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Summary

Dimethyl ether (DME) is a promising low-carbon fuel, chemical intermediate, and platform molecule due to its
clean combustion behavior, compatibility with LPG-like storage and transport infrastructure, and potential use
in transport, heating, hydrogen storage, and chemical applications. This work assesses hybrid concentrating
solar power (CSP) and photovoltaic (PV) systems with thermal and electrical storage for continuous CO,-
based methanol (MeOH) and DME production in northern Chile. The production chain extends a previously
developed e-MeOH process model by adding DME synthesis, which increases the process heat demand and the
need for stable downstream operation.

A high-resolution process-coupled simulation framework, combined with surrogate-assisted optimization, is
used to compare four configurations: PV with battery energy storage (BESS) using either PEM or AEL
electrolysis, and CSP-PV with BESS and an electric heater (EH) using either PEM or AEL electrolysis.
The analysis is performed for Antofagasta and Mejillones with purchased electricity limited to 10% of total
electrical demand. The results show that co-optimizing electricity and process heat supply is important for
continuous DME production. In particular, CSP with thermal energy storage (TES) and an EH can provide
dispatchable electricity, supply process heat, and convert otherwise curtailed PV electricity into useful thermal
energy. Across the optimized cases, CSP-PV configurations reduce the levelized cost of DME (LCODME)
by approximately 5.5% to 6.8% compared with the corresponding PV—only configurations, while improving
downstream process utilization.

Keywords: Concentrating Solar Technologies (CST), Photovoltaics (PV), thermal energy storage, e-MeOH,
e-DME, dynamic modeling, techno-economic optimization

Field of application for the findings: Sustainable Energy Infrastructure and Electrification.

Addressed audience: Solar-thermal and PV system designers, Power-to-X developers, and techno-economic
analysts.

1. Introduction

Electricity-based DME, produced from renewable hydrogen and captured CO,, is increasingly discussed as
a low-carbon fuel and chemical intermediate. DME can be used as an LPG blendstock, a transport fuel for
heavy-duty and marine applications, and a platform molecule for chemical production (Spazzafumo, 2021).
Compared with several other synthetic fuels, DME benefits from relatively simple pressurized storage and
transport requirements that are similar to existing LPG logistics (Florentinus and Hamelinck, 2012; Hsieh
and Felby, 2017). Current large-scale DME production processes are generally operated under steady-state
conditions. Therefore, a key challenge for renewable DME production, due to its intermittent nature, is



ensuring a continuous supply of heat and electricity to hydrogen (H;) production, MeOH production, and DME
synthesis. This creates a strong motivation to investigate hybrid renewable energy systems that can provide
both dispatchable electricity and process heat.

Hybrid systems that combine PV and CSP technologies are well suited for this task. PV can provide low-cost
electricity during periods of high solar irradiance, while CSP with TES can shift solar energy to evening and
night hours. In addition, CSP can provide process heat directly or indirectly through the thermal storage system.
An EH can further improve the integration of the system by converting otherwise curtailed PV electricity into
useful heat for the molten salt loop. This coupling between electricity and heat supply is especially relevant for
fuel synthesis processes with continuous downstream operation.

Chandler et al. (2026a) developed an integrated techno-economic optimization framework for a 150 kt/a renew-
able methanol (e-MeOH) plant in Antofagasta, Chile. That study showed that hybrid CSP-PV systems with
storage can reduce variability, improve process operability, and lower the levelized cost of methanol compared
with configurations that rely only on PV and battery storage. The results also highlighted the importance of
site-specific solar resources, component utilization, and the co-optimization of renewable generation, storage,
and process capacities.

This work builds on that previous e-MeOH study by extending the production chain to continuous, conventional
gas-phase DME production. The target production rate is 100 kt/a of DME, requiring upstream CO;-based
MeOH synthesis, MeOH distillation, and a dedicated DME synthesis step. Compared with the e-MeOH case,
the DME plant has a higher constant process heat demand of approximately 22 MWy,, while the nominal
electrical demand depends on the renewable energy and electrolysis configuration. Four configurations are
evaluated: PV-BESS with proton exchange membrane (PEM) electrolysis, PV-BESS with alkaline electrolysis
(AEL), CSP-PV-BESS-EH with PEM electrolysis, and CSP-PV-BESS—EH with AEL electrolysis.

