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Abstract

:

Many developing countries in Africa face a “double tragedy” when it comes to electrification. Electricity access rates are low, while those who have access to electricity face frequent outages. There are ongoing efforts aimed at increasing access to electricity on the continent. However, the need to improve the reliability of electricity supply receives limited attention. Unreliable electricity impacts users by limiting electricity utilization and the benefits that should accrue from having an electricity connection. Using data from 496 household survey questionnaires, this study examines the impacts of electricity outages in urban households in Accra, Ghana. The study applies correlation and regression analyses to identify which household characteristics are associated with or predict households reporting outage impacts. Outages were found to impact household safety/security, access to food, and access to social services and were found to cause appliance damage as well. Factors that are significantly correlated with reporting certain outage impacts include respondent’s annual income and employment status, frequency of electricity outages, and household size. Significant predictors of reporting outage impacts are socioeconomic disadvantage, high exposure to outages, and living in a large family setting. The study’s findings underscore the need for interventions to eliminate, or at least minimize, electricity supply interruptions in developing countries if sustainable social and economic development is to be achieved.
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1. Introduction


There are ongoing concerted efforts to expand access to electricity, especially in developing countries. In Africa, electricity is touted as an important enabler for social and economic transformation [1,2], and as such, many electrification programs were implemented on the continent, being geared towards increasing the number of communities or households having an electricity connection. Still, more than 50% of the population have no access to electricity in many sub-Sahara African countries [3]. Moreover, many developing countries in Africa face a “double tragedy” when it comes to electrification. Not only are electricity access rates low, those who have access to electricity—that is, are connected to the electric grid—also face frequent power outages [1,2,4]. Due to recurrent failures in the electricity system, often no electricity flows through the wires for several hours in a day. The outages impact electricity users (industries, businesses, households) by limiting electricity utilization and the benefits that should accrue from having an electricity connection [1,5]. In the future, the impact of loss of electricity service could even be greater as people become more dependent on an unreliable service.



An analysis of 2010–2017 data from the World Bank enterprise surveys shows that, on average, power outages affect over 75% of business firms in sub-Saharan Africa and negatively impact firm sales [4]. Because of this, many firms choose to rely on expensive backup generators, while those which cannot afford to use generators are often forced to operate for fewer hours, change production time, or change production processes/products [1]. Moreover, it is not just firms which report frequent power outages. A 2016 Afrobarometer report shows that 31% of grid-connected households in Africa experience unreliable power supply—one that does not work most or all of the time. Unreliability of power supply in households varies across countries, with most countries in North Africa, which traditionally have high electricity access rates, also having high electricity reliability (fewer electricity outages) (see Table 1). Countries in West Africa, particularly Guinea and Nigeria, have some of the lowest electricity reliability rates (experience most electricity outages) on the continent. In Ghana, despite a relatively high electricity access rate, only 42% of grid-connected households reported having a reliable power supply, and electricity supply was identified among the top five problems affecting the country [6].



Despite the prevalent state of electricity unreliability in many African countries, recent efforts (research and other interventions) about electrification in Africa largely focus on increasing electricity connections. The subject of electricity supply (un)reliability receives limited attention [5]. Additionally, the few studies about electricity unreliability/outages in Africa addressed the impacts on business firms and the economy [7,8,9,10], while electricity outages in households were rarely investigated. The research presented here aims to fill this knowledge gap by assessing the impacts of electricity outages in urban households in developing countries using a case study of Accra, Ghana. A household survey was conducted to identify and better understand the impacts of electricity outages in urban households and to examine which household demographic and socioeconomic characteristics are linked to reporting electricity outage impacts and how. The study also sheds light on some of the societal drivers of electricity outage impacts. It is hoped that the results of the study will ultimately inform measures towards building household resilience to frequent power outages.



1.1. Outage Impacts in Households


Electricity is mainly used in households to power appliances including refrigerators and cooling systems, lighting systems, heating and cooking appliances, and television and ICT devices [11,12,13]. These offer important services to support food preparation and preservation, home-based production and academic activities, safety and security, communication and access to information, as well as air conditioning, comfort, and leisure [11]. In some cases, especially in developed countries, electricity is also used to support home-based medical care and operate lifts to ease movement. When power outages occur, all these services can be disrupted. Therefore, the impacts that result from loss of electricity supply can differ for individual households depending on their electricity needs (uses), capacities, and preferences [14]. Higher electricity-consuming households are most likely to suffer greater impacts and costs from power outages than lower electricity-consuming households [15]. Households that use electricity for critical and specialized purposes, such as powering medical devices used for providing home-based healthcare services, may suffer an even greater outage impact.



1.1.1. Economic Impacts


Similar to business firms, electricity outages have negative economic effects on households. Several studies, particularly in developed countries, examined the economic (monetary) value of outage impacts within households. By quantifying measures such as value of lost load (VoLL) [14,16,17], willingness to pay (WTP), and willingness to accept (WTA) [18,19,20,21,22,23], these studies showed that the economic impact of outages in households is substantial and, in some instances, may exceed that of business enterprises [24]. However, quantifying the economic value of home-based, non-material benefits of electricity such as welfare, leisure, comfort, and general social wellbeing is a difficult and subjective task since the real economic value of such intangible benefits is not well known. On the other hand, power outages also have a more direct economic impact on households, including on household earnings [1,25]. In a study carried out in India, access to electricity (having an electricity connection) was found to confer a 9.6% increase in household income, while access to reliable electricity (with fewer outages) was associated with a higher increase in income of 17% [26]. This may be attributed to the fact that the benefits which accrue from access to electricity, such as increased opportunities for home production, and electricity-induced job creation may be eroded if the electricity supply is unreliable. Additionally, household expenditure on outage coping/adaptation measures (e.g., purchasing and operating backup electricity supply system) may be high and exceed a household’s regular expenditure on electricity [27]. This can also negatively impact the overall economic situation of the household.




1.1.2. Impact on Access to Social Services


Disrupted electricity supply also has a negative effect on the delivery of critical social services to households and communities. Vital infrastructures such as water supply systems, hospitals, education institutions, and telecommunication systems all require a reliable electricity supply to operate optimally and deliver vital services to people. Power outages were shown to hinder provision and access to quality health services in several countries, including India and Ghana [28,29]. Power outages may render medical devices unusable and compromise the quality of life-saving medicines such as vaccines. Electricity access is also positively associated with education attainment including reduction in illiteracy levels and increasing years of schooling [30]. With household access to electricity, more school-going children participate in academic activities including school enrolment and attendance, use of enhanced learning gadgets, and personal study at home [31]. However, if the electricity supply is unreliable, it may lead to the deterioration of the learning environment by limiting opportunities for learning. For example, because of power outages, electrically-powered learning aids may not be used in class, and personal or night-study time may be reduced considerably. This has a consequence of compromising the delivery of quality education and affects morale and academic performance of students [32]. Extended power interruptions can also disrupt the supply of water to households since all the aspects of a modern water supply system (extraction, treatment, transmission, and distribution) require electricity. In highly populated areas, including many cities in developing countries, loss of water supply may have attendant negative consequences for public health, including high risk for disease outbreaks such as cholera. Communication/leisure activities (for example, watching television) are also disrupted by outages, complicating access to information and home-based leisure [5].




1.1.3. Impact on Safety and Security


Power outages are also associated with increased crime/security concerns [5,33]. In 1977, a blackout in the city of New York, which lasted for 25 h, set off a “crime rampage” with shops being looted, properties vandalized, and stores set on fire. The resulting havoc also left two people dead and many law enforcement personnel injured [34]. While this may be considered one example of extreme cases, power outages in both developed and developing countries are still associated with increased criminal activity, including physical assault, robbery/looting, and burglary (house break-in). During the recent emergency power outages in the state of California, USA, there were reports of burglary in some areas, even after local police imposed a night-time curfew [35]. Incidences of burglary, theft, and exploitation during power outages were also reported in Brazil, Chile, and South Africa [36]. In Ghana, there was heightened public concern about the increased threat of physical assault, house break-in, and theft during the recent electricity supply crisis [32,37]. The sustained power outages prompted Ghana National Police to announce measures to curtail a potential rise in crime [38]. Furthermore, safety concerns associated with power outages are not limited to criminal activity. Erratic power supply is also reported to be among the leading causes of fire outbreaks in Ghana [33,39]. These fires which mostly occur within households are attributed to the use of unsafe alternative energy sources (e.g., open fires) during outages as well as high voltage surges when power supply is reconnected.




1.1.4. Other Impacts of Outages in Households


Frequent power outages are also said to be responsible for direct damage to household electrical appliances including refrigerators, television sets, and other appliances [5,22]. Moreover, the lack of reliable electricity also renders electrical appliances redundant and unable to fulfill their intended purpose. For example, due to outages, refrigerators cannot consistently offer cold storage for food stuffs, which accelerates food spoilage/losses in homes [5,40].





