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1. The rationale of the research and justification of energy poverty

This chapter is an introductory section of my research topic, questions, and objectives. Firstly, I
present an overview of the Jordanian energy sector and how my research will contribute to bridging
the current gap in the literature. Additionally, I discuss the main theories and concepts related to
my research. Within this chapter, | also describe the preparation process of this dissertation,
including the formulation of the hypotheses. Finally, I justify the relevance and significance of my
doctoral research. Figure 1 visualizes the research scope and connections based on this dissertation.
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Figure 1. Visualizing the Research Scope and Connections.
Source: own compilation.

1.1. Jordan’s Energy Landscape: Challenges and Transition to Renewable Sources
1.1.1. Jordan Energy and Climate Change

Jordan is a middle-upper-income country (World Bank Country and Lending Groups — World Bank
Data Help Desk, 2020) and the most politically liberal country in the Arab world. Jordan, a young
country that became an independent kingdom in 1946, has a strategic location in the Middle East
region with its capital, Amman, the country’s largest and most populated city; its total area is
89,342 km?. The country mostly has no port on the sea except 26km of coast in Agaba city. It is a
non-oil-producing country that mainly imports energy from surrounding countries. It has abundant
renewable energy resources, primarily solar and wind (Jaber et al., 2004; Jaber and Probert, 2001,
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2001). Jordan consumes more energy per unit of economic output than other countries with similar
social and economic structures (Saeedan and Friedrich-Ebert-Stiftung Amman office, 2011).
Before 2003, Jordan purchased oil from Iraq below market rates, and the government subsequently
transferred some of these cost advantages to consumers. After 2003, Jordan lost this affordable oil
source, and the rise in global prices followed. While global food prices doubled between 2002 and
2008, global energy prices increased more than threefold (Atamanov et al., 2017). Although the
government was compelled to raise prices in 2005 and again in 2006, it kept them below levels
elsewhere. As a result, government spending on petroleum subsidies alone accounted for 5.8% of
GDP in 2005 (Coady et al., 2006). After Palestine, Jordan has the second-highest fuel and
electricity prices in the Arab world, attributed to price liberalization initiatives in recent years and
a fixed tax on oil derivatives (Jordan News, 2022). A new electricity tariff was introduced in the
first third of 2022 and targeted Jordanian families, holders of permanent Jordanian passports, and
Gazans will also benefit, as well as subscription service meters for households (The Jordan Times,
2021). The subsidized tariffs are divided into three categories: consumers who use between 1 and
300 kWh of electricity pay 50 fils per kWh (1 Jordanian Dinar equals 1000 fils), those who use
between 301 and 600 kWh pay 100 fils per kWh, and those who use more than 600 kWh pay 200
fils per kWh (The Jordan Times, 2021).

1.1.2. Energy poverty

Energy and fuel are related but distinct concepts. Energy is the ability to do work or to produce
heat(Bhattacharyya, 2011), while fuel is a substance that possesses internal energy and creates heat
when burned or obtains energy from sources such as solar radiation or geothermal reservoirs
beneath the Earth’s surface (Bhattacharyya, 2011). In other words, fuel is a source of energy. For
example, gasoline is a standard fuel used to power cars, while the energy released by burning
gasoline makes the car move. The difference between energy and fuel can be thought of as the
difference between the potential to do work and the means of releasing that potential. However,
they are frequently used interchangeably; fuel and energy poverty are not always the same. Energy
poverty refers to a household’s inability to access and purchase sufficient amounts of energy for
their requirements. In contrast, fuel poverty particularly refers to the circumstance in which a
household cannot pay to heat their home effectively. However, because it focuses on the particular
need for heating and the difficulties that households may encounter in meeting this need, fuel
poverty is seen as a distinct instance of energy poverty. In this regard, fuel poverty is a more
specific type of energy poverty that is frequently used to describe the difficulties that households
encounter in meeting their heating demands.

The study of energy poverty and fuel poverty reveals that there are some similarities and
differences. Framing both concepts under energy insecurity and vulnerability, Figure 2 summarizes
those similarities and differences from the literature. In the third and fourth chapters, energy and
fuel poverty are examined in detail, among other terminologies upon which the figure was built.
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Figure 2. Conceptualizing the framework of energy and fuel poverty.
Source: Author’s compilation based on literature.

1.2.Theoretical Background

Energy poverty is a complex issue widely studied in the literature, often in conjunction with related
concepts such as fuel poverty, energy vulnerability, energy insecurity, and energy justice. In this
chapter, 1 will examine the main theories and concepts that help us understand and explain energy
poverty within the context of energy insecurity and vulnerability. Additionally, 1 will explore the
role of justice in analyzing energy poverty and consider how various theories can inform our
understanding of this issue. Energy poverty is multidimensional and can be studied from different
angles and scientific and social disciplines. The main theories and ideas discussed in this section
align with this dissertation’s research goals, and the main results in each chapter are reflected in
the mentioned theories.

While writing the dissertation, | followed the process in Figure 3. The process started with
reviewing theories mostly about energy poverty from various perspectives. After examining the
theories, hypotheses were formulated regarding energy economics and energy poverty in Jordan.
The selection of the methods used in my dissertation was controlled by the fact that data availability
and credibility forced me to test the methods and explore the ones that fit with the available data.
Calculations followed data collection from different sources to test my hypotheses. Lastly, based
on the results, | could formulate theses in line with the hypotheses.
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Figure 3. Dissertation Development Process.

Source: own compilation.

The main goal of my dissertation is to examine the characteristics of energy poverty in Jordan.
While energy poverty is recognized as a multifaceted and complex issue, | studied the relationship
between energy and economic growth and climate change on the one hand and the relationship to
human well-being on the other hand. | use multiple methods based on various data sources and
types to achieve this goal. In this dissertation, | am testing the following hypotheses:

H1 | There is a positive relationship between energy consumption and economic growth in Jordan, with higher
energy consumption leading to higher economic growth. The same applies to greenhouse gas emissions.

H2 | There is a positive relationship between household energy use and the human development index (HDI) in
Jordan, with higher energy use leading to higher HDI scores. The connection can be seen not only in the long
but also in the short term.

H3 | Even though Jordan’s population has nearly 100% access to modern energy sources, many households suffer
from energy poverty.

H4 | There are significant territorial differences in energy poverty in Jordan, with some regions experiencing higher
levels of energy poverty.

H5 | In Zarga Governorate, households have low energy efficiency levels, which affects the ability of the household
to achieve thermal comfort during the different seasons.

H6 | Energy poverty is more prevalent in winter than in summer in Zarga Governorate.

H7 | As income levels increase, households are less likely to experience energy poverty, and income level is the
most significant factor affecting the possibility of falling into fuel poverty.

In the second chapter, | test the first hypothesis using the Toda-Yamamoto non-Granger causality
test using three indicators: final energy consumption, economic growth, and greenhouse gas
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emissions covering 1990-2018. The third and fourth hypotheses are examined using the path
analysis test on cross-sectional data from the Jordanian governorates for 2009 and 2017. In the
third chapter, | use the multidimensional energy poverty index on two health and demography
surveys from 2009 and 2018 to estimate energy poverty in Jordan at different geographical and
socio-economic levels. The fourth chapter examines the characteristics of fuel poverty in the Zarga
governorate through the consensual approach. The method used in this chapter is data collection
through an online survey targeting people living in the Zarga governorate in central Jordan and
analysis using contingency tables, binary logistic regression, and composite indicators.

2. Exploring the nexus between economic growth, energy, climate change, and human well-
being

2.1. Energy Consumption and Economic Growth in Jordan: Theoretical Perspectives

Several factors and relationships can be observed when studying energy poverty in Jordan: First,
energy is needed to meet basic human needs. Energy consumption is, therefore, critical to economic
and social development and prosperity (Halkos and Gkampoura, 2021). Second, Jordan’s energy
system and security have been a topic of concern and exploration in recent years. Jordan imports
almost 94% of its energy supply (Sandri et al., 2020). Third, the sustainability of the energy sector
is represented by the share of renewable energy in the energy mix and the contribution of renewable
energy consumption to economic growth (Ministry of Energy and Mineral Resources, 2020).
Finally, Jordan is an emergent economy with universal access to electricity; residents rely primarily
on modern energy sources, so they do not spend time gathering wood or utilizing unclean energy
sources.

Energy is one of the leading drivers of economic growth, employment, and sustainable
development (Gatto and Busato, 2020). Improving access to sustainable and affordable energy
sources would alleviate poverty, contribute to protecting the environment, and build solid
institutions (Rosa, 2017). In Jordan, fossil fuel is the primary source of energy. The country’s
energy consumption in 2021 is dominated by the transport sector (around 40%), followed by the
residential sector (around 25%). By source, oil products followed by electricity are the dominant
ones. Net energy imports in Jordan reached 378.9 TJ by 2019 (IEA, 2022), which accounts for
nearly 94% of Jordan’s total energy in Jordan. In addition, the energy sector suffers from several
challenges, such as increasing demand, limited domestic energy resources, the unstable political
situation in the surrounding countries, and the resulting security/price issues, poor planning, and
losses in the sector (Albezuirat et al., 2018).

