
when in fact state and market boundary usually do not concide.

Further, he asserted, average price of eleotricity was partly

endogenous since 1t depended also an the amount consumed.6

6. This would necessarily be the case if the tariff
were ths block type. OSee Houthakker (1951a), pelie



1‘}0

Finally, that F~K's analysis merely brought out a fairly prodictall.
time-dominated assoeiation among population, income, and electricity
sales, without adequately defining the "all-important" price-quaniity
relationship.

Halvorsen (1975) attributed the apparent lack of significance
of economic variatles (Pgt’ Gy Pet) in F<K's analysis to the
"nature of the specification eof their demand equation". While
all economic variables (save lengerun income) were expressed as
levels, the non~economic variables were stated as grewth rates.
He observed that they in effect regressed the growth rate of
appliance stocks on the growth rates of non-economic variables
and the levels of the economic wvariables. In sueh a sase the
equation would not show the true causal relation between the economic

variables and the sitock of appliances.

Baxter and Rees (1968) (henceforth B-R) examined the industrial

demand for electricity in Britain, For the purpose of their study,
they employed qua -terly data (for the peried 195L-6L) to quantify
the determinants of electricity demand in 16 industry groups.
B-R's main appro:ach was to treat electricity as an input entering
into the production funetion of an industry. On this basis, they
were able to derclop speeific hypotheses as to the forms of

relationships involved in industrial eleotrie energy demand.



20,

They noted that electricity consumption was growing faster than
output and adduced “three broad sets of reasons" which might
account for this phonomenon; and these three reasons eonstituted
the basis of their .aypotheses:

(a) relative orice movements may induce substitution of
electricity for oth2r fuel. inputs and pessibly labour.

(b) technological change may be such as to lead to
innovations which zre based on the use of eleetricity and which
induce substitution against other fuels. They argued that
price movements need not eecur in this case; er else the inerease
in efficienecy easily outweighs any neutral or adverse priee changes.

(e) the economic theery of returns to scale which may
explain the noneproportional variations in input and output.

They observed, howecver, that eleetrieity's relatienship to output
is indirect (throush the medium of plant and machinewy), casting
doubt on the relerance of this theory.

They proceedz=d to derive three forms of model:

(a) The geieral ferm: this embodies the theory of demand
for an input. /. Cobb~Douglas preductior function was assumed for
each industry, efining inputs to be labour, capital, oil, gas,

coal and electricity.
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oy oz &x
(1) Q..—_‘ “o x1 12 clool...t-ﬁ

where
Q is output

x, is input

J
Wcj is a parameter (3 = 0, 1, 2, eseccee; K)
Agsuming firms wish to minimise the cost of any given output, then
total outlay is given by
(2) CSP,‘ x1+p212+ .'....+kak
where
C 1s total cost of production

p iS inpu‘t Price (j = 1, 2, sawey k)

3
The minimisation of (2) subject to constraint in (1) can be
obtained by introducing a Langrangian multiplier. Thus if the
constrained equation is solved for the kth input (electricity) then
kth demand function would be: ‘

(3) % =3, 15131 p:2 qcﬁk o
This implies that electricity demand is an exponential function
of the k input prices and output,
where

;Bj (j = 0,1,2,uk41) are parameters representing combinations

Of.aa (J = 01 1, creneny k)
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(b) The second form of model placed emphasis not on relative
price and output as in (s) but on the effect of changes in fuel
technology. This was postulated to be reflected in the declining
demand for coal by industriesj hence declining coal consumption
stood as surrogate for more efficient technological change.

(¢) The third form was constructed upon the promise that
there exists a one-for-one relationship between changes in output
and eleotricity, so that deviations from this relation are
contended to be induced by changes in relative prices, and changes
in labour and capital intensity. Hence

(L) py=Ye orDdfe = y, (t, 1,2, ceeeesy n)
where
Dt is electricity demand in time t
Qt is output and

(5) RARE f(Y1t, th’.......,‘!mt)
where

Ymt are relative prices, labour and capital intensities.

B=-R estimated thriteen equationg broadly subdivided into three
categories corresponding to hypotheses (a) to (¢) above.

The first category comprised four exponential equations relating

electricity demand (consumption in kwh) to five explanatory variables.
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The general form is
(6) Dy = £ (Lo, Ty, (B/F)y, % (BM),)
The second category specified 5 linear equations of the general form
& ‘0 - MNsa I
(?) “t - f\q.l.: jts ct, t, ( /‘w.).ti ( /Q)t)
The third category zcontained four exponential equations whose
xneral form is
D P P M
®) /), =1 (1, EM, Cry (V0

and the wvariables viere defined as

Dt = electricity consumption in kwh.
Qt = index of production
T ¢ = tempers Sure

(P/F)t = Price of electricity

Price index of all other fuels
t = Time

(P/W) 4 = Brice of electricity
Avernge Wage-rates

7

Zt = electricity consumption in coal equivalent tons.
Ct = Coal coasumption

_ Nur cexs employed
(M/Q)t ~ Index of production

T. 4 base measure for all types of energy.
B~R erployed it to facilitate comparison
betwein coal and electricity.



(I/t":;)t = Gross fixed eapital formation
Index of production
(P/Q)t = Consumptien ratis.
In addition, thc thirteen equations were estimated using time

lags: the lag form being the geometrically distributed type.a

Judging from the results, B=-R felt that the first and second
categories of equations performed better than the third greup in
terms of goodness of fit (Rz) and standard errer ef estimate (SE).
Furthermore, results indicated that the lagged dependent wvariables

1og Dy 40 %y 40 log (D/Q),_,  were found fo be signifieant in
nearly 3ll the industries groups.

Ct and Qq were significant in 7 to 10 groups, (P/F)t (T/Q)t and
(P/‘w),G in 7 groups each and (1’/@1)t also in 7 B-R's analysis of
each industry group's results showed that:

(1) the output variable (Qt) is significant in all the
capital~intensive "ndustries, but enly in half ef the labour
intensive industri:s, This tended to lend credence to their
earlier eontention that the relationship between output and
eleetricity demand may to a large extend be determined by
characteristics of the capital stook (the (b) hypethesis above);

(2) there oes not appear to have been a greateg responsiveness
of eleetrieity demand to changes in the price~wage relative in

the labour-intensive industries;

8. B=R did not say which estimation technique they used.



(3) the significance of the fuel price relative is fairly
distributed over capital and labour-intensive industries;

(4} 4in nine of the sixteen industry groups price elasticity
of demand is zero,

They concluded

(a) relative price changes are not ™unambiguously” (p.295)
an important determinant c.' growth in industrial electricity
consumption,

(b) the chief determinants are growth in output and changes
in technology;

(c) electric:ty demand is highly responsive to changes in output

=t and fuel technology, but relatively unresponsive to price.

Wilson (1971) ciscussed the results of = cross-section analysis
of electricity consumption in U.S. urban households for the year
1966, His objective, as he put it, was "to estimate and evaluate
intermarket variations in the quantity of electricity demanded by
households in response to intermarket variations in electric
power rates" (p.7 . Wilson approached the subject-matter from two
angles, In the first, in which the ebservation unit was the city,
he regressed average electricity consumption per household (kwh

per year) on its price, the price of its substitutes and other



variables. In the second case; where the observation unit was
the standard metropo_itan statistical area (SMSA), he regressed

the "percentage of homes" possessing a particular type of appliance
9

vn specified explonatory variables,

Fer the firs< part he employed a sample of 77 major /imerican
eities. His hypothesis was that

(1) Q=K+ b, P+ by G+ by Y+ b Red c

1 5

3

where
@, = average electricity consumption per household

price of electrieity

l}

P
G = price of anaturel gas

Y = mediwn farily income

R = average size of housing units (rooms per unit)

C = degree da; 3.10

K and by (i=1 c.es0ey 5) are the intercept and the parameters

respeetively. Bot:i the linear and log fom of (1) were estimated,

e

9, This part of his study is akin to Fisher and Kaysen's
residencial analysis; though he pointed out that
there ec«ists methodological differences between the
two studies,

10. It is the product of the number of decgrees below 65°F
and the corresponding number of days (Berndt and
Watkins (1977), p.101, (footnote 2).
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and the results conformed substantially 1. epeiowi expectation.
Nlectrieity price, gas price and income varialles were
statistically significant. DMoreover, the FHeta cocefficients
showed that the own--price variable is "the dominant determinant
of Q" (p.12). But thile the two prices had the right signs, the
coefficient of inconc carried a negative sign (contrary to what
one might expect). The logarithmic estimates of the coefficients
showed:

(a) price elasticity to be greater than unity

(b) cross-elasticity of gas price was ef substantial magnitude.

The second part involved a sample of 83 SMSCAs and the
follewing relationship was specified:

(2) Sx=K+bP+b2G+b3Y+th

1
(3) log S, =K+ b, log P+ Db, log G + by leg Y + b leg C
Sx refers to the percentage of homes with at least ene unit of
appliance X: i.e, electric water heaters st), electric ranges, dl‘ier(sd)t
space heaters (

(Sr)' food freezers (Si.y and air oonditiocners (Sa)' G was not

included in the equations for Sa and Sf since they have no gas
substitutes; C did not feature in the equations for Sr and Sf,
as climate does not greatly influence their use.
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For the six cquotions estimated (one for cach appliance) the

results contradict I'i sher and Kaysen's findings.

In all ccues, exzept for airconditioners, the own-price
coefficient waec both statistically significant and doninant (Seta
coefficient)., TFor ‘hs Sw, and Sr, the G cecefficient was also
significant with a p sitive sign. Except again for Sa’ the elasticiiy
values of P exceeded unity; the cross elasticities of G were also

substantial for 5, & , S; and 5. The climate factor (C) was fairly

d
important in the casc of air conditioners (Sl) dryers (Sd) water
heaters (Sw) and space heaters (S,). In conclusion, Wilson wyotes

(a) price is = major determinant of intermarket variations
in the average volv ie of residential electricity consumptions;

(b) residenti: 1l demand for electrieity is price elastic
and is influenced s:jstantially by ths price and availability of
natural gas.

Anderson (1973) did a study almost similar to Wilson's. Fut
there are differenc:s; he (inderson) incorporated a “dynamic
formulation that e:plicit)y distinguishes between customers who
choose to remain _ rcked into a particular level of electricity

consumption becaure of the cost of altering their stock of

appliances and t} )se who choose to modify their stock" (p.527).
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ceconuly he exainined more closely "the important ease of all
electric homea“11(g.528). Thirdly, he undertook a time=-seriecs study
of the Califoraian residential demand for electrieity, in addition %o
the cross~section stady. With respect to the latter, he selected 1969
for his analyeiss tl.c observation unit was the state (cf:Vilson,

cities and SMSAs). 'or the Californian time-series study the period

covered was 19,7-69.

Anderson tried to distinguish between two groups of consumers
of electric power: taose who stay locked into particular patterns of
energy use because of the cost of altering their equipment, and those
willing to make ma jor changes in their stock., The "locked=-in"
customers (is,e. those in short=run equilibrium situation) may control
their electricity consumption by "varying the intengity of use of their
equipment.” (p.529) Because of the low variable/fixed cost ratio
for most electrical appliances and the element of habit, short-run
demand may be near y unresponsive to changes in income and, gas
and electricity coits, On the contrary, those customers who choese

to modify their stocks would influence demand significantly.

R - e e e —

11. Defined as those with electrical central heating.
In addition, some had central airconditioning.
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Consequently his model was structured to reflect the assumption
consumers

that locked-ir/were entirely "unresponsive to energy and income.”
He further assumed that a given constant fraction 6 of the customers
in year t-1, will be locked .'Lnj/'x;rea.r t, so that the number of flexible
customers will be (1~ §) of year t-1 customers plus all “new" customors
in year t. If the locked in customers are a représentative Cross-
section of all customers in year t-1 then locked-in demand in year
t would be ,51>u1. flexible demand would therefore be equated to
the number of flexible customers times a function (# {.), that

determines average demand per flexible customer. Total demand would bes

(1) D= 8§D 4 + r(.) (B- 6H_1); or

(2) DHG..]'_).:'_L = 7(.)

—

H - 51{_-1
(2) is in fact the general form of demand equations estimated by
Anderson. He argued that marginal rather than average price was uore
appropriate for eEs1.'.1::':&1*l;ion.12 He specified the demand equation as

(3) lnDE-ao+a11nDCE+a.21nPG+a 1nHYPH+ah $a SOH

3
+a51nNMP+a6WTEM:P+aTSTEMP+u

12. Due to quantity discounts inherent in block tariff
consumners are likely to lock at the marginal cost
of using additional power, not the average.



where

3]
i

CE =

total quantity of electrieity consumed annually bty

resid;ntial customers

average number of residential customers

quantity of electricity consumed anmually per flexible customer
ieee (D~ 81 ) /(4 - gH_)

averzce real cost to residential customers of 500 kwh/month
average real cost to residential customers of 1000 kwh/month-CE
(defined above)

average real cost of gas to residential customers

average real personal income per household

avercge size of household (persons per household)

fraction of population living in non-metropolitan areas

average Jonuary temperature

average July temperature

error term

technique was used to estimate (3).

problei: that arose in the estimation process was how to get

at the value of §as no data was available for it. Anderson got

round the difficulty by estimating his equations with five

different values of § (0,0.5,0.75,0.90,0.95). Surprisingly, the

results revealed a good degree of stability in the coefficient estimotes
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obtained; only the constant texrme were affected whenever W -waine of g
was altered. Also, the coefficients of DCE, RYPH and NMP were
consistently highly significant (for 0.75< § < 0.95)

But PG and WITIP tended to be marginally significant (even then only
for low values of § ). Comparing his results with Wilson's, they
differed in regards to the sign of the income variable where hds
carried a positive sign; the size of the price and cross-elasticities

were lower than Wilson's.

For the estimation of demand by the all-electric homes,
(a) he replaced L with FAEC (fraction of residential consumers
classified all-electric), (b) he introduced FAEC as an additional
argument in equation (2). The results (from (a) ) confirmed that
the level of electricity demand in the all-electric homes "is
sensitive to energy costs" (p.5hl) and that variations in
electricity cost, in particular, "may affect demand significantly
by influencing the desirability of all-electric homes" (ibid).
On the other hand, the results (from (b) ) showed that energy costs
and income exert more influence strongly through factors other than
the all-electric home saturation.

In the time-series analysis for California, Anderson altered the
explanatory variables in (3) above. WTEMP, STEMP and SOE were not

included, while time, T, was introduced, NMP was excluded on the
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grounds that it was sirongly time-trended. So only Y,T, CE and PG

were included as argunents in the function F(.), where Y is per
capita income.

(L) In DE = ay + a, 1a Ci + a, 1n PG + Ay In Y + a) 1n Uy

OLS was again applied here., Also different .§ values were exogenously
specified and used in the estimation of (4). The results indicated
that cost and income coefficients contrasted with their crosse-section
counterparts. They also lacked statistical significance forg 0.5.
He attributed this to the intercorrelation between CE,PG and Y, on one
hand and T on the other, To avoid multicecllinearity, he developed a
new dependent variable, based on estimates for the coefficients of
CE, PG and Y in the cross-section results, and regressed it on T.

The outcome of this led him to conclude that the estimate of the
T-coefficient in (L) might have overstated the effect of time~-related
variables other than income and energy costs.

Anderson devoted the final part of his study to making
"illustrative" projections of electricity demand in California for
the years up to 2000, He assumed some constant future rates of
growth for DCE, PG, RYPH and H, and then projected the expected
increases in consumption. He also illustrated the effects of changes

in the energy costs on the growth of demand; these revealed that
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moderate changeer in energy costs would have "limited impact" on
vlectricity growtii, He then argued for a program to limit the
growth of demand, sirce a high growth rate would increase the
environmental hazards ossociated with electrieity production and

distribution.

Mount, Chapman -nd Tyrell (1974) cstimated the demand for
electricity in the U.S. using annual pooled time~series (years)
cross-section (states) data. They stated "the main ebjective
of eur analysis is to determine the magnitude of the relationships
between the quantity of electricity demanded and causal factors
sueh as price" (p.318), The other causal faetors listed are
populatien, income; price of substitute fuels sueh as gas, and
the price of cemplementary products sueh as household appliances,
electrical machinery and equipment., The time-series data covered

the peried 1947-1970 involving data from "47 contiguous" American States.

Mount et al doparted from others in their model-specification.
Previous writers vsually postulated constant elasticity models
(CEM), but Mount et al argued that (with the use of cross-section
data) CEM estimates would be "statistically sound only if the elasti-
eity for each factor is the same in each state” (p.319). Instead,
they specified a variable elasticity model (VEM) to "permit some

degree of heterogeneity between states" (ibid). In a VEM, the
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ra4

elagticity value of a factor depended on the level of that
faotor. They went further to build a separate model for each
of the electricity consumer classes; residential, commercial and
industrial. The lagged form of the dependent variable
(geometric lag structure was assumed) was included in models
as an argument to reflect what they referred to as "the relationship
between the use of electricity and existing stocks of electrical
equipment and appliances" (ibid). Bogh the long and the short run
elasticities were estimated from the models. The general forms
of the latter are:

Constant Elasticity Model

A, B BN~
(1) Q= Q54 Viig ' seveeVyggy ©XP {1%)

and
Short=run elasticity for Vn is 'Bh
Long-run elastiocity for V_ is Bn/(1-1 )

VariaylgﬂE}aaticity.Model

B,.]' BN _!L + ees .YE
() Q=2 Vit ... it exp y * Vi i

and

Short-run elasticity for V_ is g, ;'Yﬂfﬁﬁ

Long-run elasticity for V_ is (BN “zﬂ— )/(1=2)
N
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where

4+
i denotes the 1&1

state
j denotes the ;T region (e.g. South Atlantic)
t denotes the tth year
(L is quantity of electricity demanded
Vn is the level of the nth factor e.g. income
Bn’?'n’ nj are unknown parameters.
The log forms of (1) and (2) were estimated by the OLS procedure while

the instrumental variable (IV) technigue was applied only to (2)

The major conclusion from their results was that the price of
electricity was a more important determinant of demand than either
population or income in terms of the long-run elasticities (LREs).
Demand for each consumer class was price elastic but income inelastic.
The LRE for appliance prices was inelastic for residential consumers,
and statistically insignificant for the industrial and commercial
consumers.13 The difference between the OLS and the IV estimates

obtained from the VEll was that the implied rate of adjustment ( A)

13. The coefficient of the price index for electrical
machinery and equipment (of industrial and commercial
consumers) was actually constrained to zere due to
incorrect sign and lack of statistical significance of
initial estimates. (p.320).



is faster using IV, especially for commereial and industrial
consumers, A a result, the short-run elasticities were ienerally
larger with IV. The L for own=-price further indicated that as the
own=price increased; demand would become inereasingly elastic,
Invariably price woulsl become a more iiportant determinant of elect=
ricity demand. Mount et a2l concluded that if prices increased in
the near future "in response to inereased fuel cost ete, the growth
of electrieity demand will gradually decrease frem the present

rate"(p. 325).

Tyrell (197,) was a follew-up on the work of Mount et al (1973).
He used the latter'c model to make projeetisens-ef future eleetrigity
demand. For that purpose, he assumed -geme likgly future levels of
the significant causal factors in the ﬁjdel (owneprice, gas price,
ﬁ.pulation and income for all consumer classes plus, appliance
prices for residential), Tyrell chose for his prejections,
the variable elasticity model estimated by the OLS procedure.
He argued that this version had a better predictive power
than others: the eriterion of choice was the 1971 ex-post

forecast performance of the equations.

Three different rates of change were assumed for the
future levels of electricity price, income, gas prices, and

price of appliances (for residential), but only two for population.
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e ultimate aim was to make high, medium and lew projections

of electricity demind based on the varying magnitudes of each of
these rates of change. Yet, zs a point of reference, Tyrell made
what he called a "base case" projection from the wodel assuming
the medium growth rates of income and prices, and the upper rate
for population as the future growth paths of these causal factors.
The results of his predictiens were lower than the ferecasts from
earlier studies, On the other hand, he acknowledged that there
might be some uncertainty in his projections "“due to the
sensitivity of the model to alternative assumptions about the

explanatery variables®. (p.354).