1.2. Predictors of Outage Impacts in Households


As already mentioned, WTP (or WTA) were used to estimate the potential impacts and costs of power outages in households. WTP/WTA show the value that is placed on electricity in households and, therefore, indirectly indicate impacts and losses that households suffer whenever electricity supply is disrupted. For example, households with a high willingness to pay for improved electricity reliability attach more value to electricity and are likely more impacted by power outages and vice versa. Additionally, in several studies, the level of WTP/WTA was shown to be associated with several household-level characteristics, including age, gender, marital status, education, employment, income, home ownership, family size, and outage duration, among others.



A study by Abdullah and Mariel [41] applied a mixed logit estimation approach on responses from 202 electrified rural households in Kenya and found that older persons and the unemployed were less willing to pay for improved electricity reliability, while larger households were more willing to pay for improved electricity reliability. A study of Italian households by Abrate et al. [42] also used logit estimation on 367 survey questionnaires and identified education as a significant determinant of willingness to accept an outage, whereby more educated people—who have a high school diploma or more—are less willing to accept an outage than less educated ones. Osiolo [43] used a Heckman two step estimation model (a probit model) to assess the WTP for energy among households and enterprises in Kenya. The results showed that the gender of the household head is significantly related with WTP for improved electricity reliability, with female-headed households having lower stated WTP values than male-headed households. In South Korea, Kim et al. [44] developed a logistic model to estimate the inconvenience cost caused by a rolling blackout in households. In one of the models, it was found that the level of income significantly predicted WTP, whereby high-income households were more likely to be willing to pay to avoid the “inconvenience cost” of outages when compared to low-income households. A study by Ozbafli and Jenkins [20] also showed that the respondent’s age is significantly associated with loss (impact) arising from very frequent outages, whereby older people are less likely to suffer loss of utility (possibly because they are more experienced at coping) as compared to younger people.



Similarly, studies carried out in Ghana identified significant relationships between WTP for improved electricity services and several household-level factors. A study conducted in Greater Accra Region, which employed a probit model, found that gender (being male), marital status (being married), a large household size, and having a high income are positively and significantly associated with WTP for more reliable electricity supply [45]. These findings are supported by another study conducted by Amoah et al. [40] in the same region. A similar study on the WTP for improved electricity was conducted by Taale and Kyeremeh [22] in Cape Coast Metropolitan Area. Their study applied Tobit regression modeling on survey data from 950 households. It was found that monthly income, level of education, marital status, and household size significantly influence willingness to pay for improved electricity services. Specifically, income and level of education were found to be positively associated with WTP. Households/household heads with a high income and at least high school education were more willing to pay for improved electricity reliability than those with low income or lower education level. Being married also returned a positive relationship with willingness to pay for better electricity services. Household size was found to be negatively associated with WTP. However, the same study found that age, house ownership, and monthly electricity expenditure do not have a significant relationship with WTP to avoid power disruptions [22].




1.3. Status of Energy (Electricity) Supply and Demand in Ghana


Ghana is one of the leaders in energy sector growth and transformation in Africa. Significant efforts towards expanding electricity access in Ghana began in 1989 with the launch of the National Electrification Scheme (NES) [46]. This, together with other initiatives, facilitated tremendous growth in Ghana’s electricity access rates from an estimated 15% in 1990 to 84% in 2018 [3,46]. Expanding access to electricity in Ghana facilitated a shift from using traditional forms of energy towards modern and sustainable energy. Over a period of 10 years, the share of electricity in final energy consumption increased from 10.8% in 2009 to 15.2% in 2018. The share of biomass reduced from 43.7% to 37.4% over the same time period. Despite the significant progress, energy poverty in Ghana is still widespread, being especially manifested by overreliance on traditional cooking fuels (firewood and charcoal), especially in households. This type of energy poverty is twice as high in rural areas than in urban areas [47,48].



1.3.1. Electricity Supply


Most of the electricity supply in Ghana comes from centralized power plants and is delivered through an extensive electric power grid. In 2018, Ghana had at least 20 functional grid-connected electricity generation plants with a total installed capacity of 4888.6 MW (4472.1 MW dependable capacity) generating an estimated 16,246.12 GWh [47]. For many years (until 2015), Ghana depended heavily on hydropower plants for its electricity generation, especially the Akosombo hydropower plant [49]. However, recent electricity supply diversification efforts in the country saw electricity generation from thermal power plants, particularly those which use natural gas and light crude oil (LCO), exceed that from hydropower plants, while other renewable energy sources (mostly solar photovoltaics) made a small contribution to the generation mix (see Figure 1). For example, in 2018, electricity generation from hydropower plants (total installed capacity = 1580 MW) was 6018 GWh, that from thermal power plants (total installed capacity = 3266 MW) was 10,195 GWh, while that from other renewable sources (total installed capacity = 42.6 MW) was only 33.12 GWh [47].



Despite the fact that Ghana is endowed with several renewable energy resources, including solar PV, wind, mini hydro and modern bioenergy, the contribution of renewable energy sources is small. The average solar irradiation in Ghana was estimated at 5 kWh/m2/day, while monthly wind measurements along the coast of Ghana showed that wind speeds average at 5 m/s. The potential for small and medium hydropower plants was also estimated to be 800 MW, and the potential for bioenergy production from agricultural residues and municipal solid waste is also immense [50]. Therefore, harnessing the largely untapped renewable energy resources has the potential to improve the electricity supply situation in Ghana [50]. However, large scale deployment of renewable energy in Ghana is still constrained by several factors, which include financial challenges such as high cost of financing, insufficient incentives for developers, inadequate access to long-term financing, and unstable currency, challenges related to interconnectivity with the existing grid infrastructure, and lack of sufficient human resource capacity to develop and operate renewable energy installations [51].




1.3.2. Electricity Demand and Consumption


Expanding access to electricity in Ghana inevitably led to increased electricity demand and consumption. Between 2009 and 2018, overall peak demand grew by 77% from 1423 MW to 2525 MW [47], which is comparatively higher than the 49.8% growth previously reported for the period 2006–2016 [46]. Similarly, grid electricity consumption in Ghana more than doubled over a 12-year period since 2007 (see Figure 2). On average, electricity consumption increased in all four main electricity consumer categories, that is, residential, non-residential, industrial, and street lighting. At 43.3%, special load tariff consumers (mostly large industrial establishments) accounted for the biggest share of the total electricity consumption in 2018, followed by residential consumers at 41.4%. Among the leading electricity consumer categories, residential electricity consumption posted the highest growth rate of 142% over a 12-year period (2007–2018) [47]. Rapid growth in Ghana’s residential electricity consumption is attributed not only to increased grid connections (the number of grid-connected households in Ghana increased from 1.86 million in 2009 to 3.75 million customers in 2018 [30]) but also to growth in per capita income with its associated lifestyle changes, such as increased ownership of electrical appliances [52].




1.3.3. Persistent Electricity Sector Challenges


Despite the impressive progress made in the electricity sector growth in Ghana, the electricity supply sub-sector faces several challenges. Firstly, the electric grid is characterized by high levels of electricity losses. Between 2009 and 2018, transmission losses accounted for 4.1% of the total electricity transmitted annually in Ghana [47]. Electricity losses at the distribution level were much higher. Between 2011 to 2018, the distribution losses for ECG and NEDCo—Ghana’s largest electricity distribution companies—averaged about 25% of the total electricity distributed [47]. The high electricity losses are driven by both technical and non-technical factors, including inherent inefficiencies in the distribution system apparatus, non-payment of electricity bills by customers, and power theft/illegal connections [53] These losses affect the economic performance of the electricity distribution companies, which in turn compromises effective/reliable service delivery to the customers.



Apart from high electricity losses, Ghana, over the past decades, also experienced recurrent shortages in electricity supply. The first major electricity supply crisis in Ghana was recorded in the early 1980s. Between 1981 and 1984, about 67% of Ghana’s electricity supply capacity (mainly from the Akosombo hydropower dam) was lost [54]. Subsequent electricity supply shortages in 1997/98, 2002, 2006/07, and 2012–2016 also involved major shortfalls in electricity generation, which necessitated the implementation of nationwide electricity rationing (rolling blackouts or load shedding) in Ghana [37]. Several factors are believed to be responsible for the recurrent electricity supply shortages in Ghana. These include rapid growth in electricity demand, limited investment in generation facilities, shortfalls in electricity imports, and institutional challenges. Most commonly, however, shortages of water available for electricity generation are blamed for the power supply shortfalls [37,50,52,55,56]. For many years, Ghana depended heavily on hydropower plants for its electricity generation. This exposed it to fluctuations in electricity supply due to variations in the amount of water available for electricity generation. Indeed, receding water levels at Akosombo dam during droughts often coincided with shortfalls in electricity generation and the subsequent power shortages that affected Ghana over the years. This susceptibility of hydropower plants to severe weather and climatic changes, especially droughts, largely influenced Ghana’s recent shift from hydro to thermal power generation [52].



