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ABSTRACT 
This work presents an integrated geospatial-technoeconomic optimization framework for siting 
modular blue and green hydrogen production units co-located with hydrogen refueling stations 
(HRS) along U.S highways, with a case study focused on New England. The workflow identifies 
geospatial highway networks and natural gas infrastructure intersections, estimates hydrogen de-
mand based on heavy-duty truck flows from U.S. Freight Analysis Framework, and formulates a 
mixed-integer linear program (MILP) that selects technology candidates and their capacities to 
minimize total cost, subject to corridor coverage and supply-demand constraints. Two onsite hy-
drogen production scenarios are evaluated: a green hydrogen-only production case and a mixed 
configuration combining modular green and blue hydrogen. Results indicate that, under a 5% hy-
drogen adoption scenario in truck traffic, 29 HRS with onsite hydrogen production are needed in 
the New England region. These findings highlight the benefits of integrating local hydrogen pro-
duction with HRS planning to reduce the reliance on centralized hydrogen delivery and storage 
infrastructure.  

Keywords: Low-carbon hydrogen, hydrogen refueling stations, onsite production, highways, geospatial-tech-
noeconomic optimization, MILP.  

INTRODUCTION 
Hydrogen is projected to play a significant role in 

meeting future energy demand, driven by emerging ap-
plications across multiple sectors, with approximately 
27% of total hydrogen demand attributed to transporta-
tion [1]. Among transportation modes, heavy-duty appli-
cations, particularly long-haul trucking, are widely re-
garded as one the most adopters of hydrogen [2]. This 
sector currently contributes nearly 30% of global trans-
portation-related CO2 emissions [3], making deep decar-
bonization particularly challenging with conventional 
electrification approaches alone. 

The large-scale deployment of low-carbon hydro-
gen for transportation must be supported by the devel-
opment of reliable hydrogen infrastructure capable of de-
livering fuel at points of use. However, centralized hydro-
gen production requires hydrogen storage and long-dis-
tance transportation, both of which remain technically 

challenging [4, 5], creating a major bottleneck for hydro-
gen market penetration. As an alternative, distributed hy-
drogen production tailored to local demand has been 
proposed as a viable alternative. This approach is espe-
cially well aligned with transportation applications, which 
require networks of hydrogen refueling stations (HRS) 
along heavy-duty vehicles corridors.  

Onsite hydrogen production can be achieved 
through either green hydrogen or blue hydrogen, de-
pending on local resource availability and infrastructure 
characteristics. While green hydrogen offers superior en-
vironmental performance, its production cost remains 
less favorable than that of blue hydrogen [6]. The eco-
nomic advantage of blue hydrogen, however, depends 
critically on minimizing methane leakage and achieving 
high CO2 capture efficiency throughout the production 
process [7]. Leveraging the existing infrastructure of nat-
ural gas pipeline networks can further increase the com-
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petitiveness of onsite blue hydrogen production by po-
tentially eliminating the need for hydrogen transporta-
tion.  

In our previous work, we developed and optimized a 
fixed-bed chemical looping reactor for hydrogen produc-
tion that generates high-purity hydrogen while simulta-
neously producing concentrated CO2 and N2 streams in 
three separate outlets [8, 9]. The system is designed for 
small-scale operation to support distributed production 
scenarios that utilize existing natural gas infrastructure. 
A techno-economic assessment of this technology esti-
mated hydrogen production costs in the range of 2.8 – 
4.0 USD kgH2-1 [9, 10]. Although these costs are higher 
than those reported for large-scale centralized blue hy-
drogen plants, it is important to note that onsite produc-
tion eliminates downstream transportation and distribu-
tion costs, resulting in a delivered hydrogen cost that is 
closer to the price paid by end users.  

In this work, we develop an integrated geospatial-
technoeconomic optimization framework to site modular 
blue and green hydrogen units co-located with HRS along 
U.S. highway corridors. Modular blue hydrogen uses the 
blue H2-N2 technology developed in prior work [8, 9], 
while modular green hydrogen is supposed to be sup-
plied via renewable-powered electrolysis. Heavy-duty 
truck flow and highway networks are extracted from the 
Freight Analysis Framework (FAF) [11], and the US Energy 
Information Administration (EIA) natural gas pipeline net-
work [12] is used to assess proximity between highways 
and existing pipeline infrastructure. A mixed-integer lin-
ear programming (MILP) model is formulated to optimally 
select facility locations and technology capacities that 
minimize total system cost while satisfying corridor cov-
erage and supply-demand constraints.  

