Supporting Information: A two-step methodology for
the selection and process optimization of Liquid

Organic Hydrogen Carriers (LOHCs)

Carlos Prieto !, Antonio Sénchez 1. Mariano Martin !
b b

I Department of Chemical Engineering, University of Salamanca, 37008 Salamanca, Spain

1 General calculations for the LOHCs prescreening stage

1.1 Utilities estimation

In this section relevant information is included for the estimation of the utilities demand in the

prescreening stage.

1.1.1 Intermediate temperature (t-cd) and pressure conditioning (p-cd)

The power demand for gas compression (IW,_.q) is obtained from Equation (S1), where (np i)
represents the number of compression stages, (') the molar flow, (7).,) the compressor yield and
(k) the politropic constant. Then, (1" ,) represents the inlet temperature to each compressor.
However, the first compressor may receive the gas from different conditions than the others.
Hence, a feed temperature to the compressor train, (Tz())—c 4), is defined.
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The gases temperature after the first compressor (Tf m’) and the subsequent outlet temperatures
(Tf ‘") are modelled trough Equation (S2). It allows to calculate the cooling demand (Qp ed)
between stages in Equation (S3), where (C),) represents the specific heat for each compound.
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The heating/cooling demands to adjust process stream conditions between other process
operations (reaction, separations, storage), must be also accounted for in the calculations. The
reactants/products temperature may need to be adjusted (Tt’i i:(’i). Moreover, the change of
phase of any of the compounds may be required. Hence, latent heat contribution (\) must be
included if there exist. If process streams are heated, the energy can be provided by several
utilities (e.g., steam, hot oil, hot air) in different steps. The same way occurs if the stream
demands from cooling (e.g, water, ammonia). The heat/refrigeration demand for each utility k
(ug) is denoted with (Q}* ) for each stage. A minimal temperature approach is considered for
each utility. The bound is set by (7};}% ), which is the maximum achievable temperature by a
heated/cooled stream without surpassing the minimum temperature difference. Preferably,
a single utility (Q}",,) is used as shown in Equation (S4). However, in those cases where the
system demands from other heating/cooling agents to avoid thermal crossover, a second
(Q}2.,), third (Q*_,) and so on utilities are considered (Equation (S5)). The phase change
contribution is included in the calculations. For the sake of simplicity, it is introduced at a
single utility range. To determine on which one, an average temperature is calculated based on
compound fractions and single species boiling points.
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1.1.2 Reaction section (rs)

To calculate the energy demand of utility k for the reaction section (Q;!*), which is assumed to
operate isothermally, Equation (56) is used. There, (A H,.) represents the reaction enthalpy, (X)
the reaction conversion and (Fj._,s) the limiting compound of the reaction.

u; = -Flc—rsXAHr (86)

1.1.3 Separation operations (sep)

In those separations involving non-volatile and volatile compounds or only volatile com-
pounds, pressure and temperature conditioning considerations from previous sections are
assumed. A flash separation stage and membrane technology are used respectively. In both
cases, perfect component separation is assumed.

If the separation only involves non-volatile compounds, an atmospheric distillation is

Up
sep—ci

considered. To estimate the utility requirements for the condenser (Q 2), for the sake of
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simplicity, only the latent heat of the distillate (Fp_4.) is accounted for. It aims to avoid complex
distillation models at this early stage. The energy requirements for the condenser are calculated
trough Equation (S57), whereas the reboiler requirements (Qg:p_reb) are estimated based on
Equation (S8). There, (Fiyv_qc) and (T —qc), represent the residue stream and its temperature,
(F'p—gc) and (Tr_qc), the feed stream to the distillation column and its temperature and (7'p—g4c)
the temperature from the distillate.

~Q cq=Fp-dc* A (S7)

sep—cd

Qf:gp_rb =~ g:p_cd +Fp_dc- (TD—dc - Tref) +Fw e~ (TW—dc - Tf'ef) - Fr_ge (TF—dc - Tref) (88)

1.2 Raw materials costs estimation

In order to estimate the raw material costs, the Table S1 is included with LOHCs, solvents and
Ho prices.

