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SUMMARY

Following the closure of the Hazelwood power station and scheduled closures of Yallourn and Loy 
Yang A and B, and the Victorian Forestry Transition Plan, a plan to cease native timber harvesting 
by 2030, the bioenergy and biomanufacturing sectors represent potential growth sectors for 
Gippsland. The Bioenergy Innovation Group (supported by the Gippsland Smart Specialisation 
Strategy (GS3)) identified the need for a Gippsland Bioenergy Project Development Framework 
(Framework) to assist in the development of future bioenergy projects.

The Smart Specialisation approach originated in Europe to economically support regions 
undergoing transition. This approach depends on identifying a region’s strengths and competitive 
advantages and targeting funding towards those areas which are most likely to succeed.

The development of a successful biomass-to-energy project requires a methodical approach 
and the navigation of a series of stages. This process can appear complex and requires careful 
preparation and adherence to a number of planning and environmental regulations. Further, 
engagement of community and other stakeholders is vital to the success of any bioenergy project.

The Framework report will provide assistance to those who wish to initiate, develop or invest in a 
biomass-to-energy project. It offers a technical, financial and environmental reference for a range 
of biomass-to-energy projects. The Framework also describes issues related to the sale of steam/
heat and electricity and grid access, as well as biomass availability, sustainability and the supply 
chain. It links the social, technical and planning aspects of bioenergy production. 

The Framework uses a practical Project Development Pathway to start a preliminary assessment 
of the technical and financial feasibility of different biomass-to-energy options.

The target audiences are businesses and industries for which biomass is a by-product, including 
(but not limited to) the food and beverage industry, the wood processing industry, forestry and 
agriculture and community groups.

The Framework can help these enterprises identify whether their biomass waste can be used 
for the production of energy and/or for biomanufacturing. In cases where low land use or poor 
soil condition is the primary driver, the growth of biomass crops may be an option to produce 
bioenergy.

The overall objectives of this guide are to:

• improve technical literacy around biomass and bioenergy

• capture the regulatory requirements for bioenergy projects in Gippsland

• build competence among key stakeholders to ensure bioenergy projects are delivered 
efficiently and effectively

• provide knowledge of the technical and financial feasibility of the different biomass-to-
energy technologies available to business and industry

• assist in the expansion of biomass-to-energy sector across Gippsland by providing a 
communication and education packages. 
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INTRODUCTION

Bioenergy is a form of renewable energy generated when biomass 
feedstock is processed using certain technologies. Biomass fuels come 
from organic materials such as harvest residues, purpose-grown crops 
and organic waste from homes, businesses and farms. 

What are biomass and bioenergy?

This Framework defines biomass and bioenergy in simple terms:

Figure 1: 

Biomass
Any organic matter (biological material) 
available on a renewable basis. 

Includes feedstock derived from animals 
or plants, such as wood and agricultural 
crops, and organic waste from municipal 
and industrial sources.

Bioenergy
Energy generated from the conversion 
of solid, liquid and gaseous products 
derived from biomass.

Definitions of biomass and bioenergy.

This framework is focused on bioenergy which is created by using biomass-to-energy technologies 
to produce electricity and steam/heat from the combustion of solid, liquid and gaseous biomass 
fuels in high-efficiency and low-emission conversion systems.

It can also include biogas, where organic matter (such as agricultural residues and animal and 
food industry wastes) is converted into biogas through anaerobic digestion. The raw biogas 
can be combusted to produce electricity and/or steam and heat, or it can be transformed into 
biomethane and used as a substitute for natural gas in internal combustion engines.

Bioenergy is a sustainable solution that can reduce greenhouse gas emissions, assuming the use 
of secondary and tertiary biomass to substitute for the use of fossil fuels. Agricultural and forest-
based industries can generate a substantial amount of biomass residue and that waste can be 
used for energy production. 

In addition to harnessing waste biomass, crops can also be specifically grown for the production of 
bioenergy and bioproducts. The various forms of biomass and their sources (as considered in this 
Framework) are shown in Figure 2.
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Figure 2: 

Where does the biomass come from?