Halvorsen (1975) considered the determinants of residential
demand for electric energy, He estimated a static demand model
with pooled data from LB states for the nine years (1961 - 1969):
and a dynamic model with 1969 eross-seetion data, He had two
equations in his midel: demand and price equations. The latter
was ineorperated since the marginal price paid for electricity
depends on the level of consumption (cf: bleek tariff).

The general form of his model ran thus:
(1) Q=P , ¥, W) ~ demand equation

(2) P = Pm(Q,Z,‘u) - price equation
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, ie the zverase clectricity consumption per customer,iﬁm is marginal
price of electricity. W and 7 are vectors of all other variebles,

u and v are error terws, However, because of the lack of data on

P, (1) and (2) coul? not be estimated directly by the 2-stage

least squares to obtain consistent elasticity estimates, In order

to derive elasticitizs, Halvorsen uscd average price data to

estimate (2) having proved that only the magnitude of the constant
term would be affeoted by the substitution. It was also peSsible,

he argues, to use another price variable, the Typioal Electric Bill1h
to estimate directly the reduced form of (1) and (2) which is given by:

(3) @ = a(B,V,w)

The specified static demand equation estimated by Halvorsen was

(L) Q=1+, P+ B + DG+ ByA 4 bD+ bT 4D

3 R+ bBM +

7

H
by

+ b1OP + U

All variables are 'n logarithm except T and

§ = average annual sales (kwh) per customer

Pm = marginal rea’ price of residential electricity
Y = average real income per capita

G = average real price per therm for gas

A = index of real whole=sale prices of electrical equipment

14s- The Typical Tlectric Bill (TEB) is the monthly cost per
kwh of 500 or 1000 kwh of electricity for different
locations in U.5, It is constructed by the U.S. Federal
Power Commission.
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D = heating degree days
7 = percentage of poralation living in rural areas

Il = percentage of housing units in multi-unit structures
i = average size of Iouzeholds

T = time

1 = disterbance term

The static price eq ition was given as

(5) Iim=bo+b1Q-:-12L+b3K+'bhF-l-'bSR+b61+bT+V

7
where all varie!les are in logarithm: Q, R and T are as
defined above a:d

Nm = noninal margir -l price of electricity

L = cost of labou:

K = percentage of eneration produced by publicly-owned utilities

F = cost of fuel p:r kwh generated

I = ratio of indust:ial to residential sales

V = error term

Nm was deflated by the priece index to obtain real marginal prices

The 2=stege 1¢ast-squares technique was applied to the
structural eguatioas (h) and (5). Halvorsen's results corroborated
gome earlier find apgs. Own-price elasticity was close to unity,
income elasticity was less than unity, while gas cross-elasticity
was rather small. The signs of the coefficients conformed: negative

for owne-price, vositive for income and gas coefficiente.
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The coefficient of it wac positive; thie implied that the

mreater Lhe proportion of rural dwellers, the more electricity
consumerd, since ther: are less substitutes for electricity in

the rural areas. J wos positives the higher the temperature, the
more the need for c oling. Finally there was little difference
between the results obtained from the dynamic and static formulations

of (L) and (5).

Only dirvect (prrtisl) elasticities can be obtained from the
structural equation: (L) and (5); the total elasticities (which
account for both d rect and indirect effects of the explanatory
variables on quant ity purchased) can be obtained by solving the
reduced form equa: “on. Jut dalvorsen tried to estimate total
elasticities in two ways: (a) by solving the estimated demand
and price equatione for the reduced-form equation for Q;

(b) by estimating he reduced form directly using the THEB variable.
The magnitude of tie elasticity values obtained from both
approaches differ« | for all variables except Gs this meant

that these values were sensitive to the choice of methods.

The results here were less reliable than those obtained for

the direct elast cities.



Halvorsen, in his conclusion, analysed the implications
of his results for fubure electricity demand, especially if certain
growth paths were asrumed for gas price, population, household
size and electricit, price. He noted that the last-named night
increzse in the fuuvrie, consequently dampening demand., So, like
Tyrell (1974), he 72 t that Drecasts of long-run demand made by

earlier writers migh'l have been too high.

Wilder and Willcnborg (1975) identified the limitation on
past studiés as the lack of "micro-level" data. The aggregation of
data did not permi- in-depth analysis of household=}evel
determinants of electricity demand. So they undertook a cross=-
section study of houscholds for a single metropolitan area and
attempted to estimate the relationships between electricity demand
and its causal factors. They contended that household electricity
consumption dependel on three household characteristicss:

(a) the stock of electrical appliances;

(v) the size of the residence; and

(¢) the intensity with which appliances were used.

Mainly on the basis of the preceeding they constructed a model

of household dewm:.n? containing four equations:
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(1) 8=%Y F e’ U,
b, bR b
(2) A=%Y 1e2y§? U,
c o} e} ¢, D o}
12,3 4 5
(3)E=COY H" A" e” P, UB
a 3 4t

(L) P,=0o E e 0,

where

e stands for exponential

o
]

the residence size measured in number of rooms

[
il

dishwasher; water-heater.
B = houschold annual electrical consumption (kwh)
Pa = average price per kwh
F = family size
R = race dummy O - white households

1 = non-white
Y = annual gross family income
L = dunmy 0 - "all-clectric households"
1 - others.

N

head, taking values 1 to 6 for teens through sixties

respectively.

gtock of appliances from the list: range, washer, dryer,

classification variable measuring age of the household
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D = season dumry O - if an element of summer sample
1 .- if an element of spring sample

(1) to:(L) cah’ be linearised taking the logardthue exeeptofor the
dummies. (1) and (2) were estimated by OLS, (3) end (L) simulta-
neously by the 2-sii e le: st squares.
Like Halvorsen (1975,, they derived partial elasticities from the
structural equations (3) and (L) 2nd total elastieities from the
reduced form equati?n (S, ;

(5) &= £ r o) é e 3 : U5
The date used care from o survey of 158 households in spring and
116 in summer. Usable response rate were 73 percent for the
spring survey and 55 percent for summer.

Estimates obtained from (1) and (2) indicated that family
income (Y) family size (F) »nd race (R) are importont determinonts
of residence sizc ~nd appliance stock holding., Age of household
head was signifi :ant only for the stock of appliances. Loth the
partial and tot: 1 elaesticities estimates of electricity price

obtained from the 25LS estimation of (3) and (L) were close to unity.



For income, it was less than unity for both types of estimrtes,
Therefore they confirmed the findings in earlier studies,

out the income elneticities werc rather low, lower than the

estim” tes of previous =siudies. They attributed this to the

abgence (in their ¢-mple) of households with income belew 5000
dollars., The other significant variable was the size of

residence. They concluded that "a unitary price elasticity of
demand would suggest thot the price mechanism could be an effective

way of rationing clectricity during potential future shortages"”
1
(p.217)."5

15. We wich to note the absence of a substitute fuel
(or i:s price) as an argument in their equationj
much wmlike previous authors.
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The source ~nd ncture of the datr used in the estimntion of
the models nrc presented here. In addition, the limitations
imposed on the studyr by the deficiencies in the data are enumerated.
To mitignte the def ieiencies; certain mellifications were necessarys

these are 2lso discussed,

~lectricity Consumption: /Annual figures of electric energy consumption

were obtained from two sources: (a) the Annual Reperts of the old
B.C.N, for the years 1954/55 through 1969/70; (b) statistical
worksheets of the .%,P.A. Commercial Department, Electricity
Headquarters, Lages, for the years 1970/71 to 1975/76. The figures
were analysed inte the different component groups of electricity
consumers (residentinl, commercial, industrial and others), though
the clagsification w s incongistent over the period examined,

In 195L4/55 and 1953/56, for instence, consumption was divided between
five groups: resicential, commercial, power1, public lighting,

general purposes nd other t:;riffs.2 In 1956/57 the clasgsification

——

* The datia figures are listed in Appendix IV.

1+ As a mitter of fact, it refers to industrial
consurption of electricity.

2. See Appendix TIA for the definitions of these consumer
groupings and others that may follow.



h?.

changeds commereinl snd industrial energy consumption (formcrly
separated) came under one colum, while a new class, special
agreement and bulk sipply, emerged, This classification pazttern
remzined so till 1955/66. Meanwhile what was tagged "public lighting®
was changed to "str ot lishting” in 1998/59., And from 1959/60 the
"special agreement zad bulk supply" class was simply referred to
as "special agreemen:.”

The pattern alt:red again in 1966/67: essentially, commercial
and industrial consuuption were separately accounted for, and a
new colum, "combired rate™, appeared. In that year, there were
seven consumption sroups. The following year, reclassification led
to the deletion of the "general purposes and other tariffs";
"commercial”™ and "c-mbined rate" came under one columm, Yet, a
new colum "miscellineous" was added to existing ones.3 The
“specizl agreement’ column was done away with in 1968/69 leaving
only five groups: -esidential, commercial, industrial, street
lighting and misccllancous. The latter did not appear in 1969/70,
leaving only four groups. The classification format remained like

this till the enc of 1973/7L. The year following that, a new colum

3. The 1968/69 Amnual Report seems to suggest that it was
the "general purposes and other tariffs" that was
renamed "miscellaneous."
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designated “commercial and industrial™, was inserted, making five
groups. The colum disappeared in 1975/76 but a new one toolk its
place: “schedule A COﬁmRrCiﬁl".h The same year, there was no “street
lighting" c¢olumn.

It is proper tc note here that the consumer classificotions
have voried over the years in consonance with the structure of the
tariffs operated by the then E.C.H. (the tariffs are reviewed
later). TFor thirteen years (1956-1969), the tariff remained unchanged
(Appendix IIA). A rew tariff was introduced in September 1969:
so the "special agreement’ and "general purpeses," columms disappeared.
In October 1973, the tariffs were rationalised to take account of
the decimal currency system: though the opportunity was used to
reduce the eizes of the energy blocks in the commercial tariff.
Table L+1 is a schematic illustration of the foregoing.

Another point of interest is the consistency of the residential
consumer group in " he classification. This means that the data
on residential con:umption might be more reliable than others.
This is to be expected since it is easy to distinguish between
residential and o'her consumers: such distinction becomes blurred

between commercial and industrial users.s In fact, we have seen

L. Refers to those commercial consumers who are connected -
to sir -le-phase, small voltage current. See Appendix IIB.

5. Yor example, Ahmadu Bello University, Main Campus takes a
heavier power load (KVA) than some small industries
(e.g. bakerics) in Zaria, yet by definition the latter are
¢lassified industrial, the former.commercial. See Appendix ITX
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TAPLE Lot

Blectricity Congumption Classification 1956 ~ 76

Period

195L/55 and 1955 16

1956/57 to 1965/€%

1966/67

1968/69

1969/70 to 1973/7h

1974/75

1975/76

1)
L)
5)
1)
3)
L)
5)
1)

3)
5)

1)
L)
L)
1)

Groups
Residential 2) Power 3) Commercicl
General Purposes and Other Tariff:
Public Lighting.
Residential 2) Commercial and Industrial.
Special Agreement and Bulk Supply
General Purposes and other tariffs
otreet Lighting.

Residential 2) Commeroial and Combined Rate
Industrial h) Speoeial Agreenent
Miseellancous 6) Strecet Lighting.

fixelude Combined Rate and Special

Agreemeny from the the preceding.
Residential 2) Commercial 3) Industrial
Street Lighting.

Residential 2) Commercial 3) Industrial
Commercial and Industrial 5) Street Lighting.
Residential 2) Schedule A Commercial

Cormercial L) Industrial.
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that the comnmercizl and industrinl groupings were not coherent over
tine (hence, such group as special agreement, etc.). This, as we
sha'l later discovor, introduced some complications into the
estimation of the models,

To mnoke the data suitable for the study, consumption figures
for commercial, industrial, special agreement, general purposes and
other tariffs (later miscellaneous) and combined rate were sumaed
up into one group under the generic term "commercial and industrial’,
Why? The "specinly agreement" groups referred to users with high
power demand (sce ippendix ITA), who invariably were industrial
concerns. The "general purposes and other tariffs"™ and the
"combined rate" consumers were essentially commercial electricity
users (again, see .ppendix II.".).6 Finally the combination of all
these groups was necessitated by the fact that the cormercial
and industrial consumption were not separately analysed for a long per=-
iod (1956/57 thrcigh 1965/66). This last factor has an implication

for the derivation of electricity prices for the period concerned,

6. I am grateful to Mr. P. B. Akande, Chief Statistician
N.E,P,.. Headquarters, and Mr. Duntoye, District
Commercial Manager, Kaduna, for their useful
explanations on the classification of eonsumers as
has been discussed here,
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The residential group, deing identifiable, was left alone.
Street-lighting consumption was not ineluded in the estimation of
the models. This wns to avold complications in the results.
Moreover the proportion imvolved is rather small,

Three variants of total electrieity consumption were used in
the estimation of the models. The first is the ratie of commercial/
industrial energy (kwh) sales to residential sales. It was
derived by dividing eommepyeial/industrial gonsumption by the
residential eocnsumption, The seeond is the pwoportion of the
commercial/industrial energy sales agtually eonsumed in Lagos,

From the town-by-town breakdown ef energy sales ojtained frem
N.E,P.A. reeords the percentage due to Lagoe was worked out for
each year., The third variant refers to the part of mational
residential energy sales eonsumed in the tariff Area I, The latter
refers to some parts of the eoumtry which enjoyed lower tariff
charges than thesrest (see Appendix IIA, IIB and II€), From the
towneby~town sales figures, residential energy consumption figures

for Area I wexe extracted, and the pereentages caleulated.
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Prices

Zlectricity Price: lectricity pricing is part of a larger
subject involved with electric utility tariffs? Before
discussing how wo derived the price data uscd in the model
estimation, we would like to review the different tariffs
(0ld and present) operated by N.R.P,A, since 1956.

The old E.C.!l. operated, in 1956-69 peried, more or less
a two-part tarifi for residential, commereial and industrial
consumers; and : flaterate for general purposes (Appendix ITA).
The two~part ta:iff consisted of:

a) TFixed (power demand) charge

b) Runningz (energy) charge
Part (a) was bas~d on the size of the floor area of a user's
premise in the case of residential consumers; for cormercial and
industrial, it ''as based on the maximum (power) demand measu?ed
in kilovolt-amp:res, Part (b) was computed from the amount of
energy (kwh) used. In fact energy charges were the same for
the threecoonsmer groups. But the tariff digcriminated between
one part of the country and another, lLagos, Port-Harcourt,
Enugu, Kano and Jos enjoyed discount for all encrgy used after the

first 200 kwh, while the rest of the country faced a flat-rate

7« This topic is wellediscussed by Caywood (1956) and
Eolton (1951) and Garfield and Lovejoy (196L).
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charge. The general purposes tariff also diseriminated on an areal
basis. The nature of the “speecial agpecement" tariff was dictoted
by the tcrms of contract of supply.

In September 1969, the E.C.H. intreduced a new tariff systen
(sppendix 1IB), it contained a block tariff for residential, and
a Hopkinson two=part tariff for industrial and commerecial users.
Divided into four parts, schedule A,B,C, (eorresponding roughly
to residential, eommercial, and industrial) and street lighting,
its nain features were:

2)  the el mination of areal price discrimination for

consw::es in the industrial and commercial classes.

b) lower rates per kwh were charged for industrial users:
the blocks were also very large. Voltage discounts
were Introduced,

c) areal price discrimination was still meintained
for residential users.8 The floor area charge
was jettisoned and instead, a minimum charge (2)

was imposecd on each user based on the first 20kwh consummed.

8. It mey be argued, though, that the areal differences
reflect the cost of transmission or nearness to
generation source; visz Jos and NESCO H,E.P. stations
around the Plateau, Afam near Port-Harcourt, 0ji
River near Enugu, and Ijora in Lagos. Much of
Lagos power now comes from Kainji, anyway.
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The October 1973 toriff merely rationaliscd charges on
accounts of the decimai currency system. But the block gizes
in gchedule B tari 'f were contrncted.

The lztest to vifi (Oetober 1977: ippendix IID) rrised
voth the fied znd ruming charges. It contains four schedules,
A,B,C, and D (referving to street lighting). Its features are:

(a) redefinition of each class of consumer.

(b) introduction of Hopkinson's two-part bloek

tariff n schedule A (residential).

(¢) areal iscriminstion of (Schedule 4) residential

consumers was abolished.

(d) introduction of block tariff for street-lighting.

To arrive at a single value for electricity price, there are
four possible approaches: the average price, the marginal price,
the Typical Eleetric Bill (T.E.E.) and the average revenue per
kwh of sales. The derivation of the first has been given by
Bolton (1951) and is illustrated in Appendix III. But we must
note that it is appropriste only where consumers face a block
tarriff (e.g. 1969-77 residential tarriff). For the two-part
teriff, it becomes difficult to account for the fixed charge

especially if the fixed charge also varied according as the

consumer. Of course, it is possible to contest this on the grounds
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that for larger cmounts of energy consumption the average
"fixed charge" per kwh noy approach zero cnd this nay be ignored,
dowewver, 2 unjority of residential users, for instonce, consune
small amounts of cnergy {1976 notionsl average was 172 kwh),
wiiich means the averagc "fixed charge" cost per kwh would form a
considerable portion of the average "total"cost per kwh.
In the short run, economic theory postulates that fixed costs
may be ignored, but for long-run equilibrium, it must be accounted
for; we expect consumcrs of electricity to react to a two-part
pricing system in the same manner.

Similar argument can be advanced against marginal prices
(see Appendix III for its derivation). In the flat rate tariff
both the average and marginal prices coincide, in which case
either would serve the required purpose. In fact, to compute the
average or marginal price of electricity requires reliable
information on the nu ber of consumers in each user-class., Such
details were not available in the old E. C.N. records for the
year 1955/56 to 1962/63. Prior to 1964, only total numbers of
consumers, without distinction as to user-class, were recorded
(Appendix IV, Table V ). It was from 1963/64 that analysis of
consumer population into different classes began. To obtain
marginal or average nrice, average consunption per consumer is

worked out, to which the formula_in Appendix 111 is applied,
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The Typicel Rloetrie Bill such aeg constructed by the U,S.
Federal Power Commission is inexistent here. It is simply an
ettempt to account for both the fixed and running charges;
how much will a consw:icr pay for obtaining on demand 50C kwh
or 1000 kwh of energy? We did not venture to construct a
TEB for Nigeriaj the fixed charge would be difficult to determine
especially for the years 19561969 as there was no data on the average
floor area of residential consumers' premises, nor on the average
maximu demand load (KVA) of commercial and industrial consumers.

I% could even be' asked: what is the value of the “typical"

electric energy consunption for industrial, commercial or
residential users? With growing consumption, this value may

not be constant over tine,

To avoid the complications enumersated above, the annual total
revenue figure for each consumer class was divided by the annual
total energy consumed to arrive at some average revenue per kwh.

Tor the purpose, revenue from sales under the general purposes,
special agreement, combined rate and miscellaneous tariffs (whenever
they occurred) were added to revenue from commercidl 'and industrial

oopsunption ae was done in the case of energy sales (kwh).



Te advantages of this method zre:

(a) 7Tt was possible to account for both fixed anéd variable
cnergy coste., In foet, the average revenu: figures were consist-
ently higher than the computed aversge prices based on running charges
only.

(b) It would accommodate the problem posed by the change of
tariffs in the middle of both 1969/70 and 1973/7L fiascal years, and
also the areal price variations operated in the 1956/69 period.

(¢) The total revenue under commercial and industrial
embraces all other tariff types that were formerly in use but
done away with. This removes the problem that might have arisen
in determining price per kwh for the special agreement, since
the exact tariff varied, as earlier mentioned, according fo the
terms of the agreement.

The main disadvantage is that it assumes revenues for all
energy consumption for - particular year were collected in that
year. The approach ignores the outstanding case of debtors.

The "accounts receivable" item on N,E.P.A's balance sheet has

grown rapidly in recent years.9

9. "Accounts Receivable":

1972/73 197/75 1976/77
¥19.01million #29.89 million #40.52 million

Source: NEP. /nnual Heports and Statement of Accounts for

1972/73, 1974/75 and 1976/71.
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Ges:  The prices for loncstic (liquefied petrolewr) gas were

obtained from the ficoms Company Ltd. in lcgos, marketcrs of Hidogas
{ani mmtil recently Sunz.s brand) of bottled gas. Nidoges m=mintained
uniforn prices all over the country before the Federal Govermnent
introduccd it to other companies in 1973. The coupany is about

the oldest (started in 1955) gae distributer in Nigeria and probably
controls a large part of the gas market. Its product is used as

well in commercial, (hotels, restaurants, schools, hospitals) and
induatrial establishments, Frice quctations of other distributors

were sought but the inforumation received was incomplete.1o

Natural Gas prices were made available by Shell=-BP Petroleum
Development Company. Supply to custorners started in 1963, and
has been restricted tc buyers in Aba/Port-Harcourt axis.

