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Abstract

:

Charcoal is used in Africa for household energy, and the sector involves different actors with specific business strategies. Based on theories on sustainable business models and livelihoods, charcoal traders in five cities in Niger were surveyed about supply chains and strategies. Most charcoal is imported from Nigeria, and smaller quantities come from Benin and Burkina Faso or domestically. Men dominate the trade. Customers value charcoal quality, tree species, packaging, and low prices. Three groups of traders and their business models were identified: small-scale retailers, large-scale retailers, and wholesalers. The charcoal trade is typically combined with trade in other products and is frequently conducted with family members or friends; laborers are employed for loading and unloading. The charcoal business provides a complementary income for the traders’ livelihoods. Most respondents believed that trade would increase in the future; wholesalers expected promising future business opportunities. This study concludes that improvements should focus on quality, better marketing skills, and more sustainable charcoal sourcing. Charcoal use in the Sahel region of Africa should also be studied further to enable the development of effective policies in the West African bioenergy sector. The cross-border charcoal trade creates a need for coordinated policies for a sustainable charcoal sector in the Sahel region.
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1. Introduction


Charcoal is an important energy source across Africa, and the continent accounts for 65% of its global production [1,2]. Since charcoal contains approximately 1.7 times more energy than firewood per unit weight, it is suitable for long-distance trade [1,3]; hence, the charcoal trade can be observed from production sites in forested regions to places where markets can be found.



Aspects of charcoal production, commerce, and significance for livelihoods in Africa have been analyzed in previous studies [4,5]; however, the charcoal trade in the western Sahel region (Senegal, Gambia, Mauritania, Mali, Burkina Faso, and Niger) is not so adequately described. This part of Africa, characterized by low rainfall and with a considerable population of 90 million, is highly dependent on biomass for household energy needs. This biomass includes, to an important degree, charcoal, and the consumption of this energy carrier in the region is on the rise (p. 82, [1,6]). Ouedraogo [7] documented that a section of the more well-off households in Ouagadougou in Burkina Faso frequently used charcoal alongside fuelwood for energy; however, the study did not trace the origin of the charcoal quantities. The charcoal trade from the north of Ghana, a West African country, to the demand centers in the southern region of the country has been studied [8,9]. Moreover, the importance of the charcoal trade in Africa, including the Sahel, has been examined and described by Nyarko et al. [10]. Despite previous studies, detailed information about product flows and involved actors in the Sahel is still in part lacking.



Charcoal production and trade across Africa mainly operate in the informal sector; therefore, the business practices and actors involved are not well documented in official reports and statistics [1,11]. Nonetheless, business strategies among producers have been published in individual studies from the Democratic Republic of Congo [4], Uganda [12], Kenya [13,14], Malawi [15,16], and Ghana [8,9]. These studies generally characterize the charcoal sector as having low entry barriers with thin profit margins, even though the research distinguishes a few powerful large-scale market players [5,14,17]. According to Ihalainen et al. [18], women are more frequently engaged in retailing than in production and transport, and they generally capture smaller benefits than their male colleagues.



Another area of research has focused on the sector’s sustainability implications, including its impact on livelihoods and forest conditions [14,19,20,21]. This literature suggests that the charcoal sector can trigger forest degradation and deforestation that impacts carbon flow and biodiversity, with consequences for the sustainable development goals (SDGs) 13 (climate action) and 15 (life on land). Conversely, the charcoal sector benefits low-income households and indirectly affects poverty, food security, and schooling by providing means to cover school fees, consequently supporting SDGs 1 (no poverty), 2 (no hunger), and 4 (quality education).



The extant literature suggests policy interventions to improve the sustainability of the charcoal sector, including mobilization of charcoal producers for sustainable practices, development of more efficient production, formalizations of the sector, and community participation [1,11]. However, further improvements in the charcoal sector in the Sahel are hampered by knowledge gaps concerning traders both at the wholesale and retail stages. Insights about value streams, business practices, resource use, and marketing strategies are crucial for policies aiming to improve the sector’s long-term viability. Together with insights into charcoal production, knowledge of the trade at both the wholesale and retail levels would enable the development of regulatory and trade policies and inclusive actions to improve the sector’s contribution to livelihoods and sustainable development. Otherwise, less appropriate practices and regulations risk leading to wasteful and unsustainable production and use [1,2,22]. Therefore, this study had three research objectives:




	
Analyze the product flows of the charcoal trade in southern Niger.



	
Characterize the charcoal traders’ business model and their strategic considerations.



	
Indicate key sustainability implications of charcoal trade regarding livelihoods and the environment.








The subsequent section presents the methods applied in this study, including the conceptual framework and the research approach. The results section describes the findings and subsequently a discussion of their implications. The final section presents this study’s conclusions.




2. Materials and Methods


2.1. Conceptual Framework


The analysis in this study was based on the sustainable business model (SBM) concept [13,23], which draws on the widely applied business model canvas (here labeled as “the basic business model”) describing a company’s configuration of value propositions, value delivery, and economic value capture [24,25]. The SBM complements this basic business model with sustainability considerations. “A sustainable business model is about creating significantly increased positive effects and/or significantly reduced negative effects for the natural environment and society through changes in the way a company and its network create, deliver, and capture value” [24]. Sustainability, or SDG-progress, also influences business models through feedback loops as the forest resource is declining. Furthermore, this inquiry refers to the sustainable livelihood framework, particularly for indicating the SBM’s linkages with livelihood outcomes [26]. The conceptual model epitomizes the research objectives on trade flows, business models, and sustainability aspects of the charcoal trade (Figure 1).



