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ASSESSMENT OF SOCIAL RETURN ON INVESTMENT FROM THE UTILISATION OF OIL PALM’S RESIDUES

WISAKHA PHOOCHINDA*

ABSTRACT
7KLV�VWXG\�DLPHG�WR� LQYHVWLJDWH�XWLOLVDWLRQ�RI�UHVLGXHV� IURP�RLO�SDOP�LQ� ORFDO�FRPPXQLWLHV�DQG�WR�DVVHVV�
WKH�VRFLDO�UHWXUQ�RQ�LQYHVWPHQW��652,��IURP�WKLV�XWLOLVDWLRQ��'DWD�FROOHFWLRQ�ZDV�XQGHUWDNHQ�LQ�7KDLODQG�
WKURXJK�LQWHUYLHZV�ZLWK�SROLF\�PDNHUV��SUDFWLWLRQHUV��SURIHVVLRQDOV�IURP�RLO�SDOP�FRRSHUDWLYHV��WKH�2LO�3DOP�
5HVHDUFK�DQG�'HYHORSPHQW�&HQWUH��WKH�'HSDUWPHQW�RI�$JULFXOWXUH��WKH�2IILFH�RI�$JULFXOWXUDO�(FRQRPLFV��
DQG�WKH�)HGHUDWLRQ�RI�7KDL�,QGXVWULHV��4XHVWLRQQDLUHV�ZHUH�JLYHQ�WR�RLO�SDOP�JURZHUV�LQ�HLJKW�SURYLQFHV��
WRWDOOLQJ����VDPSOHV��,QWHUYLHZV�ZHUH�FRQGXFWHG�ZLWK�ILYH�SDOP�RLO�PLOOV��7KH�652,�IRU�YDULRXV�PHWKRGV�
RI� WKH�XWLOLVDWLRQ�ZDV� FDOFXODWHG��7KH� UHVXOWV� VKRZHG� WKDW�PDQ\� RSWLRQV� IRU�XWLOLVDWLRQ� LQFOXGHG� WLOODJH��
FKRSSLQJ�XS�DQG�OHWWLQJ�UHVLGXHV�EH�GLJHVWHG��XVLQJ�HPSW\�IUXLW�EXQFKHV�IRU�PXOFKLQJ��SURGXFLQJ�ELRPDVV�
HQHUJ\��PXVKURRP�FXOWLYDWLRQ��DQG�IRU�XVH�DV�DQLPDO�IHHG�DQG�FRPSRVW��$V�IRU�WKH�652,�RI�XWLOLVDWLRQ�RI�RLO�
SDOP�UHVLGXHV��LW�ZDV�IRXQG�WR�EH�EHWZHHQ������DQG�������7KH�PDMRULW\�RI�WKH�XWLOLVDWLRQ�RSWLRQV�\LHOGHG�DQ�
652,�ORZHU�WKDQ����7KH�XWLOLVDWLRQ�RI�RLO�SDOP�UHVLGXHV�WR�SURGXFH�DQLPDO�IHHG�\LHOGHG�WKH�KLJKHVW�652,�RI�
������ZKHUHDV�WKH�XVH�RI�RLO�SDOP�UHVLGXHV�WR�SURGXFH�KDUG�ILEUHERDUG�UHVXOWHG�LQ�WKH�ORZHVW�652,�DW�������
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INTRODUCTION

7KH� 0LQLVWU\� RI� $JULFXOWXUH� DQG� &RRSHUDWLYHV� RI�
7KDLODQG� KDV� IRUPXODWHG�PHDVXUHV� WR� VXSSRUW� WKH�
use of alternative energy through the Alternative 
Energy Development Plan: AEDP2015, focusing on 
the optimisation of the production of energy from 
raw materials that are based on domestic alternative 
energy, the development of the potential to produce 
alternative energy with appropriate technology, 
and the development of alternative energy for 
the common benefit of communities in the social 
and environmental dimensions (Department of 

Alternative Energy Development and Efficiency, 
2015). Oil palm is one of the major means of obtaining 
energy and is one of the economic crops currently 
promoted for cultivation as it can be used to produce 
biodiesel. Oil palm is also processed into various 
products, such as cooking oil, soap, detergent, 
cosmetics, etc. It is also used as a raw material in 
the food industry for the production of ice cream, 
margarine, sweetened condensed milk and others.  
Due to the high demand of oil palm at national 
and global levels, the Ministry of Agriculture and 
Cooperative has developed a strategy to expand the 
area of oil palm cultivation to 1.16 million hectares 
by 2026. Farmers, therefore, increasingly turned to 
oil palm cultivation.

