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Abstract 

This research investigates forestry biomass residue supply chains in Tasmania with the aim of 

contributing new knowledge, tools and techniques to support decision-making on future 

bioenergy investments. This research develops and tests a prototype digital tool that improves 

the accuracy of residue estimations from harvesting operations. The research also enhances the 

modelling of optimised location mapping and socio-economic impact assessments for future 

bioenergy plants in Tasmania. The results generated by this research directly enhance the 

quality of information that can be used in decision-making about the feasibility of future 

bioenergy plants using forestry biomass residues. It is anticipated that the outputs of this 

research will contribute to supporting the forest industry and Governments to better balance 

sustainable practices alongside socio-economic priorities in Tasmania into the future. 

 

Internationally the use of forestry biomass residues (including un-merchantable trees, small-

diameter trees, tops, limbs and chunks) produced by commercial harvesting operations 

continues to grow. These biomass residues are already being used to produce bioenergy and 

bio-based forest products (including engineered wood products) through processes that 

enhance the value of these materials that have traditionally been perceived as waste. In 

Australia however, use of forest biomass residues continues to be relatively low, even though 

large volumes of residues are produced, and numerous governments have funded initiatives to 

stimulate increased utilisation. 

 

In Tasmania, commercial timber harvesting and land-clearing operations produce 

approximately 6-8 million dry tons of forestry biomass residues that go uncollected or are 

removed through controlled burning every year. Treating these biomass residues as a waste 

product actually poses a number of socio-economic and environmental challenges and costs. 

However, efforts to develop forestry biomass residue utilisation initiatives have been relatively 

limited and fragmented along Tasmanian forestry supply chains.  Despite some previous 

research highlighting evidence of the potential for both bioenergy generation and bio-based 

product development, there are a number of real and/or ‘perceived’ technical, logistical and 

economic challenges that continue to act as barriers to wide-scale forestry biomass residue 

utilisation in Tasmania. These challenges include that: (i) Forest residues are highly varied, of 

low quality and widely distributed across timber harvesting sites in ways that impose residue 

collection, processing and transportation problems that have implications for the economic 

viability of residue utilisation operations in any specific location; (ii) Despite the large volumes 

of residues, continued uncertainty exists about the nature, amount and quality of residues in 

any particular harvesting operation. Frequently there is also limited knowledge about other 

factors such as forest site accessibility at different times of the year, weather conditions, 

availability of pre-processing technology, pre-existing haulage contracting models, as well as 

total distances to and/or existence of markets for these residues.  

 

The methodological approach used to conduct this investigation involved deploying both 

quantitative and qualitative techniques through case studies that aimed to combine improved 

data accuracy on biomass residues with quantitative optimisation modelling and socio-

economic impact assessments to enhance decision-making on future bioenergy investments. 

The research strategy was structured in three phases. Phase one focused on improving the 

accuracy of estimated biomass availability through the development of FIELD (forest 

inventory electronic live data) tool capable of interpreting harvester head StanForD data 

combined with pre-existing allometric equations to determine residue availability. Phase two 

focused on optimal location mapping for prospective bio-energy facilities by integrating 
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geographic information system (GIS) data on Tasmania with the analytic hierarchy process 

(AHP) to support multi-criteria decision-making in a selected case study region of Tasmania. 

In phase three, Meander Valley Council (MVC), one of the identified three biomass potential 

locations from Phase two, was chosen to explore through scenarios the socio-economic impacts 

from different sized proposed biomass energy plants for this case. 

 

Analysis of phase one reveals how the FIELD digital tool can produce improved accuracy and 

near real-time data on the availability, quality and location of harvesting residues at any 

individual site. The analysis also highlights how FIELD opens up opportunities for value chain 

mapping. The FIELD software supports the generation of forest value maps that include 

valuable information for improving forest management and silviculture planning. The value 

map consists of individual tree DBH that are geo-located in the harvesting site. The use of 

combined value map and other environmental data such as soil composition, nutrients, and 

climate, can support analysis of how different site parameters affected tree growing and allow 

the development of more accurate predictive management plans about optimising tree planting 

to increase future timber productivity at any individual site. The FIELD tool also pointed 

towards the possibility of generating Tasmania-wide accurate estimations of forest biomass 

residues that could be geo-spatially linked into a residues availability database. Unfortunately, 

due to limitations in access to StanForD data across multiple sites, from multiple industry 

players, it was not possible to build this residues availability database during this research.  

 

Importantly insights generated from phase one were directly useful for phase two analysis that 

focused on optimal location mapping for prospective bio-energy facilities. This location 

optimisation modelling relied on previously prepared residue availability estimations at the 

State-wide level. More specifically phase two analysis integrated GIS data, and an AHP model 

with logistics cost analysis to determine the best candidate locations based on optimal biomass 

logistics supply chain costings. The analysis utilised three main criteria (economic, 

environmental, and social) as well as a number of sub-criteria established and considered to 

investigate specific biomass facility locations. From the identified list of optimal locations, one 

was selected and modelled in detail using a range of scenarios covering different sizes of bio-

energy facilities. The case study location selected was in the meander valley council area in 

northern Tasmania. The same case study location was then carried forward into phase three. 

 

Phase three focused on a range of scenarios analysing socio-economic impact assessments of 

different sized future bioenergy plants in the meander value case study region. Modelling 

conducted investigated socio-economic impacts from a prospective co-generation bioenergy 

plant under 50 MW using data related to biomass energy generation in the case study area 

(Valley Central Industrial Precinct). The analysis was completed using the jobs and economic 

development impact model (JEDI) combined with biomass residues estimations based on a 

range of different distances from the optimal bioenergy facility location. The analysis modelled 

both the quantity and quality of biomass residue feedstocks suitable to make the most viable 

bioenergy facility while optimising socio-economic impacts.  

 

The key results of these research investigations conducted across the three phases contribute 

new knowledge, tools and techniques for supporting decision-making on future bioenergy 

investments in Tasmania. More specifically, the key results produced can be summarised as 

follows: 

 

• The FIELD digital tool does improve the accuracy of data on the availability and type 

of forestry biomass residues and directly answered the first research question of this 
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investigation. The FIELD digital tool also supported the development of forest value 

maps for individual harvested locations that may be used to improve forest management 

and silviculture planning, including re-forestation. However, the research also 

identified several challenges for the wider adoption of the FIELD tool. These include 

the need for further validation to be conducted through field measurement comparison 

studies and non-matched allometric equations in study site conditions. Future validation 

research will further improve the accuracy and utility of the FIELD tool. 

• In combining GIS and AHP techniques, it was possible to systematically identify and 

model optimal locations for future bioenergy plants in Tasmania and to interrogate the 

impact of different factors on the scenarios modelled including balancing economic and 

environmental considerations. The case study results confirm resource availability, land 

use and supply chain cost data can be meaningfully integrated and mapped using GIS 

to facilitate the determination of different sustainable criteria weightings and to 

ultimately generate optimal candidate locations for prospective bioenergy energy 

facilities. These results advance contemporary techniques by presenting innovative 

approaches for the sustainable utilisation of forestry biomass residues as a resource for 

the generation of bioenergy in Tasmania. 

• In conducting socio-economic impact assessments across different scenarios for future 

bioenergy facilities in phase three, this research was able to model residue availability 

and bioenergy generation output as an approach to evaluate potential impacts under a 

range of conditions. Potential bioenergy residue feedstocks were categorised into viable 

onsite and offsite sources and quantified in terms of their different bioenergy outputs 

for different sized bioenergy plants. To complete the evaluation of the potential socio-

economic impact of the proposed plant, the analysis was conducted using the JEDI 

(Jobs and Economic Development Impact model). The results confirm the potential for 

significant job creation and other socio-economic benefits during both the construction 

and plant operational periods. Additional socio-economic activity is also expected from 

the provision of low-cost renewable bioenergy attracting other businesses to establish 

at VCIP, and from the multiplier effects from related spending in the local 

economy.These techniques and the explicit articulation of the underlying assumptions 

used provide a method for studying bioenergy generation options from biomass 

residues. 

 

It is anticipated that the results of this research investigation will be of direct value to 

researchers interested in forest supply chains involving biomass residue utilisation. It is also 

hoped that the results will be of value to the Tasmanian forest industry, their supply chain 

partners as well as contribute insights to the State government about potential future bioenergy 

investments. 
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Chapter 1. Introduction 

 

This chapter provides a summary on the background of this thesis. It presents the research 

questions and objectives raised based on identified research gaps and limitations. This section 

also discusses the contribution of the thesis to contributing to the development of forestry 

biomass supply chains in Tasmania. 

 

The introduction chapter consists of the following sections: 

 

Section 1.1 describes the current status of the forest biomass residue energy utilisation. This 

section aims to review how and where residue utilisation is actively being pursued to generate 

bioenergy and other bio-based forest products. Additionally, this section discusses previous 

research related to forest residues utilisation and forest biomass energy opportunities in 

Tasmania. 

 

Section 1.2 identifies the environmental and economic problems of the forest biomass 

utilisation in Tasmania. This section briefly identifies several practical challenges and 

suggested solutions that have previously been considered in Tasmania.  

 

Section 1.3 identifies the key opportunities and challenges in Tasmania to support biomass bio-

energy utilisation. These insights are based on reflections from the International evidence and 

previous research that has been conducted into bioenergy supply chains in Tasmania and 

Australia. 

 

Section 1.4 presents the research questions and objectives based on identified research gaps 

and challenges. 

 

Section 1.5 provides a summary of the research scope and strategy. 

 

Section 1.6 summarises the main contributions of this thesis including development of a digital 

tool and the enhancement of modelling to improve data accuracy, location mapping and impact 
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assessments for future bioenergy based on enhanced Tasmanian forestry biomass residue 

supply chains.  

 

Section 1.7 summarises the thesis by providing key outcomes or challenges of each chapter. 

 

Section 1.8 provides a conclusion for chapter one.  
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1.1 Background 
 

Summary of the background 

This background section highlights a global trend in forest biomass energy utilisation. This 

section reviews the state-of-the-art approaches for generating bioenergy and other bio-

based forest products. The background section highlights the following topics; 

• Issues related to the definition of ambiguity and heterogeneity in forest biomass 

resources terminology along the supply chain 

• Forest residues is carbon neutral in the use of biomass energy feedstock 

• Briefly reviews some international and Tasmania forest biomass energy utilisation 

studies 

• Describes some limitations and challenges in forest residues utilisation 

• Introduces the aim of the thesis 

 

Increased fuel costs and environmental concerns have contributed to renewable energy sources 

arising as alternatives to fossil fuels. Additionally, accelerated climate change impacts have 

increased efforts to reduce carbon emissions including through renewable energy. As part of 

renewable energy, forest biomass resources are considered important renewable materials and 

energy sources in many countries. Recently, the Parliament of the European Union has decided 

to promote renewable energy to double Europe’s 2015 energy levels by 2030. Additionally, 

they were voted to allow biomass energy and power plants industries to harvest more standing 

trees for burning directly to generate energy due to meet the demand for energy feedstock [1]. 

However, this controversial decision was taken against the expert advice that this policy may 

lead to accelerating climate change due to an increase in more carbon emissions[2]. What this 

highlights is that utilisation of forest biomass is different from discussions about using forest 

biomass residues. Growing trees to burn them is likely to have a detrimental impact on climate 

change, whereas using residues waste materials generated from other types of forestry 

harvesting operations can be considered to be more sustainable and environmentally friendly 

source of energy generation when compared with fossil fuels. 

2.1.1. Differentiating Forest Residues from Forest Biomass  

This differentiation between forestry biomass and forestry biomass residues is also made more 

difficult because of the  terminology used in much of the literature. Many previous studies use 
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forest biomass terminology to refer to all types of biomass resources including logging residue, 

thinning residues, woody biomass, energy plantation trees, and harvesting biomass residues [3-

7]. This definitional ambiguity along forestry supply chains has often made comparison of 

studies challenging. As the previous research on forest biomass utilisation revealed forestry 

carbon storage and emissions is significantly affected depending on whether the bioenergy 

being generated is sourced from ‘energy’ trees grown to be burned or forestry residues 

produced as waste products from other forestry activities. There is a significantly different 

impact on climate change between these two activities, both often referred to as forestry 

biomass for bioenergy [8]. Biomass recovery operations can create additional carbon during 

the harvesting, processing, and feedstock transportation process. Fossil fuel is a better option 

in terms of carbon emissions per unit of energy generation. However, the biomass can absorb 

the carbon dioxide and store it in its tissue during the regeneration and growing stage. In this 

context, biomass can reduce the carbon compared to the use of fossil fuel to generate energy 

considering a long term perspective[9]. 

Unsurprisingly, issues associated with the misuse of forest biomass terminologies in the 

research have given rise to much controversy in renewable energy policy debates in many 

countries and caused difficulties when accurate data on particular types of biomass are being 

focused on. Previous research revealed that forest biomass residues and waste utilisation as 

biomass energy feedstock have the potential to compensate for carbon release [1, 10, 11]. 

Because the forest residues and wastes materials left on the forest floor tend to quickly 

decompose and release their carbon anyway [12]. In other words, using forest residues may be 

considered as carbon neutral in their use as biomass energy feedstock. This is because burning 

them for energy or leaving them to naturally decompose contributes the same amount of carbon 

to the atmosphere. Although it is acknowledged that this takes place at different rates. 

Whereas, as experts have pointed out use of energy forest trees, which are planted and grown 

for energy feedstock are likely to directly increase carbon in the atmosphere [1, 11, 13, 14]. 

According to research conducted by Mckechnie et al. 2010, the increased current level of 

energy forest trees harvesting to produce more bioenergy may even be anticipated to emit more 

carbon when compared to the use of fossil fuel in the short term [8, 10, 14]. Distinguishing 

between forest biomass residues and “Big Bad Bioenergy” as it is called by many 

environmental communities and Non-governmental Organizations (NGO)s is very important 

at the start of this thesis [15]. The reality of the risks of carbon emissions from energy trees has 

polarised debates about woody biomass utilisation and prevented a balanced and evidence-
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based discussion about the merits of forest biomass residues. This is because burning them for 

energy or leaving them to naturally decompose contributes the same amount of carbon to the 

atmosphere. Although it is acknowledged that this takes place at different rates. 

It is critical when examining forest biomass residues  utilisation that debates are based on strong 

scientific evidence. Internationally, many examples of biomass utilisation exist and have been 

used to demonstrate the potential of this energy source within debates on renewable energy 

feedstocks. However, when many of these studies are examined more closely it can be seen 

that only a very few projects are genuinely contributing to carbon emissions neutrality and to  

balanced debates on climate action and socio-economic impacts. This is especially the case for 

debates on forest biomass for bioenergy in regional communities where data is often limited 

and definitions of forest biomass applied very loosely. 

For example, Europe is often heralded as an exemplar of biomass energy utilisation. The total 

harvested wood volume in Europe is almost the same amount of timber production in the 

combined US and Canada. Searchinger et al. 2018, revealed that if forest biomass energy 

consumption is increased to 40% of 2015 harvest levels, the required additional woody biomass 

will be almost equal to all of Europe’s wood harvest [1].  

The Renewable Energy Directive (RED) has introduced a new biomass energy plan to increase 

10% renewable energy for heat energy generation in 2020. For heating energy, most of the 

applicable energy sources are from woody biomass energy feedstocks. To meet the demand of 

this new plan, the predicted woody biomass amount is approximately 50% of Europe’s current 

annual wood harvest [16, 17]. This trend and direction of biomass energy utilisation may lead 

to expanding harvesting rate in forests all over the world but also, deforestation of expanding 

harvested forests may also threaten climate change and biodiversity.  

This thesis makes a key distinction around whether the resources being utilised in bioenergy 

are by-products of other commercial forestry practices such as logs for timber construction, 

veneers or engineered wood products or whether they are primarily grown to burn for energy. 

In this research, forest biomass residues, a by-product of conventional timber harvesting and 

value-added forest products is the core resource being investigated as a potential renewable 

energy resources for Tasmania 

Forest residue, by-products from conventional timber harvesting, including small-diameter 

trees, tops, limbs and chunks provide an opportunity to produce bioenergy and bio-based forest 

products in a more carbon positive way [18]. Already many countries are using residues 
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successfully to generate alternative fossil fuel and reduce carbon emission. Importantly, 

introduced new technologies, combustion, gasification, palletisation, pyrolysis, briquettes and 

torrefaction, are able to convert forest residue into high quality and sustainable bioenergy and 

bio-based materials [19, 20]. So, previously wasted or underutilised forest residue can thus be 

used to produce biofuel and bio-based forest products, thereby helping to offset the costs of 

forest restoration and fire hazard treatments while facilitating follow-up forest management 

activities. It is acknowledged that there is still debate about differences between geological 

carbon cycles and different types of terrestrial carbon cycles in-terms of overall carbon 

emissions. However, the key point being made here is that when focusing on biomass residues 

there is strong evidence that supports the carbon neutrality perspective presented here. 

In the United States, large amounts of woody biomass residues are generated by all sources of 

forest-related industry. In 2002, an estimated 240 million metric tons was generated during the 

timber extraction from the nation’s forests, forest operation, forest land conversion, timber 

processing operation, and construction and demolition of buildings, and in the manufacture, 

use and disposal of solid wood products [21, 22]. The major sources of waste wood are timber 

harvesting and processing residues. Recently, increasingly large amounts of timber residues 

are becoming valuable resources. For instance, most of the particleboard products in the United 

States are made from timber processing residues [23].  

From 2002 to 2013, biomass energy consumption in the United States has increased by more 

than 60%. The key factor in raising biomass energy consumption is biofuels producing using 

biomass feedstock materials. In 2013, biomass energy was approximately 50% of all renewable 

energy consumed and 5% of total U.S energy consumption [24].  

In European countries, forest residue and biomass are considered alternative renewable energy 

sources. The utilisation of forest residues as a biomass energy source was increased rapidly in 

the last decades in Europe. This trend is based on politically supported by the public and all 

political parties, and there is partly subsidised by European governments [25]. New products 

are developed using forest residue to increase market value and efficiency. 

Additionally, the use of biomass for energy has increased significantly in Europe over the last 

ten years, and there exist ambitious plans for a further increase to achieve renewable energy 

targets. At present biomass is by far the most important renewable energy source in Europe. In 

the 27 member nations of the European Union (EU27, population 500 M) biomass contributed 

8.2% of total final energy consumption in 2010 or nearly 64% of European renewable energy 
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[26, 27]. Forest biomass, including forest residues and energy forest trees, is the dominant 

feedstock contributing about two-thirds of total biomass for energy production or about 50% 

of total renewable energy [28]. Thus, it is logical that the share of energy derived from biomass 

is closely correlated with the available forest resource. 

Sweden, Finland and the Baltic countries (Latvia, Lithuania and Estonia), the represented most 

forest countries in Europe, have been used forest biomass (conventional forest practices 

residues and energy forest trees) to generate energy about 20 and 30% of their total energy 

demand [25]. Also, the countries which have a lack of forest resources such as Denmark, 

biomass facilities are operated with agriculture residue to supply the high demand for biomass 

energy resources. Despite the increased biomass energy demand in European countries, the 

total standing volume of European forests increased 12% in the last ten years and maintain 

harvest level below the annual timber growth rate [26, 29].  

2.1.2. Challenges in Residue Utilisation 

However, based on International and local research into residue utilisation, it is evident that 

several challenges must be addressed to ensure residues can be transformed from a waste 

material into a source of commercial value. In particular, several logistical and supply chain 

challenges have already been identified, including [30] forest residue are highly varied, of low 

quality and widely distributed across timber harvesting sites. All these factors impose residue 

collection, processing and transportation challenges with implications for the economic 

viability of residue utilisation operations [19, 31, 32].  

While large volumes of residues exist, uncertainty about the nature, amount and quality of 

residues in any particular harvesting operation as well as limited knowledge about other factors 

such as forest site accessibility during different time periods in a year, weather conditions, 

availability of pre-processing technology and haulage contracting models and distances to 

market [33-36]. 

To a large degree, the underutilisation of forest residue can be attributed to the high cost of 

collecting and transporting these residues to end-user markets and the low market prices paid 

for delivered forest residue. Several studies have developed innovative forest biomass 

operations that effectively improve access to harvesting sites and economic efficiency [37-40].  

In European countries, wood availability and demand hosted by the UNECE/FAO Forestry and 

Timber section moved rapidly to collect information and to make new estimates of the quantity 
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of woody biomass. In European “Wood Resource Balance” combining the results of the 

research and the Joint Wood Energy Enquiry was published in 2005. The results of this study 

indicated that there are a lack of reliable data and the need for further research. The EUwood 

project, financed by the IEE programme, continued this research and has created a more critical 

overview of future supply and demand [28]. The data and results of the analysis from a wide 

range of sources in the comprehensive and structured framework offer a detailed and practical 

estimate of future potential wood supply in Europe.  

In the United States, “Waste to Wisdom” is an innovative biomass research project funded by 

a $5.88 million grant from the U.S. Department of Energy. This research focused on to 

investigate to make better use of forest residue wasted from timber harvests and thinning by 

using new equipment, operations, and technologies that can turn that biomass into valuable 

bioenergy and bio-based products [19]. To optimise forest residues utilisation in the value chain, 

they were solved the problem with feedstock development and mobile biomass conversion 

technologies application [41-44]. In this project, they evaluated new forest residues collection 

and handling techniques that increase the quality and accessibility of forest residue and improve 

the economics of using forest residues feedstocks in biomass conversion technologies, 

including forest residues sorting and management during harvesting operations [20, 40, 45, 46], 

and pre-hauling options for various forest residues types, and locating centralized processing 

sites under an optimized work condition. They also developed a landscape scale feedstock 

development scheduling model to optimise the selection of production pathways including 

collection, comminution, product upgrading (moisture control, densification, and in-woods 

biomass conversion), and transportation to identify pathway streams that maximise net revenue 

while reducing adverse environmental impacts [47-49]. 

2.1.3. The Australian and Tasmanian Experience to-date 

In Australia, the Australian Renewable Energy Agency (ARENA) supports projects that 

advance renewable energy technologies and systems. In ARENA project, biomass availability 

was estimated through the Australian Renewable Energy Mapping Infrastructure (AREMI) 

interface, developed based on geospatial information system (GIS) [50]. However, the 

accuracy of the information was limited to apply in practical biomass energy planning. Also, 

Acuna et al. investigated optimal timber drying prediction and simulation model tool called 

BIOPLAN [51]. This tool is a linear programming model, and objective functions are focused 

on minimising cost for bioenergy feedstock and general logging transportation. These research 
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aims were to exploring bioenergy from Australian plantation residues, though better specific 

knowledge is required on the amount of residue available, natural drying curves and machine 

performance within the potential supply chain if the model is to be used to support real 

commercial decisions. However, the limitations of BIOPLAN are that the developed prediction 

model is based on lots of assumptions but also, it is not considered to geospatial information.  

Moreover, several projects were investigated to estimate the Tasmania forest residue utilisation 

options and solutions. In July 2016, the Tasmanian Government announced the Wood and Fibre 

Processing Innovation Program, with up to $1.25 million in funding were made available 

through the Program to support the development of projects that utilise forest harvesting and 

timber processing residues and agricultural plant residues to create value-added products in 

Tasmania. Thirteen projects were successful in gaining grant funds, and the total value of the 

projects is more than $7 million Table 1. Most of them are primarily focused on investigating 

Tasmania forest residues options and solutions [25, 52, 53]. 

Table 1. Wood and fibre processing innovation program list and description (Source: Tasmania State 

government) 

applicant Project description Funding 

amount 

Meander Valley Council Initial work on the development of a business case for the 

design and operation of a large-scale bioenergy generation and 

local distribution network. 

$100 000 

Mondelez Australia Pty 

Ltd 

Preliminary two-part feasibility study; the first to determine if 

an existing boiler can be converted from natural gas to a dual-

fuel feed of biomass (woodchips or the other forestry by-

products) and natural gas; and the second involving the 

installation of an embedded 300 kW steam turbine to generate 

electricity for the site. The project, if implemented, will result 

in the production of steam and electricity for the site with 

potential for an approximate 70% reduction in site greenhouse 

gas emissions. 

$100 000 

Norske Skog Paper Mills 

(Australia) Ltd 

Trial the utilisation of wood residue in the existing boiler with 

the aim of replacing a proportion of the black coal with a mixed 

fuel source utilising biomass. The project will include the 

necessary engineering and operational changes followed by 

thorough testing. 

$100 000 

Dovetail Timbers Pty Ltd Build a new residue processing and engineering (residue 

engineering) plant. This will extend the capacity to process 

low-grade logs and residues and facilitate continued production 

expansion. New innovative sawmilling equipment will be built 

which is specifically designed to process select forest residues 

efficiently. Outputs will include green sawn timber, seasoned 

$94 600 
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timber, dressed timber and a wide variety of engineered timber 

products for architectural and construction applications. 

Pentarch Forest Products 

Pty Ltd 

Phase one is a feasibility study for an onsite solid biofuel plant 

to turn a woodchip processing by-product into a valuable and 

renewable solid biofuel in the form of solid biofuel briquettes. 

If the project is viable and the proponent commits to 

construction, phase two involves the construction of the biofuel 

plant. 

$100 000 

Stronach Industries 

Group Pty Ltd 

Enhance current timber processing and manufacturing centre 

with the infrastructure and technology to value add timber 

waste into an environmentally friendly commodity. This will 

involve the provision of a down-line timber processing centre 

to convert timber off-cuts, timber shavings, and sawdust into 

compressed products including hot blocks, aromatic briquettes, 

and garden, pet, poultry and equine products. 

$96 500 

East Tamar Maintenance 

Services Pty Ltd 

Construction of a biomass fuel production facility, set up and 

equipping of a fabrication facility for the assembly of biomass-

fuelled appliances for domestic and mid-range 

commercial/industrial applications. 

$95 000 

Dorset Renewable 

Industries Pty Ltd 

To further develop a project for a wood pellet plant at Ling 

Siding, Scottsdale. The proposed project if implemented will 

convert wood processing waste into solid biofuel (wood 

pellets). 

$100 000 

Howard Heritage 

Holdings Pty Ltd 

Upgrade of workshop equipment to enable more efficient 

production of thick veneer products from lower grade logs and 

craft wood. 

$100 000 

Wood Pellets Tasmania 

Pty Ltd 

Integration of a shaving process and baling operation into an 

existing pelleting operation to both secure and diversify the 

biomass accessible to the pelleting operation and to diversify 

the business' range. 

$69 000 

Botanical Resources 

Australia Manufacturing 

Services Pty Ltd 

Undertake a detailed evaluation of pellet production using a 

range of products including trialling different feedstocks such 

as timber residue materials for use in an existing large scale 

pelletiser. 

$87 500 

Huon Valley Timber Pty 

Ltd 

Through a staged process, change an existing timber drying 

kiln's fuel source from LPG to residues generated on-site from 

mill operations. 

$100 000 

ARTEC Australia Pty Ltd Incorporate within the kiln drying facility a process that allows 

for all docking waste to be dried to an acceptable level for sale 

into the market using flue gas heat from the boiler to be sold 

alongside ARTEC Australia's sawdust briquettes. The project 

will be followed by a future investment in drying waste from 

the chipping operation and producing these into briquettes for 

commercial application. 

$100 000 

Source URL: 
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https://www.stategrowth.tas.gov.au/energy and resources/forestry/wood and fibre processing innovatio

n program 2016 

 

Even though biomass availability was investigated, the results of these estimations were not 

easy to apply in practical biomass planning due to differences assumptions and approaches in 

the applied models. Also, most of the previous studies in Tasmania biomass utilisation were 

focused on primarily investigated mill and processing residue estimation in forest supply chains 

[54, 55]. In Tasmania, a certain amount of woody processing waste and harvesting residues 

were generated along the timber supply chain. Current estimates indicate that more than 

1,800,000 BDT/year of forest residue are, either not being used at all, burned or physically 

transported to landfill sites in Tasmania [27]. 

Managing these residues also poses socio-economic and environmental challenges. For 

example, post-harvesting operations currently involve additional costs to aggregate residues 

and then burn these slash piles to facilitate forest regrowth/regeneration at approximately 2000 

AUD/ha site-preparation and 400 AUD/ha residue distribution cost [18]. Additionally, the 

Tasmanian state government has also allocated $28.5million to cover the costs of strategic fuel 

reduction burns over the 2014-18 period [56]. In early 2019, The Tasmania Fire Service has 

estimated 200,000 ha of National Forest lands in South-west Tasmania were destroyed by a 

catastrophic wildfire that is characterised as having natural or excessive amounts of woody 

vegetation. Due to recent catastrophic wildfires in Tasmania region, managing forest logging 

residues and fuel load are among some of the most important issues from a forest fire 

management perspective. 

The majority of studies so far have only considered either economic (techno-economic and 

optimisation studies) [33, 57-59] or environmental (life cycle assessment studies) [60-65] 

aspects of bioenergy projects. There are very few, if any studies exploring these issues in an 

holistic manner in Europe or North-America. To date in Tasmania there are have been no 

holistic investigations into technical and cost-efficient designs for forest biomass supply chains 

and currently there are no operating biomass plants in Tasmania or production of electricity 

using forest biomass. 

Additionally, there is no pre-feasibility research in biomass energy plants considered geospatial, 

environmental and socio-economic in Tasmania region. Also, the estimating forest residue with 

high accuracy is limited factors to accelerate forest biomass industry in Tasmania. The 
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foregoing limitations can be overcome the ICT technologies integrated into current harvesting 

equipment. Currently ICT integrated forestry techniques introduce precision forestry to 

optimise forest value and management efficiency. For instance, the forest climate data was 

collected using embedded system and internet of things techniques in a near real time to 

monitor forest climate change. Also, unmanned airiel vehicle(UAV) and equipped sensors can 

monitor large scale area with high accuracy of data quality. The accumulation of precision 

forestry data can enable a forest manager or a biomass facilities manager to improve their 

management plan. Raising public awareness on sustainability issues requires decision-makers 

to understand the impacts of forest biomass industry on the local society. Integrated ICT, 

quantitative, and geospatial techniques can aid decision-makers to understand the economic, 

environmental and social impacts of forest biomass and bioenergy industry with high accuracy 

[30]. This understanding is required to mitigate undesirable impacts, increase the benefits 

associated with the use of forest biomass, and ensure the sustainability of new projects that 

attract community, government and investors' interest and support.  

Furthermore, understanding in detail the availability, quality and feasibility of residue 

utilisation requires high-quality information about forestry supply chains, their management 

and operation. Additionally, residue utilisation remains limited, and there is a lack of clarity on 

how to address a range of factors inhibiting its development in Tasmania.  

In this thesis, a three-phases research approach has been designed to investigate mechanisms 

within Tasmanian forest industry supply chains to identify ways to optimise the value and 

utilisation of Tasmanian forest residues including through the use of information technology 

to advance data capture, analysis and support timely and effective decision-making. 

