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Abstract 

High and sustained economic growth rates of the Ghanaian economy in the past two to three decades have been 
accompanied by a growing urban middle class. With a rapidly growing middle class, overall consumption is not 
only increasing but changing too. This paper analyses the asset ownership patterns among the Ghanaian middle 
class, and examines the effect of household wealth, environmental concern and environmental knowledge on 
carbon dioxide emissions emanating from energy use and transport based on urban household survey data collected 
in Accra, the capital city, in 2018. We find that middle class households consume a variety of energy intensive 
consumer goods, and the intensity of consumption increases with household wealth. Regression results reveal 
statistically significant relationship between household wealth and carbon emissions from energy and transport 
use. We also find that environmental knowledge has a statistically negative effect on carbon emissions from 
transport. The policy implications are discussed. 

Keywords: middle class, carbon dioxide emissions, sustainable consumption, household wealth, environmental 
concern, environmental knowledge, Ghana. 

1. Introduction  

Although the contribution of developing economies to global greenhouse gas (GHG) emissions remains 
historically meagre, levels of energy consumption in emerging economies have grown steadily at the turn of the 
millennium (Murthy et al., 2006). Per capita income growth, population growth and rapid urbanisation in many 
cities of developing countries have led to more carbon-intensive consumption lifestyles (Belloumi and Alshehry, 
2016; Elliott et al., 2014; Jones, 1991). This trend has occasioned renewed interest not only in the adverse 
environmental impacts of production systems, but also the consumption patterns of the growing middle classes in 
these countries. The middle class represents a wellspring of consumers with sufficient income levels to purchase 
and use energy-intensive products (de Koning et al., 2015; King et al., 2008; Schmidt, 2009).  

Ghana, which became a lower-middle income country in 2010, began to witness positive growth in the early 1980s 
following implementation of economic and structural reforms, after about a decade of economic stagnation. The 
positive growth continued into the 1990s and beyond, averaging more than 7 percent per annum since 2005. This 
sustained growth has translated into increased per capita income. Ghana also recorded consistent declines in the 
incidence of poverty between 1991 and 2017. (Note 1) These positive economic gains have been accompanied by 
a growing middle class, particularly in the urban areas of the country. Growth incidence analyses show that 
consumption growth in Ghana over the past two decades have concentrated above the fourth decile of the income 
distribution (Cooke et al., 2016; Senadza, 2013). With a rapidly growing middle class, overall consumption is not 
only increasing but changing too. Ghana’s gross domestic product (GDP) has been rebased (Note 2) twice between 
2010 and 2018 to reflect the current size of the economy and structural changes in production and consumption.  

A growing middle class is beneficial from a development point of view as it provides a solid foundation for 
economic progress by driving domestic consumption and demand. At the same time the lifestyle or consumption 
choices of the middle class have implications for carbon dioxide (CO2) emissions and the environment generally. 
While the pursuit of strategies to reduce GHG emissions in industry have gained some attention, albeit Ghana’s 
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contribution to global GHG emissions is meagre by international standards (Benefoh and Ackom, 2016), not much 
has been done in the area of households' consumption lifestyles in the overall emissions dialogue. Households 
directly and indirectly contribute to rising CO2 emissions from the consumption of various goods and services 
(Serino and Klasen, 2015). The consumption choices of households can therefore play an important role in 
determining current and future volumes of GHG emissions (Girod and de Haan, 2010). Zhang (2011) argues that 
a sound financial environment, for example, provides consumers with the power to make big-ticket purchases such 
as automobiles and household appliances, which increases the rate of emissions. With a growing middle class 
made possible by rising per capita incomes, consumption patterns are likely to change towards more carbon 
intensive lifestyles. At the same time the theory of planned behaviour (Ajzen, 1985) posits that strong 
environmental values may influence attitudes, which in turn may lead to proenvironmental behaviour. Thus, if 
middle class households have strong environmental values, they may lead lifestyles that could moderate levels of 
carbon consumption. It is therefore imperative to identify opportunities for sustainable consumption to mitigate 
possible negative effects of the new consumption trends occasioned by the growing middle class in a developing 
country like Ghana. This would necessitate understanding the middle class, their lifestyles and consumption 
patterns. Key questions posed by this paper are: What are the socio-demographic characteristics of the middle class 
in Ghana? What kind of household assets do they own? To what extent do household wealth and environmental 
values influence their carbon consumption levels? While there is a dearth of studies on the carbon consumption 
patterns of middle class households in Ghana, existing research in developing countries have predominantly 
focused on the use of macro data and input-output tables (Wiedenhofer et al. 2016; Zhang 2017; Serino & Klasen 
2015). The novelty of our paper is to examine the middle class using micro level data collected on urban households 
in the Greater Accra region of Ghana. The objectives of the paper are two-fold. First, we analyse the patterns of 
asset ownership among the middle class. Second, we examine the effect of household wealth, environmental 
concern and environmental knowledge on CO2 emissions emanating from energy (electricity) consumption and 
transport use.  