In 2015, the area of oil palm cultivation in 
7KDLODQG�WRWDOOHG���������KD��XS�IURP���������KD�LQ�
2014 (Office of Agricultural Economics, 2015).  Oil 
palm has, thus, become an important crop for the 
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country’s development and oil palm production 
have increased to support global and national 
demand.  Accordingly, the residues from oil palm 
cultivation and palm oil mill have increased 
annually. Moreover, oil palm producers have 
encouraged the study of the most effective use of 
oil palm residues from both oil palm plantations 
and palm oil mills. Many agencies have carried out 
research using different types of oil palm residues 
to produce value-added products such as old oil 
palms, fronds, empty palm bunches, fibre from oil 
palm, waste from decanter, oil palm kernel meal, 
palm kernel shells, and wastewater from palm oil 
mill processes. Appropriate guidelines have been 
formulated to make use of these agricultural and 
industrial residues in order to minimise the waste 
being released into the environment and to gain 
economic returns. 

7KDLODQG� KDV� IRUPXODWHG� D� SROLF\� WR� SURPRWH�
the cultivation of oil palm as an important economic 
crop. Its Plan to Develop Oil Palm and Palm Oil 
Industries (2013-2017), promoted oil palm cultivation 
in appropriate areas according to the announcement 
of the Ministry of Agriculture and Cooperatives 
LQ� ������ )XUWKHU�� 7KDLODQG� KDV� SURPRWHG� RLO� SDOP�
cultivation in new areas, accounting for 32 000 
ha a year, totalling 160 000 ha; and the replanting 
of old oil palm, accounting for 16 000 ha a year, 
WRWDOOLQJ� ��� ���� KD�� 7KH� UHKDELOLWDWLRQ� RI� ROG� RLO�
palm plantation has led to an increase in their 
production efficiency to achieve the yields of 0.19-
0.22 t yr-1 per the extraction oil rate of 18.5% (Office 
of Agricultural Economics, 2014) with quality based 
on international standards.

Each cultivation and utilisation process of oil 
palm utilisation in various industries generates 
large amounts of residues. Phoochinda (2015a) 
has synthesised knowledge on oil palm and its 
utilisation in the +DQGERRN�RI�,QWHJUDWLRQ�WR�6WUHQJWKHQ�
WKH�2LO�3DOP�,QGXVWU\�LQ�$6($1�(FRQRPLF�&RPPXQLW\�
�$(&��� 7KH� UHVXOWV� UHYHDOHG� WKDW� PRVW� UHVHDUFK�
focused in the mid-stream processes of oil palm 
industry, meaning the operations of the industrial 
system prioritised the increase of yields, reduction 
of production costs, and the use of residues such 
as wastewater, sludge, oil palm fibre, and other by-
products due to the large amount produced every 
\HDU�� � 7KHUH�ZDV� OLWWOH� LQIRUPDWLRQ�GLUHFWO\� UHODWHG�
to oil palm growers, such as the use of empty fruit 
bunches and fronds from oil palm to create economic 
value, increase income, and reduce environmental 
impacts. 

