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Abstract

:

The study deals with the possibility of waste utilization by using briquetting technology (production of solid fuels) and the potential of the manual low-pressure briquetting press in rural and peri-urban areas of East Java, where firewood is still commonly used as a source of energy for heating and cooking (besides LPG). The research compares households from the Donowarih village (Malang regency) and from the Maron peri-urban area (Blitar regency). Through quantitative and qualitative research, we document the potential of briquette production from household waste and agriculture production. The population from the peri-urban area is interested and willing to invest more in the technology, even though a higher biomass production has been found in the rural area. Financial possibilities were similar in both areas (p = 0.8986). A positive correlation (R = 0.5146) was found between the level of education and level of potential investments. Thus, higher education level meant higher interest in technology and the willingness to invest in it. In both areas there is a potential for briquette production and demand for its usage. Nevertheless, further research is recommended to find the suitable composition of bio-briquettes after the installation of wooden manual low-pressure briquetting press.
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1. Introduction


Until today, coal and natural gas have played important roles in producing the world’s electricity. However, with the limitation of resources and the greenhouse effect, renewable energy is becoming more popular as a suitable alternative, which consequently mitigates climate change and enhances energy security. Renewable energy sources are derived from natural, thermal, mechanical, and growth processes that repeat themselves within our lifetime and may be relied upon to produce predictable quantities of energy when needed. Therefore, renewable energy sources can be infinitely available [1].



Renewable energy started to be important also in the case of Indonesia. Indonesia’s economy has been on the rise in recent decades, as has the demand for energy sources. The largest energy consumption is attributable to transport and industry; households contribute around 20% [2]. Taking into account the fact that Indonesia ranks fourth in terms of the world’s population, primary energy consumption can significantly affect the world’s energy consumption. Indonesia has been a member of OPEC several times, mainly due to its oil and natural gas reserves [3]. With rising consumption, however, supplies are gradually becoming thinner, and demand for other energy sources is increasing. Recently found coal deposits mainly in Sumatra and Kalimantan can partly fulfil the demand; on the other hand, large areas including rainforest are disappearing, and mining is causing irreversible damage to the environment [4]. Indonesian authorities are aware of this problem; therefore, the government of Indonesia stipulated the target of producing 17% of its energy supply from renewable energy sources by 2025 [5].



In Indonesia, renewable energy from biomass is currently the third most important energy source which can be utilized for heat and electricity production. Sources like forestry, agriculture, or food residues are mostly used for its production. According to Mulyana et al. [6], it is more efficient to convert biomass into some of the following forms: solid biofuels (briquettes, pellets), liquid biofuels (ethanol, biodiesel, methanol, etc.), or gaseous biofuels (methane, hydrogen, carbon monoxide), making its use more effective while eliminating negative environmental impacts. These biofuel energy sources are also easy to store and transport.



As for renewable energy, Indonesia is well known especially for liquid biofuel conversion. It is one of the largest producers of bioethanol and biodiesel in the Asian region [7]. Indonesia’s biofuels program is focused on palm oil-based biodiesel. There is no fuel ethanol production in Indonesia; however, there are 14 ethanol plants producing nonfuel ethanol (mostly from molasses) for the medical industry, cosmetics, and for export [8]. Unfortunately, due to large-scale palm tree plantations, Indonesia is facing a risk of deforestation or food security issues [9]. Palm oil plantations have already covered large areas in major islands such as Kalimantan, Sulawesi, and Papua [10].