The analysis is conducted for two sites in northern Chile, Antofagasta and Mejillones. For each site and
configuration, high-resolution annual simulations are coupled with a surrogate-assisted optimization framework
to identify cost-minimizing system designs with minimal reliance on the electrical grid. The optimization sizes
the renewable generation system, storage units, selected process capacities, and dispatch-related parameters.
The main objective is to minimize the levelized cost of DME (LCODME) while maintaining continuous
production and limiting dependence on purchased electricity.

The main contribution of this work is the extension of a process-coupled CSP-PV optimization framework
from e-MeOH to e-DME production. The system configuration considered in this study is shown in Figure 1.
In particular, the paper evaluates how the additional DME synthesis step, increased process heat demand, and
continuous downstream operation affect the optimal renewable energy system design. The results provide
insight into the relative performance of PV-only and hybrid CSP-PV configurations, the influence of PEM and
AEL electrolyzer technologies, and the potential role of thermal energy storage and electric heating in future
solar-based Power-to-X plants.
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Fig. 1: Schematic of the H,—-MeOH-DME production chain and the CSP-PV configuration with EH and BESS integration for meeting
electrical and thermal demands.



2. Methodology

This section describes the renewable energy system, H,—-MeOH-DME process model, heat and electricity
supply, system coupling, techno-economic evaluation, and optimization framework.

2.1 Renewable Energy System Modeling

The simulations are performed using ColSim, Fraunhofer ISE’s in-house transient thermal systems tool (Wit-
twer, 1999). ColSim has previously been applied to the modeling and validation of solar-thermal systems,
the optimization of central receiver systems, and the simulation of hybrid CSP, PV, BESS, and electric heater
configurations (Rohani et al., 2017; Schottl et al., 2020; Chandler et al., 2026b). A key advantage of ColSim
is its ability to generate high-resolution time series, enabling detailed analysis of the interactions between
renewable energy generation, storage, process heat supply, and fuel production.

Two sites in northern Chile are considered: Antofagasta, located at 24.851°S, 69.908°W, and Mejillones, located
at 22.771°S, 69.690°W. A typical meteorological year is generated from satellite data using Meteonorm v8
(Remund et al., 2020). Both locations have excellent solar resources. Antofagasta has an annual direct normal
irradiance (DNI) of 3,186 kWh/m? and a global horizontal irradiance (GHI) of 2,653 KWh/m?. Mejillones has
an annual DNI of 3,320 kWh/m? and a GHI of 2,590 kWh/m?.

2.1.1 Central Receiver Plant

For the CSP subsystem, a central receiver system (CRS) with a Rankine power block, dry cooling, and a
two-tank direct molten-salt TES system is assumed. The TES can provide up to 20 full-load hours (FLH)
of storage. The receiver operates between 290 and 565 °C. The optical components are modeled using the
Raytrace3D suite (Schéttl et al., 2022, 2018; Branke and Heimsath, 2010). Heliostat field layouts are generated
using the MUEEN radial-staggering algorithm (Leonardi et al., 2019).

The heliostat field and receiver are sized using the thermal multiple and optical multiple, which define the
relative sizing of the receiver, power block, and heliostat field at the design point (Eceiza et al., 2023). These
variables are optimized together with TES capacity and power block size.

In addition to electricity generation, heat from the CRS and TES is used to supply part of the H,—-MeOH-DME
process heat demand. To ensure stable process heat availability, the minimum TES state of charge used for
electricity generation is adjusted. This adjusted minimum state of charge limits discharge to the power block,
thereby reserving part of the thermal storage capacity for process heat supply.

2.1.2 PV and BESS Technologies

The PV and BESS models follow the framework of Chandler et al. (2026a). High-performance bifacial PV
modules on north-south single-axis trackers are assumed. The PV module parameters are based on the Trina
Solar 705 NE module. The inverter converts PV-field DC power, Ppc, to AC power, Pac, with an assumed
conversion efficiency of 98.5%. PV oversizing is represented by the DC-to-AC ratio, which is defined as the
ratio between installed PV DC capacity and inverter AC capacity.