The rest of the paper is structured as follows. The next section explores the definition of the middle class and 
discusses correlates of carbon emissions at the household level. Section 3 discusses the materials and methods. 
Descriptive insights of the middle class, focusing on asset ownership patterns is discussed in section 4. Section 5 
presents empirical results of correlates of energy (electricity) and transport consumption. Section 6 concludes. 

2. Literature Review 

2.1 Defining the Middle Class 

There is no universally agreed definition of the middle class (Kharas, 2010; Pressman, 2010). From the social 
sciences perspective, a variety of definitions exist, ranging from an entirely subjective set of aspirations to a highly 
specific measure of household income (Reeves et al., 2018). Sociologists would typically emphasize education or 
occupational status while philosophers and anthropologists would broadly angle their propositions on culture, 
education and power (Reeves et al., 2018). In economics, income and/or wealth readily feature as definitional 
indices. Income-based definitions are widespread in the literature, albeit the absence of a consensus on the exact 
lower and upper bounds separating the middle class from the other social classes (Eisenhauer, 2008). There is, 
however, an apparent correlation of income with the other social class trappings, such as level of education, 
economic security, and consumer preferences (Leo et al., 2016).  

Income-based conceptualisations of the middle class have typically relied on absolute purchasing power, the range 
of the income distribution, distance from the mean income or distance from the poverty line (Reeves et al., 2018). 
The middle class may be defined in absolute terms (Banerjee and Duflo, 2008; Kharas, 2010; Ravallion, 2009), 
where a fixed band is used for all countries, or in relative terms by examining the middle income range of each 
country. Kharas (2017), for instance, defines the middle class as those households with per capita incomes between 
$10 and $100 per person per day, in 2005 purchasing power parity (PPP) terms. Absolute income definitions 
provide a platform for cross-country comparisons. Relative definitions (Easterly, 2001; Palma, 2011) are able to 
capture regional differences more adequately, in the same vein as income polarization concepts (Foster and 
Wolfson, 2010). Gornick and Jäntti (2014), assert that the middle class could be described accurately as those 
households that fall in the middle of the income distribution, while Wolff (2017) proposes the middle three quintiles 
of the wealth distribution.  

Despite its simplicity and appeal, the complex livelihood systems and plausible incidence of data collection errors 
and systematic measurement errors in developing countries often renders income data unreliable for robust 
analyses. (Note 3) Other measures of the middle class, featuring asset status and consumption capacity have been 
suggested (Brandi and Buege, 2014; Corral et al., 2015; Shimeles and Ncube, 2015). Beside the popular numerical 
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measures are also the social and behavioural criteria, which are sometimes combined with numerical measures. In 
this definitional quest, understanding the drivers of the consumption decisions and behaviours of the middle class 
is key, evidenced on establishing who they are (self-awareness, and fundamental values or interests), what they 
have (income and assets), and what they do (individual attitudes and consumption behaviours) (CFAO, 2015). The 
novelty of our paper lies in how we defined the middle class. We employ a multi-dimensional empirical definition 
that combines an asset-based approach with information on household expenditures, in close resemblance to 
previous studies in Africa (CFAO, 2015). (Note 4) 

2.2 Correlates of Household Level Carbon Emissions 

Households’ carbon emissions emanate from various sources including energy (appliance) use, transport, housing, 
etc. A plethora of studies on the drivers of household carbon consumption exist in developed countries (Baiocchi 
et al., 2010). More recently there has been studies on large middle income countries, including China and India. 
Household wealth (or income) is an important correlate of carbon footprints (Wiedenhofer et al., 2018). The 
direction of impact, however, is mixed. Ahmad et al., (2015), Qu et al., (2015), Serino and Klasen (2015), Xu et 
al., (2015), show that CO2 emissions tend to increase with household wealth. On the contrary, Wu et al., (2012) 
find that as income levels rise, households tend to explore more efficient energy sources. Romanos et al., (2014) 
observe that consumption by lower income households in New Zealand was more emissions intensive per dollar 
of expenditure than high income households, which corroborates Creedy and Sleeman (2006), and Grainger and 
Kolstad (2010).  

Studies, in social psychology in particular, have noted individuals’ proenvironmental behaviour to be influenced 
by their environmental values and knowledge. Therefore, higher environmental concern or knowledge may be 
associated with more environmentally friendly behaviour as implied by the theory of planned behaviour (Ajzen, 
1985). While empirical evidence is mixed (Geng et al., 2017; Frederiks et al., 2015), especially regarding energy 
consumption (Paco and Lavrador, 2017), Haron et al., (2005), observe that high environmental knowledge 
increases the likelihood of sustainable consumption. Mohiuddin et al., (2018) reveal that environmental knowledge 
and awareness have significant influences on consumers’ favourable attitudes toward green vehicles. Proponents 
of a weak relationship between environmental values and proenvironmental action contend that behavioural 
intentions may not be equated to actual behaviour. In other words, there exists a gap between environmental 
concern and actions: value-action gap (Blake, 1999) or environmental knowledge and action: knowledge-action 
gap (Kollmuss and Agyeman, 2002).  

