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ABSTRACT The paper introduces a statistical model that connects the electrical demand in Jordan with
several determinants that have a direct impact on the electrical consumption and load profile during the study
period from 2007 to 2020. The period was selected as it is characterized by several global events that directly
impacted Jordan’s economy and energy sustainability in Jordan, such as the Arab spring protests, the civil
war in Syria, and the global financial crises. Many determinants that are used in the regression analysis
imply the ambient temperature, day of the week, population, gross domestic product (GDP), oil price, and
technological factors related to renewable energy projects. Results show that temperature and population
positively impact the demand, whereas GPD, population, oil prices, and renewable energy negatively impact
the electricity demand. The results obtained from backcasting regression analysis for the hourly 4745 data set
covering 13 years period reveals reasonable error metrics with MAE, MAPE, and RMSE values of 134, 6.3%
and 2.76%, respectively. The government must encourage investments to exploit and explore the massive
potential of available energy resources such as oil, natural gas, oil shale, and uranium to resolve the problems
related to the high global oil prices and high dependency on imported energy. Also, it is required to enable the
transition from fossil fuels to renewable energy through financial incentives and tax exemption to encourage
investments in clean energy, rebuild a new traffic system showing the volatile electricity prices, which are
still unknown and finally remove obstacles and facilitate the ongoing projects, reaching a state of stakeholder

buy-in engaging with the projects.

INDEX TERMS  Determinants, electricity demand, oil prices, GDP, Jordan.

. INTRODUCTION

HE electricity demand in Jordan is affected by several
Tclimatic and non-climatic factors. The energy prices,
income per capita, Gross National Product (GNP), import and
export values, oil prices, demographic (population), techno-
logical factors, and the conversion from fossil fuel to renew-
able energy are the main factors that control the load profile
in Jordan. The increment in temperature above or below a
specific limit may cause a shifting in the maximum peak
load occurrence from evening hours to daytime hours or from
daytime to evening hours due to the intensive use of heating,
ventilation, and cooling systems by residential users. It is
expected that the demand increase with the growth of the
economy and population. At the same time, it decreases as
oil price increase and electricity tariffs. A conversion from
fossil fuels which is the most common method of electricity
generation today to electricity generation from renewable

resources is another factor that will affect the load profile in
Jordan.

The understanding of load variations in any country is
the first step toward accurate load forecasting. The period
from 2007 to 2020 is crucial as many global issues affecting
Jordan’s energy market took place. The period was charac-
terized by several locals, regional, and international events
directly impacting the country’s economy and development.
The events implied the global financial crisis in 2008—the
Arab Spring protests in 2011, the Syrian civil warin 2011, and
the following years. During the civil war in Syria, hundreds
of thousands of refugees came to stay in Jordan permanently,
and the need for energy resources increased dramatically,
causing an extra burden on the Jordanian economy [1], [2].
Moreover, Jordan’s population has grown from 5 Million in
2005 to 9.6 million in 2015 [3]. Therefore, the government
needed to take some actions to encourage the private sector
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and domestic customers to invest in the clean energy sector to
make electricity available and sustainable at the lowest cost.

The emphasis of this paper is to implement multiple linear
regression (MLR) to perform the backcasting of the electric-
ity demand in Jordan based on several independent variables.
The linear regression was employed in this research due to
its ability to provide high accuracy with several independent
variables that imply social, weather, income, cost of living,
Brent oil price, international economic crises, electricity tar-
iff, and demographic and technological factors related to the
electricity consumption in Jordan. The main factors consid-
ered in the analysis are the differential daily temperature
index in cold and hot weather, the day of the week, annual
population, GDP, Brent crude oil price, and technological
factors due to the expansion of renewable energy and other
related factors.

The paper is organized as follows: Section II and
Section III summarize the related work and the indices that
directly impact the electricity demand in Jordan during the
study period. The analysis of daily load curves (DLCs) and
the temperature impact on electricity demand in Jordan dur-
ing 2007-2020 are presented in Sections IV and V, respec-
tively. The data sources are presented in Section VI. Followed
by the statistical model analysis in Section VII. The results
and discussion in Section VIII. Finally, the work conclusion
and suggestions to enhance the energy sector’s issues in
Jordan are presented in Section IX.