Figure 1 shows that for charcoal traders, the basic business model comprises the value proposition (product values and customer segments), value creation and delivery (key activities, resources, partnerships, and channels involved in the trade), and economic value capture (economic costs and benefits). The business model also consists of charcoal sourcing and sale, which, when aggregated, generate product flows (corresponding to the research question RQ 1). The wider red circle in Figure 1 indicates the overall sustainable business model (corresponding to RQ2). The activity’s specific sustainability impacts and feedback loops (Blue arrows in Figure 1) refer to the research question (RQ3).



The outline of the research Is shown In Figure 2.




2.2. Research Approach


2.2.1. General Approach


This study was designed as a semi-structured survey, which is the most appropriate approach to document and describe product flows, business models, strategies, and sustainability and livelihood implications [27]. A survey was conducted in October and November 2019 among charcoal traders along the charcoal supply chain in the five cities of Dosso, Gaya, Birni-N’Konni, Maradi, and Niamey (Table 1 and Figure 3) in the most populated southern part of Niger. These cities are among the ten largest cities in Niger (Niamey and Maradi are the first and second largest cities in Niger, respectively); and the administrative regions where the cities are located contain 58% of the country’s population. The selection of sites was determined by security considerations, which necessitated the exclusion of investigations in rural areas and cities with unstable security status in eastern and northern Niger and along the border with Mali. The vast northern parts of the country consist of deserts and are very sparsely populated.




2.2.2. Charcoal and Household Energy in Niger


Niger faces substantial energy needs and widespread poverty among the rural and urban population. The country has a forest cover of less than 1% of the land area, and 80% of the surface consists of deserts and dry vegetation. The population of 23.3 million people is growing rapidly at a rate of 3.8% annually, and 16% live in cities. The average age of 15 years is low, even in comparison with other countries on the world’s youngest continent. Four-fifths of the population lack access to electricity, and 98% cannot use clean cooking methods [6,28,29]. Biomass represents 77% of the country’s total energy supply and dominates household energy use [28,30]. Accordingly, the annual charcoal use in Niger in 2019 was estimated to be 772,000 metric tons, which is an increase of 82% from 2000 [3]. Despite its high importance for a large proportion of the population, recent research about charcoal energy use and how this demand is met is limited [30].




2.2.3. Data Collection and Analysis


To acquire an updated overview of the charcoal market, a workshop was organized in October 2019 in Niamey. It brought together 23 stakeholders with specific roles and insights about bioenergy and charcoal use in Niger, including charcoal traders, researchers, representatives of environmental non-governmental organizations, ministry officials, and delegates from the private sector. The outcome was documented in “Rapport de l’atelier de concertation des parties prenantes du projet sur les modèles commerciaux de chaîne de valeur des produits forestiers,” which can be provided upon request.



Survey questions were based on this study’s objectives, the literature cited above, the framework (Figure 1), and the workshop outcomes. The questions were written in French, and their topic areas are shown in Figure 4. An English translation of the questionnaire is presented in Appendix A.



Four enumerators (one female and three males) were engaged in the interviews. They hold college diplomas and are fluent in French, Hausa, and Djerma; the latter two languages are the most diffused in the study area. The enumerators were trained for one day. The questionnaire was also pretested, and minor corrections were made (p. 262, [27]).



For each location, charcoal trader interviewees were selected randomly along the main roads traversing the city. Participation was based on informed consent and anonymity. Furthermore, this study observed the ethical guidelines in [31]. Interviews were held in the local languages and lasted for about 30 min each, and answers were translated from the local language into French and entered into Excel spreadsheets for analysis.



The collected data were analyzed statistically with Excel 2016 and IBM SPSS Statistics version 29 software. Statistics in the form of parameters and distributions were calculated or estimated for the whole sample and segments thereof. Post hoc ANOVA tests of means and Z-tests for independent proportions were performed, in both cases, together with Bonferroni corrections to avoid incorrect rejection of a null hypothesis (p. 440, [32]). Moreover, subgroup means were also analyzed with nonparametric methods.



The empirical estimation of differences and distributions included weights assigned to every response (Equation (1)). Proportional weights (w) assigned to each respondent within the sample of size n in city c are represented as follows:


    w   c   =       p   c         ∑  c = 1   5      p   c               n   c     − 1    



(1)




where pc represents the population per city based on the most recent 2012 census. The findings could not be generalized into total quantities because the total number of traders is unknown. National proportions were instead conducted based on the total charcoal consumption in Niger [3].



The respondents were divided into three classes based on their size and business characteristics: small, medium retailers, and wholesalers. Wholesalers were identified as respondents that sold most of their products to retailers. The retailers had end-users as their primary customer group. Consequently, retailers were divided into two quantiles according to sales quantities. This segmentation was based on previous charcoal studies, which found that customer segments and quantities were expected to influence business practices [5,8,17,33]. When the trade flows were calculated, wholesalers were removed to avoid double counting, i.e., to avoid counting the same quantities in the retail and wholesale stages.






3. Results


3.1. The Sample


In total, 347 interviews were conducted at five locations (Table 1 above). Information about the profile of the weighted sample is listed in Table 2.



Table 2 provides a sample overview based on weighted values.



Most respondents were male. The female representation was the lowest in Maradi (4.7%) and Niamey (11.8%) and the highest in Gaya (28.6%) and Dosso (22.2%).



A large share were small retail traders, whereas a minority handled larger wholesale quantities. The age of the traders varied, with an average age of 40.8 years, indicating that the charcoal trade is not an occupation for youth. Most interviewees perceived the charcoal trade as part-time, combined with the trade of other goods, e.g., food items. One-fifth of the respondents answered that the charcoal trade was their main occupation (highest in Maradi with 26.7%, and lowest in Gaya with 15.8%). Thus, in most cases, the charcoal trade was combined with commerce in other items, restaurants, or other businesses. Only a few respondents combined trading charcoal with farming or other salaried employment.




3.2. Trade Flows


The results also revealed that over 73.6% of the charcoal was imported. Nigeria is the primary source of charcoal, whereas Burkina Faso and Benin serve markets that are situated closest to the respective country borders (Table 3 and Figure 5). Domestic production accounted for less than a third of the charcoal that retailers sold.



