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. Theenergy we use comes in a number of forms: electricity, natural gas, and liquid fuels_

For transportation purpeses, Liquid fuels are used almost exclusively. There are prototypes of

_¢lectiic cars and-buses that Tun on natural gas, but all sirplanes, and most cars and tracks use

- Iiquid fuels. Alr travel will always be dependent upon liquid fuels since it would be impractical

to try to power airplanes or jets by any other type of fuel. Electric cars have Emitations (short

available distance driven without recharging, lack of acceleration) and even with the snbstantial

improvements in these vehicles that are expected in the next 10 years, our society will still be

* dependent on a large number of vehicles which -use Jiquid fuels. These liquid fuels include

- . gasoline, diesel fuel, and jet fuel and -may be collectively xefezred t0-astransportation fuels. The

o %~ economicand social vitality of the U.S. and projects an increase in-energy consumption for the

s~ . U.S. traisportation sector in the coming decades. In particular, the NES ‘predicts a higher
© disseland:jet:fuels is duc to shifis in persoodl travel-and freight mode <hoices.) The use of

Hquid fiicls for transportation results in 2 ‘near -complete: dependence-upon petrolenm sources,

‘and’in 1990 the US. impoxted 42:percent of ifs petrolenni, see Figure 1. - This dependence.

. Lk v e T P IRt RTRETI SO LI R LI
T L

i

¥igure 1. In1990, the U. S, average consumption of petroleum products was 16,988,000
W(hy with' 42% imported. (EIA MlyEuelm' Review, Dec, 1991) '
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Pessian Gulf's share of worldwide production is expected to zeach 41 percent by 2010. The

NEpommmm'ﬁ\mpabhpoﬁﬁmlmdemmmicumminﬁsadaforawoﬂdhmﬂy
dependent on oil -imported from that region™ (1) It is clear that altemative sources of

transportation fuels fromrcoal. Ooe process they looked at was diiectliqwfacﬁmofcoalwhich

' hvdmﬂmjﬁng.cmlhahydm:bonmlmtmdmﬁngmmghmpm:meshmpmm

of hydrogen. msmoossmamdeoﬂ-m-mawﬁalwﬁchmbe;eﬁnedw
transportation ‘fuels. Gne-ofthcmostsumsflﬂpmoessﬁmmgeﬁomWoﬂd_Wu]I
Gennanywasthc%Fxscher-Tmpschsynthds. Fischer-Tropsch {FT) synthesis is a process for

Sasol, started producing diesel fuel by ¥ischexr-Tropsch twechoologyin 1955. In the mid-1970"s

~ this e.ﬂ‘q:twas increased in order to pmdnceasubstanmlammtothmdfuds for South

" Afyica, a-country that had coal resources, no petrolenm sources, and.a lack of trading parmers

willing 1o sell them: petrolenm. mspmformakinglnqlﬁdﬁdsismnchmeupmswe

be used as @ transportation fucl either by mixing with gasoline:and‘used in 2 conventional eagine
or alons in aspecially designed automotive engine. T New Zealand, methane (natuzal l gas) 3

synthiesis is an‘established techuology that uses CO and H, asa starting ‘matedial. Methanol may

nsed as the starting material for the methanol-producing' COand Hy:. ~ -+ 7=

“These firee processes, MIG: G, FT, and methanct synthesi sis, drave 2 comimon, feedsiock:

carbon miouoxide (CO) and hydrogen (H). Synthesis gas, the texm for a mixiture of catbon

and-biomass. Therearetwo ways 10 make-synthesis gas. -One way to produce synthegis gas is

- iy gasification, 4 process ofhcanngoualomﬂlawbomceousmamﬁﬂssmhaswood,bm o

(sugarcane agricultnre waste), ‘or tice husks +o'high temperaturés in'the:presence-of  moderats