Il. RELATED WORK

Analytical studies are critical studies that power companies in
many countries conduct. Such studies aim to identify the load
variations over a long time, the behavior of daily load curves
(DLC), behavior of load duration curves (LDC), periods of
peak load, the variations between daytime and nighttime
consumption, and the factors affecting the electricity demand
in any country. The results from these studies are used as
input for predicting the future profile and load forecast daily,
weekly, monthly, and yearly. The accurate load forecast-from
the power system planning point of view- can minimize the
financial risk, optimize the operational efficiency, enhance
the system’s stability and reliability and maintain the spin-
ning reserve within a safe limit. For instance, the sectorial
electricity demand and load factors variations in Syria are
investigated during 1999-2030. It is expected that load factor
forecasting will increase from 0.62 to 0.71, and the peak load
will increase by 5.3% [4]. The residential consumption in
Greece and a proposed method for annual LDC prediction
with and without PVs are analyzed [5]. A hybrid approach
for modeling the short-term forecasting of electricity loads in
French in 1996-2009 is introduced by modeling the overall
trend and seasonality of the DLC and modeling the depen-
dence structure across consecutive daily loads via linear
regression [6]. A rigorous explanation of several statistical
algorithms employed in load forecasting including regres-
sion, neural networks, fuzzy logic, and other techniques are
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discussed [7]. The hybrid multivariate linear models such
as ARIMA, SARIMA, and regression-SARIMA models are
also discussed by many researchers, mainly when the rela-
tionship between the demand and independent variables is
linear. These models provide high accuracy, especially for
short-term load forecast, and excellent mean absolute per-
centage error index (MAPE) [8]. The future patterns are
predicted based on the past values in ARIMA, whereas in
SARIMA, the future patterns are evaluated based on the past
values and the seasonality values. The regression-SARIMA
model, for example, was employed by several researchers [9]
who predict the electricity daily peak demand in South Africa.
The same model is presented to predict Australia’s weekly
peak power demand for a yearly time scale [10].

The factors that affect electricity consumption in any coun-
try are also investigated by several researchers elsewhere. The
temperature impact on aggregate electricity demand in India
was investigated and showed that the demand increases by
11% or further at temperatures above 30°C [11]. In Jordan,
many studies investigate these factors. Thus the combination
of cultural and economic conditions plays an essential role
in shaping the load behavior, but the weather conditions
remain the primary driver [12]. There are six determinants
affecting electricity consumption in Jordan during the period
1986-2015: GDP, climate influences, electricity prices, pop-
ulation, urbanization, the structure of the economy, aggre-
gate water consumption, energy pricing, and technological
factors [13], [14], [15], [16], [17]. These determinants are
positively related to electricity consumption, except the elec-
tricity prices, which are negatively associated with electricity
consumption.

Recent analytical studies on the energy sector of Jordan
emphasize issues such as energy sustainability and renew-
able energy potential. Jordan’s energy security is historically
linked to its relationships with the neighboring countries and
is thus susceptible to external shocks and outside political
events. Therefore, the main challenges and future aspirations
of the energy sector in Jordan are discussed [18]. The impacts
of transitioning from fossil fuels to a renewable-dominated
energy system on energy security are investigated, showing
that Jordan can achieve a 100% renewable energy system by
2050, and such a transition will enhance the energy security
level [19]. The challenges of the current energy situation
and available renewable energy resources prospective for
direct investments in Jordan are presented [20]. The study
shows that despite the efforts placed on developing alternative
energy resources, the real influence of clean energy is still
reasonable at roughly 7% of total energy demand; govern-
ment initiatives, financial incentives, and tax exemptions are
required to encourage investments in clean energy. The cur-
rent energy situation in Jordan was affected by the penetration
of renewable energy, and suggestions for actions for policy-
makers are introduced [21]. The obstacles facing renewable
energy resources development in Jordan can be summarized
in financing schemes and the volatile price of electricity.
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Thus, the government must remove barriers, facilitate ongo-
ing projects, and encourage technological innovation [22].
Many challenges concerned the energy resources such as lack
of local energy resources, high imported energy (97% imports
in 2011), and high oil prices (energy imports reported for 16%
of GDP in 2011). On the other hand, Jordan has many strong
points that make the future energy market optimistic, such as
Jordan location, which is transit and can play a significant
role in linking the region’s oil, gas and electricity networks.
Jordan has a vast potential for renewable energy utilization
(wind, solar) where solar radiation is 5-7 KWh/m? per day
and wind speed 7-11 m/s. Finally, Jordan has a vast potential
for energy resources (oil shale, uranium) and a potential for
oil and gas exploration [23].