The weighted quantities indicate that the five cities source most of their charcoal from Nigeria, Burkina Faso, and domestically. Niamey features diverse supply sources, where substantial quantities are bought from Nigeria, Burkina Faso, and Niger, whereas Maradi and Konni are more dependent on Nigeria for charcoal. Benin supplies some proportion of the consumption in Dosso and Gaya. However, these quantities represent small shares of the total consumption. This study shows that if the total sourcing shares are similar to the country totals [3], the total import quantities would consist of 354,348 tons from Nigeria, 186,052 tons from Burkina Faso, 11,580 tons from Benin, and 219,248 tons from Niger [3].



Table 4 lists key figures about the countries supplying charcoal to Niger. The group of countries faces similar challenges to meet the needs of growing populations and to protect the environment.



Niger and its neighbors have growing populations, potentially creating an increasing demand for forest products in the region, specifically for wood energy (Table 4). All four countries also recorded a decreasing forest area between 2010 and 2020. Furthermore, poverty rates are also high. These challenges indicate difficulties in the four countries in meeting the Agenda 2030 goals regarding life on land and no poverty [34].



The traded quantities for the three categories are shown in Table 5.



The overall high share of small-scale traders selling less than 20 bags per month reflects the normal distribution situation in emerging economies where consumers do not have transport availability to frequent larger retailing centers (p. 117, [35]).



Table 6 lists the traded quantities divided into supplier categories used by different trader types.



Small- and medium-scale producers purchased most of their charcoal from upstream traders/wholesalers. The distribution of sourcing quantities was similar between small and large retailers. Notably, a share of large producers (12%) sourced directly, possibly allowing them to integrate vertically and negotiate better prices.




3.3. Business Model


3.3.1. Value Proposition


The key component of the business model contains a value proposition comprising the charcoal product, customer groups, and customer relations. The most valued product quality dimensions reported for the respondents’ customers are listed in Table 7.



Price and product quality were the most critical aspects of customer satisfaction reported by all types of charcoal traders. Both charcoal quality and quality tree species were highly rated. Price and the quality of packaging received slightly lower scores among the traders; however, these aspects were still seen as essential prerequisites for customer satisfaction.



The service aspects (availability, courtesy, credibility, and home delivery) were given slightly lower ratings than the product quality attributes, even though they are important components in the overall product–service value proposition (Table 7). Service indicators were more highly rated among wholesale traders than small-scale traders, which reflects a more professional view of customer satisfaction in this group.



The key customer groups for the different size groups are indicated in Table 8.



Small-scale traders mostly sold their charcoal to households. Large-scale traders sold relatively smaller, although still considerable, shares to households and more to large commercial customers. The specifically mentioned customer groups were tea sellers, tailors, and laundry operators (blachisseurs). Wholesale traders focused on retailers. However, several traders did not highlight a specific dominant target customer group.




3.3.2. Value Creation and Delivery


Value creation and delivery involve the key activities associated with buying and selling charcoal: skills, resources used, channels, and business partners (Figure 1). The majority of the traders’ time (their activities) was used for selling activities, followed by purchasing, information processing (particularly among large-scale traders), and loading/unloading. The most traded tree species for the traders’ customers in the order of mention are listed in Table 9. The raw material consisted of wood species, whereas alternative charcoal sources, e.g., agricultural waste, were not mentioned.



Furthermore, the additional physical resources reported included vehicles such as pickups and motorbikes. The findings revealed that 20% of the respondents owned a vehicle and 20% owned a motorbike; moreover, it was also common to rent a car or motorbike for charcoal transport. Other transport means included bicycles and carts pulled by donkeys or oxen.



The capabilities and competencies used in the charcoal business are listed in Table 10.



The top three capabilities included physical strength to carry bags, good customer relations, market knowledge, and schooling knowledge. Wholesalers differed slightly from the larger sample and prioritized market and price knowledge, negotiation skills, and good customer relations. Partners in the charcoal business are listed in Table 11.



Family plays a central role in charcoal-trading activities, and half the respondents across the different groups conducted trade together with family members (Table 11). Traders also created partnerships with friends. However, the role of traders’ associations appeared insignificant, according to interview data. A few large-scale enterprises reported a high number of employees.




3.3.3. Value Capture


Value capture concerns earning revenues from the charcoal value proposition, associated value creation, and delivery. Economic estimates are listed in Table 12.



The value capture values were converted from CFA francs to USD according to the exchange rate in November 2019.



Both the average purchasing and selling prices were lower among wholesalers compared with the categories focusing on retail. This difference may depend on the economies of scale and a fixed cost component in purchasing (e.g., fixed ordering costs). The circumstance can also explain why wholesale traders purchase more upstream in the supply chain, even from the producer, with lower unit prices. Wholesale traders may also have the market power to negotiate quantity discounts, indicating that wholesale traders obtained profits through a high asset turnover and by extracting a good unit margin. Small-scale traders could benefit from a larger gross margin per bag by charging high consumer prices. Large traders that served end-use customers obtained the lowest gross margins per bag. Small-scale retailers also reported the longest period between purchasing and selling charcoal. This cash-to-cash measure negatively affected returns on assets [36].



Income from the charcoal trade was primarily used for food. Other cost items involved housing, school fees, medical costs, and helping extended families (Table 13).



The findings indicate that trade may contribute to reducing poverty among poorer traders (43% were calculated to be below the assessed poverty line). Moreover, this rate coincides with the overall poverty rate for Niger of 45.4% [29].



Alternative activities that could be performed in case charcoal income were to end are listed in Table 14.