Shell=-BP charges different prices for its gas, using a two=part
tariff: a monthly fixed charge, and a running charge based on the
volume of gas conswied (thousand standard cubic feet (S.C.F.)).11

The fixed charge varics with the consumer. It is based on sum

10, The author visited Utilgas Ltd. but the officials could
not get at their old records. They had only current
quotations,

11. Defined as the volume of gas at 2 temperature of
16°C an¢ a pressure of 1,013.25 mbar dry.
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gtated in the contraet of supply (.ppendix IV, Table I%).

iCkk. 123k and 184k were the rates charged for each thousand SCF,

. nattern crerzed in which /ba comsumers poy 188k, Port-tlarcourt
vesps 122k, while #.5,¢ ... Uphelli is charged 10k.

s susmsts thot distance fron the oil-fields (where natural
gas is also produced; may be a crucial factor in the fixing of the
running charges. Our choice price was 12k for two reasons.
Pirst, it does seem Shell-BP can supply consurmers at that price
without levying a fixed charge if we take a look at what NEPA
pays for gas used at ifam. Secondly NEPA4 is the biggest consumer
of natural gas. In 1971 and 1976 it used up 70k and 90%
respectively of total gas sold to industrial consumers. It is
also important to observe that the running charge for natural
#as has remained same in the last fifteen years, while the

fixed charge has varied slightly.

Kerosene and Fuelwoods It was possible to get monthly prices

series for each of these twe for Lagos (1955-1976) Ibadan,

(1960-76) Krduna (1962-1976) Port-Harcourt (1970-76) and Enumu
(1971-75). The c nsuwser price index worksheets for other towns

were not available for most of the early years. Murthermore, the
Federal Office of Statistics (I.0.5.) does not build an "all-cities"

indices for each particular item. Since they were more complete,



ior our znalysis, we tock logos prices of both items. It is

believed unlikely that the trend pattern would have been

Gifferent cven if we had o representative (2ll-cities) annual

price serics. 'The price of Kerosene was fixed by oil merketing
conpanies ant it was neot until the esrly 70s when denand rose

sharply that the.fixed price broke down, giving way to forces of

supply and demand. l'igures 1 and 2 depict the pattern of variation
of Lagos, Kaduna and Tbadan prices of fuelwood and Kerosene.

The monthly prices were averaged on March to april basis to obtain
mnnual prices of the two commodities. Adjustments were also made

for the metric system,

Coal: This is the weakest link in our analysis. It was not
possible to get a clear picture of the movements in the price of
coal. We had to glean figures from various sourcea.11 Prices for
1955¥56 to 196L/65 were deduced from Schatzl (1969b) and crosse
checked with the average revenue per ton of coal sales extracted

from the annual reporte of the Nigerian Coal Corporation, for

those years. From that point (196L/65) the figures become

11. The author wvisited the Enugu headquarters of the
Coal Corporation; officials claimed documents were lost
during the civil wap. A& letter followed the visit,
but it yielded little., We have therefore to rely on
the verbal account of the former ..cting Marketing
Manager of the Corporation, especially for the War
years. [n earlier check at Federal Ministry of Mines
and Power did not help.
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uncsrtain,  wochetsl (1969b, p.19) s2id that prices maved up
to #6 per (long) tcn in the year 196L/65. When the price

long) ton is what is not clecr. The

~—

changed upward to 8 pexr
Nigerian Coal Corpor~iion (1.C.C.) official spoken to could say
(not with much certainty) that from sometinme in the 60s till
197L4/75, the price was #8 per (long) ton. We found it diffioult;
to believe this. An enguiry was made at the Headquarters of the
Nigerian Railway Corporation (N.R.C.) in Lagos on how much they
had been buying coal from the Coal Corporation. Onece again, the
records there were scanty. Yet, we got some evidence concerning

prices in 1966, 1972 and 1977. For instance coal was delivered

to the Eastern Dist¥ict " (Enugu) of N.R.C, at the following
rates:12
1966 60/- or #6.00 per ton

(#5.91 per tonne)
1972 90/= or ¥9.00 per ton
(8.86 per tonne)
1977 ¥8.90 per tonne
The 1966 figure suggests coal price was still six naira
per (long) ton in 1966/67. The 1972 figure compared very well

with the average revenue pexr ton of coal sales implying coal

12. Source: Nigerian Railway Corporation, Fuel Purchases
Returns, kastern District, 1966, 1972 and 1977.
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price of 719,00 per ton., The big pmp on which we had little
information occurred in the ycars 1967/68 to 1970/71. Here we

gimply relicd on and cssumeld the quotation of ¥& pcr long ton

given by tre Coal Cowporrtion officianls The 1970/71 average

revenue per ton (#7.96) suggests that might have been the price

that year. For 1975/76 prices, a check with N.E.P.4i. put the cost

of coal at 0ji River Power Station between eleven and twelve

naira per tonne {‘transport cost inclusive): this tallies

with the figure ten naira from the Coal Corporation, if the difference

is attributed to transport cost. Essentially the price of coal

over the years follows the schema in Table L.2 below.
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Cocl Prices

65. »

car Price sourcaes
1955/56 #L.00 per lomg ton (n) Schatzl (1969b)
(;13.94 per torme) (b) Annual Reports of N.C.C
for the years 1955/56 to
) 1963/6l.
1956/57 ##,.80 per long ton
(iiL.75 per tonne)
1957/58 ¥5,00 per long ton
to 1963/6L | (¥4.92 tonne)
196L/65 to | #6.00 per long ton (a) Schatzl (1969b)
ffr.(‘ clmne
1966/61 (85.91 per tonnc) (b) N.R.C. Fuel Purchase
Returns File for 1966.
1967/68 to | #3.00 per long ton (a) 4cting Marketing Manager,
1970/71 W ) 5 0 .
(7.87 pex tonne) (b) Annual Report of M.C.C.
1970/71 _
1971/72 to | #9.00 per long ton (a) Innual Reports of N.C.C. for‘T
1974/75 (#8.86 per tonne) the years 1971/72 to 197L/75
(b) HeReCs Fuel Purchases Returns
File for 1972
1975/76 i110.00 per tonne () N.E,P.A.: 0ji River Station

(b)

Generation Returns.

Acting Marketing Manager,
N.C.,C. Enugu.
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n1le=Citics Conposite Consumer bPricc Index (C.P.1.)

11 woney woriables were defl2ted by the C,FP.I. for ezsch year to
reflect the movements in rerl pricus, The source of the Ce.Pel.
data i#s the Central Bank of Uiseria's "Economie and Finoneial
Keview", Volwies 8, 13 and 1L, lonthly indices were available
for the years 1960/61 through 1975/76. The composite index
embraced nine towns, until after the Civil “ar when one more
town, Enugu, was included., The monthly figures uefe averaged to
obtain annual (1st .pril 1c 31st March) series. For the earlier
years, (before 1960) no 7ats was available: this made it
necessary to construct indices using the weights applied by
the Central Bank to compute the 1960/76 series (sce Table L.3).
TLBLE |

VWeights for the Couposite Index

Lagos 543
Tbadan 1€9
Kaduns 111
Zaria 34
Kano 12
Benin Lk
Sapele 19
Warri 12
Al1-Cities 1000

Source: Central Bank: Bconomic and Financial Review, vol.8,1,p.2L
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The indices availatle for 1955, 1956 an? 1957 were those
for Lagos, Ibadan and Enugu. The geries far Kaduna and other
towne began in 1958, Moreover, the 1960 price indices for Delta
(Warri and Snpele) were rot puslishcd by the Federal Office of
Statistics. Conscquently “he composite indices for 1955/56 to
1959/60 resonate only Lagos, Ibadan and Kaduna (as from the Lth
quarter of 1957/58) weights. Since the three cities were allotted
eight~tenths of the computing weights (Lagos and Ibadan have 712),
it is hoped that there will nct be much distortion in the indices
derived for those early years. 1960 was the base year and we
realigned the indices for the five years to reflect this before

computing the composite index.

Gross Domestic Product: The figures for 1958/59 to 1975/76 were

available at the Federal Office of Statistics (F.0.5.).

The 1955/56 to 1957/58 figures reclicd on P. Okigbo's estimates

as reported by the F,0,8., (innual ibstract of Statistics 1968).

The problem of basc year was also encountered here (1957 prices for
Okigbo, 1962/63 for F. O. He). Since the 1962/63 GDP was quoted

in 1957 prices as well, we inflated the 1955/56, 1956/57 and
1957/58 figures by the simple ratio.

GDP 1962/63 Current Prices
GDP 1562/63 1957 prices



It is proper to point out hewe thet the F,0.5, late )
1%s G.D.P. estirntes for 1902/563 uwpwards bused on oo 68, -
inforn especially population For the inflatic
infornation, especially poy . R —
we uscd the old (lower) estiwrtes 28 the revised estﬁmﬁ

not quoted in 1957 prices., 1 ratio,

Population: Two sets of population figures were useds- V¢ was
(a) Total population of the country: the figsures, 1963 ce

result and the mideyear estimv?es thereafter, were thaineg

the National Population Bureau in Lagos. For the years Pr€.nsug
1963, a "backward® projection (2.9 rate) supplied the estity £roi
that pfrioi.13 seding
(b) Urban population of the country: 1960~75 estimates were tes for
extracted from Olayide (ed,) (1976) while lg growth rote was

assumed for 1956-1959, anl 5.8 for 1976; these are suggested

rote estimates from Economic Cortaission for .‘d‘:r:‘.ca.‘”‘L With 196C

(=100) as base, an Index of Urbanisation was convuted,

13, 2,95 is the average of the 1963-76 growth rates.

W See Segnl, B., "Urbanisation in Tropical Africa"
in Oninde S.H. and Ejiogu C.N. (eds.) (1972),p.279.
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Nata Coverarme: Tor consunption of slectricity, only figures

TPl 5. tePe..e Vore uged, Beeause of the cost invelved

it was not possivle to obiain consuwiption figures fron

~frican Timber and Plywool Lt'. in Sapele. Consumption of

electricity on the tin ninesiield in Jos wee 2lsc lef't out
due tc incomplete information on the price and revenues of

NESCO.1S

15. A visit to Bukuru, Jos, and a letter delivered
by hand did not help. The acting Manager of
KESCO wrote back that tariffs and revenue figures
were company secrets which he could not divulge.



ChnPToR  PIVE

THE MODELS /WD THE RESULTS

THE MODELS

lMethod and Precedure

The method of apurozch ig the application of the tools of
econonetrics to analyse electricity consumption in Nigeria. The
basic steps in this method are model specification, estimation and
evaluation.

Specification of the Models: There are two major aspects of speci-

fication; the functional form of the model and the choice of variables
to be included in it.

In the particular case of electricity consumption, the general
form of the model derives from the basic economic theory of demand.
This states that, for any commodity, the quantity demanded is o
function of its price, the price of its substitutes or complements,
the income, population and taste of itg consumers. However, the
functional form specified depends on the nature of the interrelation-
ghip between the variables.

On one hand, some argue that since the price of electricity
is fixed by public authorities, consumers are more or less

price takers; consequently the esingle equation model is an
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adequate representition of the market situation.1 On the other
hand, others contend that with the quantity discounts inherent
in the block~tariff price system operated by electric utilities,
an interdependent rel- tionship would subsist between the price
and the quantity of electricity consumed - a case for simultaneous-
equation model.2 In this analysis both types of models are speeified
and estimated.
The precise mathematical form of the functional relationship
is even more difficult to postulate and the final choice may be
somewhat arbitrary. Nonetheless, it is the practice in econometric
studies to assume initially a linear mathematical relationship
between the dependent and independent factors since it is simple
and easy to expla.in.3
The mathematical form postulated for electricity demand
in Nigeria is

(1) Qp = b+ byXop + by Xy + eanut B X+ Ty

% Cramer (1971), p.213 .
2. Halvorsen (1975), p. 12. Also Ruffell (1978), p.23-26.

3. Hu (1973), p.60.
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vhere
&t ig gquantity of clectricity consumed in year t
X1, Xg,....,in wre explanatory variables

L

b, b1""‘bn are parancters to be estimated.

U is the stochasgtic error term.

BEquation (1) depicts a static relationship between Q and the
arguments; i.e. it shows how the exogenous variables generate the
values of the endogenous variables at a given point in time and
not over a period of time.h We may therefore specify a dynamic
relationship of the form

(2) Qp =Dy +3Q , + DXy +eeeut DX o+ Ty
where
Qt-k is the lagged dependent variable

a is the adjustment factor

k is the lag number

Qt, x1,....,xn, bo"""’bn are as defined above.

Equation (2) suggests that electricity consumption in year t is

partly dependent on the past levels of consumption Qt-k’ and

partly on other factors X1"""Xn'

4. Kmenta (1971), p.589.
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The mathemntical form of the price equation in the simumltaneous::
equation model is a stetic rclationship between the price of electricity
and its determinints, viz:

(3) By=k +k

't +...+krl

114 nt
where

Et is the price of electricity in year t
Z1,...,Zn are the determinant factors

kb' t1"""kn are parameters to be estimated

Wt is the error term.

The choice of variables to be included in the models is also
governed by the theory of demand for a commodity. That apart, other
variables may be included in a model on the basis of "information
about the individual (market) conditions in a particular caSEps
Published results of previous studies can also provide additional
knowledge as to which variables should be included or not. The
ultimate determinant is the availability of data on the relevant
variables. As an example, previous studies (reference, Chapter 3)
would suggest the inclusion of the wholesale price index for
domestic electrical appliances in the residential model. But the

data on this is hard to come by. in Nigeria.

5. Koutsoyiannis (1973), p.13.
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In this anslrsis, the procedure is to lookat elcetricity
consunption throush each major consuner group, specify and estimate
o model for each. Ilectricity consumers usunlly fall into three
broad categoriecs: residential, commercial and industrial, All three
are subject to the influence of certain common variables (e.g.
population and income). Yet other factors exist that are
sufficiently peculiar to each category. Firstly, they face different
tariffs: hence they pay different prices. Secondly, they face
different substitutes; for instance kerosene is a substitute
domestic fuel, but not a wvital industrial fuel. The commercial
and industrial groups have been combined under one class,
commercial/industrial, for reasons already stated (Chapter L).

The included explanatory variables in this analysis are:
1. Residential lModel
(a) Demand Equation:
(i)  price of electricity to residential users
(1) price of gas (LPG) to residential buyers
(iii) price of kerosene
(iv) price of fuelwood
(v) income

(vi) population
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(p) Price iquation:
(i) quantity of elect?icity consumed by residential users
(1) ratio of total commercial/industrial sales to total
residentisl sales

(iii) percentage of Arvea I consumption.

2. Commercial/Industrial Model
(a) Demand Equations
(1) price of electricity to commercial/industrial users
(11) price of gas (LPG) to commercial/industrial buyers
(1i4) price of natural gas
(iv) price of fuelwood
(v) price of coal
(vi) income
(vii) population
(b) Price Equation:
(1) quantity of electricity consumed by commercial/industrial
users
(11) ratio of total commercial/industrial sales to residential
sales
(ii1) percentage of total commercial/industrial sales consumed

in Lagos.
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Conl is excluded from 1(a) above because ite use as =n
alternative fuel in houscholds is not yet widespread. One reason may
be the non-availability (]ocally) of domestic conle-using equipment,
i.e. cock=-stove, beiler or oven. It is only recently the Nigerian
Coal Corporaticn tirned attention tc the development of coal-using
equipment: it set up a "Domestic Appliances Center" in Enugu for
that purpose.6 Table X in Appendix IV reveals that coal consumption
has been Rrgely mstricted tc a few big commercial and industrial
consumers.

Kerosene is excluded from 2(b) since apart from ite use as an
aviation fuel, it hss linited application in commercial and industrial
undertakings. Most commercial houses (e.g. restaurants, hospitals)
usually turn to fuelwood as an alternative to gas or electricity for
cooking purposes.7 Furthermore, the necessary kerosene complements
such as cook=-stove are probably not available in the required large
sizes of convenient application in commercial houses.

Both the liquefied petroleum and natural gases are included
in 2(a) since the former is an important alternative fuel to

electricity for commercial users, while the latter is the main

6. See Migerian Coal Corporation (1977), NCC/PRD/INF/001.

T A good example is Ahmadu Bello University, Zaria where
the student caffterias switch to fuelwood.. when they
run short of cocking gas.
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substitute industrial fuel in Aba/Port Harcourt area.

In 1(b) =ad 2(b) the ratic oi cormercial/industrial sales to
residential snl-s is an attempt to examine the influence of the
relative shares of both consumer groups in the energy market on the
price paid by cncl, As Halvorsen (1975) argued, "the compusmition of
total sales may anifect the price of clectricity 10 sesse consumers
(p.1h) This becomes decisive where total demand is limited by
available capacityy invariably; the more a particular set of
customers consumes, the less some others are able to get.

As storage of electricity is virtually impossible, utilities must
have adequate capacity to meet demand at any given moment. If this
is not so, then some users may be consuming energy at the expense of
others.

The preferential tariff rates enjoyed by Area 1 consumers
suggests that these parts of the country should on the average
pay less per kwh., If this is true, then we may expect
Area I energy consumption to influence the price of (or properly,
average revenue from) electricity. Hence the inclusion of Area I
consumption in the residential price equation.

In the same vein, it is presumed that Lagos having always been
the main commercial and industrial center in the country, the average

electricity consumption per consumer should be higher than in othexr
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parts of the country. Combined with the preferential rates it
enjoyed (1956-€3) and the block tariff Lagos consumers faced
(1969=76), ~ver.ie revenue per kwh from commercial consumption in
Lagos would be lower. In short, one would expect the pronortion
of Lagoe comsumpticn te influence the price of electricity.

It therefore enters as an argument in the price equation.

Egtimation of the lModels:
The general forms of the estimated demand and price equations
are:
Residential
(h) QRt = a, + 2y IJH,G + azGRt -+ aBKt - ath - ath + a6Nt - aTPt + a”Jt
(5) ER, = b + DGR, + byl gt b3Jt
Commercial/Industrial

(6) QL, = a + a,iL, + a,GLy + 33NGt+ &) Fy + acly + agl, + Ay +

a.aPt -+ aSMt

(7 EL, = b, + by GL, + by I, + b8

1 t t 37t

where
GR = the qu'ntity of electricity sold to residential customers
QL = the quantity of electricity sold to commercial/industrial

customers
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ER = real price of electricity - residential

FL = real price of electricity - commercial/industrial
GR = real price of mas = domestic

GL = real priee of gas = commercinl/industrial

NG = real price of natural gas

GE = real price of keresene

F = real price of fuelwood

C = real price of coal

Y = income (represented by the real GDP)

N = index of urbanisation

P = total national population

M = dummy for civil war years rO for 1967/68, 1968/69 and 1969/70.

1 for all other years.

I = ratio of commercial/industrial energy sales to residential
sales i.e. QL/CR
J = percentage of iLrea I energy consumption in total energy sales

S = percecntage of Lagos consumption in total commeroial/industrial
energy sales,

ajs Agseees Ags bb, b1...,b3 are parameters to be estimated

t subscript denotes period.
Two variants of each of the equations (L) and (6) formed the

basic static and dynamic demand equations actually estimated.B

8. Natural gas is not included in (10) and (11) because of
incomplete data. The estimates obtained from constraining
the missing data to zero are given in Appendix III.
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(8a) Ry, o ¥ TRy + agGR, + aBKt *+ o) F, + a5Yt + ag,

il
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i

Y T W ) .
(8n) QRy IRy + ayGRy + Ay + Ty o+ aSYt + acP,

(9a) Ry = & + 8,08, 4 + a,ER, + a,:,,GR_t + 1h Cy + asr +ad, + aTNt

(9v) Ry =y + 09 Ry 4 + TR, + asGR, + uth + agFy + acY, + 17Pt

(10a) QLt - & a1ELt + aQG-Lt + a F + ah g * a.SYt + aGNt
(10b) QLy = ay + a,FLy + a,GLy + agF, + &0, + a¥, + acP,

1._1
(11&) QLt =a_ + a1QLt_1 - a?ELt + aBGLt - ath + aSCt + a.6Yt - a? +
(12a) QLy = a, + a,QL,_, + a,EL, + aBGLt +yF, + aSCt +aY, + aTPt

The essential difference betwecen the a= and the dD-equitishe isthe
specification of the population variable, FElectricity has for long
been an urban phenomenon in this country. Consequently one would
expect total consumption to be influenced by the growth in urban
population, But it is all the same not proper to neglect the fact
of urban population being a subset of the total. Moreover, the
growth in urban population ig more attributable to the influx of
nigrants from the countryside than to natural (procreation) rate of
increase. Thus, in the long=-run total population would influence

electricity consumption, more so now that electricity is being
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9

extended to rural areas.

