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Abstract
In bioenergy developments in the South Pacific cultural factors are known to
influence the long-term sustainability of these projects. However, little is known
about how cultural parameters influence the amount of biomass resource made
available for power generation. The aim of this research is to determine the
feasibility of sawmill residues for power generation as part of a village scale
biomass gasification project proposed by the Government of Samoa. To do this,
a biomass resource assessment of the tropical tree species tava (Pometia
pinnata) used for timber production as part of the Patamea sawmill operation
were classified using remotely sensed data captured by the WorldView-2
satellite over the village of Patamea on the northeastern side of Savai’i Island,
Samoa. Buffers were used to qualify the theoretical area of biomass available to
better reflect the quantity of recoverable biomass based on proximity to road
networks and logging tracks and exclusion of areas close to the Mali’oli’o River
catchment. These quantitative methods were combined with qualitative methods
in a mixed-methodological approach in order to attend to the different
epistemologies that this thesis argues shapes the success of bioenergy and
renewable energy developments in the Pacific Islands region more broadly. The
use of cultural narratives and community mapping provided a more detailed
understanding of how cultural systems and structures such as the customary
land tenure system and fa’a matai (chiefly system) ultimately influence the
viability of renewable energy projects. This research found many synergies
between fa’a Samoa (the traditional Samoan way) and the structure of the
proposed project in addition to discrepancies between the amount of land
available for the proposed project as defined from scientific and cultural
perspectives. Based on current logging operations the Patamea sawmill could
potentially provide 26 kW. Based on a 10-hour a day operating time the sawmill
could potentially produce 94,900 kWh of electricity per year (assuming a 365
day operating time). The proposed biomass gasification project could therefore
potentially supply more than 8 times the 11,640kWh of electricity currently
consumed annually by the Patamea sawmill operation and in doing so achieve
energy security. The thesis recommends future bioenergy developments carried
out in the Pacific Islands region combine rapid appraisals of biomass resource
availability using remote sensing data and field observations, with qualitative
methods such as semi-structured interviews and community mapping. To
ensure the success and long-term sustainability of bioenergy developments in
small communities in Samoa an understanding of both the scientific and cultural
parameters that control the availability of the resource is critical.
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1
Introduction
1.1.

Background

This thesis aims to investigate the potential of biomass for village scale
electricity generation in Samoa. In doing so this research critically evaluates the
success of previous bioenergy projects in Pacific Island Countries (PICs) that
are undergoing a transition phase from an historical focus on renewable energy
generation to substitute imported oil fuelled generated electricity, towards
renewable energy development being implemented under the umbrella of
climate change mitigation measures. Global environmental agendas in
recognizing the dual challenges of increasing cost of imported fuels and the
adverse impacts climate change pose to PICs, have provided funds to support
the rapid uptake of renewable energy technologies in the region.
The Pacific Islands region is heavily dependent on imported oil (Levanti 2008),
making up more than 80 percent of energy requirements in the region (ADB
2009 p. 6). Increasing costs of electricity in the region as a result of continuing
international oil price hikes have made Pacific Island nations increasingly
vulnerable to external shocks (Mishra et al. 2009). Historical increases in
international oil prices in the 1970s led to the establishment of foreign aid
assistance programs in the region in order to reduce Pacific Island nations
dependency on imported oil through the development of renewable energy
generation projects (Yu and Taplin 1997). In recent years a growing global
consensus of this inherent vulnerability that PICs face has been further
compounded by the adverse effects climate change pose to the region. This has
led to the establishment of mitigation strategies, ushering in a new phase of
renewable energy development in order to achieve dual aims of substituting
increasingly costly fossil fuel imports and reducing greenhouse gas (GHG)
emissions.
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Bioenergy initiatives have been praised by global environmental fora for their
ability to achieve multiple multilateral environmental agreements (MEAs) in
their aims to reduce greenhouse gas emissions, conserve biological diversity and
prevent land degradation (Tillman et al. 2009). Bioenergy developments have
however been met with widespread failures in the Pacific in the more than 30
years since initial projects were commissioned (Sanday and Lloyd 1993). These
projects represented both heat gasifiers used for agricultural crop drying as well
as power gasifiers for generating electricity. Of the established 200 gasifiers
installed since the 1980s all have since ceased operating, citing problems
associated with the gasifier technology and ongoing maintenance issues
contributing to their demise (Sanday and Lloyd 1993; Wade 2005a). More
recent evaluations have identified cultural parameters such as village structure
and traditional knowledge as critical to the sustainability of these initiatives
(Woods et al. 2006; Fischer and Pigneri 2011). The failure of these previous
initiatives can thus provide valuable lessons for current proposals being
implemented under the umbrella of climate change mitigation.
The focus of this thesis is to critically evaluate a proposed biomass gasification
pilot project currently being implemented at the village scale in Samoa as part
of a bilateral aid partnership with the Australian Government. In recognizing the
importance of partnerships, this agreement is concerned with responding to
several national, regional and international environmental agendas that form
part of a multi sector approach to climate change mitigation. As part of this
partnership biomass gasification is being assessed for electricity generation
potential. The village of Patamea located inland on the northeastern side of the
island of Savai’i was identified as suitably placed to receive a biomass gasifier
as discovered during a scoping exercise carried out by the Ministry of Natural
Resources and Environment (MNRE) and later by a feasibility study undertaken
by Knowles (2010). This thesis responds to the findings of these studies using a
mixed-methods approach in order to determine the viability of currently
unutilized wood residues produced by the Patamea sawmill operation situated
one kilometre from Patamea village. In doing so this research aims to illuminate
some important differences between scientific and culturally defined biomass
resource assessments and provide recommendations on how different
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epistemological framings could influence the long-term success of the proposed
biomass gasification project.
1.2.

Biomass resource assessments

Despite PICs having abundant renewable energy resources, whether it is
hydroelectric, geothermal, solar, or wind energy, virtually all PICs generate
most of their electricity from oil-fuelled generators (Marconnet 2007).
Historically biomass has been the main source of energy in the Pacific Islands
region, primarily used as fuel wood, however in recent decades biomass has
been employed to generate electricity by means of biomass gasifiers and similar
technologies (Wade 2005a). Accurate assessments of biomass resource
availability are critical to the viability of any bioenergy project (Rosillo-Calle et
al. 2007). Assessments of aboveground woody biomass undertaken in the
Pacific have traditionally employed ground based ecological surveys of forest
properties (Vanclay 1995), but due to the time consuming and costly nature of
this approach remote sensing methods using high-resolution satellite imagery
are increasingly being employed by researchers and government agencies
(Voivontas et al. 2001; MNRE 2006). Remote sensing forms the basis of the
resource assessment part of this thesis which when combined with observations
made in the field provide a detailed account of local and traditional knowledge
associated with this biomass. Previous studies carried out on bioenergy projects
in the Pacific have focused primarily on purpose grown energy crops
specifically for use in biomass gasification systems. In contrast, this thesis
examines the potential use of residues from the Patamea sawmill operation that
are currently available and could be utilized as feedstock for power generation
as part of the proposed project.
1.3. Culture
Samoa, like many other Pacific Island nations has a history steeped in the
traditional use, beliefs and knowledge of the natural environment (Tupua
Tamaese Ta'isi Efi Tui Atua 2009). These cultural systems and knowledge of
the environment have proven influential in the long-term success of previous
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bioenergy developments as highlighted by disputes between mataqali (clan)
who were asked to provide coconuts as part of a village scale bioenergy system
in Fiji that ultimately led to the project’s demise (Woods et al. 2006 p. 478).
Samoa also represents a blending of modern and traditional societies. This is
illustrated by the social structure as determined by the fa’a matai (chiefly
system) and customary land tenure system in which kinship provides the basis
for pule (authority) over an area (Latai 2009). Problems can arise due to land
boundaries not being formally surveyed and demarcated with borders whereas
traditional cultures employ cognitive mapping of areas providing greater fluidity
and flexibility between neighboring landowners.
Mai le Tunoa I le Masini (From Umu to Machine) is an attempt to frame the
development of renewable energy in Samoa in a more nuanced way than
previous studies. Tunoa (cook house) refers to the traditional practice and
knowledge of making a Samoan umu. This traditional cultural practice involves
the collection of biomass to be used as fuelwood including coconut husks and
tree branches. The umu is an important part of fa’a Samoa (traditional Samoan
way) as it represents integration of culture, language, knowledge, methods and
values. Modern bioenergy systems utilize a similar set of principles, language
and methods to convert biomass into energy in the form of electricity and heat.
In this thesis these parallels are drawn to illustrate synergies between fa’a
Samoa and modern bioenergy systems. This is in a similar vein to Woods
(2003) who states:
“Biomass is a fuel that people are familiar with and currently provides
the majority of energy to the domestic sector. However, although
continued use of traditional biomass will provide for basic needs, it will
not solve the problem of providing the modern energy services required
for economic growth and improved living standards. It is likely that the
modernization of biomass energy use will involve some social and
cultural changes, as people move away from traditional uses of biomass,
in addition to political and techno-economic changes. This is certainly a
major, but achievable, challenge.”
(Woods 2003 p. 6)
It is therefore posited in this thesis that integration of traditional knowledge and
practice into modern bioenergy systems might be mutually beneficial to the
longevity of renewable energy and fa’a Samoa in Samoa.
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1.4. Research Aims and Thesis Structure
By demonstrating the complexities of land use, cultural understanding and the
importance of renewable energy, this thesis aims to interrogate these interrelated
issues in a more holistic manner than has been undertaken by previous studies.
Both cultural and scientific understandings of the issue are presented before
incorporating each in a reflective critique of their individual and collective
merits (Figure 1.1). It is hoped that by attending to the most significant
challenge for renewable energy development, this will lead to a more rapid
uptake and longer lifetime of similar projects in the Pacific as well as more
broadly.


 





 

  

Figure 1.1. Overview of the theoretical approach employed to integrate both
cultural and scientific framings of renewable energy development in the Pacific
to foster more detailed and robust solutions.
The overall aim of this study is to determine the feasibility of using residue
biomass from the Patamea sawmill operation for use as part of a biomass
gasification system. To assess this feasibility, this research specifically aims to
achieve the following research objectives:
1. To establish the total aboveground woody biomass of the Patamea region
and to estimate the potential power that can be generated from the residue
biomass produced at its sawmill.
2. Investigate how cultural practices will influence the long-term viability of
the proposed project.
3. Illustrate how cultural parameters can provide a more detailed understanding
of bioenergy developments when integrated with traditional scientific
approaches.
	
  
	
  

5	
  

1.5. Summary
The thesis is divided into seven chapters. After framing the research context
(Chapter 1) this thesis will provide the contextual background to the rise of
renewables in the Pacific (Chapter 2) before critically evaluating the main
literature applicable to the field of renewable energy development in the Pacific
(Chapter 3) and introduce the mixed-methodological approach employed to
carry out this research (Chapter 4). The results of both cultural and scientific
lines of enquiry are then presented (Chapter 5) before interpreting these
analyses (results) into an integrated discussion (Chapter 6). The implications of
this research and robust recommendations are provided in Chapter 6. Possible
future areas of study are also reflected upon, as well as recommendations
presented on a way forward in the concluding section (Chapter 7).
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2
The rise of renewables: providing the context
2.1. Introduction
Chapter 2 is divided into four themes. Section 2.2 of this chapter provides an
evaluation of how global environmental agendas have shaped current plans to
develop renewable energy projects under the umbrella of climate change in the
Pacific. In section 2.3, the energy portfolio of Samoa is reviewed before the
Government of Samoa’s response to the dual challenges of rising fuel import
costs and threats posed by climate change are outlined in section 2.4. Section
2.5 assesses the role that bioenergy can play in achieving global, regional and
national strategies, policies and plans as well as developing viable community
based renewable energy generation. A summary of this chapter is provided in
section 2.6.
2.2. The rise of renewables
Over the past decades energy has become more prominent at the top of
international political agendas (Sawin 2011). In particular, renewable energy,
has received attention for its ability to achieve crosscutting goals for
environmental and sustainable development fora. Recent geopolitical concerns
over energy security and increased international oil prices reminiscent of
historical peaks of the 1970s (Yu and Taplin 1997 p. 501) have significantly
strengthened the position of renewable energy in both environmental and
sustainable development debates (Sawin 2011). Renewable energy has become
an integral part of United Nations (UN) strategy. The important role it plays in
addressing energy security and climate change as well as alleviating poverty is
recognized at the global scale by numerous UN agencies. These include the
United Nations Environment Programme (UNEP) and the United Nations
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Framework Convention on Climate Change (UNFCCC), the United Nations
Development Programme (UNDP), the World Bank (WB), Commission on
Sustainable Development (CSD) and the Global Environment Facility (GEF).
They have been instrumental in promoting renewable energy development to
date, from policy formulation to assisting with financial accessibility, raising
public awareness and providing greater access to energy services (Sawin 2011).
All of these aim to mitigate the effects of climate change, improve local
livelihoods and reduce global dependence on fossil fuels that have made up
more than 80 percent of global energy consumption in recent years (Figure 2.1).

 


 
 !

 "





#$% &
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Figure 2.1. Renewable energy as a share of global energy consumption in 2009
(Source: replicated without change Sawin 2011 p. 17).
Current emphasis on renewable energy development can be traced back to the
United Nations Conference on Environment and Development (UNCED) held
in Rio de Janeiro in 1992. The Rio Summit, as it is now known, represented an
unprecedented assembly of previously mentioned UN agencies brought together
under the guise of sustainable development. An outcome of the Rio Summit was
the establishment of Agenda 21, a roadmap plan for action that set priorities for
transitioning to different energy sources, promoting renewable energy sources,
increasing energy efficiency and sustainable land transport systems. In light of
growing concerns over climate change the UNFCCC was launched at the Rio
Summit in 1992. In addition the financial mechanisms necessary to implement
action were created for the UNFCCC under the Global Environment Facility
(GEF). One aim of the GEF is to provide support to developing countries to
meet their obligations under the Convention. Although developing countries’
contribution to global greenhouse gas emissions (GHGs) is small compared
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with their developed counterparts, this is increasing and small island developing
state (SIDS) governments agree there is a moral imperative for them to reduce
emissions within their country (UNFCCC 2005 p. 8).
Funding for renewable energy in Samoa is predominantly secured under
multilateral environmental agreement mechanisms. The Government of Samoa
recognises the significance of threats posed by climate change and has signed
and ratified the UNFCCC and its associated Kyoto Protocol in 1998 and 2000,
respectively. In addition, the Rio Earth Summit culminated in the Government
of Samoa adopting the three global environmental conventions. These are the
UN Convention on Biological Diversity (UNCBD), the UN Convention to
Combat Desertification (UNCCD) and the aforementioned UNFCCC. These
conventions present many crosscutting issues and synergies that enable the
Government of Samoa to establish linkages with other multilateral environment
agreements (MEAs).
SIDS are the most vulnerable group of developing countries to changes in
global climate, economy and resources (Barnett 2001; Levanti 2008; Jayaraman
and Choong 2009). Levanti (2008) describes how SIDS are the most vulnerable
economies in the world to rapid increases in oil prices stemming from their
fossil fuel intensive economies. These largely agrarian based economies are also
threatened by climate change and associated sea-level rise which have longterm implications for income generation due to impacts on the agricultural
sector, as well as the ability of people to live on their islands long-term (Barnett
2001; Murray 2001). The agricultural sector in SIDS is reliant on biological
diversity to support the high rates of endemism found in this region. These
resources have displayed signs that global climate change is gripping the region
from droughts to disease (Nurse 2001). The demise of ecological systems in
SIDS is already threatening cultural systems in the Pacific as illustrated by the
loss of traditional canoe making knowledge and language associated with
deforestation in the Federated States of Micronesia (Brosi et al. 2007).
International environmental fora recognize the inherent vulnerability of SIDS to
changes in global systems and this in turn has shaped the focus and
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implementation of renewable energy development to mitigate the effects of
climate change.
Samoa is highly vulnerable to external economic and trade developments over
which it has little control over as well as threats posed by natural disasters (Daly
et al. 2010). These include prolonged periods of drought, extreme flooding,
pests and disease outbreaks, storm surges and sea level rise as well as tropical
cyclones. Like many other PICs about seventy percent of the population is
located on the coast and most infrastructure is located in low-lying areas (Daly
et al. 2010). Climate change predictions made for the Pacific, including Samoa
indicate a reduction in annual rainfall with more frequent high intensity rainfall
events, increased average temperature, prolonged periods of drought, sea level
rise, as well as increased magnitude and frequency of tropical cyclones (Nurse
2001). Climate change presents a significant challenge for Samoa and growing
international concern about the plight of SIDS has resulted in a growth of
funding made available to Samoa to redress climate change issues. It is
important that measures established to address climate change issues in Samoa
are carried out in a coordinated and holistic manner. In order to attend to the
diverse impacts of climate change a diverse response is also needed.
Increases in international oil prices have an adverse effect on SIDS, who lack
the oil resources of their developed counterparts and alternate energy sources
are negligible (Jayaraman and Choong 2009). In the Pacific Islands region only
Papua New Guinea (PNG) is a producer and net exporter of oil, while on the
other hand smaller PICs with no petroleum resources are totally import
dependent and vulnerable to surges in global oil prices (ADB 2008). Mounting
trade deficits are leaving limited foreign exchange to be spent on critical
infrastructure necessary for growth in places like Samoa. The nexus between oil
price and growth has been well documented by several studies in developed and
developing countries. A study conducted by Prasad et al. (2007) focused on the
impact of oil prices on growth in Fiji but this was the only study pertaining to
PICs other than the more recent study of Samoa, Solomon Islands, Tonga and
Vanuatu by Jayaraman and Choong (2009). Levanti (2008) describes how PICs
are the most vulnerable economies in the world to rapid rise in oil prices
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stemming from their fossil fuel intensive economies. Further to this, electricity
generation in PICs is mostly from diesel fuelled generators and contribution to
generation from hydroelectric projects contributes less than half of total
generation among the largest installed hydroelectric capacity nations of Samoa,
Fiji and PNG (Marconnet 2007).
The remoteness of most Pacific Island nations to foreign markets means they
have limited financial resources stemming from this inherent isolation, relying
on taxes and subsidies to generate revenue for the state (Yu and Taplin 1997).
This limits countries’ ability to purchase the capital necessary for renewable
energy development, from renewable energy technology through to training and
maintenance. Over the past two decades global environmental fora in their
attempts to reduce greenhouse gas emissions have established mechanisms to
fund renewable energy technology transfer in the region. For instance the
United Nations Framework Convention on Climate Change (UNFCCC)
implement renewable energy developments through the Global Environment
Facility (GEF) who secure the financial capital necessary to initiate action (Yu
and Taplin 1997). Under the UN system a selection of Small Island Developing
States have been recognized as Least Developed Countries (LDCs) enabling
them to also access climate change mitigation and adaptation funding for
projects through the Least Developed Country Fund (LDCF) of which Samoa is
currently a member. In an address to the UN Global Panel on Sustainability the
Prime Minister of Samoa the Honourable Tuilaepa Sailele Malielegaoi outlined
the significant development challenges ahead in light of impacts from climate
change and securing project funding as Samoa will graduate from LDC status in
early 2014 (Malielegaoi 2011 p. 2).
Cooperation between stakeholders from developed countries and Pacific Island
nations is vital to the successful joint implementation of renewable energy
systems as stated earlier. In the context of climate change SIDS contribute less
than one percent to global greenhouse gas emissions (GHGs) despite relying
heavily on energy derived from fossil fuels for their economic and social
development (UNFCCC 2005). Developing renewable energy is a worldwide
goal shared by all countries. International aid has also played its part in the
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failure of renewable energy developments in the Pacific Islands region (Yu and
Taplin 1997). The World Bank (2006) identified the challenges of renewable
energy development as: inappropriate projects; donors preferring short term
funding commitments for capital costs of projects, rather than longer term
support for institutional development; lack of training, support, and
commitment; and problems associated with remoteness. Renewable energy
development under the auspices of the UNFCCC has enabled the necessary
finance, technology and human development to be provided to the Pacific.
2.3. Powering the islands of Samoa
Although less so than other PICs, Samoa is overwhelmingly dependent on
imported petroleum fuels for its modern commercial energy needs (Pereira
2008). Less than half of Upolu’s electricity is generated from renewable sources
such as hydro whilst the remainder is met from petroleum fuel, as is the case for
total generation in Savai’i. Total energy consumption in 2009, the most recent
year with data available, comprised petroleum, biomass and electricity sectors
representing 66 percent, 31 percent and 3 percent respectively (Figure 2.2). This
is in contrast to 1989 whereby biomass supplied 65 percent of total energy
demand while electricity and petroleum products supplied 3 and 32 percent,
respectively (Tevita and Ualesi 2004 p. 22). In two decades the energy
landscape of Samoa has become more dependent on petroleum and contribution
from traditional biomass supplies have more than halved. Meanwhile the cost of
imported petroleum continues to rise in Samoa, placing a significant financial
burden on a country whose debt also continues to increase.
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Figure 2.2. Total energy consumption for Samoa in 2009 according to major
energy use sectors (Source: GoS 2010a).
The Government of Samoa recognizes the limiting effect rises in international
fuel prices are having on the island nation’s economic growth and balance of
payments (Pereira 2008). Samoa imports oil based fuels from Singapore (in US
dollars1) via Fiji which is becoming a costly endeavor as rising freight costs,
unfavorable exchange rates against the US dollar, wholesale and retail price
margin on fuel imports as well as the tax regime influence the retail price made
available in Samoa (Pereira 2008). Between 2003 and mid-2008 Singapore fuel
prices rose significantly, as prices of diesel more than quadrupled. The flow on
effect to retail prices in Samoa is illustrated in Figure 2.3 showing a peak of
more than 400 sene2 per litre in mid-2008.
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NZ$1.00 is equivalent to US$0.80 as at March 23, 2012 (Source: XE 2012a).

NZ$1.00 is equivalent to (Western Samoan Tala) WST$1.83 as at March 23, 2012.
One WST is equivalent to one hundred sene (cents) (Source: XE 2012b).
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Figure 2.3. Change in the price of diesel in Samoa from August 1998 to March
2012 (Sources: Fairbairn, Noss et al. 2010 p. 62; GoS 2012).
Petroleum derived energy consumption made up 66 percent of total demand in
Samoa in 2009, when the electricity sector used 16 percent for diesel fuelled
electricity generation. Between 2001 and 2011, fuel imports as a share of total
imports rose from 12.5 percent to 17.2 percent and from 7.1 percent to 10.9
percent of real GDP (Table 2). Rising diesel prices have intensified cost
pressures on the only power supplier to Samoa, the Electric Power Corporation
(EPC), who continues to retain financial viability (Pereira 2008). A study
conducted by the Asian Development Bank (ADB) in 2007 reported that fuel
constituted 77 percent of electricity generation between 2005-2006 and made up
53 percent of EPC’s operating costs (ADB 2007).
Increased fuel prices have also been felt by local residential consumers in
Samoa with the total weekly cost of electricity rising from WST$202,394 in
1997, to WST$314,000 in 2002 and WST$676,526 in 2008 calculated as part of
a series of Household Income Expenditure Surveys (HIES). Rising oil prices are
being passed onto individual consumers as the share of government expenditure
being spent on imported oil increases. This is evident as fuel as a share of total
imports and GDP have risen from 15.8 and 9.7 percent respectively in 2006 to
17.2 and 10.9 percent in the first quarter of 2011 (Table 2.1) (Jayaraman and
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Choong 2009 p. 2183; GoS 2011c). In the first quarter of the 2010/11 financial
quarter real Gross Domestic Product (GDP) in Samoa stood at WST$267.64
million (Samoan Tala), an increase of 2 percent from the same period twelve
months prior (GoS 2011c). Over the same period imports increased 26.4 percent
of which payment for petroleum contributed $29.05 million for the first quarter.

2006

2011

6.6

2005

7.1

2004

Percentage of GDP

12.5 13.0

2003

Percentage of total imports

2002

2001

Table 2.1. Samoan imports of fuel as a percentage of total imports and GDP.

13.5

14.3

15.4

15.8

17.2

6.4

7.9

8.7

9.7

10.9

(Sources: Jayaraman and Choong 2009 p. 2183; GoS 2011c)
2.4. Samoa’s response to global change
In 2007, the adoption of a long-term energy policy by the Government of
Samoa emphasized the importance of reducing the reliance on imported fuels
and pursuing renewable energy developments (GoS 2007). As mentioned in the
previous section the cost of generating electricity from diesel fuelled sources is
increasing the financial burden to government and local consumers. The Samoa
National Energy Policy 2007 (hereafter SNEP) sets out a clear direction for all
energy developments in Samoa under the vision:
“[t]o enhance the quality of life for all through access to reliable,
affordable and environmentally sound services and supply”.
(GoS 2007)
Access to modern energy services has increased over the past twenty years with
electrification rates in Samoa rising from 78.8 percent in 1991 to 92.2 percent in
2006 (ADB, 2010). In the same period the increased monetization of the
economy and greater level of sophistication have culminated in a growing
demand for modern energy services (GoS 2007a). Since the Afulilo
hydroelectric project began operating in 1994 there has been a steady decline in
the share of electricity generated from renewable sources (Figure 2.4). Apart
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from small-scale hydroelectric schemes established in the villages of Alaoa and
Vailima in the 1920s, the Afulilo hydroelectric project represented the first
significant contribution to Samoa’s national generation portfolio providing
about 90 percent of electricity generation (Zuniga-Carmine 2006). A lot has
changed since then, rising cost of generating electricity and diminishing
contribution from renewable sources counterproductive to the vision of SNEP.
Significant renewable energy developments will need to be implemented
immediately if the Government of Samoa is to achieve its overarching energy
sector goal “to increase the share and contribution of renewable energy in mass
production and energy services and supply3 by 20% by year 2030” (GoS 2007
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Figure 2.4. Share of electricity generated from renewable sources in Samoa
from 1994 to 2009 (Sources: JICA 2003 cited in Wade 2005b p. 14; GoS 2007a;
GoS 2009; GoS 2010a; GoS 2010b; GoS 2011b).
Renewable energy is one of five strategic areas discussed under priority one of
the SNEP 2007, promoted both in light of rising imported oil prices and
reinforced as an environmentally less damaging energy source. Since the SNEP
was established a number of interrelated strategies and initiatives have been
implemented by government in order to align itself with regional and
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international environmental agendas relating to renewable energy. The second
Strategy for the Development of Samoa (2008-2012) aspires to improve the
quality of life for all living in Samoa (GoS 2008). Goal 7 pertains to
environmental sustainability and disaster risk reduction, encouraging the
implementation of renewable energy technologies and use of sustainable forms
of indigenous energy resources (GoS 2008 p. 39). Furthermore this goal aims to
address biodiversity loss due to deforestation as well as habitat and land
degradation and in so doing is aligning itself with regional strategies, such as
the SPREP Strategic Plan 2011-2015, and international conventions, UNCBD
and UNCCD respectively.
The Strategy for the Development of Samoa 2008 recognizes the importance of
energy to the overall wellbeing of Samoan people and the national economy.
Policy recommendations made within the SDS 2008 have in turn shaped priority
areas for foreign aid partnerships. Proposed renewable energy developments in
Samoa are currently being funded under numerous soft loans, grants and aid
funding regimes by the governments of Japan, China, USA, New Zealand and
Australia. Proposed projects vary in scale and type from the first Pacific
Environment Community (PEC) Fund allocation of US$4 million to establish a
400kWp solar photovoltaic system (Rivers 2011) to a village scale Australian
Government funded biomass gasification development (GoA 2009). It is this
project that is the focus of this research.
As part of the Second National Communication to the UNFCCC the
Government of Samoa (GoS) identified eight priority areas for action included
in the National Greenhouse Gas Abatement Strategy (NGHGAS) 2008-2018
(Rasmussen and McGoldrick 2008 p. 64). Under these priorities the GoS has
identified the establishment of a Biomass Gasification Pilot Project as a priority
for action under a partnership with the Australian Government. The partnership
will provide technical assistance to assess the feasibility of a biomass
gasification plant for Samoa. The Australian Government recognizes that
biomass gasification is the most cost effective yet only one option of a number
to reduce Samoa’s reliance on fossil fuels for energy generation.
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2.5. Role of bioenergy in achieving global environmental goals
In late 2010 a study conducted by the Small and Medium Enterprise (SME)
consulting team identified several areas in Samoa as suitable for pursuing
bioenergy through the development of a 2 megawatt equivalent biomass gasifier
(Knowles 2010 p. 8). Knowles (2010 p. 8) recommended the biomass
gasification pilot project should limit the capacity of the proposed gasifier to
between 300kW and 500kW to ensure all components of this demonstration
would run smoothly. Government officials and local people who were consulted
as part of this study on the island of Savai’i were critical of the time spent
conducting this feasibility assessment in their village as well as the quality of
information produced within the aforementioned report.
Developing independent power producers (IPP) is an approach whereby Savai’i
can reduce costs of electricity generation as all of the 20MWe currently
produced is derived from diesel fuelled generators (Fairbairn et al. 2010). The
village of Patamea on the north-eastern extent of Savai’i was identified as one
of the most feasible locations for a gasifier within the Knowles (2010)
feasibility study. The study established that a biomass gasifier located at the
Patamea sawmill site could potentially produce 4,000,000 kWh per year based
on a per hectare yield of 10 tonne per hectare per year and an assumed land area
of 1,200 hectares (Knowles 2010 p. 24). In discussing the findings of Knowles
study with matai (chief) from the village it became apparent that the
Government of Samoa would show little wisdom in basing their decisions on a
site visit of less than an hour. Critical issues such as the amount of land owned
by the village matai and the quantity of wood residue produced by the resident
sawmill in the village were never discussed by Knowles (2010) with local
stakeholders.
It is recognized however that the failure to understand the importance of social,
cultural and political dimensions to renewable energy development have proven
costly to a number of projects in Samoa. Project implementation lacking in early
engagement with recipient communities and consultation about adverse effects
posed by such developments have led to conflict and projects being put on hold
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in some cases. In the 1980s for example the Electric Power Corporation (EPC)
sought to develop a hydroelectric power station in the village of Magiagi
adjacent to Apia. An agreement was reached between the village and the EPC
who would gain access to the land while the village retained unimpeded access
to the water resource and received unlimited electricity at no cost (Grant 2008 p.
271). This issue remains unresolved and continues to hinder energy related
development in the village, most recently the rejection of EPC’s plans to install
cash operated power meters in their homes (Iati 2010 p. 198).
Understandings of land use arrangements are a significant barrier to
development in small-scale hydro schemes due to a small user base. The case
of Magiagi illustrates how the politicized nature of land ownership in Samoa
could pose a challenge to large-scale use of land for bioenergy developments
(Wade 2005b). This example will be explored in greater detail in the following
sections where the contested nature of land use and ownership is illustrated
through a critical evaluation of previous renewable energy projects. There is an
inherent need for future renewable energy developments to engage and consult
local people from an early project proposal stage in order to integrate social,
cultural and political facets vital to their success.
2.6. Chapter summary
This chapter has provided a background about the rise of renewables in the
Pacific Islands region and how recent decisions made by global political
agendas have led to many PICs receiving financial assistance to establish
renewable energy developments under the umbrella of climate change.
Specifically sections 2.3-5 provide an account of Samoa’s response to the dual
pressures of rising imported fuel costs and threats posed by climate change. The
establishment of the first national energy policy for Samoa (SNEP) in 2007
signals an imperative to increase the contribution of electricity generated from
renewables as outlined in the aims of the policy. The establishment of the
national policy on reducing greenhouse gas emissions (NGHGAS 2008-2018)
soon after SNEP, recognizes the inextricable links between the need for
renewable energy generation to reduce the use of generating electricity from oil
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fuelled sources combined with the need to reduce greenhouse gas emissions
derived from oil based forms of generation. Bioenergy was later identified as a
renewable source of electricity generation that could potentially play an
important role in increasing Samoa’s generation portfolio from renewables in
order to achieve energy, environmental and climate change agendas. By doing
so the impact of rising electricity prices in the village of Patamea on the
northeastern side of the island of Savai’i could potentially be minimized if the
village became energy independent as both a consumer and producer of energy.
It is argued in this thesis that the contextual background to the current
implementation of renewable energy development in the Pacific is crucial in
order to begin untangling the more complex nuances of scientific and cultural
understandings of success that are critically evaluated in Chapter 3.
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3
The role of science and culture in renewable energy
development
3.1. Introduction
This section evaluates the theoretical elements upon which this thesis is based
(Figure 3.1). It reflects on the historical success of bioenergy in the Pacific,
drawing on international case studies to speak to the culture-science interface.
In doing so it provides direction and justification for this research in its attempt
to integrate cultural and scientific framings of the bioenergy development
problem. The pitfalls of previous projects are explored and general themes from
these lessons learned are identified.


