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Abstract— In this paper, characterization of the annual
residential energy demand in Nigeria using the multiple
linear regression model is presented. The study is based on
a 46-years (1970-2015) data on the annual residential
energy demand in Nigeria along with the data on
temperature and population as the explanatory variables.
The MLR model has R-square value of 0.7715 (77.15%),
sum of squared error (SSE) of 885970 and the root mean
square error (RMSE) of 138.781. The quadratic regression
model with interaction has R-square value of 0.7289
(72.89%), sum of squared error (SSE) of 1051200 and the
root mean square error (RMSE) of 151.1664.The Multiple
Linear Regression (MLR) Model has better prediction
accuracy than the quadratic regression model with
interaction. Consequently, the MLR model was used to
forecast the annual residential energy demand in Nigeria
for the years , 2018 to 2030. The forecast results show that
in 2030, the annual residential energy demand will be about
14463 MW/h. The results presented in this study slightly
contradicted a related study published in 2017 which was
based on a 9-years data. Specifically, the previous study
with small sample of data had better prediction
performance in terms of R-squared value and the quadratic
regression model with interaction terms performed better
than the MLR model. However, when the models are
subjected to the long term (46-years) data, their prediction
performance dropped and the MLR model had a better
prediction performance. In all, the model based on the long
term data is believed to give a more realistic estimation of
the annual residential energy demand in Nigeria.
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1. INTRODUCTION

Generally, Nigerian electricity power supply has
not been sufficient to meet the demand of the teeming
population of the country [1,2,3,4,5]. Notably, the
residential electric energy consumers are among the most
affected. As such, most households in Nigeria are relaying
on other forms of energy supply as alternative to the
electric energy from the national grid [6,7,8,9,10]. In any

case, in recent years, the Federal government of Nigeria has
been making effort to address the issues of inadequate
power supply to all the sectors. In this wise, it becomes
necessary to provide requisite estimate of the energy
demand for the various categories of electric energy
consumers [11,12,13,14,15].

In this paper, the focus is on the residential energy
consumers and the approach is to characterize the annual
residential energy demand in Nigeria using regression
model. Available related study by [12] was based on a 9-
years (2006 -2014) data which was insufficient for effective
characterization of the annual electric energy demand of the
nation. In their study [12] concluded that from the study
based on the short term data , the quadratic regression
model with interaction had better prediction than the
multiple linear regression model. As such, the study
adopted the quadratic regression model with interaction for
the forecast of the annual residential energy demand in
Nigeria. However, in this paper, the two regression models
employed in the previous study were subjected to the long
term (46 years) data ranging from 1970 to 2014 and the
prediction performance was slightly contrary to the
published findings. Consequently, in this paper, an updated
study on the characterization of the annual electric energy
demand in Nigeria based on the quadratic regression model
with interaction had better prediction than the multiple
linear regression model is presented. The detailed model
development process is presented and the results obtained
from the MATHLAB program-based computations and
graph plots of the actual and model predicted annual
residential energy demand are also presented. The
prediction performance of the two models are also assessed
and the more efficient model is used to forecast the annual
residential energy demand in Nigeria,

2. METHODOLOGY
2.1 Development of Model 1:
Regression Model

The Multiple Linear Regression (MLR) expresses
residential electricity demand (E,) as a linear function of
Population (P;) and temperature (T;) as follows:

E¢ =0p + oy P+ 0, T + & (1)
where: a,, is the intercept, a, and a,are the contributions of
population (P) and temperature (T) respectively. Making &,
the subject, gives,

Multiple Linear
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g =Ei—ag— oy P — 0Ty 2
8t2 = (B —0ag — oy P — uth)z (3)

To estimate the parameters o, a; and o, in Equation (1),
the sum of square error (S) is minimized as follows:
S = Xr-o(e?) (4)
S = Xio(Ee — ap — 0y P, — 0, T)? ®)
Taking the partial derivative of Equation (5) with respect to
g, 0; and a, gives:

:T-So = =2 Xf-0(Br —ag — oy P = 0pTy) = — 2 X o(Eo) —

2(nog) — 2 Xeo(—0q P) — 2 X (02 T)(6)

;_:1 =231 o(PO(E; —ag — 0y P, — 0 T) @
N

=

[(Etpt = 0 Xt=o(P) — oy Z?=0(Pt2) — 0y ?=O(Ttpt))

©))

;TS; = =230 o(TY(Ee — ag — 04 P — 0, Ty) )

2 = —2[ET, — oty Do) — oy Bio(TiR) -

oz Z?:o(th)] (20)

Next, the derivatives are set to zero as follows;

as as as
E—B—M—E—O (11)

Re-arranging the equations gives the following,

ZEt = nao -I-Otlzpt +(122Tt
ZEtPt=aoZPt+alZPt2+azZTtPt (12)
YET =0 X T+ X TP + azZth

The parameters of the sets of Equations (12) can be
obtained by solving three systems of equations with three
unknowns; oy, o4 and a,. The systems of Equations (12)
can be written in matrix form as follows;

