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PREFACE
“To never simplify what is complicated or complicate what is simple.”
– Arundhati Roy, The Cost of Living, pp. 1101
I finished the very tail end of my thesis at the same time as the UN Climate Action Summit 2019
wrapped up in New York City. The week of the Summit ended as the youth protest movement, Fridays
for Future, mobilised 7.6 million people to strike and march in order to foster more attention for climate
change2. Here in the Netherlands, we took to Den Haag. Next week, the climate activist group
Extinction Rebellion will launch rebellion actions in 60 cities across the globe. Here in the Netherlands,
we’ll station in Amsterdam.
My thesis, as much of my thought this past year, centred on the issue of carbon going into the
atmosphere. Though incredible and drastic measures must be taken – and now – in order to stave off the
worst climatic impacts, there are many reasons to find hope in all of this. The potential embedded in
landscape restoration and sustainable land-use represents one such reason. My thesis, as such, is but one
hopeful glimmer in this rising sea.

a
I hold a lot of gratitude to many who have helped me along the way. First, I thank all of my in-field
interviewees: the farmers, the entrepreneurs running home businesses, the government and village
officials, and the sago industry workers. I also would like to thank my other interviewees, including
Professor Bintoro, my unnamed contact for the FAO sago project, and other unnamed company project
managers and sago researchers who I had the opportunity to ply with questions. My especial heartfelt
thanks to our guide in the village, as well as our wonderful hosts. I would also like to thank those from
Indonesia who directly helped me with my work, in particular, as translator, Resti; my ICRAF
supervisor, dr. Meine van Noordwijk; and from UNEP Indonesia, Johan Kieft and Riska Efriyanti. I am
further appreciative to all of those from ICRAF and UNEP who helped me and shared their time with
me.
Especial thanks goes to my primary supervisor, prof.dr. Lars Hein, for all of his attention, input, and
feedback throughout the process. I would also like to thank dr. Aritta Suwarno for all of her time and
support, and dr.ir. Rolf Groeneveld, my second supervisor, for his time and input. I also really valued
the technical knowledge I gained during my defence with prof.dr. Rik Leemans and thank him for his
time and review of my thesis.
I hold a heartfelt appreciation for all of my family and friends who have supported me throughout this
process. Wageningen is most special to me because of those who I met there, in particular Stephen,
Jeremy, Regine, Marco, and Svenja (my thesis buddy). My old friends and phone chat buddies also
always hold a place in my heart: Kelly, Eli, Nick, and Jared. Finally, my love to Monika and Michael,
for being where I come from, and Amy and Justin and seven little nieces and nephews (Jessica, Jacob,
Anthony, Leighla, Jayden, Jack, and Blake) as a reminder of what is now.
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Roy, A. (1999). The cost of living. Modern Library Paperback Edition. New York, NY: Random House, Inc.
The Global Climate Strike. 350.org. “https://globalclimatestrike.net/”
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SUMMARY
My study’s objective is to assess the potential of sago, Metroxylon sagu Rottb., which is a starch producing
palm. Sago is a promising alternative land-use option for Indonesian peatland due to its ability to grow on
peatland without drainage (thereby minimising carbon emissions from peat oxidation), its high productivity,
and its commercial viability. One of sago’s most commercial production areas in Indonesia is Sungai Tohor
village on the Meranti Islands in Riau province, Sumatra. This area is therefore used as my main case-study
and is compared with a case from southeast Sulawesi.
First, a literature review, supported by case-study interviews, was performed to determine whether sago can be
cultivated under paludiculture conditions (i.e. with adequate productivity on wet peat). Though the literature
was inconclusive as to sago’s preferred groundwater level, sago was described as capable of growing on peat
under flooded conditions. This was also confirmed by the interviews. The interviewees described, conversely,
that a low water table reduces sago productivity. As for yields, sago productivity supplies lower starch yields
per sago palm trunk in (deep) peat. This is possibly partially due to a slower maturation rate. Though nutrient
availability is posited as a reason, fertilizer trials have thus far been inconclusive. As for productivity, the
smallholders of the case-study (on 1m to 2m peat) annually produce on average 11,050kg ha–1 of dry starch
with no fertilizer or pesticide inputs, though this amount is only 5,500kg ha–1 for a nearby industrial sago
plantation (on 2m to 3m peat). In comparison, the average annual productivity of rice across Indonesia was
5,155kg ha–1 in 2017. From the analysed data, sago thus does fulfil both paludiculture requirements.
Second, value chain mapping of sago production, processing, trading and selling in the case-study area was
undertaken with the interview data. The case-study area had a commercially-oriented value chain with semimodern sago production and processing. Contrasting the interview data to the comparison case showed a
lower captured value by both sago producers and processors in the case-study area. This is largely due to the
lower starch extraction rate of the semi-modern mills, a lower price for the lower quality starch, and lack of
integration and market power due to the monopsony nature of the case-study area. In summary, the sago value
chain of the case-study area has much potential for productivity enhancements through technological and
institutional support.
Third, the focus shifted to private and public returns of sago, through the use of the Net Present Value (NPV)
and Internal Rate of Revenue (IRR). These values were then compared to their counterparts for oil palm. Data
was collected through interviews for smallholder sago and secondary data was used for oil palm and industrial
sago. Sago provides a private returns IRR ranging from 10% to 13%, however, oil palm currently outperforms sago in the case-study area. This changed, however, if higher yields, a shorter sago maturity period
or the higher equivalent starch price from the comparison case were assumed. Public returns were determined
for oil palm by incorporating a Social Cost of Carbon (SCC) for the assumed CO2 emissions from drainage.
These returns were highly negative, showcasing that the peat drainage-based public carbon costs heavily
outweigh private profits gained.
Finally, with these financial results and spatial peat and land-use data, transitional modelling was undertaken
to simulate the gradual replacement of oil palm to sago on peat across the whole province of Riau. A BreakEven Price (BEP) for the SCC including smallholder subsidy and peat restoration costs was found between
$9.80 and $15.20 per tonne CO2 for smallholders and $1.40 and $6.30 per tonne CO2 for industrial companies.
When incorporating annual profit losses, these values increased to $8.60 to $55.30 USD per tonne CO2 for
smallholders and $4.10 to $45.70 USD per tonne CO2 for industrial companies. These costs could be
considered by funding organizations or the Indonesian Government for either direct or indirect financial
support to promote sago. As such, my research indicates high ecological sustainability and moderate economic
sustainability, with greater potential, of sago as a peatland crop. Furthermore, a managed promotion is
recommended, as sago would provide a possibility to lower Indonesian emissions in an economically and
socially conscious manner.
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LIST OF ABBREVIATIONS AND CHEMICAL FORMULAS
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::
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CHAPTER 1. INTRODUCTION
1.1 Background
The sustainable management of peatlands is a global environmental issue of high importance,
particularly in light of the urgent need for a myriad of far-reaching transitions to combat rising global
temperatures (IPCC, 2018). While considered to cover only 3% of global (ice-free) land area, peatlands
were also estimated to store over half of the world’s soil carbon (Immirzi et al., 1992; Schlesinger &
Bern, 2016).
Peatlands are defined differently across regions, countries, and organisations. The Intergovernmental
Panel on Climate Change (IPCC) accepts the use of the term peat(land) to account for “(land with)
organic soil”, whereby organic soil consists of a layer of at least 10cm and contains at least 12% carbon
by weight (IPCC, 2014, p. 3.4). Organic soil, conversely, is often commonly referred to as peat, muck,
or bog and is classified differently across national soil classifications, though the classification under
Histosols is considered the international standard (Couwenberg, 2011). A simplification of the standard
classification from the Food and Agriculture Organization (FAO) for histosols includes at least 40cm of
organic material, which must contain at least 20% soil organic carbon, within the top 100cm of the soil
(IUSS Working Group WRB, 2015).
Peat soils are formed through partially decomposed plants in a process determined by the storage of
water and reactive solutes (Rezanezhad et al., 2016). This formation often occurs through waterlogging,
which decelerates the decomposition of plant biomass, leading to the long-term storage of the fixed
carbon from the plants (Couwenberg, 2011). Peatlands in the humid tropics in particular were presumed
to have been formed through a water balance of high levels of precipitation surpassing those of
evaporation, leading to constantly wet soil conditions (Takada et al., 2016). Under such conditions,
oxygen deficiency prevented decomposition of organic matter, allowing for the formation of peat. This
process was aided by soil conditions which further suppressed the activity of microorganisms, such as
the presence of sulphur, aluminium, and/or high acidity (Takada et al., 2016).
Intact peatlands act naturally as a carbon sink and a source of methane flux (Schlesinger & Bern, 2016).
However, the majority of agricultural practices which take place on peatland require drainage in order to
make the land productive (Ritzema, 2007; Hooijer et al., 2010). Drainage is a water management
practice referring to the evacuation of excess aboveground water in order to lower the water table
(Ritzema, 2007; IPCC 2014). When drained, however, oxidation of peat causes the stored carbon to
leave the soil and, as such, peatlands switch into a source of carbon dioxide (CO2) emissions (IPCC,
2014). This process occurs due to increased soil aeration which provides for a higher availability of
oxygen to soil microorganisms (Bouwman, 1990). These aerobic microorganisms accelerate the
heterotrophic decomposition of the organic matter present in the peat soil, arriving to the emission of
CO2 (Savage & Davidson, 2001).
The majority of peatlands are found in temperate, boreal, and sub-arctic climatic zones (Immirzi et al.,
1992). While only 11% of peatlands are estimated to lie within the tropical zones (representing an area
of 441,025 kilometres squared (km2)), they accounted for 69% of all greenhouse gas emissions from
peatland drainage in 2009 (Page et al., 2011; FAO, 2014). Peat in the tropics emit a higher proportion of
carbon due to a higher rate of drainage resultant from human pressure, thicker layers of peat (18% to
25% of the global volume), and hotter climates which result in faster rates of decomposition (FAO,
2014; Page et al., 2011; Schlesinger & Bern, 2016). Furthermore, the majority of tropical peatland area
and tropical peat volume is found in Southeast Asia, 56% and 77%, respectively (Page et al., 2011).
1
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Accordingly, carbon emissions from Southeast Asia are the highest for tropical peat. Globally, Indonesia
is considered to have the third largest area of peat and represent the number one country with the highest
level of CO2 emissions from degrading peat (Joosten, 2009). The majority of Indonesian peatland is
found on the islands of Sumatra, Kalimantan, and Papua (Wahyunto & Suryadiputra, 2008). Between
2007 and 2015, 2.6% of peat forests were being developed annually across Kalimantan and Sumatra
(Miettinen et al., 2016). As such, the sustainable management of the tropical peatlands within Indonesia
is imbued with particular urgency.
On top of carbon emissions, peatland drainage also causes land degradation and subsidence, reduction in
water quality and quantity, biodiversity loss, and wildfire vulnerability, another formidable source of
carbon emissions for Indonesia (Joosten et al., 2012; Uda et al., 2017). Subsidence is the loss of land
elevation and occurs as a result of drainage causing the oxidative loss of carbon and thus organic soil
volume (IPCC, 2014). Subsidence is a long known and well-studied effect of peatland drainage, and as
peat oxidation is the main cause of subsidence, the major established methodologies for determining
CO2 emissions from the drainage of peatland revolve around subsidence (Hooijer et al., 2012; IPCC,
2014). The practice of peatland drainage typically occurs through surface runoff, and as such
drainability is gravity-reliant, meaning that the elevation of the peat must be higher than the drainage
base, i.e. the nearby rivers (Hooijer et al., 2015; Ritzema, 2007). As peatland subsides to a level lower
than surrounding rivers, drainage can no longer continue (ignoring economically prohibitive pumpbased drainage). This depletes the peat and causes the area to suffer from increased flooding; eventually
the peatland will lose its ability to be uses as agriculturally productive land (Ritzema et al., 2015;
Hooijer et al., 2015; Sumarga et al., 2016; Saputra, 2017). This drained peatland is often abandoned as
productivity declines and cost increases, but if left abandoned, it remains subject to risk for further
degradation and wildfire (Cris et al., 2014).
In Indonesia, plantation crops such as oil palm (Elaeis guineensis) and pulpwood (Acacia, multiple
species) are major drivers of peatland drainage, associated with negative environmental impacts such as
peat fire and CO2 emissions. Miettinen, at al. (2016) used Landsat data from 2015 to map peat area landuses across Sumatra and Kalimantan, finding that 24% of the area was used by smallholders and 25% by
industrial plantations, of which 75% were oil palm. Global demand for palm oil has made oil palm one
of the most economically attractive crops for the tropics, with Indonesia as the leading producer
(Hergoualc’h et al., 2018). Alongside the industrial plantations, smallholders also commonly plant oil
palm as a low-input cash crop (Hergoualc’h et al., 2018). However, oil palm requires drainage, with the
Roundtable on Sustainable Palm Oil (RSPO) standards recommending drainage to a 50cm Ground
Water Level (GWL) on average, allowing a range from 40 to 60cm (RSPO, 2018). However, drainage
levels are often higher than such standards: Hooijer et al. (2012) recorded an average GWL of 73cm
over three years at 42 different oil palm plantations in Riau, Sumatra. As mentioned, the continuous
drainage of peat for these crops contributes heavily to CO2 emissions and will eventually lead to the loss
of such land for production purposes. Hooijer and Vemimmen (2013) estimated subsidence impacts
from elevation data, measured peat thicknesses, and standard subsidence rates for three demonstration
areas in Riau, Sumatra and three Ex-Mega Rice Project blocks in Central Kalimantan. They found that
for 88% of the measured locations, the peat bottom was below the drainage limit (determined by the
water level of the adjacent rivers or seas). As such, they determined that the productive lifespans of these
areas would end within 25 to 200 years, though more likely within 100 or even 50 years (Hooijer and
Vemimmen, 2013). Likewise, Sumarga et al. (2016) created flood risk mapping for two area blocks from
2011 LIDAR data and standard subsidence rates, determining that 46% of the area would suffer from
nearly permanent flooding within 100 years. As such, there is a clear indication that a transition away
from drainage-dependent use of peatlands is necessary.
2
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Joosten et al. (2012) recommend three steps for climate-responsible peatlands management: keep wet
peatlands wet, rewet drained peatlands, and adapt management where rewetting is not possible. The
2012 report then goes on to recommend paludiculture (from the Latin ‘palus’, meaning swamp) as a land
management technique for both keeping wet peatlands wet and rewetting drained peatlands (Joosten, at
al. 2012; Joosten et al., 2016). Paludiculture is the cultivation of biomass from non-drained (wet and
rewetted) peatlands under conditions maintaining peat accumulation and sustaining peatlands’ natural
ecosystem services (Joosten, at al. 2012). Paludiculture is an important component of peatland
management as it can provide livelihood opportunities for local communities which may be affected by
the loss of income and/or resources from changing land-use policies (Jewitt, 2014). Furthermore, the
economies of extensive peatland areas based on agricultural production can be heavily impacted by this
loss of peatland usage. Paludiculture can thus present an alternative sustainable option in such
conditions.
As of late, one crop native to Indonesia, Papua New Guinea, and Malaysia has received attention for its
potential as a commercial paludiculture: the true sago palm, Metroxylon sagu (Rottb.). Sago is a starchproducing palm which occurs naturally in either permanent or semi-permanent flooding (Flach, 1997).
The starch from its trunk has long been harvested and used as a staple food in Southeast Asia, especially
for subsistence use (Flach, 1997). Konuma (2018) identifies sago as “one of the most promising typical
underutilized food crops” (p 3). Sago can be considered promising from the consideration of various
aspects, including its ability to grow on peatland without drainage, high production yield of starch, and
commercial viability (Yamamoto et al., 2003; Azhar et al., 2018; Bintoro et al., 2018; Giesen, 2018).
Though there are a few other swamp tree species with potential to be utilised in paludiculture in
Southeast Asia, sago is perhaps the only one which can also provide greater regional food security. Sago
starch can be used as a primary foodstuff (in the form of bread, noodles, soups, crackers, etc.), a
feedstock, a food additive, as well as a base for biofuel and bioplastic production, among other
possibilities (Singhal et al., 2008). As sago is a crop native to Indonesia with the potential to be planted
as a more sustainable paludiculture option, further research is important. Sago will be more thoroughly
described in the next section.

1.2 Description of sago
Metroxylon sagu Rottb., belongs to the Palmae family and is known as ‘sagu’ in Bahasa Indonesian or
‘sago’ in English. As mentioned previously, sago is a palm species believed to originate from Papua
New Guinea, and is indigenous to Indonesia and Malaysia (Flach, 1997). The palm can also be found
now in Thailand, Brunei, the Philippines and the Solomon Islands (Bintoro, 2018), as well as Fiji,
Samoa, and Vanuatu (Srichuwong et al., 2005). Within Indonesia, sago is known to grow on the Maluku
islands; Mentawai Islands, Aceh, and Riau Islands of Sumatra; parts of Kalimantan and Sulawesi; and
Papua (Bintoro, 2018). Sago is harvested for the edible starch it produces in the pith core of the palm
trunk, also referred to as the ‘bole’. This starch is used to make traditional foods, such as papeda in the
Maluku Islands and Papua, as well as flour for any range of flour-based foods such as noodles or breads.
Since the 1970s, sago has also been utilised as a starch-based feedstock for the production of bio-based
materials, such as industrial adhesives (Griffin, 1977). Sago and its primary processing byproducts are
also commonly processed into sugar on the commercial scale, and have been succesfully processed into
lactic acid and bioethanol (Personal communication, Professor Kopli bin Bujang, 2019).
Sago is a hapaxanthic species, meaning that it flowers and fruits once in its lifetime before dying;
however, this lifespan can last up to 20 years (Flach & Schuiling, 1989). Sago is also a soboliferous
species: it self-propagates throughout its life-cycle by means of suckers or shoots (Flach, 1997). Thus,
3
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both seed and sucker propagation is technically possible with sago, though many of its cultivars are
sterile and seed propagation is therefore rare (Flach, 1997; Schuilling, 2009; Singhal et al., 2008). About
half of propagated suckers are known to successfully transplant (Schuilling, 2009).
Certain taxa in the genus Metroxylon are non-clustering, but the true sago palm is identified through its
propagation by means of suckers, such that it forms clusters of sago palms around a ‘mother’ palm, as
shown in Figure 1.1. The first classification of sago included various species, such as Metroxylon sagus
and Metroxylon rumphii, which were identified on the basis of thorn presence or absence on the young
palm before trunk formation. However, as it became apparent that mother palms gave offspring of both
varieties, re-classification converged these various species into the one known today, Metroxylon sagu
Rottboell (Schuiling, 2009). From various studies, Schuiling (2009) identifies a large number of possible
folk varieties of sago palms across different locations. There are approximately 60 identified varieties in
Papua, five in Maluku, three on the Meranti Islands of Sumatra, and three in Southeast Sulawesi
(Widjono et al., 2000; Bintoro et al., 2013; Novarianto et al., 2016; Nitta, 2018).
Flach and Schuiling (1989) note that the sago life cycle, from birth to death can range from ten to twenty
years and appears to depend largely on genetic determinations. Growth of sago is traditionally
determined by leaf scar number together with living leaf number. Flach and Schuiling (1989) detail the
typical sago life cycle, from ‘seed to seed’, as 11 to 13 years under optimal conditions. First, sago
undergoes the rosette stage, the stage before trunk formation, whereby two leaves per month are formed
on average and grow progressively larger. Sucker formation starts within the first year after germination
and stays continuous throughout the palm’s life (Schuiling, 2009). The rosette stage is estimated to last
for 3.5 to 6.0 years (Schuiling, 2009). The next stage is that of bole formation, whereby the trunk is
formed and grows larger as starch is produced. This stage is estimated to last for four and a half years by
Flach and Scuiling (1989). At this stage, leaf formation slows to a rate of one leaf per month; adult
leaves have a longevity of 18 to 24 months (Schuiling, 2009). The adult sago palm when grown in
clayish soils may have up to 18 leaves of seven metres length and 50 pairs of leaflets from 50 to 150cm
length (Flach, 1977). Following is the inflorescence stage whereby the palm develops an inflorescence,
or a branched stem, at the apex of the trunk, which then flowers and bears fruit. At this point the palm
begins to utilise the starch stored in its trunk for fruit production. This final stage, from initiation of the
inflorescence growth to fruit maturation, takes at least three years and after fruiting, the sago palm
begins to die (Flach & Schuiling, 1989). The period from trunk formation through senescence is
estimated to last anywhere from four to fourteen years by Schuiling (2009).
As described, sago will continuously produce suckers which grow into adult palms, implying that the
sago crop can continue to produce palms long-term without costs for replanting (Chew et al., 1999;
Naim et al., 2016). Flach (1997) notes that suckers typically form at the base of the palm, though they
may develop higher up in flooded conditions. The sucker grows away from the mother on the end of a
stolon, which can grow extremely long, up to six metres. According to Nishikawa et al., (1979), within a
regime of ‘good’ management, sago suckers must be removed within the first three years for a newly
planted seedling or sucker. After that, one sucker can be allowed to grow per one to two years,
depending on plant spacing (Nishikawa et al., 1979; Schuiling, 2009). According to Schuilling (2009)
weeding must be performed until the leaf canopy is closed by the first planted sago palms. If
maintenance is not performed, Flach & Schuiling (1989) predicted that after 20 years a plantation would
resemble a wild sago stand, i.e. with unchecked sucker growth leading to tightly packed sago palm
clusters. Flach and Schuiling (1989) determined that the highest yields are obtained for the first five to
ten productive years (i.e. counting from the first year with a mature palm trunk yield) with careful
maintenance, whereby yields then decline afterwards to approximately half of this previous value.
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Figure 1.1. a) Photo of a sago palm cluster of 5 to 8 years (after transplantation). b) Depiction of cluster suckering relations.
MS refers to Main Sucker, i.e. the original transplanted sucker, or ‘mother’ palm. PS refers to Primary Sucker, a sucker
derived from the MS, and SS refers to Secondary Sucker, a sucker derived from a PS. Black circles in the diagram mark
pruned suckers, whereas the brown elliptical cones represent the creeping stems/stolons. Image copied with permission from:
Nabeya et al., 2015.

1.3 Problem statement
Indonesia has been identified as the country with both the largest share of tropical peat carbon and
highest carbon emissions due to drainage of peatlands (Page et al., 2011; Joosten, 2009). These
emissions are mainly caused by agricultural drainage for cash crop commodities such as oil palm and
pulpwood Acacia. Miettinen et al. (2016) used Landsat imagery to identify that 42% of peatlands in
Sumatra and Kalimantan in 2015 were unmanaged, degraded, and cleared land, disturbed by drainage
and susceptible to further degradation and wildfire. As mentioned previously, another 49% of these
peatlands in 2015 were situated with industrial-scale and smallholder plantations (Miettinen et al.,
2016). Utilising this mapping data and IPCC (2014) emission factors, the carbon emissions from peat
oxidation alone in Sumatra and Kalimantan were estimated at 439 million metric tonnes of CO2 in 2015
(based on Miettinen et al., 2017). To better conceptualise these numbers, such an amount is equivalent to
1.3% of global fossil fuel emissions of 2014 (Boden et al., 2017). Additionally, this number is an
underestimation of total Indonesian peatland emissions, as such accounting does not include emissions
from peat fire, nitrogen fertilizer application, nor any emissions from Papua, home to approximately
25% of Indonesian peatlands and with an accelerating deforestation rate (SarVision, 2018).
The Indonesian Government’s Nationally Determined Contribution (NDC) to the Paris Agreement
includes a unilateral 29% carbon emissions reduction (scenario 1) or 41% reduction with international
support (scenario 2) (Republic of Indonesia, 2016). The NDC submission identifies peatland conversion
and drainage as a main source of national emissions. Scenario 2 includes a peatland restoration area of 2
million ha by 2030, for which the Peatland Restoration Agency (in Bahasa: Badan Restorasi Gambut,
BRG) was formed in 2016 in order to coordinate and implement peat restoration efforts. Furthermore,
the 2011 moratorium on concession permit issuance for primary forest and peatland area was extended
again in 2017 (Presidential Instruction No. 6 Year 2017). However, enforcement issues at local levels, as
well as smallholder expansion, have resulted in the continued development of peatlands (Ministry of
Environment and Forestry, 2018). The Indonesian government is thus fully aware of the issues related to
peatland drainage and the importance of implementing measures to reduce subsequent emissions.
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However, drainage-based crops such as oil palm have continued to expand, with trends having projected
an additional 4.2 million hectares of peatland conversion to oil palm plantations in Indonesia from 2010
to 2020 (ICCT, 2012). Exports of Crude Palm Oil (CPO) reached a value of 15.4 billion USD in 2015
and smallholders in particular are projected to cultivate the largest area of oil palm by 2030, with the
majority of this expansion occurring on peatland (Direktorat Jenderal Perkebunan, 2016a; Schoneveld et
al., 2018). Sudden halting of all agricultural production on peatlands is unlikely to occur, and likewise
would represent a socially and economically devastating scenario for peatland regions if done without
proper planning. For regions dominated by peatland, finding a more sustainable alternative which may
minimize carbon emissions while still providing for commercial opportunity, as well as local
livelihoods, is necessary. In the long term, such a strategy will better support the local economic
viability of a region, whereas drainage-based agriculture will lead to land subsidence, degradation, and,
eventually, the loss of such land for production.
Paludiculture, the cultivation of biomass on peat in such a way that peat is preserved, presents an option
for peatlands to remain productive while preserving the ecosystem functions of the peat. BRG
recognizes paludiculture as a key component of ‘Revitalization’ under their approach of ‘Rewetting, Revegetation, and Revitalization of local livelihoods’ (the ‘3R’) for the restoration of peatlands (Dohong,
2017). As noted by Giesen (2018), sago is a proven commercial species known to grow on peat.
However, according to a report on paludiculture in Indonesia by Winrock International (2018), sago’s
production on peatland decreases at a GWL whereby its aerating roots undergo consistent submergence.
As such, an investigation into sago’s productivity under paludiculture conditions is a necessary first step
into sago’s potential as a sustainable peatland crop.
However, even if sago can flourish under paludiculture conditions, its economic and market potential
still need to be determined. There have been repeated calls to promote sago as a peatland crop in
Indonesia, but sago cultivation is still relatively minor, particularly on the commercial scale (Ehara et al.,
2018; FAO, 2013; Paluga et al., 2016). As Karim et al. (2008) highlights, despite high starch yields
potentially four times greater than paddy rice, development in establishing sago industries had not yet
progressed in Indonesia. Research on the economic potential of sago is particularly scarce, and as such a
focus on the market value chain and the returns possible from sago cultivation would provide
information on the economic viability of sago as an alternative peatland crop.
Sago could have the potential to be planted on drained, degraded peatland while rewetting occurs, both
aiding in the rehabilitation of the land while allowing for its productive use. As such, sago represents a
potential sustainable alternative for peat landscapes which are particularly important to climate change
mitigation efforts. As one of the few crops with such capabilities, providing evidence as to the potential
of Metroxylon sagu Rottb. as a commercial paludiculture is necessary.

1.4 Research objective and questions
My study aims to assess the environmental and economic sustainability of sago as a peatland crop. This
is an important task as sago, as a peatland crop which does not require drainage, presents a potential
alternative land-use option for non-forested tropical peatland. As such, my study aims to recommend
Indonesian policy-makers, together with both local and global investors, to consider sago as a
transitional peatland crop. However, providing credible scientific evidence as to sago’s sustainability is
necessary before sago should be put forth as a productive alternative land-use for peatlands. As such,
recommendations to research institutions and universities for further sago research will also be
identified.
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Taking into consideration the most important facets for sustainability of a peatland crop, my study seeks
to answer the main research objective through responding to the following research questions (RQs):
RQ1: What is the agronomic potential of sago under paludiculture conditions?
RQ2: How is the value chain of sago laid out?
RQ3: What are the monetary returns of sago production and processing?
RQ4: How does sago compare to oil palm, a major peatland crop, in terms of
public returns?
RQ5: What are the costs and benefits of an oil palm transition to sago on a
regional scale?

1.5 Thesis outline
This thesis is organised into nine chapters. Chapter 2 presents the methodology of this study by first
describing the case-study area and a comparison case, followed by a description of the research methods,
the data collection methods, and finally the data analysis processes. Chapters 3 through 9 then detail the
results of each RQ. Chapter 3 delves into whether or not sago is ecologically sustainable by applying the
concept and requirements of paludiculture, in answer to RQ 1. With such a base established, Chapter 4
begins the evaluation of the economic sustainability of sago by mapping the case-study area sago
industry value chain. The unique facets of the case-study area are compared to a different case and the
industrial sago plantation is introduced. Chapter 5 reveals the costs and benefits carried by sago
producers and processors from the case-study area ranging from smallholder to industrial scale. The
private returns from the sago industry are found, as well as further returns from variations to these cases.
Chapter 6 builds off of the data from this previous section by constructing a cost-benefit analysis to
compare sago to a main peatland competitor, oil palm. Private returns are compared before the Social
Cost of Carbon is introduced to create public returns by accounting for the potential carbon emissions
abatement of sago. Chapter 7 is then able to build off of the previous sections by using the cost and
benefit results, along with geospatial data, to analyse the effects of sago plantation expansion, through a
staggered replacement of oil palm, on the macro-scale of Riau province. Through this multi-faceted
approach taking into account both environmental and economic sustainability, a comprehensive
examination of sago’s sustainability will hopefully be detailed. Chapter 8, the Discussion, delves into the
limitations, assumptions, and uncertainties of the study. The range of data sources and sensitivity
analyses used are prevalent in this chapter, before a look is taken at the results of similar studies. Finally,
Chapter 9 concludes that sago could be a good land-use alternative for Indonesian peatlands and
recommends further steps to be taken, including investment into the development of applied projects.
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CHAPTER 2. METHODOLOGY
2.1 Case-study and comparison
Though sago is known to exist in wild and semiwild form in various Indonesian provinces across the
Maluku Islands, Papua, Sumatra, Sulawesi, and Kalimantan, cultivation for economic purposes is most
well-known on the Meranti Islands of Riau Province, Sumatra (Bintoro, 2018). As such, this area was
selected for a case-study centred on the village of Sungai Tohor, which is gaining recognition in the
research community for sago production and peat restoration. Sungai Tohor is located on the island of
Tebingtinggi Timur in Kepulauan Meranti Regency, Riau province, Sumatra, Indonesia (0°51'26.2"N
102°55'15.2"E). Information from the case-study area was utilised to aid in answering all of the RQs. In
particular, the case-study data formed the basis for answering RQs 2 and 3, which fed into answering
RQs 4 and 5.

Figure 2.1. Case-study area, Sungai Tohor village, Meranti Islands of Riau Province, Sumatra. Purple squares are plantations
of respondents. (Used with permission by Ekadinata, ICRAF, 2019. Data from Wahyunto, 2003).

Sungai Tohor comprises of 9,500 ha and mostly consists of tidal peatland, of which 2,650 ha are
smallholder sago plantations (Samiaji & Hutauruk, 2018). The village is home to 347 households, of
which 80% are estimated to own sago plantations (Appendix A, Reference 2). Conventional rubber
(karet, Hevea brasiliensis) is the other major crop cultivated in the area at 1,120 ha. Minor crops of the
region include areca nut (pinang, Areca catechu), coconut (kelapa, Cocos nucifera), rice (padi, Oryza
sativa) and fruits and vegetables for home consumption (Samiaji & Hutauruk, 2018). Additionally,
8
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households keep livestock and fowl; meanwhile home industries create and sell various food products,
including those made from sago (Samiaji & Hutauruk, 2018). The vast majority of men in the village
consider themselves farmers (320 persons) and roughly half additionally consider themselves as
labourers (117 persons). Other livelihoods in the village include honorary (46), teacher (42), trader (21),
civil servant (18), animal breeder (13), fisher (5), and craftsman (2) (Samiaji & Hutauruk, 2018). Of
note, no one in the village considered the collection of forest products as a part of their livelihood. As for
industry, there are 14 sago processing mills in the area, three small brickworks, one dam, and one
furniture producer (Samiaji & Hutauruk, 2018). Finally, Indonesia’s first company-owned industrial
scale sago plantation is situated on a concession alongside the village area to the south (Wahyunto,
2003; Sampoerna Agro, 2011).
A few studies different studies can provide background as to the case-study area. Thorburn (2013) noted
that sago was likely brought to the Meranti islands by ancient seafarers and was traded by local
communities as far back as the 15th century. Cultivated sago plantations in the area began in the mid1970s, after a government wetland conversion project was put in place to promote rice cultivation. After
a few seasons of cultivating rice, however, the villagers decided to use the area to expand the wild sago
stands instead. In such a manner, sago became a fully cultivated crop in the region (Thorburn, 2013).
Aisya (2019) studied the connection of Sungai Tohor residents to the cultivation of sago and credits sago
with the stability and relative prosperity of the village.
There are two concessions on the island which are both implicated in the history of Sungai Tohor. In the
1990s, a logging concession to the south of the village was awarded to a timber company. After removal
of the timber, this company followed the lead of the villagers and planted sago in the area, around 4,000
ha from the late 1990s to early 2000s (Thorburn, 2013). The area was then sold multiple times before
arriving to its present ownership under National Sago Prima (NSP), a subsidiary of Sampoerna Agro, a
large oil palm plantation company (Sampoerna Agro, 2018). The concession has since expanded to
21,620 ha, of which 12,781 ha is currently planted with sago (Appendix A, Reference 7; Sampoerna
Agro, 2018). In the NSP concession, 170m of canals control water levels at 10 to 30cm below the soil
surface on an area of peat measured at 2 to 3 metres depth (Sampoerna Agro, 2011).
As for the second concession, permits were issued to a commercial company in 2007 for both natural
forest clearing of 2,382 ha and pulpwood plantation development in an area of 10,390 ha (Thorburn,
2013). The Sungai Tohor community protested against this concession on the grounds of negative
ecological effects; regardless, the company cut over 10 km of canals in 2008 (Appendix A, Reference 2).
After removal of the timber in 2009, however, activities stayed otherwise dormant for some time due to
resistance from the Village Head of Sungai Tohor (Thorburn, 2013; Salim et al., 2018). Villagers
blamed the lower GWL from canalization of both concessions for excessive peat drying in the region
and the subsequent severe peat fires in 2014, which were the first in the area (Salim et al., 2018;
Sampoerna Agro, 2014). Aided by WALHI, Greenpeace and other environmental groups, the Sungai
Tohor community was able to launch a petition urging Indonesian President Joko Widodo to visit the
area and see the destruction and smoke haze caused by the peat fires (Salim et al., 2018). The petition
gained widespread attention and was successful, President Widodo visited the area in November 2014,
surveyed damage, recommended canals to block, and symbolically planted sago seedings (Salim et al.,
2018). Consequently, the pulpwood plantation had its permit revoked and its concession area was
divided up as village forest (i.e. Perhutanan Sosial/Hutan Desa), meanwhile the commercial sago
plantation was ordered to pay a fine for rehabilitation of the area (Salim et al., 2018; Appendix 1,
Reference 2; Sampoerna Agro, 2015). As of the time of field visit, there was an on-going lawsuit against
NSP for further environmental damage payments, as detailed further in Appendix E.
9

| Orentlicher

Even though peat after fire is typically considered unusable, local wisdom has led farmers to replant
affected community areas with sago, a crop believed to have the ability to restore peat (Aisya, 2019).
Since 2016, BRG has cooperated with the Sungai Tohor community to implement canal blocking, i.e.
the construction of dams in order fill in canals and thus raise the GWL to rewet the area, alongside water
table monitoring activities as a part of their 3R strategy (Yuliani & Erlini, 2018).

2.2 Research methods
2.2.1 Paludiculture conditions
As RQ1 aimed to determine the feasibility of sago as an ecologically sustainable peatland crop, the
recently established concept of paludiculture was used to create a framework to address this question.
Paludiculture is defined as the productive use of a peatland which conserves the peatland area, through
preservation of the peat accumulation and peatland ecosystem services (Joosten, at al. 2012).
Wichtmann and Joosten (2007) provide three ideal abilities for a crop to be considered as a true
paludiculture, which include that the identified crop be able to: “1. thrive under wet conditions, 2.
produce biomass of sufficient quantity and quality, and 3. contribute to peat formation. (p. 24)” This
research method structures the review of the agro-ecological variables of sago to identify how sago fits
under the first two abilities outlined by Wichtmann and Joosten (2007). The third ability is assumed to
follow under the condition that the peat is kept wet and not overly disturbed (Joosten, at al. 2012). The
major agro-ecological conditions favorable to sago were examined through means of a literature review,
supplemented by interviews and observational knowledge gathered from the case-study area. This
research approach was selected instead of an experimental or meta-analytical approach due to time
constraints of the study and the lack of consistent data across literature. Additionally, accounting for
variable agro-ecological characteristics across sago producing locations was useful.
The first requirement of cultivation under paludiculture – thriving under wet conditions – led to an
exploration of the ability of sago to produce on peat under different regimes of permanent and periodic
flooding, as well as different GWLs. The second requirement – sufficient biomass quantity and quality –
led to an exploration of the yields that can be achieved from sago on different peat depths, as well as a
consideration of how fertilizer usage might affect these yields.