A DC-coupled lithium-ion BESS is used for electrical storage. The BESS operates between 10% and 90% state
of charge. A charge/discharge efficiency of n./q = 92% is assumed, resulting in an approximate round-trip
efficiency of 85%. The BESS energy capacity, Epgss. is treated as an optimization variable, while the maximum
charge and discharge power is limited to 300 MW.

2.1.3 Electric Heater and Boiler Integration

A molten-salt EH is integrated into the renewable energy system and operates in parallel with the CRS. When
excess PV electricity would otherwise be curtailed, the electricity can be directed to the EH and converted to
thermal energy with an assumed efficiency of 99%. For CSP-PV configurations, the EH supplies heat to the
molten-salt system and can support the process heat demand when thermal storage is depleted.



For PV-only configurations without thermal storage, an electric boiler with an assumed efficiency of 99% is
used to provide the process heat demand (Ziarkash et al., 2025). In both configurations, purchased electricity
may be used to operate the heater or boiler when renewable generation or TES are insufficient to meet the
process heat demand.

2.2 Ho—MeOH-DME Modeling

The components of the H)-MeOH-DME production chain are modeled as black-box units featured with param-
eterized performance curves obtained from AspenPlus-modeling and proprietary models as well as experimental
data.. Their performance and cost parameters are taken from literature and adapted from the previous e-MeOH
study, with additional assumptions for DME synthesis. The main process units are desalination, electrolysis,
H; buffer storage, MeOH synthesis, MeOH buffer storage, MeOH distillation, and DME synthesis. In the
production chain, H, produced by electrolysis is combined with captured CO; to produce crude MeOH. After
purification by distillation, the MeOH is fed to a dedicated DME synthesis unit, which introduces an additional
process-heat requirement.

Each black-box process can require electricity, heat, and feedstock. The conversion of inputs to products
is represented by energy-to-product coefficients and feed conversion coefficients. Unless otherwise stated,
component performance and costs are scaled linearly from baseline values. The main operating ranges and
conversion coefficients are summarized in Table 1.

Tab. 1: Operating ranges and conversion coefficients by process. Values are adapted from Chandler et al. (2026a) and extended for
DME. Part-load values for MeOH synthesis are given in Table 4 of Chandler et al. (2026a).

Unit Desalination?  Electrolysis” MeOH® DME!
PEM AEL Synth. Dist. Synth.
Lifetime a 30 7.9 9.9 30 30 30
Min. load % 0 0 20 40 - -
Max. load %o 100 100 100 100 100 (req.) 100 (req.)
Pg1. Req. (&) kWhg /kg 0.0045 53.4 50.8  Variable 0.0 0.001
Prh. Req. (&) kWhg/kg 0.0 0.0 0.0 0.0 0.681 0.765
H,: 0.12

Feed Req. (Yfeed) Kk&in/KZout 1.67 10.0  10.0 CC§2: 0.88 1.57 MeOH: 1.40
Prod. heat (¢,) kWhy/kg 0.0 0.0 0.0 Variable 0.0 0.0

2 Direccién de Estudios y Politicas Publicas (2015); Dambeck et al. (2020)

Y Hemauer et al. (2023); Bram et al. (2024); Pichlmaier et al. (2021); Shin et al. (2023)
¢ Danish Energy Agency (2024); Feuerbach et al. (2026); Mbatha et al. (2026)

d Bildea et al. (2017); Fortin et al. (2020)

2.2.1 Modeling of Individual Components

Reverse osmosis (RO) is assumed for seawater desalination. Since the required raw-water flow is modest
compared with the overall plant scale, the raw water supply is included in the annual operating costs. Two
electrolyzer technologies are considered: PEM and AEL. PEM electrolysis is assumed to offer full operational
flexibility between 0% and 100% load, but it has higher capital costs and a shorter stack lifetime. AEL has
lower capital costs and a longer stack lifetime, but its operation is constrained to a minimum load of 20%.

