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What are Fuels?

• Fuels are stored energy
solid, liquid, or gaseous

• Available when and where we need them
• For transportation, cooking, industry
• For electricity generation - dispatchable
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Presenter
Presentation Notes
Let’s start off with an easy question:
What are fuels?



Materials Imported to Oahu – Million Tons, Annually

Diagram source: Eckelman & Chertow 2009

Presenter
Presentation Notes
This graph compares our imports of fuel to our imports of other materials, including retail merchandise, construction materials, and food.
The orange section at the bottom is fossil fuels, both petroleum and coal: about 9.5 million tons annually.
Food and agricultural imports are about one-tenth the tonnage: 857 thousand tons.



4Adapted from: http://www.eia.doe.gov/

Hawaii’s 2 Refineries Produce:

Presenter
Presentation Notes
Petroleum is refined into the fuels we use for cooking, transportation, industrial processes, and electricity generation.



Liquid Fuel Use in Hawaii
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Presenter
Presentation Notes
These fuels are primarily used for transportation and electricity generation.
About one-third was jet fuel; one-third was for ground and marine transportation; and about one-third was for electricity.

Biofuels could replace some of these liquid fuels. 

The next several slides will provide an introduction to biofuels.



Biofuels for Electricity Generation and Transportation

• Wide range of fuels (e.g. ethanol, diesel, gasoline, jet fuel) may be derived from 
biomass.

 Liquid fuels: transportable from source to the end-user, and from one island to 
another, using conventional distribution systems.

 “Drop-in” biofuels (under development) will be usable in place of fossil-based fuels 
without modification to existing infrastructure.

 The chemical energy stored in biofuels is available on demand; it can stabilize the 
utility grid to enable greater use of variable sources.

• Production requires a healthy agricultural sector.

• Without the ability to grow the feedstock, a bioenergy industry is not 
possible.
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Presenter
Presentation Notes
Production of biofuels will diversify Hawaii’s energy supplies and increase energy and economic security and sustainability.

Wide range of fuels (e.g. ethanol, diesel, gasoline, jet fuel) may be derived from biomass.

Liquid fuels are familiar.

“Drop-in” biofuels will be functionally identical to existing fuels.

The chemical energy stored in biofuels is available on demand.

However, biofuels production will not be possible without a healthy agricultural sector. 




Oil or Fiber may be Converted 
to Drop-in Biofuels
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Presenter
Presentation Notes
Biofuels processed by traditional fractional distillation (not to be confused with biodiesel processed using transesterification) can be sourced from a variety of plant oils (jatropha, camelina, etc.), algae oil, tallow.
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*Some processes give multiple products:  40% jet  /  30% diesel  /  20% gasoline

Co-products from 
biofuel production 

could support 
Hawaii’s 

agricultural sector 

Graphic: HR Biopetroleum

Presenter
Presentation Notes
You need liquid fuels for jets.
Fortunately, there is quite a bit going on internationally, nationally, and here in Hawaii.
Algae is being considered. 
The Defense Advanced Research Projects Agency is funding projects on Kauai.
Phycal is planning to build an algae project on Oahu.
And Cellana already has an algae project on the Big Island.
The military has taken on jet fuel certification.

On the cellulose side, the US Department of Energy, DARPA, the USDA and the Navy are funding several projects. Private sector partners include Tesoro, HC&S, 

Before we leave this slide, I’d like to point out the co-product potential from these projects.
This is extremely important. The co-products help with project economics, and illustrate the synergies that can happen in the agricultural sector. 



Participants in Biofuels Development

 Landowners
 Farmers
 Refiners
 End-users
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 Conversion technology proprietors
 Fuel distributors
 Investors
 Government, Regulators, Researchers

Public and private partnerships to leverage funds and expertise.

Presenter
Presentation Notes
Hawaii’s biofuels industry is in its infancy. Partnering between various processes within the value chain is required.
Feedstock production- growing biomass used as raw material for biofuels production.
Feedstock logistics- Collecting feedstock and delivering to conversion facility.
Conversion- Transformation of the feedstock to gaseous, liquid, or solid fuels.
Distribution- Transfer of fuel from conversion facility to point of retain sale.
End Use- Purchase of biofuel by the consumer.
Illustrates the interdependence and synchronization necessary to develop the industry.



Presenter
Presentation Notes
The Bioenergy Master Plan described the integrated approach that is needed within the sector.
Much of this work is currently underway.
There is significant interest from the end users – the military, through their DARPA projects as well as the USDA/USNavy MOU – and the utility, through its recent Request for Proposals for locally-produced biofuels.



Agricultural Land is Limited

Presenter
Presentation Notes
However, land is limited. Water is also limited in many areas. 

Estimates of “available land" depend on many factors, including how many contiguous acres are needed. Not all "agricultural zoned" land is suitable for agriculture (ridges, gullies, boulders..) 

Various crops need different conditions (soil type, temperature, rainfall/irrigation) for optimal growth. 

