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Executive Summary 

 
Australia is heavily dependent on diesel for its economic activities (Australia consumes ~ 24GL of 
diesel a year).  Diesel is a fundamental community necessity – for long and short haul transport 
(truck, train and shipping), mining, crop production, defence, and tourism.  A cessation of the supply 
of diesel to Australia would be extremely damaging to our economy and strategic interests. 
 
Australia has access to significant waste carbon in the form of Municipal Solid Waste, Commercial 
and Industrial waste, agriculture and forestry waste and multiple other waste feedsstocks. This 
available carbon can be used to make renewable fuels. It is a scientific fact that Australia generates 
enough waste to satisfy the majority of its diesel needs if that waste was converted into renewable 
fuel. 
 
Just having access to carbon and a market to buy diesel isn’t enough for a renewable fuel industry to 
begin - other economics drivers must be right. One of the pivotal economic factors is the refining of 
renewable fuels.  To date no major refining renewable fuel plant exists in Australia. 
 
A viable demonstration refinery plant for the production of Renewable Diesel and Renewable crudes 

is detailed in this report. The refinery design is based on extensive research and development, and 

several years of experience through the Northern Oil Advanced Biofuels Laboratory co-funded by 

ARENA and the Northern Oil Advanced Biofuels Pilot Plant co-funded by the Queensland 

Government. 

It has been found that different renewable feeds generate different renewable crudes. It was further 

found that these crudes can be divided into three major categories; Light Gas Oil, Cracked Gas Oil 

and Biological Gas Oil. These three crudes have different properties and and have slightly different 

refining needs. 

The designed refinery is specifically targeted to deal with these variations and the problems that are 

unique to renewable feeds. The main differentiating feature of this refinery to fossil fuel plants is the 

use of large buffering capacities and a recirculation of product back to feed. This allows any major 

changes in the oil, and the variation between the crudes themselves, to be normalised in the large 

buffer. This design allows a larger background of liquid for hydrogen to dissolve into. The availability 

of hydrogen in renewable fuel hydrotreating is of high importance. 

Various other design features are detailed in the report. 

A graphical representation of the technology steps for a renewable fuels manufacture is given in 

Figure 1 on the following page. 
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Figure 1 - Renewable Fuels Technical Chain 
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1.0 Industry Context 
 

The Australian Economy is heavily dependent on diesel, consuming 24GL per annum.  Diesel is a 

fundamental community necessity – for long and short haul transport (truck, train and shipping), 

mining, crop production, defence, and tourism.  A cessation of the supply of diesel to Australia 

would be extremely damaging to our economy and strategic interests. 

Australia currently imports the vast majority of its refined oil products (~18 GL of diesel a year), with 

the remainder being refined in Australia, but generally from imported crude oil.  Our reliance on 

imports is due to a lack of indigenous crude oil and refining assets.  This leaves Australia vulnerable 

to the international energy market.  Any major changes to this market will stall or shut down 

Australian industry and the economy. 

Australia produces millions of tonnes of carbonaceous waste annually.  The most significant sources 

of waste are agricultural, post-consumer (Municipal Solid Waste [MSW]) and Commercial and 

Industrial Waste (C&I), sewage, forestry, plastics and tyres (mining, farming and transport).  The 

wastes streams identified are a financial impost to Australia businesses and often have a deleterious 

impact on the environment - both built and natural. In 2013 it was estimated that the cost to 

Australian Industry for just C&I waste sent to landfill was $1.41 Billion. The carbon held in these 

waste streams can be used to produce diesel for the country while lowering financial costs on 

industry. 

It is estimated that the waste generated could be converted to 12-13 GL of 100 per cent drop in 

diesel annually.  Along with providing increased fuel security, capturing this waste currently rotting 

in landfills or burned in-situ, increases the productivity of Australia’s carbon cycle.  Australian energy 

productivity will be improved by harnessing these assets and converting them to fuel, and there are 

clear benefits to the environment and human health in reducing landfill and other disposal of 

wastes. 

Productive use of carbon-based Australian waste increases the efficiency of Australian industry by 

both reducing the cost burden of dealing with waste, and more efficiently using of our waste carbon 

(energy).  These two problems are inexorably linked.  Solving these problems will increase Australia’s 

Energy productivity. 

 

1.1 Diesel in Australia 
Australia consumes c. 24 Billion Litres (24GL) of diesel annually, of which ~18GL is imported as a 

refined product and a further ~5GL is refined from imported crude. Australia produces only 1GL 

(4.2% of total diesel consumption) domestically and from domestic crude. Australia is almost 

completely dependent on imported diesel. 

The majority of Australian diesel goes to economic activities. Approximately 4.5 per cent of the 

diesel consumed is used for privately owned transport, and the rest for economic activity. Table 1 

                                                
1 A study into commercial & industrial (C&I) waste and recycling in Australia by industry division, encycle 
consulting, prepared for the Department of Sustainability, Environment, Water, Population and Communities, 
2013 

 



 

2 | Page 

shows the breakdown of diesel use in Australia by industry sector in 20092. The consumption of 

refined products in Australia has grown by approximately 2 per cent per year over the last 10 years.3  

 

Table 1 - Diesel use in Australia by sector 

Sector Percentage of total 
diesel consumption 

Mining 28.4% 

Transport and logistics (Truck, train and 
marine) 

21.6% 

Construction 14.9% 

Agriculture 11.9% 

Commercial Services 11.9% 

Manufacturing 6.0% 

Private Transport 4.5% 

Defence 0.5% 

 

Australia has a large diesel deficit and the major consumption is for critical economic activities that 

underpin our economy and national security. 

This evidence also indicates that the current rise of electric personal vehicles in Australia will have 

little effect on diesel demand. To date, no technology has been able to crack the long-haul trucking 

issue of requiring low weight/volume and high power (Figure 2).  The same is true for construction 

and agriculture. 

 

Figure 2 - Energy content of various engine power sources per weight 

                                                
2 ABS; ABARES; Defence Material Organisation; L.E.K. analysis, Total fuel use by fuel type and industry sector, 
excluding electricity (FY2009), 2009 
3 Australian energy consumption, by state, by fuel, physical units, Australian Energy Statistics, Office of the 
Chief Economist, Department of Industry innovation and Science, 2016 

https://www.industry.gov.au/Office-of-the-Chief-Economist/Publications/Documents/aes/data/2016/Table-G.xlsx
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This implies that for the foreseeable future Australia will require as a bare minimum 48.4% of the 

current consumed diesel - noting that we only produce 4.2% domestically from domestic crude and 

20.8% domestically from imported crude. There would therefore be a 23.4% (5.6 GL) gap in the 

market that is currently be supported by importation of refined product and that could readily be 

supported by a domestic refinery. 

Take away: There is a future for domestic diesel in Australia. Australia is heavily dependent on 

diesel for critical economic activities, and that this diesel is imported. Australia will continue to be 

heavily dependent on diesel even if electric vehicles become more prevalent, and that diesel will 

continue to be imported.  

Diesel is produced at one of Australia’s four Refineries (Brisbane, Geelong, Melbourne, Perth), or 

imported through Australian ports, major importation ports are Sydney, Newcastle, Melbourne, 

Brisbane and Cairns.  Diesel is always imported or produced at a coastal Metro location. 

Converse to import and production trends, diesel is mainly consumed in regional areas.  The main 

consumers of diesel are primary industry; farms and mines; and long-haul trucking that generally 

pass along the regional highways of Australia (noting Australia is the most road freight dependent 

country in the OECD).  The consumption areas of diesel do not align with the importation or 

production areas. 

This misalignment of the production and consumption leads to a market opportunity to produce 

diesel near to the areas of consumption.  Modelling was done to confirm this opportunity (Figure 

3)4.  These show two examples of cost competitive windows around two important Australian 

regional cities.  The ‘bubble’ around Gladstone captures some major mines. 

For example.  The ‘bubble’ around Wagga Wagga takes in the large crop area of the Riverina.  

 

 

 

 

 

 

 

 

 

 

Take away: Economic opportunities for regionally produced diesel exist and can more than 

competitively compete against metro production and importation. 

                                                
4 Fuel Market Analysis, Ecco Consulting, 2016 

Figure 3 - Possible economic windows of refinery placement 
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1.2 Waste in Australia 
The production of Renewable Diesel is dependent on Renewable feedstock.  Testing at the Northern 

Oil Advanced Biofuels Laboratory concluded that there are three major types of Renewable 

feedstocks, all of which make a different crude: 

1. Post-consumer and other waste oil (used oil residue, drilling residue etc.) 

2. Post-consumer waste solids 

a. Pure stream (plastics, tyres etc.) 

b. Mixed stream (Municipal Solid Waste [MSW]5, Commercial and Industrial Waste 

[C&I]6) 

3. Biological wastes  

a. Agricultural/Forestry (sugarcane tops and trash, forestry waste etc.) 

b. Human (sewage) 

It is estimated that Australia produces enough renewable feedstock to generate ~12-13 GL of 

Renewable Diesel.  Table 2 shows the five largest feedstocks in Australia and the equivalent 

Gigalitres of fuel (GL-e) that each of these feedstocks can generate. 