The MeOH synthesis unit uses CO, as the carbon source and operates between 40% and 100% of nominal load.
Part-load performance is represented using load-dependent electricity demand and recoverable heat coefficients.
The H, and MeOH buffer storage units are modeled using mass balances that are updated at each time step.
Captured CO; is assumed to be purchased from a regional cement plant and transported to the production site.
The assumed transport distance is 150 km for both sites.

The distillation unit receives a crude methanol stream and separates it into MeOH and water. The resulting
distilled MeOH is then fed to the DME synthesis unit. Both the MeOH distillation and DME synthesis units are
assumed to operate continuously at nominal load. Depending on the configuration and operating conditions,



the required process heat is supplied by recovered synthesis heat, the CSP-TES system where applicable, the
EH, or the electric boiler.

2.3 Modeling of the Combined System

The renewable energy system and the DME production chain are integrated into a single simulation framework,
as illustrated in Figure 1. The main interfaces between the subsystems are electricity supply, process heat supply,
and the operation of intermediate buffer storage. The combined system is operated to maintain continuous
DME production while limiting purchased electricity.

2.3.1 Sizing of the Ho—MeOH-DME System

The principal operational constraint is continuous DME production at a nominal capacity of 100 kt/a. To satisfy
this requirement, upstream units can be oversized relative to the DME design point. Oversizing allows the Hj
and MeOH buffers to be charged during periods of high renewable generation and discharged during periods
of lower renewable availability.

A generic sizing multiple is introduced for each scalable process component. Itis defined as the ratio between the
installed capacity of component i and the design-point capacity required to meet the nominal DME production
target:

C;
SM; = (D
" Cipp

Three main sizing multiples are applied. The MeOH synthesis sizing multiple, SMmeoH synth., describes the
oversizing of crude-MeOH production relative to the DME design point. The electrolyzer sizing multiple,
SMEiectro., Scales the Hy production capacity required to supply the oversized MeOH synthesis unit. The
PV-inverter sizing multiple, SMy,y_, scales the PV generation system relative to the nominal electrical demand
of the H,—~MeOH-DME process.

For CSP-PV configurations, the CSP power block capacity is sized independently between 100 and 250 MW,;.
Excess inverter output can be stored in the BESS, converted to heat through the EH, used by the process units,
or curtailed.

2.3.2 Qperation of the Combined System

The combined plant is operated to maintain continuous DME production at nominal capacity. Upstream units
and buffer storage are dispatched to ensure a steady feed to the downstream MeOH distillation and DME
synthesis units while limiting purchased electricity. Figure 2 shows a representative multi-day time series.

When renewable electricity is abundant, MeOH synthesis operates at nominal load until the crude-MeOH
buffer reaches its target state of charge. After this point, the electrolyzer prioritizes charging the H, buffer. If
both buffers are sufficiently charged, process units reduce operation toward their minimum stable load where
applicable, and excess renewable electricity is either stored, converted to heat, or curtailed.

In CSP-PV configurations, during periods of low solar resource, such as nighttime or cloudy conditions,
the CSP subsystem can discharge TES through the power block to cover part of the electrical demand. The
BESS is used to smooth short-term deficits and support transient operation. If renewable generation, BESS
discharge, and TES-backed generation are insufficient, electricity is purchased from the grid, subject to the
annual purchased electricity constraint.

The process heat demand is supplied by recovered heat from MeOH synthesis, heat from the CSP-TES system,
the EH, or the electric boiler. In CSP-PV configurations, a portion of the TES capacity is reserved for process
heat by adjusting the minimum TES state of charge used for electricity generation. If the TES is depleted, the
EH may be operated using renewable or purchased electricity to maintain the process heat supply.
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Fig. 2: Representative time series for a hybrid plant using a PEM electrolyzer. Top: GHI and DNI. Second and third: electrical and process
heat flows by subsystem. Fourth: storage states of charge. Bottom: hourly product rates.