   



 


  



  

Figure 3.1. Schematic interpretation of the culture-science interface illustrated
historically as a hegemonic disjuncture, more recently a synergistic relationship
and currently as superimposed upon one another sharing the same values,
principles and frameworks (Source: adapted from Dilling and Lemos 2011 p.
682).
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3.2. Role of science in renewable energy development
The production of scientific knowledge influences the type of solutions and the
design of public policy response to an inherent need within society (Dilling and
Lemos 2011 p. 686). The dominant position science holds in modern society
continues to be critically evaluated by scholars who question whether there is a
demand for the epistemological framings science provides given the uncertainty
in many scientific predictions including those associated with climate change
(Sarewitz and Pielke Jr. 2007; Charlesworth and Okereke 2010). Traditional
science-policy interactions are characterized by a “science push”, whereby
scientific production is funded regardless of the applicability of this knowledge
in addressing a solution to the problem. Remedying the problem has led to
many ‘technocentric’ agendas promoting the development of technological
management practices to solve environmental problems (O'Riordan 1981). A
second “demand pull” approach is characterized as knowledge production in
pursuit of a solution to the problem sought out by stakeholders. According to
Weinberg (1972 p. 209), there are some issues that “hang on the answers to
questions which can be asked of science which can not be answered by science”
. Furthermore Weinberg (1972 p. 211) argues that these questions can not be
answered by scientists because of the complexity of the systems being
addressed and the inadequacy of empirical methods employed for testing these
knowledge claims.
Traditionally environmental problems have been resolved in a ‘problemsolving’ manner by scientific producers without integrating local knowledge
(Bryant and Wilson 1998 p. 324). The third model, and the most applicable to
the nature of this research, combines “science push” and “demand pull” in order
to co-produce a model that involves a reciprocating research agenda shaped by
ongoing dialogue between the producers and users of this knowledge (Agrawala
et al. 2001; Dilling and Lemos 2011). The arguments put forth by these authors
suggest that there needs to be greater integration of wider economic, social,
cultural and political context in which specific problems, such as mitigating
climate change, are co-produced by scientists and non-scientists alike to develop
a long term solution.
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3.3. Bioenergy in the Pacific
Renewable energy development has been framed as a panacea to the unique
energy and environmental issues that face many Pacific Island nations. In the
1970s the increased cost of imported oil resulted in many governments and
industries expressing interest in using low cost indigenous energy systems
(Sanday and Lloyd 1993; Yu and Taplin 1997). The international oil crisis of
1973-74 marked the start of widespread renewable energy development in the
Pacific in order to circumvent the cost of imported oil for electricity generation
(Yu and Taplin 1997). Between 1980-1990 an estimated US$430 million was
spent by foreign donors and international organizations on developing
renewable energy in the Pacific Islands region (Rizer and Hansen 1992 cited in
Yu and Taplin 1997 p. 501). During this same period Samoa was the highest
funding recipient country receiving more than US$27.4 million of which the
European Union and the Asian Development Bank (ADB) were the main
funding donors (Yu and Taplin 1997 p. 505). The sudden withdrawal of many
donor organizations in the 1990s, such as the European Commissions
termination of the Lomè II Pacific Regional Energy Program (PREP) in 1993
(Johnston et al. 2004 p. 45), highlighted the politicized nature of development
and how renewable energy was not devoid of these challenges.
Initial attempts to develop renewable energy paid little attention to the broader
institutional, political and economic context and were guilty of being
technocentric. Recipient countries often lacked the institutional framework
necessary to ensure that implementation of renewable energy development did
not result in adverse impacts to the environment and society. This led to
inefficient use of international aid funding and resources that could have been
better allocated had the appropriate institutional frameworks been formulated.
These include developing energy policy, energy planning, building capacity for
research and development as well as increasing the skilled human resource base
from which to effectively manage these developments (Yu and Taplin 1997 p.
508). Until recently development strategies over the past three decades have
neglected the importance of institutional strengthening. This view is one also
shared by Dawson (1994) as encapsulated in this statement:
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“It is unfortunate that so many donors, including Australia international
aid organizations, have focused on the provision of renewable energy
equipment and technologies, rather than on increasing the institutional
capacity of the countries to effectively plan and manage their energy
sectors…Until such time as appropriate policy and institutional
arrangements are put in place, the prospects for renewable energy
technologies as a means of supplying energy will remain quite poor.”
(Dawson 1994 cited in Yu and Taplin 1997 p. 508)
Many Pacific Island countries were interested in bioenergy as a potential means
of stemming their dependence on ever increasing imported fossil fuels. The
biomass gasifiers were implemented as dual purpose; providing shaft power for
the generation of electricity as well as producing a heat byproduct through
gasification process which could be used for drying agricultural produce
(Sanday and Lloyd 1993). Initial biomass gasification implementation projects
for power generation in the 1980s were externally funded aid projects in
contrast to heat gasifiers that generally were privately funded agricultural
projects (Sanday and Lloyd 1993).
The main impetus for developing power gasifiers in the Pacific Islands region
was the direct result of the European Commission funding the Lomè II Pacific
Regional Energy Program (PREP) in 1983 (Sanday and Lloyd 1993). The aim
of PREP was to promote the use of renewable sources of energy by establishing
demonstration and pilot projects in Fiji, Kiribati, Papua New Guinea, Samoa,
Solomon Islands, Tonga, Tuvalu and Vanuatu. A total of 17 projects were
budgeted for in Fiji, Papua New Guinea, Samoa, Solomon Islands and Vanuatu
in 1984 at a total cost of ECU$3.5 million. Despite the original intentions of
PREP only 2 of the 17 gasifiers were eventually installed; one in Vanuatu and
the Solomon Islands in late 1986 and 1987 respectively (Sanday and Lloyd
1993 p. 146). There was no reason given as to why these two projects were
considerably reduced in scale from the original proposal and remaining unspent
funds were soon after transferred to other PREP projects (Sanday and Lloyd
1993).
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Several other biomass gasification systems for electricity generation were
developed in the region, mainly in French Polynesia and Vanuatu soon after
those mentioned previously. Other countries in the Pacific Islands region soon
followed suit as the need to reduce dependence on imported fossil fuels lead to
the commissioning of power gasifiers for industry use and demonstration in the
Cook Islands, Fiji, the Marianas, Palau, Papua New Guinea and Pitcairn Island
(Sanday and Lloyd 1993). Biomass gasification efforts in Fiji ceased after the
construction of a major hydroelectric scheme in 1983. In the early 1990s the
World Bank funded a study undertaken by the Energy Studies Unit (ESU) at the
University of the South Pacific (USP) to look at the success of biomass
gasification systems in the Pacific, history and current status.
Limited studies have been carried out since the aforementioned World Bank in
the 1990s and there is an inherent need to consider the ‘overwhelming
complexity’ (Woods et al. 2006 p. 470) of renewable energy developments in
Pacific Island Countries (PICs) as they stand currently. There have been
evaluations of renewable energy developments but not of cultural parameters
and the impact they may have on the sustainability of proposed projects
developments. To date, renewable energy developments in PICs have largely
been criticized on the grounds of the widespread failure of initial
implementation projects in the late 1980s (Jafar 2000). Over the past 40 years
more than 200 bioenergy projects have been established in the Pacific Islands
region and each met with varying levels of success and complexities (Sanday
and Lloyd 1993). Activities over the past decade continue to be problematic and
long-term success of projects remains elusive today. In this chapter an
evaluation of issues that have been identified with practices of renewable energy
development in PICs are presented. In addition it proposes how this present
research contributes to producing new knowledge and understanding of what
has already been discussed as a complex issue. In doing so, it aims to suggest
ways in which bioenergy developments might go beyond what we identify as
the traditional Western scientific approach to establishment. The mixed-method
approach is further justified by the need to attend to the complex social and
cultural dimensions of renewable energy development, with attention not only
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given to the physical outputs but also the broader social and cultural context in
which they are received.
3.3.1. Phase I: Reflecting on lessons learned from the 1980s
Over the past forty years PICs have experienced the installation of numerous
forms of renewable energy technologies, none more so than bioenergy.
Bioenergy can be defined simply as the energy derived from biomass such as
energy crops, organic wastes and forestry residues (Williams and Larson 1995).
When produced and managed in a sustainable manner bioenergy is deemed to
be a renewable source of energy most often used to generate electricity (Ismail
and Rosi 2010).
The initial phase of widespread implementation of renewable energy
development occurred in direct response to the international oil price hikes of
the late 1970s (Jafar 2000). The vulnerability of PICs to fluctuations in
international oil price permeated through almost every facet of Pacific Island
economies. The fuel-dependent nature of many PICs in conjunction with being
small and isolated supported renewable energy technology as being both
technically and economically feasible for the most part of the 1980s (Jayaraman
and Choong 2009).
This phase Sanday and Lloyd (1993 p. 150) described as a period of
“experimentation associated with adapting the technology to a new
environment”. It presented an opportunity for unproven technologies from
abroad to be experimentally tested in PICs such as the largely unsuccessful
provision of European gasifier technology as part of the Lomè II Pacific
Regional Energy Program (Sanday and Lloyd 1993). Problems associated with
this initial phase resonated from the need for gasifier technology to be
specifically manufactured to withstand the harsh climate of the Pacific Islands
region. In 1992 only one of the 16 gasifiers recorded as being installed between
the 1970s through to the 1990s was still operating (Sanday and Lloyd 1993). In
addition this initial phase mainly focused on the provision of renewable energy
technologies and largely neglected the need to increase the “institutional
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capacity of the countries to effectively plan and manage their energy sector”
(Dawson 1994 cited in Yu and Taplin 1997 p. 508). This was most evident upon
turning these systems over to local operation and maintenance. Without the
adequate and continued capacity development and support the long term success
of these systems was inhibited (Wade 2005a).
In 1981 more than 80 Waterwide® gasifiers manufactured in New Zealand were
installed in PNG to replace diesel fuel burners in the copra, cocoa, coffee and
tea industries (Johnston 2005 p. 54). Sanday and Lloyd (1993 p. 147) found
during a study carried out in 1990 of biomass gasifiers in the Pacific that only
20 of the gasifiers installed in PNG were still being used. More recently in late
2002 Wade (2005a p. 47) established that 52 of the 80 gasifiers originally
implemented in the Eastern Highlands of PNG were still in use by coffee
processors. Despite more than half of the biomass heat gasifiers initially
installed in PNG still operating during the 2002 survey, Johnston (2005 p. 54)
asserts the remaining gasifiers were no longer operative due to “minor problems
resulting from improper operation and maintenance”. Wade (2005a p. 47)
discovered Waterwide® biomass heat gasifiers were also successfully used for a
time in Samoa, however these gasifiers have since ceased operations and further
information pertaining to Samoa based developments was not forthcoming.
In the early 1980s, highly-efficient wood fuelled biomass gasifiers were
employed by the Cocoa Board of Samoa for generating heat as part of their
cocoa processing operation (Sanday and Lloyd 1993 p. 145). These locally
designed and constructed Brugger® hot air biomass gasifiers were primarily
used for crop drying in Samoa (Wade 2005a p. 47). At the time this Brugger®
system was considered to be a proven technology worthy of further application
as part of a joint WB and UNDP study of Samoa’s Energy sector (WB and
UNDP 1985). In response a Government of Australia (GoA) funded regional
energy programme for hardware and training financed the retrofitting of dieselfired boilers in Apia (Wade 2005b p. 31). Boilers and driers were accordingly
retrofitted with the Brugger® biomass gasifiers at three sites, Samoan Tropical
Products, STEC Soap Factory and the aforementioned Cocoa Board resulting in
significant fuel savings, however it is understood these retrofitted systems have
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since ceased operation (Wade 2005a p. 47).
In 1983, a small sawdust fuelled gasifier was operated and tested by the Electric
Power Supply (EPS) utility in the Cook Islands (Wade 2005a p. 47). There were
numerous problems associated with running this gasifier and testing was shortlived when the EPS decided to abandon the project (Wade 2005c p. 45). After a
review of energy assessment reports from the 1980s carried out in the Cook
Islands it became apparent the EPS were apprehensive to pursue biomass
gasification based on mixed results throughout the Pacific as captured in
Newcombe et al. (1982 p. 19) assertion that “no action is recommended until the
regional gasification programme is further advanced”. This passage conveys
how many PICs felt during the 1980s towards gasification technologies, further
captured by Sanday and Lloyd (1993 p. 151) assertion that promotion of failing
technology can lead to “deleterious effects” resulting in a lack of trust in the
technology now and any future developments.
As part of the Lomé II Pacific Regional Energy Program two 600kW biomass
gasifiers were proposed for rural electricity generation in Samoa (Wade 2005b
p. 31). The WB and UNDP suggested the project should be downsized and
focus turned to one 300kW unit given the poor performance of gasifiers above
200kW in the 1980s coupled with the experimental nature of coconut shells and
husks as feedstock (WB and UNDP 1985). In response the system was
redesigned and scaled down before being cancelled by the GoS in 1987 to be
replaced by an energy conservation project (Johnston 1994 cited in Wade 2005b
p. 32). This project highlights the diseconomies of scale that exist with small
scale renewable energy developments in SIDS (Gaudreau and Gibson 2010 p.
241). It is likely the downsized project was less economically viable than the
original 600kW proposal and GoS reservations about installing one 300kW
gasifier resulted in the project being cancelled.
In addition to developing biomass gasifiers for crop drying there were also
considerable efforts made to implement biomass gasifiers for electricity
production in the Pacific (Sanday and Lloyd 1993 p. 145). Under the Lomé II
Pacific Regional Energy Program that ran between 1982 and 1994 there were 17
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biomass gasifiers proposed for development in Fiji, PNG, Solomon Islands,
Samoa and Vanuatu (Wade 2005a p. 47). The planned power gasifiers varied in
both design and size throughout the five PICs. Of the 17 biomass gasifiers
originally planned only two were ever built and installed in Vanuatu
commissioned in late 1986 and the Solomon Islands completed in late 1987
(Sanday and Lloyd 1993 p. 146). The Vanuatu project included the use of a
25kWe wood-fuelled system located in north Efáte at Oneusa Presbyterian
College a local secondary school and a smaller 15kW charcoal-fuelled system
was installed at Batuna sawmill on Vangunu Island in the Solomon Islands
(Wade 2005a p. 47). These projects are evaluated in the following sections.
The Batuna sawmill system operated periodically after being commissioned in
November of 1987 (Sanday and Lloyd 1993). Due to poor performance the
gasifier ceased operations in early 1990 citing high labour costs, scarce spare
parts, inaccurate initial consultant’s estimates of power demand and sawmill
operators claiming the gasifier system was of limited financial benefit among
the reasons this development failed (Wade 2005a p. 47). These problems were
further exacerbated by the fact that most gasifier manufacturers were external to
the region creating maintenance issues due to a lack of spare parts and skilled
technicians to perform repairs (UN 1993 p. 74). Furthermore five out of six of
the manufacturers who supplied gasifiers to region during the 1980s went out of
business further compounding the aforementioned lack of infrastructure support
in the Pacific Islands region (ibid. p. 74). The Batuna sawmill system illustrates
the importance of accurate initial assessments of biomass supply and energy
demand as well as ensuring the proposed gasifier has been manufactured by a
reputable source that is robust enough to withstand Pacific Island conditions.
The Oneusa system in Vanuatu employed a larger gasifier using the same
manufacturer Biomass Energy Consultants and Engineers (BECE®) as in
Batuna (Sanday and Lloyd 1993 p. 146). This gasifier at Onesua was plagued
with breakdowns over its lifetime stemming mainly from the throat of the
gasifier needing replacement due in part to corrosion of this section of the
technology (Woods et al. 2006 p. 490). Despite these problems the Onesua
gasifier was the most successful gasifier commissioned in the Pacific since 1980
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reaching 9,000 operating hours from December 1986 until July 1993 (Sanday
and Lloyd 1993 p. 146; Wade 2005a p. 47). More recent studies of biomass
gasification potential in Vanuatu conducted by Fischer and Pigneri (2011 p.
1647), Woods et al. (2006 p. 488) and Johnston et al. (2004 p. 34) all assert that
the Onesua gasifier operated regularly until 1994 with a range of 8,000, 8,500
and 10,000 hours of operation cited respectively. This project has been detailed
in several studies that found the availability of biomass feedstock within close
proximity of the site, the dedication of local personnel to manage the
engineering requirements including maintenance and spare parts, a strong
commitment from school management and regional aid agencies to finance the
project all contributed to the success of the Onesua gasifier (Sanday and Lloyd
1993 p. 150; UN 1993 p. 74; Woods 2003 p. 489; Wade 2005a p. 47; Fischer
and Pigneri 2011).
The Onesua project utilized woods billets from locally known Cassis (Leucaena
leucocephala), a rapid growing nitrogen-fixing and invasive tree species found
in abundance on the school grounds and collected by students during their lunch
break (Woods et al. 2006 p. 489). This leguminous tree species grows on
average 1-2kg per year and fixes more than 500kg of nitrogen per hectare
(James 1983 cited in Fischer and Pigneri 2011 p. 1643). As outlined in Chapter
1, the Forestry Division of MNRE in Samoa identified abundant stands of
L.leucocephala known locally as Lusina in Asau-Falelima National Park as a
potential site for a biomass gasifier (GoS 2010c). Furthermore the Patamea
sawmill owners expressed during Knowles (2010 p. 20) feasibility study “an
interest in planting tree crops such as Lusina (Leucaena leucocephala),
Gliricidia (Gliricidia sepium) or indigenous legume and utilize woody biomass
for gasification and generation of electricity”. This would require significant
stands of L.leucocephala and G.sepium being planted in the study area that
would not be harvestable for several years based on annual growth rates of 2m
per year for these leguminous tree species (Elevitch and Francis 2006 p. 1).
Therefore the focus of this thesis remains the use of sawmill biomass from the
Patamea operation for use in a biomass gasifier in order to generate electricity.
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In 2003 a study carried out by Woods et al. (2006) aimed to determine the status
of the Onesua project based on information that the gasifier had been recommissioned (Woods et al. 2006 p. 489). Between 2000 and 2002 the gasifier
and engine unit was renovated at a cost of US$120,000 that included the unit
being sent to New Zealand to be overhauled (ibid. p. 489). In 2001 a local
electrical company Renereltech Ltd agreed to run the refurbished gasifier and
sell the electricity at a cheaper per kilowatt-hour (kWh) rate than direct diesel
generated electricity (ibid. p. 489). The arrangement with Renereltech was
tabled soon after being established after the Australian High Commission
stipulated that the gasifier could no longer be used, citing the AusAID office
adjacent to the school “required a reliable source of electricity” (ibid. p. 489).
At the same time the Commission donated a Perkins 4 cyl 60 KVA diesel
generator to produce electricity for the school, this despite the gasifier having
operated successfully at the Onesua school site for more than 8 years previously
(ibid. p. 489). To make matters worse the new generator broke down two
months after installation forcing the school to resort to using an old Lister diesel
generator. This scenario reiterates the importance of highly skilled technicians
to monitor and maintain the engineering requirements of gasifiers as well as the
vulnerability of aid funded biomass gasification projects to changes in foreign
aid perceptions of this technology over time.
Wade (2005a) describes how the failure to successfully develop renewable
energy systems initially has prejudiced both government officials and local
individuals involved in the systems against any further renewable energy
development. It appears that earlier phases of renewable energy development
were allowed to fail as a result of repetitive breakdowns and lack of motivation
and commitment to the system by local operators (Sanday and Lloyd 1993).
Confidence and acceptance of the concept of renewable energy and renewable
energy technology as a reliable, socially and environmentally sound means of
energy generation has since been eroded. In order to restore the confidence of
local people, defined here as those individuals situated within the village
context, in the concept of renewable energy and renewable energy technologies
in regions that have experienced unsuccessful renewable energy development in
the past will be a challenge. Renewable energy systems have failed to live up to
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the high expectations of government officials and local people in the Pacific and
it is argued here that any renewable energy development in the future needs to
attend to the concerns of local people. This will require an understanding of
confidence that local people have in already established systems such as a
mixed method of forestry and agriculture as well as traditional uses of biomass
from forests. By recognizing and harnessing the synergies that exist between
renewable energy systems and those already established it is argued that will
lead to increased levels of confidence as well as renewable energy development
success.
The literature on renewable energy development in PICs has illustrated the
imperfect nature of these projects. Twenty years ago Lloyd and Tukana (1990 p.
155) described the installation of photovoltaic arrays, once thought to be a
simple technology, in the Solomon Islands as involving “complex interactive
problems”. Further to this notion Lloyd and Tukana concluded that the
development of a renewable energy system should be thoroughly checked for
the design of the physical components as well as considering the importance of
social aspects. However “the old problem” (ibid. p. 155) from the 1970s of poor
design and negligent implementation of renewable energy has resulted in
“deleterious effects” (Sanday and Lloyd 1993 p. 151) associated with the
promotion of failing technology. This research contests Lloyd and Tukana
(1990) argument that in order for a renewable energy technology to be
successfully assimilated into Pacific Island communities greater emphasis needs
to be placed on “training and information exchange ... [and ensuring] ...
sufficient technical back-up is available” (Lloyd and Tukana 1990 p. 155). This
approach does not seek to empower the knowledge of local people as active and
important participants in renewable energy systems. This research instead
argues that a reciprocal engagement whereby the knowledge of local individuals
is valued as equally important would lead to a greater sense of ownership and an
increased likelihood of long term success.
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3.3.2. Phase II: Reflecting on lessons learned over the past decade
The development of renewable energy systems in PICs since the 1990s has
remedied many of the technology related problems that plagued implementation
projects as discussed here previously. While the technological problems have
been addressed many of the cultural, political and social complexities seen as
being important (Yu and Tapling 1997; Jafar 2000; Rosillo-Calle 2003; Woods
et al. 2006; Mala et al. 2009) is a field of research that needs to be more closely
attended to. Most recent bioenergy debates such as Woods et al. (2006 p. 469)
who argue “without an integrated multi-disciplinary, multi-sector and wholesystems approach to the implementation of bioenergy schemes, long term
success is likely to remain elusive”. The need for critical evaluation of
bioenergy systems is important in order to attend to the aforementioned
complexities and by doing so untangle the scientific and cultural parameters that
determine whether such a renewable energy system is indeed a success.
Woods et al. (2006) drew on a selection of community level bioenergy
implementation projects in order to understand the factors that are crucial to
their success. In doing so Woods et al. (2006 p. 469) assert “technology-led
projects in the region have yielded disappointing results”. Woods et al. goes on
to suggest “scale, capacity, community, technology, government policy and
support and the concept of critical mass” (ibid. p. 470) as playing an integral
role in the successful development of bioenergy systems. This thesis argues
identification of community as a central part of successful development is
negating the complex and diverse nature of such a group in an unproblematic
manner. This assertion was made evident in the production of coconut oil for
use as a diesel substitute in electricity generation on the rural outer island of
Taveuni in Fiji (Woods et al. 2006). In 2000, the project was established in the
Welagi village and initial reports by Fijian authorities suggested the project was
running trouble free since implementation. Later in 2004 Woods et al. (2006)
noted that all of the generators were now only running on diesel and not the
initially planned coconut oil. These problems were not technology related but
instead stemmed from inadequate project planning and design as well as social,
economic and political factors. Political and social problems within the village
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community led to a lack of cooperation within the mataqali (clan), a traditional
cultural structure within the village, initially tasked with supplying coconuts as
part of their service to the village. In addition local people found it became more
economic to simply use diesel and this reiterates how economic viability of
renewable energy projects change spatially and temporally.
While Woods et al. (2006) noted that synergies with non-energy use of biomass
were deemed beyond the scope of their research it is argued in this thesis that
recognition and integration of such synergies between energy, forestry and food
crop production can enrich local biodiversity if stringent practices such as
multiple cropping, establishing ecological corridors and appropriate crop choice
are adopted. Bioenergy systems may also pose a threat to local people in the
future by diverting natural resources such as land and water supply away from
agriculture and food crop production. Therefore, by critically examining the
scientific parameters and local people’s perceptions of success will result in a
more nuanced understanding of the “overwhelming complexity” (Woods et al.
2006 p. 470) currently stalling debates beyond the descriptive within the
literature. The following section outlines how current debates within the
renewable energy literature maybe untangled presenting the complexities
surrounding renewable energy developments and how best to cope with
scientific and cultural parameters that this research suggests shape the
sustainability of renewable energy in the Pacific Islands region.
3.4. Role of forestry residues in biomass gasification
Residue biomass from forestry operations have been used for electricity
generation in the Pacific for more than 30 years (Sanday and Lloyd 1993).
These varied in scale from the small scale 15kW gasifier installed at the Batuna
sawmill in the Solomon Islands that utilized sawmill offcuts (Wade 2005a p.
47), to the larger 2.5MW wood waste-fired boiler at the Samoa Forest Products
(SFP) sawmill at Asau in Savai’i, Samoa (Wade 2005b p. 31). More recently
assessments of available biomass resource in the region indicate an
underutilized residue resource from forestry operations in Fiji, Kiribati, Tonga,
Tuvalu, Vanuatu and Samoa (Rosillo-Calle and Woods 2003). This study by
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Rosillo-Calle and Woods (2003) “highlighted the fact that considerable
fieldwork is required to determine biomass levels because of the nonavailability of data” (Vuki and Visser 2010 p. 2). While forestry inventories in
the region provide vital information about standing stock and rates of
deforestation, they offer few insights about the residue quality and quantity
produced from these logging operations.
Forestry residues are divided into two main categories: forest residues and wood
residues. Forest residues include biomass produced from forest management
practices such as pruning and thinning known as silvicultural residues as well as
from branches, stumps, root systems and foliage generated from harvesting
operations commonly referred to as logging residues (Puttock 1995). In contrast
wood residues are formed from the processing of roundwood logs into sawn
timber and usually take the form of wood chips, bark and sawdust (Yang and
Jenkins 2008 p. 102). This thesis focuses on the wood residues produced by the
Patamea sawmill as a by-product of their roundwood log processing operation.
Since the 1980s several tree species have been used in the Pacific as biomass
feedstock for power gasifiers. In the early 1980s, exotic pine (Pinus carribaea)
plantations were established over 2,700 acres of land on Atiu Island to create a
timber industry in the Cook Islands (Wade 2005c p. 45). A gasifier was installed
to utilize wood waste at the site to produce electricity, however poor results
meant efforts were abandoned shortly after the gasifier was commissioned.
Around the same time the invasive species Casiss (Leucaena leucocephala) was
being used as a feedstock for a gasifier at a school in north Efáte, Vanuatu. This
project has since ceased operating, however a recent assessment of the potential
for biomass gasification in Vanuatu identified a similar leguminous species
Cordia (Cordia alliodora) as suitable for use in a gasifier (Fischer and Pigneri
2011). Indigenous species, including the target species of this research, tava
(Pometia pinnata), are understood to have been used in the SFP biomass boiler
located at Asau in Samoa, however no information could be obtained in this
regard. These examples highlight the dominance of invasive species use in
biomass gasification projects to serve dual agendas of electricity production and
act as an invasive species control mechanism. Therefore it is argued in this
	
  
	
  

35	
  

thesis that underutilized wood residues from indigenous tree logging operations
in Samoa represent a significant resource that should be harnessed given the
increasing costs of electricity production on island and in the Pacific Islands
region more broadly.
The island of Savai’i has a long history of using biomass. In the village of Asau
on the northwestern coast of Savai’i the Samoa Forest Products (SFP) sawmill
began exporting logs in 1972 (Whistler 2002 p. 132). The advent of steel saws
and later chainsaws and bulldozers led to native forests being cleared at an
alarming rate (MacPherson 1988 cited in Shankman 1999 p. 178). Timber
production for local and export markets continued to a peak in the late 1970s
and early 1980s and from 1978 to 1990 forestry losses from logging exports
comprised 20 percent with 97 percent of logging operations occurring in Savai’i
(GoS 1994). In 1985 a joint World Bank (WB) and United Nations
Development Programme (UNDP) study discovered the Asau sawmill
generated electricity for the logging operation and energy surplus to demand
was distributed to consumers in Asau village produced by a 2.5 megawatt wood
waste fired biomass boiler (WB and UNDP 1985 cited in Wade 2005b p. 31).
The boiler was deemed to be inefficient and frequently shut down due to supply
side issues of securing wood waste as well as mechanical failures. While the
mill operated for a number of years it was later closed down (Wade 2005b). The
SFP sawmill has since ceased operation and the Forestry Division has led a
major replanting program. This area now forms the Asau-Falelima National
Park, an area managed by the Forestry Division of MNRE and identified as a
potential site for a biomass gasifier to harness the abundant Lusina (Leucaena
leucocephala) trees that populate the area surrounding Asau (Knowles 2010 p.
21).
3.5. Role of forestry in bioenergy development in Samoa
Since the first aerial photos were taken in 1954 forest cover has been steadily
declining due to agro-deforestation and later, during the mid 1970s, by logging
(Sesega, 2009). Tropical cyclones have also played a role in degradation and
fragmentation of forest cover (Whitmore, 1984), most notably the 1990 and
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1991 cyclones caused significant and widespread devastation. These events
resulted in loss of native forests as well as degradation and loss of plantation
forest resource (Sesega, 2009).
The combination of agro-deforestation, commercial logging and tropical
cyclones Sesega (2009) suggests that Samoa has only a few years of
merchantable forests remaining. In addition it is believed that the existing
plantation resource will not reach harvestable diameters until 2021 thus
resulting in a gap in sawlog supply, thus Sesega (2009) argues the demise of
existing sawmills. Of the four sawmills operating in 2000, only two remained
by the end of 2004, but operations were down scaled. Since 2000, the
Government of Samoa has established two additional national parks, and two
small forest reserves, adding 7,959 hectares to its protected area network, an
increase of 73 percent.
There has been a paradigm shift in the institutional framing of the forestry
resource in Samoa. A recent amendment to the Forest Act 1967 and Forest
Regulations 1969 has sought to address the shortcomings of these pieces of
legislation and promote conservation of the forestry resource as opposed to the
productive capacity of the aforementioned statutes. It is hoped that the
integration of all agencies for water, land, parks and reserves, and forest
resources under one ministry (Ministry for Nature Resources and Environment)
will reduce issues of inter-agency politics and enable work to be carried out in a
more synergistic manner. In addition, a major challenge for any replanting
program in Samoa is the risk posed by tropical cyclones and drought.
3.5.1. Forests in Samoa
In the early 1970s, a program began to reforest logged areas of western Savai’i
as policy makers and forest managers responded to a need to secure sustainable
flow of wood to support local industries. Supported by the New Zealand Aid
Program (NZAid) the state-owned Cornwall Estate in western Savai’i and
government-owned land at Togitogia, Southern Upolu were replanted with
Mahogany (Swietenia macrophylla), Spanish cedar (Cedrella ordorata), teak
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(Tectona grandis) and other exotic species (Sesega, 2009). The reforestation
program was augmented by an Asian Development Bank (ADB) soft loan to
support NZAid financial and technical assistance. Additional customary land
was leased and there was a shift to fast growing species, namely Eucalyptus
deglupta and Anthocephalus chinensis, managed on a 12-year rotation in
addition to ongoing teak and mahogany plantings.
Ten years prior to these plantations being ready for milling two devastating
cyclones struck in the early 1990s destroying more than 75 percent of the entire
plantations (Sesega 2009). This reinforced the high risks associated with
investing in forest plantations, a risk that a post-cyclone review found more
extreme than initially believed (Young 1996 cited in Sesega 2009 p. 13). NZAid
later phased out the reforestation program as a direct response to the findings of
this review.
A review of relevant forestry inventories revealed there has only been a 10
percent decrease in forest cover for Savai’i over a half a century despite
extensive logging taking place (Table 3.1). Most recent estimates of forest cover
conducted by the FAO involved a desktop analysis of previous inventory data
and expert knowledge to propose only a “slight reduction in the total forest area
of the whole country in 2010” (FAO 2010) since the SamFRIS inventory study
from 1999.
Table 3.1. Change in forest cover throughout Samoa from 1954 to 2010.
Year
1954
1977
1987
1990
1992
1999
2003
2010

	
  
	
  