0, = —781.6431
a; = 20.3915
0, = 1.3871
Therefore, E;, the residential electricity demand in Nigeria
can be modeled according to the multiple linear regression
model given as;
E; = —781.6431 + 20.3915P, + 1.3871T; (19)

2.2 Development of Model 2: Quadratic Regression
Model with Interaction Terms
The quadratic regression model with interaction terms in
this study expresses residential electricity demand, E, as a
function of population, P, and temperature, T; , as follows;
Ei =0+ 4P+ 0, T + a3Pt2 + a4Tt2 +
o P T + & (20)
Where &is the error term, a,, is the intercept, o, , a5, o3 ,
a, and og are the contributions of the explanatory variables
or the contributions of the various combinations of the
explanatory variables. When in Equation 20, ¢, is made the
subject, it gives;
& = Ef —ag —o B — 0Ty — a3pt2 - 0‘4Tt2 -

aSPtTt (21)

g = (B — 09 — 0, Py — ap Ty — a3R” — a, T —
2

aSPtTt) (22)

The sum of square error, S is given as;
S= Z?=0(St2) = Z?:O(Et -0 — oy P — o, Ty —
Uzptz - %th - aSPtTt)Z (23)
Taking the partial derivative of Equation (4) with respect to

Og, 04 , 0,03 ,0, and ag  giVes:

as
—==2 Z?:o(Et —0ap — oy P — 0, Ty — Ot3Pt2 - (14Tt2 -

dog
asPT,) (24)
Expanding Equation (24) given;

Oo
n 2 Pt2 2T Y E; ;_(i = _Z[Z?=O(Et) —noy — Xt-olo P) — 2o, Tp) —
Xk LR° ETR o) =|XER | (13) Z?:o(% Ptz) — Xi=o(os PtTt)] (25)
LT LTk I LET, a—S——Z[ZE —noy — Yo P — Yo, T, — Y oagP? —
Oy duy - t 0 14t 21t 31t
n LR LT Yo, > =3 Os PtTt] (26)
R,=(XP YP® IT.P (14) Similarly,
YT, IT.P XT? :—i = =257 o (P)(Ee — 0p — 0, P, — 0, Ty — a3 P2 —
2 E 2
oy T" — ag BT, 27
Ua — ZEtPt (15) 25 4 1t 51t t)2 ( )
Y ET, a_al=—2(ZEtPt_%ZPt_0‘1ZPt —a, X TR —
%o oz X Pt3 -y thpt —as ) Ptth) (28)
as
a, = | o (16) Er = -2 Z?:o(Tt)(Et - 020 — o P — 0Ty — a3pt2 -
U,4Tt - (XSPtTt) (29)
o B o (ZET — ST — oy S TP — 0, X T, —
Equation (13) can be written as: 00z (BT 5 oet 13 vro R ‘
R,(a,) = U, 17 as 03 R Ty — o X T —os X RT; ) (30)
Equation (17) can be expressed as; =2 Yo(PP)(Ee — 0p — 0y P — 0, Ty — 03R% —
A = Ra_l(Ua) (18) ’ T.2 — GP.T, 31
Solution of Equation (18) gives the values of the model 25 , %4 5 %7t t)3 (2 )
parameters; o,, 0, and a,. In this paper, the least square 90 —2(ZEPR’ — NP —a; NPP — 0, X TR —
method to solve multiple regression models is employed. o3 NPt — o, X T2R2, — 0Lszprt) (32)
Based on the case study dataset consisting of data on P, T, 3 _ _oyn (T2)\(E ; T p2
and E, the other components of Equation (14) and Equation E Zt=o(Te)(Be — 0o — @R — 02Ty — 0R* —
(15) are obtained, and then Equation (18) is solved and the oy T2 — 05 Ty) (33)
result gives the values of a,, o, and a, as follows;
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as
-—= _2(2 ET — 00X T — oy IRT? = X T —

das a3 X PAT — o, X T — s R RT) (34)
aa_oi = =237 (BT (E; — ag — ay P, — o, T, — o3P —

a,T® — asPTy) (35)
5 - —2(ZEPT — ay X RT, — oy L P2T, —

6(15
o Ptth -z Ptsth — oy PtTt3 — a5 PtZth)(36)

The derivatives are set to zero as follows;
aS as aS as aS as
= =—=—=0 (37)

dag - daq - day - daqz - doy - das

Re-arranging the equations gives the following set of six
simultaneous equations;

2 E¢ = nog —alZPt—fszTt—asZPtz - 0(42Tt2 -

as X BT (38)

YEP = aoZPt+a12Pt2 + azZTtPt+a3ZPt3 +

oy thpt +as X PtZTt (39)

YET =g X T+ oy X TP+ azZth + 0‘32Pt2Tt +

X T + as X BT (40)

SEPZ =0y X P +a, Y P> +a, Y T,P2+ a3 X P* +

oY thpt2 +as X Pt3Tt (41)