This study addresses a key gap in the literature by 
providing a system-level framework that explicitly inte-
grates existing natural gas infrastructure with onsite hy-
drogen production to support heavy-duty hydrogen de-
mand along US highway networks.  

SYSTEM DESCRIPTION 

The Blue H2-N2 Production System 
Figure 1 illustrates the novel blue H2-N2 production 

system discussed in this work. The system consists of 
three major subsystems: (i) multi-reformer system; (ii) a 
heat recovery system; and (iii) a gas purification system. 
The multi-reformer system uses the intensified reforming 
reactor discussed in [8], which operates based on the 
chemical-looping reforming (CLR) principle and consists 
of successive oxidation (OX), reduction (RED), and re-
forming (REF) stages.  

To address the intrinsic operational discontinuity of 
a CLR fixed-bed reactor, a minimum of three reactors is 
used to achieve a semi-continuous product stream. This 

multiple-reactor configuration generates three distinct 
outlet streams: a N2-rich stream, a CO2-rich stream, and 
a H2-rich stream. Additional details of the system design 
and operation are provided in [9].  
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Figure 1. Simplified flow diagram of the blue H2-N2 
production system considered in this study. 

Hydrogen Refueling Station (HRS) 
The HRS configuration comprises four main compo-

nents: hydrogen compressors, a three-stage cascade 
hydrogen storage system, a hydrogen dispenser and a 
cooling system, following configuration reported in [13]. 
The HRS is designed to accommodate onsite hydrogen 
production from both blue and green hydrogen path-
ways.  

 
Figure 2. Simplified schematic of the integrated blue H2-
N2 generator co-located with HRS. 

Supply Chain Schematic  
Figure 3 illustrates the overall hydrogen supply 

chain system considered in this study. The system 
boundary extends from energy primary resources, in-
cluding renewable electricity as well as natural gas pipe-
lines, through onsite hydrogen production units, and fi-
nally to hydrogen demand centers and CO2 storage sites.  
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Figure 3. Overall hydrogen supply chain schematic 
discussed in this work. 

METHODOLOGY 

 
Figure 4. FAF highway network and source of truck flow 
data overlaid with natural gas pipeline infrastructure.  

This study uses the Freight Analysis Framework 
(FAF) dataset provided by the U.S. Department of Trans-
portation [11], which contains detailed information on in-
terstate highway networks and heavy-duty truck flow 
statistics. Natural gas pipeline data are obtained from the 
U.S. Energy Information Administration (EIA) [12]. All da-
tasets are spatially aligned and integrated within a unified 
geographic information system (GIS) environment, QGIS 
[14], as illustrated in Figure 4. 

This study focuses on the New England region, 
comprising Connecticut (CT), Massachusetts (MA), 
Rhode Islands (RI), New Hampshire (NH), Vermont (VT), 
and Maine (ME). This region is selected as a representa-
tive case without access to large-scale carbon capture, 
utilization, and storage (CCUS) infrastructure and be-
cause it encompasses the northern extent of the major 
Interstate 95 (I-95) freight corridor along the U.S. East 
Coast. Figure 5 shows the major interstates highways 
across New England considered in this study, while Fig-
ure 6 depicts annual heavy-duty truck traffic volumes 
across the region. 

The FAF dataset is available at the level of individual 
interstate segments, including segment identifiers, 
lengths, route names, truck traffic volumes, etc. Based on 
these data, a structured data preparation workflow is de-
veloped to transform the raw network datasets into a 

form suitable for optimization. The major steps are sum-
marized below: 

 
Figure 5. Major interstate highway across New England 
discussed in this study. For reference, segment labels are 
ordered along each interstate from south to north, and 
west to east within the map.  
 

 
Figure 6. Annual heavy-duty truck trips across New 
England based on FAF data [11]. 

1. Segment labeling and ordering 
Each interstate is sorted from upstream (starting 
node) to downstream (terminal node), and every 
segment is assigned a unique identifier. For exam-
ple, segments along Interstate 84 (I-84) are labeled 
as: I84_s1, I84_s2, …, I84_sN. 

2. Identification of interstate branches 
For interstate that intersect, segment on each route 
is assigned connectivity information to represent 
branching and cross-interstate connections.  