Table S1: Raw material prices.

Dibenzyltoluene (Niermann et al., 2019) 4.00 $/kg
Toluene (Niermann et al., 2019) 0.80 $/kg
Naphtalene (Niermann et al., 2019) 0.60 $/kg
N-ethylcarbazole (Uijthof et al., 2024) 2.60 $/kg
1,2-dimethylindole (LookChem, 2024) 2.00 $/kg

7-ethylindole (LookChem, 2024) 2.00 $/kg
Phenazine (Niermann et al., 2019) 26.00 $/kg

CO; (Niermann et al., 2019) 0.03 $/kg
1,2-dihydro-azaborine (Niermann et al., 2019) 100.00 $/kg

Dioxane (Book, 2024) 274 $/kg

Diglyme (Intratec, 2024) 0.55$/kg

THEF (Intratec, 2024) 2.50 $/kg

H, (Ball and Weeda, 2015) 4.00$/kg

1.3 Considerations for the Fire and Explosion Index (F&EI) calculation

This section aims to include relevant assumptions and to complement the information included
in the main document for the calculation of the F&EI (AIChE, 1994).

¢ The highest MF and NH from the compounds present at each process unit, are considered
for each calculation.

¢ In order to calculate the penalties linked to chemical reaction, the guide refers to the endo
and exothermicity of general reactions. A hydrogenation and a dehydrogenation takes
place in each system. Therefore, in the case that the studied equipment involves a reaction,
a normalization is done to show the differences between systems, as shown in Equations
(59) and (510) for hydrogenation and dehydrogenation respectively. There, (AHr) and
(AHTr) represent the reaction enthalpy for each system and the average reaction enthalpy



for all the studied systems respectively. In the Dow’s F&EI Guide hydrogenation receives
a penalty of 0.3, and cracking (as dehydrogenation is not present in the guide), a penalty
of 0.2.

AHr
P =0.3- S9
ENFy 4 AHr ( )
AHr
P =0.2- —— S10
ENFy 5 AHr ( )

For the material handling and transfer penalty, hazard is only attributed to the flammable
compounds storage. As a result, this contribution is only included in the calculations for
storage units.

The penalties attributed to enclosed and indoor units, access and drainage and spill
control are neglected assuming that all eligible options comply the requirements to
discard them. Similarly, since the process operates at or above atmospheric conditions
and there not exist operations with low temperatures and low-size particles, the penalties
referred to sub-atmospheric pressure, dust explosion and low temperature are neither
considered.

In the case of penalties linked to the operation near or in the flammable range, only those
contributors attributed to equipment failure events are considered.

The penalty referred to the relief pressure is only applied to those units operating above
atmospheric pressure. For its calculation, the relief pressure is assumed to be 25% higher
than the operating pressure.

To quantify the flammable material for each operation two contributors are considered:
species in the process and compounds stored. To account for the species in the process,
this contribution is assumed negligible for units such as heat exchangers or separators.
However, reactors may present considerable residence times. Hence, average reaction
times are considered to calculate the species in the process. These are: 1 h residence time
for hydrogenation and 3 h for dehydrogenation according to the kinetics for some of the
LOHC:s of study (Dong et al., 2019; Chen et al., 2018). Then, to set the process capacity,
the results from Eypasch et al. (2017) are taken into account. The storage of 6500 MWh is
considered to be used during 20 days with a 39% electrical efficiency. With regards to the
contribution of stored compounds, it is only applied to the storage tanks. To estimate the
quantity of hydro and dehydrogenated LOHCs and the required solvents at each tank, a
1000 MWh energy storage in the form of hydrogen is considered in all cases assuming a
split of the total storage capacity.

As long as hydrogen is present in some equipment, corrosion phenomena is very likely.
Hence, according to the Dow’s F&EI Guide, a medium corrosion rate and stress corrosion
(hydrogen embrittlement is not defined in the guide) are included in those operations
where hydrogen exists. Furthermore, an additional penalty referred to regular leakage is
also included.