Waste to Energy


On the one hand, liquid conversion of biomass can successfully solve the growing demand for energy; on the other hand, it cannot solve another emerging problem, which is Indonesian waste management issues. With increasing population and urbanization, there is also a need for adequate waste management. Unfortunately, the country does not have sufficient experience in this matter [11,12]. The environment is mainly polluted by industrial, agricultural, and communal waste [13]. Waste treatment in Indonesia mostly consists of its accumulation in landfills (often unauthorized) or its direct unprofitable incineration. This waste burning (mostly agricultural or communal) contributes to environmental pollution. One possible solution to help mitigate the effects is the usage of the organic waste material as an energy source. The conditions for the use of biomass in Indonesia are more than favorable, as agricultural organic material is produced at around 250 billion tons per year [14]. In the case of municipal waste, the bigger part consists of organic waste, such as kitchen leftovers from households. At present, the waste is either burned at each household or collected by the municipalities and later dumped into a designated dumping ground or landfill. Although the government provides facilities to collect and clean all this waste, the growing population, an inadequate number of waste treatment facilities, along with an inadequate budget allocated for waste management have led to most of the large cities in Indonesia suffering from the increasing problem of waste disposal and the resulting pollution and health issues [15,16]. An estimated 900 tons of methane gas (greenhouse gas) from all landfills in Indonesia are spread into the air each year [17]; such emissions could be significantly reduced, or potentially even used as an energy recovery source [18].



One of the options that could positively contribute to both more sustainable energy production and sustainable waste management is the so-called “waste to energy” methods. One of those methods is the processing of biomass into solid biofuels. The use of biomass for direct combustion still supports the basic requirements for energy consumption in heating and cooking in rural areas of developing countries [19,20]. According to Demirbas [1], predominantly low-income biomass is still used in cooking or smaller plants. The current pressure on cost savings and competitiveness in Indonesia’s most important biomass-based industries, along with the continually growing power demands of the country, signal opportunities for increased exploitation of biomass waste for power generation. According to Prastowo [21], the estimated total energy that can be obtained from agricultural residues in Indonesia is 614 million GJ/year, and that from forestry residues can reach 141 million GJ/year. However, the utilization of biomass as the energy source also contributes to forest destruction [22] and creates conflicts about land use [1]. On the other hand, the use of briquette biofuel from agricultural residues can improve energy security, improve the rural environment, and increase rural residents’ income [23,24]. Moreover, when compared with agricultural residues, the combustion characteristics of briquette biofuel manifest improved combustion efficiency, which means that some of the primary energy can be replaced [23].



The processing of biomass into briquettes is addressed by many experts, for example, Cahyono et al. [25], who explored the potential of using seeds of the tropical fruit durian as a suitable external binding material for briquette production; it is the presence of starch which makes durian seeds a suitable binder for briquette production. In 2013, approximately 760 tons of this fruit was harvested in Indonesia [26].



The use of groundnut shells and bagasse as a suitable feedstock material for briquette production was analyzed by Lubwama and Yiga [27] using cassava and wheat starch as the binders.



Wilaipon [28] explored the use of banana husks for briquette production and their properties, depending on the pressure of the briquetting press. Srivastawa et al. [29] evaluated the use of unprocessed vegetables in the form of briquettes. In their study, they confirmed that the compressed briquettes burn longer than the unpressurized material. These can directly extract value from waste, generate jobs, and avoid the need for additional waste treatment.



Biomass briquettes can be produced from various organic waste materials. However, a problem may arise with the implementation of the technology itself, which is often associated with high initial costs of acquiring a high-pressure briquetting press, with high power consumption required for its operation, and the need for trained personnel [19,30]. Modern forms of briquetting technologies are therefore unavailable to most rural populations; nevertheless, it opens the door to modification of such technology and the development of new designs suitable for developing countries and rural areas. Low-pressure briquetting technology provides the relevant alternative to the high-pressure one and represents the topic of many current investigations in Asia and Africa. Such technology works with the same principle of feedstock densification into briquette fuel by using a piston or screw as a pressing unit. However, the difference consists in the briquetting press itself. Low-pressure technology provides many different briquetting press designs (wood, metal, combined); the designs are developed and implemented in specific conditions for specific briquette production (specific feedstock materials, external binders, production parameters) [31,32,33], resulting in the production of briquette biofuel of different shapes and sizes. Nevertheless, the main difference between the two mentioned briquetting technologies is the level of pressure and need for electricity. Low-pressure briquetting presses operate with a lower level of pressure (<5 MPa) than the high-pressure ones (>15 MPa). In consequence, low-pressure briquetting presses must use external binders for ensuring the briquettes’ mechanical quality. Such issues can be easily improved by using wastepaper and cardboard. Most of the previously manufactured low-pressure briquetting presses use only human power; there is thus no need for electricity consumption, a decisive advantage of such technology in rural areas [34] given the fact that rural areas of Java often lack proper access to technologies, knowledge, credit, or electricity, but may have abundant sources of agricultural waste.