The ordinary least squares techninque was applied to equations (5.
to (1) to obtain OL: estimates. The dummy variable was later
introduced into the ecuations and also estimated by the CLS.

Equations (8) :nd (9) were each simultaneously estimsted with
the price equation (5) using the two-stage least squares (25LS)
technique. The same was also applied to equations (10) and (7),
and (11) and (7)., The BSIS procedure yields more consistent
estimates than the OLS,; though it still retains the OLS assumptions

about the error term.10

The generalised least squares (GLS) procedure was applied to
jointly estimate both the Residential and Commercial/industrial
single-equation models. The GLS has been shown to yield more
efficient estinmates than the OLS since it utilizes information
concerning the residuals in each equation to estimate the coefficients.
The GLS (or Zellner's method) is appropriate in estimating a system
of seemingly unrelated regressions possessing one of the following

properties:

9. Another underlying factor is the uncertain and
disputable naturé of population figures in Nigeria.

10.  Youtsoyiannie (1973), p.381+
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o

(2) the set of explanatory variables are not identical
(b) disturiances of the equations are contemporaneously
correlntec.11
If (a) or (b) does not hold thern the GLS estimates would be equivalent
to the 0LS estimsten of the equations involved.

The prationale or applying Zellner's method to our models lies in
the fact that both consumer classes are each a subset of the total
electricity market: therefore the errors in their demand functions
would expectedly be contemporaneously correlated. Moreover, the
equations, as specified, do not contain entirely similar set of
explanatory variables.

Furthermore, the generalized and threec-stage least-squares
(G3SLS) procedure were applied to jointly estimate both the
residential and the commercial/industrial simultaneous-equation
models earlier specified. The first two stages of the procedure are
identical to the two-stage least squares. The third involves the
application of the generalised least squares to obtain parameter esti-
mates using information on cross-equation variances and covariances.12

Accordingly Zellner's method and the G3S8LS were applied to the

11. Theil (1970 ) p.506 - 511.

12, Pindyck and Rubinfeld (1976), p.282
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following equation syvetems:
System A: equations (8) and (10)
System B: eguotions (9) and (11)
System C: ecuations (8), (10), (5) and (7)

Tystem C: cguations (9), (11)? (5) and (7)

Evaluation of the dodels: This was based on certain statistical,
economie and econometric criteria.

The statistical factors refer to the statisticéal significance of
the parameter estimates (t or F testg; and the "goodness of fit"
of the estimated regression line ( i ).

The econometiric evaluation aims at investigating whether or
not the assumptions underlydeg - the estimation techniques used are
satisfied. If any of these is violated, then the estimated parameter
loses some of its desirable properties. In this regard Durbin-
Watson (D-W) test for autocorrelation is appropriate for checking
the OLS error term asaumptions.* D-W is inapplicable when lagged
demand becomes an argument in the function: the OLS assumptions breal
down in this instance. Another test, the h-statistic was appropriately
employed to tect for autocorrelation in the dynamic OLS equations.
The h-statistic has a distribution approximating the standard normal

13

with mean zero and variance unity. Tinally, the rank and order

- - - e

13. Durbin (1970), p.410=421.



conditions were coplied to ascertain the identifiability of the
gimultancous=equation models estimated.

Paramount in an applied work like this are the econometric
criteria. These rofor to the size and sign of the estimated
coelficients. The sign, for instance, should conform to postulated
economic theory.

Following therefore from the theory of demand, we expect the sign
of the own-price cocfficient to be negative, and those for gas,
fuelwood, kerosene, coal, income and population tc be positive. The
gsign of the coefficient of the (war) dummy variable is difficult to
determine apriori snd, as Ghosh and Kazi put its: "whatever results
one may come up with need to be rationalised ex—goat."1h

In the price equation, the coefficient of the guantity factor is
expected to be negative because, as already noted, of the quantity
discounts inherent in electricity tariffs. The sign of I in
equation (5) is expected to be negative; the higher the ratio, the
less residential users are able to consume, the less the revenue
therefrom. Conversely I should carry a positive sign in equation (7).

The coefficient of J ought to appear negative in (5) if indeed the

14. Ghosh and Kazi (1977), pe12.
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discount enjoyed by .rea I is appreciable. The 8 coefficicnt in
(7) is also expected to be neg-tive, if Lagos industries and

commercial housecs actually exert substantial influence on the level

of total demand and price.

* The compudecr program for the 2SLS and G SLS neit%ﬁ
outputs nor snalyses residuals *0 D=
it produg-s the necessary figures to enable the user cal=-
culate R* , but not sufficient to compute the D = W.
(See Kaikow et. al. (1977), p.5) Hence the D-W coefficients
of the estimated 25LS, GLS and G35LS equations are not
given in the results,



THE RESULTS

Hegidential lNModels

The results from the OLS and 25LS estimation of the residential
models are on tables 5,1 to 5.3. The GLS and the G3SLS estimates
are listed on talbles 5.9 to 5.12.

=

The equationss “he dynamic equations seem to have higher R "(.99)

than the static equations (.98). The price equations have lower

g2 values(.94). Nevertheless it is reasonable to infer that

the wvariables as a group explain a considerable part of the variations
in the dependent factor in each of the equations. Murthermore the
dynamic equations generally have lower standard errors of estimate
(SEE) than the static. This is to be expected as there is an inversc
relationship between R 2 and the 3BE.

The D - W coefficients for the static equations (Table 5.1) all
lie in the inconclusive region. It is difficult then to determine
posgible serial correlation of the disturbances. The computed
h-statistic for the dynamic equations do not refute the null
hypothesis (at 9 level) of non-autocorrelation of the errors in
the equations. This should not be surprising since the OLS
assumption of serial independence of the error is easily violated by

the introduction of the lagged demand as an explanatory variable.



Be that as it may, it is difficult to overcome the problem
since no other estimation technique has been shown to yield "bettez
results;15 yet the GLS is usu2lly suggested as an alternative
procedure when the errors follow a first-crder auto-regressive
scheme.16

The simultaneous equations in Table 5.3 are identified, Proof
for this is in Appendix III,
The variables: The own-price variable is consistently negative
but insignificant in the OLS and 2S5LS estimates. But in the static
G3SLS model (syssem C1) it appears to be marginally significant,
with an elasticivy of 0.28. However, the consistent insignificance
and the low elasticity value (in €1) imply that the own-price
variable may not be an important factor determining electricity
consumption, nor is the latter readily responsive to the changes
in the former.

The gas coefficient is positive in all the equations. This is
as it should be. Its significance is less clear=-cut, for it

appears to be quite significant in the dynamic equations but only

15. Rao and Miller (1971), p.176e

16. Koutsoyiannis (1973), p.312 - 315.
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marginally so in a few static equations. The elasticity for G
varies from .28 to 42, which leads us to infer that residential
electricity consumption is not highly resnonsive to price of gas,
at least in the short run. The long-run elasticity (LRE) is higher,
but oti’l less ther unity. From Table 5.12(i), system DI the
short-run cross clesticity for domestic gos is given by 0.34 whilst
the LRE works out to 0.59.17
The kerosene price variable carries a positive sign in all
equation (except in system £1) but is throughout insignificant.
This is rather surprising since casual observation would tend to
suggest that kerosene is a cooking fuel substitute for electricity
efpecially in the middle-and lower-income urban households. The
insignificance mgy have arisen from the fact that kerosene prices
remained stable for a long period of time (in the 1950s and 19605),
The coefficient of the fuelwood price variable (F) contrary
to expectation, hus a negative sign in all equations. In addition,
it appears as a significant determinant in all the dynamic equations
but insignificant in the static. This pattern of result suggests
that where lag interactions (expectation and adjustment) occur, as
oftem is the casc, then fuelwood is a complement to rather than

substitute for electricity. It is difficult tec accept the zbove

17. Long=run clasticity is obtained by A = 7%3
where & is short-run elasticity and
b is the coefficient of lagged demand.



deduction. inyway the suggested degree of responsiveness (short and
long run elasticitiecs are less than -0.5) are quite low.

The income coefficient is highly statistically significant
(except in ST-3) and of the appropriate sign. The income elasticity
is greater than unity in nearly all cases, wherefore the LRE appros..
ches 2 in some cases. Our results confirm prior hypothesis that
income is a determinant of residential energy consumption. And the
elasticity valuces imply a high degree of responsiveness of energy
use to changes in income.

The population variables, N and P yield unexpected results.
The sign is correct, yet in nearly all cases (save in model 2a,
Table 5.3) they ave insignificant. The suggested elasticities in
equations ST=3 and ST-l ironically imply a high degree of
responsiveness of electricity to population growth. Perharps the
inclusion of the war durmmy in both equations is the key factor in
the sudden significance of ¥ and P. Hence the result in ST=3 and
ST-l; would tend tc reflect the war-time conditions rather than the

actual peace-time aituation.18

18. Actually, the explicit specification of dummy presumes
that only the value of the constant term would be altered.
The value of other variables ought not to change, i.e.
a parallel shift in the function.
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The dummy veriable is positive and insignificant in both the
static and dynanic cgquations. Nevertheless it is consgidered that
the war-time reces: on could have had an adverse effect on the
electricity consur tion. In such a case,; the addition of the war
dumny ought to esus: o down-ward shift in the function; there would Lu
a diseernible reduztion in the magnitude of the constant term.

Our results correberate this contention.

The lagged derand variable estimates were positive and
statistically significant. It thus conforms to apriori expectation.
Of greater interc:t is the magnitude of the coefficient estimates as
this has implicai .ons for the long-run adjustments of consumers to
the equilibrium., The higher the value of the coefficient, the larger
would be the long-run values of the coefficients of the other
explanatory variables, the slower the implied rate adjustment to
equilibrium, In ‘ther words, it is also an indication of the level
of habit-persistence in the consumption of electricity. Our
estimates are in the region 0.42 to 0.48. In effect the long-run
impact of the significant explanatory variables may be nearly
twice their short~run influence.

Turning to the price equations in the simultaneous-equation
models, the quantity variable yields the expected results and is

highly significant. It means the quantity of electricity consumed
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exerts some influence on the price paid for it, though the estimate
of the quantity elasticity (about ~0.3) indicates a rather small
degree of responsiveness, In effect the discount aceruing to
consumers may not be very decisive.

The coefficient of I is negative and statistically significant.
Thus, the ratio QL/Qand the priee of eleotricity, FR, ’
move in opposite directions. In addition, it seems the composition of
total sales has an impact on the price of electricity. But the
magnitude of response of the I-variable given by the elasticity
estimates (~0.2) is rather small. It shows that price is perhaps
only slightly sensitive to changes in the composition of total sales,.

Our hypothesis about the influence of Area I consumption is
not borne out by the results. The coefficient of J carmied the
expected sign but lacked statistical significance,

Table 5.4 contains the Beta coefficients of the variables in the
residential model. The Beta coefficient is a measure of the relative
effect on the dependent variable of each independent variable.19
It is, as it were; a measure of the "importance" of each variable in
explaiping the variations in the dependent variable. The income factor
is clearly dominant in virtually all the equations. As expected, the
habit-persistence element (QR_1) in the dynamic equations carries a

substantial weighti,

19. Nie et. al. (1975), p.327.



On the other hiand, the table illustrates the slight impnct of the
price variations on the level of electricity consumption. /nd
surprisingly, despitc its consistent significance, the influence of
fuelwood is rather minimal., It may afterall be that the seeming
complementarity betwoen fuelwood and electricity (evident in the
negative sign of the coefficient) is infinitesimal., The gas
coefficient also displays a similar pattern; it appears to explain
very little of the variations in electricity consumption. Finally,
the population factor is also downeplayed, though its Beta weights in
ST=3 and ST-l are quite large.

The same pattern is encountered in the GLS and G3SLS Beta
estimates (see Table 5.13). Not withstanding the sudden
significance of the own-price coefficient in the system C 1, income
8till emerges the dominant variable in the residential demand equations.
The GLS Beta coefficient for fuelwood inevitably adds more scepticism
to the probable co iplementary relationship between fuelwood and
electricity.

The quantity factor (QR) is the dominant variable in the price
equations. Tt suggests then that nearly all the variations in the
price of electricity may be explained by variations in the gquantity
consumed., In contrast, the impact of the composition of total sales (I)

and the percentage of Area I consumption (J) is 3light.



Commerecial/industrial models

Tables 5.5 1o 5.7 contain the OL3 and 25L3 results. The GLS

and G35LS estimates are presented on tables 5.9 to 5.12.

The equations: /11 the demand equations have remarkably high

R 2 values ( .9 t3 .99); the price equations have lower but

still good R 2 niuss (+91)e This indicates that the variables
entered in each equation satisfactorily explain the variations in the
consumption of electricity. Generally, the dynamic equations,

like in the resicential models, have higher 52 and ‘Tower BER

than the static.

The Durbin--aism (D-W) coefficients for the static OLS
equations (table 5.5) fall virtually in the inconclusive region.
Unfortunately, the h-statistic derived for the dynamic OLS equations
(table 5.6) do not allow us to reject the null hypothesis of
non-autocorrelation in the disturbances. As previously noted, this
is to be anticinated gince the lagged demand variable introduces
some auntocorrel-tion in the models,

The rank and order conditions for identification of the
simultaneous~-equation models are satisfieds this is demonstrated

in Appendix III.



The variables: The own~price coefficient is statistically

insignificant in the OLS, 2S5LS and the dynamic G3SLS demand
equations. In the static G3S5LS estimates, where the coefficient
apperxrs to be menifestly significant, the elasticity value exceeds
wmity., This is ouite substantial, raising the possibility that
electricity consumption may be very sensitive to price after all,

The gas coefficient carries a negative sign in all the demand
equations (save in modeM3a and 3b). It is statistically significant,
marginally in most cases, in six of the 20 equations estimated. It
would be indimscreet to suggest some likely complementarity between
gas and commercial/industrial electricity consumption. What qne may
infer is that gue may not be a significant determinant of electricity.

The fuelwood variable conforms to apriori postulation:
statistically significant and positive. The elasticity value ranges
from 0,3 in the dynanic equations to 0,7 in the gtatic equations.
Taking into account adjustment factor in the dynamic equations,
the LRE for fuelwood should approach unity, indicative of an
appreciable degrce of responsiveness of electricity to fuelwsod

price changes.



95.

The coal coefficient is negative in a majority of the equations.,
But it is in all cases insignificant. The pervasive negative sign
may be due to stickiness in cozl prices over the years, so that its
real price tended to fall over time, Nevertheless, our results
demonstrate that coal consumption is not a determinant of industrial
electricity demand.

The income factor carried the appropriate sign and (except in
four cases) is statistically significant. The elasticity estimates
range from 0.42 to 0,98, an indication of an income-inelastic
commndity. The long=run elasticity (LHE) however exceeds unitye.
Thus, ineeme is one of the determinants of commercial/industrial
electricity consumption.

The population variables appear to be highly significant in the
static OLS (table 5.5) and in the static GLS (table 5.9) equations;
the urbanisation factor is marginally significant in equations
DY-5 and DY~7 and in syctem B1; both factors turn negative in the
2SLS estimates (table 5,7). The elasticity values of the significant
estimates are in the range 0,73 to 2.43 for N and 2.1 to 3.33 for

P'EO The LRE for urbanisation index works out at between 1.5 %o 2.3.

-

20, The elasticities should be cautiously interpreted since
the N - variable is an index. Hence one percent change in
N and P means one percent change in the index of urbanisation
and one percent change in total population.



These values are quite large and suggest a high degree of responsive-
ness on the prrt of electrieity consumptioun. This may be far-fetched,
For, it will be observed from the tables that the population
coefficients becone increasingly insignificant as one moves from

the OLS to the G3LS. It is contended here that since the GLS

and G35LS demonstrably yield more effieient parameter estimates, it

is doubtful if the population factor (as was the case in the
residential models) is in fact a significant determinant of
electricity consumption,

The war dunmy is insignificant but positive., However, the
impertant question is whether equations ST-7, ST=8, DY-7 and
Y-8 sufficiently depiect the war-time demand for electricity.

Since the values of the intercepts in these four equations are
lower than in the corresponding'peace-time" equations, we may

equally accept that the "war-time" gituation caused a downward
shift in the demand for electricity.

The estimnte of the coefficient of lagged demand is in the
region O.4l; to U.63. It implies that the long-run impact of the
significant explanatory wvariables would be twice their short-run
influence on electricity consumption. The estimates also bring

out the level of habit persistence in the demand for electricity



amongst commercial/industrial users.

The coefficient of QL im the price equation is highly
gignificant in all the simultaneous-equation madels,; it also has
the right sign. The elastieity value (~.3}) is visibly higher than
wag the case in the residential estimates (’*30)- Thus price
is rather more sensitive to quantity ehanges in the commercial/
industrial model., Does this imply that quantity discounts are
favorable to commercial/industrial buyers, than to resiential users?

The coefficient of I is negative; it is marginally signifissal
(at 10 percent level) in the G3SLS estimates. Theowetically, this
ought not be the case. On the other hand, it could be reinforcing
the speculation in the preceding paragraph concerning the influence
of quantity discounts gn the price of electricity by commercial/indus.
trial users; if the composition of total sales changes in favour of
the latter group then the price they pay per kwh would probably
decline. The megnitude of possible change (e = -.2L) is not quite
considerable,

The coefficient of S is positive and alsomarginally significant
(in the G3SLS models). This is contrary to our hypothesis: it seems
price tends to increase as the proportion of Lagos consumption

in total commercial/industrial sales increases.
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The Beta wcihts of the parameters are listed in tables 5.8
(OLS estimates) and 5,13(G3SLS estimates). The fuelwood and income
variables appesr dominant, But the populatien factors overshndow
others in the static OLS equations; the urbanisation faetor carrics
some weight in the dynamic OLS equations. The lagged demand seems
to be more important than others in all the dynamic equations: it
again emphasises the habit-formation element in the demand for
electricity.

Far more than in the residential case, the variable QL is
easily the most dominant factor in the price equation. The I
coefficient is rather subdued by the large weight of the quantity
variable., Thus, unit variation in the quantity of electricity
consumed may lead to nearly a unit variation in the price paid for
electrieity.

The Econometric iFodel of Flectricity ngsumpticn: The estimates froon

the OLS procedurc would be reliable once the drastic assumptions
about the behaviour of the error term are fully satisfied. This is
unlikely in an empirical work such as this, and as we have seen in
the results, the D=V coefficients do not give a conclusive proof
of non-serial correlation. With a dynamic demand model, the OLS

breske down due to the violation &f its assumptions.
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Though the 20L5 yields more consistent estimates than the OLS,
it hng already been noted that it thrives on some of the ascumptions of
the CL5. In fact ovr resulis seem to suggest that the 28LE estimates
are not a strong imorovement over the OLS estimates.

The resultsg from the GLS are a modest departure from those of
the other two techniques. This is a natural out-come since the
GLS yields more efficient paramcter estimates, resulting in smaller
variances for the coefficients. However, the problem with the
lagged demand would still persist in the GLS procedure so long as
the error scheme does not follow a first-order autoregressive. The
specific form of autocorrelation in our models is not known for
certain.