3. Hydrogen demand estimation 
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Hydrogen demand for each highway segment is es-
timated from segment-level truck flow data by ac-
counting for segment length and fuel consumption:  

𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑� = 𝛼𝛼× 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇  

   × 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙ℎ� × 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 (1) 

where 𝛼𝛼 represents the hydrogen adoption rate. In 
this study, a 5% adoption rate is assumed, with a 
fuel consumption of 15 kg H2 per mile for hydrogen-
powered trucks. 

4. Selection of HRS candidate locations 
Candidate HRS locations are selected based on 
proximity to existing natural gas pipelines. Using 
GIS tools, highway segments whose centroids lie 
within 0.04° longitude-latitude radius of a natural 
gas pipeline are identified as candidate sites.  

5. Construction of the influence matrix 
An influence matrix is constructed to quantify the 
ability of a candidate station 𝑡𝑡 to serve hydrogen de-
mand at highway segment 𝑠𝑠. Influence matrix, infl��, 
ranges from 0 to 1 and is defined based on the dis-
tance between segment 𝑠𝑠 and candidate station 𝑡𝑡: 

• Self-influence (same segment):  

infl�� = 1.0    (2) 

• Different segments: 

  infl�� = �1 − 𝑑𝑑 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟���⁄ � ∙ 𝑓𝑓connect  (3) 

where 𝑓𝑓connect = 1.0 if segment 𝑠𝑠 and candi-
date station 𝑡𝑡 are on the same interstate, 
and 𝑓𝑓connect = 0.8 if they are on different but 
directly connected interstates.  

• Beyond maximum service radius: 
infl�� = 0 for distance greater than 125 
miles.  

To reduce computational complexity, the influence 
matrix is pruned using the following rules:  

• Remove influence pairs with infl�� ≤ 0.1; 
• Ensure each segment 𝑠𝑠 retains at least one 

candidate station 𝑡𝑡; 
• Limit the number of influence pairs to at 

most 40 per segment 𝑠𝑠; 
• Always retain the top 5% strongest influ-

ence values; 
• Enforce a minimum spacing of at least 25 

miles between candidate stations.  
After dataset processing, the MILP optimization problem 
is formulated. Tables 1 and 2 summarize the sets, indices, 
decision variables, and parameters used in the model.  

The objective of the optimization model is to deter-
mine the optimal configuration of HRS, including their ca-
pacity levels, the selection of onsite hydrogen produc-
tion, and the associated CO2 transport to nearby CCUS 

locations, while satisfying regional hydrogen demand and 
infrastructure constraints. The total system cost, 𝑇𝑇𝑇𝑇, is 
defined as: 

𝑇𝑇𝑇𝑇 =  �∑ ∑ 𝑦𝑦��HRScap�Cost�station�∈��∈�    

  +∑ ∑ ∑ 𝑦𝑦���H2unitcap�Cost��H2unit�∈��∈��∈�  

+∑ 𝑥𝑥�addCostadd�∈�    

    +∑ 𝑓𝑓��CO2CostCO2del
(�,�)∈�� �   

    ∙ 365 days
year⁄   (4) 

𝑇𝑇𝑇𝑇 represents the annualized total cost of the HRS with 
onsite production, including both capital and operating 
expenditures, assuming 20-year project lifetime. The to-
tal cost accounts for hydrogen production, hydrogen 
compression, and CO2 transportation to storage.  

Table 1: Sets and indices used in the MILP formulation for 
HRS placement with onsite production on the U.S. high-
ways. 

Sets and indices Description 

𝑠𝑠 ∈ 𝑆𝑆 Set of all highway segments index 
𝑠𝑠 

𝑡𝑡 ∈ 𝑇𝑇 ⊆ 𝑆𝑆 Set of candidate HRS locations in-
dex 𝑡𝑡  

𝑢𝑢 ∈ 𝑈𝑈 ⊆ 𝑆𝑆 Set of CCUS locations mapped to 
highway segments index 𝑢𝑢 

𝑆𝑆𝑆𝑆 = {(𝑠𝑠, 𝑡𝑡)𝜖𝜖𝜖𝜖 × 𝑇𝑇} Set of feasible influence pairs be-
tween demand segment 𝑠𝑠 and can-
didate locations 𝑡𝑡 

𝑇𝑇𝑇𝑇 = {(𝑠𝑠, 𝑡𝑡)𝜖𝜖𝜖𝜖 × 𝑇𝑇} Set of feasible transport pairs be-
tween candidate locations 𝑡𝑡 and 
CCUS site 𝑢𝑢 