Table 2 - Five largest feedstocks in Australia for Renewable Fuels 

Feedstock Equivalent 
Gigalitres of fuel 

Sources 

Agricultural waste 5.9 GL -e Estimation of Availability of Australian sourced 
Biomass, QUT, 2016 

Commercial and Industrial 
Waste and Municipal Solid 
Waste 

4.8 GL-e A study into commercial & industrial (C&I) 
waste and recycling in Australia by industry 
division, Prepared for Department of 
Sustainability, water, population and 
communities, Encycle Consulting, 2013 
Recycling and Waste in Queensland 2016, QLD 
Gov DEHP, 2016 
Recycling and Waste in Queensland 2017, QLD 
Gov DEHP, 2017 

Forestry Waste 1.4 GL-e Estimation of Availability of Australian sourced 
Biomass, QUT, 2016 

Tyres 0.17 GL-e Annual Report 2016/2017, Tyre Stewardship 
Australia, 2017 

Sewage Treatment Waste 0.1 GL-e Prof. David Lewis, University of Adelaide, 2017 

                                                
5 Mixed waste that would be found from a residential property  
6 Mixed waste sourced from commercial and industrial activities including 15 broad industry sectors (e.g 
manufacturing, food and accommodation, retail, transport, administrative services etc.) A study into 
commercial & industrial (C&I) waste and recycling in Australia by industry division, Prepared for Department of 
Sustainability, water, population and communities, Encycle Consulting, 2013 
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Some of this feedstock will not be economically viable to access, and so the total potential of 

Australian renewable diesel generation may be lower than suggested by this study.  However, 

balancing this point, there is a considerable amount of known biomass (e.g. Prickly Acacia, a woody 

weed that covers an area the size of Tasmania in North-West Queensland with an estimated biomass 

of around 100 million) that was not considered in the feedstock study above but the volume of 

biomass, and that it is a declare weed of national significance, point towards feedstocks of great 

potential.  On balance, we believe the above report underestimated the quantities of accessible 

biomass available for Renewable Diesel production. 

A further literature review focused solely on readily accessible feedstock in Queensland has shown 

that QLD currently landfills enough C&I, MSW and tyres to support the production of 680ML/a of 

fuel7,8,9,10.  Again, this does not consider any biological wastes. 

Take away: Australia, and Queensland specifically, produces waste in significant excess than what 

would be required to satisfy a domestic renewable fuels refinery. 

1.3 Supply and Demand 
Suppliers have an economic impost for disposing of waste. In the case of some biological wastes, the 

material is not collected and it is allowed to rot where it falls. Traditional waste disposal pathways 

include operating landfills for municipal trash, exporting waste products at a loss to clear plantation 

forest floors, operating expensive systems to dispose of quarantine waste, stockpiling, burying or 

exporting tyres and plastics, burning sugar can tops and trash and deliberately destroying rice 

paddies every year to burn off rice straw waste.  Each scenario represents a financial and physical 

impost that waste generators must deal with. 

Southern Oil has worked extensively with several large waste generators in different sectors.  It has 

found a genuine desire for proponents generating forestry, agricultural and landfill wastes to value 

add from a financial perspective and to improve their social license to operate.  These waste 

suppliers represent large, stable and ongoing concerns that can be consistent suppliers of large 

volumes of waste feedstocks now and into the future. 

Consumer demand for Renewable fuel is coming from large trucking fleets.  These companies see a 

financial and moral imperative to demonstrate Corporate Social Responsibility.  It should be noted 

however that the cost and quality of fuel is a ‘non-negotiable’ from commercial transport 

operations, and cost parity of renewable fuels is not a nice to have, but essential. 

Other factors affecting consumer demand for local renewable fuels are: 

• Fuel security, both stability of supply for everyday economic activity and in case of major 

supply interruption (the military euphemism for a conflict) 

• Fuel batching, locally produced fuels allows for smaller order lots, decreasing working capital 

demands 

                                                
7 Australian national waste report 2016, Prepared for DOEE, Blue Environment & Randell Environmental 
Consulting, 2016 
8 A study into commercial & industrial (C&I) waste and recycling in Australia by industry division, Prepared for 
Department of Sustainability, water, population and communities, Encycle Consulting, 2013 
9 Recycling and Waste in Queensland 2016, QLD Gov DEHP, 2016 
10 Recycling and Waste in Queensland 2017, QLD Gov DEHP, 2017 
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• Price stability, renewable fuels price can be almost totally decoupled from fossil fuel price 

allowing for more accurate and stable price projections into the future. 

Consumer demand for renewable fuels is high, but the willingness to pay a higher fuel price is low. 

Take away: Sufficient demand to supply feedstock and offtake product exist 

1.4 Other commercial considerations 
Fuel is a commodity product. To compete in the fuels market the produced fuel must be cost 

competitive with fossil fuels, and provide exactly the same short and long-term performance as 

these fuels (i.e shaft power (short), engine wear (long). If both of these performance standards are 

not met, the fuel will not achieve high market acceptance. The definition of a commodity is ‘the 

market treats instances of the good as equivalent or nearly so with no regard to who produced 

them. The price of a commodity good is typically determined as a function of its market as a whole’. 

In the context of fuels, it is exemplified by low acceptance of E10 fuel, even at a lower price point. 

The produced fuel must be cost competitive with fossil fuels but must also be of equal quality.  The 

purpose of our pilot includes refining a 100 per cent drop-in fuel that is indistinguishable from fossil 

fuels. 

The diesel price at the time of performing this analysis was approximately 140 cpl retail. This can be 

broken into the subcategories found in Figure 4. 

 

 

Figure 4 - Breakdown of fossil fuel prices 

Projections based on historical diesel prices put the near future fuel costs (next five years) between 

126 cpl and 156 cpl. The value used is inside the safety bounds - it should also be noted that this 

projection does not account for unforeseen impacts to crude supply.  
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Take away: Barring a major market upset the value for diesel over the next 5 years is projected to 

remain between 126 and 156cpl, with a greater probability on the upside. 

Analysis of the renewable crude value chain performed by Southern Oil have a summed diesel value 

(price to retail customer) of 126 cpl. This number is less than the assumed 140cpl and the low-end 

confidence value of 126 cpl, implying that the fuel can be cost competitive with fossil sourced fuels 

over the next five years. Forward projections beyond five years are not reliable and so a value is not 

considered in this report, but it is generally accepted that they will trend upwards. This implies that 

within normal market fluctuations renewable fuels will continue to be cost competitive with fossil 

fuels. 

The analysis considered the major transaction points of a renewable fuels value chain. The 

breakdown of the 126 cpl is given in Table 3. 

Table 3 - Breakdown of renewable Fuel Prices 

 cpl Basis 

Total Fuel cost 126  

Feedstock -69.5 -$100/t1 waste value (JJR and Sons), conversion to fuel based on lab 
data. Feedstock considered is commercial and industrial waste, tyres 
and rubber waste and municipal waste.  

Feedstock Transport 21.5 Solid waste transport, $6/tonne and $5/km, 150 km max radius, 30 t per 
trip (JJR and Sons) 

Crude Generation 38.3 Weighted average Budget based. (Weighted for three feedstocks, based 
on availability. Cross check as 20% installed capital. 

Crude Transport 11.2 Liquid transport $6/km/bdouble, 42000l/bdouble (Days Logistics). 
Radius of 550 km. 

Refining 52.7 Budget based. Cross check as 20% installed capital  

Fuel Transport 7.8 Liquid transport $6/km/bdouble, 42000l/bdouble (Days Logistics). 
Radius of 550 km. 

Retailer Margin 13 Averaged information RACQ fuel reports 

GST 11.5  

Excise 39.5  
1With the introduction of the landfill levy in QLD, and based on the current minimum cost charged by JJR, this is the lowest possible 

charge, assuming no major market upsets. The amount of feedstock accessed for this analysis (<10% of the specific wastes generated in 

Australia, and <1% of total waste generated in Australia) is not expected to cause a large market upset. 

Take away: Renewable fuels can be produced and retailed cost competitively with fossil fuels 

The analysis above does not consider cost and repayment of capital (other than working capital in 

the crude generation and refinery budget). Taking capital into account, a 340 ML/a refining system 

(refinery and crude generation capital costs) has a payback period of approximately 13 years.  As this 

is a first deployment of a renewable technology, it is anticipated that the government will provide 

some level of assistance (grant/seed funding, low cost capital or excise relief similar to ethanol or 
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biodiesel) that encourages investment. This assumption is based on previous policy decisions by the 

government in the renewable fuel space, and other renewable technologies in general (i.e solar 

schemes). Applying excise relief in particular facilitates the payback period to 4 years - a commercial 

proposition more in line with Australian return expectations. 

Take away: Renewable fuels are a competitive commercial proposition. Excise relief is the most 

critical policy consideration to accelerate commercialization, and encourage capital expenditure. 

The following assumptions were made in the development of the model, and the claim made above. 

• The fuel can be retailed quite broadly 

The fuel produced will be cost competitive and of indistinguishable quality in comparison to 

imported fossil diesel. It is therefore likely that even if it cannot be retailed everywhere it can be 

retailed in enough locations to be a commercial success. 

• Diesel fuel will have continued use in Australia 

Australia is heavily diesel dependent. With long distances, no real inland navigable rivers and a 

sparse population it is likely that Australia will continue to remain dependent on long haul trucking. 

