
H
ydrogen D

em
and and Refueling 

Infrastructure Planning for M
edium

-and 
H

eavy-D
uty Fuel Cell Vehicles in California

G
uozhen Li and Joan O

gden
Institute of Transportation Studies, UC

 D
avis

2017-12-7
STEPS Fall 2017 Sym

posium



W
e Built a M

odel

•
To understand infrastructure planning questions for M

D
/H

D
 FC

Vs
•

Local FC
Vs

•
Population

•
Location

•
H

2 D
em

and
•

Refueling Station Location & Size
•

Long-haul FC
Vs

•
Truck Route N

etw
ork

•
Refueling Station Location & Size



Tw
o M

arkets
Local
•Package delivery trucks
•D

rayage trucks
•Transit buses

Long-haul
•H

D
 tractors
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Local FC
Vs

Fleets
•

Population
•

H
ub (location)

•
H

2 D
em

and

Refueling Stations
•

Location
•

Size



Local FC
Vs: H

ow
 M

any & W
here

FCV population target
•

California targets *100,000 zero-em
ission 

freight vehicles by 2030 
•

W
e assum

e 40K local FC
Vs by 2030

FCV fleets &
 hubs

•
Ports, airports, package delivery centers, 
bus yards, industrial parks (266 hubs)

*: Brow
n, E. G

. (2016). C
alifornia Sustainable Freight Action Plan.



Local FC
Vs: H

2 D
em

and



Local FC
Vs: Refueling Stations

Station selection criteria:
•

M
inim

ize total num
ber of stations

•
Ensure all dem

and points are w
ithin 

10 m
inutes driving tim

e to station
à

132 stations
à

Sizes betw
een 500~20K kgH2/day2030



Long-H
aul FC

Vs
Truck Route N

etw
ork

•
Sim

plify California’s truck route 
netw

ork
•

Identify key trips

Refueling N
etw

ork
•

Refueling station locations
•

Refueling station size estim
ates



Long-H
aul FC

Vs: N
etw

ork
A

ctual Truck Routes
Sim

plified Truck Route N
etw

ork

N
etw

ork nodes include:
•

Highw
ay intersections

•
Existing truck service facilities

•
Freight loading/unloading points
e.g. ports, airports



Long-H
aul FC

Vs: Trips

•W
e choose 380 trips 

betw
een California’s m

ajor 
m

etropolitan areas

•Every trip takes the shortest 
path on our sim

plified truck 
route netw

ork

•W
e w

ant all trips to be 
refuelable



Long-H
aul FC

Vs: O
ptim

al Station Locations

•Assum
e lim

ited FC
V range of 

150 m
iles

•Refuel all 380 trips 
(on any trip, an FC

V is ensured to have a 
place to refuel before tank runs em

pty)

•Use least num
ber of stations

à
M

odel as an 
integer program

m
ing problem



Long-H
aul FC

Vs: Refueling Locations

•14 refueling locations can 
cover the w

hole netw
ork

•Big city stations + connector 
stations in rural areas



N
ext Steps

•Integrate local and long-haul 
netw

orks

•Include station cost in 
optim

ization

•Sensitivity analysis
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Tw
o M

arkets

Vehicle operations
Infrastructure

Local FCVs
•

Return
to hub

•
Sm

all geographic area
→

C
entral refueling at hubs

Long-haul FCVs
•

Large
geographic area

•
N

eed en-route
refueling

→
A state-w

ide refueling
netw

ork



•For each analysis year (2018-2030), w
e assign the statew

ide 
new

 FC
V population across the 200+ fleets

•Prioritiesare given to
•

”Seed” fleets in their “seed years”
•

Fleets already operating FC
Vs 

•
Fleetsnear other FC

V fleets

•O
ld vehicles die out follow

ing a survival curve

Local FC
Vs: H

ow
 M

any & W
here



Local FC
Vs: N

ew
 Population



Local FC
Vs: Vehicle Stock



Local FC
Vs: Vehicle Population à

H
2 D

em
and

(travel)
Average D

aily VM
T

(efficiency)
Average M

PkgH
2

Vehicle 
Population

à
150 m

iles
/day/truck

à
Buses *13.9

Package
delivery

*20
D

rayage 15

D
aily H

2 
D

em
and

(kgH
2/day)

*: The fuel efficiency num
bers are obtained from

 D
r. Andrew

 Burke’s FC
V sim

ulation w
ith the AD

VISO
R softw

are.