With the shift to thermal power generation, it is expected that electricity supply reliability in Ghana will be greatly improved. However, Ghana’s thermal power plants—which mostly operate on natural gas—are also faced with several challenges. Even though Ghana is a natural gas producer, it also relies on natural gas imported from Nigeria through the West African Gas Pipeline (WAGP). Challenges including insufficient supply, planned and unplanned supply interruptions, as well as non-payment of bills to natural gas suppliers sometimes hinder continuous and reliable access to natural gas from the WAGP and local suppliers [50,57]. This affects the operations of thermal power plants, leaving some of them redundant, operating below capacity, or having to rely on more expensive liquid fuels [54,57], further complicating the electricity supply situation and contributing to electricity supply shortfalls.





1.4. Urbanization and Electrification in Ghana


Urbanization is one of the main demographic shifts that is currently taking place, especially in the developing regions of Africa and Asia [58]. Although Africa is still the least urbanized world region, an estimated 58.9% of Africa’s population will reside in urban areas by 2050, rising from 31.5% in 1990. In 2050, Africa’s urban population will represent 22% of the projected global urban population [59]. Ghana is one of the most urbanized countries in Africa. Even when most people on the continent still reside in rural areas, Ghana’s urban population already exceeds its rural population. Ghana’s urban population increased from 32.1% in 1984 to 50.9% in 2010 [60] and is projected to reach 63% by 2025 [33]. In Ghana, greater Accra region is the most urbanized region with over 90% of the region’s population residing in urban centers.



Similar to other countries in sub-Saharan Africa, most of the electrification and the electricity consumption in Ghana take place in urban areas. In 2018, 93% of Ghana’s urban population had access to electricity as compared to 73% of the rural population [3]. Additionally, the need to establish electricity supply infrastructure in Ghana is driven by, among other factors, urbanization [33]. Historically, urbanization was identified as one of the main drivers of energy consumption [61]. Cities account for between 67% and 76% of the global energy use [62]. In Ghana, it was observed in some studies that urbanization contributed to growing residential electricity demand possibly related to lifestyle changes and increased use of electrical appliances such as air conditioners, televisions, and refrigerators [13,54]. Indeed, urban households account for 70% of the total electricity consumed in Ghana’s residential sector [13]. Other factors such as growth of business enterprises and the manufacturing sector as well as increasing urban population also stimulated growth in electricity demand in Ghana’s urban areas [33]. Such growing electricity demand, if not matched by increased electricity generation, can result in electricity supply shortfalls. Indeed, rapid urbanization in Ghana’s major cities, especially Accra, was linked with the perennial electric power crises that affected the country in the past and the attendant socioeconomic implications [33]. Additionally, whenever power outages occur, it can be expected that the impacts of outages will be more pronounced in large cities due to high reliance on electricity in these areas.





2. Data and Methods


2.1. Study Area Overview


Ghana is a country in West Africa and covers a land area of 238,533 sq km. In 2018, Ghana’s population was estimated at 29.6 million people. Ghana’s population growth rate since 1970 has been above the world average, with this trend expected to continue into the foreseeable future. Over 60% of Ghana’s population is below 30 years of age. Ghana’s economy is made up of both private and public enterprises. About three-fifths of the country’s gross domestic product (GDP) is derived from the services sector, while agriculture contributes almost one-fifth, and industry about one-fourth. Cocoa, gold, and oil are some of the most important resources that are driving Ghana’s economic boom. Most of the Ghanaians are employed in the sectors of agriculture, forestry, and fishing.



This study was carried out in Accra city. Accra is one of the districts in the Greater Accra Region and is located in southern Ghana along the Atlantic coastline. Accra is the capital city of Ghana, covering an estimated land area of over 200 km2, and is home to over 2 million people. The city is a center of socioeconomic and political life. Accra has the highest level of access to social services in Ghana. In total, 82.2% of all households in greater Accra have access to piped water for domestic use, while 96.5% of households are connected to the national electric power grid. In terms of income, households in Accra have an estimated mean annual income of 63,027 Ghana Cedis (GH¢) (approximately equivalent to 10,885 USD) which is much higher than the national average. However, about 24.2% of the people who are unemployed in Ghana live in Accra [63]. Of those who are employed in Accra, 90.3% work in the private sector and 23.8% are involved in the informal sector.




2.2. Data Collection: Survey


A survey was carried out across 47 neighborhoods (communities) in Accra Metropolis, with a household chosen as a unit of analysis. The surveyed communities are those which suffered very frequent power outages during the most recent electricity supply shortages in Ghana. Moreover, many of the selected communities are largely residential areas, making them suitable for a household-level analysis. The communities cover 31% of the total area of Accra but are home to an estimated 56% of the city’s total population [64]. To select households for the survey, the study employed a systematic random sampling approach similar to what was used by Arku et al. [65]. Survey questionnaires were administered to household respondents from September to November 2018. The questionnaire included questions necessary to identify household socioeconomic, demographic, and electricity usage/outage characteristics including but not limited to age and marital status of the respondent, occupancy status, number of rooms and number of household occupants, household income, employment status and level of education of the respondent, uses of electricity within the household, household expenditure on electricity, and experiences with electricity outages (frequency and duration). In addition, questions that required respondents to identify household-level outage impacts were included. Specifically, respondents were asked to indicate whether or not they had suffered a particular outage-related impact from a list of twenty-one possible outage impacts identified through literature review.



The questionnaires were administered with the help of research assistants from CSIR-STEPRI (Council for Scientific and Industrial Research, Science and Technology Policy Research Institute) under the supervision of the first author of this paper. The research assistants were first trained on the questionnaire for two days, and one community trial run of the questionnaire was also conducted with them. The survey questions were administered through face-to-face interviews with the household respondents. The questionnaire was paper-based and written in the English language. In some cases, the research assistants would orally translate the questions to one of the local languages (especially Ga and Twi) for respondents who did not understand the English language. The survey interviews were mostly administered in the evening hours after most people in Accra have returned to their homes. The questionnaires were administered to household heads or any other adult persons who could answer on behalf of the household heads. The survey targeted at least twelve households in each neighborhood, bringing the total number of surveyed households to 564.




2.3. Data Analysis


To analyze the data, this study employed standard statistical methods as explained below.



2.3.1. Correlation Analysis: Pearson Chi-Square Test


Correlation analysis is oftentimes the first approach used to examine the relationship between a pair of variables. Common correlation analysis methods such as Pearson correlation, Kendall rank correlation, and Spearman correlation require that the data under analysis be numerical in nature. For categorical, non-numerical data, such as respondents’ gender or marital status, crosstabulation of different variable response groups is done first before correlation analysis. Crosstabulation of variables helps to determine the frequency (and the proportion) of responses for intersecting variable subcategories. From the crosstabs, a Chi-Square test is then carried out to determine whether or not there is a statistically significant association between any two categorical variables under analysis.



The Pearson Chi-Square test was used in this study, first to examine the relationships between reporting outage impacts and different household characteristics. In addition, the Chi-Square test was used to test for existing associations between pairs of household characteristics. As potential explanatory variables in a subsequent regression model, household characteristics should not exhibit significant association (not be multicollinear). Multicollinearity is an undesirable characteristic in statistical modeling because strongly correlated (multicollinear) explanatory variables potentially explain the same variance if used in the same model. Using collinear explanatory variables in modeling returns an improperly specified and an unstable model equation.




2.3.2. Dimension Reduction: Categorical Principal Component Analysis (CATPCA)


Principal component analysis (PCA) is one of the most common approaches used for dealing with multicollinearity among explanatory variables. The purpose of principal component analysis is to reduce the number of correlated variables into a few uncorrelated principal components that account for most of the variance in the correlated variables. Ordinary PCA is suitable for continuous/numerical variables which have a linear relationship. On the other hand, categorical principal component analysis (CATPCA), which is a type of PCA, is particularly useful for countering multicollinearity issues in categorical (nominal and ordinal) variables which may not have a linear relationship. CATPCA uses optimal scaling to transform the categorical values into numerical data. CATPCA was used in this study to deal with multicollinearity issues since the explanatory variables are categorical in nature.




2.3.3. Regression Analysis: Binary Logistic Regression


Regression analysis is a statistical modeling approach used to evaluate causal relationships between dependent and independent variables. Regression analyses are different from correlation analyses in that they show the extent to which changes in some variable(s) can cause variation in another (dependent) variable. In a regression equation, the dependent variable is a function of independent variable(s). In the present study, a binary logistic regression approach was used.