lll. INDICES AFFECTING THE ENERGY SECTOR IN
JORDAN

The most important indices that directly impact the Jordanian
economy imply the annual: energy generation, peak load,
population, GDP, cruel oil price, and electricity generation
from renewable energy projects. These indices are summa-
rized in Table 1. It shows that the annual energy increased
from 12787.12 GWh in 2007 to 19850 GWh in 2020, with
an overall growth rate of 55.2%. At the same time, the peak
load increased from 2130 MW to 3630 MW for the same
period, with an overall growth rate of 70.4%. The peak load
is usually occurring in summer, particularly in July/August,
and sometimes in winter, particularly in December/January,
as was seen in 2013 and 2014, respectively. A recession in the
percentage growth of GDP from 7.23% in 2008 and 5.02% in
2009 to —1.6% in 2020. This recession caused several eco-
nomic problems in Jordan, such as increased unemployment
rates, cost of living, and reduced industrial sector production.
The population of Jordan rose from 6.7 million in 2010 to
about 11 million in 2020 [24]. The abnormal population
increase was noticed in 2013-2015 with GR % values of
9.4%, 8.6%, and 9.9%, respectively. This increase in popu-
lation is connected to hundreds of thousands of refugees who
crossed the border from Syria starting in 2011 to stay perma-
nently in Jordan. According to UNHCR, the number of Syrian
refugees registered in Jordan in 2019 was approximately
655,000 male and female [25]. However, many refugees are
still not registered. As a result, the energy needs increased
from 3.4% in 2009 to about 7% and 6% in 2011 and 2012,
respectively. The GR% rates of peak load were inconsistent
with the energy GR % values as the peak load of Jordan is
very sensitive to temperature rise or decrease. However, it is
strongly affected by population factors due to the expansion
of energy use for lighting and other residential and commer-
cial services in the country. A dramatic increase in the average
cruel oil price was also observed in the period, particularly
during 2010-2014, with a maximum price of $98/ barrel
recorded in 2013. Figure 1 presents the Brent crude oil price
fluctuations between 1976 and 2022 [26]. During this period,
two dramatic increases in oil prices were recorded; the first
peak was on July 3, 2008, coinciding with the global financial
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FIGURE 1. Average annual Brent crude oil price ($/ barrel)
from 1976 to 2022 [26].

crises in the USA. After that, the oil price exceeded $70/
barrel in January 2007 to $97/ barrel in July 2008. However,
it dropped in 2009 to a $63/ barrel value. The second sharp
increase was observed in 2012, with a maximum value of
$112/ barrel, followed by a steady decrease to a minimum of
about $44/ barrel in 2016. Then, a gradual increase reached a
maximum of $71/ barrel in 2018, followed by another drop
during the COVID-19 crisis in 2020. The second peak in
2012 was coincident with the revolutions of Arab spring in
Tunisia, Egypt, Syria, and Libya. Libya is a member of the
Organization of Petroleum Exporting Countries (OPEC) and
possesses the largest oil reserves in Africa. Before the civil
war in February of 2011, Libya exported nearly 1.8 million
barrels of oil daily and significant amounts of natural gas [27].
The violence that tore apart the country in 2011, destroying
port cities, oil drilling stations, and refineries, profoundly
affected the economy [28]. Consequently, the drop in oil
prices during 2015 and 2016 helped Jordan to enhance eco-
nomic consolidation by neutralizing the deficit in gas supplies
and reducing energy bills [17].

Renewable energy projects are an essential index for
evaluating Jordan’s development in the clean energy sec-
tor. Table 1 shows how wind, solar, and biomass genera-
tion increased from 73.5 GWh in 2007 to 183.9 GWh in
2015 [29]. Jordan will be able to meet 100% of the coun-
try’s electricity demand by 2050 by using renewable energy
resources, saving the treasury $12 billion per year [30].
Also, solar thermal systems were installed in 15% of build-
ings [30]. Solar thermal systems are expected to be used
in 30% of domestic buildings by the end of 2020, accord-
ing to the government’s energy master plan [31]. PV sys-
tems used in residential buildings are classified as distri-
bution generation (DGs). Moreover, the penetration of DGs
into the distribution network reduces losses since the DGs
are closer to the loads, avoiding a considerable amount of
power flow from the substation to the loads across several
branches [32].
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TABLE 1. Annual energy generation, peak load, GDP, population, cruel oil price, and renewable generation resources in Jordan during