¢ In those LOHCs systems in which hot oil is demanded as utility, a penalty is applied
based on the quantity of hot oil released from the heating system. To estimate it, the hot
oil demand for each process during a time lapse of 15 min is considered as the guide
refers to the hazard of a spill for that period.

¢ The penalties referred to rotating equipment and the use of fired equipment are discarded.
For the former, it is assumed that the power requirements of pumps and compressors do
not surpass the threshold proposed in the Dow’s F&EI Guide. With regards to the fired
equipment, the distances to other equipment units are assumed long enough to discard

any penalty.

2 Hydrogenation and dehydrogenation processes detailed for-

mulation

2.1 Mixers and splitters

The mass and energy balances are performed for each mixer and splitter in Equations (S11)
and (512). There, (F) represents the molar flow and (H) the enthalpy for each stream. The inlet
and outlet streams are denoted with the subindexes i and j respectively and each component
with the subindex c. Furthermore, the operating pressure (P) is set equal for all inlet and outlet
streams, whereas the temperature (T), and the composition (x) for all the outlet streams.

I J
Z Z (511)

I J
S Hi =Y H; (S12)
i J
Tjz1=Tj=2 = j=1-1=Tj=y (S13)
Pj_1=Pjo = i=d-1=Pjoy=Pio1 = Pieo = ... = Piu11 = Pi.g (514)
Tj=1,c = Lj=2,c = --- = Tj=J-1,c = LTj=J,c (815)

2.2 Heat exchangers

The mass and energy balances for each heat exchanger are modelled according to the Equations
(516-518). The hot and cold side are denoted with hs and cs indexes, whereas the inlet and
outlet streams for each side are represented with IN and OUT respectively. The heat demand
(Q) is calculated based on the differences of enthalpy. Furthermore, to estimate the heat
exchange area (A) for each unit, the logarithmic temperature difference (A T;,, ) and the
overall heat transfer coefficient (U) are considered as shown in Equation (519). Typical U
values are taken from Sinnott and Towler (2020b) for each heat exchanger based on the fluids
circulating on each side.

Frs,ine = Fhs,0Ut,c (516)
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ch,IN,c = ch,OUT,c (817)

Hesour — Hes,in = Hps,in — Hpsour = Q (518)
Q=UAAT,,, (519)

Pesin = Pesour (520)

Prs.in = Pus,our (521)

Tes,in < Tes,our (S22)

Ths,in 2 Ths,oUuT (523)

2.3 Flash separation vessels

The mass and energy balances for flash vessels are included in Equations (524) and (S25).
These units receive a gas-liquid stream and separate both phases. Equilibria conditions are
considered between gas (g) and liquid (I). Therefore, the outlet temperatures (Equation (526))
and pressures (Equation (527)) are equal. Moreover, no pressure drop is considered on this
unit. To describe the equilibrium conditions for each component, the vapor pressure (P,) is
taken for the LOHCs (Equation (S28)), whereas Henry coefficient (He) is considered for the
hydrogen (Equation (529)). To set the dimensions for the flash vessel, the maximum allowable
gas velocity is calculated from Sinnott and Towler (2020a) for an horizontal unit with mist
eliminator. From the same reference, a minimum 10 minutes residence time is considered for
the liquid, an aspect ratio of 4 is set and the liquid level is expected to cover the half of the
transversal area.

I J
Y F.=>F; (S24)
i J

I J
S H; =Y H, (S25)

@ J
Tj1 =Tjs (S26)
Piz1 = Pj=1 = Pj=s (527)
Pyc-xic=P-xg, (528)
He.-xjc=P-xg, (529)

2.4 Valves

The mass balance to valves is based in Equation (S30). It is assumed that the pressure drop on
them (S31) do not originate a change in the temperature for liquids as shown in Equation (532).
Differently, for a gaseous stream, the change of temperature with pressure is characterized by
the Joule-Thomson coefficient (x;r) (Equation (533)).