Secondary (waste biomass)  

Primary (non-waste biomass)

Household Organic (Kitchen) Waste

Garden Green Waste

Wastewater Biomass

Organic Building Waste

Food Processing

Supermarket Waste

Woody Waste

Crop Harvesting Residues

Livestock Residues

Sugar, Starch and Oilseed Crops

Lignocellulosic Plants

Crop Harvesting Residues

Fire Affected Waste

Natural / Seminatural forests

Forest Plantation

Municipal Residues and Wastes

Industrial Wastes

Agricultural Wastes

Agricultural Energy Crops

Forestry Products

Forestry Wastes

Origins of primary and secondary biomass which may be used to produce bioenergy, 
highlighted by sector. 
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THE GIPPSLAND BIOENERGY 
DEVELOPMENT FRAMEWORK 

Bioenergy and biomanufacturing have been identified as growth sectors through the GS3. This 
Framework is one of two areas of foundational work to support growth of these sectors and is 
designed to integrate the combined knowledge, interests and needs of stakeholders who were 
involved in, or impacted by, this sector’s growth. The Gippsland Biomass Audit and Opportunity 
Analysis is the second foundational work undertaken through GS3 by Frontier Impact Group.

The deliverables for the Framework project consist of this report and three stand-alone support packs. 

This report describes the necessary steps in the development of a successful biomass-to-energy 
project (bioenergy). It describes:

• biomass resources and how to secure biomass supply 

• the relevant technologies, plant design, plant procurement, construction and operation 

• Framework conditions, investment costs, financial and economic analyses and securing 
financing 

• potential environmental and social considerations 

• information relating to the procurement, construction and operation of bioenergy projects.

The main portion of the project (and thus this report) is the Project Development Pathway (Figure 
4). The Pathway articulates the typical stages of project development, can help stakeholders 
identify the stage of their project and identify technical, regulatory and planning milestones. The 
Pathway enables more efficient planning, better understanding and a ‘smoother’ road for project 
development. A key part of this is to understand the requirements of stakeholders such as planners, 
regulators and economic development officers in the Gippsland councils and Victorian regulatory 
environment (Environment Protection Authority (EPA) Victoria, Department of Environment, Land, 
Water and Planning (DELWP), WorkSafe Victoria) and to capture these in one document.

The Pathway includes the Bioenergy checklist and Bioenergy decision tree. The checklist prompts 
the collection of basic background data. The checklist data then feeds into a decision tree that 
helps decide the bioenergy types that may be appropriate for particular feedstock availability, 
technology and siting.

The final part of the report is a Skills and training analysis which provides a description of the skills 
required to support the growing bioenergy sector. It locates sectors where such skills may already 
be available and where bioenergy-relevant training (tertiary and vocational) may be gained. 

The three support packs (What is Bioenergy?, Project Startup Guide and Social Risk Guide) 
comprise a set of practical resources for stakeholders of bioenergy projects. These packs 
contain ready-to-populate bioenergy materials, a series of ‘canvases’ to help stakeholders 
shape their vision for a project and canvases to help evaluate social risk and encourage positive 
communication with the community. These packages are designed to be printed so that they 
can be completed as group activities. The use of these packages is prompted in the appropriate 
locations in the project Pathway.

More so than for other renewable energy solutions, each bioenergy project must be tailored both 
to the available biomass and a myriad of site-specific requirements. The resulting complexity adds 
to the time and cost of implementing a bioenergy solution but understanding the requirements 
can ultimately help ensure a successful bioenergy project. 
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FRAMEWORK SCOPE AND 
BIOENERGY TECHNOLOGIES 

The scope of this Framework is to provide a 
resource for project developers to progress 
their bioenergy project through a systematic 
process. It is particularly well-suited to those 
who are examining the development of 
small- to medium-scale biomass projects 
and projects seeking community ownership 
and benefit sharing. These circumstances 
have the potential to solve multiple problems 
for stakeholders (such as biomass disposal, 
nutrient management, odour control) and 
achieve economies of scale which make a 
project viable and share costs.