Researches conducted in Malaysia and 
Indonesia have revealed the use of residues from 
the oil palm industry, such as the use of trunks or 
fronds for mulching, processing for roof-covered 
materials, furniture, and the promotion of the use of 
empty fruit bunches via oil extraction as fertilisers. 
7KDLODQG� GRHV� QRW� KDYH� VXFK� FRQFUHWH� VXSSRUW�

in the form of research that explores the benefits 
and returns of the use of residues from oil palm in 
various dimensions. In the past, researches tended 
to focus on specific fields of study, such as economic 
returns from each process, the environmental 
impact from each process, and the investors’ return 
on their operations. However, research on the 
integration using palm residues should cover threes 
development dimensions, namely, the economic, 
VRFLDO�� DQG� HQYLURQPHQWDO� GLPHQVLRQV�� 7KLV� LV� WR�
encourage growers to make comprehensive use of 
oil palm and enhance the potential as well as future 
sustainability of domestic oil palm development.

Development must include the entire system–
IURP� SURGXFHUV� WR� FRQVXPHUV�� :LWK� LQFUHDVHG�
demand for the use of palm oil, growers in the 
upstream oil palm industry must increase their 
production accordingly, resulting in increased 
agricultural residues from oil palm plantations. At 
WKH� VDPH� WLPH�� RLO� SDOP� JURZHUV� LQ� 7KDLODQG� IDFH�
long-term oil palm cultivation problems, including 
higher production costs, price fluctuations in line 
with global markets, uncertainty in government 
policy at certain points of time, smallholders that 
face the serious problem of high production costs 
in comparison to industrial entrepreneurs, and 
high risks in operations. Some studies revealed 
that currently growers and supporting agencies of 
growers have employed the oil palm farming residue 
to strengthen the growers in terms of household 
applications and operations in community groups. 
7KHVH� LQFOXGH� VWUDZ� PXVKURRP� FXOWLYDWLRQ� IURP�
empty fruit bunches, the production of compost 
from the residue of fronds and empty fruit bunches, 
and the production of animal feed for ruminants. 
For example, there has been the promotion of 
comprehensive oil palm production of communal 
HQWHUSULVHV� LQ�%DQ�.KXDQ�6LDQ��0RR����.KDR�.KHQ�
6XEGLVWULFW�� 3ODL� 3KUD\D� 'LVWULFW�� .UDEL� 3URYLQFH��
and straw mushroom cultivation from empty 
fruit bunches to generate additional income for 
community members operated in Nakhon Sri 
7KDPPDUDW��&KXPSKRQ��6XUDW�7KDQL��/RSEXUL��DQG�
other provinces similarly.  Moreover, the Department 
of Livestock Development has recommended that 
growers use oil palm fronds as animal feed for 
ruminants, such as cows and goats, to reserve them 
as animal feed during natural disasters, thanks to 
the numerous nutrients of oil palm fronds. 

Oil palm residues can be used for many purposes. 
If growers can secure oil palm residues by cultivating 
oil palm appropriately, their communities can utilise 
the residue along with concomitant environmental 
SURWHFWLRQ� DQG� FRVW� HIILFLHQF\�� 7KLV� ZLOO� OHDG� WR�
sustainable occupations and reduce the risk of 
income uncertainty or insufficient compensation, as 
well as the risk of failure in operations that might 
require assistance from the government or related 
DJHQFLHV��7KH�LPSRUWDQFH�RI�WKH�RSHQLQJ�XS�RI�IUHH�
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trade under the context of the AEC will hasten the 
FUHDWLRQ�RI�NQRZOHGJH�LQ�7KDLODQG�WR�VWUHQJWKHQ�WKH�
country’s growers and the economy in the future.  

7KH� REMHFWLYHV� RI� WKLV� DUWLFOH� DUH� WR� VWXG\� RQ�
the comprehensive use of residue from oil palm 
planting in order to examine the comprehensive 
use of oil palm residue as alternatives in local 
communities and to assess SROI from the utilisation 
of oil palm residue. Such a study would contribute 
to the efficient management of oil palm residues 
appropriate for the communities and in line with the 
REMHFWLYHV�RI�7KDLODQG·V�QDWLRQDO�GHYHORSPHQW��WKXV��
leading to sustainable development. 