“amountof oxygen. The gasificafion process:produces primarily casbon monoxide-and hydrogen -

with carbon dioxide 2nd ‘water being byprod ucts. A CO and H; miixture is d combustible gas
with a medinm BTU content (low BTU :comentﬁfﬂlere"?ismmnch’coz:pmedt) which maybe
burned and used as a gaseous fuel similar-to-nzml-gas-ormay'be-emlj,'ﬁcaﬂy'-convertedto

Tioud Tuels

Synthesis gas may also be made'by'miﬂng methane (CHy) with steara over a catalyst
This;:;mismllst@mmfoming. ' :

CH, + HLO = CO +3H;




L R L

3

In practice the ratio of hydrogen to CO is not usually as high as 3:1. RBecanse CQ,, carbon, and
other byproducts are made the ratio of hydrogen to carbon monoxide is about 2.2:1.

Aﬂthree]iquidﬁ:els,diesd,gaso]ineandjet,arediﬂﬁemduenﬁmﬂy. Gasoliae is a
mixture of branched-chain paraffing (isooctane gives the best "octane” rating), cycloparaffins,
mdmmﬁcmmpomds.Rmtlegiﬂaﬁm@ﬂsforabwmﬂgeofammaﬁmhgasoﬁue
in order 10 decrease ozone-depleting pollution from auto exhaust. Dijesel fuel is made of
pﬁmaﬂyaﬁphaﬁcpanfﬁns(cl.ﬁgisthestznda:dforthe'wtane‘number,araﬁngfordiesel
fuel anzlogous to the gasoline "octane® number). A number of combustible mixtures are used
for preparing jet fuel. Some types are blends of gasoline and light hydrocarbons and others are

The CO and H, may be converied to diesel-fuel-type products by Fischer-Tropsch
synthesis:

nCo + 2H, = (CH)- + nH,Q

The products of FT synthesis are unique: they are almost exclusively strzight chain alkanes with
a smaller portion of straight chain olefins, It is a relatively stmightforward procedure to refine
the waxes to an 2l diesel mix.

Methanol may be synthesized from CO and B,:
CO + 2H, = CHOH

Methanol may bc-usadasaﬁqlﬁdﬁld,eﬁhualoneorasanaddi&vetogasoﬁne. Gasoline may
bcmade&omm&ﬂ:anolusingtheMobﬂmeﬂnnd—&-gasdima&alystaﬂedM—i This
catalyst makes hydrocarbons ofvaqﬁngleugthbmthemostwmmonlyfoundmodmhasdght
carbons: octane and isooctane.

As summarized 2bove, there are a number of processes forsynﬂ:etim]lypmdm:i_ng]iqtﬁd
transportation fuels. A number of “waste®™ resonrces can be used as the starting material for
these fiquid fuel syntheses.

Landfil Natwra] Gas

“About 1-1/2 to 2 years afier waste has been lz2id down in a landfill, a gas is generated
from the anaerobic decomposition of the biodegradable wastes (osually fats, carbohydrates,
proteins, znd other complex organics). This gas is usually about a 50750 mix of carbon dioxide
and methane. After 2 landfill closes, gas production declines and eventually stops since no
addiﬁonalwas:eisaddedtoreplaoeﬂmwhidlhasakmdybeeudmompom

Landfill gas (LFG)isanenvironme:mlhamrdaswc]lasannimnoe. Since it is 50
percent methane, it is an explosive gas. The landfill gas also includes small amownts of volatile



LT e e e e -

r

4

organiccompoundsdmarcbothtoﬁcandomnedeplcﬁng. Nafural gas is a greenhouse gas that
is 25 times worse than carbon dioxide. land:ﬁllgasismeofﬂielargestwumesofmedmneh

* the armosphere. In addition, thereisavuylmmeasntodorassociatedwithlandﬁﬂgas.

gmes),whichreq;ﬁmspecizl(expmsive)mrbimandeqﬁpmt Another option is to use
hndﬁngasmmakeﬁqﬁdﬁxlswhichmaybe'medmdmnqumdeasﬂy.lnmeblo, Co,
Fuelco Development Corp. Eﬁmmbdmmmm-ﬁupschsynﬂ:ﬁs. In
Caﬁfonﬁaanothermmpanyisalsoplanﬁngtousemwmbtﬁmlfuds.