2.2.2 Value chain analysis
In the same year as this study, the Indonesian Forest Research and Development Center highlighted the
need for paludiculture promotion to address the intersection between peatland restoration and
sustainable development, including the Sustainable Development Goal of ‘no poverty’ (Tata, 2019).
Sago was highlighted as a promising crop with commercial potential due to its production of starch and
known marketing ability, though research on sago valuation and marketing is relatively scarce (Giesen,
2018; Winrock International, 2018).
There are various approaches one can take to analyse the market of a given commodity. Two widely
used foundational approaches are the filière and the global commodity chain. The global commodity
chain approach was developed to understand industrial value chains, whereas the filière approach
originated as centred around agricultural production research (Raikes, Jensen, & Ponte, 2000). The
filière style describes the physical flow of inputs and services to the output of a final product and has an
emphasis on empirical data such as measuring input and output amounts, prices, and value addition. The
value chain, itself, can be defined as the activities which bring a product from creation, through
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production, to final consumers, and at times disposal after use (Kaplinsky & Morris, 2000). Although
value chain analysis is typically applied to a global scale, and particularly in terms of trade, using it as a
tool at the national or subnational level is also possible. Using a value chain approach allows for an
understanding of the trends involved in creating a current value chain, its distribution of benefits, and its
possibilities for improvement (Soosay, Fearne, & Dent, 2012).
The methodology from M4P’s (Making Markets Work Better for the Poor) (2008) Toolbook for
Practitioners of Value Chain Analysis was applied to conduct the value chain analysis of the case-study
area in order to answer RQ2. Though a pro-poor focus was not the primary objective of this study, the
value chain analysis mapping provided in this toolbook was found to be more comprehensive for a
smallholder agricultural analysis than other reviewed sources. The M4P (2008) toolbook notes that the
basic task of a value chain analysis is to describe the flow of goods and services down the chain. Such a
starting point is a descriptive tool, and to take the analysis more in-depth, a focus of rents across the
chain can be applied by looking at primary returns. Ultimately a main objective of value chain
management is to maximize gross revenue for the various value chain actors, namely producers,
processors, traders, vendors, and other parties (M4P, 2008).
According to the M4P (2008) methodology, value chain analysis begins with mapping of the value
chain. This mapping encompasses various criteria, including: 1) the core processes in the value chain; 2)
the main actors involved in the processes; 3) products flows; 4) knowledge and information flows; 5) the
volume of products and numbers of actors; 5) geographical flows; 6) the value at different levels along
the chain; 7) relationships and linkages between value chain actors; 8) services that feed into the value
chain; and 9) constraints and potential solutions.
This methodology was used to: 1) map the value chain for sago in the case-study area; 2) quantify the
distribution of benefits to the various actors; and 3) compare this value chain to that of a governmentsupported project in Southeast Sulawesi, as described below.

2.2.2.1 Value chain comparison case: Southeast Sulawesi
From 2015 until March 2019, in collaboration with the Government of Indonesia, FAO has carried out a
project in Kandari municipality, Konawe district, and Southeast Konawe district of Southeast Sulawesi.
This project centred on taking advantage of sago as an indigenous food source to reduce dependency on
other carbohydrates and introduce commercial viability in the sago production of the area (Appendix A,
Reference 5). Although the area could not be visited, an interview was conducted with the project
manager and the project was used as a comparison case for the value chain analysis of the case-study
area, in order deepen the analysis of RQ2.
There were three aspects to the project: 1) an agro-economic approach to the sago farm, to increase
productivity and quality; 2) the construction of an integrated no-waste and hygienic sago processing
unit; and 3) the creation of an integrated business unit for farming, processing, and marketing (FAO,
2017). As such, this project presents a more advanced and modern system than that of this study’s
selected case-study area.
As background to the FAO project, the sago production and processing in Konawe and Southeast
Konawe districts before the project would have been considered as traditional (Appendix A, Reference
5). Sago was not maintained in cultivated stands, but harvested from jungles with no maintenance.
Processing was done by machete and trampling (using feet) to create wet starch. This wet starch was
then cleaned several times at home and dried outside to create flour, mostly for home consumption of
bageya and papada, two traditional sago foods (Appendix A, Reference 5).
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In line with the first objective of the project, sago demonstration plots were created whereby controlled
spacing and de-suckering was undertaken (Appendix A, Reference 5). Canals were also developed to
lower the water level of the swamp (this area is mostly mineral soil, potentially with some very shallow
peat) (Appendix A, Reference 5). In line with the second objective, a processing mill was constructed
with a grating machine, a clean water well, a settling pond for the starch, and a wastewater collection
pool. Finally, in line with the third objective, Womens’ Groups in Kandari municipality were trained in
processing sago flour into chips and biscuits. Previously, these women considered sago as for
subsistence use and would not believe that sago would sell on a wider market (Appendix A, Reference
5). In early 2018, the women’s groups began selling their products.

2.2.3 Cost-benefit analysis
Cost-benefit analysis (CBA) is a policy tool in which the costs and benefits of two alternative project
options are compared. In cost-benefit analysis, the costs and benefits to society as a whole are examined,
i.e. social costs and benefits (Boardman et al., 2017). This method is used to answer RQ4, which is then
expanded upon to answer RQ5. Data on private sago plantation costs and benefits are used to answer
RQ3 and then utilised within the CBA of RQ4. A CBA was chosen in lieu of other possible methods,
such as Ecosystem Services Analysis, Multi-Criteria Analysis, or Life Cycle Assessment. This was done
in order to narrow down the scope to carbon emissions from the productive use of peatlands, as well as
to keep an economic focus. The research process led to the identification of various different scenarios
to include within the analyses; as such, a schematic outline of the different ‘streams’ which compose
each individual analysis is included in Appendix B. The steps of the CBA were taken from Boardman et
al. (2017), following the given approach:

–

Specify set of alternative projects and determine standing:

This study developed various CBAs of the establishment of sago versus oil palm on cleared, undrained
peat. Oil palm is chosen as the comparison option due to its high rate of cultivation on peat, particularly
in the case-study’s province of Riau, with approximately 570,000 hectares of mature plantations in 2015
(calculated from Wahyunto, 2003 and SarVision, 2018). The determination of ‘standing’ in a CBA is the
decision on whose costs and benefits are examined. In this study, first private analyses were performed
for the plantation owners directly involved. Both smallholders and industrial plantations for the two
crops were identified and analysed separately. The analyses were then expanded to the public realm,
focussing on carbon costs. As such, the entire global population was taken as having standing, as is
recommended for projects related to global environmental issues, such as climate change (Boardman et
al., 2017).

–

Identify impact categories and indicators:

Two main categories were included: the economic benefits of plantations and the social costs of
plantations on peatland. The indicator for the first category was the financial profit (revenues minus
costs) of a plantation, in monetary values as discussed below. Data was taken from interviews in the
case-study area, as well as document analysis and secondary data from relevant studies. As such, the
valuation methods used were market prices and benefits transfer. Market prices were used as price
changes from project effects were assumed to not occur. The second category, the social costs of
peatland plantation, centred on carbon emissions from peatland drainage as the primary cost. The
indicator employed was thus metric tonnes of CO2 emitted per year and the method was that of benefits
transfer.
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–

Predict impacts quantitatively over life of project:

The impacts for each input must be predicted for each time period (e.g. year) within the time horizon,
i.e. the project’s length. In this study, all costs and benefits were calculated on a per year basis and
assumed to occur once at the end of each year. The scale in terms of area changed across the analyses
from per hectare, to concession area, to the regional scale. Benefits were dependent on annual harvest
yields of either sago or oil palm throughout their plantation cycles. Costs from CO2 emissions were
dependent on the level of drainage, which is assumed to remain constant throughout a project. The time
horizon of the smallholder and mill rental scenarios was based on the typical oil palm plantation lifespan
of 25 years (Fairhurst & McLaughlin, 2009; Johnston et al., 2018). The oil palm plantations were then
assumed to undergo two productive cycles in order to compare them with the much longer lifespan of
sago smallholder plantations found from the case-study area. Replanting of smallholder oil palm was
assumed to occur in year 26, which is taken as a second establishment year with 25 productive years
following. Thus the final time horizon used for smallholder sago and oil palm was 52 years. The time
horizon for the industrial plantations was based on the secondary data used from an industrial oil palm
plantation financial analysis study, which was a 22 year lifespan. Finally, the transitional modelling of
RQ5 employed a time horizon based off of the determined transition schedule and the subsequent
subsidy length, arriving at 35 years.

–

Monetize impacts:

CBA focuses on monetary valuation of impacts (Boardman et al., 2017). All costs and benefits used in
the discounted cash flow analyses were taken as real 2018 values, in Indonesian Rupiah (IDR) and
United States Dollar (USD). The real value of input and output prices was used and held steady from the
base year of 2018. This was carried out instead of employing the usage of nominal values, as this study
extrapolated into the future and as such, the effects of unknown inflation would not affect the results. In
order to monetize social costs in terms of the indicator tonnes of CO2 emissions, the Social Cost of
Carbon (SCC) was employed. The SCC is a measure used to estimate costs from climate change
damages, such as those from negative impacts agricultural productivity, human health, and infrastructure
(IAWG, 2013).

–

Discount rate:

When a project incurs costs and benefits over time, the monetary amounts of the future are typically
discounted in order to reach the present value (Boardman et al., 2017). Discounting is undertaken due to
the opportunity cost of the resources (the loss from alternative capital investment options) and the
positive time preference of utility (a preference for immediate consumption of resources versus future
consumption) (Perman, 2003). Discounting does not equate to inflation adjustment and though often
used, taking the market interest rate may not be appropriate to determine the discount rate for an
investment (Boardman et al., 2017). A constant discount rate was used in this study as a time-declining
discount rate is only recommended for projects greatly exceeding 50 years (Boardman et al., 2017). Use
of the Internal Rate of Return (IRR), or the breakeven discount rate (at which the NPV becomes zero),
was additionally employed as the classic mode of comparison for similarly sized projects. Otherwise,
four discount rates were used, depending on the project type.
For all of the public returns scenarios, Boardman et al. (2017) recommends the usage of 3.5% as a real
social discount rate, due in part to the assumption that future growth rates will fall somewhat. For
smallholder private scenarios, a plantation may be seen as an investment for one’s retirement or the
future generations of one’s family, particularly when other investment options are not as accessible.
Indeed, Jewitt et al. (2014) observed the importance of (conventional) rubber as a long-term livelihood
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security for peatland farmers in Kalimantan, which acted as a pension and investment option for
children’s university. The same was found in the case-study area, whereby farmers considered sago a
more passive, stable income which often afforded the ability to send children to university. The Village
Head (Appendix A, Reference 2) also noted the ease of living in the village economically due to crops
such as sago and rubber. Taking this into consideration, the rate of an alternative long-term investment
option that a smallholder farmer could feasibly have access to was employed. The average bond yield
over the past five years (01/2014 – 01/2019) for an Indonesian 25-year government bond has been cited
at 8.39%3. As such, a private smallholder discount rate was taken at 8.5% to note for this potential
opportunity cost of capital.
A higher rate for industrial (private) companies of 12.5% was also employed, as this rate was the highest
bank loan interest rate provided to NSP, the industrial sago company of the case-study area (Appendix
E; Sampoerna Agro, 2011). Finally, a discount rate of 10% was also considered as it is a standard rate,
correlates with recent average interbank lending rates, and can act as a comparison between the various
returns scenarios (Erniwati, 2018; Sumarga et al., 2016).

–

Sensitivity analyses:

Inputs, parameters, and monetary values assigned may be subject to uncertainty. For this reason,
sensitivity analyses were the last steps undertaken for the CBAs (Boardman et al., 2017). The previously
mentioned selection of multiple discount rates and consideration of the IRR may be considered one part
of the sensitivity analysis. This study additionally employed partial sensitivity analyses, whereby all
uncertain and important inputs from the plantation data were varied while all other inputs were held
constant (though still under the different levels of the selected discount rates).

2.3 Data collection methods
2.3.1 Literature review
The literature review was primarily focused around the identification of agroecological literature in
order to answer RQ1. The scientific search databases ScienceDirect, Scopus, Web of Science, AGRIS,
and AgEcon were used to conduct the review, by searching keywords: “sago”, “Metroxylon sagu”,
“sagu”, and “sago palm”. However, the vast majority of returns from these searches yielded
biotechnology-oriented research into sago starch manipulation. The same keywords were then used in
Google Scholar, which returned relevant papers from key researchers. Flach’s (1997) book ‘Sago palm:
Metroxylon sagu Rottb.’ may be considered a seminal work of sago botanical and agronomical
understanding and was used extensively. Also of use in identifying researchers and literature was a
newly released book edited by Ehara, Toyoda, and Johnson (2018) entitled, “Sago Palm: Multiple
Contributions to Food Security and Sustainable Livelihoods”. The Wageningen University library
database provided relevant studies, as well, particularly older books produced as proceedings of previous
International Sago Symposia.
Subsequent literature review focused on finding quantitative data to use within data analyses, either by
providing relevant input values or for comparison data, particularly for RQs 4 and 5. This literature was
selected either from the most cited, top scholars of the field or as the most reasonable, proximate, and
3

Fusion Media Ltd. (2019). “Indonesia 25-Year Bond Yield.” https://www.investing.com/rates-bonds/indonesia-25-yearbond-yield-historical-data
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recent data from the field. For RQ4, smallholder oil palm yields, private costs, and private benefits data
were adjusted and re-calculated from a doctoral study conducted by Erniwati (2018) from the same
province as the case-study area (Riau). For the industrial sago returns of RQ3, financial data from NSP
was taken from all Sampoerna Agro Annual Reports that mentioned NSP, across the years 2011 to 2018.
A mill rental (plantation and processing) oil palm scenario was created through comparable data from
Fairhurst and McLaughlin (2009) from financial analysis of oil palm plantations on ‘kerangas’ heathland
in Kalimantan. Heathland, similar to peat, accumulates waterlogged organic matter and oil palm
plantations thereon require drainage and give lower yields. Their study also provided an estimate for the
cost of smallholder drainage investment. Industrial oil palm financial data for RQ4 was taken from
Ismail (2010), which is unpublished but was made available within the department. For the public CBAs
of RQs 4 and 5, values for average levels of drainage on peatland plantations and subsequent tonnes of
CO2 emitted were taken from Hooijer, at al. (2012). Such values have been the highest cited and are still
comparable to more recent studies of the subject, such as Carlson et al. (2015) and Khasanah and
Noordwijk (2019). Sensitivity analyses for carbon emissions per ha were carried out through utilisation
of equations from Hooijer et al. (2012) and Couwenberg & Hooijer (2013) which related drainage level
to tonnes of CO2 emitted. These equations and calculations are provided in Appendix F. The standard
SCC was taken from Nordhaus (2017), with a lower sensitivity analysis value borrowed from the EU
ETS (World Bank & Ecofys, 2018). For RQ5, statistics from Miettinen et al. (2012) were used to
estimate plantation ages, while cost calculations from Hansson & Dargusch (2017) and the World Bank
(2016) were used for canal blocking cost estimations. The particular characteristics of the various data
used throughout the study are detailed in the beginnings of their respective sections.

2.3.2 Interviews
Fieldwork for the study took place between 8 February and 8 March 2019 and was focussed on
interviews. Case-study interviews were conducted with the main value chain actors and local experts,
found through purposive sampling. Case-study interviews occurred in Sungai Tohor village and Selat
Panjang, the capital of the Regency. The interviews were all semi-structured, generally following
various questionnaires made for smallholder farmers, processors, distributors, food industries, and local
experts. The smallholder sago farmer interview questionnaire is provided in Appendix D.
Interviews in the case-study area were all conducted in Bahasa Indonesian and were facilitated through
the translation of a member of the larger project. Interview notes were taken and interviews were
recorded when permission was granted. Interviews with value chain actors began with 25 interviews
with smallholder plantation owners, of which one interview was deemed invalid due to the immature age
of the sago plantation. These interviews revolved around topics such as cultivation and harvest of sago,
costs and revenues, and environmental and social factors in sago production. One additional interview
was also conducted with two sago harvesters in the field. Seven sago processing mill owners, who are all
also considered independent traders, were interviewed, as well as four sago product home industry
entrepreneurs. These interviews revolved around the costs and revenues of sago processing, volumes and
values of sago product creation, and marketing. The sole large scale trader for the area was also
contacted by phone, but refused to interview. Finally, three local expert interviews were also conducted,
with the Village Head, village secretary, and a local government official. Such interviews were focused
on background information of the area and to gain a better understanding of the institutional
environment around commercial sago production. The case-study interviews were used mainly to
answer RQs 2 and 3, and provided additional information to RQ1.
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Five semi-structured expert interviews were conducted across the cities of Pekanbaru, Jakarta, and
Bogor, all in English. An expert interview guide was used and interview notes were again taken, though
these interviews were not recorded. This decision was taken so that organizational representatives could
feel more open, without the perception that their answers might be taken as official statements. Two of
these interviews focussed on gaining information on other sago production areas in Southeast Sulawesi
and Papua, and three of the interviews focussed on background knowledge of sago and oil palm. Casestudy and expert interviews lasted anywhere from 20 minutes to three hours, but were generally 30 to 40
minutes in length. Though not interviewed, two additional experts on specific topics, namely agronomy
and bio-based usage, for the sago industry were also communicated with via email. Expert interviews
and personal communications assisted predominantly in answering RQ1 and RQ2, as well as adding
information to RQ3 and RQ4. Interview referencing can be found in Appendix A.

2.3.3 Field observations
Informal field observations in the case-study area were used to confirm and enrich the data obtained
through the interviews. However, the amount of time spent in the field and the scope of the thesis did not
allow for a full observational study. Field observations were carried out in eight smallholder plantations,
the industrial plantation, and two small-scale processing mills. These observations focused on noting
plantation and mill layouts, testing peat depth, viewing ‘parit’ (outer/road canals) water levels,
confirming plant spacing and sago appearance, and recording machinery use.

2.4 Data Analysis
2.4.1 Qualitative data and literature analysis
Qualitative data from the interviews and field observations were used as background information and a
more comprehensive understanding of the sago production, processing, and marketing systems.
Qualitative data from the different types of interviews was extracted and re-organized under whichever
RQ(s) the specific data could help to answer. As such, this data was embedded throughout Chapters 3, 4,
and 5, at times as the focal answer to a RQ and at other times supportive to the analyses. Furthermore,
data from the literature review in Chapter 3 was analyzed within the framework of paludiculture
conditions in order to answer RQ1.

2.4.2 Quantitative data and calculations
Quantitative data was used for answering all of the RQs and is the predominant focus of the thesis. This
was due to the nature of the RQs and the methods used, which required heavier quantitative data needs
than qualitative. RQs 4 and 5 utilised only quantitative data, although they incorporated qualitative
information through their foundations in the previous RQs.
Quantitative data analysis was undertaken through the employment of RStudio and Microsoft Excel.
RStudio was used to search for correlations between various farming characteristics from the case-study
area and to better visualise the descriptive statistics of the sago yields provided in the interviews
revolving around RQ3. Microsoft Excel was used for all of the calculations of the study across all RQs.
Quantitative calculations performed for RQs 1 and 2 were simple mathematics used to calculate yields,
percentages, and costs. Gross value added, as a market condition indicator, was calculated for the value
chain actors by summing their non-factor costs per unit of output (i.e. intermediate inputs) and
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subtracting from their revenue per unit of output. For RQs 3 to 5, cash flow ‘waterfalls’ were
constructed in Excel utilising such data as production amounts, costs and revenues, interest and loan
repayment calculations, carbon emissions, and number of hectares affected.
The NPV is the worth of the project, taking into consideration discounting of future benefits. It is the
sum of each year’s benefits minus costs for the duration of the project. Other valuations were also
employed alongside NPV, and these are detailed in Section 2.4.2.
For all of the CBAs performed, the Net Present Value (NPV) was calculated as shown in Equation 1
(Boardman et al., 2017). The NPV is the worth of the project in terms of net benefits, taking into the
consideration discounting of future benefits. The IRR, as provided in Equation 2, also taken from
Boardman et al. (2017), was also utilised across CBAs.
!

!"# =
!!!

(!! − !! )
(1 + !)!

Equation 1. Net Present Value (NPV).

Whereby, « t » denotes the year (t = 0, 1, 2, ... , n) and « n », the time horizon, i.e. the final year of the
project. « Bt » are benefits at year t , while « Ct » are costs at year t, and « i » equals the chosen discount
rate.
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Equation 2. Internal Rate of Return (IRR).

As with Equation 1, « t » denotes the year (t = 0, 1, 2, ... , n) and « n », the time horizon, i.e. the final
year of the project. « Bt » are benefits at year t , while « Ct » are costs at year t, and « IRR » is the
returned IRR.
However, instead of using prior NPVs, computing the Equivalent Annual Net Benefit (EANB), in order
to undertake the transitional modelling of oil palm to sago required for RQ5, was necessary. The EANB
method divides the NPV of a project by the annuity factor of the same lifespan and discount rate in order
to arrive to an annual valuation of the project. It is the amortization of the net value of the project for the
project’s lifespan and can be used to compare two projects of different lifespans (Boardman et al., 2016).
In this study, the EANB was useful in order to take the smallholder and industrial scenarios and place
them into a modelling scenario of a different lifespan, without losing costs or benefits from the
mismatched time periods. The EANB was calculated, as taken from Boardman et al. (2016), shown in
Equation 3.
!"#$ =

!"#
!!!

1 − ( 1 + ! !! )
!
Equations 3 and 4. Equivalent Annual Net Benefit (EANB) and annuity factor (!!! ).
!!! =

Whereby, « NPV » was as calculated in Equation 1 and « !!! » is the annuity factor of « n » years (time
horizon) and « i » discount rate. For the transitional modelling, an EANB balance was found by
subtracting the EANB of oil palm from the EANB of sago, in order to account for the difference in
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financial returns from the transition. This was carried out for both smallholder and industrial scenarios.
The industrial scenario additionally required the division of the EANBs of both industrial oil palm and
sago by the total hectares of their respective concessions in order to arrive to both industrial sago and oil
palm EANBs per unit area. The EANB per ha oil palm measure could then be subtracted from that of
sago, as before, in order to find the industrial EANB balance per ha. For both the smallholder and
industrial scenarios, the EANB balance was finally scaled up to the hectares transitioned per year based
off of the provincial replacement schedule determined.
Finally, the Break-Even Price (BEP) for the SCC was also found, for the transitional modelling within
the smallholder and industrial scenarios. This was performed in order to find the SCC pricing which
would provide a positive NPV for the project. Both a ‘public’ and ‘private’ BEP were considered. The
‘public’ BEP was found by holding the baseline tonnes of CO2 emitted per ha, hectares involved per
year, and all project costs constant while manipulating the SCC pricing per unit of CO2 emitted until the
NPV changed from negative to positive. The public BEP accounted for the loss in profit from the
transition through the inclusion of the EANB balance. The private BEP was calculated using only the
2018 real USD costs of the project, without discounting, and thus did not account for the loss of profit
from the transition. The private BEP could be considered an example of the SCC price necessary for
public project funding in the case of smallholders, or an SCC abatement cost in the case of industrial
companies.
Monetary values for the RQs were always based on the year 2018. The values from farmer interviews
were considered as 2018 values as interviewees questioned in early 2019 were asked about average costs
and benefits from the previous year. As both IDR and USD were utilised, the exchange rate used was the
Organisation for Economic Cooperation and Development’s (OECD) average 2018 exchange rate of
14,236.939 IDR (2018) to $1 USD (2018) (OECD, 2019a). At times, values from earlier years were
adjusted for inflation to arrive at 2018 values. This was done by using either the Indonesian or United
States’ Consumer Price Index (CPI), depending on if the value was in IDR or USD. Prices were adjusted
as shown by Equation 4.
!!
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Equation 4. Inflation adjustment.

Whereby: « t » is the year and « Xt » is a monetary value from year t, such as a price or cost. The « CPIt »
is the (Indonesian or United States) CPI in year t, while the « CPI2018 » is the Indonesian or United States
CPI in 2018. This was 110.91 for Indonesia and 105.94 for the USA (OECD, 2019b). Finally, the
output, « X2018 » is the CPI inflation-adjusted equivalent value of X in 2018.

2.4.3 Mapping data and process
Lastly, the study employed the use of mapping data in order to upscale the CBAs from RQ4 to the
provincial level of the case-study area for RQ5. Data was used from a land-use map (10 – 30m
resolution) created by SarVision (2018) for Sumatra, using 2015 to 2017 Sentinel, Landsat, and ALOS
Palsar remote sensing data, with a base 2015 land cover map from the Indonesian Ministry of
Environment and Forestry (SarVision, 2018). Other mapping data of peat depth estimates across
Sumatra and Kalimantan was also utilised from Puslitanak and Wetlands International created as a part
of the Peatland Atlas (Wahyunto, 2003). This mapping data was made available by the project
supervisor for use within this study to estimate peat depths in Riau and identify oil palm plantations for
the year 2015. The software Esri ArcMap 10.6.1 was used to manipulate and merge these two maps in
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order to find the area extent of oil palm plantations in Riau across different peat depths. As a quick
summary of the process, the SarVision map was first converted into a polygon map, and then both maps
were re-projected to Batavia_UTM_Zone_48S, a Mercator projection centred on Sumatra, in order to
allow for the most accurate area calculations. The area outside of Riau for both was clipped out and the
two maps were merged. After obtaining this final map, areas for the various land-use classes across the
various peat depth classes were calculated in hectares from the Attribute Table and subsequently
exported as a Microsoft Excel table. Further calculations, in terms of changes in spatial amounts over
time, were then made in Microsoft Excel, through the combination with additional data from Miettinein
et al. (2012).
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CHAPTER 3. ECOLOGICAL SUSTAINABILITY: SAGO AS A PALUDICULTURE.
3.1 Paludiculture requirement number one: wet conditions
3.1.1 Preferred water table level: literature analysis
The ability of sago to grow in wet conditions can be found abundantly in the literature, however yields
have been shown to decline when sago is under permanently flooded conditions. The best hydrological
conditions thus far described across the literature are those of tidal or seasonal flooding, as described
below.
Early observational work found sago growing naturally along the edges of lowland swamps and
theorized over the palm’s natural competitive advantage in such areas (Johnson, 1977; Flach &
Schuiling, 1989). Flach (1977) noted that sago palms were found abundantly in freshwater swamps of
the tropical rainforest zones of Southeast Asia, particularly in clayish soil. The author further described
cultivated sago gardens of Batu Pahat, Malyasia as located in coastal areas, above the salt water line, and
under twice daily flooding and draining of over 10cm. He believed that continuous yields of an unstated
quantity were possible without fertilizer in the region due to the provision of nutrients (N, P2O5, K2O,
CaO, and MgO) from the freshwater flooding. Furthermore, Kueh (1995) found that nitrogen provision
for sago on undrained deep (250cm+) peat was sufficient due to natural GWL fluctuation.
Notohadiprawiro and Louhenapessy (1992) found sago palms growing from low, flooded areas to
upland areas in Papua. The authors determined from plot observations of these sago stands that the
highest yields, at 328kg to 348kg of dry starch per trunk, were achieved when sago was flooded for 6-9
months of the year, with a dry season GWL of 10cm to 40cm. Sago palms under these conditions
performed better than those palms with waterlogging of 9 or more months. For example, permanently
flooded sago palms (12 months of positive groundwater level) yielded only 94kg dry starch per trunk.
Jalil and Bahari (1991) determined that sago palms growing along river banks (0.5km distance) in West
Johore, Malaysia with high tide flooding and proper maintenance yielded the highest amount of starch
(413kg dry starch per trunk). Sago palms which were neglected, but growing near the riverbank (0.7km
distance) had similar yields to palms which were well-maintained but far from the river (3.0km
distance), at 213 and 256kg dry starch per trunk, respectively. The authors concluded that moist soils
with periodic flooding are the best for sago, likely as the river water brings nutrients. Physiologically,
sago is known to develop pneumatophores (roots which can function for respiration) above soil level
under prolonged flooding and can thrive as long as these are not submerged (Flach, 1997).
As for young sago, Flach, Cnoops, & van Roekel-Jansen (1977) found that simulated twice-monthly
flooding, even of salty water, did not harm sago seedlings grown in pots, though daily flooding resulted
in reduced leaf growth. Azhar et al. (2018) found that photosynthetic ability for sago seedlings decreased
with increased waterlogging over two months. Schuiling and Flach (1985) concluded in their sago
cultivation guidelines that temporary flooding is the preferred status, whereby GWL during the dry
season should not fall under 50cm as prolonged water shortage is detrimental to sago growth. Schuiling
(2009) advised that the GWL for sago plantations should be no lower than 50cm. Watanabi et al. (2009),
quoting a personal communication with Sasaki (2007), described that a low GWL likely diminishes sago
growth. The researchers also concluded that a GWL of 50cm is the most advantageous, although,
alternatively, for reasons of suppressing methane flux. The impact of sago on methane emissions is out
of scope for this thesis, though methane and nitrous oxide are briefly addressed in the Discussion, Ch. 8.
20 | O r e n t l i c h e r

3.1.2 Preferred water table level: case-study results
From the case-study area, none of the 25 interviewed farmers of Sungai Tohor implemented drainage of
their plantations (Appendix A, Reference 8). From observation, there were small canals lining the road,
called parit, which are used to transport sago logs and were observed to have water at surface level
during the field visits. During interviews, the sago smallholders were questioned specifically about
flooding of the plantation, i.e. if it occurred and if so, what effect it had. Eighteen of the smallholders
noted that flooding occurred, with twelve considering the flooding as normal without any effects to sago
growth and five noting specifically that the flooding was good for sago growth. One farmer added that
harvesting was more difficult during flooding and another noted that a large flooding after a recent
planting can harm the sago seedlings. Conversely, fourteen farmers stated that lack of groundwater is an
issue for sago growth and productivity. From the local guide (Appendix A, Reference 4), sago in the
village is known to grow on various peat depths, as long as there is sufficient water. When there is not
sufficient water, it was conveyed that sago does not grow well (Appendix A, Reference 8).
As mentioned in Section 2.1, canalization from nearby industrial plantations lowered the GWL in the
case-study area. Sago smallholders begun to notice productivity declines around 2011 (Appendix A,
Reference 8). The sago smallholders blamed in particular the nearby industrial sago plantation, NSP for
the lower GWL. After the peat fires of 2014 to 2015, canal blocking has been implemented around the
village by BRG. By the time of the field visit in February 2019, groundwater in the road canals was
observed as near surface level at the visited sago plantations, as well as at the industrial plantation,
though likely slightly lower. NSP officially has been noted to keep the GWL at 10 to 30cm (Sampoerna
Agro, 2014).
Fifteen of the smallholders in the case-study area noted that reduced productivity of sago occurs due to
lowered water tables (Appendix A, Reference 8). Of these fifteen, eight interviewees stated specifically
to have suffered reduced yields due to the lower GWL from the increased canalization. For a more
concrete description, one interviewed smallholder noted that sago palm trunks which formerly gave 7–8
logs each (of one-metre length) were only producing 4–5 one-metre logs around 2013. With the
implementation of canal blocking, productivity was described as “okay” across approximately half of
the interviews. Although anecdotal, these responses matched with data from the literature analysis that
sago grows better with a higher water table, possibly due to the provision of nutrients. As explained in
the next section, this might be especially relevant in the case-study region, as sago smallholders do not
use fertilizer. Furthermore, as the sago guide (Appendix A, Reference 4) described, areas near the
drained industrial plantation had been previously replanted in rubber (observed during the field visit)
during the water shortage period due to the dryness of the soil. This species of conventional rubber is not
considered a paludiculture option as it requires shallow drainage (Giesen, 2013). Now that the canal
blocking has restored water levels of the area, owners of these areas were said to be considering to plant
sago again, because it has a better market and is the ‘cultural heritage’ (Appendix A, Reference 4).

3.2 Paludiculture requirement number two: sufficient biomass, i.e.
productivity
3.2.1 Starch yields per palm trunk: literature analysis
Productivity statistics vary for the sago palm across the literature. Reasons for varying levels of noted
yields may have included the effects of different groundwater tables, sago varieties, soil characteristics,
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plant spacing, fertilizer use, maintenance regimes, age at time of harvest, type of plantation, and type of
processing. These characteristics, however, were often not noted.
First, two main measures of sago yield should be considered. The first is that of starch production per
unit of mature sago palm trunk and the second is that of sago palm trunk production per unit area and
unit time. As for the first parameter, according to Professor Bintoro (Appendix A, Reference 6), sago
production generally ranges from 200 to 400kg of dry starch per trunk across all soil types. Flach (1997)
calculated that 10–25% of a sago trunk’s fresh weight is starch, reporting that yields from New Guinea
typically varied from 150 to 400kg of dry starch per trunk from semi-cultivated stands.
There are conflicting reports on whether sago production in terms of dry starch yield per trunk harvested
at time of maturity is different for sago grown on peat versus mineral soil. The following table lists the
few known studies which provide yields from sago specifically on peat, particularly in comparison to
sago from mineral soil. Jong and Flach (1997) found a highly significant difference between yields, with
sago trunks on deep peat providing only 23% the amount of starch as sago from mineral soil.
Yamamoto’s (2008) study, based off of plot calculations, also demonstrated a significant difference. The
deep peat palms were estimated to give 20% to 40% lower yields than the shallow peat palm trunks.

3.2.2 Starch yields per palm trunk: case-study results
Information from the case-study area would suggest that sago starch yields per trunk do differ between
sago grown on mineral soil and shallow peat versus those grown on deep peat. The industrial plantation
director (Appendix A, Reference 7) stated that sago from the smallholder sago plantations on shallow
peat (0.5m to 2m) gave logs on average of 100kg weight, of which 20% – 21% is (dry) starch. Thus,
according to this statistic, each log would yield 20.5kg of (dry) starch. As detailed in the following
paragraph, the average sago trunk from this area yields 9 logs, meaning that an average yield of
approximately 184kg of dry starch per trunk could be estimated.
The owners of seven processing mills in the area also gave their estimates of the average amount of wet
starch produced per log, ranging from 30 to 35kg, with an average of 32.14kg (Appendix A, Reference
8). Note that sago processing entails the creation initially of wet starch, as the starch extraction requires
water use. As such, this starch must be subsequently dried in order to arrive to the more standard unit of
analysis of dry starch. According to the Village Head (Appendix A, Reference 8), the wet starch
produced in Sungai Tohor has approximately a water content of 40% (thus 100kg of wet starch yields
60kg of dry starch). This knowledge was confirmed from Novarianto et al. (2014) who took
measurements in Meranti, the same district as the case-study area, before and after drying the starch
from sago log samples of the same (spiny) variety, all with an approximate 40% weight reduction. Thus
the average amount of dry starch per log, from the processing mill owners’ estimations, ranged from
18kg to 21kg, with an average of 19kg. At an average 9 logs per harvested trunk, this would give an
approximate total 170kg of dry starch per trunk. This yield was slightly lower than the estimates from
the NSP Administrator (Appendix A, Reference 7). As such, the lower yield was taken as a more
conservative estimate, see Table 3.2.
The industrial sago plantation in the region, NSP, is situated on peat of approximately 3m depth (Jong,
2001). The NSP Administrator (Appendix A, Reference 7) provided further information that the logs
from NSP give only 12% of their total weight in starch. Thus a 100kg log would yield approximately
12kg of starch. Furthermore, the industrial plantation sago palms provide a lower number of logs, at 7.5
logs per trunk on average. The average sago trunk in the industrial plantation area on deep peat would
thus yield 90kg of dry starch, a 47% lower yield than that of the community plantations on shallow peat.
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However, how much of this reduction may be attributed to the peat depth, and how much to other factors
such as a lower GWL, the maintenance schedule, or usage of shade trees, is unknown.
Table 3.1. Available quantitative yield studies of kilograms of dry sago starch per palm
Author(s), year,
location

Soil type

Jong and Flach,
1997, Sarawak,
Malaysia

Deep peat
(>150cm)
Mineral soil

Sim and Ahmad,
1977, Sarawak,
Malaysia

Peat (unstated
depth)
Mineral soil

83.2 – 178.4

5

122.6 – 188.4

4

Notohadiprawiro
and
Louhenapessy,
1992, Papua
and Maluku

Histosols

249 – 312

Entisols

153 – 345

Yamamoto,
2003, Sarawak,
Malaysia

Shallow peat
soil (<120cm)

Novarianto,
2014, Meranti
Islands,
Indonesia
Yamamoto,
2008, Meranti
Islands,
Indonesia

a

Starch yield
(in kg dry
starch per
trunk)
28.8
129.4

Sample size
(number of
trunks)
12
12

Notes
Harvested palms were only at 75%
maturity. Deep peat sago was
noted to have a much smaller leaf
crown.
Harvesting of sago trunks was
performed at different maturity
stages from before flowering to after
bearing mature fruit. The young
flower stage was said to yield the
highest starch amount.

Modelled,
1000 m2
observation
plots

Mineral soils also included
undeveloped soils. Different GWLs
were found to be a more significant
factor, as described in Section 3.1.1.

163.8 ± 30.8

4

Deep peat
(300-450cm)

179.8 ± 32.6

4

Mineral

174.9 ± 31.8

5

Shallow peat and mineral soil palms
matured in 10-15 years, deep peat
palms matured in 14-18 years. Deep
peat sago grew more slowly, and
gave higher yields, but possibly had
more favourable light conditions.

Tidal peatland
(unknown
depth)

134 – 350,
average
226.34

30cm peat
50cm peat
200cm peat

307a
409a
244a

30

Est. from
40m2 plots
(~25 palm
clusters
each)

The variety, noted as ‘thorny/spiny’,
was the same as the majority variety
of the case-study area.
All of the trunks sampled contained
the same starch content (i.e. the
percentage of fresh trunk weight
which is starch) at 24.5%. However,
the shallow peat palms weighed
more, thus providing more starch.

