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Abstract—In this paper, statistical modeling of
the yearly residential energy demand in Nigeria is
presented. Specifically, two statistical models
were used, namely, the quadratic regression
model without interaction and multiple linear
regressions with one period | lagged dependent
variable. In the study, 46 years data on the yearly
residential energy demand in Nigeria was used
along with data on temperature and population
which are the explanatory variable. The details of
the models development process were presented
and the regression coefficients were derived
based on the case study dataset. The models
prediction performances were assessed in terms
of R-square value, the sum of square of error
(SSE) and the root mean square error (RMSE). The
results showed that the R-square value for the
multiple linear regression model with one period
lagged dependent variable was 0.8525 (85.25%),
SSE was 571850 and RMSE was 111.4970. Also,
the R-square value for the quadratic regression
model without interaction was 0.7265 (72.65%),
SSE was 1060100 and RMSE was 151.8083. The
multiple linear regression model with one period
lagged dependent variable had a better prediction
performance. As such it was used to forecast the
yearly residential energy demand in Nigeria for the
next eleven years (2018 -2028). The forecast result
shows that in 2028 the yearly residential energy
demand in Nigeria will be 12050.5 MW/h. The
results in this study were compared with those
obtained in a previous research where only eight
years data was used. In that study, the quadratic
regression model without interaction was found to
be more accurate in the residential energy
prediction with very high R-squared value.
However, it can be concluded in this study that
model prediction performance based on small
sample is deceptive; sufficient data is required for
effective modeling.
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I. INTRODUCTION

Nigerian residential electric energy
consumers have over the years suffered inadequate
and recurring epileptic supply from the national grid
[1,2,3,4,5,6]. In response, the Nigerian government
has in recent years promised to address the
challenges faced by the electric power sector
[7,8,9,10]. To this end, effort are being made to
effectively plan for adequate power supply to all the
sectors of the economy.

Importantly, electricity forecasting forms the
basis for power system expansion planning, and
affects system security and reliability [7,8,9,10].
Forecasting electricity can be generally classified into
three categories based on discrete forecast range
[11,12,13,14,15]. Firstly, short term forecasting of a
few hours ahead to a few days plays an important
role in the day-to-day operation and scheduling of
generating units [16,17,18]. Secondly, medium term
forecasting over a period of a few weeks to a few
months, and in some cases to a few years, is mainly
useful for fuel allocation and maintenance scheduling
[16,17,18,19]. Also, there are also long term forecasts
over a period of 5 to 25 years. Therefore, long term
forecasts of national electricity consumption assist the
government and private sectors in the long term
planning' of the electricity industry, such as when and
where to build a power plant or when to expand
capacity [20,21,22,23]. Consequently, in this paper,
statistical modeling and long term forecasting of
residential electricity in Nigeria is carried out using two
different statistical models, namely, the quadratic
regression model without interaction and multiple
linear regressions with one period | lagged dependent
variable. Existing study in [24] was based on eight
years data which was not sufficient for long term
forecasting purpose.

Consequently, in this paper, a long term data
consisting of 46 years (1970 -2015) data on the
residential energy demand in Nigeria was used along
with data on the explanatory variables which are
temperature and population to model of the yearly
residential energy demand in Nigeria. The study
became necessary when preliminary study with the
two models and the long term data gave slightly
different results from the already existing study. The
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detailed model development are presented along the
MATHLAB program computation results and graph
plots for the actual and the model predicted yearly
residential energy demand in Nigeria. The
comparative evaluation of the prediction performance
of the two models are also presented along with the
forecast of future yearly residential energy demand in
Nigeria.