Socio-demographic and locational factors, such as household size, education, and urban-rural location, are also 
important predictors of CO2 emissions (Qu et al., 2015; Xu, et al., 2015). Serino and Klasen (2015) and Wu et al. 
(2012) have shown that larger households contribute more to emissions than smaller households. However, 
household size can be a key factor in reducing per capita carbon emissions when income differences are controlled 
for (Wiedenhofer et al., 2018). Ahmad et al. (2015) observes that household size has a negative relationship with 
emissions in India, just as Qu et al. (2015) in China, thus emphasising the importance of economies of scale in 
household energy consumption. Baiocchi, et al. (2010) and Wu et al. (2012) posit that more educated households 
emit less CO2 compared to less educated households. On the contrary, Xu, et al. (2015) observes that where the 
head attains a high level of education CO2 emissions tend to be higher. Our paper adds to the burgeoning micro-
level literature on carbon consumption patterns of the growing middle class in developing countries by examining 
the Ghana specific case of the correlates of CO2 emissions by middle class households in selected metropolitan 
districts in the Greater Accra region of Ghana.  

3. Materials and Methods 

3.1 Study Area, Conceptualisation of the Middle Class and Sampling Procedure 

The study was conducted in the Greater Accra region of Ghana, which houses the capital city, Accra. Middle class 
households were surveyed in 10 urban metropolitan districts. Previous research has shown that middle classes live 
in urban and metropolitan areas (Albert et al. 2018). Given the arbitrariness of the definition of the middle class in 
the literature and the general unreliability of income data in developing countries, this paper adopted a combination 
of criteria that allows for a non-income based identification of the middle class in our sample. We developed eight 
screening questions and a point system on assets, expenditures and education level of the household head.  

The eight screening questions are: house size, house materials, house quality, house ownership or rental, type of 
water connection in the dwelling, annual expenditures on education, expenditure on eating out in a proper 
restaurant (e.g. with air conditioning), level of education of the household head. Three answer categories with 0-2 
points were given for each question; a range of 0-14 points was possible. We purposively set the threshold for 
being middle class at 4-12 point with the aim of covering a broad range of potential middle class households 



jsd.ccsenet.org Journal of Sustainable Development Vol. 13, No. 6; 2020 

14 
 

(oversampling), which could be further defined and possibly excluded from data analysis ex post. In each of the 
10 districts, we targeted gated communities that required pre-registration of interviews. Gated communities tend 
to be favoured by middle class households for their security, comfort and social network opportunities to other 
middle class families (Hamidu, 2015). At least one neighbourhood in the same district of each of the gated 
communities was randomly selected to account for the variation within the district. From a random starting point, 
every 5th household was sampled. A total of 876 households were surveyed. The resulting sample approximates a 
representation of the middle classes in the city of Accra; they were not meant to be representative of the city 
population. Also, the approximation of a representative sample size of middle classes in the capital city was given 
priority over the capture of variation within the country by adding more cities. 

3.2 Measurement and Description of Variables  

The survey collected information on household socio-demographics, education, asset ownership, energy spending, 
mode of transport for daily commute, and a number of other household level variables to enable analysis of the 
socio-demographic and asset profiles of the middle class. In the descriptive section, we present these variables. 
Below, we describe the construction of the variables employed in the econometric analysis of the correlates of 
household carbon consumption levels. 

3.2.1 Dependent Variables 

The paper focuses on two sources of carbon emissions: energy and transport. Household energy use is measured 
directly via household monthly electricity expenditure estimates obtained from the survey. (Note 5) This was 
converted to annual values by multiplying monthly electricity expenditures by a factor of 12. Carbon emissions 
from transport, on the other hand, are measured by computing emissions from each mode of transportation used 
by the household on a regular basis in grams of CO2 per kilometre (g CO2/km). Total household carbon emissions 
are obtained as the sum of emissions from each mode of transport used by the household. This approach has been 
applied in previous studies, for instance, Xu, et al. (2015). Carbon emission factors for each transport mode were 
not readily obtained for Ghana. Consequently, we adopted the carbon emission factors in a study on Peru’s urban 
transport (MTC & GIZ, 2015). (Note 6) Table 1 presents the carbon coefficients for the various modes of household 
transport. In previous studies the carbon emission factors for each mode of transport are multiplied by the daily 
distance travelled. However, information on daily commuting distances was not collected in our survey. As such, 
we obtain carbon emissions from transport per kilometre distance travelled and then sum over the various modes 
of transport reported for each household. This sum is annualized by multiplying by a factor of 365.  

 

Table 1. Transportation carbon emission factors 

Mode of travel 

Coefficient   

(g CO2/km) 

Car 251.00 

Bus 1.36 

Trotro (minivan) 847.00 

Taxi/ uber 233.00 

Motor bike 73.00 

Bicycle/ foot 0.00 

Source: MTC & GIZ (2015) 

 

3.2.2 Independent Variables 

We focus on three key independent variables, namely, household wealth, environmental concern and 
environmental knowledge, in addition to socio-demographic characteristics of households, which are to serve as 
controls. 

