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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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Presentation Notes
Let’s start off with an easy question:
What are fuels?


Materials Imported to Oahu - Million Tons, Annually

Paper: no,000 tons

Chemicals: 145,000 tons

18m tons fertilizers, pesticides, chemical reagants
Lumber: 350,000 tons

1Bmtons = Construction Minerals: 540,000 tons
granite, sand
Food and Agricultural Products: 857,000 tons

14mtons = cereals, dairy, meat, vegetables, processed foods, flowers
Metals: 2.sm tons
beams, pipes, cable, wire, sheet metal

1zmtons =
Finished Products: 2.7m tons
manufactured equipment, commercial products,

1om tons = appliances, housewares, consumables

8mtons =

&m tons
Fossil Fuels: 9.5m tons
coal, crude oil, refined products

4am tons

2mtons =

omtons Diagram source: Eckelman & Chertow 2009
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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.
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Petroleum is refined into the fuels we use for cooking, transportation, industrial processes, and electricity generation.


Liguid Fuel Use Iin Hawall
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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.


B
Biofuels for Electricity Generation and Transportation

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

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

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

v" 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.

e Without the ability to grow the feedstock, a bioenergy industry is not
possible.
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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

Bio-oil from
fiber
Hydrotreating .
= Vegetable Renewable “erfng. | Diesel,
> oillanimal fat ol _gasoline, jet

s =4 { Algal oil
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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.



Co-products from
ELECTRICITY biofuel production
A could support
Hawaii’s
agricultural sector
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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 +» Conversion technology proprietors

*» Farmers ¢ Fuel distributors

*» Refiners * Investors

¢ End-users “» Government, Regulators, Researchers

Public and private partnerships to leverage funds and expertise.
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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.


(" Fuel Distributors

® Blend biomoss-based fuels with petre-
"\ leurn-based fuels.

» Communicote thal fungible biomass-
bosed fusls have the some properfies

counterparts, and can be blended,

equipmant.

Processing Facilities
* Small, distrlbuted locol focilities convert

biodiesel); copreducts (feeds, fertilizers,
eleciicity, ste.]; and/or bicoll for refine-

-
Fuel Users

' ® Ensurs that fuels meet all Fedeml, State,
' industry, and manulocturer specifications.

and handling os their petroleurrbosed

:’ transported, stored, and used in the same

* land and Marine: Use biomoss based husls
olone or in blends with petroleum based fusls,

o Utility: Use biodiesals, biooil, and other
biomassbased fuels os dispoichable power
in support of other renewnble energy sources:
caplure or provide CO; 1o algas producers,

* Aviolion: Complele lesting, demonstration,
and ceriification for use in civilion and military
airciaft.

The Road to

meni at cantral faciliy],
* Centralized Howail tocility converts biooil
1o tefined fuels — biomassbased diesel, jet
lue!, goscline.

sugars, oils, and/or fiber to huels [sthanial,

______ Large Farms

} and morket(s) lor producifs).

duction of intercropping.

Conduct R h & D

trations;
Provide Information & Support

* Crops: Conduct crop Iriols o determine Howaii yislds; hybrids suited to varicus Howali condifions, .2, grasses
|cane, sorghum; cilseeds; irse nuts; clgoe; rees (sucalyplus; ssedless leucaena; fimber); oiher crops, especially
thase with food or leed potential

» Water: Research & demonsirate use of non-potable sources; demonstrate low-oss Irrigation techniques; provide
infarmation to farmers.

* land: Provide soil type, slope, minlall, selor insolation, lemperature, and other relevanl information in GIS fer
mal and downloadable mops; research potentiol use of lava lands.

* Horvesting: Develop ond demonsimie technologies oppropriate for Howaii

* Processing and Fuel Production: Reduce technical risk through privele: and governmentiunded research; develep
coproduct ulilizofion lechnologies and markels

* Information: Establish Howaii bicenergy websile; provide informotion on projects, lunding, incentives.

* Coordingtion: Facilitate introductions ond discussions between investors, project developers, londowners, fund-
Ing ogencies, ressarchers, consultonls, lechnical experts, and public and private organizalions; provide copo-
bility foe public input and community outreach

* Sustainability; Provide scientific data on crop, processing, and resource Ulilization ond best prociices.

. Anu|y5is: Develop ugrlcuhurcubiuenergy dacision model. with current Ugricu|h_|lti| enfities ond various process:
Ingy fercility, bicrelinery, ond byproduct scenarios included.

* Policy: suppor exisling Howaii bicluel ond ogricullural operations.