Forest Cover (%)
Upolu
Savai’i
65
79
44
61
43
63
25
59
47
23
46
69
75
< 46
< 69

Data Source
(Fox and Cumberland 1962)
(Chandler, Larsen et al. 1978)
(ANZDEC and DSIR 1990)
(SFD 1994)
(DAFF 1992)
(FAO 2004)
(Rosillo-Calle 2003)
(FAO 2010)
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According to the findings of the Samoa Forest Resources Information System
(SamFRIS) 2005 study only the 1954 and 1987 estimates of forest cover are
directly comparable as they both adopted a similar definition of what constitutes
a forest (MNRE 2006). Figure 3.2 illustrates the change in forest cover from
1954 to 1987 through to the most recent SamFRIS estimates determined from
1999 aerial photographs and ground truthing carried out later in 2004 (MNRE
2006). Evident in Figure 3.2 is a reduced forest cover in the study area between
1987 and 1999 coinciding with the commencement of the Patamea sawmill
operation. Furthermore, large areas of forested land surrounding Asau have
significantly reduced in size since the Potlach Company started operating in the
1950s as illustrated by the decrease in forest cover on the northwestern region of
Savai’i.
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Figure 3.2. Samoa Forest Cover Change between 1954, 1987 and 1999 (Source:
adapted from MNRE 2006 p.78).
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3.5.2. Forestry ownership in Samoa
The majority of remaining indigenous forests are located on customary-owned
lands and under the control of local villages. Forest resource disputes often arise
due to customary lands not being surveyed and demarcated with clear formally
surveyed boundaries, thus the need to map out land boundaries for logging
license applications has proven difficult. Brodnig and Mayer-Schonberger (2000
p. 11) found in a review of indigenous cultures globally that most traditional
resource management practices are “characterized by a high degree of fluidity
and flexibility, boundaries that exist in cognitive/mental maps are continuously
redefined”. In the context of Samoa this fluidity stems from the fa’a matai
(chiefly system) that determines the area of land under which “chiefly authority,
based on the idea that titleholders…represent the interests of the extended
families who gave them their titles” (Meleisea 2000 p. 78). Therefore customary
land is not individually owned, rather it is attached to matai titles as is the case
of uncultivated land to the collective titles of the ali’i ma faipule (high chiefs
and orators) of the village (Loode et al. 2010 p. 78). The need to establish
borders between areas held under different matai titles is important for the
purposes of resource based assessments, however this should be carried out in a
respectful manner as once clear borders, claims and entitlements are out in the
public domain this can make the management of conflicts more difficult (Sirait
et al. 1994; Brodnig and Mayer-Schonberger 2000). In some cases unresolved
disputes over land boundaries have enabled indigenous forests a reprieve from
exploitation by logging companies, as is the case in the area of Aopo-Sasina in
Savai’i.
The management of forestry resources in Samoa is governed by two systems of
legitimacy; one based on the aforementioned chiefly authority and the other is
defined by Western European principles (Meleisea 2000). Differences in the
epistemological framing of forest resources in Samoa have illustrated how the
dualistic reality of modern Samoan society has created as (Meleisea 2000 p. 78)
“contradictions between these two sets of principles”. This thesis argues these
differences are differently defined, yet equally important to the sustainable
management of forests. This is highlighted through evaluating the nuances of
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forestry management on customary land in Samoa. Customary land is divided
into four categories: vaomatua (forest), faatoaga (plantation), tuamaotama ma
tuaaoa (residential yards), and tulagamaota ma tulagalaoa (residential sites)
and are subject to different types of pule including distributive and exploitive as
well as constitutive and protective that concerns land within the village
boundary (Loode et al. 2010 p. 78). Forests are an exception however as they
coexist with the constitutive and protective authority of the aiga (family) and
are not bound to the distributive authority of the matai as with other resources,
instead responsibility for distribution lies with the village and authority to
exploit the forest resource lies with the authorized occupant of the customary
land concerned. Conversely, there are contradictions inherent in the customary
ownership of land and the state ownership of forest that form the basis of
Government claims to forest management (Sesega, 2009). As an example, the
conflicted ideals of a European judicial system and fa’a Samoa were illustrated
during an aborted attempt to enforce a ban on commercial logging in early
2007, whereby Government officials bowed to pressure from customary land
owners to continue their practice (Sesega, 2009). Furthermore, customary
landowners and logging companies regularly agree to circumvent the legal
licensing system thus rendering regulation inadequate. Inadequacies in the two
pieces of legislation established to govern forests on customary lands enabled
the rapid deforestation of vast areas of Samoa over the past 50 years. These
shortcomings also permeated through to the management functions of the
agencies responsible at the time (Ey, 2003).
3.6. Indigenous knowledge of trees in Samoa
Trees form an integral part of indigenous knowledge associated with the
environment in Samoa (Cox and Elmqvist 1991). In Samoan culture a faalanu
(prayer chant) is made to the God of the Forest before felling a tree deemed
suitable for the required purpose. This ritual of appeasing the God of the Forest
also seeks pardon from taking the life of the tree or any of its member parts and
acknowledges a “sacred bond between man and his environment” (Tui Atua
2009 p. 127). The word used to describe this cutting process is known as oia,
which is derived from the word oi, meaning to cry in pain, alluding to the ideal
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that a tree suffers pain, further emphasizing the important relationship man has
with a tree as well as the greater environment. In ancient Samoa this
relationship guided the development of protocols whereby certain trees and
areas were prohibited from being cut in order to conserve the environment.
These protocols were dictated by notions of tapu (forbidden) associated with
them and recognized the importance of understanding when trees could be
harvested and how many trees could be taken over time.
Current impacts of natural disasters and threats posed by climate change in the
Pacific Islands region have led many Samoan indigenous knowledge scholars to
argue that the relationship between people and the environment is unbalanced.
His highness Tui Atua Tupua Tamaese Ta’isi the Samoan Head of State
captures the essence of this changing relationship in his assertion that “the onset
of natural disasters currently being experienced by the world can be understood
in ancient Samoan terms as the gods attempting to restore balance and harmony
between man and nature” (Tui Atua 2009 p. 109). Integration of indigenous
knowledge associated with trees and forests in Samoa could provide invaluable
strengthening of this relationship when applied to implementing modern energy
services using wood fuelled biomass gasification systems. This is the focus of
this thesis. Furthermore, it is posited here that indigenous knowledge associated
with forests and trees can play an important part of present forest practices and
forestry management regimes in Samoa.
3.7. Integrating indigenous knowledge in PICs
Outside of the renewable energy literature there are examples where indigenous
and traditional knowledge have been successfully integrated into the
development of local resource based and climate change related community
projects. Inherent in previous attempts to develop local communities in the
Pacific is a dichotomy where people are torn between the requirements of their
traditional cultural systems that still exist in their modern society and feeling
pressure to live up to modern values that prioritize economic growth and
individual benefit (Veitayaki 1998 p. 48). In order to cope with the dual
demands of modern society in the Pacific, community development projects
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over the past decade have employed more holistic approaches to solving
complex issues such as climate change and natural hazards acknowledging the
multifaceted nature of these problems that require integrated solutions
(Finucane 2009).
Some examples of successful integration of scientific and indigenous
knowledge include research carried out by Veitayaki (1998) on integrating
traditional knowledge about community based marine resource management in
Fiji and more recent studies using geographical information systems (GIS) to
better understand indigenous knowledge of local fisheries in the Solomon
Islands and how the spatial distribution of traditional sea tenure could improve
resource management strategies (Aswani and Lauer 2006). Cronin et al. (2004)
and Mercer et al. (2009) employed a similar approach when incorporating
indigenous knowledge about volcanic activity into natural hazard mapping and
disaster preparedness plans for local communities in Vanuatu and Papua New
Guinea respectively. Indigenous knowledge is also being included in the
development of adaptation strategies to reduce the risk to Pacific communities
in light of the threats posed by climate change as illustrated in a recent regional
review carried out by Gero et al. (2011).
All of these examples of successful integration of traditional and scientific
knowledge have illustrated “the capacity, skills, experience and knowledge that
exists within communities…drawing upon this local knowledge and developing
an approach that not only addresses disaster and climate risk but all aspects of
vulnerability can result in a successful and sustainable community initiative”
(Gero et al. 2011 p. 110). In a similar realm Veitayaki (1998 p. 48) asserts that
“fisheries management in traditional communities is well integrated because
people are regarded as integral parts of the ecology of the coastal zone and,
therefore, the fishery”. Therefore in recognizing the close relationship between
people and forests in Samoa from an indigenous perspective discussed here
previously (Section 3.6), this thesis argues integration of scientific and
traditional epistemological framings of the challenges faced by renewable
energy development can be achieved and will ultimately lead to improved levels
of success.
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3.8. Chapter summary
This chapter has evaluated historical lessons learned from renewable energy
development in PICs highlighting the importance of cultural understandings to
the overall success of these previous initiatives with emphasis placed on
bioenergy projects, the focus of this thesis. It has become evident that renewable
energy development in PICs has largely failed to live up to the high
expectations of government officials and local people since the 1980s. The first
period (Phase I) of renewable energy development was characterized by its
experimental nature and plagued by widespread failure of the technology to
withstand the Pacific Island regions climate. Emphasis here has been on the
failure of these implementation phases to foster positive attitudes at the local
level towards bioenergy systems as a successful source of renewable energy.
Many of the technology related problems present in the 1980s have now been
addressed with the introduction of less corrosive materials and regular
maintenance. Over the past decade (Phase II) of renewable energy development
it has become apparent that the cultural, political and social complexities
identified as integral to the success of such systems have not been addressed
beyond the descriptive. This chapter has outlined the importance of critically
evaluating the development of renewable energy systems, how the proposed
research will be attending to the aforementioned ‘overwhelming complexity’ of
these systems and the role indigenous knowledge can play in providing a more
nuanced understanding of this complex issue. This research is rather timely as
many PICs are scoping further renewable energy development under a new
umbrella of climate change mitigation measures. As the current period of
renewable energy development in PICs progresses, it is imperative to reflect on
the failings of prior periods to foster long-term success. In order to attend to this
notion this research aims to untangle the scientific and cultural aspects of a
biomass gasification system success as well as illustrate the need to attend to the
complexities associated with broader renewable energy development debates
now and in the future.
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4
Methods
4.1. Introduction
This chapter outlines the proposed methods for assessing the biomass resource
of the Patamea area and corresponding energy production. Section 4.2
introduces the research location of Patamea, its history steeped in biomass and
land use. Section 4.3 provides a detailed account of how field sampling was
carried out, while Sections 4.4 and 4.5 outline how remote sensing data and
ground information were employed for this research. Section 4.6 focuses on
methods used to quantify the biomass resource and power potential, followed by
justification of qualitative methods in Section 4.7. Section 4.8 provides a
coalescing summary of all methods and why a mixed-methodological approach
is necessary given the nature of the present study.
4.2. Field site description
Patamea village is the second most populated village in the Gagaemauga I
District on the island of Savai’i with Sāmalae’ulu and Mauga representing the
largest and smallest villages in the district respectively (GoS 2011a). According
to preliminary results from the 2011 Population Census the Gagaemauga I
District comprises 1,751 individuals in which 35 percent (609) live in Patamea
(GoS 2011a p. 15). The island of Savai’i is made up of 171,000 hectares
constituting about 60 percent of Samoa’s total land area (Figure 4.1).
Availability of satellite imagery for the purpose of identifying aboveground
woody biomass for power generation was limited to 3,535 hectares surrounding
Patamea village and the nearby sawmill operation (Figure 4.1). This imagery
extent represents about 27 percent of the 13,200 hectares total area under pule
(authority) by the tamaali’i (high chief) from Patamea who is also the sawmill
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owner (Figure 4.1). The area captured by this satellite imagery includes the
ecologically significant Mali’oli’o River catchment and associated lowland
forest area surrounding Patamea identified as one of eight representative
lowland forested areas in Savai’i (Doherty and Atherton 2008 p. 8). The area
was once an active volcanic region with remnants of most recent lava flow from
1905-1911 located throughout the Gagaemauga I District. Forestry regeneration
is likely to have occurred soon after this event and the secondary forestry that
still remains originates from this period.
The Mali’oli’o River flows northeast from the southwestern upper reaches of
the catchment draining into the Pacific Ocean close to Sāmalae’ulu village. The
catchment is dominated by secondary forest regrowth and non-forested areas are
covered in dense scrub and grasslands (Figure 4.2). Patamea village is located
approximately two kilometres from the coast and one kilometre inland from the
main coastal road on Savai’i. The Patamea Plantation Limited timber mill is
situated one kilometre further inland along Vai’a’ata Road and employs thirty
residents of Patamea that has a population of close to one thousand people.
The timber mill was established in the late 1990’s and despite a temporary
logging ban being imposed in early 2007 the operation has run uninterrupted.
Logging is performed using chainsaws and skidders on a small-scale relative to
larger operations throughout Samoa. There are a number of tree species, both
indigenous and exotic, felled by logging operations including Mahogany, Teak
and the focus of this research tava (Pometia pinnata). P.pinnata trees grow up
to 60 metres in height and are found naturally occurring in the South Pacific as
far east as Tonga, Niue and Samoa. Thomson and Thaman (2006) assert
P.pinnata trees are the most promising replanting species for both commercial
logging and ecological services in Samoa.
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Figure 4.1. Geographical location of the research area of interest; Pacific Islands
region, Samoa, Savai’i, Gagaemauga I District, tamaali’i (high chief) title and
the study area surrounding the village of Patamea.
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4.3. Field methods
Prior to entering the field, satellite maps over the area of interest were generated
using Digital Globe imagery obtained from Google Earth. This imagery from
2004 over the Gagaemauga I District was used to identify major features such as
the Mali’oli’o River and road infrastructure, plotting their location was further
identified using a handheld Garmin GPSMap60CSX device (Figure 4.2). Maps
were stratified using a randomized sampling design (Stehman and Czaplewski
1998 p. 335) employed to map the geographic distribution of available forestry
biomass volume based on key forest mensuration properties such as mean
diameter at breast height (DBH) and average tree height (Figure 4.2).

Figure 4.2. Photographs taken from 13°55’58”S, 172°30’80”W facing north
(left) and northwest (right) respectively depicting the handheld Garmin
GPSMap60CSX device (ID: 3808526719) used for logging geographic location
of features as waypoints in the study area and an annotated Google Earth
generated satellite map of the field site.
Discussions in the field with sawmill stakeholders established a standard
measure for harvestable size of the target species P.pinnata. This local
knowledge considered a harvestable tree to have a diameter at breast height
(DBH) greater than 20cm. While smaller DBH trees were still considered
harvestable the quantity of timber produced was much lower. For example, trees
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with a DBH less than 20cm require more than twice as many trees to be felled
in order to produce equivocal timber quantities. With this in mind the DBH
method was employed to determine the standing stock volume of P,pinnata in
the study area. The DBH method is a standardized approach used in the
plantation and commercial forestry industry for estimating the total volume of
woody biomass of a single tree (Rosillo-Calle et al. 2007). In the present study a
line plot approach was taken using a 100m transect tape, with sampling of DBH
of nearest tree using forester tape and noting the location of the target species at
5m intervals. Examples of the DBH method and line plot approach employed in
the study area are illustrated in Figure 4.3.

Figure 4.3. Photographs taken from 13°56’21”S, 172°31’11”W and
13°56’22”S, 172°31’12”W facing east (left) and south (right) respectively
illustrating the DBH method and waypoints taken from a field transect using the
handheld Garmin GPSMap60CSX device.
Unfortunately due to an injury sustained in the field that led to hospital
treatment at Tuasivi Hospital, these methods were no longer feasible. A decision
was made to supplement the field data up until time of injury that included data
about DBH and species type from two 50 metre transects with additional
methods upon return from the field. As a result of this the methods used to
address the objectives of this research were accordingly adapted. This incident
reiterates Rosillo-Calle et al. (2007) assertion that on-the-ground surveys are
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complex to carry out, expensive, laborious and not without their pitfalls. The
following sections discuss the adapted approach taken to this research problem
given the aforementioned barrier.
4.4. Ground information
Ground information and field observations were used as validation for the
remote sensing analysis outlined in section 4.5. This involved locating different
land cover types and topographic features spatially using ground information
obtained in the field. Accurate biomass resource assessments for renewable
energy generation purposes and detailed information about the target tree
species are important in order to quantify the resource and energy potentially
available.
4.5. Satellite imagery
Fieldwork limitations led to an inherent need for more information about
biomass availability over the study area. Upon return from field research period
in Samoa communication was made with an international satellite imagery
company DigitalGlobe and an image over the study area was purchased as a
new acquisition order. An orthorectified high-resolution WorldView-2 3-band
multispectral remote sensing data bundle taken on September 17th, 2010 was
acquired from DigitalGlobe, USA in order to determine the area of recoverable
biomass based on ground information used as spatial validation of forest
biomass. Raw data were supplied as one 3-band 50cm resolution bundle in Red
(630-690 nm), Green (510-580 nm) and Blue (450-510 nm) layers in WGS84
projection using a GeoTIFF file format. The orthorectified WorldView-2 data is
presented in natural colour composite in Figure 4.4. WorldView-2 was launched
as a commercial satellite in October, 2009 and is capable of providing 0.5m and
2m panchromatic and multispectral resolution respectively (DigitalGlobe 2010).
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Figure 4.4. WorldView-2 satellite image captured over the study area and
displayed in natural colour composite.
4.5.1. Satellite imagery processing
Interpretation and classification of the WorldView-2 data over the study area
was achieved using the ArcGIS10 software suite. The ArcGIS10 package was
employed based on analysis capabilities and in order to attend to the dual
research objectives of ascertaining the quantity of biomass available for power
generation at Patamea, as well as to assist in developing a bioenergy systems
analysis in the future. The metadata bundle supplied by DigitalGlobe was
imported into ArcMap and interpreted using ground information to further
validate vegetation cover identified using this remotely sensed data. Further
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processing involved classifying map layers based on spatial and spectral
properties, in this case land use and land cover types (LULC).
Classification of the aforementioned remotely sensed data was valuable in
providing a rapid assessment of the aboveground woody biomass available in
the study area. Ground information further allowed for the validation of both
supervised and unsupervised classification systems. After a series of sensitivity
analyses validated with ground truthing data it was decided an unsupervised
classification removed the complexity associated with classifying highresolution imagery and simplified vegetation classes in line with previous
studies in the region, namely the FAO (2010) study of forest cover in Samoa.
Unsupervised classification of remote sensing data was achieved using the
ISODATA classification method, which uses an algorithm to group all pixels
into a number of clusters defined by an analyst (Curran 2011). The algorithm
utilizes values for individual pixels in the image to create a feature space based
on pixel attributes. Pixel size is dependent on the resolution of the remote
sensing device and in this research each pixel comprises an area of 0.025m2 for
the WorldView-2 sensor (DigitalGlobe 2010). Within this feature space data is
grouped according to an analyst defined number of clusters. The algorithm
calculates the mean of these clusters and assigns each pixel to the spectral
classification category with the nearest mean (Curran 2011). In doing so a better
understanding of the spatial extent of vegetative cover was gained resulting in
the formation of three classes of vegetation according to FAO (2010) definitions
of: forestland, scrubland and cleared land respectively.
Topographic features such as slope, roads and rivers produced additional
knowledge about the quantity of available biomass as opposed to total biomass
(Voivontas et al. 2001). Several GPS points pertaining to these different terrain
features as well as ground information associated with the aforementioned
vegetation classes were collected in the field. This enabled ground truthing of
remotely sensed data to ground information and provided a control to
unsupervised classification procedures performed in ArcGIS (Figure 4.5). These
locations were large enough to be representative of the total variability of each
vegetation class captured within the image (Carleer and Wolff 2004).
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Figure 4.5. Worldview-2 satellite image represented in natural colour over the
study area where ground information pertaining to key features was collected
and subsequently used to validate land use and land cover (LULC) denoted as;
rivers, roads, skidder tracks, boundaries, methods, vegetation and the sawmill
respectively.
In order to convey the spatial contours of the study area the WorldView-2
imagery was draped over a Digital Elevation Model (DEM). A DEM contains
information about the elevation over a particular area and can be effectively
used to eliminate areas deemed inaccessible due to aspects of slope. This
information is vital to biomass resource assessments as surveying the total study
area is often not feasible due to time and funding constraints. Further to this
notion a desktop-based GIS study of the area can provide a rapid appraisal of
the available biomass with disregard to any elevation constraints such as large
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river systems. Therefore given the presence of the Mali’oli’o River and
associated tributaries in the present study it is imperative that a DEM be used to
illustrate the variability in elevation. An ASTER GDEM-2 was sourced from
the United States Geological Survey (USGS) database Earth Explorer. ASTER
imagery has a spatial resolution of 27m and was captured in 2009 by NASA
over the northeastern region of Savai’i.
It is crucial that GIS based biomass resource assessments provide an accurate
account of the actual biomass recoverable given the aforementioned spatial
barriers, infrastructure networks and machinery capabilities (Rosillo-Calle et al.
2007). This can be achieved by creating a series of shape files in the form of
polylines representing each feature type. For the purposes of the present study
three features, rivers, roads and skidder tracks, were identified as important
topographic features that shape and constrain total biomass resource
availability. While roads and skidder tracks provide a vital access network to
harvest biomass stands, in contrast rivers restrict access to potential biomass
stands due to their important watershed conservation value and becoming
inaccessible to harvesting machinery during high rainfall events (Fairbairn et al.
2010).
The only research on biomass in the Pacific Islands region to adopt a biomass
collection limit from the nearest road infrastructure was a case study on Rotuma
Island in Fiji, investigating coconut biofuels for power generation (Zieroth et al.
2007). This Rotuman study established a 350m buffer from the closest road
network representing the total biomass that can be recovered based on
infrastructure and collection capacity. For the purpose of the present research
Zieroth et al. (2007) collection capacity inclusion buffer of 350m was adopted
from both roads and skidder tracks, respectively. A similar approach was
adopted with rivers whereby an exclusion zone buffer was imposed on all
biomass standing stock at a set distance from the river channel. There was no
standard measures evident in the literature to preclude logging around rivers for
GIS based biomass resource assessments, thus ground information and
discussions with land owners were used in order to establish a non-harvestable
biomass buffer of 200m from the river.
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A combination of exclusion and inclusion buffers allow for the available
biomass resource to be calculated. This was achieved using the buffer tool
within ArcMap in order to exclude areas of biomass in close proximity to rivers
and include areas of biomass close to road infrastructure. A mask shapefile was
created which eliminated biomass areas within the 200m river buffer and
beyond 350m from any road or skidder track. The remaining quantity of
biomass represents the total recoverable resource in the area surrounding the
Patamea sawmill operation and is referred to as A1 when calculating biomass
quantities and energy potential as discussed in section 4.6. This is made possible
by the per-pixel approach adopted by this research, in doing so the available
area of biomass can be calculated from the product of the frequency of pixels
occurring in each spectral class which is denoted within the classification
“Attribute Table” and the area of each pixel within the WorldView-2 image.
In summary, remote sensing data combined with ground information can be
used to convey important aspects of biomass resource availability in a more
detailed and timely manner. This mixed-method quantitative approach utilizes a
myriad of data and information sources to build a better understanding of the
biomass resource. The previously described GIS based analysis method is
summarized in Figure 4.6 illustrating the steps taken from initial WorldView-2
metadata through to final calculations of recoverable biomass. It is important to
reiterate here that imagery classification of the WorldView-2 data enables
calculation of total area of aboveground woody biomass to be formulated.
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Figure 4.6. A schematic flowchart of the GIS analysis performed by this
research.
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4.6. Residue resource analysis
It is envisaged by the Government of Samoa (GoS) that the proposed biomass
gasification development would in the future be primarily supplied with purpose
grown energy crop species as opposed to residue from current logging activities
(Knowles 2010). In the meantime Knowles (2010) identified Patamea as well
placed during a feasibility study for biomass power generation potential in
Samoa coupled with current logging residues and potential for targeted energy
crop planting in the future. Patamea was identified as the third most viable
location for a bioenergy operation compared to other sites in Asau on the
northwest coast of Savai’i, as well as STEC land located on the northwest of
Upolu (Knowles 2010). Based on this knowledge the methodological approach
to the biomass resource assessment of Patamea focused on the sawmill
operation and more specifically on the residual biomass made available as wood
waste through chipping and off cuts for potential use in a biomass gasifier. In
order to quantify the biomass residue annually produced by the sawmill,
measurements of log size were coupled with semi-structured interviews with
sawmill workers.
The situated nature of knowledge associated with the sawmill operation was
important in creating a more detailed understanding of the timber production
process. Through discussions with sawmill employees, local landowners and
village matai (chief) an accurate estimate of the residue biomass available for
power generation was established. Based on this information timber production
can be broken into four main components; total biomass, wood in, wood cut and
wood out. Further to this notion two phases; initial fell and wood cut produce
potential residue for power production, however the wood cut at the sawmill is
the only residue currently available based on current cutting methods and
systems (Figure 4.7). Residue here refers to the biomass produced in the form of
wood chips and offcuts (R2) as a result of roundwood log processing at the
Patamea sawmill (see Figure 4.7). The amount of timber produced by current
processing methods at the Patamea sawmill provides a measure of when the
current recoverable standing stock of aboveground biomass is likely to be
exhausted. This is achieved using remote sensing data (see section 4.5) in order
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to determine the area of biomass that can feasibly be recovered from the study
area based on current standing stock paired with field observations and ground
information of current extraction and processing rates at the Patamea sawmill
site. The following sections describe the methods used to determine the quantity
of residue produced by the Patamea Sawmill annually and in turn the total
residue biomass power potential.

Figure 4.7. Schematic breakdown of the main timber production phases at the
Patamea sawmill from initial standing tree (Total biomass) and felled residue
(R1), through to roundwood pulled by skidder to the sawmill (Woodin),
roundwood sawn into timber (Woodcut) resulting in wood residue (R2) in the
form of saw dust, wood chips and off cuts, the final stage is timber production
(Woodout) transported by loader and truck for sale.
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Residue biomass (R2 – see Figure 4.7) made available at point of fell is
dependent on the roundwood taken to the sawmill to be processed. For the
target species P.pinnata this constitutes approximately sixty percent of total
above ground biomass potentially available (Rosillo-Calle et al. 2007). The
logging system employed in this case study only used the main trunk of the tree
known as the bole (Figure 4.8). Below ground roots and tree stump are left in
place and the remaining small branches, large branches, foliage are left in the
field (Figure 4.8). This is a common practice in the commercial logging sector
in Samoa, as logging operators assert the importance of returning organic
material and nutrients to the soil.



 

 
 
  
  
  
  

Figure 4.8. Schematic interpretation of a mature P.pinnata tree, only the bole
and bole bark are transported to the sawmill for processing.
	
  

60	
  

4.6.1. Calculating biomass power potential
Imperative to being able to calculate the total biomass residue made available at
the sawmill operation is an understanding of both the size and quantity of
roundwood prior to being sawn. The following sections discuss how
information from methods presented in this chapter such as the amount of
recoverable biomass in the study area were employed to firstly calculate the
quantity of biomass available for generating power from the proposed biomass
gasification system as well as determining the amount of energy that could
potentially be produced from recoverable biomass and sawmill residues
respectively. Targeted sampling of trees available at the sawmill (Woodin) was
important, as the potential biomass residue is dependent on log size and quantity
at the sawmill. Samples of 10 logs were measured using bole length and average
radius in order to calculate average log volume (!!"# ) in cubic metres (Equation
4.1).
!!"#   =  !  ×  π  ×  ! !

(Equation 4.1)

Where:
!!"# = average total volume of roundwood logs (m3)
! = average length of roundwood logs (m)
π = constant Pi
! ! = average radius of roundwood logs squared (m)

Based on the aforementioned calculations and an understanding of timber
volumes leaving the sawmill each week (Vout, defined as Woodout in Figure 4.7)
established through discussions with stakeholders involved in the operation in
turn enabled a more detailed assessment of total woody biomass available as
residue for power generation. Furthermore, an understanding of the density of
P.pinnata biomass would thus be vital to establishing the annual tonnage from
which power output calculations are derived. A review of literature found
P.pinnata to have an oven-dried woody biomass density value of 0.54 kg m-3
(Reyes et al. 1992), 0.567 kg m-3 (Burslem and Whitmore 1996) and 0.59 kg m-3
(Bolza and Kloot 1976) respectively. A decision was made in accordance with
Rosillo-Calle et al. (2007) assertion that conservative values provide a more
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robust estimation of biomass and bioenergy calculations given uncertainties
between regions and mensuration methods. Hence for the purposes of this
research, Reyes et al. (1992) more conservative wood density value of 0.54 kg
m-3 was employed in order to calculate biomass residue for power generation.
∗
!!"#
  =  !!"#   ×  !

(Equation 4.2)

Where:
∗
!!"#
= average total volume of a roundwood log (tonne)

!!"# = average total volume of roundwood logs (m3)
! = wood density from the literature (tonne / m3)

The forestry industry is accustomed to measuring woody biomass based on
volume in contrast to biomass for power generation measured by weight
(Rosillo-Calle et al. 2007). Therefore the aforementioned wood density value
(!) for P.pinnata is incorporated into Equation 4.2 to establish the mean annual
tonnage of roundwood felled per annum (Gan and Smith 2006).
4.6.2. Residue production
Literature attending to the quantity and geographic distribution of recoverable
logging residues is rare and research pertaining to their power generation
potential is even scarcer (Gan and Smith 2006). In the present study recoverable
residue biomass from logging operations was estimated using a series of
equations based on the average quantity of P.pinnata felled per annum in the
area concerned. Parameters were obtained from several sources including
interviews with sawmill stakeholders, landowners and associated literature.
Based on this information the volume of roundwood entering the sawmill (!!" ),
equivalent to Woodin in Figure 4.7, was estimated given that an average of two
roundwood logs (!) constitute one P.pinnata tree with a mean of ten trees (!)
felled per week (Equation 4.3). The sawmill operation is closed over a fortnight
period in December each year and hence a five-day working week and fifty
week annual production was employed for these calculations.
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∗
!!"   =    !!"#
×  !  ×  !  ×  !

(Equation 4.3)

∗
!!"#   =    !!"#
  ×  !  ×  !  ×  !

(Equation 4.4)

!!"#   =    !!"#$   ×  !  ×  !  ×  !

(Equation 4.5)

!!   =    !!"#    −    !!"#   

(Equation 4.6)

Where:
!!" = average annual volume of roundwood felled and transported to the sawmill (tonne)
!!"# = average annual volume of roundwood processed at the sawmill (tonne)
∗
!!"#
= average total volume of a roundwood log (tonne)

!!"#    = average annual volume of processed timber transported out of the sawmill (tonne)
!!"#$ = average total volume of timber per truck load (m3)
! = average number of roundwood logs per tree cut based on field interviews
! = average number of trees cut and transported to the sawmill per week
! = number of weeks the sawmill is operating per year
! = average number of truck loads per week
! = average number of roundwood logs processed per week
! = wood density (tonne / m3)
!! = average annual volume of biomass residue produced from the sawmill (tonne)

Residue biomass was estimated from the volumetric difference between
roundwood processed by the sawmill (!!"# ) and timber produced as a result
(!!"# ) illustrated as Woodcut and Woodout respectively in Figure 4.7. The frame
saw used to mill roundwood at the sawmill operation in Patamea is considered
to be one of the most efficient processing methods in the industry (Rosillo-Calle
et al. 2007). Despite this high level of efficiency considerable quantities of
residue in the form of wood chips and wood offcuts were evident in the sawmill
itself. Given the proximity of this resource to a major source of energy demand
in the sawmill and brick making operation on site the total biomass residue
supply was deemed recoverable (Fischer and Pigneri 2011).
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In order to quantify residue biomass available the volume of roundwood
processed per year (!!"# ) was firstly calculated by the product of the mean
∗
volume per roundwood log (!!!"
), the annual number of working weeks per

year ( ! ), the average number of truckloads ( ! ) and average number of
roundwood logs (!) processed on a weekly basis (Equation 4.4). Secondly, the
mean annual volume of processed timber departing the sawmill for market
(!!"# ) was derived from the product of the average total volume of processed
∗
timber per truckload (!!"#
), the wood density for P.pinnata (!), the average

weekly truckloads (!) leaving for market and the number of working weeks the
sawmill will be operating (!) on an annual basis (Equation 4.5). Therefore based
on the aforementioned calculations the average annual biomass residue (!! )
produced by the sawmill operation in Patamea is the sum of total wood volume
processed (!!"# )  minus the volume of processed timber (!!"# ) made available at
market (Equation 4.6).
4.6.3. Biomass yield calculations
An important distinction to make during biomass resource assessments is
between aboveground standing stock and the rate of wood growth, known as
yield (Rosillo-Calle et al. 2007). The standing stock of trees is usually
established by means of aerial surveys and remote sensing in order to
distinguish between areas of different trees based on canopy cover. In order for
the logging practice to cut on a sustainable basis knowledge of the target species
growing characteristics and annual increment is imperative. Discussions with
sawmill operators mentioned here previously asserted a harvestable DBH for
the P.pinnata target species was greater than 20cm. A review of the literature
found only one recent article based on research conducted in Papua New Guinea
(PNG) on the life histories of traditional tropical forest species to include
P.pinnata (Burley et al. 2011). The average density of P.pinnata canopy trees
(DBH ≥ 30cm) in the PNG case study was five per hectare (Burley et al. 2011).
This density of harvestable P.pinnata trees (!! ) was then used to establish the
average annual area of trees felled (!) by the sawmill operation in Patamea
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given the average number of trees felled per week (!) and the total number of
working weeks (!) the sawmill operates per annum (Equation 4.7).

!  =    

(!  ×  !)

!  =    

  !!"

!!

!

  

(Equation 4.7)

  

!!   =    !  ×  

(Equation 4.8)

!!
!!     !  !!"#

      

(Equation 4.9)

!!   =  !!   ×  !        

(Equation 4.10)

!!   =  !!   ×  !!

(Equation 4.11)

Where:
! = average area of trees felled per year (ha)
! = average number of trees cut and transported to the sawmill per week
! = number of weeks the sawmill is operating per year
!! = average density of harvestable trees (DBH ≥ 30cm) per hectare (trees / ha)
! = average annual yield per hectare (tonne / ha / yr)
!! = average annual residue yield per hectare (tonne / ha / yr)
!! = average annual volume of biomass residue produced from the sawmill (tonne)
!!"# = average annual volume of roundwood processed at the sawmill (tonne)
!! = total volume of aboveground woody biomass growing stock (tonne)
!! = total area of recoverable biomass from remote sensing data (ha)
!! = total accessible volume of aboveground woody biomass growing stock (tonne)

With a greater understanding of the total area of trees felled annually the yield
of forests can be determined. Yield is defined here as the increase in woody
biomass over a given period for a unit area (Rosillo-Calle et al. 2007). Although
broad values for tropical forest species yields exist in the literature (Lugo et al.
1988; Vanclay 1995) it is vital that specific yields are worked out for each given
situation (Rosillo-Calle et al. 2007). These insights provided valuable direction
as mean biomass yield quantities per year (!) were initially formulated using
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the average annual volume of roundwood felled (!!" ) as a proportion of the total
felled area (!) in the entire study location (Equation 4.8).
Ensuring long term sustainable supply of biomass residues from logging
operations has been identified as a major threat to the future viability of residue
based biomass for power generation projects (Gan and Smith 2006). This notion
stems from the principle that residues are dependent variables influenced by the
quantity of trees felled and number of trees processed by the sawmill in question
over a given period. Hence residue based biomass for electricity generation
purposes are reliant on an operating sawmill in order to produce the required
residue resource. The sawmill operation residue yield (!! ) was computed based
on the proportion of annual residue produced (!! ) in relation to the annual
volume of timber processed (!!"# ) coupled with the total biomass yield (!)
mentioned here previously (Equation 4.9). From the area of P.pinnata classified
using WorldView-2 remote sensing data (!! ) and annual area of P.pinnata
forest felled (A), the average volume of biomass (!! ) and residues (!! ) was
determined based on their respective annual yields (Equation 4.10 and 4.11).
4.6.4. Biomass energy calculations
Over the past decade international support of renewable energy in global fora
has led to a rapid increase in modern bioenergy developments (Rosillo-Calle et
al. 2007). The inefficiency of traditional bioenergy practices has been
modernized with the introduction of combustion, pyrolysis and gasification
technologies. The focus of the thesis research is on the application of a biomass
gasification system for the production of electricity from forestry based biomass
feedstocks and more specifically the use of sawmill residues from the residue
timber processing operation in Patamea village in Samoa. The quantity of
biomass generated electricity is determined from what is known as the heating
value (!!"), a measure for the amount of heat that can be provided referred to
on a weight basis for a given species (Rosillo-Calle et al. 2007).
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!"#!   =    

!!   ×  !  ×  !"!  ×  !"#  ×  !  