2.2. Results and discussion

| tested the relationship between EC, GDP, and GHG in this chapter using the Toda-Yamamoto
technique. A simple VAR equation was estimated. Using the optimal lag length criteria, the VAR
model was re-estimated to include the order of integration of the variables and the number of lags.
Then, the non-Granger Causality, or the Toda-Yamamoto causality test, was performed. On the
other hand, path analysis was used to test the relationship between EE and HDI, among other
secondary explanatory variables, as discussed in the previous section. Path analysis uses a series
of ordinary least squares which are built upon each other. The first step examines the primary
variable effects on the secondary variables’ groups. The second step examines the impacts of the



primary and secondary dependent variables on the dependent variable. The last step includes all
the variables in the regression together against the dependent variable.

2.2.1. Results of the Toda-Yamamoto causality test

Understanding the relationship between energy consumption and economic growth is essential.
The outcomes regarding the direction of the causality relationships have significant policy
associations. As mentioned earlier in the chapter, energy is one of the main factors that incentive
economic growth. Thus, determining which one of the four hypotheses the relationship follows
would result in better policy suggestions.

e Unit root test
The unit root of energy consumption and economic growth was tested using the Augmented Dicky-
Fuller (ADF) and Phillips—Perron (PP) tests. The unit root test for both level and first difference
forms was performed, including constant only and constant and linear trends. The results of the
unit root tests in Table 1 and

Table 2 shows that the time series are integrated at first difference. The order of integration value
will be used later when testing the modified VAR model and the causality test.

Table 1. ADF unit root test results

Maximum Lag ADF unit root test ADF unit root test
(AIC) Intercept Intercept and trend
1(0) 1(2) 1(0) 1(2)
InEC 6 -1.813 -6.631 -3.697 -4.596
(0.366) (0.000)** (0.041)* (0.006)**
INnGDP 6 -2.200 -3.798 -0.925 -4.483
(0.211) (0.008)** (0.938) (0.007)**
INGHG 6 1.077 -3.717 -1.378 -4.395
(0.996) (0.012)* (0.845) (0.020)**

Values in () are P-values, whereas * and ** are the 5% and 1% significance levels, respectively.

Table 2. PP unit root test results

PP unit root test PP unit root test
Intercept Intercept and trend
1(0) 1(2) 1(0) 1(2)

InEC -2.190 -6.502 -2.190 -6.674
(0.214) (0.000)** (0.476) (0.000)**

InGDP -1.499 -3.950 -1.040 -4.612
(0.519) (0.006)** (0.922) (0.005)**

INGHG -0.539 -4.136 -1.785 -4.042
(0.869) (0.004)** (0.685) (0.019)*

Values in () are P-values, whereas * and ** are the 5% and 1% significance levels, respectively.

After determining the variables’ integration level, the next step is to define the model’s optimal lag
length to ensure it is free from serial correlation and other problems. The model indicates that the
optimal lag order is three, as predicted by four criteria. This number is used in the modified VAR
model alongside the order of integration, as noted earlier in the methodology. Table 3 shows that
the optimal number of lags is two according to three criteria.



Table 3. VAR Lag Order Selection Criteria

Lag LogL LR FPE AlIC SC HQ
0 54.69618 NA 3.76E-06 -3.97663 -3.83147 -3.93483
1 168.4664 192.5343 1.20E-09 -12.0359 -11.45522* -11.8687
2 178.501 14.66586 1.14E-09 -12.1155 -11.0993 -11.8228
3 196.4648 22.10931* 6.25e-10* -12.80498* -11.3533 -12.38696*

* Indicates lag order selected by the criterion. LR: sequential modified LR test statistic (each test at 5% level). FPE:
Final prediction error. AIC: Akaike information criterion. SC: Schwarz information criterion. HQ: Hannan-Quinn
information criterion

The causal relationships between energy consumption, economic growth, and greenhouse gases
are listed in Table 4. The Toda Yamamoto causality test results show that energy consumption
significantly causes economic growth and greenhouse emissions. On the other hand, the null
hypothesis of no causality is accepted in the other direction. Energy consumption in Jordan is
increasing yearly, as the data deceptive in the previous section shows, and such an increase
resulting from the high demand will boost economic growth and increase GHG emissions. The
results support the growth hypothesis and can be applied to GDP and GHGs. As energy demand
keeps rising, policies should focus on accelerating the energy transition, improving efficiency,
enhancing storage capacity, and incentivizing the adoption of clean technologies.

Table 4. Toda-Yamamoto causality test results.

Null Hypothesis Chi-Square (%) P-value
Energy consumption does not cause economic growth 28.900 0.000
Energy consumption does not cause greenhouse gas emissions 8.788 0.032
Economic growth does not cause energy consumption 3.212 0.360
Economic growth does not cause greenhouse gas emissions 1.633 0.652
Greenhouse gas emissions do not cause energy consumption 4.618 0.202
Greenhouse gas emissions do not cause economic growth 3.354 0.340

2.2.2. Energy Expenditure and Income Regional Inequality

Before proceeding to the path analysis results, this section highlights the regional inequalities
between the Jordanian Governorates in this section. Regional data regarding annual average energy
expenditure and income were collected from DOS while preparing the data for the path analysis
for 2008 and 2017. Then, using a scatter plot, | built two charts to show the position of each
governorate in terms of energy expenditure and income against the arithmetic mean (which
represents the horizontal and vertical lines, respectively). The resulting charts can be seen in Figure
4 and Figure 5.

The two arithmetic mean lines divide the chart into four corners: the upper right corner represents
the governorates that have higher average income and energy expenditure, the lower right corner
for those who have higher income and lower energy expenditure, the lower left corner represents
those who have low income and energy expenditure, and the upper left corner represents the group



of governorates that have lower income than average and higher energy expenditure. Income and
energy expenditure levels have generally grown between the two years.

Comparing the two years of measurement, we notice that Amman has the highest income and
energy expenditure levels in the observed years. Amman hosts the capital city of Amman, and it is
the most populous governorate in Jordan, where jobs are primarily available and higher income
levels and services are available. When examining the two charts together, we can see that a shift
had happened, and the governorates’ situation regarding income and energy expenditure changed.
In 2008, Balga, Zarqga, and Irbid had the highest energy expenditure levels compared to the other
governorates. This situation changed, especially for Irbid and Balga, where income levels had
increased above the average and moved from the “unfortunate corner” to better conditions. Zarqa,
on the other hand, shows that energy expenditure compared to 2008, energy expenditure and
income levels became less than the average, meaning that most households in Zarga managed to
adapt to lower energy consumption or improvements in energy efficiency helped them to shift
energy expenditure to a lower level than the national average.

550 Average Income
. Amman
3
= 500
£
E
=
=, 450
=]
=
]
o0
g 400 . *Aqaba
% Balga > Irbid > >3
%ﬁ Zarqa Mafraq KarakAjloun Average EE
=
-
350  Madaba Tafila i
* Jerash Ma'an
5500 6000 6500 7000 7500 8000 8500 2000

Gross Household Income (JOD)

Figure 4. The relationship between the Jordanian Governorates regarding energy
expenditure and income levels in 2008.
Source: Own compilation.

When examining the lower left corner in 2008, we can find four governorates: Madaba, Mafraqg,
Tafila, and Jerash, and out of these four, Mafraq shifted from the low-expenditure, low-income
corner to the low-income high-expenditure corner, indicating that this governorate did not benefit
economically or improved energy efficiency during the study period. Moreover, Madaba’s
situation changed positively; the energy expenditure levels remained below average, while income
levels were boosted to be higher than the average. This observation indicates that households in
Madaba may have adapted to lower energy consumption levels or, while income increased, energy
efficiency levels increased. Tafila and Jerash remained in the same corner, and the income level in
Jerash is the lowest among the 12 governorates in 2017.
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Figure 5. The relationship between the Jordanian Governorates regarding energy
expenditure and income levels in 2017.
Source: Own compilation.

Finally, we can notice that Ajloun witnessed a dramatic change in income levels, from above the
average to less than the average, and most importantly, from low energy expenditure to higher-
than-average expenditure. This situation in Ajloun requires more investigation to assess the factors
that led to this change. The charts show a vast gap between households in Amman and the other
governorates regarding income and expenditure levels.

2.2.3. Results of the path analysis

Path analysis is used in this section to study the main primary and secondary causes of HDI in the
Jordanian governorates. Factors examine the relationship between household annual energy
expenditure and HDI in 2008 and 2017. The analysis directly assesses the primary explanatory
factor’s effect on the independent variable or through other intermediate (secondary explanatory)
factors (Jaber, 2022; LaBelle et al., 2022). Path analysis uses a set of ordinary least squares (OLS)
built on one another.