Therefore, this study examines the possibility of using the low-pressure briquetting press in rural and peri-urban households of East Java. The primary goal of this study is to determine the potential of utilizing waste biomass processing through the briquetting process, using Malang and Blitar regions as examples.





2. Materials and Methods


This study examined the possibility of converting biomass into solid biofuels, which is not only a technology that provides higher efficiency than raw untreated biomass, but it is also a suitable waste management technology [35]. According to Mulyana [6] the following factors should be ensured when setting up briquetting technology: (1) availability of biomass to supply the bioenergy plan and market for the biomass-derived product; (2) society’s readiness to involve and participate in collecting the biomass and also readiness to be involved in the briquette production process; (3) skilful human resources (biomass technology and briquette production). (4) Financial structure including the cost of money, government subsidy if any, and loan guarantee. (5) Capital and operating cost plan. (6) Study of environmental impact and applicable regulation and the approval process.



Within our study, we consider all six factors, with the main focus on the possibility of using the low-pressure briquetting technology in rural household conditions. Therefore, the study includes an assessment of the current situation concerning biomass production, the existence of a possible market, current knowledge of the society about waste management and briquette production, the current regulation, the interest/willingness of the people to produce briquettes and their financial possibilities. Furthermore, the study also identifies the characteristics of the generation and composition of household solid waste in both research areas.



2.1. Description of the Study Area and Data Collection


The study area–eastern Java–has been chosen due to the lack of research focused on this part of the island. Limited research related to briquette production has so far been focused on the potential of west Java.The area of eastern Java is very diverse. Modern cities alternate with agricultural areas, which are often still not electrified. East Java is one of the biggest and most successful provinces of Indonesia in terms of agricultural development [28].



For the sake of comparison, we chose two research areas: the Donowarih village (a rural area), part of the Karangploso district in Malang regency, located on the slope of Mount Arjuna; and the Maron village (a peri-urban area), part of the Kedemangan district in Blitar regency (Figure 1). The Karangploso district is a rural area covered by forest, and in the Donowarih village, people plant mostly rice, corn, cassava, sugarcane, vegetables and oranges [36]. The Maron village is a peri-urban area where farmers mostly plant rice, soybean, coffee and coconuts. The population, as well as the area of both locations, is shown in Table 1.



Data for this study were collected at the level of the local population, as well as local authorities (municipal representatives). A mix of quantitative and qualitative methods was exploited, with the latter including questionnaire surveys, interviews, observation, and focus groups. The snowball technique was chosen as an appropriate sampling tool. A questionnaire survey was conducted in both locations during the summer of 2018, with N = 50 in each location: Village Donowarih (rural area), Malang regency (N = 50), and village Maron (peri-urban area), Blitar regency (N = 50) areas, East Java, Republic of Indonesia during the summer period 2018. The questionnaires consisted of open, closed, and semi-closed questions and focused on the respondents’ socio-economic situation, on technical aspects of waste management, and the main produced waste biomass. The questionnaires were identical for the local population and for the municipal authorities. The data obtained by the questionnaire survey were proceeded by statistical software using descriptive, inferential, and correlation statistics. Interviews, focus group discussions, and observations were conducted after collecting the questionnaires from the respondents. The interviews and focus groups focused on current waste management practices, present energy and biomass sources, knowledge, and sustainable waste treatment methods. Focus groups were conducted in Maron (N = 34) as well as in Donowarih (N = 18), and they consisted of the description of the briquetting process and, afterwards, in the participants’ discussion about this method and its possible application. Data were analyzed quantitatively by descriptive statistical methods, as well as qualitatively by analyzing data obtained from the interviews, observations, and focus groups.