These values were found through chemical analysis, meaning the given yields were higher than from mechanical extraction.
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Table 3.2. Case-study sago yield breakdown comparison between smallholder (n=24) and
industrial (n=1) plantations
[Unit]

Average yield of dry starch per log
Average number of logs per palm
Average yield of dry starch per palm
Average palms harvested annually
Average annual yield of dry starch

[kg per log]
[logs per trunk]
[kg per trunk]
[trunks ha-1 yr-1]
[kg ha-1 yr-1]

Smallholder
plantations on
shallow (1-2m) peat
19
9
170
65
11,050

Industrial plantation
(NSP) on deep peat
(>3m)
12
7.5
90
50
5,500

3.2.3 Sago maturity, peat depth, and fertilizer implications: literature analysis
The second measure to assess was production in terms of sago palm trunks per unit area and unit time.
Yields in these terms were found to be lower for sago palms grown on (deep) peat soil than those grown
on mineral soil, due largely to a longer growing period until maturity (Flach & Schuiling, 1989; Flach &
Schuiling, 1991; Fong et al., 2005; Jong & Flach, 1995; Kaneko et al., 2006; Notohadiprawiro &
Louhenapessy, 1992; Yamaguchi, 1997; Yamamoto et al., 2003). Jong and Flach (1995) specifically
found that sago on mineral soil required 10 years to grow until maturity, whereas palms on deep peat
required 12 years. Yamamoto (2003) found that the age of maturity for the shallow peat and mineral soil
palms was 10–15 years, but 14–18 years for palms grown in deep peat soil.
Slower growth of sago palms in peat has been attributed to the lower availability of nutrients in deep
peat soil insufficient to meet the high nutrient removal of sago palms (Flach & Schuiling, 1991; Jong &
Flach, 1995; Fong et al., 2005; Schuiling & Flach, 1985). Fong et al. (2005) analyzed the soil at a sago
plantation in Sarawak, Malaysia, whereby palms of the deep peat area were suffering stunted growth,
not forming trunks, and dying more frequently. They compared palms from the deep peat (150-300cm)
to shallow peat (<150cm) areas. They found that total Nitrogen (N), available Phosphorous (P), and total
Potassium (K) were 21%, 44%, and 58% lower in the deep peat section as compared to the shallow peat
area. As such, they attributed the issues of sago growth on deep peat to nutrient deficiency.
However, the literature available on fertilizer addition to sago in deep peat is scarce and inconclusive.
Kueh (1995) took measurements on undrained deep peat over 12 years of sago growth and found that
Nitrogen fertilizer addition did not result in higher Nitrogen uptake, measured through frond
concentration, by sago. Phosphorous and Potassium addition did result in higher concentrations
measured during the 5th and 7th years, respectively, however, there were no differences found in the
included growth indicators. Watanabe et al. (2009), found that a high (ten times larger than the standard)
application of Nitrogen, Phosphorous, and Potassium (NPK) led to significantly greater palm heights
over 15 months for sago on deep peat. There was no effect from a lower NPK application, nor from a
high microelement application (of CuSO4, ZnSO4, Borate, and FeSO4). Ando et al. (2007) found no
effects on growth when subtracting the application of minor elements (Cu, Fe, Mn, and Zn) from the
NPK fertilizer mix applied to sago in deep peat (of 3m depth). The 5-year old palms also had lower than
average height despite major and minor nutrient fertilizer application. Ando et al. (2007) concluded that
spot application may not be a sufficient fertilizer method in deep peat.
As such, issues related to fertilizer application experiments may include application amounts, rates, and
methods. Kueh (1995) highlighted the difficulty of fertilizer application in undrained peat conditions,
recommending such application methods as trunk injection, foliar feeding, and root feeding, or
application during dry months. Different trial experiments have thus far not been conducted with sago.
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Work from Kakuda et al. (2005) revealed that increased fertilizer application, however, may result in
higher sucker count and weight instead of increased palm growth. As such, fertilizer addition would
require strict and careful maintenance.
In terms of the amount of fertilizer required, Jong and Flach (1995) calculated the nutrient uptake per
year of a sago palm cluster based on the measured nutrient content of sago trunks and leaves. They
assumed that a cluster would consist of five trunks and three suckers, all 18 months apart in age, at the
end of 12 years when the first trunk would be harvested, see Figure 1.1. At this point, the nutrient uptake
of the sago palm cluster would have totalled 5.2kg of Nitrogen, 1.1kg of Phosphorous, 6.7kg of
Potassium, 11kg of Calcium, and 1.6kg of Magnesium, spread over the 12 years with a gradual annual
increase. As such, a 100 sago palm cluster per ha planting would require 520kg N, 110kg P, 670kg K,
1,100kg Ca, and 160kg Mg (thus 1,150kg urea, 760kg rock phosphate, 1,350kg muriate of potash and
4,800kg of dolomite) at the end of 12 years. During harvest, Jong and Flach (1995) allowed that the
palm crown remains in the field to return some nutrients, but that the removal of the trunk accounts for
the majority of nutrients, so continued fertilization would still be required. However, Watanabe et al.’s
(2009) studies, mentioned above, employed a control level of fertilization similar (though slightly higher
and at a fixed amount per year) to the amounts given by Jong and Flach (1995) Such levels did not result
in improved growth of sago on deep peat. Only ten times these nutrient amounts, trialled by Watanabe et
al. (2009), yielded a difference in growth rate, so the above amounts are probably underestimated,
possibly due to a high amount of the loss of fertilizer on peat.

3.2.4 Sago maturity, peat depth, and fertilizer implications: case-study results
From the case-study area, the sago smallholders did not utilize fertilizer, however they are possibly not
growing sago on deep peat. A few field observations noted peat measurements of 1.5m, 1.6m, 3m, and
1.5m in the case-study area, taken in four different plantations, all roughly 400m from the parit. The
Village Head (Appendix A, Reference 2) and many of the smallholders described the sago trunk field
processing procedure, whereby the frond crown and the bark is stripped from the trunk and left in the
field, as the only form of fertilization. Only one interviewed smallholder had started trialling fertilizer in
four of his 15 hectares in the last four years due to poor growth of his sago, but had not noticed an effect
(Appendix A, Reference 8). NSP, however, was said to use fertilizer by the community (Appendix A,
Reference 2; Appendix A, Reference 8), but the NSP Administrator (Appendix A, Reference 7) stated
that their sago crops did not require fertilization to grow. Past experiments with fertilizer were
conducted at the industrial plantation by Jong (2001), though only one section of the plantation was
mentioned in the study. Starting at one year of age, measurements of growth through palm height, frond
production, and crown size over four years showed normal growth comparable to sago of mineral soil.
Whether fertilizer use was continued is unknown, but the NSP Administrator (Appendix A, Reference 7)
stated that the industrial plantation suffered from low productivity at the time of interview. The sago
smallholders were harvesting mature sago at ten years of age on average, which aligns with the literature
for mineral or shallow peat soil. At what age or maturity level NSP harvests their sago palm trunks is
unknown.
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CHAPTER 4. MARKET POTENTIAL: THE SAGO VALUE CHAIN.
4.1 Value chain mapping
In order to gain an idea of the sago industry structure in the case-study area, value chain mapping was
undertaken. First, the key actors, products, and main locations were mapped for the core processes of the
sago supply chain.

Figure 4.1. Value chain map for case-study area. Rounded rectangles represent actors, sharp rectangles represent locations,
and circles represent products. The final dashed arrows represent the uncertainty of the final destination of the dry and wet
sago starches after further processing.

As shown in Figure 4.1, the main actors identified in the case-study sago value chain included: the
smallholder plantation owners, the mill owners/small-scale traders, the NSP industrial plantation
company, the wholesale trader, and the small home industry owners. Plantation maintenance workers,
NSP employees, harvesters, mill workers, shippers, and others (including at times unpaid family labour)
are also heavily involved. The wholesale trader links the smallholder chain to a processing centre and
further marketing activities in Malaysia, whereas NSP sells their starch directly to a centre in Cirebon,
West Java. A more thorough description of the main interviewed actors and their activities across the
different locations is detailed in the following subsections.
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4.1.1 Sago plantation smallholders
In Sungai Tohor, all sago plantations are privately owned, there is no common sharing and harvesting of
wild or semi-cultivated sago forests, as the system commonly is arranged in areas like Papua (Appendix
A, Reference 2).
The first activity of establishing a sago plantation is the acquisition of the land. Many of the farmers
claimed wild land or inherited their land, particularly amongst those with older plantations. Six of the 25
owners purchased their plantation or additional land for the plantation. The first step of preparing a sago
plantation in the previous decades was land clearing, whereby forested areas were logged and cleared.
After land clearing occurred, sago was planted by means of suckers collected from natural sago stands.
Planting by suckers is the preferred method as the seed germination rate is very low, whereby sucker
translocation has a success rate of between 50% to 80% (Appendix A, Reference 8; Jong, 1990).
Originally, farmers transplanted suckers from the forest, then purchased from nurseries, though now
most farmers rely on suckers from their own plantation areas (Appendix A, Reference 8). After the
planting of sago, maintenance is performed two to four times a year for the first two to four years. This
maintenance focuses on the clearing of competing vegetation of grasses and weeds, as well as the caring
of young palms. After this period, whereby the leaf canopy closes, is over and a sago stand has become
established in the area, maintenance can be performed once every year or two. During this time, sago
palms are cleared of excess suckers and some lighter weeding occurs. Maintenance is not completely
necessary, but the interviewed farmers noted that it is highly recommended to perform. Maintenance has
either been performed by the farmer personally (with or without familial help), or by paid labourers
(approximately half of each type). As stated in earlier sections, without yearly maintenance, sago stands
become overgrown and productivity decreases.
After 8.0 to 12.5 years, typically, the first harvest of sago palms is possible (Appendix A, Reference 8).
Sago plantation smallholders, as well as NSP, pay fieldworkers to harvest the sago palm trunks. The
process begins when plantation owners visit the selected area with the labourers and identify mature
palms to harvest. From across the interviews, farmers stated that they know when a palm is almost fully
mature as the leaves will first develop a midrib and shorten (Appendix A, Reference 8). After, the palm
will develop an inflorescence in the apex of its leaf crown which will begin to flower. Right before or at
the point of flowering it is ideal to harvest, and respondents noted that by the time fruit appears the sago
is too old to harvest. These descriptions match to the literature, as discussed in Section 1.2, whereby
Schuilling (1991) notes that in sago’s last life cycle stage, a large and branched inflorescence grows,
flowers, and bears fruit over the span of three or more years. After the inflorescence begins to form,
starch production halts and the accumulated starch is utilised to produce the palm’s flowers and fruit. As
such, the time right before flower formation is the optimal time to harvest.
Harvesting per unit area is conducted from twice a year to every other year, though the majority harvest
a particular area once a year. Sago plantation owners noted that harvesting did not depend on a specific
schedule or season, but rather when owners felt that there were a sufficient amount of mature palms
upon visiting the plantation with the workers (Appendix A, Reference 10). When there were issues of
low water due to the canalization, as discussed in Sections 2.1 and 3.1.2, farmers would harvest more
during the wet season for easier log transport through the parit. Restoration of the GWL in the area
allowed that this was no longer necessary. Toyoda (2018) notes the flexibility of the harvest time of sago
as greater than any other crop, which is one strong advantage of sago. The harvesting process lasts
anywhere from two weeks to two months, depending on the size of the area and the number of trunks to
harvest (Appendix A, Reference 8). Plantation owners employ between two to ten field workers during
this harvest time, or five fieldworkers on average. Two of the plantation owners stated that the owner of
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the processing mill which they sell to sends fieldworkers to harvest their sago: they are likely part of the
‘ijon’ system (literal translation: ‘binding’), an inequitable situation whereby palms are bought for a
lower price before they have fully maturity.
According to a fieldworker, the typical working conditions for a harvester are six days a week for eight
hours a day (Appendix A, Reference 10). Labourers provide their own tools, typically machete, axe, and
sometimes chainsaw. He noted being able to harvest one to two palms per day by machete and received
15,000 IDR per log on average. With an average of nine logs per palm, this gives a daily wage of
135,000 to 270,000 IDR. Though this worker did not have a chainsaw, he stated that harvesters could
double their output to three to four palms per day through use of a chainsaw. This fieldworker was
employed by one family with many lands and goes to different areas to harvest all year, though other
fieldworkers will work for various families. According to the Village Head, most men of the village
perform this work at some point before inheriting land or taking other jobs (Appendix A, Reference 2).
However, older labourers, without land perform this work often as their primary job. Labourers are
always paid per log, but at times multiple fieldworkers work together whereby one labourer cuts and
processes the log and the other transports it. In this situation, they will split the payment of the log with
the transporter receiving less (Appendix A, Reference 10). Labour is scarce in the village as the job is
physically demanding (Appendix A, Reference 2, Reference 4).
First the fieldworker fells the mature palm trunk, either by chainsaw or axe. Then the trunk is cut into
logs, locally called ‘tuals’, of one-metre length, from below the leaf crown to the end of the trunk. After
this, the outer, bark-like layer of the trunk is sliced off, using the machete. The worker then cuts a hole
through one side of the log, so that the logs can be tied together to form a raft for transportation through
the parit. All of the residue from this process is left in the field as a natural fertilizer. The logs are pushed
to the parit over wooden poles, laid in the pathway as a rail system, then strapped together with rope to
make a raft and guided down the parit to the processing mill. Note that this transport of the logs is
included in the unit wage to the harvestor. According to the plantation owners interviewed, the sago logs
can stay in these freshwater canals for up to a month, and even up to two months in saltwater (Appendix
8, Reference 8). In practice this rarely happens, as the demand for sago logs currently exceeds the supply
according to the processing mill owners (Appendix A, Reference 8). Instead, the logs may wait in the
canal up to a week to be processed.

4.1.2 Small-scale sago processers and traders
There were fourteen small-scale sago processing mills in the case-study area. All of the fourteen mill
owners were also sago plantation owners and can be considered small-scale starch traders as they sell
wet sago starch to an intermediary wholesale buyer. The first mills in this area began operating in 1995,
with simple construction and machinery, and allowed sago plantation owners to process their palms
locally. These original mills were funded through the government or by the wholesale trader, though
newer mills were constructed individually by successful sago plantation owners. According to the
Village secretary, the creation of the processing mills allowed the vast majority of the sago plantation
owners to exit the ‘ijon' system as the trunks could be processed locally, instead of wholesale across
long distances (Appendix A, Reference 3).
The mill processing begins when the mill workers receive sago logs from the plantation fieldworkers
and inspect the logs for size and quality, whereby more recently harvested and less damaged logs are
preferred. Some mill owners state that they also know better quality comes from specific lands. The mill
owners report that a loss of quality of the starch will start to occur if the logs are left longer than one
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month in canals. The mill workers take the logs from the canal, cut them into smaller pieces, and feed
the logs into the rasper machine, up to 37 logs at a time (Appendix A, Reference 8; Samaiaji &
Hutauruk, 2018). The processing which occurs at all of the small-scale mills in Sungai Tohor can be
considered mechanical and semi-modern. Diesel engines are used to power a rotary rasper which shreds
the log and ruptures the cell walls of the trunk, allowing the starch to exit the cells (Ehara et al., 2018).
This grated mass then enters a stirring barrel, along with water pumped from the canal, and is stirred for
45 minutes so that the starch is extracted. The water starch mixture then passes through a cloth mesh to
separate the fibre from the starch and after enters a concrete holding tank (Samaiaji & Hutauruk, 2018).
As one mill owner explained, the mills in Sungai Tohor do not have access to clean water to process
clean starch, which is why they all sell wet ‘pati kotor’ starch, or ‘dirty starch’.
The starch remains in the holding tank for up to two weeks, by which time packaging and transportation
occurs. Typically the sago mills require 3-5 labourers to be there each day for ten hours in order to
receive and process the logs. The entire process of receiving and processing one round of logs takes
around three hours, which allows for three rounds of processing per day (Appendix A, Reference 8;
Samaiaji & Hutauruk, 2018). In regards to packaging and transporting the starch, the labourers spend
one day per two weeks to package the sago from the holding tank into 100kg bags and load them onto a
small boat. These workers shovel the starch into the bags and drain the water from the tank directly into
the canal. This water is not treated and there is no holding pond or such to empty it into.
First the bags full of wet starch are weighed, then packed onto small boats which deliver the sago starch
to a larger ship waiting in the sea which is owned by the sole wholesale trader. On the large ship, the
sago starch is unloaded and a transaction note is given, which the processing mill owners take to
Selatpanjang for cash. The ship finishes the journey of delivering all of the starch of from the village to a
second processing facility in Batu Pahat, Malaysia (Appendix A, Reference 3). This process occurs once
every two weeks, all year, and all of the sago mills of Sungai Tohor take part. The village has a
Memorandum of Understanding with the wholesale trader which is renewed every year, and around 300
tonnes of sago are expected to be delivered per trip, thus a minimum of 600 tonnes per month (Appendix
A, Reference 3). The wholesale trader lives in Selat Panjang, the capital of Kepulauan Meranti Regency,
and has been the sole buyer of sago starch from Sungai Tohor since the beginning of the export sago
industry of the village in the 1990s (Appendix A, Reference 3).
Currently, the average price per kilogram of wet, unclean sago starch was given as between 1,900 to
2,200 IDR from the seven processing mill owners, with an average of 2,086 IDR. The mill owners noted
that they must go to Selat Panjang to receive payment and that the price given fluctuates with the
exchange rate between Malaysian Ringgit and IDR, as they are paid in Ringgit. The price is also higher
this year than ever before. Previously from 2015 until the end of 2018, the price fluctuated between
1,700 to 1,800 IDR (Appendix A, Reference 8). In terms of relationships, the mill owners described the
relationship with the sole wholesale trader as a good relationship with timely payments and on-going
communication conducted over the phone. Even so, one mill owner looks forward to the opening of the
new processing unit, described below, which will process wet starch into dry starch for the creation of
sago products to be sold in Indonesia. He believes then that the mill owners will receive a higher and
more stable price for their wet starch (Appendix A, Reference 8).
The new sago processing facility, currently under development on the island, will include wet sago
processing, dry sago processing, and additional processes to create secondary sago products (Appendix
A, Reference 3). The project also includes a pier and a road, which were not yet finished at time of
fieldwork, and was receiving 90 billion IDR, equivalent to 6.3 million USD, in total government support
from the Ministry of Industry and Trade (Appendix A, Reference 1). The Village secretary (Appendix
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A, Reference 3) hoped that the facility would be operating by next year, however the Meranti official
(Appendix A, Reference 1) noted that only 20 billion IDR of the budget has been issued so far. When
this new processing facility does begin operation, it can be expected that the entire commodity chain of
sago from Sungai Tohor will be altered. This would be a great opportunity as a lower loss of sago starch
from the processing should be achieved, by-products may be captured for sale, and the village will
control a larger and higher value part of the supply chain of sago.

4.1.3 Sago product home industries
According to the village secretary (Appendix A, Reference 3), 99% of the sago starch produced in
Sungai Tohor is currently sold to the wholesaler and subsequently exported to Malaysia. The remaining
1% of sago starch stays in the village to be used by home industries in the making of sago food products.
Unfortunately, following the value chain further along the major, commercial stream was not possible
due to the reluctance of the sago wholesaler to be interviewed. However, the villagers believed that he
sells the sago starch to the second processing centre for approximately 2 Malaysian Ringgit, equivalent
to 6,900 IDR on average in 2018 (Appendix A, Reference 4). As such, this section focuses, instead, on
the minor chain segment (see Figure 4.1) of the sago product local home industries.
There are 100 registered home industries in Meranti District, and the majority of these are on the Tebing
Tinggi Timur island where Sungai Tohor is located (Appendix A, Reference 1). The Food Crop and
Animal Husbandry Food Security Agency supports these home industries by providing technology to
produce sago food products, ensuring food quality control, and promoting sago products outside of Riau
province. The Meranti official (Appendix A, Reference 3) noted that sago home industry products are
sold across all of the districts of Riau, as well as in Java and Malaysia. Soon the agency hopes to
facilitate the export of products to Thailand, particularly sago noodles and sago ‘rice’.
Home industry owners in the case-study area are able to obtain wet sago starch directly from the
processing mills, typically through a personal connection. The home industry owners pay roughly the
same price as the sago mill owners receive for the exported sago, around 2,000 IDR per kilogram of
starch (wet). The sago can be used wet to make many home industry products, but needs to be used
within a couple of days after purchasing. All of the home industry owners noted that the sago starch
must be cleaned first, though they calculate different amounts of weight loss during the washing process,
as shown in Table 4.2.
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Table 4.2. Financial data of value added home industry food products from case-study area

Original investment
Wet starch loss during
processing
Price for wet starch
Price after
accounting for
processing loss
Price for kg of
product
Cost of additional
materials per kg
starch
Gross Value Added
Amount sold per
month

[Unit]

Noodles

[IDR]
[%]

14,700,000
30%

Coconut
snack
3,700,000
25%

[IDR kg-1]
[IDR kg-1]

2,200
3,1400

[IDR kg-1]

Chips

Sugar
0
50%

3,654,000
40%

2,000
2,700

2,000
3,600

2,000
3,600

7,250

20,000

25,000

30,000

[IDR kg-1]

2,800

2,400

9,400

700

[IDR kg-1]
[kg]

1,300
1,000

15,000
40

12,000
60

26,000
12

The noodle product is managed by a sago plantation and mill owner who employs two women to carry
out the work (Appendix A, Reference 9). The other products are all made by women, supported by the
Women’s Group of the village. The interviewees were all happy with their home industry businesses.
The three interviewees of the coconut snack spoke about how before beginning the home industry there
was not much to do, they were bored, and would sleep for much of the day (Appendix A, Reference 9).
Now that they make this food product, they are able to help out with the daily expenses of the
household, such as buying different kinds of foods. The home industry businesses are flexible and do not
operate on strict order schedules. The majority of the products are sold locally, within the village and to
other villages, though sometimes sent even further as described previously. All of the interviewees
stated that customers come to them to buy their products and communication is over cellphone. If they
are asked to bring the products somewhere else, they are paid extra for their travel.

4.1.4 Industrial sago plantation and processing company
The sago industrial plantation in the area comprises of 21,620 hectares and is owned by a private
company, NSP. As mentioned in Section 2.1, the NSP concession area is on deep peat of between 2 to 3
metres. The total mature area of the plantation in 2018 was 6,000 ha, which is approximately half of the
planted area in 2018 (Appendix A, Reference 7; Sampoerna Agro, 2018; see Appendix E, Table E.4).
Plant spacing for the sago palms is 8m2, so approximately 150 sago trees per hectare. The annual harvest
was approximated at 50 trees per hectare per year with 7.5 logs per palm trunk (Appendix A, Reference
7). NSP begun construction of their dry sago starch processing mill in 2010, which was put into
commission in December 2011 (Sampoerna Agro, 2012). This mill has the capacity to produce 100
tonnes of dry starch per day (Sampoerna Agro, 2010). Locals from surrounding villages are employed in
the maintenance of the plantation area, the harvesting process, and the operation of the mill. Apart from
their own concession’s sago production, the company additionally purchases logs from the smallholder
plantations (Appendix A, Reference 7). The relationship between the community and the industrial
company is not particularly good, as many individuals in the community blame NSP for the lowered
water table, from their canalization, and the subsequent reduction in sago productivity and peat fires
(Appendix A, Reference 7; Appendix A, Reference 8).
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NSP’s sago starch is branded under the name “Prima Starch”, with registration approval and Halal
certification granted in 2012, and is valued as a premium starch product (Sampoerna Agro, 2011). NSP
begun its operations with the vast majority of sales (99.5%) channelled into the domestic market, as well
as a small contracted amount exported to Japan. However, by 2013 end, 20% of sales were exported to
Japan and Malaysia. This percentage continued to rise to 55% of production targeted to Japan and
Malaysia in 2015. However, by 2018, this had reduced to 40% of sales, now targeted at Japan and South
Korea. By the time of interview in February 2019, NSP only mentioned the domestic market in Cirebon,
though the local community still believed that the company was exporting to Japan (Appendix A,
Reference 7; Appendix A, Reference 2). Aftersales service and monitoring for sago starch is provided by
NSP to ensure customer satisfaction (Sampoerna Agro, 2018). The sago concession of NSP, as a
subsidiary of Sampoerna Agro, was acquired as part of a sustainable diversification scheme to protect
against fluctuations in the oil palm market (Sampoerna Agro, 2010; Sampoerna Agro, 2016). The
production of higher value addition from the starch product was one of the specific aims. The sago
starch was likely intended in part for biofuel production, as NSP was acquired specifically through the
Sampoerna Bio Fuels subsidiary, also established in 2009 (Sampoerna Agro, 2011, 2010). The 2011
annual report also noted that one tonne of sago starch could produce 160 litres of bioethanol (Sampoerna
Agro, 2010, 2011).

4.2 Quantitative flow
In Table 4.3, all of the most important primary quantitative information gathered in the case-study area
is displayed for direct assessment. This information was divided into supply chain actor groupings so
that there may be comparison across groups. The smallholder sago producers or farmers are the
upstream actors, the small-scale sago starch mill owners are the midstream actors, and the home industry
entrepreneurs are the down-stream actors. Equivalent dry starch revenues are provided throughout the
table in order to contrast with the comparison case, see Table 4.4.
As one can see, the gross revenue for the sago smallholders is at 2,200 IDR per kg dry starch, which
increases to 3,480 IDR per kg dry starch from the processors, on average. As such, the farmers in Sungai
Tohor receive approximately 63% of the total revenue per kg of wet sago starch sold. The gross revenue
for the home industry entrepreneurs becomes much higher than that of the upstream actors, though much
smaller amounts of product are sold. The gross revenue for both case-study smallholders and processors
is lower than the typical ‘share’ arrangement of the comparison case (see Table 4.4), as well as the gross
revenue of the secondary producers. The next section will delve into the reasons behind this.
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Table 4.3. Quantitative value mapping of the small-scale sago industry of case-study area

Upstream actor: Smallholder producers
Indicator
Production

[Unit]

Range

[logs ha-1 yr-1]

Production area per farmer

[ha]

Total production per farmer

[logs per year]

Average

210 – 1,350

580

2 – 61

10

300 – 59,000

6,500

Variable costs (labour)

[IDR per log]

10,000 – 17,000

12,000

Farm-gate price

[IDR per log]

40,000 - 47,500

41,700

Gross revenue: equivalent wet starch
pricea

[IDR per kg wet
starch]

1,100 – 1,600

1,300

Gross revenue: equivalent dry starch
priceb

[IDR per kg dry
starch]

1,900 – 2,600

2,200

Mid-stream actor: Small-scale primary processors
Indicator

[Unit]

Range

Average

Production per day per mill

[t wet starch per
day]

2.0 – 3.5

2.8

Operational days

[days annually]

182 – 336

294

460 – 1,180

820

Total production per millc

[t wet starch
annually]

Variable costs (raw material, labour,
diesel, transport, packaging)
Gross revenue: midstream price

[IDR kg–1 wet starch]

1,450 – 1,900

1,700

[IDR kg–1 wet starch]

1,900 – 2,200

2,100

Gross revenue: equivalent dry starch
priceb
Gross Value Added (average only)

[IDR kg–1 wet starch]

3,170 – 3,670

3,480

[IDR kg–1 wet starch]

–

630

Down-stream actors: Home industry entrepreneurs and vendors
Indicator
Production per year
Variable costs (wet starch, food additives, packaging,
other)
Gross revenue: downstream price
Gross value added
a

[Unit]
[kg product]

Average
140 – 12,000

[IDR kg–1 product]

5,900 – 10,000

[IDR kg–1 product]

7,250 – 30,000

[IDR kg–1 wet starch]

1,300 – 26,000

Using the equivalency of 30 to 35kg wet starch per log range and 32kg per log on average (Appendix A, Reference 8)
Using the equivalency of 60:40 starch:water content (Appendix A, Reference 2)
c
Total village average production (across all mills): 7,270 tonnes wet starch per year
b
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4.3 Comparison between case-study and comparison case
As noted, additional information on a different sago production area incorporating Konawe, Southeast
Konawe, and Kandari of Southeast Sulawesi was conducted via interview with an FAO sago project
manager (Appendix A, Reference 5). Information from the project established in Southeast Sulawesi
was briefly compared to the case-study area.
Integrated system:
The processing mill in Labela Village, Konawe District can produce 400 to 500kg of wet starch from
one sago trunk (Appendix A, Reference 5). The average yield from the small-scale mills of the casestudy area was approximately 290kg of wet starch per sago trunk (with 9 logs per trunk on average). The
sago starch of Konawe District has the same 40% water content, thus yielding 240 to 300kg of dry starch
per sago trunk, as compared to an average of 170kg of dry starch equivalent in Sungai Tohor. The
integrated mill in Konawe District mill aims to be zero waste: the sago bark is used to make charcoal,
dregs are utilised for mushroom growth and fertilizer creation, and the liquid waste is channelled for
biogas or ethanol production. Because clean water is used, the wet sago does not have to be cleaned
afterwards during sago product production (Appendix A, Reference 5). In Sungai Tohor, sago palm bark
is used as a type of fertilizer in the field, in lieu of charcoal creation. The other added value products of
fertilizer and mushrooms from dregs and biogas/ethanol production from liquid waste are not realised in
Sungai Tohor.
Value addition:
Sago farmers of Konawe and Southeast Konawe districts also own their land individually and pay
workers to harvest (Appendix A, Reference 5). These smallholders typically engage in equal profit
sharing (50% of returns) with the processor. The average price per kg of dry starch was 9,635 IDR, with
a special price structure in place (detailed below). Thus one trunk gives an average price between
2,300,000 to 2,900,000 IDR, meaning that the average return for both the farmer and the processor then
ranges from 1,200,000 to 1,400,000 IDR per trunk under the profit sharing scheme. The farmer could
also sell the trunk and receive payment immediately, but then the maximum price is 200,000 IDR. This
is a massive loss of 91 – 93% of profit, and thus occurs only rarely, when a farmer needs money
immediately (Appendix A, Reference 5).
As mentioned previously, the return per trunk in Sungai Tohor ranges from 300,000 IDR to 600,000
IDR, with the average return falling at 370,000 IDR. This is closer to the rare and highly reduced direct
pricing of Konawe than it is to the typical, profit-share price. However, the difference in returns is not
due to the lack of fair payment sharing between producer and processor. As detailed previously, the
farmers in Sungai Tohor receive ovre 60% of the total revenue per kg wet sago starch sold, thus an even
higher proportion. The difference in revenue, instead, stems partially from the lower starch yield, on
average 36% lower in Sungai Tohor, and partially from the lower starch price. The price received in
Sungai Tohor would equate to a 64% lower price of the dry starch equivalent than the price received in
Konawe (after converting the wet price received in Sungai Tohor to a dry starch shadow price).
However, this figure is somewhat inaccurate as it doesn’t take into account the loss from cleaning the
starch which must be performed with the dirty starch from Sungai Tohor (due to the peat water usage),
but not the clean starch from Konawe. The additional costs of using clean water or drying the starch in
Konawe were also not taken into account. However, once investment in the necessary equipment is
made, the difference in the additional operational costs would likely be minimal. In Sungai Tohor, water
still needs to be pumped from the canal in lieu of a well, and the drying in Konawe is done by sunlight in
a dryer room (similar to a greenhouse), thus the process does not require energy.
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The Womens’ Groups of Kandari receive a special price of 8,000 to 9,500 IDR per kg of dry starch
(compared to 10,000 IDR for other customers) (Appendix A, Reference 5). The variation for the
discounted price is due to available supply at the time. The Konawe processing unit produces 4 to 5
tonnes of dry starch per month and sends one tonne to the Kandari group. The Womens’ Groups produce
1,000 boxes of biscuits a month and 400 boxes of chips, which are sold locally. The price was 20,000
IDR per box of 95 grams of chips and 25,000 IDR per box of 95 grams of biscuits. As such, the gross
revenues which the different value chain actors of the comparison case receive were found as shown in
Table 4.4.
Table 4.4. Southeast Sulawesi, comparison case, average gross revenues
Value chain actor
Payment scheme:
Producers
Processor

[Unit]

Share
[IDR kg–1 dry starch]
[IDR kg–1 dry starch]

Secondary product:
Secondary processors/vendors
(Womens’ Groups)

Average gross revenue
4,820
4,820
Chips

[IDR kg–1 dry starch]

210,500

Direct (minor)
740
8,900
Biscuits
263,200

Though the processors and Womens’ Groups appear to make much higher returns from their product,
calculating their costs of production was not possible due to limited information. As such, the value
addition between the two locations cannot be directly compared. However, as this project has had
support in developing efficient operations and stronger marketing, implying greater market information
and power, higher returns would be expected. It can thus be assumed that the producers, primary
processors, and secondary product processor groups of the comparison area are receiving higher returns
that those of the case-study area, as shown through comparison with Table 4.3.
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CHAPTER 5. SAGO FINANCIAL RETURNS FROM THE CASE-STUDY AREA.
5.1 Smallholder plantation agricultural variables
Farm characteristics and sago varieties
From the sago farmers interviewed, the individual plantations were noted to range from 1 hectare to 60
hectares in size, with an average of approximately 10 ha (Appendix A, Reference 8). Fifteen of the
farmers interviewed had acquired their plantations from 1967 to 1986, while ten farmers had acquired
their plantations from 1990 to 2011. All of the plantations were considered situated to be on peat soil,
classified as peat of 1m to 2m depth (Wahyunto, 2003).
Sago folk varieties in the area were locally called duri (meaning ‘very spiny’), bemban (‘not spiny’), and
sangka (‘somewhat spiny’). However, respondents stated that the vast majority of the sago planted and
harvested (90%) were duri. This is largely because the young duri sago are more resistant to pests,
specifically the wild boar, due to their spines.

Yield by trunk and by log
The farmers were questioned as to how many palms they harvested per unit area and through which
harvest schedule. Answers were standardized to an annual harvest rate per hectare, with variation in
harvest frequency noted (whereby 13 harvested each year, 8 every other year, 2 twice per year, and 1
every year and a half). Of the twenty-five farmers, one response was not taken into account as it was an
estimation of a plantation that had not yet reached maturity.

Yields (trunks ha–1)
Minimum
20
First quartile
32
Median
60
Mean
65
Third quartile
78
Maximum
150

Figure 5.1. Case-study yield in sago palm trunks per hectare per year, n = 24

As can be noted in Figure 5.1, there was a high level of variation in the yields reported by the sago
plantation owners. The most compelling reason likely behind this difference in yields is that of
maintenance by sucker selection and trimming. According to estimations made from observations by
Flach (1977), a natural stand of sago could yield up to 40 trunks per ha annually on mineral soil,
whereas a semiwild grove would yield 60 trunks per ha annually. A cultivated stand, however, of a 277
palm trunks per hectare planting could yield 138 trunks per ha annually if maintenance were
continuously carried out. Flach and Schuiling (1989) noted that when too many suckers grow due to lack
of maintenance, sago plantations will start to resemble natural stands and diminish in productivity
throughout time. In their observation of sago growers of Johor, Indonesia, a 66% harvest rate of the sago
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clusters was possible for the first five to ten years of production with strict maintenance adherence. After
this period, production was believed to decline to a roughly 40% rate or less, which would be the same
yield as a non-maintained, natural stand. Furthermore, Yamamoto et al. (2008) found that an older
plantation could continue producing high yields if strict maintenance were observed. Plantations without
maintenance, however, steadily declined in harvest yields. In their observations, the age did not correlate
with the yield of a plantation and large variability could be found between consecutive years.
The data from the case-study area corresponds with these previous studies. For those plantation owners
with lower yields, maintenance was cited as a predominant issue (Appendix A, Reference 8). Seven of
the ten plantation owners who had annual yields below the median of 60 trunks per ha gave reasons
related to issues of maintenance: three said that their (self-performed) maintenance was too much to
carry out and/or too difficult, two had stopped maintaining the plantations, and two were getting too old
to manage the maintenance. As for other reasons for low yields, the other three respondents, all three
noted that their sago was growing slowly or not growing well because their land is too dry. Two of these
respondents additionally stated that they were having too many issues growing new sago because of
pests, for one because of the beetle and for the other because of the monkeys and pigs. Plantation age in
the case-study area did not correlate with yields.
Further, as mentioned previously, in Sungai Tohor, sago palms are immediately cut into one-metre logs
before they are transported to the nearest processing mill (Appendix A, Reference 8). From field
observations, the logs were typically 1.1m in length, thus the provided 1 metre designation was highly
accurate. These logs are the designated unit of purchase, i.e. plantation owners are paid by the log.
Plantation owners gave an average number of logs per palm that they expect, which ranged from 7.5 to
12, with the median and mean estimate falling at 9 logs. The Village head noted that poor soil would
produce palms of 7 logs, whereas good soil would produce palms of 11-12 logs (Appendix A, Reference
2).

Plant spacing
The respondents reported plant spacings (palm clusters per hectare) which ranged from 5.0m2 to 10.2m2,
with the average spacing falling around 8m2 to 8.5m2. It should be noted that these were estimated and
converted from a local spatial unit. As well, the estimated plant spacings differed at times from the
spacing that would result from the reported number of palms originally planted per hectare, particularly
when spacing was denser. This is likely because plantation owners were considering the spread of
clusters, i.e. the mother palm and her follower suckers. When plant density from the number of palms
originally planted per hectare was used instead to estimate the plant spacing where possible, the range
was then 7.5m2 to 10.2m2. The breakdown is as follows: one farmer with 7.5m2, fourteen between 8.5m2
and 8.7m2, and four with 10.0m2 to 10.2m2. Sago palm clusters in the case-study area are maintained so
that there may be a succession of palms once every year or two, meaning clusters typically consist of
one ‘mother’ palm, two to three child palms, and various suckers (Appendix A, Reference 8). No
relationship was found between plant density and yield, whether in terms of trunks harvested annually,
logs per trunk, or total number of logs per ha harvested. One reason for this being the low variability in
original plant spacing.

Age of harvest
Five of the twenty-four farmers interviewed harvested palms at an average of 8.0 to 9.5 years of age,
seven at 10.0 years of age, five at 11.0 years of age, and seven from 12.0 to 12.5 years of age (Appendix
A, Reference 8). The average harvest age for the case-study area was 10.5 years. No relationship was
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found between age of maturity and yield. Longer maturity ages, those above 8.0 years of age, may
indicate greater depths of peat soil (Flach, 1997).