The main focus of this guide is on secondary 
and tertiary biomass types such as waste 
products from the food and beverage industry, 
the forestry and wood processing industry 
and agriculture. Growing of specific biomass 
crops is also an option to make bioenergy, 
but these projects are more capital-intensive 
as land and agricultural production need to 
be developed alongside investment in the 
conversion technology. 

Anaerobic digestion and combustion are well 
suited to feedstocks which are combinations 
of wastes or substances which cannot be 
processed economically into higher value 
products. Anaerobic digestion is often the 
default bioenergy-producing treatment 
process for wet wastes (such as food 
processing organics and manures). Combustion is suited to mixed dry wastes. For the remaining 
four technologies the feedstocks generally have to be of a higher quality and purity. Figure 3 shows 
the four remaining technologies and the feedstock types which are commonly used with them.

This Framework focusses on six 
technologies with the highest technology 
readiness level:

• anaerobic digestion

• advanced combustion

• pyrolysis

• gasification

• transesterification

• fermentation.

There are other ways of producing energy 
from biomass but these six are proven 
technologies, are deployed in diverse 
locations globally and can be used on a 
commercial scale. 

However, these technologies are not 
financially viable for all locations, feedstock 
types, equipment vendors or geopolitical/
regulatory situations. Furthermore, projects 
involving other technology types not listed 
above will involve greater financial risk, 
higher technical barriers and are likely 
to be more time consuming. It is also 
noted that projects which fit into this R&D 
category are not covered by this guide. 
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Figure 3: The four liquid biofuel producing technologies in relation to the starting feedstocks and 
final products. Diagram taken from Liew, Hassim and Ng, 2014 but originally from Murphy et al., 
2011. Yellow boxes are added in this report to highlight the four key technologies used to process 
higher quality and purity feedstocks.

Technology readiness level

Developed at NASA during the 1970s, Technology Readiness Levels (TRLs) are a method for 
estimating the maturity of technologies. The use of TRLs enables consistent, uniform discussions 
of technical maturity across different types of technology as determined during a Technology 
Readiness Assessment. This process examines program concepts, technology requirements and 
demonstrated technology capabilities and economically viable status. TRLs are based on a scale 
from 1 to 9 as shown in Table 1.
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Table 1: Technology Readiness Levels. Taken from https://demoplants.bioenergy2020.eu/
explanations.html

Type

refers to technology readiness level (TRL)

TRL 1-3 Research 1. basic principles observed

2. technology concept formulated

3. experimental proof of concept

TRL 4-5 Pilot 4. technology validated in lab

5. technology validated in relevant environment (industrially relevant 
environment in the case of key enabling technologies)

In terms of biofuel facilities, this typically means

• facility, which does not operate continuously

• facility not embedded into an entire material logistic chain; only 
the feasibility of selected technological steps is demonstrated

• the product might not be marketed

TRL 6-7 
Demonstration

6. technology demonstrated in relevant environment (industrially 
relevant environment in the case of key enabling technologies)

7. system prototype demonstration in operational environment

In terms of biofuel facilities, this typically means

• facility demonstrating the capability of the technology for 
continuous production (operated mainly continuously)

• the facility is covering the entire production process or embedded 
into an entire material logistic chain

• the product is being marketed

• facility may not be operated under economical objectives

TRL 8 First-of-a-kind 
commercial demo

8. system complete and qualified

In terms of biofuel facilities, this typically means

• facility operated under economical objectives

• the product is being marketed

TRL 9 Fully 
commercial

9. Actual system proven in an operational and competitive environment

The technologies included in this Framework are all confirmed as scoring a TRL of 9. It should 
be noted that this is for the technology itself and not necessarily for their use with any given 
feedstock, or for any specifically targeted output product. The TRL 9 rating shows that the system 
type is operational and proven to be economically viable. This does not necessarily mean that it is 
economically viable on the basis of bioenergy production alone. 

https://demoplants.bioenergy2020.eu/explanations.html
https://demoplants.bioenergy2020.eu/explanations.html
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Often such projects are made viable by a range of localised factors such as: 

• the technology use results in significant reduction of landfill fees for disposal of wastes

• the technology use results in reduction of trucking costs for wastes

• the technology use in a given situation is able to provide a specific high-quality niche 
product for which a market has been secured

• plants in less developed countries generally have lower labour costs and therefore tasks 
such as manual pretreatment sorting are not prohibitive in cost

• the price of electricity/gas is higher in some regions or bioenergy does not attract tax excise

• the existence of carbon credits or a carbon price. 