2.2. Description of the Target Technology


The low-pressure briquetting technology, which was used as reference technology for the data collection, was represented by a wooden manual low-pressure briquetting press, with the operation pressure below 5 MPa. The design of the press was developed in accordance with the requirements and possibilities of the target areas. The press was constructed mainly from wooden components, it was partly dismountable, and required only man-power for pressing of the piston using a single lever. The first main objective was that the potential users (rural population) understood and appreciated the characteristics of the technology and the potential for its use. The second objective concerned the low-cost production of the equipment: construction costs were estimated at USD 10, and the majority of the components are easily replaceable and produced from one log to ensure similar dimensions. Figure 2 shows the scheme of the designed wooden manual low-pressure briquetting press which was used during the presentations.




2.3. Statistical Analysis


The collected data were categorized, coded, and analyzed using descriptive, inferential, and correlational analyses (depending on the specific data type) in the statistical software package Statistica 10. Descriptive statistics (mean, distribution, and standard deviation) were calculated to gain an overview of both target groups in terms of their income level, level of education or percentage distribution of household waste, or knowledge of waste treatment methods. T-test was used to discover possible differences between the analyzed groups in their willingness to invest in the technology. Furthermore, the Pearson’s correlation coefficient (R) was counted to detect the possible relationship between the respondents’ education level and their willingness to invest.





3. Results and Discussion


3.1. Socioeconomic Characteristics of the Target Group


The interviewed respondents were small-scale farmers living off crop production. In the case of Donowarih (the rural area), it was mainly coffee, chili, or vegetables. More than one-fourth (28%) of the households also owned small livestock like poultry and goats. Donowarih is part of the protected and research area of the local university (Brawijaya). Nevertheless, despite Brawijaya university research and educational activities, the local people are not fully aware of the necessity of environmental protection. It is also important to note that the Donowarih village is quite far from the main infrastructure of Malang. People mostly use and consume what they plant, so there is still a minimum of plastic trash. Nevertheless, according to the research of Ying Chu Cheng [39], we can expect that the ongoing urbanization will soon change the situation.



In the Donowarih village, illiteracy still partly persists, mostly in the older generation. The majority of the population usually finish elementary school or secondary school. Table 2 compares the average household income per month in the two localities examined in this study. The average household has four family members. The majority of the population is either very young (children) or old (grandparents). Currently, the middle generation of potential new farmers often participates in off-farm short- or long-term activities and the majority have moved to urban areas. The reason is the same as that listed by Corsi and Salvioni [38], namely that, first, off-farm income is usually higher and more stable, and second, that urban areas offer more job opportunities.



In Maron (the peri-urban area), the average household also has four family members. As for the level of education, the lowest education level here is the middle school for 13–15 years old children (SMP—“Sekolah Menengah Pertama”), which is obligatory. Before middle school, children visit the primary school (“Sekolah Dasar”). Most people have finished high school and a few of them possess university degrees as well. Considering the education level, Maron’s respondents would be predicted to have a higher income (see Zhang et al. [40]). However, as shown in Table 2, which compares the average household income per month in the two localities, the income in Maron is very similar to that in Donowarih households. These results may be influenced by other factors (indebtedness, poor climate conditions, etc.). Besides farming, local people in Maron are often more involved in off-farm activities such as construction works or running of small shops (warungs), which should, according to Wanglin et al. [41], lead to higher income. Nevertheless, the difference in average income is statistically insignificant (p = 0.8986).



Age composition in Maron was similar to Donowarih as well, with the same trend of the younger generation leaving their family and moving to cities. Although we found no positive effect of education on income, it has to be noted that education improves the ability to make informed decisions about new inputs in terms of both machinery and fertilizers, and, as a result, it plays an important role for farmers’ livelihood.