Non drought-tolerant plants may not even survive a dry spell in a non-irrigated area.
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Table 9-3.  Hawai’i Agricultural Lands by Island (acres)
Hawaii Maui Molokai Kauai Oahu Lanai Total

Nonprime 
Rainfed Lands

652,836 90,386 38,492 20,468 12,319 6,575 814,501

Prime Irrigated 
Lands

97,679 65,893 11,126 53,020 55,919 16,741 300,378

Total 750,515 156,279 49,618 73,488 68,238 23,316 1,114,879

Table 1-6.  Maximum Theoretical Hawai’i Biofuel Production Potential

Fuel Bio-oil Ethanol Green 
Gasoline

Green 
Diesel

Green Jet 
Fuel

Unit LSFO equiv. 
million gal/yr million gal/yr equivalent million 

gal/yr
equivalent million 

gal/yr
equivalent million 

gal/yr

Energy Crops (fiber) 707 1,202 786 722 751 
Cellulosic Wastes 56 95 62 57 59 
Total 763 1,297 848 779 810 

Hawaii Biofuels Assessment Report, 2009

Theoretical Potential = about 800 million gallons / yr.
Does not include potentially higher yields from algae 

or marginal land acreage.

Presenter
Presentation Notes
There are about 300,000 acres considered  “prime” agricultural land.

If both prime and non-prime lands are used, and you don’t worry too much about costs or investment or how we get from here to there, you come up with a maximum theoretical potential of around 800 million gallons of fuel from cellulosic crops. 

That could be considered the upper bound of a non-algae pathway if the value of fuels goes high enough to justify the costs.

However, that scenario is not representative of today’s costs or land values. So, it’s likely that only the most likely lands will be considered…



Former Plantation Lands Potentially Usable 
for Bioenergy Production (Acres)*
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Public Private Total

Big Island 8,618 27,299 35,917 

Kauai 10,766 22,149 32,915 

Maui 1,109 42,371 43,480 

Molokai - 2,102 2,102

Oahu - 22,259 22,259 

Statewide 20,493 116,180 136,673 

Hawaii Bioenergy Master Plan Project Final Report, 2009

* not including landholdings under 1000 acres where sugarcane, 
seed crops, or coffee are currently being cultivated

Presenter
Presentation Notes
"If former plantation lands are counted, and we do not include landholdings under 1000 acres where sugarcane, seed crops, or coffee are currently being cultivated, it appears that approximately 137,000 acres of former plantation lands could be used for bioenergy crop production.“  Page 147 HBEMP – Ali Fares

For the sake of argument let’s say we have adequate water and let’s assume we have highly productive crops and let’s say we have technologies that can produce about 240 million Btu per acre per year. 







Annual Biofuel Potential from 140,000 acres
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Million gallons used in 2009 1746
Value at $70 per barrel $  2,909,455,025 
Fuel Gallons (petroleum 
equivalent) per acre 300 - 2000

Liquid fuel potential 
from 140000 acres

42 - 280 
million gallons per year

% of 2009 fuel 2% - 16%
Value at $70 per barrel $ 70 - $ 467 million 
Value at $100 per barrel $ 100 - $ 667 million 
Value at $150 per barrel $ 150 - $ 1000 million 



Liquid Fuel Use and Potential Production in Hawaii
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Transportation: Jet fuel

Transportation: Gasoline & Ethanol

Transportation: Diesel & Biodiesel

Electricity: Diesel & Biodiesel

Electricity: Fuel Oil & Naphtha

Presenter
Presentation Notes
The green line shows 14% on this graph.
It may be that is distributed between jet fuel, ground transportation, and electricity production. 
Let’s look at transportation fuels first.



kWh per Acre
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One acre of Bio-oil *
(Via Pyrolysis)

One acre of Wind **

Dry tons/acre/year 20 kW per acre 150 
Gal bio oil per ton 150 Capacity factor 35%
Gal bio oil / acre 2,000 Hours per year 8,760 
Btu/gal bio oil 75,000 

Btu/kWh 10,190 
kWh/acre/year 22,100 kWh/acre/year 459,900 

* Includes storage (liquid fuels are stored energy)
** Does not include storage (kWh as available)

20:1

Presenter
Presentation Notes
Bio-oil is a less refined product than biodiesel or green diesel, and it could be a first step to a large scale commercial fuel production. 
And here, since it seemed incomplete without it, is an estimate of kilowatt hours per acre of wind. 
These are all approximations, of course, and actual projects will have site-specific densities and production amounts.
If you have better numbers, or questions, we welcome them.



Excellent Wind Energy Resources

http://hawaii.gov/dbedt/info/energy/renewable/wind

Presenter
Presentation Notes

We have wind.
Any area colored blue, red, purple, or pink has a good wind resource.



Ted Peck, Energy Program Administrator
Maria Tome, Renewable and Transportation Energy Program Manager

Katherine McKenzie, Renewable Energy Analyst
Meredith Kuba, Ph.D., Fuels Specialist
Cameron Black, Permitting Specialist

Timothy Ming, Energy Planning Analyst
hawaii.gov/dbedt/energy
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