Income, a measure of household wealth or socio-economic status (SES), is a key determinant of carbon footprints. 
As is typical of households in developing countries, reported incomes are often inaccurate and unreliable (Filmer 
and Pritchett, 2001). Household consumption expenditures, a preferred candidate, however, require an extensive 
questionnaire to collect, which was not possible in our study. Other measures of SES have been developed to 
capture living standards based on household ownership of various types of assets (Vyas and Kumaranayake, 2006). 
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We adopt this approach to measuring household wealth. We construct a household wealth index based on principal 
component analysis (PCA) using household productive and non-productive assets (e.g. television, radio, computer, 
vehicle, etc.), housing amenities and characteristics (house size, house material, type of water connection to the 
dwelling, number of household members per room), and human assets (education level of the household head). 
We exclude energy-intensive assets to avoid the problem of collinearity, especially regarding energy spending. Our 
selected variables posted the least clumping and truncation when running a PCA. The PCA explains acceptable 
levels of variation in our data (>20%). Following previous studies (Gwatkin et al., 2000; Vyas and Kumaranayake, 
2006) we categories households into quintiles for descriptive analysis. 

An environmental concern index is constructed as the mean of six questions on a 5-point Likert scale (Thogersen, 
Haugaard and Olesen, 2010). We compute environmental knowledge in a similar fashion using eight questions to 
more closely capture knowledge about energy and transport. The questions required “yes” or “no” responses. We 
compute the environmental knowledge variable as the sum of yes responses. We obtained indexes with good 
reliability (Cronbach’s alpha between 0.50 and 0.70).  

4. Descriptive Insights on Asset Ownership by the Middle Class  

4.1 Socio-Demographic Profile 

The middle class in Africa can be distinguished from lower and upper social strata by key socio-demographic 
characteristics such as being of middle age and having a good education level (CFAO, 2015). Table 2 presents 
socio-demographic indicators of households in our sample. The mean age of respondents (typically the head of 
household) is fairly even across wealth quintiles. The average number of household members and household 
members aged less than 18 years is comparable to the mean household sizes (4.6 and 1.8, respectively) of middle 
class households in Morocco, Cameroon, Cote d’Ivoire, Kenya and Nigeria (CFAO, 2015). The middle class are 
relatively well educated, as more than half of household heads have at least a bachelor’s degree. The level of 
education is increasing in wealth. In terms of occupation, the middle class are engaged in various socio-
professional categories. Table 2 indicates that majority are employed as professionals in various fields (such as 
accountants, consultants, engineers, teachers, etc.), with this proportion increasing across wealth quintiles.  
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Table 2. Socio-demographic characteristics of the middle class 

    Wealth quintile 

  All Lowest Second Third Fourth Highest 

Age (mean years) 45.3 47.5 46.4 45.0 42.8 44.9 

Household members  4.5 4.3 4.6 4.4 4.5 4.4 

Household members under 18 years 1.3 1.2 1.3 1.2 1.3 1.2 

       

Sex (%)       

Male  58.4 53.1 55.4 62.3 60.6 60.6 

Female 41.6 46.9 44.6 37.7 39.4 39.4 

       

Highest education (%)       

None 2.0 4.0 4.0 1.2 0.0 0.6 

Basic 11.4 29.1 14.3 10.0 3.4 2.3 

Secondary 31.6 44.6 45.1 29.9 18.4 17.1 

Bachelor’s degree 30.7 17.7 27.4 35.1 37.7 34.3 

Master’s degree or higher 24.4 4.6 9.1 24.1 39.4 45.7 

       

Occupation (%)       

Unemployed 13.1 16.6 13.7 14.3 10.3 10.9 

Farming & self-employed 26.3 39.9 33.1 20.6 20.0 18.9 

Professional 56.1 39.4 49.1 58.9 65.7 67.4 

Inactive (retirees & students)  4.5 5.1 4.0 6.3 4.0 2.9 

       

Lived/worked overseas (%) 35.4 23.4 27.4 40.6 34.3 51.4 

Of which (%)       

Europe & North America 57.1 38.7 55.6 58.2 63.5 62.1 

Asia and Oceania 11.6 13.6 3.7 13.4 9.5 15.9 

Other African country 31.3 47.7 40.7 28.4 27.0 22.0 

       

Lives in gated community (%) 47.0 30.3 33.7 56.0 56.0 58.9 

       

Environmental knowledge 5.6 5.0 5.4 5.5 5.9 6.0 

Environmental concern 4.0 3.9 4.0 4.0 4.1 4.2 

Source: Survey data, 2018. 