In both areas, people still use wood as fuel, besides LPG. In the case of Donowarih, wood is still the primary energy source, which is in line with the research of Timko and Kozak [42], who reported the prevalent importance of firewood in developing countries. According to information gained from questionnaires, the price of monthly consumption of LPG is about USD 2. However, in many cases, people still prefer wood because it is “for free”. During the rainy season, firewood also serves as a source of heat. In addition, women very often stated that food tastes better if it is cooked on fire than LPG. Importantly, using bio-briquettes could solve this situation because the taste would remain the same. On average, people in both areas spend 7 h per week gathering firewood.




3.2. Availability of Biomass and Possible Bio-Briquette Market in Target Areas


Regarding agriculture development, East Java is one of the biggest and most successful provinces of Indonesia. Between 2014 and 2015 it became a province with the largest rice production in Indonesia (more than 13 million tons harvested in 2015). Besides rice production, around 1/3 of Indonesian corn production also comes from East Java. Furthermore, soya beans, peanuts, or sweet potatoes are well-known agricultural products of this area as well [36]. Table 3 shows examples of biomass with possible further utilization.



Despite the fact that the production of briquettes has a long tradition in West and Middle Java, in East Java the briquettes market has only recently been growing. However, producers are oriented either on export, bigger factories, or on well-secured people from cities who use briquettes only for occasional events (home barbecue, shisha, etc.). In East Java, briquettes are mostly produced from coconut shells. After drying and sifting coconuts, they are efficiently carbonized, crushed, and mixed, and afterwards shaped into the proper size. The market price for 1 kg of those briquettes available in local shops is about USD 2.80, which is higher price than for LPG for the whole month. Therefore, most people prefer to pay less for the cheaper LPG than to use more expensive briquettes available on the market. Briquettes can also not be purchased at the local market, but only in special stores in malls located in larger cities. So far, briquettes constitute a luxury item for most local people. For the reasons mentioned above, 98% of our respondents did not have any information regarding the existence of those briquettes at the Indonesian market, and no one seriously considers their usage for the current price; briquettes are currently not financially accessible for the majority of local people.



Regarding other waste management methods and biofuel production, 5% of respondents from Donowarih (the rural area) had information about the production of biogas, which is produced close to their area from the excrements of cows. Currently, they are not interested in this production because they do not possess enough livestock. However, if the situation changes, all of those respondents would like to adopt the technology if it were affordable.



In both locations, there are several poultry houses, and new-born chickens require stable temperature, which is achieved by using gas as a source of heating. As a costly resource, LPG often prevents other farmers from entering the sector. Briquettes from biomass could be one of the solutions that would remove this barrier.




3.3. Household Waste Management


Household waste management was an important part of the research. Firstly, it was necessary to analyze the composition of the waste, secondly, people’s habits and behavior as well as their knowledge about possible techniques of waste management.



Donowarih is close to the forest and people often use wood as fuel. That is why wooden residues (bark, sawdust, trimmings, split wood) account for 24% of household waste. Organic waste (kitchen leftovers and agricultural waste) accounts for the largest part. As we can see from Figure 3, inhabitants of Donowarih still do not use any plastics. On average, one household produces 1.5 kg of waste per day.



In the case of Maron (peri-urban area), plastic constitutes a marginal part of household waste. Same as in Donowarih, organic waste forms the majority of waste produced (Figure 3). On average, a household produces 1.8 kg of waste per day.



Knowledge about waste management is very low in both regions. In the case of Donowarih (rural area), respondents had no information about the sorting of solid waste or recycling. Few of them (about 15%) had knowledge about composting. A similar situation was also visible in Maron (peri-urban area), where the majority of people (98%) did not know anything about recycling or sorting of solid waste; on the other hand, all of them possessed some knowledge about composting.



