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Abstract. The depletion of solid fuels in the world triggers the requirement for the existence of
an alternative fuel product as a substitute. In several studies, briquettes have become one of the
alternatives used to deal with this problem. However, the selection of briquette material that
considers its impact on economic, social, and environmental aspects has not been widely
carried out. To solve this problem, the selection of raw materials for briquettes must be
determined using the concept of sustainable product development (SPD). SPD is a concept that
can be used to determine a new product by considering various aspects, including economic,
environmental, and social aspects. Briquette fuel that is derived from leaf waste and rejected
fruit as a binding agent can be an alternative to renewable solid fuels since the raw materials
come from wastes that have no selling value. The methodology used in this research is by
conducting a survey at five markets in Surabaya and proceeding with interviews with the local
government official. Pugh Matrix Concept Selection (PMCS) method is used to determine the
suitable raw materials and to analyze the sustainability of the product development. Through
PMCS, the results show that the best material for briquette production based on economic,
social, and environmental aspects is a mixture of Samanea saman leaf waste with a 12.83
rating value and rejected papaya as the binding agent with a 10.44 rating value. Briquette with
a mixture of 95% Samanea saman leaf waste and 5% rejected papaya is produced with a mesh
size of 60 or 250 pm and a compression pressure of 2 MPa and is identified to have a heating
value of 4025.87 Kcal/Kg.

1. Introduction

The increased human population leads to larger energy demand, including thermal energy. However,
the availability of thermal energy in the form of fossil fuels is currently running low. According to the
Ministry of Energy and Mineral Resources, the availability of natural gas is expected to run out within
the next 22 years, while solid fuels are expected to be exhausted in the next 65 years [1]. Since fossil
fuels are not environmentally friendly and non-renewable, the reliance on them as the primary sources
of thermal energy is not sustainable [2, 3].

Briquette is one alternative for fossil fuel and it can be composed of various types of biomasses such
as sawdust, agricultural waste, food waste, and paper waste. One of the most common materials found

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
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in the manufacture of waste-based briquettes is plant waste and fruit waste [4]. Several studies on
briguettes have been carried out by Anggono et al. [5,6] in making briquettes from leaf wastes and
research by Nurhilal et al. [7] also studies the composition of briquettes from mahogany tree wastes
with tapioca as the binding agent. From those past studies mentioned, it can be understood that the
selection of briquette materials did not examine the product development sustainability.

To reduce human reliance on fossil fuels, alternative sources of thermal energy are necessary. For the
past decades, various alternatives have been proposed. However, their application is hindered by their
production sustainability. To consider the sustainability of the alternative, a sustainable product
development concept can be implemented to further prevent damage to the environment [8]. One
method that can be used to implement the sustainable product development concept is to utilize the
PMCS. This method has been used by several researchers such as Thakker et al. [9] in selecting an
impulse turbine product concept. Another work by Mustafa et al. [10] implements the Pugh Matrix
Concept method to select and verify Kenaf plant fibers as an alternative to environmentally friendly
friction materials in the automotive industries.

SPD has three crucial aspects, which are economic aspects, social aspects, and environmental aspects.
A product can be regarded as sustainable if the product has a balance between the three SPD’s crucial
aspects [11, 12]. The three crucial aspects of the SPD concept were used as criteria and further
subcategorised into design for social intervention, design for society, design for social innovation,
design for cost, design for manufacturing, design for supply chain, and design for environment [13].
Briquettes made of the selected materials were then tested in the laboratory to obtain calorific values
using proximate analysis to better understand the properties.

With regards to the need for sustainable fossil fuel alternatives, this study focuses on determining the
best material for briquettes by applying the PMCS method based on the sustainable product
development concept. The research aims to overcome the lack of previous studies where the selection
process of briquette materials did not use any evaluation method and did not pay attention to the
economic, social, and environmental aspects. The present study uses PMCS evaluation method with a
sustainable product development concept as a criteria to get the suitable material for briquette from
leaf waste and rejected fruit.

2. Experimental method

The first step of this research is conducting a survey at five markets in Surabaya, Indonesia (Citraland
Market, PPI Market, Keputran Market, Darmo Market, and Keputih Market). The initial data taken are
the types of fruit sold at each market and the average amount of rejected fruit each week. After
obtaining data on various types of fruit sold and the average amount of rejected fruit, all data were
collected and then used as a reference in making a questionnaire. The second step of this research is to
obtain answers from fruit sellers at the market by interview. The questions include the kind of fruit
they sell, the fruit that has the most waste, and the amount of the waste. The type of answer is in the
form of multiple choices answers. After the answers were collected, the results were converted into
numbers and averaged.

The results from the questionnaire show that Raja bananas, pineapples, papayas, and oranges have the
most waste. Therefore, they were included as the four candidates in PMCS. Interviews were conducted
at the local government official to obtain data on leaf waste in the city of Surabaya. The questions
asked during the interview are regarding the most dominating tree species in the city of Surabaya.
From the interview, the local government official informed that the most dominating trees in Surabaya
are the Pterocarpus indicus tree, Samanea saman tree, palm tree, and Cerbera manghas tree.