Table 14 indicates that traders would utilize diverse strategies if the charcoal trade disappeared, e.g., if the charcoal trade became banned for conservation reasons. Continued trade of other types of products was most frequently mentioned, alongside farming and transport. A higher percentage of wholesalers confirmed that emigration was a likely strategy. Wholesalers may have more possibilities than small-scale retailers to access the necessary financial means to emigrate.




3.3.4. Strategy


The traders’ expectations for the future were mixed (Table 15). Nearly half of the respondents expected a reduced supply of charcoal; however, an increase in charcoal supply was also expected, particularly among wholesalers.



According to most categories, prices were expected to continue to increase, although the view within the wholesaler group was mixed. However, diverse views were expressed on the future general development of the charcoal sector. Large-scale traders and wholesalers showed a more optimistic view of the development of the sector than small-scale retailers.




3.3.5. Female Traders


The share of women among the respondents was less than 15%. Compared with men, women were mainly small-scale traders, and their gross margins were on average 20% of what men earned. Women had a more pessimistic view of the market, and they expected that the supply of charcoal would not increase. Moreover, they mostly thought the trade prospects were bleak.



The general view on women’s capacity to engage in the charcoal trade also differed between genders (Table 16).



Men considered this capacity to be lower and cited reasons why women could not participate in the charcoal trade, which included security reasons, traditional norms, women’s lack of endurance or marketing skills, and the view that commerce was men’s work. Women, on the other hand, claimed that they were fully capable of participating in the charcoal trading business. One main obstacle for women to enter the charcoal business, mentioned by both genders, was household chores.






4. Discussion


4.1. Main Results


The survey used in this study obtained new insights into the stated research questions. The charcoal trade in Niger is conducted by a range of actors, from large- to small-scale levels. The business sector includes a few large-scale actors and a high number of small-scale retailers. More than 70% of the charcoal comes from sources outside Niger, and nearly half the quantity is produced in Nigeria; however, charcoal also enters Niger from Burkina Faso and Benin (RQ1). Many traders combine charcoal in a portfolio of traded products, and business models differ between the different categories of traders. A common key ambition is to offer charcoal of high quality from preferred tree species. Large traders obtain revenues from the sale of large quantities and by sourcing at low prices, sometimes directly from producers. Small-scale traders/retailers benefit economically from higher consumer prices. Large retailers reach more modest unit margins. Respondents expect a reduced supply of charcoal, increasing prices, and, for their own business, stable or, for wholesalers, improved opportunities (RQ2). The activity contributes to sustainable development by generating additional income for the actors, which in some cases reduces their poverty level. However, the increasing import of charcoal from countries with weak forest governance and forest decline suggests that the value chains in their current unregulated form are not sustainable in the long term (RQ3).



This study confirms previous surveys documenting thriving charcoal use in West Africa [7]. Additionally, our findings reveal a cross-border trade and expectations of increased charcoal quantities in the future. This study confirms earlier reports [8,10] that charcoal quantities are transported from forested areas, such as Nigeria, overland to less forested regions in Africa, such as the Sahel. Furthermore, this study’s results conform with study findings from the Democratic Republic of Congo and other parts of Africa, which describe how charcoal is usually transported to urban centers [4].



The large imports of charcoal and comparatively modest domestic production in Niger are noticeable but not unexpected. However, the findings from the five studied cities in Niger do not conform to the 2019 data provided in the FAO databases [3], which reported an annual production within the country of 771,843 metric tons and insignificant import quantities. The current study indicates a larger dependency on imported charcoal in Niger.



The high diversity in size classes of charcoal traders explains how the distribution and retailing of charcoal are organized in Niger and other low-income countries with similar characteristics. Low-income countries commonly show a fine network of small-scale retailers, partially because customers need local selling points and do not have the means to travel far to buy charcoal. In contrast, sourcing, transportation, and complicated cross-border trade bring advantages and economies of scale for a few large-scale resourceful actors. Large trade operators also appear to have a more professional approach to the charcoal trade than small-scale traders.



The presence of wholesale, large-scale, and small-scale traders agrees with the findings of Shively et al. [17] in Uganda and Baumert et al. [5] in Mozambique, which also indicated different size classes within the charcoal supply chains. This also reflects that charcoal revenues are proportional to the scale of operation; however, a strict categorization of charcoal traders may be too simplistic; large-scale traders may also sell to final customers and, conversely, individual small- or medium-scale retail traders can also source charcoal directly from producers.



The low participation of women in the charcoal trade, including small-scale retail, does not conform with some studies that document a high share of women in charcoal retail [14,18], although the situation in Niger may be explained by gendered conventions whereby trade is seen as a men’s occupation. However, the responses from female respondents demonstrate their preparedness to participate in the charcoal business.



Our findings confirm the previous results from Smith et al. [16], which state that the charcoal sector plays a key role in livelihood diversification. The unequal distribution of revenues from the charcoal trade observed in the present study concurs with Shively et al. [17] and Baumert et al. [5].




4.2. Implications


This study further elucidates the trade flows and business aspects of charcoal in southern Niger including the supply situation, business practices, and prospects. A fair understanding of the charcoal trade in these cities may improve the possibilities for policy intervention.



The findings indicate improvement opportunities for better efficiency, customer satisfaction, and sustainability, highlighting the importance of charcoal quality for customer satisfaction. Furthermore, they suggest that an increased regeneration and use of high-quality wood types in tandem with more efficient charcoal production techniques could improve the profitability of the traders. The actors’ margins can also benefit from improved marketing and management skills. Improved profits can, in turn, increase traders’ opportunities to meet SDGs 1, 2, and 4. In addition, improved charcoal quality reduces indoor pollution for end-users, which would bring progress concerning SDG 7.