The selected factors included in the path analysis are a proxy for energy consumption represented
by average annual energy expenditure in each governorate and HDI on the governorate level,
among other factors, as mentioned in the previous section. The initial number of variables was
filtered and excluded from part of the list to eliminate the multicollinearity issues. The path analysis
compares the geographical differences between the Jordanian governorates regarding energy
expenditure relationship to HDI directly and indirectly. The cross-sectional data used are based on
the Expenditure and Income Survey conducted by the Department of Statistics in 2008 and 2017.
The application of simple multivariate linear regression, including all the variables’ results, is listed
in Table 5. HDI is used as the dependent variable in this step. The variables included in the analysis
explain that the regional ratio of HDI with R? in the two years analysis is slightly the same. Changes
in the weights of the variables show a significant change through the years. In 2008, urbanization
had the most significant effect on HDI, while in 2017, energy expenditure and income were the
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significant factors. Regardless of significance, it is noted that the coefficient values changed
between the two years.

Table 5. Regression results for the primary and the secondary indicators against HDI.

Coefficients Variable HDI, 2008 Std. Error HDI, 2017 Std. Error

i} EE -0.016 0.000 -0.789* 0.000
B2 IN -0.285 0.000 1.072* 0.000
B3 WD -0.243 0.000 0.428 0.000
B4 UB 0.731** 0.029 0.303 0.038
Ps HE -0.316 0.000 -0.126 0.000
Ps ED 0.664 0.000 0.562 0.000
R? 0.814 0.813

Note: * 10% significance level, ** 5% significance level, and *** 1% significance level.

The regression analysis results between energy expenditure and HDI are listed in Table 6. The
findings indicate that energy expenditure explains itself in 30% and 10% of the variances of the
HDI. Energy expenditure plays a vital role in the distribution of the dependent variable. It is also
noticed that the relationship between the variables in 2017 is insignificant, and the coefficient value
has decreased compared with 2008, showing a slightly significant effect. The positive values
indicate that energy expenditure motivates HDI, enhancing human well-being. On the contrary,
declining energy expenditure hinders human well-being.

Table 6. Binary regression results between EE and HDI.

Coefficients HDI, 2008 Std. Error HDI, 2017 Std. Error
B 0.527* 0.000 0.316 0.000
R? 0.278 0.100

Note: * 10% significance level, ** 5% significance level, and *** 1% significance level.

Indirect paths should be constructed to understand how energy expenditure influences secondary
explanatory factors (step 4). In 2008, energy expenditure significantly affected income,
urbanization, health, and education expenditures. On the other hand, in 2017, energy expenditure
significantly affected income, health, and education expenditures. The results show that using
wood for heating has no significant relationship with energy expenditure in the two years and that
when a household chooses to spend more on energy services, the tendency to use wood for heating
decreases. In general, in the model, energy expenditure alone did not influence HDI in Jordan in
2008 but only in 2017. It is also noted that increasing the spending on energy affects HDI
negatively.

Regarding the secondary explanatory variable effect on the dependent variable, in 2008,
urbanization was the most significant effect on HDI, while in 2017, average annual income
significantly affected HDI. The shift from urbanization to income indicates that in Jordan, while
the urbanization level stabilized in recent years, income became more vital in determining the value
of HDI. Energy expenditure only had a significant effect on HDI in 2017.

Direct and indirect impacts on HDI

In the previous section, the strength of the paths was identified. In this step, the territorial impacts
of energy expenditure are identified. Here, the reason behind identifying the paths’ strengths is to
understand whether energy expenditure directly or indirectly (through the secondary explanatory
variables) impacts human well-being. B coefficient values of the binary regression are broken into
two parts (direct and indirect). Table 7 lists the results.
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Table 7. The roles of the direct and indirect paths in explaining the HDI.

HDI, 2008 HDI, 2017
Indirect 0.543 1.105
Direct -0.016 -0.789
Total 0.527 0.316

The direct effect of energy expenditure on HDI over the two years is negative. While appropriate
path parts are multiplied, indirect paths may pass across the primary and secondary variables,
combined from the beginning to the dependent variable (irrespective of significance). In 2008, the
indirect effect was calculated as follows: (0.751*-0.214) + (-0.332*-0.243) + (0.563*0.731) +
(0.846*-0.316) + (0.803*0.664) = 0.543. On the other hand, in 2017, it is calculated as follows:
(0.666*1.072) + (-0.107*0.428) + (0.427*0.303) + (0.528*-0.126) + (0.666*0.562) = 1.105.

The results of the path analysis show that the indirect effect of energy expenditure through other
economic and social factors is more significant than the direct effect. The results indicate that
human well-being will improve if energy expenditure is accompanied by increased income,
enhanced health and education, and urbanization development. Since the indirect impacts are more
significant, the change in the explanatory variable will take longer for the impacts to affect the
HDI.

2.3. Conclusions

This chapter asked several questions related to energy consumption, economic growth, climate
change, and Human well-being. The first part of the chapter employed the Toda-Yamamoto
causality test on annual data from 1990-2018. This part was concerned with offering a better
understanding of the situation at the national level and how each factor can impact the other. On
the other hand, the second part studied the relationships between energy expenditure and HDI
considering several socio-economic factors (secondary explanatory factors). The analysis was
based on cross-sectional data from two Jordanian surveys from 2008 and 2017.

The Toda-Yamamoto non-Granger causality test showed that energy consumption in Jordan causes
economic growth and greenhouse gas emissions. The results back the growth hypothesis, which
means that if Jordan continues in the growth process, energy will play an essential role. Moreover,
while the energy mix in Jordan is still dominant in fossil fuel, more emissions will be released from
consumption. Policies in Jordan should focus on offering incentives for adopting renewable energy,
upgrading the energy network, decentralizing the energy sector through energy community
initiatives, and improving energy efficiency. Such improvements would decrease GHG emissions
and ensure healthy economic development.

Path analysis results showed that energy expenditure in Jordan does not directly play a role in HDI.
On the other hand, the relationship is more significant through the indirect explanatory variables.
In 2008, urbanization was the primary significant explanatory variable where energy expenditure
in urban areas enhances the HDI, while in 2017, this relationship shifted from urbanization to total
annual income. Moreover, while the total indirect effect on HDI increased in 2017, the direct
impact became higher, and the results of the total effect showed a decrease between the two years.
Based on the findings, if people in Jordan spend more on household energy due to increased
consumption, it will reduce their well-being because it has a negative relationship with the Human
Development Index (HDI). However, combining energy expenditure with other factors like
income, health, and education expenditure will have a positive effect in the long term. Still, it will

13



take longer to see the results. Improving the quality of education and universal health services
alongside growth in income levels would enhance the level of human well-being in Jordan.

3. Measuring Energy Poverty in Jordan using the Multidimensional Approach

Energy poverty is a complex and multifaceted issue affecting individuals, households, and
communities worldwide. It refers to the inability of people to afford or access sufficient energy to
meet their basic needs and can have severe consequences for health, education, and economic
development. In this chapter, I aim to measure energy poverty in Jordan using a multidimensional
energy poverty index (MEPI) developed by Nussbaumer, Bazilian, and Modi (2012). Specifically,
I seek to answer the following questions: What characteristics of energy poverty in Jordan are
based on the multidimensional energy poverty index? Did energy poverty decrease between 2009
and 2018 as a timeframe of the study? Do Jordanian households benefit more from solar energy as
a source of energy? And What are the territorial differences regarding energy poverty in Jordan?

I will use data from the Demographic and Health Survey (DHS) conducted by the Jordanian
Department of Statistics in 2009 and 2017-2018 to address these questions. The DHS provides
detailed information on households’ health, fertility, and socio-economic profiles, including
indicators of multidimensional energy poverty. | will use the capabilities approach and the MEPI
to measure energy poverty in the Jordanian governorates and examine the urban and rural areas to
understand any differences in energy poverty between these two regions.

The analysis builds on the previous chapter, which examined the relationship between energy
expenditure and human well-being in Jordan and showed that other intermediatory factors
facilitated the relationship between these variables. By measuring energy poverty in Jordan using
a multidimensional approach, I aim to provide a nuanced understanding of the issue and its impacts
on the country’s individuals, households, and communities. However, it is worth noting that the
availability of data and the need for sufficient literature on energy poverty in Jordan force
limitations on this study.

The previous chapter examined the relationship between energy expenditure and human well-being
to connect expenditure patterns in the Jordanian governorates to human development while
considering other socio-economic factors using path analysis. The results showed that human well-
being in Jordan is not related directly to energy expenditure (consumption); other intermediatory
factors facilitated the relationship. Energy poverty must be measured after setting the broader
context of Jordan’s energy situation. This chapter is concerned with measuring energy poverty in
Jordan, recognizing the multidimensional nature of the issue. In contrast, using the subjective
approach, the next chapter measures fuel poverty in one governorate.

Results and Discussion

3.1. Estimation of energy poverty in Jordan

A MEPI was estimated for Jordan in 2009 and 2018. Moreover, the index was calculated for the
governorates, wealth index, and urban/rural levels. Figure 6 and Figure 7 show the spatial distribution
of the MEPI at the governorate level for 2009 and 2018, respectively. The results indicate that the
MEPI in Jordan was 0.20 in 2009 and 0.21 in 2018. The results reveal that the MEPI has increased
by 0.01 during the nine years between the two surveys. However, if MEPI1<0.6, households suffer
moderate energy poverty (Nussbaumer et al., 2012).