The overall aim of this research is to empirically investigate that availability, logistical 

efficiency and feasibility of forest residues utilisation for bioenergy in an holistic manner. The 

research approach for conducting this investigation into the feasibility, feedstock availability, 

and socio-economic impact for biomass and bioenergy utilisation of forest residues involves a 

mixed methodology using three over-lapping phases described in the methodology chapter that 

engage in the following research activities: 

1) Field-work case studies  

2) Developing a software tool  

3) Geospatial quantitative optimisation modelling  

4) Biomass supply and demand analysis  
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5) Job and economic impact analysis  

In the next section, the research problems and some limitations on this research are identified. 
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1.2 Problem statements1 
 

Summary of problem statements 

This section provides and identifies the problems related to forest biomass utilisation in the 

case study region of this thesis (ie.Tasmania). Building on the previous section it is evident 

that there are many challenges to effective and efficient residue utilisation converting this 

waste material into a biomass energy feedstock or a bio-based products.  

In particular, this section outlines a number of logistical and supply chain challenges that 

are of relevance to this research investigation including:;  

i. Definitional ambiguity in forest biomass 

ii. Low-quality data and rough assumptions to estimate biomass availability 

iii. Lack of biomass simulation model in Tasmania 

iv. Limited experience with biomass opportunities 

v. Industry configuration and markets 

vi. Legal and Regulatory Framework 

vii. Social Context 

 

In Tasmania, several studies have conducted the feasibility of individual biomass projects in 

the last decades. However, there has been no comprehensive pre-feasibility research of the 

current Tasmanian situation [25, 53, 66, 67].  

Rothe et al. (2013) were primarily focused on providing an overview of the current knowledge 

gaps on the following issues [25];  

• quantification of the current use and the potential sustainable supply of forest 

biomass in Tasmania, 

• comparison of these results with the use of forest biomass in Bavaria, a 

comparable state in Southeast Germany, and  

 
1 Paper has been published in International Journal of Environmental Sciences and Natural Resources 
(Published in 2019) 

Woo, H and Turner, P. A Review of Recent Research on Carbon Neutrality in Forest Bioenergy 

Feedstocks. Int J Environ Sci Nat Res. 2019; 19(2): 556014. DOI: 10.19080/ IJESNR. 2019. 19. 556014 
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• Analysis of the low Tasmanian production of energy from forest biomass 

considering the nature of opportunities across economic, legislative and social 

drivers. 

The URS Report [52] involved modelling of forest residues availability completed for STT on 

public native forests and plantations as part of initial Tasmanian Forests Agreement (TFA) 

implementation process. PFT also completed wood flow modelling for private native forests 

and plantation as an independent input to the URS project [68]. Two types of forest residue 

were modelled: (i) Pulp Wood: classified as logs of any size that are not suitable for solid wood 

processing to a small end diameter of 8 cm; (ii) Other stem Wood: Non-merchantable stem 

wood that is usually left in the forest. It also includes the stump but excludes limbs, foliage and 

roots; The previous studies have identified quantification of the current use and the potential 

sustainable supply of forest biomass in Tasmania using the biomass estimation models (9, 53, 

68, 69).  

However, developed models were still not used in the practical situation because there is a gap 

between the simulated model and actual biomass availability. Also, estimated biomass 

availability have been shown differently among the predicted values due to using different 

assumption in biomass estimation modelling. Global forest biomass research highlighted 

estimating high accuracy level of biomass availability is an important factor in biomass energy 

pre-feasibility study [33, 45, 69]. 

Based on International and local research into residue utilisation, it is evident that a number of 

challenges must be addressed to ensure residues can be transformed from a waste material into 

a source of commercial value. In particular, a number of logistically and supply chain 

challenges have been identified including:  

(i) Low-quality data and rough assumptions to estimate biomass availability: The 

limitation of previous biomass availability research in Tasmania, forest harvesting 

residue is not well estimated due to underutilisation issues. Also, forest harvesting 

residue availability was investigated based on rough assumptions and interviews, 

which is limited and high risk to apply in practical biomass planning [27, 53, 67].  

(ii) Lack of a biomass simulation models: International evidence highlights the 

important role that both accurate data and effective modelling across a range of 

factors plays in supporting decision-making and investment in successful bioenergy 

plant implementations [33, 57-59, 69]. Evidence suggests the need for strong 
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business cases informed by accurate data and models on the following: Feedstock 

availability; Cost and quality of feedstock; Logistics and Transportation costs: 

Conversion efficiency and scale of output; Markets for use of the energy carriers 

produced; and, Design and construction choices related to the bioenergy conversion 

plant. 

(iii) Limited experience with biomass opportunities: There is very limited experience 

with biomass plants and only a few small pellet production facilities in Tasmania. 

The few facilities using biomass utilisation as thermal energy are small scale, and 

no major facilities are producing electricity using biomass. Small amounts of 

biomass are used for other industrial heating, especially brick manufacturing, food 

processing or heating greenhouses. A significant quantity of processing residues 

(>20 kt/year of bone dry material) is currently not used for energy production or 

industrial/landscaping purposes and is placed into landfills or left on forest harvest 

sites [25, 53, 67].  

(iv) Industry configuration and markets: Tasmania has a low population density, and 

there are only 60+ private forest businesses [52]. Transportation distances are 

generally more than 100km. The majority of the wood produced is low-quality 

hardwood originating from plantations. Currently, all low-quality hardwood logs 

are exported as chips into China and Japan, where the main processing takes place 

[70]  

(v) Legal and regulatory framework: It is unclear the extent to which Tasmanian and 

Australian energy policy supports bioenergy development. Subsidies, tax 

differences, research and development (R&D) funding and regulations include both 

incentives and disincentives simultaneously. From International evidence, it is clear 

that most bioenergy markets in industrialised countries continue to rely on energy 

policy support [26, 71]  

(vi) Social impact: There continues to be a lack of understanding and awareness of the 

potential of biomass as a renewable power amongst important stakeholders and the 

community at large.  Australia continues to have very limited implementations of 

bioenergy utilising forest biomass compared with the international situation. This 

suggests that awareness-raising and promotion will also be an important dimension 

of successful bioenergy implementation [30, 55]. 
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This section described several problems and challenges that must be addressed to ensure forest 

residues utilisation as biomass energy resources. In particular, a number of logistical and supply 

chain challenges have been identified including: 

i. Definitional ambiguity in forest biomass 

ii. Low-quality data and rough assumptions to estimate biomass availability 

iii. Lack of biomass simulation model 

iv. Limited experience with biomass opportunities 

v. Industry configuration and markets 

vi. Legal and Regulatory Framework 

vii. Social Impact 

Based on the above problems and challenges, the next section describes the research gaps, 

including key opportunities and challenges in forest biomass energy implementation in 

Tasmania. 

  



Chapter One : Introduction 

39 
 

1.3  Research Gaps 
 

Summary of research gaps 

This section identifies the key research gaps and the opportunities and challenges for 

supporting Tasmania to consider biomass energy implementations  

 

The section highlights the limits to existing data and modeling and how this gap is 

contributing to slowing down the implementation of biomass energy systems and the 

development of efficient and effective locally-focused biomass energy supply chains. As part 

of this introductory chapter, a number of previous efforts focused on investigating and 

estimating Tasmania forest residues options and solutions were identified.  

 

The research gaps are primarily focused on providing an overview of the current knowledge 

gaps on the following issues;  

1) quantification of current and the potential forest biomass residues availability,  

2) optimal location of a prospective biomass energy facility in Tasmania region, and  

3) analysis of value chain optimization for a future potential forest biomass energy industry 

in Tasmannia from a holistic perspective. 

 

The thesis identifies a genuine opportunity to enhance the granularity and detail of data and 

to generate more detailed modelling on bioenergy supply chains in Tasmania to contribute 

to enhancing the development of co-generation facilities.  

 

In this regard, the research is available to aid in supporting improvements in data and 

modelling of Tasmanian biomass energy supply chains across four domains: 

i. Feedstock availability; 

ii. Cost and quality of feedstock; 

iii. Logistics and transportation costs; 

iv. Design and construction choices related to the bioenergy conversion plant  

v. Socio economic impact of biomass energy industry in local community or business 

industry precinct 
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Based on the identification of these research gaps – the thesis highlights the research 

opportunity and focus of this research that involved the development and deployment of new 

digital systems and technologies to optimise dynamic data capture, assessment and decision-

support present an important opportunity for moving forward. To enagage in enhanced 

modelling to improve data accuracy, location mapping and impact assessments for future 

bio-energy in Tasmania 

 

1.3.1 Uncertainty of forest biomass availability (focused on forest residues estimation) 

Tasmania forest residues estimation models were developed separately by STT for public 

native and plantations as part of the initial TFA implementation process and PFT for private 

native forests and plantation [66]. However, these estimation model outputs are highly 

influenced by rough assumptions. Additionally, it is difficult to apply at the operation level of 

forest biomass supply chain planning. The most accurate method for estimating timber biomass 

is a direct destructive method. The direct destructive method involves the harvesting of the tree 

and measuring the weight of the different tree components (branches, leaves, trunk, etc.). 

Unfortunately, the destructive method is time-consuming and expensive for labours cost, but 

also, it is not suitable for national scale biomass estimation [72]. The indirect methods such as 

applying allometric equation and modelling allow the estimation of biomass availability based 

on assumption and variables that are easier to measure such as diameter at breast height (DBH), 

height, and crown diameter [73]. Identified opportunities and limitations of forest feedstock 

availability models are summarised in Table 2.  

Table 2. Identified opportunities and limitations of forest feedstock availability models  

 STT model PFT model Allometric 

equation 

Destructive 

field 

measurement 

StanForD  

and  

allometric 

equation 

(research 

approach) 

Model 

mechanism 

Based on 

assumptions 

Based on 

assumptions 

Regression 

model based on 

destructive 

field 

measurement 

data 

Field site 

measurement 

Field site 

measurement and 

allometric 

equations 

Application 

objectives 

public native 

and plantations 

private native 

forests and 

plantation 

Specific species 

across the 

All species Specific species 

across the public 

and private forest 
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public and 

private forest 

Opportunities 

of the models 

Suitable for 

strategic 

planning level 

Suitable for 

strategic 

planning level 

High accuracy 

in specific 

species 

The most 

accuracy 

a. Real-time 

monitoring 

b. High 

accuracy in 

specific 

species 

c. Hybrid of 

destructive 

and 

allometric 

equations 

d. Data transfer 

to operation 

level 

planning 

e. Investigate 

harvest 

productivity 

Limitations a. Public forest 

only 

b. Highly 

influenced 

by 

assumptions 

a. Private 

forest only 

b. Highly 

influenced 

by 

assumptions 

a. Require 

field 

data(DBH, 

height, 

branch size 

etc.,)  

a. Time-

consuming 

b. Expensive 

cost 

c. Small 

scale only 

a. Require 

developed 

allometric 

equations 

 

1.3.1.1. StanForD – Challenges with Using Harvest Head Data  

Today, harvesters and processors are equipped onboard computers and sensors and generated 

and recorded data using the standard for forest machine data and communication (StanForD) 

which was developed by SkogForsk in Sweden. StanForD data is comprised of a series of 

output files (apt: cross-cutting instructions, prd: production files, pri: individual production 

files, drf: operational monitoring data, and stm: individual stem data files) and these output 

files are read by some of the manufacturer's equipment and proprietary software. For instance, 

John Deere, a forest machine Manufacturing Company, provides proprietary software packages 

such as TimberOffice5, which helps users easily use information gained from forest harvester 

machines. The analysis result can help decision-maker becomes faster decision making and 

business operations more competitive and profitable. 

However, the two main concerns of using propriety software are cost and application with 

external datasets, especially for research and future planning [74]. Most developed software 

packages cannot explore interrelationships between StanForD files and other external variables. 

Most of the proprietary software is simply an algorithm that gives the users output; the 

limitation is that the users are not allowed to link the output of the proprietary software to other 

variables. The forest industry generates large amounts of data during their different forest 
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operation processes. To better understanding of the complexity of the forest, managers must 

analyse patterns and find new information[75]. Also, using proprietary software has minimal 

compatibility to apply with other variables because it is owned by the individual or company 

that commissioned or developed it. As a result, the information and source code is kept 

propriety and use can be very expensive.  

Table 3 presents the identified gaps arising from the proprietary software tools developed by 

forest machine manufacturers. This table presents both opportunities and challenges evident in 

the developed proprietary StanForD data analysis tools.  

Table 3. Identified research gaps within functions and limitations of StanForD analysis proprietary 

software and research model 

 Interpine Forestry Innovation  John Deere Forestry Ponsse 

Features STICKS TimberOffice5 Opti4G 

Analysis with external data X X X 

Open source X X X 

Monitoring system O O O 

Biomass estimation X X X 

Analysis for specific 

purpose(ex, productivity 

model) 

X X X 

To overcome the limitations, this research investigated the development of a StanForD pre-

processing and analysis digital tool. The designed tool emerges as a complement to existing 

proprietary software. It has been shown to enhance compatibility with external variables and 

data pre-processing as well as innovatively produce highly accurate data on forest biomass 

residues generated through harvesting operations directly from the harvester head and geo-

located to specific plit=based harvesting operations. These features directly contribute new and 

more accurate information to assist in forestry operation management and contribute to debates 

on future residue utilisation for bio-energy. 

1.3.2 Cost and logistics optimisation for Tasmania biomass residue utilisation 

Forest residues are highly varied, of generally low quality and widely distributed across timber 

harvesting sites. All these factors impose residue collection, processing and transportation 

challenges with implications for the economic viability of residue utilisation operations. The 

use of forest and agricultural residues as biomass feedstock for bioenergy is limited by the 

logistics of harvesting, collection and transportation costs [76]. Spatial distribution of supply 

and demand has a significant impact on the design of biomass supply chains. The locations of 

biomass feedstock availability are different from the location of biomass facilities. These 

factors increase the risk of biomass feedstock supply for the sustainable operation of energy 
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facilities. For this reason, the optimal location of the biomass facilities plays an important role 

in the biomass energy supply chain [77].  

In the Tasmanian context, Dorset and Huon Woody Biomass Pre-feasibility Studies (PFT, 2013) 

commissioned by the Department of Economic Development Tourism and the Arts (DEDTA) 

in 2013 which aimed to provide regional context to strategic estimates of resource availability 

from the non-industrial private native forest (NIPNF) estate. Dorset Renewable Industries Pty 

Ltd (DRI) was investigating opportunities for the establishment of a biofuel production plant 

in the township of Scottsdale. Based on a strategic model developed in 2012 by PFT, it 

appeared there would be sufficient woody biomass available from the Non-Industrial Private 

Forest (NIPF) estate within a 65km radius of the township, to sustainably supply such a plant 

over a 20-year lifespan at the rate of 150,000 green tonnes per annum.  

Majority of studies so far considered either biomass feedstock availability in strategy level or 

opportunities for residue utilisation aspects of bioenergy projects in Tasmania [52, 68, 70]. 

Unfortunately, there continues to be limited detailed modelling on the potential of Tasmanian 

forest biomass to supply energy feedstock from forests managed on both public and private 

land for bioenergy facilities (Table 4).  

Table 4. Identified research gaps among the previous Tasmania biomass pre-feasibility study and 

designed cost and logistic optimisation for Tasmania biomass facilities   

 Determine 

of Plant Size 

and location  

Feedstock 

availability 

GIS 

information 

Logistic cost 

analysis 

(not-

assumed) 

Economic 

impacts and 

financial 

feasibility(Job 

creation etc.,) 

URS report  X O X X X 

Dorset woody 

biomass pre-

feasibility 

study(2013) 

X O O Part of done. 

(Cartage 

distance 

calculations) 

X 

The current and 

potential use of 

forest biomass for 

energy in 

Tasmania 

X O X X X 

Valley Central 

Industrial 

X O X X X 
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Precinct – 

Bioenergy Hub 

(Meander Valley 

Council) 

Cost and logistics 

optimisation for 

Tasmania 

biomass facilities 

O 

(GIS-based 

suitability 

analysis) 

O 

(Using NIPF 

or input from 

chapter 2) 

O 

(Industrial 

partner, 

national census 

data, Etc.,) 

O 

Network 

analysis 

(location-

allocation) 

O 

(NREL Job and 

economic 

evaluation) 

Evidence suggests the need for strong business cases informed by accurate data and models on 

the following: Feedstock availability; Cost and quality of feedstock; Logistical and 

Transportation costs; and location and scale of the bioenergy facilities [69]. 

1.3.2 Socio-economic assessment of biomass energy industry in Tasmania 

Over the last ten years, there has been an increased focus on utilising biomass residues 

including from forestry and agricultural production cycles to produce bioenergy. In Australia, 

despite some government support to encourage biomass utilisation for bioenergy, uptake has 

been relatively slow and limited in scale. One major inhibiting factor in the utilisation of 

biomass residues for bioenergy has been the lack of data on the quality and quantity of available 

biomass and accurate socio-economic modelling highlighting the potential benefits and returns 

from investments in this type of energy generation. While cost-efficient designs for bioenergy 

plants exist, understanding how they can be integrated into locally available residue supply 

chains remains problematic. In this thesis, phase three aims to contribute to on-going 

investigations to address some of these challenges by modelling the potential socio-economic 

impacts of a proposed co-generation bioenergy plant (under 50 MW) in the Valley Central 

Industrial Precinct (VCIP) in Northern Tasmania. The modelling uses data related to residue 

availability and bioenergy generation output to examine and evaluate potential impacts under 

a range of scenarios. In preparing this case study, reviews of studies conducting similar 

modelling of biomass residues in bioenergy supply chains internationally have been evaluated 

[78]. 

On the island of Tasmania, several studies have been conducted into the feasibility of individual 

biomass projects, and there have also been some reviews of opportunities for bioenergy on the 

island [25, 52, 53, 70]. Significantly most of this previous work has focused primarily on 

options for the use of forest harvest residues, rather than forest processing residues or other 

types of wet and dry biomass residues currently available in Tasmania.  
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While these previous Tasmanian studies have concluded that forest biomass residues are 

available in sufficient quantities to support bioenergy generation, they have also acknowledged 

several barriers exist to their intensive and commercialised use. Importantly, this focusing on 

only technical issues related to the establishment of bioenergy plants [70] has tended to 

marginalise consideration of many important socio-economic and environmental aspects 

related to biomass residues supply chains. One of the most important social dimensions, 

especially in regional areas of Tasmania, is the effects of residue utilisation for bioenergy on 

employment [79]. This can be measured by the number of accrued local jobs (full-time 

equivalent per year) [80]. The more local jobs that are created, the higher the likely social 

benefits arising from any proposed bioenergy initiatives [81]. Another aligned social dimension 

worthy of consideration involves the need for open discussion of environmental and 

sustainability issues related to the utilisation of biomass residues for bioenergy generation. 

Indeed, ensuring all stakeholders and decision-makers understand the lifecycle impacts of 

biomass residue systems on their local economy (with or without bioenergy generation) is very 

important [82]. Although recognition of the need to explore the complex intersection between 

the two is growing along with public interest in sustainable and environmentally sound business 

practices in bioenergy production and consumption. 

Richgro biogas renewable energy plant in West Australia (WA), approximately 35,000 

ton/annual of organic food waste and biomass waste were processed to generate heat and 

electricity energy. This is one of the first commercial biomass power plants in Australia. It is 

able to produce up to 2 MW of electricity and 2.2 MW of heat energy. Electricity is grid-

connected, and excess heat is used in a hothouse, where blueberries are grown [54]. The biogas 

plant generated income from the gate fee for diverting the waste from landfill and the bio-

fertiliser by-product. Also, there was a revenue of AUD 500,000 a year when it had sold on the 

power, and that is not including income from sales of the byproduct of energy generation such 

as bio-fertiliser. Also, Based on Kelly lake biomass plant in British Columbia (BC), Canada, 

the 10 MW biomass firepower plant employ 24 total full-time employees including operators, 

material managers, and maintenance [83]. The examples of the WA biogas plant and Kelly lake 

bioenergy plant indicated that the benefit and revenue from the bioenergy industry in the local 

region is significant.  

Beyond pure economics, environmental activism in Tasmania over many years has raised 

public awareness on the need for a consideration of sustainability issues. This, in turn, has 

increased the pressure on decision-makers to understand the impacts of forest biomass industry 
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on the local society, economy and environment. Finding ways to understand and mitigate 

undesirable impacts, while increasing the benefits associated with the use of forest biomass, 

and ensuring the sustainability of new projects that attract community, government and 

investors' interest and support has to-date proven challenging for conventional economic or 

environmental approaches to bioenergy. 

In this context, this thesis aims to contribute to precision forestry debates by examining how 

new ICTS and enhanced modelling from an in-depth study of availability, logistical efficiency 

and feasibility of forest residues utilisation for bioenergy in Tasmania, Australia can contribute 

to a more informed discussion on future bioenergy investments using forest biomass residues 

as feedstocks. By adopting a holistic approach the research also a consideration of how 

investments in forest residues utilisation for bioenergy might be projected to socio-economic 

impacts in regional areas. 

This thesis highlights how quantitative modelling techniques can support stakeholders and 

decision-makers to better understand and balance socio-economic and environmental factors 

in specific locations where bioenergy generation through locally sourced biomass residue 

supply chains is being considered. It is anticipated that enhanced understanding generated 

through the approach presented may contribute to mitigating undesirable impacts, increase the 

benefits associated with the use of biomass residues, and ensure the sustainability of new 

projects in ways that will garner community, government and investors' interest and support 

over the short, medium and longer-term. 

This section provides the key opportunities and challenges in Tasmania to support forest 

biomass energy implementation based on reflections from the identified research gaps that have 

been conducted into bioenergy supply chains in international and Tasmania. Based on previous 

problem statements and research gaps (section 1.2 and section 1.3), the research questions and 

objectives have been led to the following section.   
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1.4 Research questions and objectives 
 

Based on research problems and gaps, the research questions are presented as follows. The 

following questions will be answered through the development of a proof-of-concept analysis 

system: 

Research questions  

Q1 - How can information & communication technology (ICT) help assist in improving 

the accuracy of the data around available biomass residue? 

Q2 - What techniques are most appropriate for modelling forest residues supply chain 

and scenarios for optimising residue utilisation? 

Q3 - What is the potential socio-economic impact of investment decision of biomass 

utilisation?  

Research Objectives: 

Obj1 - Develop Forest Inventory Electronic Live Data (FIELD), geo-spatial biomass 

monitoring system, using StanForD and GPS data to estimate real-time forest 

harvesting residue and to create biomass availability map; 

Obj2 - Improve the accuracy of estimated biomass availability information in forest 

residues availability using StanForD and developed allometric equations 

Obj3 - Investigate the optimal location of prospective biomass power plants in 

Tasmania, using integrated GIS and AHP techniques based on estimated forest biomass 

availability data  

Obj4 - Generate an up-to-date GIS map from which to identify optimal potential 

biomass facility locations for biomass residue pre-processing and bioenergy generation 

facilities from amongst industry partners inside the ARC Centre for Forest Value using 

integrated AHP and GIS network analysis; and 

Obj5 - Investigate socio-economic impacts from a proposed co-generation bioenergy 

plant using data related to biomass energy generation in the identified potential biomass 

facility location (phase two) in the Tasmania region. 
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1.5 Research scope and strategy 
 

Summary of research scope and strategy 

This section provides the research scope and strategy. The research scope involved the 

selection and location of case study areas to answer the research questions and objectives. 

Additionally, various data collection and analysis methods were identified and introduced 

at research stages. Due to several research challenges, the research strategy is structured 

in three phases. Each phase of research will answer the research questions in order: 

i. Phase one. Improving data accuracy to estimate biomass availability in forest 

harvesting residue  

ii. Phase two. Exploring the optimal location of prospective biomass power plants in 

Tasmania using forest biomass feedstock (harvesting and processing residue) 

iii. Phase three. A case study in selected biomass facility locations (investigated socio-

economic impacts from a proposed co-generation bioenergy plant using data related 

to biomass energy generation in the case study areas - Identified optimal location of 

biomass facility in the second phase) 

 

This research investigates forestry biomass residue supply chains in Tasmania with the aim of 

contributing new knowledge, tools and techniques to support decision-making on future 

bioenergy investments. This research develops and tests a prototype digital tool that improves 

the accuracy of residue estimations from harvesting operations.  

The research approach for conducting this investigation into mechanisms for improving data 

accuracy on available forest residues and modelling optimised value from the utilisation of 

Tasmanian forest residues involves a mixed methodology using field-work case studies, 

developing software tool, surveying, GIS modelling, quantitative analysis, network analysis, 

and socio-economic analysis. The research strategy is structured in three phases.  

In the first phase, the research focused on improving the accuracy of estimated biomass 

availability information, especially in forest harvesting residue availability using StanForD 

data and developed allometric equations. The limitation of previous biomass availability 

research in Tasmania is that forest harvesting residue is not well estimated due to 

underutilisation issues. Also, forest harvesting residue availability was investigated based on 

rough assumptions and interviews, which is limited and high risk to apply in practical biomass 
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planning. To overcome the limitations, this phase has developed StanForD data processing tool 

called Forest Inventory Electronic Live Data (FIELD), which is available to read and process 

StanForD raw data.  

Also, this tool has allowed integrated StanForD files and external variables (non-collected data 

from harvester head such as climate, soil condition, etc.) to be analysed to identify unknown 

relationships or patterns among the forest growth or management model. Also, extracted 

StanForD data can apply in forest big data analysis to investigate how different parameter 

affects harvesting operation, predict the best management plan to harvest or help to increase 

operation productivity.  

In this research, the developed FIELD software was implemented and tested in the case study 

collaboration with industry partners. Phase one research demonstrates the usefulness of 

integrated ICT and forest technologies as a tool for evaluating harvesting operation and the 

harvesting residue estimation. 

In the second phase, the optimal location of a biomass energy facility was investigated using 

GIS analysis and AHP techniques in Tasmania, Australia. This research investigated the 

optimal location of prospective biomass power plants in Tasmania using forest biomass 

feedstock (harvesting and processing residue). Integrated Analytical Hierarchy Process (AHP) 

and Geographical Information System (GIS-AHP) models with logistics cost analysis were 

developed to determine the best candidate locations with optimal biomass logistics supply 

chain cost [76, 84-86]. The three main criteria (economic, environmental, and social) and sub-

criteria were established and considered to investigate the best biomass facility location. The 

results could contribute to the future Tasmania biomass energy planning decisions utilising the 

forest residues for heat and electricity production in the region. Identified optimal location of 

biomass facility in the second phase, the socio-economic impact of the biomass power plant 

was investigated in phase three. 

In the third phase, the research investigated socio-economic impacts of a proposed co-

generation bioenergy plant using data related to biomass energy generation in the identified 

optimal location of a biomass facility in the second phase. The analysis was done using the 

jobs and economic development impact model (JEDI) and local potential biomass estimation. 

The result was indicated that the available quality and quantity of biomass feedstock supply 

chain make suitable scale plant most viable in terms of socio-economic impacts. It is 

anticipated that this approach will be of use to other regions exploring the viability of bioenergy 
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generation from forest biomass. Also, adapted and applied JEDI and GIS models will allow 

different key factors and the relationships between the factors to be explored to enable decision-

makers to explore how environmental or economic or social factors are influenced by decisions 

on biomass feedstock boundaries and location of biomass facilities.  

The results generated by this research directly enhance the quality of information that can be 

used in decision-making about the feasibility of future bioenergy plants using forestry biomass 

residues. It is anticipated that the outputs of this research will contribute to supporting the forest 

industry and Governments to better balance sustainable practices alongside socio-economic 

priorities in Tasmania into the future. 

 

1.6 Summary of chapters 
 

1.6.1 Chapter 2 – Literature review 

Chapter two provides a review of the literature relevant to the study of forest biomass utilisation 

along the bioenergy value chain in the international and Australian forest biomass industry. 

This literature review identified several challenges and research gaps in forest biomass supply 

chain including following; 

• Definitional ambiguity and heterogeneity in forest biomass resources terminology 

along the supply chain 

• Low quality of forest inventory data and rough assumptions to estimate forest 

harvesting residue 

• Lack of comprehensive level of biomass pre-feasibility study considered the socio-

economic and environmental impact 

In this context, the chapter raises a number of research questions and objectives which were 

investigated in this thesis. 

 

1.6.2 Chapter 3 – Research Methodology 

This chapter describes the three concurrent projects that investigate the role of the digital tools 

in understanding biomass residue utilisation supply chains in Tasmania: Improving data quality, 

scenario modelling and socio-economic impact assessment. The overall research approach for 

conducting this investigation into the feasibility, feedstock availability, and social impact for 
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biomass and bioenergy utilisation of forest residue involves a mixed methodology using field-

work case studies and geospatial quantitative optimisation modelling, applying both GIS and 

ICT. The research methods were mainly classified into three phases. 

In the first phase of this project, the research was focused on improving the accuracy of 

estimated biomass availability information, especially in forest harvesting residue availability 

using StanForD and developed allometric equations. In the second phase, the optimised 

location of biomass energy facility was investigated using GIS analysis in the case study area. 

In the last phase, the case study presented modelling that investigated socio-economic impacts 

from a proposed co-generation bioenergy plant under 50 MW using data related to biomass 

energy generation in the case study areas (Valley Central Industrial Precinct) in Tasmania. The 

required data and analysis techniques were described separately in each research phase.  

 

1.6.3 Chapter 4 – Data analysis 

Chapter 4 of the thesis provides results and discussion of the complete research analysis. Each 

phase of research analysis was described in chapter 3 research analysis section (section 3.3.2). 

This chapter presents the key findings and challenges of Tasmania forest biomass energy 

implementation. As a result of this analysis, the research questions and objectives are answered 

by each phase results. 

 

1.6.4 Chapter 5 – Interpretation and discussion 

This chapter provides the results and key findings of the data analysis presented in chapter four 

(data analysis). The chapter identifies the key insights into Tasmania forest biomass utilisation 

and implementation of bioenergy facility considered socio-economic and environments aspects. 

Also, this chapter outlined the interpretation and discussion of the thesis. A review of all major 

findings and limitations were discussed along with suggestions for future study in Tasmania 

and international forest research areas. 

 

1.6.5 Chapter 6 – Key findings and conclusions 

This chapter provides the summary of key findings of the research. The chapter identifies the 

limitations and critics of the research implemetation. Also, the chapter suggests future research 

plan to improving research limitations revealed from the thesis. In a substantive level, this 

research provides an in-depth study of availability, logistic efficiency and feasibility of forest 

residues utilisation for bioenergy in the Tasmania region. The research identifies challenges 
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and limitations in the biomass supply chain both in Tasmania and international cases. To 

support comparison of these international cases with the situation in Tasmania data will also 

be identified and reviewed about Australian and Tasmanian forestry biomass supply chains.  

More specifically, this research has focused on identifying and analysing available evidence to 

address key questions of interest to the Tasmania biomass energy industry that are underpinned 

by an investigation into how the evolving forest residues might contribute to enhancing 

biomass energy feedstock and related issues for biomass energy supply chains in Tasmania. 
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1.7 Chapter one summary 
 

This chapter has provided a background summary of this thesis. It identifies the objectives of 

the research and highlights the research questions of the study. Furthermore, the contribution 

of the thesis provided the theory and practices of integrated ICT and Forestry research in the 

areas of forest biomass utilisation. 