LITERATURE REVIEW

Many researchers have investigated the utilisation 
of oil palm residues (Phoochinda, 2015a); however, 
few researchers have investigated the benefits of 
oil palm residues. In this study, the benefits of the 
utilisation of oil palm residues are quantified and 
so if there are various alternatives for the use of 
oil palm residue, the benefits can be compared in 
WHUPV�RI�WKH�652,��WKH�NH\�LVVXH�RI�WKLV�VWXG\��7KHUH�
have been many studies concerning guidelines 
for managing oil palm, its by-products, and their 
residues. As mentioned by Papong et al. (2014), palm 
oil is used as energy and food, and most wastewater 
IURP� RLO� SDOP� SURGXFWLRQ� LV� XVHG� DV� ELRJDV�� 7KLV�
is in accordance with the notion of Malakul et al. 
(2011), who studied the production of biofuel from 
agricultural products and found that, regarding 
energy assessment, the production of biodiesel from 
palm oil had a net energy value and net energy ratio 
of 21.6 and 2.5 MJ litre-1 of biodiesel respectively, 
GHPRQVWUDWLQJ�JRRG�HQHUJ\�HIILFLHQF\��7KH�ILQGLQJV�
of Malakul et al. (2011) on environmental assessment 
of biofuel revealed that most environmental impacts 
came from the production process due to the high 
use of fossil-based energy in its production.

In addition, Phoochinda (2015b) conducted 
a study on the guidelines to promote the oil palm 
agricultural sector to reduce greenhouse gases 
�*+*��EDVHG�RQ�7KDLODQG·V� VWDQGDUGV��7KH� UHVXOWV�
showed that the guidelines involved creating a 
mechanism of cooperation to reduce the emission 
of GHG and to reduce the oil palm production 
costs by supporting the establishment of an ‘oil 
palm plantation model’ as a knowledge centre 
for growers, supporting soil and leaf analysis for 
correct use of chemical fertilisers in oil palm, and 
encouraging the combined use of organic and 
chemical fertilisers to increase the richness of the 
areas used for oil palm cultivation. Moreover, the 
emission of GHG derived from oil palm cultivation 
should be reduced by encouraging growers to 
participate in the standard certification of oil palm 
cultivation, such as oil palm cultivation standards, 

for example, through Good Agricultural Practices 
(GAP), with incentives such as higher prices, 
regulations to preserve communal forests to prevent 
encroachment on forests or preserved forests, and 
the promotion of standard certification of GHG 
emissions among oil palm growers. Moreover, the 
guideline included researching and developing 
technology to reduce GHG emissions from the 
growing of oil palm by promoting the development 
of oil palm with high yield output, reducing the use 
of chemical fertilisers, promoting the development 
of fertilisers or nutrients from oil palm residues 
such as developing fertilisers from oil palm fronds 
or empty fruit bunches, and promoting the use of 
technology to plan oil palm cultivation, such as 
the use of Geographic Information System (GIS) to 
select suitable areas. 

A study by Phoochinda (2015a) also mentioned 
integration for strengthening the oil palm industry 
LQ�WKH�FRQWH[W�RI�7KDLODQG�DQG�$(&��7KH�UHVHDUFKHU�
stated that, regarding the agencies responsible for 
policy formulation, research should be conducted 
to develop the quality of output and to increase 
production efficiency to a competitive level in order 
to create sustainability for the oil palm industry 
in the future, both as food and energy crops, and 
guidelines should be put in place to reduce the 
environmental impacts from the oil palm industry 
regarding the entire system. As for the growers 
and their groups, they have faced problems 
concerning the loss of profits, lack of knowledge 
and understanding of the production of oil palm in 
terms of the whole system on a commercial scale, 
and also regarding oil palm seeds, fluctuations of 
oil palm prices, and the competition of growers for 
high quality output. 