Nonetheless, with an average of 0.20 over nine years, energy poverty means the issue is persistent
and not truly realized. Ignoring energy poverty can lead to unfavorable consequences in the future.
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Energy poverty is connected to social welfare, other factors such as the socio-economic situation
of households, and environmental impacts such as climate change. Considering the headcount ratio
results, it shows that 53% of the population in 2009 experienced energy poverty, which increased
in 2018 to 60%. In addition, energy poverty intensity results indicate that the severity of energy
poverty decreased between the two years from 0.38 to 0.36, suggesting that poverty among poor
households or individuals is relatively severe. Table 8 lists more details regarding the values of the
headcount ratio, intensity of energy poverty, and the MEPI.

Table 8. Detailed MEPI results in Jordan, governorates, and the urban/rural levels.

Comparison Level/Year Headcount Ratio (H) Intensity of Energy Poverty (A) MEPI

2009 2018 2009 2018 2009 2018

Jordan 0.53 0.60 0.38 0.36 020 021
Mafraq 0.65 0.78 0.38 0.36 0.25 0.28
Zarga 0.52 0.63 0.39 0.39 0.20 0.24
Jerash 0.56 0.71 0.38 0.32 022 0.23
Madaba 0.51 0.62 0.38 0.38 019 0.23
Ma’an 0.54 0.61 0.39 0.36 0.21 0.22
Balga 0.51 0.55 0.40 0.38 020 021
Tafila 0.52 0.56 0.38 0.37 019 o021
Ajloun 0.49 0.62 0.38 0.32 0.19 0.20
Karak 0.60 0.56 0.39 0.37 0.23 0.20
Agaba 0.51 0.56 0.39 0.35 0.20 0.20
Irbid 0.47 0.56 0.38 0.34 0.18 0.19
Amman 0.44 0.46 0.38 0.37 0.17 0.17
Urban 0.48 0.59 0.38 0.36 018 021
Rural 0.62 0.64 0.38 0.36 0.24 0.23

Amman and Irbid are the least multidimensionally energy-poor regions in both years, with a MEPI
value of 0.17 and 0.18, respectively. Mafrag, a governorate in the country’s northern region, has
the highest MEPI values of 0.25 and 0.28 in 2009 and 2018, respectively. The city of Mafraq
accommodated the biggest refugee camp in the country, which was established after the civil war
in Syria. The sudden increase in the number of inhabitants placed pressure on resources and
opportunities in Jordan. Zarga witnessed a rise in the MEPI of 0.04; in Karak, the MEPI decreased
by 0.03. It is worth noting that Amman is the densest governorate in the country.

Regarding urban/rural residences, the results show that the energy poverty of urban residences
increased by 0.03. However, rural homes show a decrease in energy poverty of 0.01. It is worth
noting here that 0.98 of the population lives in urban areas, which means that an increase in energy
poverty is not a good sign regarding development, among the other social circumstances of the
urban areas. The results also show that the differences between urban and rural areas regarding
modern and sustainable energy availability are insignificant.
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Figure 6. MEPI Results in Jordan for the Figure 7. MEPI Results in Jordan for the
year 2009. year 2018.

Several governorates displayed noticeable changes in MEPI from 2009 to 2018. Nine of the twelve
governorates demonstrated an increase in MEPI during this period. Interestingly, Amman and
Agaba did not experience any significant change in MEPI between 2009 and 2018, while Karak
showed a slight improvement. The MEPI displayed varying trends over the study period across
different wealth categories. Notably, the poorest category showed a decrease in MEPI, declining
from nearly 0.36 to approximately 0.25.

On the other hand, the poorer category experienced a smaller decrease. However, the remaining
categories exhibited an increase in MEPI. While an increase in the MEPI might not be an ideal
indicator of household economic conditions, it was evident that the differences between the various
wealth categories reduced over time.

3.2. Conclusions

Multidimensional energy poverty was examined in this chapter for the years 2009 and 2017/2018.
In addition, the main factors affecting energy poverty were tested using the binary logistic
regression for 2017/2018 survey data. Despite the well-established literature on energy poverty,
there is still a research gap on the situation and extent of energy poverty in the Middle East and
Jordan. The results revealed that the MEPI in Jordan slightly increased between 2009 and 2018,
expressly by 0.01. Considering these results, it can be concluded that Jordanian households suffer
from moderate energy poverty. Furthermore, the results indicated that energy poverty might
increase if not addressed early. The problem of energy poverty is linked to many other issues, such
as climate change, health, and social justice.

In addition, the spatial distribution of energy poverty was estimated. The results showed that
disparities between Jordan’s governorates are not high. However, nine governorates witnessed an
increase in energy poverty, especially in Mafrag, a region that hosts the largest refugee camp in the
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country. Amman and Agaba saw no change, while Karak’s energy poverty decreased. Urban areas
showed increased energy poverty, while rural areas showed the opposite. Finally, energy poverty
based on the wealth index was estimated. The results revealed variations between the two years of
concern. Poor houses showed an improvement in energy poverty, living conditions, and ownership
of modern energy means. On the other hand, the rich showed signs of increased energy poverty,
which requires more research and indicates a continuous decrease in inequalities between different
social levels.

Based on the results discussed earlier, the following recommendations are suggested to identify
energy poverty in Jordan:

1. Include the concept of energy poverty in the national energy plan by identifying the scope
of energy poverty within the context of Jordan. The current Jordan Energy Strategy and
Energy Efficiency Plan do not mention energy poverty. On the contrary, it only focuses on
energy efficiency, which is not the only determining factor of energy poverty.

2. Assess the differences in residential energy consumption during the different seasons to
better understand the impacts of climate variations on household energy consumption.

3. Itis recommended to start collecting fuel/energy poverty data by adding more questions to
the national surveys about utility bill arrears and coping with indoor ambient temperatures
during the summer and winter. The MEPI lacks information on this because it tries to
capture energy poverty through the lens of available energy services and does not consider
other factors or dimensions.

4. It is recommended to broaden the programs launched by the government to support poor
people in improving house efficiency by creating house renovation fund programs.

5. The results suggest a revision of current energy subsidy programs to benefit energy-poor
households and increase the support to families that utilize solar energy for electricity
generation.

The results prove that energy access does not necessarily mean that energy poverty is alleviated;
however, achieving energy access can solve this issue. The problem of energy poverty is still not
fully realized at the household and policymaker levels. The empirical results of this study shed
light on the need to understand better the causes and effects of energy poverty on Jordanian
households. Further studies are needed to understand the socio-economic factors, health impacts,
financial burdens, or, more precisely, the multidimensional impacts of energy poverty on Jordanian
households.

4. Quantifying Household Energy Poverty Indicators in the Zarqa Governorate Using the
Subjective Approach

In chapter three, | estimated the multidimensional energy poverty index, which reflects modern
energy services availability at home and the household’s capability to achieve these services. The
index included data on the type of fuel cooking, indoor pollution, availability of household
appliances, telecommunication services, entertainment devices, and sustainable energy sources
utilized in the household.

This chapter aims to fill the gap in fuel poverty in Jordan and understand the significant factors
that affect fuel poverty in Jordanian houses. The importance of this chapter is represented by not
focusing on income and energy expenditure as the main factors of energy poverty but also the
significant characteristics of homes’ energy efficiency, thermal comfort, and financial difficulties
related to not being able to pay utilities on time. Additionally, this chapter addresses the
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characteristics of energy poverty in the summer and winter seasons. Finally, the outcomes of this
study will motivate the movement beyond traditional energy poverty assessment that focuses on
energy access represented by electricity access or the type of cooking fuel.

In this chapter, | seek to answer the following questions: What are energy efficiency characteristics
in the sample households? What is the difference between summer and winter regarding reported
energy poverty in the sample households? How are arrears on utility bills connected to other energy
poverty subjective indicators and income levels? What are the socio-economic determinants of
subjective energy poverty in the sample households?

4.1. Findings

4.1.1. Utility arrears in the past 12 months

The question about this indicator is, “In the past twelve months, has the household been in arrears,
i.e., has been unable to pay the utility bills (heating, electricity, gas, water, etc.) of the main
dwelling on time due to financial difficulties?”. The results show that 64.7% of the respondents
reported having utility arrears during the last twelve months, while the rest had no problems paying
the bills.

4.1.2. Characteristics of Households’ Energy Efficiency
The study uses three questions to identify issues related to the energy efficiency status of
households, focusing on the presence of humidity, poor ventilation, leaks, dampness, and rotting

window frames. The descriptive results of the responses are summarized in Table 9.

Table 9. Subjective characteristics of Households’ energy efficiency

The dimension Yes No
Does the household suffer from humidity 288 184
(61.1%) (38.9%)
Does the household suffer from Poor ventilation of the dwelling 157 316
(33.2%) (66.8%0)
Does the household suffer from a leaking roof, damp walls/floors/foundation, rot 336 137
in window frames or floor (71.1%) (28.9%)

As shown in the table, despite 61.1% of the respondents reporting humidity, 66.8% report good
ventilation in their households. In addition, the results also indicate that 71.1% of households suffer
from leaking roofs, damp walls/floors/foundations, or rotting window frames.