!"#!   =    

!  ×  !!   ×  !"!  ×  !"#  ×  !  

!

!

      

(Equation 4.12)

      

(Equation 4.13)

Where:
!"#! = total biomass power potential (kW)
!"#! = residue biomass power potential (kW)
! = average area of trees felled per year (ha)
!! = total area of recoverable biomass from remote sensing data (ha)
!! = total area of biomass from tamaali’i title land (ha)
! = average annual yield per hectare (tonne / ha / yr)
!"! = residue production ratio
!"# = latent heating value of woody biomass (MJ / tonne)
!   = conversion efficiency factor
!   = power plant operating time (seconds)
!! = average annual residue yield per hectare (tonne / ha / yr)

For P.pinnata the heating value was determined from a review of relevant
literature that found the target species to be comprised of 21,095 MJ.tonne-1
(Jonathan et al. 2009). Electricity generated from a P.pinnata fed biomass
gasifier was worked out from an adapted version of Hiloidhari and Baruah
(2010) equation for calculating biomass power potential (Equation 4.12). The
parameters used to compute power output for the total study area (!"#! )
include the product of recoverable biomass area (!! ), average annual yield of
biomass (!! ), residue production ratio (!"!), conversion efficiency factor (!)
and the aforementioned latent heating value expressed as a measure of plant
operating time (!). In addition a sensitivity analysis was performed whereby
recoverable area of biomass (!! ) was substituted for total annual area of
P.pinnata felled (!) and once again for the total land area held under the
tamaali’i (high chief) title for the area (!! ). The differences between these
measures of area are depicted in Figure 4.9 representing 200ha, 1,301ha and
13,200ha of land annually felled, recoverable biomass from within the study
area and total area under pule (authority) by the customary land owners
tamaali’i title who also happens to be the Patamea sawmill owner. These
discrepancies between cultural and scientific definitions of area of biomass
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available highlight the cognitive nature of mapping customary land in the
Pacific asserted earlier by Brodnig and Mayer-Schonberger (2000) in Section
3.5.2 and how disputes can arise when titular based systems such as fa’a matai
understand land boundaries to be more fluid and flexible than well defined
borders framed from a scientific perspective. Therefore this analysis was
deemed necessary in order to illustrate how cultural understandings 4 might
influence the total quantity of biomass available for power generation purposes.
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Figure 4.9. Interpretation of the discrepancies between scientific and cultural
definitions of land indicated as annual area felled (!), recoverable area of
biomass based on WorldView-2 satellite imagery (!! ) and the total area under
authority by the tamaali’i (high chief) from Patamea (!! ) for forestry based
biomass calculations for power generation purposes.
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
4 	
  Accurate

assessments of biomass resource availability have historically proven
important to the sustainability of bioenergy projects. It is therefore critical that the area
of biomass available reflects the actual area managed under customary land ownership
regimes as illustrated by this research.	
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Current logging operations in the study area limit the biomass available for
power generation purposes to recoverable residues only. This is a substantial
distinction to make and one that may change with time as government and
international understanding of forest derived bioenergy developments becomes
more nuanced. In the present study the daily plant operating time of ten hours
(or 36,000s) was determined from discussions with sawmill stakeholders and
knowledge of peak demand loads throughout Savai’i (Fairbairn et al. 2010). By
substituting the total biomass yield with the recoverable biomass yield (!! ) the
residue biomass power generation potential (!"#! ) was calculated (Equation
4.13). Given the uncertainty associated with calculating the variables described
in this section, a sensitivity analysis was carried out in order to illustrate the
variability of the available biomass resource and power potential in response to
changes in these key variables.
4.7. Qualitative methods
In order to assess the biomass available in Patamea and surrounding areas it is
necessary to examine both physical as well as cultural components that make up
the resource. High-resolution satellite imagery coupled with informant
interviews in the area of interest can offer a rapid appraisal of the resource
available and provide insights into some of the scientific and cultural
complexity that might hinder development. In this instance mixing methods was
deemed appropriate, as no one method could capture both the ecological and
social-political complexities that previous research evaluated in Chapter 3 found
shape the success of renewable energy projects in PICs. In keeping with this
theoretical commitment a mix of oral histories, satellite imagery, semistructured interviews, field sampling, community mapping and observations
were captured within this research. The following sections explain as well as
justify the mixed-methodological approach taken by this research and important
ethical considerations given the nature of cross-cultural studies in the Pacific
Islands region.
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Semi-structured interviews are often used in mixed-methods research as a guide
to ensure questions asked are content-focused and deemed to be relevant to the
overall research objectives (Hay 2010). In the present study this approach was
adopted as recent bioenergy research in the Pacific Islands region have
illustrated the importance of local social and cultural understandings to the
overall success of these initiatives (Woods et al. 2006; Fischer and Pigneri
2011). The flexibility and oral nature of semi-structured interviews has proven
an ideal method of producing a more detailed understanding of resource and
environmental issues in Samoa (Latai 2009). In doing so the 16 research
participants who represented government agencies (9) and local stakeholders (7)
were able to discuss their perceptions on a number of questions based upon
themes formulated from the bioenergy literature (Appendix 1). Furthermore
this approach enabled participants to draw attention to different issues and
perspectives not considered before in strict confidence while reassuring
participants that this was not simply a process of information gathering by the
researcher in order to achieve ones research aims (Aiono Le Tagaloa 2003).
Government and non-government informants provided valuable insights into the
reasoning behind bioenergy development and how these initiatives support
regional and international renewable energy development, biodiversity
conservation and climate change adaptation and mitigation agendas (Fletcher et
al. 2011). Conversely discussions with local stakeholders in the study area
focused on site-specific issues related to the forestry resource, sawmill
operation, labour supply and village structure embedded within notions of fa’a
Samoa. Issues such as land ownership are complex in the Pacific Islands region
hence the importance of understanding land tenure and land management
regimes mandated through legislation, regional frameworks and global agendas
(Woods et al. 2006; Rosillo-Calle et al. 2007). A number of plans, policies and
legislative acts pertaining to the present study were also reviewed for both their
content as well as more critically to assess the efficacy of these documents in
either supporting or constraining the proposed biomass gasification project.
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The process of identifying and organizing interview transcripts into themes has
long be used to analyse qualitative data (Hay 2010). This qualitative method
known as coding serves the purpose of reducing the quantity of data contained
within interview transcripts distilling along key themes. There are several
coding approaches commonly used in qualitative research. In the present study
analytic codes were employed to reflect a theme the researcher is interested in
based on previous research as well as allowing for themes evident from
interviews to emerge (Hay 2010). In doing so common themes were established
and excerpts from interview transcripts were grouped accordingly for critical
evaluation and used to provide a linkage to previous research and potential areas
of future research.
Observations are an important and often overlooked method in geographic
research that goes beyond simply seeing (Rodaway 1994). As a research
approach observation has not been regarded as attesting to the same technical
rigor as other methodological techniques within geography (Fyfe 1992 p. 128).
Critical evaluation of field observations in particular can foster a more nuanced
understanding of the research problem when couple with other complementary
methods and data sources. In the present study field observations allowed for a
greater level of understanding of the specific social, cultural and political
context in a particular time and place. Conversations with sawmill workers at
specific processing stages of timber production supported biomass resource
assessments and mapping of landowner boundaries using a handheld GPS
evoked discussions about an issue informants perceived important in the place
and time (Figure 4.10). In doing so this mixed method approach formed a more
robust and detailed understanding of all the issues at hand by comparing and
validating quantitative and qualitative data and how this information would
shape and constrain the proposed bioenergy development.
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Figure 4.10. Photograph taken from 13°53’97”S, 172°32’36”W facing northeast
illustrating field mapping methods employed in the study area guided by local
knowledge of land boundaries and historical accounts of sites such as the one
depicted above.
The type of data that is produced by qualitative methods is influenced by how
research participants perceive the interviewer as either an insider, an outsider or
someone in between (Hay 2010). A researcher’s positionality can thus shape the
nature of knowledge that is produced as part of the research process resulting in
varying quality and quantity of data depending on how trustworthy the
participant perceives the researcher. In Samoan culture knowledge is viewed as
sacred and revealing information about an issue for instance should always be
done so in strict confidence (Aiono Le Tagaloa 2003). Based on this
understanding the ideals of va tapuia (sacred relations) which dictate
engagements of mutual respect and trust was strictly adhered to throughout the
present study (Latai 2009). This was to ensure that the researcher’s behavior and
conduct was carried out privy to the University of Otago requirements and what
is deemed appropriate in Samoan culture.
A research proposal was submitted to the University of Otago Ethics Committee
later accepted as part of an Ethics A Application on April 27th, 2011 (Appendix
2). This outlined the aims of the research and as required how ethical
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considerations would be attended to during the field component and write up of
this research ensuring participants anonymity was maintained throughout. An
additional Temporary Resident Permit for Academic or Scientific Research
application was lodged with the Immigration Office of Samoa endorsed by the
National University of Samoa (Appendix 3). As a researcher it is important to
reflect on the nature of research relationships. Hay (2010 p. 32) describes
research as a form of asymmetrical relations inherent in the differences between
the social position of researchers and the researched. In the present study the
researcher’s Samoan heritage presents a unique dual positionality producing
arguably a more nuanced understanding of both epistemological framings of the
research problem from a scientific and cultural perspective.
4.8. Chapter summary
Based on inadequacies revealed with previous bioenergy research in the Pacific
Islands region the present study aims to develop a more nuanced and balanced
appraisal of the often overlooked complexity associated with bioenergy
developments (Yu and Taplin 1997; Woods et al. 2006; Rosillo-Calle et al.
2007; Fischer and Pigneri 2011). In order to attend to both scientific and
cultural epistemological framings of bioenergy a mixed-methodological
approach was critical to producing understandings of the issue from these often
described disparate worldviews (Johnson and Onwuegbuzie 2004; Kwan 2004).
In the present study, a mix of qualitative and quantitative methods were used,
these related to two distinctive parts of research into biomass for power
generation in the rural village of Patamea in Samoa (Hay 2010). These methods
formed the aforementioned mixed-methods approach where qualitative and
quantitative data were employed to validate each understanding from a
scientific and cultural perspective. This produced a more detailed insight into
the parameters that make bioenergy projects a success than otherwise would be
formed by using only qualitative or only quantitative methods (Figure 4.11).
The scientific methods provide a quantifiable measure of the total aboveground
biomass recoverable from the study area further qualified by local knowledge of
this resource and peoples perceptions about its proposed use in a biomass
gasifier produced through qualitative approaches.
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Figure 4.11. Depicts a schematic interpretation of the qualitative and
quantitative mixed-method approach adopted by the present study illustrating
the links between the numerous parameters vital to establishing an
understanding of the scientific and cultural nuances.	
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5
Results
5.1. Introduction
This

chapter

presents

the

results

from

quantitative

and

qualitative

methodological approaches used in this thesis to assess recoverable biomass.
Sections 5.2 to 5.6 are concerned with the results of field sampling used to
derive ground information for classifying vegetation, GIS analysis of remote
sensing data attributes, DEM extraction of viable biomass resource areas and
bioenergy equations employed to calculate the energy potential from standing
stock and sawmill residues. In section 5.7, results from thematic analysis of
interview transcripts are presented, relevant policies and legislative statutes are
analysed for their information on bioenergy development. Field observations
including land-mapping information are also presented in this section.
5.2. Field sampling
Samoa is an agricultural island nation, with much of the low lying coastal land
used for cultivating crops and higher altitude regions reserved for agroforestry
plantations. The vegetation surrounding Patamea village is now largely
secondary forest, coconut plantations and scrubland with clustered remnants of
native tree species found adjacent to the Mali’oli’o River. Field visits to the
study area reaffirmed the presence of the aforementioned vegetation types,
which in turn developed into a classification scheme of land use and land cover
(LULC). Variation in vegetation cover depicted in Figure 5.1 illustrates the
homogenous nature of forested and scrub covered land in the study area.
Secondary forest is evident in Figure 5.1 covered by climbing and creeping vine
species

	
  

Merremia

peltata and

Mikania

micrantha

(Kirkham

2005).
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Coconut plantations were also evident throughout the study area supplying
whole nuts to a coconut oil mill neighboring the Patamea sawmill operation.
Coconut trees (Cocos nucifera) are often referred to in Samoan culture as “the
tree of life” and are considered an important part of fa’a Samoa (Whistler
2002). In the study area cattle are encouraged to graze grass and scrubland
surrounding the coconut trees adjacent to the Mali’oli’o River, approximately
two kilometres northwest of the sawmill (Figure 5.1).
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Figure 5.1. A sample of ground information used for vegetation classification with sites a to f used for validation (left panel) and examples
of these are shown as zoomed images above photographs on right panels that include: b. facing northeast from 13°53’80”S, 172°32’39”W
illustrating a representative stand of coconut trees (Cocos nucifera) in the study area with ferns (Nephrolepis hirsutula) located at the base
of these trees known as vao tuāniu surrounded by T-grass (Paspalum conjugatum) known locally as vao lima providing pasture cover for
livestock; c. and d. facing northeast southeast from 13°54’35”S, 172°31’76”W and 13°54’24”S, 172°32’56”W respectively illustrating a
distinction between different vegetation classes of scrubland in the foreground comprising invasive vines (Merremia peltata), ferns
(Nephrolepis hirsutula) adjacent to the fence boundary and tava (Pometia pinnata) dominated forest land in the background; and g. facing
west from 13°56’20”S, 172°31’17”W of showing P.pinnata trees penetrating through understory strata dominated by M.micrantha vines in
the foreground (Sources: vegetation classes were defined according to Whistler 1984 and Whistler 2002).
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An advantage of using high-resolution multispectral satellite is the ability of the
sensor to differentiate between vines and forests based on spectral
characteristics as well as replanting initiatives. New growth as a result of
replanting in cleared areas was identified using the WorldView-2 sensor to
within 0.5m, providing greater sensitivity than any other sensor available
(DigitalGlobe 2010). The Ban on Commercial Logging Policy 2006 represented
a profound shift in how the Government of Samoa perceived forests (MNRE
2009). The ban imposed on commercial logging also brought about a shift in the
way forests were managed from a historic focus on local production potential
towards global objectives of conservation and sustainable use of resources thus
outlined within the Convention on Biological Diversity (MNRE 2009).
During this ban the sawmill owners in Patamea took the opportunity to establish
more than 200 seedlings along Vai’ata Road as part of a replanting strategy.
Tree species included a mix of native and introduced hardwoods from tava
(Pometia pinnata), asi toa (Syzygium inophylloides) and mahogany (Swietenia
maaophylla). Based on literature average growth of P.pinnata from seedlings in
the Pacific Island region is 25.5cm per year (Burley et al. 2011). This growth
rate is consistent with P.pinnata replanting stands surrounding the Patamea
sawmill operation (Figure 5.2). Soon after the ban was imposed however,
political pressure from larger commercial logging operators forced the ban to be
lifted at which time logging practices recommenced (MNRE 2009).
Despite parts of the study area having been cleared since logging operations
started more than a decade ago, several relatively large specimens remain. Large
P.pinnata tree specimens provide important geo-referencing sites from which
LULC classification performed during GIS analysis can be ascertained based on
the large crown cover associated with trees of this size (Figure 5.2). In addition
these remnant forest stands provide valuable insights into the spatial and
temporal extent of forestry cover prior to logging practices taking place.
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Figure 5.2. Field observations of tree replanting and remnant trees with sites a to g used for validation (left panel) and examples of these
are shown as zoomed images adjacent to photographs on right panels that include: e. facing northeast from 13°55’36”S, 172°30’18”W
depicting rows of tava (Pometia pinnata) trees planted from seedlings in 2007 as part of a replanting initiative by the Patamea sawmill
owners; and f. facing north from 13°56’20”S, 172°31’16”W of a large P.pinnata tree with a diameter at breast height of 274cm displaying
characteristic buttresses.
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5.2.1. Rivers
Availability and the potential supply of biomass for power generation are very
rarely the same (Rosillo-Calle et al. 2007). This notion stems from the need to
take into account accessibility and proximity of a potential biomass resource to
the site of use. Both factors can be constrained by several physical as well as
social parameters that may act to restrict access and thus limit the total biomass
potential of the resource that is recoverable (Woods 2003; Woods et al. 2006).
An example of a physical feature found in the study area that will constrain the
quantity of biomass available is the Mali’oli’o River and its tributaries (Figure
5.3), flowing from headwaters towards the southwest of the sawmill down
stream until it meets the sea east of Sāmalae’ulu village (MNRE 2007). The
Mali’oli’o River catchment was identified as a key coastal lowland site for
conservation purposes (Park et al. 1992) during the first State of the
Environment Report conducted for Samoa in 1993 (SPREP 1993). Given the
value of the Mali’oli’o catchment area from a biological diversity conservation
perspective significant weight must be placed on avoiding and mitigating effects
from proposed bioenergy harvesting in this location.
The Mali’oli’o catchment is one of the largest in Samoa providing water
resource supply to the Gagaemauga I District (MNRE 2007). Despite being dry
for most of the year due to the high permeability of the ground, it can flood
during the rainy season often cutting off access to village plantations and
restricting access to the main road. This road is considered a lifeline by
residents as it provides the only access to schools, churches and the regional
hospital at Tuasivi. During the wet season a ford at Sāmalae’ulu village can
become impassable to vehicles for several days (MNRE 2007). Sealed access to
Patamea village is provided by Vai’a’ata Road tracing through the southern
portion of the district and continuing unsealed thereafter. Vai’a’ata Road is
commonly used by machinery as part of the Patamea sawmill operation located
approximately two kilometres from Patamea village proper. Skidder tracks
formed by logging machinery are scattered in the area surrounding the sawmill,
providing vital access to the forest biomass resource across several river fords in
varying states of repair (Figure 5.3).
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Figure 5.3. Ground information used for river buffer with sites a to e used for validation (left panel) and examples of these are shown as
zoomed images above photographs on right panels that include: a. and b. taken from 13°53’75”S, 172°32’44”W facing upstream (a) and
downstream (b) from the Mali’oli’o River illustrating the scale of the river, approximately 30m wide and 70m to the top of P.pinnata tree
canopy gradually carved out during intermittent flows over the November to January wet season; c. and d. taken from 13°54’15”S,
172°31’03”W and 13°54’15”S, 172°31’04”W facing west (c) and southwest (d) respectively illustrating the state of a Mali’oli’o River
tributary and ford in need of repair.
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Observations made in the field included numerous post-erosional products of
volcanic eruptions more than 100 years ago. A series of historical eruptions
throughout Savai’i have produced extensive lava flows on the northeast plains
of the island including the study area as a result of the 1905-11 Matavanu
eruption (Nemeth and Cronin 2009). The area comprises Puapua and Apopo
Volcanics (Figure 5.4) that flowed to the sea eventually forming tubes that lava
would later flow through once lava fields were established (Nemeth and Cronin
2009). Lava tubes were not evident in the research area, however it is likely the
Mali’oli’o River and its tributaries are post-erosional features formed from lava
tubes. This assertion is based on an understanding that the soils are made up of
highly permeable basaltic volcanics, with a clay texture, making them
susceptible to erosion during prolonged periods of rain (MNRE 2006). While in
the field heavy rainfall caused parts of the study area to flood, mainly caused by
small streams known locally as goagoa that weave through the region, become
impassable to logging machinery at which time logging operations cease
temporarily.
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Figure 5.4. Surface distribution of volcanic stratigraphy on Savai’i (Source: adapted from Nemeth and Cronin 2009).
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5.2.2. Roads
Access and transportation of biomass is influenced by distance from site of
demand as well as terrain features in the area of interest (Rosillo-Calle et al.
2007). Several features including roads, rivers, steep slopes and marshlands can
all act as barriers to recovering available biomass supply for power generation
(Rosillo-Calle et al. 2007). Road networks in the present study area provide a
vital linkage for sawmill operations to both the sawmill for processing and
markets at Salelaloga. Road access to Patamea village and its sawmill is
provided by Vai’ata’a Road inland from the main coastal road that passes
through the village of Sāmalae’ulu. Vai’ata’a Road is sealed from the main road
for approximately three kilometres, remaining unsealed soon after the Patamea
village settlement (Figure 5.5).
In addition to roads skidder tracks are also used to transport roundwood from
location of harvest to the sawmill for processing. These tracks are
predominantly deeper than dirt roads as a result of the large tyres associated
with this specialized machinery. The spectral characteristics of skidder track
made imagery classification into LULC categories relatively simple. During
field visits skidder tracks were used as access corridors to the study area further
validating remote sensing data to features observed on the ground and in the
field. Parts of the study area that have been cleared of trees over time result in
underutilized skidder tracks and vegetation regrowth (Figure 5.5). For the
purposes of the present study overgrown skidder tracks are assumed to be able
to be cleared with moderate levels of maintenance.	
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Figure 5.5. Ground information used for accessibility buffer based on roads (1) and skidder track (2) networks with sites a to d used for
validation (left panel) and examples of these are shown as zoomed images adjacent to photographs on right panels that include: 1.a. facing
northeast from 13°53’18”S, 172°31’03”W depicting a sealed section of Vai’ata’a Road south of Patamea village; 1.b. and 1.c. taken from
13°54’37”S, 172°30’73”W and 13°55’23”S, 172°30’30”W respectively facing southeast depicting unsealed sections of Vai’ata’a Road
south of Patamea village used to transport roundwood into the sawmill and processed timber to market; 2.a and 2.d facing northwest and
south from 13°54’37”S, 172°31’90”W and 13°56’05”S, 172°30’90”W respectively indicating a utilized skidder track with deep tyre tracks
amidst a stand of medium density forest and an overgrown section of skidder track first established more than a decade ago.
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5.3. Remotely sensed data
Field observations and ground information were used as a validation to support
remotely sensed data analysis presented in this section. A WorldView-2 satellite
image captured over the study area by DigitalGlobe on September 17, 2010 was
used to interpret ground features, in particular vegetation cover as it pertained to
the overall research objectives. Initial ISODATA classification of the satellite
image resulted in 3 classes that were determined through a trial and error basis
based on ground information to yield the best classification of each land use and
land cover (LULC) category (Figure 5.6). These classes were defined as
forestland containing the P.pinnata target species, scrubland comprised of ferns
as well as grasses and cleared land. The total area captured by the satellite
image comprised 47 percent forestland, 25 percent scrubland and 28 percent
cleared land making up a total area of 3,535 hectares (Figure 5.6). Forested
lands cover approximately 1,651 hectares of the study area. These forested areas
were found to be dominated by P.pinnata trees that would have extended
throughout the study area prior to logging operations commencing (Whistler
2002). To the northeast of the boundary shown in Figure 5.6 lies an area where
a combination of historical logging as well as deforestation for agricultural
expansion has resulted in barren land, vividly shown as red regions west of the
Mali’oli’o River. Knowledge of the rivers, roads and logging tracks were
important parameters for determining the quantity of recoverable biomass
available. Differentiating between these parameters was guided by ground
information and achieved using GIS based analysis (Figure 5.7).	
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Figure 5.6. Unsupervised classification of WorldView-2 remote sensing data indicating three LULC categories in the study area;
forestland, scrubland, cleared land and associated their denoted percentage of total image area.
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Figure 5.7. WorldView-2 image displaying P.pinnata dominated forest biomass,
road networks, logging tracks, Mali’oli’o River and associated tributaries.
Recognizing the Mali’oli’o catchment for its biodiversity conservation
importance, I sought to exclude ecologically sensitive areas from potential
harvesting for power generation purposes. Recoverable forest biomass was
limited by the capacity of the logging machinery operating in the study area
(Gan and Smith 2006). These attributes formed the basis of further analysis and
buffers to exclude areas under forest biomass up to 200m from rivers and
buffers to include areas up to 350m from road and logging track networks were
formulated (Figure 5.8).
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Figure 5.8. WorldView-2 image depicting area of recoverable P.pinnata forest.
Remotely sensed data was draped over a digital elevation model (DEM) in order
to provide a better understanding of terrain effects on the harvesting capabilities
of logging machinery. An ASTER GDEM-2 was used to illustrate the
topography of the entire study area as field observations of all elevation
associated features was deemed unfeasible during the field period. The DEM
enabled detailed elevation contours to be formulated showing the increase in
elevation from 40m above sea level (asl) in the northeast of the image
increasing steadily towards the highest point of the study area 440m asl in the
southwest region of the image (Figure 5.9).
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The ASTER GDEM-2 layer was then used within ArcScene to produce a threedimensional model of the study area. This confirmed initial evaluation that this
layer contained several artifacts in areas that were surveyed while in the field.
Ground information produced during the field period assisted with recognizing
these as artifacts in particular A4 located within 100 metres of the Patamea
sawmill site. Ground surveying within the Mali’oli’o River channel also created
a better understanding of the depth of the fluvial system. To the southwest of A4
in Figure 5.9 a Mali’oli’o River tributary confluence appears to form upstream
from, however a second channel east of this tributary is a well known cliff
captured within the aforementioned river biomass exclusion zone.
Based on understanding of logging infrastructure and location of large river
systems the quantity of biomass recoverable from the study area was
determined. This represents a decrease of 620 hectares (38 percent) between
total forest biomass and recoverable biomass in the study area. While all LULC
classes make up less area and percentage than theoretical area assumptions the
cleared land class was the only attribute to increase by 4 percent in percentage
area (Table 5.1). It is likely this increase is the result of a large area of biomass
towards the southwest of the classified image (Figure 5.8), that is far removed
from any roads, tracks or rivers, being excluded from total biomass calculations
and does not reflect a tangible increase in amount of cleared land in the area.
Table 5.1. Area of land use and land cover (LULC) categories based on
classification of WorldView-2 remotely sensed data with class percentages
expressed as a percentage of total theoretical and recoverable area respectively.
Cleared

Biomass

Forestland

Scrubland

Theoretical

1651ha (47%)

885ha (25%)

999ha (28%)

3,535ha

Recoverable

1031ha (45%)

515ha (23%)

716ha (32%)

2,262ha
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Figure 5.9. Elevation contours illustrating the spatial changes to elevation within the study area (right) using an ASTER GDEM-2 layer
relative to topographic characteristics of the entire island of Savai’i (left).
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5.5. Sawmill operation
In order to determine the quantity of forestry biomass harvested annually it was
critical to establish the logging method employed by the Patamea sawmill.
Conversations with sawmill stakeholders described the logging method as only
harvesting specific species based on sawmill worker defined harvestable tree
diameter at breast height (DBH). This selective logging practice is aligned with
the International Tropical Timber Organization reduced impact logging (RIL)
best practice guidelines (ITTO 2011). This RIL method it is argued in this thesis
therefore preserves higher levels of biodiversity than non-selective approaches
achieving sustainable management of forest resources than would otherwise be
attained when standard timber-harvesting methods are used (ITTO 2011). The
following section presents volumetric quantities based on critical stages in the
selective logging process at the Patamea sawmill (Figure 5.10).
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Figure 5.10. Overview of the Patamea sawmill current harvesting system and potential biomass stream for a biomass gasification system
(Source: adapted from Mahmoudi et al. 2009 cited in Mobini et al. 2011 p. 1443).

	
  

93	
  

The annual quantity of trees felled formed the basis of subsequent residues and
processed timber produced per year. Conversations with sawmill stakeholders
established that on average 20 trees were felled per week; therefore based on an
understanding that the sawmill operates for 50 weeks per annum a mean total of
1000 trees are felled annually representing 1057.9 tonnes of harvested woody
biomass. An example of a felled P.pinnata tree is illustrated in Figure 5.11.
This photograph shows that the tree stump and associated below ground root
system, which when combined with aboveground residues comprise an
estimated 40 percent of total biomass (Rosillo-Calle et al. 2007).

Figure 5.11. Photograph taken facing north from 13°54’33”S, 172°32’07”W
showing an aboveground stump after a P.pinnata tree was felled in the field.
Several roundwood logs were stored at the sawmill waiting to be processed due
to reduced milling capacity as a result of mechanical breakdowns and social
unrest within the labour supply. During the field period of this research the
sawmill was in the process of commissioning a second frame saw which would
increase the quantity of residue supply for power generation use in the future.
For the purposes of the present study biomass residue calculations were based
on current sawmill operations at the time, which denoted one frame saw in use
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with roundwood logs surplus to processing stored throughout the sawmill
landing. Therefore, based on these assertions and field accounts it was
determined that an average of 10 roundwood logs were processed per week
meaning 500 logs were processed per annum. The mean annual volume of
roundwood processed by the Patamea sawmill was 264.5 tonnes. This quantity
was based on average roundwood log volume coupled with an understanding of
total roundwood logs processed by the sawmill annually.
Logging residues formed two groups: those produced from growing stock and
residue produced as a result of sawmill processing (Gan and Smith 2006).
Residues from growing stock (R1) refer to the aboveground biomass excluding
the bole remaining at the harvest site (Gan and Smith 2006). Sawmill residues
(R2) represent wood offcuts and chips produced through timber processing at
the sawmill (Figure 5.12). Sawmill residue was determined from the volumetric
difference between roundwood logs processed and timber produced. Therefore
based on this understanding average annual sawmill residue produced by the
Patamea sawmill was quantified as 65.9 tonnes.

Figure 5.12. Photograph taken facing southeast from 13°55’01”S, 172°30’34”W
displaying the potential biomass residue resource of wood off cuts (left) and
wood chips (right) at the Patamea sawmill site.
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Timber production was determined to be 198.6 tonnes per annum based on
current timber dimensions. During the field period the sawmill was typically
producing 1” by 4” inch timber dimension for market. This information was
critical as assumptions about biomass residue produced by saw log processing
pertained to the timber production at the time. For the purposes of the present
study both timber and residue production are based on average timber
dimensions, with an understanding that these dimensions change temporally as a
result of demand from the market. An average of two truck loads depart the
sawmill each week bound for a wholesale construction company in Sālelologa.
The total annual volume of processed timber leaving the Patamea sawmill
consisted of 100 hundred loads, with an average load comprising 1.98 tonnes.
Sawmill harvesting volumes for each stage of the process were calculated in the
field and are summarized in Table 5.2.
Table 5.2. Summary of P.pinnata biomass volumes estimated for each stage of
the sawmill harvesting system.
Harvesting Stage

Average Annual Volume (tonne)

Roundwood Log (Woodin)

1057.9

Roundwood Log Processed (Woodcut)

264.5

Timber Produced (Woodout)

198.6

Sawmill Residue (R2)

65.9

5.5. Biomass power calculations
In order to ascertain the potential for electricity generation from forest based
biomass a series of calculations were employed to quantify total biomass and
residue biomass power potential. It was necessary to first establish the
respective yield for total biomass and residue biomass based on knowledge of
annual area of P.pinnata felled. Accordingly, the total area of P.pinnata trees
cut per annum produced an annual average yield of 5.29 tonne per hectare,
while sawmill based annual residue yield equated to 0.66 tonne per hectare
based on an average of 500 trees being processed annually (Table 5.3). Utilizing
the total recoverable P.pinnata biomass from the study area (A1) power
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generation could potentially produce 5520 kW of electricity based on a 10-hour
operating time and a conversion efficiency of 50 percent calculated using
Equation 4.12 (Table 5.3). This represents approximately 50 percent of mean
peak demand for the entire island of Savai’i, which based on the most recent
records available from 2009, comprised 274 kW (Fairbairn et al. 2010). Future
electricity for Savai’i has been projected by the Power Sector Expansion Project
to reach a peak demand of 419 kW by 2020 (Fairbairn et al. 2010). Thus,
establishing new generation sources and ensuring current generation systems are
produced from renewable and cost-effective sources is critical.
Energy generated from residue biomass was determined based on the residue
production ratio (RPR) of P.pinnata and sawing method. The RPR of the
Patamea sawmill was estimated to be 0.25, whereby sawmill residues make up,
on average, one quarter of the original sawn log. This understanding assisted
with formulating an accurate estimate of potential energy generation from
sawmill residues, a resource currently unutilized and reducing productivity.
Power generated from this residue resource was estimated to produce 26 kW per
hour over a 10-hour operating for 365 days per year with a conversion
efficiency of 50 percent (Table 5.3). This represents a reduction of 97 percent
from total biomass power potential estimates presented here previously. Based
on current operations sawmill residue for power generation is the only feasible
scenario and would remain dependent on logging operations continuing in the
future.
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Table 5.3. Summary of biomass power potential from total harvestable P.pinnata biomass and residue biomass from the Patamea sawmill
based on current annual harvested area (A), recoverable area (A1) and total area within the WV-2 satellite image (WV-2 Total) as well as
the total area held under the customary landowners tamaali’i (high chief) title (A2).