the period of study.
Y. Energy generation Peak load GDP Population Average cruel oil Renewable energy
ear .
GWh GR (%) MW GR (%) | Billion JD) | GR (%) | Million | GR (%) price ($/barrel) (GWh)
2007 12787 2130 21.08 6.1 72 73.5
July 29
2141
2008 13247 3.59 0.52 22.59 7.23 6.3 32 99.6 74.2
August 19
2208
2009 13697 34 3.13 23.72 5.02 6.5 32 62.0 68.9
July 29
2544
2010 14573 6.39 15.22 24.27 2.3 6.7 3.1 79.5 72.8
August 3
2660
2011 15589 6.97 4.56 24.93 2.74 7.0 4.4 95.0 65.7
August 29
2770
2012 16492 5.79 4.14 25.54 2.43 7.4 57 94.0 65.7
July 31
2975
2013 16766 1.66 7.4 26.21 2.61 8.1 9.4 98.0 63.2
December 17
2900
2014 17805 6.2 -2.52 27.09 3.38 8.8 8.6 93.2 66.6
December 28
3300
2015 18639 4.68 13.79 27.77 2.5 9.6 9.9 48.7 183.9
August 4
2016 18506 -0.7 3250 -1.8 28.3 2.0 9.9 3.1 437 925
January 25
3320
2017 19444 5.1 22 28.9 2.1 10.2 3.0 54.3 1360
July 25
3320
2018 19444 5.1 22 29.46 2.1 10.2 3.0 54.3 1360
January 25
3380
2019 19277 52 5.5 30.0 2.0 10.7 1.9 64.3 2200
February 8
3630
2020 19850 3.0 7.4 29.6 -1.6 11.0 2.8 419 2900
January 18

IV. DAILY LOAD ANALYSIS DURING THE PERIOD OF
STUDY

Figure 2 presents the annual DLC curves during the study
period from 2007 to 2019. The readings represent the max-
imum hourly demand in MW. As shown in the figure, the
minimum load occurs at around 6:00 AM, the maximum
morning peak occurs during 13:00 —15:00, and the max-
imum evening peak occurs during 16:00-18:00. It is also
seen that the annual peak is generally a morning peak in
summer, particularly in July / August every year. In the recent
years it converted to evening peak that took place in winter
particularly in December / January as in seen 2013, 2014,
2018 and 2019 respectively. A noticeable leap in the 2010 and
2015 peak load was observed due to the weather factor and
due to economic enhancement as a result of the sharp drop in
global oil prices.

Indeed, Jordan exploits the decline in oil prices when-
ever it happens and during the study period. The minimum
prices were recorded in 2008 and 2015 with the values of
$38/ barrel and $40/ barrel, respectively. The response of
the electricity demand to the weather factor during the hot
August and the cold December are presented as shown in
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FIGURE 2. Typical annual DLCs for the period 2007-2019 [29].

Figure 3 and Figure 4, respectively. Figure 3 shows that the
peak in summer usually occurs during the morning period,
particularly between 13:00-15:00, which incidence with high
temperatures, whereas in winter, it usually occurs during
the evening period, particularly between 16:00-18:00, which
is a coincidence with the low ambient temperature. There
are many scenarios for electrical consumption. The seasonal
energy and electricity consumption pattern typically exhibit
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FIGURE 3. The typical DLCs during August for the period
2008-2019 (summer season).
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FIGURE 4. The typical DLCs during December of 2008-2019
(winter season).

two peaks, one in the winter and the other in the summer,
with the summer peak in recent years becoming progressively
higher. The impact of rising or lowering temperatures on
annual energy demand varies by region [33]. Some studies
show that when the temperatures rise above 30°C, demand
increases by about 11% [11]. Other studies state that lower-
ing the ambient temperature by 1°C below 15°C increases
demand by roughly 17 MW [34].

Based on previous studies made on Jordan’s electric-
ity demand and its relation with the social-economic vari-
ables [34], it is found that the peak load relied upon the
day of the week in Jordan. On Friday which is a public
holiday in Jordan where government, private companies, edu-
cational institutes, universities, and many other services are
off during this day. The historical load profile during this day
shows a sharp decrease in the overall demand. A comparison
between Friday and Saturday, which is a partial holiday,
during which the government and educational institutes are
not working, but the private sector is working during this
day. Figure 4 presents a DLC sample for three typical days
(working day, Friday, and Saturday) in the summer of 2018;
a similar profile can also be seen during another period in
summer or winter. The figure reveals pronounced depletion
on Friday and Saturday compared with Sunday working days.
The calculation of energy consumption for the three days
shows a significant decrease in consumption by 10% for
Friday and 4% for Saturday comparing with working day
on Sunday.
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FIGURE 5. Typical load curve taken in 20th, 21st and 22th July
2018 in Jordan.
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FIGURE 6. The relationship between electricity demand and
ambient temperature during the morning in the years 2007 and
2015 in Jordan.