The increasing charcoal use and other trends in Niger and the region indicate a worsening situation for the forest condition related to deforestation and forest degradation [19,22]. Measures that manage to reconcile forest conservation with meeting basic household energy needs are warranted. A transition toward sustainable forest management in Niger and neighboring countries and alternative biomass sources (e.g., through briquetting) could reduce pressure on the region’s forest resources and consequently improve the prospects of reaching SDGs 13 and 15 [37]. This would probably also promote the conservation of the nation’s scarce forest area. However, due to security problems and the need for regional collaboration, this task appears to be complicated in Niger.



Consequently, concerns could be raised about the future sustainability of the charcoal sector. Previous studies, e.g., [1,20], argue that charcoal production is one driver of the forest cover decline in Africa. The increasing charcoal consumption in Niger and expected continued demand in the future may aggravate an unsustainable situation for the forest conditions in the region and the charcoal sector. Therefore, overland charcoal trade flows should be monitored more intensely, specifically along the Sahel region.




4.3. Limitations and Further Research


This study’s findings must be interpreted with caution. Protocols with well-determined sampling probabilities could not be guaranteed since the charcoal trade operates within the informal economy and a sampling frame could not be established. Moreover, interviews in certain cities and towns in Niger and the countryside could not be conducted for security reasons. The lack of standardized and precise records in official statistics and enterprise economic reporting also impacts this study’s reliability. The limited rights for women to engage in business activities, or to speak to strangers, may have affected this study’s outcomes. However, the fact that this study was carried out over several cities in the most populated area of the country could have improved this study’s validity.



Despite the limitations encountered during the survey, this study provides insights into charcoal trade flows and highlights the need for further and in-depth studies about the overland charcoal trade in Africa. Trade streams should be investigated further to capture the actual quantities and actors involved, including production, transport, and trade. The expected increase in charcoal trade calls for regional assessments of its impact on the forests. Studies can also probe more into women’s roles in the charcoal trade in the region. Finally, future research can uncover the real drivers for sustainable charcoal supply chains in Niger.





5. Conclusions


Most of the traded charcoal in the cities in southwestern Niger is imported, to a large extent from Nigeria. Key actors are wholesalers and large-scale and small-scale retailers. This is concluded from the reported origin of the traded charcoal. The business models consider value proposition, value creation, and economic value capture, which differ among enterprise types. Consequently, large-scale traders follow a more focused and professional business strategy than small-scale retailers. Moreover, most actors combine the charcoal trade with the sale of other products, and charcoal surplus is used for basic needs and school fees. This survey study elucidated the supply situation in southern Niger and the origins of the imports from neighboring countries. Business practices can be improved in terms of product quality and the creation of equal opportunities for men and women. There are also compelling reasons to conduct in-depth analyses as to whether the current supply is based on sustainable forest use. A key objective would consist of combining a sound charcoal trade with sustainable sourcing and practices. There are strong motives for implementing regional collaborations to promote a sustainable charcoal sector.



This study is one of the first to examine the charcoal trade in a Sahelian country and to describe business models and strategies. Overland charcoal trade is probably more important than is reflected in the current literature, and it should be regarded as a pan-African challenge; therefore, regional policies may be motivated to avoid leakages, overexploitation, and uncoordinated national policies. The charcoal market and product streams should be monitored more closely and managed appropriately, without adversely affecting low-income households, until charcoal can be supplanted by clean, affordable, adaptable, and sustainable energy sources in Niger.
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Appendix A


	
Questionnaire






	
Identification



	
Questions about the interviewee:






	
Age:



	
Gender:



	
Education:



	
Number of children:






	3.

	
The business







	
Is the charcoal business a full or part-time occupation?  Full-time, Part-time



	
If "part-time", what are the other sources of income?  agriculture  Shopkeeper or catering  Transport/Taxi  Employment  Other






	4.

	
Sourcing







	
Where do you source your charcoal from?



	
Which country does the charcoal come from?



	
Is the supply of charcoal  decreasing  stable  increasing



	
Is the price of charcoal  decreasing  stable  increasing






	5.

	
Type of business







	
Do you conduct your trade with …..



	
Family members?  Yes  No



	
Friends?  Yes  No



	
Association?  Yes  No



	
Do you employ people?  Yes  No



	
If yes: The number of people employed






	6.

	
Key Activities







	
What activities do you do in your coal business?



	
Activity: Not at all Partially Frequently



	
Collection of supply and demand information



	
Purchase with supplier



	
Loading



	
Transportation



	
Sale



	
Others



	
If “Other”, please indicate the activity



	
What is the lead time between buying a bag of charcoal and selling the same charcoal?






	7.

	
Resources







	
What means and equipment do you use in your business, do you own them or do you rent them?



	
Staff Purchase price (if “staff”) I rent Rental per month (if “rent”)



	
Car, truck, pickup



	
Motorcycle



	
Others



	
Please specify “other”






	8.

	
Competences and Capabilities







	
State how important these factors/skills are for you to be able to practice your trade successfully.



	
Capacity… Not important Slightly important Some importance Important Very important



	
Physical strength



	
Negotiation techniques



	
Machine driving skills



	
Knowledge of costs and prices



	
Academic knowledge (reading, writing, and arithmetic)



	
Good relationship with customers



	
Good collaboration with other traders



	
Others



	
If “Other”, please indicate the capacity






	9.

	
Marketing







	
How important are the following properties of charcoal to your customers?



	
Unimportant Slightly important Some importance Important Very important



	
Tree species



	
list the two best species



	
Charcoal quality: lump size, color, etc.



	
Packaging



	
Price



	
Others



	
If “other”, please describe the property.



	
 



	
How important are the following aspects of service to you for your customers?



	
Unimportant Slightly important Some importance Important Very important



	
That you have coal “in stock at all times”



	
Possibility of credit



	
Politeness



	
Home supply



	
Other services



	
If “other services”, please explain.






	10.

	
Customers







	
Please indicate the share sold to different types of customers



	
Customers: Less than ¼, ¼ to half, half to ¾, More than ¾



	
Retailers or wholesalers



	
Households



	
Small businesses, e.g., small restaurants



	
Official clients or Institutions (e.g., schools, etc.)