7KHUHIRUH�� DFDGHPLF� NQRZOHGJH� DQG�
appropriate technology should be provided for 
the management of the production of oil palm. 
7HFKQLTXHV� IRU� VHOHFWLQJ� VHHGV� DQG� DSSURSULDWH�
DUHDV�IRU�FXOWLYDWLRQ�DUH�YHU\�FUXFLDO��7KHVH�HQVXUH�
economic returns and the grouping of growers in 
order to strengthen their knowledge and negotiation 
strength in oil palm markets. In terms of oil palm 
producing and extracting plants and by-product 
industries, they have faced problems of unsuitable 
locations, purchase points, and the environmental 
LPSDFWV� IURP� WKH� RLO� SDOP� LQGXVWU\�� � 7KHUHIRUH�� D�
guideline should be formulated in order to set up 
a purchase point of fresh fruit from growers and 
the establishment of by-product industry from oil 
palm; and a model for the sustainable operation 
RI�WKH�RLO�SDOP�LQGXVWU\�VKRXOG�EH�GHYHORSHG���7KH�
recommended guideline to create knowledge would 
lead to the robust integration of the oil palm industry 
in terms of the entire system. 

Choong and Makay (2014) recommended a 
guideline to create sustainability for the oil palm 
industry in Malaysia by using the principle of 
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Study on policy and related guideline to
utilise residues or agricultural residues in the 

agricultural sector of oil palm

Study the oil palm residues for the oil palm growers

Assessment of Social Return on Investment from the use 
of residues from communal oil palm plantations

Policy study 

Interviews with 
scholars and experts 

in oil palm from 
related agencies

Field study

Use of fronds

Mulching, animal feed

Used of empty 
fruit bunch

Used of effluent 
from palm oil mills

Analysis of the 
opportunities to 

transfer residues 
from oil palm 

plantations to palm 
oil mills

Compost, mulching,
mushroom cultivation

carbon footprint to assess the entire life cycle 
RI� DFTXLVLWLRQ� DQG� SURGXFWLRQ� RI� SURGXFWV�� 7KLV�
reflects an awareness of the problems regarding 
environment resulting from oil palm growers, 
oil palm processing industry, and consumers. 
7KH� LPSRUWDQW� LQIRUPDWLRQ� IRU� WKH� FRQVLGHUDWLRQ�
consists of: 1) direct information on the impact of 
GHG emissions from oil palm industry, such as land 
use, energy consumption, and waste management; 
2) information as summarised by palm oil mills 
and refining factories for consideration, such 
as information on energy consumption, waste 
management within factories, and the impact from 
production within factories; and 3) related industrial 
sectors such as the food industry with oil palm as a 
component.  

Aeumchan (2009) conducted a comparative 
study on the use of energy, economic returns, and 
environmental impacts in the production process 
of biodiesel on commercial and communal scales 
LQ� 7KDLODQG�� � 7KH� VWXG\� IRXQG� WKDW� WKH� ELRGLHVHO�
producing plants for commercial used crude palm 
oil as the raw material to produce quality biodiesel 
both at appropriate quantities and qualities as 
stipulated by various standards. 

In conclusion, the literature review on the 
concepts, theories, and related research indicated 
the methods of oil palm farming management; 
guidelines on the use of residue from oil palm and 
palm oil mills; concept of community economy; 
SROI; and assessment of the environmental impacts 
through the life cycle analysis of the oil palm 

industry, policy, plans, researches and measures 
related to the oil palm industry.  Previous researches 
examined technology on the use of residue from oil 
palm and products, efficient use of oil palm, waste 
from oil palm, and by-products for energy and food. 

METHODOLOGY

7KH� FRQFHSWXDO� IUDPHZRUN� RQ� WKH� VWXG\� RI�
assessment of SROI from the utilisation of oil palm 
residue is illustrated in )LJXUH��.
1.  Review concepts, theories, researches, policy 

and measures on the use of residue from oil 
palm related to the oil palm industry, within 
DQG� RXWVLGH� 7KDLODQG�� HVSHFLDOO\� FRXQWULHV�
that are leaders in the oil palm industry, such 
as Indonesia and Malaysia, as well as study 
7KDLODQG·V�RLO�SDOP� VWUDWHJLHV� DQG� WKH� FRQFHSW�
of SROI.