 

More than a third of respondents have lived and/or worked outside Ghana, predominantly in Europe and North 
America. Overseas experience may thus be a distinguishing feature of the Ghana middle class. Our data, however, 
does not show whether the Ghanaian diaspora moves into middle class only upon returning or whether most of 
these individuals have come from middle class families before leaving already. Nearly half of the households live 
in gated estate homes in their various neighbourhoods. This is more widespread among the upper 60 percent of 
households. The mean scores for environmental knowledge of 5.6 out of a maximum of 8 and environmental 
concern of 4 out of a maximum of 6 indicate a fairly high level, albeit self-reported, of environmental knowledge 
and concern among the middle class.  
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4.2 Asset Ownership 

Middle class households typically consume a variety of consumer goods, some of which are energy intensive 
and/or are of new technologies. Column 2 of Table 3 reports survey findings on ownership rates of appliances and 
means of transport by middle class households in urban Accra. We also report the variations across wealth quintiles. 
The most commonly owned household assets are television, fridge, fan and smartphone, where at least 95 percent 
of households reported owning such assets. Other household appliances that are quite popular among the middle 
class are laptop computer, freezers, microwave and rice cooker. Generally, ownership of the various types of assets 
is increasing in household wealth. These ownership patterns are comparable to the findings of CFAO (2015) for 
Morocco, Cameroon, Cote d’Ivoire, Kenya and Nigeria. Owning a means of transport, particularly, a vehicle is a 
key characteristic of the African middle class (CFAO, 2015). Table 3 shows that 64 percent of households own at 
least one car, which is higher than the average of 57 percent obtained for Morocco, Cameroon, Cote d’Ivoire, 
Kenya and Nigeria (CFAO, 2015). Ownership of vehicle is increasing in household wealth. The results also show 
a very low rate of motorbike ownership, while a little below a fifth of households owned a bicycle; and this is 
increasing in household wealth. Bicycles are rarely ridden by wealthy adults in Ghana but it is common to see 
children of wealthy households, especially in gated neighbourhoods or secluded residential areas riding bicycles 
in their communities.  

 

Table 3. Asset ownership by middle class households 

    Wealth group   

 All Lowest Second Third Fourth Highest GLSS 7 

Fridge  95.1 87.4 94.3 94.3 99.4 100.0 53.6 

Freezer  56.1 29.1 50.3 57.7 67.4 76.0 11.9 

Stove 17.9 6.3 12.6 16.6 24.0 30.3 54.7 

Oven 34.1 13.7 22.9 32.0 46.3 55.4  

Rice Cooker 50.9 10.3 33.1 48.6 70.3 92.0 14.5 

Microwave 57.3 7.4 29.1 66.9 85.7 97.1 10.4 

Water heater 35.0 8.0 19.4 28.0 47.4 72.0 0.2 

Washing machine 38.4 2.9 8.0 34.9 56.6 89.7 1.0 

Fan 96.0 92.0 97.1 94.9 97.1 98.9 82.7 

Air conditioner 41.0 7.4 19.4 44.6 61.7 72.0 3.7 

TV 98.5 98.9 98.9 98.9 97.1 98.9 87.6 

Radio 64.6 67.4 70.3 61.1 60.0 64.0 39.1 

Stereo 30.4 3.4 20.0 24.6 37.7 66.3 32.2 

Smartphone 95.7 85.1 97.7 95.4 100.0 100.0 98.5 

Laptop computer 69.7 23.4 57.1 77.1 94.9 96.0 8.7 

Desktop computer 16.2 1.7 7.4 9.1 18.9 44.0 4.5 

Vehicle 63.9 13.1 43.4 72.0 92.0 98.9 3.0 

Motorbike 3.7 3.4 5.1 2.9 2.3 4.6 1.5 

Bicycle 18.9 6.9 17.7 12.0 24.6 33.1 3.5 

Source: Survey data, 2018 and GLSS 7 

 

In Table 3, we also compare asset ownership from our survey to data from the seventh round of the Ghana 
Living Standards Survey (GLSS), a nationally representative household survey collected between 2016 and 
2017. We define the middle class as households between the 50th and 80th percentile and restrict our 
comparator sample to the Greater Accra Metropolitan Area (GAMA). The GAMA region includes the ten 
districts sampled in our survey. The comparison is restricted to assets common to both datasets. Generally, 
the results show that asset ownership is higher in our sample than the comparator GLSS 7 sample for a 
majority of assets. The variations may arise from the differences in the sampling designs between the two 
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surveys. The GLSS 7 followed a two-stage stratified sampling procedure with probability weights using 
national population and housing census data as the sampling frame. Our survey specifically targeted middle 
class households in the GAMA region. The GLSS, on the other hand, is random and does not exclude 
households based on living standards or assets as employed by our survey. 

Typically, middle class households own more than just one of a particular type of asset as we found in our 
survey. We find in the data that generally for the majority of household assets, the quantities owned are 
increasing in household wealth. We present the particular case of vehicle ownership in Table 4. The wealth 
effects of the number and type of vehicles owned by the middle class is quite evident. There are variations in 
the types of vehicles owned in terms of wealth, with ownership of SUVs being more common among the 
richest 40 percent. 

