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Wihat Is Liguetied Natural Gas 2

. ENG' IS natural gas i its
liguid state at -2601E

. AS it Warms, It BECOMES
naturaligasrandwill rise

1 ligquidiunit = 600 gas
UnItS




Clean transportatien fuel
(diesell displacement)

m Diesell exhaust identified as
nealth threat

n POl expansions require

emission reductions
a EOCUS 0/ climate change

IHIgh! price ofi diesel over LNG




Air Quality Benefits of Alternative Fuel Use

Emission Reduction % by Fuel Type and Pollutant

Biodiesel 20 Biodiesel 100 CNG, LNG

+10%

-47% -48%

+2%

Source: 2005 NREL Technical Report 540-36355;
Puget Sound Clean Air Agency Biodiesel Fact Sheet




US Emission Standards
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LNG Fueling Station

Sacramento County, CA




US LNG Vehicle Fuel Distribution Market

5 LNG facilities
currently supply
the West Coast

Existing LNG
vehicle fuel
market consumes
180,000 gallons
per day

Source: Prometheus Energy




Typical Landiilll Gas Compesition

Viethane 40-55%
0/0)~ 35-45%0
Nitregen 5-15%
OXxygen 1-8%
IH20 Saturated
H2S 60 ppm




LFG to LNG Process

Similar te HIigh-Btul or pIpeline gas projects
REMOVE:

s Mojsture

s Sulfur compoeunds

s Volatlererganic compeunads

a Slloxanes

s Carbon dioxide

x Nitrogen

Refirigeratien and liguefaction




Prometheus Energy.
Bowernman LEG te LNG Eacility

— e ——

Orange County was; flaring all LEG
Target capacity 5,000 gallons per day: of LNG
Montauk Energy was partner




Prometheus Energy.
Bowerman LEG tel LNG System




Bewerman Project End Use

LEG e ENG for Orange: County: li@ansit




Califernia Integrated Waste Management Board
ENG Eremi LEG - Grant Awairad (Z007)

\Waste: Vanagement/Linde/Gill
Altamoent Landiill, tivermore, CA

Plan: ter Supply. \WasterVianagement fieet and

others

Plan ter preduce: 13,000 gallens per day’ ofi LNG
Displace 2.6 million gallens ol diesel per: yeal




Recent Industry Develepments

Ports off LA'and Long Beach announce plans te
vest $1.6 Billion (over 5 years) i natural gas
and other clean fiuelsi for 17,000 trucks

Kenworthranneunces plans to selllLNG pewered
trucks

Wall-Mart tordemo LNG trucks

Clean Energy’ building more LNG fueling| statiens
and liguetaction plants




Seattle Alrport

Allftaxis, shutties and
PUSES are CNG

CNG was, enavirenmenial
mitigation! el exPansion

ENG would provide
faster fill times; anad
ncreased sterage




L NG/CNG Infrastructure

Source: Northstar |ndustries

North Star — South Korea




ShanghalrunrRing 40,000
taxis o CNG (firom ENG)

500 trailers travell 4000 km

Bullding 5 iguefaction
fiacilities
Import terminal’ loading hays




Import LNG, Distribution, Spain

LNG/ IS transshipped from Inmport
terminals te smalll tanks inland
Delivers 40,000 trailer Ioads; per

year ue,

Chive LNG Trailers moving from Spain to England




Conclusions

LEG ter ENGHIS technically pessinle,
challenge is to make It cest effective

IAcreasing focus on PEeIng “Greenr

Improvingl ECenomICS

Other parties working te bulld LEG ter LNG
systems

How! large WillFENG vehicle: market get?




Questions ?

oo ol %

Innovative natural gas distribution system

Marshall Carpenter, PE
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206-321-3028
marshcarp@comcast.net




Satellite Industrial LENG Eacility;

Replaced propane
1o fuelrsawmill

15,000 gallen tank

ENG frem: Uity
pPeak shiaver

lierasen/Clean Energy — British Columibia




Small Peak-1Lead Shaving Facility,

Puget Sound Eneray - Gig Harbor WA

Slppoerits constrained
distrutien system

Noerliguetaction

Served by NG
tralers




Portanie LING Vaporization

o |LNG iraier capacity.
10,000 gallens
(630,000rcubIC feet)

s Viaximum: Injection
rater 500,000 cubic

feet/loun
Puget Sound Energy




LNG Remote Service

Serves 700 commercial
and residential
cUStIOMEers

Usesiover 20,000 gpd
LNG from pipeline gas = s ==
Served by LNG trallers Fairbanks Natural Gas, Alaska




Nemwvay: ENG Distripution

SimallFship deliveny.
Remote hase lead
Aluminun: feundry,

Three 130,000
gallon: tanks




Inter-Modal LNG Tank

(Temporary: Senvice)