In both areas, people use kitchen leftovers even as food for livestock or as composting material. According to Roubík et al. [45], it is possible to utilize kitchen leftovers in biogas production. Biogas technology could provide clean energy in the form of biogas and fertilizer as a by-product in rural areas of Indonesia [46], but the majority of the population disposes of it without any further utilization. In both areas, the most common practice of waste management is open burning.




3.4. Possibility of Briquette Production-Human Resources, Financial Possibilities, and Capital/Operating Costs


As described in previous sections, sources of biomass are abundant in both areas. Respondents were interested in the possibility of briquette production and, provided that the initial costs are acceptable, would be willing to invest in the presented manual wooden low-pressure briquetting press. On average, they were also willing to spend 5 h per week operating the press to produce briquettes. Especially in Maron (peri-urban), people would appreciate the possibility of generating their own energy sources rather than collecting or buying wood. In Donowarih (rural area), the willingness of local people was not as high as in Maron (see Table 4). Due to low public awareness about the possibilities of waste treatment methods, people often distrusted the technology itself and did not believe in its benefits.



Village authorities of both areas would be willing to invest in introducing low-pressure briquetting technology, and in case of a budget surplus, they would see further possibilities in selling briquettes on the market. Taking into account the estimated price of the press (USD 10), we can claim that in both areas, people are willing to invest a sufficient amount of financial resources required for the press construction. As shown in Table 5, people from Maron (peri-urban area) were willing to invest more into the technology (±25 USD) in comparison with people from Donowarih (±USD), a significant difference (p = 0.0056). Moreover, a moderate positive correlation was found between the level of education and the willingness to invest in the technology. Thus, a higher level of education meant also a higher level of investments and vice versa (R = 0.5146; p = 0.000681).



Apart from using briquettes to cover the needs of the involved households, they could also substitute coal in restaurants/warungs or in households from adjacent areas. On a larger scale, briquettes could be used as a source of heat in poultry farming. Currently, small-scale farmers find it difficult to open their own poultry farm due to the necessity of intensive heating, which they cannot afford. Producing briquettes on their own could open access to the market also for these farmers. Tucho and Nonhebel [47] studied the potential of using efficient technologies (briquetting, biogas production) in Ethiopian rural areas. Energy conversion technologies can help in some cases to achieve biomass savings of up to 50%. This, however, depends on various characteristics of the household (number of animals, available land, etc.).



According market study [48], briquette production has the potential to become successful in the local market. Positive examples have been documented in the Asian region, such as Cambodian Sustainable Green Fuel Enterprise (SGFE) or Indian Biomass Urja Kotdwar.




3.5. Environmental Impact, Applicable Regulation, and the Approval Process


According to Hu et al. [23], the usage of agricultural residues in the form of briquettes can improve the rural environment, secure forest resources, and increase the income of local people. Especially in Donowarih (rural area), where people still use mostly firewood as the primary energy source and where residues from agriculture as well as from household waste are abundant, briquette production could positively contribute to the preservation of the local environment (especially forest resources) and ensure energy security (compare the study by Martinez et al. [49] on Brazil). Even though the Maron village is located in the peri-urban area and people mostly use gas as the primary source of energy, the usage of briquettes can reduce the amount of waste as well as increase household income.



As mentioned before, oil and gas reserves in Indonesia are decreasing [3], and the Indonesian government is therefore looking for suitable alternatives. Besides the coal industry, the government is targeting abundant sources of energy, with biomass among them. As this solution can strengthen energy security and also reduce emissions, the utilization of bioenergy has become an important part of the Indonesian national energy policy; Governmental Regulation No 047/2006 [50] on the domestic production of briquettes from coal and biomass is most relevant. The annexes to the Regulation specify the permitted air pollutant concentration values. Another one is the Regulation No 150/2000 [51] on the usage of land for biomass production, which states that every area must follow its regulation specified by the Governor/Regents or Mayor. In the case of large-scale production, both villages must therefore follow regulations of the Malang region. The production of electricity from the biomass/waste should adhere to Regulation No 53/2018 [52].