Scale of bioenergy plants

This Framework categorises plant sizes, as biomass-to-energy projects are subject to different 
planning and approval requirements. Further, there are significant economies of scale associated 
with bioenergy projects. The projects are classified as:

• small (1–5 megawatt electrical (MWe))

• medium (5–10 MWe)

• large (10–40 MWe).

Projects with less than 1 MWe and those in the small category are unlikely to be economically 
viable if energy production is the only benefit factored into the cost. A project becomes more 
viable if additional benefits such as waste volume reduction, reduced chemical use, reduced 
transport costs, odour reduction, nutrient cycling and soil carbon building are factored into the 
project’s cost-benefit analysis. Some of these costs (e.g. waste reduction and chemical use) are 
easily quantified, while others are less clear (e.g. soil health, odour management). There is a range 
of intangible benefits which may include community cohesion/pride and scientific or educational 
value.

Determining the size of a plant
Once the amount of biomass residue has been identified and quantified the approximate plant 
size (expressed as electrical output for a steam-based power plant in full condensing mod) can be 
calculated:

Where:
P = plant size (MWe)
M = mass flow of biomass (tonnes/year)
Hu= net heating value (MJ/kg)
T

0
 = annual operating hours

e = plant efficiency (typically between 35 per cent and 40 per cent)

Varying across the technologies, there are significant economies of scale when comparing small 
and large bioenergy plants. This is important when carrying out financial and economic analyses 
as the marginal cost of producing one kilowatt hour decreases as the size of the bioenergy plant 
increases. Thus, subject to availability of sufficient volumes of biomass and demand for the 
produced energy, a larger plant will generally be more cost-efficient than a smaller plant.

0.278 × M ×H
u
 ×e

T
0

P =
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PROJECT DEVELOPMENT 
PATHWAY INCORPORATING 
CHECKLIST AND 
DECISION TREE

As shown in Figure 4, the realisation of a bioenergy technology 
project can be analysed in four discreet phases. As each 
phase progresses, the level of detail and information required 
increases. At the conclusion of the first two phases it should 
be apparent whether the project is financially and technically 
feasible and should then move into implementation:

• Phase 1: Pre-feasibility. This analysis involves initial 
calculations using default data and assumptions. 
Only the most critical process units are considered for 
calculation and the operational regime (i.e. continuous or batch) is decided. Interaction with 
stakeholders and gauging community support also starts at this phase (engagement and 
input should continue regularly at all subsequent stages of development).

• Phase 2: Feasibility. The feasibility study uses more detailed information and process 
designs and considers all types of operation involved in processing. It also defines other 
operational details, such as feedstock and reagent suppliers and potential plant locations. 

• Phase 3: Design. This phase involves final calculations and designs of equipment, building 
sites, equipment installation, internal configurations, modes of operation, stabilisation 
times, building permissions and environmental licences. This phase also includes an early 
exploration of the job/role training that may be required for the operators. At the conclusion 
of the design phase all the design, tendering and procurement documentation should be 
complete and engagement with the construction market can begin.

• Phase 4: Build and operate. Build and operate commences with the appointment of a 
preferred contractor through an appropriate procurement process and finalisation of the 
construction contract(s). Construction is the responsibility of a suitably qualified contractor 
and will include construction activities, site management, environmental management, 
health and safety management, community engagement and commissioning of the plant in 
line with expectations. After commissioning, the plant is handed over to the operator and the 
plant enters its warranty period as per any contractual agreements.

To guide you through 
the pre-feasibility 
portion of the process 
we have developed a 
Project Start-up Guide. 
This is an A3 printable 
package containing a 
series of exercises on 
‘canvases’.