	
Large customers, e.g., hotels, large restaurants



	
Others



	
If “Other”, please explain






	11.

	
Revenues and costs







	
Revenues and costs for charcoal:



	
Dry season How much charcoal (in bags) do you sell per month?



	
What is your purchase price for the bag?



	
What is your selling price for the bag (or sachet)? (please explain if it is per bag or sachet.)



	
Rainy season How much charcoal (in bags) do you sell per month?



	
What is your purchase price for the bag?



	
What is your selling price for the bag (or sachet)? (please explain if it is per bag or sachet.)



	
Estimated costs per bag:



	
Transportation



	
Materials (except coal, empty bags for example)



	
Wages



	
Storage location (Rent)



	
License/permit/tax fees



	
Other costs



	
 



	
What is your total income from activities other than charcoal?



	
What is your net income per month from the charcoal business? (calculated by the interviewer.)






	12.

	
Livelihoods







	
How do you use your charcoal income?



	
Use of income: Less than ¼, ¼ to half, half to ¾, More than ¾



	
Food



	
Tuition fees



	
Housing



	
Others



	
Do women have the same opportunities as men in the coal sector? Yes No



	
If ‘no’, please give a reason



	
Yes No



	
Women are limited by security issues



	
Traditions limit women’s opportunities



	
Women do not decide how the money is used



	
Charcoal trade affects household work



	
If you hadn’t been in the charcoal business, what would you have been doing instead?



	
Agriculture



	
Transport of products other than charcoal



	
Trade, sale of products other than charcoal



	
Casual work



	
Exodus



	
Nothing, I would earn less



	
Others



	
If “Other”, please specify ……



	
How is your charcoal business growing (from your perspective)?



	
Do you have any comments or questions?
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Figure 1. Sustainable business model and linkages to this study’s objectives. 
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Figure 2. Overview of this study. 
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Figure 3. Locations in this study. 
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Figure 4. Topics in the questionnaire. 
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Figure 5. Charcoal trade flows in percent (left side: country of origin; right side: retail quantities in the respective town/city). 
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Table 1. Cities and towns where this study was conducted.
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	Site
	Population *
	Sample Size





	Dosso
	58,671
	63



	Gaya
	45,465
	59



	Birni-N’Konni
	63,169
	69



	Maradi
	267,249
	88



	Niamey
	978,029
	68



	Total
	
	347







*: Census data 2012.













 





Table 2. Description of the sample.






Table 2. Description of the sample.









	Variable
	Percentage





	Female
	11.3%



	Small < 20 bags */month
	52.5%



	Large ≥ 20 bags/month
	43.1%



	Wholesale
	4.4%



	Mean age
	40.8



	Less than 30 years
	27.0%



	30–49 years
	46.6%



	50 years and above
	26.4%



	Town:
	



	Dosso
	4.2%



	Gaya
	3.2%



	Konni
	4.5%



	Maradi
	18.9%



	Niamey
	69.2%



	The charcoal trade is a partial occupation
	80.0%







* One bag weighs about 40 kg.













 





Table 3. Trade flows listed as percent of quantities.






Table 3. Trade flows listed as percent of quantities.





	

	
Country of Origin and Quantity Percentage per Destination

	




	
Dosso

	
Gaya

	
Konni

	
Maradi

	
Niamey

	






	
Country of origin

	
Nigeria

	
69.5%

	
5.2%

	
100.0%

	
85.4%

	
28.3%

	




	
Burkina Faso

	
1.2%

	
0.0%

	
0.0%

	
0.0%

	
36.1%

	




	
Benin

	
22.7%

	
40.5%

	
0.0%

	
0.0%

	
0.0%

	




	
Niger

	
6.7%

	
54.3%

	
0.0%

	
14.6%

	
35.5%

	




	

	

	
100.0%

	
100.0%

	
100.0%

	
100.0%

	
100.0%

	




	

	
Country of Origin and Destination Quantity Percentage of the Total Quantity

	




	
Dosso

	
Gaya

	
Konni

	
Maradi

	
Niamey

	
Whole Sample




	
Country of origin

	
Nigeria

	
1.8%

	
0.1%

	
6.1%

	
19.1%

	
18.9%

	
45.9%




	
Burkina Faso

	
0.0%

	
0.0%

	
0.0%

	
0.0%

	
24.1%

	
24.1%




	
Benin

	
0.6%

	
0.9%

	
0.0%

	
0.0%

	
0.0%

	
1.5%




	
Niger

	
0.2%

	
1.3%

	
0.0%

	
3.3%

	
23.7%

	
28.4%




	

	
Total

	
2.5%

	
2.3%

	
6.1%

	
22.4%

	
66.7%

	
100.0%








Wholesaler quantities were eliminated to avoid double counting.













 





Table 4. Description of the forest, demographic, and economic situations in sourcing countries.
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Country




	

	
Niger

	
Nigeria

	
Burkina Faso

	
Benin






	
Area, thousand km2

	
1267

	
924

	
274

	
115




	
Population 2020, million

	
24.2

	
206.1

	
20.9

	
12.1




	
Population increase in 2020

	
3.8%

	
2.5%

	
2.8%

	
2.7%




	
Relative forest area

	
0.9%

	
24.1%

	
23.1%

	
28.7%




	
Net annual forest area change 2010–2020

	
−1.1%

	
−0.2%

	
−0.8%

	
−1.5%




	
Poverty rate (year)

	
45.4% (2014)

	
39.1% (2018)

	
43.8% (2014)

	
49.6% (2015)








Sources: [22,29].