2.4 Techno-Economic Evaluation

The techno-economic evaluation includes the renewable energy system, storage technologies, electrolysis,
process units, buffer storage, CO, supply, and purchased electricity. Specific cost assumptions for the renewable
energy and H,—MeOH systems are adapted from Chandler et al. (2026a). The additional installed cost for DME
synthesis is calculated as 460003 x%283 where x is the installed DME synthesis capacity in kg/h. The
corresponding annual operating cost is assumed to be 3% of the installed cost (Bildea et al., 2017; Fortin et al.,
2020).

A plant lifetime of 30 years and a real discount rate of 7% are assumed. Purchased grid electricity is priced at
155.44 €/MWh (BloombergNEF Climatescope, 2024). Components with shorter technical lifetimes, such as
electrolyzer stacks, are replaced as required over the plant lifetime. Future replacement costs are discounted.
Annual escalation of component costs, electricity prices, and CO; costs is not considered.

The main economic indicators are capital expenditure (CAPEX), annual operating expenditure (OPEX), lev-
elized cost of electricity (LCOE), and LCODME. LCOE is calculated from the discounted system cost and the
discounted renewable electricity generation over the plant lifetime. LCODME is calculated analogously using
the annual DME production as the denominator. These equations are shown in Eq. 2 and Eq. 3.



N OPEX, N, OPEX,
CAPEX+t_Zl(1+r)I CAPEX+;(1+r)t
LCOE = — = 2) LCODME = = 3)
Z Eo(1—d)~! Z MbpwmE,;
= (I+r) £ (1+7r)

In Eq. 2 and Eq. 3, the variable N is the economic lifetime of the plant, r is the real discount rate, and d is the
annual PV degradation rate. For the LCOE calculation, Ej denotes the renewable electricity generated in the
first year of operation. For the LCODME calculation, Mpyg,; denotes the annual DME production in year ¢.
Because continuous DME production is assumed, MppyE,; remains constant over the plant lifetime.

The purchased electricity ratio, Cpy;_, is used to quantify dependence on grid electricity. It is defined as the ratio
between electricity purchased from the grid and the total electrical demand of the H,—MeOH-DME process.
In this study, the optimization is constrained to Cp,,, < 10%. Renewable electricity that cannot be used by
the process, stored in the BESS, or converted to heat by the EH is treated as curtailed electricity. Purchased
electricity used for process units, storage operation, and electric heat supply is included in this ratio.

2.5 Optimization Framework

The optimization minimizes LCODME subject to the purchased-electricity constraint Cp,,, < 10%, and only
designs satisfying this constraint are retained. The integrated ColSim-based optimization framework shown
in Figure 3 is extended to include the H,—MeOH-DME production chain and DME-specific economic post-
processing.

Candidate configurations are generated within the design limits listed in Table 2, sized, and simulated in ColSim
over one year at a 300-second resolution. The resulting key performance indicators are used for economic
evaluation and to train a random forest surrogate model. The surrogate model predicts the performance of
additional candidate designs, which are ranked according to LCODME. The best-performing valid candidates
are selected for crossover and mutation to generate new designs.

For the PV-only configurations, the optimization generated approximately 15000 unique simulations. For the
CSP-PV configurations, the optimization generated approximately 25 000 unique simulations because of the
larger number of free design variables. The final reported configurations are the lowest-LCODME valid designs
identified for each location, renewable energy configuration, and electrolyzer technology.

} % Py Purchased ' Tab. 2: Optimization variable ranges and step sizes.
% % Curtailment
— 7 Component Unit Min Max Step
Genetic ,encTTonTsnnsnmenmes. -~
(gt Cm:p CEF;TCiiiES: PV DC-AC ratio - 0.9 3.0 0.05
i TES+50Crminac. . SMipy. - 0.9 2.0 0.02
e ColSim SMEectro. - 10 20 002
. T— B SMMeOH Synth. - 1.0 15 001
A it N MeOH buffer t 5 200 5
Y SM — \nverte.r 4': H2 buffer t 2 100 2
L DeAcRete CSPPB MW, 100 250 25
" "Comp. Capacities ™, CSP receiver MWy 100 800 10
Hp-MeOH-DME ?Tif.'lﬂfﬁiif l"; CSP OM B 0.9 L5 0.05
Sizing Tool 4.' MeOH Synth. I CSP TES FLH 2 20 0.5
5 MeOH Distil. s
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BESS size MWh 0 2000 50

Fig. 3: Optimization toolchain: component sizing, ColSim simula-
tion, economic post-processing, surrogate modeling, and evolutionary
search, adapted from Chandler et al. (2026a).