Finc=Four, (530)
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Pin > Pour (S31)
Trv =Tour (832)

Tovr =Tin + pyr - AP (533)

2.5 Compressors

The compressors units must avoid the presence of liquid phase in the inlet stream. Therefore,
previous to the compressor itself, a knockout flash vessel is placed in order to remove it, in case
there exist. The Equation (S34) represents the separation between gas and liquid phases and
Equation (S35) accounts for the energy balance to this previous stage to the compressor. Then,
the gas-liquid equilibria is modelled as done previously in Equations (528) and (529). The flash
stage is assumed to be isobaric and the outlet pressures (Equation (537)) and temperatures
(Equation(S36)) are equal as a result of the equilibria.

Fine=Fineg+ Fine (534)
Hin=Hing+Hiny (S35)
Ting=Tiny (S36)
Pin=Ping=Piny (S37)

After the removal of the liquid phase, the compression of the gaseous one is performed. The
mass balance to this stage is presented in Equation (S38). The power demand for this step (W)
is modelled trough Equation (539) assuming a politropic behavior for the gas. For that, the
politropic yield (7.,) and politropic constant (k) are taken as 0.75 and 1.4 respectively (Couper
et al., 2005). The compression ratio (r.p), defined in Equation (540), is set between 1 and 4.
Then, the temperature increase is modelled according to Equation (541).

FiNeg=FouT,cg (538)
C
FiNeo: BT k e
ch _ Zc IN,c,g 9. . (7“;71 _ 1) (839)
Nep k-1
P,
L<r,=-2U19 ¢y (S40)
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2.6 Pumps

The mass balance to each pump is included in Equation (542). In order to estimate its power
consumption (Wu,m,), the Equation (S43) is applied. There, (1)yump) and (V) represent the



pump efficiency and the volumetric flow respectively. The former is set to 0.75 (Couper et al.,
2005). Finally, this unit is assumed isothermal (Equation(545)).

Frne=Four,e (S42)
V- (Pour - P
Wump = (Pout — Prn) (543)
Prn < Pour (S44)
Tin =Tour (S45)

2.7 Hydrogenation reactors

For the hydrogenation reactors, previous work is considered for the modelling (Prieto et al.,
2023). On it, a detailed 1-D formulation, considering mass, heat and momentum transfer,
with differential and highly non-linear equations is presented. Then, a series of surrogate
models were developed to obtain more simple expressions to be used in other applications.
Hence, the use of these simplified models is possible for the LOHCs process modelling. In
the case of indoles mixture system, the surrogate models were already obtained from this
previous work. Hence, these were used. However, the N-ethylcarbazole system has not been
assessed yet. Therefore, following the same approach, a series of surrogate models were
developed to model the hydrogenation reactors for this system. The same 1-D formulation
was used to describe mass, heat and momentum transfer on these reactors. However, different
kinetics are introduced. For the N-ethylcarbazole hydrogenation Wan et al. (2013) work was
used to include the intrinsic kinetics in the reactor modelling. Note that the presence of four
compounds is reported: the fully hydrogenated (NEC-12H) and dehydrogenated (NEC-0H)
species and two reaction intermediates (NEC-8H) and (NEC-4H). However, the concentrations
of these two last species are considerably lower compared to the other compounds at higher
conversions (Huang et al., 2023). Therefore, it is assumed that the final concentration of both is
zero after the hydrogenation reaction.

2.7.1 Slurry reactors

The Equation (546) is included to model the hydrogenation conversion in a slurry reactor for
the NEC system. There, (D), (V) and (Cy;) refer to reactor diameter, slurry phase volume and

catalyst concentration in the slurry phase. Moreover, (u,4 ) refers to the superficial gas velocity.
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Trickle bed reactors

The hydrogenation conversion in trickle bed reactors for the NEC system is modelled trough

Equation (547). There, (L;y,) and (G;y,) account for the inlet liquid and gas flowrates and (Wq:)

for the catalyst weight used in the reactor.
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2.8 Dehydrogenation reactors

Likewise for the hydrogenation reactors, a series of surrogate models were developed for the
NEC system dehydrogenation following the same approach as in Prieto et al. (2023). For that,
the dehydrogenation kinetics from Dong et al. (2016) are considered. Note also, that in this

case, the presence of intermediate species is not neglected.
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2.8.1