2.  Study in-depth information from scholars 
and experts in agencies related to oil palm 
production both at community and national 
levels, such as cooperatives of oil palm growers, 
research and development centres of oil palm, 
the Department of Agriculture, the Ministry of 
Agriculture and Cooperatives, the Federation 
RI� 7KDL� ,QGXVWULHV� �3DOP� 2LO� ,QGXVWU\� &OXE���
the Agricultural Research Development 
Agency (public organisation), and other 
DJHQFLHV� LQ� 7KDLODQG� WKURXJK� LQWHUYLHZV� WR�
acquire information on policy, measures, and 
implementation guidelines on the use of residue 
from oil palm. All key informants mentioned 
were specifically selected according to their 
related position and responsibility.

)LJXUH����&RQFHSWXDO�IUDPHZRUN.
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than the return on investment (ROI) as it includes 
the three benefits mentioned above, while the ROI 
involves only economic benefit. Regarding the 
comparison of each method for oil palm utilisation, 
the SROI can be applied as it has no unit and can be 
calculated based on the benefits and costs resulting 
from each method of utilisation.

RESULTS AND DISCUSSIONS

Comprehensive Use of Oil Palm Residue in the 
Community

7KLV� VWXG\� LQFOXGHG� D� OLWHUDWXUH� UHYLHZ��
interviews with scholars and agencies related to oil 
palm production and palm oil mills. Field surveys 
of oil palm farms and interviews with oil palm 
growers were conducted in order to learn about the 
use of the oil palm residues such as old oil palm, 
palm fronds, empty fruit bunches, palm kernel 
meal, waste palm fibre, palm kernel shells, sludge 
from palm oil mills, and effluent from wastewater 
WUHDWPHQW�SRQGV�RI�SDOP�RLO�PLOOV��7KH�UHVLGXH�FDQ�EH�
used in various applications, such as the cultivation 
of straw mushrooms using empty fruit bunches, oil 
palm fronds for animal feed, empty fruit bunches for 
mulching, the production of compost from palm oil 
mills residue, the accumulation of oil palm fronds 
to be used as fertiliser and to preserve moisture in 
the soil, the production of compost from empty fruit 
bunches, the production of hard fibreboard from 
old oil palm, biomass fuel from palm kernel shells, 
and the production of biogas energy from effluent 
in wastewater treatment ponds, as summarised in 
Table 1.

In Table 1, the oil palm residues can be variously 
utilised and depends on the growers, the support 
from related agencies, and the access to raw materials 
and resources in the growing areas. If all residue can 
EH�XWLOLVHG��LW�ZLOO�UHDFK�]HUR�ZDVWH��ZKLFK�LV�WKH�EHVW�
means to utilise oil palm. However, if the residue is 
not utilised, growers will dispose it as garbage and, 
thus, there will be disposal and treatment costs. 
In addition, the unused palm residue can bring to 
GHG, leading to global warming.

3.  Select sample groups of oil palm growers from 
eight provinces, each province with 10 sample 
groups already using oil palm residue, in order 
to create a guideline for the utilisation and 
operation of oil palm residues, divided into 
three regions (the central plains, consisting of 
3DWKXP�7KDQL�DQG�6DUDEXUL��WKH�HDVW��FRQVLVWLQJ�
of Chonburi and Rayong; and the south, 
FRQVLVWLQJ�RI�&KXPSKRQ��6XUDW�7KDQL��6RQJNKOD��
DQG� 7UDQJ�� DQG� WR� DVVHVV� 652,� DFFRUGLQJ� WR�
operations based on useful principles, such 
as the use of fronds, empty fruit bunches, and 
RWKHU� XVHV�� 7KH� HLJKW� SURYLQFHV� ZHUH� VHOHFWHG�
DV� WKH\� DUH� DW� WKH� WRS� UDQN� RI� 7KDLODQG·V� RLO�
palm growers as well as representatives of each 
UHJLRQ�RI�7KDLODQG�

4.  Field interviews with five palm oil mills to 
examine the linkage of the use of oil palm 
among growers, sale and purchase points, and 
palm oil mills.