Potential

Area

Yield

(ha)

(tonne/ha)

RPR

LHV

Conversion

10hr Operating4

(MJ/tonne)

Efficiency (η)

Time (s)

Power (kW)

tamaali’i Land

Total

13,200

5.28

1

21,095

0.5

13,149,000

56011.42

(A2)

Residue

13,200

0.65

0.249

21,095

0.5

13,149,000

1739.10

Total

3,535

5.28

1

21,095

0.5

13,149,000

15000.02

Residue

3,535

0.65

0.249

21,095

0.5

13,149,000

465.73

WV-2 Recoverable

Total

1,301

5.28

1

21,095

0.5

13,149,000

5520.52

(A1)

(RBP1) Residue

1,301

0.65

0.249

21,095

0.5

13,149,000

171.40

Annual Harvest

Total

200

5.28

1

21,095

0.5

13,149,000

848.65

(A)

(RBP2) Residue

200

0.65

0.249

21,095

0.5

13,149,000

26.35

WV-2 Total

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
4	
  Annual	
   operating	
   hours	
   were	
   calculated	
   based	
   on	
   60	
   seconds	
   x	
   60	
   minutes	
   x	
   10	
   hours	
   per	
   day	
   x	
   365.25	
   days	
   per	
   year,	
   while	
  
acknowledging	
  the	
  Patamea	
  ceases	
  operations	
  for	
  two	
  weeks	
  each	
  year	
  it	
  is	
  inferred	
  the	
  proposed	
  biomass	
  gasification	
  project	
  will	
  
continue	
  to	
  operate	
  as	
  power	
  potential	
  has	
  been	
  calculated	
  based	
  on	
  sawmill	
  residue	
  quantities	
  applied	
  over	
  a	
  365.25	
  day	
  period.	
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Based on these energy calculations potential economic savings to the sawmill
operation were also calculated. Several discussions with sawmill stakeholders
established the operation, including living quarters, was spending an estimated
WST$1000 per month. The only power utility in Samoa is the Electric Power
Corporation (EPC), who supply electricity to the sawmill operation in Patamea.
The EPC is responsible for both supplying electricity, as well as charging a
power surcharge, which as of February 2012, was WST $1.03 per unit of
electricity (Fairbairn et al. 2010). Based on the costs associated with current
electricity supply it was estimated the Patamea sawmill and buildings associated
with the operation consumed 970 kWh on average per month, equivalent to an
annual energy consumption of 11,640 kWh. Power generated from sawmill
residues alone could meet more than eight times this demand if the proposed
biomass gasifier was implemented on site, providing an additional source of
income to the village as an independent power producer (IPP). Therefore based
on current logging and timber production levels, the Patamea sawmill operation
could potentially produce 94,900 kWh of electricity to the Savai’i grid annually
utilizing a resource presently unused at the site.
5.6. Analysis of interview transcripts
Interviews conducted throughout Samoa aimed to address the second objective
of this research, to convey the public perception about renewable energy and in
particular the proposed biomass gasification project. In this light several themes
started to emerge from the transcripts of these interviews dealing with the
forestry sector, energy sector, policies and environmental governance that shape
these sectors and the aforementioned proposed project as well as the importance
of culturally defined understandings to the sustainability of biomass gasification
developments (Figure 5.13). The following sections attend to all of these themes
in an integrated manner. It is envisaged the knowledge produced from these
discussions will provide a more detailed understanding of the inherent
complexity associated with bioenergy initiatives. This illustrates a unique
methodological approach to coping strategies for future research into biomass
resource assessment for power generation in the Pacific and more broadly.
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Figure 5.13. Diagram illustrating five broad issues developed through thematic analysis of interview transcripts conducted as part of the
present study.
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5.6.1. Forestry theme
Forest cover has significantly decreased throughout Samoa since the first forest
inventory in 1954. The village of Asau on the northwestern coast of Savai’i was
home to a commercial logging for export run by an American company called
Potlatch1 . One government official conveyed the destructive nature of this
operation in his assertion:
“[I]t was really damaged by the Potlatch company from America that
were established in Asau in around 1958 until 1980s, they were
chopping down all the trees around that area on the western side of
Savai’i and that was before this survey, like this inventory was done in
1954 and in that time all of that area was 75% forest” (Respondent 6).
This insight into the extent of forestry cover in Samoa based on historical
accounts of previous activities in Savai’i provides an important time depth to
biomass resource estimates made in the present study.
The Potlatch company left Samoa in 1976 as a result of dwindling profits and
rising social unrest stemming from customary land disputes. One government
official in this interview excerpt captured the demise of the Asau logging
operation:
“[T]hey didn’t pay the land owners...so [they]...burned all of the
equipment down and they got involved with the land disputes...so the
logs were taken from them from Savai’i...and that’s why they recreated a
reparation that there is no more role for exports and there was a logging
ban in 1983.” (Respondent 6)
Here the respondent conveys the political unrest at the time Potlatch ceased its
Asau based operations and this represented a paradigm shift in thinking about
forest resources by the Government of Samoa (GoS). This was in part aided by
the introduction of mechanical chainsaws to Samoa in the 1980s further
promoting the conversion of inland forests into fertile areas for village
agriculture (Macpherson 1988), however these initiatives were met with poor
levels of success and many ceased operating soon after implementation.
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  Potlach	
   is	
   a	
   Native	
   American	
   ceremonial	
   term	
   referring	
   to	
   the	
   re-‐distribution	
  

and	
  reciprocity	
  of	
  wealth	
  that	
  takes	
  place	
  during	
  a	
  gift-‐giving	
  festival.	
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In 1990, the GoS instated a ban on all commercial log exports soon after which
all exports ceased as a result of significant damage caused by Cyclones Ofa and
Val in 1990 and 1991 respectively (Shankman 1999). Tropical cyclones pose a
significant threat to forests and the average mortality rate for Cyclones Ofa and
Val was 28 percent and 33 percent respectively (Elmqvist et al. 1994). Despite
high rates of mortality the target species for the purposes of this research
experienced low mortality relative to other tropical hardwood species and
increased in abundance illustrating the resilience of P.pinnata (Elmqvist et al.
1994).
Deforestation caused by Cyclones Ofa and Val initiated a step change in how
forestry resources were managed in Samoa. Overexploitation of forests
prompted the GoS to reconsider mechanisms in order to better manage these
natural resources as well as broadening the scope of the Forestry Division to
include biomass for energy generation. This began with a comprehensive review
of the Forestry Act 1967 (GoS 1967) in late 2004 that was adopted as statute in
an era where forests were managed for their production potential (Wade 2005b).
The review process ushered in over a decade of changes established soon after
the aforementioned destruction caused by Cyclones Ofa and Val when Samoa
ratified the United Nations Convention on Biological Diversity (UNCBD) in
December 1993 (GoS 1998).
The UNCBD aims to conserve biological diversity, ensure the sustainable use
and equitable sharing of the benefits derived from these genetic resources (UN
1992). In an attempt to reflect changes with global biodiversity conservation
agendas the GoS established and amended several environmental policies soon
after ratifying the UNCBD. An example of these changes was evident in
amendments made to the aforementioned Forestry Act 1967 through the
Forestry Management Bill (GoS 2009) tabled before Samoan Parliament in
2009. The Forestry Management Bill 2009 was accepted with changes in 2011
which made provisions for the effective and sustainable management of
Samoa’s forestry resources and replaced the outdated Forestry Act 1967, the
Forests Regulations 1969 in addition to several provisions relating to forested
land within the Alienation of Customary Land Act 1965 (Vaai and Peteru 2011).
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These changes formed the new Forestry Management Act 2011 (GoS 2011)
establishing a legal framework for forestry in Samoa based on principles of
sustainable forest management as opposed to historical emphasis placed on land
tenure under the Forestry Act 1967 (Vaai and Peteru 2011). During an interview
conducted with a GoS official the changes in thinking about Samoa’s forestry
resources became more apparent aided by the transfer of the Forestry Division
from the then Ministry of Agriculture, Forests and Fisheries (MAFF) to the
Ministry of Natural Resources and Environment (MNRE) as illustrated in the
following excerpt:
“[I]n the Ministry of Agriculture, we were looking more on production
without conservation and protection...now we have been transferred to
the Ministry of Natural Resources and Environment…we are focusing
more on the protection and conservation side, especially climate change
issues...and now the biomass gasification also is a new issue”
(Respondent 6).
Before the Forestry Management Act 2011 was enacted the GoS was largely
criticized for its handling of Samoa’s forestry resource as it struggled to balance
conflicting roles as the custodian of customary land on one hand and promoting
the interests of its constituents on the other (Sesega 2009). This conflict came to
a head in 2007 when a Cabinet Policy banning commercial logging in Samoa
was met with widespread political unrest from sawmill stakeholders and local
villages (Sesega 2009). The ban was declared early in 2007 and lasted only
fourteen days after the Forestry Division bowed to increasing public pressure
allowing logging to occur for a three month period which has since expired and
yet due to a lack of direction in part by authorities logging has continued ever
since (Sesega 2009). An interview carried out with a government official
involved with forestry management in Samoa reiterated the dilemma authorities
were in at the time of the logging ban of 2007 as encapsulated in this excerpt:
“In 2007, we had a complete ban on commercial...there were a lot of
plant owners that didn’t like the ban because they were in trouble with
paying...villages [who] were making an agreement with the saw millers,
that the saw millers would get free logs and...build a church and a
minister and pastors’ house...[the villages] all came up to the mill and
asked why did they do a commercial logging ban but they had a problem
with the saw millers that they don’t have money to pay so the saw
millers are building them a church...so they allowed them...to go back
and do the logging for three months with the recommendation that for
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every tree that they fell they have to plant twenty trees” (Respondent
10).
Among the commercial logging operators that were affected by this temporary
ban was the Patamea sawmill. One of the stakeholders from this operation
asserted the trivial nature of the 2007 commercial logging ban as they believed
it was the result of pressure from a global policy initiative to provide funding to
the Forestry Division in Samoa as captured in this interview excerpt:
“[T]he Minister had to come up...he was a friend of mine when he was
in the Ministry of Environment and he kept coming to me and I said you
have got no right to stop me, these are my trees, I’m cutting my own
trees, it is my sawmill, I don’t need a damn license, but in the end the
Minister came over and stopped you know as a friend and said can you
help me, all I want you to do is to stop for about two weeks so I can get
this thing organized and then you can start up again. Did they have to get
aid funding? I think that was the only reason why they needed it”
(Respondent 10).
During the 2007 commercial logging ban the sawmill operation in Patamea took
the opportunity to replant hardwood species in areas that had previously been
felled. In a similar manner to avoiding logging in ecologically sensitivity parts
of the study area surrounding the Mali’oli’o River the aforementioned
replanting initiative aimed to conserve biological diversity and promote the
sustainability of forestry resources. Trees replanted include P.pinnata the most
common native lowland forest species found throughout Samoa, as well as
S.inophylloides and S.maaophylla an introduced tropical hardwood species
commonly known as mahogany (Whistler 2002). The owners of the Patamea
sawmill spoke at length of the challenge they faced feeling pressured to met
global environmental agendas from local authorities on their own customary
land during their replanting efforts as supported by the following interview
excerpt:
“[I]t is good for [the Government of Samoa] to see it because at least
they…have got something that they can brag about because sometimes
the government...says who is doing all this replanting you are supposed
to be doing and...there is only one sawmill that is doing replanting and
that is [us]. Why are you guys doing it? I feel it’s a good thing and...if
they…try and stop me from using the mill I can say...go and stop all the
other...mills because none of them are planting trees…That was one of
the reasons why I decided to plant trees because they said that if we
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don’t plant trees then we have got to stop and they won’t issue us a
license...I am the only one who is actually doing it” (Respondent 10).
This sentiment is also shared by the GoS in their efforts to ensure the proposed
biomass gasification project that is the focus of this research prevents the further
degradation of forested lands as illustrated in Figure 3.2 and discussed here in
the following assertion:
“[W]e need to be very sure that with this biomass gasification project
that we don’t exacerbate the destruction of the forests...we can do quite
the opposite. We can farm intensively in the lowland areas and...we can
conserve the upland native forests and in exchange for them leaving that
alone and protected for watersheds and biodiversity we can increase
their income generating opportunities in the lowlands and that’s the
hypothesis behind all of our GEF projects” (Respondent 2).
This environmental conflict Latai (2009) asserts stems from the dual realities of
contemporary society in Samoa influenced by traditional and colonial
governance systems that act to constrain attempts to integrate fa’a Samoa with a
European judicial system. Like many other Pacific Island nations Samoa has a
customary resource tenure system where 81 percent of all land is under
customary ownership (GoS 1998). Provisions to protect these lands from
alienation were made by the Constitution of the Independent State of Samoa
1960, with an exception allowed for leases and licenses under the Alienation of
Customary Land Act 1965 (MNRE 2006). Customary lands are vested with the
people of Samoa in accordance with traditional customary usage in order to
uphold the values of fa’a Samoa and are primarily managed by a matai
(titleholder) being the head of an extended family and having pule (authority)
over an area (Grant 2008). In the present study a unique situation arose whereby
the sawmill owner was also the paramount chief for most of the study area and
parts of neighboring districts. The roles this individual plays in the management
of the forestry resource in the study area and how this resource is shaped by the
nuances of dualistic societies are presented here later in section 5.6.5.
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5.6.2. Energy theme
The Pacific Islands region is well endowed with renewable energy resources,
yet the contribution renewables make to total electricity generation remains low
as the bulk of electricity is generated from imported fuels (Yu et al. 1996; Jafar
2000; Marconnet 2007). This dependency on fuel imports is having an adverse
effect on economic growth in the region with increasing international fuel price
hikes over the past decade illustrating the inherent vulnerability of Pacific Island
nations to external market forces (Jayaraman and Choong 2009). Samoa is
characteristic of many Pacific Island nations in this regard; with a growing
population and no indigenous fuel resources, paying for fuel imports for power
generation purposes in particular is placing a significant financial burden on the
government and consumers alike. During an interview carried out with an
official from the local power utility in Samoa these challenges were outlined:
“[I]t is hard to convince...engineers who say...lets stick to diesel, it has
proven it works...but you know if you look at the price of fuel and it is
going up and...because we are very heavily reliant on imported fuel...if
there is a problem with supply then we could have a problem with trying
to meet demand here whereas with renewables...we have that security of
supply...[and] with biofuel...there are the local benefits so that’s a big
plus for biofuels and biomass that the money will be kept in country to
support the local economy” (Respondent 4).
Evident from this passage is the urgency needed to diversify Samoa’s sources of
electricity generation from a power utility perspective. The most recent data
from 2010 indicated the electricity generation portfolio of Samoa was
dominated by diesel and hydroelectric generated sources contributing 58 and 41
percent respectively (GoS 2010). Generation from coconut oil (CNO) and solar
sources provided approximately 1 and 0.01 percent of total electricity
production and gross electricity generation for Samoa based on 2010 data was
107.8 GWh (GoS 2010). A lack of any renewable generation developments and
growth in electricity demand has seen Samoa relinquish a generation portfolio
once dominated by 90 percent renewable sources in the early 1990s for a more
expensive and arguably less sustainable portfolio at present (Wade 2005b). An
observation also shared by one of the power utility representatives in this
assertion:
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“Is there any variation, seasonal variation? Oh yeah definitely it varies
from thirty to sixty percent. So on average its about forty percent. It used
to be back in the eighties it used to be eighty percent, but you know with
the increase in demand” (Respondent 2).
While this passage briefly addresses the discrepancies between current and
historical power generation portfolios it also alludes to variability between
seasons. Hydroelectric dominated electricity generation networks in the Pacific
Islands region are significantly influenced by rainfall patterns that produce the
respective wet and dry seasons to which many nations such as Samoa are
accustomed. This creates a seasonal variation in the generation profile of
Samoa, whereby during the wet season from November to April electricity
produced from hydroelectric schemes contributes about 60 percent of total
generation, in contrast to the dry season from May to October in which the
contribution from hydroelectric schemes decreases to approximately 30 percent.
During the dry season the power utility is forced to supplement electricity
generated from renewable sources with diesel generators further increasing the
cost of electricity. An interview conducted with a representative from the EPC
established that the power utility was passing these increasing operating costs
onto consumers through fuel surcharges:
“Does a lot of the EPC portfolio comprise paying for diesel? Yes...the
main expense for EPC is fuel costs...so with the increasing fuel costs we
are finding that we have to pass that onto the consumer. Is that why the
tariff continues to increase? Yeah and the surcharges we can’t afford,
the thing is we don’t get subsidized... so there is a lot of other countries
who get theirs subsidized by government. Even on fuel, we pay
GST...but we don’t pass it on to the consumer. We are all finding it hard,
we are all trying to conserve power now that it is so expensive. Do you
know what percentage of the EPC’s portfolio pays for just diesel?
[M]aybe seventy or eighty percent. We use about 15 million litres per
year of diesel and I mean for a small country...that is a lot of diesel”
(Respondent 2).
In addition to these challenges expressed by the power utility a discourse started
to emerge from these interviews associated with changing climatic regimes in
Samoa. As a result several studies have been carried out on climatic indicators
for the region including an ongoing study of the Afulilo Dam reservoir carried
out by the Australian Bureau of Meteorology (BoM) in conjunction with EPC
(BoM 2009). The study aims to predict seasonal rainfall over Samoa using El
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Niño Southern Oscillation (ENSO) based seasonal forecasts in conjunction with
the Samoan Meteorological Office in order to produce rainfall outlooks for the
region. In doing so it is envisaged this will provide the EPC with greater levels
of certainty to maintain the Afulilo Dam reservoir levels and avoid similar
situations to the droughts of 2008 as stressed by the power utility in this
interview excerpt:
“In 2008, we had a drought, we had the fuel price hike and we had two
of our generators down…we had to turn the power off to some areas and
left some parts on…we had no hydro...it was very dry from October to
November and October is the transition from dry into wet season by
November we still had no rain. Is there any correlation with El Niño and
the weather patterns to deal with your hydro schemes? It’s a fairly
strong…with El Niño we get dryer than normal conditions and with La
Nina we get high rainfall” (Respondent 2).
5.6.3. Environmental policies and governance
It is important to situate the proposed biomass gasification project within a
broader political framing in which global agendas influence renewable energy
development decision-making at the local level, in this case in Patamea. This
section presents the main findings from interviews conducted with various
stakeholders as it pertains to the aforementioned global influences that shape
national policies and local developments and how these parameters are attended
to by stakeholders representing a multitude of agencies. Inherent in these
findings are a number of contradictions and conflicts that add to the growing
complexity of modern bioenergy initiatives and what is being done to cope with
the overwhelming nature of bioenergy as well as renewable energy projects
more broadly. Evident during an interview with a staff member from the
Secretariat of the Pacific Regional Environment Programme (SPREP) was the
critical role this regional organization plays in building policy and governance
capacity among their Pacific Island member countries:
“[W]e are...a Multilateral Environmental Agreement (MEA) hub. We
are...expected by all...member countries to assist them in terms of
negotiations, in terms of clarifying issues and in terms of how to
negotiate their priorities...during the MEA conferences of the parties,
promoting the Pacific’s requirements and needs and also there is
information and knowledge that spreads in terms of developing policy
and this will also help them implement those MEAs on the ground,

	
  

108	
  

especially the three main MEAs: Biodiversity (UNCBD), Climate (the
UNFCCC) and Desertification (UNCCD)” (Respondent 3).
This passage highlights three important conventions known as Multilateral
Environmental Agreements (MEAs) that provide a broad guiding framework to
which regional and national environmental policies in adopting the principles of
the conventions must uphold. The United Nations Framework Convention on
Climate Change (UNFCCC) was the first resolution to be adopted by the United
Nations general assembly on May 9, 1992. Article II outlines the overall aim of
the convention, which is for the:
“[S]tabilization of greenhouse gas concentrations in the atmosphere at a
level that would prevent dangerous anthropogenic interference with the
climate system. Such a level should be achieved within a time frame
sufficient to allow ecosystems to adapt naturally to climate change, to
ensure that food production is not threatened and to enable economic
development to proceed in a sustainable manner” (UN 1992).
In this objective parties to the convention agree to mitigate the adverse impacts
of greenhouse gas emissions produced from anthropogenic activities in addition
to ensuring the environment can adapt to a changing climate over time. Several
mechanisms have since been created to assist Pacific Island nations meet the
aims of the convention. Most applicable to the present study were the Pacific
Island Greenhouse Gas Abatement through Renewable Energy Project
(PIGGAREP) regional framework (UN 2007) and the National Adaptation
Programmes of Action (NAPAs) for use by least developed countries (LDC) in
which Samoa meets this criteria (UN 2007). Respondent 2 explained the
importance of PIGGAREP to funding research into potential renewable energy
projects asserted here:
“[PIGGAREP] is about renewable energy projects for the region and
they have got money allocated for each of the countries...we’ve been
using some of those funds from that project to help us in our research
and monitoring programs. The funding is from GEF so we can only use
it for software we can’t use it for any hardware, so our hydro monitoring
program which has been used for the feasibility studies for our new
hydros we used funds from PIGGAREP, we’ve also used funds for wind
monitoring in Savai’i to install some wind monitoring equipment....we
are getting a proposal in for PIGGAREP to fund a feasibility study and
EIA for our new solar project” (Respondent 2).
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The regional focus of PIGGAREP requires a coordinated approach to ensure
each individual country response by means of GHG mitigation policies and
associated energy sector plans. The environmental organization, SPREP serves
as a regional hub to coordinate programs such as PIGGAREP as outlined in this
excerpt from an interview conducted with a SPREP official as part of this
research:
“SPREP’s main role is to access funding and to help countries with their
experiences, accessing the current technology that will help them and
also the experiences...that have been learnt already in other parts of the
world to assist the countries when they start a renewable project, and
also to coordinate the exchange of learning from what they are doing
between the countries...the Pacific Climate Change Roundtable...serves
as a forum for exchanging and learning from each other and Pacific
Adaptation Program...so these two programs sort of work side by side to
provide the forum for exchanging learning as well as coordinated way of
accessing technology support...from all over the world to assist with the
Pacific initiatives, many of which are still planned by government
departments…we work with government departments, we rarely have
direct engagement with NGO’s. Who are some of the global
stakeholders? Well it’s mainly the UNFCCC...and they have several
mechanisms like the clean technology mechanism and there are several
funds that they have set up which we access …for climate change
adaptation or mitigation and that’s the challenge when we go to a funder
like the EU or Australia they also have strict requirements on what they
would like their funds to be used for” (Respondent 3).
PIGGAREP represents the first comprehensive regional effort to mitigate
greenhouse gas (GHG) emissions in PICs. This region has been described by
Levanti (2008) and Jayaraman and Choong (2009) as made up of fossil fuel
intensive economies despite negligible manufacturing capacities, imported
fossil fuels provide the bulk of PICs energy supply. Diesel based electricity
generation provides most of the region’s electricity and coupled with the
transport sector produce the majority of GHG emissions (UN 2007). In response
to PIGGAREP the GoS established the National Greenhouse Gas Abatement
Strategy (NGHGAS) 2008-2018 with an overall objective “to mitigate the
impact of climate change through GHG abatement; supporting global action to
reduce GHG emissions [and strengthen] the national economy by the efficient
operation of the relevant sectors producing GHG” (Rasmussen and McGoldrick
2008 p. 64).