To maximise efficiency of long haul trucking weight to power ratio must be maximized.  To date 

diesel is still the most efficient way of providing this necessity (figure 1, pg x) and no technology has 

yet shown enough promise to assume diesel will not be the primary fuel source for heavy vehicles. 

Refuelling time and distance are other consideration in the trucking industry that still haven’t been 

addressed by new technologies. It is reasonable to assume that diesel will still be around for the 

lifetime of a new refinery. This is further supported by the continued expansion of fossil refineries 

and the construction of new refineries globally. 

• The amount of renewable diesel generated will not disrupt the market 

The Australian diesel market is approximately 16 GL/a. The first refinery (the basis of this modelling) 

will represent approximately 2 per cent of the domestic market. This is equal to the average yearly 

growth rate of consumption of refined products in Australia (Australian energy consumption, by 

state, by fuel, physical units, Australian Energy Statistics, Office of the Chief Economist, Department 

of Industry innovation and Science, 2016).  This ouput is not expected to affect/disrupt the market. 

 

• Waste can continue to be reliably accessed in the quantity and quality stated 

 

The amount of feedstock accessed for this analysis (<10 per cent of the specific wastes generated in 

Queensland, and <1 per cent of total waste generated in Australia) is not expected to cause a large 

market upset. Waste figures are growing as population grows. It is likely that waste will continue to 

be available (and grow). Current available waste is shown in Table 4. 

 

 

https://www.industry.gov.au/Office-of-the-Chief-Economist/Publications/Documents/aes/data/2016/Table-G.xlsx
https://www.industry.gov.au/Office-of-the-Chief-Economist/Publications/Documents/aes/data/2016/Table-G.xlsx
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Table 4 - Overview of available waste 

 Waste Generation 
(tpa) 

Region Source 

Tyres and rubber 392,000.00 Australia Tyre Steward Ship Australia 

Quarantine Waste 3,600 SEQ Estimated 

MSW 13,300,000 
1,850,700 

AUS 
QLD 

Australian national waste report 2016, Prepared for 
DOEE, Blue Environment & Randell Environmental 
Consulting, 2016 
 
Recycling and Waste in Queensland 2016, QLD Gov DEHP, 
2016 
 
Recycling and Waste in Queensland 2017, QLD Gov DEHP, 
2017 
 
JJ Richard’s and Sons 

C&I 12,325,100 
1,329,900 

AUS 
QLD 

A study into commercial & industrial (C&I) waste and 
recycling in Australia by industry division, Prepared for 
Department of Sustainability, water, population and 
communities, Encycle Consulting, 2013 
 
Recycling and Waste in Queensland 2016, QLD Gov DEHP, 
2016 
 
Recycling and Waste in Queensland 2017, QLD Gov DEHP, 
2017 
 
JJ Richard’s and Sons 

Biosolids 235,848.49 QLD Estimated based on information from Queensland Urban 
Utilities and Melbourne Water 

Mixed Plastics 500,000 Australia Estimated based on information from JJ Richards and sons 

Biomass and other 
biological waste 

Excessive Australia  

 

The following points are the key sensitivities of the model (Table 5). 
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Table 5 - Key sensitivities of renewable fuel price modelling 

Sensitivity 

Point 

Type of 
knowledge 

Notes 

Refinery 
Yield 

Technical The yield used is based on works at the NOABFL with a cross check to literature. 
The values used are considered conservative. The intention of the project is to 
prove or disprove these yields on the industrial scale. 

Feedstock 
Cost 

Commercial The cost used was based on the QLD government new waste levy, and the 
minimum gate charge JJR applies. The weighted average gate charge is higher 
than this minimum charge, so the number used is conservative. The ‘fight for 
waste’ may also affect this value. To combat this the majority of waste 
considered in this model is MSW and C&I, less fought over waste than tyres and 
rubbers. The access rate is also <20 per cent, minimising market distortion. 

Standard 
Renewable 
crude 
generator 
size 

Techno-
economic 

Owing to economies of scale there is a minimum break-even size of a renewable 
crude generator.  As the collection radius in the model is 150km all units are at or 
above this minimum size. 

Refinery 
Operating 
costs 

Techno-
economic 

Although all care has been taken into expanding the operating costs (mainly 
hydrogen and energy) from the laboratory scale there is always a likelihood that 
a larger operation will act differently. 

Standard 
refinery size 

Techno-
economic 

Economies of scale play a large role in refinery economics. Confirming the exact 
capital requirements will allow for determining the minimisation of cost as a 
function of refinery size. 

Plastics 
yield 

Technical Yields from plastic in small pyrolysis units has been studied by multiple sources, 
the numbers used in this model reflect those studies. They do not however take 
account for the fact that these unit are now moving into commercial size, and the 
effect of these larger reactor sizes (i.e core distance) on the overall yield. 

Waste 
accessibility 

Commercial Although access to volumes of waste through JJR is not in question the ability of 
current systems to physically access the waste is, running a model with a spoke 
will identify issues in the current waste system around access for producing fuel, 
and will set the maximum amount of waste accessible. 

Organic 
yield 

Technical Yields from organics in small pyrolysis units has been studied by multiple sources, 
the numbers used in this model reflect those studies. They do not however take 
account for the fact that these unit are now moving into commercial size, and the 
effect of these larger reactor sizes (i.e core distance) on the overall yield. 

Take away: The majority of the high sensitivity points in the model are technical, which require 

further development at the next scale. 
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The results of the analysis show that renewable fuels can meet the consumer demand of a cost 

competitive product, while still being commercially attractive for investors. The results of previous 

work performed shows that the fuel will likely meet all the required performance criteria, however 

these works need to be proven on the next scale (demonstration scale) to ensure that the results are 

not just the function of a pilot scale project, but are true for the generation of renewable crudes and 

their refinement to renewable fuels at a greater scale. 

Take away: Based on current knowledge; Renewable fuels can meet the two criteria required for 

sale in the Australian fuel market; Renewable fuels are a genuine commercial opportunity. Testing 

is required to go to the next size operation to prove-up the current knowledge as a pre-cursor to a 

commercial scale operation. 

1.5 Industry Gap 
The main identified industry gaps are technical: 

• Does the refinery yield scale properly?  

• Does pyrolysis yield and quality scale?  

• Do the operating costs follow the standard engineering assumptions?  

These are the kind of questions that can only be answered by actually scaling up the plant to a 

demonstration size facility. The background modelling has shown that based on gathered data and 

engineering assumptions renewable fuels can be a commercial reality. 

The foundation of Southern Oil’s projects is based on a whole of value chain approach. This has 

several impacts on how the project is approached. It is important to understand that technology 

choice has been affected by looking at the entire value chain; a good pyrolysis unit, for example may 

not be the one that is the most yield efficient technology, but instead the most reliable and 

feedstock agnostic. When considering that a refinery needs consistent supply it is more important 

that this unit can continuously produce oil, and that it can sources its feedstock from a large supply 

base to ensure that the refinery can continue to run.  This is more important than minor yield 

variations from the pyrolysis unit itself. 

It is therefore pivotal the value chain for renewable diesel be thoroughly understood. The three key 

value chains are shown in Figure 5. 

The refiner sits as the keystone in the main production chain.  Without the refiner, the renewable 

crude producer has no-one to sell their product to, and the end user has no-one to buy their product 

from. Refining is the key to a successful renewable fuels production chain, however it also can’t exist 

in isolation.  Without the other members of the chain the whole system cannot work. To date no 

one has trialed a complete value chain approach to renewable fuels, which means that no one has 

understood the synergies that can come from having an integrated chain. 

The main production chain for renewable fuels is supported by two other processes that are integral 

to accessing a consumer market; the end-use-approval chain and the policy development chain.  
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Figure 5 - The Three Value Chains for renewable fuels 

The end use approval chain covers the steps required to allow for the fuel to be burnt in an engine. 

This includes laboratory certification, laboratory engine testing and live trials in engines.  This work 

must be done with an Original Equipment Manufacturer (OEM), with the intention of the OEM 

arriving at a stage where they will warrant their engines against the use of the fuel.  Companies that 

depend on the reliable operation of these engines require this level of verification and approval.   

The policy development chain encompasses all the work that allows for renewable fuel to be burnt 

in Australia, and for the industry to be supported from its nascent state to a mature industry.  The 

federal department of Environment and Energy has already declared that fuel that meets their 

specifications can be burnt on Australian roads; this is a good step forward for renewable fuels. SOR 

believes that that the industry would benefit by having a specific definition of Renewable Diesel.  

There is a compelling case for fuel excise consideration similar to those offered for other ‘green’ 

fuels ethanol and biodiesel being provided for Renewable diesel. SOR is working with the State and 

Federal Governments, as well as industry groups, to ensure that the most effective policy settings 

are in place from waste feedstock, to refined products. SOR is committed to the entire value chain, 

and this work shows our ongoing commitment in this regard. 

Take away: The refiner is the pivotal point connecting all three value chains,  However, to date 

there has been no major advancement in the refinement of the fuels, and no one studying the 

problem from the refiner’s perspective. 

1.6 Next Steps 
The drive, supply and demand for renewable fuels exists. It is economically and commercially viable 

to produce renewable fuels. The value chains for the production, regulation and sale of renewable 

fuels are identified and aligned. It is now the refiners job to secure the technical feasibility of the 

refinement of renewable fuels, moving through the various stages of pilot, demonstration and full 

commercial deployment. 