It appears therefore that the estimated equations in system A=-2
(table 5.9) and system C2(table 5.11) are likely to represent
electricity demand in Nigeria. Apart from the fact that they yield
efficient estimates by virture of the estimation technique, their
coefficient estizates are less controversial in terms of the

evaluation criteria earlier enumerated in this chapter.
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Table 5.1

Residential Demand: OLS Single-Equation Estimates (Static)

Variables in the Equation
|

Equation @qwmwmbwu ER GR c K F Y N P M mm SER D=l
STw1 -338.78 =45.53 6.027 L.879 | =2.777 0.147% | 1.601 .9861 30.54 1435
(=1177) | (=0.927)} (1.058) | (0.300)} (=0.502) (6.017) |(1.077)
(e==.35) | €e=.26)| (e=.1L) | (e==.07)] (e=1.L5) |(e=.58)
STw2 ~615.33 | -38.21 6.068 | 10.701| =2.875 lo.15,2 6.6L8 9871 29.91 | 1.L3
(=1e449) | (-0.782) | (1.183) | (0.611) | (~0.562)}(7.677) (1.347)
(e==.30) | (e=.26) | (e=.31) | (e==.07)| (e=1.53) (e=1.19)
573 -628,92 | =L4.80 8.903° | 12.05 | -3.3u41 | 0.088° |L.179° 78.8L .986 | 30.13 | 1.63
(~1.672) [(=0.925) | (1.452) | (0.703) | (-0.61) |(1.571) K1.585) (1.176)
(e==.35) | (e=.38) } (e=.35) | (e==.08){(e=.87) (e=1.51) (e=420)
; _
Sy -1092.22] -37.62 9.86° } 17.05 | =2.199 { 0.119% 13,08% | 64,16 «987 | 29.55 | 1.77
: (=1.867) [(=0.779) | (1.635) | (0.9k) | (=0.L32){ (3.2L9) (1.771) {(1.159)
: (e==.29) | (e=.k2) {(e=sk8) | (e==.08) | (e=1.18) (e=2.35) |(e=.16)
LA .

coefficient Significant at 0,01 level

e
b i

(13 n

n

" Ooom
0,10

t -~ ratios are in parentheses

e: refers to elasticity at the mean,
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Table 5,2

Residential Demand: OLS Single-Equation Estimates (Dynamic)

L

Variables in the Equation

.. Constent | Py ER GR X P Y ¥ p M Re SEE | DW
DY~1 <156.63 | 0.u79% | -32.94 | 7.998° | 2.29 | -10.38° | o0.111% | o0.112 .993| 21.90] 2.42
(=0.739) | (3.773) | (=0.932)| (1.9L2) | (0.197)| (<2.33) | (5.588) | (0.098) h=-1,18
=42 emm=, 26 =4 3l =,07 g==,25 e=1.10 e=,0l
DY-2 =2li1.29 0.468% | -29.93 q.mdd L.837 Lo.mws 0.112% 1.234 .9931] 21.82] 2.43
(=0.703) (3.645) | (=0.837) | (2.611) | (0.376)| (-2.458) | (5.977) (0.317) h=-1,22
e=.}41 e==,23 e=.33 e=.1l e=—,25 e=1.11 o=, 22
DY-3 -333.62 0.457% | =33.11 m.m,ad 6.578 L_o.wm.o.,L 0.079° 1.678 L5.76 .993 | 22.0L | 2.42
(=1.16) (3.509) | (=0.931)] (2.134) | (0.521){ (<2.308) | (1.92) (0.816) (0.917) h=-1,20
=40 e=—,26 | e=.l1 e=.19 e==,25 =,78 =,60 e=,12
Y=Y -549.,85 | 0.u48% ~29.92 | 9.973° 9.229 ..m.,__m% 0.0912 5,656 L1.74 <993 { 21.81 | 2.535
(=1.196) | (3.44L) | (~0.837)|(2.24) (0.68) | (=2.2L2) { (3.216) (0.965) { (1.009) h=1,5L,
s e=.39 e=-,23 e=.43 e=.27 e=-,2l e=.90 e=1.02 =,11
1
.

a: coefficient significant at 0.01 level

bs

c:

n

" i

n L

t=-ratios in parentheses

0.05 "
0,10 "

e refers to elasticity at the mean
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Table 5.2

Residential Demand: OLS Single-Equation Estimates (Dynamic)

Variables in the Equation

‘ constant | Pet ER GR K F ¥ N P M e SEE DV
DY-1 ~156.63 0.479% | =32.94 ﬂ.mwmc 2.29 |Jo.umu 0.111% | 0.112 «993| 21.90| 2.42
(=0.739) | (3.773) | (=0.932)| (1.942) | (0.197)| (<2.33) | (5.568) | (0.098) h=-1,18
e=.l2 e==,26 e=.3L e=,07 g==,25 e=1,10 e=.0L
DY-2 -211,29 0.468% | -29.93 | 7.573° | L.837 | -10.53P 0.112% 1.234 .993] 21.82{ 2.43
(=0.703) (3.645) | (-0.837) | (2.611) | (0.376)| (-2.458) | (5.977) (0.317) h=-1,22
mﬂur.‘_ e=—, 23 e=.33 mﬂo.:._. mﬂlomm e=1.11 e=,22
DY-3 -233,62 0.457% | -33.11 m.mqmu 6.578 u40.uwuw o.oqmc 1.678 L5.76 2993 | 22.04 | 2.42
(=1.16) (3.509) | (=0.931) | (2.13L) | (0.521) | (<2.308) | (1.92) | (0.816) (0.917) h=-1,20
=40 e==,26 | e=.l1 e=.19 e==,25 e=,78 =,60 e=,12
]
o=l | =849.85 | 0.uu8% | =29.92 |9.973° | 9.229 | =9.752° | 0.0912 5.656 | L1.7h | .993 {21.81 | 2.535
(=1.196) | (3.444) | (~0.837) |(2.24) (0.68) | (=2.242) | (3.216) (0.965) { (1.009) h=-1,54
£ Q"oww ==, NW mﬂor.u e=, M.N =, Nr 0“08 e=1.02 =e 11
1
.

a: coefficient significant at 0.01 level

bs

c:i

n

n LU

t~ratios in parentheses

0.05 "
0,10 "

e refers to elasticity at the mean
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Residential Demand: 25SLS Estimates Demand Equation

Variables in the Equation

Constant |GR_, ER GR K F Y B E | se=
MODEL 1a| 150,04 -157.20.7} 9.60. |2.718 | -3.299. | 0.127%. F 0.279 981 | 35,75
( 0.228) (= 1.11) |(1.223) |(0.142) |(<0.508) [(3.457) | (0.121)
e== 1,22 |e=.41 le=.08 |e==.08 =1,26 =.10
MODEL 1b| =35.72 -139.13 | 8.878 | 6.084 | -3.518 | 0.131* 2.315 | .982 | 3L.16
(- 0.03L) (- 0.87) |(1.234) [(0.286) [(-0.594) |(3.1L7) (0.271)
e=-= 1,08 Je=.38 |e=.17 |e==.09 =1.30 e=.42
MODEL 2a| =93.37 | 0.4743 - 47.h9 | 8.L5L°| 2.033 -10.34°| 0.109% | -0.05 .993| 22.05
(=" 0.23) |(3.623)| (- 0.538)] (1.7L9) [(0.172) |(~ 2.31) [(L.623) K-~0.03L)
e=.0L2 e=~ .37 e=. 36 |e=~06" le=- .25 Je=1.08 =-,02
MODEL 2b| =-162.57 o.rmmﬁ - 43.46 Q.Bmo ;.256 ..;o.mmd 0.109% 0.691 9931 21.94
(= 2L1)(3.5L9)] (= 0.117) (1.720)](0.313) j(=2 .LL9)(3.916) (0.125)
e=.1 Je== .34 je=.3L |e=.12 |e== .26 e=1.08 =.12
] i
a: coefficient significant at 0.01 level
b: coefficient significant at 0,05 level
c: coefficient signifibant at 0.10 level

t - ratios in parentheses

e refers to elasticity at the mean




Table 5.3(ii

25L5 Estimatess Price Equations

103.

l:? Variables in the Equation -
Constant GR LT 3 1 SEE
MODEL 1a| L.234 | -0.0024% | -0.298° | -0.0084 | .49 | .1519
(6.366) | (=1 .15) |(-2.48) |(-0.588)
e== .31 e==,19 o=, 1l
MODEL 1b| 44233 | <0.0020* | -0,298" | w0.0054 | .9b9 | .1519
(6436%) | (=the15) | (-2.18) |[(-0.587)
e :-.31 e=-.19 e:—.1h
MODEL 28] 4.209 | -0.002L%| -0.303° | -0.0050 | .ou9 | .1518
(64336) | (=1L.09) [ (~2.53) |(~0.5LL)
ome 231 | e==.19 lem=.13
MODEL 24 L.210 | -0.0024%| -0.303° |- 0.005 | .ou9 | .1818
(6.337) | (=14.10) | (=2.53) |[(=0.5L45)
E== .31 e==,19 e==,13

a: coefficient significant at 0.01 level

b:

cs

" n

i n

t » vatios in parentheses

0.05 "
0,10 ¥

® refers to elasticity at the mean
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Table 5.L
BETA COEFFICIENTS (Residential Models)

EQUATTONS d
VARTABLES | ST-1 ST-2 S7-3 st-l | DY-1 |DY-2 |DY-3 | DY-L
ax_, dst || st | s
ER -118 | =099 | -.117 }.098 |-.086 |=.078 |~.086 | ~.078
GR ou8 | .oue | Lor2" |.o19% | .o6n | .061*| .o76"| .080"
X .035 077 | 086 |.122 | .016 | .035| .ou7 | .066
F -.02Y -.026 | -.029 }.019 -.089* -.091* -.089* -.08)4*
¥ 736 | 13| aue™ | Lses™ | ussrt | Lse1™| L3037 Ll
N .221 ST .015 232
P <2l .uﬁ* .0L5 207
M o1 085 .06l .058

*Parameter estimate significant at 10 percent level




W Table 5.5
o noEBmHonH\Hﬁmswauwmw.umsmum" OLS Single-equation Estimates (Static)
g Variables in the Equation
Equation| Constant EL GL - c Y N P M Y
ST-5 ~793.61 | 32.197| -14.83°| 38.98%| -39.94 | 0.092°| 9.032% 1.27
(=1.989) | .(0 .309)f (= 1.525) ( 5.424 (- 0.937)f (1.704) | ( 3.107)
€ "l-.:& - .W\.ﬂ e= omr e = lowr munmu mu”.ﬂ.m.w
5T=6 -1786.38| 55.70 -8.225 | uL4.43%| -47.08 | 0.1452 29,06% 1.65
(-2.89) |( 0.509) | (-0.876) | ( 6.686) (- 1.089)f (3.377) ( 3.21L)
e= .23 |e==.21 |e= .62 |e ==.40 |e=u82 e=3.00
ST=7 -1096.48| 24.85 -7.807 | 41.61%| -36.75 | o0.017 | 11.75% 122.12 1.48
(~2.207) |( 0.233) | (=0.656) | ( 5.L56)} (=0 .861)| (0.182) | ( 2.981) ._. (1.02)
e= .10 ==,19 = 58 e== ,31 =,10 e=2.43 e=,18
ST-8 ) -2011.18) 47.90 | <L.227 | L6.Lo*} -LL.o5 | 0.12° 32,21% 54,25 1,76
(-2.588) {(0.422) | (-0.338) | (-5.893) («0.983) { (1.811) (2.872)[0.502)
e=.19 e==.11 H-mm m“!.wm e=,68 e=3.33 e=.08

a: coefficient significant at 0.01 level

b

c:

n

" n

n L

t - ratios in parentheses

e refers to elasticity at

0.05 "
0.10 "

the mean
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Table 5.6

Commercial/Industrial Demand: Single-Equation OLS Estimates (dynamic)

Variables in the Equation

s -

Bquation

— e

DY-5

Y =6

Y-8

Clonstant @wsA EL GL F C Y b P M B 2 SER DuW

2100093 | 0.509% | —11.93 | =1ha11® | 20,693 -26.51 | o.073° 3.519° .99k | 38.17 ] 2.35

(+0.573) 1 (L.o21) | (-0.16) | (~2.093) | (4e022) | (<0.892) |(1.93) | (1.hsk) h=-.98
"orw mﬂloom inowm “our m"luomu “orm “O.Nm

-367.07 0.525% | 34,08 -11.60° | 26.53*] -18.38 | 0.099° .11 993 { 40.05 { 2.41

(~6.607) | (3.572) } (-0.403) | (~1.661) | (3.786) | (<0.559) |(2.915) (0.9114) he=1,27
H..r,m wﬂl..:._. ﬂlomw mﬂou.w e=w,16 mﬂom.w mﬂomr,

»399,25 0,493 15,88 ~9.50k 26,81% | -24.83 0.024 5.578° 80:36 »994 | 38.3C | 2.27

((-12023) | (3.851) | (30.212) | (~1.145) [ (4.091) ] (-0.831) 1(0.373) { (4.755) (0.956) h=e.76

e= 02 ==, 07 mﬂl-mr e=.37 ez, 2 _ mﬂo.:h e=1.16 ex,12

72,21 0,52% | -36.40 | -9.933 | 27.5t*| -17.41 ] 0.089P 9.596 | 22.17 | .993 bu1.56 |2.38

{~0.6L2) 305203 1 (<0.413) 1 (-1.050) | (3.L0) | (~0.508) §(1.788) (0.898) | (0.274) h==1.23
mﬂorr "l..,_m mﬂlomm Ouowm mnlo‘—m .Iluoml_ 0”0@@ m"tow

as coefficient significant at 0.01 level

,Un "

c: i

"

L

" 0,05

* 0,10

t = retios in parentheges

"

L1

e refers te elagticiiy at the mean
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Table 5.7(i)
Commercial/Industrial Demand: 2SLS Estimates: Demand Equations

Variables in the Equation
Constamt | QL EL GL P c Y N P 8 | sme
MCDEL 3a | 1792.68 =T41.06 | 1432 | 52.59°| 68.997| o0.161 { -7.815 939 120.33
(0.704) (=0.985) (0.117) | (2.614)| (e.503) (1.197) | (<0.L465)
e=-3,05 e=,36 e=.73 e=,59 e=,92 e=m=1,62
lzoumw 3b | 3956.62) -998, 2l 12,85 rm.oru 116,84 0.11L =l1.94 »906 | 150,01
(0.402) (=0.55L) (0.292) | (2.461)| (0.388) (0.886) (=0.343)
e==l,11 e=,32 e=,€68 e=.99 e=,65 e=-l.33
Jzoumw ha | hok.19 | 0.550% | -175.75 | ~8.01L | 26.28%| -2.87%| 0.086° | -0.309 992 | Lu.68
(0.609) | (3.592) (=0.992) (~0.822)[ (3.582) | (~0.07) | (1.867) (~0.066)
e=.47 e=,T2 e==.20 fe= .37 | e -.03 e=,l9 e=-,06
MODEL 4b | 973.71 | 0.63% | -2ih.69 | -8.458 | 23.66°| 7.4, | o.os® | .- -9.172 | .990{ 18.69
(0.54) | (2.841) | (~0.88) (=0.907)] (2.566) | (0.294) | (1.861) (~0.385)
e=.54 e=-1.01 e==,21 {e=.33 =.15 e=..8 e==,95
A S ;
a: coefficient significant at 0,01 level
b " n n O-Om n
c: " " "Q0,10 n

t = ratios in parentheses
e refers to elasticity at the mean
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Table 5.7(ii)
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|2 Voriables in the Zquation i
Jemtaad o ‘ r | s 72 S.D.
MODEL 3a| 3.159 { -0.0014% -0.211 | 0.010 | .909 2217
(7.573)f (--10.56) (-1.049)} (0.9L7)
e=-=, 3l e=-,16 e=,17
MODEL 3b| 3.16 | -0.001L% -0.212 | 0.010 | +907 2217
(7.576)] (~10.55) (-1.051)] (0.946)
e=-.31.| e=-,16 e=.1?
MODZL La | 3.177| -0.00142 ~0,219 | 0,009 | .909 2216
(7.625) (=10.L9) (=1.091) (0.921)
==, 3l e==,16 e=.16
MODEL Lb| 3.179 | - .0014% | =0.22 0,0096 | .909 2216
(7.63) | (-10.48) (~1.097) { (0.918)
e-_:-';-ah =""l16 e-_—.‘,?

atcoefficient gignificant at 0,01 level
" 0.05 n
n 0-10 "

bs "

'
ct !

t - ratios in parentheses

o refers to elasticity at the mean
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DETA COFFFICIENTS (Commercial/lndustrial Models)

_ RLUATIONS :
VART ADLS l ST-5 1 57-6 | ST-F ~ ST-8] DY-5 DY.6 | DY~7 ; I¥-8
——— * * +
e ; NI AT il Tl A TA
ElL .0L9 1.084 | .037 | .OT2 L.018  |=.051 | -.024 | -.055
a |s.065 |-.036 Fo03 |-.019 boo62” fe.051™ | -on2 | -.ou
P ATT .2017 89 | 210" (L1127 | o120% | .122%] 128"
C -.06 —.071 -.055 -.066 "-OL; -.028 -0037 "0026
Y Lt 382 4ok | o317 o193 | .262% | L063 237
N 658 856" 263 Los"
¥ *
p 562 623 157 .186
M 09 | .ou 059 | .016

% Parameter estimate significant at 10 percent lewvel
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Table 5.9

Joint Estimation of the Single-Equation Models:
GLS Hstimates (Static)

b

cé

"

t - ratios in parentheses

e refers to elasticity at the

i

0.05
C.10

i

mean

Variables in the Euation o
Constant] B G % v c |y N p g | cmEm
Y31 A1
Residential| -432.39| -7.299 |5.871 |-0.78 |-0.891 0.159% | 1.575 .985 | 31.37
(-1.842)](=0.176) (1.146) [-0.063) (~0.186) 10241360 §1.315)
ewss06 |en25 Pewi0? |ew-.02 =1.57 | e=.57 ”
Commercial/| -748.12| =20.30 -15.69° L2.36%13.305 1 0.137% | 6.588% .966 | 57.20
Industriel | (5 538)] (-0.242)] (~1.709) Am.&mv%.owm (2.881) |(2.848) i
ilg t.-wm m"amw mu.ow llu.Nm m“._—owm
SYITH: 42 '
Residential { =627.37 | =9.0uk | 6.747° | 1.611 0.4l 0.166% S.lL3 {.986 | 2056
_T._.mmc To.m:var.ros (C.11L) To.oﬁ (8.757) 1.312)
! “ e==,07 | e=.20" J=.05 e==,01 le=1.6L =,20
Commercial/ | =1419.31] =13.60 | =10.L8 16.31%k2.ot} 0.173% 20.73%}.987 [56.57
Industrisl K-2.721) | (=0.15) | (=1.169) ( 7.06)[~0.06) (Ls395]). (2.745)
e==,06 e==.26 H.mr. -mUJOM H.@m e=2.14
a ; coefficient significant at 0.01 level




- retios in parentheses

e refers to elasticity at the mean

Table 5.10
Joint Estimation of the Single-Equation Models: GLS Estimates (dypamic) . 2
Variables in the Equation
eonstant Q, E G K F c Y N P 5 | sEE
SYSTEN F4
Residential | =152.49 0.466> -31.9 8.166° 0.995 um.qm=¢ 0.1142 | 0.066 25031 21.92
(-0.723) | (3.672) | (~0.906)| (1.989) | (0.086) (-2.205) (5.727) Ao.om@J
mﬂ..o_._; mﬂlamm ﬂowm m."-Ow QHI-NP m.“.._-._w e=,02
Commercial/ | =200.38 0.499% =-13.84 lér.umd 25,26 |-21.8% o.oaww 3.498 ”wmrawm”mm
industrizl [(-0.638) | (3.955) | (-0.187)f (-2.13L)] (L.129) [(=0.741)) (2.089) |€1.L5L)) m
ﬁorw e=-,06 "lowm mﬂawm ﬂm\r.hlo.__w uuL._.m =.73
SY3Tm1 B2 "
a i
Residentiall -239.39| 0.453%| -28.8 7.678° | 3.836 | =10-01" {. 0.114 1.169 £993 [21.85
(-0.702) | (3.539) |(-0.809) J(2.045) | (0.301)] (-2.3L45) (6.106) (0.302)
QHLL.O =y 2 m"nmw =.11 e=-=.2L e=1,13 2=, 21
Commercial/ | =363.16 | 0.517* | -37.82 | =11.99° 27.09% F2.74 | o.108% 74530 .mwi R
.HHQS@&HH.&H nlO.@CWu Au-mmmu nlonr,m.ﬂv ﬁl._-ﬂm.__u uom.wv RIOomWAwwmoOﬂmv _,‘.C.mmr.v
! e=. Ll e==,16 == ,30 e=,38 p=w, 11 =.60 =,78
i I _ A A
a: coefficient significant at 0.01 level
.Un n " W OcOm "
; ’ . " Q0
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Table 5.11(i)