@
/X Hawl e

* Identity opporiunities lo increase revenues or reduce cosis via
elactricity, feed, tertilizer, by-products, or bicenergy / bicoll
feedstock produciion ond application.

* Parlicipote in crop irials ond coproduct testing when appropriate.

* Evaluote long-term business plans that include production of food,
feed, energy, luels, ond coproducts.

* Determine costeffective scalals| of production.

| * Maniler changes in petioleum supplies and prices, fuel produc

! tion technalogies, crop yields, production ond horvesting costs;

¥ » \When lecsible, obiain financing; develop projectls); modify as
/ necessary io coplure new opportunities:

Seed Farmers / Ranchers / Other Producers

* Work with polential feed producers 1o evaluate and test suifability
of coproducis for local Ivesiock ond eguatic use,

» |dentity oppartunities to increase lond utilization through copro-

Locally
Produced
Food & Fuel

ANRNRNH NN
AXNRNANNNNN NS

Support Agricultural Sector

» land: Protect good agricullurel land and pravide long term
leases ond regsonable leass renfs for formers.

= Waler: Mainiain aging inigation sysiems and plan and de-
velop new syslems. Ensure access to relioble, consistent and
offordable water lor agriculture.

= Energy: Address rising transportafion, fedilizer, huel, electricity,
feed and other input costs through use of local rescurces.

® labor: Develop pragrams fa ensure agricullural lobor availabilk
ity and agricullural worker housing.

» Revanue and finoncing: Increase revenus [eleciricily soles;

value from coproducts); develop long ferm contracts 1o offset

market volatility concerns
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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.


B
Agricultural Land is Limited
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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.





Table 9-3. Hawai’i Agricultural Lands by Island (acres)
Hawaii | Maui |[Molokai| Kauai | Oahu | Lanal Total

Nonprime 652,836| 90,386 | 38,492 | 20,468 | 12,319| 6,575| 814,501
Rainfed Lands

Prime Irrigated| 97,679| 65,893 | 11,126| 53,020 | 55,919 16,741| 300,378
Lands
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

Green Green ‘ Green Jet
Gasoline Diesel Fliel

- Theoretical Potential = about 800 million gallons / yr.
- Does not include potentially higher yields from algae -
- or marginal land acreage.

Total 763 1,297 848 779 810

Fuel ‘ Bio-oll ‘Ethanol

> |

Hawaii Biofuels Assessment Report, 2009
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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)*

Public Private Total
Big Island 8,618 27,299 35,917
Kauali 10,766 22,149 32,915
Maui 1,109 42,371 43,480
Molokali 2,102 2,102
Oahu 22,259 22,259
Statewide 20,493 116,180 136,673

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

Hawaii Bioenergy Master Plan Project Final Report, 2009
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"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

Million gallons used in 2009 1746
Value at $70 per barrel $ 2,909,455,025
i s et
Liquid fuel potential 42 - 280

from 140000 acres 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




Liguid Fuel Use and Potential Production in Hawalil
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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

One acre of Bio-oil *
(Via Pyrolysis)
Dry tons/acre/year 20
Gal bio ail per ton 150
Gal bio oil / acre 2,000
Btu/gal bio ol 75,000
Btu/kWh 10,190
kWh/acrelyear 22,100

One acre of Wind **

KW per acre
Capacity factor

Hours per year 20:1

kWh/acrelyear 459,900

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

Power Density at 50 m
Class Wni?

[ ] =100
[ 1+ 100- 200
2 00 - 300
A0 - 400
A00 - 500
ano - sn0

S00- 500

Projection: UTM Zone 4, WGS 84
Spatial Resolution of Wind Resource Data: 200 m
P—ee This map was created by AWS Truewind using the MesoMap system and historical weather
AWS TTUeWi nd data. Although it is believed to represent an accurate overall picture of the wind energy
resource, esfimates at any location should be confirmed by measurement.

http://hawaii.gov/dbedt/info/energy/renewable/wind
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We have wind.
Any area colored blue, red, purple, or pink has a good wind resource.
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Pathways for
Bioenergy
Systems

Sweet Sorghum :|
Cassava
_}i

Banagrass

Intermediate Synthetic

Uoaradin Diesel, and
P9 9 Other Fuels,
and/or

Gasification Synthesis Chemicals, &
Biomaterials

Eucalyptus

Leucaena

Jatropha

Kukui —

MicroAlgae

Peanut Slue —Commercial in Hawaii

Green — Commercial elsewhere
Pink — Grown commercially in Hawalii
Orange — Under Development

Sunflower —

Intermediate Bioenergy

Crops Products Conversion Technologies Products
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