Gippsland Bioenergy 
Project Development 
Framework: Project 
Startup Guide 
in A3 with printable canvases.
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Figure 4: 

IDEATE
Create as many possible ideas 
as you can to help supply diverse 
options. Be creative. Examine 
where, and who will participate. 
What other benefits are desired? 
How could it be funded?

ENGAGE WITH 
PLANNING 

AUTHORITIES
Local and state 
planning, EPA. 
Understand the 
local/state/federal 
regulatory 
requirements.

OPERATE

EXAMINE BEST 
IDEA

Examine how the 
best idea would 
work. Think of 
how it would 

interact with 
stakeholders. 
Gather data 

required by the 
Bioenergy 
Checklist. Go 
back a few steps 
if idea does not 
stack up.

TEST
Do the Bioenergy decision tree 
activity. Locate case studies. 
Read technical information. 
Engage experts to comment. 
Gauge community support. 
Reach out to Sustainability 
Victoria. Go back to Ideate step 
if testing has poor outcomes.

EMPATHISE
Understand what the 
biomass/bioenergy 
situation/problem looks like. 
Why is a project wanted?

DEFINE
Define the crux of the 
project. Who is in 
your team? Who are 
the key stakeholders? 
What biomass are 
you going to use?

BUILD CONFIDENCE
Develop a detailed Business 
Case. Identify project risks 
and technical challenges. 
Determine Business Model. 
Secure funding. If risks or 
challenges prohibit progress, 
revisit prior steps.

TACKLING THE 
TECHNICAL 

Key technical 
challenges, 
technology 
providers, 
technical risks, 
confirm business 
case assumptions.

PROJECT 
DEVELOPMENT

Design development. 
Confirm funding 
model.

FINALISE PLANNING APPROVALS 
Environmental, Land-use agreements, 
power purchase agreements, government 
funding finalisation.

PROJECT FINANCIAL CLOSE 
Finalise funding. Identification of delivery model 
(EPC/EPCM/DBO/D+C), procurement and 
tendering, make a recruitment and training plan.

CONSTRUCTION
Community and stakeholder 
management. Construction 
management. Site OH&S. 
Quality control management. 

COMMISSIONING 
AND HANDOVER  
Defect rectification, 
Plant optimisation, 
all project 
documentation 
complete. All 
training 
delivered.  

PREFEASIBILITY

FEASIBILITY

DESIGN

BUILD

The Pathway in graphical format. This report expands on each of these sections.
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Design thinking

We have incorporated ‘design thinking’ into the initial stages of potential bioenergy project 
development. These activities ideally happen during the pre-feasibility phase of the project. 
This sort of thinking process is intended to supplement the more linear ‘pathway’ model which is 
detailed at length in this document. Its inclusion is deliberately intended to encourage creativity 
and iterative re-invention. No project ends up looking like the first idea and it should not be seen as 
failure to re-tread old ground and try out many different ideas.

Design thinking is both an ideology and a process, concerned with solving complex problems in 
a highly human-centred way. It focusses on humans first and foremost, seeking to understand 
people’s needs and come up with effective solutions to meet those needs. It is based on the 
methods and processes of designers, but it evolved from a range of different fields, including 
architecture, engineering and business.

Design thinking can address the underlying causes of project failures, such as poor 
communication, rigid thinking, the propensity for tunnel vision and information silos. When done 
well, design thinking not only celebrates diversity, but actively seeks to bring diverse groups 
together and allows competing viewpoints to become opportunities. By emphasising the diversity 
of the design team involved in the process beyond the designers, the artefacts and the space they 
share, design thinking represents an effective and practical approach to managing stakeholder 
interactions in exploration of projects. Another key part of design thinking revolves around the 
idea that people’s needs are at the heart of every successful endeavour.

Stakeholder engagement is important in any project. However, the human-centred co-design 
approach puts these stakeholders at the centre of the project rather than on the periphery. While 
this process may take longer at the pre-feasibility stage, it is likely to decrease social risk and 
facilitate greater community ownership in the longer term.

Government departments around Australia are now taking on design thinking as their driver 
for transformation strategy and exploring how to improve what they offer through an evolved 
dynamic, customer-focussed organisation model (Dam and Teo, 2020).