Joint BEstimation of the Simultaneous-Equation Models: G3SLS
Estimates (Static)

N Variables in the Equations o
- - -
Constant B G K F c Y N P mm SEE
sat o1 N
RESTDE T AL [-173.0L | -69.48° | 6.602° | 0.827 | -L.162 0.146%| 1.13 1985 121.10
(-0.701) |(~1.462) | (1.457) }{0.078) |(~0.999) (6.75) 1(1.013)
==, 5l e=,28 e=.02 e=-,18 _mn._-r.r =.041
Commercial/ | 80.93 ..mrm.mw,o =l4.182 u,_?l_mm 14.16 0.135% | 2.759 L 979 {70.27
Industrizl | (0.204) |(-2.306) | (-0.L82) (5.989) {(0.L42)(3.003) [(1.05)
i} 0 e=—,11 e=.52 le=.12 p=.77 =.57
SYsT&I C2
Residentisl| =490.25 |-46.92 6.684° | 5.123 | -L.228 0.156> 5.311 ].986 |30.69
(-1.259) (=0.927) | (1.514) [(0.L05)| (~1.015 (7.954) (1.320)
e==,36 e=,29 =, 15 e==,10 e=1.5L e=,95
comanciar/| s5.b9 | -289.73°1 -1.383 38.79% | 23.96 | 0.15,% .47 |.577 | 7043k
IHDUSTRLAL mﬁo.ommv (-2.376) | (-0.167) (6.515)] (0.676)(11.087) (0.539)
e==1.19 e==.03 ! e =.5l {e=.20 =,78 e=.51 m
| | | _ ! ot

as coefficient significant at 0.01 level

n

bs

s L

"

i

t -~ ratios in parentheses

0.05
.10

¢. refers to elasticity at the mean

n
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Table 5.11(dii
Price Equations: G35LS Estimates
o Variables in the Equation |_.m .
Constant Q I J S mq SEE
sysTai ¢1 | L.100 | -0.0023%|-0.333* | -0.003 .951 | 1481
Residentiall (7 109) | (~1k.35) | (-2.878) [(~0.362)
¢ e=-.30 e=-=,21 o=, 08
Commercial] 3.112 | -0.0014%| -0.322° 0.015° | .907 | .2242
Industrial { rg 1)) [(-10.69) } (~1.693) (1.683)
. c=w.3l ==,2l e=.26
SYSTRM C2
Residentiall L.122 -0.0023%| -0.33,%] ~0.003 948 | .1523
{7.003) |(~14.25) | (-2.8L1) |(<0.395)
e==.30 o=-,21 =4 08
Commercial/p 3.102 | -0.0014%*| -0.319° 0.015° |  .907 | .2242
Industri=l {{2.109) | (~10.65)| (~1.665) (1.705)
e==4 34 e==,2l e=,26
A |
a: coefficient significant at 0.01 level
be " n " 0,06 "
cs u " " 0,10 ®
t - ratios in parentheses
e refers to elasticity at the mean




Table 5,12(i)

Joint Bstimation of the Simultaneous-Equation Models: G3SLS Estimates (dynamic)

Variables in the Equation Ilg
Constant |  %q & G K F c Y ¥ P w» p—
SYSTEM D1
residential | =92.49 | 0.27®| -l9.2l | 7.86° | 1.382 |.-9.11L° 0.113% | 0.0052 993 22,25
(=0.393) | (3.428) [ (=1.135) | (1.915) | (0.122) | (~2.097) (5.6L48) | (0.00LL)
e=.38 e=-,38 e=.3L e=.04 e==,22 kmu._.._m e=,002
Commercial/ | -55.78 | 0.uu7* | -67.28 | -11.27° 2,222 | -19.60 | 0.08" 3.137 <993 140.45
Industrial | ( 5,146) | (3.662) | (~0.698) | (~1.632) (Lo10L) | (~0.659) |(2.188) | (1.131)
e=,38 e==,28 e=—,28 e=.3L e==,17 |e=.L16 e=.65
SYSTE D2
Residentizl | ~302.00| 0.432% | =21.63 | 7.089° | L.676 | -9.693" 0.1182 1.762 .993 |21.96
(=0.798) | (3.320) | (=0.185) | (1.828) | (0.359)] (-2.23L) (5.9L9) (0.433)
e=.38 e==,17 e=.30 e=.13 e==,23 e=1.17 e=,32
Peomneroicl/ | 111.81 | 0.473% | =113.52 ] -7.997 2h.94% | -2.59 | 0.102" 2.865 | 4992 |LL.T77
Industrial (0.142) | (3.243) { (=1.229) | (=1.17L) (3.688) | (~0.076)](3.021) (0.263)
e=.L0 e=-,59 e==.20 e=.35 e=-.02 | e=,58 e=.30
| i 1
a: coefficient significant at 0,01 level
b " n n O-OM n
ce " W n O.AO "
t - ratios in parentheses
e refers to elasticity at the mean
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Table 5.,12(i)

Joint Zstimation of the Simultaneous-Equation Models: G3SLS Estimates (dynamic)

Variables in the Equation ng
Constant Q4 B G K F c Y N P WN P
SYSTEM D1,
”_meu..ﬁ.mﬁ.ﬁmrm.u- lmmorw O.rwﬂm. I.N—W-Mﬁ. .wommd .m twmm 2 .IW- 1 .ﬂ F.U O-.._ 1 wm. OtOOWN UWWW MM-NW
(=0.393) | (3.428) | (=1.135) | (1.915) | (0.122)| (~2.097) (5.643) | (0.00LL)
e=,38 e=-,38 e=.3L e=,04 e==,22 Tu; 12 e=,002
Commercial/ | -55.78 0.47* | <67.28 | -11.27° 2l.22% | =19.60 | 0.08" 3.137 993 JL0.L5
Industrial (=0.146) | (3.662) | (=0.698) | (=1.632) (Le10L) | (-0.659)[(2.188) | (1.131)
e=,38 e==,28 e==,28 e=,34 e==,17 le=.46 e=,65
SYSTE D2
Residenticl | =302.00| 0.432%| -21.63 | 7.089° | L.676 | -9.693° 0.118% 1,762 .993 |21.96
(=0.798) | (3.320) | (-0.L485) | (1.828) | (0.359)] (-2.23L) (5.9L9) (0.433)
e=.38 e==.17 e=.30 e=.13 e==,23 e=1.17 e=.32
Peommercial/ | 111.81 | 0.473%*| -113.52| -7.997 2L.94% | -2.59 | 0.102% 2.865 | 4992 |LL.TT
Industrial { (0.142) | (3.2L3) { (=1.229) | (=1.17L) (3.688) | (=0.076){(3.021) (0.263)
e=.L0 e=-,59 e==,20 e=.35 e==,02 _ e=,58 e=,30
| i 1
a: coefficient significant at 0,01 level
be " " n O-Dm n
Cs " W n O. l_ O "
t - ratios in parentheses
e refers to elasticity at the mean




Table 5,12(i)

Joint Dstimation of the Simultaneous-Equation Models: G3SLS Estimates (dynamic)

Variables in the Equation Li#
Constant e . & o ¥ C ¥ N P WN SEE
SYSTEM D1
Pagidentis: I.WNLLW O.r.m.wm. ....._._.W-MD. .w.@md ._.mmm E .IW..__.:A..U O-x_.._wm. Oooomm -wmw Mmomm
(=0.393) | (3.L428) | (=1.135) | (1.915) | (0.122)| (-2.097) (5.648) | (0.00LL)
e=,38 e=-,38 e=.3L e=,0L e==,22 +mn4.4m e=.002
Commercial/ | -55.78 | 0.uL7%* | -67.28 | =11.27° 2l.22% | ~19.60 | 0.08" 3,137 «993 |L0.L5
Industrial | ( 5 q16) | (3.662) | (=0.698) | (~1.632) (Lo10L) | (<0.659) |(2.188) | (1.131)
=, 38 e==,28 e=—,28 e=.3L e==,17 |e=.L46 e=,65
SYSTR D2
Residenticl | ~302.00| 0.432% | -21.63 | 7.089° | L.676 | -9.693° 0.118% 1.762 «993 |21.96
(=0.798) | (3.320) | (-0.L85) ] (1.828) | (0.359)] (-2.23L) (5.949) (0.433)
e=.38 e=-.17 e=.30 e=.13 e==,23 e=1.17 e=,32
Taoanmuﬁﬂu 111.81 0.473% | -1L3.521 =7.997 2L, 9L% -2,59 0.102% 2.865 «992 Y LhL.T7
Industrial | (0.142) | (3.243){ (=1.229) | (<1.17L) (3.688) | (=0.076)[(3.021) (0.263)
e=.40 e==,59 e==.20 e=.35 e==,02 _mn.mm e=,30
] 1 1
a: coefficient significant at 0,01 level
b " " n Orom n
s n W n O-.“O "
t - ratios in parentheses
e refers to elasticity at the mean
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Table 5,12(ii

Price Equations: G3SLS Estimates

A

Variables in the Equation

Constart Q I 3 S mm SEE
SYSTEMB4
Residential| L.08L | -0.0023%| -0.325%| -0.0029 9L8 | .1523
(6.83) [(-14.23) | (=2.725)| (-0.352)
e==, 30 e==,22 e=-,07
Commercial/| 3.004 | -0.00142| -0.284° . 0.014° 908 | .223
Industrial {(7.927)1(<10.58) | (=1.L438) (1.51)
e==.3L e=='21 =.2l
SYSTET D2
Residencial| 4.078 | -0.0023%] -0.326%*] -0.0028 948 | .152)
(6.768) |(=14.17) .727) | (=0.339)
==, 30 e==,22 =m, 07
Commercial/| 3.087 | -0.0014%] -0.28° 0.014° .908 | .223
Industrial {(7.93) [(-10.59) | (-1.422) (1.523)
| e==,3l e=w 21 e=.2),
: :
as coefficient significant at C.01 level
bs " " " 0,05 "
e: " " " 0,10 "

t = ratios in parentheses

¢ refers to elastieity at the mean




Table 5.13

Seta Coefficients: GLS lModels

116.

| EQUATION SYSTEM
___SYCTEM C1 SYSTEM D2
Variables| Residential |Commercial/ | Residential Commercial/
1 Industrial Industrial 1
* ¥
Q=1 401 «395
R #
E -01':7:' -.371 - 3056 -‘.217
g *
G + 053 -.018 057 -.035
K L '033
¥
F .G‘_‘;E -168 - 0083* .113*
C '021 "'QOOLI
* ¥ ¥* W
Y <731 356 591 +269
N .156 «201
P .065 .055
3 3 I 3
Q "'88]4 -'929 - 8814 "1929
#* @ #
I "'.161.]. -.11414 -.16 -‘-125*
J -.019 -.018
5 212 o T

* Parameter estimate significant at 10 percent level




CHAPTER SIX

SOME IMPLICATICNS OF TR RESULTS

In brief, the main features of the results of the preceding
chapter are:

(a) Price is not an important determinant of resiceniia’
consumption of electricity; price may be important to the commercial/
industrial consumers.

(b) Residential demand is rather insensitive to price
changess commercial/industrial demand may be price=responsive.

(¢) Demand by both consumer groups is influenced by 'lie
price and availability of substitutes fuels; fuelwood in the case of
commercial/in@ustrial consumers, and gas in the case of residential
consumers. But electricity demand is inelastic with respect to the
price of these substitutes.

(d) Tncome is clearly the strongest determinant of demand for
electricity: residential demand is more income=-elastic than
commercial/industrial consumption.

(e) The population factor appears rather ambiguously important:
where it is a significant determinant of consumption, the magnitude

of responsiveness of demand to changes in population is substantial,
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Compariscn with Previous Studies: Whereas most of the studiea

revieved in Chapter 3 came up with significant own-price coefficient.
our results do not conclusively affirm this: for commercinl;incustrial
demand ocur results would seem to coincide with previous f{indings,
since the own-price elasticity was, in some instances, .ccater
than unity. But contrary to the results of Halvorsen, Wilson

and Anderson; residential demand in Nigeria does not seem to be
affected by the price of electricity.

Our results in the case of substitutes seem to be similar to
those of previous studies, As well as being significant, the
elasticity coefficients for fuelwood and gas were usually less than
unity. But our results go further to stress that these substitutes
are not "so important", in terms of their relative effect on the
level of electrieity consumption.

The income variable appeared highly significant and positive in
this study just as in previous ones. But the elasticity estimates
differ. Previous studies (Mount et. al., for example) came up
with values less than unity for residential demand: ours exceeds
unity., For commercial/industrial we obtained values less than unity =

same as Mount et. al. in their study.



The population factor did not feature much in other studiec,

It a peared to be important in Fisher and Kaysen's study. -ount et. 2l.
obtained elasticity wvalues of less than ene. In the few c¢ciscs where
population was manifestly signifiéant in our gtudy, the elasiicity
often exceeded one.

The foregoing comparison may also be an indication of the
differences in the states of demand for electricity in the less
developed (LDCs) and the mere developed countries (MDCs). It would
seem ,from our study of the Nigerian experience, as though price is not
very important in LDCs, whereas it is in the MDCs. When therve is
some suggestion of price-response, demand may also be more price-respon=-
sive in the latter than in the former. Income would appear to be
important in both plaees: but demand geems less income-elastic in
the MDCs. The priece of substitutes is also important in both places.
Finally, population is also crucial for both, but more for the LDCs
than MDCs as indieated by the elasticity values.

Future Level of Klectricity Consumption:

The non=gignificance of the own=price response for residential
demand, implies that price may not be a deterrent to higher levels of
eonsumption. It means (given the low price elasticity,-0.2) the recent
(1977) tariff changes would not significantly reduce the level of

demand or decrease the rate of growth of consumption. For a monthly
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average residential energy consumption of 200kwh (19?5/76 nowional
averaze was 172kwh) the new tariff succeeded in raising the :verage
price per kilowet thour from 4.5 kobo to S.kL kobo1. Thizs is an
increase of 20 percent which may reduce consumption by about

5 percent.

The price increase for the commercial and industrial consumers
was on the average about L0 percent for the former and 25 percent
for the 1at'ter.2 The consequence of the tariff change could be
greater here given a price elasticity equal to unity. A partial
reduction in consumption of 20 to 30 percent may result. Iiut
Twayemd {1976) has argued that the price paid for electricity in
Nigeria does not reflect its opportunity cost. If so, the new
tariff may be an attempt to ensure the consumer pays the resl cost

of electricity he consumes.

1« This refers to a hypothetical household paying
(a) power charge of #2 (b) energy charge of §8.02
for 200 kwh.

2. These refer to (i) the commercial consumer consuuing
LOO kwh and paying minimum power charge of #2.60
(ii) the industrial consumer using 50,000 kwh and
paying minimum #195 as power charge. See Appendix 11D,
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(n the other hand, if the pricesof substitutes rise osz: time,
that may invariably lead to greater demand for electriciti:- iteelf,
Thus the future level of dewand for electricity in Nigeric will
also depend on the DJrice and availability of substitute fucice,

In the case of fue wood its availability is wvery much tied o

natural factors. The high rate of timber forest depletion, urban growth
and the extension of farmlands are phenomena that are reducing
woodlands in Nigeria. The likelihood is that in the year:s ahead
fuelwood may become scarcer and its price may consequently increase.

Gae and kero=zene, are expected to become more readily available
in adequate quantities as soon as the two new oil refineries go into
:ueration.B In “nat case we may anticipate their prices would
not change much. The Federal Government now fixes the pricec of
all petroleum products, making price fluctuations in the cuse of
gas and kerosene lLess likely. Hypothetically therefore, tie demand
for electricity rught to fall if the price of its substituies fall,
This assumes tha electricity, gas and kerosene are all us=d for
identical purposes in the household. This may not be true:
the average monthly residential consumption (about 200 kwh) is very

small and is uced mainly for lighting and for running the iadio,

-

3. BSee Fisiness Times of August 8, 1978, p.1.
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pressingviror , fan, refrigerator and television set . The letter
two are mainly possessed by the middle-class and upper=-claoss
households, Thus electricity is used basically for lighting.

And for this purpose it is technologically superior to eitlier

gas or keroscne, As a matter of fact, the latter two are used
mainly for cooking, and in places where electricity is not available,
kerosene is used for lighting; most households do not seem Lo be

using electricity for cooking.h

FMarthermore, the anticipoted increases
in electricity consumption may not come from existing users but from
new consumers who form a large proportion of the unsatisficd demand.
For instance total residential demand doubled between 1970/71 and 1974/75,
but average consurption per res:dential user rose by cnly 26 percent.
Thercfore the scope for substitution is limited.

The position of natural gas and coal is more subtle since
they serve both as a complement (fuel for generating power) und as
substitutes to electricity. We mentioned in chapter L that the

price of natural gas has remained virtually the same in the last

sixteen years: there is no likelikood of a future rise in price since a

4« The small average monthly consumption testifies to this.
If many households use electric cookers then average
consumption would be eonsiderably higher. One reason why
most households would not use electricity for cooking may
be the irregular power supply.



good wmroportion of the output is being flared off, It ic lzo
anticipated that when the mechanisation of the coal miner 1o

completed the price of coal may even fall as a resuvlt of i her

output and lower unit cost of production. All these notusitivitanding,
we should not expect a fall in industrial demand for electzicity in
the future since the technical operation of switching from one fuel to

another involves long-term decisions on plant and equipment design.

Income and probably population growth may have the grc-test
impact on electricity in the coming years. The increase in the income
of Higerians, thanks to crude oil, led to higher demand for goods
and services (such as electricity) in the last ten years. Ilowever,
the demand for Nigeria's oil has slackened, consequently overnment
earnings, hence income, have declined. Does it means a corresponding
fall in demand for electricity? This is not a likely outcoume since

the potential demand for electricity has yet to be satisficd.

Table 6.1 is an illustratica of the projected levels ol electricity
consumption in the country up to 1990/91, taking income as the only

causal factor.5 We assumed o different average annual rates of

5. Projections were based on the elasticity values g given
on Teble 5.9,system A2, Other factors are held constant.
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Tal:le {‘», 1

FProjections of Kleeipicity Consumption (GWH)a

; ] TR __ |
i T = ?.?i r=T.5% r = 9% ! L'”‘ - b :
E (1975-1980) vrojections i
| = % (1981-81)
1975/76 2707 2707 2707 Tib
(Actual l (Actual (amtual
Demand) Demand) Demand)
1976/71° 29,8 2918 2996 3375
1980/61 1,166 1,166 4525 7905 |
; 1985/86 61,86 7062 7692 16,276 :
1950/91 10,223 11,563 13,303 T

a:

c:

GWH = 1 gigawatthour = 1 millien kwh

Source: NEPA (1976 ): Power System

Development Plan. p.6

Actual Consumption in 1976/77 is 3266 GWH,

r = GDP annual rate of growth

n.a: n

ot available
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growth (AARG) for the Gross Domestic Product (GDo): 7.9% cri 9.
The former figure was based on the average annual rate of zrowth
(AARG) for the five years, 1971/72 to 1975/76; the latter iu the
estimated AARG projeocted for 1975~-80 in the Third Development Flan.
The last column of table 6.1 shows the projections made by HITPRA
itself., Cur estimates reveal that consumption mo*r treble Uy
1986; NEPA anticipates a six-fold increase.

On table 6.2 are the anticipated annual growth rates of
electricity consumption resulting from the projections in
table 6.,1. It becomes apparent that NEPA expects consumption to
grow at a rate twice our estimated AARG over the ten years 1976 to
1986. Since our projections were based on income alone, it may be an
underestimate. But comparing the actual 1976/77 consumption to our
projections for that year it will be observed that the difference
(about 108% 1ower) due to other factors may not be comsiderable.
Since our projeetions were based on the highest income elasticity
valbes (obtained in the results) for both residential and commer-
cial/industrial consumption, they might be rather optimistic.
NEPA's estimates would therefore seem overly optimistic.