Slurry reactors

The dehydrogenation yields in slurry reactors for the NEC system compounds are modelled
trough Equations (548-S50).
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2.8.2 Trickle bed reactors

The trickle bed dehydrogenation yields for NEC system compounds are included in Equations
(S51-S53).
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2.9 Equipment costs estimation

To estimate the cost of the process equipment, different correlations are taken from literature.
The cost of heat exchangers and pumps is obtained from Sinnott and Towler (2020d) based
on the heat exchange area and the volumetric flow respectively. The purchase cost of the
compressors is based on the correlation from Couper et al. (2005). The vessels wall thickness
is estimated based on Sinnott and Towler (2020c). Then, the weight of the reactor and flash
vessels is calculated. This allows to estimate the cost of these vessels from Sinnott and Towler
(2020d). In the case of the reactors, for both trickle and slurry reactors, the cost of the catalyst is
also included (500$/kg.q:) (Dutta et al., 2016). Furthermore, for the slurry reactor design, the
cost of the heat exchange devices is estimated as a shell and tube heat exchanger from Sinnott
and Towler (2020d).

3 Hydrogenation and dehydrogenation investment costs

Additionally, Figure S1 is included showing the investment costs for hydrogenation, dehydro-

genation processes and the sum of both.
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Figure S1: Investment costs for NEC and INDOL systems against plant capacity

4 Nomenclature

A Heat transfer area (m?)
D Reactor diameter (m)
Cp Specific heat (k] /kg- K)
Cy Catalyst concentration in the slurry phase (kg/m?)
F Molar flow (kmol/s)
F&EI Fire and Explosion Index
Gin Gas flowrate (kg/m? s)
H Stream enthalpy (kW)
He Henry coefficient (bar)
AHr Reaction enthalpy (kJ/kmol)
k Politropic constant
Li, Liquid flowrate (kg/m?- s)
Nep Number of compressors
P Pressure (bar)
Pen F&EI Penalty

P, Vapor pressure (bar)
Q Heat demand (kW)
R Ideal gas constant (J/mol- K)

p Compression ratio

15



T Temperature (K)
AT,y  Logarithmic temperature difference (K)
U Overall heat transfer coefficient (kW/m?- K)

Ugo Superficial gas velocity (m/s)
1% Volumetric flow (m?3/s)
Vil Slurry volume (m?)
1%\ Power (kW)
Weat Catalyst weight (kg)
X Conversion
X Stream composition
c Stream component index
i Inlet streams index
j Outlet streams index
7 Yield
A Latent heat (kJ/kg)
T Joule-Thomson coefficient (K/bar)
References

AIChE, 1994. Dow’s fire and explosion index hazard classification guide. doichttps://doi.
org/10.1002/9780470938195.

Ball, M., Weeda, M., 2015. The hydrogen economy - vision or reality? International Jour-
nal of Hydrogen Energy 40, 7903-7919. URL: https://www.sciencedirect.com/
science/article/pii/S0360319915008976, doithttps://doi.org/10.1016/7.
ijhydene.2015.04.032.

Book, C., 2024. Chemical book: 1,4-dioxane. URL: https://www.chemicalbook.com/
ProdSupplierGNCB6240532_EN.htm.

Chen, Z., Yang, M., Zhu, T., Zhang, Z., Chen, X., Liu, Z., Dong, Y., Cheng, G., Cheng,
H., 2018. 7-ethylindole: A new efficient liquid organic hydrogen carrier with fast kinet-
ics. International Journal of Hydrogen Energy 43, 12688-12696. URL: https://www.
sciencedirect.com/science/article/pii/S0360319918308498, doithttps://
doi.org/10.1016/7j.1ijhydene.2018.03.088. china-Europe Forum for Advanced
Fuel Cell and New Energy.