In this context, a set of research objectives and primary research questions were identified in 

the chapter along with a discussion on the scope of the research to explore the current nature 

of forest residues estimation, value chain optimisation, and socio-economic impact of biomass 

industry within Tasmania region and reflect on whether current conceptualisations are 

appropriate in this context. 

This chapter outlined three levels of contributions the thesis provides to the knowledge and 

practice in forest biomass research. First, a literature review was conducted which analysed 

previous forest biomass research and identified the limitations and ambiguous in forest biomass 

energy utilisation in carbon neutral.  

As a result of the literature review, the thesis had focused on forest residues utilisation as 

carbon-neutral forest biomass. Secondly, the limitation of forest residues estimation methods 

was highlighted from previous forest residues utilisation research. Lastly, the socio-economic 

impact of the biomass energy industry was investigated in Tasmania local communities with 

value optimised pre-feasibility study.  

The chapter concluded by providing a summary review of the thesis structure outlining the 

remaining six chapters. In the next chapter (Chapter 2), a review of the forest biomass, forest 

biomass estimation methods, and bioenergy value chain optimisation research were reviewed 

which formed the basis for developing the research objectives and research questions. The 

literature review presented in chapter 2 reflects the literature relating to forest biomass and 

bioenergy utilisation in biomass energy value chain optimisation before data collection as well 

as a review of literature post data collection.  
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Chapter 2. Literature review 

  

Summary of the overall literature review 

This literature review is currently structured in 3 sections.  

The first section reviewed the current estimation of biomass and residue availability. In 

practical biomass planning, quantifying or estimating the actual amount of logging 

residue (biomass availability) is critical to predicting financial feasibility of the biomass 

supply chain and potential revenue [87]. To do this, the number of logging residue 

estimation methods were investigated and used in biomass pre-feasibility researches. 

Several techniques have been developed and applied to estimate the amount of logging 

residue in various conditions of forest types and different level of biomass planning. For 

the state or national level of biomass estimation, combined GIS or remote sensing and 

yield growth model approaches have been preferred [18, 88, 89]. Also, the review 

discusses techniques for forest biomass supply chain and management planning and 

highlights limitations of pre-exist ICT implemented forest biomass research.  

The second section reviewed forest biomass supply chains used in North America, 

Europe and the Southern Hemisphere. In this section, the productivities and costs of 

selected efficient technologies are reviewed and compared to investigate applicable 

biomass recovery operations and supply chain in Tasmania.  

The third section assessed or optimised economic, social and environmental aspects of 

forest biomass supply chains for the production of bioenergy and bio-based products. 

Most studies considered either economic or environmental aspects of bioenergy 

products. However, the integration of economic, social, and environmental objectives in 

the optimisation of forest biomass supply chains for the production of bioenergy and bi-

product has been addressed in a few studies using multi-objective optimisation 

approaches. From the literature review, there is a need for decision support tools that 

quantify and optimise the economic, environmental and social aspects of the forest 

biomass supply chain simultaneously. 
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2.1 Introduction  
 

The following chapter examines and critiques literature relevant to the study of forest biomass 

utilisation along the bioenergy value chain in the international and Australian forest biomass 

industry. The primary aim of the literature review is to provide a theoretical context and 

background in which the research took place.  

 

Figure 1. Theoretical context and background of the overall thesis 

The chapter has drawn from research and theories in the areas such as forest biomass estimation 

methods, ICT integrated forest biomass estimation, optimal biomass planning, and socio-

economic impact in the local area (Figure 1). 

This research incorporates three main topics, including: 

• Limitations and challenges previous forest biomass estimation methods 

• Value optimisation for forest biomass supply chain considered economic, social, and 

environmental issues 

• Forest biomass supply chain research based on Australia and Tasmania regions 

Based on literature reviews, the problems and limitations of previous research were identified 

and formulated as research questions.  
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• Section 2.2 - This review presents a summary review of estimation techniques and 

methods in forest and woody residue along the wood supply chain. The section 

examines both opportunities and challenges evident in the international forest residues 

estimation methods within each supply chain, primary, and secondary forest resources.  

• Section 2.3 - The review discusses techniques for forest biomass supply chain and 

management planning and highlights limitations of pre-exist ICT implemented forest 

biomass research. Additionally, it includes an explanation of technical, economic, 

environmental and social aspects relevant in the design of forest biomass supply chains. 

Also, there are specific reviews into techno-economic assessments; environmental life 

cycle assessments; integrated economic, social and environmental assessments; 

economic optimisation models; and multi-objective optimisation models. Also,  

• Section 2.4 – This section reviews the science relevant research to develop supply chain 

management and efficiency of forest operation for biomass recovery in Australia and 

Tasmania regions. This review highlights the lack of forest biomass implementation 

study in Tasmania regions and highlights the necessity of the comprehensive level of 

biomass pre-feasibility study in Tasmania region.  

• Section 2.5 – the section provides a summary reflection of the highlights of the findings 

of this chapter.  
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2.2.1 Primary forest resources estimation 

2.2.1.1 Logging residues  

This review was focused on international productive and cost-effective forest biomass recovery 

technologies and supply chain to the understanding of international supply chain in biomass 

recovery harvesting system [90]. The main source of forest biomass is different in various parts 

of the world. European countries utilise wood from thinning operations as well as harvesting 

residues from clear-cuts [91]. In economic perspective, recovering biomass from the thinning 

operation is more costly than residue utilisation due to thinning operation include entire 

operation cost, while harvesting residues only needs to carry the cost of chipping and secondary 

transportation [92]. Han et al. (2015) evaluated the sorting of forest harvest residues by the 

quality class at the landing sites during harvesting to increase forest residues product yields. 

Sorting residue between material for chipping and grinding can increase biomass product 

quality but, operation costs per hectare were increased [93]. Additionally, Zamora et al. (2018) 

developed for the centralized processing of trees that results in large piles throughout the 

harvest unit. The decision of slash pile collection was considered both at location of the pile in 

the harvesting unit and the location of the unit in the loading area, allowing the collection and 

transportation costs to be estimated together to determine the economically viable biomass 

supply [94]. 

In the Southern Hemisphere and the Southern USA, the main source of bioenergy resource is 

generated from clear-cut residues, although in the Southern USA, some stem-wood are also 

used for bioenergy purposes [90]. 

Logging residue (forest residues) is typically generated by forest harvesting operations such as 

commercial timber harvest, fire hazard reduction thinning, salvage logging, forest restoration, 

and pre-commercial thinning [87]. Logging residue is one of the primary sources of forest 

biomass resources. The terminology of logging residues is generally used with harvesting 

residue, thinning residue, and biomass residue. Based on EN ISO 16559 (Solid biofuels- 

Terminology, definitions and descriptions), the logging residue is defined as woody biomass 

residues created during wood harvesting.  

In forest biomass utilisation, amongst various options for biomass energy utilisation (e.g., 

energy tree plantation, harvesting trees for fuel, and residue utilisation), logging residue is the 

only considered carbon-neutral approach [8, 11, 13, 95, 96]. Internationally forest residues are 

widely used to produce valuable bioenergy and bio-based products. Understanding in detail the 

availability, quality and feasibility of residue utilisation requires high-quality information 
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about forestry supply chains, their management and operation. Residue utilisation remains 

limited, and there is a lack of clarity on how to address a range of factors inhibiting its 

development. A cost-efficient design of for forest biomass supply chain may overcome these 

challenges. Quantitative techniques can aid decision-makers to balance the economic, 

environmental and social factors in forest biomass supply chains [30, 62, 97, 98].  

Previous studies reviewed the literature on modelling of biomass or bioenergy supply chains 

[78]. Key issues associated with the design, planning and management of bioenergy supply 

chains and biofuel supply chains have been discussed [71, 77, 80]. Modelling approaches to 

support decision making in bioenergy supply chains have been analysed by [78, 99, 100] and 

[101]. The literature review of these articles was revealed that the most commonly used method 

for multi-criteria decision making in the bioenergy supply chain is optimisation using scenario-

based and mathematical optimisation. 

Based on International and local research into residue utilisation, it is evident that a number of 

challenges must be addressed to ensure logging residues can be transformed from a waste 

material into a source of commercial value. In particular, several logistically and supply chain 

challenges have already been identified including:  

a. Forest residues are highly varied, of low quality and widely distributed across 

timber harvesting sites. All these factors impose residue collection, processing 

and transportation challenges with implications for the economic viability of 

residue utilisation operations.  

b. While large volumes of residues exist, uncertainty about the nature, amount and 

quality of residues in any particular harvesting operation as well as limited 

knowledge about other factors such as forest site accessibility during different 

periods in a year, weather conditions, availability of pre-processing technology 

and haulage contracting models and distances to market. 

In practical biomass planning, quantifying or estimating the actual amount of logging residue 

(biomass availability) is critical to predicting financial feasibility of the biomass supply chain 

and potential revenue [87].  

In this context, the number of logging residue estimation methods were investigated and used 

in biomass pre-feasibility researches. Several techniques have been developed and applied to 

estimate the amount of logging residue in various conditions of forest types and different level 

of biomass planning. For the state or national level of biomass estimation, combined GIS or 

remote sensing and yield growth model approaches have been preferred [18, 88, 89].   
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2.2.1.2 Remote sensing 

Remote sensing data and techniques have become important data and processing tools for 

biomass estimation. The various types and approaches of biomass estimation methods were 

described in [102, 103]. The direct relationship between spectral response and biomass are 

using multiple regression analysis, k-nearest neighbour, and neural networks techniques. 

Additionally, indirect relationships attribute estimated from the remote sensing data such as 

leaf area index (LAI), structure (crown closure) used in developed models to estimate biomass 

[104-107]. Labrecque et al.[108] assessed four different approaches to investigate the benefit 

of using different remote sensed methods to estimate above-ground biomass (AGB). This study 

revealed that the selection of the method was depended on the level of precision and data 

availability.  

There are multiple sources of data such as AVHRR and MODIS to develop biomass availability 

map using remote sensing. To moderate the connection between detailed ground measurements 

to coarse spatial resolution remotely sensed data (e.g., MODIS, AVHRR), multi-scale images 

were incorporated into biomass estimation methods and moderate spatial resolution images as 

an intermediary data source between the field data and coarser imagery [109-112]. 

The most widely used sources of remotely sensed images were sourced from Landsat TM and 

ETM+ data to estimate forest biomass [105, 106, 108, 113-115]. Several studies have used 

other moderate spatial resolution sensors including ASTER [111], Hyperion [116], QuickBird 

[117], and IKONOS [118] data to estimate forest biomass. The advantage of using remotely 

sensed data in forest biomass estimation is that the spatial coverage of national or state level 

biomass estimates that are inhibited by the limited spatial extent of forest inventories can be 

expected to expand through the use of remote sensing techniques [119]. Also, remotely sensed 

data could be used to fill the gaps in forest inventory data with spatial, attributional, and 

temporal and the estimated forest biomass and carbon stock can be predicted with precision 

level [120].  

 

2.2.1.3 Geographical information system 

The character of biomass feedstock, biomass energy feedstock is a geographically dependent 

energy resource [121]. A GIS is a tool broadly used to estimate biomass availability in state or 

national level [122] and to investigate optimal logistics planning with minimise biomass 

transportation costs through least-cost matrix [36]. Most of GIS biomass estimation approaches 

were based on the use of geospatial data, including agricultural, forestry, economic, climate, 
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reserved, and infrastructural data. Developed restriction and suitability models were primarily 

to use for defining potential biomass availability and areas for collecting the residues generated 

from the potential harvested forest.  

Currently, Integrated GIS and other decision-making techniques were used to estimate 

potential biomass availability and investigate potential biomass facility locations. Woo et al. 

[18] investigated the biomass availability in the Tasmania region using integrated GIS and 

AHP in multi-criteria analysis (MCA) techniques. The potential biomass availability was 

estimated based on a non-industrial private native resource model in Tasmania. The optimal 

locations for prospective biomass power plants were identified using integrated AHP and GIS 

network analysis model, including a supply chain costs analysis. Also, Delivand et al. [76] 

investigated optimal locations of bioenergy facilities and biomass potential through an 

integrated approach combining GIS with AHP. To investigate the optimal location of biomass 

facilities, minimised logistics costs, and the corresponding life-cycle GHG emissions were 

estimated. The potential biomass availability was investigated following three consecutive 

steps: land availability, land suitability, and location-allocation of biomass plants. 

 

2.2.1.4 Biomass estimation model 

There is required for accurate biomass estimation methods that enhance the accuracy of 

biomass estimation in the national level. A combination of allometric equations and forest 

inventory data models, such as EVALIDator, NIPNF, and FIA DataMart tools have 

investigated to estimate the national level of forest residues and biomass availability in many 

countries [66, 73, 123-129].  

Peltola et al. [130] had investigated recovery rates of logging residue harvesting in Norway 

spruce (Picea abies (L.) Karsten) dominated stands. The dry weight of logging residue was 

measured at a biomass plant location to estimate potential biomass availability at a stand level. 

The dry weights of biomass estimation were calculated using biomass models developed for 

individual trees by Repola et al. [131]. The result of the estimation by Repola’s model was 

compared with Swedish biomass models produced by Marklund [132]. Peltola et al. have found 

that the average recovery rates are slightly different between different modelling; however, the 

variation between the logging residue collection sites was high. This study highlighted that at 

least a third of the residues were remained on the harvesting sites after logging residue 

utilisation.  
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Berg et al. [133] investigated variability in residue ratios, growing stock residue volume per 

mill-delivered volume to better estimate residue production in the US. Berg et al. adopted 

model-based sampling to estimate the growing stock logging residue ratio for the multiple-state 

region and developed models that relate the residue ratio to the individual tree and stand-level 

variables. The predictive residue estimation model was developed related to tree and site-level 

variables. The study result was shown that the residue ratios were predicted to increase with 

the large small-end diameter and decline exponentially with increasing DBH. Ratios were 

predicted to drop when pulp logs were removed and when timber was mechanically felled.  

However, these estimation model outputs are highly influenced by assumptions. Additionally, 

it is difficult to apply at the operation level of the biomass supply chain.  

 

2.2.1.5 Field data measurement 

In operation level, the logging residue was estimated in forest harvesting field sites. Logging 

residues are classified based on some of the criteria such as the form of storage, residue 

scattering patterns, and type of materials. In operation sites, the forms of logging residue are 

mainly divided into staking piles or scattered [134-136]. Hardy [137] investigated guidelines 

for estimating forest residues stacked piles volume in various forms of residue pile shape. The 

shapes of forest residues piles are classified into five generalised pile formats (half-sphere, 

paraboloids, half-cylinder, half frustum of a cone, half frustum of a cone with rounded ends, 

half-ellipsoid, and irregular solid) (Figure 2). To estimate stacked piles volume, developed 

volumetric formulae were used to estimate the gross volume of stacked piles.  

 

 

Figure 2. Generalised forest residues pile shape classification (Source: Hardy [137]) 
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In scattered harvesting sites, the most commonly used logging residue estimation method is the 

line-intersect sampling (LIS) technique from the coarse woody debris inventory sampling 

method [138]. Warren and Olsen [139] introduced the LIS technique to estimate the logging 

residue volume is harvested forest sites. Currently, Kizha and Han [87] estimated the quantities 

of forest residues recovered from whole-tree harvesting sites in northern California. Pre- and 

post-harvest downed woody debris (DWD) techniques (line-intersect sampling) were applied 

to estimate the total amount of AGB in the harvesting sites. This study revealed that recovered 

forest residues rate, which was delivered as logging residue biomass feedstock, ground-based 

harvesting system had shown high biomass recovery rate (total 70 percent for the shovel logged 

unit) compared than cable yarding system (60 percent for the cable yarded unit).  

 

2.2.1.6 Limitations and opportunities for logging residue estimation methods 

From the literature review, the most accurate method for estimating timber biomass is a direct 

destructive method. The direct destructive method involves the harvesting of a tree and 

measuring the weight of the different tree components (branches, leaves, trunk, etc.), including 

LIS and DWD techniques. However, the destructive method is time-consuming and limited to 

apply national and state-level [72].  

The indirect methods such as applying allometric equation combined modelling approaches 

allow the predicting tree and residue volume using developed equations and models that are 

easier to apply in the state and national level with the level of accuracy [73]. From the literature 

review, identified opportunities and limitations of logging residue estimations are summarised 

in Table 5.  

Table 5. Identified opportunities and limitations of forest feedstock availability models  

Estimation 

techniques 

remote sensing  GIS  Modelling 

approaches 

Destructive field 

measurement 

Required data • Remotely sensed 

images (e.g., 

MODIS, 

AVHRR) 

• Geospatial data 

(e.g., forest 

inventory map, 

and 

infrastructural 

map)  

• Regression 

model based on 

destructive field 

measurement 

data 

• Field site 

measurement 

Spatial 

coverage 
• National level • Up to the national 

level 

• Specific 

conditions (e.g., 

species and 

locations) 

• Sampling 

sites 

Opportunities 

of the models 
• Fill the gaps in 

forest inventory 

data with spatial, 

attributional, and 

temporal 

• Investigate 

optimal logistic 

planning 

• High accuracy 

in specific 

species and 

locations 

• The most 

accuracy 
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• Integrated with 

decision support 

techniques 

Limitations • Highly depends 

on data 

availability 

• Need to 

moderate spatial 

resolution to 

increase 

precision 

• Highly depends 

on assumed data 

 

• Require field 

data(DBH, 

height, branch 

size etc.,)  

• Limited 

application 

• Time-

consuming 

• Expensive 

cost 

• Small scale 

only 

Nowadays, these limitations can be overcome by integrated ICT technologies in developed 

harvesting equipment and machines. Forest harvesting machines, harvesters and processors, 

are equipped on-board computers and sensors, and these machines can generate data during 

harvesting operation called StanForD. This automated data collection system has been allowed 

to get timber harvesting data such as DBH, length of cutting a tree, and geo-coordinate 

information (longitude and latitude) with individual tree level. Integrated StanForD data 

(destructive data during harvesting operation) and allometric equations (modelling) can predict 

harvesting productivity and residue volume with precision level [140]. This StanForD based 

logging residue estimation technique was enhanced to develop biomass availability maps in 

near real-time and improved data accuracy. Also, the accumulation of estimated logging 

residue data can be allowed to forest manager or biomass facilities manager to develop an 

improved management plan. However, integrated StanForD and allometric equations need to 

a validation process to apply in practical use. 

Additionally, the unmanned aerial vehicle (UAV) was introduced to estimate coarse woody 

debris (CWD) in biomass harvested sites. The UAV technique cannot only decrease operational 

costs and but also, it is more time-efficient than traditional CWD estimation method [141]. The 

UAV drone-based technique indicated that the estimation of residues are more accurate than 

ground measurement (line intercept sampling method) and data collection and analysis is much 

quicker than traditional sampling methods. In slash pile estimation, drone-based estimation was 

underestimated compared to ground estimation method. Despite underestimation issues, the 

UAV can contribute to decreasing operation costs and fieldwork time with additional 

calibration and correction process. 
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2.2.2 Secondary forest resources estimation 

2.2.2.1 Wood processing mill residues 

The wood processing industry manufactures structural wood products such as lumber and 

plywood via using roundwood or sawlogs. During the wood processing, there are tons of 

residues produced as by-products of timber mill processing. Wood processing mill residues are 

being used to produce bioenergy and bio-based forest products through processes that enhance 

the value of this material that has traditionally been perceived as waste. In the United States, 

large amounts of woody biomass residues are generated by all sources of the industry. In 2002, 

an estimated 240 million metric tons was generated during the timber extraction from the 

nation’s forests, forest operation, forest land conversion, timber processing operation, and 

construction and demolition of buildings, and in the manufacture, use and disposal of solid 

wood products [21, 22]. The major sources of waste wood are timber harvesting and processing 

residues, which include processing mill residues. Recently, increasingly large amounts of 

timber residues are becoming valuable resources. For instance, most of the particleboard 

products in the United States are made from processing mill residues. One of the important 

parts to develop forest residues into valuable material is to quantify the amounts that are 

available to match required timber products quality, and basic feedstock specification to the 

various biomass conversion processes [23, 142]. Estimating wood processing residues 

availability is a challenge because wood processing residue is generated as a by-product from 

the sawmill operation and the availability of residue largely depends on the various types and 

techniques of the mill [142].  

Availability wood processing residue is one of the most important and difficult tasks in 

processing mill [143]. The variation of estimated mill residue generation is very fluctuating 

depending on the assumption used [144]. For example, Springsteen [145] estimated sawmill 

and lumber mill residue approximately 5.0 million metric tons (Mt) in California, 2000. 

However, according to the California Department of Forestry and Fire protection report, the 

estimated mill residue generation was reported 5.6 (Mt) in 2000 [146, 147].  

Sawmill residues are consist of different types and shapes of material including bark, chips, 

chunks, offcuts, and slabs and fine material such as shavings and sawdust [143, 148, 149]. 

Various types and forms of sawmill residues are generally traded as mulch, firewood, hog fuel, 

animal bedding, engineered wood products (EWPs), and pulp industry [150-152]. 
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2.2.2.2 Computational methodology 

Generally, sawmill residue estimation is calculated by using a sawmill residue volume and 

weight factors which are developed based on literature and research. Sawmills have the 

different timber recovery factors, and these are largely dependent on several specifications such 

as DBH, length, taper, and quality; sawing configuration, green mill processing quality, and 

size of dry-dressed lumber and kerf width [153]. Figure 3 presents the sawmill residue 

generation and where they are generated in the sawmill processing chain.  

 

Figure 3. Map of sawmill residue generation in each milling processing 

The production rates for sawmill residues are highly depended on sawmilling technology, 

timber processing rate, price of mill residue products for biomass energy supply, and various 

options in residue utilisation [154]. There are several methods to estimate processing mill 

residue availability. 

In California, U.S., Mill residue production was estimated using factors, sawmill residue 

volume and weight factors, which were developed based on literature and survey data in 

specific condition and years.  

The processing residue volume factor was defined as the dry weight of residue per cubic meter 

of the processed timber generated from sawlogs, and the definition of sawmill residue weight 

factor was the ratio of the dry weight of sawmill residues produced to the dry weight of the 

sawlogs processed for the processed sawlogs [144]. The general information and statistical data 

for timber harvest and sawlog processing production, California forest products industry, were 

collected from literature and various sources of published reports [155, 156]. The amount of 

sawmill residue generation was calculated based on an average generation rate for U.S 

conventional harvested timber. Despite various types and scale of the sawmill, only a single, 

general, sawmill operation was considered for sawmill residue estimation [144]. Setzer [149] 

investigated a number of researches for estimates of plant residues for the Western U.S. In the 
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researches, the most of studies were focused on softwood species and estimated residues from 

veneer and plywood mill which are located in Colorado, Idaho, and Montana regions. The 

lumber mill residue estimation was calculated by subtracting residue generated by veneer and 

plywood mills from the estimated total mill residue. The factor values, 4.92 kg/m2 of 9.53mm 

thickness plywood products [157] and a veneer recovery factor of 53 m2/m3 of log [158], were 

applied to estimate residue calculation. 

 

2.2.2.3 Survey 

In Australia, the wood processing mill residue is primarily focused on the sawing and peeling 

mill industries. Data for wood processing residues were reviewed and collected from Australia 

national-level data sources, primarily the Australian Bureau of Agricultural and Resource 

Economics (ABARES) and Department of Agriculture and Water Resources. Currently, 

assessment of the Tasmanian processing residue sector is a survey completed in 2013[52]. 

The survey results provide the best estimate of current levels of mill processing residue 

production in Tasmania. The survey estimation was conducted based on oral and written 

interviews with representatives of the wood processing industry from May to June 2013 [25]. 

During survey periods, the participating companies processed more than 90% of the total 

milling operation in Tasmania.  

The information and data about the amount of processed timber, processing residue generation, 

and the current use of residues and potential residue availability were discussed and gathered 

during the interview process. The percentage of processing residue generation and potential 

biomass energy availability were estimated separately with four different milling and products 

types: softwood sawmill and chipping, and hardwood sawmill and chipping [27]. Also, 

domestic firewood consumption and production were estimated based on Driscoll et al. [159] 

and Todd [160] and unpublished data investigated from a wood-heater survey conducted by 

the Tasmanian Environment Protection Authority during the winter of 2011 [27]. 

In this review section, overall forest biomass estimation techniques were reviewed along the 

forest biomass supply chain. However, the limitation of study scope, the challenges and 

problems in secondary forest resources are not covered in this thesis. In this study scope, the 

thesis only focused on primary forest resources such as harvesting residue. As a result of the 

review, there are some limitations and challenges were identified both in destructive (a field 

data measurement) and non-destructive measurements in primary forest resources estimation 

(RS, GIS, and biomass estimation model). To overcome the challenges, this study investigates 
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improving the accuracy of forest residues estimation using the integrated forest and ICT 

technologies. The next section will describe the previous forest biomass in Australian and 

Tasmanian regions. 
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2.3.1 Integrated ICT and forest technologies to improve forest biomass supply chain  

 

BIOPLAN is a linear programming model used to determine total operating costs of the supply 

chain and the best storage period for natural drying of residues at the forest road before chipping 

and transportation to meet quality criteria for moisture content of bioenergy. Reducing the 

operating cost of the biomass supply chain is a key driver to make an economically viable 

operation, one of the major factors impacting costs is the moisture content of residues. This 

research was an investigation of biomass moisture content management through natural drying 

in Australian conditions [35]. % 

The biomass supply chain was optimised with BIOPLAN, software developed by AFORA in 

collaboration with the Finnish Forest Research Institue (METLA) and the University of Eastern 

Finland [162]. BIOPLAN is based on a linear programming method in excel to optimise three 

biomass supply chains (whole tree from early thinning, stem wood from early thinning and 

logging residues from clearcutting). The objective function of the strategic, non-spatial 

optimisation model minimises the total costs associated with harvesting, storage, chipping and 

transport according to moisture content curves, which are included as explicit parameters in 

the optimisation model. The model considers a 2-year planning horizon. Decisions on the 

amount of biomass material to harvest are made every month (24 periods) over that time 

horizon. The model parameters are listed as; Energy content of Eucalyptus globulus at 0% 

moisture contents (MC), Basic density (kg/solid m3), bulk density (kg/loose m3), solid content 

(chips from residues), ratio loose m3 to solid m3, truck payload (tonnes), truck volume, round 

trip distance, material loss rate. Operating costs of the supply chain under study included the 

forwarding cost, chipping cost, storage cost and transportation cost. 

In this study, for an assumed monthly energy demand of 18,000 GJ, annual interest rate of 10%, 

round transport distance of 160 km, truck payload of 23 t (semi-trailers) and a moisture content 

range of 20%-35%, the minimum biomass supply chain cost was about $1,079,515 excluding 

stumpage value to produce the total energy of 216,000 GJ. Chipping ($17.04/m3) and 

transportation ($16.29/m3) accounted for most of the operating costs. The higher chipping cost 

is due to the small piece size, high machine hourly operating cost and relatively low 

productivity. The extraction cost is low as it included only forwarding residues and excluded 

the cost for felling and processing because the residues have been produced as a by-product of 

the initial pulpwood harvesting operation. The lowest cost occurred for storage expenses, was 

due to no machines being involved. When using larger truck payload (50 t road train chip vans), 
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the transportation cost decreased considerably from $16.29/m3 to $7.64/m3. Chipping and 

transport are critical factors in determining the feasibility of biomass and, therefore critical 

areas of R&D for the industry. BIOPLAN can be effective at exploring bioenergy from 

Australian plantation residues, though better specific knowledge is required on the amount of 

residue available, natural drying curves and machine performance within the potential supply 

chain if the model is to be used to support real commercial decisions. This study showed that 

under optimal planning, biomass supply chains in Western Australia (WA) have the potential 

to be cost-effective with a modelled total cost of $40.91/m3 for transportation with semi-trailers) 

and $32.26/m3 (for road train chip vans) but there is still room to improve in chipping and 

transport costs [51]. 

Ghaffariyan et al. (2012) have conducted a study of machine productivity and residual 

harvesting residues associated with a cut to length system in southern Tasmania [163]. The 

CTL method is a preferred method for the harvest of pine plantations in Australia. The CTL 

method studied in southern Tasmania consists of a feller buncher, processor, forwarder, grapple 

loader and tractor-trailers that were producing only pulp logs for the plantation owner Norske 

Skog. An elemental time study method was applied to evaluate the productivity of the machines 

within the flat terrain, Radiata pine plantation. Multiple regression was used to develop the 

productivity prediction models. The trial assessed harvest residue left on the site and found 

238.7 GMT/ha (31% of total biomass above the stump) was left of which 46%% was stem 

wood. These research findings can be used for harvesting planning and improving logging 

efficiency. Also, Ghaffariyan et al. (2011) have studied biomass harvesting in Eucalyptus 

plantations in Western Australia [3]. In this study, they evaluated the biomass yield and the 

productivity rates of equipment for harvesting biomass in a poor-quality eucalypt plantation. 

The operation consisted of a tracked feller-buncher, grapple skidder and mobile chipper. Time 

study methods were used to measure the harvesting operation. A multiple regression model 

was constructed to predict skidding productivity. Biomass production was 63.9 t/ha based on 

the recorded load weight of eight trucks. Delays were documented and analysed. The average 

delay for all equipment was about 30% of working time. The study results will help guide 

biomass harvesting managers to estimate productivity and cost of similar operation sites. 

Related with biomass recovery efficiency, chip quality and harvesting residues of a chipping 

operation was investigated in Western Australia [164]. Roadside chipping is a common 

harvesting system in Australian plantations, which utilises a mobile chipper stationed at the 

field edge to produce high-quality pulp chips for export. The studied harvesting system 
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included a feller-buncher, two grapple skidders, a flail-debarker and a disc chipper. The study 

goals were to determine machine productivity, operation costs, fuel consumption, chip quality 

and measure the amount of slash left in the field after harvesting. Time studies and regression 

analysis were used to model machine productivity. Tree size had a significant impact on the 

feller-buncher productivity while skidding distance was a significant variable affecting 

skidding productivity. Operation cost was evaluated using the Australian logging productivity 

and cost assessment (ALPACA) tool. 

To investigate machine productivity study and data collection, Strandgard et al. (2013) have 

studied estimating harvester productivity in Radiata pine (Pinus radiata) plantations using 

StanForD stem files. Productivity models produced using time differences between 

consecutive StanForD stem files collected by harvester onboard computers were compared 

with models produced using traditional time and motion techniques for the same initial trees. 

Delays and trees with multiple leaders or broken tops were removed from the data. The analysis 

was done for the stem file data using filters. The same filters were applied to data from all sites. 

The results showed that there is no significant differences were found between the models at 

each site, though the stem file productivity models generally had a poorer fit than the time and 

motion models [165]. 

Optimising transport efficiency and costs in Australian wood chipping operations, Acuna et al. 