Binary logistic regression (BLR) is a type of generalized linear model used when the binary response variable and the independent variables are categorical in nature. Here, the odds of the response variable returning a particular value are modeled as a linear combination of the values of the explanatory variables. A multivariate binary logistic regression model, as used in this study, can be represented by Equation (1) below:


  P  ( Y )  =    e   b 0  +  b 1   x 1  +  b 2   x 2  + ⋯ +  b n   x n      1 +  e   b 0  +  b 1   x i  +  b 2   x 2  + ⋯ +  b n   x n       



(1)




where   P  ( Y )    is the probability of  Y  occurring;  e  is the natural logarithm base;    b 0    is the intercept on the y-axis;    x n    is the predictor variable; and    b n    is the regression coefficient of    x n   .



In this study, binary logistic regression analysis was carried out using IBM SPSS software version 25 (IBM, Armonk, New York, NY, USA). Outage impacts are the dependent variables while household/respondent characteristics are the independent variables. Household outage impact responses are binary in nature (yes or no responses). Select outage impacts are coded as shown in Table 2. Explanatory variables considered for modeling drivers of outage impacts in Accra households were categorized into demographic factors, housing characteristics, socioeconomic characteristics, and electricity outage characteristics. These were also transformed into binary categorical variables and coded as shown in Table 3.



Regarding the BLR model fit and diagnostics, several diagnostic/model fit measures were also used to validate the results from binary logistic regression. One of the commonly used measures is −2 log likelihood, which represents how much of the variation in the dependent variable is not accounted for by the model and whether or not the model is missing other important explanatory variables. The −2 log likelihood is mostly used for comparing two models of the same dependent variable but varying explanatory variables. Other BLR measures used in this study included Nagelkerke R-Square, Hosmer and Lemeshow test, and the overall predictive capacity. Nagelkerke R-Square is a pseudo R-square measure similar to the R-square used in ordinary linear regression. It shows the strength of association between the components and the dependent variable. However, pseudo R-square does not represent the proportion of variance accounted.






3. Results


3.1. Respondents Descriptive Statistics


As already mentioned, the survey captured responses from 564 households. However, not all questionnaires were fully completed, as some had elements of missing data, where respondents were unwilling or unable to respond to certain questions. Ultimately, only the fully completed questionnaires (from 496 households) were used for data analysis. This represents an 88% survey completion rate. The descriptive statistics of select household/respondent characteristics are given in Table 3.



From Table 3, slightly more than half of the respondents were female (50.5%) and less than 35 years of age (51.5%). With regard to marital status, 43.8% of respondents were single (never married), while 56.2% were officially married, cohabiting, divorced, or widowed. A total of 29.8% of the respondents lived in their own houses, 65.9% were living as a family (with family members), while 62.1% of the households had fewer than 5 occupants/members. In total, 60.1% of the respondents had an education below tertiary level, 42.2% were formally employed, while 50.1% had an annual income greater than 6000 GH¢ (approximately equivalent to 1036 USD). With regard to electricity outage experiences, 66% of respondents indicated experiencing, at most, thirteen outages per month, while 75.5% of the respondents indicated that, on average, electricity outages lasted for fewer than 9 h. With regard to electricity usage in homes, 99.6% of respondents used electricity for lighting, 91.5% for information, communication, and leisure (watching television, phone and computer charging, and playing video games), 85.2% for air conditioning (including ceiling fan), 82.4% for refrigeration, 75.6% for heating (including water heating and ironing), and only 9.7% used electricity for cooking.




3.2. Reported Impacts of Outages in Accra Households


The survey responses for common outage impacts in Accra households are reported in this section. The identified outage impacts are categorized into five main groups namely: impact on household safety and security; damage to household appliances; disruption to critical infrastructure services; impact on household income or expenditure; and impact on household access to food. Figure 3 shows the percentages of the respondents identifying a particular outage impact as happening in their households.



Across all the five outage impact groups shown in Figure 3, food spoilage (under impact on household access to food) emerged as the leading outage impact reported by 58.9% of the respondents, followed by burglary (under impact on household safety and security) and damage to refrigerators/freezers (under damage to household appliances), reported by 49.4% and 41.1% of the respondents, respectively. The popularity of food spoilage as an outage impact indicates that electricity plays an important role of supporting food preservation in homes and thereby simplifies access to food. This was emphasized by one respondent in Korle Bu community: “We usually buy raw food stuffs in bulk to avoid frequent trips to the market. We cook some and keep some (of the raw food) in the refrigerator. Even cooked food that is left-over, we don’t throw it away. We preserve it in the refrigerator for several days without it going bad”. Aside from supporting access to food, electricity also appears to be a vital aspect for ensuring security against burglary in Accra households. Indeed, as observed by the author, electricity is commonly used in Accra to power electric fences around homes, operate anti-burglar alarms, and provide outdoor lighting at night to deter would-be intruders. A high number of respondents indicating damage to refrigerators/freezers as an outage impact also suggests that power surge protection devices that shield electrical appliances from high voltage surges may not yet be widely used in Accra households.



Other commonly reported outage impacts in Accra households include disruption to communication services (37.9%) and disruption of academic activities (35.8%), which are the top two impacts identified under disruption of critical services. Additionally, damage to lighting appliances (34.9%) was a common impact under damage to household electrical appliances, while reduced household earnings (29.3%) was reported as the leading outage impact under the category of impact on household income/expenditure. Other outage impacts including physical assault (24.6%), damage to ICT devices (especially TVs) (22.5%), disruption to water supply (17.6%), longer time for preparing food (15.7%), increased unit cost of electricity during outages (13.9%), high expenditure of alternative energy sources (12.7%), fire outbreak (11.9%), and increased food prices of the market (10.3%) were identified by more than 10% of the respondents. Less common impacts—reported by less than 10% of the households—included electric shock (8.9%), reduced quality of food on the market (6%), damage to air conditioners/fans (2.1%), disruption to transportation (1.6%) and medical (1.4%) services, and absence of preferred food on the market (0.6%).




3.3. Correlation Analysis Results


3.3.1. Bivariate Correlation Results: Dependent vs. Explanatory Variables


In Table 4, bivariate correlation analysis results indicating the relationships between dependent variables (outage impacts) and several potential explanatory variables (respondent/household characteristics) are presented. Only seven select outage impacts, which were identified by at least ten percent of the respondents and returned significant correlation with at least three potential explanatory variables, are presented in the table and considered for further analysis. The relationships are based on the Pearson Chi-Square test, which returns a Pearson correlation coefficient,    X 2   . Statistically significant relationships are highlighted in bold in the table.



From the analysis, physical assault (Y1) is significantly correlated with respondent’s age (   X 2    = 4.006, p < 0.05), annual income (   X 2    = 6.046, p < 0.05), employment status (   X 2    = 43.540, p < 0.01), and number of outages per month (   X 2    = 4.146; p < 0.05). Burglary/house break-in (Y2) was found to be significantly correlated with the sex of the respondent (   X 2    = 8.04, p < 0.01), building ownership (   X 2    = 5.74, p < 0.01), number of people in the household (   X 2    = 4.82, p < 0.05), respondent’s level of education (   X 2    = 4.19, p < 0.05) and employment status (   X 2    = 7.18, p < 0.01), number of outages in a month (   X 2    = 21.53, p < 0.01), and average duration of each outage (   X 2    = 19.79, p < 0.01). Disruption in water supply (Y3) was significantly associated with the occupying house as a family (   X 2    = 4.70, p < 0.05), the respondent’s annual income (   X 2    = 20.82, p < 0.01) and employment status (   X 2    = 3.88, p < 0.05), and the number of outages in a month (   X 2    = 5.44, p < 0.05). Disruption of communication services (Y4) was found to be significantly correlated with only three explanatory variables, that is, number of people in the household (   X 2    = 4.08, p < 0.05), respondent’s annual income (   X 2    = 14.32, p < 0.01), and number of outages in a month (   X 2    = 7.56, p < 0.01). Disruption of academic activities (Y5) was significantly correlated with number of people in the household (   X 2    = 6.69, p < 0.01), respondent’s annual income (   X 2    = 6.78, p < 0.01), level of education completed (   X 2    = 4.60, p < 0.05), and number of outages in a month (   X 2    = 16.59, p < 0.01). Reduction in household earnings (Y6) was found to be significantly correlated with the respondent’s age (   X 2    = 9.34, p < 0.01), sex (   X 2    = 3.97, p < 0.05), annual income (   X 2    = 24.79, p < 0.01) and employment status (   X 2    = 10.50, p < 0.01), as well as with building ownership (   X 2    = 7.51, p < 0.01), number of outages in a month (   X 2    = 4.07, p < 0.05), and average duration of each outage (   X 2    = 8.89, p < 0.01). High expenditure on alternative energy sources (Y7) was significantly associated with the age (   X 2    = 13.59, p < 0.01), level of education (   X 2    = 10.27, p < 0.01) and employment status (   X 2    = 11.50, p < 0.01) of the respondent, and the average duration of each outage (   X 2    = 7.58, p < 0.01).