The projected AARGs on table 6.2 are very high and surp:8e
the rates actually recorded in the last ten to fifteen years

which was about 20 percent. Since NEPA has not been able to



Growth rates of Dlectricity Consumption

1975 - 1906

Table 6,2
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-3

-t
LIS

r= T84
(1975=80)
I‘=9${)

(1980-85)

NTPA
Projections

1976 - 81

1976 - 86

1981 ~ 1986

31%

3154

2lgs

31%

3156

26%

3L

3L

28%

58%

L%

59%6
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cope with sueh rapid rate of growth in the past, wouls it not he
a formidable task for it to keep up in the event of the inc-sczes

in consumption we projected being actually realised?

Policy Implications:

We have so far argued that electrieity consumption m: -
continue to rise at a rather fast rate in the future. To satisfy
such a demand, investment in pewer generation and distribution
might have to be increased. At the same time we would su est an
overall energy use strategy that effectively maximises the benefits
that can be derived from each type of energy resource availalle in
this country.

For instence, industrial demand for electricity can he
dampened by encouraging coal consumption in industries; that
may be a lessger-cost approach than setting up a new generction
station using eocal as fuel input. In the same ven, nore
industries may also be encouraged to rely on natural gas as
basic fuel in lieu of electricity. But such policy option can
only be exercised as part of a long-term strategy since, as we have
noted, switching from one fuel type to another is only teclinically

fersiblec over the long run.
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The high rate of growth in demand has to be met in the short
run by expanding the system's output capacity. COne way would be
to invest in large “hermal power siations using our neglected
fossil fuel resoureus.6 Thermal plants take shorter period to
build than hydroelestric stations. They are also less alfcsisd
by weather or climatic factors, which can demobilise hydro--electric
stations, as we have recently experienced. Finally, we would
be able to exploit our fossil energy resources to the fullest by
setting up these plants. We wish to caution that investment in
thermal stations should be carefully planned so that it does not
eventually lead 1o regional imbalances with the concentrotion of

power supplies only in those areas endowed with fosgil fuels,

G. This has already been suggested by Ukpong (1976).



CHAPTER _SEVIN

SUILMAKY _AND _CONCLUSION

This study hes attempted to establish quantitatively those
factors responeibl: for determining the level of electrieity
consumption in Nigeria., It also tried to find out the relative
impact of eauh girnificant determinant faetor on the level of
consumption,

Our results revealed that ineome may be the most impertant
causal faetor in the demand for eleetricity in Nigeria. The
priee and the availability ef fuelwood and liquefied petroleum
gas (LPG) are other factors that may be determining the level of
electricity consumption, The priee of electrieity and population
appear, ambiguously though, to be significant factors as well.

On the other hand, coal and kerosene apparently do not influence
electricity consumption; this might be due to the stickiness of
their prices over the years.

When we compare the results to those of previous studies,
differences occur as to the magnitude of the own-price response,
and the income and population elasticities. The magnitude of the
cross-elasticities in this study followed the pattern observed in

previous studies: they were usually less than unity.
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Taking income as the main causal factor in electricity demand,
our illustrative projections reveal that demand may inorease to alio:d
thrice its presert level by 1986. These projeetions imply a foster
rate of growth in consumption than in the past; yet, when compared wid:
the growth rate, anticipated by the National Electric Power Authority
(NEPA) in its own forecasts, our implied growth rate would seem
conservative,

Nevertheless, the problem in the future as in
the past will be how to cope with the huge inereases in demand.

A pertinent short-term solutien would be to invest more in the
system's power ocutput capaeity by acecelerating the development of
large thermal power stations. Sueh large statiens are more likely
to yield ceonomies of seale than the small ones (operated by NEPA
in the 1960s) which were dismantled (due to high maintenance wst)
in favor of hydroclectric power stations.

Finally;a long-term strategy is hewever required for an effective
exploitation of our energy resourees which ensures that undue reliance
is net placed on any partieular energy sourge while others are

suffering from neglect.
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APPENDIX I

DEFINITIONS
Tariff: all the schedules, rules and regulations of the utility.
Kilowatt: wunit of electric power., Power is the rate of dcing ' work,
Ampere: unit measuring the rate of flow of electricity in a circuit.
Volt: unit of electric force or pressure.
Kilowatt-hour gkwh)ﬁ unit of electric energy. Product of power (kw}
and time measured in hours.

Kilovolt-ampere (Kvi)s Certain types of electrical circuits have

a characteristic which causes them to take additional current with
no increase in the amount of "real" power supply. The unit of
this "apparent" electric power is the kilovolt-ampere .

Flat-rate tariff: A single unit charge per kwh for all energy
used. Also referred tc as straight=line tariff. It does not
provide discounts for higher consumption.

Two=part tariffs: It consists of a fixed charge reflecting power

demand and a rumming charge for energy used.

Block Tariff: Fnergy consumption is partitioned into layers or
strata called “blocks"; and in each block a different running sharge
applies; the charge declining as consumption increases. It does

not include a "power demand" charge.
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Hopkinson's two-part tariff: It is applied mainly to commercial

and industrial consumers. It consists of a variable or "block"
power demand charge measures in kilcwatt or kilovolt-amperes,

and a block energy charge equivalent to the block tariff.

—

Source: Caywood (1956).
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APPENDIX IT

THE OLD JiCN iXD NEPA TARIFFS

114

1956 = 1969

RESIDENTIAL

The Residential rate shall apply where energy is used in

premises which are used wholly or principally as private

residences for lighting, heating, cooking, or any other purpose.

Charges
1s

Every consumer has to pay a fixed charge per month in
respect of the supply of electric energy. This fixed
charge depends upon the area of the premises and is
calculated as follows:

For the first LOO sg. ft or 1esS +ee «ee 50k per month

From LO1 sq. ft. to 1,000 8Ge fte ese oo 123k 100sq.ftor
part thereof

per month.
From 1,001 sq. ft. to 1,000 8. fteee ooes 10k per 100sq.ft or
part thereof per month.

From 2,001 20 £t to 3,000 5Q. fte oo oo 8.33k per 1003(1. ft
or part thereof

per month.
From 3,001 sq. ft. to L4,0008qe £t « eoe «+.5.83k per 100sq., ft.

or part thereof per
month.
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Above h,OOO 8. ft + e e Llo1?k per 1005‘1. ft. or pa.rt

thereof per month.

In addition, the following running kwh charges are applicable.
(a) 24k per kwh for the firsi 200 kwh per month and 1.25k per kwh
for all kwh per month in excess of 200 kwh, for consumers

living in:
LAGOS, PLATEAU (JOS, VOM & BUKURU) PORT-HARCOURT ENUGU
(b) 2.5k per kwh for the first 200 kwh per month and 1.67k kwh
for all kwh per morth.in excessecf 200 kwh for consumers
living in:
KANO

(¢) 2.5k per kwh for consumers living in:

/BA CALABAR TKOT EKPENE ONITSHA UMUAHIA
ABAKALIKI EDz ILARO OSHOGEQ TUYO
ABEOKUTA 1IBADAN ILESHA OTTA WARRI
AWK4 IFE K DUNA OTURKPO ZARIA
FENIN IF0 NSUEKA SAPELE

and the SHAGAMU/IJEBU-ODE area.
(@) L.1Tk per kwh for consumers living in AMENITY UNDERTAI'INGS
ag follows:

ADO EKITI FUNTUL TEIRUN MAIDUGURI  ONDO
AKURE GBONC.N ILORIN MiKURDI OWERRI

ASABA covBE  IWO MINNA owo

BACITA GUSAU  KATSINA  NGURU OYo
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BAUCHI IDANRE KOKO OFFA SOKOTO
BIDA IKARE  LOKOJA OGBOMOSHO  YOLA
EJIGBO IXERRE OKITIPUPA

COMMERCIAL AND INDUSTRILL

The Commercial and Industrizl Hate shall apply where energy is
used in any premises not used wholly as private residence and
shall include shops, offices, stores, hospitals, clubs, hotels,
schools, wharves, railway stations, airfields, and premises used
for industrial purposes. The monthly demand charge for any consumer
will be the summation of the varying steps of charges per K.V.A.

shown in the table below up to the consumer's Maximum Demand.

Charges

1. Every consumer must pay a monthly demand charge based on
his maximum demand during the month and this charge will
be calculated in accordance with the following table:-

Up to 10 K.V.4ie ~ 30k per 100 V.A. or part thereof per month

From 11 " - 25 KoVolia #2.75 per K.Vehs. or part thereof
From 26 " -5 " ¥2.50 per " or " w
From 51 " <100 " N2.25 per " op " "
From 101 " -250 m N2,00 per " or " .
From 251 " - 500 " W1,75 per " or " "
From 501 " « 1000 " ¥1.50 per " ox * i

Above 1000 " Bl.33 per " or ™" "

Peallie

"
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2., In addition, running kwh charge zs set out under
RESIDENTIAL-CHARGES (2); except that for towns in
Section 2(a) ana 2(v) above the high rate applies up

the value of the maximum demand charge.

MISCELLANEOUS
These tariffs are available only to consumers where the
residential tariff would not be applicable, and with the exception
of the General Purposes rate they are normally associated with the
Commercial/Industrial Tariff.
(2) ghop Window Lighting
1f separated from the main installation and separately
metered, shop window lighting will be charged at a flat
kwh rate 3.3k per kwh 2t all undertakings with the
exception of the Amenity Undertakings where the rate
will be Sk per kwl.

(v) Street Lighting

As for the Commercial/Industrial rate but in addition, in
the event of an asreement with the Loeal suthority for the
Corporntion to maintain the street lighting systems an

additional monthly charge per lamp.
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(c) Welding

The Commercial/Industrial rate will apply and for any
welding plant other than that incorporating a motor
generator an additional fixed monthly charge of
2,00 per K.V.4. or part thereof of the manufaeturer's
rated input of the welding plant installeds In cases
where capacitors are installed this additional fixed
charge will be reduced in relation to the imprevement of
the power factor,

(@) General Purposes
The General Purposes rates as detailed hereunder shall
apply where in the opinion of the Corporation none of the
other rates are zppropriate. It shall not be applicable
to residential premises,

(1) 15k per kwh

ABA EDE ONITSHA YO
ABAKALIKI IFE OSHOGBO WARRI
AWKA IXKOT EKPENE OTURKPO ZARTA
BENIN ILESHA SAPELE

CALABAR NSUKKA UMUAHTIA

and all AMENITY UNDERTAFINGS
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(ii) 123k per kwh

KANO ABEOKUTA IBADAN KADUNA

and the SHAGAMU/IJEBU-ODE area.

(iii) 10k per kwh
LAGOS PORT HARCOURT ENUGU
PLATEAY (JOS, VOM & BUKURU)
(e) Combined
Where in the opinion of the Corporation a single premises
has an installation to which the application of more than
one of the other of the corporation's teriffs would be
applicable they may charge as a single rate such
combination of the other rates as in the circumstances
they may deem appropriate.
NOTES
The above mentioned tariffs should be read in conjunction with

the following notes.

. Supplies which moy be subject to_special agreement

Where a consumer's load has special features such as high maximum
demand, high load factor and a favourable Off Peak characteristio,
the Corporation is prepared to consider the =a2pplication of terms

under Special Agreements, 3tandby and Tmergency supplies shall in

all cases be the subject of special agreement,
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2. Separate Meters

Where it is necessary for a separate meter to be installed to

enable the consumer to obtain supplies at more than one of the

rates quoted in the Corporntion's tariff, or where it is necessary

to provide three phase supply to suit the consumer's apparatus,

the Corporation may make a charge to cover the cost of the additional

metering equipment,

3. Minimum Monthly Chorges

In all premises the minimum charge to = consumer in respect of the
kwh charges in any one month shall be 50k in addition to normal
monthly fixed charge, except that where the Corporation has to
incur expenditure on the provision of an extension to mains,
sub=-stations etc., for the purpose of supplying a particular consumer,
they may require the consumer to agree to terms under special agreement.
4. Disconnection
The supply of energy shall be conditional an the payment of any
amount due therefore on demand, Failure teo comply with this
condition shall render the consumer liable to have his premises
disconnected without notice.
S Maximum Demand Charge (Commercial/Industrial Tariff)
The consumer may be charged either assessed maximum demand or measured
maximum demand at the discretion of the Corporation but any

consumer who has an installed load of more than 5 K.V.A. and who
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agrees to bear the cost of providing maximum demand metering may
elect to be charged on measured and not assessed demand. The
Corporation would normally measure maximum demand in all cases where

this is likely to exceed 25 K.V.h.

Where the charge for the supply of energy is assessed on the
number and capacity of the lamps or other apparatus installed in
a consumer's premises no ~lteration in the number or capacity of
such lamps or apparatus shall be made without the permission in
writing of the electrical engineer in charge of the undertaking.
Consumers with fixed permanent installation for space heating,
air conditioning, water heating, cooking, shop window lighting
and electric signs, may have such installations excluded from the
measurement or assessment of their maximum demand, provided that they:

(i) provide separate circuits for these installations

back to the metering point.

(ii) agree to pay such hire charge as the Corporation may
determine in accordance with size of the installation
for provisien of aoutomatic time switch control, under
the control of the Corporation, whereby these installa-
tions may be automatically switched off for such peak
load periods daily as the Corporation may from time to

time determine,
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6. Off Peak Concecsion (Restricted to Industrial and Commercial

loads which normally operate over the Corporation's Peak
Period).
Vhere the consumer's grectest demand occurs dueing Off-Peak periods
of the system to which he is comnected, and where the connected
load exceeds 25 K.V.A., the demand for which the consumer shall
be charged at the standard maximum demand charge shall be the
On=Peak demand plus 20 per cent of the difference between the
(n=Peak and Off-Peak demonds, provided that the consumer enters
into an agreement to pay for the cost of the additional metering
required. This however, will not reduce the number of kwh to be
charged at the high rate. This will be calculated on the basis of
what the consumer's fixed charge would be if he were not

receiving the Off-Peak concession.

Source: Electricity Corporation of Nigeria. Annual Report
and Accounts for the year ended 31st Marech 1965.
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1956 = 1969

SCHEDULE A

(Single-Phase Service Tariff)

AVAILABILITY OF SERVICE

Lpplicable to all residential consumers and some small commercial/
industrial consumers who will normally be connected to the Corporation's
single~-phase 230 Volt supply. Biggest induction motor or welding
transformer acceptable is 3 HoP. or 3KVA. A small commercial/
industrial consumer whose load cxceeds S5KVA will not be connected

to the Corporation's single-phase supply.

CONSUMPTION AREA I AREA II
per apartment# Lagos, Jos, Enugu| All other

T
per monthj Port Harcourt Undertakings

First 20 kwh or less | #2.0C(min. charge] ¥2.00(min. charge)

Next 4O kwh at 3.75 per kwh L1458 per kwh
Next LO kwh at 3.33 per kwh L.16 per kwh
Next 100 kwh at 2.50 per kwh 3.33 per kwh
All over 200 kwh at |1.66 per kwh 2.50 per kwh

*Apartment-refers to o self-contained house or flat or each
floor of a multi-storeyed house. The Corporation will

ordinarily privide 2 meter for each apartment.
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SCHEDULE B

(Three-Phase Service Tariff Without Maximum Demand Metering)

AVAILABILITY OF SERVICE

4spplicable to small and medium commercial/industrial consumers
who will normally be connected to the Corporation's three~phase

LOO=volt supply. g
TARITF PER MONTH: Applicable in all undertakings throughout the

country.
Part (a) POWER DEMAND CH.RGE

Installed Capacity

First 5 KVA of power demand .ee +ee No Charge
(equivalent to 1500 kwh and below)

Next 5 KVA 2t see ees eee 30k per 100 VA or part thereof

A11 Additional KVA at  .ee $2.50 per KVA or part thereof

Part (b): ENERGY CHARGE

Fist 20 kwh or less  ¥2,00 (min. charge)
Next 180 kwh at L«58k per kwh
Next 300 kwh at L.16k per kwh
Next 2000 kwh at 3433k per kwh

All over 2,500 kwh at 2.50k per kwh
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DETERMINATION OF DEMLND CHARGE
Demand charge shall be determined by the total installed electrical
capacity in KVA connected at consumers' premises.,
MINIMUM CHARGE
The minimum charge shall be :12,00
SCHEDULE C
(Three~Phase Service Tariff
With Maximum Demand Metering)
AVATLABILITY OF SERVICE
Lpplicable to medium and large commercial/industrial consumers
who will normally be connected to the Corporation's three=-phase

medium or high voltage supply.

T4RIFF PER MONTH: Applicable in all Undertakings throughout the
country.

Part (a): POWER DEMAND CHLRGE

First 75 KVA of Demand or less #150.00 (min. charge)

711 additional KVA of Demand at # 2.00 per KVA or part thereof

Part (b): ENDRGY CHARGE

First 5,000 kwh at 3.33k per kwh
Next 5,000 kwh at 2.91% per kwh
Next 140,000 kwh at 2,50k per kwh
Next 100,000 kwh at 2.08k per kwh
Next 850,000 kwh at 1,666k per kwh

411 over 1,000,000 kwh at 1.416k per kwh
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DISCOUNT
There is discount on electricity bills of consumers supplied

at high voltages as shown in the following table:

]
Supply Voltage Discount
3,300 V3 6,600 V; 11,000 V 2%
33,000 V3 66,000V 3%
132,000 V 5%

DETERMINATION OF MAXIMUIT DEM. D

The Corporation shall inetall maximum demand meter in the
consuner's p;émises. The consumer shall pay a Maximum Demand
Metering Contribution for each metering set depending on the
size of the meter required.

Maximum Demand Meter will be read monthly at the Scheduled
meter reading date., The normal billing demand is the highest single
reading of the demand meter established during the billing periocd.
MINIMUM CHARGE

The minimum charge shall be ¥150.00 per month.

Source: B.C.N. (1969). Electricity Tariff and Service
Regulation. (Logos: FElectricity Headquarters).



(Single-Phase Service Tariff)

AVAILABILITY OF SERVICE
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Applicable to all residential consumers and some small commercial

consumers who will normally be connected to the Authority's single-

phase 230=-Volt supply. Diggest induction motor or welding

transformer acceptable is 3 H,P, or 3KVA.

A small commercial

consumer whose load exceeds 5EVA will not be connected to the

Authority's single-phase supply.

CONSUMPTICN
per apartment®
per month:

AREA T
Lagos, Jos,
Enugu,

Port=Harcourt

AREA 1T
All other
Undertakings

Pirst 20 kwh or less
Next L0 kwh at

Next LO kwh at

Next 100 kwh at

A1l over 200 kwh at

2 (mine charge)
3.75k per kwh
3.33k per kwh
2,50k per kwh
1.666k per kwh

#2 (min. charge)
;.58 per kwh
.16k per kwh
3.33k per kwh
2.50k per kwh

*

ordinarily provide a

Apartment -refers to 2 self-contained house or flat or
each floor of a multfstoreyed house. The Authority will

meter for each apartment.
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MINIMUM CHARGE: 2 per month,
SCHEDULE B
(Small Three-Phase Service Tariff)
(UP TC 75KVA LOAD)
AVOILABILITY OF SERVICE
Applicable in all Undertakings throughout the country to small
commercial/industrial consumer whose load does nnt exceed TSKVA,
TARIFF PER MONTH:
Part (a): POWER DEMAND CHARGE
First 5 KVA of power demand <ee +ee NO Charge
Next 5 KVA at 25k per 100VA or part thereof

A1l additional KVA at 2,50 per KVi or part thereof

Pat (b): ENERGY CHARGE

First 20 Kwh or less #2 (min. charge)
Next LO kwh at L.58k per kwh
Next LO kwh at li«16k per kwh
Next 100 kwh at 3.33k per kwh
All over 200 kwh at 2.50k per kwh

DETERMINATION OF DEMAND CHARGE

The Authority shall install meximum demand meter in the consumer's
premises, Maximum Demand Meter will be read monthly at the
scheduled meter reading do¥e®, The normal power demand is the
highest aingle reading of the demand meter established during

the billing period.
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MINIMUM CHARGE: The minimun charge shall be H2.