This strategy is divided into eight key areas pertaining to

mitigating GHG emissions from the land transport sector, buildings, regulations,
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aviation and maritime transport, as well as areas more closely related to this
research including deforestation and forest degradation, renewable energy,
biofuels and the electricity sector (Rasmussen and McGoldrick 2008 p.64).
Prior to the GoS adopting their NGHGAS 2008-2018 the government was
formulating a plan to address the threats posed by climate change identified as
part of the National Environment and Development Management Strategies
(NEMS) in 1993 (SPREP 1993 p. 52). In 2007, cabinet approved and endorsed
the National Policy on Combating Climate Change (NPCCC), which provides a
national framework to adapt to and mitigate the effects of climate change in a
sustainable manner (GoS 2007b). Objective four of the NPCCC aims to
“implement mitigation measures to reduce greenhouse gas emissions causing
climate change” which relates closely to the proposed project that is the focus of
this research (GoS 2007b).
The aforementioned PIGGAREP initiative and associated preparatory work
encourages energy and environmental agencies from respective Pacific Island
nations to work collaboratively in order to mitigate GHG emissions (UN 2007).
Prior to PIGGAREP being established the Pacific Island Renewable Energy
Project (PIREP) commenced in May 2003 which involved a series of detailed
studies focused on removing the barriers to the widespread utilization and
commercialization of feasible renewable energy technologies (RETs) for the
region (UN 2007 p. 6). Studies conducted under the guise of PIREP established
many synergies between other renewable energy initiatives previously carried
out at the national, sub-regional and regional level. These included the Pacific
Island Energy Policy and Plan (PIEPP) of 2002 that aimed to coordinate
regional energy agencies using the mechanisms of the Council of Regional
Organizations of the Pacific (CROP). Overall the vision of the PIEPP was to
ensure “available, reliable, affordable, and environmentally sound energy for
sustainable development for all Pacific islanders” (CROP 2002 p. 2). PIREP and
PIEPP provided essential regional guidance in order to formulate Samoa’s first
National Energy Policy (SNEP) adopted by cabinet in June 2007 (GoS 2007).
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The SNEP aims to improve “the quality of life for all through access to reliable,
affordable and environmentally sound energy services and supply” (GoS 2007
p. 7). SNEP outlines how this will be obtained through two goals, firstly “to
increase the share of mass production from renewable energy sources by 20%
by year 2030” and secondly “to increase the contribution of renewable energy
for energy services and supply by 20% by year 2030” (GoS 2007 p. 7). Since
cabinet adopted this energy policy more than four years ago concerns have been
raised in the public domain regarding the realistic nature of these targets
(Jackson 2010). In the present study research participants as illustrated in this
assertion shared similar sentiments:
“[W]e need to revise the energy policy, the target...I’m not sure how
they came up with the whole consultation of…how to…set targets...and
how to achieve these targets...from EPC’s point of view...our target is to
use as much renewables as possible. We don’t have a set target yet,
maybe we will next year in our next corporate plan...once we have
figured out all of these renewable generation [projects] that are coming
in, but at this stage the government’s target as in the National Energy
Policy is a bit vague” (Respondent 2).
Among other aspects of renewable energy development this highlighted the
contradictions between different energy stakeholders. Several stakeholders
interviewed as part of this research indicated a lack of collaboration and
information sharing are an environmental governance related challenge to
ensuring renewable energy projects are successful:
“[W]e are lucky that with the different ministries and other organizations
here we know a lot of people that work there, so it has been easy for us
to get access to that kind of information but generally it is pretty difficult
in Samoa to get the information that you want, people want you to pay
for information that they give out even though it’s public information
so...it has been identified in a number of reports that data sharing and
access to information...in Samoa....could be improved” (Respondent 2).
More specifically the transfer of the Forestry Division from the Ministry of
Agriculture, Forests and Fisheries (MAFF) to the Ministry of Natural Resources
and Environment (MNRE) has created a more holistic approach to
environmental management in Samoa as outlined in this interview excerpt:
“It has helped over the last ten years...the previous CEO was
instrumental in taking Forestry off the Ministry of Agriculture, Forests
and Fisheries because it’s a natural resource, those forested valleys are
our watersheds and our Ministry of MNRE is responsible for watershed
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management and land management yet forestry was with...the Ministry
for Agriculture, Forests and Fisheries but MNRE took over meteorology
and added climate change to it and so suddenly the Ministry of
Environment became eleven ministries…[N]ow the advice that our
ministry gives for sustainable livelihoods and natural resource
management often contradicts the advice being given by the current
Ministry of Agriculture and Fisheries, so it’s time that Fisheries...and
Agriculture...also under this ministry and that will put a stop to that
conflict that is going on…[T]he dialogue between the ministries is not
collaborative, it’s often because of poor understanding, if everyone had
the same understanding then...they would be equally committed so
we’ve got...to raise awareness of our politicians, our public servants, our
ministries let alone schools, teachers, communities and village councils”
(Respondent 1).
Inherent within this passage is a sense that the inclusion of the Forestry Division
within MNRE has resolved some issues however it has also left much room for
improvement especially in regards to raising the awareness of issues related
broadly to energy, the environment and an uncertain future given changes
associated with climate regimes. Interviews conducted with representatives
from regional and national government agencies identified several barriers to
increasing renewable energy generation as illustrated in the following excerpts:
“[T]he major barriers or limitations have been in various stakeholders
that say biomass is not a proven technology, it was used widely during
the second world war...so it’s old technology and it proved
itself...including in Samoa there were trucks and buses here with
biomass gasifiers” (Respondent 2).
The Strategy for the Development of Samoa (SDS) 2008-2012 represents a
multidisciplinary approach to attending to challenges presented by energy, the
environment and climate change in order to improve the quality of life for all
people living in Samoa (GoS 2008). SDS is divided into three priority areas:
economic policies, social policies, public sector management and environmental
sustainability. Strategies under priority area three are aimed at achieving better
levels of governance, environmental sustainability and disaster risk reduction.
The SDS 2008-2012 encourages the implementation of renewable energy in
favor of a reduction in the nations fossil fuel dependency. In order to achieve
greater levels of renewable energy five strategies were devised: “promoting the
sustainable use of indigenous energy resources and renewable energy
technologies; promoting partnerships with communities and all energy
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stakeholders, especially development partners, in the development of renewable
energy programmes in Samoa; exploring training opportunities to build up
capacity in renewable energy technologies; encouraging the commercial use of
renewable energy research findings of the Institute of Research and
Development; and enhancing public knowledge and understanding of renewable
energy and its costs and benefits” (GoS 2008 p. 41). These strategies provide
many synergies with the focus of this case study, the feasibility of a biomass
gasification project for Patamea as illustrated in Figure 5.14.
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Figure 5.14. Overview of the Multilateral Environmental Agreements (MEAs)
pertaining to bioenergy developments as well as regional frameworks and
national policies and plans associated with the proposed biomass gasification
project in Samoa.
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5.6.4. Proposed biomass gasification project
In this section findings from interviews concerning the proposed biomass
gasification project in Patamea are presented addressing why this development
was initially devised and how certain parameters may act to constrain this
proposals success. The GoS identified establishing a biomass gasification pilot
project as one of six priority areas for action as part of the NGHGAS 2008-2018
of the second national communication to the UNFCCC (Rasmussen and
McGoldrick 2008). Funding was secured through a partnership between the
Government of Australia (GoA) and Government of Samoa (GoS) implemented
by the Ministry of Natural Resources and Environment (MNRE) to the tune of
AU$1 million over the period 2009-2015 (GoA 2009 p. 7). In 2010 a feasibility
study was carried out with the objective to “identify potential sites for a biomass
gasification demonstration project for Samoa, select the best site and undertake
a feasibility study in coordination with the MNRE” (Knowles 2010 p. 3).
During this feasibility study a team of international consultants identified the
Patamea sawmill as one of five sites suitable for a biomass gasification
development (Knowles 2010).
The project has been proposed to reduce GHG emissions and support emissions
controls under the UNFCCC, however it became evident through discussing this
initiative with research participants the moral imperative Samoa has given their
small contribution to global GHG emissions:
“There is a lot of emphasis in Samoa on reducing greenhouse gas
emissions, is this directly related to the UNFCCC? In practice yes, in
principle yes but in terms of the role of the Pacific in that it’s very
minimal because of our contributing greenhouse gas emissions…if we
practice reducing our own footprint here in a small place that can help
you and your children and...with that kind of culture to start reducing
that emission. What about at the Conference of Parties (COP)? We
never talk about the principle we always talk of our contributions to total
emissions of greenhouse gases. It’s not just the whole emissions of
greenhouse gases I think the question “what are we developing for?” I
think we should start looking at what those principles are and the
premises...for Western development is that all the benefits you can...get
is when all of your material needs are satisfied...but my personal answer
is no we cannot satisfy human urge for satisfaction through material
needs, it can never be satisfied by material needs, there is another total
half of humanity of being human that needs to be explored and that
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might provide us for the answer to many of these problems...it is a
simple reduction of things...why do we have to price so many things we
don’t need so expensive” (Respondent 3).
Furthermore, the proposed biomass gasification project also achieves many
interrelated issues associated with environmental, energy and climate change
agendas. The project is closely aligned with the National Policy on Combating
Climate Change (NPCCC) 2007, National Energy Policy (NEP) 2007, National
Greenhouse Gas Abatement Strategy (NGHGAS) 2008-2018 and the Strategy
for the Development of Samoa (SDS) 2008-2012 addressed here previously
(section 5.7.3) in which emissions reductions through renewable energy
development is an important priority (Knowles 2010 p. 3). The origins and
multifaceted nature of the proposed biomass gasification project was
emphasized by Respondent 2 in this interview excerpt:
“The previous CEO saw the need for this Ministry [MNRE] to be
responsible for climate change emissions so they wrote...the National
Greenhouse Gas Abatement Strategy and they mainstreamed a lot of
those ideas into the National Energy Plan and they’ve written a Carbon
Neutral Economy by 2020...they’ve laid out what we need to do
to...reduce the emissions of greenhouse gases...and sequester as much
carbon as we can back into the trees...one technique is to use biomass
gasifiers to...generate electricity and heat...that way we’ve got an excuse
to plant more forests out in Samoa and so AusAID agreed that they
would fund to do biomass gasification and that project got underway
about a year and a half ago” (Respondent 2).
In addition to this project achieving the objectives of international, regional and
national environmental agenda many research participants also highlighted the
multiple benefits a biomass gasification project could possibly provide at the
local level. Respondent 2 illustrates this notion in their assertion that a biomass
gasification project will provide employment and income generation
opportunities:
“Now these guys are probably driving a biomass gasification project
solely to displace diesel and generate alternate power whereas if they
realized that there are a lot of ancillary benefits with this biomass
gasification project...the first...being you go out to a village and you
introduce a biomass gasification program and it’s income
generating...when you’ve got their attention then they will take on board
all of your climate change adaptation strategies and all of those other
things about environmental management and they will certainly be
incentivized to take on all of your climate change adaptation advice if
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you’ve already introduced your renewable energy technologies
especially the bioenergy technologies because they not only sequester
carbon but they provide a lot of heat so that you can then value add your
agricultural products and suddenly the development paradigm in any
rural village in Samoa is going to change over night with these
bioenergy technologies” (Respondent 2).
5.6.4.1. Efficacy of bioenergy projects in reducing greenhouse gas emissions
Since the biomass gasification projects was initially proposed through a
partnership between the GoA and GoS concerns have been raised that this
initiative may cause more environmental harm than it will provide
environmental benefits. During the International Year of Forests in 2011
prominent Samoan environmental consultant and chairperson of the Global
Forest Coalition (GFC) Fiu Mataese Elisara pleaded the importance of forests in
his assertion that “forests have an intrinsic value and should be conserved in
their own right, as prescribed by numerous Indigenous and non-indigenous
socio-cultural norms and value systems” (Lovera and Petermann 2011). The
GFC has publicly criticized the use of wood-based bioenergy developments to
mitigate greenhouse gas emissions through the Reducing Emissions from
Deforestation and Forest Degradation (REDD) mechanism of the UNFCCC
arguing that “[a]t the same time that the UN Climate Convention is promoting
the reduction of deforestation and forest degradation, they are pushing
contradictory climate mitigation schemes that will accelerate deforestation and
forest degradation” (Lovera and Petermann 2011). Several informants also
shared the controversial nature of wood-based bioenergy developments as part
of this research outlined in the following interview excerpts:
“There was some confusion from…people that they didn’t want us to
cultivate native species and then burn them…Now the other problem is
there are a few politicians who seem to understand and think that we are
going to chop down the native forests to feed these big machines and
even if we grow purpose grown biomass feedstock forests they think we
are going to chop down those forests...so we’ve had to argue with
cabinet a few times but they’ve now cleared the biomass gasification
project and there is a certain code of ethics that we need to follow and I
think people are still unaware...so I think we need to still create a lot
more awareness of the myths or dispel the myths associated with
biomass gasification even here in Samoa even after a year and half into
this project” (Respondent 2).
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Concerns were also raised in 2010 when the Forestry Division of MNRE
devised a list of proposed biomass tree species to be investigated further for
their potential use in a biomass gasification project (GoS 2010c). Contained
within this list were both invasive and indigenous species endemic to Samoa
including the species at the focus of this study P.pinnata as well as the
controversial biofuel tree species known locally as Pafiti (Jatropha curcas). The
Scientific Research Organization of Samoa (SROS) have been trialing Jatropha
in recent years for biofuel production, however it is likely the species was
introduced more than 30 years ago (Fairbairn et al. 2010 p. 30). Respondent 2
shed light on some of the controversy associated with Jatropha during the
course of an interview as part of this research:
“[I]n regard to Jatropha which our Scientific Research Organization has
been promoting for five years. It is highly invasive, highly toxic, its on
the unwanted list and yet they are going ahead advocating planting out
more Jatropha” (Respondent 2).
Therefore at the same time the Ministry of Natural Resources and Environment
(MNRE) are trying to protect indigenous forests from being logged the
Scientific Research Organization of Samoa (SROS) is promoting the uptake of a
highly toxic and invasive species in Jatropha for use as a diesel substitute
(Fairbairn et al. 2010 p. 9; Elisara 2011). In addition to concerns raised by
cabinet in regards to the biomass resource, in particular the species being used
in bioenergy developments further issues were tabled associated with the
proposed renewable energy technology. It seems fitting that questions were
posed as to the emissions produced from a biomass gasifier in light of this
project being implemented on the premise to mitigate greenhouse gas emissions.
Respondent 2 narrated the very nature of these concerns and how they were
incorporated into the project design in this passage:
[T]here are a lot of concerns that the emissions from these biomass
gasifiers may negate the efforts…so we have proposed that the gasifier
that Samoa takes on board must have the latest emission control
system…so lets hope that that’s the direction that...this project [takes]”
(Respondent 2).
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The discourse used in the context of the proposed biomass gasification project
neglects to draw on the failings of similar initiatives developed over the past 40
years in the Pacific Islands region. Despite the present project being
implemented to reduce GHG emissions the parallels with biomass gasification
projects developed in the 1970s and 80s to substitute expensive diesel electricity
production are the same. The current project needs to incorporate lessons
learned from previous biomass gasification projects in the region in order to
divulge the notion this is a “pilot project” and render modern bioenergy
developments equally sustainable and successful as perceived by developers and
recipient communities alike. Historical reasons for bioenergy development,
namely substituting electricity generated from imported diesel, also serve a
valid purpose in modern bioenergy initiatives as proclaimed by Respondent 2 in
the following interview excerpt:
“[The project] is dual purpose, because we all have the National
Greenhouse Gas Abatement Strategy and any way in which we can
displace diesel imports and reduce our greenhouse gas emissions and if
we displace power generation from diesel by using bioenergy feedstocks
then we are having a bit of a win-win-win” (Respondent 2).
While the aid-funded biomass gasification project has been well documented by
government agencies, regional stakeholders and international fora the demand
side management has often been neglected. This became evident during
discussions with the Forestry Division of MNRE and the sawmill owners at
Patamea who had identified sawmill residue, as an appropriate resource for
meeting their energy needs as well as increasing productivity as illustrated in
the following excerpts:
“[T]hey went to the Patamea sawmill, yeah we saw a lot of sawdust and
a lot of left over not millable timber, we think about it because they are
replanting a lot of trees and we need to use that sawdust in a biomass
gasifier” (Respondent 10)
and;
“Yeah the sawdust stops the mill from operating sometimes, with big
logs we have to clear out sometimes four times until the log is
processed” (Respondent 9).
An evaluation of modern bioenergy systems in the Pacific was carried out in
2006 highlighting “scale, capacity, community, technology, governmental
policy and the concept of critical mass, as factors that are central to the
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successful development of the bioenergy sector” (Woods et al. 2006 p. 469).
Throughout this section many of these aspects have been presented as important
attributes for the success of the current biomass gasification project in Samoa.
Regional stakeholders SPREP noted the importance of scale to the longevity of
projects such as this as indicated in this interview excerpt from one of their
representatives:
“[I]t has to be small scale...[and] it has to be largely individually
driven...There is a lot of risk if we are going to take on a large scale one
then...the larger the risk...because basically we have no experience with
how to deal with the risk. So small scale ones small risk you can manage
it...there is a lot of support from government in terms of incentives,
policy and technical support...with government support and
learning...there needs to be [a] systematically review to help whoever is
going to start it to either continue to transfer that learning to anybody
else that wants to continue from where we left” (Respondent 3).
5.6.5. Cultural context
Despite more than 200 biomass gasification projects having been established
since the 1980s many of these developments have since ceased operation as the
nature of these projects were often donor-funded demonstrations focused
primarily on the technology with little regard given to the socio-cultural context
of recipient communities (Sanday and Lloyd 1993; Jafar 2000). This section
presents the main findings from interviews and mapping exercises to illustrate
how some of the cultural underpinnings of modern Samoan society are shaped
by fa’a Samoa and how this could potentially impact on the success of the
proposed biomass gasification project in Patamea. The village of Patamea
supplies on average thirty workers for the sawmill operation that is the focus of
the present study. While there were several women in charge of administration
and accounts for the sawmill operation the labour supply was dominated by a
mix of titled and untitled men known as matai and aumaga respectively (Ma'ia'i
2010).
The field period provided an important insight into how cultural understandings
and structures could potentially act to reduce the success of the proposed
biomass gasification project. This was made clear when a village meeting in
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Patamea summonsed the sawmill to cease operations as matai that worked as
part of the logging operation were required to settle a dispute between the
village and a member who on June 22 spoke out publicly in opposition to sand
mining currently taking place near Sāmalae’ulu village. In response the MNRE
visited the village and ordered all sand mining to cease until such time that the
operation purchased an excavation permit from their ministry. This situation
illustrates Latai (2009 p. 2) assertion that modern Samoan society remains
dualistic in its attempt to blend traditional value systems instilled from the fa’a
Samoa with more contemporary values and systems such as a European style
judicial system.
Differences also extended to the social structure of these two systems. This
became apparent upon interviewing local sawmill stakeholders and reflecting on
discussions with government officials linked to the project. The sawmill in
Patamea presents a unique case where in the owner of the operation also holds
the position as paramount chief of the area. This research aimed to interrogate
the similarities and differences between different understandings of a potential
biomass gasification project, however a series of interviews with sawmill
stakeholders produced knowledge of a more complex system. In doing so it
became apparent that initial framings of the problem based on bioenergy
literature from the Pacific were inconsistent with detailed understandings of the
Patamea case study produced from the field. The matai for Patamea and sawmill
owner shed light on this complexity and situations where conflicts have arisen
due to the incompatibility between the two systems as illustrated in the
following interview excerpt:
“Well they tried to, they tried to use their titles once but I told them
straight when you come and work for me don’t bring your titles with you
because when I tell you something I am not telling you as a title holder I
am telling you as a worker, you are a worker and you are paid what you
are paid to do what I tell you and if you don’t like it you go home you
don’t turn around and say something like doing that because I am a
matai, I’m not interested in that, I don’t told him “if you come here and
say that you are a high title” well if you are a high title then you
shouldn’t come and work because if you don’t want me to tell you what
to do then why waste time…So yeah that’s the way it is they don’t
understand that I have, I just tell them straight “if you want to respect
your titles, don’t bother coming to work, because I am not going to sit
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here and say oh you big chief you sit over there and let the boys do the
work while you are sitting there” (Respondent 5).
This sentiment was also shared by an aumaga employed by the sawmill that
reiterated the importance of separating positions held in a workplace from any
matai title bestowed upon individuals within the context of Patamea village:
“[T]he old man told them cause there is some people they have a matai
like I give a shout at them and then they turn around and they say they
are a matai and all that so I told them oh you see the broken down fence
over there and I just point my hand down…when you come to work just
hang your matai over there and come and work because you don’t bring
that…in here and just think that a matai has any business for work, when
you work you work, when you go to Apia and work in Apia you don’t
go there and just tell everyone that you’re a matai and say ease up on me
because I am a matai” (Respondent 11).
It became apparent that the dualistic society asserted by Latai (2009 p. 2) was
more complex and integrated in Patamea. This notion was based on interviews
with sawmill stakeholders that established similarities between the proposed
biomass gasification project and traditional social structures within Patamea. In
particular the role of the tamaali’i (high chief) from Patamea who also owns the
sawmill in question illustrated how the project structure could emulate and
therefore integrate notions of fa’a Samoa (Figure 5.15). Despite the nexus
between these two world views at the owner and tamaali’i level knowledge
produced from aforementioned sections suggest there is an understanding in the
sawmill workplace to avoid integrating traditional and modern social structures.
This was evident when the sawmill manager was bestowed a matai title from
the village of Sale’aula during the field period. Despite holding this matai title
this bestowing raised several issues as previous tensions between workers who
held matai titles continued and challenged that of their manager who held pule
over an area outside of the study area.
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Figure 5.15. Proposed project structure and the traditional Samoan social structure in Patamea (adapted from Latai 2009 p. 62).
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The tamaali’i from Patamea asserted that the dual roles they held in the area
both as owner of the sawmill providing the main source of income to village
members and as the paramount chief of the area intimately involved in village
decision-making. This tamaali’i shared that respect from village members has
historically not been as forthcoming as it is at present. The tamaali’i shared that
prior to being bestowed their current paramount title they held a smaller matai
title that was less respected by village members and led to difficulties in trying
to assert the importance of the sawmill operation to improving local livelihoods
in Patamea as illustrated in the following interview excerpt:
“Now that I am more established you know my power and authority is
more or less established now whereas before I had nothing, I had a small
title really that wasn’t really that you know as a matter of fact some of
the guys that were trying to push me off have passed away, like I told
them any of you guys who are trying to take me off, take away my rights
you will find that you wont survive” (Respondent 5).
During a detailed study of three bioenergy developments in 2006 one of the
most important influences on land use for bioenergy crop production was the
land ownership system (Woods et al. 2006 p. 491). Traditional land-tenure
systems are found throughout the Pacific and are based on the principal of
subdivision and inheritance leading to the “fragmentation of land plots, disputes
over land boundaries and problems with multiple ownership” (Woods et al.
2006 p. 491). An understanding of land use and land ownership tensions in
Patamea village was produced through a series of discussions with sawmill
stakeholders, landowners and village matai. Respondent 9 spoke of having to
repurchase a land parcel within the study area from the Lands and Titles Court
as a matai from Patamea continually disputed the ownership of the land in
question. This example speaks to the blurred nature between European authority
as granted through a judicial system and customary pule (authority) bestowed
through matai titles for a given area. Historical issues associated with land
ownership have created major challenges to the success of renewable energy
developments in Samoa, most notably the case of Magiagi village and an
ongoing battle with the EPC in regards to compensation as a result of a
hydroelectric development in the village (Iati 2010 p. 198). An EPC official
interviewed as part of this research asserted the complex nature of community
engagement for renewable energy development in Samoa and how the power
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utilities thinking has changed somewhat from the Magiagi development in
which cultural parameters were perceived as a hindrance to now seeing the
opportunity to empower local stakeholders thus ensure new projects have the
long term support of recipient communities. This shift in thinking was captured
in the following interview excerpt:
“Well previously what we try to do is...try to buy the land off them or
you know just to avoid all of that cultural interference if you could call it
that. With our new hydro and proposed hydro’s what we have done is
we have come up with a new business model where we would like to get
the communities involved...sort of a joint community owned project so
that way they will have you know a sense of ownership of the project
and so they will try and you know maintain and upkeep if it’s the hydro
project knowing that they will get money from that so that’s the new
model that we are using. But we have had numerous problems with
villages” (Respondent 4).
In doing so the EPC is likely to experience increased levels of interest in their
renewable energy projects if effective conversations between respective
communities and the power utility lead to a greater “sense of ownership”
(Woods et al. 2006 p. 481) in part by the recipient community. More
specifically Woods et al. (2006) stress that community enthusiasm for bioenergy
developments can be harnessed when they are involved in initial project design
and planning as well as an integral part of ongoing monitoring regimes. Based
on an investigation of bioenergy projects that have failed in the villages of
Lomulomu and Welagi in Fiji, Woods et al. (2006) argued these projects could
have been more successful if they were “designed and implemented in a more
Fijian way” (Woods et al. 2006 p. 481). In a similar manner this research aims
to identify some of the similarities between modern bioenergy services with
traditional bioenergy use in Samoa. It is envisaged this will illustrate how and to
what extent fa’a Samoa could possibly be integrated into modern bioenergy
projects to further strengthen the aforementioned sense of community
ownership and build upon a familiar value and knowledge system that has been
developed over centuries to form traditional practices such as the earth oven
known as an umu. Respondent 3 captured this framing in the following
interview passage:
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“[B]iomass is quite akin to the way we live and what we do, we have
natural organic waste coming from us from the trees you know that we
can use. It doesn’t have to be large scale but if you can supplement our
energy needs then great” (Respondent 3).
It is important to reflect on the significance of land ownership for proposed
bioenergy developments in the Pacific as any restrictions placed on access to a
potential resource supply will ultimately effect the viability of bioenergy
projects in the future. The customary land ownership model in Samoa provides
a unique set of parameters that often contradict European based boundaries and
power relations. The biomass gasification feasibility study carried out by
Knowles (2010) on the Patamea sawmill grossly underestimated the amount of
land held within a customary title by the sawmill owner. This study assumed the
total land area owned by the Patamea sawmill to be 1,200 ha. In reality the
calculations carried out by (Knowles 2010) represent about 34 percent of the
total satellite imagery extent and less than 10 percent of the estimated 13,200 ha
under customary ownership by the paramount matai of the area who also
happens to be the owner of the sawmill operation. The boundaries of the
WorldView-2 satellite image discussed here previously (Section 5.3) and
customary land boundaries described above are illustrated in Figure 5.16.
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Figure 5.16. An outline of Savai’i indicating the extent of land captured by the WorldView-2 satellite image (yellow) as well as the area
under customary title (blue) by Patamea sawmill owner and paramount matai of the area (Source: Bier 1990).
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Establishing land boundaries to denote areas under customary title is an
expensive process in Samoa. Demarcating boundaries between private
landowners over large areas requires the establishment of fences and other such
barriers to avoid encroachment from neighboring landowners (Cox and
Elmqvist 1991 p. 318). The issue of encroachment was raised by the paramount
matai of the area who expressed an ongoing battle to maintain current
boundaries as illustrated in Figure 5.16. Traditionally borders between
neighboring titleholders were indicated by the planting of taro plots as
illustrated in Figure 5.17 taken from the study area. These boundaries, whilst
relatively inexpensive compared to permanent borders are easily moved or
removed often leading to land disputes when a matai discovers evidence of
encroachment. Permanent borders such as rock walls and wire fencing were
evident in the study area, however the labour intensive and costly nature of
these structures have meant less than half the total area of the matai title is
demarcated by these permanent borders.
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Figure 5.17. Land boundary types from the study area with sites a to c used for validation (left panel) and examples of these are shown as
zoomed images above photographs on right panels that include: a. and b. facing northeast and southwest respectively from 13°53’84”S,
172°32’30”W illustrating traditional boundaries planted in taro as well as wire fence borders established in the early 1990s; and c. taken
from 13°54’65”S, 172°31’79”W depicting traditional permanent lava stone walls erected in the early 1980s.
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5.6.5.1. Changing climates and cultural change
Several respondents gave their perspective on current social trends in Samoa
and an overwhelming sense of becoming an urbanized island nation that is far
removed from fa’a Samoa based underpinnings of society. Respondent 3 shared
their observations of Samoa in transition, the interesting question posed by this
informant from SPREP was “what are we developing for?” as captured in this
interview passage:
“That is what we are growing into, it is going to become a huge urban
area between here and the airport. Can we stop that? It will require
fundamental change in concept and belief in the question of “what are
we developing for?” and yeah its redefining society and individual and
what decisions we have. Is it just to expand into economic gains that
have been developed in the West, is that what we are here for?
Unfortunately we are moving quite fast into that, very fast” (Respondent
3).
Further to respondents being critical of Samoa’s development pathway,
Respondent 2 claimed the linkages between climate change and cultural erosion
in Samoa are the same whether it is in urban towns or rural villages:
“The connectedness between rising emissions and cultural erosion in
Apia and downtown Falealupo or Patamea are exactly the same, the
understanding of emissions and the causes of climate change and the
technologies that we can use to sequester carbon is poorly understood”
(Respondent 2).
A lack of understanding of the causes of global climate change and the impacts
on local communities is not apparent in Samoa today, there is however a
growing public discourse around the migration of Samoan people overseas that
recognizes the impacts experienced locally, yet fails to make the distinction that
global environmental change could be a possible cause. These discussions cite
increasing costs of living that stem from rising electricity and imported oil
prices as well as scarce natural resources as some of the reasons driving people
out of Samoa captured by the following:
“[V]ery few relate this project with cultural preservation or cultural
restoration or whatever you call it so as far as going out into the rural
villages and talking with customary landowners and council of chiefs
they will all tell you that half of their family have left Samoa and are
living overseas today because its too expensive here the cost of fuel is
high, the cost of transport is high, the cost of food is high, there are more
	
  

130	
  

cyclones, the inshore fisheries have been depleted, the offshore fisheries
have been depleted and we’ve got an inability to survive in this
disenabling environment” (Respondent 2).
This thesis argues that bioenergy developments represent a unique opportunity
for local communities in Samoa as well as the Pacific Islands region more
broadly to achieve energy security, maintain important cultural relationships
with the environment and ensure their aiga (family) can remain in their
communities. This assertion was also shared by Respondent 2 who states:
“[T]he council of chiefs they’ve got the choice of building up their
livelihood skills through bioenergy cropping, building up their food
security and energy security and remaining on island. Although that is
delusionary if the global emissions continue to rise but at least they have
got to do a few steps and then we will worry about the global issues in a
moment. So if villages wish to remain where they are and maintain the
fa’a Samoa and show that what is it the va tapuia or whatever and their
relationship with their environment then their relationship with the
environment isn’t very good when they are planting taro up and up and
up our native forested areas and shipping it off to New Zealand as they
were doing in the eighties and early nineties until the potato blight
came” (Respondent 2).
As much as culturally defined parameters were identified as creating a number
of challenges for development initiatives in the previous passages culture can
also play a pivotal role in the long-term viability of bioenergy developments
such as the proposed biomass gasification project. Respondent 3 shared this
sentiment in the following:
“So I’m saying I think time changes and the culture is a very strong way
of implementing these things that is also why its hard to enforce many of
these regulations, the EIA regulations and that village will always opt
for developments that will give them income quickly and with less
work” (Respondent 3).
5.8. Chapter summary
This chapter has presented the results from quantitative and qualitative methods
used in order to attend to the main objectives of this research, which were to
determine the recoverable biomass in the area surrounding the village of
Patamea and to convey public perceptions of this resource and its potential use
for power generation. In section 5.2 the findings from field sampling established
the ground information that was used to validate remotely sensed data from the
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WorldView-2 sensor presented in section 5.3. Observations of the Patamea
sawmill operation outlined in section 5.5 found that based on current logging
rates of 200ha of forest being felled each year the processing operation produces
an annual average of 65.9 tonnes of sawmill residues in the form of wood chips,
sawdust and timber offcuts. Section 5.6 established that if this sawmill residue
was used in the proposed biomass gasifier it could potentially produce 26 kW.
Therefore, the Patamea sawmill could potentially produce 94,900 kWh per year.
The annual electricity demand at the Patamea sawmill and associated buildings
is currently 11,640 kWh, thus the proposed biomass gasifier could potentially
provide more than eight times the energy required at the site and result in
greater levels of energy independence.
Information produced through qualitative methods of enquiry was thematically
analysed in section 5.6. In doing so this analysis revealed that despite Samoa’s
contributions to global greenhouse gas emissions being negligible, government
officials interviewed as part of this thesis asserted that there is a moral
imperative for Samoa to reduce its own emissions given the high dependency
the country places on oil fuelled electricity generation. The effectiveness of
bioenergy developments to reduce previously mentioned greenhouse gas
emissions in Samoa and priority currently being given to invasive bioenergy cop
species Jatropha was critiqued in section 5.6.4.1, drawing on recent debates by
prominent Samoan environmental scholars and a feasibility study carried out by
Knowles (2010). The Forestry Division at the Ministry of Natural Resources
and Environment (MNRE) in conjunction with the Patamea sawmill have
identified sawmill residues at the site as representing a significant resource that
should be utilized, as argued by this thesis.
During the field component of this research it was observed that the Patamea
sawmill ceased operations due to matai (chiefs), who also worked at the
sawmill, being summoned to a village council meeting (fono). This highlighted
the dualistic nature of modern Samoan society and the vulnerability of the
proposed biomass gasification project to culturally defined parameters such as
fa’a matai and fa’a Samoa. Section 5.6.5 illustrated how the organizational
structure of the proposed biomass gasification project at the Patamea sawmill
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emulates the traditional fa’a matai social structure in which the tamaali’i of the
area surrounding Patamea also doubles as the owner of the sawmill. Issues
associated with land ownership have historically been identified by previous
renewable energy developments in the village of Magiagi in Samoa as critical to
the long-term success of the hydroelectric scheme implemented in the village.
This understanding guided the identification of traditional customary land held
under the tamaali’i title (Figure 5.16) and how this area was demarcated using
traditional taro borders as well as more recent permanent lava rock walls and
wire fences (Figure 5.17). In a similar manner to the assertion made by Woods
et al. (2006) that previous bioenergy projects in Fiji would have been more
successful had they been “implemented in a more Fijian way”, this thesis also
argues that the proposed biomass gasification project for Patamea will be
sustainable if it draws on traditional knowledge and integrates these cultural
understandings into the project proposal. Respondent 3 best captured this notion
in section 5.6.5, suggesting that biomass as a resource and the knowledge
associated with biomass is “quite akin to the way we live and what we do”. Mai
le Tunoa I le Masini (From Umu to Machine) embraces the importance of
biomass to traditional Samoan culture, defined here as fa’a Samoa, and argues
that redefining renewable energy development by drawing on other
epistemologies is critical in order to illustrate how scientific and cultural aspects
of the proposed biomass gasification project in Patamea will ultimately shape
the success of this development.
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6
Discussion
6.1. Introduction
This chapter is divided into five sections. Section 6.2 discusses the sensitivity of
the biomass resource quantities and power potential to changes in different
parameters as defined from a scientific and cultural perspective. In section 6.3, a
comparison will be made to similar bioenergy studies carried out in the region.
The politicized nature of the present project is discussed in section 6.4.
Similarities between fa’a Samoa and the proposed biomass gasification project
are discussed in section 6.5, while the final section 6.6 is used to present the
limitations of this research.
6.2. Sensitivity analysis of biomass resource and power potential
To assess the sensitivity of biomass resource the following parameters are
discussed and evaluated: available land area (section 6.2.1), plant biomass
gasifier operating time (section 6.2.2), conversion efficiency (section 6.2.3),
residue yield (section 6.2.4), residue production ratio (section 6.2.5) and
biomass feedstock species used (section 6.2.6). To do this 25 percent variability
was adopted for each parameter in order to account for the variation of power
potential to changes in these variables.
6.2.1. Area
A difference between biomass generated electricity over different definitions of
area is pronounced (Figure 6.1). While there is uncertainty inherent in
quantifying both land area and power potential the disparity between differently
defined areas of biomass highlights the importance of understanding the spatial
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and management contexts of land in any area proposed for use as part of a
biomass gasification system. During a feasibility study carried out by Knowles
(2010 p. 20) in the same area of this research, the total area estimated as having
the potential for a biomass gasifier was 1200 hecatres. This represents about one
third of the total WV-2 satellite imagery extent used in this research and less
than 10 percent of the total area under a tamaali’i title by the resident sawmill
owner in Patamea.
From these estimates of power potential the sustainability of the proposed
project can be calculated assuming total annual area of P.pinnata felled, as well
as the boundaries of the aforementioned tamaali’i title are unchanged over time.
Therefore, the available P.pinnata biomass in the tamaali’i title area has the
potential to produce 1739 kW and supply both the Patamea sawmill and
associated biomass gasification system for 66 years (Figure 6.1). It would be
naïve however to assume the sawmill, biomass gasifier and harvesting system
would run trouble free during this period. Furthermore, analysis of the
recoverable biomass in Figure 5.8 illustrated the discrepancies between
available biomass in the study area and that deemed to be recoverable based on
access and proximity. This saw the total area of land available decrease from
3535ha to 1031ha. This corresponds to an equivalent decrease in biomass power
potentially available from 466 kW to 171 kW (Figure 6.1). For the purposes of
the present study residue biomass power potential was calculated as 26 kW
(Figure 6.1), and was based on the current area of P.pinnata forest being felled
annually of 200ha, referred to as variable A in sections 4.5.3 and 4.5.4,
respectively.
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Figure 6.1. Power potential of the proposed biomass gasifier operating for 10hours per day under different available land scenarios with 25 percent error bars
representing the uncertainty associated with these calculations: current area
felled annually (A), area of recoverable biomass in the WV-2 satellite image
(A1), total area under WV-2 satellite image and total area under tamaali’i title
authority (A2).
6.2.2. Operating time
Changes in plant operating time have an inverse impact on total power potential
due to the same amount of potential energy being consumed over a longer
period. This relationship is represented in Figure 6.2 as power potential
decreases steadily from 4 hours per day through to 16 hours per day. It is
asserted in this thesis that operating hours of the proposed biomass gasifier
should reflect periods of peak demand in the area in order to minimize
productivity and transmission losses. As part of a 2005 study carried out on the
potential for substituting coconut oil for diesel generated electricity in Samoa an
estimate of the power demand curve was proposed (SOPAC 2005 p.10). At the
time the base load for Savai’i was about 1500 kW with evening peaks of
between 2000 and 2500 kW (Figure 6.3). While the base load has remained the
same demand peaks have increased to 3000-3500 kW as of late November 2010
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(Fairbairn et al. 2010 p. 19). Projections made by an Asian Development Bank
(ADB) funded Power Sector Expansion Programme (PSEP) estimate forecast
demand for Savai’i to increase to 4190 kW by 2020 (Fairbairn et al. 2010 p. 19).
By 2020 Samoa’s balance of payments will be dominated by imported fuel costs
that this thesis outlined in Chapter 2 as continuing to increase in price. Hence
the need to develop electricity generated from renewable sources in order to
serve multiple purposes of reducing GHG emissions, increasing the share
contribution from renewables and reducing the cost of electricity generation on
the island of Savai’i.
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Figure 6.2. Power potential of the proposed biomass gasifier operating under
different duration scenarios with 25 percent error bars representing the
uncertainty associated with these calculations and baseline scenario is illustrated
in dark red as 10-hours.
The power demand curve of the Patamea sawmill is not likely to resemble that
of all of Savai’i. The assertion made in this thesis is based on discussions with
sawmill stakeholders and an understanding of electricity consumption at the site
detailed earlier in section 5.6. The sawmill site is also used for brick making and
the majority of energy demand at the site is consumed by the electric powered
concrete mixer. Therefore, the 10-hour gasifier operating time from 8am until
6pm is justified as an appropriate baseline scenario based on an understanding
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of the demand characteristics at the Patamea sawmill. Information pertaining to
the nature of electricity loading at the site was not available during the field
period, however based on observations made at the sawmill an estimated daily
load profile of the sawmill is presented in Figure 6.3. This load profile
illustrates important differences between the sawmill and total electricity
demand in Savai’i. Figure 6.3 depicts a morning peak of about 260 kW while an
industrial concrete mixer produces materials for the brick making operation at
the sawmill site, followed by an early evening peak at which time lighting is
used at the site, resulting in a daily peak of 290 kW.