The next stage for the advancement of a renewable fuels industry should be the deployment of a 

large-scale demonstration pilot plant.  
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2.0 Feedstock 
The generation of refined renewable fuels is a two-stage process; the conversion of wastes into 

renewable crude and the refinement of renewable crude into refined renewable fuels. The 

renewable fuel pilot plant technically only needs to focus on the renewable crude, but the crudes 

generated are highly variable. It is therefore important to understand the characteristics of 

feedstock from the waste source to be able to design for the variability required. 

The production of Renewable Diesel is dependent on Renewable feedstock.  Testing at the Northern 

Oil Advanced Biofuels Laboratory testing concluded that there are three major types of Renewable 

feedstocks, all of which make a different crude: 

1. Post-consumer and other waste oil  

a. Light waste oils 

b. Heavy waste oils (greases and tars) 

2. Post-consumer waste solids 

a. Pure stream (plastics, tyres etc.) 

b. Mixed stream (Municipal Solid Waste [MSW]11, Commercial and Industrial Waste 

[C&I]12) 

3. Biological wastes  

a. Agricultural/Forestry (sugarcane tops and trash, forestry waste etc.) 

b. Human (sewage) 

c.  

Three different types of crude are generated from these feedstocks: 

LGO – Light Gas Oil, distilled out of light waste oils. Mainly paraffininc and simple olefinc molecules. 

Moderate hetero-atom contamination, most notably sulphur with some nitrogen. No oxygen 

contamination. Shares a similar boiling point to diesel. 

CGO – Cracked Gas Oil, made from the cracking of heavy waste oils and solid waste oil (such as 

synthetic rubber and plastic). High in olefins due to the pyrolysis process. Generally high in aromatics 

due to both the pyrolysis process and the type of feedstock (i.e rubber and certain plastics are very 

high in aromatics). Generally high in sulphur but dependent on initial feedstock, most rubbers and 

heavy waste oils are high in sulfur, some plastics are sulfurised. Some plastics contain chlorine and 

other halogens that will appear in the CGO product. 

 BGO – Biological Gas Oil, made from biological wastes and mixed stream waste. Although mixed 

stream contains plastics and other non-biological sources the high biological content (>60%) means 

that the resultant oil should be treated as a biological oil. Biological oils will tend to be highly olefinic 

and aromatic. They contain high hetero-atom contamination, mainly as nitrogen and little sulfur. 

Biological oils are highly contaminated with oxygen. Biological oils are generally high in sugars or 

sugar like molecules. 

Table 6 gives a high-level overview of each of the types of crude, their relationship to each other and 

to renewable diesel. 

                                                
11 Mixed waste that would be found from a residential property  
12 Mixed waste sourced from commercial and industrial activities including 15 broad industry sectors (e.g 
manufacturing, food and accommodation, retail, transport, administrative services etc.) A study into 
commercial & industrial (C&I) waste and recycling in Australia by industry division, Prepared for Department of 
Sustainability, water, population and communities, Encycle Consulting, 2013 
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Table 6 - Major contaminants in various renewable gas oils 

 Nitrogen and Sulphur Olefin  Oxygen 

BGO High High High 

CGO High High Low 

LGO High Low Low 

Renewable Diesel Ultra-Low Low Low 

 

At a detail level the following tests are important for determining the quality of the crude is given in 

Table 7. 

Table 7 - Testing required for renewable crude feedstock 

Planned Testing  Method  

Carbon content  ASTM D5291  

Hydrogen content  ASTM D5291  

Nitrogen content  ASTM D5291  

Sulphur content  ASTM D5291  

Oxygen content  Deduction  

Boiling point distribution ASTM D2887 and ASTM D86  

Trace metals  ASTM D7111  

Water content  ASTM D95  

Density  ASTM D4052  

Viscosity  ASTM D4402 or D445  

Ash  ASTM D482  

Particulates/Solids  ASTM D7579  

Heat of Combustion  ASTM D4809  

Flash point  ASTM D3828  

Total Acid Number (TAN)  ASTM D664  

Aromatic Content  ASTM D2425  

Functional Group Typing  ASTM D2425  

 

Each of the variables of the biocrude will be assessed for suitability as a precursor to biofuel 

manufacture. The predominant importance is the potential for a diesel fuel equivalent material with 

the additional requirement for consistent product control.  
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Carbon/hydrogen content along with the boiling point distribution will be used to assess the fuel 

potential of the biocrude. The boiling point range should lie in the kerosene/diesel fuel range with a 

BP of at least 125oC. This equates to a minimum carbon chain of 8 hydrocarbons. Shorter chain 

hydrocarbons are likely to be lost during fuel upgrading processes or report to a very light fuel 

fraction (petrol). Reformation processes to reform or use the petrol fraction are beyond the scope of 

this project and thus the biocrude must contain a significant proportion of longer chain 

hydrocarbons. Longer chain hydrocarbons are likely to crack or shorten with the removal of 

impurities during hydroprocessing and therefore the BP is only an indirect indication of the final fuel 

fractions.  

For the assessment of the supplier requirements the bulk of the biocrude material (70%) should lie 

in the 150oC boiling point range with minimal nonhydrocarbon species present.  

Hydrogen/Carbon ratio is an important indication of the energy content of the fuel. The more 

hydrogen per carbon the lower the oxidation state of the carbon and the more energy that will be 

released upon oxidation (combustion). Carbon content of around 50% is considered a minimum for 

the assumption of sufficient initial hydrocarbon fuel availability.  

Nitrogen, sulphur and oxygen are the primary hydrocarbon impurities. Their presence has significant 

impacts on fuel quality and their removal is crucial for fuel production. Low levels are preferred but 

high levels of all three are expected in biocrude. There are no currently set limits on the N, O, or S 

requirements beyond the limiting factor of carbon and hydrogen content.  

Metals may be present from many different sources and in most cases will be of concern for 

catalytic treatment processes. Consistent low levels of contaminates may be addressed with suitable 

de-poisoning stages but highly variable levels of metals present would be of major concern.  

Water will be likely present as a by-product of manufacture and will also be formed as a result of 

hydroprocessing Preferably water content will be low and levels greater than 20% are generally not 

acceptable.  

Density and viscosity will be used largely as a means to assess the broad changes in the biocrude. 

These are influenced by structural (e.g. paraffinic and aromatic groups) and functional groups (e.g. 

alcohols, esters etc.) present along with the effects of other impurities present (e.g. water). Ideally 

these should remain fairly stable and indicate if there are any fluctuations in manufacture or 

changes in bio-feed.  

Ash and particulates are an indication of contaminates, sediment and unprocessable material. High 

levels suggest either high metals content (ash) of the biocrude or poor manufacturing processes 

(particulates). Low levels are preferred as this material will report to a waste stream.  

Heat of combustion measures the total amount of heat that can be produced by the combustion of 

the biocrude. High values are preferred (>45MJ/kg) as would be expected in predominantly fully 

saturated hydrocarbons but the high levels of oxygen and other impurities present in biocrudes will 

often lead to poor calorific values (<30MJ/kg). Heat of combustion will be used as an indication of 

biocrude variability and an indirect measure of the impurities present in the biocrude.  

Flash point is an important characteristic for biocrude transport. Low flash is an indication of highly 

volatile components not suitable for diesel fuel.  

All three of these feedstock types and each of the above parameters must be accounted for in 

refinery design.  
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3.0 Products 
 
A refinery, when first commissioned, is designed for a limited suite of products. These products are 

the base commodities required for the region that the refinery is supplying, and based on the crude 

that is available. As the refinery comes into its midlife, when technical complications and bottlenecks 

have been resolved, the refinery will generally invest in new technology to develop new product 

streams. Those streams are generally the by-products that were once considered waste, or minor 

products, that can be upgraded and sold to the market. This model has proved successful for crude 

refineries around the world; the model is also not unusual for other industries.  

Minimum viable product (MVP) is a key concept in innovation technology development. In an MVP 

system, the company concentrates effort into making a single product that is saleable to the market, 

knowing that if they make money from this product they can entrench the company and start 

research into leveraging their technology into other opportunities. It is a necessity of this model that 

the MVP generates a positive cash flow. The MVP model allows the company to establish in the 

industry quickly, and then cement its position further by increasing its product suite.  

Renewable fuels are the confluence of these two ideas. Renewable fuels are a new industry, with all 

the pitfalls of innovation. Research needs are high and commercial outcomes still in development. At 

the same time this industry will be working alongside an already entrenched industry who have over 

a hundred years of experience and clearly defined products and markets.  

The two models can come together to help to determine for renewable fuels what is a primary 

product and what is a by-product or waste. Based on the MVP model of finding a single low cost, 

high penetration product; it is reasonable to say that a renewable refinery would first need to make 

one, simple, high volume product that is consumed by a single, large market with minimum barriers 

to entry. Based on a standard suite from a refinery the product would include, Petrol, Aviation fuels, 

Diesel, Lubricants, Residues and Chemicals; Table 8 demonstrates this idea. 