4.1.3. Characteristics of Summer Energy Poverty

Regardless of the literature on winter fuel poverty, this study tries to capture both summer and
winter characteristics. This section discusses summer energy difficulties and then moves to winter-
related ones. The questions related to summer are if the household suffers from high temperatures
during summer, whether the household can keep the household cool during summer, and whether
the household members have difficulty sleeping due to feeling too hot.
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Table 10 summarizes the descriptives of the mentioned questions. The table shows that 85.8% of
the respondents’ households suffer from high temperatures during summer, 64.5% cannot afford
to keep their homes adequately cool, and 65.2% have difficulties sleeping due to feeling too hot.

Table 10. Subjective characteristics of summer energy poverty

The dimension Yes No
High temperatures during summer 405 67 (14.2%)
(85.8%)
Can your household afford to keep its home adequately cool? 176 305 (64.5%)
(35.5%)
In the past twelve months, have the household members had any 308 164 (34.8%)
difficulties sleeping due to feeling too hot? (65.2%)

4.1.4. Characteristics of Winter Energy Poverty

Understanding the difference between summer and winter energy difficulties is essential. It can
lead to better formulation of policies that fit the Jordanian context and help predict the possible
adaptation measures to respond to future climate change. The same questions were used, but this
time focusing on Winter times. Table 11 summarizes the descriptive statistics. The results show
that despite 65.3% of the households being cold during winter, only 36.8% had difficulties sleeping
due to feeling cold.

Table 11. Subjective characteristics of winter energy poverty

The dimension Yes No
Cold and difficult to heat during winter 308 164
(65.3%) (34.7%)
Can your household afford to keep its home adequately warm? 222 251
(46.9%) (53.1%)
In the past twelve months, have the household members had difficulties sleeping 174 298
due to feeling too cold? (36.8%) (63.2%)

4.1.5. The association between variables, utility arrears under the lens

Since the variables of interest are categorical, the relationship is tested using the crosstabulation
function with Pearson’s chi-square test. Contingency tables compare observed frequencies with
expected ones (Field, 2017). In this section, there is an interest in comparing how respondents
describe the characteristics of energy poverty. Thus, this section will compare the data collected
about utility arrears with those collected on some energy poverty characteristics.

e Utility arrears vs. the presence of roof leaks/wall damps/rot window frames

Table 12 shows the contingency table between the two variables. The outcomes indicate that 79.3
percent of the respondents with utility arrears suffer from a leaking roof, damp walls, or a rot
window frame. However, around 55 percent of respondents who suffer from the issue have no
problems with utility arrears. The chi-square test value is 29.313, with a significance level of
<0.001; this result indicates that utility bill arrears are significantly associated with poor household
efficiency. Testing the strength of association revealed that the Phi value is 0.249 and P<0.0001,
indicating a statistically significant association between the two variables. In addition, the
relationship is positive, meaning that the relationship between the variables is direct and moderate.
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Table 12. Utility arrears vs. the presence of leaks, damp, or rot.

presence of leaks, damp, or rot Total
Yes No
Utility arrears  Yes  Count 242 63 305
% within Utility arrears 79.3% 20.7%  100.0%
No  Count 93 74 167
% within Utility arrears 55.7% 44.3%  100.0%
Total Count 335 137 472
% within Utility arrears 71.0% 29.0%  100.0%

o Utility arrears vs. the ability to keep the household adequately cool.

Comparing the utility bills arrears with the ability to cool the household shows that only 20.9
percent of the households suffering from arrears can afford to cool, while 79.1 percent cannot. At
the same time, 62.3 percent of the respondents who can cool their households do not have arrears
on utility bills. The chi-square value is 80.697 with a significance level of <0.001; this result
indicates that utility bill arrears are significantly associated with the ability to cool the household.
Table 13 shows more details on the associated relationship. The Phi value of the test (-0.413) and
significant (P-value<0.0001) indicates that the relationship between the two variables is inversely
moderate.

Table 13. Utility arrears vs. the ability to keep the household adequately cool.

Ability to keep home adequately cool Total
Yes No
Utility arrears ~ Yes  Count 64 242 306
% within Utility arrears 20.9% 79.1%  100.0%
No  Count 104 63 174
% within Utility arrears 62.3% 37.7%  100.0%
Total Count 168 305 473
% within Utility arrears 35.5% 64.5% 100.0%

e Utility arrears vs. the ability to keep the household adequately warm
When examining the responses related to keeping the household warm, Table 14

Table 14 shows that 74.3 percent of the respondents reported that they could heat their household
with no utility arrears. On the other hand, 68.2 percent of those with bills in arrears cannot heat
their homes adequately. The chi-square value is 78.093 with a significance level of <0.001; this
result indicates that utility bill arrears are significantly associated with the ability to warm the
household. Like the ability to keep the household cool, the Phi value (-0.407) shows an inverse
significant moderate association between the variables with a p-value<0.0001.
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Table 14. Utility arrears vs. the ability to keep home adequately warm.

Ability to keep home adequately warm Total
Yes No
Utility arrears  Yes  Count 97 208 305
% within Utility arrears 31.8% 68.2% 100.0%
No Count 124 43 173
% within Utility arrears 74.3% 25.7% 100.0%
Total Count 221 251 472
% within Utility arrears 46.8% 53.2% 100.0%

e Characteristics of income levels and fuel poverty.

The questionnaire respondents were asked to report their income within seven categories. In
Jordan, the minimum monthly wage is 260 Jordanian Dinars (JOD) according to 2022 regulations.
Among the respondents, those with a monthly income of 261 — 400 JOD have a higher ratio of
utility arrears, followed by those whose income is less than 260 JOD. The chi-square value is
58.187, with a p-value of <0.0001. In the income level, Cramer’s V was estimated, and the results
revealed a direct significant moderate relationship with a value of 0.351 and P-value<0.0001. Table
15 details the association between income level and utility arrears.

Table 15. Utility arrears vs. income levels

Total disposable income

<260 261 —400 401-550 551-700 701-850 851 — >1000 Total
JOD JOD JOD JOD JOD 1000 JOD JOD
Utility Yes Count 62 98 49 40 24 22 10 305
arrears
% within utility 20.3% 32.1% 16.1% 13.1% 7.9% 7.2% 3.3% 100
arrears %
No Count 7 37 30 20 27 15 30 166
% within utility 4.2% 22.3% 18.1% 12.0% 16.3% 9.0% 18.1% 100
arrears %
Total Count 69 135 79 60 51 37 40 471
% within utility 14.6% 28.7% 16.8% 12.7% 10.8% 7.9% 8.5% 100
arrears %

4.1.6. Composite measurement of energy poverty in Zarga governorate

Calculating the composite index of energy poverty in Zarga governorate yielded a significant result.
This framework operates under the assumption that relying solely on consensual measures, such as
self-reported inability to maintain adequate warmth, is inadequate for comprehensively grasping
the intricate economic and material foundations of energy poverty. Hence, it advocates the
incorporation of supplementary indicators elucidating the housing and financial circumstances of
the populace to achieve a more comprehensive and holistic understanding (Bouzarovski, 2014;
Dubois, 2012).

The results of estimating the Energy Poverty Index are listed in Table 16. In general, when using
an equal weight for all the indicators, energy poverty is high (64.27). On the other hand, when the
Inability to cool during summer takes a weight of 0.5 and is used with arrears (0.25) and house
faults (0.25), energy poverty increases slightly to 66.97. In contrast, when focusing on the inability
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to warm the household, energy poverty decreases to levels lower than the general index (61.58). In
general, the results are relatively stable in all three cases, while it is important to note that summer
energy poverty is higher than in the winter season.

Table 16. Energy Poverty composite levels in Zarga governorate.

Inabilityy, Inabilityg Arrears House faults EPI
Equal Weights (0.25) 0.14 0.16 0.17 0.18 64.27
Summer EPI 0.32 0.17 0.18 66.97
Winter EPI 0.27 0.17 0.18 61.58

4.1.7. Determinants of fuel poverty indicators in Zarga governorate

Four logistic regression models were built to determine the factors that affect the occurrence of
arrears on utility bills, the household’s inability to pay to keep the home adequately warm or cool,
and the presence of leaks, dampness, or rot. Following the literature, the backward likelihood ratio
is advised as it enters all the variables in the first step of the analysis and removes the variables that
can affect the model fit to observed data (Field, 2009; Thomson and Snell, 2013). The explanatory
variables were selected based on the literature and the interest in exploring the relationship of new
variables to fuel poverty. In each model and by using the backward likelihood ratio, we aimed to
include different socio-economic variables in the initial model and allow SPSS to eliminate the
variables with no relationship to the dependent variable. As mentioned earlier, this study aims to
explore the factors that can influence the fuel poverty different characteristics in Zarga
Governorate. Thus, instead of including only those cited in the literature, we included new factors
in each model. For clarity, all the factors entered in the model’s first step are mentioned under the
results tables.

e Modeling the determinants of arrears on utility bills.