There are multiple governmental programs which support the utilization of sustainable biomass and offer benefits for producers, such as VAT exemption, investment tax incentives, direct subsidy on retail price for the transportation sector, interest rate subsidy for biofuel feedstock plantations, and simplification of license procedures. Moreover, multiple governmental funds are available, such as the Indonesia Biofuel Program, the Clean Technology Fund, the Indonesia Climate Change Trust Fund, or the Income Tax Facility [53,54].





4. Conclusions


According to the results of the study, both areas have significant potential for biomass utilization and its conversion into briquettes by using low-pressure briquetting technology. Currently, there is a market with manufactured coconut briquettes in both research areas. Nevertheless, those briquettes are costly and not easily accessible for the local population. In addition, only 2% of all respondents were familiar with this product. Even though higher biomass production can be seen in the rural area (Donowarih), a higher interest in low-pressure briquetting technology was documented in the peri-urban (Maron). Besides this, locals are willing to invest more in Maron than in Donowarih. The reason for higher investment willingness may be explained by the level of education, as shown by the moderate positive correlation. The population in Donowarih has not yet encountered briquetting, and the interest in investing in the input and operating costs is thus minimal. In the case of rural lowland areas around Blitar, the proportion of organic household waste material was lower. Possibilities for utilizing agricultural waste also exist in this area, especially rice waste material. There was a higher interest in the given method than in the mountain areas, while at the same time people were willing to invest more in the technology. Currently, Indonesia is following the trend in sustainable energy production. Unfortunately, the knowledge of this among the rural population is low. Therefore, awareness-raising activities are needed to spread ecological waste management practices, so as to increase their interest in them. Further research is recommended for the application of low-pressure briquetting technology in order to find a suitable composition of briquettes after the installation of wooden manual low-pressure briquetting press.
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Figure 1. Target area (East Java, Blitar, and Malang regency). Adjusted from: Google maps. 
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Figure 2. Presented manual wooden low-pressure briquetting press: (a) scheme; (b) dimensions: A = 47 cm, B = 61 cm, C = 25 cm. 
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Figure 3. Household waste composition in Maron (peri-urban) and Donowarih (rural). 
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Table 1. Target area, population. Adjusted from: Badan Pusat Statistics [36,37].
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	Village
	Population
	Size of the Area





	Maron
	2979
	4.63 km2 [38]



	Donowarih
	10,069
	12.98 km2 [37]
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Table 2. The income of the household. N = 100.
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	Village
	Mean (USD)
	Std. Deviation
	Std. Error Mean





	Maron (peri-urban)
	67.62
	23.02
	3.25



	Donowarih (rural)
	67.06
	20.9
	2.96
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Table 3. Availability of biomass in East Java.
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	Biomass
	Production

[T/Year]
	Remarks





	Rubberwood
	27,622 (2017)
	Logs are used as firewood in brick and roof tile industry



	Sugar (residues)
	1,010,447 (2017)
	Bagasse is generally used in sugar factories (90%)

Potentially sugar residues (bagasse). The use of cane tops and leaves needs to be investigated



	Rice (residues)
	13,060,464 (2017)
	Potentially rice residues (husks). Stalk and straw are generated at the field and generally burnt, in some areas used for feeding or raw material for paper industry, husks often burnt uncontrolled



	Coconut (residues)
	258,142 (2017)
	Potentially coconut residues (shells). Residues are generated decentralized and usually left on the plantation field, largely used as firewood and for the production of charcoal







Adjusted from: BPS [43], Abdullah [44].
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Table 4. Willingness to use/produce briquettes. N = 100.
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	Village
	Usage of Briquettes
	Production of Briquettes





	Maron (peri-urban)
	100%
	96%



	Donowarih (rural)
	88%
	80%
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Table 5. Willingness to invest in technology. N = 100.
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	Village
	Mean (USD)
	Std. Deviation
	Std. Error Mean





	Maron (peri-urban)
	24.92
	1.54
	2.19



	Donowarih (rural)
	18.25
	6.10
	0.86
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