Table 8 - MVP decision model for key refinery product 

 
Price has been deliberately excluded from this table. As above the MVP must produce a positive 

cash flow for the company; it is not a requirement for this model that large amounts of money be 

made in the early term, nor does this model preclude the production of higher value products soon 

after commissioning. The only requirement is that positive cash flow is available early to allow for 

the company to become established, grow and then develop those new product streams. So, if the 

MVP produces revenue higher than operating costs and capital repayments it is an acceptable MVP.  

Southern Oil has undertaken initial valuation of products from renewable crude, and the refined 

products of renewable crude. The refined products were found to exist across the virgin products 

boiling range, with a much higher proportion at the lighter end of the spectrum, with little lubricants 

and residues. The biocrude was found to contain highly oxygenated versions of standard refinery 
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products, and multiple specialty chemicals; two chemicals in large proportions were acetic acid and 

furfural.  

Another important fact to consider when reviewing the by-products and wastes is not just the 

molecules themselves, but the atomic carbon and hydrogen that make up those molecules. This is a 

particularly important consideration for Renewable Fuel refining. Hydrogen is major cost in oil 

refining; this is particularly true for Renewable Fuel refining, which requires 3 times more hydrogen.  

Southern Oil has completed economic modelling based on whole of value chain, and refinery design. 

This modelling has shown that renewable diesel has the most positive initial cash flow.  

This information, modelling and analysis can then be used to define the following for a nascent 

renewable fuel industry:  

Product: Renewable Diesel  

By-Products: Renewable Heavy Fuel/Residue, Lubricants, Jet Fuel, Petrol, Refinery Gas, Acetic Acid, 

Furfural, Hydrogen  

Waste: All other outputs  

It is reasonable to assume that as the nascent process moves to a mature industry that at least some 

of the by-products will become products, as the process will move from positive cash flow to 

profitable. 

The target specifications for the final product are a merging of: 

• No. 2 Diesel S500 (ASTM D975-15c), 

• No. 2 Diesel S15 (ASTM D975-15c) and, 

• F-76 (MIL-DTL-16884N) 

The more stringent of each specification is used as the target specifications as outlined in Table 9: 

Table 9 - Specification for Diesel 

Specification Unit Min/Max No.2 Diesel 
S15/S500  

ASTM D975-
15c 

F-76 
MIL-DTL-
16884N 

Aus. Nt. 
Standard 
for Auto 

Diesel 

Target 
Specs 

Appearance - -  C&B  C&B 

Colour - max  3 2 <2 

Density kg/m3 min  0.8 0.820 0.820 

 kg/m3 max  0.876 0.850 0.850 

Distillation 10% oC -  Report  Report 

Distillation 50% oC -  Report  Report 

Distillation 90% oC min 282   282 
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 oC max 338 357  338 

Distillation 95% oC max   360 360 

Distillation FBP oC max  385  385 

Distillation Res.+Loss vol% max  3  3 

Flash Point oC min 52 60 61.5 61.5 

Particulates mg/l max  10  1.0 

Pour Point oC max  -6  -6 

Cloud Point oC max * -1  -1* 

Viscosity (at 40oC) cSt min 1.9 1.7 2.0 2.0 

 cSt max 4.1 4.3 4.5 4.1 

Acid No. mg KOH/g max  0.3  0.3 

Ash m% max 0.01 0.005 0.01 0.005 

Aromatic Content m% min  8.1  8.1 

 vol% max 35   35 

Carbon Residue m% max 0.35 0.14 0.2 0.14 

Copper Strip - max 3 1 1 1 

Hydrogen Content m% min  12.5  12.5 

Cetane Index - min 40 43 46 46 

Cetane No. - min 40 42  42 

Storage Stability mg/100mL max  1.5 2.5 1.5 

Sulphur Content ppm max 15/500 15 10 10 

Calcium ppm max  1  1 

Lead ppm max  0.5  0.5 

Sodium + Potassium ppm max  1  1 

Vanadium ppm max  0.5  0.5 

Lubricity (HFRR) µm max 520 460 460 460 

Water ppm max 500   500 

Conductivity pS/m min 25  50 50 

LT Flow Test oC max *   * 
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Cold Filter PP oC max *   * 

Demulsification mins max  10  10 

 

* Low temperature requirements for road diesel are defined by Australian Standard AS 3570-1998. 

Cloud point ranges from -3oC to 15oC depending on region and month. CFPP is typically 2oC below 

the cloud point. 

Appearance is a simple test acting as a proxy for detecting a wide variety of contaminates; notably 

water and particulates. These will cause haziness or settle out as free water or sediment, are readily 

detected and indicate an issue with manufacturing or storage. Expected levels are always “Clear and 

Bright”. 

Determination of the colour is used mainly for manufacturing control purposes and is an important 

quality characteristic since it is readily observed by the user of the product. This serves as an 

indication of the degree of refinement of the fuel as nitrogen, oxygen and sulphur compounds cause 

darkening (or yellowing) of fuel. No colour is defined for No.2 Diesel but the expected colour would 

fall around 0.5 on the ASTM colour scale, significantly lower than allowed by F76 standards. 

The presence of water can lead to issues of corrosion, blockages, lower calorific, poor engine burn 

and lowering of fuel quality. The presence of water is primarily attributed to poor handling and 

storage as trace water can be readily controlled during manufacture. No.2 Diesel allows for up to 

500ppm water but levels should be notably lower at time of manufacture (<100ppm) to allow for 

hydroscopic increase during storage and transport. 

Particulate is a measure of the microscopic particles present in the fuel which may cause filter 

plugging of the engine. No requirement has been stipulated by diesel standards, beyond the 

appearance of the fuel, the cleanliness of the fuel is an important part of manufacturing quality 

control. 10mg/L has been stipulated by military diesel fuel specifications as a limit which gives 

satisfactory performance in a vehicle. 

Density is a fundamental physical property governed by many factors such as hydrocarbon size 

(longer chains increase the density of the fuel), structure (paraffinic < naphthenic < aromatic), 

functional groups (polar functional groups typically increase density), and impurities (oxygen, 

nitrogen and sulphur will give a higher density). No strict requirement is defined for No.2 Diesel as, 

assuming the other quality control tests pass (such as distillation range, cloud point and Cetane 

number), then the density will be within an acceptable range. Accurate determination is important 

for logistical requirements and therefore important for F76 grade fuels where volumes are critical. 

Typical densities for diesel vary in the range of 0.8-0.85kg/m3 (at 15oC). 

The distillation characteristics of a diesel fuel exert significant influence on the combustion 

characteristics and performance of the fuel and distillation control is of primary importance to the 

manufacture of diesel fuels. In general the distillation range should be as narrow as possible without 

impacting on the combustion characteristics of the fuel. The 10% point is an indication of the fuels 

initial ignition with too high a value causing poor starting. An excessive boiling range from 10 to 50 % 

evaporated leads to increased warm-up times. A 50% point around 230-280oC is desirable to 

minimize smoke and odour whilst not being too low as to impact upon viscosity or heat content. Low 

90% and end points tend to ensure low carbon residues and minimise crankcase dilution. The 

allowed boiling point temperature is generally in the range of 150-385oC with an expected range 

closer to 175-340oC for No.2 Diesel.  
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Flash point is specified for safety during the transport, storage and handling of the diesel fuel. Owing 

to diesels distillation characteristics it should not contain any highly volatile or flashable constituents 

which would result in dropping the flash point below 60oC. 

Cloud point is the point at which wax crystals begin to precipitate. Pour point the lowest 

temperature at which the fuel will flow under specified conditions. Usually the pour point is 

approximately 3-10oC lower than the cloud point of the fuel and indicates the point at which the fuel 

will struggle to be pumped by most engine systems. Cloud point ranges from -3oC to 15oC depending 

on region and month and is defined by the Australian Standard AS 3570-1998. Wax precipitation and 

the cloud point is a notable issue with fuels and although not a guarantee that the fuel will cause 

issues it can lead to blocked filters and restricted fuel lines. Wax precipitation is almost directly 

related to the amount of paraffin wax present in the fuel and thus the concentration of straight 

chain saturated hydrocarbons must be controlled in order to ensure the cloud point falls within 

allowable ranges.  

Cloud point and pour point are an indication of the presence of paraffin waxes and the potential for 

low temperature issues but not a direct indication of actual performance problems. The tendency of 

the fuel to block/restrict fuel systems is dependent on the size and shape of the wax crystals along 

with the individual fuel systems design. Low temperature and cold filter plugging are dynamic tests 

which assess the fuels tendency to block and therefore the temperature at which the fuel will give a 

trouble-free flow. As before this is almost directly related to the amount of saturated straight chain 

hydrocarbons present within the fuel. 

Viscosity is an important characteristic for engine design, defining the injection system and fuel 

nozzle so as to ensure that the fuel is properly atomised and distributed during combustion. Lower 

limits are set to prevent leakage and to ensure suitable lubrication whilst upper limits are set to 

ensure good atomisation and high-spray jet penetration. The viscosity is physical property defined 

by the shape of the molecules, the intermolecular forces between the molecules and the ambient 

conditions (such as temperature and pressure). In the case of pure hydrocarbons the longer the 

chain and the more branches or rings present will result in a more viscous fuel. Additionally, 

functional groups (such as alcohols) and additives packages can have a significant effect on the final 

viscosity.  