5.2 Smallholder plantation financial variables
From the case-study area, the smallholder farmers were asked about the costs for establishing and
operating a sago plantation. The costs which were used in the analyses included the fixed costs and
operational costs for starting a sago plantation from an already cleared area. Fixed costs included land
costs, planting material and labour, maintenance and plant care, equipment costs, and equipment
depreciation costs. The operational costs were payment for harvest labour and transport.
The land costs were taken from Erniwati’s (2018) smallholder oil palm study, see Section 6.1, for
reasons of comparability. The cost was 30,000,000 IDR per hectare, approximately 2,300 USD. Clearing
costs were not used, as new plantations were assumed to be started on already deforested land, and light
clearing was embedded within the planting labour cost (Appendix A, Reference 8). For those
landowners who contracted labour for planting, the cost for the labour and planting material was
typically considered as a combined cost, as plantation owners normally paid labourers to both select the
sago suckers and plant them. This price at the time of visit ranged from 20,000 to 30,000 IDR, whereby
24,000 IDR is the average. As such, the average plantation owner who paid for labour and planting
material combined would spend approximately 3,170,000 IDR, on average, for a 132 palm per hectare
planting.
Some plantation owners did not pay for labour and/or planting material. In this case, planting required
approximately 6.5 to 13 person-days to plant one hectare, and the value of sago suckers when sold
independently was between 5,000 to 10,000 IDR. To calculate the opportunity cost of time and the value
of the inputs, the common daily labour rate for agricultural work in the village was taken, at 100,000
IDR per person per day, along with eight days of labour, as well as an average cost of 7,500 IDR per
sucker (Appendix A, Reference 8). The value of the labour and sucker input for a plantation owner who
pays for neither would thus approximate to 1,790,000 IDR for a 132 palm per hectare planting. The
average between the two ‘paid’ and ‘unpaid’ options, 2,480,000 IDR, was used in the analyses.
Plant maintenance activities for a new plantation were discussed and included cutting excess suckers
from the current palms and cutting grass and weeds. In the first three years, cutting grass and suckers
was typically performed three to four times a year as competition is stronger until the leaf canopy closes.
Afterwards, maintenance was commonly only performed once a year to once every other year.
Approximately half of the plantation owners contract maintenance and half self-perform, again 100,000
IDR per person-day was used as the wage rate for opportunity cost. The final costs were as displayed in
Table 5.1.
Table 5.1. Case-study smallholder plant maintenance activities, average expenditure
Maintenance time period

Person-days ha–1 yr–1

Cost (IDR ha–1 yr–1)

First three years

55

5,500,000

Annually after first three years

16

1,600,000

Notably missing from this account of costs are fertilizers and pesticides. The plantation owners from the
study area do not use any processed pesticide or fertilizer and the final sago product is considered
organic (Appendix A, Reference 8). As noted previously, sago is preliminarily processed in the
plantation by labourers cutting off the frond crown and the bark of harvested palms, which is left in the
field as a type of natural fertilizer. There was no extra payment to labourers for this.
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As for equipment, the harvest equipment generally consisted of axes and machetes, and at times,
chainsaws, to fell the sago palm. However, the chainsaw, axes and machetes were owned by the
labourers and can be considered to be paid for through the labour wage. In the case-study area, the only
equipment owned by the plantation owners was a pole railway used to facilitate the transport of the logs
to the parit. This rail system would therefore not be necessary to purchase until the first harvest (at
approximately 10 years), and can be moved from one harvest area to another area. Thus a rough
approximation of the cost was determined by using the cost of materials to create a pole railway for the
actual area typically harvested (known as a ‘jalur’, roughly a third of the size of a hectare). These poles
were noted to last between three and five years (Appendix A, Reference 8).
Table 5.2. Case-study area smallholder plantation owner equipment
Item
Pole railway

Average duration
4 years

Average cost (IDR ha–1)
120,000

Depreciation cost (IDR ha–1 yr–1)
30,000

The operational costs for the plantation included labour for the harvest and transportation of the sago
logs via outer canals, as well as labour to move the pole railway. Harvest labour is paid per log cut,
processed, and delivered to the mill, and the rate was from 10,000 to 17,000 IDR, with an average of
12,600 IDR per log. Labour to move the harvest tracks was roughly 630,000 IDR per hectare per year,
as 3-4 labourers are typically required at a rate of 50,000 IDR per day. However, this cost was calculated
from the number of times the railway is moved per year divided by the number of hectares in a landholding.
Private benefits from sago for the plantation owners are the profits from selling sago logs. None of the
plantation owners regularly sold any other sago palm parts (Appendix A, Reference 8). Mill owners paid
on average between 40,000 and 47,500 IDR per log, depending on the log’s diameter and the current
starch price, with the mean falling at 41,600 IDR per log.

5.3 Smallholder plantation private returns
The performed analyses used the majority or average values for all input parameters. For the number of
palms per hectare, the most common planting density was by far 132 palms per hectare. The average
expenditures for costs were used, as well as the average price per log. The average number of years until
first harvest, 10.5, was used, entailing the first harvest within the 10th year.
As mentioned previously, studies on sago yield variation over time found no correlation between
plantation age and yield. Data from the case-study area, likewise, did not show any defined trend in the
annual yield correlated to plantation production age. A few plantations which had been continuously
maintained still produced high yields, over 100 palms per hectare, as old as 22 to 30 years after the first
harvest. According to Professor Yamamoto (personal correspondence, 2019), without strict plantation
maintenance, there is a known decrease in yield throughout time. However, if yearly maintenance is
observed, then there is no known defined yield trend for a sago plantation. This information was also
relayed by Professor Bintoro (Appendix A, Bintoro) who stated that sago productivity does not decrease
with age. As such, the average yield found in the case-study area was used throughout the following
analyses.
For the average yield of 65 palms per year with 9 logs per palm and all average costs and prices, as
provided previously, at a 52 year time horizon, the private returns were found as given in Table 5.3. For
the full cash flow of this and all further analyses of the Chapter, see Appendix G.
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Table 5.3. The NPV and IRR for average sago smallholder plantation of the case-study area, 1
ha, time horizon of 52 years, n = 25
IDR ha–1

USD ha–1

NPV 8.5%

23,300,000

1,600

NPV 10.0%

4,900,000

300

IRR = 10.6%

Aside from this base scenario, it was also useful to consider a ‘no wait’ alternative scenario whereby the
sago palm maturity waiting period of ten years is not accounted for. This would occur, for example, in
the case of inheritance, purchase, or cultivation of a natural sago stand. However, more interesting for
this study would be the case whereby, through research and breeding, the sago palm maturity period
were shortened. In this hypothetical scenario, sago was assumed to require four years, one year more
than oil palm, to reach maturity. All of the other plantation characteristics, costs, and prices were kept
the same as in the base scenario. As such, the corresponding private returns would be as given in Table
5.4.
Table 5.4. The NPV and IRR for one hectare, average sago smallholder plantation of the casestudy area, 1 ha, time horizon of 52 years, with reduced maturity period assumed
IDR ha–1

USD ha–1

NPV 8.5%

94,100,000

6,600

NPV 10.0%

70,500,000

5,000

IRR = 20.8%

5.4 Small-scale processing mill financial variables
As noted in Chapter 4, the sago processing mills of Sungai Tohor can be considered to employ semimodern, mechanical processing. The sago mills were located at various points where the road and parit
widen to an outflowing river. As such, sago logs can be sent down the canal and directly to the mill and
processed starch can be packed on small boats which then ship to the sea. The sago logs are processed
by means of a diesel engine running a rotary rasp to shred the sago logs. The resulting mixture is stirred
and sieved into a holding tank. These mills produce wet and unclean starch from using canal water, so
costs for clean water or drying the starch were not included. None of these mills currently profit from
any sago starch processing by-products. One processing mill owner tried feeding the sago waste,
‘hampas’, to cows for a few months, but stopped due to the extra effort involved. The cost estimates
used were are from the interviewed mill owner respondents, focusing on the four most detailed
interviews, with inflation adjustments of the most recent investment costs provided.
Fixed costs for the mills included the cost of the mill building construction, machinery and depreciation,
and yearly inputs of rope and filters. The mills are wooden buildings with wooden platforms and cement
holding tanks. The best estimates for the most recent costs for the building were 25,000,000 in 2006 or
36,000,000 from 2008, which was given as the cost of both the construction and materials. Adjusting
these two for inflation using the Indonesian CPI led to a 2018 cost of 47,500,000 IDR and 58,320,000
IDR, respectively. An approximate average cost of 52,900,000 IDR is thus used, and the mill is assumed
to last approximately 25 years, as the oldest mill in the area was from 1995 and just beginning be put out
of use (Appendix A, Reference 3). No interest on loans was considered, despite the high start-up costs,
as the mill owners of the case-study area responded that they do not pay loan interest. Mills were either
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started through government funding or by ‘gift loan’ from the sole wholesale trader. Although this may
have been a cultural misunderstanding (Appendix A, Reference 3; Appendix A, Reference 8).
Major machinery starts first with the engine, whereby the most popularly cited version currently used
cost approximately 54,000,000 IDR. The construction of the roller rasp was valued at 4,500,000 IDR,
two water pumps at 7,500,000 IDR, and the stirring barrel at 30,000,000 IDR. All of this equipment was
estimated to last approximately five years. The size 100 mesh filter cloth cost 120,000 IDR each and
typically two are required per year. Rope to tie the logs together for delivery along the canals is also
owned by the mills and considered to cost 1,000,000 IDR for two years’ use.
The major variable costs of a sago processing mill included sago logs as the input material, daily labour,
diesel to power the engine, packaging material, and the transport fee for the starch. Diesel in the area
was 6,600 IDR per litre, which is the government’s subsidized pricing for non-industrial activities
(Appendix A, Reference 8). With the most common engine size approximately 30 litres of diesel were
needed to process 100 logs, giving a cost of 1,980 IDR per log for diesel consumption. The wage paid to
labourers was noted to vary between 100,000 and 140,000 IDR per day for 3 to 5 labourers. Sago mill
owners noted that they pay between 40,000 to 47,500 IDR per log, with 41,700 IDR as the average,
which was almost the same estimate given by the plantation owners. The transport fee was at 50 IDR per
kg, charged by small boats to take the sago bags from the river and into the sea, where the ship owned
by the wholesale trader receives them. A few mill owners also own these boats and pay additional labour
to manage them, though this was not factored in. Finally, the simple packaging of the wet starch
consisted of plastic sacks costing 5,000 IDR each and holding 100kg of wet starch each.
At the time of visit, mill owners receive 1,900 to 2,200 IDR per kg of wet starch. However, this was a
new price, whereas the 2018 price was noted to be 1,800 IDR. Furthermore, mill owners dis not believe
that this new high price will last (Appendix A, Reference 8). The Village Secretary (Appendix A,
Reference 3) stated that the price from 2015 until 2018 was between 1,700 IDR and 1,800 IDR. The
actual payment received varies slightly with the exchange rate between Malaysian Ringgit and IDR. As
such, the price of 1,900 IDR per kg of wet starch was chosen as the base price as a compromise between
the old pricing and new. The effect of starch pricing on the outcome was examined in the sensitivity
analysis.

5.5 Small-scale processing mill private returns
The operation of an ‘average’ mill from the case-study area was found by averaging the quantitative
responses from the seven mill owner interviews on questions related to the average amount of starch (in
kg) per log, kilograms of starch produced per day, and number of operational days per year. Cost
averages for equipment, labour, and materials were taken from four selected interviews with more indepth information. On average, the mill-owners estimated that there are approximately 32kg of wet
starch per sago log. The average mill processed 85 logs per day to produce roughly 2,700kg of wet
starch per day and operates approximately 300 days per year (Appendix A, Reference 8). The base
pricing used for the cash flow was 1,900 IDR per kg of wet starch, as explained in the previous section.
The mill was assumed to have a 25 year time span, and production was increased by increments of 25%
in the first few years until full production was reached after four years. The yearly processing output was
calculated at 820 tonnes of wet starch after 3 years adjustment, which would require sago log provision
from approximately 44.5 hectares of sago when using the average values from the interviewed
smallholders (see Section 3.2.2). The returns for sago processing were found as given in Table 5.5, and
the full cash flow can be found in Appendix G. As can be noted, a higher return was found for sago
processing than sago production, when no loans are assumed.
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Table 5.5. Average small-scale mechanical sago starch processing mill model, time horizon of
25 years, output of 820t wet starch pr year, n=7
IDR

USD

NPV 8.5%

1,347,400,000

94,600

NPV 10.0%

1,131,400,000

79,500

IRR = 38.9%

5.6 Mill rental option: combined plantation and processing returns
An alternative option was mentioned by one farmer interviewee of the case-study area as a ‘mill rent’
option, whereby the farmer can pay 30 million IDR to ‘rent’ the mill, which covers the costs of trunk
harvest, mill use, and transport for the starch produced from 1,200 sago palm logs, giving approximately
45 tonnes of starch total. A time horizon of 52 years was again taken, assuming that the sago plantation
owner can switch to a rental at a newer mill after 25 years. The price of 1,900 IDR per kg wet starch was
used. The return, as shown as in Table 5.6, was higher for the plantation owner when choosing the mill
rent option. However access to this option may depend on a higher amount of available up-front capital,
as well as closer relations with the mill owner. Again, there was a substantial increase in returns
observed if a reduced sago maturity period were assumed, as shown in Table 5.7.
Table 5.6. NPV and IRR for mill rental scenario, 1 ha of average smallholder plantation, time
horizon of 52 years, n=1
IDR ha–1

USD ha–1

NPV 8.5%

45,800,000

3,200

NPV 10.0%

22,100,000

1,600

IRR = 12.1%

Table 5.7. NPV and IRR for mill rental scenario from case-study area, 1 ha, time horizon of 52
years, reduced maturity periods
IDR ha–1

USD ha–1

NPV 8.5%

134,700,000

9,500

NPV 10.0%

104,300,000

7,300

IRR = 25.0%

5.7 Industrial production and processing variables and private returns
For NSP, the industrial plantation of the case-study area, financial data was taken from Sampoerna Agro
Annual Reports and an interview with an NSP administrator (Appendix A, Reference 7). NSP is an
interesting case, as the administrator from the interview claimed a direct loss was occurring per kilogram
of dry starch processed at their mill. As such, beyond the negative returns, it was useful to take the
analysis a step further and determine why a loss was occurring and what organisational changes would
be required to obtain a positive return.
From the interview, the main harvest costs of palm felling, field processing, and transportation for trunks
from the NSP concession were approximated at 12,000 IDR per log, whereas maintenance of the harvest
path was an additional 16,000 IDR per log (Appendix A, Reference 7). A higher total cost of 35,000 to
40,000 IDR per log to account for all production costs was assumed. The NSP administrator stated that
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logs were also bought from nearby communities, at a price of 49,000 IDR per log. These logs, though
weighing less, give a higher percentage of starch. When calculating the extraction rate (12% and 20.5%)
per average weight (100kg and 85kg) for NSP logs and community logs, respectively, the material costs
ends up being similar at 2,750 to 2,800 IDR per kilogram of wet starch produced.
For the processing mill, because it is considered an industrial operation, it must pay the unsubsidized
price for gasoline at 11,000 IDR per litre. The cost for diesel was thus estimated at 1,300 IDR per kg of
dry starch produced (Appendix A, Reference 7). Other processing costs, mostly labour, were estimated
at an additional 2,300 IDR per kg of starch, whereas the transport fee was 700 IDR per kg starch
(Appendix A, Reference 7). As such, the production and processing, as estimated by the NSP
administrator cost approximately 7,100 to 7,400 IDR per kilogram of starch, thus an average of 7,300
IDR. The sale price received in Cirebon is 6,700 to 6,800 IDR per kg dry starch (Appendix A, Reference
7). The loss could then be estimated at around 500 IDR per kg of starch, before consideration of
administration costs.
However, the cost per kg of starch could be inferred as high, and the interview was not conducted with
someone who directly oversees the mill. As such, a re-calculation of the cost was performed using a
mixture of data from the interview and from the small-scale mill owners, as they are closer to daily mill
operations. The industrial mill was assumed to be at least as efficient as the small-scale mills. The first
adjustment was the diesel cost, as the processing cost given was fairly high. If the same engine
efficiency is assumed for the NSP mill as from the small-scale mills (30 litres of diesel to process 100
logs), the cost should approximate closer to 220 IDR per kg starch. However, it is possible that diesel is
used for more processes (such as an automated dryer), as such this price was triplicated to 660 IDR per
kg dry starch. This should be a conservative estimate, as some of the energy costs are possibly even
offset through the use of sago bark (Janssen & Widaretna, 2018).
Processing labour, though taken as a fixed cost, could also be first estimated from the number of logs
processed per worker per day in the small-scale mills, which was 28 logs from operating capacity. For
the total number of logs processed in the NSP mill in 2018 at 1,204 logs (see Table 5.9), this would
signify that 43 workers are required per day. This was a conservative estimate, as another industrial sago
processing mill in Papua plans to employ 40 workers per day, but at a much higher operating efficiency
(Purwanto, 2016). Streamlined operations and economies of scale were also not taken into account.
Daily workers are thus assumed at a fixed cost of 40 workers per day with a wage of 150,000 IDR per
day. This wage rate can be considered a high estimate, surpassing the small-scale mill wages by a factor
of 1.25 to 1.5. After labour, packaging was taken at the same rate as the small-scale mills, at 50 IDR per
kg starch, and other input materials and maintenance were taken at 180 IDR per kg starch, estimated
between the small-scale mills and Fairhurst and McLaughlin (2009). Administration and marketing costs
were harder to estimate as no data was available from the prior sources. A best guess estimate was taken
from Ismail’s (2010) oil mill economic analysis, see Section 6.3, whereby these costs together were a
maximum of 4% of total operational costs (5% was taken). As such, taking these estimations, at NSP’s
mill production level in 2018, operational costs would amount to 4,970 IDR per kg of dry starch total.
This estimated total cost is approximately 68% of the NSP administrator’s estimated operational costs.
However, from the gathered information sources, such an estimate should be conservative. As can be
noted, this cost was below the selling price in Cirebon, meaning that the company could operate on a
profit. This cost was thus taken as an estimate for the operating expenditure of the industry.
In order to calculate the full company returns, the investment costs, revenues, and debt payments were
still needed, but were not provided from the interview. However, original expenditure for the purchasing
of the concession and associated sago company in 2010 was included in the Annual Reports, as well as
loan amounts for material investments. These data points were taken as estimates for equity and capital
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expenditure, respectively. Production quantities of dry sago starch were also given yearly from 2012 to
2018, see Table 5.9, which was taken along with the average sale price in Cirebon (6,750 IDR per kg
starch) to calculate the revenue. The production quantity was kept constant from 2018 onwards. Debt
servicing (loan principal and interest payments) for the company was calculated based off of the
repayment timeline evident across the Annual Reports and the associated average interest rates provided
(assuming full interest payment every year). With the four variables of capital expenditure, operating
expenditure, debt servicing, and revenue (while ignoring taxes), a basic cash flow waterfall could be
constructed. All of the values were then updated into 2018 IDR values. The exact values used from the
Annual Reports were summarised and cited in Appendix E. The results are as shown in Table 5.8, and
the full cash flow can be found in Appendix G.
Table 5.8. Operating expenditures and returns (22 year time horizon) for NSP under given
production quantities and 2018 production levels, 12,781 ha planted with sago in 2018a
Operating expenditure
(IDR kg–1 dry starch)
Expenses taken from interview
Estimated expenses
a

Returns (NPV),
10% discount (USD)
7,260
4,970

–24,395,900
–17,987,600

Only 6,000 ha of sago taken as mature throughout entire cash-flow, see Table E.4 and Appendix E for details.

Although the return was less negative at the recalculated operating cost than that of the interview data, it
is still highly negative. As such, the production quantities were likely not high enough and this became
the next focus of analysis.
The NSP mill was stated to have a processing capacity of 100 tonnes of dry sago starch per day, or
33,000 tonnes per year (Sampoerna Agro, 2010; Sampoerna Agro, 2011). If 300 working days are
assumed (such as for the small-scale mills), instead of 330 days, the potential capacity is then a
conservative 30,000 tonnes of dry starch per year. Using the production amounts from the Annual
Reports, the mill was found to have been operating far below capacity, as shown in Table 5.9.
Table 5.9. Production of NSP and calculated associated factors from production
Year

Production
(t yr–1)a

Production
(t day–1)

Mill usage
percentage

Number of logs
used per yrb

2012
2,259
7.53
8%
2013
4,978
16.59
17%
2014
5,811
19.37
19%
2015
7,447
24.82
25%
2016
5,272
17.57
18%
2017
4,194
13.98
14%
2018
5,417
18.06
18%
a
Sources: Sampoerna Agro, 2012; 2013; 2014; 2015; 2016; 2018.
b
Assumption: an average of 15kg of starch taken per log (Appendix A, Reference 2).

150,600
331,867
387,400
496,467
351,467
279,600
361,133

Logs used
per dayb
502
1,106
1,291
1,655
1,172
932
1,204

The highest production was in the fourth year after the mill became operational, at only 25% usage of
the full mill operational capacity. Operating so far below capacity could explain the negative returns, as
the company may not generate enough profit to pay off its investment loans from a low operation. As a
proxy for the optimal mill capacity utilization, oil palm mill capacity utilization was taken from Ismail
(2010), which averaged 85% when full oil palm yields were available. Of course, available resources are
an important limiting factor to capacity utilization which need to be taken into account. NSP receives
sago logs from their own concession, as well as through purchase from smallholder farmers, though with
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purchasing competition from small-scale mills. As such, first the logs which should be produced from
only the NSP concession were estimated from available data in the Annual Reports, as detailed in
Appendix E. From this data, an 85% mill utilization, corresponding to 25,500t starch annually, would be
possible in the fourth year (2015) from the concession alone. As such, a new cash flow was calculated,
with mill utilization increasing within the first four years to 85% and then remaining steady. Operational
costs were kept the same as before, except that labour and administration/marketing costs were kept at a
fixed level. The time horizon was set to 22 years to correspond with the available industrial oil palm
data, but the plantation theoretically could last much longer if permits were renewed.
Table 5.10. Estimated NPV and IRR for NSP with increased production up to 85% of operational
capacity, time horizon of 22 years, 6,000 ha utilised (of 12,781 ha concession)
IDR

USD

NPV 10.0%

53,872,300,000

3,784,000

NPV 12.5%

10,027,900,000

704,400

IRR = 13.3%

As can be seen by Table 5.10, with an increased operational capacity, the industrial company can make a
return that is higher than their highest interest rate (12.5%), see Appendix E. As demonstrated
previously, if the loss which the NSP administrator cited in the interview was due to operational costs
per kg starch produced, they could likely increase efficiency. However, the company would still need to
increase their production output. Input resources do not appear to be a limiting factor; however, market
absorption may be.
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CHAPTER 6. OIL PALM PRIVATE AND PUBLIC COMPARISON.
6.1 Smallholder oil palm plantation private returns
In order to determine how sago would compare to oil palm in terms of both public and private returns,
finding comparable oil palm private cost and benefit data was necessary. The most comparable available
data on independent smallholder oil palm cultivation from the same region came from Erniwati’s (2018)
doctoral dissertation at the Agricultural University of Bogor. As a case-study, Erinwati surveyed 160
respondents of four districts (Kampar Regency, Pelalawan Regency, Siak Regency, and Kuantan
Singingi Regency) of Riau Province, Sumatra. Erniwati (2018) collected responses on plantation costs,
average yields, and the average Fresh Fruit Bunches (FFB) price. This data, collected in 2016, was
adjusted to 2018 values using the Indonesian CPI. The soil type of the plantations was not stated and no
costs for drainage instalment were noted in the investment costs. However, one of the regions included,
Siak Regency, has a large coverage of peat soil, though no distinction was made between this region and
the others (Wahyunto, 2003).
As for harvest yields, though presumably not on peat, the reported annual yields (maximized at 16.25t
FFB per ha) were still lower than oil palm harvest yields used in either assessments, which reached 27
tonnes FFB per ha (Fairhurst and McLaughlin, 2009; Sumarga et al., 2016). In Erniwati’s (2018) study,
yields were taken directly from smallholder farmers until plantation age 18 and then estimated based off
of a known decline of FFB. As such, these more direct, more recent, and more location-relevant yields
may be considered a better approximation. Woittiez’s (2019) doctoral dissertation, which sampled 62
small, medium, and large smallholder oil palm on peat farmers in Rokan Hulu Regency, Riau, confirm
that average annual yields from across all plantation years were lower than 15 tonnes FFB per ha. The
study further noted that peat farmers generally had lower yields than mineral soil farmers, of about a 15
to 30% reduction (Woittiez, 2019).
In regards to costs, Erniwati (2018) provided fixed costs for land, seed, equipment and depreciation,
land-clearing labour, planting labour, and initial fertilizer. The operational costs consist of fertilizers,
pesticides, labour, harvest tools, and transport of FFB. These costs were adjusted to account for inflation
by using the Indonesian CPI (OECD, 2019b). Finally, costs for drainage installation were taken from
Fairhurst and McLaughlin (2009), whereby drainage installation cost 9,730,000 IDR per ha in 2008, thus
15,763,00 IDR in 2018 (OECD, 2019b). The price for FFB used in calculations by Erniwati (2018) was
1,400 IDR per kg FFB, slightly higher than the average price found from the interviews at 1,200 IDR per
kg FFB. This higher price corresponded to similar pricing found in more recent research and from
current news reports of the region and as such was used (Khasanah, 2019; InfoSawit, 2019). The results
from running a 52 year time horizon, encompassing two planting cycles of 25 years each (with
replanting in year 26), are displayed in Table 6.1. The full cash flow and all subsequent cash flows from
the Chapter can be found in Appendix G.
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Table 6.1. NPV and IRR for smallholder oil palm data adjusted from Erniwati (2018), 52 year time
horizon, 1 ha
IDR ha–1

USD ha–1

NPV 8.5%

63,900,000

4,500

NPV 10.0%

43,600,000

3,100

IRR = 15.7%

6.2 Oil palm mill rental private returns
A comparison scenario for oil palm was found to contrast the sago mill rental option of Section 5.6,
through data from Fairhurst and McLaughlin (2009) of oil palm on heathland (also waterlogged soil
requiring drainage) in Kalimantan. The annual FFB yields they included, maximized at 22t per ha, are
low for carefully cultivated oil palm, but within reason for maintained oil palm on peat (Otheman et al.,
2011). The modelling considered drainage, through field drains (commodity canals) every other palm
row (at $650 USD (2018) per ha), and application of empty fruit bunches and higher fertilizer amounts
to improve soil fertility. Fairhurst and McLaughlin (2009) assessed the returns from the FFB production
per hectare, accounting for the extraction rate and valuation of the secondary products of CPO and
Crude Palm Kernal Oil (CPKO). The extraction rate was similar to the industrial data, in the following
section, at 24% for CPO and 5% for CPKO, giving peak annual production amounts of 5.2t CPO per ha
and 1.1t CPKO per ha. As investment costs for the plantation were included, but only the operational
costs from the mill (not the mill investment), this data was directly applicable as a basis to calculate a
mill rental scenario to compare with the case-study area. The returns from the adjustment of Fairhurst
and McLaughlin’s (2009) data, taken to 2018 prices and IDR values, were as shown in Table 6.2.
Table 6.2. NPV and IRR for smallholder oil palm, data adjusted from Fairhurst and McLaughlin
(2009), 52 year time horizon, 1 ha
IDR ha–1

USD ha–1

NPV 8.5%

39,600,000

2,800

NPV 10.0%

24,800,000

1,700

IRR = 13.6%

6.3 Industrial oil palm plantation private returns
For the comparison analysis on the industrial level, unpublished data was taken from Ismail (2010) on
the projected payoff scheme of an oil palm development project in Central Kalimantan. This data was
the best available, as usually such company data for the oil palm industry is confidential. The company
and full details of the report were kept private and only costs and revenues from the appendices were
used. The plantation was planned to be developed on peat and costs for canal drainage were included in
the investment costs. The investment costs consisted of a nucleus (main) plantation development of
3,250 ha, plasma (connected smallholder) plantations of 8,000 ha, as well as an oil palm processing mill
(to CPO and CPKO products). Nursery and administration investment was also included.
The plantation area was determined to increase gradually from 6,000 ha in 2010 to the full area of
11,250 ha in 2012. The oil palm was assumed to mature four years after planting, starting at an annual
yield of 11.2t FFB per ha, while peaking at 20.8t FFB per ha 8 to 12 years after planting (which is 80%
of optimal targets). These yields are a reasonable expectation for industrial oil palm yields on peat, as
47 | O r e n t l i c h e r

Othman et al. (2011) sites an optimum peak annual yield of 23-25t FFB per ha. The mill processing
capacity was 45t FFB per hour – with an assumed 20 hours per day, 300 days per year, this gives a total
processing capacity of 270,000t FFB per year. The projected mill usage rose from 25% of total capacity
in the first production year, to a peak usage of 86%, 6 to 8 years after. From this point, mill usage
gradually declined to 48%, due to diminishing oil palm yields at 20 years after production start.
The project assumed 30% equity financing and 70% bank financing, at interest rates between 7 and 13%
and the payback period was after 13 years. The report from Ismail (2010) used nominal values,
anticipating a 2% inflation rate starting from 2010. In the data processing, these values were adjusted to
real values by deflating first by 2% per year to 2010 values and then re-adjusting with actual inflation to
2018. The project cycle included 22 years, as taken from the available data. The returns after adjustment
were similar to those projected in the report; for example, a 20.3% IRR was calculated instead of the
22.3% IRR from the report.
Table 6.3. Private industrial oil palm returns, data adjusted from Ismail, (2010), 22 year time
horizon, 11,250 ha

TOTAL

IDR

USD

NPV 10.0%

397,555,495,000

27,924,300

NPV 12.5%

244,098,120,000

17,145,400

PER ha

IDR ha–1

USD ha–1

NPV 10.0%

35,338,000

2,500

NPV 12.5%

21,697,000

1,500

IRR = 20.3%

6.4 Social Cost of Carbon (SCC) integration
As discussed, the main public externality considered in this assessment was the emission of CO2 caused
by oxidation of peat from peatland drainage for plantation use. As such, the costs of expected carbon
emissions were taken into account through the use of the SCC. The base assumption of the unit CO2
emissions were taken from Hooijer et al. (2012), which were based off of subsidence calculations.
Emissions are highest in the first five years of drainage, due to a higher oxidative peat loss, amounting to
1.42m of subsidence and 178 t CO2eq per ha annually. For each year after, a constant subsidence rate of
5cm per year, leading to 73t CO2eq per ha annually, was estimated by Hooijer et al. (2012) from oil palm
plantation observations at an average drainage level of 0.7m GWL. This study, however, assumed more
conservative 0.5m GWL drainage, which would lead to 55.5t CO2eq per ha annually, calculated from the
GWL–CO2eq relationship equation given by Hooijer et al. (2012), found in Appendix F. The resulting
tonnes of CO2 were multiplied by the SCC per tonne CO2 to derive the total cost per unit time and area
of carbon emissions. The real SCC was then used from Nordhaus (2017), which was adjusted to a price
of 39 USD per tonne CO2 in 2018 (OECD, 2019a). This cost was projected to grow at a rate of 3% per
year as climate impacts increase (Nordhaus, 2017).
For the smallholder and mill rental oil palm plantation scenarios, the SCC, with a conservative drainage
level of 0.5m, was taken into account for tonnes of carbon emitted per hectare over the 52 year lifespan.
For the industrial scenario, the level of drainage and SCC rate used were the same as the other two
scenarios, but the lifespan was 22 years, as determined previously. The SCC, however, was applied to
the entire company’s plantation, which increased from 6,000 ha to 11,250 ha over the first three years.
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Table 6.4. NPV for smallholder oil palm, 0.5m of drainage, 1 ha, 52 year time horizon, SCC $39
with 3% annual increase
IDR ha–1
NPV 3.5%

USD ha–1

–1,297,000,000

–91,100

–689,300,000

–48,400

NPV 10.0%

Table 6.5. NPV for mill rental oil palm at 0.5m of drainage, 1 ha, 52 year time horizon, SCC $39
with 3% annual increase
IDR ha–1
NPV 3.5%

USD ha–1

–1,034,100,000

–72,600

–698,600,000

–49,100

NPV 10.0%

Table 6.6. NPV for industrial oil palm at 0.5m of drainage, 11,250 ha, 22 year time horizon, SCC
$39 with 3% annual increase
TOTAL

IDR

USD

NPV 3.5%

–9,999,878,700,000

–702,389,700

NPV 10.0%

–6,699,356,000,000

–470,561,500

PER ha

IDR ha–1

USD ha–1

NPV 3.5%

–888,878,000

–62,400

NPV 10.0%

–595,498,000

–41,800

As demonstrated in Tables 6.4, 6.5, and 6.6, an addition of the average SCC as a carbon cost to the
various oil palm plantations, at $39 USD per tonne CO2eq, with 3% annual increase, at an assumed 0.5m
of drainage and subsequent emissions, means that the public returns become highly negative. For the full
emissions breakdown, see Appendix F, and for the full cash flows, see Appendix G.

6.5 Private and public returns comparison summary
In review, the private and public returns are presented side-by-side in order to more easily identify
which projects gave higher returns depending on the CBA type and scenario.
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Table 6.7. Private and public CBA comparison of smallholder sago and oil palm, 1 ha, 52 year
time horizon, public with SCC ($39 with 3% annual increase)
Private returns
(USD ha–1)

Oil palm
NPV 8.5%

Public returns
(USD ha–1)

Sago

4,500

Sago
NWa
1,600

Oil palm

Sago
NWa

6,600

NPV 3.5%

–91,100
–48,400

300

5,000

n/a

10.6%

20.8%

NPV 10.0%

3,100

300

5,000

NPV 10.0%

IRR

15.7%

10.6%

20.8%

IRR

a

Sago
12,300

18,900

Sago NW is the sago SH scenario with reduced wait.

Table 6.8. Private and public CBA comparison of mill rental scenarios sago and oil palm, 1 ha,
52 year time horizon, public with SCC ($39 with 3% annual increase)
Private returns
(USD ha–1)

Oil palm

Sago

Public returns
(USD ha–1)

Sago
NWa

Oil palm

Sago

Sago
NWa

NPV 8.5%

2,800

3,200

9,500

NPV 3.5%

–72,600

17,000

25,200

NPV 10.0%

1,700

1,600

7,300

NPV 10.0%

–49,100

1,600

7,300

IRR

13.6%

12.1%

25.0%

IRR

n/a

12.1%

25.0%

a

Sago NW is the sago SH scenario with reduced wait.

Table 6.9. Private and public CBA comparison of industrial oil palm and sago with and without
SCC, ($39 with 3% annual increase), 22 year time horizon, oil palm plantation of 11,250 ha and
sago plantation of 6,000 ha
Private returns
(USD)
TOTAL

Oil palm

Public returns
(USD)

Sago

Oil palm

NPV 10.0%

27,924,300

3,784,000

NPV 12.5%

17,145,400

704,400

NPV 10.0% (ha–1)

2,500

630

NPV 12.5% (ha–1)
IRR

1,500
20.3%

120
13.3%

Sago

NPV 3.5%

–702,389,700

20,762,020

NPV 10.0%

–470,561,500

3,784,000

NPV 3.5% (ha–1)

–62,400

3,460

NPV 10.0% (ha–1)
IRR

–41,800
n/a

630
13.3%

PER ha

As can be seen in Tables 6.7 and 6.8, oil palm typically is the better choice for returns from plantation
investment for a smallholder farmer at the 52 year lifespan or for an industrial plantation at the 22 year
lifespan, as they yield a higher NPV and IRR. However, for the smallholder mill rental scenario, sago
resulted in a better private investment than oil palm with a higher NPV and IRR. With regards to public
returns, when the SCC is considered, all of the oil palm scenarios gave a highly negative NPV. Sago
with an assumption of no drainage, retains the same returns between private and public scenarios, and
became the more desirable over oil palm. This assumption of no drainage is addressed in the sensitivity
analysis, Section 6.7, whereby returns from sago plantations with light drainage were given. These
results demonstrate that the high social costs which carbon emissions from peatland drainage entail are
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not offset by the private economic benefits of oil palm. In the next section, a sensitivity analysis tested
these conclusions by varying input parameters.

6.6 Private returns sensitivity analysis: agricultural and financial variables
A sensitivity analysis was undertaken to assess how the results may have changed if the values of
various input parameters were adjusted within reason. Note that this sensitivity analysis was also applied
to analyses from Chapter 5 in order to test the sago private returns as compared to those of oil palm. The
inputs to be tested under the private sensitivity analysis were production yields and sale prices of the
output products. These inputs were found to be the two more important variables when testing the
impacts of various adjusted input values.

Oil Palm
The main variation in oil palm to consider was that of lost production from subsidence-impacted
drainability. There was no set year to determine this, the timing would depend entirely on the terrain and
hydrology of the specific peat area. As such, this study included a simplified reduction in productivity
determined by Sumarga et al. (2016), of assumed production (yield) losses from impaired drainability of
25%, prolonged flooding of 50%, and near-permanent flooding of 100%. These scenarios were
considered plausible by Sumarga et al. (2016) at either 25 or 50 years after first planting. Thus, this
sensitivity analysis took into account these three scenarios in the second planting cycle for smallholders,
at 26 years.
Table 6.10. Smallholder oil palm private returns considering production losses from subsidencebased drainability issues, 1 ha
Impaired
drainabilitya
(USD ha–1)
NPV 8.5%

4,300

4,000

Permanent
floodingc
(USD ha–1)
3,600

NPV 10.0%

3,000

2,800

2,600

IRR

15.7%

15.6%

15.5%

a

Prolonged
floodingb
(USD ha–1)

b

c

Impaired drainability results in a production loss of 25%; prolonged flooding in a 50% loss; and permanent flooding in a
100% loss.

The operational costs were likewise scaled down by the same percentage, for simplification. As such,
the permanent flooding scenario could then be understood as the abandonment of the plantation area at
25 years. This sensitivity analysis was not performed for the industrial scenario, as that scenario does not
include a second planting cycle and it was assumed that the initial company assessment of a plantation
area would avoid the purchase of peat already substantially subsided.
As can be seen in Table 6.10, the difference in NPV for oil palm smallholders as compared to the base
private returns ranged from a 4% loss, with impaired drainability at the 10% discount rate, to a 19%
reduction, with permanent flooding at the 8.5% discount rate. However, even with the complete loss of
the second plantation cycle, the NPV and IRR still did not drop to below that of sago, due to the high
returns in the beginning.
The second parameter to vary was that of the output price, thus the FFB price for the smallholder
plantation. Unfortunately the CPO price could not be varied with the available oil palm data. This
sensitivity analysis focused on finding out if a reasonable, lower, price would cause the private returns
of the oil palm scenario to drop below those of the sago scenario. As these prices are volatile, instead of
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choosing an arbitrary lower price, the focus was placed on finding the price which would cause the oil
palm scenario to equate to or drop lower than the NPV of sago.
Table 6.11. The FFB price whereby oil palm smallholders incur lower returns than sago
smallholders
SH FFB price
(IDR kg–1 FFB)
1,085

NPV 8.5%
NPV 10.0%

1,040

NPV 12.5%

n/a

As shown in Table 6.11, the price of FFB needs to drop between 23 to 26% for the oil palm smallholder
NPV to drop below that of sago. Although lower prices were seen in January 2015, it is unlikely now
that such a price would be commonplace.