. METHODOLOGY

A. Model 1: Quadratic Regression Model without
Interaction.

With the quadratic regression model without
interaction the residential electricity consumption, E;
is expressed as a function of population, P, and
temperature, T; , as follows;

E. = ag + oy P+ o, Ty + 03P2 + a, T2 + &0 (1)

Where the error term is g,and ag,0, , oy, a3, oy and
ag are regression coefficients. The error term,g, is
given as;

g = B — ag — 04 P — op Ty — 43P — o, T (2)
The of square error, &2 is given as;
2
g’ = (Et — 0y — oy P —a, Ty — 0(3Pt2 - 0(4Tt2) ©)]

Hence, the sum of square of error denoted as S is
defined as;
S= Z?=0(£t2) = ?=O(Et — 0 — oy P —a, Ty — asptz -
2
0‘4th) (4)
When the partial derivative of the sum of square of
error is taken with respect to ay, a4 , a,, azand aythen:

as
—=-2 Z?:O(Et — oy — oy P — o Ty — asptz - 0‘4th) (5)

dag
Hence,
;TZ =—2[XE —nog — T oyP — Y a, Ty — Y azP” —
% 0‘4th] (6)
Equally,
667(51 =2 Z?=O(Pt)(Et —ay — oy P, — a, T, — azP% —

0‘4Tt2) (7)
as

e _Z(ZEtPt -~ XP— o XP* -, X TP —
0(3 Z Pts — 0y Z thpt) (8)
as

as
= —2(2 EP? — g X P* — g X P° — o N TR —

dag
GYP -y TtZPtZt) (12)

as
Er 231 o(Te?) (B — ap — oy P — ap Ty — 5P ? —
0 T2) (13)

as

ooy —2(ZET? -0 X T — oy ZRT — o BT —
oz PtZTt2 —ay Tt4) (14)

as
das —2 310 T (Ee — @ — @y Py — 0Ty — azP? —

o, Ti?) (15)

as
Py _2(2 EPT, — g X P T — oy X BT, —

60(5

o PtTt2 -z Ptsth — oy PtTt3) (16)

Then the derivatives in Equation(7) to Equation (16)
are set to zero as follows;

as aS asS asS aS

g~ a  ow; ~ duas  oag 0 17
Then;

YEi=nop—a; XP - X Ty _0‘32Pt2 - 0(42th
(18)
YEPR = aoZPt+0(1ZPt2 +0tzZTtPt+a32Pt3 +
a, X TP, (19)
YET =X T+ X TP + azZth + a3ZPt2Tt +
oy Tt3 (20)
SEP =0y X P + o, Y P2+, Y TP+ oz Y P* +
oy thpt2 (21)

YET’=aXT 4+ XPT  + a0 X T +
o3 PtthZ + oy X Tt4 (22)

In a matrix form the five simultaneous equations

becomes;
2 Eq
Z EtPt

YET, | =
\2 E.P? )
Y ET,’

n x P 2 T; > Pt2 2 th o
Yk XR* XT,R XP’ YPT? | o
2T, XT.P D th > PtZTt 2 Tt3 [2%]
YR> ¥R’ YP’T,  EXR* ITR* || %
YT* XRT® XT® YT R? T Tt /

e =2 T o(TO(Ey — o — ay P — o, Ty — a3 B% — (23)
@, T?) 9) Let the following terms, R,, U; and a.; be defined as
o 5 follows;
90, _Z(ZEtTt —qXTi—ay X TR — 0 X T —
oz PtZTt —0 X Ttg) (10)
a5

PP -2 Z?:o(Ptz)(Et —ap— ;P — o, T, — azPR? —
o, T?) (11)
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R, =
n YR XT TR’ IT?  XRT,
YP  XR® XITR TP® YRT?  XP’T,
LT, ITP XT® IR, XT®  ZRTS
YP? YP® XP’T, XIPR* YT RS2 YPPT,
\znz YRT? XITS  ITR TT znn3/
YRT, YP°T. XRT® XP°T YRT® TP T
(24)
2 Eq
Z EtPt
U, =| XET |(25)
Y ER?
Y ET?
(2%
far)
al = aZ (26)
Q3
Oly
Hence, Equation (23) becomes;
Ri(ac) = Uy (27)

Therefore, the values of the regression coefficients a.,
are obtained from the expression given as;

Acy = R1_1(U1) (28)

When the case study data on P, T; and E; are applied,
the regression coefficients 0o, 0y ,03, o4 and ag
values obtained from Equation (28) are;

ap = 162312
a = 42.11
a, = 5.2133
az = —1.092
a, = 0.612

Eventually, E,, the residential energy consumption in
Nigeria can be modeled according to the quadratic
regression model with interaction terms is given as;