(2013) have developed Fast Truck transport scheduling program. This research examined the 

optimisation of the transport scheduling of woodchips for in-field chipping operations whose 

efficiency depends on a range of factors. The analysis was enabled using an adapted version of 

Simulated Annealing and a forestry domain model, and a simulator based on them, called Fast 

Truck, was implemented for experimental use. The factors worth noting are truck payload and 

chipper utilisation, which by optimisation, account for 52% and 29% of the total cost savings 

obtained, respectively. These savings arise when better transport control and management 

occur in chipping operations [161]. 

To assess the impact of forest biomass moisture content on supply chain costs, [166] developed 

a linear model for optimisation decision support that minimises supply chain costs including 

harvesting, storage, chipping, and transportation of fuels. Three biomass raw materials (supply 

chains) were used for the analysis: Whole trees from early thinning, Stem wood from early 

thinning, Logging residue from final felling. These results indicate that both the proportion and 

volume of the biomass material delivered to the plant are very sensitive to specifications on 

MC range limits and the length of the storage (drying) period. Compared to a scenario with no 
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storage, a reduction in volume harvested of up to 33% can be achieved to meet the monthly 

energy demand if proper drying methods, such as the covering of biomass material, are 

implemented before chipping and delivering the biomass materials to the energy plant. 

Based on the international review, the underutilization of forest residue can be attributed to the 

high cost of collecting and transporting these residues to end-user markets and the low market 

prices paid for delivered forest residue. Several studies have investigated innovative forest 

biomass operations that effectively improve access to harvesting sites and economic efficiency 

[37-39]. However, the inherent inefficiency of transporting low-density and high moisture 

content (MC) biomass feedstock to biomass facility remains a fundamental economic barrier 

to its increased utilisation. 

The location of a bioenergy plant is affected by a wide variety of factors and criteria. For 

instance, the location of biomass facility is highly influenced by the location of biomass 

feedstock [76]. An effective and efficient supply chain and optimised logistics system are vital 

for the success of biomass-based energy industry. Since transportation costs impact highly total 

biomass fuel costs, site selection for new biomass facilities in the proximity of currently non-

used available biomass resources are the preferred option when designing biomass supply chain 

networks [167]. Also, biomass plant design should factor in environmental and socio factors to 

determine the number, location, and size of biomass facilities within the network of feedstock 

collection points, plants, and storage units [168]. This design gives form, structure, and shape 

to the entire supply chain and logistics system [169]. For this reason, the optimal locations of 

the biomass facilities play a significantly important role in the biomass energy supply chain 

[77]. 

Internationally, a Geographical Informational System (GIS) is a tool broadly used to investigate 

the potential availability of biomass feedstocks [122] and to minimise transportation costs 

through logistics analysis and distance calculations [36]. A GIS network analysis, location-

allocation analysis tool can simulate the site competitions for biomass resources [121]. The 

integrated GIS and Multi-Criteria Analysis (MCA) is one of the preferred tools for the selection 

and location of biomass facilities and for assessing the relative importance of the economic, 

environmental, and social criteria affecting this site selection [64, 170-174]. The Analytical 

Hierarchy Process (AHP), which is based on outranking techniques, is one of the most applied 

techniques in MCA [175]. The methodology includes a system to get an estimate of weighting 

to factors that impact decisions. The influencing impact of the factors for the selection and 
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location of biomass energy facilities are not always the same, and in the reflection of local 

priority demands, it is necessary to assign them a different relative weight [176]. 

Based on the limitations of previous research in Tasmania, this thesis investigates pre-

feasibility biomass power plants research using integrated GIS and MCA techniques.  

In this review section, previous knowledge about forest biomass supply chain in Australia and 

international were reviewed focused on integrated ICT and forest technologies approaches. The 

review indicated that there is no pre-feasibility research in biomass energy plants considered 

geospatial, environmental and socio-economic in Tasmania region. In this context, the second 

phase of this thesis investigates the optimal location of prospect biomass plants location using 

GIS and MCA techniques. The phase two research will answer the second research question of 

this thesis. The next section will review the socio-economic impact of the biomass industry in 

the local region. 
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2.4.1 Potential socio-economic impacts from a forest bioenergy industry 

 

In some regions, there is an abundance of woody residues and solid wood waste (forest biomass) 

generated from forest management activities and forest products manufacturing. It is possible 

to generate valuable products from forest biomass that in many cases are disposed of at landfills 

or is burned in the field [78]. Despite the benefits of using forest biomass, technical and 

economic challenges prohibit its intensified use. Forest residue are scattered over wide regions 

which increases the collection, handling and transportation costs. Moreover, there is variability 

in the amount and quality of forest biomass due to forest accessibility during a year, weather 

conditions, pre-processing, transportation and storage conditions, and competition from other 

end users [177]. Also, forest biomass has a lower energy density than a large number of 

competing fossil fuels [178] — these results in a costly and complex logistics of procuring, 

transporting and using forest biomass. Biomass logistic costs typically account for 20–40% of 

delivered fuel costs [179] and restrict the competitiveness of forest biomass against other 

energy sources. A cost-efficient design of the forest biomass supply chain is critical to 

overcoming these challenges.  

Quantitative techniques can aid decision-makers to understand the economic, environmental 

and social impacts of forest biomass supply chains. This understanding is required to mitigate 

undesirable impacts, increase the benefits associated with the use of forest biomass, and ensure 

the sustainability of new projects that attract community, government and investors' interest 

and support. Previous studies reviewed the literature on modelling of biomass or bioenergy 

supply chains [78]. Key issues associated with the design, planning and management of 

bioenergy supply chains (from biomass harvesting to conversion) and biofuel supply chains 

(from biomass procurement to biofuel distribution) were discussed by [71, 77, 80]. Decisions 

addressed in the design and planning of biomass and bioenergy supply chains have been 

categorised by [99, 180], and [100], with an emphasis on discussing the decision planning level 

(strategic, tactical and operational). Modelling approaches, including carbon life cycle analysis, 

to support decision making in bioenergy supply chains were analysed by [78, 99, 100] and 

[101]. 

Awudu and Zhang (2012) and Shabani et al. (2013) also reviewed modelling approaches for 

incorporating uncertainty in the optimisation of biomass supply chains. Multi-criteria decision 

methods that have been applied to bioenergy systems were reviewed by Scott (2012) [181]. 

Most of these papers only focused on the economic aspect of forest biomass supply chains, and 
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those papers referring to social and environmental aspects only listed some related factors that 

are important to be considered in the design of bioenergy supply chains without reviewing the 

relevant papers. Recently, a few studies integrated economic, environmental (carbon life cycle 

analysis) and social factors in the assessment and optimisation of forest biomass supply chains.  

Unfortunately, there is no comprehensive research which is covered socio-economic and 

environmental aspects in the assessment of forest biomass supply chain in Tasmania.  

In Australia, the Australian Renewable Energy Agency (ARENA) supports projects that 

advance renewable energy technologies and systems [182]. On the island of Tasmania, several 

studies have been conducted into the feasibility of individual biomass projects, and there have 

also been some reviews of opportunities for bioenergy on the island [25, 52, 53, 70]. 

Significantly most of this previous work has focused primarily on opportunities for the use of 

forest biomass as bio-based product or bioenergy feedstock.  

While these previous Tasmanian studies have concluded that forest biomass residues are 

available in sufficient quantities to support bioenergy generation, they have also acknowledged 

several barriers exist to their intensive and commercialised use. Importantly, focusing only on 

technical issues related to the establishment of bioenergy plants [70] has tended to marginalise 

consideration of many important socio-economic and environmental aspects related to biomass 

residues supply chains. One of the most important social dimensions, especially in regional 

areas of Tasmania, is the effects of residue utilisation for bioenergy on employment [79]. This 

can be measured by the number of accrued local jobs (full-time equivalent per year) [80]. The 

more local jobs that are created, the higher the likely social benefits arising from any proposed 

bioenergy initiatives [81]. An aligned social dimension worthy of consideration involves the 

need for open discussion of environmental and sustainability issues related to the utilisation of 

biomass residues for bioenergy generation. Indeed, ensuring all stakeholders and decision-

makers understand the lifecycle impacts of biomass residue systems on their local economy 

(with or without bioenergy generation) is very important [82]. 

Based on this review section, the thesis argues that quantitative modelling techniques will 

support stakeholders and decision-makers to understand better and balance the socio-economic 

and environmental factors in specific settings where bioenergy generation is being considered 

about local biomass residue supply chains. It is hoped that enhanced understanding may 

contribute to mitigating undesirable impacts, increase the benefits associated with the use of 

biomass residues, and ensure the sustainability of new projects in ways that will garner 

community, government and investors' interest and support.  
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2.5 Chapter two summary 
 

This chapter has presented an overview of the literature on a range of areas relating to forest 

biomass and ICT contribution in forest biomass value chain optimisation.  

The review of the literature raises a number of issues and challenges that affect the ability of 

researchers to study forest biomass utilisation and ICT integration forest biomass energy value 

chain optimisation. 

  

• Section 2.2 - Forest biomass estimation techniques 

Forest residues are highly varied, of low quality and widely distributed across timber harvesting 

sites. All these factors impose residue collection, processing and transportation challenges with 

implications for the economic viability of residue utilisation operations [19, 31, 32]. Nowadays, 

these limitations can be overcome by integrated ICT technologies in developed harvesting 

equipment and machines.  

• Section 2.3 - Integrated ICT and forest technologies to improve forest biomass 

supply chain and management system in Australian and Tasmanian 

Based on International and local research into residue utilisation, it is evident that a number of 

challenges must be addressed to ensure residues can be transformed from a waste material into 

a source of commercial value. In particular, several logistically and supply chain challenges 

have already been solved using GIS and MCA techniques. 

• Section 2.4 - Forest biomass supply chain considered socio-economic and 

environmental issues 

There is no comprehensive overview of the socio-economic impact of the forest biomass 

industry in Tasmania local region. In this context, there is required pre-feasibility study which 

is integrated of socio-economic objectives in the optimisation of forest biomass supply chains 

to produce bioenergy in Tasmania regions. 

  



Chapter Two : Literature review 

 

80 
 

In this context, this research aims to investigate the following research questions and objectives; 

Research questions  

Q1 - How can information & communication technology (ICT) help assist in improving 

the accuracy of the data around available biomass residue? 

Q2 - What techniques are most appropriate for modelling forest residues supply chain 

and scenarios for optimising residue utilisation? 

Q3 - What is the potential socio-economic impact of investment decision of biomass 

utilisation?  

Research Objectives: 

Obj1 - Develop Forest Inventory Electronic Live Data (FIELD), geo-spatial biomass 

monitoring system, using StanForD and GPS data to estimate real-time forest 

harvesting residue and to create biomass availability map; 

Obj2 - Improve the accuracy of estimated biomass availability information in forest 

residues availability using StanForD and developed allometric equations 

Obj3 - Investigate the optimal location of prospective biomass power plants in 

Tasmania, using integrated GIS and AHP techniques based on estimated forest biomass 

availability data  

Obj4 - Generate an up-to-date GIS map from which to identify optimal potential 

biomass facility locations for biomass residue pre-processing and bioenergy generation 

facilities from amongst industry partners inside the ARC Centre for Forest Value using 

integrated AHP and GIS network analysis; and 

Obj5 - Investigate socio-economic impacts from a proposed co-generation bioenergy 

plant using data related to biomass energy generation in the identified potential biomass 

facility location (phase two) in the Tasmania region. 

The next chapter will provide an overall methodology for this thesis. Several methodological 

challenges associated with conducting this research in the forest biomass residue estimation, 

and forest biomass energy value chain optimisation and socio-economic impact of local regions 

were identified. While some of these challenges apply only into the Tasmanian context, other 

challenges, improving forest residues estimation, to apply to forest residues estimation sector 

as a research context in general. These methodological challenges have been summarised in 

Table 6.  
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Table 6. Overall challenges and limitation of Thesis implication 

 Challenges and limitations 

Limitation of forest 

residues estimation 

methods 

• Directive measurement is not efficiency and limited in small 

scale residue estimation 

• In-directive measurement based on rough assumptions (high 

risk for investment) 

• Integrated StanForD and allometric equations need to a 

validation process to apply in practical use.  

Optimal location of 

prospective 

biomass facilities  

• Lack of geo-located modelling in Tasmanian and Australian 

biomass supply chain  

• The result can be changed by biomass availability (highly 

relied on biomass estimation map) 

Socio-economic 

impact of the 

biomass industry in 

local regions 

• Lack of data or information related with biomass industry in 

Tasmania region (some default data were adopted from 

international value eg., cost of feedstock, cost of delivery, etc.)  

The next chapter provides a detailed description of the methodology used to conduct this 

research, and how some of these challenges have been addressed will be discussed. 
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Chapter 3. Methodology 

 

This chapter described overall research methods to investigating the role of the digital tool in 

understanding biomass residue utilisation supply chains in Tasmania: improving data quality, 

scenario modelling and socio-economic impact assessment. The research strategy structured 

three concurrent case study (three phases) to prove the concept of methodological approaches 

to investigate forest bioenergy opportunity in Tasmania. 

• Section 3.1 introduces the overall research methods and procedure from phase one to 

phase three 

• Section 3.2 describes the research strategy and identify the challenges and limitation of 

thesis research methods in each phase of the study  

• Section 3.3 describes the details process of thesis methodologies in each phase and 

section. The collected data and analytical methods were presented in Section 3.3 and 

3.4. 

The methodological approach used to conduct this investigation involved deploying both 

quantitative and qualitative techniques through case studies that aimed to combine improved 

data accuracy on biomass residues with quantitative optimisation modelling and socio-

economic impact assessments to enhance decision-making on future bioenergy investments. 

The research strategy was structured in three phases.  

• Phase one focused on improving the accuracy of estimated biomass availability through 

the development of FIELD (forest inventory electronic live data) tool capable of 

interpreting harvester head StanForD data combined with pre-existing allometric 

equations to determine residue availability.  

• Phase two focused on optimal location mapping for prospective bio-energy facilities by 

integrating geographic information system (GIS) data on Tasmania with the analytic 

hierarchy process (AHP) to support multi-criteria decision-making in a selected case 

study region of Tasmania.  

• In phase three, Meander Valley Council (MVC), one of the identified three biomass 

potential locations from Phase two, was chosen to explore through scenarios the socio-

economic impacts from different sized proposed biomass energy plants for this case. 
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3.1 Introduction 
 

This section provides overall research methods and procedures from phase one to phase three 

in order. Also, this section encompasses the: 

• Methodology or rationale that underpins the research aim, study design, choice of 

method or approach and the analysis of data, 

• Data collection methods and study design, or description of artistic practice and 

materials, strategies used to analyse data. 

The detail research strategy presented in section 3.2. Section 3.2.1 provides a background of 

the research and introduces the usefulness of sensors embedded machine and StanForD files as 

a tool for evaluating variables affecting harvesting operation and the harvesting residue 

estimation. Section 3.2.2 describes the methodological background of the integrated MCA and 

GIS techniques to investigate the optimal location of prospective biomass plants. Also, it 

includes a description of the processes and techniques used to collect and analyse the GIS data, 

as well as an explanation of the rationale that underpins the research aim. Section 3.2.3 provides 

background and the rationale for the selection of the case study area.  

In Section 3.3, this section describes the research design and divided into two main parts, data 

collection and description of the design and development of IT tools.  

In section 3.3.1, the data collection methods are presented at each phase of research, 

respectively. Also, description of design and development of IT tool (FIELD) is presented in 

section 3.3.2. The detail information of data analysis and interpretation and discussion were 

presented in chapter 4, Data analysis. 
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3.2 Research strategy 
 

The research strategy is structured in three phases (Figure 4). The original plan for the study 

was to utilise to construct three integrated case studies (from phase one to phase three). 

However, due to challenges in limited data access, machinery access, and lack of Tasmania 

forest biomass industry, the research was conducted to three concurrent case studies. In this 

context, the results from each of the case study or phase were verified as individually to test 

the hypothesis of the entire concept of this overall research.  

 
Figure 4. Flowchart of overall research (investigation into the feasibility, feedstock availability, and 

social impact for biomass and bioenergy utilisation of forest residues) 

The research strategy to the multi-method process of inquiry that is structured into three phases;  

1. Developed and tested a proto-type digital tool (FIELD) to prove data accuracy of 

residues and to facilitate value chain mapping 

2. Investigate the optimal location of prospective biomass power plants in Tasmania and 

developed and implemented a modelling approach to optimise location planning for a 

potential future bio-energy plant through a case-study 

3. Investigate Socio-economic impacts from a proposed co-generation bioenergy plant in 

the Valley Central Industrial Precinct (VCIP) in Northern Tasmania (identified optimal 

location of biomass facility in the second phase) 

 

Each phase has designed to answer specific research questions and objectives. Additionally, 

each phase of research has independent data collection and analytic methods. The detail 

methodological approach in each phase was described in the following sections. 
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3.2.1 Phase one - Developing the FIELD Tool to analyse StanForD data to improve the 

accuracy of forest harvesting residue estimation 3 

The research in phase one was focused on developing a digital tool to improve the accuracy of 

estimated biomass availability information, especially in forest harvesting residue availability 

using StanForD data and combined with pre-existing developed allometric equations. The 

limitation of previous biomass availability research in Tasmania, forest harvesting residue is 

not well estimated due to underutilisation issues. In addition, estimation of forest harvesting 

residue was investigated based on rough assumptions (biomass recovery rate of timber 

harvesting from timber growth or annual increment rate) [53, 66, 67, 126] and interviews [25, 

27] which is a limited and high risk to apply in practical biomass planning. To design practical 

biomass planning, there is a need to improve the accuracy and quality of data and information 

[69]. Previous, Tasmania forest residues estimation models were developed separately by STT 

for public native and plantations as part of the initial TFA implementation process [125, 183, 

184] and PFT for private native forests and plantation [66, 68]. However, these estimation 

model outputs are highly influenced by rough assumptions. Because of this, the estimation 

results are difficult to apply in actual biomass management planning. The uncertainty of the 

biomass availability can increase the risk of wrong decision making among the biomass supply 

chain [69, 168, 185].  

In general, there are mainly two different methods to estimate biomass availability. First of all, 

the direct destructive method is known for the most accurate biomass estimation measurement 

[139]. The direct destructive method is including line-intersect method, counting above ground 

biomass materials and predict with the generalised model, and field measurement such as 

measuring the weight of the different tree components (branches, leaves, trunk etc.) in the field 

sites [138, 139]. Despite the high level of accuracy, the application of this method was not 

suitable for national scale level of biomass estimation due to time-consuming nature and high 

labour cost [72].  

Secondly, the indirect methods, remote sensing [109-111], GIS [36, 122], and biomass 

estimation model [73, 186], are generally used in the national scale of biomass estimation. 

However, the problems of the indirect method are the uncertainty of predicted biomass 

availability and the risk of application in actual biomass planning.  

 
3 Paper has been submitted in Computer and Electronics in Agriculture Journal (Under review) 
Woo, H., Acuna, M., and Turner, P. Improving forest residues estimation in bioenergy value chains: Developing 

real-time data analytics software FIELD using StanForD harvester head data. Under review 
 



Chapter Three : Methodology 

87 
 

To overcome these limitations, this research explored StanForD data utilisation to estimate 

biomass availability. Currently, harvester machine head generates timber harvesting data called 

StanForD, which is including DBH, height, length of timber, operation time component etc. 

Using StanForD data (collected data with the destructive way during harvester) and applied 

with allometric equations can compensate for mutual disadvantage between direct and indirect 

biomass estimation methods. However, there are some obstacles to use StanForD data in 

research or industry management purposes. First of all, StanForD data is only available to use 

when the harvester head is equipped with a machine controller, which has an embedded 

StanForD system [187]. Also, the generated StanForD data has an unstructured data format, so 

it is unavailable to read and interpret by the user. Additionally, the interpretation of StanForD 

data is required proprietary software, which is not only very expensive but also developed by 

machine manufacture or forest management company [188]. Because of these limitations, the 

use of StanForD data has very limited research applications for small scale forest companies.  

In this context, this research investigates the StanForD data processing tool which is available 

to read and process Stm and pri-files. Also, this development tool can convert unstructured 

datasets to a structured format which generates a real-time forest biomass availability map. The 

developed tool is called FIELD and allows integrated StanForD files and external variables 

(data from external sensors) or allometric equation to estimate biomass availability and predict 

a productivity model. Furthermore, extracted StanForD data can be analysed to find unknown 

relationships or patterns integrated with external variables such as topography information, 

weather variables, and other environmental factors. The utilisation of StanForD data in the 

forest industry, it is expected to present how different parameter affects harvesting operation, 

predict the best management plan to harvest or help to increase operation productivity. The 

developed FIELD software was implemented and tested in the case study collaboration with 

industry partners (Timberland Pacific Co, and FORICO). To collect the data and information, 

StanForD and GPS sensor are used for this research. During harvester machine operations, 

there are more than 20 standard files generated when operating with StanForD, including apt 

(cross-cutting instructions), prd (production files), pri (production individual files), drf 

(operational monitoring data) and stm (individual stem data) [189]. Pri-files compress detailed 

production data of each harvested tree and corresponding cut logs, including all diameter 

sections measured at 10 cm intervals, DBH, individual log volume, stem volume, log 

classification, stem identification number, and commercial height [190].  

Also, using pri-file has the following fundamental benefits in comparison to the prd and apt 

files: 
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• It is possible to aggregate the production results from different harvesters that are using 

different apt-files, 

• Information about each individual log is available, not only averages per assortment, 

• It is possible to convert a pri-file into a prd-file if an apt-file is available but not vice 

versa, 

• Information about each individual tree is available, making it possible to “reconstruct” 

the harvested stand. 

The benefit of using pri-file, the study was investigated residue estimation using the “pri” 

extension StanForD file. Currently, GPS equipped harvester can collect geospatial information 

of individual trees location during conventional harvest operation. When harvester machines 

are equipped with a GPS sensor, pri-file includes a locational geo-coordinate matching with an 

individual tree identification number.  

In this context, this research investigates the precision harvesting residue estimation, applied 

suitable allometric equations. For estimating forest harvesting residue, Tasmania or Australia 

based developed allometric equations, Forrest (1969) and Feller (1984), are used to estimate 

biomass availability. This chapter demonstrates the usefulness of sensors embedded machine 

and StanForD files as a tool for evaluating variables affecting harvesting operation and the 

harvesting residue estimation. Also, the improved biomass availability database is able to use 

in phase two as input data in the logistic analysis to investigate minimized transportation costs.  
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3.2.2 Phase two – Developing an integrated GIS and AHP model to investigate the optimal 

location of prospective biomass power plants in Tasmania 4 

Phase two, the optimised location of biomass energy facilities were investigated using GIS and 

AHP analysis in Tasmania as a case study. Any biomass facility is highly affected by the 

location of available biomass feedstocks that are themselves impacted by a wide variety of 

factors and criteria [191, 192]. The application of GIS tools to support the planning of the 

biomass supply chain may minimise the overall logistics costs and support contributing to an 

improved balancing of economic, environmental and social impacts arising from the biomass 

energy industry [76, 122]. Also, GIS is a tool that is useful to investigate the potential 

availability of biomass feedstocks [122] and uses logistic analysis to minimise transportation 

costs [36]. The integrated GIS and AHP is the preferred tool to model the optimal location of 

the biomass facility and to establish the relative importance of economic, environmental, and 

social criteria affecting this site selection [64, 170-174]. The Analytical Hierarchy Process 

which is followed, uses outranking techniques that are one of the most applied techniques in 

MCA [175]. The AHP analysis is a specific technique that is applied to get an estimate of 

weighting to factors. The influencing effect of biomass energy facility location is not always 

the same, and in the reflection of regional priority demands, it is necessary to assign them a 

different relative weight [176].  

In Tasmania, the majority of studies so far considered either biomass feedstock availability in 

strategy level or opportunities for residue utilisation aspects of bioenergy projects [52, 68, 70]. 

There is only one biomass pre-feasibility study in Dorset and Huon Tasmania regions. Dorset 

and Huon Woody Biomass Pre-feasibility Studies have been commissioned by the Department 

of Economic Development Tourism and the Arts (DEDTA) in 2013 which aimed to provide 

regional context to strategic estimates of resource availability from the NIPNF estate [66, 68]. 

Dorset Renewable Industries Pty Ltd (DRI) was investigating opportunities for the 

establishment of a biofuel production plant in the township of Scottsdale. Based on a strategic 

model developed in 2012 by PFT, it appeared there would be sufficient woody biomass 

available from the NIPF estate within a 65km radius of the township, to sustainably supply 

such a plant over a 20-year lifespan at the rate of 150,000 green tonnes per annum [68]. 

 
1. 4 Paper has been published in Forests Journal (published in 2018) 

Woo, H., Acuna, M., Moroni, M., Taskhiri, M, S., and Turner, P. 2018. Optimizing the location 

of biomass energy facilities by integrating Multi-Criteria Analysis (MCA) and Geographical 

Information Systems (GIS). Forests, 2018. 9(10): p. 585. 
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However, the Dorset project in primarily focused on estimating biomass availability in the case 

study region. There is no comprehensive overview of logistics cost and cannot cover the 

Tasmania state level.  

In this context, there is a required spatial analysis model for the optimal location of bioenergy 

facilities considering biomass feedstock availability and logistics cost in the Tasmania region. 

Integrated multi-criteria analysis and Geographical Information System (GIS-AHP) model 

with logistics cost analysis were developed to determine the best candidate locations with 

optimal biomass logistics supply chain cost. The three main criteria (economic, environmental, 

and social) and sub-criteria (See section 4.3.3) were established and considered to investigate 

the best biomass facility locations. At the end of this phase,  the optimal location of prospective 

biomass power plants was identified. In phase three, potential socio-economic impacts from 

proposed biomass plants will be investigated in identified biomass candidate locations. 

The results could contribute to the future Tasmania biomass energy planning decisions utilising 

the forest residues for heat and electricity production in the region. 
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3.2.3 Phase three –Evaluating potential socio-economic impacts through scenario-based 

case study on bioenergy plants in regional Tasmania 5 

Phase three, this case study presents modelling that investigates socio-economic impacts from 

a proposed co-generation bioenergy plant using data related to biomass energy generation in 

the identified potential biomass facility location in the Tasmania region.  

The Meander Valley region has been selected as one of the potential biomass facility candidates 

in phase two. Fortunately,  there has been recent interest in investigating the potential for a co-

generation bioenergy plant at Meander Valley Central Industrial Precinct (MVCIP) site to 

innovatively utilise industrial biomass residues being produced by some local industrial 

businesses (LIBs) as well as to convert community FOGO (food organic & Green organic) 

waste into energy. In this context, MVCIP site has been chosen as a case study area for phase 

three.  

The phase three aims to contribute to on-going investigations to address some of these 

challenges by modelling the potential socio-economic impacts of a proposed co-generation 

bioenergy plant in the Valley Central Industrial Precinct (VCIP) in Northern Tasmania. The 

modelling uses data related to residue availability and bioenergy generation output to examine 

and evaluate potential impacts under a range of scenarios 

One of the most important social dimensions, especially in regional areas of Tasmania, is the 

effects of residue utilisation for bioenergy on employment [79]. This can be measured by the 

number of accrued local jobs (full-time equivalent per year) [80]. The more local jobs that are 

created, the higher the likely social benefits arising from any proposed bioenergy initiatives 

[81]. An aligned social dimension worthy of consideration involves the need for open 

discussion of environmental and sustainability issues related to the utilisation of biomass 

residues for bioenergy generation. Indeed, ensuring all stakeholders and decision-makers 

understand the lifecycle impacts of biomass residue systems on their local economy (with or 

without bioenergy generation) is very important [82].  

Phase three argues quantitative modelling techniques to support stakeholders and decision-

makers to better understand and balance the socio-economic and environmental factors in 

specific settings where bioenergy generation is being considered in relation to local biomass 

residue supply chains. With this, enhanced understanding may contribute to mitigating 

 
5 Paper has been accepted in Energy Journal (published in 2020) 

Woo, H, Moroni, M., Taskhiri, M, S., and Turner, P. Residues and Bioenergy Generation: A Case Study 

Modelling Value Chain Optimization in Tasmania. Energy, 196(2020) 117007.  
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undesirable impacts, increase the benefits associated with the use of biomass residues, and 

ensure the sustainability of new projects in ways that will garner community, government and 

investors' interest and support.  

In this research, the modelling uses data related to residue availability and bioenergy generation 

output to examine and evaluate potential impacts under a range of scenarios. Potential 

bioenergy residue feedstock is categorised into viable onsite and offsite sources and quantified 

in terms of their different bioenergy outputs for different sized bioenergy plants. To complete 

the evaluation of the potential socio-economic impacts of the proposed plant, analysis is 

conducted using JEDI [193] and local potential biomass availability. The result indicates if the 

available quality and quantity of biomass feedstock supply chain make suitable scale plants 

most viable in terms of socio-economic impacts. It is anticipated that this approach will be of 

use to other regions exploring the viability of bioenergy generation from forest biomass. Also, 

adapted and applied JEDI and GIS models will allow different key factors, and the relationships 

between the factors to be explored enable decision-makers to explore how environmental or 

economic or social factors are influenced by decisions for biomass feedstock boundary and 

location of biomass facilities.  

The goal of the study is that the results will give much higher quality decision making 

information through a set number of scenarios illustrating biomass industry impact in Tasmania 

with optimised economic outcomes and impact on environment social outcomes balanced 
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3.3 Research design 
 

This section describes the research design and data collection. The detail information about the 

collected and used data was presented in each phase.  

 

3.3.1 Research design and data collection 

This section provides a list of data and information to conduct thesis research. Also, the section 

describes the background and source of the origin data.  

 

• Phase one, (section 3.3.1.1 and 3.3.1.2) presents StanForD data collection method and 

source. StanForD includes DBH, tree length, and geocoordinate of the individual tree 

location. The data was generated by the Radiata pine plantation harvesting site in 

Northern Tasmania and South Australia. Also, this section provides information about 

the harvester head machine and head controller manufacturing information. 

• Phase two (section 3.3.1.3 and 3.3.1.4), describe the data list to investigate the optimal 

location of prospective biomass power plants. All GIS data and related information 

were provided from EskMapping Company (Tasmania), Private Forest Tasmania, and 

different institutional web sites, such as the Australian Government National Map. 

Assigning a weight to each main criterion, a pairwise comparison survey was conducted 

with an industry partner and government officer on 08th Mar 2018. 

• Phase three (section 3.3.1.5), describe the data list and source to investigate socio-

economic impacts from a proposed biomass plant in the case study area(VCIP). An 

Independent consultant was conducted to estimate biomass availability in the VCIP 

region. The data to estimate biomass availability was provided by local industrial 

businesses based on the VCIP and several previous research outcomes.  
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3.3.1.1 Data collection phase one (Developing FIELD tool) 

 

Figure 5. Case study area located in the Dorset region, Tasmania 

The study sites cover a range of typical Australia Radiata pine plantation. The study sites were 

located in the Dorset region, Tasmania managed by Timberland pacific Logging Company 

(Figure 5). The harvester machine equipped with an on-board computer (OBC) by the 

manufacturer of the harvester machine or harvester head. In this case study, a Warratah PLC-

H005 was equipped with Timbermatic, CDM 2.8 controller. This harvester uses Silvia 4.0 

software and can generate and record StanForD files. The StanForD pri-file (information of 

individual stem production and location coordinate) was obtained from the harvester OBC. 