Figure 6.3. Electricity load profile for Savai’i from 2004 (in blue) over a 24hour period with the estimated load profile for the Patamea sawmill (in red) also
illustrated for comparison (Source: SOPAC 2005 p. 10).
Variability in operating time of the proposed biomass gasification project results
in a range between 16 and 65 kW. Analysis of the power potential generated
from sawmill residues was based on current logging regimes at the Patamea
sawmill that harvests 200ha of tava (Pometia pinnata) per year. Based on a 10hour operating time of the proposed biomass gasifier to coincide with the
energy demand profile observed in Figure 6.3, the system will produce 26 kW
as depicted in Figure 6.2. In comparison, other bioenergy developments in the
Pacific historically operated daily for 4-hours in Samoa (Wade 2005a p. 45), 8-
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hours on Rotuma Island (Zieroth et al. 2007 p. 27), 16-hours in Vanuatu
(Fischer and Pigneri 2011 p. 1647) and 24-hours in Fiji (Blair 2004 p. 58). The
implications of this variability in plant operating time are directly related to the
quantity of power potentially generated by the biomass gasifier. Therefore, in
order to minimize rising costs associated with electricity at the Patamea
sawmill, as well as more broadly in the Pacific, it is critical that biomass
gasification systems operate during peak demand periods to reduce
communities’ dependency on purchasing and consuming energy derived from
the electricity grid as potential net producers of renewable energy in the future.
6.2.3. Conversion efficiency
Conversion efficiency (µ), also known as capcaity factor, refers to the quantity
of energy produced by a power plant over its economic lifetime as a percentage
of the theoretical maximum quantity of energy produced by the plant over the
same period (Siemons 2001 p. 284). Fischer and Pigneri (2011 p. 1643)
employed a conservatively high 50 percent conversion efficiency during a
feasibility study of biomass potential in Vanuatu compared to 30 percent
efficiency used by Woods et al. (2006 p. 493) for a coconut oil diesel
substitution project in Tuvalu. For the purposes of the present study a 50 percent
conversion efficiency factor was adopted with an understanding that a “rural
small-scale gasifier in its early years of use, which is typically a learning period
that limits capacity factor to a lower value of 20-30%” (Woods et al. 2006 p.
493). Therefore, a 50 percent capacity factor could potentially produce 26kW
from sawmill residues operating daily for 10-hours (Figure 6.4). In constrast, a
gasifier operating over the same period at 25 and 75 percent conversion
efficiency would produce 13 kW and 39 kW, respectively. The theoretical
maximum potential energy produced by the proposed gasifier is illustrated as a
100% sceanrio in which the gasifier converts all energy contained within the
biomass feedstock into electricity. Figure 6.4 shows that it could potentially
produce 52 kW.
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Figure 6.4. Power potential of the proposed biomass gasifier operating for 10hours per day under different conversion efficiency scenarios with 25 percent
error bars representing the uncertainty associated with these calculations and
baseline scenario is illustrated in dark purple as 0.5.
6.2.4. Residue yield
The bioenergy literature defines yield as the increase in biomass over a given
period for a specific area and is expressed in dry tonnes per hectare per year
(Rosillo-Calle et al. 2007 p. 245). Annual yield increments are important
parameters in determining the sustainability of bioenergy projects to ensure
harvesting rates do not exceed annual biomass growth rates of the species
concerned. In contrast sawmill residue yields are more a function of the
productivity of the sawmill, processing method used and type of timber being
produced over time (Enters 2001 p. 16). The present study focused on residues
produced by the Patamea sawmill during processing of P.pinnata roundwood
logs to form 1” by 4” inch dimension timber using a frame saw. It is important
to stress that future changes in timber sizes as a result of fluctuations in market
demand will lead to variation in residue yields, and therefore the amount of
residue power potentially produced by the proposed biomass gasifier will
change accordingly.
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A key parameter influencing residue yield at the Patamea sawmill was
determined to be timber productivity. This assertion is justified based on an
understanding of the components that make up residue yield, in particular the
quantity of roundwood logs being processed annually as a measure of
productivity. On average the Patamea sawmill processes 100 truckloads of
timber per year potentially producing 26 kW of power if it is utilized in the
proposed biomass gasifier. Figure 6.5 illustrates the results of a sensitivity
analysis performed on the influence of changes in productivity represented as
truckloads per year on potential power generation per hour. This shows that a
reduction in the number of loads to 60 or 80 per annum would correspond to an
equivocal decrease in power potential of 15 kW and 21 kW, respectively.
Conversely, increased production represented as 120 and 140 truckload
scenarios in Figure 6.5 could theoretically produce 31 kW and 36 kW
respectively per hour. Variation in residue yield as a result of changes in
sawmill productivity could lead to the aforementioned reductions in biomass
potential due to harvesting issues and in contrast could increase in response to
additional frame saws being commissioned.
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Figure 6.5. Power potential of the proposed biomass gasifier operating for 10hours per day under different residue yield scenarios based on sawmill
productivity with 25 percent error bars representing the uncertainty associated
with these calculations and baseline scenario is illustrated in dark blue as 100
truckloads.
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6.2.5. Residue production ratio (RPR)
In order to quantify the amount of residues made available through sawmill
processing it is necessary to determine the “Residue to Product Ratio (RPR)” of
the sawmill method and tree species concerned (Junginger 2000 p. 6). RPR
refers to the proportion of residues produced per unit of woody biomass during
roundwood log processing. Based on calculations of wood volume at the
Patamea sawmill the RPR was determined to be about 0.25 as depicted in
Figure 6.6. Compared to most recent estimates of RPR values in the Pacific
carried out in 1998 the Patamea sawmill RPR represents half of the 0.5 averages
calculated for Fiji, PNG and the Solomon Islands (Enters 2001 p. 19).
Compared to Enters (2001) findings the Patamea sawmill produces half as much
wood waste in the form of sawmill residues than in Fiji, PNG and the Solomon
Islands. Adopting Enters (2001) 0.5 average and applying it to the Patamea case
study results in an increase of power potential from 26 kW at 0.25 RPR to 52
kW per hour. Further increases in RPR shown in Figure 6.6 would lead to
significant increases in power potential as illustrated by RPR values of 1 and 2,
corresponding to potential power outputs of 105 kW and 211 kW per hour.
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Figure 6.6. Power potential of the proposed biomass gasifier operating for 10hours per day under different residue production ratios (RPR) with 25 percent
error bars representing the uncertainty associated with these calculations and
baseline scenario is illustrated in dark green as 0.25.
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6.2.6. Specific heat capacity of biomass feedstock
Heating value of biomass feedstock refers to the energy content of the species
being used per unit of weight and at various moisture contents. These values are
defined as either Higher Heating Values (HHV) or Lower Heating Values
(LHV). The former is a measure of the total energy content of the biomass fuel
feedstock and is equivalent to the heat released during the combustion of a
quantity of this fuel, whereas the latter refers to the potential energy available in
the feedstock as received (Rosillo-Calle et al. 2007 p. 239), acknowledging
some energy will be lost in the burning process due to evaporation of water held
within the biomass fuel (Rosillo-Calle et al. 2007 p. 240). The energy loss
between the HHV and LHV can be attributed to a reduction in efficiency when
using green biomass rather than dry biomass. For the purposes of this research
the LHV of P.pinnata was employed as the moisture content of biomass. It is
argued here that the moisture content of the P.pinnata observed and sampled
was greater than 15 percent and therefore the energy content of this feedstock
was considered on a wet-basis. However, the sawmill is well placed to employ
air-dried biomass as the site has already established timber drying racks as part
of its current operations. If this was the case then the dry feedstock would need
to be reassessed in the future based on the HHV of P.pinnata in order to
accurately measure the energy content of the biomass on a dry-basis.
Figure 6.7 illustrates the amount of biomass potentially made available utilizing
different tree species identified during Knowles’ (2010) feasibility study and
also by the MNRE in Samoa as suitable for use in the proposed biomass
gasification project (GoS 2010c). These include invasive species introduced to
Samoa such as Acaia auriculiformis, Eucalyptus pellita and Leucaena
leucocephala as well as species endemic to Samoa that include Casuarina
equisetifolia, Terminalia catappa and the species that is the focus of this
research, Pometia pinnata. The analysis carried out here substituted LHV values
for P.pinnata in place of the aforementioned species adjusted for their
respective wood density properties with all other variables unchanged. The
effect of this resulted in A.auriculiformis returning a reduction in power
potential from the 26kW baseline scenario for P.pinnata to 20kW per hour as
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indicated in Figure 6.7. Conversely the remaining proposed species for
bioenergy development all returned more favourable energy output than
P.pinnata. In particular, if the native species C.equisetifolia was employed it
could potentially provide about three times the amount of power at 72 kW
relative to initial calculations made with P.pinnata. None of the additional
species employed as part of this analysis were discovered as part of field
observations made in the study area and it is therefore posited that P.pinnata
remains the most viable source of biomass for a proposed biomass gasifer when
coupled with current logging operations at the Patamea sawmill.
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Figure 6.7. Power potential of the proposed biomass gasifier operating for 10hours per day illustrating differences between feedstock fuel based on LHV of
both invasive (I) and native (N) tree species with 25 percent error bars
representing the uncertainty associated with these calculations and baseline
scenario is illustrated in dark orange as the native species Pometia pinnata.
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6.2.7. Biomass classification
Historically, classification of aboveground woody biomass in Samoa using
forestry based inventory studies has resulted in large discrepancies between data
collected over a period of more than 50 years (MNRE 2006 p. 76). These
differences were most pronounced between forest inventories carried out in
1987 and 1999, which implied forest cover had increased 5 percent between the
studies (FAO 2010 p. 11). The perceived increase was later attributed to the
different methodologies employed to define forest classes using higher
resolution sampling regimes than previous efforts (MNRE 2006 p. 77). This
example highlights the importance of standardizing definitions of forest classes
for greater comparability between time periods in order to determine whether
respective classes have changed in quantity of aboveground biomass. In the
present study the FAO definitions of forest classes were adopted as they
provided the most robust definition of each category as well as being the source
of the most recent forest inventory update carried out in 2010 (FAO 2010).
Forest stands in the study area were classed as Medium Dense Forest (FM)
using these FAO (2010 p. 6) guidelines, which defined FM as “forest
formations with a discontinuous tree layer with one or more storeys and with a
crown coverage of more than 40% and less than 65 - 70%”. Classification of
scrubland and barren land was also carried out in accordance with FAO
guidelines. Figure 6.8 illustrates how the classification of biomass in the study
area deemed recoverable (A1) compares to FAO (2010) classification of total
land area in Savai’i.
The 1301ha of recoverable biomass from Figure 5.8 constitutes about 0.8
percent of the total 171,000ha land area on Savai’i, made up of 45 percent FM
of which P.pinnata is the most dominant tree species across all size dimensions
based on data from previous ecological surveys (FAO 2005 cited in MNRE
2006 p. 75). While the portion of FM classified in the study area is slightly
higher relative to the 42 percent calculated during the FAO study of Savai’i in
2010, the totals for scrubland and barren land returned more disparate estimates
of 23 and 32 percent for the study area when compared to 9 and 1 percent
respectively for scrubland and barren land on all of Savai’i (FAO 2010 p. 10).
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The increased share of land classified as scrubland and barren land defined in
this research is due to the large areas of cleared land from historical logging
practices as well as the skidder roads and tracks associated with these
operations. It is also argued that scrubland may also include areas of grassland,
hence a higher percentage when compared to 9 percent for all of Savai’i.

Figure 6.8. Comparison between classifications of biomass for all of Savai’i
based on 2010 data to findings of WV-2 satellite imagery from 2010 used in the
present study (Source: FAO 2010 p. 20).
6.3. Comparative analysis
Apart from the extent of land available (Figure 6.1) this uncertainty analysis
shows that key variables were operating time (section 6.2.2) and RPR (section
6.2.5), providing the greatest range in residue biomass power potential of 16-65
kW and 13-211 kW, respectively. These findings of the residue power potential
available at the Patamea sawmill are compared to findings of other studies
within the body of bioenergy literature in the Pacific Islands region. Wade’s
(2005b p. 20) assessment of renewable energy potential in Samoa projected that
2003 logging extraction rates of 9,000m3 would increase to 10,000 m3 in 2013,
producing 4,500 m3 of wood waste of which 10 percent could be used to support
a 110 kW gasifier producing about 275,000 kWh annually. While Wade’s
(2005b) study estimated biomass gasification potential for energy generation at
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the national scale it provides a useful comparison to calculations made at the
village scale in Patamea. In this regard the Patamea sawmill could potentially
contribute 35 percent of Wade’s 2013 estimates for all of Samoa producing
94,900 kWh per annum based on a 10-hour plant operating time.
Residue power potential calculated in this research is a more realistic
assessment than Knowles’ (2010) feasibility study that asserted the same area
could support an energy cropping regime with an annual extraction rate of
1,200ha. The use of purpose grown crops for energy generation highlights an
important difference in which this thesis has focused on, utilizing a known
biomass waste stream, whereas Knowles’ (2010) assessment recommended the
area surrounding the Patamea sawmill be planted in a mix of purpose grown
invasive and native energy crop species for use in the proposed biomass
gasification project.
The only other study to consider power potential from biomass gasification at
the village scale in the Pacific was Pigneri and Fischer’s (2011) recent
assessment performed in Vanuatu. In their study two sites were identified as
suitable for a 10 kW and 30 kW gasifier in Ipota Village on Erromango Island
and a rural medical clinic in South West Bay on Malekula Island, respectively
(Fischer and Pigneri 2011 p. 1645). The main difference between Pigneri and
Fischer’s (2011) study and the findings of the present research stem from
employing different methodologies to essentially answer the same question in
“what is the biomass power potential in this village?”. While this thesis focused
on quantifying the energy potential in sawmill residue produced during the
processing of P.pinnata roundwood logs the Vanuatu study adopted a
“feedstock requirement assessment approach” in order to determine the area of
land necessary to generate a known quantity of energy from a specific gasifier
technology (Fischer and Pigneri 2011 p. 1646). This disparity is influenced by
the nature of the respective projects, in Vanuatu the study examined purpose
grown energy crop stands of C.alliodora trees for use in a biomass gasification
system, whereas the Patamea case study was concerned with currently
unutilized residue waste streams at the resident sawmill that could potentially be
used to produce power in a gasifier.
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Both the 10 kW and 30 kW gasifiers proposed for Ipota Village and South West
Bay were deemed feasible. Based on the aforementioned feedstock requirement
estimation approach there was enough area of biomass feedstock to supply
residents annual electricity demand of 6,000 kWh and 60,000 kWh, respectively
using a gasifier operating for 10-hours per day (Fischer and Pigneri 2011 p.
1648). Over the same annual operating period the Patamea sawmill could
potentially generate 34,900 kWh more than the 30kW gasifier proposed for
South West Bay in Vanuatu. This difference can be attributed to the P.pinnata
biomass feedstock at the Patamea site having a higher energy content and wood
density of 21,095 MJ tonne-1 and 0.54 kg m-3 when compared to 19,530 MJ
tonne-1 and 0.48 kg m-3 (IPCC 2006 p. 65) for the C.alliodora feedstock species
in Vanuatu (Fischer and Pigneri 2011 p. 1643). Therefore, if commissioned the
proposed gasifier located at the Patamea sawmill could potentially provide
94,900 kWh of electricity. This represents about 1.6 and 16 times more energy
than the aforementioned 10 kW and 30 kW gasifiers proposed for Ipota Village
and South West Bay in Vanuatu.
6.4. Finding common ground from a cultural context
In the context of traditional Samoan culture, defined here as fa’a Samoa,
biomass has played an important role in cultural practices, knowledge systems
and traditional values for many years (Tui Atua 2009). This research has
illuminated the synergies that exist between traditional uses and understanding
of biomass in Samoa and links to its proposed use for generating modern energy
services by means of a biomass gasifier. Establishing common ground between
scientific and indigenous knowledge requires an integrated approach in order to
provide robust solutions. In an address to the ‘Te Au o te Moana: Across
Oceania Symposium’ in 2008 his high highness Tui Atua Tamaese Ta’isi, the
Head of State of Samoa, stated that “increasingly, the Western world is taking
real cognisance of indigenous knowledge of the natural world. Similarly,
indigenous societies are finding Western scientific discourses about nature less
abrasive…often finding common ground requires the operation of grace” (Tui
Atua 2008 cited in Tui Atua 2009 p. 199). This passage supports the theme of
this thesis in harboring an integrated approach to complex issues facing Samoa
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today. Prominent Samoan climatologist Lefale provided a critique of Tui Atua’s
position, suggesting he “strongly advocates the need to integrate and find
common ground amongst Western scientific knowledge with indigenous and
ecological knowledge to resolve some of the pressing global environmental
challenges facing the world today” (Lefale 2009 p. 362).
The proposed biomass gasification project has become quite divisive in how
people perceive it will shape the nature of their relationship to the environment
today and in the future. This research has found that many of the concerns
raised at the national level by the Government of Samoa in relation to the
species to be used and the ability of the project to reduce GHG emissions were
still prevalent among those stakeholders interviewed from the local to regional
scale. This highlights the need to increase public awareness of the importance of
renewable energy in Samoa in order to achieve global emission reductions
through substitution of current imported fuel generated energy.
In recognizing this challenge at the regional level SPREP asserts the need to
“develop and implement coordinated education and awareness programmes and
communication strategies across the region to enhance the capacity of members
to address climate change issues” (SPREP 2011 p. 18) as one of the climate
change goals under their Strategic Plan 2011-2015. Internationally, a lack of
awareness about renewable energy has been identified as a significant barrier to
increasing the contribution from renewable sources to the energy sector
(Painuly 2001 p. 82). Woods et al. (2006 p. 498) made similar recommendations
pertaining specifically to the bioenergy sector suggesting more should be done
to “raise awareness of the fact that local energy needs can be met locally,
thereby promoting ownership of biomass energy strategies on a local to regional
basis”. In the interviews, respondents 1 and 2 conveyed the need for a greater
sense of ownership in renewable energy developments in Samoa, as well as
raising awareness of issues related to climate change, greenhouse gas (GHG)
emissions and the need for renewable sources of energy. This research argues
that awareness campaigns have not led to better-informed decision-making from
local stakeholders. Efforts that continue to prescribe to this model will continue
to fail unless they move towards integrating local and traditional knowledge as
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part of their awareness programmes, thus producing information that draws on
different ways of understanding the world. There are a few community scale
resource development projects in the Pacific that have successfully integrated
indigenous knowledge. Examples of these include the practice of incorporating
customary knowledge about community fisheries into resource management
plans in Fiji and the use of indigenous knowledge for developing natural hazard
plans for volcanic activity in Vanuatu and PNG as detailed earlier in section 3.7
of this thesis.
In discussing the proposed biomass gasification project one stakeholder stated,
“what are we developing for?” This rhetoric highlights the different perceptions
of development and how decisions made in regards to respective PIC
development pathways are ultimately shaped by foreign aid, international
agendas and less to do with local peoples values and livelihoods (Yu and Taplin
1997; Woods et al. 2006). During the 1990s the Pacific was the most heavily
assisted region and received the highest foreign aid assistance per capita in the
world (Fairbairn et al. 1996 cited in Yu and Taplin 1997 p. 215). In 1994 this
amounted to US$1.8 billion being provided to the region as a whole with a per
capita average of US$1577 (Yu and Taplin 1997 p. 215). At the time emphasis
was placed on foreign aid being provided to alleviate poverty in the region and
one approach was through renewable energy development (Yu and Taplin
1997).
More recently, foreign assistance in the region has transitioned from an
historical focus on poverty alleviation towards more sustainable development
programs. Yu and Taplin’s (1997 p. 222) evaluation of aid for renewable energy
development in the Pacific attests that “to achieve aid effectiveness and promote
sustainable development in the Pacific Island region, foreign aid should shift its
basic orientation from poverty reduction to promotion of sustainable
development”. These recommendations have now become part of national and
regional development plans as evident in the GoS Strategy for the Development
of Samoa 2008-2012 that aims to “ensure sustainable economic and social
progress” (GoS 2008 p. 14). This is the case for the proposed biomass
gasification project under a bilateral aid partnership between the GoA and the
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GoS that claims to adhere to the sustainable development agenda under the SDS
2008-2012 (GoA 2009 p. 2). The proposal remains dependent on foreign aid to
provide the initial capital costs associated with biomass assessments and
eventually purchasing the renewable energy technology. Despite the current
project not being demand driven, it serves an important purpose in achieving
global environmental goals that to date have not made a significant impact on
local livelihoods. This thesis argues traditional knowledge can play an integral
part in sustainable development agendas, as culturally defined parameters such
as those shaped by notions of fa’a Samoa can provide a more nuanced
understanding of bioenergy developments as illustrated by this research.
In addition to problems associated with funding of renewable energy projects
this research has illuminated the ways in which culturally defined parameters
act to shape and constrain their sustainability. Discussions with the sawmill
owner and workers highlighted the emphasis that is placed on eliminating
notions of fa’a Samoa at the Patamea sawmill. This practice stems from
historical accounts of village matai embodying their cultural status in the
workplace in order to assert dominance upon their superiors as seen through a
Western European framing of their employment hierarchy. In discussing this
example it became apparent how certain aspects of fa’a Samoa were important
and valued by the sawmill and its workers including the ability to provide for
ones aiga (family), however where conflict arose in the past as a result of
disputes between workers the sawmill owner who also doubles as the tamaali’i
of the surrounding area stressed “if you want to respect your titles, don’t bother
coming to work, because I am not going to sit here and say oh you big chief you
sit over there and let the boys do the work” (see Section 5.7.5).
A failure to understand the complexities associated with cultural traditions and
beliefs such as the fa’a Samoa have proven critical to the poor success of
bioenergy developments in the Pacific Islands region (Wade 2005a; Woods et
al. 2006; Fischer and Pigneri 2011). This was exemplified by Woods et al.
(2006 p. 480) study of a coconut oil diesel substitution project in Welagi, Fiji
that ran from 2001 until early 2003. Operations ceased as a result of a
disagreement between local mataqali (clans) ultimately charged with supplying
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coconuts to the project. In a similar context to the fa’a matai structure analysed
as part of the present study the Welagi case study highlights the importance of
acknowledging cultural structures and systems within a village context and that
the longevity of bioenergy projects specifically at the village scale will be
shaped by the aforementioned cultural parameters. Therefore, the proposed
biomass gasification project described in this research integrates aspects of fa’a
Samoa into the organizational structure of the project as well as to draw on local
and traditional knowledge that provides an integrated understanding of the
complexity of bioenergy systems and the factors that shape their sustainability.
6.5. Politicized nature of bioenergy agendas
It is timely to reflect on the agenda that the proposed biomass gasification
project has been premised on. In discussing the purpose of the project with
regional and national stakeholders as well as reviewing Knowles (2010)
feasibility study and the Samoa-Australia aid partnership under which funding
was secured for this proposal (GoA 2009) it became apparent the main aim of
the project is to reduce greenhouse gas emissions. The effectiveness of
bioenergy developments in mitigating greenhouse gas emissions however has
recently been debated in the biofuel literature with some scholars suggesting
that “forestation of an equivalent area of land would sequester two to nine times
more carbon over a 30-year period than the emissions avoided by the use of the
biofuel” (Righelato and Spracklen 2007 p. 902). This assertion is based on an
evaluation of whether to utilize forests to produce renewable energy to
substitute present fossil fuel energy production or to protect forests and harness
their ability to sequester greenhouse gases in order to reduce global emissions.
In doing so Righelato and Spracklen (2007) findings should encourage the
proposed biomass gasification project to critically evaluate the efficacy of
greenhouse gas abatement through renewable energy development in favour of
alternative approaches such as leaving forests to sequester carbon over time as
mentioned here previously.
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Collation of previously unconsolidated environmental agendas applicable to the
present project illustrated several synergies between these agreements occurring
at multiple scales. At the global scale these included the three main
environmental agendas illustrated in Figure 5.15 as the UNFCCC, UNCBD and
UNCCD conventions. These conventions have provided the broad regional
framework necessary to develop programmes such as the Pacific Islands
Greenhouse

Gas

Abatement

through

Renewable

Energy

Programme

(PIGGAREP), the first regional effort to mitigate greenhouse gas (GHG)
emissions. The GoS in turn have also established national strategies to reduce
GHG emissions through the NGHGAS 2008-2018. Efforts to reduce GHG
emissions support Samoa’s NEP 2007 in its goal to increase the share of
electricity generated from renewable sources, the priorities of the SDS 20082012 in which reducing fossil fuel dependency and promoting the use of
renewable energy developments were identified among its environmental goals.
In addition to adhering to more recent goals declared by the GoS in 2011 to
become a Carbon Neutral Economy by 2020. Further gains extend to achieving
the aims of Samoa’s NBSAP 2001 in its mandate to conserve biological
diversity through the sustainable management of the P.pinnata forest resource
in addition to potentially making use of degraded lands as part of the sustainable
land management project. In achieving this myriad of environmental agendas
that until now had not previously been collated for bioenergy developments in
the Pacific region the proposed project draws similar conclusions to that
suggested by Tillman et al. (2009 p. 271) in their assertion that “biofuels should
receive policy support as substitutes for fossil energy only when they make a
positive impact on four important objectives: energy security, greenhouse-gas
emissions, biodiversity, and the sustainability of the food supply”. This thesis
has illustrated the numerous synergies that exist between bioenergy
developments and other environmental agendas in the Pacific Islands region.
Building upon these unique synergies with other sectors will ultimately benefit
the long term success of renewable energy developments in the future, as well
as the aspirations of local, national, regional and global environmental agendas
more broadly.
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6.6. Limitations
This research faced limitations in both the field based and remote sensing
components of the analysis. The injury sustained in the field meant ecological
based surveying methods were not feasible and a mixed-method approach
employing remote sensing data was devised. The main challenges of this
research were associated with the extent of the WV-2 satellite image and the
lack of a near infrared (NIR) band being supplied with the metadata. This
research could have benefited from analysis of remotely sensed data that
covered the entire extent of the tamaali’i title.
6.6.1. Remote sensing data
Ideally, the remotely sensed data supplied by Digital Globe would have
contained a NIR band. This would have enabled the classification of
aboveground biomass based on the normalized difference vegetation index
(NDVI), producing an accurate assessment of the health of the available
biomass resource in the study area. In doing so however it is argued in this
thesis that the resolution of the WV-2 sensor when applied to the tamaali’i title
area extent could create new challenges associated with data management and
time taken to process imagery.
6.6.2. Logging operation data
Observational data collected over a greater temporal resolution from the
Patamea logging operation could potentially show how seasonal variation
influences the quantity of forest harvested and in turn processed by the resident
sawmill. This could have accounted for the variability associated with changes
in wood volumes as a result of climate or culturally defined parameters over a
longer period, thus refining the average annual quantity of residue produced by
the sawmill and in turn the amount of power potentially available. Due to this
research being carried out during Samoa’s dry season there was no means of
quantifying the number of days logging operations ceased harvesting during the
wet season due to flooding of skidder tracks and the study area more broadly. If
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observations were carried out over a number of years a more detailed
understanding of the impacts variations in climate might have on total biomass
volumes passing through the Patamea sawmill over a longer period than was
available during the limited field period undertaken as part of this research.
6.7. Chapter summary
The first part of this chapter, section 6.2, described the sensitivity of residue
biomass power potential to changes in different parameters as defined from a
scientific and cultural perspective. Section 6.2.7 compared findings from the
classification of aboveground biomass using satellite imagery in the study area
to a recent FAO (2010) study of vegetation classes that found medium dense
forest, of which Pometia pinnata is the most dominant trees species, made up 42
and 45 percent of land on the island of Savai’i and in the study area,
respectively. In section 6.3 the quantity of residue biomass power potentially
available at the Patamea site was compared to recent studies on community
scale bioenergy developments carried out in the Pacific Islands region. It was
shown that the proposed project could potentially produce about 1.6 and 16
times more energy than the 10kW and 30kW gasifiers studied by Fischer and
Pigneri (2011) and proposed for Ipota Village and South West Bay in Vanuatu,
respectively. Commonalities between indigenous knowledge and scientific
understandings of bioenergy as well as between the organizational structure of
the project and the traditional fa’a matai social structure were illustrated in
section 6.4, while the politicized nature of the proposed bioenergy project was
examined in section 6.5. The final section 6.6 identified limitations associated
with this research as pertaining to remote sensing (6.6.1) and logging operation
data (6.6.2).
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7
Conclusion
The purpose of this research was to determine the available biomass resource
surrounding Patamea village in order to quantify the power potential if biomass
was to be used as part of a proposed biomass gasification project. This research
addressed the following objectives: (1) to establish the total aboveground
woody biomass of the Patamea region and to estimate the potential power that
can be generated from the residue biomass produced at its sawmill; (2) to
investigate how cultural practices will influence the long-term viability of the
proposed project; and (3) to illustrate how cultural parameters can provide a
more detailed understanding of bioenergy developments when integrated with
traditional scientific approaches.
The quantity of P.pinnata biomass available in the study area was determined
using a mix of remotely sensed data, field observations and stakeholder
interviews. Remote sensing data enabled the area of land covered in P.pinnata
trees surrounding the Patamea sawmill to be classified by analyzing spectral
characteristics of WV-2 satellite imagery captured over the area at 0.5m spatial
resolution. Classification of this biomass was further validated by ground
information produced during the field period. Observations made in the field
established the annual quantities of biomass and residues available for power
generation purposes based on current logging operations taking place in the
study area. Residue biomass power potential was established through a series of
calculations employing different P.pinnata biomass properties from the
literature as well as parameters measured in the field which included annual
area felled, residue yield, RPR, energy content, conversion efficiency and
woody density.

Interviews conducted with project stakeholders further

qualified the aforementioned attributes and highlighted the importance of
culturally defined aspects of the proposed project that are critical to long term
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sustainability. This chapter details the main conclusions of this research and
suggests possible avenues for future research related to coping with the
complexity of bioenergy developments in Samoa and the Pacific Islands region
more broadly.
7.1. Summary of main findings
The Patamea sawmill site has the potential to generate 26 kW of electricity per
hour from wood processing at the site based on a 10-hour operating time, and
200 ha annual extraction rate. Assuming current extraction rates remain constant
the recoverable area of P.pinnata tree biomass classified using remote sensing
data from the WV-2 sensor has the potential to supply the proposed biomass
gasification project for only 6.5 years based on harvestable tree dimensions in
the area concerned. Although this finding was not conducive to gaining support
for a biomass gasifier with an average life-cycle of 20 years, it was later
established that there was a significant difference between the area of land
available as defined from a Western European perspective and that of the
traditional Samoan customary ownership system guided by notions of fa’a
Samoa. The discrepancy was established in discussing land tenure regimes with
the sawmill owner and tamaali’i of the area, who indicated that the area under
the titles authority extends to more than 13,200ha. This represents about a fourfold increase relative to the 3,535ha area captured by the WV-2 satellite
imagery, which in turn equates to enough biomass to supply the proposed
biomass gasification project for 66 years, far exceeding the operating lifetime of
the renewable energy technology. Further research however needs to be carried
out with the same classification and buffering scheme in order to refine the total
recoverable biomass and resultant power potential applied across the total area
under the tamaali’i title.
A sensitivity analysis undertaken to investigate the influence changes in key
variables would have on the amount of residue biomass power potentially
available found that plant operating time and the residue production ratio (RPR)
would have the greatest influence on quantities of energy produced. Firstly, this
analysis found that if the proposed gasifier operated on residue biomass for 4	
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hours versus 16-hours daily it would produce 66kW or 16kW of energy per
hour, respectively. For the purposes of this research a 10-hour baseline was
devised based on field observations and stakeholder interviews that produced an
understanding of the sawmills daily operating hours and associated energy
demand to coincide with energy to be supplied from the gasifier unit. Secondly,
the findings of the sensitivity analysis carried out on RPR revealed an inverse
relationship between the efficiency of the sawmill processing method and the
amount of residue made available for use in the proposed gasification project.
This analysis illustrated that when an RPR value of 0.5 was applied to the
Patamea case study based on findings in the literature from Fiji, PNG and the
Solomon Islands the power potential more than doubled to 53 kW per hour.
This presents an interesting dilemma for residue based biomass gasification
projects that depend on inefficiencies in sawmill log processing methods to
provide a constant flow of residue in order to supply these gasifier units.
Analysis of the structure of the proposed biomass gasification project revealed
the potential to integrate aspects of traditional Samoan cultural systems into the
development of modern energy services. While the dualistic nature of Samoan
society was evident in discussing the experiences of the Patamea sawmill
operation with its owners and employees, these findings also highlighted “the
many” synergies that exist between Western European and traditional Samoan
culture as it pertains to the proposed gasification project. These synergies
include consolidating the project organizational structure in an integrated
manner with traditional social structures that better reflect traditional village
practices and delineation of authority by titled and untitled men and women.
The Patamea case presents a unique situation in which the tamaali’i of the area
is also the sawmill owner thus blurring the dualistic boundaries of modern
Samoan society asserted by Latai (2009 p. 2). The same could not be said for
the blending of world views by sawmill employees who also held matai titles in
their efforts to assert traditional authority as defined by fa’a Samoa in the
modern constructs of a Western European employment regime.
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Based on the findings of this thesis the proposed biomass gasification project
could potentially provide the Patamea sawmill site with 94,900 kWh of
electricity per year. This could easily meet current annual energy consumption
at the site (11,640 kWh) utilizing sawmill residues. This research has also
critically evaluated the scientific and cultural parameters that have proven
critical to the success of previous bioenergy developments in the Pacific Islands
region. In doing so this thesis has highlighted that project viability from a
scientific perspective is conditional on cultural parameters and understandings
of the resource as well as the organizational structure of the proposal. It is
therefore argued that if Knowles (2010) feasibility study had integrated
traditional understandings of the area this would have provided a more nuanced
and balanced assessment of aboveground biomass and power that could
potentially be generated as a result.
Mai le Tunoa I le Masini (From Umu to Machine) has conveyed how the rising
cost of energy in Samoa and the impacts posed by climate change are resulting
in the development of renewable energy alternatives. Projects are being
implemented in order to substitute oil fuelled electricity generation, as was the
case in the 1980s, combined with a new era of renewable energy development
under the umbrella of climate change. This thesis has reframed renewable
energy development in the Pacific by integrating scientific and cultural
understandings of renewable energy with a focus on bioenergy initiatives. It is
argued in this thesis that Samoa is well placed to develop community scale
bioenergy projects. This assertion is based on an evaluation of indigenous
knowledge (fa’a Samoa) associated with forest biomass in an analysis of
traditional social structures (fa’a matai) and customary land ownership (pule)
regimes. In doing so this thesis has shown how traditional use and
understandings of biomass in Samoa can be as equally valuable as scientific
understanding. Integration of these two epistemologies can provide a more
comprehensive understanding of the complexities associated with providing
modern bioenergy services and ultimately lead to greater levels of project
sustainability.
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7.2. Future Research
This research has identified the Patamea sawmill operation as a suitable site for
a small-scale biomass gasification system. The Patamea sawmill could
potentially produce 26 kW, and 94,900 kWh per year utilizing wood residues
currently produced as a result of the timber production process. However, a
more comprehensive investigation of the bioenergy resource potential and
public perceptions of the project could be carried out in the future using:

•

NDVI analysis of remotely sensed data over the total area of land
available under the tamaali’i title;

•

A random sampling strategy to measure forest stands over time to
determine DBH, height, density and productivity;

•

Household surveys to assess energy demand patterns and public opinion.

Classification of aboveground forest biomass using NDVI analysis from highresolution satellite imagery would provide a more accurate assessment of forest
standing stock, vegetation health and growth increments over time. When
combined with ground based surveys of forestry biomass, NDVI analysis would
allow correlations to be made between tree crown cover and DBH that could be
applied to the total area, resulting in a more accurate measure of forest biomass
volume.
Similarly, future assessments of biomass for power generation purposes could
benefit from a more detailed understanding of the electricity demand
characteristics of the Patamea sawmill and village, respectively. This would
provide important information about the electricity network in Patamea and how
the proposed biomass gasification project could be adapted to mirror periods of
high demand. A longitudinal study would also allow stakeholders to plan for
seasonal variation in energy demand. It may also provide valuable information
about how households are consuming electricity and whether household scale
renewable energy developments are more appropriate in contrast to current
efforts to implement village scale renewable energy generation.
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As this thesis has highlighted, cultural considerations are critically important to
the success of renewable energy projects in the PICs as detailed by the failings
of previous project and examined in detail throughout this research. Therefore,
it is imperative that cultural parameters be considered as equally valid as
scientific understandings of renewable energy development when planning for
future power generation in Samoa, as well as the Pacific Islands region more
broadly.
	
  
	
  
	
  

	
  

161	
  

References
ADB (2007). Samoa: Private Sector Assessment, Consolidating Reform for
Faster Growth. Manila, Asian Development Bank (ADB).
ADB (2008). Asian Development Outlook 2008. Manila, Asian Development
Bank (ADB).
ADB (2009). Taking Control of Oil: Managing Dependence on Petroleum Fuels
in the Pacific. Mandaluyong, Phillpines, Asian Development Bank (ADB):
pp.63.
Agrawala, S., K. Broad, et al. (2001). "Integrating Climate Forecasts and
Societal Decision Making: Challenges to an Emergent Boundary Organization."
Science, Technology and Human Values 26(4): 454-477.
Aiono Le Tagaloa, F., Ed. (2003). Tapuai: Samoan worship. Apia, Malua
Printing Press.
ANZDEC and DSIR (1990). Land Resource Planning Study: Western Samoa.
Final Report Asian Development Bank TA no. 1065-SAM. Lower Hutt,
Department of Scientific and Industrial Research (DSIR) Division of Land and
Soil Sciences.
Aswani, S. and M. Lauer (2006). "Incorporating Fisherman's Local Knowledge
and Behavior into Geographical Information Systems (GIS) for designing
Marine Protected Areas in Oceania." Human Organization 65(1): 81-102.
Barnett, J. (2001). "Adapting to Climate Change in Pacific Island Countries:
The Problem of Uncertainty." World Development 29(6): 977-993.
Bier, J. A. (1990). Islands of Samoa: Reference Map of Tutuila, Manu'a, Upolu
and Savai'i. Honolulu, Hawaii, University of Hawaii Press: Comprehensive
reference an travel maps of both American and Western Samoa for resident and
visitor. An accurate guide to the Heart of Polynesia.
Blair, C. W. (2004). The Coconut Fireant: A Technology Assessment using
Actor-Network Theory to analyse the potential for Coconut Oil Bioenergy in the
Fiji Islands. Department of Environmental Science and Technology. London,
Imperial College of Science, Technology and Medicine, Unviersity of London.
Master of Science (MSc): pp. 92.
Bogdanski, A., O. Dubois, et al. (2010). Making integrated food-energy systems
work for people and climate: an overview. Rome, Food and Agriculture
Organization (FAO).
Bolza, E. and N. H. Kloot (1976). The Mechanical Properties of 81 New Guinea
Timbers: Division of Building Research Technical Paper. CSIRO. Melbourne,
Australia.