Sago
Yields were an important parameter to check particularly for sago as many smallholder farmers in the
region noted that their yields were not as high as they had been previously (Appendix A, Reference 8).
First, as shown in Table 6.12, by using the upper quartile of 78 palm trunks harvested per ha annually
year from the case-study area, instead of the average (65 trunks per ha), the smallholder sago plantation
did not give private returns higher than oil palm. The substitution of the maximum annual smallholder
harvest, 150 palm trunks per ha, from the region, however, gave private returns which were higher than
oil palm. Conversely, if sago yields were at the lower quartile, 32 trunks per ha annually, then the IRR
would fall to 5.7% and as such, the private returns are negative.
Table 6.12. Smallholder sago private returns at first and third quartile harvest yields, as well as
the maximum annual yield from the case-study area, in palm trunks per ha, 1 ha, 52 year time
horizon

NPV 8.5%
NPV 10.0%
IRR

Yield 32 trunks
(USD ha–1)
–1,700

Yield 78 trunks
(USD ha–1)
3,000

Yield 150 trunks
(USD ha–1)
10,100

–2,200

1,300

6,800

5.7%

11.8%

16.9%

As for the effect of output pricing, the substitution of the highest noted pricing from the case-study
region, 50,000 IDR per sago log, did not change the outcome of the results. However, as detailed in
Section 4.3, smallholder farmers in Southeast Sulawesi received a higher price through a more
integrated and targeted sago processing and marketing scheme. The price they received per kilogram of
dry sago starch (9,635 IDR) was multiplied by the amount of dry starch per palm trunk of the case-study
area (170kg), as discussed in Section 5.1, and then divided by the average logs per palm to arrive to a
new price of 150,000 IDR per log. For the industrial sago scenario, the comparison case dry starch price
was used as is, at 9,635 IDR per kg, in comparison to the NSP price given of 6,750 IDR per kg. The
results are shown in Table 6.13.
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Table 6.13. Smallholder sago private returns with lower (30,000 IDR per log) and higher output
price (150,000 IDR per log), 1 ha; sago industrial private returns with higher output price (9,635
IDR per kg dry starch), 6,000 ha
SH 30,000 IDR
per log (USD)
–1,000

SH 150,000 IDR per
log (USD)
32,700

Industrial 9,635 IDR per
kg starch (USD)
n/a

NPV 10.0%

–1,600

24,000

37,025,900

NPV 12.5%

n/a

n/a

27,620,300

7%

23.1%

40%

NPV 8.5%

IRR

As shown in Table 6.13, at this pricing, the sago smallholder plantations would be more profitable than
oil palm smallholder plantations in terms of private returns. However, such pricing would likely require
the aid of an outside organization or government support to set up new marketing channels and access to
better processing to ensure quality standards. Conversely, if the price were to drop, however, to 30,000
IDR per log (the approximate pricing for the ‘ijon’ situation), then the IRR would fall to 7%, giving
negative private returns. For the industrial scenario, when the higher, comparison case starch price was
used, the NPV increased by a factor of 10 to 39, surpassing the NPV of industrial oil palm. These results
show the importance of appropriate sago starch pricing.

6.7 Public returns sensitivity analysis, carbon emissions and SCC
A second sensitivity analysis was also undertaken to test the effect of various levels of carbon emissions
and SCC pricings. Various different carbon emission levels were tested in conjunction with differing
SCC pricing levels for both oil palm and sago. The most different results from reasonable variances are
shown.

Oil Palm
The lowest plausible emission level and pricing was used in the end to perform the sensitivity analysis
for oil palm public returns. For the first five years after drainage, the lower bound of the sensitivity
analysis from Hooijer et al. (2012) was taken (132t CO2 annually instead of the customary 178t CO2).
The lowest recommendable drainage for oil palm (at 0.4m GWL), along with more conservative CO2
emissions from the Couwenberg curve (see equation in Appendix F), were then taken to arrive to yearly
emissions of 20.83t CO2 per ha (Couwenberg & Hooijer, 2013). A static SCC was taken from the carbon
pricing of the EU ETS in 2018 at $16 USD per tonne CO2 (World Bank & Ecofys, 2018). The results for
the smallholder, mill rental, and industrial public returns still gave a negative NPV at the customary
discount levels, as can be seen in Table 6.14. Positive returns, however, would still be possible at the
2.8% discount level for independent smallholders.
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Table 6.14. Lowest plausible emissions pricing for all public oil palm scenarios with static SCC of
16 USD per tonne CO2 and lower assumed CO2 emission levels, 1 ha for smallholders and
11,250 ha industrial
Smallholder (USD)
NPV 3.5%

–1,700

Mill Rental Option
(USD)
–20,300

NPV 10.0%

–8,000

–21,800

–104,690,300

2.8%

n/a

n/a

IRR

Industrial
(USD)
–137,199,900

Sago
A sensitivity analysis was also conducted for smallholder sago by assuming a low level of drainage. The
assumed drainage level was taken from NSP at 0.2m GWL (Sampoerna Agro, 2014). This level also fell
under the IPCC (2014) assumption for sago as a shallow-drained crop, at less than 0.3m drainage. Such
drainage levels were still assumed to cause an initial emission of 132 tonnes of CO2eq per ha annually for
the first five years, see Appendix F. For every year after, annual emissions of 34.8t CO2eq per ha were
assumed, according to the equation given by Hooijer et al. (2012) in Appendix F. As shown in Table
6.15, the smallholder sago plantation drainage became highly negative for public returns, at both the $39
and $16 USD per tonne CO2 SCC pricing levels. The NPV falls in between the negative values of the
lowest plausible emissions scenario for smallholder oil palm (Table 6.14) and emissions from
smallholder oil palm at the standard level of drainage (Table 6.4).
Table 6.15. Sago smallholder plantation public returns at 0.2m of drainage, 1 ha. SCC from
Nordhaus (2017) starting at 39 USD per tonne CO2 with 3% annual increase; SCC EU ETS (World
Bank & Ecofys, 2018) at a static 16 USD per tonne CO2

NPV 3.5%
NPV 10.0%

SCC Nordhaus
(USD)
–58,000
–35,400

SCC EU ETS
(USD)
–8,600
–12,200

The industrial sago plantation, using the recalculated positive returns from NSP, also became highly
negative at an assumed drainage of 0.2m GWL at both levels of the SCC, as can be seen in Table 6.16.
Table 6.16. Sago industrial plantation at 0.2m of drainage, 23 year lifespan, 6,000 ha. SCC from
Nordhaus (2017), starting at 39 USD per tonne CO2 with 3% annual increase and EU ETS (World
Bank & Ecofys, 2018) at static 16 USD per tonne CO2

NPV 3.5%
NPV 10.0%

SCC Nordhaus
(USD)
–445,555,000

SCC EU ETS
(USD)
–136,407,500

–300,294,700

–103,799,700

When comparing the public returns between oil palm and sago with assumed drainage, sago’s returns
with the Nordhaus SCC are less negative than the base public scenario returns from oil palm under the
Nordhaus SCC (Table 6.6). At the 3.5% discount rate, sago’s returns are almost half as negative as oil
palm’s, at approximately –445 million USD versus –702 million USD (see Table 6.6). However, with
the EU ETS SCC pricing and more conservative estimates, the negative returns between oil palm (Table
6.14) and sago (Table 6.16) became comparable.
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CHAPTER 7. ECONOMIC UPSCALING: TRANSITIONAL SCENARIOS OF OIL PALM
TO SAGO IN ONE REGION.
7.1 Mapping and dating of Riau oil palm plantation areas
In this Chapter, the results from the smallholder and industrial CBAs of Chapter 6 were expanded to the
regional scope of Riau Province, Sumatra. The mill rental CBA was not used as it is uncertain how
wide-spread this option may be. First, as described in Section 2.4.3 of the Methodology, the area of oil
palm in Riau province on different levels of peat was mapped according to various data sources
(SarVision, 2018; Wahyunto, 2003). The result of this analysis was as shown in Figure 7.1, where it can
be seen that a substantial amount of the peat area of the province is covered by oil palm plantations.

Figure 7.1. Map of Riau, Sumatra. Oil palm is outlined in red, deep peat is dark grey and shallow peat is light grey. Data from
SarVision, 2018 and Wahyunto, 2003.

From this mapping, the area of oil palm in Riau during 2015 was found to be 568,132 ha. The
breakdown between shallow and deep peat was then calculated, as shown in Table 7.1.
Table 7.1. Distribution of peat depth in Riau, Sumatra, using data from Wahyunto, 2003
Shallow peat (50 – 200cm)
Deep peat (200 – 400cm)
Total
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Area (ha)
261,402
306,730
568,132

Percentage
46%
54%
100%

Data on oil palm plantations on peat detected in Riau across the years from Miettinen et al. (2012) was
then used in order to estimate the age distribution of the oil palm plantations. The data from Miettinen et
al. (2012) did not divide the plantation areas into different peat depth categories, and as such the same
percentage breakdown (46% on shallow peat, 54% on deep peat) was used across all years as was found
from the Wahyunto (2003) data. This assumption of static divisions is a simplification, as more likely
the percentage of oil palm plantation on peat has gradually increased over time as arable land
availability has decreased (Miettinen et al., 2012). The number of new hectares of peatland oil palm
plantations were calculated for each year given, as shown in Table 7.2. From these categories, the area
of new oil palm plantations on peat could be calculated per time period, thus giving an estimated
planting year, as shown in Table 7.3.
Table 7.2. Total hectares of oil palm plantations in Riau, Sumatra, detected in a particular year
(or projected)a
1990

2000

2007

2010

2015b

2020c

Shallow
Deep

2,822
3,312

121,742
142,914

187,901
220,579

218,851
256,913

261,341
306,791

322,021
378,024

Total

6,134

264,656

408,480

475,764

568,132

700,045

a
b
c

The utilised data is denoted by the boxed in area (the period of 1991 to 2020).
Calculated in this study from SarVision, 2018 and Wahyunto, 2003 data. All other data from Miettinen et al. (2012).
Projected data from Miettinen et al. (2012).

Table 7.3. Additional hectares of oil palm plantations created per period, i.e. assumed
planting periods, calculated from Miettinen et al. (2012)
Shallow
Deep
a

1980 – 1990
2,822

1991 – 2000
118,920

2001 – 2007
66,159

2008 – 2010
30,951

2011 – 2015
42,489

2016 – 2020
60,680

3,312

139,602

77,665

36,333

49,879

71,233

The utilised data is denoted to the right of the partition line (the period of 1991 to 2020).

7.2 Modelling an oil palm replacement schedule
With the areas and estimated ages of the oil palm plantations calculated, the focus was then placed on
the shallow peat, as information thus far has not yet shown whether sago is capable of producing well in
deep peat without drainage. Replacement was assumed to occur at the end of a standard oil palm
plantation cycle, thus at 25 years, for the plantations on shallow peat. Another simplification made was
that an equal area of oil palm plantation within a particular period was planted per year. For example, for
the 118,920 ha planted in the ten years of the period 1991 to 2000, 11,892 ha were assumed to be
planted per year. Thus for the first year of the project, 2018, which is 25 years after 1993, the 11,892 ha
assumedly planted in 1993 reached the end of their plantation cycle and were replaced. With these
various parameters set, the replacement modelling was carried out from 2018 to 2042. The end year for
replacement became 2042 as the oil palm plantation area targeted in this year (the area planted 25 years
before) would then be 2017, the year before the start year of the model. The actual lifespan of the
analysis, however, thus extended to 2052, as it needed to include the incurred costs for the entire
lifespan of the subsidies provided to smallholders, as explained in Section 7.4. The final project time
span thus became 35 years. Note that second round plantations (e.g. 50 years after the planting year)
were not considered for replacement, as whether such plantations would have received second plantation
cycle permits was unsure. Regardless, this would have involved a relatively small amount of area,
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mostly falling within the first age category of planting years 1980 to 1990, as shown in Table 7.3. As
such, the final replacement schedule was defined as shown in Table 7.4.
Table 7.4. Modelled replacement schedule for oil palm plantations to sago in transitional
project
Project years
2018 – 2025
2026 – 2032
2033 – 2035
2036 – 2040
2041 – 2042

Area replaced each year
(ha)
11,892
9,451
10,317
8,498
12,136

Total

–

Area replaced total
(ha)
95,136
66,159
30,951
42,489
24,272
259,007

7.3 New cost estimations: restoration price and smallholder subsidies
Two new costs were also incorporated within the replacement modelling. The first cost – that of
restoration through canal blocking – applied to both private and public returns scenarios. The canal
blocking was assumed as a requirement to start the replacement process from oil palm to sago, as the
sago scenario implied no drainage in order to enable societal benefits. The second cost, subsidies for
smallholders, was only applied to the smallholder public returns modelling, as it was considered a
necessary public expenditure to support their livelihoods during the replacement implementation.

Restoration cost: canal blocking
The restoration cost consisted of the cost of dams, or blocks, in the plantations’ canals in order to stop
the drainage and allow the rise of the GWL. The cost of rehabilitation via peat species planting was not
added, as sago was considered to fill that role. For the pricing, as well as the required distance, of canal
blocks, specific information was difficult to find. Thus, various sources were combined in order to
derive educated guesses of expenditure, which resulted in two levels of pricing – low and high. The first
source of data utilised was from Hannsson and Dargusch (2017), whereby interviews were conducted
with BRG experts in order to derive canal block financing per hectare restored. During Hannsson and
Dargusch’s (2017) interviews, average pricing was determined to fall at 19,500 USD per ha for blocking
of primary (20-30m width) canals, 7,000 USD per ha for secondary (10-20 m) canals, 3,000 USD per ha
for tertiary (4-10m) canals, and 800 USD per ha for commodity canals of up to 3m width (Hannsson &
Dargusch, 2017).
This information was combined with a Google Earth assessment whereby three randomly selected plots
from the mapping area were found to have, in general, one primary canal per 40 ha, one secondary canal
per 20 ha, one tertiary canal per 10 ha, and one commodity canal per ha. This would thus lead to a
pricing of 1,940 USD, approximately 2,000 USD per ha in 2018. This first estimation was compared to
the ‘classic’ drainage layout for a plantation, consisting of 15 field drains (1m width) of 125m length
each, one collection drain (2m width) of 1,000m, and one main drain (4m width) of 125m, all within
12.5 ha (MPOB, 2011). Each field drain was assumed to require blocking and the longer, wider canals
required one block per 150m, as estimated through field testing in Sutikno, (2018). With the same
pricing scheme kept from Hansson & Dargusch (2017), a comparable end value was calculated at 1,640
USD per ha. Finally this data was compared to estimations from the World Bank (2016) at 1,000 USD
per ha for canal blocking, made from staff calculations which were not publicly available. As such,
2,000 USD per ha was decided on as a conservative low price for canal blocking.
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For the high price valuation, the same pricing from Hansson and Dargusch (2017) was assumed, but a
higher density of larger canals was also assumed, in discussion with the supervisor of this study. The
denser layout was taken as one primary canal per 8 ha, one secondary canal per 2 ha, and one tertiary
canal per hectare, leading to an approximate cost of 9,000 USD per ha. Both the low and high prices
were kept in 2018 USD throughout the analyses, adjusted through the use of the USA CPI (OECD,
2019a).
Table 7.5. Pricing levels estimated for the cost of canal blocking in peat restoration
Pricing level
Low

Price (USD per ha)
$ 2,000

High

$ 9,000

Data used
Hansson & Dargusch (2017), MPOB (2011),
Sutikno (2018), World Bank (2016)
Hansson & Dargusch (2017)

Smallholder livelihood support subsidy
As for the second cost, a smallholder income replacement subsidy was taken as an additional part of the
restoration costs in the public smallholder scenario. The subsidy would supplement the livelihoods of
smallholders switching from oil palm to sago during the long period they must wait for the sago to
mature. The subsidy amount for smallholders until plantation maturity was determined from the yearly
income (or profit) per hectare as found through data collected in the case-study area from Chapter 3.
This amounted to an equivalent of 1,030 USD per ha (using the 2018 exchange rate of 14,237 IDR to 1
USD), which was rounded up to 1,050 USD per ha (OECD, 2019b). This amount was then taken as the
per hectare subsidy payment for ten years following restoration, based off of the average age of sago
palm maturity found from the case-study data in Chapter 3. Note that the livelihood subsidy is taken
from the income from sago and not oil palm, as the subsidy was assumed to end after sago palm
maturity begins and thus the smallholders would already be adjusted to an income based around sago.
As this modelling was performed at the regional scale, the associated costs above, as well as the SCC
per tonne of CO2, were accounted for across the number of hectares concerned in the replacement
scheduling each year.

7.4 Private returns from sago transitional scenarios
For the private returns, the modelling was performed in order to calculate the balance attained from a
replacement of oil palm to sago, without any sort of government intervention. Because the replacement
modelling project lifetime is different from that of the smallholder scenarios (35 versus 52 years,
respectively), the difference between the yearly private returns found in the previous analyses for the
two crops could not just be taken as the profit difference. Instead, the EANB method was used, as
explained in Section 2.4.2 of the Methodology, whereby the EANB balance was found from the private
returns and applied to all hectares involved in the project in a given year. The expectation for this
analysis was that private returns for smallholders and industrial plantations would be negative. This was
because, first, sago provided lower returns than oil palm under these scenarios (as shown in Chapter 6),
and second, the additional cost of canal blocking must be included, as described in Section 7.2.

7.4.1 Smallholder private returns
The EANB balance between smallholder sago and smallholder oil palm was multiplied by the number of
hectares converted up to the appropriate year. This balance was then taken together with the costs of
canal blocking per year to arrive to the smallholder regional private returns. The same private
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smallholder values and discount rates were used as previously in Chapter 6. The results were as shown
in Table 7.6, and as expected, the privates returns were highly negative for smallholders switching from
oil palm to sago.
Table 7.6. Private returns from regional smallholder oil palm conversion to sago, 35 year
lifespan. Low restoration price 2,000 USD ha–1 for canal blocking, high price at 9,000 USD ha–1

NPV 8.5%

Low restoration price
(USD)
–1,739,346,000

High restoration price
(USD)
–2,582,416,000

–1,883,405,000

–2,647,217,000

NPV 10.0%

Another scenario to consider is the alternative sago smallholder situation from Chapter 5 of ‘no wait’,
whereby the sago palm maturity period of ten years was reduced. As mentioned previously, this scenario
could take place in the case that research and breeding allows the sago maturity period to decrease to
that of four years. The transitional returns for this scenario were as given in Table 7.7.
Table 7.7. Private returns from regional smallholder oil palm conversion to sago of no wait
scenario, 35 year lifespan

NPV 8.5%

Low restoration price
(USD)a
900,610,000

High restoration price
(USD)b
57,540,000

968,964,000

205,151,000

NPV 10.0%
a

b

Low price is a cost of 2,000 USD per ha for canal blocking; high price is a cost of 9,000 USD ha–1

Notably, the private returns when considering the ‘no-wait’ scenario became positive, indicating that the
higher smallholder ‘no-wait’ private returns would be sufficient to pay off the canal restoration costs.

7.4.2 Industrial private returns
For the industrial returns, first the appropriate private NPV from the industrial sago and oil palm
scenarios was divided by the total number of hectares involved in these scenarios, 12,781 ha and 11,250
ha, respectively. These ‘NPVs per ha’ were then used to find the respective EANBs and finally the
EANB industrial balance, which was negative for the private industrial returns. The same private
industrial values and discount rates were used as in Chapter 6. The results were, again, highly negative,
as shown in Table 7.8.
Table 7.8. Private returns from regional industrial oil palm conversion to sago, 35 year lifespan

a

NPV 10.0%

Low restoration price
(USD)a
–1,735,799,000

High restoration price
(USD)b
–2,499,611,000

NPV 12.5%

–1,397,153,000

–2,057,016,000

b

Low price is a cost of 2,000 USD per ha for canal blocking; high price is a cost of 9,000 USD ha–1
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As can be noted, the return was not very different from the base smallholder transitional private returns,
as compared to Table 7.6. This was because the EANB balances at the per hectare level between the two
groups were similar and all other costs and variables were the same.

7.5 Public returns from sago transitional scenarios
For the public returns scenarios, the base carbon emissions were again taken as calculated from data of
Hooijer et al. (2012). This implies a conservative assumption of drainage of 0.5m GWL of an oil palm
plantation. Note, however, unlike in Chapter 6, the first five years of higher emissions after drainage
were not taken into account, as the oil palm plantations would already have been long established at time
of conversion. As such, a steady rate of 55.5t CO2 per ha per year was assumed. The same two levels of
SCC as in Chapter 6 were again applied, the first taken from Nordhaus (2017) starting at 39 USD per
tonne CO2 in 2018 with a 3% annual increase and the second taken from the EU ETS pricing at a static
$16 USD per tonne CO2. The respective SCC per hectare was then inputted as a social benefit and
multiplied across the total number of hectares which would have been restored up to the year being
assessed. In this way, the benefits from carbon emissions savings from restored hectares continued to
accrue until the end of the project in year 35. Of course in reality, the benefits would be permanent as
long as the peatland stays restored, but this assessment was only carried out during the project period.
Both the smallholder and industrial scenarios were calculated with such considerations and are presented
below.

7.5.1 Smallholder public returns
For the smallholder public returns scenario, the difference in EANB balance between normal
smallholder sago and oil, as well as the costs of canal blocking, were again taken into consideration. The
smallholder sago ‘no-wait’ scenario was not taken into consideration for public returns, as it was already
demonstrated to provide positive returns in the private scenario.
Alongside the restoration cost of canal blocking, in these scenarios considering the social cost of an
annual income subsidy at $1,080 USD per ha was also necessary, as described in Section 7.4. This cost
was scaled up to all hectares still within the ten year period of requiring subsidy, whereby after the ten
years had passed for that area, the subsidy ended. The results from this analysis are as shown in Table
7.9 and Table 7.10, using the Nordhaus and EU ETS SCC pricing, respectively.
Table 7.9. Public returns from regional smallholder oil palm conversion to sago, 35 year lifespan,
SCC from Nordhaus (2017) starting at 39 USD per tonne CO2 with 3% annual increase

NPV 3.5%
NPV 10.0%
a

Low restoration price
(USD)a
7,673,132,000

High restoration price
(USD)b
6,412,569,000

793,584,000

29,771,000

b

Low price is a cost of 2,000 USD per ha for canal blocking; high price is a cost of 9,000 USD ha–1
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Table 7.10. Public returns from regional smallholder oil palm conversion to sago, 35 year
lifespan, SCC from EU ETS (World Bank & Ecofys, 2018) at a static 16 USD per tonne CO2

NPV 3.5%
NPV 10.0%
a

Low restoration price
(USD)a
72,245,000

High restoration price
(USD)b
–1,188,318,000

–1,631,695,000

–2,395,507,000

b

Low price is a cost of 2,000 USD per ha for canal blocking; high price is a cost of 9,000 USD ha–1

As can be seen by Table 7.9, the public returns when taking into consideration the SCC as estimated by
Nordhaus (2017) vastly outweighed the costs of restoration and subsidy, at both levels of restoration
costs. However, with the lower EU ETS (World Bank & Ecofys, 2018) SCC pricing, the returns were
positive for the lower restoration price at the lower social discount rate, but became negative at all other
levels, as shown in Table 7.10.

7.5.2 Smallholder public and private SCC break-even prices
With such a difference between the outcomes of Table 7.9 and Table 7.10 taken into consideration, a
SCC break-even price for both restoration levels and discount levels was calculated. First a static SCC
break-even price was calculated, followed by one with a 3% annual increase. The base level of
emissions, 55.5 tonne CO2 per ha was assumed, along with the same hectare replacement schedule as
has been used throughout the analyses. The results were as shown in Table 7.11.
Table 7.11. Static SCC break-even price required for smallholder oil palm conversion to sago,
35 year lifespan

NPV 3.5%
NPV 10.0%
a

Low restoration price
(USD per t CO2)a
$ 15.60

High restoration price
(USD per t CO2)b
$ 23.10

$ 42.80

$ 55.30

b

Low price is a cost of 2,000 USD per ha for canal blocking; high price is a cost of 9,000 USD ha–1

Table 7.12. SCC break-even start price, followed by 3% annual increase, required for
smallholder oil palm conversion to sago, 35 year lifespan

NPV 3.5%
NPV 10.0%
a

Low restoration price
(USD per t CO2)a
$ 8.60
$ 27.10

High restoration price
(USD per t CO2)b
$ 12.70
$ 35.00

b

Low price is a cost of 2,000 USD per ha for canal blocking; high price is a cost of 9,000 USD ha–1

A final type of private break-even SCC price for the project costs was also found. In these terms, a
consideration was made as though the project were actually financed by an outside entity in 2018, such
as through international financing schemes or the Indonesian government. Then just the costs of
implementing the project, in real 2018 USD were found, total and per tonne of carbon. The loss of
economic profit in the region and effects of discounting were thus not taken into consideration. These
costs of the project, and the carbon savings achieved during the project, were found as shown in Table
7.13. Note that the carbon savings applied for all hectares transitioned up to a given year in the project,
as can be seen in the cash flow found in Appendix G.
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Table 7.13. Smallholder transitional project costs and carbon savings comparison
[Unit]
Canal block cost
level
Canal block cost
Subsidy cost
Total cost

[L/H]

Low

[$]
[$]
[$]

–518,014,000
–2,797,276,000
–3,315,291,000

[ha]

Area transitioned
Cost per unit area

Value

[$

Project length

259,007

ha–1]

–12,800

[yrs]

Amount of CO2
saved ha-1 yearly

35

[t CO2
ha yr-1]

55.50

Canal block cost
level
Canal block cost
Subsidy cost
Total cost
Area transitioned
Cost per unit area
Project length
Amount of CO2
saved ha–1 yearly

[Unit]

Value

[L/H]

High

[$]
[$]
[$]
[ha]
[$ ha–1]
[yrs]
[t CO2
ha yr-1]

Amount of CO2
Amount of CO2
[t CO2]
saved during
[t CO2]
saved during
project
entire project
337,947,000
Cost per t CO2
Cost per t CO2
[$ t–1
[$ t–1
saved during
saved during
CO2]
CO2]
entire project
entire project
–9.80
Left: low restoration cost at 2,000 USD per ha, right: high restoration cost at 9,000 USD per ha.
Blue boxes denote input values, yellow boxes denote output values.

–2,331,064,000
–2,797,276,000
–5,128,340,000
259,007
–19,800
35

55.50

337,947,000

–15.20

As can be seen, the final implementation cost per tonne of carbon saved during the project’s lifetime
would be $9.80 USD per t CO2 for the lower restoration cost and $15.20 USD per t CO2 for the higher
restoration cost (Table 7.13). This could be considered the required SCC actually required to finance the
smallholder transitional project.

7.5.3 Industrial public returns
To find the public returns for the industrial scenario, the same considerations of EANB balance per
hectare and restoration cost were again taken into account. No subsidy price was determined, as this
scenario dealt with companies and not smallholders. The two SCC levels of Nordhaus (2017) and the
EU ETS (World Bank & Ecofys, 2018) were once again utilised. The returns were as shown in Tables
7.14 and 7.15.
Table 7.14. Public returns from regional industrial oil palm conversion to sago, 35 year lifespan,
SCC from Nordhaus (2017), starting at 39 USD per t CO2 with 3% annual increase

NPV 3.5%
NPV 10.0%
a

Low restoration price
(USD per t CO2)a
9,051,632,000

High restoration price
(USD per t CO2)b
7,791,069,000

1,029,712,000

369,849,000

b

Low price is a cost of 2,000 USD per ha for canal blocking; high price is a cost of 9,000 USD ha–1
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Table 7.15. Public returns from regional industrial oil palm conversion to sago, 35 year lifespan.
Low restoration price at 2,000 USD per ha for canal blocking, high price at 9,000 USD per ha.
SCC from EU ETS (World Bank & Ecofys, 2018) at a static 16 USD per t CO2

NPV 3.5%
NPV 10.0%
a

Low restoration price
(USD per t CO2)a
1,450,745,000

High restoration price
(USD per t CO2)b
190,182,000

–677,323,000

–1,337,186,000

b

Low price is a cost of 2,000 USD per ha for canal blocking; high price is a cost of 9,000 USD ha–1

Just as for the smallholder scenario, the Nordhaus SCC pricing gave all positive public returns (Table
7.14). For the EU ETS SCC pricing, the lower discount rate also resulted in positive returns (Table
7.15). However, the higher discount rate gave negative returns, across both restoration prices.

7.5.4 Industrial public and private SCC break-even prices
A public SCC BEP was calculated for the industrial scenario in the same way as the smallholder
scenario, with both restoration levels and both discount levels included. Once again, the static SCC BEP
was calculated, followed by the BEP for the starting value of a SCC with 3% annual increase. As well,
emissions of 55.5 t CO2 per ha were again assumed, along with the same hectare replacement schedule
as has been used throughout the analyses. The results were as shown in Tables 7.16 and 7.17.
Table 7.16. Static SCC break-even price required for industrial oil palm conversion to sago, 35
year lifespan. Low restoration price at 2,000 USD per ha and high price at 9,000 USD per ha

NPV 3.5%
NPV 10.0%

Low restoration price
(USD per t CO2)
$ 7.40

High restoration price
(USD per t CO2)
$ 14.90

$ 31.10

$ 45.70

Table 7.17. SCC starting BEP, with 3% annual increase, required for industrial oil palm
conversion to sago, 35 year lifespan. Low restoration price is at 2,000 USD per ha and high
price at 9,000 USD per ha

NPV 3.5%
NPV 10.0%

Low restoration price
(USD per t CO2)
$ 4.10
$ 20.70

High restoration price
(USD per t CO2)
$ 8.20
$ 30.40

Once again, a final private SCC BEP for the project costs was also found, without the consideration of
transitional profit losses or discounting. These costs could provide an idea of how much an industrial
company looking to transition from oil palm to sago may try to claim in benefits, tax breaks, or other
allowances as abatement costs.
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Table 7.18. Industrial transitional project costs and carbon savings comparison.
[Unit]
Canal block cost
level
Canal block cost

[L/H]

[Unit]

Value
High

[$]

–470,446,000

Subsidy cost

[$]

–

Total cost

[$]

–470,446,000

Area transitioned

[ha]

Cost per unit area

[$ ha–1]
[yrs]

Project length
Amount of CO2
saved/ha
annually

[t CO2 ha
yr-1]

259,007
–1,816
35

55.50

Canal block cost
level
Canal block cost

[L/H]

Value
High

[$]

–2,117,007,000

Subsidy cost

[$]

–

Total cost

[$]

–2,117,007,000

Area transitioned

[ha]

Cost per unit area

[$ ha–1]

Project length
Amount of CO2
saved/ha
annually

[yrs]
[t CO2
ha yr-1]

Amount of CO2
Amount of CO2
saved during
[t CO2]
saved during
[t CO2]
project
337,947,000
project
Cost per t CO2
Cost per t CO2
[$ t–1
saved during
[$ t–1 CO2]
saved during
CO2]
entire project
–1.40
entire project
Left: low restoration cost of 2,000 USD per ha, right: high restoration cost of 9,000 USD per ha.
Blue boxes denote input values, yellow boxes denote output values.

259,007
–8,200
35

55.50

337,947,000

–6.30

As shown in Figure 7.18, the abatement costs for the industrial transition project would be $1.40 USD
per t CO2 for the lower restoration cost and $6.30 USD per t CO2 for the higher restoration cost. These
costs were, of course, far lower than those of the smallholder projects as no subsidy was required;
however, the company would still need to take into consideration the long investment period of sago on
their own account.
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CHAPTER 8. DISCUSSION
8.1 Limitations and assumptions
The main limitation of my approach to address RQ1 on the agro-ecological conditions of sago was the
reliance on published literature to analyse sago’s ability to fulfil paludiculture requirements. The
literature was not standardized and spanned across sago varieties, water table levels, peat depths,
maintenance regimes, field characteristics, and different regions of Malaysia and Indonesia. Only
sometimes were these aspects appropriately documented. Careful comparison of experimental plots of
sago palm across different hydrological conditions and peat depths, with all other aspects kept constant,
would provide a more thorough basis to determine sago’s ability to fulfil paludiculture requirements.
However, as sago typically requires over ten years to mature, such a study is probably infeasible. As
such, instead a literature analysis was performed, which finally incorporated approximately 35 studies,
with a particular focus on the most well-cited sago researchers and experimental trials. This was further
supplemented by case-study interviews and observations of the in-field situation. All together, this
provided a robust base to approach RQ1 and also allowed for the incorporation of many different aspects
of sago cultivation.
With regards to RQ2 on the value chain of sago, my approach relied completely on the collection of data
from the case-study area. As such, main limitations included the inability to interview all value chain
actors, the limited number of interviews of some value chain actors, and the location restriction to one
village. Such field work limitations came about due to the short time frame available for the field work,
as well as inevitable problems, such as sudden peat fires in the other nearby sago-producing village of
the region and the restricted time availability of the translator. However, even as such, a fair number of
representative interviews were conducted. Where some value chain actors were unavailable (e.g. the
wholesale starch trader), other interviews were used instead (i.e. the home-industry owners). The local
and non-local expert interviews also provided useful supplementary information to support the data
collected on the value chain. Additionally, the usage of the comparison case of Southeast Sulawesi
provided a useful facility to compare and contrast the case-study results. One limitation, however, was
incurred by only being able to obtain information from the FAO project manager. As such, certain
pieces of knowledge about the comparison case were missing as they were unknown to the project
manager. Predominantly, the production costs were missing, which meant that the Gross Value Added
could not be calculated for the comparison case. However, gross revenue was known and used as a
proxy to carry out the comparison. With this data and highly relevant qualitative information, the
inclusion of a comparison case ultimately served to strengthen the understanding of the case-study.
RQ3 centred on the monetary returns (i.e. profit) of sago production and processing, utilising data from
the case-study area. As such, limitations from RQ2 on the amount and type of interviews again applied
and were tackled in the same manner. Other limitations include possible translation issues and
unfamiliarity with the local context. These limitations apply as well to RQ2, but likely to a greater extent
for RQ3. Translation issues are, of course, always a possibility for interviews conducted in a different
language and difficult to avoid. The available project translator was from a nearby region of the same
island and had an appropriate grasp of the specific style of Bahasa Indonesian spoken in the area. The
employment of follow-up questions and interview recordings meant that moments of confusion or
uncertainty could be clarified or listened to more closely later. The greater effect was likely from the
very specific local context of sago production and processing. As such, certain interview questions
required more explanation than expected or needed to be worded differently in order to be understood.
All care, however, was taken to ensure that the understanding of the interview conversation was correct,
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including an open format for back and forth exchange, unlimited time, aid from the local guide, and
even the drawing of diagrams and illustrations at times. Beyond these limitations, various assumptions
needed to be made in order to arrive to the private returns analyses. Smallholder production in the casestudy area was not homogenous, accounting for a wide range of sago trunk yields, maintenance
practices, plantation costs, and output pricing. For the sake of brevity, focusing on the averages in all of
these cases was necessary. Sensitivity analyses were, however, able to briefly address the effects of
different yields and output pricing. Another important assumption was that of the 52 year or 22 year
time horizon for smallholder and industrial scenarios, respectively. These horizons were chosen only to
compare to the selected oil palm plantation data. Sago plantations can last longer than this and as such
the private sago returns were always conservative. Finally, assumptions had to be made from the NSP
data in order to arrive to the full industrial cash flows, such as about the operational costs and the
optimal production schedule. These assumptions, however, were always supported by the available
evidence and kept conservative and simple. In the case of the production schedule, for example,
considerations of increased sago production / mill capacity beyond 2018, thus requiring a second mill
construction, were not taken. As such, this assumption meant that in the model, NSP continued to collect
sago from only 6,000 ha, instead of the available 12,781 ha of the concession. This added another
conservative layer to the total plantation results, but, of course, did not affect the per hectare results.
The results from RQ3 were then used within the CBAs of RQ4, as compared to oil palm in both private
and public returns. The main limitation of this section was that all utilised oil palm data came from other
studies. Ideally, conducting interviews with the different types of oil palm farmers would be possible as
well. However, as the focus of this study was primarily on sago, such an exercise was beyond the
available time and resource capacity. As such, the most reasonable, proximate, and recent data from the
field was taken for the oil palm private scenarios, while always adjusted to be directly comparable to the
sago scenarios. Another limitation, particularly at the industrial level, was the inability to be fully certain
of taking into account all costs at accurate pricings. Although the costs sought after included a thorough
list, others were not taken into consideration, such as tax. As tax was equally not considered across all
scenarios, the comparison across these pre-tax returns is valid. However, a company might want to
consider how tax would affect their private returns, and would thus need to clarify the current tax laws
for each segment of their business. For the public scenarios, one limitation of the study was taking into
account only subsidence-based CO2 emissions, as the public costs of peatland drainage extend beyond
these. As mentioned in the Introduction, other impacts include land degradation and eventual loss of
production from subsidence, water quality and quantity issues, and further carbon emissions from peat
fires. Possible loss of production was addressed through a sensitivity analysis (Section 6.6), but the other
impacts were ignored. This likely means that the derived negative public returns are conservative.
Finally, CO2 emissions were considered, but not those of the other peatland greenhouse gases, namely
methane and nitrous oxide. These gases are more potent as they have Global Warming Potentials of 25
and 298, respectively, as compared to CO2 (IPCC, 2007). However, methane was not included as annual
methane emissions for tropical peatland range from negligible to an absolute (and highly unlikely)
maximum around 0.25t ha–1 annually, thus 6.25t per ha CO2eq (Couwenberg et al., 2010). A study of
temperate or boreal peatlands should consider methane, as such ecosystems have much higher levels of
methane emissions, approximately five times greater than those of tropical peatlands (Couwenberg et al.,
2010). As for nitrous oxide, their emissions depend largely on fertilization rates, whereby non-fertilized,
drained areas tend to emit slightly lower levels of nitrous oxide than either drained or undrained forested
areas for tropical peat (Couwenberg et al., 2010). As such, nitrous oxide emissions were excluded from
this study as they are not an issue of drainage per se, and there is a lack of available, reliable data of
emission levels across various land types and maintenance regimes (Hatano et al., 2016). Annual nitrous
oxide emissions, at an average of 0.14t per ha annually, thus 42.6t ha–1 CO2eq, for drained, fertilized
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agricultural peatland are, however, substantial (Couwenberg et al., 2010). A study which would generate
its own palm oil (or other peatland crop) plantation data should thus take note of fertilization rates and
include nitrous oxide emissions. Their exclusion in this study is another marker of how conservative the
negative public returns for oil palm of this study were.
However, CO2 emissions on their own are already very important and expanding to other environmental
considerations would have made my study unwieldy. In regards to the carbon emissions levels assumed,
these were again on the conservative side, as well as calculated from studies by highly cited researchers
of this field, such as Hooijer or Couwenberg. The pricings of the SCC used could basically be
considered as two levels – low and high – however, both pricings were still assumed to be conservative
for their range. As effects of climate change increase, the damage costs of CO2 have only become higher
in recent years. Another significant assumption with the SCC is that some entity in the world would be
willing to pay this price. Otherwise, the consideration of the SCC does not add much in practical terms
to an analysis. Finally, for the base sago public scenarios, the assumption of no employment of drainage
was a significant one, and as such was revisited in the sensitivity analysis to demonstrate its importance
and note the impact that drainage would have.
Lastly, RQ5 was then answered as based off of the returns provided in RQ4. Additional limitations
which affected RQ5 included the mapping assumptions, lack of market effects, and restoration
uncertainties. First for the mapping, the accuracy of the available mapping data is always an important
issue. The mapping data used is likely out of date. However, this was still the most accurate data that
was available. As for the lack of market effects, in determining the economic impacts of the expansion
of sago, no assumptions on market demand changes from increased product supply were made. This
limitation could be important, as a high supply without increased demand would flood the market and
lower the price, changing the calculated private returns. However, the consideration of market effects
was considered as too uncertain due to lack of evidence on how the market might behave. Furthermore,
an increasing demand for sago would possibly match the pace of the increased supply. This could be the
case particularly if the sago industry expanded further into potential value-added products such as
bioplastic or biodiesel, as was evidently part of the intent of Sampoerna Agro’s expansion into sago
through NSP (see Appendix E). The amount of sago starch production has also increased every year
across all Indonesian islands with sago (Direktorat Jenderal Perkebunan, 2016b). Taking Sumatra in
particular, information from Chapter 5 detailed that the price of sago has also risen with this supply
increase. As such, demand could continue to match increasing supply, or possibly even outstrip it.
Finally, the last RQ also must deal with uncertainties as to the restoration efforts on the transitioned
peatland. In the modeling canal blocking is assumed to function as expected and replacement of canal
blocks is not taken into account. Conversely, this is knowingly not the case, whereby canal blocks often
leak, sink, and require replacement (Ritzema et al., 2014; Dohong, 2016; Sutikno, 2018; Hansson &
Dargusch, 2017). As such, although the lower cost at 2,000 USD per ha had more studies behind it, the
higher restoration cost at 9,000 USD per ha may be a more realistic expectation. The inclusion of both
cost inputs thus provides the full range of estimations to consider.