Couper, J.R., Penney, W.R,, Fair, J.R., Walas, S.M., 2005. Chapter O - rules of thumb: Sum-
mary, in: Chemical Process Equipment (Second Edition). second edition ed.. Gulf Pro-
fessional Publishing, Burlington, pp. xi—xvii. URL: https://www.sciencedirect.
com/science/article/pii/B9780750675109500322, doithttps://doi.org/10.
1016/B978-075067510-9/50032-2

16


http://dx.doi.org/https://doi.org/10.1002/9780470938195
http://dx.doi.org/https://doi.org/10.1002/9780470938195
https://www.sciencedirect.com/science/article/pii/S0360319915008976
https://www.sciencedirect.com/science/article/pii/S0360319915008976
http://dx.doi.org/https://doi.org/10.1016/j.ijhydene.2015.04.032
http://dx.doi.org/https://doi.org/10.1016/j.ijhydene.2015.04.032
https://www.chemicalbook.com/ProdSupplierGNCB6240532_EN.htm
https://www.chemicalbook.com/ProdSupplierGNCB6240532_EN.htm
https://www.sciencedirect.com/science/article/pii/S0360319918308498
https://www.sciencedirect.com/science/article/pii/S0360319918308498
http://dx.doi.org/https://doi.org/10.1016/j.ijhydene.2018.03.088
http://dx.doi.org/https://doi.org/10.1016/j.ijhydene.2018.03.088
https://www.sciencedirect.com/science/article/pii/B9780750675109500322
https://www.sciencedirect.com/science/article/pii/B9780750675109500322
http://dx.doi.org/https://doi.org/10.1016/B978-075067510-9/50032-2
http://dx.doi.org/https://doi.org/10.1016/B978-075067510-9/50032-2

Dong, Y., Yang, M., Li, L., Zhu, T., Chen, X., Cheng, H., 2019. Study on reversible hy-
drogen uptake and release of 1,2-dimethylindole as a new liquid organic hydrogen car-
rier. International Journal of Hydrogen Energy 44, 4919-4929. URL: https://www.
sciencedirect.com/science/article/pii/S0360319919300588, doi:https://
doi.org/10.1016/7.1i3hydene.2019.01.015.

Dong, Y., Yang, M., Mei, P, Li, C,, Li, L., 2016. Dehydrogenation kinetics study of
perhydro-n-ethylcarbazole over a supported pd catalyst for hydrogen storage applica-
tion. International Journal of Hydrogen Energy 41, 8498-8505. URL: https://www.
sciencedirect.com/science/article/pii/S0360319915317481, doichttps://
doi.org/10.1016/j.ijhydene.2016.03.157.

Dutta, A., Schaidle, J.A., Humbird, D., Baddour, EG., Sahir, A., 2016. Conceptual process
design and techno-economic assessment of ex situ catalytic fast pyrolysis of biomass: A fixed
bed reactor implementation scenario for future feasibility. Topics in Catalysis 59, 2-18.

Eypasch, M., Schimpe, M., Kanwar, A., Hartmann, T., Herzog, S., Frank, T., Hamacher, T,
2017. Model-based techno-economic evaluation of an electricity storage system based on
liquid organic hydrogen carriers. Applied Energy 185, 320-330. URL: https://www.
sciencedirect.com/science/article/pii/S0306261916315094, doi:https://
doi.org/10.1016/]j.apenergy.2016.10.068.

Huang, Y., Si, Y, Xiang, Y., Yao, S., Cheng, Y., 2023. Integration of hy-
drogenation and dehydrogenation based on n-ethylcarbazole as a liquid organic
hydrogen carrier.  Industrial & Engineering Chemistry Research 62, 6953-6962.
URL: https://doi.org/10.1021/acs.iecr.3c00408, doi:10.1021/acs.iecr.
3c00408, arXiv:https://doi.org/10.1021/acs.iecr.3c00408.

Intratec, 2024. Intratec primary commodity prices. URL: https://www.intratec.us/

products/primary—-commodity-prices.

LookChem, 2024. Lookchem: Look for chemicals. products: 875-79-6. URL: https://www.
lookchem.com/cas-875/875-79-6.html.