The number of outages in a month was correlated with all but one outage impact, that is, high expenditure on alternative energy sources (Y7), while outage duration was correlated with only three outage impacts. Among the socioeconomic variables, both the respondent’s annual income (X7) and employment status (X9) were significantly associated with five of the seven outage impacts, while level of education completed (X8) was associated with four outage impacts. Housing characteristics including occupying house as a family, home ownership, and household size were significantly correlated with one, two, and three outage impacts, respectively. With regard to demographic characteristics, age and gender were significantly associated with three and two outage impacts, respectively, while marital status was not significantly associated with any outage impact.




3.3.2. Bivariate Correlation Results: Multicollinearity Test for Household/Respondent Characteristics


Pearson correlation coefficients between variables under household socioeconomic, demographic, housing, and outage characteristics were calculated to test for multicollinearity. As shown in Table 5, some pairs of variables exhibited strong and statistically significant associations and were therefore multicollinear. These included age and marital status (   X 2    = 155.178, p < 0.01), marital status and occupying house as a family (   X 2    = 60.106, p < 0.01), home ownership and outage duration (   X 2    = 7.448, p < 0.01), family occupancy and household size (   X 2    = 46.864, p < 0.01), household size and outage frequency (   X 2    = 11.067, p < 0.01), annual income and level of education completed (   X 2    = 44.600, p < 0.01), annual income and employment status (   X 2    = 21.294, p < 0.01), and outage frequency and outage duration (   X 2    = 91.478, p < 0.01), among others. In regression analysis, using explanatory variables that are multicollinear compromises the accuracy of the model equation since one of the correlated predictor variables will be redundant.





3.4. Categorical Principal Component Analysis (CATPCA) Results


Categorical principal component analysis (CATPCA), a dimension reduction approach, was used to transform the correlated household characteristics (explanatory variables) into a smaller number of uncorrelated principal components which accounted for most of the variance in the data. The summary of the CATPCA model results obtained in this study are presented in Table 6 below.



As shown in Table 6, five dimensions/components were obtained. The components were identified basing on the Kaiser criterion (with varimax rotation), where components with eigenvalues greater than one (1) were deemed to have a significant contribution to the total variance of the transformed variables. The first component had an eigenvalue of 1.708 and contributed 15.527% to the total variance in the transformed variables. The second component (eigenvalue = 1.625) and the third component (eigenvalue = 1.564) explained 14.773% and 14.218% of the total variance, respectively. The fourth and the fifth components contributed 13.036% and 10.091% to the total variance accounted for, respectively. The selected components cumulatively accounted for a total variance of 67.645% in the original variables.



The loadings (correlation coefficients) between variables and components/dimensions are given in Table 7.



For each principal component, variables with correlation coefficient greater than 0.5 were deemed to have significant loading on the principal component. The variables that effectively loaded on each of the five components are highlighted in bold in Table 7. Component 1 (COMP 1) had positive loadings on respondents above 35 years of age (0.901) and those who are married or were married before (0.825). These variables mostly represented respondents who reached the adult stage of human growth. This component was, therefore, classified as adult respondents. Component 2 (COMP 2) had positive loadings on monthly outage frequency exceeding thirteen times (0.816) and average outage duration exceeding nine hours (0.833). This component depicted respondents who experience more power outages than others. Component 2 was, therefore, classified as high outage exposure respondents. The third component (COMP 3) had positive loadings on education attainment below tertiary level (0.760) and on employment status other than formal employment (0.760). This component also had a negative loading on annual income level exceeding 6000 Cedis (−0.603). The component represented those respondents who have a “low standing” in society as regards education, employment, and income. Component 3 was, therefore, classified as socio-economically disadvantaged respondents. Component 4 (COMP 4) loaded positively on respondents who are living with family members (0.737) and those living with five or more members in the household (0.775). This component, therefore, characterized respondents living in a large family setting, and it was classified as such. The fifth and final component (COMP 5) loaded positively on male respondents (0.818) as well as on respondents who own their homes (0.552). This component was categorized here as male homeowners.




3.5. Regression Modeling Results


In this section, model equations showing the relationships between reporting outage impacts and various respondent/household characteristics are presented. Specifically, principal components were used as the predictor variables in the place of individual respondent characteristics. Binary logistic regression was used since both the dependent and the independent variables had binary responses. Variables that were significantly associated with outage impacts were modeled according to the results presented in the corresponding tables below. Only the final model results, showing components that were significantly associated with the dependent variable, are presented. Several goodness of fit statistics including Hosmer and Lemeshow test, −2 log likelihood, Nagelkerke R Square, and overall predictive accuracy are also given.



3.5.1. Physical Assault, Y1


From the modeling results shown in Table 8, only two components, that is, high outage exposure and socio-economic disadvantage, were identified to be significantly associated with reporting physical assault as an outage impact in households. High outage exposure was found to be positively associated with reporting physical assault. Households that are exposed to more power outages were one and a half times more likely to report physical assault as an outage impact than those with less exposure to outages (odds ratio = 1.591; p < 0.05). On the other hand, socio-economic disadvantage exhibited a negative association with reporting of physical assault. The odds of reporting physical assault as an outage impact were more than four times lower for the socio-economically disadvantaged than for others (odds ratio = 0.246; p < 0.001). The model returned a Nagelkerke pseudo R2 statistic of 13.4%, and it accurately predicted 75.3% of the respondents’ answers.




3.5.2. Burglary (house break-in), Y2


The model results presented in Table 9 show that four components, that is, high outage exposure, socio-economic disadvantage, male homeowners, and living in a large family setting, were significantly associated with reporting burglary as a household outage impact. High outage exposure was positively associated while socio-economic disadvantage, male homeowners, and living in a large family setting were negatively associated. Households with high exposure to power outages were about three times more likely to report burglary as an outage impact than those with low outage exposure (odds ratio = 2.941; p = 0.000). Respondents who are male homeowners and those living in large family settings were 44.1% (odds ratio = 0.559; p = 0.004) and 41.6% (odds ratio = 0.584; p = 0.009), respectively, less likely to report burglary as an outage impact than others. The odds of the socio-economically disadvantaged reporting burglary as an impact of power outages were about two times lower (odds ratio = 0.507; p = 0.001) than for others. The model returned a Nagelkerke pseudo R2 statistic of 12.7%, and it accurately predicted 60.6% of the respondents’ answers.




3.5.3. Disruption of Water Supply, (Y3)


In Table 10, only two components are identified to be significantly associated with reporting disruption of water supply as an outage impact. Living in a large family setting was positively associated, while socio-economic disadvantage was negatively associated. Respondents who live in a large family setting were about two times more likely (odds ratio = 1.965; p = 0.018) to report outage-related disruption of water supply than those not living in a large family setting. Respondents categorized as being socio-economically disadvantaged were about 70% less likely (odds ratio = 0.304; p = 0.000) to report disruption of water supply due to power outages as compared to others. The model returned a Nagelkerke pseudo R2 statistic of 10.0%, and it accurately predicted 81.2% of the respondents’ answers.




3.5.4. Disruption of Academic Activities, (Y5)


The model results presented in Table 11 also show that two components were significantly associated with reporting disruption of academic/education activities as an outage impact. Both socio-economic disadvantage and high outage exposure were negatively associated with disruption of academic/education activities. Households categorized as being socio-economically disadvantaged were 32.5% less likely to report disruption of academic activities due to power outages than others (odds ratio = 0.675; p = 0.048). Respondents with high exposure to power outages were 57% less likely to report disruption of academic activities as an outage impact in their households (odds ratio = 0.428; p = 0.000) as compared to those with low outage exposure. The model returned a Nagelkerke pseudo R2 statistic of 6% and it accurately predicted 64.3% of the respondents’ answers.




3.5.5. Reduction of Household Earnings/Income, (Y6)


Variables that significantly predicted reporting of reduction of household income as an outage impact were modeled according to the results in Table 12. In the table, four components are shown to be significantly associated with reporting reduction of household income. Male homeowners and high exposure to outages were both positively associated with reporting reduction of household income because of outages, while adult respondents and socio-economic disadvantage were negatively associated. Adult respondents were more than two times less likely to report reduction of household income due to outages than others (odds ratio = 0.465; p = 0.004), while male homeowners were two times more likely to report outage-induced reduction of household income than others (odds ratio = 2.055; p = 0.006). Socio-economically disadvantaged households were over two and a half times less likely to report reduction of household income due to power outages than others (odds ratio = 0.374; p = 0.000), while those facing high exposure to power outages were about two and a half times more likely to report reduced household income as an outage impact than others (odds ratio = 2.517; p = 0.000). The model returned a Nagelkerke pseudo R2 statistic of 17.1%, and it accurately predicted 76.5% of the respondents’ answers.