Local FC
Vs: Fleets & H

ubs data

•
W

e collected a dataset of 266 
potential FC

V fleets/hubs
•

Ports (9)
•

Airports (12)
•

Package delivery centers (134)
•

Bus yards (42)
•

Industrial parks (69)
•

For now
 w

e assum
e only 1 fleet at 

each hub (m
ultiple fleets sharing 

a hub is also supported)

�
Fleets data snippet

�
H

ubs data snippet



Local FC
Vs: Statew

ide Target

•State plan targets 100K zero-
em

ission freight vehicles by 
2030
•W

e assum
e ½

 of these ZEVs 
are FC

Vs, that is 50K
•W

e assum
e 80%

 FC
Vs are 

locally operated
•That leads to the target of 

40K local FC
Vs by 2030



Local FC
Vs: N

ew
 Vehicle Assignm

ent

•Every year each fleet is assigned a score based on
•

If it is “seed” year of that fleet: 10 pt
•

If it already has FC
Vs: 8 pt

•
If it shares a hub location w

ith other FC
V fleet(s): 5 pt

•
If it is close to another FC

V hub: 5-0.25*driving tim
e to closest FC

V 
hub in m

inutes (negative values are set to 0)
•

Final score is the highest of the above item
s.

•A high-score fleet takes how
 ever m

any FC
Vs of their desired 

type as they w
ant, and the next high-score fleet com

es in to do 
the sam

e, until all available new
 FC

V quota runs out.



Local FC
Vs: Vehicle Survival C

urve

•W
e adopt the survival curve 

from
 C

A VISIO
N

 database



Local FC
Vs: Station Size H

istogram
s



Long-H
aul FC

Vs: The Route N
etw

ork

•
W

e hand-picked im
portant points 

on C
A’s truck route netw

ork to be 
our netw

ork nodes
•

Intersections of m
ajor highw

ays
•

Ports and airports
•

Existing truck service facilities
•

The arcs represent actual roadw
ay 

links betw
een points

•
Arc length are driving distance 
m

easured w
ith G

oogle M
aps API

•75 nodes, 86 arcs



Long-H
aul FC

Vs: The Long-H
aul Trips

•
Trips are betw

een C
A’s m

ajor 
m

etropolitan areas:
•

Los Angeles area
•

San D
iego area

•
Fresno area

•
San Francisco area

•
Sacram

ento area
•

Redding/Red Bluff area
•

20 nodes are O
D

 nodes
•

380 trips
•

All trips take shortest distance path betw
een O

D



Long-H
aul FC

Vs: Station Placem
ent Algorithm

•
O

bjective: m
inim

ize 
num

ber of refueling 
stations

•
C

onstraint: all 380 trips 
m

ust be refuelable
•

Form
ation: binary 

integer program
m

ing



Long-H
aul FC

Vs: Station Placem
ent Algorithm

H
ow

 to m
ake sure all trips are refuelable?

•
M

ake sure all node all trips can be reached w
ithout running out of fuel

•
Each node on each trip leads to a linear constraint

1
9

4
3

6
5

R

!" +
!$ +

!% ≥
1

to ensure node 6 can be reached



O
ur M

odel Is H
ighly C

ustom
izable

You can custom
ize

•FC
V population grow

th assum
ptions

•FC
V fleets and hubs. A hub can be shared by m

ultiple fleets.
•FC

Vs’ hydrogen VM
T and fuel efficiencies

•Station coverage criteria (e.g. 5, 10, 15 m
inutes)

•Long-haul route netw
ork & candidate station sites

•FC
V trips: O

D
s, paths

•FC
V range lim

its



O
ur M

odel Is O
nly As G

ood As Its Input D
ata

W
e are looking for good data on…

•M
D

/H
D

 fleet/operator info: location, fleet size, operation 
routes, etc.
•FC

V specs: fuel efficiency, range, refueling speed, etc.
•Freight traffic data: O

D
s, routing, payload, refueling behavior

•H
2 station costs (as alternative optim

ization targets)
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