V. ANALYSIS OF THE AMBIENT TEMPERATURE IMPACT
ON PEAK LOADS

The analysis of the ambient temperature impact on the elec-
tricity demand in Jordan shows a noticeable increase in
demand when ambient temperature increases above 20°C in
summer and below 15°C in winter. A comparison between
2007 and 2015 shows a significant increase in demand when
the temperature rises above 20°C in summer and falls below
15°C in winter. The response of the temperature—load pro-
files nearly takes a V-shape response as shown in Figure 6
and Figure 7, indicating that the peak load increases dra-
matically during very low and very high ambient tempera-
tures. The V shape was clearly seen in 2015 comparing with
2007 curves, especially during low temperatures in 2015. It is
due to technological factors through replacing the old heating
systems that depend on gasoline (domenant in 2007) with
air-conditioning systems in residential and services sectors,
and the worship places, especially in the evening and early
morning periods of winter.

VI. DATA SOURCES

Climatic and non-climatic factors are the two types of deter-
minants that have a significant impact on Jordan’s energy
profile. The climatic factor refers to the ambient temperature,
which influences consumption patterns in the summer and
winter seasons. The hourly daily peak load in (MW) and
the ambient temperature in degree Celsius °C are obtained
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FIGURE 7. The relationship between electricity demand and
ambient temperature during the evening in the years 2007 and
2015 in Jordan.

from the electricity operation and control center of National
Electric Power Company (NEPCO) in Amman south. The site
owns the largest main substation, 400/132/33 kV, that inter-
connects the power grid of different regions of Jordan. Three
main temperature readings that are recorded daily include (1)
temperature at the time of daytime peak (2) temperature at
the time of evening peak, and (3) temperature at the time of
minimum. Table 2 presents a sample of the data obtained from
NEPCO.

In contrast, the non-climatic factor refers to socioeco-
nomic factors such as population, day of the week, the high
cost of oil that affects Jordan’s economy, GDP, electricity
prices, tariffs, and technological factors. The technological
factor is strongly connected with the expansion of renewable
energy use starting in 2013, replacing conventional fossil
fuel sources. The data used in the analysis are hourly—daily
and cover 13 years from 2007-2020. The annual population
of Jordan is obtained from different sources: The Jordan
department of statistics, the U.N. refugee agency (UNCAR),
and the Worldometers information website [3], [24], [25].
The Brent oil prices are taken from different websites, such
as UK Brent crude oil price changes since 1976 [26]. The
Jordanian economy metrics such as GDP in market price, per
capita GDP, and average inflation CPI index for Jordan are
obtained from sources such as Jordan’s ministry of finance,
NEPCO annual reports in 2021 [29], and the U.S. embassy in
Jordan in numbers [35].

VIl. STATISTICAL REGRESSION MODEL

MLR is a statistical modeling tool used to find the correlation
between the dependent and independent variables. The data
obtained from various sources are arranged in EXCEL for
regression analysis. The data, as shown in Table 3, implies
the time in a day, load in MW as a dependent variable, and
X1 to Xg parameters as independent variables where X is
the absolute differential temperature (AT) above 20°C in
summer and below 15°C in winter, the value of AT in
the table is calculated based on |T — 20°C| in summer and
|T — 15°C]| in winter, respectively. X, is a dummy variable
to represent Friday where 1 is given for Friday and O for
other days, X3 is a dummy variable to represent Saturday
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where 1 is provided for Saturday and O for other days, X4 is
a dummy variable to represent the public holiday where 1 is
given for public holiday and O for other days. X5 is the annual
population growth rate is above 3.2% baseline, and O for
the remaining days. A significant increase in population was
observed in the period 2011-2015. Xg is the GPD growth rate
decreases below an average of 6%. Table 1 shows a significant
decline in the annual GDP growth from a 6% average from
2007-2009 to about a 2.6% constant rate during 2010-2015
and 1.3% for 2016-2020. X7 is the oil price above $70/
barrel baseline (particularly in 2011-2014). Finally, Xg is the
generation from renewable energy (wind, solar, and biomass)
above 187MWh/ day and O for the remaining days.