3.5.6. High Expenditure on Alternative Energy Sources, (Y7)


From the model results presented in Table 13, three components—high outage exposure, adult respondents, and socio-economic disadvantage—were significantly associated with reporting high expenditure on alternative energy sources as an outage impact in Accra households. High outage exposure was positively associated, while both adult respondents and socio-economically disadvantaged households were negatively associated. Adult respondents were found to be about 65% less likely to report outage-induced high expenditure on alternative energy sources than others (odds ratio = 0.348; p = 0.002). Similarly, socio-economically disadvantaged households were 55% less likely to report high expenditure on alternative energy sources because of outages than others (odds ratio = 0.451; p = 0.009). Households that have high exposure to power outages were over two and a half times more likely to report high expenditure on alternative energy sources than those with lower exposure to outages (odds ratio = 2.700; p = 0.002). The model returned a Nagelkerke pseudo R2 statistic of 11.8%, and it accurately predicted 86.9% of the respondents’ answers.






4. Discussion


The analysis of responses from close to 500 household survey questionnaires administered in Accra, Ghana identified various impacts of power outages on households. Power outages were found to affect safety and security of households, damage household appliances, disrupt access to social services, affect food access/security, and diminish household income, among others. The most common impacts of outages identified in this study were food spoilage, burglary (house break-in), damage to refrigerators/freezers, disruption of communication services, disruption of academic activities, and damage to lighting appliances, all of which were reported by over thirty percent of the household respondents. Similar impacts/concerns related to power supply interruptions in homes were identified in other countries, including Ethiopia [5]. Furthermore, several social, economic, demographic, and outage characteristics, including respondent’s age and gender, income and employment status, household size and building ownership, as well as outage frequency and duration, were found to be significantly associated with reporting certain outage impacts. The authors did not find any study in the literature which directly linked reporting of specific power outage impacts with household characteristics. However, related studies in Ghana and elsewhere, which use WTP/WTA as an indicator of the value placed on reliable electricity (and consequently the impact of unreliable electricity), indirectly associated power outage impacts with several household factors including income, age, household size, education level, marital status, and gender of household head [22,40,42,43].



Beyond significant association, factors including socioeconomic disadvantage, high-outage exposure, and living in a large family setting, among others, were found to predict reporting of outage impacts. Being socioeconomically disadvantaged was found to predict (with a negative association) the reporting of outage impacts in all the regression models developed. This is likely because socioeconomically disadvantaged respondents are often less dependent on electricity for their wellbeing or day-to-day activities as compared to those of a higher socioeconomic standing. For example, socioeconomically disadvantaged people may not own electrical appliances such as televisions, air conditioners, and refrigerators and, therefore, possibly derive less direct value from having access to uninterrupted electricity. Because of this, they can be more insulated from impacts of power outages as compared to those of a higher socioeconomic status. The finding that socioeconomically disadvantaged respondents are less likely to report safety concerns (assault or burglary) as outage impacts may also be attributed to two reasons. First of all, socioeconomically disadvantaged people potentially live in “socioeconomically disadvantaged neighborhoods”, which—according to the social disorganization theory—usually have high concentration of crime [66,67]. Because of this, they may not associate having uninterrupted electricity with improved personal or household safety. Secondly, because they live in areas where they are exposed to a high risk of crime, socio-economically disadvantaged people may have already developed mechanisms to overcome existential threats to their safety. As noted by Silver [68], socioeconomically disadvantaged people living in “poor urban neighborhoods” may rely on community social networks to protect their property during electricity outages. Furthermore, the finding that the socioeconomically disadvantaged are less likely to report high expenditure on alternative energy sources during outages is in agreement with results from other studies. Silver [68] observed that, due to their precarious socioeconomic condition, the urban poor in Ghana are often not able to afford better outage coping options/technologies (e.g., solar photovoltaics, diesel generator) and mostly utilize low-cost options (candles and kerosene lamps) to cope with power supply interruptions in their households and communities.



The negative relations between socioeconomic disadvantage and disruption in water supply and disruption of academic activities also indicate that access to water and engagement in academic activities in socially and economically marginalized households are weakly (or not at all) linked to electricity supply. With regard to water supply, some studies in Ghana and elsewhere showed that the rich often have higher access to portable piped water (distributed by the water utility company) than the poor [69,70,71]. Water supply systems operated by utility companies utilize electricity to treat, pump, and distribute water over a wide geographic area. This makes water supply through these systems susceptible to disruptions during extended outages. Since socioeconomically disadvantaged people have limited access to piped water, they may be relatively insulated from the water supply disruptions that may be triggered by power outages. Additionally, the theory that associates access to electricity with increased participation in education activities is based on the assumption that access to electricity in households frees up children from undertaking some household chores (or need to participate in employment activities), and also allows them to participate in home-based academic activities [31,72]. However, considering that child employment in Ghana is linked to poverty, this assumption may not be relevant in households at the lowest levels of the socioeconomic ladder, where the economic contribution of every member of the household (including children) is considered vital for the survival of the family [73]. Therefore, children from such households are less likely to be aided by access to reliable electricity to attend school or undertake home-based academic activities and, as a result, are less likely to experience outage-related disruption to their academic activities.



High outage exposure, a combination of high outage frequency and duration, was found to predict (mostly with a positive relationship) the reporting a number of outage-impacts in households. This is generally in agreement with prior expectations and agrees with most existing outage research that associates increased outage frequency and/or duration to high outage-related losses [14]. A study of power outage costs in Cyprus found that the residential sector, which experienced most outages in summer 2011, also suffered the highest impact (economic losses) [24]. In this study, however, high outage exposure was also found to predict (with a negatively relationship) the likelihood to report disruption of academic activities due to outages. This is likely because households which are exposed to more outages are also more likely to have a higher level of preparedness for outages, for example, by adopting/utilizing outage coping options, such as backup diesel generation and candles. These can still support academic activities during outages, especially by providing light for studying during the night. However, some of these coping measures such as using candles, kerosene lamps, or rechargeable lamps may not effectively support academic activities especially for household members who use electronic gadgets (computers, tablets) for learning.



Living in a large family setting and being a male homeowner were other factors that predicted (with a negative relationship) the reporting of safety issues, particularly burglary, as an outage impact in households. There is a wide body of research that links family size to other socioeconomic factors. Large family size was shown to have a negative effect on schooling, food security, and mental health [74,75,76,77]. However, large family living can also confer some benefits, including social skills gained from interacting with siblings [78] and reduced likelihood of divorce or married couples who had more siblings in their childhood [79]. This study identified safety as an additional benefit of living in a large family, implying that households may derive safety from numbers. The contribution of male homeowners to improved household safety is potentially explained by two factors. Owning a home gives the owner leeway to make structural modifications necessary for improving the safety of the household [80]. Additionally, in many traditional African contexts, it is assumed that men are primarily responsible for providing security not just to their households but to the entire community [81]. Therefore, this finding brings to light the traditionally gendered roles still existing in some African societies. Large family living was also shown to predict a higher likelihood to report disruption in water supply due to outages. Large families are, indeed, expected to use more water than smaller households simply because of the many household members. However, when water supply in a given area is disrupted by outages, it is expected that every household connected to the water supply system is equally affected. In Accra, many households utilize water storage systems as a stopgap measure against any short-term shortfalls in piped water supply [69,82]. When a household size is big, water draw down from the water storage system is faster, and the potential for experiencing a water shortage is higher than for a smaller household.




5. Conclusions


Similar to many developing countries in Africa and other regions, the electricity supply system in Ghana experiences frequent disruptions that lead to electricity outages. The electricity outages affect not only business firms but also households, especially in urban areas where electricity access and consumption rates are high. This study examined the impacts that power outages have on households using a case study of Accra, Ghana and found these to be diverse. Household safety/security as well as access to food were found to be most affected by power outages. High exposure to outages and socioeconomic disadvantage were found to be determinants of reporting (or not reporting) several outage impacts. These findings imply, first of all, that improving electricity reliability can go a long way in improving safety and security in households/communities and minimizing food wastage towards achieving food security in developing countries. The findings also underscore the need to focus on eliminating, or at least reducing, frequent electricity disruptions/outages in all developing countries (not just Ghana) if sustainable social and economic development is to be achieved.