StanForD data was collected in the clear-felled harvesting operation site. 

The selected case study harvested area is 17.9 ha, and a total number of harvested trees was 

7,823. Additionally, harvester head is able to measure timber diameter and length in every 

single cutting and debarking process. In this research, diameters of processing timber were 

automatically collected in the top and middle portion of processed timber as diameter over bark 

(DOB) and the diameter under bark (DUB), respectively (Figure 6). The mean value of DBH 

was measured at 277 mm in the top portion of timber and 298 mm in the middle part of 

processed timber, respectively (Figure 7). 
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Figure 6. The diameter of over and under bark in harvest machine head measurement 

 

 

Figure 7. Box and whisker plot of processing timber in the case study area (Top mm ob: top diameter 

over bark, Tob mm ub: top diameter under bark, mid mm ob: middle diameter over bark, mid mm ub: 

middle diameter under bark) 
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3.3.1.2 Description of design and development of FIELD tool 

In general, there are two major methods to estimate biomass availability. The first one is the 

direct destructive method, which is known for being the most accurate biomass estimation 

measurement [139]. This method is a combination of the line-intersect method, a counting 

procedure of the above-ground biomass materials, and determination in the field of the weight 

of the different tree components (branches, leaves, trunk etc.) [138, 139]. Despite its high level 

of accuracy, the application of this method is not suitable for biomass estimation at a national 

scale level since it is time-consuming and labour expensive [72]. On the other hand, indirect 

methods, such as remote sensing [109-111], GIS [36, 122], and biomass estimation model [73, 

186], are generally used in biomass estimation at a national scale. However, the major issues 

with the indirect methods lie in the uncertainty of predicted biomass availability and the risk 

of their application for actual biomass planning.  

To overcome these limitations, this research investigated the use of StanForD (Standard for 

Forest Machine Data and Communication) data to estimate biomass availability. Following the 

StanForD standard, modern harvester machine heads generate timber harvesting data, which 

include, among others, DBH, height, length of stems, and time of the operations [187, 188]. 

Thus, using StanForD data in combination with allometric equations can compensate for the 

limitations associated with direct and indirect biomass estimation methods.  

Despite its great potential, some barriers preclude the extensive use of StanForD data for 

research or forest management purposes. First of all, StanForD data is only generated and 

accessed by a harvester head that is fitted with a controller embedded in the Onboard 

Computing System (OBCS) of the machines [187]. Also, the generated StanForD data have 

unstructured data format, which makes it difficult to read and interpret by the end user, and the 

interpretation of StanForD data requires specific software developed by machine 

manufacturers, which is very expensive to acquire [188]. Because of these limitations, 

StanForD data is very limited for their use by researchers or small forest companies.  

During the operation of a harvester machine, there are more than 20 standard files generated 

when operating with StanForD, including apt (cross-cutting instructions), prd (production files), 

pri (production individual files), drf (operational monitoring data) and stm (individual stem 

data) [189]. Pri files comprise detailed production data of each harvested tree and 

corresponding cut logs, including all diameter sections measured at 10 cm intervals, DBH, 

individual log volume, stem volume, log classification, stem identification number, and 

commercial height [190]. The use of pri files has the following fundamental benefits in 

comparison to prd and apt files [194]: 
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• It is possible to aggregate the production results from different harvesters using 

different apt files, 

• Information from each individual log is available, not only averages per assortment, 

• It is possible to convert a pri file into a prd file if an apt-file is available but not vice 

versa, 

• Information from each individual tree is available, making it possible to “reconstruct” 

the harvested stand. 

Recognising the benefits of using pri files, the study investigated their use to estimate the 

availability of residues after harvesting. Currently, harvesters equipped with GPS can collect 

geospatial information on the location of individual trees during forest harvesting operations. 

When harvester machines are equipped with a GPS sensor, pri files includes a locational geo-

coordinate which matches with the identification number of individual trees.  

We developed the Forest Inventory Electronic Live Data (FIELD) software to analyse 

StanForD pri files and implement a real-time geospatial harvesting residue monitoring system.  

StanForD data were collected by forest contractors and the forest company (Timberland Pacific 

Logging Co.) and provided to the author. Using a harvesting head fitted with a GPS sensor, the 

location (longitude and latitude) of individual tree stump data was collected automatically. 

The developed FIELD software was tested in a forest field site and the lab office to gather 

information and data to find the limitation of the prototype model. Investigated limitations and 

problems from the implemented case study, provided information to author and ICT 

technicians to revise and improve the previous FIELD software. During this process, the 

FIELD application revised and upgraded multiple times to improve the embedded functions 

and graphic user interface. The prototype version of the FIELD was developed based on the 

Python language (Figure 8). However, the latest version of FIELD software developed with C 

## with MSI (installer package file format used by Microsoft Windows OS) format (Figure 9). 

Geographic information, including tree information, was presented to using a biomass 

availability map with Google Maps Platform. Additionally, the timber productivity model (tree 

volume) was predicted with a statistical approach. 
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Figure 8. FIELD software development with Python language  

 

Figure 9. Microsoft installs a version of FIELD software 
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As mentioned, there are many benefits for using pri (production individual files) file instead of 

using apt (cross-cutting instructions) and prd (production files). Also, most forest inventory 

data, DBH, tree length, tree number, volume, and individual tree geocoordinate are recorded 

in the pri-file. Furthermore, most of the allometric equations were developed based on forest 

inventory data (DBH and tree height) to estimate biomass availability. In this context, the study 

was focused on using the pri-file to investigate forest biomass availability in integrated FIELD 

and allometric equations. 

In this case study, collected pri data was sent to the researcher by e-mail with detail information 

of operational sites. StanForD pri raw data, which has “pri” extension is not open with 

Microsoft Excel or notepad. “pri” extension was converted to “txt” extension to open StanForD 

data. Converted txt extension, raw StanForD data can be opened with a text editor. The 

individual log and tree data is stored in the pri-file. An example of unstructured log and tree 

data that can be stored in pri-file is presented in Figure 10.  

 

Figure 10 Unstructured StanForD raw data open with Notepad (log data is printed with a bold letter), 

the same data is presented below as in Figure 11(source: Description of pri-files 2003 [194]) 

As shown above example, the unstructured raw StanForD data is very complicated to apply in 

practical forest industry or forest research purpose. Based on the above limitations, developed 

FIELD software has embedded data structure converting function, which allows automatically 

matching the variables number with data description. StanForD raw data (unstructured dataset) 

were transformed into a structured dataset using developed FIELD software (Figure 11).  
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The same data in the format of a pri-file can be converted to a structured data format using 

proprietary software and developed FIELD software. The converted structured data format is 

presented in Figure 11.  

 

Figure 11. Converting part of a pri-file, LOGCODE (var 256) and LOGDATA (var 257), using FIELD 

software, the same information as in Figure 10 
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All log data are recorded in one single variable LOGDATA (var257). Variable LOGDATA is 

dimensioned by NUMLOGCOD (var255) and NUMLOGS (var290_t1). Variable LOGCODE 

(var256) contains a description of which log information is included in LOGDATA.  

 

Figure 12. Converting part of a pri-file, TreeCODE (var 266) and TreeDATA (var 257), using FIELD 

software, the individual tree location data are stored in TREEDATA, the same information as in Figure 

10 

Tree data is stored in the same way using variables NUMSTEMS (var221_t1), NUMTRECOD 

(var265), TREECODE (var266) and TREEDATA (var267). [194]. Especially, Latitude and 

longitude of individual tree location data are stored in TREEDATA (var 267) and Variable 
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TREECODE (var266) contains a description of which log information is included in 

TREEDATA (var 267). An example of converted TREEDATA (var 267) is presented in Figure 

12. 

 

Figure 13. pri-file load into proprietary software Timan 2.1 - Tool for wood analysis 

To validate FIELD application, converted structured data was compared to propriety software 

(Timan 2.1 - Tool for wood analysis) which is available to open the StanForD pri extension 

file then the final version of StanForD processing data was obtained (Figure 13).  
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3.3.1.3 Data collection phase two (Tasmanian Forest Harvest Residue Data set description) 

A polygon dataset that estimates the green biomass volume (green metric tonnes) of harvest 

residues in planted softwood, planted hardwood and native forest across all tenures in Tasmania, 

Australia to determine the availability of biomass for bioenergy, locations and quantities. This 

information has been collated for the Australian Biomass for Bioenergy Assessment (ABBA) 

project and will be available for use on the AREMI platform, to build a national map to service 

the renewable energy sector. The annual harvest residue data contained in the feature dataset 

were derived from a set of 30-year forest harvest simulation models developed as part of the 

‘Residues Solution Study’[66]. The models were developed in joint by Private Forests 

Tasmania and Forestry Tasmania. 

Potential forest harvesting and availability of residues have been estimated for public and 

private managed forests by STT and PFT, respectively. Additionally, to account for supply 

chain costs, areas with residues under 1000 m3 were not included in the biomass availability 

analysis. The potential Tasmanian harvest volumes were projected from 2014 to 2019. Phase 

two explores a range of biomass energy options, with modelling of a biomass combustion plant 

as the primary focus. As a result, non-woody and wet residues (from aquaculture processing, 

dairy processing, and wastewater treatment) have not been considered. 

The optimal location of prospective biomass energy facilities was investigated using spatial 

analysis modelling of biomass supply chain logistics. The following data and GIS layers will 

be used in this study (Table 7). The GIS data were used to develop restriction and suitability 

model to investigate the optimal location of prospective biomass energy plants in Tasmania 

region. 

Table 7. Data descriptions and source to analysis spatial Geographic Information System 

Data lists Source 

Digital Elevation Model (DEM) and slope Land Information System Tasmania (LIST) 

Road network Forestry Tasmania and Private Forest Tasmania 

Forest Reserve Area Forestry Tasmania or Australian Government 

Department of the Environment and Energy 

Property Boundary  Forestry Tasmania and Private forests Tasmania 

Point of interest  Land Information System Tasmania (LIST) 

Tasmania river Land Information System Tasmania (LIST) 

Tasmania threatened native species Land Information System Tasmania (LIST) 

Tasmania industrial area Land Information System Tasmania (LIST) 

Population density Land Information System Tasmania (LIST) 

Tasmania employment Land Information System Tasmania (LIST) 

  

NINPF biomass availability map Private Forest Tasmania  
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Figure 14. Tasmania digital elevation model (DEM) 10m 

This raster dataset encompassed the Tasmania state level and was used in gathering elevation 

and slope information. Elevation and slope data were required to develop a suitability model 

to investigate the optimal location of prospective biomass plants. The DEM data is sourced 

from Land Information System Tasmania (LIST). This dataset is using to develop restriction 

and suitability models in phase two. The DEM was projected into the Geocentric Datum of 

Australia (GDA) 1994 Map Grid of Australia (MGA) Zone 55 coordinate system, and Datum 

is GDA 1994. 

.  
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Figure 15. Tasmania road network GIS dataset 

This vector dataset contained all types of the road network in Tasmania. This road network 

data comprises transport routes (from those with highway status through to rough bush tracks), 

vehicle and walking tracks, and railways. Transport Segments are those portions of the above 

routes and tracks which fall between two Transport Nodes. The data will also include forks 

(ramps) with a length exceeding 20 m. Both public and private driveways are captured, but 

with a length, less than 50 have not been included in urban regions. In rural areas, those 

considered to be the principal driveways or ones with significance were captured.[195]. The 

road network data is sourced from Land Information System Tasmania (LIST). The road 

network dataset is using to develop network analysis in phase two.  

The road network dataset was projected into the Geocentric Datum of Australia (GDA) 1994 

Map Grid of Australia (MGA) Zone 55 coordinate system, and Datum is GDA 1994. 
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Figure 16. Tasmania reserved area GIS data set 

This vector dataset contained the Tasmanian reserve estate dataset. The Tasmanian Reserve 

Estate dataset is a digital map, including information of represents land reserved under 

Tasmania’s Regional Forest Agreement (RFA) and other instruments. Tasmania reserve estate 

data are using to develop a restriction model in ArcGIS. The reserve dataset consists of the 

following information [195]; 

• LIST public land classification including Wellington Park and private reserves 

• Protection zones from sustainable Timber Tasmania’s management decision 

classification 

• Land purchased by private land conservation program for the conservation of 

Comprehensive, Adequate and Representative (CAR) values not yet proclaimed 

• Indigenous protected areas 

• Informal reserves on public land identified during the regional forestry agreement (RFA) 

• Other private reserves that have been set aside under independently certified forest 

management systems 

• Future potential production forest 

The reserve dataset was projected into the Geocentric Datum of Australia (GDA) 1994 Map 

Grid of Australia (MGA) Zone 55 coordinate system, and Datum is GDA 1994. 
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Figure 17. Local government area GIS data set 

The LIST Local Government Areas (LGA) data set presents Local Government Boundaries for 

the 29 government district in the State of Tasmania. The designated government boundaries 

were proclaimed in 1993. This dataset includes the local government area name, three-digit 

municipal code and Central Plan Register (CPR) plan reference number. Also, these designated 

boundaries legally extend to Low Water Mark and include offshore rocks and islands adjacent 

to the coastline [195]. The LGA dataset was projected into the Geocentric Datum of Australia 

(GDA) 1994 Map Grid of Australia (MGA) Zone 55 coordinate system, and Datum is GDA 

1994. 
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Figure 18 Tasmania point of interest dataset  

This vector dataset contained the Tasmanian spatial point locations of cultural, community, 

and Governmental organisations and service providers. The point data included with 

accommodation, church, club, commonwealth, State and local government, community care, 

education and training, financial institution, fire stations, hospitals, medical service, sports 

complex, police and emergency service, tourist feature, transport, cultural grounds, halls and 

community centres [195]. This data is using to develop a restriction model in phase two. The 

location of the point of interest was avoided to investigate potential biomass candidate locations. 

The point of interest dataset was projected into the Geocentric Datum of Australia (GDA) 1994 

Map Grid of Australia (MGA) Zone 55 coordinate system, and Datum is GDA 1994. 
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Figure 19. Tasmania hydrographic line dataset 

This vector dataset contained stream locations and hydrographic, including rivers, coastline, 

the shoreline of lakes. Buffers were placed around the hydrographic line based on riparian 

zones guidelines specified in the Forest Practice Authority (FPA) [195]. The hydro line buffers 

were created to exclude areas in riparian zones protection. This dataset is used to develop a 

restriction model in phase two. The Tasmania hydrographic line dataset was projected into the 

Geocentric Datum of Australia (GDA) 1994 Map Grid of Australia (MGA) Zone 55 coordinate 

system, and Datum is GDA 1994. 
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Figure 20. Tasmania threatened Native Vegetation Communities map 

Threatened Native Vegetation Communities (TNVC) is a statewide mapping layer generated 

by the Tasmanian Vegetation Monitoring and Mapping Program (TVMMP). This dataset 

includes the extent of threatened native vegetation communities across Tasmania. In this 

research, the designated threatened native vegetation area is excluded in the optimal location 

of a prospective biomass plant in phase two. Designated areas are reclassified into binary value 

(zero) and applied to the restriction model. The Tasmania Threatened Native Vegetation 

Communities dataset was projected into Geocentric Datum of Australia (GDA) 1994 Map Grid 

of Australia (MGA) Zone 55 coordinate system, and Datum is GDA 1994. 
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Figure 21 Tasmania industrial density map 

This raster dataset presents Tasmania industrial area and density. This dataset is used to develop 

a suitability model in phase two. Industrial high-density area preferred to construct biomass 

energy plants to supply energy demand from industrial usages such as heat and electricity. The 

Tasmania industry area and density dataset were projected into the Geocentric Datum of 

Australia (GDA) 1994 Map Grid of Australia (MGA) Zone 55 coordinate system, and Datum 

is GDA 1994. 
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Figure 22. Tasmania Population density map (source: 2016 Austrailia government census data) 

This dataset describes the population density of Tasmania local government area (LGA). The 

population data were extracted from the Australian Bureau of Statistics (2016). This dataset 

used to develop the suitability model in phase two. To the optimal socio-economic impact of 

proposed biomass plants, the middle population density area preferred to select as suitable 

location in suitability analysis. The Tasmania population dataset was projected into the 

Geocentric Datum of Australia (GDA) 1994 Map Grid of Australia (MGA) Zone 55 coordinate 

system and Datum is GDA 1994. 

  



Chapter Three : Methodology 

113 
 

 

Figure 23. Tasmania state-level biomass availability map 

This polygon dataset includes biomass availability in Tasmania state level. The estimated gross 

standing volumes for each forest type were derived from STT and PFT residue solution project. 

For use in this project, it is assumed that discounts will be made to the gross volume estimates 

within this layer to derive net available volume estimates of biomass availability to account for 

such requirements as: 

• silvicultural regimes required for harvest and regeneration to maintain the long term 

ecological integrity of the forest type; 

• formal reserves; 

• harvesting restrictions as required by the Forest Practices Code;  

• forest owner harvest intent; and 

• physical access limitations.  

Also, this dataset merged with Tasmania biomass residue in 2016. This data was collected as 

part of the 2016 Australian Biomass for Bioenergy Assessment (ABBA) project, based on a 

survey of councils, processors, growers and livestock organisations across Tasmania. The 

detail assumptions and modelling process is described in section 3.3.2.5 
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3.3.1.4 Research design phase two (Investigate the optimal location of prospective biomass 

power plants in Tasmania) 

The flowchart of the approaches used and implemented in the study are presented in Figure 24. 

Available land areas were investigated using a GIS restriction model. Integrated GIS and the 

multi-criteria assessment method (AHP) were applied to assign a weight to each main criterion 

(economic, environmental, and social) and each sub-criteria [196]. The spatial analysis 

required a large GIS dataset, both in raster and vector formats. In this study, most of the GIS 

data was provided by industrial partners (PFT, Esk mapping company, and STT) and gathered 

from different institutional websites, such as the Australian Government National Map. The 

optimal location of biomass facilities comprised three analytical phases, including land 

availability, land suitability, and location-allocation of biomass facilities. A selection of the 

available land for the biomass plant construction was initially investigated, applying a 

restriction model (land availability). In the second step, several suitable locations were 

identified analysing a land suitability model according to a set of specific criteria. Finally, 

selected optimal candidate locations were found by minimising the total transportation distance 

of the feedstock location to each plant (location-allocation analysis). The following section 

describe the detail information of GIS and biomass availability data, which were used in this 

phase. 

  

Figure 24. The overall approach to determine optimal locations of biomass facilities 
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3.3.1.5 Data collection phase three (Socio-economic impacts from a proposed co-

generation bioenergy plant in the Valley Central Industrial Precinct (VCIP) in Northern 

Tasmania) 

Estimation of potentially available biomass residues that could be used as feedstocks for a co-

generation bioenergy plant draws on data compiled by independent consultants working on 

behalf of the local Meander Valley Council. The data used in the estimation of available 

biomass residues feedstock included information provided by local industrial businesses (LIBs) 

already based at the VCIP[54]. Other data sources included were: 

• Valley Central Industrial Precinct – Bioenergy Hub, Meander Valley Council; 2017 [54] 

• Forest Biomass for Energy in Tasmania, Andreas Rothe, 2013[25] 

• Energy from waste in Australia: a state by state update, Clean Energy Finance Corp, 

2016[197] 

• Stage 1 Residue Options Identification and Analysis, URS Australia 2014[52] 

• Stage 2 Forest residues Solutions Study, Indufor Asia Pacific 2016[53] 

In preparing to utilise this data as an input into the modelling presented in this paper, potential 

biomass residues feedstock were divided into feedstocks available from LIBs onsite at VCIP 

and those feedstocks that would require transport classified as offsite feedstocks. The onsite 

feedstock supply estimates relate to industrial waste from existing and proposed LIBs that are 

currently and likely to be available into the near future. The offsite feedstock supply estimates 

relate to both wood and non-wood materials that were identified as being potentially available 

for use in the bioenergy plant. These offsite feedstock estimates rely on data provided by 

businesses, researchers, consultants and estimates from residues generated by wood processors. 

As indicated above, while the VCIP is exploring a range of bioenergy generation options, the 

primary focus of this research is modelling of a biomass co-generation combustion plant (i.e., 

using a boiler to co-generate heat and electrical power). As a result, non-woody and wet 

residues (aquaculture processing, dairy processing, and wastewater treatment) have not been 

included in this research to conduct the modelling. 

In conducting this analysis, costs relating to permits, engineering, construction, equipment, and 

all development fees from planning to construction have been included. The modelling also 

uses the data discussed above related to residue availability and bioenergy generation output to 

examine and evaluate potential socio-economic impacts under a range of scenarios. The 

primary model used in the analysis is the JEDI [193]. This model has been developed based on 

assumptions and default values derived from various sources, including studies on bio-power, 

plant cost estimation, industry statistics and cost indexes [198-209].  
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3.4 Chapter three summary 
 

This chapter presented overall research methods to investigate the role of the digital tool in 

understanding biomass residue utilisation supply chains in Tasmania. The research strategy 

structured three concurrent case study (three phases) to prove the concept of methodological 

approaches to investigate forest bioenergy opportunity in Tasmania. Additionally, this chapter 

presented data collection methods and source of the origin data. In section 3.3.1, data collection 

methods were described separately to meet the individual research objectives, respectively.  

Phase one, (section 3.3.1.1 and 3.3.1.2) described StanForD data collection method and source. 

This section provides FIELD tool embedded function, converting StanForD data structure. The 

process of converting a data structure is described in this section. Based on converted structured 

data, the next section will present the FIELD biomass estimation. 

In phase two (section 3.3.1.3 and 3.3.1.4), the GIS data list and sources were described to 

investigate the optimal location of prospective biomass power plants. Additionally, assigning 

a weight to each main criterion was described with the process of AHP analysis.  

In the last section 3.3.1.5, the section described the data list and source to investigate socio-

economic impacts from a proposed biomass plant in the case study area (VCIP). The overall 

process of data analysis is presented in the next chapter.  
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Chapter 4. Data analysis 

This chapter provides in detail the overall thesis data analysis process in each phase of research. 

The data analysis process is designed to investigate the Tasmania bioenergy opportunity 

through improving biomass estimation accuracy (phase one), investigating the optimal location 

of prospect biomass energy plants (phase two), and potential socio-economic impacts from a 

proposed bioenergy power plant (phase three). Also, this data analysis will cover the entire 

forest biomass energy supply chain from estimating biomass availability to potential socio-

economic impacts of biomass energy. 

 

4.1 Introduction 
 

This section provides in detail the overall research process, methods, and techniques in each 

phase of research.  

 

• Section 4.2 (Phase one) presents data analysis methods and techniques to investigate 

the digital role of improving the accuracy of forest harvesting residue estimation. The 

FIELD tool was developed to process and use StanForD raw data. Python 3.4 and 

Microsoft C ## were used to develop FIELD software with MSI (installer package file 

format used by Microsoft Windows OS) format. Unstructured StanForD raw data was 

converted to the structured dataset using FIELD application. Harvesting residue was 

predicted integrated the FIELD and allometric equations. The final output of FIELD 

estimation was validate compared with several biomass estimation techniques. 

 

Section 4.2.1 Harvesting residue estimation using FIELD software 

This section provides the process of harvesting residue estimation using FIELD software. 

Applied allometric equations are presented in this section. The estimated results will be 

validated in the next section. 

 

Section 4.2.2 Forest value mapping using individual tree DBH data 

This section provides how FIELD opens up opportunities for value chain mapping. FIELD 

software has generated forest value map, which including valuable information for improving 

forest management and silviculture planning. 
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Section 4.2.3 Validation process of FIELD harvesting residue estimation 

This section provides the validation process of FIELD biomass estimation compared with 

several estimation techniques. Additionally, this section presents some limitations and 

challenges in current FIELD estimation to apply in phase two (state level of biomass 

availability). 

 

• Section 4.3 (Phase two)  presents an investigation into the integration of Multi-criteria 

analysis (MCA) and Geographical Information systems (GIS) to identify optimal 

locations for prospective biomass power plants. The amount of forest harvesting 

biomass residues was estimated based on a non-industrial private native resource model 

in Tasmania (NIPNF). The integration of MCA and a GIS model, including a supply 

chain cost analysis, allowed the identification and analysis of optimal candidate 

locations that balanced economic, environmental, and social criteria within the biomass 

supply. 

 

Section 4.3.1 Tasmania state-level biomass availability using STT and PFT residue 

solution model 

This section provides the estimation of the state level of biomass availability using STT and 

PFT residue solution model. The estimated biomass availability is critical input data in phase 

two (investigating the optimal location of prospective biomass plants). 

 

Section 4.3.2 Develop restriction model to investigate the optimal location of a prospect 

biomass plant in Tasmania 

This section describes all the assumptions and criteria to develop the restriction model in GIS 

analysis. Also, this section provides all the list of the constraints to building the restriction 

model. The developed restriction model will be used to identify the optimal location of 

potential biomass plants 

 

Section 4.3.3 Develop suitability model to investigate the optimal location of a prospect 

biomass plant in Tasmania 

This section presents a weighted overlay function which was used in suitability analysis. 

Weighted criteria were given applying an AHP algorithm, and the process of reclassified 

weighted value was described in this section. Using restriction and suitability model, potential 
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biomass facility candidates are identified. Identified potential biomass candidates are using in 

network analysis as the input value. 

 

Section 4.3.4 Investigate the optimal location of potential biomass energy facility using 

network analysis (least cost matrix) 

This section describes the network analysis methods to investigate the minimised supply chain 

logistics cost along with the identified potential biomass facility candidates. Also, the 

mathematical theory of network analysis is explained in this section. The identified optimal 

location will be selected as the case study area in the next phase (phase three –investigate the 

potential socio-economic impact of the biomass power plant) 

 

• Section 4.4 (Phase three) presents modelling of the potential socio-economic impacts 

from a proposed co-generation bioenergy plant in identified prospect location for 

biomass energy facility in phase two (the Valley Central Industrial Precinct (VCIP) in 

Northern Tasmania). The modelling uses data related to residue availability and 

bioenergy generation output to examine and evaluate potential impacts under a range 

of scenarios. To complete the evaluation of the potential socio-economic impact of the 

proposed plant, analysis is conducted using JEDI (Jobs and Economic Development 

Impact model). 

 

Section 4.4.1 Describe the overall approaches to investigate potential socio-economic 

impacts from a proposed biomass plant in VCIP 

This section presented overall approaches to investigate potential socio-economic impacts from 

a proposed biomass plant in the identified location of a prospective biomass plant in phase two 

(VCIP). The selected location will be investigated the socio-economic impacts of biomass 

power plants in the next section.  

 

Section 4.4.2 General information of the case study area (VCIP) 

This section provides general information about the proposed biomass plant location in VCIP. 

The general information includes population, the list of major industries, and the current energy 

demand of the case study area. This demand value will be standard for the energy supply model 

in the next section.  

 

Section 4.4.3 biomass availability in the Case study area (VCIP) 
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This section provides biomass availability in the VCIP region. The biomass availability was 

estimated mainly divided into onsite and offsite biomass resources. Also, this section presents 

several standards to estimate biomass availability, including limited distance from VCIP region. 

Based on estimated biomass availability, energy supply model will be investigated in the next 

section. 

 

Section 4.4.4 Energy supply and demand model  

This section investigates the energy supply and demand model based on biomass availability 

in the VCIP region. Based on energy demand model, the optimal energy supply model will be 

investigating along with several scenario-based models. 

 

Section 4.4.5 Socio-economic impacts for a biomass energy plant in VCIP 

This section provides default value and data to investigate the socio-economic impact of 

biomass power plants. In this section, the job and economic development impact model (JEDI) 

will be applied to investigate the socio-economic impact. 
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4.2 Digital role of improving the accuracy of forest harvesting 

residue estimation 6 

 

4.2.1 Estimation biomass availability using local allometric equations and StanForD 

harvester head data 

The majority of harvester machines have OBC and GPS sensors that generated individual tree 

data and can be coupled with GPS [210]. In this study, the Trimble ProXR was used to record 

the location of harvester machine. The GPS positioning accuracy is around 50cm both in the 

vertical and horizontal axis. This modern harvester machine technologies provide opportunities 

to collect and analyse data to improve harvest operations. In this study, extracted location data 

is loaded into the FIELD software to demonstrate map and monitoring of harvesting residue 

and productivity (Figure 25). Processed data in StanForD pri-file, diameter and location of 

individual tree data were extracted to predict harvesting residue. Applying allometric equations 

were limited in terms of the vegetation types and range of tree sizes from which they were 

derived. Application of general allometric equations to broad vegetation types will be 

associated with large variances in some cases where there are major differences in conditions 

[127]. However, in this research application efforts were taken to match tree size carefully, age 

class, diameter, tree height, climate condition, and general environmental, and the location of 

the tree growth, to minimise errors when applying the available developed allometric equation 

[128, 211, 212]. In this case study, above ground biomass (kg), leaves (kg) and branches (kg) 

were estimated using integrated allometric equations and StanForD data. From the literature 

review of allometric equations, [213] selected equations were considered to apply estimation 

of above ground biomass in the case study region (Table 8).  

Table 8. Adopted allometric equation and estimated total harvesting residue in this case study 

(Equations were developed by Forrest 1969) 

Forrest(1969) R square 

Equation-aboveground  

lnM(kg)=-2.138+2.318*lnDBH(cm) 0.978 

Equation-leaves  

lnM(kg)=(-7.476+3.298*LN(DBH(cm)) 0.973 

Equation-branches  

 
6 The phase one has been submitted in Computer and Electronics in Agriculture Journal (Under review) 
Woo, H., Acuna, M., and Turner, P. Improving forest residues estimation in bioenergy value chains: Developing 

real-time data analytics software FIELD using StanForD harvester head data. Under review 
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lnM(kG)=(-6.845+3.315*LN(DBH(cm)) 0.941 

 

 

Figure 25. StanForD geolocation data load into FIELD application (demonstration map and monitoring 

of harvesting residue, Dorset region, Tasmania)  
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4.2.2 Forest value mapping using individual tree DBH data 

 

Figure 26. Generating forest DBH value map using StanForD harvester head data 

The generated individual tree data was used to develop forest value map. Extracted location 

data coupled with DBH information were loaded into the FIELD software to demonstrate value 

map and monitoring of harvesting productivity (Figure 26). FIELD software has generated 

forest value map, which including valuable information for improving forest management and 

silviculture planning. The value map has consisted of individual tree DBH with geo-location 

information. The use of combined value map and other environmental data such as soil 

composition, nutrients, and climate, are being expected to present how different parameter 

affects tree growing, predict the best management plan to plant the trees or help to increase 

future timber productivity. 