Lubricity is almost directly related to the fuels viscosity and sufficiently available metal surface active 

components. Fuels with low viscosities tend to wash away from surfaces too readily leading to 

increased wear while insufficient surface-active compounds, which form a protective layer on metal 

surfaces, also leads to excessive wear of moving parts. Lubricity can be an issue with severely 

processed (low aromatic/low sulphur) fuels but can be controlled by suitable additives assuming 

sufficient viscosity. 

Acid number is a measure of the total acidity of the fuel and indicates its tendency to corrode 

metals that it may contact. This is a measure of the total amount of acid present and not their 

strength. Feedstocks sourced from bio-crudes are typically very high in acetic and similar acidic 

compounds which are not strong acids. Insufficient processing may result in a relatively high acid 

number which may also impact upon storage stability. 

Ash is present either as solid particles or as oil soluble metallic compounds. The composition of the 

ash has a considerable effect on whether the ash is detrimental or not, as corrosive species such as 

sodium, potassium, lead and vanadium are of particular concern along with calcium as it may form a 

hard-bonded deposit. In addition ash may act as an abrasive and increase wear on engine parts.  
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Negligible amounts of ash should be present after fuel manufacture and ash is primarily a concern 

for post-production contamination during transport and handling. 

As above these metals may form highly corrosive (such as vanadium pentoxide) or hard-bonding 

deposits during combustion. Typically these are more of an issue for heavier grades of fuel oil 

suitable for gas turbine engines, and so do not form part of the standard testing requirements for 

No.2 diesel.  

Aromatics perform a critical function in regulating the combustion of diesel fuel while at the same 

time have a negative effect on the combustion exhaust emissions. High levels of aromatics can lead 

to a poor ignition quality, increased smoke emissions, and adverse health effects. Too low can lead 

to issues with elastomers and seals, and high Cetane numbers which can have an adverse effect on 

fuel economy and combustion characteristics. Overall aromatic content is defined by feedstock as 

aromatics are not readily formed or destroyed without harsh and costly processing procedures. 

Diesel fuel is typically restricted to a maximum of 35% by volume with no restriction on minimum 

but any diesel fuel with a zero aromatic content may lead to unfavourable combustion 

characteristics and be unsuitable as a diesel fuel replacement.  F-76 requires a minimum of 8% by 

volume and will be defined as a recommended minimum. 

Cetane index is a derived number generated from the boiling points distribution of the fuel and as 

such is highly dependent on being sourced from a virgin crude oil feedstock in order to be valid. 

Cetane number is a complex interplay of the combustion characteristics of a fuel and is determined 

using the fuels combustion in a specified single cylinder engine against a known mixture of n-

hexadecane and heptamethylnonane. Straight chain hydrocarbons react readily under compression 

whilst branched chains and aromatics have increasing slower reaction times. High Cetane fuels 

generally have better combustion characteristics leading to increased engine efficiency, power 

output, low temperature ignition properties, reduced exhaust smoke and reduced emission odour. 

Diesel engines are designed with expected fuel Cetane values and as such although no maximum 

value is set on the Cetane rating any major deviation from typical diesel values (40-60) may lead to 

performance issues. Cetane number is, assuming little to no adulteration and/or minimal impurities, 

ultimately determined by the types (paraffin, branched, aromatic) of hydrocarbon present and their 

relative proportions at each boiling point range.   

Carbon residue is a measure of the carbonaceous material left behind after all the volatile 

components are vaporised in the absence of air and correlates with the deposits formed in the 

combustion chamber of an engine. Ash forming constituents will have an influence on the final result 

along with longer chain high boiling point components which are more likely to form coke. 

Copper strip test is a measure of the corrosive sulphur species present within the fuel. This is a 

measure of the corrosive nature of the unburnt fuel and potential effects it may have on fuel 

injection systems, and storage and transport. As sulphur levels are required to be at levels below 

15ppm the amount of active sulphur species present should readily fall within acceptable levels. 

Sulphur can cause many issues with engine wear, corrosion, engine deposits, particulate emissions, 

health effects and environmental emissions. As such the allowable amount of sulphur within diesel 

fuel is tightly regulated. The higher grades of fuel require sulphur levels to be below 15ppm which 

requires tight quality controls and extensive desulphurisation.  

Hydrogen content may be used as an indicator of many properties of the fuel but is here used as an 

indicator of the calorific value and a limit to the aromatic and non-saturated hydrocarbon content of 

the fuel. Using the sulphur, density and hydrogen content this translates into a minimum calorific 
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value of 42.5MJ/kg which should be readily achievable for any grade of diesel fuel. High levels of 

aromatic or other non-saturated hydrocarbons may lead to low hydrogen content values. 

The storage stability of a fuel is significantly affected by the hydrocarbon composition, the 

unsaturation of the hydrocarbons, the presence of peroxides, reactive sulphur species, nitrogen 

compounds (such as pyrroles), and/or any other readily oxidisable compounds.  Fuels need to be 

able to be stored for extended periods without significant darkening, change or breakdown to form 

gums and insoluble sediments.  

Fuel incompatibility may also serve to form gums and sediment as two separately produced fuels, 

when mixed, may readily form insoluble deposition. Most testing for storage stability takes the form 

of testing in a thermally accelerated and oxygenated environment, which does not completely 

correlate with actual storage but serves as an accepted predictor for long term storage stability. 

Stability, therefore, sets an additional limit on the amount of impurities (in particular N, O, and S) 

allowable within the fuel. 

Refined hydrocarbons are generally very poor conductors. When fuels are moved through 

distribution systems such as pipelines, they can build up a static charge. In order to safely pump and 

move fuels from place to place, a minimum conductivity is required to help dissipate the static 

charge build-up. This is often regulated by the addition of conductivity improvers such as in the case 

of low sulphur diesel where sulphur would normally act as the static charge dissipater.  

Demulsification is a measure of the fuels ability to separate from water. This is primarily of concern 

to F-76 manufacture as it relates to the importance of fuel storage and use in areas subject to water 

contamination. Poor demulsification can lead to increased water entrainment and may cause icing in 

the lines clogging parts of the fuel delivery system. Certain polar compounds can have a significant 

effect on the emulsification of water in oil and in regards to fuels manufactured from used oil and 

similar backgrounds this is of concern as trace amounts of additives and emulsifiers present in the 

original oil may report to final fuel product. Demulsification may also be influenced by additive 

packages added to regulate other properties of the fuel. 

       

Primary factors defining fuel properties: 

• Hydrocarbon chain lengths (volatility and boiling point distribution) 

• Hydrocarbon structural types (paraffins, iso-paraffins, naphthenes, aromatics, olefins, etc.) 

• Hydrocarbon functional groups (alcohols, esters, ethers, carbonyls, etc.) 

• Elemental contamination (nitrogen, oxygen, sulphur, metals, etc.) 

• Macro contamination (water, particulates, etc.) 

Primary controls regulating fuel production: 

• Feedstock 

• Thermal separation (e.g. distillation, steam stripping, rectifying) 

• Chemical reaction (e.g. hydrotreatment, cracking, isomerisation) 
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• Finishing (e.g. drying, filtration) 

 

Key processing considerations: 

• Appearance is primarily influenced by finishing processes to remove water and particulates. 

• Colour is primarily influenced by removal (e.g. hydrotreatment) of nitrogen, oxygen and 

sulphur species. 

• Water is primarily influenced by finishing processes to remove water. 

• Particulates are primarily influenced by finishing processes to filter particulates. 

• Density is influenced by many factors (chain length, structural groups, functional groups, and 

impurities) and mostly controlled by feedstock, distillation and hydrotreatment.    

• Distillation Range is controlled by distillation assuming suitable feedstock. 

• Flash Point is controlled by distillation and flash removal of very volatile components. 

• Pour Point/Cloud Point/ Low temp flow test/Cold filter plugging point are primarily 

influenced by the presence of saturated straight chain hydrocarbons. Regulated by 

feedstock and hydrotreatment. May be improved by additive packages or hydro-

isomerisation. 

• Viscosity and Lubricity are primarily influenced by distillation and hydrotreatment. May be 

improved with additive packages. 

• Acid No is primarily controlled during hydrotreatment to remove oxygenated species. 

• Ash and Metals (Ca, V, Pb, Na, K)  are controlled by removal of metal compounds 

(hydrotreatment and distillation) and filtration to remove particulates. 

• Aromatic content is primarily defined by feedstock and hydrotreating rate. May be formed 

or cracked via costly processing techniques. 

• Carbon residue is primarily controlled by distillation to ensure removal on non-volatile 

and/or heavier components. 

• Copper strip/Sulphur is primarily controlled by desulphurisation. 

• Hydrogen content is primarily controlled by saturation of hydrocarbons. High levels of 

aromatics and other non-saturated hydrocarbons may lead to lowered hydrogen content.  

• Cetane No/Cetane Index is primarily defined by the feedstock assuming minimal 

contaminates remain in the final product. Cetane number is, assuming little to no 

adulteration and/or minimal impurities, ultimately determined by the types (paraffin, 

branched, aromatic) of hydrocarbon present and their relative proportions at each boiling 

point range.   

• Storage stability is primarily controlled through the removal of nitrogen, oxygen, and sulphur 

compounds along with the saturation of reactive species such as olefins. 
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• Conductivity is primarily controlled with anti-static additives. Conductivities that are too high 

tend to indicate water or other polar contamination or overdosing. 