It is worth noting that modeling of some common outage impacts in households, for example, food spoilage and disruption of communication services, with household characteristics did not yield statistically significant results. Additionally, the predictive capacity of the identified predictor variables on reporting outage impacts is small. One possible reason for this is because, for the regression analyses, all predictor variables were coded as binary variables. Another reason is that other important predictor variables are potentially missing in the model equations. Therefore, adding all relevant predictor variables and using a different and broader variable coding approach would potentially improve the modeling results. Another limitation of this study is that it was carried out only across communities in the western part of the Accra metropolis, which were the case study communities for a larger research study by the researchers. Therefore, not all communities in Accra were included in this study. The above-mentioned limitations notwithstanding, the study reveals important insights into some of the factors associated with reporting of certain outage impacts in households. For example, the benefits of binary regression modeling go beyond having all significant predictor variables in the model equation. Through binary regression, relative odds of reporting (or not reporting) a particular outage impact across different socioeconomic categories of people were identified. This provides vital information on who is more (or less) likely impacted by outages and can guide implementation of targeted interventional measures to support coping with frequent power outages among the highly affected groups. Finally, building on the findings on this study, future research should look to broaden the study area and more systematically represent the outage experiences in all households across all the communities of Accra. Moreover, future studies may also consider examining the similarities and/or the differences in electricity outage impacts across large and small cities (potentially including rural areas) and whether similar factors drive reporting outage impacts across different urban scales.
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Figure 1. Trends in Ghana’s electricity generation mix, 2007–2018 [47,49]. 
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Figure 2. Trends in Ghana’s annual electricity consumption by sector, 2007–2018 [47,49]. 
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Figure 3. Reported impacts of electricity outages in percent of households. 
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Table 1. Electricity access and reliability rates in select African countries.
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	Country
	Electricity Access Rate (%)
	Level of Electricity Supply Reliability in Households (%)





	Algeria
	>99
	89



	Egypt
	>99
	89



	South Africa
	95
	81



	Senegal
	69
	80



	Kenya
	75
	77



	Mozambique
	29
	61



	Zambia
	37
	58



	Tanzania
	37
	54



	Ghana
	84
	42



	Uganda
	23
	36



	Nigeria
	60
	18



	Guinea
	27
	12







Source: [3,6].
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Table 2. Select impacts of outages in Accra households.
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Dependent Variable

	
Description of Dependent Variable

	
Response (Code)






	
Y1

	
Increased instances of or concern about physical assault/injury

	
Yes (1), No (0)




	




	
Y2

	
Increased instances of or concern about burglary or house break-in

	
Yes (1), No (0)




	




	
Y3

	
Increased instances of or concern about disruption of water supply

	
Yes (1), No (0)




	




	
Y4

	
Increased instances of or concern about disruption of communication services

	
Yes (1), No (0)




	




	
Y5

	
Increased instances of or concern about disruption of academic activities

	
Yes (1), No (0)




	




	
Y6

	
Increased instances of or concern about reduction of household earnings

	
Yes (1), No (0)




	




	
Y7

	
Increased instances of or concern about high expenditure on alternative energy sources

	
Yes (1), No (0)
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Table 3. Descriptive statistics of select household/respondent characteristics (coded as binary responses).
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Variable Categories

	
Code

	
Variable

	
Measurement

	
Mean

	
Standard Deviation






	
Demographic characteristics

	
X1

	
Age

	
Less than 35 years = 0, 35 years or more = 1

	
0.48

	
0.50




	
X2

	
Sex

	
Female = 0, Male = 1

	
0.49

	
0.50




	
X3

	
Marital status

	
Single–Never married = 0, Married/cohabiting/divorced/widowed = 1

	
0.56

	
0.497




	
Housing characteristics

	
X4

	
Occupying house as a family

	
No = 0, Yes =1

	
0.66

	
0.474




	
X5

	
Home ownership

	
Not self-owned = 0, Self-owned = 1

	
0.30

	
0.458




	
X6

	
Household size

	
Less than 5 occupants = 0, 5 or more occupants = 1

	
0.38

	
0.486




	
Socioeconomic characteristics

	
X7

	
Annual income

	
<6000 Ghana Cedis = 0, >=6000 Ghana Cedis = 1

	
0.50

	
0.501




	
X8

	
Level of education completed

	
Tertiary level = 0, Below tertiary level = 1

	
0.61

	
0.489




	
X9

	
Employment status

	
Formal employment = 0, Informal employment/unemployed = 1

	
0.58

	
0.494




	
Outage characteristics

	
X10

	
Outage frequency per month

	
<=13 times = 0, >13 times = 1

	
0.34

	
0.474




	
X11

	
Average duration per outage

	
<=9 h = 0, >9 h = 1

	
0.25

	
0.431








Tertiary level is defined here to include university level education or any other post-secondary school training such as vocational and technical training.
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Table 4. Bivariate correlation results between reported outage impacts and select household characteristics.
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	X1
	X2
	X3
	X4
	X5
	X6
	X7
	X8
	X9
	X10
	X11





	Y1
	4.006 **
	1.373
	0.175
	0.016
	0.945
	1.799
	6.046 **
	0.002
	43.540 ***
	4.146 **
	2.628



	Y2
	1.573
	8.039 ***
	0.384
	0.008
	5.742 **
	4.823 **
	0.114
	4.187 **
	7.177 ***
	21.525 ***
	19.788 ***



	Y3
	0.190
	2.713
	1.883
	4.698 **
	0.028
	0.001
	20.824 ***
	1.324
	3.877 **
	5.437 **
	2.255



	Y4
	0.498
	0.000
	0.003
	1.704
	0.357
	4.083 **
	14.321 ***
	1.389
	0.180
	7.556 ***
	0.496



	Y5
	0.001
	0.974
	1.756
	0.255
	0.083
	6.690 ***
	6.778 ***
	4.598 **
	1.216
	16.548 ***
	3.297



	Y6
	9.335 ***
	3.973 **
	3.498
	0.772
	7.508 ***
	0.355
	24.786 ***
	3.655
	10.500 ***
	4.071 **
	8.891 ***



	Y7
	13.593 ***
	3.321
	0.834
	0.031
	1.277
	0.662
	0.521
	10.266 ***
	11.503 ***
	1.663
	7.578 ***







X1 = age, X2 = sex, X3 = marital status, X4 = occupying house as a family, X5 = home ownership, X6 = household size, X7 = annual income, X8 = level of education completed, X9 = employment status, X10 = outage frequency per month, X11 = average duration per outage, Y1 = physical assault/injury, Y2 = burglary/housebreak in, Y3 = disruption of water supply, Y4 = disruption of communication services, Y5 = disruption of academic activities, Y6 = reduction of household income, Y7 = high expenditure on alternative energy sources. ** and *** indicate statistical significance level of p < 0.05 and p < 0.01, respectively.
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Table 5. Bivariate correlation results between household characteristics.
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	X1
	X2
	X3
	X4
	X5
	X6
	X7
	X8
	X9
	X10
	X11





	X1
	
	9.386 ***
	155.178 ***
	27.426 ***
	0.171
	11.020 ***
	13.185 ***
	1.259
	0.258
	0.694
	1.674



	X2
	
	
	17.260 **
	8.473 ***
	1.077
	0.408
	2.840
	10.997 ***
	2.137
	5.354 **
	0.953



	X3
	
	
	
	60.106 ***
	0.006
	3.428
	1.252
	0.758
	6.720 **
	0.924
	0.101



	X4
	
	
	
	
	6.079 **
	46.864 ***
	0582
	0.201
	0.658
	0.932
	4.680 **



	X5
	
	
	
	
	
	3.937 **
	1.446
	0.189
	0.077
	0.723
	7.448 ***



	X6
	
	
	
	
	
	
	0.114
	0.379
	1.830
	11.067 ***
	0.754



	X7
	
	
	
	
	
	
	
	44.600 ***
	21.294 ***
	2.821
	7.062 ***



	X8
	
	
	
	
	
	
	
	
	32.339 ***
	3.005
	1.442



	X9
	
	
	
	
	
	
	
	
	
	0.296
	5.148 **



	X10
	
	
	
	
	
	
	
	
	
	
	91.478 ***



	X11
	
	
	
	
	
	
	
	
	
	
	







X1 = age, X2 = sex, X3 = marital status, X4 = occupying house as a family, X5 = home ownership, X6 = household size, X7 = annual income, X8 = level of education completed, X9 = employment status, X10 = outage frequency per month, X11 = average duration per outage. ** and *** indicate statistical significance level of p < 0.05 and p < 0.01, respectively.
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Table 6. Model summary for CATPCA.






Table 6. Model summary for CATPCA.





	
Dimension

	
Cronbach’s Alpha

	
Variance Accounted for




	
Total (Eigenvalue)

	
Percentage of Variance






	
1

	
0.481

	
1.708

	
15.527




	
2

	
0.403

	
1.625

	
14.773




	
3

	
0.388

	
1.564

	
14.218




	
4

	
0.364

	
1.434

	
13.036




	
5

	
0.140

	
1.110

	
10.091




	
Total

	
0.952 a

	
7.441

	
67.645








Rotation Method: Varimax with Kaiser normalization. a. Total Cronbach’s alpha is based on the total Eigenvalue.
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Table 7. Matrix of rotated component loadings.






Table 7. Matrix of rotated component loadings.