 

Table 4. Number and type of vehicles owned by middle class households (%) 

  Wealth group   

  Lowest Second Third Fourth Highest All 

Number of vehicles        

None 86.9 56.6 28.0 8.0 1.1 36.1 

One 12.0 34.3 46.9 48.6 37.1 35.8 

Two 1.1 8.0 18.3 29.7 40.6 19.5 

 3 or more 0.0 1.1 6.9 13.7 21.1 8.6 

              

Type of vehicle       

Small car 56.5 34.2 33.3 24.2 24.9 29.2 

Mid-sized car 39.1 53.9 54.0 70.2 61.8 60.5 

Minivan 8.7 7.9 9.5 8.1 8.1 8.4 

SUV 0.0 13.2 24.6 26.1 41.6 27.7 

Pick-up truck 4.3 5.3 3.2 9.3 9.8 7.3 

Other car 0.0 1.3 0.8 1.2 0.0 0.7 

Source: Survey data, 2018. 

 

5. Empirical Results 

5.1 Results for Electricity Consumption 

Table 5 presents the results of the determinants of annual household electricity expenditures. We estimate an 
Ordinary Least Squares (OLS) model with robust standard errors, and a district-level Fixed Effects (FE) model. 
The FE model allows us to account for unobserved district-level heterogeneity that affects attitudes and behaviours 
towards energy consumption. We adopt a stepwise approach to the inclusion of explanatory variables. A baseline 
model is estimated, which includes as regressors household ownership of electricity intensive appliances and 
household wealth. Environmental knowledge and environmental concern variables are then added to the baseline 
model, before introduction of the controls variables.  

The results of models (1) to (8) in Table 5 show a stable and robust relationship between the independent variables 
and annual household electricity expenditures, with the inclusion of additional explanatory variables. The R-
squared increases from the baseline model to the fully extended model. Discussion of findings focuses on the full 
model (models (7) and (8)). We find that household wealth is positively related to annual electricity expenditures. 
A unit increase in household wealth score raises annual electricity expenditure by 12 percent and 10 percent in the 
OLS and FE models, respectively. Our findings corroborate previous studies such as Ahmad et al., (2015), Baiocchi 
et al., (2010), Qu et al., (2015), Serino and Klasen (2015), Xu et al., (2015), which suggest that wealthier 
households consume larger amounts of electricity to provide for household services such as heating, cooking and 
entertainment. We do not however find a significant relationship between the level of environmental knowledge 
and environmental concern reported by the households on the one hand, and household annual electricity 
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expenditures on the other. 

Ownership of electricity-intensive appliances such as air conditioners, fridge and freezer are positively correlated 
with household electricity expenditures. The results also show statistically significant positive effect for household 
size. In terms of the educational attainment, the OLS regression estimates that households with the respondent 
having at least a master’s degree expend more on electricity, significant only at the .10 level. Households living in 
gated communities on average spend about 10 percent more on electricity compared to households in non-gated 
communities. In the Ghanaian context, residency in gated communities may be viewed as a symbol of wealth and 
social standing among the middle class. As such, residents of gated communities may own energy-intensive 
electronic and electrical appliances to correspond to their social status. Respondents’ migration history exerts a 
significant effect on household electricity expenditures (in the FE regressions in Column 8), albeit at the .10 level, 
while having previously lived or worked overseas results 8 percent more expenditure on electricity annually.  

5.2 Results for Transport Carbon Emissions 

Table 6 presents the determinants of carbon emissions from transportation. Similar to the analysis on electricity 
expenditures, we estimated both OLS and district-level FE models, and adopted a stepwise approach to inclusion 
of explanatory variables. The relationship between household wealth and carbon emissions from transportation is 
robust to the inclusion of additional explanatory variables from the base to the full model. The discussion of 
findings focuses on the extended regressions in Columns (7) and (8). The results show that carbon emission from 
transport is positively related to household wealth, which is significant at the .05 level, thus suggesting that 
wealthier households emit higher carbon from transportation relatively. This may be explained that the wealthier 
households are more inclined to purchase vehicles with high fuel consumption capacities, perhaps, in reflection of 
their social status. In addition, persons from upper middle-class households are more likely to use motorized means 
of transportation that rely on combustible fuels. Transportation use behaviour may therefore differ along the wealth 
distribution. We find that environmental knowledge has a statistically negative effect on carbon emissions from 
transport, whereas environmental concern has no effect.  