SCHEDULE C

(Large Three~Phase Service Tariff: Above 75 KVA load)
AVATILABILITY OF SERVICE

Applicable in all undertokings throughout the country to large
commercial/industrial consumer whose load exceeds TSKVA.
TARIFF PER MONTH:

Part (a): POWER DEMAND CHARCE

First 75 KVA of Demand or less #150 (min, charge)

£11 additional KVA of Demand at ¥ 2 per KVL or part thereof.

Part (b): ENERGY CHARGE ..

Firet 5,000 kwh at 3.33k per kwh
Next 5,000 kwh a2t 2,91k per kwh
Next 10,000 kwh at 2.50k per kwh
Next 100,000 kwh at 2,08k per kwh
Next 800,000 kwh at 1,666k per kwh

All over 1,000,000 kwh at 1.416k per kwh
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DISCOUNT
There is discount on electricity bills of consumers

supplied at high voltage ne shown in the following table:

Supply Voltage Discount
3,300 v; 6,600 V; 11,000V o/
33,000 V3 66,000 V %
132,000 V 5%

DETERMINATION OF MAXIMUM DEI/ND

The Authority shall install maximum demand meter in the
consumer's premises., Maximum Demand Meter will be read
monthly at the scheduled meter reading date. The normal power
demand is the highest single reading of the demand meter
established during the billing period.
MINIMUM CHARGE

The minimum charge shall be ¥150 per month,

Source: NoE.Puie (1973). Electricity Tariff and Service
Regulations. (Lagos: Electricity Headquarters)
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11D

[ —F

1977 to date

1e Residential Consumexr
'tv
A consumer who uses his prenises exclusively as a residence -

house, flat or multi-storeyed house «~ is defined as a

residential consuncr.

"

2, Commercial Consumer SRR T LS
A consumer who uges his prerises for any purpose other than
exclusively as a residence or as a factory for manufacturing
goods, is defined as = Commercial Consumer.

3. Industrial Consumer T e
A conéumer who uses his premises for manufacturing goods

is defined as an Industrial Consumer,

SCHEDULE 4 ~° *
(SINGLE-PHASE SERVICE TARIFR) ' .

AVAILARILITY OF SERVICE B

Lpplicable to residential and small commercial/industrial consumer
whose load does not exceed 60 /fmp {approx. 12 K¥) and whose premises
would normally be connected to the Authority's single-phase

- 230=Yolts supply. |

. residential consumer whose load exceeds 12 KW shall be connected

“7 to the duthority's 3-Phase supply.
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T/RIFF PER MONTH:

Part (a): POWER DEMAND CH..RGE

First 5 KVA or less #2 (minimum power charge)
Next 5 KVi at 32.50k per 100 VA or part thereof.
All over 10 KVA at 3.25k per KVA or part thereof.

Part (b): ENERGY CHARGE

First 20 kwh or less 2,60 (minimum energy charge)
Next LO kwh at 5.95k per kwh.
Next LO kwh at SeL1k per kwh
Next 100 kwh at k.33k per kwh
A1l oyer 200 kwh at 3+25k per kwh

DETERMINATION OF DEM/ND CHLRGE

The Authority shall install maximum demand meter in the consumer's
premises. Maximum demand meter will be read monthly at the
scheduled meter reading date, The normal power demand is the
highest single reading of the demand meter established during

the billing period.

MINIIMUM CHARGE

The minimum charge shall be #,,60 per month,



SCHEDULE C
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(LARGE THREE-PHASE SERVICE TLRIFF: ABOVE 75 KVA LOAD)

AVLILABILITY OF SERVICE

fLpplicable in all undertakings throughout the country to large

commercial/industrial consumer whose load exceeds 75 KVA.

TARIFF PER MONTH:
Part (a): POWER DEMAND CHARGE
First 75 KVA of Demand Charge or less

411 additional KVA of Demand at

Part (b): ENERGY CHARGE

First 5,000 kwh at 4«33k per kwh
Next 5,000 kwh at 3.78k per kwh
Next 40,000 kwh at 3.25k per kwh
Next 100,000 kwh at 2.70k per kwh
Next 850,000 kwh at 2,17k per kwh.

411 over 4,000,000 kwh at 1.84k per kwh.

DISCOUNT

#195 (minimum charge)

¥2,60 per KVA or part thereof

There is discount on electricity bills of consumer supplied at

high voltage as shown in the following table:

I
Supply Voltage Discount
3,300 V; 6,600 V; 11,000 V 2%
33,000 V3 66,000 V 3%

132,000 V

5%




DETERMINATION OF M.XIMUM DEM.ND

The Authority shall install maximum demand meter in the consumer's
premises. Maximum demond meter will be read monthly at the
scheduled meter reading dote. The normal power demand is the
highesﬁ single reading of the demand meter established during

the billing period.

MINIMUM CHARGE

The minimum charge shall be 1195 per month.

Source: N.E.P.h. (1977) Electricity Tariff and Service
Regulation. (Lagos: Electricity Headquarters)
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APPENDIX ITI

he RIVATION OF THE . VER.CE AND MARGINAL PRICES OF ELECTRICITY

Bolton (1951) gave the formula for average price as

nyp. * oy *+ esse (n-n,I - n, PSP | P
n

where

costw per kwh for the first n, kwh

Py = cost per kwh for the next n, kwh

hel
. §
L]

cost per kwh for all additional kwh

S
]

n total kwh consumcd

Taking the 1973 schedule A tariff for Lagos and using the
average consumption of 348 kwh per month per consumer for that
year in Lagos, then aver~ge price would be

(20 x 10k) + (LO x 3.75k) + (100 x 2,5k) + (1.8 x 1.666k)
348

(200 + 150 + 13342 + 250 + 246.6)k
348

1]

;fg

= 2.82 kobo/kwh

Marginal price is the price paid for the nth kwh used, (in the

above case for the 34Bth kwh) which is 1.666k.
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Identification of the Simultaneous-equation models

In equation in a model is identified if the rank and
order conditions of identification are satisfied.
Order Condition: (K -M) > (G =~ 1)
where
G = total number of equaticns = total number of endogenous
variables

K total nunber of variables in the model

L}

M = number of variables (endogenous and energenous) included ..

the particular equation.

Rank Condition:"In a system of G equations any particular

equation is identified if and only if it is possible to
construct at least one non-gero determinant of order (G - 1)
from the coefficients of variables excluded from that particular
equation but contained in the other equations of the model".

(Xoutsoyiannis (1973), p.3L3.)

Given the two residential equations:

(1) @& = a+ a3 R, + a,0R, + aBKt + ath + aEYt + g,

(2) ERy = b + DGR, + byl + by Jy

3
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Total number of variables in the model
K=9

Total number of equations G = 2

Bquation (1) is over-identified since the number of included variables
M = 7, hence

(K =My (G=1) 2 (9-7) >(2=1)

Equation (2) is also overwidentified since

(o-1)> (2-1)

The order condition is satisfied.

Rank Condition
We rewrite (1) and (2) as

(3) --Q,R +aER +EL2GR +a3Kt+ab,Ft+a5Y +a6‘t

(L) - ERy + bR, + b1, +b3Jt

The variables can be arranged in an array as below:

QR FR GR K *F - Y N I J

Bquation (3) =1 » 2, 2, a3 ah 35 ag 0 0
Equation (4) by . -1 0 0 O 0 0 b, b
To check for the identification of equation (3)

we strike out the first row and the first seven columns

in the array, leaving the matrix of the coefficients of the

excluded variables:
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From this, we can form two determinants of order (G=1) =1 1.

.

Equation (L) is also identifiable by striking out the second

b,

row, the first two and the last two columns leaving a matrix of the
coefficients of excluded variables:
8y 83 8) 2 &g
from which five determinants of order (G = 1) = 1 can be formed.
The commercial/industrial model can be similarly checked

for identification since an equivalent number of variables

and equations are involved.
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Commercial/Industrial Model: The Case of Natural Gas

Data for the price of natural gas were available for only
14 of the 21 years covered in this study. For estimation,
a zero value was attached to each of the first seven years,
Since there was no variation in the running charge, a single
value 1234k was imputed for each of the remaining fourteen years
(see Chapter l). The prices were accordingly deflated by the
composite price index.

The following result was obtained using the OLS procedure:
QL = = 871.06 + 147.91EL + 0.23NG - 155.09C

(=1.17)  (0.87) (0.04)  (-2.L9)

+ 0,03Y + 1L4.22N
(0.3) (3.18)
ﬁ? =0.96 D-W= 1,07
(t - ratios in parentheses).
where NG is price of natural gas and all other variables

as defined in Chapter 5.
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That the coefficient of natural gas has the right
sign is surprising since the real price was actually falling
over the years. It is however insignificant. The own-price
coefficient is positive but statistically insignificant.
Population is highly significant with the expected sign.
The sign of the coal coefficient is an antithesis. This may
be due to (a) the stickiness of coal prices over the years,and
(b) the nature of the specification of the estimated function.
The function was specified on the pretext that industrial
consumers (as opposed to commercial), strictly speaking, face

only two substitutess coal and natural gas.
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APPENDIX IV

DATA TLBLES

TABLE I

ELECTRICITY CONSUMPTION AND SALES REVENUE

RESIDENTIAL CQMMERCIAL AND INDUSTRIAL
YEAR QUANTITY TOTAL AVERACE QUANTITY|  TOTAL pr——
(1st .pril to (i) ® REVENUE REVENUE (MwH) REVENUE REVENUS
31st March) (NATRA) (kobo/kwh) (NAIRA) (icobo/Ewh)
1955/56 60,312 1,560,106 2.58 66,622 1,827,824 2.7k
1956/57 72,461 2,315,442 3.20 78,068 2,429,802 3.11
1957/58 87,180 2,819,794 3.23 100,152 3,142,250 3014
1958/59 99,079 3,207,610 3.24 133,800 1,099,386 3.06
1959/60 121,158 3,852,868 3.18 154,871 5,016,678 3.24
1960/61 148,910 L,660, 304 3.13 199,229 5,270,422 2.65
1961/62 178,428 5,582,210 3.13 250,371 7,635,132 3.05
1962/63 20L,855 6, 380,98l 3.12 312,333 9,279,030 2.97
1963/6l 234,523 7,155,824 3.05 398,962 { 11,457,160 2.87
1961:/65 256,066 7,970,56L 3.11 L88, 0Ll 13,633,936 2.79
1965/66 288,313 8,970,860 3.11 550,639 | 15,595,6LlL 2.83
1966/67 311,071 9,536,316 3.07 635,838 17,800,060 2,80
1967/68 239,481 7,699,580 3022 L75,L497 { 1k4,090,750 2.96
1968/69 259,23l 8,500, 5LL 3.28 533,993 | 15,423,040 2.89
1969/70 332,745 | 11,646,760 3.50 580,778 | 17,171,524 2.96
1970/71 Lu5,197 15,940,858 3.58 699,033 20,566,018 2.94
1971/72 573,507 19,372,000 3.38 888,740 | 25,102,042 2.82
1972/73 633,593 | 21,214,902 3.35 1,113,593 | 32,449,732 2.91
1973/74 752,068 | 24,603,770 3.27 1,279,546 | 37,031,962 2.89
197L/75 89,779 29,087,954 3.25 1,442,708 L0, 302,198 2.79
1975/76 88,530 | 32,068,555 3.78 1,858,284 | 50,227,764 2,70
i

Source: National Electric Power suthority.
(2) 1 MWH = (megawattt -hour) = 1000 kilowat® hours
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TABLE 1T

FUEL PRICES AND “iLL-CITIES" COMPOSITE LOWER-INCOME CONSUMER PRICE

INDEX
KEROSENE | FURLWOOD | COAL LIQUEFIED PETROLEUM |COMPOSITE
Gh
RESIDEN:-§COMMERCILL
TILL & INDUSTRI-| PRICE INDEK
AL
YEAR (kobo per | (kovo per| (kobo (kobo per | (kobo per (1960=100)
kilogram) | kilogram)| per kilogram) | kilogram)
kilogram)

1955/56 { 1154 0.73 04394 15 15 85.5
1956/517 11.14 0.82 0472 15 15 92.0
1957/58 |  11.14 0,82 0.492 15 15 92,2
1958/59 11.1 0.62 0.492 15 15 92.1
1959/60 10.8L 0.67 0.L92 15 15 98.8
1960/61 11.14 0.68 0.,92 15 15 101,3
1961/62 1.4 0. 71 0.L492 15 15 107.8
1962/63 10,82 0.77 0.L492 15 15 111.8
1963/6L 10,92 Ce78 0,492 15 15 108.7
196L/65 11.14 0.89 0.591 15 15 111.0
19565/66 11.14 0.95 04591 15 15 116.0
1966/67 11.14 0«99 0.591 15 15 126,3
1967/68 11.14 1,00 0,787 21 22,1 119.8
1968/69 11617 1.03 0.787 21 22,1 122.4
1969/70 11.26 1.02 0,787 21 20.1 13647
1970/ 71 11.91 1,04 0.787 21 22.1 155.75
1971/72 12,91 1.01 0.886 21 22,1 179.5
1972/173 12,51 1422 0.886 21 22.1 180.2
1973/74 13.89 1,88 0.886 31.23 31,23 19647
1974/75 | 18.82 2,09 0.886 34.23 31.23 22641
1975/76 25,02 g,02 1.000 31.23 31.23 30341

Sources: %a; Federal Office of Statistics (Kerosene and Firewood)
b)(i) Higerian Coal Corporation: Annual Reports for 1955/56 to

1975/76
(ii) Schatzl, L (1969b) p.19
(iii) Wigerian Railway Corporationj Coal Purchase Returns(Coal)
(c) Nidoges Company Ltd., Lagos (Gas)
(d) Central Bank of Nigeria: Economic and Financial Review,
volumes 8, 13 and 14. (Price Index
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TABLE I1I

TOT.L AND URBAN POPULATION ESTIMATES

4ND INDEX OF URBANISLTION

b L
" YEAR TOTAL POPULLTION URBAN POPULATION INDEX OF
(million) (million) URBANISATION
(1963 = 100)

1956 L6.08 T+9LL The2

1957 47.28 8.268 173

1958 L8.52 8.605 80.4

1959 49.79 8.956 83.7

1960 51.09 9.321 87.1

1961 52.43 9.760 91,2

1962 53.80 10,220 95.5

1963 55.21 10,702 100.0
196l 56.61 11.18L 104.5

1965 58.06 11.687 109.2

1966 59.54 12,213 1141

1967 61.06 12,763 119.3

1968 62,62 13,397 125,2

1969 6ly,21 14.122 131.9

1970 65.85 1,.188 139.1

1971 67.53 15.672 146.4

1972 69.25 16.1496 15441

1973 71.02 17.321 161.9

1974 72.83 18.187 169.9

1975 Y4.60 19,237 179.8

1976 76.60 204391 190.5

Sources: (a) Total Population: National Population Bureau,
Logos.
(v) TUrban Population: Olayide, S.0. (ed.)(1976)
PelT.




T.BLE IV

GROSS DOM:GTIC PRODUCT (1962/63 CONSTANT PRICES)

YEAR GROSS DOMESTIC PRODUCT
(FLCTOR COST)
(million naira)
1955/56 2168.6
1956/57 2116.5
1957/58 2203,.7
1958/59 208L.2
1959/60 2230.4
1960/61 21i93.4
1961/62 2492.2
1962/63 2597.6
1963/6l, 2825.,6
196L/65 2947.6
1965/66 3146.8
1966/67 3044.8
1967/68 2572.2
1968/69 2543.8
1969/70 3225.5
1970/71 L187.6
1971/72 L654.0
1972/73 L933.4
1973/ 7k 5236,0
197L/75 585L.5
1975/76 £100.5

Source: Federal Office of Statistics



TABLE V

ELECTRICITY CONSUMER POPULATION
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3
YERRa RESIDENTIAL]COI'MIZERCIAL ] INDUSTRIAL MISCELLANEOUSb TOTAL
1955/56 61,905
1956/57 69,627
1957/58 81, 36L
1958/59 83,224
1959/60 92,659
1960/61 109,435
1961/62 127,440
1962/63 15k, 556
1963/6L | 129,732 | 3L,969 14572 Li, 501 170, 77k
196L/65 | 144,728 | 40,069 2,540 L, 76 192,101
1965/66 | 154,488 | L2,799 2,539 5,527 205,353
1966/67 162,921 15,380 2,559 6,319 217,179
1967/68 141,352 39,8L5 2,347 5,850 189,394
1968/69 | 15L,L14 | Lk,352 2,323 6,0L6 207,135
1969/70 | 173,77L | L7,651 2,210 6,792 230,425
19?0/71 193,&23 52,070 1,620 1,112 2h8,225
1971/72 | 234,810 | 63,701 1,634 29 300,439
1972/73 | 265,6L0 | 71,365 1,712 236 338,953
1973/7h | 309,041 | 79,027 2,012 257 390,337
197L/75 | 351,713 | 83,137 2,22} 286 437,360
1975/76 | L10,569 | 89,588 2,579 286 503,022

Sources: (i) Electricity Corporation of Nigerias
Annual Reports, 1955/56 to 1969/70.

Notes:

(1%) National Electric Power Authority;
Consumer Statistics worksheets, Commercial
Department, Electricity Headquarters,

1970/71 to 1975/76.

(a)

classes for the years 1955/56 to 1962/63

(v)

Title changed to "others" in 1970/71 and

to "street-lighting" in 1972/73

Figures were not analysed into different consumer
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TAELE VI

RATIO OF COMMERCIAL/INDUSTRIAL ENERCY SALES TO RESIDENTIAL FNERGY

SLLES

YEAR RATIO
1955/56 1.105
1956/57 1.077
1957/58 1.149
1958/59 14350
1959/60 1.278
1960/61 1.338
1961/62 1,403
1962/63 1.525
1963/6L 1.701
196L,/65 1.906
1965/66 1.910
1966/67 2,0hLY
1967/68 1.986
1968/69 2.060
1969/70 1.745
1970/71 1.570
1971/72 1.550
1972/73 1.758
1973/ 74 1.701
197L/75 1.612
1975/76 2,190

Source: Table I



LE VIT

TLE

TARTIFF AREL T

RESIDENTIAL SALES
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YEAR QUANTITY (MVH) PERCENTAGE OF TOTAL
RESIDENTIAL SALES
1955/56 41,241 68.4
1956/57 18,072 66.3
1957/58 57,050 65.4
1958/59 67,050 67.7
1959/60 83,939 69.3
1960/61 103,195 69.3
1961/62 123,526 €9.2
1962/63 143,06l 69.8
1963/6l, 171,168 73.0
196L/65 174,200 68.0
1965/66 195,752 67.9
1966/67 212,739 68.L
1967/68 163,663 68.3
1968/69 169, 30L 65.3
1969/70 221,608 66.6
1970/71 301,862 67.8
1971/72 400, 322 69.8
1972/13 419,259 66.2
1973/74 483,902 6L.3
1974/75 569,069 63.6
1975/76 LL3,795 53.2

Source: Computed from NEPA's statistical worksheets.
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TiBLE  VITT

LiGOS AREA COMMERCIAL/INDUSTRIAL ENERGY SALES

T
YEAR QUANTITY (MWH) PERCENTAGE OF TOEAL SALES
1955/56 29,515 Lli.3
1956/57 33,252 : 42,6
1957/58 39,732 : 39.7
1958/59 46, 7L0 : 34.9
1959/60 56,121 36,2
1960/ 61 69, 356 P 34.8
1961/62 83,599 : 33.4
1962/63 110,95 ’ 35.5
1963/6L 148,847 o 37.3
196L/65 175,783 ; 36.0
1965/66 229,103 i L1.6 {
1966/67 270,750 : 2.6 ¢
1967/68 253,752 ;0 $3.4
1968/69 261,487 - - f L9.0
1969/70 280,880 s WBu
1970/71 315,007 ' 5.1
1971/72 339,566 38.2
1972/73 485,972 L3.6
1973/74 572,039 L7
197L/75 649,943 45.1
1975/76 968,525 52.1

Source: Computed from NEPA's Statistical Worksheets
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TABLE X

COAL SALES IN _1973/7L

Nigerian Railway Corporation 74,528 tons
N.E.P.A., 0ji River Station 54,140 tons
Nigerian Cement Company, Nkalagu 148,730 tons
Domestic Sales 8,449 tons
Export 16,000 tons
Others 16 tons

Source: Nigerian Coal Corporation: Annual Repoir$:,1973/7L e

o
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