3. Optimization Results and Discussion

Four technology configurations are evaluated and optimized for the two reference locations, Antofagasta and
Mejillones. The configurations include PV with BESS and either PEM or AEL electrolysis, and CSP-PV with
BESS, EH, and either PEM or AEL electrolysis. The objective is continuous DME production at minimum
LCODME, subject to the purchased electricity constraint Cpy,, < 10%. Figure 4 shows the minimum-LCODME
configurations for Antofagasta and Mejillones as a function of the renewable electricity share supplied to the
H,;-MeOH-DME process. The figure also compares LCOE, CAPEX, first-year OPEX, and LCODME for the
optimal designs at each renewable electricity share.

Across the candidate set, all four configurations are able to satisfy the purchased electricity constraint while
maintaining continuous DME production. The minimum LCODME values range from 1.54 to 1.84 €/kg across
all optimized cases. The lowest LCODME is obtained for the CSP-PV-AEL configuration in Antofagasta, with
1.54€/kg. Across the optimal configurations, purchased electricity shares range from 2.8% to 4.9%, remaining
below the imposed 10% limit in all cases. The optimized designs show that both PV-only and CSP-PV
configurations can meet the continuous-production and purchased-electricity constraints at the selected sites.

For the optimal values shown in Figure 4, the LCODME for AEL-based configurations decreases from ap-
proximately 1.65 €/kg for PV—only systems to approximately 1.54 €/kg for CSP-PV systems. For PEM-based
configurations, the corresponding decrease is from approximately 1.84 €/kg to approximately 1.73 €/kg. The
optimized CSP-PV configurations therefore achieve approximately 5.5% to 6.8% lower LCODME than the
corresponding PV-only configurations. This reduction cannot be attributed solely to lower LCOE. In several
cases, PV-only configurations achieve lower electricity generation costs, but they require larger storage or
process capacities to maintain continuous production.

The results show a consistent trade-off between CAPEX, OPEX, LCOE, and LCODME. As the renewable
electricity share increases, total CAPEX generally increases because additional PV, CSP, BESS, TES, process
capacity, or heat supply capacity is required. At the same time, first-year OPEX decreases because less
electricity is purchased from the grid. The LCODME optimum therefore occurs at a balance between higher
investment costs, lower operating costs, and improved process utilization.
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Fig. 4: LCOE, CAPEX, first-year OPEX, and LCODME for the minimum-LCODME configuration at each renewable-electricity share.
Results are shown at 1% intervals of renewable electricity share (100% — Cpy;.), for (left) Antofagasta and (right) Mejillones. The gray
bar indicates the 10% electricity purchase limit and the colored bars indicate the optimal configuration.



The difference between electrolyzer technologies also influences the optimal system design. AEL configurations
generally achieve lower LCODME than PEM configurations under the assumed cost parameters because of
their lower electrolyzer capital cost. Although PEM electrolysis offers greater flexibility during periods of
fluctuating renewable generation, this advantage does not compensate for the higher electrolyzer cost in the
optimized cases considered here.

Figure 5 shows the LCODME cost breakdown for the optimal configurations at both locations. The main
cost drivers are the renewable energy system, electrolysis, CO, purchasing, and purchased electricity. The
renewable energy system, including PV and BESS for PV-only configurations and CSP, PV, and BESS for
CSP-PV configurations, accounts for approximately 36% to 38% and 38% to 40% of LCODME, respectively.
Electrolysis contributes approximately 29% for PV-AEL, 33% to 35% for PV-PEM, 25% to 27% for CSP-PV-
AEL, and 28% to 29% for CSP-PV-PEM. The higher renewable-system cost of the CSP-PV configurations is
partly offset by lower electrolysis costs through improved electrolyzer utilization, together with process heat
delivery and the dispatchability provided by TES-backed generation. The EH also allows excess PV electricity
to be converted into thermal energy for direct process heat supply or storage in the molten-salt TES.