5.  All information gathered will form a guideline on 
the use of oil palm residue suitable for potential 
growers through analysis and synthesis to 
form an operational framework appropriate 
to an oil palm planting management system, 
through case studies, the comprehensive use of 
residue from oil palm in communities, and the 
calculation of SROI. In order to calculate SROI, 
the discounted value of benefits was divided by 
the total investment (fix and operation costs) 
�6RFLDO�9DOXH�8.��������

SROI ratio   =  Present value/value of inputs   

For example, in order to use sludge from raw 
palm oil, the total investment includes land, labour 
and/or capital investment, and equipment, while 
there are three benefits in term of economic, social, 
and environmental from the utilisation of the 
sludge, such as selling compost, having an income 
from being a study centre, and selling carbon credits 
from utilisation of compost.

As the equation of SROI is simple, growers can 
collect and calculate the total cost/investment and 
the value of benefits obtained from the utilisation 
of oil palm residues. In addition, the SROI is better 

TABLE 1.  UTILISATION OF OIL PALM RESIDUE

Residue Utilisation

Old oil palm  Hard fibre board
Palm fronds Animal feed, accumulated on the ground to add nutrients 
    and to preserve moisture to the soil
Empty fruit bunches Cultivation of straw mushrooms, compost, mulching
Palm kernel meal Animal feed, compost
:DVWH�SDOP�ILEUH� +DUG�ILEUHERDUG
Palm kernel shells Biomass fuel
Sludge from palm oil mills Compost
Effluent from wastewater treatment ponds Biogas energy
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Assessment of the Economic, Social and 
Environmental Returns on Investment from the 
Utilisation of Oil Palm Residue

7KH� 652,� LQ� WKH� SUHVHQW� VWXG\�ZDV� FDOFXODWHG�
based on the three benefits from the utilisation of 
oil palm residue, including economic, social, and 
environmental. Hence, it can be used as an indicator 
of sustainable business as the SROI concerns three 
DVSHFWV� DV� PHQWLRQHG�� 7KH� 652,� IURP� WKH� XVH� RI�
oil palm residue such as the cultivation of straw 
mushrooms from empty fruit bunches, the use of 
oil palm fronds as animal feed, the use of empty 
fruit bunches to cover the soil, the production 
of compost from the residue from palm oil mill, 
the accumulation of oil palm fronds to be used as 
fertiliser and to preserve moisture in the soil, the 
production of compost from empty fruit bunches 
and the production of hard fibreboard from oil 
palm had an SROI of 2.34, 5.47, 0.84, 0.70, 1.44, 0.80 
DQG������� UHVSHFWLYHO\��7KH�XVH�RI�RLO�SDOP�UHVLGXH�
using oil palm fronds as animal feed obtained the 
highest SROI as oil palm fronds are trimmed many 
times in a year to produce animal feed. However, 
the investment in purchasing a branch shredding 
machine takes place only once. As summarised in 
Table 2, the SROI from the use of oil palm residue 
achieved small value because some utilisation 
guidelines required high costs.

According to the results of the study, oil palm 
residue can be used in the following ways.
���� 7KH� ROG� RLO� SDOPV� RYHU� ��� \HDUV� RI� DJH� KDYH�

lower yields and growers have to pull them 
GRZQ�DQG�UHSODQW�WKHP���7KH�SDOP�WUXQNV�FRXOG�
be used by chopping them into small pieces and 
leaving them to be digested or used as tillage 
to add nutrients to the soil, or producing hard 
ILEUHERDUG� DQG� ZRRG� VXEVWLWXWH�� 7KLV� LV� LQ�
accordance with the idea of Oonjittichai (1998), 
who studied utilising agricultural and industrial 
residue such as oil palm trunks, leaves, and 
empty fruit bunches for the production of 
natural wood-replacing products. 