We find a significant effect for sex, with households headed by a female emitting lower carbon per kilometre of 
distance travelled compared to males. The presence of the gender differences in carbon emissions from transport 
may reflect gender gaps in the ownership of automobiles as well as differences in mobility-based activities and 
choice of modes of commuting. There is an inverse relationship between age of head of household and transport 
carbon emissions. There does not appear to be a significant difference between education and household carbon 
emissions except for respondents with a bachelor’s degree, albeit significant only at the 0.10 level. Education is 
an important determinant of labour market earnings. Thus, more educated persons on average may be wealthier 
with the ability to purchase private low occupancy vehicles. Further, the results show a positive relationship 
between the number of household members and transport-related carbon emissions, statistically significant at 5 
percent. We do not find any statistically significant relationship between previous out-of-country migration 
experience and carbon emissions from transportation. Residency of a gated community is associated with lesser 
carbon emission scores from transport. 
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Table 5. Determinants of household electricity expenditures 

 (1) (2) (3) (4) (5) (6) (7) (8) 

VARIABLES OLS FE OLS FE OLS FE OLS FE 

Asset ownership         

Electric oven 0.0444 0.0656 0.0471 0.0695 0.0351 0.0591 0.0372 0.0673 

 (0.0503) (0.0487) (0.0504) (0.0491) (0.0507) (0.0483) (0.0509) (0.0484) 

Electric stove 0.0198 0.0245 0.0278 0.0331 0.0548 0.0575 0.0540 0.0572 

 (0.0556) (0.0584) (0.0559) (0.0588) (0.0553) (0.0579) (0.0552) (0.0578) 

Air conditioner 0.4022*** 0.3827*** 0.4002*** 0.3816*** 0.3832*** 0.3623*** 0.3874*** 0.3704*** 

 (0.0485) (0.0506) (0.0487) (0.0508) (0.0479) (0.0504) (0.0479) (0.0504) 

Freezer 0.2980*** 0.2622*** 0.2953*** 0.2592*** 0.2488*** 0.2198*** 0.2494*** 0.2191*** 

 (0.0466) (0.0468) (0.0467) (0.0472) (0.0461) (0.0473) (0.0462) (0.0472) 

Fridge 0.2843** 0.3035*** 0.2889** 0.3049*** 0.3196*** 0.3323*** 0.3200*** 0.3297*** 

 (0.1143) (0.1042) (0.1153) (0.1046) (0.1143) (0.1026) (0.1149) (0.1024) 

Wealth score 0.1297*** 0.1130*** 0.1299*** 0.1084*** 0.1174*** 0.1013*** 0.1185*** 0.1033*** 

 (0.0261) (0.0279) (0.0274) (0.0293) (0.0291) (0.0302) (0.0291) (0.0302) 

Environmental 
knowledge 

  -0.0071 0.0036 -0.0080 0.0038 -0.0083 0.0038 

   (0.0160) (0.0154) (0.0162) (0.0156) (0.0162) (0.0155) 

Environmental concern   -0.0024 0.0104 -0.0037 0.0121 -0.0039 0.0150 

   (0.0375) (0.0384) (0.0375) (0.0380) (0.0374) (0.0379) 

Female head     0.0555 0.0680 0.0552 0.0685 

     (0.0439) (0.0446) (0.0439) (0.0445) 

Age     0.0000 -0.0005 0.0000 -0.0005 

     (0.0016) (0.0016) (0.0016) (0.0016) 

Worked overseas     0.0668 0.0784 0.0674 0.0808* 

     (0.0487) (0.0480) (0.0487) (0.0479) 

Education (Ref. = No 
education) 

        

Basic education     0.1714 0.1474 0.1732 0.1490 

     (0.1428) (0.1659) (0.1427) (0.1655) 

Secondary education     0.1791 0.1336 0.1840 0.1410 

     (0.1348) (0.1617) (0.1343) (0.1614) 

Bachelor’s degree     0.2066 0.1468 0.2142 0.1625 

     (0.1389) (0.1657) (0.1387) (0.1656) 

Master’s degree and 
above 

    0.2624* 0.2031 0.2743* 0.2302 

     (0.1427) (0.1691) (0.1428) (0.1692) 

Household members     0.0701*** 0.0681*** 0.0691*** 0.0659*** 

     (0.0106) (0.0102) (0.0107) (0.0102) 

Gated community       0.0378 0.0968** 

       (0.0459) (0.0469) 

Constant 6.7811*** 6.7826*** 6.8078*** 6.7072*** 6.2644*** 6.2140*** 6.2391*** 6.1403*** 

 (0.1217) (0.1106) (0.2014) (0.1997) (0.2654) (0.2646) (0.2667) (0.2664) 

         

Observations 843 843 837 837 836 836 836 836 

R-squared 0.2662 0.2318 0.2668 0.2323 0.3098 0.2764 0.3104 0.2802 

Number of districts  10  10  10  10 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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Table 6. Determinants of CO2 Emission from Transport 

 (1) (2) (3) (4) (5) (6) (7) (8) 

VARIABLES OLS FE OLS FE OLS FE OLS FE 

         

Wealth score 0.1486*** 0.1452*** 0.1590*** 0.1544*** 0.0855** 0.0886** 0.0768** 0.0785** 

 (0.0333) (0.0342) (0.0340) (0.0354) (0.0375) (0.0383) (0.0380) (0.0384) 

Knowledge    -0.0391* -0.0291 -0.0569*** -0.0464* -0.0560** -0.0462* 

   (0.0220) (0.0236) (0.0220) (0.0238) (0.0218) (0.0237) 