The improved dispatchability of the CSP-PV configurations also affects electrolyzer sizing and utilization, with
optimized CSP-PV cases reaching approximately 68% to 84% electrolyzer utilization compared with 58% to
67% for PV-only cases. This indicates that TES-backed electricity generation and more stable renewable supply
allow the electrolyzer to operate for a larger share of the year and closer to its nominal capacity. In contrast,
PV-only configurations rely more strongly on daytime electricity production and require larger electrolyzer
capacities to produce sufficient H, during periods of high PV output.

Purchased electricity contributes approximately 6% to 9% of LCODME across the optimal configurations.
This cost contribution is distinct from Cpy; , which represents the share of total electrical demand supplied by
purchased electricity and ranges from 2.8% to 4.9%. Some grid electricity is still favored in the cost-optimal
solutions because eliminating nearly all electricity purchases would require additional renewable generation
and storage capacity. The CSP-PV configurations do not consistently reduce purchased electricity compared
with the corresponding PV-only systems. Instead, their economic advantage arises primarily from improved
process utilization, dispatchable electricity generation, and integrated process heat supply.

CO; supply is another important cost driver. In this study, CO; is assumed to be sourced from a regional
cement plant and transported 150 km to the DME production site. This highlights the importance of locating
future e-fuel plants near suitable CO, sources, while also considering solar resource quality, port access, water
availability, and grid connection requirements. Overall, both sites can support solar-based DME production
under the imposed purchased-electricity constraint, with CSP-PV configurations providing the lowest LCODME
by combining low-cost PV generation with dispatchable CSP electricity and thermal storage.
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1.649 1.655 V//
1.545 1.543 / ; 5

1.50 4

1.254
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Levelized cost of DME [€/kg]

0.50

0.25 4

0.00

CSP-PV-AEL CSP-PV-PEM PV-AEL PV-PEM

Fig. 5: Levelized cost of DME breakdowns for the four optimized configurations at both locations.



4. Conclusion

This work extends a previously developed e-MeOH optimization framework to continuous DME production
in northern Chile. A coupled renewable energy and H,—MeOH-DME process model was used to evaluate
PV-only and hybrid CSP-PV configurations with either PEM or AEL electrolysis. The systems were optimized
for two locations, Antofagasta and Mejillones, with the objective of minimizing LCODME while limiting
purchased electricity to Cpyy, < 10%.

The results show that hybrid CSP-PV systems can improve the operation and economics of continuous DME
production. Compared with PV—only systems, the CSP-PV configurations benefit from dispatchable electricity
generation, thermal energy storage, and direct or indirect process heat supply. The electric heater further
improves system integration by converting otherwise curtailed PV electricity into useful heat. Together, these
effects reduce the need for large battery capacities, improve downstream process utilization, and support
continuous operation with purchased electricity remaining below 5% of total electrical demand in all optimized
cases.

Across the optimized cases, CSP-PV configurations reduce LCODME by approximately 5.5% to 6.8% com-
pared with the corresponding PV-only configurations. The AEL-based configurations also perform favorably
under the assumed cost parameters because of their lower electrolyzer capital cost, despite their reduced oper-
ational flexibility compared with PEM electrolysis. The results further show that the lowest LCOE does not
necessarily correspond to the lowest LCODME. Instead, the optimal system design depends on the combined
effects of renewable generation cost, storage requirements, electrolyzer utilization, process heat supply, CO,
cost, and purchased electricity.

Both Antofagasta and Mejillones are suitable locations for solar-based DME production, although future site
selection should also consider actual CO, source locations, grid access, port access, water availability, local
infrastructure, and potential industrial synergies. Future work should include a more detailed assessment
of DME synthesis performance, electrolyzer operation under cold- and hot-start conditions, the use of local
meteorological data, time-dependent electricity purchase prices, grid connection costs, certification of the
renewable origin of purchased electricity, alternative CO, sourcing options, and alternative DME synthesis
routes.
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