Table 3 presents the parameters that are used in the analy-
sis. The table is a portion of a long Excel sheet consisting of
4745 rows where The scenarios for selecting the optimal set
of data are:

o T1(k) is the date.

o T(k) is the daily load in MW varies from 1380 MW on
January 1, 2007 to 2416 MW on December 31, 2019.

o T3(k) is the differential temperature (AT).

o Ty(k) is Friday dummy variable O or 1.

o T5(k) is Saturday dummy variable O or 1.

o Tg(k) is the public holiday dummy variable O or 1.

o T7(k) is the percentage increase of population above the
baseline 3.2%.

o Tg(k) is the percentage decrease in GDP below the base-
line of 6%.

o Ty(k) is the percentage increase of oil price above the
baseline $70/ barrel.

o Tyo(k) is the renewable energy generation above
187MWh/ day baseline

The weight of these factors is investigated based on the
multiple linear regressions (MLR) model of Microsoft Excel
represented by:

Y=bo+biXi +brXa+ - +biXi+e€ (1)

where ¥ is the dependent load variables (MW), X1, X5, X; are
the dependent variables that affect the load, b,, by, ... b; are
the unknown regression coefficients and € is the residual of
observations or the mean square error value. The regression
analysis shows the correlation between the dependent and
independent variables. The R-square value in the regression
output summary tells us how much variation is explained
by the model, where 0.1 R-square means that your model
explains 10% of the variation within the data, so the greater
R-square, the better the model. Multiple R is the square root
of R%. The R-square is given by:

LG — )
> i = 30?
where y; is the actual load in MW; y; is the estimated load in

MW and y; is the average value of y; in MW. The numera-
tor in equation (2) represents the regression sum of squares

RP=1- 2)
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TABLE 2. Sample of data implies ambient temperature, min. and max. load readings, and time of occurrence of min. and max. loads

periods as obtained from NEPCO.

Date Load (MW) Ambient temperature °C' Time of occurrence
Min. load | Max. morning peak | Max. evening peak | Min. load | Max. morning peak | Max. evening peak | Min. load | Max. morning peak | Max. evening peak
Jan. 1, 2019 1600 2490 2936 6 14 11 4:37 am 11:58 am 17:23 pm
Jan. 2, 2019 1530 2680 3040 4 14 11 3:51 am 14:00 pm 17:11pm

TABLE 3. A sample of dependent and independent variables that

TABLE 4. The output summary of the statistical regression for

are used in the analysis. 13 years (2007-2019).
Dependent variable Independent variables Multiple R 0.874871
Date MW AT | Fri. | Sat. | HD | Pop | GDP | Oil price RG R square 0.765399
Y X1 Xo | X3 X4 X5 X6 X7 Xs
Adjusted R square 0.764872
Jan. 1, 2007 1380 5 0 0 1 6.1 0 2 0
Jan. 2, 2007 1455 s ool 1 ]e] o 2 0 Standard error 175.305
Jan. 3, 2007 1530 5 0 0 1 6.1 0 2 0 Observations 4745
Jan. 4, 2007 1620 6 0 0 1 6.1 0 2 0 ANOVA
Jan. 5, 2007 1505 8 1 0 0 6.1 0 2 0 df ss MS F Signiﬁcance F
Jan. 6, 2007 1790 9 0 1 0 6.1 0 2 0
Regression 9 4.02 x 108 | 44639837 | 1452.56 0
Jan. 7, 2007 1800 8 0 0 0 6.1 0 2 0
. . . . . . . Residual 4737 | 1.23 x 108 | 30731.84
Dec. 27, 2019 2910 8 1| o | o |107] 4 0 2013 Total 4746 | 525 x 10
Dec. 28, 2019 2930 3 0 1 0 10.7 -4 0 2013
Dec. 29, 2019 2600 1 0 0 0 10.7 -4 0 2013
Dec. 30. 2019 2660 blojojo w7 A4 o |20 and k is the number of independent variables. In regression
Dec.31, 2019 2410 1 0 0 0 10.7 -4 0 2013 . o e .
= analysis, the p-value tells about the F-statistic hypothesis
testing of the fit of the intercept-only model, and our model
(SS in Excel) is given by: is equal. Thus, if the p-value is less than the impact level
. (usually 0.05), the model fits the data well. A t-test in regres-
SS — 2 i — );’.)2 (3) sion is an inferential statistic used to define if there is a

i=1
The error indices such as root mean square error (RMSE),

mean absolute (MAE) and the mean absolute percentage error
(MAPE) can be obtained by [36]:

Z?:l()?i - )’i)2

RMSE = ——F ——— @
n
1 n
MAE = =% |yi = Jil ©)
=1
1 l” R
MAPE = =" YTV 100% (6)
n< Yi
=1

where n in the equation is the number of observations, the
F-test is a hypothesis test based on Fisher and Snedecor’s
F-distribution under the null hypothesis [37]. The test is
performed when it is unknown whether the two popula-
tions have identical variance. The F-distribution test value
is obtained by dividing the regression SS by residuals SS
as shown in
Reg(SS)
(k—1)
" Res(SS) )
(n—k)
where Reg (SS) is the regression sum of squares, Res (SS) is
the residuals sum of squares, n is the number of observations,
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considerable difference between the means of two groups.
A large t-score implies that the groups are different, while
a small t-score demonstrates that the groups are similar [38].
A high R-square and low p-value is the best scenario, meaning
that the model explains many variations within the data and
is significant.

VIIl. RESULTS AND DISCUSSION
Table 4 shows the output summary of the statistical regression
model for the data presented in Table 3. The table shows a
strong correlation between independent and dependent vari-
ables with multiple R and R? values of 0.8748 and 0.7653,
respectively. The results demonstrate that all eight variables
have a p-value of less than 0.05 (¢ypically < 0.05), indicating
that they are statistically significant. A p-value of less than
0.05, according to Simplypsychology [39]. As there is less
than a 5% probability, it implies strong evidence opposed to
the null hypothesis, that the null hypothesis is correct and the
results are random. As a result, the null hypothesis is denied,
and the alternative hypothesis is accepted. The average of the
lower 95% and upper 95% confidence levels are represented
by the coefficients of each independent variable. A 95% con-
fidence interval is a set of values (upper and lower) that can
be 95% particular and contains the population’s true mean.
The results in Table 5 reveals that three of the eight vari-
ables have a positive impact on demand, which are: the base
load, temperature, and population, whereas the remaining
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TABLE 5. The weight of variables of the statistical regression
model for 13 years (2007-2019).

Item Coefficients | Standard error t-state P-value Lower 95% Upper 95%

Base load (MW) 1748.321 68.97606 1791011 | 4.54 x 10769 1100.137 1370.6

1.6x 281 29.10773 32.19466
2.1x 192 -267.418 -235.876
1.83x 05 -50.2762 -18.7346
2.93x ~69 -309.501 -248.507

Temperature 30.65119 0.78726 38.93401

Friday -251.647 8.044064 -31.2835
Saturday -34.5054 8.044049 -4.28956
Public holiday -279.004 15.55518 -17.9364

2.17x 36 243.1645 331.7445
4.61x 707 -73.5092 -32.3944

Population 287.4545 22.59052 12.72456

GDP -52.9518 10.48551 -5.05
Oil price -81.0634 12.13194 -6.68182

2.68x 11 -104.849 -57.2781

Renewable energy -77.1239 11.14454 -6.92033 5.22x 12 -98.9734 -55.2744

variables have a negative impact on electricity demand. The
results reveal that the base load, which represents the intercept
with the y-axis, is around 1748 MW, the impact of ambi-
ent temperature above 20°C in summer and below 15°C in
winter increases the daily demand by about 30MW /1°C,
and that annual population increase from 3.2% baseline in
2007-2010 to about 10% in 2011-2019 (Table 1) increases
the daily load by about 287MW / day. The table also shows
that the demand fell by about 250, 34, and 280MW / day
each Friday, Saturday, and holiday, respectively. The sharp
drop in the GDP of Jordan from an average of 6% in 2007-
2009 to an average constant value of 2.1% in 2010-2019
(Table 1) resulted in a considerable reduction in demand
by about 52MW/ day. The results also reveal that during
2011-2014 and 2018, an increase in oil prices above $70/
barrel caused a considerable drop in demand by roughly
81 MW / day. The rise in oil prices has negatively influenced
the economy throughout this period. The reduction in oil
prices in 2015-2017 helped Jordan’s economic consolidation
by neutralizing the deficit in the gas supply and lowering
energy bills, but it did not enhance the economy too much,
where GDP is still in the range between 2.0 — 2.5%. Finally,
the expansion of renewable energy production began par-
ticularly in 2015. These projects are considered distribution
generators (DGs) fixed at end users and helped the power
producers to minimize their production based on fossil fuel
sources, causing a reduction in the overall peak load of the
country. Thus, the regression analysis shows the negative
impacts of renewable energy projects on demand. In 2015,
renewable resource generation rose to about 3 times above the
average generation during 2007-2014, which was about 69.3
GWh/ year to about 184 GWh, followed by a sharp increase
in 2016-2020, as shown in Table 1. This increase reduces
the overall peak load from conventional sources by about
TIMW / day.