 

4.2.3 Validation of FIELD residue estimation compared with a number of allometric 

equations and previous residue estimation in the study area 

To validate FIELD residue estimation, several methodological approaches, allometric 

equations, previous Tasmania biomass availability, and Australian and Tasmanian field 

measurement research, were adopted and compared among the residue estimation result. First, 

several allometric equations were applied to calculate the quantity of above-ground biomass, 
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leaves, and branches. Forrest (1969) and Feller (1984) formula were adopted to compare the 

differences between the various Radiata pine allometric equations [213, 214]. In Forrest (1969) 

estimation, above ground biomass and branches were only considered to available biomass 

material. The leaves were not included in biomass availability due to soil nutrient issues. Also, 

the Forrest (1969) estimation did not include stem wood portions such as top or offcuts from 

timber harvesting, which means the estimation results might have patterns of underestimation 

issues. In Feller equation (1984), the equations were developed in Victoria plantation radiate 

pine forests. The mean diameter of stands was measured at 29 cm, and the average stand age 

was recorded 37 years old stands. Developed equation, five individual trees component data 

were measured to predict the regression models.  

Additionally, the FIELD estimation was compared with PFT and STT residue solution models. 

In this validation process, the estimated state-level biomass availability (PFT and STT residue 

solution) was extracted using ArcGIS and compared with FIELD estimation results. In the last 

validation process, the estimation of FIELD results was compared to Australian and Tasmania 

previous field measurement harvesting residue estimation studies [163, 215, 216].  

  



Chapter Three : Methodology 

126 
 

4.3 Investigating the optimal location of prospective biomass power 

plants in Tasmania7 
 

4.3.1 Estimations of biomass availability in Tasmania state level using STT and PFT 

residue solution models 

Potential forest harvesting and availability of residues have been estimated for public and 

private managed forests by STT and PFT, respectively. Modelling of public native forests and 

plantations has been conducted by STT as part of TFA implementation process, while wood 

flow modelling for private native forests and plantations have been completed by PFT. The 

definition of two types of forest residues is described in Table 9. STT forest modelling 

methodology for public eucalypt native forests was described in [183, 184, 217]. In the private 

forest sector, the native forest resource is highly dispersed; according to PFT, the forest estate 

is distributed across 7,500 landowners. Due to the difficulties in aligning landowner objectives 

over a broad ownership range, residue volumes were estimated using a sustainable yield model 

developed by PFT in 2012 [126]. The model assumes that the available native forest resource 

has been harvested and reforested repeatedly over 360 years to allow several rotations of slower 

growing dry eucalypt forests to be included in the wood flow. Also, softwood residue 

estimation was concentrated on private ownership. The model used to estimate softwood 

residue availability was not based on softwood industry projections and may, therefore, not 

reflect actual yields. The details and key assumptions associated with these forest residues 

estimations were described in the Residue Solutions Project 2014 [66]. As part of the forecast 

residue modelling, STT and PFT estimated the volume of processing residues potentially 

available based on sawlogs and peeler log volumes. The analysis assumes that 60% of native 

forest and hardwood plantation sawlogs, 50% of softwood plantation sawlogs, and 11% of 

native forest and hardwood plantation peeler logs are converted into processing residues. 

Additionally, to account for supply chain costs, areas with residues under 1000 m3 were not 

included in the biomass availability analysis. The potential Tasmanian harvest volumes were 

projected from 2014 to 2019.  

 
7 The phase two has been published in Forests Journal (published in 2018) 

Woo, H., Acuna, M., Moroni, M., Taskhiri, M, S., and Turner, P. 2018. Optimizing the location of 

biomass energy facilities by integrating Multi-Criteria Analysis (MCA) and Geographical Information 

Systems (GIS). Forests, 2018. 9(10): p. 585. 
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Phase two explores a range of biomass energy options, with modelling of a biomass combustion 

plant as the primary focus. As a result, non-woody and wet residues (from aquaculture 

processing, dairy processing, and wastewater treatment) have not been considered. 
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Table 9. Definition of forest biomass availability 

Biomass type Residue source Definition 

Harvesting residues 

Pulpwood 

Logs of any size that are not 

suitable for solid wood 

processing to a small-end-

diameter of 8cm 

Other stem wood material 

Non-merchantable stem wood 

that is usually left in the forest. It 

also includes stumps but excludes 

limbs, foliage and roots 

Processing residues Sawlog or peeler log 
Offcuts, woodchips and sawdust 

from timber processing 

 

4.3.2 Land availability analysis using a restriction model 

The location of a biomass plant must satisfy a number of criteria and constraints such as 

geological and environmental reserve restrictions, which are imposed by several government 

regulations. Tasmanian forest ecosystems are largely protected within parks and reserves. This 

and the critical requirements outlined by the regional or national levels, limit the potential 

location of biomass energy plants. Given that energy plants are inexistent in Tasmania, 

constraints and restriction factors were established from a pre-feasibility study conducted by 

Dorset [68] and from previously published articles [64, 76, 84, 86, 218-223]. Several 

constraints, both geological and environmental, were considered to select the potential location 

of biomass plants. Thus, protected and reserved areas, including threatened species areas, 

wildlife habitat areas, water pollution areas, and areas of interest for the communities were 

excluded for the location of biomass plants. The value related to spatial constraints in the 

dataset was arranged and converted into geo-referred layers. In the first step, buffer zones were 

created through a proximity analysis, using the GIS layers. Based on the constraint descriptions, 

buffer zones were created along the margins of some of these areas to delimit a minimum 

protection area. In this study, the available biomass plant locations were always established 

outside of buffer areas. A list of constraints for the selection of biomass plants is presented in 

Table 10. Each GIS data layer, including specific information of constraint values, was 

converted and reclassified into a binary raster data format (20 m × 20 m cell size). Reclassified 

binary raster data were assigned with a 0 or 1 value, in which cells assessed “0” were considered 

the restricted area, and cells assessed “1” were considered an available area with respect to that 

factor. Using reclassified binary maps, a final combined binary map was generated by 

multiplying all the reclassified binary raster layers using the raster calculation tool in ArcGIS 
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10.6 [224]. The output of the combined map was called “Available map”. The overall flowchart 

of the restriction model is described in Figure 27. 

Table 10. List of the constraints used in building the restriction model developed for this study 

Constraint Buffer (meters) 

Game Reserve -* 

Historic site -* 

National park -* 

Nature reserve -* 

State reserve -* 

Wellington Park -* 

Public authority land within the world heritage 

area (WHA) 

-* 

Conservation area -* 

Nature Recreation Area -* 

Regional reserve -* 

Informal Reserve on STT managed land -* 

Future potential production Forest -* 

Informal Reserve on other public land -* 

Private land within WHA -* 

Private sanctuary -* 

Private sanctuary and conservation covenant -* 

Private nature reserve and conservation 

covenant 

-* 

Conservation covenant perpetual  -* 

Indigenous protected area -* 

Conservation covenant -* 

Management agreement -* 

Management agreement and stewardship 

agreement 

-* 

Stewardship agreement -* 

Other private reserve -* 

Tasmania point of interest -* 

Tasmania threatened species -* 

Lake bordering area Around lake bordering area 300 m buffer zones 

River, streams and waterways Around the main river, river, streams area 150 

m buffer zones 

-*Constraint values were converted into a binary raster format (0 = restricted area, 1 = available area) 
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Figure 27. Flow chart of developing restriction model to identify potential biomass facility location 
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4.3.3 Land suitability analysis with a weighted linear model 

A weighted overlay function was used in ArcGIS 10.6 (suitability analysis), which included a 

multi-criteria evaluation. Through the suitability analysis, additional geographical information 

and other layers can be considered by decision-makers as factors that can positively affect the 

biomass plant location decision based on detected areas already classified as “Available” 

within the geographical areas [76]. The impact of each of these additional criteria varies, and 

therefore, this step is required to correctly assign them a different relative weight [176, 196]. 

To evaluate the different relative weight, the first step was to construct an AHP hierarchical 

model consisting of two phases, including main-criteria (economic, environmental, and social), 

and each of which had three sub-criteria. This was done by applying an AHP algorithm, which 

procedure is presented in detail in Saaty (2008) [196]. Overall weights were obtained from 

three forestry experts from the academic, forest research institution, and local council 

government officer. 

In this study, eight criteria were considered in the suitability analysis. The selected criteria were 

classified according to three different groups with different objectives, called “Economic”, 

“Environmental”, and “Social”. In the Economic group, there were four sub-criteria layers 

which had a high correlation with the economic influence of the biomass plants. It was assumed 

that biomass plants located closer to an industrial area would have a higher weighted value 

compared to further biomass plants. The distance from road and closeness of the biomass plant 

also determined a high weighted value as short distances from existing roads can reduce 

biomass feedstock transportation costs substantially.  

Regarding the second objective group (environmental), it was preferred to locate a power plant 

in a relatively flat area (slope less or equal to 15%) and in a middle elevation (elevation from 

0 to 500 m) to avoid the potential damage that could occur on steep sites and sites with sensitive 

geophysical conditions. Also, to reduce water contamination risks, the locations of biomass 

plants were only possible in places located far away from the main river and water bodies 

(interval from 0 to 500 m). 

Finally, the criteria assigned to the social group included the local employment rate and the 

population density in the local government area of the identified biomass plant locations. To 

support local government economic impact, preferred areas where has a low and a middle 

employment rate were selected as preferred locations. Also, middle population density areas 

(from 50 to 300 people/km2) were prioritised for the location of the biomass plants. Weights 

obtained from an expert consultation survey were assigned to each objective group (economic, 
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environmental, and social) and then to each sub-criterion. The sum of the weights in different 

hierarchical levels was equal to one. 

Once the weights were assigned to each criterion, a weighted reclassified raster format layer 

(20 m*20 m cell size), and the corresponding final suitability map were created by a weighted 

linear combination of the raster layers. The applied equation was as follow (Eq. (1)): 

 

 𝑆𝑖 = ∑ 𝑤𝑝

𝑚

𝑝=1

𝐶𝑖𝑝             (1) 

 

where 𝑆𝑖 is the suitability value of the ith cell in the final grid, 𝑤𝑝 is the weight allocated to the 

pth criterion from the AHP analysis, 𝐶𝑖𝑝 is the ith cell value in the grid of the pth suitable 

criterion layer, and m is the total number of criteria in this analysis [121]. The values of all the 

criteria were standardised before including them in the equation. The calculated values Eq. (1) 

in final raster were reclassified into 7 level classes, where higher values represented more 

suitable places for the location of a biomass plant. After reclassified raster values were 

computed, cells that were assigned to levels 6 and 5 were identified as the most suitable 

locations for a potential biomass plant. A potential site was located in each cell by overlapping 

the areas under classes 6 and 5 within a grid mesh of 200 ha. The overall steps of model 

development are described in Figure 28. 
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Figure 28 Suitability model for optimal biomass facility locations 
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4.3.4 Biomass energy feedstock supply chain costs  

The Network Analysis tool in ArcGIS 10.6, which calculates transportation distances using a 

road network data set, rather than a straight line or radius-based distances, was selected for the 

analysis. The location-allocation analysis was used to select potential bioenergy facility sites 

using the p-median problem solver included in the Network Analyst tool [225]. 

The aim of the location-allocation procedure (p-median problem solver) is to locate p candidate 

bioenergy facilities among n potential selected suitable bioenergy facility candidates (n>p) 

while satisfying a set of demands so that the total sum of weighted distances between each 

demand and facility location is minimised [226]. Additionally, the location-allocation 

procedure automatically selects the shortest travel or least-cost distance so that the sum of the 

distance between the bioenergy facility candidates locations l and a set of biomass resource 

location points p is minimised (Eq. 2) [121]. 

 

Where wp = weight associated with each biomass available point p, dlp= distance between 

available biomass point p and potential bioenergy facility l. xlp= 1 if biomass available point p 

is assigned to bioenergy facility l, and zero otherwise. 

Using Dijkstra’s algorithm, the location-allocation solver generates an origin-destination 

matrix with the shortest-path costs between bioenergy plant candidates and available bioenergy 

resource points. It combines several techniques including a vertex substitution heuristic and a 

refining metaheuristic, to achieve a near-optimal solution [225]. Transportation costs (Eq. 3) 

were calculated using the travel distance along the optimal route derived from the location and 

allocation analysis. Eq. 4 present the equation to calculate the weighted transportation cost for 

bioenergy plant j (WTC𝑗). 

 𝐶𝑖𝑗 = 𝐹𝐶 + 2𝑉𝐶 ∑ 𝑑𝑘

𝑁

𝑘=1

 (3) 

 𝑊𝑇𝐶𝑗 = (∑ 𝐵𝑖

𝑚

𝑖=1

𝐶𝑖𝑗)/𝐵𝑡   (4) 

where 𝐶𝑖𝑗 is the total transportation cost ($ per dry tonne) for the optimal route between the 

bioenergy plant candidate j and available bioenergy resource location i; 𝐵𝑖 is the total biomass 

at source i; m is the total number of bioenergy resource locations assigned to plant j; 𝐵𝑡 is the 

total bioenergy resource assigned to plant j; FC is the fixed cost related to collecting the 

 𝑚𝑖𝑛 ∑ 𝑤𝑝

𝑙𝑝

𝑑𝑙𝑝𝑥𝑙𝑝 (2) 
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biomass energy feedstock ($ per dry tonne); VC is the variable cost related to traveling distance 

($ per tonne-km); 𝑑𝑘 and N are the length of the traveled road segment (km) and number of 

total segments along the optimal route between the plant j and the bioenergy resource location 

i, respectively [121].  

This study also investigated the effect of MC on transport cost. For a MC of 55%, 50%, 45%, 

and < 40%, transport costs (VC) were assumed to be $0.11/tonne/km, $0.10/tonne/km, 

$0.09/tonne/km, and $0.09/tonne/km, respectively [227]. This assumes that a chip van truck 

with a volumetric capacity of 83.4 m3 and net payload of 29.2 tonnes, that transport chips from 

residues with a basic density of 450 kg/m3. A value of $9.5/tonne was assumed for FC, taking 

an in-field delimber, debarker, chipper machine (Peterson Pacific) as the basis for the 

calculation [228]. 

Several scenarios were simulated, assuming one to four potential biomass facilities. Through 

the location-allocation analysis, the locations of the most suitable bioenergy facilities were 

identified using available harvesting biomass sources in the Tasmania region. The 

transportation distances from every biomass availability location point to potential bioenergy 

facility locations were estimated with GIS software and using the actual road network data set. 

This calculation was applied for every candidate bioenergy facility location, ensuring that each 

biomass available location point was allocated to only one bioenergy facility. 

The size of each facility is highly impacted by the number of bioenergy facility candidates and 

the extension of the associated biomass available supply zones. Greater and more dispersed 

feedstocks affect the size of the biomass facility and increase transportation distances and costs 

[229]. To determine the location and size of the biomass plants, the actual available biomass 

feedstock was re-estimated based on the results obtained from the location-allocation analysis. 

Subsequently, the selected supply points that resulted from the location-allocation analysis 

were extracted and clipped with the original biomass availability GIS data. Thus, the 

logistically available biomass feedstocks were calculated using the field calculator in ArcGIS 

10.6. 
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4.4 Case Study: Socio-economic impact Assessment of future bio-

energy in the Valley Central Industrial Precinct (VCIP) in 

Northern Tasmania8 
 

4.4.1 Overall approach for socio-economic impacts from a proposed co-generation 

bioenergy plant in the VCIP 

Details of the methodological approach utilised to conduct the modelling of potential socio-

economic impacts from a proposed co-generation bioenergy plant in the Valley Central 

Industrial Precinct (VCIP) in Northern Tasmania (identified potential biomass facility location 

from phase two) are presented in the following section.  

 

Figure 29. The overall approach to investigate potential socio-economic impacts in VCIP 

Figure 29 presents overall approaches to investigate potential socio-economic impacts from a 

proposed biomass plant in the identified location of a prospective biomass plant in phase two 

(VCIP). First of all, potentially available biomass residues for bioenergy generation were 

estimated using compiled data which is provided by the local industrial business and published 

reports. The potential biomass residues were classified into onsite and offsite feedstock options 

 
The phase three has been accepted in Energy Journal (published in 2020) 
8 Woo, H, Moroni, M., Taskhiri, M, S., and Turner, P. Residues and Bioenergy Generation: A Case 

Study Modelling Value Chain Optimization in Tasmania. Energy, 196 (2020) 117007.  
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according to distance from feedstock sources. The onsite feedstock was identified related to 

industrial waste from existing LIBs. The offsite feedstock was estimated primarily focused on 

wood-based residues (processing residues) and non-wood dry material (agriculture and green 

waste). The modelling presented in this paper excludes consideration of forest harvest residues 

as a potential source of biomass residues due to the lack of certainty on the viability of 

commercial supply to the VCIP. Secondly, current and prospective energy demand model and 

supply scenarios have been modelled based on recent engagement with LIBs. In exploring 

options for meeting the estimated energy demands of VCIP, a series of scenario-based supply 

models were investigated that compare feedstock utilisation rates in different types of 

bioenergy plant types (boiler, electricity, and co-generation heat and power). This simulation 

modelling allowed a comparison of the total potential energy supply and the total energy 

demand for each bioenergy process, and different scenarios provide additional detail on the 

supply scenarios, particularly the disaggregation of energy demand into gas and electricity. 

Finally, to complete the evaluation of the potential socio-economic impact of the proposed 

plant, the analysis was conducted using JEDI. In conducting this analysis, costs relating to 

permits, engineering, construction, equipment, and all development fees from planning to 

construction have been included [230]. The modelling also uses the data discussed above 

related to residue availability and bioenergy generation output to examine and evaluate 

potential socio-economic impacts under a range of scenarios. 
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4.4.2 Case study site (Location of the Valley Central Industrial Precinct in Northern 

Tasmania) 

 

Figure 30. Location of the Valley Central Industrial Precinct in Northern Tasmania, Australia 

The focus of this case study is Valley Central Industrial Precinct (VCIP) in Northern Tasmania. 

This precinct is located approximately 1 km north of the small regional township of Westbury 

in the Meander Valley municipality, on the island of Tasmania, Australia (Figure 30). 

Westbury and the VCIP are themselves located halfway between the two major northern 

Tasmanian cities of Launceston and Devonport. The total population of Meander Valley is 

around 20,000, with approximately 5,700 working in the municipality. The major industries in 

the region are manufacturing, agriculture, forestry and fishing/aquaculture, construction, rental, 

hiring and real estate services, and arts & recreation services [231]. Currently, 22 KV of 

electricity is supplied to the VCIP area via the main provider of electricity on the island, the 

TasNetworks’ electricity company. Also, natural gas is available using the Tasmania Gas 

Pipeline. Importantly, the island has a history of hydro-electric power generation following 

large scale investments in infrastructure dating back to the 1950s and 1960s and more recently, 

additional alternative energy sources have seen investment, including some wind-farms.  

It is in this context that there has been recent interest in investigating the potential for a co-

generation bioenergy plant at VCIP site to innovatively utilise industrial wet and dry biomass 
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residues being produced by some LIBs as well as to convert community FOGO (food organic 

& Green organic) waste into energy. The potential energy demand of Valley Central is assumed 

to be approximately 650,000 GJ/year by 2020 [54]. While the VCIP initiative is considering a 

range of bioenergy generation options, including an anaerobic digester, this phase is primarily 

focused on modelling of a biomass co-generation combustion plant (i.e., using a boiler to co-

generate heat and electrical power). 
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4.4.3 Wood-based Biomass Residues: Processing and Harvesting 

 

 

Figure 31. Processing and harvesting residues in Northern Tasmania: a) Processing residues from the 

mill, b) Harvesting residues from forest operation sites) 

a) Processing residues 

Wood-based biomass residues can be generated from both forest harvesting operations and 

wood processing at mills. These woody biomass residues can be sourced from native hardwood, 

hardwood plantations and softwood plantations. In this study, processing residues are defined 

as residues created from the sawing or peeling of sawlogs into a range of wood products 

including bark, solid wood losses as well as offcuts from processing timber (Figure 31). 

Importantly, for the modelling conducted in this research, it is assumed that: 

• Woodchips are not available as a biomass feedstock, as they are under existing supply 

chains and contracts into export markets  

• Other types of wood processing residues including sawdust, shavings, fuelwood and 

domestic firewood) are including as potential sources of biomass residues in this paper 

b) Harvest residues 

Woody harvest residues are defined as non-merchantable wood that is usually left in the forest, 

including the stumps, limbs, branches, and wood chunks. Unlike pulpwood, harvest residues 

tended not to be removed and utilised from harvesting operational sites [20]. Based on data in 

the URS Stage 1 report (2014), the estimated available harvesting residues in the whole of 

Tasmania were approximately 1 million tonnes per year in 2013/14. However, there is currently 

no actual industrial scale woody harvesting residue utilisation in Tasmania. The vast majority 

of woody harvesting residues from forestry operations are left on the ground frequently to be 

burnt and left to decay over time to return some nutrients to the forest soils. Major factors that 

have inhibited any utilisation of woody harvest residues for bioenergy include: 
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• The lack of market demand for woody harvest residues for use in bioenergy generation 

in Tasmania – currently there is no major industrial-scale generation of bioenergy; 

• The relatively high supply chain costs for collecting, managing, and transporting 

harvest residues given the current operational harvesting techniques being deployed in 

Tasmania and the challenges of moisture management of slash piles;  

• Limited knowledge of how best to address environmental concerns related to the 

removal of significant volumes of harvesting residues from forest sites due to potential 

concerns about (soil nutrient depletion and adverse impacts on wildlife habitats, etc.). 

Significantly, there currently remains insufficient certainty about these factors, and as a result, 

it is not sensible or reasonable at this stage to include harvest biomass residue estimates into 

the modelling presented in this paper. Harvesting biomass residues were therefore not 

considered as potential bioenergy feedstocks in past and current assessments or relied upon for 

future business case development.  

As a result of these exclusions the approach to generating actual biomass residue feedstock 

data, this research used a set of filters and criteria to produce this input data for the modelling. 

The primary filters used for assessing biomass feedstocks were distance and materiality. The 

distance of feedstocks to the VCIP was mainly limited to a 100 km radius. The only exception 

being for the inclusion of some woody processing residues that were included beyond this 100 

km radius where pre-existing direct transport links for other products could be accessed. The 

secondary filters used reflected issues related to the potential sustainability of supply, energy 

value, availability, transport cost, handling cost, and regulation [54].  

 

4.4.4 Bioenergy supply and demand scenarios for the VCIP 

The current primary sources of energy being used by current and prospective VCIP 

stakeholders are electricity and natural gas. Electricity is mainly for lighting, heating, pumps, 

and equipment operational requirements. The majority of natural gas is used for heating water 

using boiler combustion and generating steam. At present, identified energy demands in the 

VCIP are 11,081 Mhw/year of electricity and 34,342 Mwh/year of natural gas [54].  

Based on recently completed contracts, expected demand for electricity is going to increase to 

47,980 Mwh/year and for natural gas demand to 132,811 Mwh/year under a business as usual 

scenario. This means that the projected demand increases for electricity and gas will be 333% 

and 287%, respectively. These assumptions are based on normal working hours (one or two 

shifts per workday) and operations running five days per week. That stated, it was also noted 
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during this research that some VCIP stakeholders had indicated a desire to increase operations 

across 24 hours and seven days per week, suggesting the increased demand for energy is likely 

to be even greater than the estimates used above.  

To aid in understanding the analysis presented and to ease the comparison of data in the tables 

below, data extracted from secondary data sources reported in GJ/year have been converted to 

Mwh/year using a conversion factor (1 GJ = 0.277778 Mwh). In exploring options for meeting 

the estimated energy demands of VCIP, a series of scenario-based models were produced that 

compare feedstock utilisation rates in different types of bioenergy plant types (boiler, electricity, 

and co-generation heat and power) (Table 11).  

Table 11. Description of detailed utilisation rates across 6 different Scenarios 

Scenarios Utilisation rate(%) Utilisation rate(%) Utilisation rate(%) 

Feedstock distribution(dry 

tonne/year) 

Feedstock distribution(dry 

tonne/year) 

Feedstock distribution(dry 

tonne/year) 

Boiler(heat only) Electricity(power only) Combined heat & power 

S1 0% 0% 100% 

0 0 102,515 

S2 0% 100% 0% 

 0 102,515 0 

S3 100% 0% 0% 

 102,515 0 0 

S4 25% 25% 50% 

 25,629 25,629 51,258 

S5 50% 50% 0% 

 51,257.5 51,257.5 0 

S6 30% 30% 40% 

 30,754.5 30,754.5 41,006 

 

4.4.5 Modelling Bioenergy plant impacts using the JEDI model 

Any investment to build and operate a bioenergy plant must balance total construction costs 

versus total energy output capacity once operational. Estimating these costs relies on several 

assumptions, including the plant size and capacity, geographical factors and local energy 

demand. Fortunately, as the bioenergy has matured, most of these costs internationally are well 

understood and can be modelled for Australian settings relatively easily. This stated, 

understanding the potential socio-economic effect of a bioenergy power plant in a specific 

location does depend on a number of variable costs that require careful consideration during 

modelling. These input costs include labour costs, biomass feedstock costs, and the pricing rate 

for heat and electricity energy in the broader energy market-place.  

In conducting this analysis, costs relating to permits, engineering, construction, equipment, and 

all development fees from planning to construction have been included. The modelling also 

uses the data discussed above related to residue availability and bioenergy generation output to 
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examine and evaluate potential socio-economic impacts under a range of scenarios. The 

primary model used in the analysis is the JEDI [193]. This model has been developed based on 

assumptions and default values derived from a number of sources, including studies on bio-

power, plant cost estimation, industry statistics and cost indexes [198-209]. The lack of a pre-

existing bioenergy market in Tasmania means that the cost of feedstock ($/dry tonne) has been 

assumed based on US market prices for October 2017. Table 12 shows default data used for 

the analysis across three different sized bioenergy plants (50 MW; 25 MW; and, 10 MW). 

Table 12. Default value data used in the JEDI analyses 

  

Size of the biopower plant 50MW 25MW 10MW 

Project Location Tasmania 

Year Construction Starts 2017 

Construction Period (Months) 24 

Project Size (MW) 50.0 25.0 10.0 

Plant Cost (USD/KW) $3,741 $4,606 $6,063 

Plant Type DCa 

Plant Capacity Factor (Per cent) 80% 

Heat Rate (Btu/kWh) 14,000 

Boiler Type Stoker 

Feedstock (Type) FRb 

Feedstock Consumption (Dry Tons/Year) 286,208 143,104 57,242 

Cost of Feedstock (USD/Dry Ton) (US-CaliforniaC) $24.52 

Produced Locally (Per cent) 100% 

New Production or Sales (Per cent) 100% 

Feedstock Supplier  On/off sites(VCIP) 

Farmer/Harvester (Per cent) 100% 

Wholesaler (Per cent) 0% 

Fixed Operations and Maintenance Cost (USD/kW/Yr) $19.99 $27.70 $45.76 

Maintenance Cost - Non Fuel (USD/MWh/Yr) $4.36 $6.01 $9.35 

Consumables Cost (USD/MWh/Yr) $3.69 

Feedstock Cost (USD/Yr) $7,017,813 $3,508,906 $1,403,563 

Annual Electricity Generation (MWh/Yr) 350,400 175,200 70,100 

Money Value (Dollar Year) 2017 

Project Construction Cost $187,052,000 $115,144,012 $60,629,412 

Local Spending $18,691,600 $11,506,029 $6,058,533 

Total Annual Operational Expenses $31,626,208 $18,697,072 $9,512,335 

Direct Operating and Maintenance Costs $10,839,519 $5,901,364 $2,774,718 

Local Spending $8,226,018 $4,329,954 $1,937,675 

Other Annual Costs $20,786,689 $12,795,708 $6,737,617 

Local Spending $0 

Debt and Equity Payments $0 

Property Taxes $0 

Land Purchase or Lease $0 
a Direct Combustion, b Forest residue c source : [193]  
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4.5 Chapter four summary 
 

Phase one was focused on improving the data accuracy of forest harvesting residue estimation. 

In this study, one of the most significant challenges was identified accessing the StanForD data 

in the Tasmania region. In reality, few harvester operators owned equipment with StanForD 

systems already equipped, but also access to machinery which generated StanForD data was 

refused by hardwood plantation operators in Tasmania due to business and security reasons. 

For this reason, the prototype FIELD software tool was developed using StanForD data, which 

was generated from Radiata pine plantation forest both in Tasmania and South Australia region. 

To proof, the concept of improving harvesting residue estimation using a digital tool, for the 

same logic and criteria of initial thesis methods are applied to this case study. Also, the 

estimation result of the FIELD software tool was validated compared with several previous 

residue estimation methods.  

In phase two, the optimal location of prospective biomass power plants is investigated using 

integrated AHP and GIS techniques. The prospective optimal location of biomass facility 

candidates was explored by using network analysis in ArcGIS. All the required data, 

information, and assumptions were provided from Tasmania forest industry partners, and 

experts advise. The objective of this study was also to proof the concept of investigating the 

optimal location of prospective biomass facilities using GIS and AHP techniques. In this 

context, the case study followed the same logical and criteria conditions from designed thesis 

methodological approaches and proved the concept of using GIS and AHP techniques to 

determine the best location of future biomass facility location. However, the network analysis 

was highly impacted by the assumption of other candidate’s number, the maximum distance 

from biomass facility to biomass feedstock collecting area, and the number of available 

biomass source locations. Ideally, the study was designed to using actual biomass availability 

from phase one (residue estimation using StanForD data) but, it was limited by practical 

problems which were indicated above (lack of harvester head data to estimate state-level of 

biomass availability). So, this phase was investigating prospective biomass plant locations 

using biomass availability data, which was estimated based on NIPNF in Tasmania[66]. 

In phase three, the study presents modelling of the potential socio-economic impacts from a 

proposed co-generation bioenergy plant in the identified optimal location of prospective 

biomass power plants in phase two, VCIP Tasmania. Especially, the socio-economic impact 

was evaluated using JEDI. In conducting this analysis, costs relating to permits, engineering, 

construction, equipment, and all development fees from planning to construction have to be 
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considered. However, Tasmania has no actual biomass industry and market, and therefore, it is 

limited to collect the data. Hence the reason that the required data values to evaluate the 

economic impact of biomass plants were adopted from US market prices on October 2017. 