𝑐𝑐 ∈ 𝐶𝐶
=  {0.1, 0.5, 1.0, 2.0, 4.0} 

Set of HRS capacity levels [tpd] 
index c 

𝑘𝑘 ∈ 𝐾𝐾 =  {CLR, ELRE} Set of H production unit types 
CLR-based (blue H) or ELRE (elec-
trolysis-renewable energy) index 𝑘𝑘 

𝐾𝐾�� =  {CLR} ⊆ 𝐾𝐾 Subset of natural gas based H 
production technologies 

 
The optimization minimizes the total system cost by 

jointly selecting the capacity of HRS installation the sta-
tion, 𝑦𝑦��HRS, and the type of hydrogen production unit, 
𝑦𝑦���H2unit. Station capacities are discretized at 0.1, 0.5, 1.0, 
2.0, and 4.0 tH2pd. A continuous variable, 𝑥𝑥�add, is intro-
duced to relax the discrete capacity selection and ensure 
demand satisfaction for segments with hydrogen de-
mand levels that fall between the predefined capacity 
options. 

The optimization is subject to a set of supply-de-
mand, capacity, infrastructure, and emissions con-
straints. Hydrogen demand at each highway segment 𝑠𝑠 ∈
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𝑆𝑆 must be satisfied by nearby candidate locations 𝑡𝑡, as 
defined by the influence set 𝑆𝑆𝑆𝑆: 

demand� = ∑ supply���:(�,�)∈��
;  ∀ 𝑠𝑠 ∈ 𝑆𝑆  (5) 

Table 2: Variables and parameters used in the MILP for-
mulation for HRS placement. 

Variables/  
Parameters Description 

Decision Variables 

𝑦𝑦��HRS ∈ {0, 1}  if a HRS of capacity c is installed at 
candidate station 𝑡𝑡 

𝑦𝑦���H2unit ∈ {0, 1}  if a H unit type k of capacity c is in-
stalled at candidate station 𝑡𝑡  

𝑥𝑥�add ≥ 0 Additional low-carbon H delivered to 
candidate station 𝑡𝑡 

State Variables 
avail� Total H available at candidate station 

𝑡𝑡 
supply�� H supplied from candidate station 𝑡𝑡 

to segment 𝑠𝑠 
𝑓𝑓����2 CO transported from candidate sta-

tion t to segment s 
Parameters 

demand� H demand at segment 𝑠𝑠 

infl�� ∈ [0, 1] Influence factor of station 𝑡𝑡 on meet-
ing demand at segment 𝑠𝑠 

cap� Nominal HRS capacity level 𝑐𝑐 (tpd) 

Cost�station Cost associated with a HRS of capac-
ity 𝑐𝑐 

Cost��H2unit Cost of H production unit type 𝑘𝑘 for 
capacity 𝑐𝑐 

Costadd Cost of additional delivered low-car-
bon H 

CostCO2del Cost per unit of CO transported from 
HRS 𝑡𝑡 to CCUS site 𝑢𝑢 

loc�HRS ∈ {0, 1}  if segment 𝑡𝑡 is eligible to host a new 
HRS 

𝑀𝑀 Big-M parameter (sufficiently large 
constant) 

ρNGH2 Natural gas consumption per unit of 
H produced (CLR technology) 

NGextract Fractional limit of extractable natural 
gas from the nearby pipeline 

NG�
avail Natural gas availability at candidate 

station 𝑡𝑡 

EF��H2unit Emission factor of H production/de-
livery unit 𝑘𝑘 at capacity 𝑐𝑐 

EFadd Emission factor associated with addi-
tional delivered H 

Emmax Maximum allowable emission inten-
sity  kgCO kgH- 

ccusdist�� Distance between HRS candidate 𝑡𝑡 
and CCUS site 𝑢𝑢 

Hydrogen supply from station 𝑡𝑡 to segment 𝑠𝑠 is permitted 
only if the station lies within the influence of the segment: 

supply�� ≤ infl��avail� ;  ∀ 𝑠𝑠 ∈ 𝑆𝑆, 𝑡𝑡 ∈ 𝑇𝑇  (6) 

The total hydrogen supplied by a station cannot exceed 
its available hydrogen: 

∑ supply���:(�,�)∈��
≤ avail�;  ∀ 𝑡𝑡 ∈ 𝑇𝑇  (7) 

Hydrogen availability at a station 𝑡𝑡 is defined as the sum 
of onsite production and externally delivered hydrogen:  

avail� ≤ 𝑀𝑀∑ ∑ 𝑦𝑦���H2unit�∈��∈� ;  ∀ 𝑡𝑡 ∈ 𝑇𝑇  (8) 