8.2 Comparison and validity
Although there are not so many sources from the literature comparable to this study, the few known ones
are used for comparison and contrast here.
In regards to the value chain, Yasin et al. (2005) identified various issues in the value chain for sago
production of Tanjung village, Meranti, Riau. The first issue was the low quality of the starch being
produced due to the usage of peat water. The waste from sago processing was also deposited into the
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river, whereby the community complained of reduced fish catches. Issues with the industry included a
lack of bargaining power on the side of the sago farmers due to the need to immediately sell their palms.
Some of these farmers were involved in the ‘ijon’ (i.e. the binding advanced reduced payment) system
and received only 32% to 57% of the direct selling price, depending on how far in advance they pre-sold
their palm trunks. The pricing of the trunks and starch, as well, fluctuated depending on the estimated
purchase price in Cirebon. The few traders in Cirebon had more bargaining power due to the oligopsony
market situation. The conclusion of the paper revolved around the necessary improvement in the quality
and quantity of the primary sago starch product through support in the form of increased access to
information, technology, and funding. The Yasin et al. (2005) paper is very similar to the results found
in my study, with comparable issues of peat water usage and unequal market power relations. The main
difference, however, is the higher rate of farmers still involved in the ‘ijon’ system. The dated year of
publication (2005) allows that the situation may have changed since. The conclusions, however, for
greater support in order to improve the quality and quantity of sago starch are highly seconded by my
study. This 2005 study from a different location and year, but with the same sago-market issues as my
study, demonstrates that these issues may be widespread throughout the various sago-producing loci.
This signifies that my recommendations have greater applicability and are thus even more important.
Another paper on the sago market comes from Metaragakusuma, Osozawa, & Hu (2017), where they
found that sago production in South Sulawesi was low in comparison to recent increases in demand.
They predicted that the demand for sago would continue to increase, and as such, sustainable processes
need to be further developed and espoused, whereby government support is necessary. Their main
finding is comparable to my study, whereby production supply in the case-study area was also found to
be lower than demand, which indicates that sago demand may only continue to increase. On the Maluku
Islands, Girsang (2018) found that small-scale sago plantations were financially feasible in the short
term, but unsustainable in the long term. General problems of sago industries noted by Girsang (2018)
included that they involved time-consuming and difficult labour (i.e. the felling of the sago palms),
while entailing higher operational costs, poor social preparation and participation, ineffective farmer
groups, and uncertain land tenure. In the Maluku region, sago processing that employed traditional
technology (i.e. simple tools), was treated as a subsistence food activity which was being abandoned for
imported rice. Semi-modern (mobile machinery) and modern (immobile machinery and wage labour)
sago processing also occurred in the region. Profitability indicators demonstrated that all technology
levels were feasible, with increasing profitability from traditional to semi-modern to modern technology.
However, the modern industry, focused on the end-product creation of sago noodle, failed due to an
inability to manage the company or to stabilize the sago starch price. The low price of wet sago starch
and the limited demand for dry flour proved to be constraints to the expansion of the industries.
Investment capital and careful management between supply and demand of sago palms were provided as
aspects of the industry which require special attention. Some aspects of Girsang’s (2018) analysis
correspond to my study and some do not. For example, higher operational costs, poor social
participation, and uncertain land tenure were not issues in the case-study area. From this information,
and from the use of sago as a subsistence food item still, it is clear that the sago industry on the Maluku
Islands is not at as advanced as that of the case-study area. The Girsang (2018) study may still hold
some points for consideration in the further expansion of sago in the case-study area, such as the need to
carefully approach a switch from wet to dry starch and to stabilise the price. The need for further data
collection was also demonstrated, particularly out east in the Maluku Islands and Papua.
Janssen and Widaretna (2018) assessed the sago industry based in the same case-study area as my study
with additional information from other regions. They found the same general layout as described in this
study, with wet starch small-scale processing mills, however they cited a lower total production from
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Karyanto et al. (2016), amounting to 480t of wet starch total per month from across the entire village,
whereas this study calculated 606t per month. This discrepancy is likely from the recent construction of
two new mills (Appendix A, Reference 3). Other features of the case-study area, such as value chain
actors involved, match this study. Janssen and Widaretna (2018) also highlighted the issue of the lowquality starch produced in the case-study region as a huge concern for commercial expansion, whereby
typical markets will require a consistent and higher quality product. The issues of quality were noted to
relate most heavily to processing methodologies (clean water use and hygiene) and post-harvest
processes (storage and transport), particularly that wet starch could only be stored for 24 hours before
disintegration begins. This issue was dually noted in this study, whereby contrast with the comparison
case, with a much higher level of integration and hygienic standard to produce dry starch, demonstrated
a large part of the reason for lower revenues in the case-study area. Beyond this, Janssen and Widaretna
(2018) also outlined the plausible uses for sago processing by-products, additionally noting that NSP is
experimentally using sago waste to run their factory boilers. Their report particularly recommends
farmers to expand into processing in order to both add value, but also benefit from the steadier price of
sago starch over that of sago logs. The major obstacles noted by Janssen and Widaretna (2018) were the
plantation/processing unit start-up costs and the long period until sago maturity. Just as in this study,
they recommended the provision of a secure income for smallholders during the immature waiting
period, either through direct forms of financing or through the provision temporary economic activities.
As for financial returns, Thoriq and Sampurno (2016), quoted in Janssen and Widaretna (2018), found
that the investment into a rasping machine in Bintuni Bay, Papua, with a 6,800 IDR per kg starch price,
yielded an IRR for the processor exactly the same as that found in the case-study area of 39%. However,
their calculated IRR would actually be higher than the one from the case-study as costs in their returns
already included loan interest and business profit tax. Agus et al. (2016), quoted by Tata (2019), found
an NPV of $441 USD per ha per year at 10% discounting for sago harvested from sago forests in Papua,
which after up-scaling to a 52 year time horizon (thus $22,932 per ha), would be 4.6 times higher than
the sago smallholder reduced wait scenario and 3.1 times higher than the reduced wait mill rental
scenario of this study. However, forest utilization implies that there was no to very little investment cost,
absolutely no wait time, and lower operational costs, so the higher returns are to be expected.
Furthermore, Agus et al. (2016) demonstrated that peatland use change from peat shrub (i.e. degraded
peatland) to sago forest would result in carbon sequestration of 15.4t CO2 per ha per year. This scenario
was the only one which did not lead to increased emissions from the oil palm, rubber, and corn crop
transitions analysed, as well as additional land-use changes from secondary and primary peat forest.
Such information would suggest that the results of this study, taking into account only avoided
emissions, are slightly more conservative. Finally, Winrock International (2018) conducted a financial
analysis of smallholder sago plantation, to the level of sago flour product output, with a similar maturity
period of 10 years. They found a required initial investment of 35,000,000 IDR and annual operation
costs of 6,250,000 IDR, leading to a gross revenue of 31,778,000 IDR per year. In comparison, this
study found a higher initial investment of 40,313,607 IDR, higher annual operational costs of 8,031,000
IDR, and a lower gross revenue of 24,336,000 IDR per year for the base smallholder scenario. As such
Winrock International’s (2018) calculated NPV was 5.7 times higher at almost 28 million IDR with a
19% IRR, as compared to the almost 5 million IDR NPV and 10.6% IRR from this study. From personal
communication with the authors, the analysis was based off of several pieces of ‘default/generic’ data or
found through calculations of other sources of retained data. As such establishing the reason behind the
difference in results is not possible. However, because their analysis was created from generalized and
various pieces of data, the discrepancy in results is not concerning.
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CHAPTER 9. CONCLUSIONS
9.1 Significance of results
My study aimed to assess the sustainability of sago as a peatland crop. With this objective in mind, it
became apparent early on that sago needed to both function as a paludiculture (i.e. a crop which could
grow in sustainable peatland conditions) and also provide economic potential which could compare to
other major peatland competitor crops, such as oil palm. As such, five research questions, developed
upon one another, were constructed:
RQ1: What is the agronomic potential of sago under paludiculture conditions?
RQ2: How is the value chain of sago laid out?
RQ3: What are the monetary returns of sago production and processing?
RQ4: How does sago compare to oil palm, a major peatland crop, in terms of public returns?
RQ5: What are the costs and benefits of an oil palm transition to sago on a regional scale?
In terms of functioning as a paludiculture, two peatland-environmental aspects were important: the water
table depth and the peat depth. Across the literature, sago is found to perform well under high GWL
regimes. Sago should be described as a robust crop as it thrives under periodic flooding and can even
tolerate some levels of salinity. Conversely, GWLs which are too low negatively affect sago’s
productivity, as supported by data from the case-study area. For example, excessive canalization once
led to lower yields for the interviewed smallholders. Although sago is often grown at a drainage of
20cm, such as at the NSP plantation, drainage is likely not a requirement. The second peatland
consideration is that of peat depth, particularly how it affects sago’s productivity in terms of trunk
yields. In the literature, sago would generally produce lower yields on deep peat, followed by shallow
peat and then mineral soil. However, of the six quantitative studies available, only two showed
significantly lower yields for sago on deep peat. In addition, important contributing factors, such as
drainage level or age until maturity, were rarely detailed across the reviewed studies. On the other hand,
the literature analysis provided evidence that age until maturity is a significant factor. Sago on deep peat
was noted to take longer to reach maturity, approximately 1.2 to 1.3 times longer than on shallow peat or
mineral soil (Jong & Flach, 1995; Yamamoto, 2003). From the case-study area, a very clear distinction
between shallow peat and deep peat was also found in regards to yields. The NSP industrial plantation
on deep peat only produced half of the final starch yield possible as the smallholder plantations on
shallow peat, as shown in Table 3.2. One possible reason as to this difference is the lack of available
nutrients in deep peat. This could mean that proper fertilization regimes would be able to overcome this
yield loss. However, fertilizer trials thus far have generally not shown a significant effect, possibly due
to the difficultly of applying fertilizer in peat. The likely increased nitrous oxide emissions from
fertilization would also need to be taken into the consideration of the decision to apply fertilizer.
Returning to the aim of this environmental sustainability analysis, whether sago could fulfil the two
main requirements of paludiculture (i.e. keeping peat wet and providing sufficient crop yields) still
needed to be determined. First, considering the data taken from both the literature and the case-study
area, sago can grow in peat while the peat is kept wet. As to sufficient yields, sago from the case-study
area provides lower annual yields on deep peat at 5,500 tonnes of dry starch per ha as compared to
11,050 tonnes on shallow peat (see Table 3.2). As a comparison, the average annual productivity of rice
across Indonesia (thus across various soil types) was 5,155kg per ha in 2017, which is overtaken by sago
on shallow peat by a factor of 2.1 (FAOSTAT, 2019).
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The first step to approaching the economic returns possible from sago was delving into the functioning
of the sago value chain. The value chain analysed from the case-study area was already somewhat
developed and targeted mostly at commercial sales, which is in contrast to sago value chains in other
areas such as Kalimantan or Papua, where sago is still commonly a subsistence food item (Appendix A,
Reference 5). In the case-study area, sago production and processing could be considered semi-modern
and the value chain actor roles were clearly differentiated. Going further, a major aim of value chain
management is to improve the revenues received by the different actors along the chain. Although the
smallholder value chain did benefit from various strengths, such as a high and increasing demand for
starch, flexible harvest schedules, and close and positive connections between value chain actors, there
is still much room for improvement. Local semi-mechanical mills allowed the producers to break out of
the ‘ijon’ system from the 1990s, but these mills are now out-of-date. Novarianto et al. (2014) found
from blender extraction of sago pith samples with filtration that the spiny variety of the case-study area
can produce on average 226kg of dry starch per trunk. As shown in Table 3.2, the average dry starch
amount produced at the mills was 170kg per trunk, pointing to a loss of approximately 24% of the starch
due to the processing system. As well, the mills can only produce a low quality wet starch, meaning that
a second stage of processing is still required. Finally, another major problem of the case-study area is the
monopsony structure, whereby there is only one wholesale buyer for the entire village. Monopsonies are
known for issues of unequal market power and information sharing, which can allow the sole trader to
set and manipulate the price (Greenlaw et al., 2017).
The effects of such weaknesses in the value chain became more obvious through the use of the
comparison case in Southeast Sulawesi where sago processing and marketing benefitted from a more
integrated and purposefully developed system. The sago producers of the case-study region receive an
equivalent average gross revenue of 2,200 IDR per kg dry starch and the processors receive 3,480 IDR
per kg dry starch. Whereas for the comparison case, both the producers and processors typically receive
4,820 IDR per kg dry starch, representing a factor increase of 2.2 and 1.4 times the revenue from their
respective counterparts of the case-study area. As noted in Section 4.3, this difference in pricing is likely
due to the higher starch yield in the comparison case, which is at least partially due to a higher extraction
rate, attributable to the more advanced processing system. Another notable impact is the higher pricing
received in the comparison case for the (higher quality) starch product. Finally, the use of by-products,
such as the sago ‘hampas’ (waste material) and waste-water and the expansion to higher value-added
products such as bioplastic, lactic acid, or biodiesel, could also make the sago industry a more attractive
option for various parties across the value chain. If such issues were addressed and additional
opportunities taken advantage of (possibly through the more advanced processing mill still under
construction in the case-study area), higher revenues could make sago a more attractive option to nearby
oil palm smallholders, and interested commodity companies, in Riau.
After determining the current functioning and future potential of the market for sago in the case-study
area, the economic focus could then switch to the feasibility of sago in competition with other peatland
crops, such as oil palm. First it was found that sago does provide reasonable returns for producers,
ranging currently from a 10.6% to 13.3% IRR, depending on the producer type. As well, the
hypothetical consideration of sago production with a reduced maturity period of four years would
provide much higher returns at a 20.8% to 25.0% IRR for smallholders. The tables provided in Section
6.5 summarise the calculated returns from sago as compared to oil palm, showing that sago currently
always yields lower private returns across all producer types, with the greatest difference at the
industrial scale. Of promise, however, are first, the higher private sago returns discovered in the
sensitivity analysis whereby the higher pricing from the comparison case was used with the case-study
data; second, the higher returns possible from the reduced maturity period; and third, improved
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maintenance to provide higher yields. In all three of these scenarios, the smallholder sago private returns
would then strongly outpace those of smallholder oil palm.
Taking the assumption, however, that private sago returns are still currently lower than those of oil palm,
public returns could be taken into consideration to still present sago as a feasible peatland crop
replacement. Indeed, incorporating even the lowest reasonable carbon emissions levels and SCC from
the sensitivity analysis returns a highly negative NPV for oil palm. This demonstrates that the negative
costs of peatland drainage vastly surpass the private profits. To further underline this situation, the
highly negative private returns from the modelled regional transition of oil palm to sago in Riau turned
positive with the inclusion of the Nordhaus (2017) SCC, even despite the additional costs for restoration
and subsidization. Upon further inspection, it was found that a public (considering profit loss) SCC BEP
would range from $4.10 to $55.30 USD per t CO2, depending on the restoration cost, type of producer,
and discount rate selected. However, the private BEP ranges only from $1.40 to $15.20 USD per t CO2,
across both producer types and restoration cost levels. Such a cost could be considered for either a direct
financing for sago project promotion or by the government for tax breaks or other allowances for
interested companies, due to the great environmental benefits incurred. Of course, these companies
would still need to take into consideration the sago maturity waiting period, whereby no profits are
gained for approximately ten years. In this case, long-term investment models and/or other known
paludiculture crops (which tend to be less commercial, but faster growing), could be promoted (Giesen,
2013).
To summarise, my research points towards a high ecological sustainability and moderate economic
sustainability with higher future potential of sago as a peatland crop. Although the market does not
currently allow for sago to compete with oil palm in the base scenarios, the possibility for carbon
payment schemes to support sago promotion is one consideration to aid the proposed peatland crop
transition. These funds, which aim to restore peatland and foster their sustainable management, could be
sought through such organizations as the Indonesian Ministry of Forestry, the Global Green Growth
Institute, the Indonesian Climate Change Trust Fund, the Indonesian Peatland Partnership Fund, the
Indonesia Paludiculture Consortium, or possibly REDD+.
Indeed, as Indonesian peatland CO2 emissions are of high priority for the Government of Indonesia to
address (Republic of Indonesia, 2016), the managed promotion of sago provides a possibility to lower
these emissions in an economically and socially conscious manner. As discussed throughout my study,
peatland targeted for sago promotion should be non-drained and already cleared/degraded, so that the
public benefits fully apply.

9.2 Recommendations
First, from the data gathered in this study, I recommend that trial projects of sago promotion be
considered by policy-makers, investors, and other interested parties, including international
organizations. As demonstrated, such projects would likely provide positive returns at reasonable
discount rates and allow for the continued and sustainable productive use of peatland. Furthermore, the
funding parties of such projects could seek carbon mitigation and abatement funding from various
sources, using the BEP values provided by this study as a starting point of reference.
Second, further research of sago’s functioning under various conditions, including peat depth, water
table level, and maintenance regimes, is also recommended to be undertaken by research institutions and
universities. Careful plot trials of sago on peat of various depths, without drainage, would be of
particular use to provide more concrete evidence as to sago’s ability to produce on peat without
drainage. In particular, those groups which can support the extended time frame required for this
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research are urged to undertake it. Perhaps such research could be combined with the sago promotion
projects recommended above as to be undertaken with the local involvement of the farmers.
Furthermore, I urgently recommend advanced research into and the commencement of sago breeding to
reduce the time until palm maturity. This should be undertaken by plant breeding organizations and
companies, as much higher returns (competitive with those of oil palm) are possible with sago of a
reduced maturity period, as shown throughout my study.
Third, I recommend that research as to the market chain and economic returns of sago is undertaken at
locations of advanced processing and marketing, in order to find the revenues and returns under a case
of better industrial integration. The comparison case area of Southeast Sulawesi, although their sago is
not grown on peat, would be one such potential location. Another highly worthwhile possibility is the
same case-study area as my study, but sometime after the advanced processing unit is fully constructed
and put into operation. In that case, the commercial situation from before and after the implementation
of a more integrated processing and marketing would make for an ideal comparison to showcase the
effects. Finally, another important location to study the general value chain of would be Papua, where
drainage-based peatland crops are currently expanding at the detriment of the environment, but wild and
semi-wild sago stands are the most prevalent in the world and cultural and subsistence use of sago is
widespread (BPS, 2018; Winrock International, 2018).
As stated in the Introduction, sago is a crop with great potential. My research has shown that sago is
more environmentally sustainable and holds strong economic potential. As a crop with the ability to
sustain local livelihoods while peatland areas are restored, sago should be promoted by Indonesian
policymakers, especially as a method to mitigate CO2 emissions. Sago most requires now stronger
institutional support and investment to promote it in a desirable manner in order to allow it to deliver its
full promise.
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APPENDICES
Appendix A. Interviewee List
Table A.1. Interviewee list
Interviewee

Organization

Citation

Professor Dr. Ir. H.M.
Bintoro

Sago expert, Department of Agronomy and
Horticulture, Bogor Agricultural University

(Appendix A,
Bintoro)

Meranti official

Dinas Ketahanan Pangan Tanaman Pangan
dan Peternakan (DKPTPP)
(Food crop and animal husbandry food
security agency), Meranti District, Riau Province

(Appendix A,
Reference 1)

Village head

Village head of Sungai Tohor village (bupati)

(Appendix A,
Reference 2)

Village secretary

Village secretary of Sungai Tohor village

(Appendix A,
Reference 3)

Sago guide

Independent, previously worked with BRG

(Appendix A,
Reference 4)

Sago project
manager

UN FAO Southeast Sulawesi sago development
project manager

(Appendix A,
Reference 5)

NSP administrator a

National Sago Prima (NSP), a commercial sago
plantation

(Appendix A,
Reference 7)

Smallholder farmers
and small-scale mill
owners/traders

25 independent sago smallholder farmers,
including 7 sago mill owners/traders of Sungai
Tohor village

(Appendix A,
Reference 8)

Home industry
owners

Four sago-based home industry entrepreneurs

(Appendix A,
Reference 9)

Sago harvesters

Two sago harvesters / fieldworkers

(Appendix A,
Reference 10)

a

This interview was performed by Dr. Lars Hein and Dr. Aritta Suwarno. Interview notes were provided
afterwards by Dr. Aritta Suwarno.
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Appendix B. CBA Scenarios Schematic Diagram

Figure B.1. Schematic for CBA cash flow analyses scenarios visualization
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Appendix C. Literature analysis on sago’s optimal agroecological
conditions
Table C.1. Summary of scientific studies on sago agroecological conditions

Authors,
year

Title

Main information / findings

Anugoolpra
sert et al.,
2012

Effect of Low pH on the
Growth, Physiological
Characteristics and
Nutrient Absorption of
Sago Palm in a
Hydroponic System

The authors tested the effect of various acidic pH levels (5.7,
4.5, and 3.6) on the growth of sago seedlings up to 4.5
months and found no significant differences for leaf
emergence, dry weight, photosynthetic rate, or leaf nutrient
concentration. No soil characteristics as sago was grown in
hydroponic system. This sago was developed from seeds from
Songkhla, Japan. Variety of sago not noted.

Azhar et al.,
2018

Evaluating sago palm
(Metroxylon sagu
Rottb.) photosynthetic
performance in
waterlogged conditions:
utilizing pulseamplitudemodulated
(PAM) fluorometry as a
waterlogging stress
indicator

Authors tested photosynthetic performance of sago palm
seedlings in normal and waterlogged conditions through
looking at net assimilation rate, leaf water potential, leaf
chlorophyll content, and other parameters. Found that
waterlogging for longer than two months decreased
photosynthetic ability. Six seedlings from Papua were used
and kept in ‘commercial black soil’. Length of study was not
noted. Variety of sago not noted.

Chew et al.,
1999

Sago (Metroxylon sagu
Rottboll), the Forgotten
Palm

Performed random sampling of 119 sago smallholders in Mukah
District, Sarawak, Malaysia in 1996. Average yield 14 palms per
ha per year. Though not directly stated, it is implied that these
sago farms are on peat soil as most of the sago in Sarawak is
grown on peat (Flach & Schuiling, 1989). No soil or water
specifications are given.

Ehara et al.,
1999

Sago Palm (Metroxylon
Sagu, Arecaceae)
Production in the Eastern
Archipelago of
Indonesia: Variation in
Morphological
Characteristics and Pith
Dry-Matter Yield

Authors studied eleven varieties of sago across southeast and
north Sulawesi and northern Maluku. These included four
varieties with bands on their leaves and seven varieties with no
bands, of which included two spineless, four short spine, and
one long spine. Dry matter yield of the trunk was found to be
highest in the short spine, then spineless, then long spine.
However, soil and groundwater conditions of collection sites
were not noted, neither was sample size or age.

Flach, 1977

Yield Potential of the
Sago palm and its
realisation

Flach found that seedlings may grow two new leaves a month
under good light conditions. Through samples of leaf scar
counting, estimated that a palm on clay soil may take 8 years
until flower initiation. Reports that wild stands are known to
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yield 40 to 60 trunks per ha per year (providing 7 to 11t dry
starch per ha annually) and semi-wild groves to yield 60 trunks
per ha per year, dependent on soil quality. In Batu Pahat,
Malaysia, cultivated gardens of 6  6m planting in clayish
coastal soil with twice daily flooding and strict maintenance
produced 138 trunks per ha per year. This leads to the oft-cited
yield of 25 tonnes dry starch per hectare.

Flach, 1993

Problems and Prospects
of Present Sago Palm
Development

Flach notes that a traditional production is up to 40 trunks per ha
per year (soil not noted). If processing is not performed in the
field, nutrient depletion will occur, especially at a higher
commercial production level of 100–130 trunks per ha per year.
As such, Flach recommends fertilizer research, with special
attention to the effect of flooding on fertilizer application
(danger of washing away). Citing Holmes et al. (1984), 167kg of
dry sago starch per m3 of pith was found as an average from
wild stands in Salawati, Papua.

Flach, 1997

Sago palm: Metroxylon
sagu Rottb.: Promoting
the conservation and
use of underutilized and
neglected crops

Sago botanical descriptions, life cycle, ideal planting, diversity,
properties and uses, geography, and ecology are explained.
Flach details that temperatures for sago should optimally stay

above 25°C on average, though short periods of temperatures
down to 15°C are acceptable. The optimum relative humidity
for sago is about 70%, and the optimum rainfall is 2000 mm
per year. Sunlight intensity is optimum above 800 kJ per cm2
per day, thus higher than a half cloudy sky (citing prior work,
Flach et al., 1986, unavailable). Finally, it was noted that
salinity should not be greater than 10 S/m (1/8th the
concentration of sea water).
Flach notes that prolonged flooding has an adverse effect on
yield due to the inhibition of growth in stagnant water, but
periodic flooding with fresh or salt water does not have effect
(citing prior Flach et al., 1977, unavailable). Water shortage is
also noted to negatively impact growth. Clayey soils with
high organic matter content yield best. Field processing of
sago palms return almost all nutrients to the soil.
From Johor, Malaysia, observations are made of sago planted
in 7  7m spacing on clayish soils. He determined that 136
palm stems per ha would optimally be harvested at 175kg dry
starch per palm stem, leading to a production of 25t dry starch
per ha per year. As plantation ages and becomes semi-wild
with unchecked suckering and fruit tree planting, this
diminishes to 15t dry starch per ha per year.

Flach, M.,
Cnoops, F.

Tolerance to salinity and
flooding of sago palm
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Authors performed pot experiment with 100 3-month old spiny
and spineless sago seedlings from Sumatra in Netherlands

J. G. & van
RoekelJansen, G.
C. (1977)

seedlings: Preliminary
investigations

hothouse. Soil one part sandy loam, two parts decomposed
leaves, generous fertilizer. Simulated both dryland, springtide
and daily tide scenarios with increasing levels of salinity.
Measured leaf formation under experiment over 19 weeks.
Authors tentatively concluded that seedlings can withstand
salinity of EC 10 mmho per cm and flooding twice-monthly
flooding, however they are harmed by daily flooding.

Flach &
Schuiling,
1989

Revival of an ancient
starch crop: a review of
the agronomy of the
sago palm

Production in Johor, Malaysia is described as 7  7m plant
spacing, whereby farmers harvest 136 trunks per ha per year
at eight years of maturity, a high yield due to stringent
maintenance practices, on mineral soil. After 5-10 years of
harvesting, production declines to 75-80 trunks per ha per
year or less.
Statistics from several hundred wildly harvested trunks on
Salawati island, Papua, gave an average trunk weight of
1000kg, of which 750kg consisted of fresh pith, containing
150kg of dry starch. From Johor, Malaysia, statistics at time
of harvest gave an average of 185kg dry starch from trunks of
120cm girth and 6m length (30g per 100cm3 pith). Soil type
or water level was not detailed.
Authors noted that sago is mostly grown on peat in Sarawak,
whereby the growth is slower than on mineral soil, but with
production per trunk similar. As such, they provisionally
concluded that production per unit time would be 25% lower
on peat soil.

Flach &
Schuiling,
1991

Growth and yield of
sago palms in relation to
their nutritional needs

Destructive analysis of sago found that nutrient removal is
high, thus fertilizer application necessary to sustain yields.
Found that sago on peat soil possess 17–19 leaves, compared
to 20–24 leaves of sago on mineral soil. Determined that an
idealized production of 136 trunks per ha per year would lead
to a removal of 80kg N, 23kg P, 231kg K, 117kg Ca, and
47kg Mg per ha per year. This is with field processing of leaf
crown left behind and assuming an average trunk weight of
1000kg, containing 375kg dry starch. It is noted that flooding,
particularly on peat, would make fertilizer application more
difficult and experiments are recommended.

Fong et al.,
2005

The relationship between
peat soil characteristics
and the growth of sago
palm (Metroxylon sagu)

Sago from the Dalat Sago Plantation, Sarawak, Malaysia was
studied. Soil was peat of Anderson Family (1-3 m), flat and lowlying area. Area one had less than 150cm thickness and a water
table of 20-30cm, area two had 150-300cm thickness and water
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table of 40-50cm. Palms in area two were not developing trunks,
described as stunted and suffering high mortality. Fifteen plots
from the two areas were randomly selected of nine year old sago
palms and had soil analysis performed. The palms of deep peat
were 4.3m tall, without trunks, whereas the palms of the shallow
peat were 15.4m tall, with 53.4cm diameter of trunk at breast
height. The deep peat soil analyses revealed a lack of nutrient
content (NPK) in the deep peat as compared to the shallow peat.
As such they conclude that the poor growth is due to low
nutrient content, but note that Siong (1995) did not find
improved growth response from NPK fertilizer addition.

Irawan,
2009

Characteristics of
Suckers from Sago Palm
(Metroxylon sagu
Rottb.) Grown in
Different Soil Types in
Tebing Tinggi Island,
Riau, Indonesia

Suckers were collected from mother palms (during young
growth and near flowering) in both deep peat (2m) and mineral
soil. 50 to 100kg of wood ash fertilizer had been applied to the
sago clumps on deep peat. Half of the suckers were analysed for
pith variables, half were transplanted to grow in a nursery. Age
of mother palm had no notable effect. Suckers from mineral soil
were older, longer, had more leaves, and a higher pith nitrogen
content. Deep peat and mineral suckers had the same pith dry
matter percentage and similar survival rates. Deep peat suckers
were heavier and had a high pith potassium content, assumed to
be from the application of fertilizer. However, the higher weight
was not correlated with the higher potassium content.

Jong &
Flach, 1995

The sustainability of
Sago Palm (Metroxulon
sagu) Cultivation on
Deep Peat in Sarawak

As background information, authors noted that full-grown
sago in Sarawak is 7-12m length trunk, 40-60cm diameter,
and 1 tonne fresh weight, producing 200kg dry starch at
maturity (flower initiation). In Mukah and Dalat districts
there is mostly smallholder cultivation, minimum
maintenance, no fertilizer use. Trunk production on deep peat
(>150cm) estimated at 15-20 trunks per ha/year, on mineral
this is 25-40. Time to maturity for peat is 12-15 years (citing
Tie et al.1987,1991), mineral is 8-10 (citing Johnson and
Raymond 1956, Flach 1984).
Sago planted on deep peat (greater than 150cm) in Sungai
Talau Deep Peat Station in 99m spacing, as compared to
mineral soil on river banks. Water table not given. Each
cluster given 0.35kg N, 0.5kg P2O5, and 0.9kg K2O per year.
Time until trunk formation was one year longer, time until
maturity was at least two years slower, lower number of
fronds and leaf coverage. Also deep peat trunks had 37%
lower trunk volume, 54% lower starch density, and 23% of
the average starch yield per trunk of mineral soil at the same
age. Author concludes this is from reduced leaf surface. Also
found that the sago in deep peat was deficient in Cu.
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Authors determined from nutrient uptake that 1010m plant
spacing of sago with only leaf crown removal would require
520kg N, 110kg P, 670kg K, 1100kg Ca and 160kg Mg per
hectare before first harvest at 12 years and urges increased
fertilizer trials.
Jong, Kueh,
& Osman,
1995

Effects of plant spacing
on the growth and
development of sago
palm (Metroxylon spp.)
on undrained peat

Sago plant spacing on un-drained deep peat of 4.5 m2, 7.5 m2,
10.5 m2, and 13.5 m2 were compared nine years after planting.
Depth of peat was unstated, but Jong considered over 150cm
peat deep in other publications. Trunk formation was,
respectively, 35.2%, 80.6%, 94.4%, and 100% at nine years.
Production of suckers increased with plant spacing, as did
crown size. Trunk circumference was lower for 4.5m2 at base
and 1m height, lower only at 1m height for 7.5m2, and similar
for 10.5 and 13.5m2. Frond production was lower for 4.5 and
7.5m2 spacing. Frond production ranged from 8.6 to 13.3
fronds per year for the first 8 years for the 10.5m2 spacing.
Trunk height was similar for all. Authors concluded that the
10.5m2 spacing was optimal as 13.5m2 underutilized the area.
They further suggest 128m spacing to facilitate maintenance.
Fertilizer and groundwater level not mentioned.

Jong, 2001

Commercial sago palm
cultivation on deep peat
in Riau, Indonesia

Author assessed the development of the commercial sago
plantation of the case-study area of this thesis. He noted that
this area was deep peat, over 3 metres in depth and seen as
well decomposed. The plantation installed a canal system to
regulate the water table to 20 to 50cm below soil surface and
implemented a fertilizer regime with special attention to
supply potassium, zinc, and copper. Weeding and sucker
maintenance were also performed. Growth was monitored for
the first four years after planting and was deemed to be
normal, with 9 to 13 fronds produced per year and an average
height of 7m at four years. Jong concludes that water table
management and fertilizer application are essential to sago
growth on deep peat.

Jong, 2001

Sago production in
Tebing Tinggi Subdistrict, Riau, Indonesia

Surveys were carried out with thirty smallholders and 12
processing mills in 1999 on Tebing Tinggi Sub-district, Riau.
Those who didn’t own mills were all in ‘ijon’ system. Their
plantations were 11 hectares size on average, with an average
of 87 palm clusters per hectare and harvest once per 2-3
years. Their palms matured on average at 12 years, with
average of 26 palms harvested per ha per year, very little
maintenance. The mill owners had a higher land area and
averaged 45 palms per ha per year harvest, with proper

86 | O r e n t l i c h e r

maintenance. Soil and groundwater parameters not given.
Jong, 2006

Technical
Recommendations for
the Establishment of a
Commercial Sago Palm
(Metroxylon sagu Rottb.)
Plantation

Jong notes from various sources that sago performs better on
mineral soil than peat, particularly peat of greater than 3m,
and with some level of drainage. Suggests canal system of
1000m by 500m separating 50 ha planting area to maintain
water table at 20-50cm below soil surface. Suggests spacing
of 8m to 10m squared, weeding 2 to 3 times per year in early
stages, 18 to 24 month sucker selection, and fertilizer
application (even though results on fertilizer response are
inconclusive).

Jong et al.,
2006

The Growth
Performance of Sago
Palms (Metroxylon
sagu Rottb.) on Peat of
Different Depth and
Soil Water-table

Authors studied sago palms on deep peat with minimal
drainage, deep peat in seasonal flooding, and shallow peat in
Mukah, Malaysia. With minimal drainage, only 20% of palms
produced trunks, none reached maturity, at 10-15 years age.
On seasonal flooding, less than 10% formed trunks at 8 years
age. For shallow peat, 80%+ developed trunks 5-6 years after
panting, with 12-15 fronds. They attain maturity at 10-11
years, with 8m height, 47cm diameter and are able to sucker
and develop clusters. Fertilizer not mentioned.