Niermann, M., Driinert, S., Kaltschmitt, M., Bonhoff, K., 2019. Liquid organic hydrogen
carriers (lohcs) — techno-economic analysis of lohcs in a defined process chain. Energy
Environ. Sci. 12, 290-307. URL: http://dx.doi.org/10.1039/C8EE02700E, doi:10.
1039/C8EE02700E.

Prieto, C., Sdnchez, A., Martin, M., 2023. A three-phase reactor assessment for the deployment
of liquid organic hydrogen carriers (lohcs): dybenzyltoluene and indoles mixture systems
as case studies. Energy Conversion and Management 294, 117548. URL: https://www.
sciencedirect.com/science/article/pii/S0196890423008944, doithttps://
doi.org/10.1016/j.enconman.2023.117548.

Sinnott, R., Towler, G., 2020a. Chapter 10 - equipment selection, specification and
design, in: Sinnott, R., Towler, G. (Eds.), Chemical Engineering Design (Sixth

17


https://www.sciencedirect.com/science/article/pii/S0360319919300588
https://www.sciencedirect.com/science/article/pii/S0360319919300588
http://dx.doi.org/https://doi.org/10.1016/j.ijhydene.2019.01.015
http://dx.doi.org/https://doi.org/10.1016/j.ijhydene.2019.01.015
https://www.sciencedirect.com/science/article/pii/S0360319915317481
https://www.sciencedirect.com/science/article/pii/S0360319915317481
http://dx.doi.org/https://doi.org/10.1016/j.ijhydene.2016.03.157
http://dx.doi.org/https://doi.org/10.1016/j.ijhydene.2016.03.157
https://www.sciencedirect.com/science/article/pii/S0306261916315094
https://www.sciencedirect.com/science/article/pii/S0306261916315094
http://dx.doi.org/https://doi.org/10.1016/j.apenergy.2016.10.068
http://dx.doi.org/https://doi.org/10.1016/j.apenergy.2016.10.068
https://doi.org/10.1021/acs.iecr.3c00408
http://dx.doi.org/10.1021/acs.iecr.3c00408
http://dx.doi.org/10.1021/acs.iecr.3c00408
http://arxiv.org/abs/https://doi.org/10.1021/acs.iecr.3c00408
https://www.intratec.us/products/primary-commodity-prices
https://www.intratec.us/products/primary-commodity-prices
https://www.lookchem.com/cas-875/875-79-6.html
https://www.lookchem.com/cas-875/875-79-6.html
http://dx.doi.org/10.1039/C8EE02700E
http://dx.doi.org/10.1039/C8EE02700E
http://dx.doi.org/10.1039/C8EE02700E
https://www.sciencedirect.com/science/article/pii/S0196890423008944
https://www.sciencedirect.com/science/article/pii/S0196890423008944
http://dx.doi.org/https://doi.org/10.1016/j.enconman.2023.117548
http://dx.doi.org/https://doi.org/10.1016/j.enconman.2023.117548

Edition). sixth edition ed.. Butterworth-Heinemann. Chemical Engineering Series,
pp. 525-644. URL: https://www.sciencedirect.com/science/article/pii/
B9780081025994000102, doithttps://doi.org/10.1016/B978-0-08-102599-4.
00010-2.

Sinnott, R., Towler, G., 2020b. Chapter 12 - heat-transfer equipment, in: Sinnott, R,
Towler, G. (Eds.), Chemical Engineering Design (Sixth Edition). sixth edition ed..
Butterworth-Heinemann. Chemical Engineering Series, pp. 773-927. URL: https:
//www.sciencedirect.com/science/article/pii/B9780081025994000126,
doichttps://doi.org/10.1016/B978-0-08-102599-4.00012-6.

Sinnott, R., Towler, G., 2020c. = Chapter 13 - mechanical design of process equip-
ment, in: Sinnott, R., Towler, G. (Eds.), Chemical Engineering Design (Sixth
Edition). sixth edition ed.. Butterworth-Heinemann. Chemical Engineering Series,
pp- 929-1015. URL: https://www.sciencedirect.com/science/article/pii/
B9780081025994000138, doithttps://doi.org/10.1016/B978-0-08-102599-4.
00013-8.