Available hydrogen at station t is defined as the sum of 
onsite production:  

avail� = ∑ ∑ 𝑦𝑦���H2unit�∈� cap��∈� + 𝑥𝑥�add;  ∀ 𝑡𝑡 ∈ 𝑇𝑇 (9) 

Additional hydrogen delivery is permitted only when a 
production unit exists and is limited by the installed sta-
tion capacity: 

𝑥𝑥�add ≤ 𝑀𝑀∑ ∑ 𝑦𝑦���H2unit�∈��∈� ;  ∀ 𝑡𝑡 ∈ 𝑇𝑇  (10) 

𝑥𝑥�add ≤ 𝑀𝑀∑ ∑ 𝑦𝑦��HRScap��∈��∈� ;  ∀ 𝑡𝑡 ∈ 𝑇𝑇  (11) 

A station may only be constructed at a valid candidate 
location:  

∑ 𝑦𝑦���H2unit�∈� ≤ loc�HRS;  ∀ 𝑡𝑡 ∈ 𝑇𝑇   (12) 

Furthermore, a hydrogen production unit of capacity 𝑐𝑐 
may be installed only if corresponding station capacity is 
selected, and at most one production unit can be in-
stalled at each station:  

∑ ∑ 𝑦𝑦���H2unit�∈��∈� ≤ 𝑦𝑦��HRS;  ∀ 𝑡𝑡 ∈ 𝑇𝑇  (13) 

∑ ∑ 𝑦𝑦���H2unit�∈��∈� ≤ 1; ∀ 𝑡𝑡 ∈ 𝑇𝑇   (14) 

For blue hydrogen production route 𝐾𝐾��, natural gas con-
sumption must not exceed the available extraction limit:  

∑ ∑ 𝑦𝑦���H2unitcap�ρNGH2�∈����∈� ≤ NGextractNG�
avail;

  

   ∀ 𝑡𝑡 ∈ 𝑇𝑇    (15) 

System-level lifecycle emissions from all hydrogen pro-
duction routes are constrained by a maximum emissions 
intensity threshold:  

∑ �∑ ∑ 𝑦𝑦���H2unitcap�EF���H2unit + 𝑥𝑥�addEFadd�∈��∈� ��∈�

  

  ≤ ∑ �∑ ∑ 𝑦𝑦���H2unitcap� + 𝑥𝑥�add�∈��∈� ��∈� Emmax (16) 

For stations using blue hydrogen production, all gener-
ated CO2 must be transported to feasible CCUS loca-
tions: 

∑ 𝑓𝑓����2�:(�,�)∈��
= ∑ ∑ 𝑦𝑦���H2unitcap�EF���H2unit�∈���

;�∈�

    ∀ 𝑡𝑡 ∈ 𝑇𝑇    (17) 

Since no potential CCUS exist within New England, cap-
tured CO2 is transported outside the regional boundary 
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via the first segments of Interstate 84 (I84_s1), Inter-
state 90 (I90_s1), or I-95 (I95_s1). Tables 3 and 4 sum-
marize the key parameters used in the MILP formulation. 
Cost and emission factors for the blue H2N2 generators 
follows our prior work in [9, 10], while the electrolysis 
from renewable are adopted from the literature [6, 15]. 

Table 3: Estimated costs and emission factors (EF) for 
HRS and the onsite hydrogen production unit at different 
capacities. Reported costs include both capital and oper-
ating expenses. Detailed regarding this is provided in 
[20]. 

Capac-
ities 

HRS-only H prod unit 

CLR ELRE CLR ELRE 

Cost [USD kgH-] 
 tpd    
 tpd    
 tpd    
 tpd    
 tpd    
Emission Factor [USD kgH-] 
 tpd  --  -- 
 tpd  --  -- 
 tpd  --  -- 
 tpd  --  -- 
 tpd  --  -- 

Table 4: Other important parameters used in the formu-
lation. 

Parameters Values Units Refs 

NG�
avail x tNGpd [] 

𝜌𝜌NG-H2  kgNG kgH
- [ ] 

NGextract  - assumption 

Emmax  kgCO kgH
- [] 

CostCO2del    
- dist <  mi  USD tCO

- [] 
- dist - mi  USD tCO

- [] 
- dist  –  mi  USD tCO

- [] 

 

To evaluate the impact of different hydrogen path-
ways, two HRS onsite production scenarios are consid-
ered: 

1. IDEAL 

This scenario represents a fully renewable, 
zero-carbon pathway in which only onsite elec-
trolyzers powered by renewable electricity are 
permitted at all HRS locations.  