Jong &
Kueh, 1995

Sago palm (Metroxylon
sagu) cultivation:
Factors affecting the
subsequent survival rate
of suckers in the nursery

Authors divided 40 sago suckers to grow with and without shade
in an open field, shade by palm fronds was deemed to be about
50% coverage. Suckers which were shaded for less than 14 days
had 80% survival rate, with a drop to 56% at 21 days of shade.
Suckers which were left un-shaded had a 90% survival rate up to
3 days, therein dropping to 56% and continuously dropping,
down to 13% at 28 days. Authors concluded that dehydration
occurs without shading, and provisionally suggest that shading
is needed if suckers are planted in drier months, but not
necessary during wet season as 90% survive without shade.

Kaneko et
al, 2006

Growth and Biomass of
Sago Palm (Metroxylon
sagu) on Deep and
Shallow Peat Soils of
Dalat District, Sarawak

Authors studied the difference in growth rates between eight
sago palm stems grown on deep (greater than 150cm) and
shallow (less than 150cm) peat soils in Dalat, Sarawak,
Malaysia over two years. They determined that sago could
grow on deep peat soil, but found that the sago stems on deep
peat soil had a smaller trunk diameter, smaller height, and less
leaves than those grown on shallow peat soil of similar age.
Fresh trunk weight on shallow peat at 7–8 years age was
568kg, whereas deep peat at 8 years was 378kg. Deep peat at
13 years was 728kg. Groundwater level and fertilizer use
unknown.
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Kueh, 1995

The Effects of Soil
Applied NPK Fertilizers
on the Growth of the
Sago Palm (Metroxylon
sagu, Rottb.) on
Undrained Deep Peat

Field trials on un-drained peat of Anderson 3 depth phase,
cultivated thornless suckers in 99 planting and carried out
weeding and pruning. Factorial combination treatments of 0
and 2kg per point per year ammonia (21% N), 0 and 1kg per
point per year P2O5 (36% P2O5), and 0 and 2kg per point per
year K2O (60% K2O) performed. Found that fertilizers did not
affect mother palm frond production, trunk girth, trunk height
(except marginal increase from N in 11th and 12th years), or
foliar N level. Significant increases for foliar P in 5 of the 11
years and foliar K in 7 of the 11 years. Determined that N is
sufficient because of natural water table fluctuation. P and K
are inadequate and at 123 clusters per ha (99m planting),
10kg P and 105kg K are desired. Better response indicators
may include rate of sucker and frond emergence. Recommend
fertilizer application from time of planting and, under undrained conditions, trunk injection, foliar feeding, root
feeding or application during dry months. More studies
required.

Lina et al,
2009

Nitrogen uptake by sago
palm (Metroxylon sagu
Rottb.) in the early
growth stages

Conducted pot experiments with 2 month old sago seedlings
from the Philippines in 2:1 sand soil mixture. Experiment
included application of 26 mg N per pot, 52 mg N per pot,
and control. Equivalent to 50 and 100kg N per ha,
respectively. One trial application two weeks after planting,
the other 1 month after. Field experiment also conducted at
VSU, Philippines with 2 year olds palms. Soil type
inceptisols, intermittent flooding, 2m  4m planting. Height
increase, monthly growth rate, base diameter leaves per palm,
and leaflets per palm were examined. N application only
statistically improved number of leaflets per palm in pot
experiment. In field experiments, 100kg N treatment palms
tended to show better growth variables, but no significant
differences. N uptake efficiency was found to be low,
possibly due to low demand of N at the studied growth stages,
root characteristics, or soil nutrient balance. Concluded that N
is not a requirement for sago during early growth stages.
Form and timing of N application should be further studied.

Miyamoto,
2009

Effect of sago palm
(Metroxylon sagu
Rottb.) cultivation on the
chemical properties of
soil and water in tropical
peat soil ecosystem

Experiment conducted at sago palm plantation on Tebing
Tinggi Island, Riau, started in 1996 on deep peat. Plant
spacing was 156 clusters per ha (88m) in P1B10 area and 100
clusters per ha (1010m) elsewhere with 5m width canals and
5m width roads surrounded each block. Fertilizer applied
three times per year: dolomite, urea, rock phosphate, KCl,
CuSO4, ZnSO4, and borate. Canal water and groundwater
samples taken in dry and wet seasons in sago blocks as
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compared to adjacent secondary forest. Significant positive
correlations found for Ca, K, and Mg in canal water with sago
age. Greater amount of B, Ca, P and Zn in groundwater and
Al, Fe, and Zn interacted with DOC in canal water. No
notable deterioration of groundwater or soil from fertilizer
application is concluded.
Notohadipra
wiro &
Louhenapes
sy, 1992

The potential of sago in
diversifying foodstuffs
in terms of land
requirements (in
Indonesian)

Authors found sago in Papua was found growing on peat soils
over 4.5m in thickness, with 425kg yields per tree. However,
signs of nutrient deficiency and longer maturity time of 15-17
years. Sampled 1000 m2 plots of sago stands in Papua and
found dry starch production from 94 – 348kg per trunk,
depending on soil type and water level. Independent of water
level, three histosol (organic) soil types ranged from 249 –
312kg per trunk dry starch, whereas the mineral soil types
ranged from 153 – 345kg per trunk dry starch. For
groundwater level, flooding of 3 to 9 months led to higher
yields of 273 – 348kg per trunk dry starch, as compared to 94
– 216kg per trunk for flooding longer than 9 months.

Okazaki &
Sasaki,
2018

Soil Environment in
Sago Palm Forest

Subsidence related to drainage inhibits growth and starch
yield of sago. Productivity declines with permanent
submergence –50cm of groundwater is preferred.

Schuiling,
2009

Growth and
development of true sago
palm (Metroxylon sagu
Rottbøll) with special
reference to
accumulation of starch in
the trunk

According to Schuilling (2009), sago grows best on mineral
soil with high organic matter (to 30%), though it can also
grow on peat soil. Sago tolerates occasional flooding of fresh
or saline water. Furthermore, the water table should be no
lower than 50cm. Schuiling found that starch density of the
trunk reaches a maximum halfway to two-thirds up the trunk
and then sharply drops off towards the top of the trunk.
Sampling from across four varieties, starch density ranged
from 238 – 248kg m–3 (kg dry starch per m3 of pith), and
280kg m–3 may be considered the maximum allowable
density, thus an estimated 840kg dry starch from one trunk. A
loss of 44 – 47% of starch from traditional processing was
found for the general case.

Schuiling &
Flach, 1985

Guidelines for the
cultivation of sago palm

The authors note that natural sago stands are observed in fresh
water swamps of coastal regions and river flood plains, from sea
level to 300m altitude. Cultivated stands could be found on
marshy sites and up to 1000m altitude.
Temporary flooding is preferred, mineral soils are preferred to
peat or muck soils. Can tolerate salinity. In this manual they
establish the life cycle and phases of sago from rosette to
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fruiting. A sago palm will develop 10 to 15 suckers if left
undisturbed.
The authors recommend replenishment of N, P, K, Mg and Ca
for sucker growth. They advise from nutrient uptake estimations
that on organic soils N and P are not required, 75% of K uptake
on peat may need to be compensated, 0-38% of Mg, and some
replacement of Ca.
Sago grows best on mineral soil with high amount of organic
material (up to 30%). Ground water table should be below 50cm
under soil surface. They recommend 7  7m square planting and
allowing one sucker to grow per 18 months, as well as
harvesting once per 18 months to achieve annual yield of 136
trunks per ha. Recorded yiels of dry starch vary from 20 to
400kg per mature sago palm trunk.

Shimoda &
Power,
1992

Present Condition of
Sago palm Forest and Its
Starch Productivity in
East Sepik Province,
Papua New Guinea

Authors surveyed then-newly plantation sago forest area in
1992. Groundwater was 80cm aboveground in rainy season
and 1-2m aboveground in dry season. Soil was 1m deep peat.
Little management was performed and there were nine
cultivated varieties and four wild varieties. With a range of 410 years until maturity, an average age of 6 years was
assumed (maturity noted as point of flowering, wild varieties
of low starch quantity included). Wild species yielded 0-70kg
dry starch per trunk, whereas cultivated species yielded 120260kg dry starch per trunk.

Sim &
Ahmed,
1977

Variation in Starch
Yields of Sarawak
Sagopalms

Authors tested the local knowledge that harvesting is best
carried out between flowering and fruiting stage. Sampled
nine mature palms of different ages from peat and mineral
soil in Mukah, Sarawak. Found that the maximum starch
yield was at the young flower stage for palms of both soils.
Yield for peat palms ranged from 83.2 – 178.4kg dry starch
per trunk and for mineral soil was 122.6 – 188.4kg dry starch
per trunk. Water table and varieties unknown.

Watanabe et Methane and CO2 fluxes
from an Indonesian
al, 2009
peatland used for sago
palm (Metroxylon sagu
Rottb.) cultivation:
Effects of fertilizer and
groundwater
level management
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Experiment performed at commercial plantation in Riau to see
effects of fertilizer and groundwater level on CO2 and CH4
fluxes of sago plantation on deep peat. Normal NPK and
microelement application (kg per ha per year: 100 urea, 35 rock
phosphate, 150 KCl, 10 CuSO4, 10 ZnSO4, 1.5 Borate, 3 FeSO4)
had no significant increase in fluxes over no fertilizer
application. Ten times normal amount for either NPK or
microelement fertilizers caused increased methane emissions by
a factor of 2 and 2.5 respectively. This effect largely occurred
during the rainy season. Methane emissions also increased with
rising groundwater table, no correlation for CO2 flux. Authors

suggest suppression of methane to <100 micrograms C m–2 per
hour at groundwater level of -45cm. Sago palms with 10x NPK
treatment had significantly greater plant heights than all other
treatments.

Yamaguchi
et al, 1997

Comparative Studies on
Sago Palm Growth in
Deep and Shallow Peat
Soils in Sarawak

Authors studied the difference between sago palms grown in
deep (greater than 150cm) and shallow (50-150cm) peat soils
in Sarawak, Malaysia. The authors found high variation in the
age of trunk formation, even among those grown in the same
soil. However, sago palms in shallow peat were taller, had a
larger trunk diameter, and more and longer fronds. It was
observed to take five to six years before trunk formation
began for deep peat soil. The authors estimated from the
frond emergence rate that the total time to maturation in deep
peat soil would take 12 to 15 years. No drainage was noted,
annual rainfall was given at an average of 3,194 mm. Plant
spacing was 9m2. Conclude that attention should be paid on
new species which reach maturity more quickly.

Yamamoto
et al., 2003

Differences in Growth
and Starch Yield of Sago
Palms (Metroxylon sagu
Rottb.) among Soil
Types in Sarawak,
Malaysia

Surveyed farmers gardens in Mukah and Dalat, Sarawak,
Malaysia 1996–1998 of shallow peat soil 20-60cm and 70120cm, mineral soil, and deep peat soil 300-450cm. Sago variety
was spineless, plant spacing 9-10m2 across all gardens. Water
table for SPS was 20-40cm, 30-50cm for mineral soil, and 2030cm for DPS. The sampled palms reached maturity at similar
times for the SPS and MS (10-15 years) and longer for those of
DPS (14-18 years). Sago trunks from SPS scored better for leaf
emergence rate and elongation, whereas those of MS scored
better for trunk weight, trunk volume, and starch accumulation.
DPS palms’ growth in trunk elongation was 35% lower than MS
and 27% lower than SPS. DPS palms always scored the least for
growth parameters. However, at time of harvest there is no clear
‘winner’. MS palms have a greater diameter and weight, SPS
palms were longest, but the highest starch pith percentage and
starch yield were from DPS palms. However, the authors
attribute this possibly to more favourable light conditions. As
such starch productivity per unit time is assumed to be slightly
lower for sago grown in DPS, and similar for sago grown in SPS
and MS.

Yamamoto,
2006

Starch Productivity of
Sago Palm (Metroxylon
sagu Rottb.) in Indonesia
and Malaysia (in
Japanese)

No soil or groundwater variables noted. Authors analysed 68
sago palm samples from across Malaysia: Johor and Sarawak
and Indonesia: Tebing Tinggi, Riau, Sumatra; Kendari,
Southeast Sulawesi; Ambon, Maluk; and Jayapura, Papua. The
yield of dry starch per trunk at maturity ranged from 68kg to
700kg, with an average of 288kg dry starch per trunk. The
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variety across Malaysia was thornless and gave 100–200kg dry
starch per trunk, regardless of soil. For Riau, 90% of the palms
were thorny variety and 300–400kg yield was common. Kendari
had three varieties (Molat, Tuni, Rotan). Rotan matures early (911 years) but gives lower starch at 100–200kg; whereby Molat
and Tuni take 11–14 years and give 500–600kg. In Serum there
are five varieties (Tiger, Ihur, Makanaru, Ikau, Molat), all range
of 150–250kg. Jayapura has an estimated 30 varieties, including
faster maturity (10–12 years), but lower starch (100–150k)
named Rondo. And slower maturity (15–20 years), but 500+kg
starch, named Yepha, Hongleu, Ruruna, and Panne.
From survey, authors also found a harvest of 40–50 palms per
year from 100 palms per ha planting on average, at 100–200kg
this amounts to 4–10t per ha per year, though 25–40t per ha per
year could be achieved with higher starch varieties (300–500kg
per trunk) at 8m2 planting (156 palms per ha).

Yamamoto,
2010

Growth Characteristics
and Starch Productivity
of Three Varieties of
Sago Palm (Metroxylon
sagu Rottb.) in Southeast
Sulawesi, Indonesia

From a sample of 143 palms across Indonesia and Malaysia,
average of 337kg dry starch per palm, range of 19 to 975kg.
Years to flowering, known through number of leaf scares plus
living leaves, was highly positively correlated with starch yield.

Yanagidate
et al., 2009

Studies on Trunk
Density and Prediction
of Starch Productivity of
Sago Palm (Metroxylon
sagu Rottb.): A Casestudy of a Cultivated
Sago Palm Garden near
Kendari, Southeast
Sulawesi Province,
Indonesia

Authors surveyed four plots and sampled four mature palms
within a mature sago garden (establishment year unknown) of
mineral soil near Kendari, Southeast Sulawesi in 2006. Molat
variety was planted, no agronomic maintenance. They found
an average of 169 sago clusters per ha, thus 7.7m2 planting,
with 1 to 1.6 palms per cluster and 9.5 to 17.8 suckers per
cluster. They calculated an average yield of 22 palms per ha to
be harvested annually for the next 10 years. Dry starch yield
ranged from 329 to 495kg per palm, with an average of 393kg.
They estimated a declining starch productivity leading to 9t
dry starch per ha per year for the next 10 years. Appropriate
maintenance would help to improve annual starch yields per
unit area and time.
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Appendix D. Smallholder sago farmer interview sample questionnaire
Table D.1. Sago farmers, non-commercial plantation, sample questionnaire

Name:

Date:

Section 1: Land
1.1 How many hectares of sago do you have?
1.2 How long have you had the sago plantation?
1.3 How much is mineral soil and how much is peat soil?
1.4 Is it private or public land? Do you share with anyone?
1.5 Do you know the peat depth? (estimation: less than 1.5m, 1.5-3m,
more than 3m) (if possible obtain plantation location)
1.6 Do you have canals or sawit? What is the depth?

Section 2: Growth and Harvest
2.1 What varieties of sago do you have? What is the main variety?
2.2 What is the planting space between sago palms?
2.3 Do you use any fertilizer, pesticide, other inputs? How much
(quantity/time period)
2.4 How many palms do you harvest per hectare per year?
2.5 How many tuwel (sago log) are there per palm on average?
2.6 How do you recognize and select mature palms?
2.7 How large is the typical palm when harvested? (Height, weight,
width)
2.8 How old are the sago palms when harvested?
2.9 How is the condition for your sago palms? Any diseases or pests?
2.10 How many people harvest the sago? How long does the harvest last?
2.11 How long can you store the sago palm once harvested?
2.12 Do you harvest/collect anything else from the sago area (fruit,
timber, honey, rubber, rattan, animals)? If so, how much do you
harvest and how much do you sell for?
2.13 Do you experience any flooding? What are the effects?
2.14 Have you had any fires? What was the impact? (Hectares/palms lost)
2.15 Do you use shade trees? What type and what is the planting space?
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Location:

Section 3: Costs and revenues
3.1 Did you purchase the sago plantation land? If so what was the cost
and in what year?
3.1a. Did this already include sago palms (how many) or was clearing
and planting required?
3.2a. Was there any land clearing cost, how much per hectare?
3.2b. What was the planting cost for materials (seedlings, etc) per
hectare? (And for how many palms planted?)
3.2c. What was the planting cost for labour per hectare?
3.2d. What was the cost for the maintenance after planting? This was
how many times per year and for how many years?
3.3a. How much do you currently spend on labour to harvest one tuwel?
3.3b. Does this include transport of the tuwel to the mill? If not, what is
this cost?
3.3b. What are the maintenance costs currently? This is for how many
times per year and how much labour?
3.3c. Are there separate replanting costs? If so, how often do you replant
and how much is the cost?
3.5 Do you have any other costs? (equipment if labour does not provide,
taxes, permits, etc)?
3.6a. What is the price range per tuwel? (Do they sell tuwel or starch?)
3.6b. Does the price change and how much?

Section 4: Extra information
4.1 Do you receive any government or NGO support?
4.2 How many hectares of other farmland do you own?
4.3 What is your primary occupation? (Sago farmer or other)
4.4 What was on the sago land before your plantation (forest, other
farmland)?
4.5 What is your biggest problem farming sago?
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Appendix E. NSP company and financial data
E.1. Acquisition and payments
Industrial data for sago was taken from the only known fully operation industrial sago company –
PT National Sago Prima (NSP), a subsidiary of Sampoerna Agro. Sampoerna Agro acquired
National Sago Prima (NSP), along with the 21,620 ha concession, in 2010 in Kepuluan Meranti,
Riau. The landright certificate for the 21,620 ha was included in the acquisition and expires in
2033. (Sampoerna Agro, 2010). Due diligence of the estate was performed in 2009 (Sampoerna
Agro, 2010). NSP was acquired as part of the sustainability strategy through diversification to
other non-timber forestry product (NTFP) crops. The main commodities of Sampoerna Agro are
crude palm oil and palm kernels accounting for 96% of its revenue (Sampoerna Agro, 2018).
As such, the primary motive behind the acquisition was to protect against cash flow fluctuations
in the future as diversification in agro-industry offers better long-term value (Sampoerna Agro,
2010; Sampoerna Agro, 2016). The production of higher value addition from the starch product
was also one of the particular aims. It can be gathered that Sampoerna Agro was intended for
both food and biofuel production, as NSP was acquired specifically through the Sampoerna Bio
Fuels subsidiary, also established in 2009 (Sampoerna Agro, 2011, 2010). It was also noted in the
2011 annual report that one tonne of sago could produce 160 litres of bioethanol (Sampoerna
Agro, 2010, 2011).
Data from the reports was fed into the industrial CBA scenarios within Chapter 5, giving the
returns as noted in Table 5.10, which later were incorporated into Chapter 6 regional scenarios.
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Table E.1. Purchase values from the sago plantation acquisition

Acquisition cost
Fair value of net
assets acquired

Value USD
(unadjusted)
6,484,211

Goodwill

Advance for
investment
Net acquisition
cost

5,184,211

Further ownership
capital injection
(75.5% –> 91.85%
ownership)
Further ownership
capital injection
(91.85% –> 93.88%)

5,802,578

Value IDR

Year

61,600,005,000
60,451,242,000

2009
2009

1,148,763,000

2009

48,731,583,000

2009

11,677,000,000

2009

55,124,500,000

2010

19,900,000,000

2013

Details

Value of the tangible
(land, palms, etc) assets
acquired.
Value of the intangible
assets of the sago business
acquired. Amortized over 5
years.

The actual payment for
NSP, minus acquired cash
balance (100 million IDR),
advance for investment,
and foreign currency
effect (1.091 billion IDR)
Ownership amount was
further increased with
corresponding injection of
capital.
Ownership amount was
further increased with
corresponding injection of
capital.

Source: Sampoerna Agro, 2010, 2013.

Data from Table E.1 was taken as the original investment costs, capital expenditure, of the
project, along with the investment loans listed in Table E.2. Operational expenditure was taking
first from the working capital loans of Table E.2, for the period before production, and then as
detailed in Section 5.7 from interview and case-study data.
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Table E.2. Loans from PT Bank DBS Indonesia to NSP subsidiary (through Sampoerna Bio
Fuels)
Type

Amount
(unadjusted)

Payment
period
(years)

Working capital

35,000,000,000

1

Annual
interest
rate
11%

Issuance
year

Working capital
(same loan as
above,
increased)

70,000,000,000

1

10.98 %

2011

Investment loan

115,000,000,000

8

11.35 %

2010

Investment loan

46,800,000,000

5

12.4 %

2014

2010

Loan intent
description
Finance working
capital requirements
in first year before
processing
operations
Working capital, i.e.
cash, operating
expenses

Infrastructure,
rehabilitate/replant
sago, purchase
vehicles and
equipment, first
stage sago starch
factory construction
Equipment for sago
starch mill: boiler,
power plant, other
facilities

Source: Sampoerna Agro, 2010, 2011, 2014

The interest rates from Table E.2 were used to determine annual costs for interest payments, with
the full amount of interest due assumed to be paid each year. The loan repayment schedule was
then determined from the information provided across the annual reports as shown in Table E.3.
Table E.3. Information on cash held and remaining loan amount to PT Bank DBS
Indonesia from NSP
Cash in banks DBS

Time deposits
DBS

Short term bank
loan DBS

2010
1,224,282,000
1,000,000,000
7,500,000,000
2011
65,561,487,000
–
22,000,000,000
2012
2,159,109,000
–
70,000,000,000
2013
1,217,858,000
–
70,000,000,000
2014
937,699,000
–
70,000,000,000
2015
2,869,482,000
–
70,000,000,000
2016
299,600,000
–
70,000,000,000
2017
n/a
n/a
n/a
2018
– Not mentioned in 2018 report –
Source: Sampoerna Agro 2010, 2011, 2012, 2013, 2014, 2015, 2016, 2018

97

Long term bank
loan DBS
9,500,000,000
115,000,000,000
112,843,750,000
107,812,500,000
129,906,250,000
135,925,000,000
113,694,000,000
n/a

E.2. Production and processing
As mentioned, the NSP concession originally consisted of 21,620 ha. Of this area, 5,205 ha is
used for other purposes (infrastructure, conservation, daily need vegetation), meaning that a total
of 16,415 ha was available at a maximum for the sago planting area (Sampoerna Agro, 2011).
The sago plantation of NSP was noted to maintain water levels between 10 and 30cm below soil
surface, compliant with Government Regulation No. 57/2016 on the Protection and Management
of Peatland Ecosystem, in which one of the articles (Article No. 23) stipulates that the water level
must be less than 40cm. Under research and development, nine high-yielding seed variants have
been produced under trademark DxP Sriwijaya.
The processing mill begun constructed in 2010 and was put into operation in December 2011,
with a capacity of producing 100 tonnes of dry sago starch per day or 33,000 tonnes per year,
thus 330 operational days assumed (Sampoerna Agro 2010, 2011). It can be noted that sales
volumes are larger than possible from the sago production of the plantation. NSP also purchases
sago logs from the smallholders of Sungai Tohor in order to fulfil processing requirements
(Appendix A, Reference 2).
Table E.4. Various reported metrics of the NSP concession
Planted hectares Mature hectares
2010
5,615
3,764
2011
5,615
–
2012
7,827
–(25% of palms mature)–
2013
10,351
–
2014
11,000
–
2015
12,781
–
2016
12,781
–
2017
12,781
–
2018
12,781
6,000a
Sources: Samporna Agro, 2011, 2012, 2013, 2014, 2015, 2016, 2018; a Appendix A, Reference 7.

Table E.5. Production volumes
Year

Production
(t dry starch)

2012
2013
2014

2,259a
4,978a
5,811b

Equivalent inputs
calculateda
(number of logs)

Percentage
growth

Notes

-120%
16%

Fires occur in land concession of
NSPA
c
2015
7,447
496
28.4% Forest fires occurred
2016
5,272c
351
–29.2% Lawsuit procedures begin
2017
4,194d
280
–20.4% Lawsuit appeals on-going
2018
5,417d
343
22.7% Lawsuit cassation appeal filed,
verdict still not reached
a Calculated with assumption of 15% extraction ability to dry starch (Appendix A, Reference 2) of 100kg logs, i.e.
15kg starch per log. Sources: Sampoerna Agro, 2013 a, 2014 b, 2016c, 2018d

No explanation was given as to the decline from 2015 – 2017, although the lawsuit against NSP
for forest fire (mentioned in Methodology, Section 2.1) led to court trials in 2016. Both decisions
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from the company and the feelings of the local community, who sell sago logs to NSP, around
this time may have been contributing factors to lower production.

E.3. Marketing
Starch is branded under the name “Prima Starch”, with registration approval and Halal
certification granted in 2012. It is valued as a premium starch product. A 2011 report noted that a
contract with a buyer from Japan was secured for the purchase of over 200 tonnes of dry starch as
a premium product (Sampoerna Agro, 2011). In 2011, 87% of sales were domestic and 13% to
Japan, however by 2013, 99.5% of sales were domestic with only 0.5% to Japan, which increased
to 80% domestic and 20% export to Japan and Malaysia (2013, 2014). In 2016, 41% of the starch
was exported to Japan and Malaysia, and 59% was supplied to domestic market (Sampoerna
Agro, 2016). 2015 – 55% exported to Japan and Malaysia, rest domestic to mostly traditional
industry (i.e. food). By 2018, this had changed to 60% of the sago sales volume directed towards
the domestic market, with 40% exported to Japan and South Korea (Sampoerna Agro, 2018).
By the time of research in February 2019, NSP only mentioned the domestic market in Cirebon,
though the local community still believed the company to be exporting to Japan (see Appendix A,
Reference 2). Aftersales service and monitoring for sago starch is provided to ensure customer
satisfaction (Sampoerna Agro, 2018). According to the 2015 report, the company was looking
into acquiring a Papua sago concession in 2016, but it is believed that this never occurred.
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Appendix F. Determination of carbon emissions
The level of carbon emissions, in terms of tonnes of CO2, was determined for the various public
returns scenarios in the study.
The subsidence rate and emissions of the first five years (years 0 – 5) for the base scenario were
taken from Hooijer et al. (2012) as given at 1.42m total of subsidence and 178t CO2 emissions
per ha annually. The subsequent years were assumed to have an annual subsidence rate of 5cm
and carbon emissions as determined from Hooijer et al.’s (2012) equation:
!" = 21 − 69 ∙ !"
Equation 5. Carbon emissions level from water table depth.

Whereby « CL » is the annual carbon loss in tonne CO2eq per ha and « WD » is the water table
depth in negative metres. As such, at a depth of –0.5m for the base scenario, the resultant annual
emissions were 55.5t CO2eq per ha. The sago emissions scenario also employed this equation,
giving emissions of approximately 35t CO2eq per ha annually at –0.2m depth.
The first five years for the low emissions scenario and the sago scenario used the sensitivity
analysis values provided by Hooijer et al. (2012). The following years for the low emissions
scenario were derived from a more conservative regression equation provided by Couwenberg
and Hooijer (2013):
! = −14.2!
Equation 6. Carbon emissions regression to water table depth.

Whereby « y » signifies tonnes of Carbon per ha per year and « x » takes the annual GWL in
negative metres. As the results were given in tonnes of Carbon, they were then converted to
tonnes of CO2 by multiplying the result by the atomic mass unit of CO2 (44) divided by that of
Carbon (12), to arrive to the weight in CO2 at 20.83t CO2eq per ha annually. The final emissions at
the 70cm drainage were only used in initial sensitivity analysis but not utilised within the study,
they do, however, demonstrate the conservative approach of the other estimations. Finally, the
SCC 1 was as taken from the EU ETS (World Bank & Ecofys, 2018) and the SCC 2 was as taken
from Nordhaus (Nordhaus, 2017). The ‘SCC 2 yearly increase’ displays the increase by a factor
of 3% per year considered.
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Table F.1. Subsidence and various carbon emission levels at the two different SCCs,
years 0 through 6

Explanation

[Unit]

Input
values

[yr]

0

1

2

3

4

5

6

[yr]

2018

2019

2020

2021

2022

2023

2024

[m]

0.75

0.19

0.19

0.145

0.145

0.05

0.05

[#]

1.00

1.03

1.06

1.09

1.12

1.15

1.18

Base 50cm drainage

0

1

2

3

4

5

6

178

178

178

178

178

55.5

55.5

–2,848

–2,848

–2,848

–2,848

–2,848

–888

–888

–6,942

–7,150

–7,359

–7,567

–7,775

–2,489

–2,554

0

1

2

3

4

5

6

132

132

132

132

132

20.83

20.83

–2,112

–2,112

–2,112

–2,112

–2,112

–333

–333

–5,148

–5,302

–5,457

–5,611

–5,766

–934

–959

0

1

2

3

4

5

6

132

132

132

132

132

35

35

–2,112

–2,112

–2,112

–2,112

–2,112

–557

–557

–5,148

–5,302

–5,457

–5,611

–5,766

–1,561

–1,601

0

1

2

3

4

5

6

178

178

178

178

178

73

73

–2,848

–2,848

–2,848

–2,848

–2,848

–1,168

–1,168

–6,942

–7,150

–7,359

–7,567

–7,775

–3,274

–3,359

Project year
Actual year
Average
subsidence
SCC 2
annual increase

Emissions
SCC 1
SCC 2

[tCO2eq]
[$]

–16

[$]

–39

Low Emissions 40cm drainage
Emissions
SCC 1
SCC 2

[tCO2eq]
[$]

–16

[$]

–39

Sago 20cm drainage
Emissions
SCC 1
SCC 2

[tCO2eq]
[$]

–16

[$]

–39

Higher 70cm drainage
Emissions
SCC 1
SCC 2
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[tCO2eq]
[$]

–16

[$]

–39

Appendix G. CBA cash flow tables
Table G.1. Cash flow for smallholder sago base scenario private/public, years 0 through 10, 1 hectare
Year
Project year

2018
0

[yr]

2019
1

2020
2

2021
3

2022
4

2023
5

2024
6

2025
7

2026
8

2027
9

2028
10

Costs
Land cost
Planting
Maintenance
Equipment &
depreciation
Yields
Logs per trunk
Labour cost/log
Harvest costs
Track labour

[IDR]
[IDR]
[IDR]

32,333,607
2,480,000

-

-

-

-

-

-

-

-

-

-

5,500,000
-

5,500,000
-

5,500,000
-

1,600,000
-

1,600,000
-

1,600,000
-

1,600,000
-

1,600,000
-

1,600,000
-

1,600,000
-

1,600,000
120,000

1,

-

-

-

-

-

-

-

-

-

-

7,371,000
630,000

7,
6

467,105,607

40,313,607

5,500,000

5,500,000

1,600,000

1,600,000

1,600,000

1,600,000

1,600,000

1,600,000

1,600,000

9,721,000

9,

[IDR]
[trunks]
[Logs]
[IDR]

[65]
[9]
12600

[IDR]
[IDR]

Total costs
Price per log
Revenue

[IDR]
[IDR]

41,600
1,022,112,000

-

-

-

-

-

-

-

-

-

-

24,336,000

24

Present value

[IDR]

555,006,393

(40,313,607)

(5,500,000)

(5,500,000)

(1,600,000)

(1,600,000)

(1,600,000)

(1,600,000)

(1,600,000)

(1,600,000)

(1,600,000)

14,615,000

14

Discount rate 3.5
Discount rate 8.5
Discount rate 10

[%]
[%]
[%]

0.035
0.085
0.100

Discount rate IRR

[%]

0.106

[IDR]
[IDR]
[IDR]
[%]
[IDR]
[IDR]

175,629,257
23,269,382
4,893,440
0.1051
(851,147)
14,237

(40,313,607)
(40,313,607)
(40,313,607)

(5,314,010)
(5,069,124)
(5,000,000)

(5,134,309)
(4,672,004)
(4,545,455)

(1,443,108)
(1,252,653)
(1,202,104)

(1,394,308)
(1,154,519)
(1,092,822)

(1,347,157)
(1,064,073)
(993,474)

(1,301,601)
(980,712)
(903,158)

(1,257,586)
(903,882)
(821,053)

(1,215,058)
(833,071)
(746,412)

(1,173,970)
(767,807)
(678,556)

10,360,848
6,464,001
5,634,715

10
5,
5,

(40,313,607)

(4,972,875)

(4,496,271)

(1,182,646)

(1,069,300)

(966,817)

(874,157)

(790,377)

(714,626)

(646,136)

5,336,390

4,

[$]
[$]
[$]

12,336
1,634
344

NPV 3.5
NPV 8.5
NPV 10

IRR
IRR check
USD exchange rate
NPV 3.5 USD
NPV 8.5 USD
NPV 10 USD

Table G.2. Cash flow for smallholder sago ‘no wait’ scenario private/public, years 0 through 12, 1 hectare
Year
Project year

2018
0

[yr]

2019
1

2020
2

2021
3

2022
4

2023
5

2024
6

2025
7

2026
8

2027
9

2028
10

Costs
Land cost
Planting
Maintenance
Equipment &
depreciation
Yields
Logs per trunk
Labour cost/log
Harvest costs
Track labour

[IDR]
[IDR]
[IDR]
[IDR]
[trunks]
[Logs]
[IDR]
[IDR]
[IDR]

Total costs
Price per log

Revenue

IRR
IDR to USD exchange
NPV 3.5
NPV 8.5
NPV 10
Discount rate3.5
Discount rate 8.5
Discount rate 10
Discount rate IRR
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-

-

-

-

-

-

-

-

-

-

5,500,000
-

5,500,000
-

5,500,000
-

1,600,000
120,000

1,600,000
30,000

1,600,000
30,000

1,600,000
30,000

1,600,000
30,000

1,600,000
30,000

1,600,000
30,000

1,600,000
30,000

1,6
3

-

-

-

7,371,000
630,000

7,371,000
630,000

7,371,000
630,000

7,371,000
630,000

7,371,000
630,000

7,371,000
630,001

7,371,000
630,000

7,371,000
630,000

7,3
63

40,313,607

5,500,000

5,500,000

9,721,000

9,631,000

9,631,000

9,631,000

9,631,000

9,631,001

9,631,000

9,631,000

9,6

65
9
12600

523,322,608
[IDR]

41,600

[IDR]

1,192,464,000

-

-

-

24,336,000

24,336,000

24,336,000

24,336,000

24,336,000

24,336,000

24,336,000

24,336,000

24,3

669,141,392

(40,313,607)

(5,500,000)

(5,500,000)

14,615,000

14,705,000

14,705,000

14,705,000

14,705,000

14,704,999

14,705,000

14,705,000

14,7

[IDR]
[IDR]
[IDR]
[IDR]
[%]

268,680,697
94,132,023
70,463,470
(244,175)
0.207

(40,313,607)
(40,313,607)
(40,313,607)
(40,313,607)

(5,314,010)
(5,069,124)
(5,000,000)
(4,552,980)

(5,134,309)
(4,672,004)
(4,545,455)
(3,769,023)

13,181,893
11,442,202
10,980,466
8,290,830

12,814,558
10,610,750
10,043,713
6,905,534

12,381,215
9,779,493
9,130,648
5,716,502

11,962,527
9,013,358
8,300,589
4,732,204

11,557,997
8,307,242
7,545,990
3,917,387

11,167,146
7,656,444
6,859,991
3,242,870

10,789,514
7,056,631
6,236,355
2,684,495

10,424,651
6,503,807
5,669,414
2,222,264

10,0
5,9
5,1
1,8

[IDR]

14,237

[$]
[$]
[$]
[%]
[%]
[%]
[%]

18,872
6,612
4,949
0.035
0.085
0.100
0.208

Cash flow
NPV 3.5
NPV 8.5
NPV 10
IRR check

32,333,607
2,480,000

Table G.3. Cash flow for small-scale sago mill, private, years 0 through 7

Year
Project year

[yr]
[yr]

Land
Building and
depreciation
Machinery and
depreciation
Rope and filters

[IDR]

Logs per day
Days per year
Starch per year
Cost of logs
Diesel
Daily labour
Transport fee
Packaging

2018
0

[IDR]
[IDR]
[IDR]

[Logs]
[Days]
[kg]
[IDR]
[IDR]
[IDR]
[IDR]
[IDR]
[IDR]

Price / kg wet
Revenue

[IDR]
[IDR]

1,900
36593800500

[IDR]
[IDR]
[IDR]
[%]

4,168,754,060
1,347,390,514
1,131,374,523
-832,145
0.388

[IDR]

14,237

[USD]
[USD]

94,640
79,468

USD xchange rate
NPV 8.5%
NPV 10%
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2020
2

2021
3

2022
4

2023
5

2024
6

2025
7

32,333,607

-

-

-

-

-

-

-

52900000

1763333

1763333

1763333

1763333

1763333

1763333

1763333

96000000
-

19200000
740000

19200000
740000

19200000
740000

19200000
740000

19200000
740000

19200000
740000

19200000
740000

-

21

43

64

85

85

85

85

-

204893
265837500
12622500
144000000
10244625
10244625

409785
531675000
25245000
144000000
20489250
20489250

614678
797512500
37867500
144000000
30733875
30733875

819570
1063350000
50490000
144000000
40978500
40978500

819570
1063350000
50490000
144000000
40978500
40978500

819570
1063350000
50490000
144000000
40978500
40978500

819570
1063350000
50490000
144000000
40978500
40978500

181233607

464652583

763601833

1062551083

1361500333

1361500333

1361500333

1361500333

-

389295750

778591500

1167887250

1557183000

1557183000

1557183000

1557183000

(181233607)
(181233607)
(181233607)
(181233607)