Concern    0.0297 0.0195 0.0401 0.0345 0.0404 0.0292 

   (0.0554) (0.0600) (0.0544) (0.0590) (0.0546) (0.0589) 

Female head     -0.1154* -0.1308* -0.1148* -0.1326* 

     (0.0664) (0.0686) (0.0662) (0.0684) 

Age      -0.0099*** -0.0109*** -

0.0099*** 

-

0.0108*** 

     (0.0024) (0.0024) (0.0023) (0.0024) 

Worked overseas     0.0042 0.0164 0.0026 0.0122 

     (0.0761) (0.0739) (0.0759) (0.0737) 

Educational (Ref. = 

No education) 

        

Basic education     -0.0249 -0.0202 -0.0320 -0.0253 

     (0.3190) (0.2604) (0.3182) (0.2597) 

Secondary education     0.1831 0.1573 0.1666 0.1430 

     (0.3120) (0.2529) (0.3116) (0.2523) 

Bachelor’s degree     0.5040 0.4638* 0.4772 0.4332* 

     (0.3171) (0.2587) (0.3164) (0.2583) 

Master’s degree and 

above 

    0.3491 0.3039 0.3058 0.2494 

     (0.3169) (0.2635) (0.3164) (0.2637) 

Household members     0.0301* 0.0278* 0.0329** 0.0316** 

     (0.0159) (0.0156) (0.0159) (0.0156) 

Gated community       -0.1226* -0.1732** 

       (0.0687) (0.0720) 

Constant -0.0000 -0.0000 0.0997 0.0855 0.2239 0.2741 0.2936 0.3987 

 (0.0335) (0.0333) (0.2366) (0.2538) (0.4102) (0.3766) (0.4122) (0.3791) 

         

Observations 875 875 874 874 873 873 873 873 

R-squared 0.0221 0.0205 0.0255 0.0224 0.0900 0.0885 0.0934 0.0946 

Number of districts  10  10  10  10 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

6. Conclusion and Implications for Policy 

Our results provide insights into the consumption patterns of the middle-class in an emerging economy such as 
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Ghana, and lend credence to earlier findings that as household wealth increases carbon emissions from use of 
energy intensive appliances and transport would rise. These outcomes, however, in no way suggest reducing 
societal wealth/development or controlling the rising middle class in the quest to conserve energy. They only signal 
the need for policies and initiatives, geared towards fostering low-carbon lifestyle choices. Thus, initiatives aimed 
at improving household energy conservation behaviour through promotion of the use of energy efficient appliances 
among the middle class are recommended. Creating a market for more energy efficient products, better labelling, 
and stricter minimum requirements for technical devices, could moderate the intensity of energy use and reduce 
emissions. Public education and awareness campaigns alone are unlikely to yield desirable energy-reducing 
outcomes (as our results seem to suggest with the insensitivity of knowledge to household energy use/emissions). 
If sensitization campaigns are to be pursued, however, they should be executed in a way that guarantees deeper 
understanding and appreciation of the energy conservation agenda, using clear and easily understood approaches. 
Our findings further indicate the importance of household transportation modes in raising carbon emissions among 
the middle class. Particularly, middle classes in the higher wealth brackets tend to own vehicles with high fuel 
consumption capacities. The inefficient public transportation system in Ghana could be an explanation for to the 
high ownership rates of personal means of transport among many households in Ghana. Thus, instituting an 
efficient public transportation system and promotion of vehicles with low carbon emitting capacities is an 
imperative. Alternative transportation forms could be encouraged for use within inner urban areas with high traffic 
congestion to reduce the combustion of fossil fuels. These policies, however, may require substantial investments 
in urban infrastructure.  
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Notes 

Note 1. Based on a line of approximately US$2 a day, poverty declined from 51.7% to 39.5% between 1991 and 
1999. It declined further to 28.5% and 24.3% in 2006 and 2013, respectively, before registering a marginal decline 
of about 1 percentage point to reach 23.4% in 2017. 

Note 2. Rebasing an economy involves revising the methods and the base year used to calculate a country’s GDP. 
The first rebasing of Ghana’s GDP occurred in 2010 and that resulted in a 75% increase in the country’s GDP. In 
2018, the Ghana Statistical Service again rebased the GDP which led to a 26% increase in the value of Ghana’s 
GDP. 

Note 3. For this reason consumption data is often preferred to income data in household analyses in developing 
countries (see Filmer and Pritchett, 2001). 

Note 4. A detailed discussion of our definition of the middle class is in section 3.1. 

Note 5. We use energy expenditure instead of kilowatt hours consumed, which we could not obtain for the majority 
of households. 

Note 6. Our assumption seems quite plausible as the estimated average age of vehicles in both countries is quite 
close. The estimated average age of vehicles in Peru is between 12 and 14 years (MTC & GIZ, 2015), while Essel 
(2016) estimates Ghana’s at 14.2 years. 
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