	
Variables

	
Dimension




	
1

	
2

	
3

	
4

	
5






	
Age

	
0.901

	
−0.082

	
0.042

	
0.079

	
0.005




	
Sex

	
−0.119

	
−0.125

	
−0.149

	
−0.135

	
0.818




	
Marital status

	
0.827

	
0.096

	
−0.055

	
0.188

	
−0.166




	
Occupying house as a family

	
0.292

	
0.140

	
−0.055

	
0.737

	
−0.163




	
Home ownership

	
−0.026

	
0.276

	
0.099

	
0.383

	
0.552




	
Household size

	
0.037

	
−0.240

	
0.057

	
0.775

	
0.126




	
Annual income

	
0.305

	
−0.185

	
−0.603

	
−0.203

	
0.174




	
Level of education completed

	
0.092

	
0.102

	
0.760

	
−0.005

	
−0.115




	
Employment status

	
0.030

	
−0.190

	
0.760

	
−0.080

	
0.135




	
Outage frequency per month

	
0.067

	
0.816

	
0.050

	
−0.165

	
−0.051




	
Average duration per outage

	
−0.060

	
0.833

	
−.017

	
0.088

	
0.045








Variable principal normalization. Rotation method: Varimax with Kaiser normalization.
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Table 8. Multivariate regression results between physical assault and explanatory variables.
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B

	
S.E.

	
Wald

	
Df

	
Sig.

	
Exp(B)

	
95% C.I. for EXP(B)




	
Lower

	
Upper






	
Model (Y1)

	
COMP 2 (1)

	
0.464

	
0.231

	
4.034

	
1

	
0.045

	
1.591

	
1.011

	
2.503




	
COMP 3 (1)

	
−1.402

	
0.228

	
37.794

	
1

	
0.000

	
0.246

	
0.157

	
0.385




	
Constant

	
−0.591

	
0.168

	
12.372

	
1

	
0.000

	
0.554

	

	




	
Goodness of fit statistics

	
−2 log likelihood

	

	

	
484.988

	

	

	

	

	




	
Nagelkerke R square

	

	

	
0.134

	

	

	

	

	




	
Hosmer and Lemeshow test

	

	

	
2.987

	

	
0.225

	

	

	




	
Overall predictive accuracy

	

	

	
75.3%

	

	

	

	

	








Y1 = physical assault, COMP 2 = high outage exposure, COMP 3 = socio-economic disadvantage.
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Table 9. Multivariate regression results between burglary and explanatory variables.
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B

	
S.E.

	
Wald

	
Df

	
Sig.

	
Exp(B)

	
95% C.I. for EXP(B)




	
Lower

	
Upper






	
Model (Y2)

	
COMP 5 (1)

	
−0.581

	
0.202

	
8.240

	
1

	
0.004

	
0.559

	
0.376

	
0.832




	
COMP 4 (1)

	
−0.538

	
0.205

	
6.868

	
1

	
0.009

	
0.584

	
0.390

	
0.873




	
COMP 3 (1)

	
−0.679

	
0.208

	
10.631

	
1

	
0.001

	
0.507

	
0.337

	
0.763




	
COMP 2 (1)

	
1.079

	
0.238

	
20.472

	
1

	
0.000

	
2.941

	
1.843

	
4.692




	
Constant

	
0.654

	
0.218

	
8.976

	
1

	
0.003

	
1.923

	

	




	
Goodness of fit statistics

	
−2 log likelihood

	

	

	
581.372

	

	

	

	

	




	
Nagelkerke R square

	

	

	
0.127

	

	

	

	

	




	
Hosmer and Lemeshow test

	

	

	
10.775

	

	
0.149

	

	

	




	
Overall predictive accuracy

	

	

	
60.6%

	

	

	

	

	








Y2 = burglary, COMP 2 = high outage exposure, COMP 3 = socio-economic disadvantage, COMP 4 = living in a large family setting, COMP 5 = male homeowners.
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Table 10. Multivariate regression results between disruption in water supply and predictor variables.
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B

	
S.E.

	
Wald

	
Df

	
Sig.

	
Exp(B)

	
95% C.I. for EXP(B)




	
Lower

	
Upper






	
Model (Y3)

	
COMP 4 (1)

	
0.676

	
0.286

	
5.589

	
1

	
0.018

	
1.965

	
1.122

	
3.441




	
COMP 3 (1)

	
−1.192

	
0.274

	
18.966

	
1

	
0.000

	
0.304

	
0.178

	
0.519




	
Constant

	
−1.436

	
0.258

	
31.025

	
1

	
0.000

	
0.238

	

	




	
Goodness of fit statistics

	
−2 log likelihood

	

	

	
388.674

	

	

	

	

	




	
Nagelkerke R square

	

	

	
0.100

	

	

	

	

	




	
Hosmer and Lemeshow test

	

	

	
4.418

	

	
0.110

	

	

	




	
Overall predictive accuracy

	

	

	
81.2%

	

	

	

	

	








Y3 = disruption of water supply, COMP 3 = socio-economic disadvantage, COMP 4 = living in a large family setting.
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Table 11. Multivariate regression results between disruption of academic activities and predictor variables.
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B

	
S.E.

	
Wald

	
Df

	
Sig.

	
Exp(B)

	
95% C.I. for EXP(B)




	
Lower

	
Upper






	
Model (Y5)

	
COMP 3 (1)

	
−0.393

	
0.198

	
3.915

	
1

	
0.048

	
0.675

	
0.458

	
0.996




	
COMP 2 (1)

	
−0.850

	
0.219

	
15.083

	
1

	
0.000

	
0.428

	
0.279

	
0.657




	
Constant

	
−0.090

	
0.161

	
0.314

	
1

	
0.575

	
0.914

	

	




	
Goodness of fit statistics

	
−2 log likelihood

	

	

	
599.328

	

	

	

	

	




	
Nagelkerke R square

	

	

	
0.060

	

	

	

	

	




	
Hosmer and Lemeshow test

	

	

	
0.060

	

	
0.970

	

	

	




	
Overall predictive accuracy

	

	

	
64.3%

	

	

	

	

	








Y5 = disruption of academic activities, COMP 2 = high outage exposure, COMP 3 = socio-economic disadvantage.
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Table 12. Multivariate regression results between reduction of household income and predictor variables.
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B

	
S.E.

	
Wald

	
Df

	
Sig.

	
Exp(B)

	
95% C.I. for EXP(B)




	
Lower

	
Upper






	
Model estimates (Y6)

	
COMP 1 (1)

	
−0.766

	
0.268

	
8.193

	
1

	
0.004

	
0.465

	
0.275

	
0.785




	
COMP 5 (1)

	
0.720

	
0.265

	
7.408

	
1

	
0.006

	
2.055

	
1.223

	
3.453




	
COMP 3 (1)

	
−0.983

	
0.266

	
13.632

	
1

	
0.000

	
0.374

	
0.222

	
0.630




	
COMP 2 (1)

	
0.923

	
0.259

	
12.723

	
1

	
0.000

	
2.517

	
1.516

	
4.179




	
Constant

	
−1.166

	
0.269

	
18.731

	
1

	
0.000

	
0.312

	

	




	
Goodness of fit statistics

	
−2 log likelihood

	

	

	
384.699

	

	

	

	

	




	
Nagelkerke R square

	

	

	
0.171

	

	

	

	

	




	
Hosmer and Lemeshow test

	

	

	
3.722

	

	
0.881

	

	

	




	
Overall predictive accuracy

	

	

	
76.5%

	

	

	

	

	








Y6 = reduction of household income, COMP 1 = adult respondents, COMP 2 = high outage exposure, COMP 3 = socio-economic disadvantage, COMP 5 = male homeowners.
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Table 13. Multivariate regression results between high expenditure on alternative energy sources and predictor variables.
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B

	
S.E.

	
Wald

	
Df

	
Sig.

	
Exp(B)

	
95% C.I. for EXP(B)




	
Lower

	
Upper






	
Model estimates (Y7)

	
COMP 1 (1)

	
−1.056

	
0.334

	
10.013

	
1

	
0.002

	
0.348

	
0.181

	
0.669




	
COMP 2 (1)

	
0.993

	
0.317

	
9.802

	
1

	
0.002

	
2.700

	
1.450

	
5.027




	
COMP 3 (1)

	
−0.796

	
0.306

	
6.784

	
1

	
0.009

	
0.451

	
0.248

	
0.821




	
Constant

	
−1.358

	
0.253

	
28.858

	
1

	
0.000

	
0.257

	

	




	
Goodness of fit statistics

	
−2 log likelihood

	

	

	
293.089

	

	

	

	

	




	
Nagelkerke R square

	

	

	
0.118

	

	

	

	

	




	
Hosmer and Lemeshow test

	

	

	
0.335

	

	
0.997

	

	

	




	
Overall predictive accuracy

	

	

	
86.9%

	

	

	

	

	








Y7 = high expenditure on alternative energy sources, COMP 1 = adult respondents, COMP 2 = high outage exposure, COMP 3 = socio-economic disadvantage.
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