2.  Empty fruit bunches could be used to cultivate 
straw mushrooms, to make compost, and to 
SURGXFH� ELRPDVV� HQHUJ\�� 7KH� IURQGV� FRYHULQJ�

the foot of oil palms  or between rows of oil 
palms would preserve moisture in the soil 
and reduce soil erosion. It would also degrade 
WR�QXWULHQWV� WKDW� DUH�XVHIXO� IRU� RLO� SDOPV��7KLV�
is in accordance with the work of Jungniyom 
(2008), who conducted a study that indicated 
that empty fruit bunches are not only material 
for straw mushroom cultivation but can also be 
used as tough fibre to replace coconut fibres. It 
also consists of high nutrients and can be used 
as material to make good quality compost.

���� 7KH�LGHD�RI�XWLOLVLQJ�UHVLGXH�IURP�SDOP�RLO�PLOO��
such as oil palm kernel meal, waste palm fibre, 
sludge, animal feed, and empty fruit bunches 
to produce biomass energy, is in line with the 
idea of Papong (2014), who found that biomass-
based residues such as empty fruit bunches, 
fibre from palm shells, oil palm kernel meal, and 
palm oil sludge have the potential to produce 
organic fertilisers, electricity, and thermal 
energy or wood-replacing materials. Moreover, 
they can be mixed as animal feed to reduce the 
environmental burden of  materials production. 
7KH�XVH�RI�RLO�SDOP�UHVLGXH�ZRXOG�DOVR�UHGXFH�
the amount of waste from the production of oil 
SDOP�DQG�SDOP�RLO�DW�D�]HUR�ZDVWH� OHYHO� LQ� WKH�
oil palm industry.  It would be the maximum 
XVH� RI�ZDVWH� RU� D� SURFHVV�ZLWKRXW�ZDVWH�� 7KLV�
idea is also in line with the work of Jungniyom 
(2008), who stated that in palm oil mills, waste 
from oil palm extraction accounted for 70% 
and would pose problems for the environment. 
7KHUHIRUH��WKH�XVH�RI�WKH�ZDVWH�QRW�RQO\�SURWHFWV�
the environment but also generates income for 
SDOP�RLO�PLOOV�� � 7KLV� LQFRPH� FRXOG� EH� XVHG� LQ�
purchasing raw materials (fresh fruit bunches). 
It would also help to stabilise the fresh fruit 
bunch prices, increase the income from the 
sale of this product, reduce the cost of chemical 
fertilisers, reduce the use of chemical fertilisers, 
DQG�UHGXFH�HQYLURQPHQWDO�LPSDFWV��7KLV�LGHD�LV�
similar to that of Papong (2014), who suggested 
that the production of oil palm would impact 
the environment as the production process uses 
FKHPLFDO� IHUWLOLVHUV�� 7KH� HQYLURQPHQWDO� LPSDFW�
derived from the process of oil palm cultivation 

TABLE 2. REPRESENTS THE SOCIAL RETURN ON INVESTMENT 

 Utilisation guideline  Social return on investment 

1.  Cultivation of straw mushrooms from empty fruit bunches  2.34
2.  Use of oil palm fronds as animal feed 5.47
3.  Use of empty fruit bunches to cover the soil  0.84
4.  Production of compost from residue of palm oil mills  0.70
5.  Accumulation of oil palm fronds  1.44
6.  Production of compost from empty fruit bunches  0.80
7.  Production of hard fibreboard from old oil palm  0.35
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would affect the entire production chain. 
7KHUHIRUH�� E\� GHFUHDVLQJ� WKH� XVH� RI� FKHPLFDO�
fertilisers, the environmental impact of oil palm 
and oil palm products would be decreased 
accordingly.

CONCLUSION

7KLV� VWXG\� GLVFORVHG� WKH� XWLOLVDWLRQ� PHWKRGV� RI�
oil palm residue such as tillage, chopping up and 
digestion to produce biomass energy, mushroom 
cultivation, animal feed and compost. For each 
option, the SROI of the utilisation of oil palm residue 
ZDV�IRXQG�WR�EH�EHWZHHQ������DQG�������7KH�PDMRULW\�
of the utilisation options yielded a SROI lower 
than 1. Finally, the utilisation of oil palm residue to 
produce animal feed showed the highest SROI of 
2.89, whereas the use of oil palm residue to produce 
hard fibreboard demonstrated the lowest SROI of 
0.35.
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