(75356833)
(69453303)
(68506212)
(54252580)

14989667
12733052
12388154
7769400

105336167
82468538
79140621
39307079

195682667
141199580
133653894
52570653

195682667
130137862
121503540
37847843

195682667
119942730
110457764
27248267

195682667
110546295
100416149
19617183

300

Total costs

Cash flow
NPV 8%
NPV 10%
IRR check
IRR

2019
1

Discount
rates
[%]

0.085
0.100
0.389

IRR check

Table G.4. Cash flow for smallholder mill rental scenario, private/public, years 0 through 10, 1 hectare
Year
Project year

[yr]
[yr]

2,018
-

Costs

[Unit]

Land cost
Clearing
Planting

[IDR]
[IDR]
[IDR]

32,333,607
2,480,000

Maintenance
Pole railway
and depreciation
Yields
Logs per trunk
Modal cost
(harvet, rent,
Track labour
Total costs

[IDR]

5,500,000

[IDR]
[trunk]
[logs]
[IDR]

65
9
25,000

5,500,000

-

40,313,607

[IDR]
[IDR]

2,019
1

-

5,500,000

2,020
2

5,500,000
-

5,500,000

2,021
3

1,600,000
-

1,600,000

2,022
4

1,600,000
-

1,600,000

2,023
5

1,600,000
-

1,600,000

2,024
6

1,600,000
-

1,600,000

2,025
7

1,600,000
-

1,600,000

2,026
8

1,600,000
-

1,600,000

2,027
9

1,600,000
-

1,600,000

2,028
10

1,600,000
120,000
65

14,625,000
630,000
16,975,000

Benefits
Price per kg
Revenue

[kg]
[IDR]
[IDR]

Cash flow
PV 3.5%
PV 8.5%
PV 10%
IRR check
IRR

[IDR]
[IDR]
[IDR]
[IDR]
[IDR]
[%]

Starch yield

32.14

-

-

-

-

-

-

-

-

-

-

18,802

-

-

-

-

-

-

-

-

-

-

35,723,610

1,900

728,618,013
241,853,532
45,847,702
22,103,869
667,606
0.121

(40,313,607)
(40,313,607)
(40,313,607)
(40,313,607)
(40,313,607)

(5,500,000)
(5,314,010)
(5,069,124)
(5,000,000)
(4,910,714)
[Discount rates]

USD exchange rate
NPV 3.5%
NPV 8.5%
NPV 10%
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[IDR]
[USD]
[USD]
[USD]

14,237

%

16,988
3,220
1,553

0.035
0.085
0.100
0.120

(5,500,000)
(5,134,309)
(4,672,004)
(4,545,455)
(4,384,566)

(1,600,000)
(1,443,108)
(1,252,653)
(1,202,104)
(1,138,848)

(1,600,000)
(1,394,308)
(1,154,519)
(1,092,822)
(1,016,829)

(1,600,000)
(1,347,157)
(1,064,073)
(993,474)
(907,883)

(1,600,000)
(1,301,601)
(980,712)
(903,158)
(810,610)

(1,600,000)
(1,257,586)
(903,882)
(821,053)
(723,759)

(1,600,000)
(1,215,058)
(833,071)
(746,412)
(646,213)

(1,600,000)
(1,173,970)
(767,807)
(678,556)
(576,976)

18,748,610
13,291,242
8,292,237
7,228,401
6,036,551

Table G.5. Cash flow for smallholder mill rental ‘no wait’ scenario, private/public, years 0 through 7, 1 hectare
Year
Project year

2,018
-

[yr]

Costs

[Unit]

Land cost
Clearing
Planting

[IDR]
[IDR]
[IDR]

32,333,607
2,480,000

Maintenance
Pole railway
and depreciation
Yields
Logs per trunk
Modal cost
(harvet, rent,
Track labour
Total costs

[IDR]

5,500,000

[IDR]
[trunk]
[logs]
[IDR]

65
9
25,000

2,020
2

2,021
3

2,022
4

2,023
5

2,024
6

2,025
7

-

-

-

-

-

-

-

5,500,000
-

40,313,607

[IDR]
[IDR]

2,019
1

5,500,000
-

5,500,000

-

5,500,000

1,600,000

1,600,000

120,000
65

65

1,600,000

30,000

1,600,000

30,000
65

1,600,000

30,000
65

30,000
65

14,625,000
630,000
16,975,000

14,625,000
630,000
16,885,000

14,625,000
630,000
16,885,000

14,625,000
630,000
16,885,000

14,625,000
630,000
16,885,000

Benefits
[kg]
[IDR]
[IDR]

32.14

Price per kg
Revenue

NPV

[IDR]

871,688,283

(40,313,607)

(5,500,000)

NPV 3.5%
NPV 8.5%
NPV 10%
IRR

[IDR]
[IDR]
[IDR]
[%]

358,499,587
134,683,067
104,305,424
208,230

(40,313,607)
(40,313,607)
(40,313,607)
(40,313,607)

(5,314,010)
(5,069,124)
(5,000,000)
(4,403,523)

Starch yield

IRR
USD exchange rate
NPV 3.5%
NPV 8.5%
NPV 10%
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-

-

-

18,802

18,802

18,802

18,802

18,802

-

-

-

35,723,610

35,723,610

35,723,610

35,723,610

35,723,610

(5,500,000)

18,748,610

18,838,610

18,838,610

18,838,610

18,838,610

(5,134,309)
(4,672,004)
(4,545,455)
(3,525,639)

16,910,172
14,678,439
14,086,108
9,622,364

16,416,760
13,593,457
12,867,024
7,741,036

15,861,604
12,528,531
11,697,295
6,197,787

15,325,221
11,547,034
10,633,904
4,962,200

14,806,977
10,642,427
9,667,186
3,972,938

1,900

0.250
[IDR]
[$]
[$]
[$]

14,237
25,181
9,460
7,326

[Discount rates]
Discount rate3.5
Discount rate 8.5
Discount rate 10
Discount rate IRR

%
0.035
0.085
0.100
0.249

Table G.6. Cash flow for industrial sago scenario, no production adjustment – negative returns, private, years 0 through 7
Year
Project year
Inflation End Year
2018 multiplier
Yield dry starch
Revenue
Price / kg dry starch
Total Income
Operating costs
Cost per kg starch
Operating exp
Total operating expenses
Capital Expenditure
Cash
Funding
Equity funding
Debt funding
Total Funding
Cash after funding
Debt Service
Interest payments
Principal payments
Total Debt Payments
Cash flow after debt payment
Correction for NPV
Correction factor
Equity funding correction
Future cash flows

Present value
IRR
NPV 10%
NPV 12.5%
IRR check
USD exchange rate
NPV 10%
NPV 12.5%
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[Yr]
[Yr]
[Yr]
[#]
[kg]

2010
0

2011
1

2012
2

2013
3

2014
4

2015
5

2016
6

2017
7

127,467,000

1.47
-

1.39
-

1.34
2,259,000

1.26
4,978,000

1.18
5,811,000

1.11
7,447,000

1.07
5,272,000

1.03
4,194,000

[IDR]
[IDR]

6,750
860,402,250,000

-

-

15,248,250,000

33,601,500,000

39,224,250,000

50,267,250,000

35,586,000,000

28,309,500,000

[IDR]
[IDR]
[IDR]
[IDR]
[IDR]

7,263
(925,792,821,000)
(310,624,872,511)
(376,015,443,511)

(24,944,079,014)
(24,944,079,014)

(177,569,844,567)
(177,569,844,567)

(16,407,117,000) (36,155,214,000) (42,205,293,000) (54,087,561,000)
(16,407,117,000) (36,155,214,000) (42,205,293,000) (54,087,561,000)
(54,089,767,493)
(35,388,956,636) (18,632,224,800)
(55,248,634,493) (2,553,714,000) (38,369,999,636) (22,452,535,800)

(38,290,536,000)
(38,290,536,000)
(2,704,536,000)

(30,461,022,000)
(30,461,022,000)
(2,151,522,000)

[IDR]
[IDR]
[IDR]
[IDR]

117,380,470,465
310,624,872,511
428,005,342,976
51,989,899,465

17,133,647,685
24,944,079,014
42,077,726,700
17,133,647,685

76,772,148,210
177,569,844,567
254,341,992,777
76,772,148,210

54,089,767,493
54,089,767,493
(1,158,867,000)

(2,553,714,000)

23,474,674,569
35,388,956,636
58,863,631,205
20,493,631,569

18,632,224,800
18,632,224,800
(3,820,311,000)

(2,704,536,000)

(2,151,522,000)

17,133,647,685

(2,515,572,798)
(2,515,572,798)
74,256,575,412

(19,244,438,111)
(2,879,779,288)
(22,124,217,398)
(23,283,084,398)

(23,425,206,733)
(6,314,563,478)
(29,739,770,211)
(32,293,484,211)

(22,576,993,134)
(9,326,464,614)
(31,903,457,747)
(11,409,826,179)

(25,225,991,014)
(11,957,063,906)
(37,183,054,920)
(41,003,365,920)

(25,287,667,553) (21,733,108,124)
(23,815,836,334) (189,569,123,099)
(49,103,503,887) (211,302,231,223)
(51,808,039,887) (213,453,753,223)

[IDR]
[IDR]
[IDR]
[IDR]
[#]
[IDR]
[IDR]
[IDR]
[%]
[IDR]
[IDR]
[IDR]
[IDR]
[USD]
[USD]

2018

(383,871,808,185)

2
(3,830,405,561,834)
(555,527,165,649)
0.135
(347,323,052,544)
(314,896,629,570)
(303,332,270,462)
14,237
(24,395,908)
(22,118,282)

34,267,295,371
-566,642,849,649
-17,133,647,685
(17133647685)
(17133647685)
(17133647685)
Discount rates
0.100
0.125

153,544,296,421
46,949,349,137
-549,509,201,964 -470,221,480,956 -446,938,396,557 -414,644,912,346 -356,285,737,030 -315,282,371,110 -263,474,331,223
-79,287,721,008 -23,283,084,398 -32,293,484,211 -58,359,175,316 -41,003,365,920 -51,808,039,887 -213,453,753,223
(72079746371)
(70477974230)
(69857022915)
[%]
0.135

(19242218511)
(18396511130)
(18073771584)

(24262572661)
(22680746113)
(22086521374)

(39860101985)
(36433345846)
(35166220918)

(25459864217)
(22753955096)
(21769086311)

(29244287883)
(25555361382)
(24233826388)

(109535526333)
(93591441943)
(87969629899)

Table G.7. Cash flow for industrial sago scenario, after production adjustment, private/public, years 0 through 7
Year
Project year
Inflation End Year
2018 multiplier
Labour starts
Labour year
Yield dry starch
Revenue
Price / kg dry starch
Total Income
Operating costs
Cost per person
Number of people
Fixed costs labour
Fixed costs marketing and admin
Cost per kg starch
Production exp
Total operating expenses
Capital Expenditure
Cash
Funding
Equity funding
Debt funding
Total Funding
Cash after funding
Debt Service
Interest payments
Principal payments
Total Debt Payments
Cash flow after debt payment
Correction for NPV
Correction factor
Equity funding correction
Future cash flows

Present value
IRR
NPV 3.5%
NPV 10%
NPV 12.5%
IRR check
IDR to USD exchange rate
NPV 3.5%
NPV 10%
NPV 12.5%
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[Yr]
[Yr]
[Yr]
[#]
[Yr]
[Flag]
[kg]

2010
0

2011
1

2012
2

2013
3

2014
4

2015
5

2016
6

2017
7

1.47

1.39

1.34

1.26

1.18

1.11

1.07

1.03

568,500,000

-

-

1
7,500,000

1
10,500,000

1
15,000,000

1
25,500,000

1
25,500,000

1
25,500,000

[IDR]
[IDR]

6,750
3,837,375,000,000

-

-

50,625,000,000

70,875,000,000 101,250,000,000 172,125,000,000

172,125,000,000

172,125,000,000

[IDR]
[#]
[IDR]
[IDR]
[IDR]
[IDR]
[IDR]
[IDR]
[IDR]

150,000
40
(144,000,000)
(32,311,386,466)
4,365

-

-

(6,000,000)
(1,346,307,781)

(6,000,000)
(1,346,307,780)

(6,000,000)
(1,346,307,777)

(6,000,000)
(1,346,307,776)

(2,513,957,886,466)
(310,624,872,511)
1,012,792,241,023

(24,944,079,014)
(24,944,079,014)

(177,569,844,567)
(177,569,844,567)

[IDR]
[IDR]
[IDR]
[IDR]

117,380,470,465
310,624,872,511
428,005,342,976
1,440,797,583,999

17,133,647,685
24,944,079,014
42,077,726,700
17,133,647,685

76,772,148,210
177,569,844,567
254,341,992,777
76,772,148,210

54,089,767,493
54,089,767,493
16,535,192,219

23,690,192,220

17,133,647,685

(2,515,572,798)
(2,515,572,798)
74,256,575,412

(19,244,438,111)
(2,879,779,288)
(22,124,217,398)
(5,589,025,179)

(23,425,206,733)
(6,314,563,478)
(29,739,770,211)
(6,049,577,991)

(22,576,993,134) (25,225,991,014)
(9,326,464,614) (11,957,063,906)
(31,903,457,747) (37,183,054,920)
25,993,909,043 22,282,137,302

(25,287,667,553) (21,733,108,124)
(23,815,836,334) (189,569,123,099)
(49,103,503,887) (211,302,231,223)
10,361,688,336 (151,837,038,999)

34,267,295,371
822,164,834,885
-17,133,647,685

153,544,296,421
46,949,349,137
839,298,482,570 918,586,203,579 924,175,228,758 930,224,806,749 951,180,246,844
-79,287,721,008 -5,589,025,179 -6,049,577,991 -20,955,440,095 22,282,137,302

928,898,109,542 918,536,421,206
10,361,688,336 -151,837,038,999

[IDR]
[IDR]
[IDR]
[IDR]
[#]
[IDR]
[IDR]
[IDR]
[%]
[IDR]
[IDR]
[IDR]
[IDR]
[IDR]
[$]
[$]
[$]

2018
2012

(383,871,808,185)

(6,000,000)
(1,346,307,779)

(6,000,000)
(1,346,307,778)

(32,737,500,000) (45,832,500,000) (65,475,000,000) (111,307,500,000) (111,307,500,000) (111,307,500,000)
(34,089,807,781) (47,184,807,780) (66,827,307,779) (112,659,807,778) (112,659,807,777) (112,659,807,776)
(54,089,767,493)
(35,388,956,636) (18,632,224,800)
(37,554,575,274) 23,690,192,220 (966,264,415)
40,832,967,422
59,465,192,223
59,465,192,224
23,474,674,569
35,388,956,636
58,863,631,205
57,897,366,790

18,632,224,800
18,632,224,800
59,465,192,222

59,465,192,223

59,465,192,224

2
17,223,216,629,838
584,304,065,923
0.1350
295,587,605,624
53,872,347,423
10,027,948,337
(789,025,690)
14,237
20,762,020
3,783,984
704,361

(17133647685)
(17133647685)
(17133647685)
(17133647685)
Discount rates
0.035
0.100
0.125
0.133

(76606493728)
(72079746371)
(70477974230)
(69980336283)
[%]

(5217414809)
(4619029074)
(4416019895)
(4353877909)

(5456372742)
(4545137484)
(4248811977)
(4159444659)

(18261455399)
(14312847548)
(13082378087)
(12716779665)

18760961709
13835454174
12365003220
11934584307

8429240138
5848902937
5111111915
4898364129

(119342540150)
(77916409210)
(66574830406)
(63353170923)

Table G.8. Cash flow for smallholder oil palm scenario, private, years 0 through 7
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Table G.9. Cash flow for smallholder oil palm scenario, public, years 0 through 7
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Table G.10. Cash flow for smallholder mill rental oil palm scenario, private, years 0 through 7

Year
Project year

2018

2019

2020

2021

2022

2023

2024

2025

[yr]

0

1

2

3

4

5

6

7

[$]
[$]
[$]

(656)
-

(2,053)
-

(889)
-

(1,039)
(553)
-

(1,056)
-

(1,056)
-

(1,006)
-

(1,006)
-

(656)

(2,053)

(889)

(32)
(6)
(1,630)

(56)
(12)
(1,124)

(80)
(19)
(1,155)

(104)
(27)
(1,137)

(128)
(33)
(1,167)

Costs
Planting
Farm maint
Farm overhead
Harvest &
transport
Factory process
Factory maint
General
Total costs

[$]
[$]
[$]
[$]
[$]

Revenue
FFB
CPO XR
CPKO XR
CPO amt
CPKO amt
Price CPO
Price CPKO

[t/ha]
[%]
[%]
[t/ha]
[t/ha]
[$/t]
[$/t]
[$]

Depreciation
(10yr)

[$]

Total profit

[$]

Tax rate
Aftertax profit

[%]
[$]

0%

[S]

13,838

Inflation factor
Adjusted CF

[n/a]
[$]
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Discount rate 3.5
Discount rate 8.5
Discount rate 10
Discount rate IRR

IRR

-

-

-

-

4
18%
4%
0.72
0.16

7
20%
4%
1.4
0.28

10
22%
5%
2.2
0.5

13
24%
5%
3.12
0.65

16
24%
5%
3.84
0.8

(2,053)

(889)

-

-

418

801

1,281

1,794

2,208

-116
(1,328)

-232
(556)

-232
(106)

-232
425

(1,328.39)

(556)

(106)

425

809

-232
809

(656)

(2,053)

(889)

(1,328)

(556)

(106)

425

809

(768)

(2,403)

(1,041)

(1,555)

(650)

(125)

498

947

(768)
(768)
(768)
(768)

(2,322)
(2,215)
(2,185)
(2,115)

(971)
(884)
(860)
(806)

(1,402)
(1,217)
(1,168)
(1,061)

(567)
(469)
(444)
(390)

(105)
(83)
(77)
(66)

405
305
281
232

744
535
486
388

1.170459

8,512
2,784
1,745
-2

[%]
[%]
[%]
[%]

0.035
0.085
0.100
0.136

%

-

(656)

[$]
[$]
[$]
[$]

NPV 3.5%
NPV 8.5%
NPV 10%
IRR check

-

495.89
379.79

Total revenue

Cash flow

-

13.6%

USD xchange rate
[IDR]
14,237

NPV 3.5%
NPV 8.5%
NPV 10%

[IDR]
[IDR]
[IDR]

121,186,799
39,633,883
24,847,241

Table G.11. Cash flow for smallholder mill rental oil palm scenario, public, years 0 through 7

Year

2018

2019

2020

2021

2022

2023

2024

2025

[yr]

0

1

2

3

4

5

6

7

Planting
Farm maint
Farm overhead
Harv & trans
Factory process
Factory maint
General
Total costs

[$]
[$]
[$]
[$]
[$]
[$]
[$]
[$]

(656)
(656)

(2,053)
(2,053)

(889)
(889)

(1,039)
(553)
(32)
(6)
(1,630)

(1,056)
(56)
(12)
(1,124)

(1,056)
(80)
(19)
(1,155)

(1,006)
(104)
(27)
(1,137)

(1,006)
(128)
(33)
(1,167)

SCC

[$]

Project year

Costs

6942

7150.26

7358.52

7566.78

7775.04

2489.175

2554.11

2619.045

4
18%
4%
0.72
0.16

7
20%
4%
1.4
0.28

10
22%
5%
2.2
0.5

13
24%
5%
3.12
0.65

16
24%
5%
3.84
0.8

Revenue
FFB
CPO XR
CPKO XR
CPO amt
CPKO amt
Price CPO
Price CPKO

[$]

Depreciation
(10yr)

[$]

Total profit

[$]

Tax rate
Aftertax profit

[%]
[$]

0%

[S]

(84,856)

Inflation factor
Adjusted PV

[-]
[$]

1.170459

NPV 3.5%
NPV 10%
IRR check

[$]
[$]
[$]

-72,635
-49,069
-99,321

[%]
[%]
[%]

0.035
0.100
0.000

Discount rate 1
Discount rate 2
Discount rate IRR

-

-

-

-

-

-

(7,598)

(9,203)

(9,378)

495.89
379.79

Total revenue

PV
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[t/ha]
[%]
[%]
[t/ha]
[t/ha]
[$/t]
[$/t]

418

801

1,281

1,794

2,208

(8,248)

-116
(8,895)

-232
(8,331)

-232
(2,596)

-232
(2,129)

-232
(1,810)

(10,775)

(9,611)

(8,895.17)

(8,331)

(2,596)

(2,129)

(1,810)

(9,378)

(10,775)

(9,611)

(8,895)

(8,331)

(2,596)

(2,129)

(1,810)

(10,977)

(12,612)

(11,249)

(10,411)

(9,751)

(3,038)

(2,492)

(2,119)

(10,977)
(10,977)
(10,977)

(12,185)
(11,465)
(12,612)

(10,501)
(9,297)
(11,249)

(9,391)
(7,822)
(10,411)

(8,497)
(6,660)
(9,751)

(2,558)
(1,886)
(3,038)

(2,027)
(1,407)
(2,492)

(1,665)
(1,087)
(2,119)

USD xchange rate
[IDR]
14,237

NPV 3.5%
NPV 10%

IRR check

[IDR]
[IDR]
[IDR]

###########
-698,594,292
###########

Table G.12. Cash flow for industrial oil palm scenario, private, years 0 through 7
2018 adjustment
Inflation removal
Year
Project year
Operating cash flows
FFB yield nucleus
FFB yield plasma
Extn rate CPO
Extn rate KPO
Price CPO
Price KPO
Sales CPO
Sales KPO
Total revenue

[t]
[t]
[%]
[%]
[IDR/t]
[IDR/t]
[IDR]
[IDR]
[IDR]

1.26
0.060
2013
2

1.18
0.080
2014
3

1.11
0.100
2015
4

1.07
0.120
2016
5

1.03
0.140
2017
6

1.00
0.160
2018
7

-

-

-

33,600
33,600
0.17

40,800
74,400
0.18

52,800
117,400
0.19

60,000
141,700
0.20

62,400
159,800
0.21

-

NPV
NPV 3.5%
NPV 10%
NPV 12.5%
IRR check
IRR

[IDR]
[IDR]
[IDR]
[IDR]
[IDR]
[%]

USD exchange rate

[IDR]

14,237

[$]
[$]
[$]
[$]

84,713,237
27,924,226
17,145,407
-33,124
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1.34
0.040
2012
1

0.21
0.043
7,527,000
4,888,000

Report PV
PPV deflated to 2010
PV inflated to 2018

NPV3.5%
NPV 10%
NPV 12.5 %
IRR

1.39
0.020
2011
0

1,206,057,182,834
397,555,495,468
244,098,120,407
(471,586,385)
0.203

-

-

107,485,560,000
184,260,960,000
272,232,772,500
322,616,628,750
355,406,122,500
14,124,364,800
24,213,196,800
35,773,316,800
42,394,112,800
46,702,884,800
121,609,924,800
208,474,156,800
308,006,089,300
365,010,741,550
402,109,007,300

-

-

(56,052,507,000)
(54,953,438,235)
(76,533,909,693)

(38,195,108,530)
(36,726,065,894)
(49,049,490,498)

(39,256,401,965)
(37,034,341,476)
(46,480,636,051)

(38,977,364,800)
(36,090,152,593)
(42,573,094,837)

(19,435,322,063)
(17,668,474,603)
(19,595,416,112)

(87,072,241,088)
(77,743,072,400)
(83,285,335,268)

38,694,855,473
33,942,855,678
35,028,457,034

56,709,825,656
48,887,780,738
48,887,780,738

(76,533,909,693)
(76,533,909,693)
(76,533,909,693)
(76,533,909,693)
(76,533,909,693)

(47,390,812,075)
(44,590,445,907)
(43,599,547,109)
(40,772,643,805)

(43,390,171,113)
(38,413,748,802)
(36,725,440,830)
(32,117,431,588)

(38,398,492,346)
(31,985,796,271)
(29,900,445,208)
(24,453,348,663)

(17,076,273,069)
(13,383,932,868)
(12,233,321,810)
(9,356,038,082)

(70,124,017,488)
(51,713,640,566)
(46,217,444,259)
(33,055,246,615)

28,495,672,366
19,772,650,806
17,278,493,456
11,556,524,477

38,425,353,748
25,087,161,568
21,435,452,990
13,407,287,785

Discount rates
[%]
0.0350
0.1000
0.1250
0.2030

Table G.13. Cash flow for industrial oil palm scenario, public, years 0 through 7
2018 adj
Inflation removal

Year
Project year
Operating cash flows
FFB yield nucleus
FFB yield plasma
Extn rate CPO
Extn rate KPO
Price CPO
Price KPO
Sales CPO
Sales KPO
Total revenue

[t]
[t]
[%]
[%]
[IDR/t]
[IDR/t]
[IDR]
[IDR]
[IDR]

0.21
0.043
7,527,000
4,888,000

1.39
0.020
2011
0

1.34
0.040
2012
1

1.26
0.060
2013
2

1.18
0.080
2014
3

1.11
0.100
2015
4

1.07
0.120
2016
5

1.03
0.140
2017
6

1.00
0.160
2018
7

-

-

-

33,600
33,600
0.17

40,800
74,400
0.18

52,800
117,400
0.19

60,000
141,700
0.20

62,400
159,800
0.21

-

-

-

107,485,560,000
184,260,960,000
272,232,772,500
322,616,628,750
355,406,122,500
14,124,364,800
24,213,196,800
35,773,316,800
42,394,112,800
46,702,884,800
121,609,924,800
208,474,156,800
308,006,089,300
365,010,741,550
402,109,007,300

-

-

Present value Report

##########

(38,195,108,530)

(39,256,401,965)

(38,977,364,800)

(19,435,322,063)

(87,072,241,088)

Present value R defl to '10
Private PV inf to '18

##########
##########

(36,726,065,894)
(49,049,490,498)

(37,034,341,476)
(46,480,636,051)

(36,090,152,593)
(42,573,094,837)

(17,668,474,603)
(19,595,416,112)

(77,743,072,400)
(83,285,335,268)

38,694,855,473
33,942,855,678
35,028,457,034

56,709,825,656
48,887,780,738
48,887,780,738

Social costs
Ha's developed
SCC USD
Total SCC
SCC IDR

[ha]
[$/ha]
[$]
[IDR]

Social PV

[IDR]

(11,219,422,690,384) ##########

(990,679,283,449) (1,225,062,140,216) (1,254,510,679,309) (1,264,889,080,891)

(481,965,452,415)

(374,052,010,996)

(370,593,038,174)

NPV 3.5%
NPV 10%
IRR check
IRR

[IDR]
[IDR]
[IDR]
[%]

(9,999,878,684,766) ##########
(6,699,355,982,194) ##########
(13,362,449,241,068) ##########
-

(909,787,239,566) (1,100,218,445,393) (1,093,098,264,040) (1,085,201,485,374)
(856,027,084,501) (974,034,300,963) (910,546,644,983) (850,552,328,925)
(941,629,792,951) (1,178,581,504,166) (1,211,937,584,472) (1,245,293,664,779)

(335,677,960,798)
(247,548,985,817)
(398,680,117,147)

(332,787,224,316)
(230,915,259,497)
(409,080,468,030)

(329,708,131,845)
(215,259,987,667)
(419,480,818,912)

USD xchange rate

[IDR]

14,237

[$]
[$]
[$]

-702,389,656
-470,561,543
-938,575,999

NPV 3.5%
NPV 10%
IRR
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6,000
9,250
11,250
11,250
11,250
11,250
11,250
11,250
(6,942)
(7,150)
(7,359)
(7,567)
(7,775)
(2,489)
(2,554)
(2,619)
#########
(66,139,905)
(82,783,350)
(85,126,275)
(87,469,200)
(28,003,219)
(28,733,738)
(29,464,256)
########## (941,629,792,951) (1,178,581,504,166) (1,211,937,584,472) (1,245,293,664,779) (398,680,117,147) (409,080,468,030) (419,480,818,912)

Discount rates
[%]
0.0350
0.1000
-

Table G.14. Cash flow for regional transition oil palm to sago, smallholder private scenario, years 0 through 7, low restoration cost
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Table G.15. Cash flow for regional transition oil palm to sago, smallholder ‘no wait’ private scenario, years 0 through 7, low restoration
cost

Time
Year
Project years

[Year]
[Yr]

2018
-

2019
1

2020
2

2021
3

2022
4

2023
5

2024
6

2025
7

1993
2

1994
2

1995
2

1996
2

1997
2

1998
2

1999
2

2000
2

11,892
(23,784,024)
11,892

11,892
(23,784,024)
23,784

11,892
(23,784,024)
35,676

11,892
(23,784,024)
47,568

11,892
(23,784,024)
59,460

11,892
(23,784,024)
71,352

11,892
(23,784,024)
83,244

11,892
(23,784,024)
95,136

2,229,312

4,458,624

6,687,937

8,917,249

11,146,561

13,375,873

15,605,185

17,834,498

2,318,581

4,637,161

6,955,742

9,274,323

11,592,903

13,911,484

16,230,065

18,548,646

(23,784,024)

(21,920,759)

(20,203,465)

(18,620,705)

(17,161,940)

(15,817,456)

(14,578,301)

(13,436,222)

(23,784,024)

(21,621,840)

(19,656,218)

(17,869,289)

(16,244,808)

(14,768,008)

(13,425,461)

(12,204,965)

Costs
OP to age difference
[Years]
OP age to replace
[Year]
Addition choice
[#]
Restoration cost per hectare
[$/ha]
Addition
[ha]
Total canal block cost
[$]
Total area converted
[ha]

25

2,000
259,007
(470,446,103)
6,053,458

Difference in private returns
SH Sago & OP Lifespan
USD exchange rate

[Yrs]
[IDR]

8.5% Annuity Factor
[AF]
8.5% NPV SH Sago (excel CBA)
[$/ha]
8.5% NPV SH OP (excel CBA)[$/ha]
8.5% EANB SH Sago
[$/ha]
8.5% EANB SH OP
[$/ha]
8.5% SH EANB Balance
[$/ha]
8.5% SH EANB Bal total ha [$]
10% Annuity Factor

[AF]

[$/ha]
10% NPV SH Sago (excel CBAs)
[$/ha]
10% NPV SH OP (excel CBAs)
10% EANB SH Sago
[$/ha]
10% EANB SH OP
[$/ha]
10% SH EANB Balance
[$/ha]
10% SH EANB Bal total ha
[$]

52
14,237
11.596
6,612
4,438
570
383
187
1,141,487,254.96
9.930
4,949
3,013
498
303
195
1,187,195,898.79

Returns
8.5% Discounted canal block [$]
8.5% NPV
[$]
10% Discounted canal block [$]
10% NPV
[$]
Discount rate 8.5
[%]
Discount rate 10
[%]
IRR
[%]

116

(240,877,077)
900,610,178
(218,232,141)
968,963,758
0.085
0.100
0.021

Table G.16. Cash flow for regional transition oil palm to sago, smallholder public scenario, Nordhaus SCC, years 0 through 7, low
restoration cost
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Year
Project years

[Year]
[Yr]

2018
-

2019
1

2020
2

2021
3

2022
4

2023
5

2024
6

Costs
OP to age difference
OP age to replace
Addition choice
Canal cost per ha
Addition
Total canal block cost
Total area converted

[Years]
[Year]
[#]
[$/ha]
[ha]
[$]
[ha]

Table

25

9,000
259,007
(2,117,007,464)
6,053,458

1993
2

1994
2

1995
2

1996
2

1997
2

1998
2

1999
2

2000
2

11,892
(107,028,108)
11,892

11,892
(107,028,108)
23,784

11,892
(107,028,108)
35,676

11,892
(107,028,108)
47,568

11,892
(107,028,108)
59,460

11,892
(107,028,108)
71,352

11,892
(107,028,108)
83,244

11,892
(107,028,108)
95,136

Difference in private returns
SH Sago & OP Lifespan
USD exchange rate
Industrial Sago area
Industrial OP area

2025
7

G.17. Cash flow for regional transition oil palm to sago, industrial
private scenario, years 0 through 7

[Yrs]
[IDR]
[ha]
[ha]

22
14,237
12,781
11,250

10% Annuity Factor
[AF]
10% NPV Ind Sago (excel Ind)[$]
10% NPV Ind OP (excel Ind) [$]
10% NPV Ind Sago /ha
[$/ha]
10% NPV Ind OP /ha
[$/ha]
10% EANB SH Sago
[$/ha]
10% EANB SH OP
[$/ha]
10% SH EANB Balance
[$/ha]
10% SH EANB Bal total ha
[$]

8.77
3,783,984
27,924,226
296.06
2,482.15
33.75
282.98
(249.23)
(1,517,566,471)

(2,963,791)

(5,927,582)

(8,891,372)

(11,855,163)

(14,818,954)

(17,782,745)

(20,746,536)

(23,710,327)

12.5% Annuity Factor
[AF]
12.5% NPV Ind Sago (excel Ind)
[$]
12.5% NPV Ind OP (excel Ind)[$]
12.5% NPV Ind Sago /ha [$/ha]
12.5% NPV Ind OP /ha
[$/ha]
12.5% EANB SH Sago
[$/ha]
12.5% EANB SH OP
[$/ha]
12.5% SH EANB Balance
[$/ha]
12.5% SH EANB Bal total ha [$]

7.40
704,361
17,145,407
55.11
1,524.04
7.45
205.93
(198.49)
(1,208,620,604)

(2,360,423)

(4,720,846)

(7,081,269)

(9,441,692)

(11,802,115)

(14,162,537)

(16,522,960)

(18,883,383)

Returns
10% Discounted canal block [$]
10% NPV

(982,044,634)
(2,499,611,105)

(107,028,108)

(97,298,280)

(88,452,982)

(80,411,802)

(73,101,638)

(66,456,034)

(60,414,577)

(54,922,342)

12.5% Discounted canal block[$]
12.5% NPV
[$]

(848,395,241)
(2,057,015,846)

(107,028,108)

(95,136,096)

(84,565,419)

(75,169,261)

(66,817,121)

(59,392,996)

(52,793,775)

(46,927,800)

Discount rate 10
Discount rate 12.5
IRR
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[%]
[%]
[%]

0.100
0.125
0.021

Table G.18. Cash flow for regional transition oil palm to sago, industrial public scenario, Nordhaus SCC, years 0 through 7
Year
Project years

[Year]
[Yr]

OP to age difference
OP age to replace
Addition choice
Canal cost per ha
Addition
Total canal block cost
Total area converted

[Years]
[Year]
[#]
[$/ha]
[ha]
[$]
[ha]

SH Sago & OP Lifespan
USD exchange rate
Industrial Sago area
Industrial OP area

[Yrs]
[IDR]
[ha]
[ha]

22
14,237
12,781
11,250

3.5% Annuity Factor
[AF]
3.5% NPV Ind Sago (excel Ind)[$]
3.5% NPV Ind OP (excel Ind) [$]
3.5% NPV Ind Sago /ha
[$/ha]
3.5% NPV Ind OP /ha
[$/ha]
3.5% EANB SH Sago
[$/ha]
3.5% EANB SH OP
[$/ha]
3.5% SH EANB Balance
[$/ha]
3.5% SH EANB Bal total ha [$]
10% Annuity Factor
[AF]
10% NPV Ind Sago (excel Ind)[$]
10% NPV Ind OP (excel Ind) [$]
10% NPV Ind Sago /ha
[$/ha]
10% NPV Ind OP /ha
[$/ha]
10% EANB SH Sago
[$/ha]
10% EANB SH OP
[$/ha]
10% SH EANB Balance
[$/ha]
10% SH EANB Bal total ha
[$]
SCC per hectare
[$/ha]
Total carbon benefits
[$]

Costs

Difference in private returns

Returns

NPV w/o EANB
3.5% Discounted w/o EANB
3.5% NPV w/ EANB
10% Discounted w/o EANB
10% NPV w/ EANB
Discount rate 3.5
Discount rate 10

119

[$]
[$]
[$]
[%]
[%]

2018
-

2019
1

2020
2

2021
3

2022
4

2023
5

2024
6

2025
7

1993
2

1994
2

1995
2

1996
2

1997
2

1998
2

1999
2

2000
2

11,892
(107,028,108)
11,892

11,892
(107,028,108)
23,784

11,892
(107,028,108)
35,676

11,892
(107,028,108)
47,568

11,892
(107,028,108)
59,460

11,892
(107,028,108)
71,352

11,892
(107,028,108)
83,244

11,892
(107,028,108)
95,136

15.17
3,783,984
27,924,226
296.06
2,482.15
19.52
163.65
(144.13)
(877,647,910)

(1,714,037)

(3,428,074)

(5,142,110)

(6,856,147)

(8,570,184)

(10,284,221)

(11,998,258)

(13,712,295)

7.40
704,361
17,145,407
55.11
1,524.04
7.45
205.93
(198.49)
(1,208,620,604)
114,394
21,713,194,158

(2,360,423)
2,165
25,740,260

(4,720,846)
2,229
53,024,936

(7,081,269)
2,294
81,854,027

(9,441,692)
2,359
112,227,533

(11,802,115)
2,424
144,145,456

(14,162,537)
2,489
177,607,794

(16,522,960)
2,554
212,614,547

(18,883,383)
2,619
249,165,717

(81,287,848)
(81,287,848)
(83,001,885)
(81,287,848)
(83,648,271)

(54,003,172)
(52,176,978)
(55,605,052)
(48,002,820)
(52,723,666)

(25,174,081)
(23,500,274)
(28,642,385)
(19,890,632)
(26,971,901)

5,199,425
4,689,584
(2,166,563)
3,651,723
(5,789,969)

37,117,348
32,345,624
23,775,440
23,172,178
11,370,063

70,579,686
59,426,202
49,141,981
39,166,711
25,004,174

105,586,439
85,894,636
73,896,379
52,082,642
35,559,682

142,137,609
111,718,875
98,006,581
62,321,995
43,438,612

25

9,000
259,007
(2,117,007,464)
6,053,458

19,382,130,477
8,668,716,696
7,791,068,787
1,578,469,476
369,848,871
0.035
0.125