• Demulsification is primarily controlled by hydrotreatment and similar processes to remove 

of polar compounds.  

From the above it can be readily observed that the many of the specifications can be controlled by 

process controls and only a few are critically dependent upon the feedstock. Assuming a broad 

mixture of hydrocarbons are present within the feedstock such that the fuel does not consist of only 

a few particular hydrocarbon compounds then the following observations can be made: 

• Appearance, water, and particulates are a function of post-production finishing processes to dry 

and filter the product 

• Flash point, Lubricity, Viscosity, Carbon residue and Distillation ranges are primarily a function of 

the distillation controls to ensure the product falls within range  

• Copper strip, Sulphur, Conductivity, Demulsification, Acid number, Ash, Colour, Metals, and 

Storage stability are primarily a function of the process controls to remove elemental 

contamination and their respective functional groups 

• Density is a function of many of the process controls and should always fall within range 

assuming all other process controls are correct (Primarily: distillation range; reduction of 

elemental contamination and polar compounds; and sufficient saturation of the hydrocarbons).   

• Pour point, Cloud point, Low temperature flow, and Cold filter plugging point are a function of 

the presence of long straight chain waxes and hydrocarbon saturation. These may be addressed 

with dewaxing processes but are preferred to be controlled at a feedstock level 

• Hydrogen content and Aromatic content are primarily a function of the feedstock. These may be 

addressed by saturation of the hydrocarbons but, as with the cold temperature properties, are 

preferred to be addressed at a feedstock level 

• Cetane number/Index is a function of the combustion properties of the fuel and much like 

density is dependent on all the other processes controls being correct. Assuming a  broad range 

of hydrocarbon species are present then the Cetane number will be regulated by the boiling 

point distribution, their type (paraffin, branched, aromatic) and elemental contaminates 

(primarily N,O,S) 

The outcome is that the feedstock blend must consist of the following qualities: 

• A broad mixture of hydrocarbons present such that the processed product does not consist 

of only a few hydrocarbon species 

• Boiling points such that the processed product falls within the ranges of 150-385oC with an 

preferred range closer to 175-340oC 

• Presence of some level of aromatic hydrocarbons such that the amount does not exceed 

35% in the processed product 



 

25 | Page 

• Long chain paraffin waxes are not present in the processed product such that the cloud 

point is no greater than 15oC (preferably significantly lower) 

• Trace metals and elemental contaminates are identified such that suitable process controls 

can be implemented for their removal/reduction 

Chemical properties 

• Hydrocarbon number 

• Hydrocarbon distribution 

• Hydrocarbon types 

• Trace materials 

Bulk physical properties 

• Boiling point distribution 

• Vapour/liquid ratio 

• Thermal stability breakpoint 

• Lubricity 

• Response to lubricity improver 

• Viscosity Vs Temperature 

• Specific heat Vs Temperature 

• Density Vs Temperature 

• Surface tension Vs Temperature 

• Bulk Modulus Vs Temperature 

• Thermal Conductivity Vs temperature 

• Water Solubility Vs Temperature 

• Solubility of Air (O2/N2) 

• Flash point 

• Freezing point 

Electrical properties 

• Dielectric constant Vs Density 

• Electrical Conductivity 
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• Response to Static Dissipater 

Handling/safety properties 

• Effect on clay filtration 

• Filtration 

• Storage stability 

• Toxicity 

• Flammability limits 

• Auto-ignition temperature 

• Hot surface Ignition Temperature 

Compatibility 

• With other Approved additives 

• With other Approved fuels 

• With engine and airframe seals, coatings and metallics 
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4.0 Refining 
Work done in the Northern Oil Advanced Biofuels Laboratory has proven that refining of renewable 

feedstock and crudes is technically possible.  Successful refining requires three stages: 

1. Fractionation 

2. Hydrotreatment 

3. Purification 

Crudes produced from different feedstocks react differently in the refining process.   

Fractionation is the separation of mixed oils into various boiling point cuts using temperature to 

drive boiling and vapour-liquid-equilibrium in a column.  

• Post-consumer and other waste oil feedstocks, that were already in a crude form was found 

to present no major issues. The fractionated distillate is Light Gas Oil (LGO).  

• Fractionation of Renewable Cracked Crude Oil presented minor issue in fractionation, mainly 

due to re-polymerisation (because of its highly olefinic nature) generating solids and slurries. 

It was found that the processing of this oil as close to time of manufacture as possible was 

preferable.  The fractionated distillate is Cracked Gas Oil (CGO).  

• The fractionation of Renewable Biological Crude Oil presented a greater challenge.  At 

temperatures above 160oC sugars in the crude started to caramelise leading to the 

generation of toffee in the reboiler.  It was found that if the fractionation is run under 

vacuum (thereby lowering the fractionation temperature) the crude could be fractionated.  

The distillate from this product is biological gas oil (BGO).  

Hydrotreatment is the chemical removal of unwanted atoms and molecular structure using 

hydrogen under pressure and temperature over a catalyst.  

• Hydrotreatment of LGO was found to present no major challenges.  It required a 

demetalisation reaction to remove poisoning metals and a desulfurisation catalyst for the 

removal of sulfur.  

• CGO was found to be slightly more difficult, requiring the addition of a deolefinating reactor 

to remove olefins.  

• BGO’s were found to be the most challenging to refine, as the also required deoxygenation 

to remove oxygen. Though this was found to be feasible. 

The order of difficulty of hydrotreatment is (most to least difficult); BGO → CGO → LGO as 

illustrated in Table 10, that shows the speciation effects of fuel contaminants. 

Table 10 - Order of difficulty for Gas oil Hydrotreatment 

 Nitrogen and Sulphur Olefin  Oxygen 

BGO High High High 

CGO High High Low 

LGO High Low Low 

Renewable Diesel Ultra-Low Low Low 



 

28 | Page 

Interestingly, this order replicates the chemical order of ease of refining.  With oxygen being the 

easiest to remove, followed by high olefin, and finally achieving ultra-low sulphurs and nitrogens.  It 

is therefore reasoned that a BGO post deoxygenation can be, for all intents and purposes, treated as 

a CGO and so on. 

The purification of the three types of oil was found to not vary much after hydrotreatment.  All oils 

required a post hydrotreatment water wash, steam stripping and refractionation.  These were found 

to be in line with fossil fuel industry standard practice. 

The results from this testing was utilised by the SOR design team.   

A refinery has been designed, based on data from the Northern Oil Advanced Biofuels Laboratory. 

The refinery uses multiple catalyst beds to hydrotreat; metal contamination, 

oxygen/sulphur/nitrogen contamination and olefin/aromatics. The initial feedstock to the refinery is 

cut in such a way that the final product will sit within the diesel range.  

As the project progresses upgrades will need to be made to the refinery to deal with more variability 

in the renewable crude. This will include such processes as a fractionator at the beginning of the 

process for the distillation of the received crude, and distillation at the end of the process to correct 

any boiling point deviation due to the hydrotreatment process. 

Important design points for these units are understood due to work at the Northern Oil Advanced 

Biofuels laboratory. This includes: 

• for high sugar feeds (feeds from farm waste) the reboiling of the raw crude cannot be taken 

above the caramelisation temperature of sugar.   

• To handle variability in feed and allow for buffering of contaminants a large recirc should be 

put from the clean side back to feed 

• Due to the propensity for coking from unstable feeds the heat flux of all heaters should be 

low 

 
Raw feed oil is received from a storage tank (outside the current battery limits) from where it enters 

the Feed Surge Drum (VE-007), and is pumped by the HP Feed Pumps (PU-001 A/B) to the inlet of 

the Raw Oil Feed Heater (HX-001). If required, this stream may be combined with a liquid oil recycle 

which originates in the HP Separator (VE-003). After being heated, the stream is then combined with 

hydrogen rich treat gas before entering the top of one of four Guard Beds (VE-001 A/B/C/D), any 

two of which are arranged in a lead / lag configuration. The purpose of the guard beds are to remove 

various contaminants (including Si, As, Na, P, etc.), contained in the oil, and detrimental to 

downstream operation. 

After contaminant removal, the guard bed effluent may be cooled in the DOS Reactor Feed Cooler 

(HX- 002), and then combined with a liquid oil recycle (which has been heated in the Recycle Oil 

Heater (HX- 003)), and treat gas and sent to the DOS Hydrotreating Reactors (RE-001-1/2). These are 

predominantly aimed at the saturation of di-olefins and here (and in subsequent reactors) the 

combined feed travels downwards in a trickle bed flow contacting pattern. The exothermic (heat-

liberated) temperature rise across each catalyst bed is controlled by the total liquid & gas traffic 

through the bed, and a facility is provided through which additional recycle oil and treat gas may be 

added in between the two reactors. 

The Guard Beds and RE-001-1/2 have been designed to operate at a pressure of 20 barg but, since 

RE- 001-1/2 may not be required in the treatment of all of the different oil types, provision is made 
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to bypass of these reactors altogether. After treatment, the mixed stream at the outlet of RE-001-2 

(or the outlet of the Guard Beds when bypassed) enters the MOS Reactor Feed Separator (VE-002), 

where the pressure in the upstream circuit may be maintained through the controlled venting of 

excess treat gas to the fuel gas system. (Note: If hydrogen loss through venting proves to be 

excessive, this stream may be re-compressed and recycled but, aside from the provision of future 

tie-in points, the recompression circuit is outside of the scope of the current design). 