A logistic regression uses sociodemographic variables to predict if a household will struggle with
utility arrears. According to Table 17, the model chi-square result suggests that the overall model
is statistically significant and that the predictors are related to the outcome value. The -2 log-
likelihood result indicates that the model fits the mode well, whereas Nagelkerke’s R-square
revealed that the model explains 40.6% of the variance in the dependent variable. Lastly, the
Hosmer and Lemeshow Test results indicate that the logistic regression model fits the observed
data well.

Table 17. Logistic regression model statistics to predict utility arrears.

df significance
Model chi-square 165.379 22 0.000
-2 log-likelihood 448.008
Nagelkerke R Square 0.406
Hosmer and Lemeshow Test 9.142 8 0.330

The results indicated that living in Table 18 a rural area increases the odds of utility arrears by
39.9% more than living in urban areas. The results also suggest that homes not using solar energy
to produce electricity have a higher odd of 31.52% of experiencing utility arrears, which indicates
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that households who manage to install solar panels to produce electricity can save money compared
to those who don’t have such technology Additionally, retired household heads decrease the odds
of having utility arrears by 2.56% compared with employed household heads. On the other hand,
economically inactive or unemployed households cannot predict utility arrears.

Compared to income levels less than 260 JOD, the odds of experiencing utility arrears decrease
with increasing income levels; the relationship is significant except for households with 551 — 700
JOD and 851 — 1000 JOD. Income levels and occupation of the head results suggest that increasing
the minimum wages and improving life quality can help households escape fuel poverty by
decreasing the chances of having utility arrears. In addition, leaks, dampness, rot, and the inability
to cool or warm the households increase the odds of having utility arrears more than in households
without such problems. The results indicate that if a household has one of the difficulties related to
fuel poverty, it will have a higher chance of suffering from all other energy-related hardships.

Table 18. Logistic regression model to predict utility arrears.

B Sig. 95% C.l.for EXP(B)

Lower Exp(B) Upper
Rural (1 = yes) 1.383 0.000 1.85 3.989 8.598
Using solar energy to generate electricity (1 = no) 1.148 0.024 1.166 3.152 8.524
Occupation of the head of the head 0.063
Unemployed 0.247 0.694 0.375 1.28 4.365
Economically Inactive -0.601  0.293 0.179 0.548 1.679
Retired -1.363  0.014 0.086 0.256 0.761
Source of Income 0.117
Household business 1.024 0.019 1.186 2.785 6.542
Pensions 1.13 0.051 0.995 3.097 9.633
Remittances from country or abroad 0.63 0.473 0.336 1.877 10.5
Other 0.205 0.707 0.422 1.227 3.574
Total disposable income 0.003
261 — 400 JOD -0.869  0.093 0.152 0.419 1.157
401 - 550 JOD -1.154  0.037 0.107 0.315 0.933
551 — 700 JOD -0.79 0.174 0.145 0.454 1.417
701 — 850 JOD -1.756  0.003 0.054 0.173 0.549
851 —1000 JOD -0.731  0.237 0.143 0.481 1.617
More than 1000 JOD -2.306  0.000 0.028 0.1 0.354
Ability to keep home adequately warm (1 = no) 0.875 0.002 1.377 2.398 4.175
Ability to keep home adequately cool (1 = no) 1.185 0.000 1.904 3.271 5.62
presence of leaks, damp, or rot (1 = yes) 0.522 0.045 1.011 1.685 2.808
Constant -1.118  0.141 0.327

Variable(s) entered on step 1: District, Urban/rural, Type of dwelling, Tenure type, Dominant means of cooling, Main
source of heating, Does the dwelling use solar energy to generate electricity? Occupation of the head, Source of
Income, Total disposable income, can your household afford to keep its home adequately warm? Can your household
afford to keep its home adequately cool? Presence of leaks, damp, or rot.

e Determinants of the ability to cool
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In Table 19, the binary logistic regression model results suggest that the model is statistically
significant (Chi-square = 215.645, p < 0.001), indicating that the independent variables included
in the model are collectively associated with the ability to pay to cool home. The -2 log-likelihood
of 398.459 shows an acceptable model fit to the data. The Nagelkerke R Square of 0.504 suggests
that approximately 50.4% of the variance in the dependent variable can be explained by the
independent variables included in the model. Moreover, the Hosmer and Lemeshow Test results
indicate that the logistic regression model fits the observed data well.

Table 19. Model statistics of the ability to pay to keep the household adequately cool.

df significance
Model chi-square 215.645 13 0.000
-2 log-likelihood 398.459
Nagelkerke R Square 0.504
Hosmer and Lemeshow Test 11.024 8 0.200

The results in Table 20 revealed that the coefficients of the variables Arrears on utility bills in the
last twelve months, High temperatures during summer, and Difficulty sleeping due to feeling hot
increase the odds of difficulty keeping the home cool and are statistically significant at the 0.05
level. Being retired, compared to being employed, shows a statistically significant association with
a higher likelihood (2.104 times higher odds) of being unable to keep the household cool. In
addition, households with a larger area in the range of 100-199 m? and 200-299 m? exhibit a
statistically significantly higher likelihood of keeping the household cool compared to households
with an area less than 50 m?. Moreover, households with incomes in the 261-400 JOD and 851-
1000 JOD range showed a statistically significantly higher likelihood of maintaining a cool
household compared to households with incomes less than 261 JOD. However, income ranges of
401-550 JOD, 551-700 JOD, 701-850 JOD, and more than 1000 JOD did not demonstrate a
significant relationship with the ability to keep the household cool.

Table 20. Logistic regression results of the factors affecting the ability to keep the household
cool.

B Sig. 95% C.I.for EXP(B)

Lower  Exp(B)  Upper
Occupation of the head of the head 0.045
Unemployed -0.692 0.200 0.173 0.5 1.444
Economically Inactive -0.253 0.665 0.247 0.777 244
Retired 0.744 0.022 1.111 2.104 3.981
Total disposable income 0.049
261 — 400 JOD -1.084 0.045 0.117 0.338 0.976
401 -550JOD -0.964 0.099 0.121 0.381 1.201
551 — 700 JOD -0.113 0.854 0.268 0.893 2.98
701 -850 JOD -0.643 0.297 0.157 0.526 1.76
851 — 1000 JOD -1.702 0.009 0.051 0.182 0.657
More than 1000 JOD -0.883 0.184 0.113 0.414 1.519
Arrears on utility bills in the last twelve months (1 1.471 0.000 2.566 4.354 7.388
= yes
Dz‘figulty sleeping due to feeling hot (1 = yes) 1.875 0.000 3.719 6.518 11.424
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High temperatures during summer (1 = yes) 1.351 0.000 1.806 3.859 8.246

Dwelling Area 0.000

100 199 m? -1.129 0.005 0.148 0.323 0.705
200 — 299 m? -2.267 0.000 0.037 0.104 0.287
More than 300 m? -1.083 0.150 0.078 0.339 1.478
Constant -0.743 0.281 0.475

Variable(s) entered on step 1: District, Urban/rural, Does the dwelling use solar energy to generate electricity?
Occupation of the head, Source of Income, Total disposable income, a leaking roof, damp walls/floors/foundation, rot
in window frames or floor, Utility arrears in the past 12 months, hot/difficulties sleeping, High temperatures during
summer, area of the dwelling.

e Determinants of the ability to heat
The binary logistic regression model results in Table 21 revealed a significant chi-square value of
206.838 and a p-value of 0.000, indicating that the model is statistically significant. The -2 log-
likelihood of 445.995 shows an acceptable model fit to the data. The Nagelkerke R Square suggests
that approximately 47.4% of the variance in the dependent variable can be explained by the
independent variables included in the model. Furthermore, the Hosmer and Lemeshow Test results
indicate that the logistic regression model fits the observed data well.

Table 21. Model statistics of the ability to pay to keep the household adequately warm.

df significance
Model chi-square 206.838 13 0.000
-2 log-likelihood 445,995
Nagelkerke R Square 0.474
Hosmer and Lemeshow Test 6.339 8 0.609

The results in Table 22 revealed that households not using solar energy have less chance of having
heating difficulties during winter. Still, the significance of the relationship is slightly low (>0.05).
As the results previously showed, difficulties in warming the household are significantly related to
leaks, dampness, rotting window frames, and arrears on utility bills. In terms of dwelling area, the
results show that compared to households with 50-100 m2, larger households will have less
likelihood of having difficulties warming the household, but with odds ratios that are very low.
Moreover, households with difficulty heating during winter and their members having difficulty
sleeping due to feeling cold have a higher likelihood of experiencing difficulties in warming their
households properly by increasing the odds by 41.58% and 33.09%, respectively.

Table 22. Logistic regression results of the factors affecting the ability to keep the household
warm.