 





Table 5. Charcoal quantities per trader category, bags.
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	Small
	Large
	Wholesale
	Whole Sample





	Percent of number traders
	52.5%
	43.1%
	4.4%
	100%



	Average sold quantity per month, bags
	9.5 a
	71.8 b
	511.6 c
	58.6



	Percent of total studied quantity
	8.5%
	52.8%
	38.8%
	100%







Superscript letters denote that column values/proportions with the same letter do not differ significantly at the 0.05 level.













 





Table 6. Sourcing type as a share of the total quantity as a percentage within the category.
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Category

	




	

	
Sourcing Type

	
Small

	
Large

	
Wholesale

	
Whole Sample






	
Sourcing

	
From trader

	
95.7% a

	
93.9% a

	
88.4% b

	
94.6%




	
From producer

	
2.1% a

	
3.3% a

	
11.6% b

	
3.0%




	
Own production

	
2.1% a

	
2.4% a

	

	
2.1%




	
Other

	
0.1% a

	
0.5% a

	

	
0.3%




	

	
Total

	
100.0%

	
100.0%

	
100.0%

	
100.0%








Superscript letters denote that column values/proportions with the same letter do not differ significantly at the 0.05 level.













 





Table 7. The importance of quality dimensions among traders’ customers expressed as a percentage of respondents assigning “high importance” as a percentage within the category.
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Category

	




	
Quality Dimension

	
Small

	
Large

	
Wholesale

	
Whole Sample






	
Product quality:




	
Quality tree species

	
95.0%

	
100%

	
100%

	
97.3%




	
Quality of the charcoal

	
95.9%

	
96.1%

	
98.3%

	
96.1%




	
Price

	
91.8%

	
98.2%

	
100%

	
94.9%




	
Packaging

	
60.4%

	
73.9%

	
66.8%

	
66.4%




	
Service quality:




	
Availability

	
78.5%

	
86.5%

	
96.1%

	
82.7%




	
Courtesy

	
50.3%

	
61.3%

	
64.7%

	
55.4%




	
Credibility

	
31.4%

	
34.4%

	
56.9%

	
33.8%




	
Home deliveries

	
9.4%

	
32.7%

	
42.1%

	
20.5%











 





Table 8. Customer segments expressed as the percentage of the category selling mainly to the customer segment.
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Category

	




	
Customer Segment

	
Small

	
Large

	
Wholesale

	
Whole Sample






	
Households

	
42.9%

	
10.6%

	
1.3%

	
27.1%




	
Retailers and wholesalers

	
1.2%

	
0.0%

	
98.7%

	
5.0%




	
Institutions (schools, public purchasers)

	
3.3%

	
1.3%

	
1.3%

	
2.3%




	
Large commercial customers (large hotels, restaurants)

	
3.0%

	
31.2%

	
0.0%

	
15.0%








Share in group selling >50% to the customer group; most important customer segment in bold.













 





Table 9. Most important tree species listed according to the number of mentions.
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	Tree Species
	Number of Mentions





	Piliostigma reticulatum
	25



	Balanites aegyptiaca
	23



	Prosopis africana
	20



	Guiera senegalensis
	20



	Faidherbia albida
	17



	Combretum nigricans
	13



	Ziziphus mauritiana
	12



	Combretum micranthum
	9



	Azadirachta indica
	7



	Acacia senegal
	5



	Acacia nilotica
	3



	Vitellaria paradoxa
	3



	Anogeissus leiocarpa
	3



	Piliostigma reticulatum
	3



	Bauhinia rufescens
	2



	Vitex doniana
	2



	Combretum glutinosum
	1



	Detarium microcarpum
	1










 





Table 10. Capabilities and competencies listed as average importance on a scale of 1 to 5.
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Category

	




	
Capability and Competence

	
Small

	
Large

	
Wholesale

	
Whole Sample






	
Physical strength

	
4.34 a

	
4.12 b

	
3.69 c

	
4.21




	
Good customer relations

	
4.18 a

	
4.14 b

	
4.51 c

	
4.18




	
Market and price knowledge

	
3.99 a

	
3.87 b

	
4.81 c

	
3.98




	
Schooling (reading, writing, and calculations)

	
4.03 a

	
3.75 b

	
4.11 a

	
3.91




	
Good collaboration with other traders

	
3.72 a

	
3.91 b

	
4.50 c

	
3.84




	
Negotiation skills

	
3.51 a

	
3.46 a

	
4.75 b

	
3.55




	
Driving skills

	
3.07 a,b

	
2.97 a

	
3.36 b

	
3.04




	
Education

	
None

	
45.0% a

	
65.1% b

	
37.9% a

	
51.3%




	
Primary

	
30.6% a

	
24.0% b

	
40.7% c

	
29.1%




	
Secondary

	
24.4% a

	
10.9% b

	
21.4% a

	
19.6%








Superscript letters denote that column values/proportions with the same letter do not differ significantly at the 0.05 level.













 





Table 11. Partners in the charcoal business enterprise as a percentage within the category.
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Category

	




	
Partner Type

	
Small

	
Large

	
Wholesale

	
Whole Sample






	
Family

	
64.5% a

	
45.2% b

	
74.7% c

	
56.6%




	
Friend

	
24.6% a

	
49.9% b

	
35.7% c

	
36.0%




	
Association

	
1.9% a

	
2.7% a

	
1.3% a

	
2.2%




	
Employed

	
60.8% a

	
77.5% b

	
94.2% c

	
69.5%




	
The average number of employed workers

	
2 a

	
2 a

	
6 b

	
2








Superscript letters denote that column values/proportions with the same letter do not differ significantly at the 0.05 level.













 





Table 12. Value capture per bag and month, USD.
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Description

	
Category




	
Small

	
Large

	
Wholesale

	
Whole Sample






	
Average cost per bag: dry season

	
10.18 a

	
10.00 a

	
5.46 b

	
9.88




	
Average selling price per bag: dry season

	
12.56 a

	
11.31 b

	
8.76 c

	
12.56




	
Margin per bag

	
2.38 a

	
1.32 b

	
3.30 b

	
2.68




	
Margin per trader and month

	
22.69 a

	
94.64 a

	
1688.09 b

	
156.80




	
Cash-to-cash time (days)

	
4.96 a

	
3.50 b

	
2.86 b

	
4.37








Superscript letters denote that column values/proportions with the same letter do not differ significantly at the 0.05 level.