Sinnott, R., Towler, G., 2020d. Chapter 6 - costing and project evaluation, in: Sinnott,
R., Towler, G. (Eds.), Chemical Engineering Design (Sixth Edition). sixth edition ed..
Butterworth-Heinemann. Chemical Engineering Series, pp. 275-369. URL: https:
//www.sciencedirect.com/science/article/pii/B9780081025994000060,
doi:https://doi.org/10.1016/B978-0-08-102599-4.00006-0.

Uijthof, EIM.T., Chavan, B.S., Sluijer, M.]., Komath, V.C., van der Ham, A.G.]., van den Berg, H.,
Lange, J.P.,, Higler, A., Wijnans, S., 2024. Liquid organic hydrogen carriers: Process design and
economic analysis for manufacturing -ethylcarbazole. Journal of Advanced Manufacturing
and Processing 6, €10173. URL: https://aiche.onlinelibrary.wiley.com/doi/
abs/10.1002/amp2.10173,doichttps://doi.org/10.1002/amp2.10173.

Wan, C, An, Y., Chen, F, Cheng, D., Wu, E, Xu, G., 2013. Kinetics of n-ethylcarbazole
hydrogenation over a supported ru catalyst for hydrogen storage. International Jour-
nal of Hydrogen Energy 38, 7065-7069. URL: https://www.sciencedirect.com/
science/article/pii/sS0360319913008719, doithttps://doi.org/10.1016/7.
ijhydene.2013.04.022.

18


https://www.sciencedirect.com/science/article/pii/B9780081025994000102
https://www.sciencedirect.com/science/article/pii/B9780081025994000102
http://dx.doi.org/https://doi.org/10.1016/B978-0-08-102599-4.00010-2
http://dx.doi.org/https://doi.org/10.1016/B978-0-08-102599-4.00010-2
https://www.sciencedirect.com/science/article/pii/B9780081025994000126
https://www.sciencedirect.com/science/article/pii/B9780081025994000126
http://dx.doi.org/https://doi.org/10.1016/B978-0-08-102599-4.00012-6
https://www.sciencedirect.com/science/article/pii/B9780081025994000138
https://www.sciencedirect.com/science/article/pii/B9780081025994000138
http://dx.doi.org/https://doi.org/10.1016/B978-0-08-102599-4.00013-8
http://dx.doi.org/https://doi.org/10.1016/B978-0-08-102599-4.00013-8
https://www.sciencedirect.com/science/article/pii/B9780081025994000060
https://www.sciencedirect.com/science/article/pii/B9780081025994000060
http://dx.doi.org/https://doi.org/10.1016/B978-0-08-102599-4.00006-0
https://aiche.onlinelibrary.wiley.com/doi/abs/10.1002/amp2.10173
https://aiche.onlinelibrary.wiley.com/doi/abs/10.1002/amp2.10173
http://dx.doi.org/https://doi.org/10.1002/amp2.10173
https://www.sciencedirect.com/science/article/pii/S0360319913008719
https://www.sciencedirect.com/science/article/pii/S0360319913008719
http://dx.doi.org/https://doi.org/10.1016/j.ijhydene.2013.04.022
http://dx.doi.org/https://doi.org/10.1016/j.ijhydene.2013.04.022

	General calculations for the LOHCs prescreening stage
	Utilities estimation
	Intermediate temperature (t-cd) and pressure conditioning (p-cd)
	Reaction section (rs)
	Separation operations (sep)

	Raw materials costs estimation
	Considerations for the Fire and Explosion Index (F&EI) calculation

	Hydrogenation and dehydrogenation processes detailed formulation
	Mixers and splitters
	Heat exchangers
	Flash separation vessels
	Valves
	Compressors
	Pumps
	Hydrogenation reactors
	Slurry reactors
	Trickle bed reactors

	Dehydrogenation reactors
	Slurry reactors
	Trickle bed reactors

	Equipment costs estimation

	Hydrogenation and dehydrogenation investment costs
	Nomenclature