B Sig. 95% C.l.for EXP(B)

Lower Exp(B) Upper
Using solar energy to generate electricity (1 = no) -1.04  0.065 0.117 0.353 1.068
presence of leaks, damp, or rot (1 = yes) 0.532 0.048 1.005 1.702 2.883
Arrears on utility bills in the last twelve months (1 = yes) 1.361 0.000 2.364 3.900 6.433
Area of dwelling 0.000
100 199 m? -1.503 0.000 0.115 0.222 0.431
200 — 299 m? -1.818 0.000 0.067 0.162 0.391
More than 300 m? -1.774  0.007  0.047 0.17 0.613
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Cold and difficulty of heating during winter (1 = yes) 1.425 0.000 2.515 4.158 6.876
Difficulty sleeping due to feeling cold (1 = yes) 1.197 0.000 1.979 3.309 5.532
Constant -0.212 0.751 0.809

Variable(s) entered on step 1: District, Urban/rural, Does the dwelling use solar energy to generate electricity?
Occupation of the head, Source of Income, Total disposable income, a leaking roof, damp walls/floors/foundation, rot
in window frames or floor, Utility arrears in the past 12 months, area of the dwelling, Main source of heating, Cold,
and difficulty of heating during winter, Cold/difficulties to sleep, type of dwelling.

e Determinants of the presence of leaks, damp, or rot
Table 23 shows that the model statistics and fit are statistically significant. Moreover, the
Nagelkerke R Square suggests that the independent variables included in the model can explain
approximately 46.9% of the variance in the presence of leaks. Finally, the Hosmer and Lemeshow
Test results indicate that the logistic regression model fits the observed data well.

Table 23. Model statistics of the presence of leaks, damp or rot

df significance
Model chi-square 192.820 15 0.000
-2 log-likelihood 375.391
Nagelkerke R Square 0.479
Hosmer and Lemeshow Test 6.202 8 0.625

Modeling the determinants of leaks, dampness, or rot in Table 24 revealed that compared to the
employed head of the household, other categories decrease the odds of having the problem, and the
retired head category shows a significant relationship. The results indicate that homes with utility
arrears, humidity problems, and poor ventilation have increased odds of having leaks, damp, or rot
issues. For instance, humidity has increased the odds by 140%, increasing the probability of leaks,
dampness, or rot in the household. Finally, compared to household salaries and wages, households
with income sources “business or pensions” have higher odds of having issues related to leaks.

Table 24. Logistic regression results of the factors affecting the presence of leaks, damp, or
rot.

B Sig. 95% C.l.for EXP(B)
Lower Exp(B) Upper

Occupation of the head of the head 0.099

Unemployed -0.637 0.280 0.167 0.529 1.679
Inactive economically -1.192 0.066 0.085 0.304 1.081
Retired -1.233  0.030 0.096 0.291 0.888
Source of Income 0.041

Household business 0.983 0.033 1.082 2.671 6.596
Pensions 1557 0.008 1511 4747 14915
Remittances from country or abroad 0.388 0.714 0.185 1474  11.763
Other 1.109 0.091 0.839 3.032 10.961
Arrears on utility bills in the last twelve months (1 = yes) 0.899 0.001 1.45 2.458 4.169
Humidity (1 = yes) 2.641 0.000 8.053 14.023 24.417
Poor ventilation of the dwelling (1 = yes) 0.88 0.013 1.201 241 4.836
Constant -1.23  0.000 0.292
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Variable(s) entered on step 1: District, Urban/rural, Does the dwelling use solar energy to generate electricity?
Occupation of the head, Source of Income, Total disposable income, Utility arrears in the past 12 months, area of the
dwelling, Main source of heating, type of dwelling, Can your household afford to keep its home adequately warm?
Can your household afford to keep its home adequately cool? Cold and difficulty of heating during winter, High
temperatures during summer, Humidity, and Poor ventilation of the dwelling.

4.2. Discussion and Conclusions

The present chapter aimed to examine households’ energy poverty indicators by surveying the self-
reported summer and winter fuel poverty indicators, observe the association between different
subjective indicators and income and arrears on utility bills, and evaluate the factors determining
the possibility of fuel poverty with the respondents’ group in the Zarga governorate. The results
shed light on several key issues related to fuel poverty and energy efficiency in the Zarga
governorate.

One significant finding of this chapter is that respondents’ households suffer from problems related
to building efficiency. Even when the respondents report good ventilation in their homes, they still
face humidity-related issues and a leaking roof, damp walls/floors/foundation, or rot window
frames. This indicates that households in the Zarga governorate face significant challenges related
to building conditions, which can contribute to higher energy usage and fuel poverty.

The results also highlight the significant impact of summer-related energy problems on households
in the Zarga governorate. Many households reported suffering from high temperatures in the
summer season but cannot afford to cool down. This not only affects their comfort but also poses
sleep difficulties. It also shows that many households cannot afford to cool down even if they
recognize that they suffer from high temperatures in the summer season. Even though most
respondents reported that they suffer from cold indoor temperatures and difficulties adequately
warming, most do not have problems sleeping due to feeling cold. This difference might be referred
to as the fact that people can use different mechanisms to deal with cold rooms by wearing extra
layers of clothes (and/or) using extra blankets to warm themselves. It is worth noting that the
heating system in Jordan, as shown previously, is centered around using gas and kerosene heaters,
which are portable devices usually used in one or two rooms in the house, leaving the rest of the
rooms unheated.

Moreover, unlike in summer, in winter, people cannot keep heaters on while sleeping, so they turn
them off to avoid the risk of suffocating or burning the house. In addition, the Energy Poverty
Index was calculated using four indicators that reflect seasonal differences represented by the
ability to heat or cool the household, arrears on utility bills, and house faults. The results revealed
that using the index energy poverty levels are high, especially in summer, highlighting the possible
impacts of Jordan’s climate on people’s ability to cope with summer energy needs.

Modeling the determinants of fuel poverty revealed interesting results. For example, utility arrears
are more likely to happen in rural areas. In addition, the results also show that income is critical in
increasing fuel poverty, as higher-income households are less likely to experience utility arrears.
The results showed that when income increases, utility arrears decrease, indicating that a better
economic situation means a lower chance of falling into fuel poverty situations. The results indicate
that improving household income levels can help eliminate fuel poverty.

Modeling the inability to cool the households revealed similar results to utility arrears regarding
the relationship to income. In Jordan, the number and frequency of heat stress days can threaten
families in terms of their ability to adequately cool their households in summer (Jaber, 2023). The
results also indicate that the inability to cool and warm the household adequately has a negative
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link to the dwelling size. The results suggest that within the sample, those with smaller dwellings
may suffer from issues related to achieving thermal comfort, which is also linked to the household’s
energy efficiency characteristics. Finally, modeling the presence of leaks, dampness, or rot revealed
that this issue is more likely to appear in households with negative energy efficiency characteristics,
have arrears on their utility bills, and happen in households relying on pensions and private business
as a source of income. The results indicate that the survey respondents generally live in households
with poor insulation and cannot afford to maintain a comfortable indoor temperature during the
different seasons, which probably leads to higher energy consumption and accumulation of bills.
The findings highlight the challenges faced by households in terms of building efficiency and
energy affordability, particularly during the summer and winter months. These challenges are more
severe for low-income households and those living in rural areas.

Regarding policy interventions, improving building efficiency through insulation and
weatherization measures and promoting the use of renewable energy sources could alleviate the
burden of energy costs on households. Additionally, targeted subsidies and financial assistance
programs could relieve households experiencing fuel poverty. Policies must consider the specific
needs and circumstances of vulnerable families in the Zarga governorate.

In conclusion, while the limitations should be acknowledged, the findings highlight the urgent need
to address fuel poverty in the Zarga governorate and Jordan. Targeted policy interventions are
necessary to improve building efficiency and energy affordability, particularly for vulnerable
households. Further research is needed to understand the factors contributing to energy poverty and
develop practical policy solutions.

5. Conclusions and Policy Recommendations
5.1. Summary

Theories perceive energy in different ways. While environmental economics is the field where the
moral approach of allocating resources is counted, natural resources economics has a better
recognition for energy economics. Natural resources economics recognizes two dimensions of
energy economics: first, energy is a critical input as a power source, and second, energy is a source
of pollution.

Through reviewing relevant theories, energy economics shows a better point of view when it comes
to energy poverty. | examined how energy demand can determine societies’ probability of
achieving the desired service. In the review, | showed that energy demand could be understood
from two different points of view: microeconomics and macroeconomics. For example, the first is
determined by energy use intensity and efficiency, while the latter focuses more on per capita
income, GDP, and relative energy prices. Finally, Zweifel, Praktiknjo and Erdmann (2017) argue
that energy demand would increase if the population grows, alongside income and economic
growth.

In the later parts, | reviewed the energy ladder and energy stacking theories. | showed that the main
difference between the two concepts is that the energy ladder shows that when the economic status
improves, a household can move from low-quality fuel to a better and cleaner one. On the hand,
energy stacking shows that households can switch between different types of fuels as the economic
situation may change with time.