anyﬁhganddﬁﬂingmybcblmkedbymnmae‘bhcksaomﬂmwabkobjmm
lmﬂﬁﬂsmegas,bmmwmmhgasisvayﬁﬂiaﬂtmptmhaddiﬁmmesupply”of

]andﬁ]lgasoverthecourscofthehndﬁ]l‘smodudngliﬁﬁmewﬂlvary. The variation and
i iua:pplymbemnsidered-whmphnninganmd-usefotmchndﬁllgas
G.9-
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HOR1ZONTAL GAS WELL

VERTICAL GAS WELL

Figure 2. Landfill gas well types. Taken from Reference 3.
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Methane; from Waste Treatment Plants and Agricultural Wastes

An experimental plant in France has demoustrated the ability to anaerobically digest the
organic portion of municipal solid waste. This gas is similar to landfill gas in its composition
(54% methane; 46% CO,; trace organic components; trace hydrogen sulfide) and may be nsed
to generate electricity, may be cleaned up and added to existing an natural gas pipeline, Or may
be converted to liquid fuels (5).

Agnicultural wastes may also be anaerobically digested to produce methane. The
Narional Renewable Energy Laboratory conducts research in “anaerobic digestion” of wastes.
This includes development of photoenhanced processes that use photosynthetic bacteria that will
speed up the rate of anaerobic digestion (6).

Gasification of bagasse, or sugar cane waste, is 2 process undergoing demonstration in
Hawaii by the US Department of Energy. ‘The gas being made (CO, H,, and CO,) is presently
being bumed to make electricity. Gasifiers for other agricultural products are also being
developed. Theposﬂ:lesomofﬁedﬁocksaremﬂyendlﬁsindudingaqmﬁcphms,
agricultnral residues, food processing wastes, woody plants, grasses, and wood chips. The
gaﬁﬁedpmdudmaybemnveﬂedmdecuidty,bmodformhﬁgwmhmﬁqﬁﬂ
fuels. Since the gasification product includes carbon monoxide and hydrogen, the production
of liquid fuels is always an option.

Tires

Tires are difficult and expensive to dispose of. The price of tire disposal ranges from
$0.5C - $1.00 per tire which makes it an attractive firel source since it is not just free, but it is
a feedstock wihich brings In money. Several methods for using tires as an energy source are
being used and additional methods are being developed. Most methods require mitially
shredding the tires before using. In Enpland an electricity plant is being built that will burn tires
as fuel for steam generation (7). Tires may also be bumned along with codl in coal-fired
electricity plants. O&ermeﬂ:odsforcmvaﬁngﬁr&swenergyinvolvepymlyzingﬁm(heaﬁng
to high temperature in the absence of oxygen) which makes a crude oil-ike material, which can
be added to a refinery stream for the production of fuel oil. A problem with using tires is that
transportation of tires to a central energy-producing location and the shredding of the tires are
both expensive processes.

Conclusions

One of the difficulties for the development of waste and biomass energy resources is the
smail scale on which each energy source is based. In the U.S., the enerpy industry (utilities,
gasoline and diese] suppliers, etc.) is made up of very large corporations. The biomass and
waste sources of energy usually represent small amounts. For example, the facility in Pueblo,
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CO, that makes diesel fuel from landfill gas produces about 120-200 barrels of diesel per day.
(Alaxgereﬁnerywmﬂdpmaboutzso,om—soo,OOObandsofoﬂperday;asmallreﬁnery
would process about 30,000 barrels of oil per day.) The tire burning plant in England will
produoe25megawaﬁsofelacu:icity. (AcoalbumingplantwouldbeaboutZOO-BOOmegawam,'
a nuclear plant about 1000 megawaits.)

This work was performed at Sandia National Laboratories, which is operated for the U.S.
Department of Energy under contract DE-AC04-76DP0O0789. This is publication SANDJ2~
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