The plant section downstream of VE-002 operates at a pressure of approximately 140 barg, and the 

MOS Reactor Feed Pumps (PU-002 A/B) are therefore used to send the separated oil fraction, 

combined with recycle oil (if required), to the MOS Reactor Feed Heater (HX-004). Once heated, the 

effluent from HX-004 is combined with treat gas and sent the MOS Reactors (RE-002-1/2), the main 

purpose of which is to saturate the remaining olefins present in the feed. Similar to the DOS Reactor 

configuration, both recycle oil and treat gas may be added as quench upstream of RE-002-2 to 

control the temperature rise across the bed. Provision is also made for the bypass of these reactors 

if required. 

The effluent from RE-002-2 is then combined with recycle oil (if required) and treat gas and heated 

in two subsequent heaters (HX-005 (which uses thermal oil as the heating medium) and HX-006 

(which uses electricity)) prior to being sent to the First Stage HDN/HDS/HDO Reactors (RE-003-1/2). 

These reactors are aimed at removing sulfur, nitrogen and oxygen through a series of hydro-

desulfurization (HDS), hydrodenitrogenation (HDN) and hydro-deoxygenation reactions. Similar to 

the upstream reactor configuration, provision is made for the addition of recycle oil and treat gas 

quench, downstream of RE-003-1 to control the reactor temperature profile in RE-003-2. A similar 

configuration also applies to the Second Stage HDN/HDS/HDO reactors (RE-004-1/2) which receives 

a feed comprised of treat gas and the effluent from RE-003-2, combined with recycle oil (if required), 

and heated in HX-007. 

Reactor effluent from RE-004-2 is cooled in the HDN/HDS/HDO effluent cooler (HX-008) and flows to 

the High Pressure Separator (VE-003) where vapour / water / oil separation takes place. The 

hydrogen rich treat gas from VE-003 flows to the Recycle Treat Gas Compressor (CO-001) via the 

Recycle Gas Cooler (HX- 010) and the Recycle Compressor Knockout Drum (VE-004). The treat gas is 

the compressed, heated in the recycle gas heater (HX-011) and mixed with a make-up hydrogen 

stream from the battery limit, prior to being distributed to the reactors. The system pressure is 

maintained through the addition of this make-up hydrogen, and the venting of light ends via a purge 

gas line downstream of VE-004. 

A portion of the oil fraction separated in VE-003 may be sent to the upstream reactors via the 

Recycle Oil Pumps (PU-003 A/B), with remainder passing to the LP separator (VE-005) via the HP 

Separator Product Oil Cooler (HX-009). 

Process wash water received from the battery limit is stored in the Wash Water Drum (VE-006) and 

injected upstream of HX-008, HX-009, and HX-010 to prevent precipitation of ammonia salts 

(ammonium chloride and ammonium bi-sulphide) which may foul, plug or corrode downstream 

equipment. In addition to reaction water, this results in the discharge of sour water streams from 

VE-002, VE-003, VE-004 and VE-005, which are combined, and sent to the battery limit. 

The flash gas from VE-005 is mixed with the purge gas from VE-002 and VE-004 and sent to the plant 

fuel gas system. The Hydrotreated Product Oil from VE-005 is routed to the battery limit via the 

Product Oil Pumps (PU-004 A/B) beyond which it stored and further processed. 
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The flare header will consist of both a low-pressure header and high-pressure header connected to 

the flare knock out pot, VE-008. Flash gases from VE-006 and VE-007 will be sent to the LP flare 

header. Venting of recycle treat gas will be via the HP flare header. The outlet of the flare knock-out 

pot will be routed to the site flare (outside of scope). Any liquids collected in VE-008 will be sent to 

the battery limit for further processing. 

 
Equipment number, equipment name and purpose 

• VE-007 Feed surge drum Enables a steady flow of raw oil feed to the hydrotreater. 

• PU-001 A/B HP feed pumps Increases the pressure of the raw oil to 20 bar(g). 

• HX-001 Raw oil feed heater Increases the temperature of the oil feed to a level required at 

the lead guard bed inlet. 

• VE-001 A/B/C/D Guard beds Removes metals and other impurities detrimental to 

downstream catalyst. 

• HX-002 DOS reactor feed cooler 

• Reduces the guard bed effluent temperature to a level required at the DOS reactor 

• inlet. 

• HX-003 Recycle oil heater Increases the inlet temperature recycle oil. 

• RE-001-1/2 DOS reactor Saturates all di-olefins and some mono-olefins contained in the raw 

oil. 

• VE-002 MOS reactor feed separator 

• Enables operation of the guard beds at a lower pressure than the downstream reactor 

• system. 

• PU-002 A/B MOS reactor feed pump Increases the pressure of the oil to 140 bar(g). 

• HX-004 MOS reactor feed heater Increases the temperature of the oil feed to a level 

required at the MOS reactor inlet. 

• RE-002-1/2 MOS reactors Enables the saturation of all mono-olefins contained in the raw oil 

• HX-005 1st stage HDN/HDS/HDO reactor feed heater 

• Increases the temperature of 1st stage HDN/HDS/HDN feed to a level required at the 

• reactor inlet. 

• HX-006 1st stage HDN/HDS/HDO reactor trim heater 

• Increases the temperature of 1st stage HDN/HDS/HDN feed to a level required at the 

• reactor inlet. 

• RE-003-1/2 1st stage HDN/HDS/HDO reactors Enables the removal of sulfur, nitrogen and 

oxygen contained in the feed. 

• HX-007 2nd stage HDN/HDS/HDO reactor feed heater 
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• Increases the temperature of 2nd stage HDN/HDS/HDN feed to a level required at the 

• reactor inlet. 

• RE-004-1/2 2nd stage HDN/HDS/HDO reactors Enables the removal of sulfur, nitrogen and 

oxygen contained in the feed. 

• HX-008 HDN/HDS/HDO reactor effluent cooler Reduces the temperature of the final reactor 

effluent. 

• VE-003 HP separator 

• Enables the separation of the liquid oil, gas and liquid water fractions downstream of 

• HX-008. 

• PU-003 A/B Recycle oil pump Enables the recycling oil used for process / quenching 

purposes. 

• HX-010 Recycle treat gas cooler Reduces the temperature of the recycle gas. 

• VE-004 Recycle treat gas compressor KO drum 

• Enables the separation of the liquid oil, gas and liquid water fractions downstream of 

• HX-010. 

• CO-001 Recycle treat gas compressor Compresses the recycle gas to a discharge pressure of 

140 bar(g). 

• HX-011 Recycle treat gas heater Increases the temperature of the recycle gas. 

• HX-009 HP separator product oil cooler Reduces the temperature of the oil from the HP 

separator. 

• VE-005 LP separator 

• Enables the separation of the liquid oil, gas and liquid water fractions present in the LP 

• separator inlet. 

• PU-004 A/B Product oil pumps Enables the transport of product oil. 

• VE-006 Wash water drum Enables a steady flow of wash water to users. 

• PU-006 A/B Wash water pumps Increases the pressure of the raw water to 140 bar(g) 

• VE-008 Relief knockout drum 

• Enables the separation of liquid and gas fractions present in the relief knockout drum 

• feed. 

• PU-007 A/B Slop transfer pump Enables the transport of liquid from the relief knockout 

drum to the battery limit. 

The following pages show the PFD’s for the pilot refinery (Figure 5,Figure 6,Figure 7,Figure 8,Figure 

9). PnID’s have not been included in this report as they are confidential IP.  
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Figure 6 - PFD 1 - Pressurisation Heating and Guarding 

 

Figure 7 - PDF 2 – Di- and Mono- olefin Saturation 
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Figure 8 - PDF 3 - Sulphur, Nitrogen and Oxygen Hydrogenation 

 

Figure 9 - PDF 4 – Depressurisation and Separation 
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Figure 10 - Hydrotreater PDF 5 - Tanks 

The 3D model of the plant is shown in Figure 10. 

 

 

Figura 11 - Suggested plant 3D model 
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5.0 Conclusion 
 

When considering the design of a renewable fuels refinery the feedstock to be take in, and product 

generated, set the key design features of the refinery. This refinery is designed to take in Light Gas 

Oil, Cracked Gas Oil and Biological Gas Oil. The product to be generated by the refinery is renewable 

diesel with the specifications as given in the report. 

The transformation of the gas oils to renewable diesel is most heavily dependent on 

hydrotreatment. A hydrotreating pilot plant has been designed for the production of renewable 

fuels. This plant contains several hydrotreament zones, most notably: 

1. Guarding rectors – to deal with metal contamination 

2. DeOxygentation Reactors – For the removal of oxygen 

3. DeNitrogentation Reactors – For the removal of Nitrogen 

4. DeSulfurtation Reactors – For the removal of sulfur 

5. DeOlefintation Reactors – For the removal of olefin 

These reactors are further supported by: 

• A hydrogen supply system 

• An emergency vent system 

• Depressurisation flash vessels 

• A washing system 

• A tank farm 