In the second chapter of my study, | aimed to examine the interplay between energy poverty,
economic growth, and climate change while also considering the theories of environmental and
energy economics, as well as energy justice and the energy ladder concept.
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To explore these relationships, |1 employed two distinct approaches. Firstly, | utilized the Toda-
Yamamoto non-Granger causality test to analyze the connection between economic growth, energy
consumption, and greenhouse gas (GHG) emissions in Jordan. The outcomes of this analysis
demonstrated that as energy consumption increases in Jordan, it contributes to economic growth.
However, it also leads to a simultaneous rise in GHG emissions, highlighting the environmental
challenges associated with energy use. These findings align with environmental and energy
economics principles, emphasizing the importance of sustainable energy practices to balance
economic development and environmental concerns.

Secondly, while considering energy justice and the energy ladder concept, | delved into the
relationship between energy expenditure (as a proxy for energy consumption) and the Human
Development Index (HDI). Employing path analysis within the 12 governorates of Jordan, |
investigated the direct and indirect associations between energy expenditure and HDI using various
socio-economic indicators. The results revealed a negative direct relationship between energy
expenditure and HDI, indicating potential energy justice issues where higher energy expenditure
does not necessarily translate into improved human well-being. However, the indirect relationship,
encompassing intermediate indicators, displayed a positive association. This finding aligns with
the energy ladder concept, highlighting the importance of transitioning to cleaner and more
sustainable energy sources to enhance human development outcomes. In the third chapter of my
study, I employed a modified version of the Multidimensional Energy Poverty Index (MEPI) to
assess changes in energy poverty in Jordan between 2009 and 2017. By examining these changes
through the capabilities approach and the energy ladder theory lenses, | gained more profound
insights into the dynamics of energy poverty in the context of human capabilities and sustainable
energy transitions.

The MEPI, incorporating dimensions such as cooking fuel, kitchen location, appliance ownership,
access to modern communication means, and the presence of a solar water heater, allowed for a
comprehensive assessment of energy poverty. Drawing from the capabilities approach, which
emphasizes individuals’ freedom to live fulfilling lives, my study recognized the crucial role of
access to modern energy services in enhancing human capabilities and well-being.

Analyzing the results of the MEPI, | found that the overall index did not undergo significant
changes between the two study years, indicating that energy poverty in Jordan remained relatively
stable. However, variations were observed at the governorate, rural/urban, and wealth index levels.
Notably, the highest MEPI score was recorded in Mafraq Governorate, suggesting lower energy
poverty, while the Capital Region Amman had the lowest score, indicating relatively higher energy
poverty levels.

These findings, when viewed through the lens of the energy ladder theory, shed light on the
progress made in transitioning to cleaner and more sustainable energy sources. The presence of a
solar water heater as a clean energy source in households correlated with higher MEPI scores,
reflecting advancements along the energy ladder. Moreover, the slight decrease in MEPI scores in
rural areas and the increase in urban areas indicated a potential upward movement within the energy
ladder for urban households. The fourth chapter aimed to deepen the understanding of energy
poverty in Jordan by examining household energy-related challenges. Due to data limitations, a
survey was constructed based on existing literature, and responses were collected from residents
of the Zarga Governorate. Through the analysis of the collected data, several key findings emerged,
which can be understood within the frameworks of the energy ladder, energy stacking, energy
justice, and the capabilities approach.

The findings revealed poor building energy efficiency as a prominent characteristic of energy
poverty, indicating the need for transitioning along the energy ladder towards cleaner and more
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efficient energy sources. Additionally, households faced challenges in adequately cooling or
warming their homes, suggesting reliance on multiple energy sources, aligning with energy
stacking.

Moreover, the results indicated issues related to utility bill arrears and disparities between rural and
urban areas, highlighting the relevance of energy justice considerations. Ensuring equitable access
to affordable and reliable energy services is crucial to addressing these disparities and promoting
household energy justice.

Drawing from the capabilities approach, the findings emphasized the impact of energy-related
challenges on individuals’ capabilities. Enhancing energy infrastructure and implementing policies
that improve energy access can empower individuals to overcome fuel poverty and fully realize
their capabilities. Based on the results of my dissertation, | formed the following theses:

H1. T1: Energy consumption Granger causes both economic growth and greenhouse gas emissions in
Accepted Jordan. The analysis confirms the growth hypothesis. Since the relationship is significant, as energy
consumption increases, economic growth will increase but at the expense of emitting more GHG

emissions.
H2. T2a: The path analysis indicates that human development in Jordan is not directly affected by energy
Partially consumption, where the relationship is negative and increased between 2008 and 2017. The impact

Accepted of energy expenditure on human development is slow and takes more time to appear.
T2b: Indirect impact of energy expenditure through income, urbanization, health, and education
expenditure has a positive impact on HDI, and investing in improving those services would boost
HDI in the future. The path analysis also indicates that Jordanian society reacts slowly to new policy
adjustments.

H3. T3: Based on the MEPI, Jordanian households suffer from moderate energy poverty. Energy poverty

Accepted may increase if not appropriately addressed and targeted interventions implemented to enhance the
capability of Jordanian households to utilize energy effectively.

H4. T4: The levels of energy poverty in Jordan vary by governorate, with the highest levels observed in

Partially Mafrag, where the largest refugee camp is located. These results highlight the need to consider the

Accepted unique socio-economic and structural factors contributing to each region’s energy poverty when
designing and implementing policies and programs to address this issue in Jordan.

H5. T5: Households in Zarga Governorate suffer from poor energy efficiency, represented by humidity

Accepted and the presence of leaks, wall dampness, and rotting window frames.

He6. T6: Energy poverty in summer is more prevalent than in winter in Zarga Governorate; this was

Rejected reported as high temperatures, inability to cool efficiently, and difficulty sleeping due to high
temperatures.

H7. T7: The empirical evidence establishes a clear correlation between income and energy poverty on

Accepted utility arrears and the inability to cool residential dwellings adequately. Conversely, this correlation
lacks significance concerning the inability to heat premises sufficiently and the occurrence of leaks,
wall dampness, and deteriorated window frames.

5.2. What is energy poverty, and how the results of this dissertation can be translated in reality?

In this dissertation, | applied multiple methods to assess energy poverty in Jordan. This issue is
multifaceted, and thus, to understand it better, especially in the case of Jordan, where the concept
is relatively related to the traditional energy access percentage in any developing country.

In the second chapter, as energy consumption determines economic growth, any strategic plans for
the energy system should be cautious that reducing energy consumption will negatively impact the
Jordanian economy. Thus, a transition in the system should be gradual, and the consumption
patterns in the different sectors should be considered. Moreover, future plans should consider a gap
between the Jordanian governorates on the one hand and the Amman governorate on the other. |
proved in my analysis that residential energy expenditure (consumption) has a direct negative
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relationship with human well-being, indicating a gap between households’ energy needs and
practices and what can be optimum for Jordanian households. Future energy plans that target
improving efficiency in the residential sector should include the users’ perspective and consider
the population growth and the energy consumption differences in the different regions.

The results in chapters three and four have a direct recommendation in terms of alleviating energy
poverty. While energy poverty is multidimensional, ownership of modern appliances comes with
the cost of being able to afford and maintain it in the long term. The results from the third chapter
recommend that development projects target governorates with the highest energy poverty score.
Moreover, energy poverty as an issue affecting households should be included in future policies
and laws to result in programs supporting families that fall under energy poverty. Policies should
include improving energy efficiency, implementing retrofitting programs in older buildings, and
further investigating the pricing of fuels and affordability to households.

In conclusion, | suggest a modified definition of energy poverty based on my results for Jordan:
“A situation arises when a household has poor energy efficiency; is incapable of achieving
appropriate energy services which are modern, and sustainable due to economic or social
barriers.”

The suggested definition realizes the multidimensional nature of energy poverty, emphasizing the
importance of improving energy efficiency and enhancing the economic and social position of the
energy poor in Jordan. As the country is moving forward with an energy transition to increase the
reliance on renewable energy and achieve energy security, it is essential to include those with
energy hardships in the strategies and the plans from the beginning so they will not suffer from
further implications of energy poverty.

The importance of my research results shed light on an issue that was neglected for a long time.
Current results show that households in Jordan face different forms of energy poverty. These forms
hinder people’s ability to access new technologies or benefit from energy efficiency improvements.

5.3. Future Research Plan

While writing my dissertation, | encountered several research-oriented areas and topics | plan to
study. These are the following:
1. Investigating the impact of energy prices on households’ energy consumption patterns in
Jordan.
2. Investigating the coping strategies that the energy-poor households in Jordan follow to deal
with energy hardships.
Investigating energy and transport poverty in Jordan.
Assessing energy transition in Jordan and the possible impacts on energy poverty.
Investigating energy inequality and the consequences on energy transition in Jordan.
Investigating the impacts of severe weather events in both winter and summer on Jordanian
households’ energy consumption, especially those who suffer from energy poverty.
Examining the relationship between energy and water poverty in Jordan.
8. Analysis of possible impacts of energy transition in Jordan on the prevalence of energy
poverty.
9. Expand the study of energy poverty and energy poverty alleviation possibility in the Middle
East and North Africa region.
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