The aspects used in determining the criteria in the Pugh Matrix Concept Selection were determined
based on research conducted by He [13]. All aspects are then entered into the objective tree, as
similarly conducted by Mustafa et al. [10] to determine the weight factor of each criterion. The
calculation of weight factors value is determined using the WDM (Weight Decision Matrix) method
where the value of all decision matrices sums to ‘1’ [10,14]. The objective tree of leaf waste and fruit
waste is illustrated in Figure 1(a) and 1(b) respectively. The level of each criterion was determined
based on the level of importance in the manufacture of waste briquettes.
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Consideration was given to the economic, environmental, and social aspects. In the economic aspect,
the calorific value is the most important criterion since a high calorific value will produce a better
yield which is closer to the standard provisions for wood charcoal briguettes. In addition, the high
calorific value will also affect the selling value of the briquettes where it meets the requirements of a
sustainable product, namely cost design. In the environmental aspect, the criteria are its role in
reducing the volume of waste and the impact that will occur when the waste is not cleaned
immediately. These criteria were chosen due to their inseparable relations as part of the design for
environmentally sustainable products. In the social aspect, the most important criterion in making a
sustainable product is the design for society. It includes the job openings as a consequence of the
briguette manufacturing plant, which translates to an additional income and a health impact on the
community.
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Figure 1. Objective tree of Pugh Matrix Concept implementation on the (a) leaf waste and (b) fruit
waste

After obtaining all the criteria, Pugh Matrix Concept Selection was applied to determine the best
materials for briquette production. The scoring on the Pugh Matrix uses a scale of 1-10, where 1 is the
worst value and 10 is the best value. After assigning the score, the rating was calculated by
multiplying the score by the weight factor. In the value column, the data filled were obtained from the
interview results and analysis of the data. The raw material chosen for making briquettes was prepared
to be processed into briquettes, following similar methods as described [5, 6]. In this study, leaf waste
needs to be dried by directly exposing them under the sun for approximately 1-2 days. The dried leaf
waste was then crushed into small particles. The size of the dried leaf waste particle is a mesh size of
60 or 250 um. After the leaf waste was shifted, it was combined with the squashed fruit waste in a
briguette mold (25 mm in diameter, 26 mm in height) with a ratio of 95% : 5%. The mold was pressed
with a hydraulic press machine with 2 MPa pressure as shown in Figure 2. The briquettes that have
been molded as shown in Figure 3 were then tested for their calorific values at the Sucofindo
Laboratory using proximate analysis under SNI standards.
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Figure 2. Hydraulic"press machine Figure 3. Briquette final product

3. Results and discussion

Based on the results of the survey conducted at the five markets in Surabaya, Raja bananas,
pineapples, papayas, and oranges are the fruits suitable as candidates for the selection process in the
Pugh Matrix Concept Selection due to their sufficient amount of waste and availability at the markets.
These fruits were then assessed and calculated using the Pugh Matrix as demonstrated in Figure 4.
From the evaluation, it can be determined that the fruit with the highest rating is papaya (10.44).
Therefore, it is used in this study for the briquette production and further analysis. As for the leaf
waste, based on the interviews with the government official of Surabaya City, the most dominating
trees are the Pterocarpus indicus tree, Samanea saman tree, palm tree, and Cerbera manghas tree.
Thus, the four trees are the candidates for the selection process in the Pugh Matrix. The assessment
and calculation of leaf waste in the Pugh Matrix are illustrated in Figure 5. After evaluating the leaf
waste potential using the Pugh Matrix Concept, Samanea saman leaf waste was found to have the
highest rating with a value of 12.83, and therefore it was chosen as the main raw material for making
briquettes in this study.

Briquettes were tested for their calorific value at the Sucofindo Laboratory, Surabaya, Indonesia using
proximate analysis under SNI 01-2891-1992 standards, and the results are shown in Figure 6.
Comparison of the current briquette’s calorific value with those from the previous studies are shown in
Figure 7. With composition of 95% Pterocarpus indicus leaf waste and 5% rejected papaya, the
calorific value is 4338.79 KCal/Kg [6], while at 95% Samanea saman leaf waste and 5% rejected
papaya, the calorific value is 4025.87 KCal/Kg. With composition of 95% Pterocarpus indicus leaf
waste and 5% rejected pineapple, the calorific value is 4169.76 Kcal/Kg [15].

4. Summary

Pugh Matrix Concept Selection method was implemented to determine the best raw materials for
briquette production in Surabaya, Indonesia. Through analysis and calculations carried out using
PMCS concerning the environmental, economic, and social aspects, rejected papaya and Samanea
saman leaf waste were found to be the most ideal raw materials. Therefore, these wastes were used as
the material for making briquette and the composition ratio of 95% leaf waste and 5% fruit waste were
found to have a calorific value of 4025.87 KCal/Kg. This promising result using PMCS method that
pay attention to the SPD concept for material selection process of making briquette can also be applied
in other region or countries according to various availability of leaf and fruit waste resources.
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Figure 4. Pugh Matrix Concept Selection on fruit waste
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Figure 5. Pugh Matrix Concept Selection on leaf waste
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Figure 6. Proximate analysis results Figure 7. Calorific value of various

of 95% Samanea saman leaf waste briquettes

with 5% rejected papaya briquette
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