Chapter three (Methodology) provided a detailed explanation of the research strategy, structure, 

processes, and quantitative analysis techniques for the multi-phase, multi-method research 

approach to understanding the role of the digital tool in understanding biomass residue 

utilisation supply chains in Tasmania. Additionally, data collection was described separately 

in each phase, and data analysis was presented following a designed logical order. In the next 

chapter presented the outcomes of the data analysis for each phase, discussed the limitation of 

results. 
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Phase one - Digital role of improving the accuracy of forest harvesting residue estimation 
9 

5.1.1 Developed FIELD software tool and implementation in a case study 

Phase one, the research was conducted to improve the accuracy of estimated biomass 

availability information, especially in forest harvesting residue availability using StanForD pri-

file and developed allometric equations. The forest inventory electronic live data (FIELD) 

software was designed to investigate real-time biomass monitoring system. The goal of FIELD 

software can be summarised as follows: 

• Improving the accuracy of forest harvesting residue estimation 

• Using StanForD harvester head data to improve harvest management 

• Generate and up to date biomass availability map 

• The real-time biomass monitoring system 

 

Figure 32. Developed FIELD software  

(a. The prototype version has only data converting function, b. MSI version has multiple functions 

including harvesting available mapping, converting data structure, predicting productivity model, and 

biomass estimation)  

 
9 The phase one has been submitted in Computer and Electronics in Agriculture Journal (Under review) 
Woo, H., Acuna, M., and Turner, P. Improving forest residues estimation in bioenergy value chains: Developing 

real-time data analytics software FIELD using StanForD harvester head data. Under review 
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The prototype version of the FIELD was developed based on Python language. However, the 

latest version of FIELD software developed with C ## with MSI (installer package file format 

used by Microsoft Windows OS) format (Figure 32). The case study sites cover a range of 

typical Australia Radiata pine plantation. 

 

Figure 33. Created harvesting operation map using FIELD software (a. Case study location before 

harvesting operation, b. after harvesting with harvester machine, c. reconstruct and generate biomass 

availability map using FIELD, overlapped with satellite image and reconstruct biomass availability map)  

The study sites were located in the Dorset region, Tasmania, managed by Timberland pacific 

Logging Company. This case study sites were harvested on 29th March 2018. The selected 

case study harvested area is 15.73 ha, and a total number of harvested trees were counted 7,823. 

After harvesting operation, the harvested map was created by using the FIELD (Figure 33).  
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5.1.2 Harvesting residue estimation using FIELD software 

To estimate harvesting residue using FIELD software, developed radiata pine allometric 

equation was adopted to calculate biomass availability. In this case study, above ground 

biomass (kg), leaves (kg) and branches (kg) were estimated using integrated allometric 

equations and DBH data from pri-file (StanForD harvester head data). From the literature 

review of allometric equations, Forrest [213] Radiata pine allometric equation was considered 

to apply estimation of above ground biomass in the case study area due to applying Australian 

based allometric equation. The results of the predicted harvesting residue within the above 

biomass (stump), leaves, and branches are shown in  

Table 13. 

 

Table 13. Adopted Radiata pine allometric equation and estimated total harvesting residue in cast 

study (Equations were developed by Forrest 1969) 

Forrest(1969) Total 

Estimation(kg) 

Total 

Estimation(Gmt) 

R square 

Equation-aboveground    

lnM(kg)=-

2.138+2.318*lnDBH(cm) 

227,964 228 0.978 

Equation-leaves    

lnM(kg)=(-

7.476+3.298*LN(DBH(cm)) 

75,874 76 0.973 

Equation-branches    

lnM(kG)=(-

6.845+3.315*LN(DBH(cm)) 

303,838 304 0.941 

Total biomass available 607,676 608  

 

The geometric mean value of total DBH (on bark) and height in the case study area was 37.34 

cm and 22.85 m, respectively. The results of the mean value estimated biomass availability 

among the different types (above ground, leaves, and branches) are shown in Figure 34. As 

shown in  

Table 13, the branch is the largest component of harvesting residue biomass types among the 

above ground, leaves, and branches. In this study, for residue utilisation purpose, above ground 

biomass and branches were only considered for actual usable biomass feedstock. Estimated 

leaves were excluded as biomass availability due to economic and soil nutrient issues. This 

result indicated that a large amount of above ground biomass (228 green tons) and branches 

(304 green tons) could be used biomass energy source as harvesting by-product.  
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Figure 34. Box and whisker plot for estimating biomass availability after harvesting timber (Equations 

were developed by Forrest 1969) 

 

5.1.3 Validation of FIELD residue estimation based on comparing a number of allometric 

equations and sampling measurements 

To validate FIELD residue estimation, several methodological approaches were adopted and 

compared among the residue estimation result. First of all, several allometric equations were 

applied to calculate the quantity of above-ground biomass, leaves, and branches.  

Forrest (1969) and Feller (1984) formula were adopted to compare the differences between the 

various Radiata pine allometric equations [213, 214]. The residue estimation using Forrest 

formula was calculated at 608.00 GMT. In this estimation, above-ground biomass and branches 

were only considered to available biomass material. The leaves were not included in biomass 

availability due to soil nutrient issues. Also, these estimations did not include stem wood 

portions such as top or offcuts from timber harvesting, which means the estimation results may 

tend to underestimation issues. 

However, the estimated biomass availability using Feller (1984) formula was 1178.54 GMT, 

and the result shows significant differences compared to Forrest (1969). The major difference 

between Forrest and Feller formula can be identified in the age of stands, which were used to 

develop the equations. Forrest equations were developed on five years old age plantation forest. 

Because of this, developed equations were not suitable for this case study of forest conditions. 

Also, Feller’s equations have limitations to apply this case study area. Because the average 

DBH of stands were recorded at 29.00 cm, which is smaller than this case study mean DBH 
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value (37.34 cm). The result of allometric equations has identified some limitations in residue 

estimation using FIELD because the formula was not developed in this specific forest 

conditions.  

Additionally, the difference between FIELD and previous biomass availability estimation, 

which were conducted by PFT and STT, there is a significantly different estimation result. 

Based on PFT and STT model, the estimated case study residue amount was calculated 141.02 

GMT.Error! Reference source not found.
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This advantage can be an opportunity to expand forest research into forest bigdata analysis to 

investigate forest big data research to discover an unknown or unrevealed pattern in forest 

science including silviculture, forest management, and forest inventory, etc. However, it is 

acknowledged that further research to provide more proof about the accuracy of this new 

methodological approach for improving biomass availability estimation. 

As stated previously, the limitation of FIELD estimations was hindered by the requirement to 

apply state-level biomass estimation models rather than site-specific models. However, it is 

argued that this limitation was somewhat mitigated by incorporating other published data 

sources, such as PFT and STT residue estimation models, and by contrasting the data produced 

with more conventional published estimation methods. 
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Phase two - Investigate the optimal location of prospective biomass power plants in 

Tasmania10 

 

5.2.1 Estimation of biomass availability in Tasmania state level based on PFT and STT 

residue solutions  

In the second phase, to investigate the optimal location of prospect biomass plants, the state 

level of biomass availability data is required to geospatial analysis. Even though identified 

limitations of using previous PFT and STT residue estimation models, there were no alternative 

options for the GIS database to investigate the optimal location of a biomass energy facility, 

except PFT and STT GIS data. Also, wood processing and agriculture residue GIS data were 

included in this analysis using the ABBA project data. The methodological concept of this 

study will be expected to use for proof the concept of investigating the optimal location of 

prospective biomass facilities using GIS and AHP techniques. The designed case study has 

followed the same methodological approach with the initially designed thesis plan. 

 

Figure 36. The forecast Tasmania state-wide residue flow estimates annually in thousand green 

metric tonnes per year in the 2014 to 2019 period 

 
10 The phase two has been published in Forests Journal (published in 2018) 

Woo, H., Acuna, M., Moroni, M., Taskhiri, M, S., and Turner, P. 2018. Optimizing the location of 

biomass energy facilities by integrating Multi-Criteria Analysis (MCA) and Geographical Information 

Systems (GIS). Forests, 2018. 9(10): p. 585. 
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As we revealed in the previous sections, the estimated residues using PFT and STT model were 

calculated as the lowest amount compared to the number of estimation approaches including 

integrated FIELD and allometric equations and previous Australian residue estimation 

researches. Nevertheless, biomass availability results (based on PFT and STT model) showed 

that a large portion of biomass resources could be used as feedstock to supply biomass energy 

plants in Tasmania. The potential biomass availability is shown in Figure 36.  

The total forecasted biomass availability was 13,803,000 green metric tonnes per year (GMT/ 

year) in the five years from 2014 to 2019. Most of the biomass feedstock corresponded to 

residues from pulpwood and another stem wood harvesting operation. About 79% of the 

available biomass feedstock was produced from low-quality logs not suitable for wood 

chipping to make pulp and paper. Also, 95% of the total available biomass feedstocks were 

sourced from harvesting residue. Only 5% of the total biomass availability was generated from 

processing residues. In the supply zone, Murchison East (ME) had the largest amount 

(3,125,000 GMT/year) of potential biomass availability in Tasmania. Bass North was the 

second-largest biomass available zone with the availability of 2,499,000 GMT/year. Results 

obtained from the biomass availability analysis indicate that most of the available biomass 

feedstocks were produced from the Northern side of Tasmania including Murchison West, East, 

Mersey, and Bass North supply zone. The distribution of biomass harvesting residue is shown 

in Figure 37. 
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Figure 37. Tasmania biomass availability map from STT and PFT residue solution 

  



Chapter Three : Methodology 

159 
 

5.2.2 Identifying potential biomass facility locations applied with AHP analysis and 

developing GIS-based restriction and suitability models 

Figure 38 shows the availability map with the available areas for the location of bioenergy 

plants. About 49.6% of the Tasmanian land was accounted as an available area, while the non-

available areas corresponded primarily to national conservation areas and areas prone to 

geological risks such as floods and natural disasters. White cells in Figure 38 represent 

unavailable areas where biomass energy plants cannot be located.  

 

Figure 38. Potential biomass facility restriction map generated from binary restriction model  

Following the AHP analysis, the first hierarchical level, main criteria, and the second one, sub-

criteria, were weighted based on a pairwise comparison from an expert surveying and through 

a matrix computation [76]. The results of the AHP analysis, including weights and 

corresponding consistency ratios (CR), are presented in Table 14. 
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Table 14. Weights and preference factors in the AHP procedure 

Main criteria weights(c

riteria) 

second level: sub-

criteria 

weights(sub

-criteria) 

total 

weight 

CR 

Economic 0.540 Feedstock 

availability 

0.747 0.403 0.04 

 
 Industrial area 0.106 0.057   
 Transport logistics 0.147 0.079  

Environmental 0.163 Elevation 0.240 0.039 0.056 

  Slope 0.400 0.065  

  Water bodies 0.360 0.059  

Social 0.297 Local employment 

rate 

0.400 0.119 0.061 

  Population 0.600 0.178  

Sum of the 

weights 

1.0 0.0 3.0 1.0  

The results indicated that the highest weight was given to the economic criteria. This was 

emphasized at the second hierarchical level (sub-criteria), where feedstock availability was 

scored the highest weight compared to all the second level sub-criteria. In the social criteria 

(main criteria level), the population of the area was given the highest weight. Finally, 

environmental factors were considered as the third main criteria, with slope and flat areas 

located within a distance range between 100m and 500m from the water bodies as the preferred 

sites for the location of bioenergy power plants. The value of CR showed a high degree of 

consistency, confirming the adequacy of the weight values (Table 14).  
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The results of the AHP analysis and the corresponding weights were included in the suitability 

model, where the reclassified weights were used to generate a final suitability map for the 

potential location of the bioenergy plants. Combined availability and suitability maps generated 

from raster calculations allowed the identification of the final possible biomass plant locations, 

with as many as 125 possible locations with a suitability value ≥ 5 is selected (Figure 39).  

 

Figure 39. Map of the suitability of bioenergy plant locations in Tasmania applied reclassified 

weights 
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Figure 40. Map of selected the Most suitable potential bioenergy facilities candidates 

Most of the highly suitable bioenergy plant candidates (suitability value = 6) were located in 

the Murchison East, Mersey, Bass North, Huon, and Derwent East supply zones. High 

suitability was attributed to sites with a large amount of biomass residue availability (Figure 

40). To secure enough feedstock for each final candidate location area, only selected locations 

larger than 10 ha were chosen as potential candidates for the location of the bioenergy plants. 

The candidates also required to be located near the road network and major roads to allow 

shorter transportation distances. The most suitable candidates were located close to the 

Tasmanian road network, indicating that the transport logistics criteria were satisfied.  
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5.2.3 Biomass supply chain costs in Tasmania 

Several scenarios were simulated with the location-allocation analysis to assess the impact of 

an increasing number of bioenergy power plants. From the location-allocation analysis, 

weighted unit transportation costs were calculated for an increasing number of bioenergy 

power plants. Figure 41 shows the four sites that were selected from the candidate locations 

(125 candidates) by solving the p-median problem using 15,322 biomass availability sources.  

 

Figure 41. Optimal number and location of potential bioenergy plants 

Figure 42 Lines show connections between origin and destinations; Tasmania road network 

was considered for the analysis; four scenarios were evaluated: (a) Scenario 1, 200km radius 

selected one biomass facility (location code: Select 1), (b) Scenario 2, 100km radius selected 

two biomass facilities (location code: S2_A_91 and S2_B_100), (c) Scenario 3, 80km radius 

selected three biomass facilities(location code: S3_A_90, S3_B_92, and S3_C_100), and (d) 

Scenario 4, 80km radius selected four biomass facilities(location code: S4_A_15, S4_B_90, 

S4_C_92, and S4_D_100). The estimated supply chain costs for all identified locations are 

presented in Table 15. Harvesting, processing, and loading costs were not included in the 

supply chain cost calculations as the primary focus of the study was on transportation costs. As 

expected, the total transportation cost was highly influenced by the distance between the 

biomass facility and the biomass feedstock available locations. Scenario 1, in which one 
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biomass facility within a 200-km radius was selected, has the highest coverage rate (83.93%) 

among the identified biomass facility locations. However, the total transportation cost was very 

high due to the long distance between the selected facility and the biomass feedstock locations. 

When increasing the number of facilities, the transportation distance and total cost decreased 

rapidly compared with a single and long-distance biomass facility scenario. Scenario 2, in 

which two biomass facilities within a 100-km radius were selected, had a coverage rate that 

was approximately 74% of total biomass available locations. In scenario 2, the average round 

distance was about 50% (97.22 km) of that calculated in Scenario 1 (189.66 km).  

Table 15. Estimated transportation cost of biomass feedstock  

Facility 

locationa 

Range 

(km)b 

Deman

d 

(No.)c  

Covera

ge rate 

(%)d 

Total 

area 

Biomass 

availability 

(GMT)e 

Ave 

distance(km

)f 

$/tonne/

kmg 
Total cost ($)h 

S1 200 12859 83.93 463,540 31,757,500 189.96 0.11 663,586,379 

S2_A_91 100 5380 35.11 188,674 13,375,500 97.22 0.11 143,040,272 

S2_B_100 100 5973 38.98 222,568 14,694,000 90.14 0.11 145,696,888 

S3_A_90 80 1772 11.57 66,958 5,148,000 61.82 0.11 35,007,430 

S3_B_92 80 3680 24.02 120,895 8,402,000 80.84 0.11 74,713,945 

S3_C_100 80 4644 30.31 183,703 11,636,000 79.10 0.11 101,244,836 

S4_A_15 80 1664 10.86 28,664 2,743,500 64.90 0.11 19,585,847 

S4_B_90 80 1772 11.57 66,958 5,148,000 61.82 0.11 35,007,430 

S4_C_92 80 3454 22.54 115,950 7,994,000 78.50 0.11 69,028,190 

S4_D_100 80 4644 30.31 183,703 11,636,000 79.10 0.11 101,244,836 

a selected number of biomass facilities and identified location ID (location information seen above Figure 41)  

b coverage radius distance from selected facilities  

c total number of biomass availability locations to a selected biomass facility  

d coverage rate of selected biomass facilities (selected facility covered biomass demand location / total number of biomass 

availability locations) 

e sum of total biomass availability in allocated biomass demand locations 

f average round distance between identified facility locations and biomass demand locations  

g truck transportation cost assumed that MC = 55%, the chip van truck has a volume capacity of 83.4m3, a net payload of 

29.2 tonnes, and transport chips with a basic density = 450 kg/m3 

h the cost estimation was based on the average distance between identified biomass facilities and demand biomass 

availability locations 

The total transportation cost decreased substantially by increasing the number of biomass 

facilities. The results are shown in Table 15, highlight the importance of optimizing the 

location of potential biomass facilities to reduce transportation costs. Based on the truck 

transportation cost scenario, the optimal number of biomass plants was three in the Tasmania 

region. As seen in  

Figure 42, there is an indication that transport costs start increasing when four or more biomass 

plants are built.  
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Figure 43 shows the impact of MC on biomass transport costs. A fall in MC from 55% to 40%, 

resulted in lower total transportation costs in all the biomass facility location scenarios analysed. 

This confirms the results from previous studies, which have identified MC as one of the most 

important factors affecting the calorific value and transportation costs in biomass supply chains 

[35, 166, 232-236]. Thus, MC and transport distance constitute the factors with the major 

impacts on the biomass transportation efficiency from harvesting sites to biomass facilities 

[227, 237]. The estimated biomass availability indicated that Tasmania has an abundant 

biomass feedstock to operate biomass and energy facilities. After running several simulations 

on transportation cost scenarios, it was determined that three biomass plants within a radius of 

80km were the best option for Tasmania’s future biomass energy plan.  

 

Figure 44. Location of the Valley Central Industrial Precinct in Northern Tasmania, Australia 

Meander Valley Council (MVC), one of the identified three biomass potential location, is 

currently proposing a $70 million, 10 MW bioenergy hub be constructed on suitably zoned 

land at the Valley Central Industrial Precinct at Westbury in Tasmania’s central north ( 

Figure 44). For this reason, in the next phase, the case study presents modelling of the potential 

socio-economic impacts from a proposed co-generation bioenergy plant in the Valley Central 

Industrial Precinct (VCIP) in Northern Tasmania. 
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Phase three - Potential socio-economic impacts from a proposed co-generation bioenergy 

plant (under 50 MW) in the Valley Central Industrial Precinct (VCIP) in Northern 

Tasmania11 

 

5.3.1 Potential bioenergy feedstocks for the proposed VCIP bioenergy plant 

The phase three presents the results of investigating potential socio-economic impacts from a 

proposed biomass plant in the identified location of a prospective biomass plant in phase two 

(VCIP). First of all, potentially available biomass residues for bioenergy generation were 

estimated using compiled data, which is provided by the local industrial business and published 

reports. The potential biomass residues were classified into onsite and offsite feedstock options 

according to distance from feedstock sources.  

The onsite feedstock was identified related to industrial waste from existing LIBs. The offsite 

feedstock was estimated primarily focused on wood-based residues (processing residues) and 

non-wood dry material (agriculture and green waste). The modelling presented in this research 

excludes consideration of forest harvest residues as a potential source of biomass residues due 

to the lack of certainty on the viability of commercial supply to the VCIP.  

Table 16 presents the results of this investigation’s attempt to estimate viable onsite and offsite 

bioenergy feedstock sources and to quantify the available energy content of these feedstocks 

for a co-generation bioenergy combustion plant.  

The results highlight the significance of mill biomass residues for the overall potential supply 

of feedstocks for the bioenergy plant. Poppy production residues are the next biggest portion 

of available feedstock due to the output of one of the key stakeholder industries already based 

at the VCIP site. Based on these estimates, the total potential available biomass feedstock is 

estimated to be: 102,515 dry tonnes/year. Based on a default value of feedstock consumption 

being 57,242 dry tons/year (Table 12), the maximum capacity of an available biomass plant is 

therefore limited to 10 MW scale.  

To operate and maintain a larger size of bioenergy plant (25 MW and 50 MW) would pose 

significant challenges in terms of readily available feedstocks, transportation costs over 

distances greater than 100 kms and a requirement to include woody harvesting residues. Given 

the analysis already presented in this case study, it appears unlikely that these issues can be 

 
11 The phase three has been accepted in Energy Journal (published in 2020) 

Woo, H, Moroni, M., Taskhiri, M, S., and Turner, P. Residues and Bioenergy Generation: A Case Study 

Modelling Value Chain Optimization in Tasmania. Energy, 196 (2020) 117007.  
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overcome in the short to medium-term. As a result, this analysis concludes that only a 10 MW 

bioenergy plant is a viable option for the VCIP site. 

 

Table 16. Estimation of potential bioenergy feedstock 

Feedstock Wet weight tonnes Moisture content Dry weight tonnes 

Mill residue 122,100 45% 67,155 

Green Waste 14,300 45% 7,865 

Shredded pallet 128 20% 102 

Poppy seed-Tas 

Alkaloids* 

6,860 7% 6,380 

Poppyseed-GSK 10,000 7% 9,300 

Bran 4,560 7% 4,241 

Spent Mushroom 

substrate 

5,044 56% 2,219 

Grape Marc 2,250 7% 2,093 

Feedlot Waste 4,560 30% 3,192 

Total 169,802 40% 102,515 

*Onsite feedstock 

 

5.3.2 Modelled energy supply and demand scenarios in the VCIP  

Current and prospective energy demand models and supply scenarios have been modelled 

based on recent engagement with LIBs. In exploring options for meeting the estimated energy 

demands of VCIP, a series of scenario-based supply models were investigated that compare 

feedstock utilisation rates in different types of bioenergy plant types (boiler, electricity, and co-

generation heat and power). This simulation modelling allowed a comparison of the total 

potential energy supply and the total energy demand for each bioenergy process, and different 

scenarios provide additional detail on the supply scenarios, particularly the disaggregation of 

energy demand into gas and electricity.  

The energy demand scenario includes the average and projected energy demands of the current 

and prospective VCIP site up until mid-2020. The scenario assumes a consistent energy 

demand of 180,790 Mwh/year from that point forward. The results present the combined 

scenarios of potential energy supply under the three bioenergy processes (heat-only boiler, 

electricity power only, and combined heat and power) and energy demand. A bioenergy plant 

has the potential to deliver a significant proportion of the onsite energy demand for VCIP 

stakeholders, subject to the bioenergy process selected and feedstock availability. Based on the 

modelling completed, the total energy demand in VCIP is 180,790 Mwh/year. Many industries 

in VCIP require heat and steam energy to operate and process their products (dairy, poppy seed, 

and processed meat). The heat and steam energy 132,810 Mwh/year (73.4%) is the most 
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significant energy demands in VCIP. Focusing on the potential energy supply model, running 

solely with a boiler (heat only) would produce the most energy (424,657 Mwh/year). However, 

this would overwhelm the onsite demand for steam, which is shown from the gas demand 

(132,810 Mwh/year) (Table 17). 

Table 17. Estimated potential energy demand and supply capacity in VCIP  

Potential energy demand in VCIP 

  Gas(for heat and 

steam) (Mwh/year) 

Electricity(power) 

(Mwh/year) 

Total 

(Mwh/year) 

  132,810 47,980 180,790 

Potential energy supply scenario in VCIP 

  Energy output 

Boiler – heat only 

(Mwh/year) 

Electricity 

(Mwh/year) – Power 

only 

Combined heat & 

power(Mwh/year) 

Scenarios Sum of Energy 

output 

Utilisation rate (%) Utilisation rate (%) Utilisation rate (%) 

Energy 

output(Mwh/year) 

Energy 

output(Mwh/year) 

Energy 

output(Mwh/year) 

S1  0% 0% 100% 

 372,881 0 0 372,881 

S2  0% 100% 0% 

 111,984 0 111,984 0 

S3  100% 0% 0% 

 424,657 424,657 0 0 

S4  25% 25% 50% 

 320,600 106,164 27,996 186,440 

S5  50% 50% 0% 

 268,320 212,328 55,992 0 

S6  30% 30% 40% 

 310,144 127,397 33,595 149,152 

In Table 17 below, scenario 3 (S3) would deliver the highest energy output (424,657 

Mwh/year), at two times more than onsite total energy demand (180,790 Mwh/year) under the 

energy demand scenarios. However, S3 was developed only focused on heat energy generation 

without electricity energy. Because of this lack of electricity energy generation, S3 is not the 

best scenario for energy supply to meet the energy demands at the VCIP. If a boiler was 

developed as the energy technology only for the generation of heat and steam, the potential 

supply energy output could be delivered given the better heat rates than can be achieved from 

combined heat and power generation (Table 17).  

  



Chapter Three : Methodology 

170 
 

In scenario 1 (S1), a combined heat and power (or co-generation) plant has the potential to 

exceed the onsite energy demand both in electricity (power) and gas scenarios (heat and steam), 

and also in the highest energy output to satisfy both heat and power energy demand. Based on 

these results S1, combined heat and power process, is the most suitable biomass energy process 

option for use at the VCIP.  

However, the further detailed analysis would be required to determine the appropriate mix of 

bioenergy outputs (electricity and steam and hot water) and to assess the impact of distribution 

losses on the Valley Central site between the bioenergy plant and the industries in VCIP.  

 

Figure 45 allows a comparison of the total potential energy supply and the total energy demand 

for each bioenergy process and scenarios, and Table 17 provides additional detail on these 

scenarios, particularly the disaggregation of energy demand into gas and electricity. Most of 

the combinations of co-generation of bioenergy process options (S1, S4, and S6) and also the 

heat intensified energy generation scenario (S5) satisfy the demand of heat and electricity 

energy in VCIP ( 

Figure 45). 

 

Figure 45. Potential energy supply and demand balance scenarios 
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5.3.3 Estimating the Socio-economic impact of biomass plants at the VCIP site 

Finally, to complete the evaluation of the potential socio-economic impact of the proposed 

plant, the analysis was conducted using JEDI. In conducting this analysis, costs relating to 

permits, engineering, construction, equipment, and all development fees from planning to 

construction have been included [230]. The modelling also uses the data discussed above 

related to residue availability and bioenergy generation output to examine and evaluate 

potential socio-economic impacts under a range of scenarios. 

Table 18. Summary of the local economic impacts results  

 Created jobsb Earningsc 

(million USD in 2017) 

During construction 

period 

50MW 25MW 10MW 50MW 25MW 10MW 

Construction Labor 121 74 39 $13.10 $8.00 $4.20 

Construction Related 

Services 

36 22 12 $2.20 $1.40 $0.70 

Total Project Development 

and Onsite Labor Impacts 

157 97 51 $15.30 $9.40 $5.00 

Equipment and Supply 

Chain Impacts 

49 30 16 $3.10 $1.90 $1.00 

Induced Impacts 48 30 16 $3.00 $1.90 $1.00 

Total Impacts 411 253 134 $36.70 $22.60 $11.90 

During operational years 50MW 25MW 10MW 50MW 25MW 10MW 

Onsite Labor Impacts 25 19 13 $1.1 $0.9 $0.6 

Agricultural/Forestry 

Sector Onlya 

20 10 4 $1.5 $0.7 $0.3 

Other Industriesa 28 15 7 $2.2 $1.2 $0.6 

Total Local Revenue and 

Supply Chain Impactsa 

49 26 11 $3.7 $1.9 $0.8 

Induced Impactsa 21 11 6 $1.3 $0.7 $0.4 

Total Impacts 143 81 41 $9.8 $5.4 $2.7 
a Local Revenue and Supply Chain Impacts. 
b Created jobs refers to full-time equivalent(FTE) employment for a full year. One FTE equals 2,080 hours. 
c Earnings refers to the wage and salary compensation paid to employees as well as benefits (e.g. health, 

retirement, legal mandate, etc.). 

The results from the JEDI modelling across the three sizes of proposed bioenergy plant are 

presented in Table 18, and key highlights are summarised as follows : 

• Employment Creation during construction: 411, 253, and 134  respectively for a 50 MW, 

25 MW, and 10 MW bioenergy plant  

• Employment Maintenance during operation: 143, 81, and 41 respectively for a 50 MW, 25 

MW and 10 MW bioenergy plant 

The largest component of employment generation is during the construction period, including 

total project development and onsite labour impacts. The results also reveal earnings from 

bioenergy industry will be $36.7 m, $22.6 m, and $11.9 m USD during construction and $9.8 
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m, 5.4 m, and 2.7 m USD during operational years including local revenue and supply chain 

impacts across the 50 MW, 25 MW, and 10 MW respectively (Table 18). 
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Chapter 6. Key findings and conclusions 

6.1 Summary of findings 

 

• This chapter consisted of three-phase results. Phase one investigated the digital role of 

improving the accuracy of forest harvesting residue estimation using ICT techniques and 

StanForD. However, the lack of harvester head data access and limited software validation 

process, the accuracy of FIELD estimation is not guaranteed. For these reasons, FIELD 

estimation needs additional validation process such as controlled harvesting residue field 

measurement or developing allometric equation in harvesting operation site, which is occurred 

StanForD. Also, the improved biomass availability database is able to use in phase two 

as input data in the logistic analysis to investigate minimised transportation costs. 

However, the lack of harvester head data in the Tasmania forest industry, the state level 

of biomass availability could not estimate using the FIELD and StanForD data. For 

these limitations, investigating the optimal location of prospective biomass energy 

facility was analysed based on integrated biomass availability data, including PFT and 

STT residue estimation model and regional mill residue data in phase two. More 

importantly, FIELD software has generated forest value map, which including valuable 

information for improving forest management and silviculture planning. The value map 

has consisted of individual tree DBH with geo-location information. The use of 

combined value map and other environmental data such as soil composition, nutrients, 

and climate, are being expected to present how different parameter affects tree growing, 

predict the best management plan to plant the trees or help to increase future timber 

productivity. 

• The optimal locations of prospective biomass power plants were analysed in phase two. 

This study revealed that potential biomass plants were highly impacted by a number of 

criteria such as the location of biomass resources and identified prospective biomass 

plant candidates. The results prove that applied methodological approaches and 

techniques can help to investigate the optimal location of prospective biomass plants in 

Tasmania. The results could contribute to the future Tasmania biomass energy planning 

decisions utilising the forest residues for heat and electricity production in the region. 

In phase three, Meander Valley Council (MVC), one of the identified three biomass 
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potential locations in phase two, was chosen to explore socio-economic impacts from a 

proposed biomass energy plant in Tasmania. 

• Phase three has presented modelling that investigates potential socio-economic impacts 

from a proposed biomass energy plant. The study result indicated a sufficient amount 

of biomass feedstock is generated in an economical transport access boundary. The 

study result highlighted that a small scale (10 MW) co-generation plant is likely to 

produce the best balance of socio-economic and sustainable environmental impacts. 

Also, the biomass industry can give rise to local job creation and increase economic 

benefits in local areas.  

The next chapter provides a detailed description of the conclusions and future works, which 

were revealed from the results of three phases of the thesis.  

 

6.2 Limitations of the study 

 

Phase one investigates the digital role of improving the accuracy of forest harvesting residue 

estimation using ICT techniques and StanForD. The objective of this research was developing 

FIELD, which is available to read and convert unstructured data to structured data format. 

Additionally, FIELD was integrated with a geographic information system to monitoring real-

time harvesting residue estimation to support forest and biomass related industry manager’s 

decision making or planning. 