2. MIXED 

This scenario allows HRS to be supplied with 
low-carbon hydrogen from either electrolyzers-

renewable electricity or blue H2-N2 generators.  

The MILP optimization problem is implemented in 
GAMS (version 52.3.0) [19] and solved using the CPLEX. 
The optimization results identify the selected highway 
segments for HRS deployment, along with the corre-
sponding station capacities and hydrogen production 
unit. These results are subsequently visualized using 
GIS-based mapping tools.  

RESULTS AND DISCUSSION 
Figures 7 and 8 illustrate the optimal placement of 

HRS including their associated onsite production tech-
nologies, for the two evaluated scenarios: IDEAL and 
MIXED. Despite the different technology assumptions, 
both scenarios identify the same 29 HRS locations across 
New England. Of these, 12 stations are located in MA, 6 
in CT, 5 in ME, 3 in NH, 2 in VT, and 1 in RI. While the total 
number and spatial distribution of HRS remain identical, 
the allocation of station capacities differs between the 
two scenarios.  

HRS deployment is more densely concentrated in 
CT and MA, driven by high truck traffic volumes along 
corridors. In contrast, VT and NH host only five stations 
in total, despite their long interstate corridors (I-89 and I-
93), primarily due to limited access to natural gas pipeline 
infrastructure. Notably, both scenarios consistently iden-
tify the largest HRS (4.0 tH2pd) at segment I89_s92 in 
VT, which serves hydrogen demand associated with 
truck traffic through the mountainous regions of VT and 
NH. 

Figure 8 further indicates that CLR-based onsite 
production is favored in high-demand regions of CT and 
MA in the MIXED scenario, owing to both demand density 
and access to CO2 transport routes exiting the region via 
I95_s1 and I84_s1. Conversely, electrolyzer-based hy-
drogen production is selected in more remote locations, 
such as along I-89 in northern VT, where access to CO2 
transport options is limited.  

From a cost perspective, the IDEAL scenario results 
in an annualized total system cost of 81.19 million USD 
year-1, whereas the MIXED scenario reduces this cost to 
53.62 million USD year-1. The corresponding levelized 
cost of hydrogen (LCOH) at the station level is 9.24 USD 
kgH2-1 for the IDEAL scenario and 5.96 USD kgH2-1 for the 
MIXED scenario. As illustrated in Figure 9, this cost re-
duction is accompanied by increased CO2 emissions. The 
IDEAL scenario achieves lower emissions at higher cost, 
while the MIXED scenario offers improved economic per-
formance at the expense of higher CO2 intensity, high-
lighting a clear trade-off between cost and emissions 
across hydrogen production pathways.  
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CONCLUSIONS 
The paper presents the workflow integrating geo-

spatial of highway networks and natural gas intersec-
tions, freight activities, and a mixed-integer linear pro-
gramming (MILP) model that selects sites and sizes HRS 

 
Figure 7. Optimal HRS siting with onsite hydrogen production across New England for the IDEAL scenario, which 
permits only low-carbon H2 via renewable-powered electrolysis. 

 
Figure 8. Optimal HRS siting with onsite hydrogen production across New England for the MIXED scenario, which 
allows low-carbon H2 from both renewable-powered electrolysis (green) and blue H2-N2 generators (red).  
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and H2 technologies. By minimizing the total cost, 29 HRS 
with onsite production were identified in New England to 
cover H2 demand from 5% of total truck flowing through 
the region. Most HRS are concentrated in CT and MA due 
to their high truck flow. The final H2 cost that must be 
paid by the users varies from 5.96 to 9.24 USD kgH2-1 de-
pending on the onsite H2 production. The IDEAL and 
MIXED scenarios highlight the trade-offs that must be 
considered between achieving cost-effectiveness and 
reducing CO2 emissions.  

This study showcases the benefit of onsite produc-
tion leveraging the existing infrastructure to provide hy-
drogen at the point of use. Further work should examine 
additional case studies and regional contexts to evaluate 
how implementation pathways may vary under different 
infrastructure and market conditions. Overall, this study 
provides valuable insights for policymakers in shaping 
strategies for the decarbonization of long-haul freight 
transportation.  

 
Figure 9. H2 retail cost at HRS for the IDEAL and MIXED 
onsite production scenarios [USD kgH2-1].  
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