Based on the analysis in Table 5, the daily electricity
demand in MW is modeled based on

y(t) = 1748 4+ 30.65 X1 — 251.6 X» — 34.5 X3
— 279Xy + 287X5 — 52.9 Xg — 81X7 — 77.1 Xg + €
3
where X is the daily differential temperature. X>-X4 are (0

or 1) dummy variable based on the day. Xs-Xg are variable
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TABLE 6. MAE, MAPE, and RMSE error indices obtained from
backcasting load estimation.

Statistical error metrics Value
MAE 134.25
MAPE 6.36 %
RMSE 2.76 %
AQSDD\M/ T T T T
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FIGURE 8. Actual vs. backcasted morning peak load in the study
period.

based on the reference baseline 3.2% for population, 6%
for GDP, $70/barrel for fuel prices, and 187 MWh/ day
for solar energy. The analysis for the hourly 4745 data set
covering 13 years period reveals reasonable percentage error
obtained from the error metrics MAE, MAPE, and RMSE,
respectively, as shown in Table 6. The actual versus back-
casted results are shown in Figure 8. The trend shows that
the backcasted load follows the actual load. The spikes in
the peak load are most probably due to ambient temperature,
where the peak load in Jordan is very sensitive to hot /cold
weather. The impact of temperature rise was reported by
many researchers [11], [15], [31].

It is crucial to increase the role of renewable energy
technologies where future actions from policymakers should
be taken to attain their maximum utilization potential [21].
Installing PVs in the distribution network reduces the losses
since it is closer to the loads and saves a large amount
of power flow from substations to loads through many
branches [32]. Based on the literature that was made on
Jordan’s energy sector [21], [22], the government should
implement several procedures to reduce energy bills and the
consequences of high oil prices and high reliance on imported
energy, such as: allowing investments to using the massive
potential of available energy resources such as uranium and
oil shale, exploration of oil and natural gas, as Jordan has
significant oil and natural gas potential, a transition from
fossil fuels to renewable energy (solar, wind, and biomass)
by providing financial incentives and tax exemptions, maxi-
mizing the wind energy potential utilization as wind speeds
in Jordan range from 7 to 11 m/ s, removing obstacles, facil-
itating ongoing projects, and achieving stakeholder buy-in in
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project engagement and finally introduce a new traffic system
considering the volatile electricity prices—finally, supporting
technical innovation and novel electricity-saving technolo-
gies, such as inverter-based AC systems, LED, greenhouse
technology, and smart power boards, during peak summer and
winter.

IX. CONCLUSION

This paper aims to investigate and model the electricity
load development in Jordan during the period of study
from 2007 to 2020 based on MLR statistical modeling tool.
The study period was characterized by several global events
directly impacting Jordan’s economy, such as global financial
crises and Arab spring anti-government protests in several
Arab countries. The main determinants controlling the load
profile are the daily differential temperature, the day of the
week, annual population, GDP, Brent crude oil price, and
technological aspects due to the expansion of renewable
energy are used in analysis. Results of MLR show that the
peak load of Jordan is very sensitive to the ambient temper-
ature, where the ambient temperature above 20°C in sum-
mer and below 15°C in winter increases the daily demand
by about 30MW /1°C. The increase in population above a
baseline increases the demand by 287MW / day. The drop
in GDP during the study period accompanied a reduction in
the demand by about 53MW / day. A significant decrease in
the load was also observed on Friday, Saturday, and holidays,
where during these days, the demand dropped by 251, 34, and
279MW / day, respectively. Finally, a decrease in generation
from power plants was also observed due to renewable energy
penetration, particularly in 2015. The results obtained from
backcasting regression analysis for the hourly 4745 data set
covering 13 years period reveals reasonable percentage error
metrics with MAE, MAPE, and RMSE values of 134, 6.3%
and 2.76% respectively. Policies are required to minimize the
problems related to the high oil prices that directly impact
Jordan’s electricity demand and GDP. The switch from fossil
fuels to renewable energy, exploration of oil and natural gas,
and exploitation of the enormous potential of available energy
resources such as oil shale and uranium are required by the
government to solve the high energy bills and encourage
productivity in Jordan
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