YET =X T* + o IR + ap X T +

a3 Y PPT + oy BTy + as X PT (42)

YEPT = g X AT + oy NPTy + o X RT +

a3 X PPT? + oy Y RTS + a5 ¥ PPT 43)

The set of six equations can be solved using matrix
approach , where Ry, U, and a;, are defined as follows;

Rb =

/ n ¥R X% IR’ LT ZPtTt\

I YR XPR? XTR P YRT? NPT I

LT XTR XT® IR X XRT

YR? XR® IR’ IR ITSR® IPRCT:

LT%* ¥RT® XT' XT’R®  IT'  ERTS

YRT, YP°T. XRT® XP°T YRT®  YPRTY
(44)
2 E¢
Y EP
2 ET,
Uy, = 45
b Z Etpt2 ( )
Y ET?
2 ELPT
Ao
(261
a
ap=| o (46)
Ay
3

The matrix form of the six simultaneous equation can be
expressed in terms of Ry, Uy, and ay, as follows;
Rp(ap) = Uy (47)

Hence, the regression coefficients a;, can be obtained as;
ap =Ry, '(Up) (48)

Based on the case study dataset consisting of data on P, T;
and E; thevalues of the regression coefficients
ay, 0y ,03,0, and ag are obtained after solving Equation
(48) and the values are;

ap = 431.645
o, = 54.542
a, = 10.412
a; = —3.187
a, = 1.815
as = 0.451

Eventually, E,, the residential electricity demand in Nigeria
can be modeled according to the quadratic regression model

with interaction terms given as;
E. = 431.645 + 54.542P, + 10.412T, — 3.187P% +
1.815T,? + 0.451P,T, (49)

3. Results and Discussion
The plot of the actual annual residential energy
consumption in Nigeria and the multiple linear regression
(MLR) model predicted values, as well as the temperature
and population as the explanatory variables are presented in
Figure 1.The MLR model has R-square value of 0.7715
(77.15%), sum of squared error (SSE)of 885970 and the
root mean square error (RMSE)of 138.781.
The plot of the actual annual residential energy
consumption in Nigeria and the quadratic regression model
with interaction predicted values, as well as the temperature
and population as the explanatory variables are presented in
Figure 2.The quadratic regression model with interaction
has R-square value of 0.7289 (72.89%), sum of squared
error (SSE)of 1051200 and the root mean square error
(RMSE)of 151.1664.
The Multiple Linear Regression (MLR) Model has better
prediction accuracy than the quadratic regression model
with interaction. Consequently, the MLR model was used
to forecast the annual residential energy demand in Nigeria
for the years , 2018 to 2030, as shown in Table 1 and Figure
3. The forecast results show that in 2030, the annual
residential energy demand will be about 14463 MW/h.
The prediction results slightly contradicted previous related
study conducted by [12] in which case the quadratic
regression model with interaction had better prediction than
the MLR model. That study was based on a 9-years (2006
-2014) data and it gave a very high R-squared value of
0.873 for the MLR model and 0.9387 for the quadratic
regression model with interaction. However, in this study,
the 46-years (1970 -2015) data was used. As such, the study
in this paper gives a more realistic characterization of the
annual residential energy demand in Nigeria.
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Figure 1:The plot of the actual annual residential energy consumption in Nigeria and the multiple linear regression
(MLR)model predicted values, as well as the explanatory variables (temperature and population)
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Figure 2: The plot of the actual annual residential energy consumption in Nigeria and the quadratic regression model with
interaction predicted values, as well as the explanatory variables (temperature and population)
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Table 1: The 13 Years (2018 -2030) Multiple Linear Regression Model Forecast of the Annual Residential Energy Demand

(MW/h)
Multiple Linear Regression Model Forecast of the Annual
Years Residential Energy Demand (MW/h)
2018 11778.2
2019 11978.8
2020 12217.7
2021 12468.5
2022 12659.6
2023 12898.4
2024 13149.2
2025 13340.3
2026 13591.1
2027 13782.2
2028 14033
2029 14271.9
2030 14463.0
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12000
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11000 i
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Figure 3: The 13 Years (2018 -2030) Multiple Linear Regression Model Forecast of the Annual Residential Energy Demand
(MW/h)

4. CONCLUSION

The annual residential energy demand in Nigeria is
modeled using the multiple linear regression (MLR) model
and the quadratic regression model with interaction terms.
The study is based on a 46-years data of the annual
residential energy demand along with the requisite data on
the explanatory variables. The results slightly contradicted
a related study published in 2017 which was based on a 9-
years data. Specifically, the previous study with small
sample of data had better prediction performance in terms
of R-squared value and the quadratic regression model with
interaction terms performed better than the MLR model.
However, when the models are subjected to the long term
(46-years) data, their prediction performance dropped and
the MLR model had a better prediction performance. In all,
the model based on the long term data is believed to give a

more realistic estimation of the annual residential energy
demand in Nigeria.
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