E, = 162.312 + 42.11P, + 5.2133T, — 1.092P.2 +
0.612T.* (29)

B. Model 2 Multiple Linear Regressions with One
Period | Lagged Dependent Variable

Multiple Regressions with one period lagged of the
dependent variable is a linear regression that
represents residential electricity consumption (E,) in
terms  of temperature (T), population (P) and
residential electricity consumption with one period
lagged of the dependent variable as follows;

Ee=f(P, Ty Ecoq)
Et = (XO + O(lpt + (szt + O(3Et_1 + St

(30)
(31)

where: a4, o , a, and a, are regression coefficients
and g.is the error which can be expressed as;

& = E¢ —ag — oy P — 0 Ty — 0zEy4 (32)
g = (B¢ — ap — oy P — o, Ty — azEe_4)?  (33)

Therefore, the sum of square of error, s is given as;

S=Ytoo(e®) = Xtoo(E — g — a4 P, — o, Ty —
o3E¢_1)? (34)
The partial derivative of S in terms of a,, oy, &, and o

gives:

as
2% = =230 o(Er — g — ay P — 0 Ty — 03B 1) (35)
as
EPN = —2[¥f=0(Ep) — (nay) — Xioo(—ayP) —
Y=ol T) — Xioo(azEe_y)] (36)
as
T = —=2[¥to(P)(E¢ — ag — o P, — 0, Ty — 03 E¢_4)]
(37)
as
P = Z[EtPt — g Li=o(P) — g Z?:o(Ptz) -
oy i=o(TeP) — Z?:O(C(BEt—lpt)] (38)
as
EPS = =231 o(TY(Ef — g — o P, — a Ty — azE—q)
(39)
as

EPS = _Z[EtTt — g Ni=o(Ty) — ay X (TeP) —
a3 Z?=0(Tt2) — Xi=o(az Et—th)] (40)

aS
Ere = =23 0(E—1)(E¢ —ag — oy P — ap Ty — azE—4)
(41)

as
EPS = _Z[Et—lEt — g Xr=0(Et—1) — oy Xio(Ee—1P) —

o Xr=o(Eo1 T) — Z?:o(% Et—12)](42)

The partial derivatives are then set to zero which
results in a set of four simultaneous equations as

follows;
as as as as
by = oy = oy — oy — 0 “3)
YEi=nag+ o NP+ o X T+ o3 X E¢ 4 ‘

YER =0oX P+ alZPtz +a X TP+ o3 XE_( P
2ET =aoXTi+ o X T P+ OQZTtZ +o3 X E Ty
YEE 1 =0 XE 1+ XE P+ X E T +az ) Et—12J

(44)

In a matrix form the four simultaneous equations
becomes;
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L E¢
LER
LET

Z EtEt—l

126
n >R X T YE

Sk XR® XITR IXE.R|[
X T X T, P % th % Ec 1T a,
Z Et—l Z Et—l l:’t 2 Et—th 2 Et—lz
a3
(45)
Let the following terms, R,, U, and a., be defined as

follows;

/ n 2R 2T YE4

R,=| ZR IR IR ZELRG
Z Tt Z Tt Pt Z Tt Z Et—th
Z Et—l Z Et—l Pt Z Et—th Z Et—12
2 E
Y ER
U, = 47
==| SET, “n
Z EtEt—l
Qo
261
dcz = (48)
0]
\e
Hence, Equation (45) becomes;
R;(a2) = U, (49)

Therefore, the values of the regression coefficients a.,
are obtained from the expression given as;
Az = Rz_l(Uz) (50)

When the case study data on P, T; and E; are applied,
the regression coefficients 0o, 0y ,03, 04 and ag
values obtained from Equation (50) are;

ap = 0.4786
a, = 0.00025
a, = 0.0180
az = 0.7583

Eventually, E,, the residential energy consumption in
Nigeria can be modeled according to the multiple
linear regressions with one period lagged of the
dependent variable is given as;

E, = 0.4786 + 0.00025P — 0.0180T + 0.7583E,_, (51)

Ill. RESULTS AND DISCUSSION

The graph plot showing the actual yearly residential
energy demand in Nigeria and the predicted
residential energy demand based on the quadratic
regression model without interaction is presented in
Figure 1. Also in Figure 1 are the graph plots for the
explanatory variables, namely, temperature and
population. The R-square value for the quadratic
regression model without interaction is 0.7265
(72.65%), the sum of square of error (SSE) is
1060100 and root mean square error (RMSE) is
151.8083.