 





Table 13. Use of charcoal revenues on cost type as a percentage within the category.
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Cost Type

	
Share of Revenue

	
Category

	
Whole Sample




	
Small

	
Large

	
Wholesale






	
Food

	
LT 1/4

	
35.6% a

	
48.6% b

	

	
39.6%




	
1/4–1/2

	
15.7% a

	
17.3% a

	
42.9% b

	
17.6%




	
1/2–3/4

	
48.5% a

	
34.1% b

	
57.1% a

	
42.7%




	
>3/4

	
0.2% a

	

	

	
0.1%




	
School fees

	
LT 1/4

	
74.3% a

	
75.7% a

	
42.9% b

	
73.5%




	
1/4–1/2

	
23.3% a

	
24.2% a

	
57.1% b

	
25.2%




	
1/2–3/4

	
2.4% a

	
0.1% b

	

	
1.3%




	
Housing

	
LT 1/4

	
61.6% a

	
43.3% b

	
89.6% c

	
55.0%




	
1/4–1/2

	
37.6% a

	
56.4% b

	
10.4% c

	
44.5%




	
1/2–3/4

	
0.8% a

	
0.3% a

	

	
0.5%








Superscript letters denote that column values/proportions with the same letter do not differ significantly at the 0.05 level.













 





Table 14. Alternative activities that could be performed if the charcoal trade was not possible as a percentage within the category.
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Category

	




	
Reported Alternative Activity

	
Small

	
Large

	
Wholesale

	
Whole Sample






	
Farming

	
Not likely

	
42.6% a

	
33.2% b

	
27.9% b

	
37.9%




	
Maybe

	
35.4% a

	
49.8% b

	
27.3% a

	
41.2%




	
Very likely

	
22.0% a

	
17.0% b

	
44.8% c

	
20.9%




	
Transport of other products

	
Not likely

	
39.2% a

	
27.7% b

	
32.0% a,b

	
33.9%




	
Maybe

	
31.5% a

	
55.3% b

	
26.1% a

	
41.5%




	
Very likely

	
29.2% a

	
17.0% b

	
41.8% c

	
24.5%




	
Sell other products than charcoal

	
Not likely

	
5.6% a

	
7.6% a

	
5.8% a

	
6.5%




	
Maybe

	
32.5% a

	
50.4% b

	
57.8% b

	
41.3%




	
Very likely

	
61.9% a

	
42.1% b

	
36.4% b

	
52.2%




	
Occasional work

	
Not likely

	
48.5% a

	
69.9% b

	
47.7% a

	
57.7%




	
Maybe

	
32.5% a

	
17.7% b

	
30.1% a

	
26.0%




	
Very likely

	
19.0% a

	
12.4% b

	
22.2% a

	
16.3%




	
Emigration

	
Not likely

	
59.9% a

	
67.7% b

	
37.7% c

	
62.3%




	
Maybe

	
27.8% a

	
23.2% b

	
30.5% a,b

	
25.9%




	
Very likely

	
12.3% a

	
9.1% b

	
31.8% c

	
11.8%




	
Nothing. I would just earn less

	
Not likely

	
91.8% a

	
89.4% a

	
100.0% b

	
91.1%




	
Maybe

	
1.6% a

	
3.5% b

	

	
2.4%




	
Very likely

	
6.6% a

	
7.1% a

	

	
6.5%








Superscript letters denote that column values/proportions with the same letter do not differ significantly at the 0.05 level.













 





Table 15. Expected development expressed as a percentage within the category.






Table 15. Expected development expressed as a percentage within the category.





	
Expectation Aspect

	
Group

	




	
Small

	
Large

	
Wholesale

	
Whole Sample






	
Expected supply of charcoal

	
Decreasing

	
52.4% a

	
44.4% a

	
11.8% b

	
46.7%




	
Stable

	
26.5% a

	
20.0% a

	
5.9% a

	
22.5%




	
Increasing

	
21.2% a

	
35.6% b

	
82.4% c

	
30.8%




	
Expected price of charcoal

	
Decreasing

	
9.6% a

	
3.2% a

	
31.3% b

	
7.7%




	
Stable

	
24.7% a

	
29.9% a

	
50.0% a

	
28.3%




	
Increasing

	
65.7% a

	
66.9% a

	
18.8% b

	
64.0%




	
How will your charcoal trade develop?

	
Improve

	
43.7% a

	
94.2% b

	
87.7% c

	
67.2%




	
Stable

	
37.9% a

	
1.5% b

	
9.7% c

	
21.1%




	
Decrease

	
18.3% a

	
4.3% b

	
2.6% b

	
11.6%








Superscript letters denote that column values/proportions with the same letter do not differ significantly at the 0.05 level.













 





Table 16. Share among female and male traders that agree with statements about the charcoal business.






Table 16. Share among female and male traders that agree with statements about the charcoal business.





	
Statement

	
Gender

	
Total




	
Female

	
Male






	
Women have the same opportunities as men

	
85.8% a

	
80.7% b

	
81.2%




	
Women are affected by security problems

	
30.4% a

	
26.2% a

	
26.5%




	
Traditions are affecting women’s participation

	
33.1% a

	
32.0% a

	
32.1%




	
Women do not decide on financial issues

	
1.6% a

	
20.0% b

	
18.6%




	
The charcoal trade affects household activities

	
52.4% a

	
80.6% b

	
78.6%








Superscript letters denote that column values/proportions with the same letter do not differ significantly at the 0.05 level.
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