Developed FIELD software was tested in the case study site in Dorset, a Radiata pine plantation 

forest in Tasmania. The result of this case study demonstrated the effectiveness of using 

StanForD files to dynamically estimate available harvesting residues at geo-located harvesting 

sites while generating data on harvesting operational efficiency and productivity. The 

generated map consisted of high accuracy of location-based data that can be applied in to study 

further to investigate the logistics of haulage and utilisation of forest residues from specific 

locations. This investigated real-time biomass monitoring tool will be expected to support 

decision-making about optimal locations for biomass residue utilisation for either bioenergy or 

EWPs. However, the limited software validation process, the accuracy of FIELD estimation 

required further validation process. In a future study, the additional validation process will be 

required in a controlled harvesting residue field measurement site. Simultaneously, allometric 

equations need to develop in harvesting operation site, which is generated with StanForD 

harvester heads.  
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Additionally, the accuracy of collected harvester GPS information has some limitations to 

predict precise individual tree locations. The location of the individual tree has not perfectly 

been matching with collected GPS information. Most of the harvester head GPS sensors were 

attached in harvester machine cab instead of the machine head. To overcome these limitations, 

Olivera (2016) investigated evaluating factors affecting harvester productivity using GNSS 

attached harvester head [238]. However, in general, there is a gap between the actual location 

and the recorded geocoordinate information of an individual tree. Also, accessing the harvester 

head data is one of the biggest challenges in the use of StanForD data. Most harvest machine 

operators did not familiar with the entire system of harvester head generation and usage.  

The lack of understanding in StanForD harvester head, the data were not collected and used 

adequately by operator and forest manager. For these reasons, enhancing the use of StanForD 

harvester head data in the forest industry sector seems to require educating forest operators and 

related stakeholders to understand the importance of harvester head data utilisation in 

improving forest management. 

Phase two investigated the optimal location of potential biomass facilities in Tasmania, 

Australia, using a forest harvesting residue estimation procedure. Also, an integrated GIS-AHP 

model in conjunction with a supply chain cost analysis, was developed to determine the best 

candidate locations. The estimated biomass availability indicated that Tasmania has an 

abundant biomass feedstock to operate biomass and energy facilities. After running several 

simulations on transportation cost scenarios, it was determined that three biomass plants within 

a radius of 80 km were the best option for Tasmania’s future biomass energy plan. Considerable 

efforts in biomass supply chain research and life cycle analyses are still required to widely 

investigate the efficiency and total operating costs for the Tasmanian conditions. From the 

supply chain costs analysis conducted in this study, the distance between biomass facilities and 

biomass feedstock locations, in addition to the MC of biomass feedstock, were the factors with 

the greatest impacts on transport costs. In future studies, other biomass supply chain costs, 

including harvesting, processing, loading, and storage, should be included so that the impacts 

of the location and size of biomass facilities in Tasmania on overall supply chain costs are 

properly quantified. 

Phase three has presented modelling that investigates potential socio-economic impacts from a 

proposed co-generation bioenergy plant of under 50 MW capacity, using data related to 

biomass residue feedstock and energy requirements at the VCIP in Tasmania. Potential biomass 

residue feedstocks were categorised into viable onsite and offsite feedstock sources and 



Chapter Five : Conclusions and future work 

 

177 
 

quantified in terms of the available energy content of these feedstocks for a co-generation 

bioenergy combustion plant. Using a series of scenarios this paper has modelled bioenergy 

demand and supply under a variety of conditions and using various feedstock utilisation rates 

for different bioenergy generation processes (boiler, electricity, and co-generated heat and 

power). Based on the results, most scenarios with the different sized co-generation plants easily 

satisfy current and projected demands for heat and electricity at the VCIP site. 

Importantly, the results confirm that based on readily available biomass feedstocks and 

excluding any woody harvest residues, there are sufficient residues that can be accessed 

economically enough to satisfy energy demands at the VCIP site. The results also demonstrate 

that based on the available quality and quantity of biomass feedstocks and their associated 

supply chains, a small scale (10 MW) co-generation plant is likely to produce the best balance 

of socio-economic and sustainable environmental impacts. 

Finally, the thesis has also provided a socio-economic impact analysis of the proposed 

cogeneration plant at the VCIP site based on the JEDI model. The results confirm the potential 

for significant job creation and other socio-economic benefits during both the construction and 

plant operational periods. Additional socio-economic activity is also expected from the 

provision of low-cost renewable bioenergy attracting other businesses to establish at VCIP, and 

from the multiplier effects from related spending in the local economy.  

However, the JEDI analysis requires several data such as regional-specific input-output 

multipliers, project-specific data, and personal expenditure patterns, and price deflators. The 

lack of biomass industry in Tasmania, the operational expenditure, salaries and wages, other 

key operating cost, costs were benchmarked similar scale (10 MW) of biomass power 

generation feasibility study report in Lawrence, Kansas, US and NREL default value (IMPLAN 

Professional model version 3.0) [239, 240]. Project cost and job data used in this analysis were 

derived from the current cost estimation in a design case developed by Pacific Northwest 

National Laboratory (PNNL), NREL and Tasmania forestry input-output analysis reports [193, 

209, 241]. Local revenue and supply chain impacts are estimated using economic multipliers 

derived from the REMPLAN and forestry socio-economic study in Tasmania [241]. The lack 

of a pre-existing bioenergy market in Tasmania that the cost of feedstock ($/dry tonne) has 

been assumed based on US market prices for October 2017. In addition, lack of biomass 

industry in the Tasmania region, the required multipliers, earnings (wage and salary), output 

(economic activity), and personal expenditure patterns were derived from the NREL default 

value (IMPLAN Professional model version 3.0) [239]. 
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In the JEDI application, the initial version of the model developed using multipliers for the 

year 2012 for inter-industry relationships and householding consumption patterns. Also, 

default cost data in the JEDI model, the model automatically adjusts (inflation or deflation) the 

costs during the model calculations to ensure costs are consistent with the multipliers. Inflators 

and deflators utilised in the JEDI model have assumed an average annual inflation rate of 2.0% 

[209]. The final outputs of model (earnings and output) are then automatically recalibrated 

(deflated or inflated) and presented in the same year dollars value as the project data costs. 

Based on these adopted multipliers value in the JEDI Tasmania application, the results are not 

fully represented Tasmania regional conditions.  

 

6.3 Summary of contribution  
 

In a substantive level, this research provides an in-depth study of availability, logistic efficiency, 

and feasibility of forest residues utilisation for bioenergy in the Tasmania region. The research 

identifies challenges and limitations in the biomass supply chain both in Tasmania and 

international cases. To support the comparison of these international cases with the situation in 

Tasmania data will also be identified and reviewed about Australian and Tasmanian forestry 

biomass supply chains.  

More specifically, this research has focused on identifying and analysing available evidence to 

address key questions of interest to the Tasmania biomass energy industry that are underpinned 

by an investigation into how the evolving forest residues might contribute to enhancing 

biomass energy feedstock and related issues for biomass energy supply chains in Tasmania. 

The integrated forest and logistic technologies have mainly used in forest biomass energy 

supply chain management and feedstock logistics planning. However, there is no 

comprehensive overview of forest biomass utilisation plan using ICT and forestry science in 

Tasmania.  

In this context, this thesis investigates the role of the digital tool in understanding biomass 

residue utilisation supply chains in Tasmania. The main contribution of this research can be 

highlighted as the following:  

1. Clarification of Forest biomass as renewable energy resources 

a. Many previous studies used forest biomass terminology in the context of all 

types of biomass resources, including logging residue, thinning residues, woody 
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biomass, energy plantation trees, and harvesting biomass [3-7]. However, there 

is a significantly different impact on climate change between using logging 

residue and energy forest trees, which are both included in forest biomass [1]. 

Key issues associated with the misuse of forest biomass terminologies in the 

research can give rise to controversial issues in renewable energy policy in 

many countries. These challenges and issues using forest resources as biomass 

energy feedstock are required that the definition of forest biomass should to 

appropriately defined residue and wastes along with the forest biomass 

terminology. According to Searchinger et al. [1], forest residues and waste 

utilisation as biomass feedstock can compensate for carbon release due to the 

forest residues and wastes materials that would quickly decompose and release 

their carbon. The use of energy forest trees (harvesting energy woody biomass 

from standing tree) to burn directly for energy, almost 90% of these biomass 

feedstocks come from the whole tree chipped material such as pulpwood grade 

[1]. This utilisation of energy forest trees is against the expert advice that this 

would accelerate climate change [2]. 

b. For this reason, the use of terminologies should be used strictly to reduce 

conflict of renewable energy use perspective. As a carbon-neutral perspective, 

forest harvesting residue and processing residue materials are only considered 

as biomass energy feedstock for a renewable energy source. In the literature 

review, we identified terminology ambiguous in forest biomass research, and 

the research scope was focused on logging residue estimation as biomass 

availability resource.  

 

2. Introducing a new data collection method to estimate logging residue using 

integrated ICT and harvester machine head data (StanForD)  

c. In the first phase, StanForD data provides a detailed source of data from 

harvester machines, and it is possible to collect and collated for real-time 

reporting and analysis. There is a possibility to estimate forest harvest residues 

using integrated StanForD data and locally developed allometric equations. In 

this project, a case study was conducted, and the results and feedbacks were 

considered as a new parameter in the improved and extended real-time spatial 

forest biomass monitoring system. It aims to adapt and extend existing biomass 
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estimation and new techniques to improve the supply chain in Tasmania regions. 

Through a case study, this phase describes how FIELD works and illustrates the 

kind of support that this tool can provide to decision-makers by producing real-

time data on the availability, quality and location of harvesting residues. It is 

arguably discussed that using this tool will contribute to supporting decision-

making around estimating the feasibility of residue utilisation logistics in 

specific locations. The results demonstrate that it is possible to estimate 

harvesting residues availability at geo-located sites dynamically, although 

further testing of the tool is required for more accurate estimation and 

monitoring of harvesting residue. 

d. Consequently, the estimated forest residues availability is expected to 

accumulate as an improved biomass availability database with geo-spatial 

information. Also, the improved biomass availability database is able to use in 

phase two as input data in the logistic analysis to investigate minimised 

transportation costs. However, the lack of harvester head data in the Tasmania 

forest industry, the state level of biomass availability, could not estimate using 

the FIELD and StanForD data. For these limitations, investigating the optimal 

location of prospective biomass energy facility was analysed based on previous 

biomass availability data in phase two. More importantly, FIELD software has 

generated a forest value map, which including valuable information for 

improving forest management and silviculture planning. The value map has 

consisted of individual tree DBH with geo-location information. The use of 

combined value map and other environmental data such as soil composition, 

nutrients, and climate, are being expected to present how different parameter 

affects tree growing, predict the best management plan to plant the trees or help 

to increase future timber productivity. The FIELD was discussed with forest 

expert and industry partners to build prototypes of Tasmania. The process 

development mobile or computer-based integrated FIELD software described 

above will be interpreted programmatically by an author and ICT programmer, 

using the Python, Microsoft .NET Framework (C#), and embedded into an 

ArcGIS Add-In which was run within ESRI’s ArcGIS 10 GIS software.  

 

3. Investigation optimal location of prospective biomass power plants in Tasmania  
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a. In the second phase, the research investigated the optimal location of 

prospective biomass power plants in Tasmania, Australia, using forest 

harvesting residue estimation. Integrated GIS and AHP models, along with a 

supply chain cost analysis, were developed to determine the best candidate 

locations of biomass plants. Three main criteria (economic, environmental, and 

social) and sub-criteria were established and factored in to determine the best 

biomass facility location. Additionally, various moisture contents of biomass 

feedstock were assumed to determine their impact on biomass transportation 

costs. It is expected that the results of this study may make a contribution to the 

future Tasmania biomass energy and provide vital information to stakeholders 

so that informed decisions may be made about the utilisation of forest residues 

for heat and electricity production in the region. 

 

4. The potential socio-economic impacts from a proposed co-generation bioenergy 

plant in the Valley Central Industrial Precinct (VCIP) in Northern Tasmania 

a. In the last phase, the case study has presented modelling that investigates 

potential socio-economic impacts from a proposed co-generation bioenergy 

plant, using data related to biomass residue feedstock and energy requirements 

at the VCIP in Tasmania. Potential biomass residue feedstocks were categorised 

into viable onsite and offsite feedstock sources and quantified in terms of the 

available energy content of these feedstocks for a co-generation bioenergy 

combustion plant. Using a series of scenarios the research has modelled 

bioenergy demand and supply under a variety of conditions and using various 

feedstock utilisation rates for different bioenergy generation processes (boiler, 

electricity, and co-generated heat and power). Based on the results, most 

scenarios with the different sized co-generation plants easily satisfied current 

and projected demands for heat and electricity at the VCIP site. 

b. Most importantly, the results confirm that based on readily available biomass 

feedstocks and excluding any woody harvest residues, there are sufficient 

residues that can be accessed economically enough to satisfy energy demands 

at the VCIP site. The results also demonstrate that based on the available quality 

and quantity of biomass feedstocks and their associated supply chains, a small 

scale (10 MW) co-generation plant is likely to produce the best balance of socio-



Chapter Five : Conclusions and future work 

 

182 
 

economic and sustainable environmental impacts. Finally, the research has also 

provided a socio-economic impact analysis of the proposed co-generation plant 

at the VCIP site based on the JEDI model. The results confirm the potential for 

significant job creation and other socio-economic benefits during both the 

construction and plant operational periods. Additional socio-economic activity 

is also expected from the provision of low-cost renewable bioenergy attracting 

other businesses to establish at VCIP, and from the multiplier effects from 

related spending in the local economy. It is anticipated that the approach utilised 

in this research will be of use to other regions considering the viability of 

bioenergy generation from biomass residues.  
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Appendices 

Appendix A. Review of allometric equations to estimate above ground biomass  

 

Forest biomass with field measurements has two option to collect data either directly with the 

destructive method or indirectly with less destructive methods based on allometry [73]. The 

direct destructive method involves the harvesting of the tree and measuring the weight of the 

different tree components (branches, leaves, trunk etc.). This is the most accurate method for 

estimating tree biomass. However, the destructive method is time-consuming and expensive, 

but also, it is limited to apply large scale area (Vashum and Jayakumar, 2012). The indirect 

methods such as applying allometric equation allow the estimation of tree volume and biomass 

from variables that are easier to measure such as diameter at breast height, height, and crown 

diameter (Cutini, A., F. Chianucci, et al. 2013). The use of allometric equations is also required 

in order to achieve more accurate biomass estimate [242]. Allometric equations are often used 

to estimate biomass based on empirical relationships between total tree biomass and selected 

tree attributes. These statistical relationships are developed from a sample of trees taken from 

a given forested landscape and are dependent on the uniformity of tree structure.  

Allometric equations are commonly derived for each dominant tree species in a forest. Tree 

biomass is usually correlated with tree height and stem diameter. Application of general 

allometric equations to various forest types will be associated with large variances in some 

cases where there are major differences in conditions. To minimise variances or errors, 

application of equation should be considered carefully concerning matching tree size, age and 

growth form, and general environmental conditions. In this research, 121 scientific articles and 

peer-reviewed papers were reviewed related with developed allometric equations in Australia.  

Several techniques have been developed to estimate the number of forest residue left on site in 

various forest types, yielding a wide range of results (Table 19). For large areas, remote sensing 

techniques have been preferred (Huang et al., 2009; Andersen et al., 2011). Other methods have 

involved models based on Forest Inventory Data, such as EVALIDator, and FIA DataMart 

tools in combination with allometric equation (Morgan, 2009; USDA, 2015). The above ground 

biomass can be estimated through field measurements, remote sensing and GIS techniques [72]. 

Tree-based allometric combined with stand-based inventory is probably the most accurate and 

simplified technique to estimate above ground biomass and carbon stocks in the forest [243]. 

Also, the allometric equation was developed to estimate aboveground carbon (biomass and 
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necromass) for a typical old-growth Eucalyptus delegatensis-dominated mixed-forest in 

Tasmania [244].  

 

Table 19. Several techniques of logging residue assessment 

Logging 

residue 

assessment 

techniques 

Scale Accuracy 

level 

Data  Algorithms Previous 

study 

Applied in 

Tasmania 

Remote 

sensing and 

GIS 

Large 

area 

(state 

level) 

Low  GIS forest 

inventory 

data, LiDar 

image and 

analyse tool 

Analysing 

tool 

[88, 89] STT developed a 

GIS map 

Yield growth 

model 

combination 

with an 

allometric 

equation with 

CWD 

measurement 

Large 

and 

specific 

area or 

species 

high Pre and post-

harvest field 

data(Basal 

area, DBH, 

total height, 

the total 

number of 

DWD 

material 

intersected 

with the 

transect 

Regression 

model 

[40] Not applied the 

allometric 

equation for 

residue 

estimation(Carbon 

estimation was 

used)  

Forest 

Inventory 

Analysis 

Large 

area 

Middle Exist 

Database 

from STT or 

government 

Using 

assessed 

data 

Based on 

yield 

regulation 

schedule 

[123] STT developed 

yield regulation 

schedule 

 

From the literature reviews, availability of equations is limited in terms of the vegetation types 

and range of the size of trees from which were developed. DBH is the most commonly 

measured and standard variable to develop allometric equations. Height and bole volume have 

various definition in different studies according to forest types and location. Also, these 

variables are not measured on every tree in an inventory. Therefore, allometric equations based 

on DBH are preferred and recommended for large scale estimation of biomass [245]. 

The main sources of error in applying allometric equations for estimation of tree biomass are 

1) the error arising from use of the regression (allometric) equation to estimate individual tree 

mass [128, 129, 244], 2) in accuracy estimation of total variance from the summation of 

biomass components when there is a lack of statistical information to determine the covariance 

[73, 128, 244], 3) the bias associated with applying the allometric equation to trees beyond the 

calibration range (i.e. inappropriate application of allometric equations developed elsewhere) 

[243, 246, 247]. To avoid a high degree of uncertainty of errors, It is recommended that the 
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field measured DBH and height be applied directly to allometric equations to estimate biomass 

volume.  

 

Appendix B. Review of international productive and cost-effective forest biomass 

recovery harvesting operation systems 

 

In commercial timber harvesting, stem or merchantable parts of the trees are usually utilised, and it is 

only two- thirds of the tree volume with the remaining one-third in the field. This unutilized material, 

forest residue, from timber harvesting can be used in biomass harvesting [248].  

Forest residues removal may endanger the sustainability of production capacity. Because of this, the 

remover of forest residue from poor nutrient sites should be avoided in all cases, because this would 

further reduce the nutrient's availability in poor nutrient sites [249, 250]. [251] studied the impact of 

harvesting operation and slash management on growth of a eucalypt stand in South Africa. They 

reported that at six years of age there were no significant differences in stand volume between the plots 

harvested by different methods or nutrients treatments. Also, [252] indicated that harvesting eucalypt 

stands with a whole tree system may reduce site sustainability and tree growth.  

In Scandinavian countries, a significant proportion of their harvest is from ground based-systems, which 

are highly mechanised. These have in many areas, had their work methods adjusted to leave the logging 

residue in piles to enhance the efficiency of the residue harvesting operation. The chipping operation 

can be operated at mills, storage, and landing or roadside of the stand [253]. In Denmark, thinning and 

small-diameter tree harvesting residues are chipped [254]. The most common option in the production 

of woody biomass is chipping at the forest roadside and transportation of chips. About 70% of the 

annual woody biomass production in Finland is produced using this harvesting system [255, 256].  Also, 

the whole tree harvesting system allows cheaper harvesting and transport than the cut-to-length system 

for a range of condition in eucalypts stands [257]. 

In Australia, using forest biomass to produce energy is at an early stage. Woody biomass. Woody 

biomass utilisation includes power station that cofires wood waste with coal at Delta Electricity in 

Wallerawang, Vales Point and Mount Piper (New South Wales), Envrirostar’s stapylton (Queensland) 

and Western Power’s Muja power stations (MBAC Consulting group) [3]. An energy-pelletising plant 

in Albany (Western Australia) is being commissioned to use forest biomass with the emerging 

opportunity to sell forest biomass for energy purposes.  

To a large degree, the underutilisation of forest residue can be attributed to the high cost of collecting 

and transporting these residues to end-user markets (more than approximately 50 USD/bone dry ton), 

and the low market prices paid for delivered forest residue (approximately 25-40 USD/bone dry ton). 

Several studies have developed innovative forest biomass operations that effectively improve access to 

harvesting sites and economic efficiency [37-39].  
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With an efficient supply chain in harvesting operation, forest residues is key sources to use biomass 

energy and bio-based products as a by-product of harvesting. However, significant available volume 

and opportunity to contribute to renewable energy, a large portion of the forest residues is still not used 

due to supply chain cost. To reduce supply chain cost, new technologies and innovative approach were 

developed at a global level. Different types of solutions are used successfully in different regions, and 

significant benefit is likely to form simple knowledge transfer.    

In Australia, utilisation of forest residues as bioenergy has been developing in recent years and try to 

apply and adopt new technologies from European countries.  The previous estimation of harvest residue 

study in Australia, there was a significant amount of harvesting residue in different harvesting system 

between CTL and WT method; 99 ton/ha in pine and 107ton/ha in eucalypt [215]. However, the inherent 

inefficiency of transporting low-density and high moisture content biomass feedstock to market remains 

a fundamental economic barrier to its increased utilisation. 

To identify productivity and cost of the most efficient biomass harvesting system, international 

productive and cost-effective forest biomass recovery technologies and supply chain were reviewed to 

the understanding of international supply chain in biomass recovery harvesting system (Appendix 3.).   

The main source of forest biomass is different in various parts of the world. European countries utilise 

wood from thinning operations as well as harvesting residues from clear-cuts [91]. 

Recovering biomass from thinning operations is more costly than recovering residues because biomass 

recovery in thinning operations needs to carry the whole cost for the operation while harvesting residues 

only needs to carry the cost of chipping and secondary transportation – and eventually extraction – but 

not the cost of felling and processing [92]. Changes in harvesting operations can be made to facilitate 

biomass operations. Jacobson et al. (2013) reported that harvesters could concentrate stems so that pile 

size could be increased. Pile size increased, and approximately 87% of the residues reached the piles, 

but the productivity of the harvester was reduced [258].  

Han et al. (2015) evaluated the sorting of forest harvest residues by the quality class at the landing 

during harvesting to increase forest residues product yields [93]. Residue sorting between material for 

chipping and grinding did improve biomass product recovery but harvesting costs per hectare increased. 

In the Southern Hemisphere and the Southern USA, the main source of bioenergy is clear-cut residues, 

although in the Southern USA some stem-wood are also used for bioenergy purposes. A clear and 

mutual profitable relation with wood industries is driving biomass harvesting. Only in some cases, as 

Spanish small diameter conifer stands could be in competition with the panel or paper industry.  

Different bioenergy policies apply to different regions. In some parts of Europe, biomass production is 

supported by subsidies, which can be directed towards landowners, contractors or buyers. In other 

regions, such as Australia there is a lack of public support resulting in focusing on recovering residues 

from cut-overs or landings. In Spain, forest fire prevention policy is introducing subsidies for 

silvicultural treatments and in some cases, is supporting biomass collection. The low price of biomass 

in most countries has led to the application of integrated biomass and conventional wood recovery to 
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reduce the cost [259, 260], while in some European countries separate biomass recovery is still an 

economically viable option. The moisture content of the biomass materials has an impact on supply 

cost, and in particular on the cost of transportation. Drying wood on storage areas near the forest 

increases the transport efficiency by up to 50% [261]. In some countries, energy wood is dried in the 

forest or at roadside) which seems to be an effective way to increase product value and decrease supply 

cost [262, 263]. However, harvesting and transporting fresh biomass are still being applied, especially 

in the areas such as Australia or Spain, where payment is based on green weight, rather than dry weight 

or energy content (i.e. calorific value). 

Terrain conditions and biomass availability have a significant impact on the type of technology to apply 

and on its operating cost. Mountainous forests in Central Europe and the north-western USA would 

require cable yarding systems to extract biomass from steep terrain, which may result in higher costs, 

but lower impacts on forest soils compared to ground-based harvesting systems like forwarders. Most 

of the cable yarding operations are applied as integrated harvesting to extract biomass and sawlogs in 

one single pass: in fact, the current price offered for biomass chips is too low for cable extraction of an 

exclusive biomass harvest, and the operation is only viable if other more valuable assortments 

contribute to carrying the cost of extraction.  

One of the lessons learned in residue collection and chipping on the cut block by chippers with off-road 

capabilities in Sweden, Canada, Australia and Germany is that chipping in the terrain is a costly strategy 

compared to chipping at the roadside. Chipping on a landing or at the roadside is more efficient than 

chipping in terrain since the harvesting residues are collected and concentrated into larger piles using 

forwarders or any other suitable type of forestry machines [264-266]. For the same power and capacity, 

a chipper with off-road capabilities is more expensive than a roadside chipper, but it allows for more 

flexibility in placing of residue stacks and working in areas where there is no room for the chipper on 

the road. 

If that is not required, a chipper placed at the roadside is a more rational choice. However, terrain 

chipping is still a competitive option under specific circumstances, such as the Danish spruce 

plantations and the Italian or Spanish poplar plantations. In the latter case, successful terrain chipping 

is supported by the availability of low-cost farm tractor-based chip shuttles, and by equipping the 

chipper with a surge bin for minimising interaction delays (waiting). Another lesson learned is that self-

steering chip trailers with 6×6 truck tractors can access almost every harvest unit. Whether they should 

or not depends on mobilisation costs of comminution equipment, $/BDt, and truck/trailer availability. 

The chipping cost is sensitive to transport logistics. Chipping directly into highway trucks may reduce 

overall supply cost if a sufficient transport capacity is available so that chipper delays can be avoided 

[192, 267]. Cold systems where chips are stored on the ground increases loading costs for the trucks, 

but removes the risk for delays caused by interactions between chipper and chip trucks which in most 

cases give a low and predictable overall supply cost [268]. A proper surface for chip storage is needed, 

or contamination from the ground surface or loss of material can result. Self-loading trucks [269] are 
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commonly used as a preferable option to a separate loader and chip trucks. Another cold system 

commonly used in Sweden is the chipper truck that both chip and transports the chips to the plant. 

However, due to differences in fuel taxation, the chipper truck is not as common in Finland. A 

compromise solution between hot deck (e.g. discharging chips directly into chip vans) and cold-deck 

(e.g. discharging chips onto the ground and then reloading) consists in equipping the chipper with a 

surge bin, which will give it some autonomy and allow working an additional ca. 15 min while waiting 

for the chip van to show up. That may offer significant production benefits while reducing the need to 

schedule excess transports that will end up queuing by the chipper. 

Another lesson from European, North American and Australian research experience is that using slash-

bundlers to collect harvesting residues is an expensive option, although it decreases transport costs. This 

is mainly due to high machine cost and low productivity [260]. The other fact is that bundles will need 

to be chipped either in the forest or at the mill, which adds another cost element to total supply cost 

[270]. The only advantage of including bundlers in the supply chain is stocking on forest feasibility, for 

security strategy. Size of the machine is the other factor influencing the productivity and the cost of 

biomass supply chains. Larger machines have larger power, which generally results in higher 

productivity if the conditions are suitable and the machine is managed properly [271]. However, this 

does not necessarily mean that the cost per ton produced will be lower, as both hourly machine costs 

and relocation costs are higher as well. Furthermore, small-tree harvesting and small-scale forest 

conditions may warrant the use of lighter machinery. 

Whole tree chipping of small tree sizes with small feller-buncher, mini skidder and small chipper in 

Southern USA resulted in productivity of 10 GMT/PMH0 (total cost of 12 $/Gt) [272]. However, the 

same operation in Western Australia (similar tree size to Southern USA case study) was operated by a 

large feller-buncher, a skidder and a large chipper that yielded lower total costs (9 $/Gt), mainly due to 

higher productivity (51 Gt/PMH0). For larger machines, it will be important to maintain a high 

utilisation rate which requires proper planning and an adequate amount of work throughout the year 

[273]. 

 

Appendix C. Biomass recovery harvesting operation system in Australian  

 

To analyse the effect of five operational factors on forest residues supply chain costs, 

Ghaffriyan et al. (2012) investigated the impact of five operational factors: energy demand, 

moisture mass fraction, interest rate, transport distance, and truck payload on total forest 

residue supply chain cost in Western Australia. The supply chain consisted four phases: 

extraction of residues from the clear-felled area to the roadside by forwarders, storage at the 

roadside, chipping of materials by mobile chippers, and transport of chips to an energy plant. 

For an average monthly energy demand of 5GWH, the minimum wood supply chain cost was 
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about $29.4/GMT, which is lower than the maximum target supply cost of $30-40/GMT, 

reported by many industry stakeholders as the breakeven point for economically viable 

bioenergy production in Australia. The suggested volume available for chipping in the second 

year was larger than in the first year indicating that the optimisation model proposed storing 

more materials in the first year indicating that the optimisation model proposed storing more 

materials in the first year to be chipped in the second year. The sensitivity analysis showed no 

strong correlation between energy demand and supply chain cost per m3. For higher interest 

rates, the total storage cost increased which resulted in a larger operational cost per m3. Longer 

transport distances and lower truck payloads resulted in higher transport cost per unit of 

delivered chips. Also, the highest supply chain costs occurred when moisture mass fraction 

ranged between 20% and 30% [227]. 

Different ground harvesting system, WT and CTL, were compared in residue production in 

pine plantations [216]. This study indicated that there is a significant difference between the 

average weights of residues from WT and CTL. The percentage of other elements of harvesting 

residues were measured and documented in this study. The results can help landowners and 

forestry planners to set a proper strategy for woody waste management and additional fibre 

recovery. Also, Ghaffriyan et al. (2016) have investigated quantitative and qualitative 

assessment of timber harvesting residues for balsa plantation in Papua New Guinea. The 

plantation was harvested manually with a chainsaw and manpower to extract the industrial 

wood at age six years. A modified standard harvesting residue assessment method using plots 

on line-transects was applied. The major component was un-merchantable stem wood, 

followed by bark. The level of residues indicates the possibility of additional woody material 

recovery for bioenergy after consideration of sustainability issues [274]. 

To estimate remaining slash distributed over the sites in different harvesting operation in  

Australian plantation, Ghaffriyan et al. (2013) measured the weight of remaining slash in 

different sites of Australian plantations harvested by CTL and whole tree (WT) method. In 

some sites, there was also additional biomass recovery from the harvesting residues. The study 

results showed that the remaining slash in sites cleared by CTL harvesting method (101.7 

GMT/ha) was higher than sites clear felled by WT (6.1 GMT/ha). Harvesting a proportion of 

remaining slash with biomass collection technologies resulted in lower weight of distributed 

slash on the sites harvested by CTL method. Based on the fraction test, the largest parts of the 

remaining slash were for stem wood and branches [275].
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Appendix D. Description of Pri-files (published by Skogforsk) 

 

 

  



Appendices 

206 
 

 

  



Appendices 

207 
 

 

  



Appendices 

208 
 

 

  



Appendices 

209 
 

 

  



Appendices 

210 
 

 



Appendices 

211 
 

 

  



Appendices 

212 
 

 

  



Appendices 

213 
 

 

  



Appendices 

214 
 

 

  



Appendices 

215 
 

 

  



Appendices 

216 
 

 

  



Appendices 

217 
 

 

 

 

 


	Untitled