The graph plot showing the actual yearly residential
energy demand in Nigeria and the predicted
residential energy demand based on the multiple
linear regression model with one period lagged
dependent variable is presented in Figure 2. Also in
Figure 2 are the graph plots for the explanatory
variables, namely, temperature and population. The
R-square value for the multiple linear regression
model with one period lagged dependent variable is
0.8525 (85.25%), the sum of square of error (SSE) is
571850 and root mean square error (RMSE) is
111.4970. Essentially, the multiple linear regression
model with one period lagged dependent variable has
a better prediction performance. As such it was used
to forecast the yearly residential energy demand in
Nigeria for the next eleven years (2018 -2028), as
shown in Figure 3 and Table 1. The forecast result
shows that in 2028 the yearly residential energy
demand in Nigeria will be 12050.5 MW/h.

In a similar study published in 2017 [24] the study
eight years (2007 — 2014) data for the model
development and the models had very high prediction
performance with R-squared value of over 0.93 for
both models. However, the quadratic regression
model without interactions had a higher R-squared
value of over 0.9389 and was then selected as the
best model for charactering the yearly residential
energy demand in Nigeria. On the other hand, in this
study which used 46 years (1970 — 2015) data the R-
squared value for the two models dropped and the
multiple linear regression model with one period
lagged dependent had a better prediction
performance than the quadratic regression model
without interactions. In essence, the small sample of
data used in the previous study was not sufficient to
effectively characterize the yearly residential energy
demand in Nigeria.
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Figure 1: Plot of residential power consumption with quadratic regression model without interaction
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Figure 2: Plot of residential power consumption with the multiple linear regression model with one period lagged
dependent variable
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Table 1: The yearly residential energy demand forecast using the multiple regression model with one period
lagged dependent variable (MW/h)

Yearly residential energy demand forecast using the multiple
Year regression model with one period lagged dependent variable (MW/h)
2018 11010.3
2019 11117.7
2020 11246.7
2021 11369.7
2022 11466.5
2023 11581.1
2024 11691.0
2025 11775.8
2026 11879.7
2027 11966.9
2028 12050.5
. 12200
= .S
§43%~ 12000
E S s
2 g ¥s
23S 11800
a VT =
528 o
(%)
S5 5= 11600
= ELE-
G = Q&
Se§ S 11400
g =
TSwxg
@ E =T 11200
K =7 0
228 & 11000
s 8=A
9
e
& 10800 - : :
2018 2020 2022 2024 2026 2028
Year

Figure 3: The yearly residential energy demand forecast using the multiple regression model with one
period lagged dependent variable (MW/h)

V. CONCLUSION

The yearly residential energy demand in Nigeria is
analyzed using two statistical models, namely, the
guadratic regression model without interaction and
multiple linear regressions with one period | lagged
dependent variable. The study used 46 years data on

residential energy demand as well as data on
temperature and population which are the explanatory
variable. The analysis showed that the multiple linear
regressions with one period | lagged dependent
variable is more accurate in predicting the yearly
residential energy demand than the quadratic
regression model without interaction. As such the
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multiple linear regressions with one period | lagged
dependent variable is used to forecast the yearly
residential energy demand in Nigeria for the years
2018 to 2028. The results in this study were compared
with those obtained in a previous research where only
eight years data was used. In that study, the quadratic
regression model without interaction was found to be
more accurate in the residential energy prediction with
very high R-squared value. However, when that model
was subjected to the long term data used in this study,

the

model

prediction  performance  dropped

significantly and the multiple linear regressions with
one period | lagged dependent variable was found to
be more accurate. In all, it can be concluded in this
study that sufficient data is required for effective
modeling and model prediction performance based on
small sample is deceptive.
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