	
  

162	
  

BoM (2009). Pacific Island Climate Prediction Project: Assessing the Utility of
Seasonal Climate Forecasting for Hydropower Management in Samoa. Bureau
of Metereology (BoM). Canberra, Australian Government: pp. 2.
Brodnig, G. and V. Mayer-Schonberger (2000). "Bridging the Gap: The Role of
Spatial Information Technologies in the Integration of Traditional
Environmental Knowledge and Western Science." The Electronic Journal of
Information Systems in Developing Countries 1(1): 1-15.
Brosi, B., M. Balick, et al. (2007). "Cultural Erosion and Biodiversity: CanboeMaking Knowledge in Pohnpei, Micronesia." Conservation Biology 21(3): 875879.
Bryant, R. L. and G. A. Wilson (1998). "Rethinking environmental
management." Progress in Human Geography 22(3): 321-343.
Buchholz, T. S., T. A. Volk, et al. (2007). "A participatory systems approach to
modeling social, economic, and ecological components of bioenergy." Energy
Policy 35: 6084-6094.
Burley, A. L., N. J. Enright, et al. (2011). "Demographic response and life
history of traditional forest resource tree species in a tropical mosiac landscape
in Papua New Guinea." Forest Ecology and Management 262: 750-758.
Burslem, D. F. and T. C. Whitmore (1996). "Silvics and wood proprties of the
common timber tree species on Kolombangara." Oxford Forestry Institute:
Tropical Forestry Papers 34(7): 1-76.
Carleer, A. P. and E. Wolff (2004). "Exploitation of very high resolution
satellite data for tree species identification." Photogrammetric Engineering &
Remote Sensing 70: 135-140.
Chandler, K. C., A. T. Larsen, et al. (1978). The Forest Resources of Western
Samoa. Unpublished Report. Rotorua, New Zealand, P.F. Olsen & Company.
Charlesworth, M. and C. Okereke (2010). "Policy response to rapid climate
change: An epistemological critique of dominant approaches." Global
Environmental Change 20: 121-129.
Cox, P. A. and T. Elmqvist (1991). "Indigenous Control of Tropical Rain-Forest
Reserves: An Alternative Strategy for Conservation." Ambio 20(7): 317-321.
Cronin, S. J., D. R. Gaylord, et al. (2004). "Participatory methods of
incorporating scientific with traditional knowledge for volcanic hazard
management on Ambae Island, Vanuatu." Bulletin of Volcanology 66: 652-668.
CROP (2002). Pacific Islands Energy Policy and Plan (PIEPP). Rarotonga,
Cook Islands, Committee of Regional Organisations of the Pacific (CROP): pp.
65.

	
  

163	
  

Curran, R. W. (2011). The Utility of Digital Globe's WorldView-2 Satellite
Data in Mapping Seagrass in North Carolina Estuaries. Department of
Geography, East Carolina University. Master of Arts (MA): pp. 69.
DAFF (1992). Western Samoa: Forest Area Statement. Apia, Western Samoa,
Department of Agriculture, Forests and Fisheries (DAFF).
Daly, M., N. Poutasi, et al. (2010). "Policy Arena: Reducing the Climate
Vulnerability of Coastal Communities in Samoa." Journal of International
Development 22: 265-281.
Dawson, B. (1994). Interview: former Director of Energy Division, South
Pacific Forum Secretariat cited in Yu, X. and R. Taplin (1997). "A survey:
international aid for renewable energy in the Pacific Islands since the 1970s."
Energy Policy 25(5): 501-516.
DigitalGlobe (2010). "White Paper: The Benefits of the 8 Spectral Bands of
WorldView-2."
Retrieved
January
31,
2011,
from
http://www.digitalglobe.com/downloads/WorldView2-DS-WV2-Web.pdf.
Dilling, L. and M. Lemos (2011). "Creating usable science: Opportunities and
constraints for climate knowledge use and their implications for science policy."
Global Environmental Change 21: 680-689.
Doherty, N. and J. Atherton (2008). Literature review of terrestrial biological
survey information in Samoa. Ministry of Natural Resources, Environment and
Meteorology (MNREM). Division of Environment and Conservation (DEC).
Apia, Samoa, Conservation International Pacific Islands: pp. 45.
Elevitch, C. R. and J. K. Francis (2006) Gliricidia sepium (gliricidia). Species
Profiles for Pacific Island Agroforestry. Retrieved Feburary 16, 2012, from
http://www.agroforestry.net/tti/Gliricidia-gliricidia/.
Elmqvist, T., W. E. Rainey, et al. (1994). "Effects of Tropical Cyclones Ofa and
Val on the Structure of a Samoan Lowland Forest." Biotropica 26(4): 384-391.
Enters, T. (2001). Asia-Pacific Forestry Commission: Trash or treasure?
Logging and mill residues in Asia and the Pacific. Bangkok, Thailand, Food and
Agriculture Organization (FAO) of the United Nations. Technical Report 16:
pp. 58.
EPC (2012). "EPC Price Structure as of 1st February 2012." Retrieved Feburary
15, 2012, from http://www.epc.ws/Account/UnderstandYourBills/.
Fairbairn, P. L., Noss, R.F. and Abbott, D. (2010). Samoa: Feasibility
Assessment of Savai'i Biodiesel Plant. Consultants report compiled for the
Government of Samoa, Christchurch: pp. 43.

	
  

164	
  

Fairbairn, T., C. Morrison, et al., Eds. (1996). The Pacific Islands: Politics,
Economics an International Relations. Honolulu, Hawaii, University of Hawaii
Press.
FAO (2004). Strengthening the Institutional Capacity of the Samoa Forestry
Division to Effectively Plan and Manage Forest Resources - GIS Design and
Development: Final Project Report. Apia, Food and Agriculture Organization
(FAO).
FAO (2005). Strengthening the Institutional Capacity of the Samoa Forestry
Division to Effectively Plan and Manage Forest Resources: Final Project
Report. Apia, Food and Agriculture Organization (FAO).
FAO (2010). Global Forest Resources Assessment 2010 Country Report:
Samoa. Rome, Forestry Department, Food and Agriculture Organization of the
United Nations: pp. 32.
Finucane, M. L. (2009). "Why Science Alone Won't Solve the Climate Crisis:
Managing Climate Risks in the Pacific". Asia Pacific Issues. Honolulu, Hawai'i,
East-West Center. 89: 1-8.
Fischer, B. and A. Pigneri (2011). "Potential for electrification from biomass
gasification in Vanuatu." Energy 36(3): 1640-1651.
Fletcher, R. J., B. A. Roberston, et al. (2011). "Biodiversity conservation in the
era of biofuels: risks and opportunities." Frontiers in Ecology and the
Environment 9(3): 161-168.
Fox, J. W. and K. B. Cumberland, Eds. (1962). Western Samoa: Land, Life and
Agriculture in Tropical Polynesia. Christchurch, Whitcombe and Tombs.
Fyfe, N. R. (1992). "Observations on observation." Journal of Geography in
Higher Education 16(2): 127-133.
Gan, J. and C. T. Smith (2006). "Availability of logging residues and potential
for electricity production and carbon displacement in the USA." Biomass and
Bioenergy 30: 1011-1020.
Gaudreau, K. and R. B. Gibson (2010). "Illustrating integrated sustainability
and resilience based assessments: a small-scale biodiesel project in Barbados."
Impact Assessment and Project Appraisal 28(3): 233-243.
Gero, A., K. Meheux, et al. (2011). "Integrating community based disaster risk
reduction and climate change adaptation: examples from the Pacific." Natural
Hazards and Earth Systems Science 11: 101-113.
GoA (2009). Samoa-Australia Partnership for Development, Priority Outcome
5: Climate Change Initial Implemention Strategy. Canberra, Australia,
Government of Australia (GoA): pp. 8.

	
  

165	
  

GoS (1967). Forestry Act. No. 12, commenced on 12 December 1967. Apia,
Government of Samoa (GoS).
GoS (1994). Samoa National Forest Policy - Forestry Situation, Outlook and
Strategy: background to the recommended Forest Policy. Apia, Samoa,
Department of Agriculture, Forests and Fisheries (DAFF), Government of
Samoa (GoS).
GoS (1998). National Report to the Convention on Biological Diversity.
Department of Land Surveys and Environment. Apia, Samoa, Division of
Environment and Conservation: pp. 24.
GoS (2007a). Energy Review 2000-2007. Economic Policy and Planning
Division (EPPD). Apia, Samoa, Ministry of Finance (MoF), Government of
Samoa (GoS): pp. 13.
GoS (2007b). National Energy Policy. Government of Samoa (GoS), Ministry
of Finance (MoF). Apia, Samoa: pp. 23.
GoS (2008). Strategy for the Development of Samoa 2008-2012: ensuring
sustainable economic and social progress. Apia, Samoa, Ministry of Finance
(MoF), Government of Samoa (GoS): pp. 63.
GoS (2009a). Energy Review 2008. Economic Policy and Planning Division
(EPPD). Apia, Samoa, Ministry of Finance (MoF), Government of Samoa
(GoS): pp. 14.
GoS (2009b). Forestry Management Bill. Apia, Samoa. Government of Samoa
(GoS).
GoS (2010a). Energy Review 2009. Economic Policy and Planning Division
(EPPD). Apia, Samoa, Ministry of Finance (MoF), Government of Samoa
(GoS): pp. 15.
GoS (2010b). "Utilities and Communication Indicators." Retrieved 21
September,
2011,
from
http://www.sbs.gov.ws/Default.aspx?TabId=3461&language=en-US.
GoS (2010c). Biomass Crops. Ministry of Natural Resources, Environment and
Meteorology (MNREM). Forestry Division. Apia, Samoa, Government of
Samoa (GoS): pp. 2.
GoS (2010d). Energy Summary 2007-2009. Economic Policy and Planning
Division (EPPD), Energy Unit, Ministry of Finance (MoF). Apia, Samoa,
Government of Samoa (GoS): pp. 2.
GoS (2011a). Quarterly Economic Review, July to September 2010/11 and
October 2009 to September 2010. E. P. a. P. Division. Apia, Samoa, Ministry of
Finance (MoF), Government of Samoa (GoS).

	
  

166	
  

GoS (2011b). Energy Review Report 2010. E. P. a. P. D. (EPPD). Apia, Samoa,
Ministry of Finance (MoF), Government of Samoa (GoS): pp. 17.
GoS (2011c). Forestry Management Act. No. 3, commenced on 28 January
2011. Apia, Government of Samoa (GoS).
GoS (2012, March 15 2012). "Petroleum Prices." Retrieved March 16, 2012,
from www.mof.gov.ws/Services/Energy/PetroleumPrices/tabid/5914/.
Grant, C. (2008). Land for Public Purposes: Accessing land for public purposes
in Samoa. Making Land Work. Canberra, Government of Australia. 2: 265-281.
Hay, I., Ed. (2010). Qualitative research methods in human geography. Ontario,
Canada, Oxford University Press.
Hiloidhari, M. and D. C. Baruah (2010) Land use and land cover classification
for biomass energy assessment using high resolution WorldView-2 satellite
image: pp. 15.
Iati, I. (2010). "Political Reviews Polynesia: Samoa." The Contemporary Pacific
22(1): 191-202.
IPCC (2006). IPCC Guidelines for National Greenhouse Gas Inventories:
Agriculture, Forestry and Other Land Use, Intergovernmental Panel on Climate
Change (IPCC). Volume 4: pp. 83.
Ismail, M. and A. Rosi (2010). A Compilation of Bioenergy Sustainability
Initiatives. Rome, Food and Agricullture Organization (FAO), United Nations
(UN).
ITTO (2011). ITTO/CBD Collaborative initiative for tropical forest
biodiversity: A joint inititative of CBD and ITTO to enhance conservation an
sustainable use of biodiversity in tropical forests. Yokohama, Japan,
International Tropical Timber Organization (ITTO): pp. 45.
Jackson, C. (2010). "How realistic is our energy goal?", Samoa Observer, 13
October 2010. Apia, Samoa. Retrieved July 10, 2011, from
http://samoaobserver.ws/index.php?option=com_content&view=article&id=281
89:how-realistic&catid=74:viewpoint&Itemid=56
Jafar, M. (2000). "Renewable energy in the South Pacific--options and
constraints." Renewable Energy 19(1-2): 305-309.
James, A. (1983). "Handbook of Energy Crops." Retrieved March 19, 2012,
from www.hort.purdue.edu/newcrop/duke_energy/Leucaena_leucocephala.
Jayaraman, T. K. and C. K. Choong (2009). "Growth and oil price: A study of
casual relationships in small Pacfic Island countries." Energy Policy 37: 21822189.

	
  

167	
  

JICA (2003). Study on Electric Power Demand and Supply in the Independent
State of Samoa. Apia, Samoa, Japan International Cooperation Agency (JICA).
Johnson, R. B. and A. J. Onwuegbuzie (2004). "Mixed methods research: a
research paradigm whose time has come." Educational Researcher 33(7): 14-26.
Johnston, P. (1994). An Evaluation of the European Community’s Lomé II
Pacific Regional Energy Programme: Final Report. Suva, Fiji, South Pacific
Forum Secretariat.
Johnston, P. (2005). Pacific Regional Energy Assessment 2004: an assessment
of the key energy issues, barriers to the development of renewable energy to
mitigate climate change, and capacity development needs to removing barriers:
Papua New Guinea National Report Apia, Samoa, Secretariat of the Pacific
Regional Environment Programme (SPREP): pp. 96.
Johnston, P., J. Vos, et al. (2004). Pacific Regional Energy Assessment 2004: an
assessment of the key energy issues, barriers to the development of renewable
energy to mitigate climate change, and capacity development needs to removing
barriers: Vanuatu National Report Port Vila, Vanuatu, Secretariat of the Pacific
Regional Environment Programme (SPREP): pp. 75.
Jonathan, M., S. Saulei, et al. (2009) A study on burning characteristics of some
preferred fuelwood tree species in Papua New Guinea. University of Papua New
Guinea, Port Moresby: pp. 13.
Junginger, M. (2000). Settling up fuel supply strategies for large-scale bioenergy projects using agricultural and forest residues: A methodology for
developing countries. Bangkok, Thailand, Regional Wood Energy Development
Programme in Asia, Food and Agriculture Organization (FAO): pp. 59.
Kirkham, W. S. (2005). Valuing Invasives: Understanding the Merremia peltata
invasion in post-colonial Samoa. Graduate School. Austin, University of Texas.
Doctor of Philosophy (PhD): pp. 272.
Knowles, T. (2010). Feasibility Study: Biomass Gasification Power Generation
Plant in Samoa. Phnom Penh, Cambodia, Small and Medium Enterprise (SME):
pp. 42.
Kwan, M. P. (2004). "Beyond Difference: From Canonical Geography to
Hybrid Geographies." Annals of the Association of American Geographers
94(4): 756-763.
Latai, A. (2009). Toe timata le upega: A critique of coastal governance in
Samoa. Department of Geography. Dunedin, University of Otago. Master of
Arts (MA): pp. 175.
Lefale, P. F. (2009). An Epic Quest for the Samoan Indigenous Reference.
Su'esu'e Manogi: In search of fragrance, Tui Atua Tupua Tamasese Ta'isi and
the Samoan Indigenous Reference. T. M. Suaalii-Sauni. Lepapaigalagala,

	
  

168	
  

Samoa, The Centre for Samoan Studies, National University of Samoa (NUS):
357-369.
Levanti, T. (2008). "Oil price vulnerability in the Pacific." Economic Bulletin
23: 214-225.
Lloyd, C. R. and S. Tukana (1990). "Photovoltaics as renewable energy
resources on remote Pacific Islands." Solar & Wind Technology 7(1): 3-7.
Loode, S., A. Nolan, et al. (2010). Conflict Management Processes for Landrelated conflict: Land management and conflict minimisation sub-project. Suva,
Fiji, The Pacific Island Forum Secretariat: pp. 134.
Lovera, S. and A. Petermann (2011). "Global Forest Coalition to United
Nations: Nature at Whose Service?". 3 June, 2011. Retrieved July 10, 2011,
from
www.globalforestcoalition.org/1579-global-forest-coalition-to-unitednations-nature-at-whose-service.
Lugo, A. E., S. Brown, et al. (1988). "An analytical review of production rates
and stemwood biomass of tropical forest plantations." Forest Ecology and
Management 23: 179-200.
Macpherson, C. (1988). "The Road to Power Is a Chainsaw: Villages and
Innovation in Western Samoa." Pacific Studies 11(2): 1-24.
Mahmoudi, M., T. Sowlati, et al. (2009). "Logistics of supplying biomass from
a mountain pine beetle-infested forest to power a plant in British Columbia."
Scandinavian Journal of Forest Research 24: 76-86.
Ma'ia'i, P. S. (2010). Tusi'upu Samoa: the Samoan dictionary of Papaali'i Dr
Semisi Ma'ia'i. Auckland, New Zealand, Little Island Press. Volume 1: Samoan
to English.
Mala, K., A. Schlaper, et al. (2009). "Better or worse? The role of solar
photovoltaic (PV) systems in sustainable development: Case studies of remote
atoll communities in Kiribati." Renewable Energy 34(2): 358-361.
Malielegaoi, T. S. (2011). Statement by Honourable Tuilaepa Sailele
Malielegaoi, Prime Minister of Samoa at side-event on "Green Growth and
Least Developed Countries", The United Nations Secretary-General's HighLevel Panel on Global Sustainability. Istanbul, Turkey, Ministry of Prime
Minister and Cabinet (MPMC), Government of Samoa (GoS). Retrieved 20
Janary,
2012,
from
www.mfat.gov.ws/PUBLICATIONS/PM%20Speeches/Side%20Event%20at%
20LDC4%20Global%20Sustainability%20Istanbul%2010%20May%202011%2
0(2).
Marconnet, M. (2007). Integrating Renewable Energy in Pacific Island
Countries. Department of Commerce and Administration. Wellington, New
Zealand, Victoria University. Master of Commerce (MCom): pp. 177.

	
  

169	
  

Meleisea, M., Ed. (2000). Governance, Development and Leadership in
Polynesia: a Microstudy from Samoa. Governance in Samoa. Canberra, Asia
Pacific Press.
Mercer, J., I. Kelman, et al. (2009). "Integrating indigenous and scientific
knowledge for disaster risk reduction in Papua New Guinea." Geografiska
Annaler: Series B, Human Geography 91(2): 157-183.
Mishra, V., R. Smyth, et al. (2009). "The energy-GDP nexus: Evidence from a
panel of Pacific Island countries." Resource and Energy Economics 31(3): 210220.
McNamara, K. E. and C. Gibson (2009). "'We do not want to leave our land':
Pacific ambassadors at the United Nations resist the category of 'climate
refugees'." Geoforum 40(3): 475-483.
MNRE (2006). State of the Environment Report. Government of Samoa (GoS),
Ministry of Natural Resources and Environment. Apia, Samoa: pp. 178.
MNRE (2007). Coastal Infrastructure Management Plan: Gagaemauga I
District, Implementation Guidelines. Government of Samoa, Ministry of Natural
Resources and Environment. Apia, Samoa: pp. 16.
MNRE (2009). Convention on Biological Diversity. Government of Samoa,
Ministry of Natural Resources and Environment. Apia, Samoa: pp. 108.
Mobini, M., T. Sowlati, et al. (2011). "Forest biomass supply logistics for a
power plant using the discrete-event simulation approach." Applied Energy 88:
1241-1250.
Murray, W. E. (2001). "The second wave of globalisation and agrarian in the
Pacific Islands." Journal of Rural Studies 17: 135-148.
Nemeth, K. and S. J. Cronin (2009). "Volcanic structures and oral traditions of
volcanism of Western Samoa (SW Pacific) and their implications for hazard
education." Journal of Volcanology and Geothermal Research 186: 223-237.
Newcombe, K., S. Meyers, et al. (1982). Pacific Energy Programme Mission
Report: Cook Islands. Honolulu, Hawaii, Resource Systems Institute (RSI),
East-West Center: pp.87.
Nightingale, A. (2003). "A feminist in the forest: situated knowledge and
mixing methods in natural resource management." ACME: An International EJournal for Critical Geographies 2(1): 77-89.
Nurse, L., et al (2001). Small island states, In: Climate Change 2001: Impacts,
Adaptation, and Vulnerability. Contribution of Working Group II to the Third
Assessment Report of the Intergovernmental Panel on Climate Change. J. J. M.
e. al. Cambridge: pp.842-975.

	
  

170	
  

O'Riordan, T., Ed. (1981). Environmentalism. London, Pion.
Painuly, J. P. (2001). "Barriers to renewable energy penetration; a framework
for analysis." Renewable Energy 24(1): 73-89.
Park, G., R. Hay, et al. (1992). The National Ecological Survey of Western
Samoa: The Conservation of Biological Diversity in the Coastal Lowlands of
Western Samoa. Wellington, New Zealand, Report complied by the Department
of Conservation.
Pereira, B. (2008). The Impact of the Rising Prices of Oil-Based Fuels on the
Samoan Economy. E. P. a. P. Division. Apia, Samoa, Ministry of Finance
(MoF), Government of Samoa (GoS).
Prasad, A., P. Narayan, et al. (2007). "Exploring the oil price and real GDP
nexus for a small island economy, the Fiji Islands." Energy Policy 35: 65066513.
Puttock, G. D. (1995). "Estimating cost for integrated harvesting and related
forest management activities." Biomass and Bioenergy 8(2): 73-79.
Rasmussen, A. and W. McGoldrick (2008). Samoa's Second National
Communication to the United Nations Framework Convention on Climate
Change. Apia, Samoa, Ministry of Natural Resources and Environment
(MNRE): pp. 98.
Reyes, G., S. Brown, et al. (1992). Wood densities of tropical tree species.
United States Department of Agriculture, Forestry Division. New Orleans, LA.
Righelato, R. and D. V. Spracklen (2007). "Carbon Mitigation by Biofuels or by
Saving and Restoring Forests?" Science 317: 902.
Rivers, R. (2011, June 22, 2011). "Samoa first to access US$4 million for solar
power
project."
Retrieved
3
July,
2011,
from
www.savalinews.com/2011/06/22/samoa-first-to-access-us4-million-for-solarpower-project/.
Rizer, J. and J. Hansen (1992). Energy in the Pacific Islands: Issues and
Statistics. Honululu, Hawaii, East West Centre.
Rodaway, P., Ed. (1994). Sensuous Geographies: Body, Sense, Place. London,
Routledge.
Rosillo-Calle, F. (2003). Biomass resource assessment, utilisation and
management for six Pacific Island countries. Apia, Samoa, South Pacific
Applied Geoscience Commission (SOPAC): pp. 56.

	
  

171	
  

Rosillo-Calle, F. and J. Woods (2003). Individual Country Biomass Resource
Assessment Profiles for Fiji, Kiribati, Samoa, Tonga, Tuvalu and Vanuatu.
Apia, Samoa, South Pacific Applied Geoscience Commission (SOPAC): pp. 83.
Rosillo-Calle, F., P. de Groot, et al., Eds. (2007). The Biomass Assessment
Handbook: Bioenergy for a Sustainable Environment. Sterling, VA, Earthscan.
Sanday, H. and C. R. Lloyd (1993). "Biomass gasifiers in the Pacific."
Renewable Energy 3(2-3): 145-151.
Sarewitz, D. and R. Pielke Jr. (2007). "The neglected heart of science policy:
reconciling supply of and demand for science." Environmental Science and
Policy 10: 5-16.
Sawin, J. (2011). Renewables 2011: Global Status Report. Paris, REN21
Secretariat.
Sesega, S. (2009). Asia-Pacific Forestry Sector Outlook Study II Working
Papers Series: Samoa Forestry Outlook Study. Bangkok, Food and Agriculture
Organization (FAO): pp. 48.
SFD (1994). Tabulations from Indigenous Forest Survey. Unpublished. Apia,
Samoa Forestry Division (SFD).
Shankman, P. (1999). "Development, Sustainability, and the Deforestation of
Samoa." Pacific Studies 22(3-4): 167-188.
Siemons, R. V. (2001). "Identifying the role for biomass gasification in rural
electrification in developing countries: the economic perspective." Biomass and
Bioenergy 20: 271-285.
Sirait, M., S. Prasodjo, et al. (1994). "Mapping Customary Land in East
Kalimantan, Indonesia: A Tool for Forest Management." Ambio 23(7): 411417.
SOPAC (2005). Cocogen Debriefing Report Samoa. Suva, Fiji, South Pacific
Applied Geoscience Commission (SOPAC): pp. 54.
Sovacool, B. K., A. L. D'Agostino, et al. (2011). "The socio-technical barriers to
Solar Home Systems (SHS) in Papua New Guinea: "Choosing pigs, prostitutes,
and poker chips over panels"." Energy Policy 39(3): 1532-1542.
SPREP (1993). Western Samoa: National Environment and Development
Management Strategy (NEMS). Secretariat of the Pacific Regional Environment
Programme (SPREP). Apia, Samoa: pp. 114.
SPREP (2011). Pacific Regional Environment Programme Strategic Plan 20112015. Apia, Samoa, Secretariat of the Pacific Regional Environment Programe
(SPREP): pp. 35.

	
  

172	
  

Stehman, S. V. and R. L. Czaplewski (1998). "Design and Analysis for
Thematic Map Accuracy Assessment: Fundamental Principles." Remote
Sensing Environment 64: 331-344.
Tevita, T. and S. Ualesi (2004). Promotion of Renewable Energy, Energy
Efficiency and Greenhouse Gas Abatement (PREGA), Samoa Country Report.
Apia, Samoa, Government of Samoa (GoS).
Thomson, L. A. and R. R. Thaman (2006). Pometia pinnata (tava), Species
Profiles for Pacific Island Agroforestry. Retrieved February 16, 2012, from
http://agroforestry.net/tti/Pometia-tava/.
Tillman, D., R. Socolow, et al. (2009). "Beneficial Biofuels: The Food, Energy,
and Environment Trilemma." Science 325: 270-271.
Tui Atua, T. T. T. (2008). 'Water and the Samoan indigenous reference'. Te Au
o te Moana: presentation to Across Oceania Symposium, Tofamamao
Conference Centre, Leauvaa, Samoa.
Tui Atua, T. T. T. (2009). Su'esu'e Manogi: In search of fragrance, Tui Atua
Tupua Tamasese Ta'isi and the Samoan Indigenous Reference. Lepapaigalagala,
Samoa, The Centre for Samoan Studies, National University of Samoa (NUS).
UN (1992). Convention on Biological Diversity No. 30619, commenced on 29
December, 1993. Secretary-General of the United Nations, New York: pp. 28.
UN (1992). United Nations Framework Convention on Climate Change
A/RES/48/189, commenced on 9 May, 1992. Secretary-General of the United
Nations, New York: pp. 24.
UN (1993). Application of biomass-energy technologies. Nairobi, United
Nations Centre for Human Settlements (Habitat): pp. 112.
UN (2007). Climate Change: Impacts, Vulnerabilities and Adaptation in
Developing Countries. Bonn, Germany, United Nations Framework Convention
on Climate Change (UNFCCC): pp. 64.
UN (2007). UNDP Project Document: Pacific Island Greenhouse Gas
Abatement through Renewable Energy Project (PIGGAREP), United Nations
Development Programme (UNDP): pp. 134.
UNFCCC (2005). Climate change, small island developing states. Bonn,
Germany, Climate Change Secretariat (UNFCCC). Retrieved 4 April, 2011,
from http://unfccc.int/resource/docs/publications/cc_sids.
UNFCCC (2010). Background paper for the expert meeting on adaptation for
small island developing states. Vulnerability and adaptation to Climate Change
in Small Island Developing States. S. Graham: pp. 37.

	
  

173	
  

Vaai, F. R. and S. Peteru (2011). Legislative Drafting Update. Office of the
Attorney General of Samoa. Apia, Samoa. 4: 1-12.
Vanclay, J. K. (1995). "Growth models for tropical forests: a synthesis of
models and methods." Forest Science 41: 7-42.
Veitayaki, J. (1998). "Traditional and community-based marine resources
management system in Fiji: An evolving integrated process." Coastal
Management 26(1): 47-60.
Voivontas, D., D. Assimacopoulos, et al. (2001). "Assessment of biomass
potential for power production: a GIS based method." Biomass and Bioenergy
20: 101-112.
Vuki, G. and R. Visser (2010). The effect of harvesting system on forest residue
production in Fiji. 2010 COFE Annual Meeting Conference: Fuelling the
Future, Auburn, AL, USA.
Wade, H. (2005a). Pacific Regional Energy Assessment 2004: an assessment of
the key energy issues, barriers to the development of renewable energy to
mitigate climate change, and capacity development needs to removing barriers:
Samoa National Report Apia, Samoa, Secretariat of the Pacific Regional
Environment Programme (SPREP): pp. 52.
Wade, H. (2005b). Pacific Regional Energy Assessment 2004: an assessment of
the key energy issues, barriers to the development of renewable energy to
mitigate climate change, and capacity development needs to removing barriers:
Regional Overview. Apia, Samoa, Secretariat of the Pacific Regional
Environment Programme (SPREP): pp. 105.
Wade, H. (2005c). Pacific Regional Energy Assessment 2004: an assessment of
the key energy issues, barriers to the development of renewable energy to
mitigate climate change, and capacity development needs to removing barriers:
Cook Islands National Report (Volume 2). Apia, Samoa, Secretariat of the
Pacific Regional Environment Programme (SPREP): pp. 72.
WB (2006). Not if, But When: Adapting to Natural Hazards in the Pacific
Islands Region, A Policy Note, World Bank (WB).
WB and UNDP (1985). Western Samoa: Issues and Options in the Energy
Sector, Joint WB/UNDP Energy Sector Management Programme. Apia, Samoa,
World Bank (WB), United Nations Development Programme (UNDP).
Weinberg, A. (1972). "Science and trans-science." Minerva 10: 209-222.
Whistler, W. A. (1984). "Annotated List of Samoan Plant Names." Economic
Botany 38(4): 464-489.
Whistler, W. A. (2002). The Samoan Rainforest: A Guide to the Vegetation of
the Samoan Archipelago. Honolulu, Hawaii, Isle Botanica.

	
  

174	
  

Williams, R. and E. Larson (1995). "Biomass gasifier gas turbine power
generating technology." Biomass and Bioenergy 10(2-3): 149-166.
Woods, J. (2003). A master development plan for the sustainable development
of the biomass resources of Fiji, Kiribati, Samoa, Tonga, Tuvalu & Vanuatu.
London, SOPAC Technical Report 365.
Woods, J., S. L. Hemstock, et al. (2006). "Bioenergy systems at the community
level in the South Pacific: Impacts and Monitoring." Mitigation and Adaptation
Strategies for Global Change 11: 469-500.
XE (2012a). "Currency Converter: New Zealand Dollar (NZD) to Samoan Tala
(WST)."
Retrieved
March
23,
2011,
from
http://www.xe.com/ucc/convert/?Amount=1&From=NZD&To=WST.
XE (2012b). "Currency Converter: New Zealand Dollar (NZD) to United States
Dollar
(USD)."
Retrieved
March
23,
2011,
from
http://www.xe.com/ucc/convert/?Amount=1&From=NZD&To=USD.
Yang, P. and B. M. Jenkins (2008). "Wood residues from sawmills in
California." Biomass and Bioenergy 32: 101-108.
Young, E. (1996). Western Samoa/New Zealand Forestry Appraisal Design
Project: 1996 Appraisal Design Mission Report. Auckland, New Zealand, Ernst
& Young: pp. 25.
Young, W. J. (2007). Climate Risk Profile for Samoa. Apia, Samoa,
Meteorology Division, Ministry of Natural Resources and Environment
(MNRE).
Yu, X., A. Gilmour, et al. (1996). "Current limitations on further introduction of
renewable energy systems in the South Pacific Five national case studies."
Energy Policy 24(8): 697-711.
Yu, X. and R. Taplin (1997). "A survey: international aid for renewable energy
in the Pacific Islands since the 1970s." Energy Policy 25(5): 501-516.
Yu, X. and R. Tapling (1997). "Policy Perspectives: Environmental
Management and Renewable Energy in the Pacific Islands." Journal of
Environmental Management 51(1): 107-122.
Zieroth, G., L. Gaunavinaka, et al. (2007). Biofuel from Coconut Resources in
Rotuma. Ministry of Foreign Affairs of Denmark. Copenhagen: pp. 100.
Zuniga-Carmine, L. (2006). Savai'i Hydro: Overcoming Social Barriers to
Implementation, A Study Report for Promotion of Renewable energy, Energy
Efficiency and Greenhouse Gas Abatement (PREGA). Apia, Samoa, Asian
Development Bank (ADB).

	
  

175	
  

Appendices

	
  

176	
  

Appendix 1.
RENEWABLE ENERGY DEVELOPMENT IN THE PACIFIC
QUESTIONS TO PARTICIPANTS
Interview Questions
(Government and Non-government Stakeholders)
1. How long have you been in your current position?
2. Could you please explain what you know so far about the proposed
biomass gasification projects in Samoa?
3. What kind of experience have you had working with renewable energy
development previously?
4. Can you describe how this particular development has come about?
5. What role have local community groups and members played in this
regards?
6. How are traditional Samoan knowledge and values being integrated as
part of this project?
7. One of the aspects of this research is examining the role of policy in
promoting renewable energy systems:
a. Can you think of any examples of government, foreign aid or any
other policy initiatives that have been influential in promoting
renewable energy?
b. Following on from this question, are there any policy barriers or
changes you can think of that would help these systems develop?
Interview Questions
(Village)
1. How long have you lived here?
2. What is your role in the village?
3. Do you grow your own crops?
a. If so, how far away are they from your fale?
b. What types of crops do you currently grow?
c. How many hours a week do you spend attending to your crops?
4. How important are these areas to you and your aiga?
5. Do you currently use electricity?
a. If so, what do you mainly use this for? How do you pay for
electricity?
b. If not, do you believe this is this something you need?
6. Do you ever have a shortage of any resources? For example:
a. Fuelwood
b. Food
c. Water
d. Diesel
7. If you were financially rewarded for participating in a new form of
renewable energy development how would you feel?
8. Can you think of any other issues that might arise within the village?
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