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Abstract

Conventional fuel burning contributes to global warming and climate change, making the transition
towards renewable and green energy inevitable. Sustainable aviation fuel (SAF) is a compelling
substitute for conventional jet fuels because it closely resembles them regarding chemical and
physical attributes. Here, we show that integrating photovoltaic solar farms generates electricity to
run the Kolbe process in the reactor for the synthesis of hydrocarbons at the industrial level, which
represents a promising avenue for the aviation industry by reducing the carbon footprint. The energy
required (152.9 MWh/annum) to power the reactor for the Kolbe process (2.5 ML/annum SAF)
requires 105 kW (4-5 average peak sunshine hours in Sydney) solar PV farm which was simulated
using System Advisor Model (SAM). The simulation results showed that the integrated solar farm
could produce 155.3 MWh/annum which was enough to power the reactor to produce the required
guantity of hydrocarbons for SAF. This quantitative data demonstrates the feasibility of a setup,
establishing a clear connection between renewable energy generation and hydrocarbon synthesis.

Introduction

Fossil energy supplies are becoming more limited, and their extraction is becoming more
challenging. The use of these fuels is linked to significant environmental issues. Energy consumption
and emissions of greenhouse gases from the transportation industry are predicted to rise to 80% by
2030[1]. One of the most significant emitters of anthropogenic CO: in the atmosphere is
the transportation industry, the aviation sector alone is accountable for over 2.5 % [2] Of global CO
emission air travel emits 246 grams of carbon dioxide equivalent per passenger kilometer[3]. This
leads to well-known global climate shifts that constitute a unique challenge to the planet. To combat
the environmental impact of fossil fuel use in aviation, multiple organizations, including the 1ATA
(International Aviation Transportation Agency), are investing resources into promoting the production
and utilization of Sustainable Aviation Fuels (SAF) [4].

Nevertheless, there are many ways to synthesize SAF, but all current methods, such as Alcohol -to-
Jet pathway (ATJ), and hydrogenation of oils and fats (HEFA). The ATJ pathway primarily relies on
the butanol and ethanol obtained from crops such as sugarcane, corn, and maize. The accessibility
of such types of alcohol is limited due to agricultural productivity and seasonal variation. [5]. Another
process HEFA commonly uses vegetable oils and animal fats, but their supply is limited due to
the availability of agricultural land, which leads to the food vs fuel dilemma[6].

The Kolbe process is a sophisticated electrochemical method that can use low-carbon and
renewable energy sources to change carboxylic acids from industrial wastes into high-quality
hydrocarbons suitable for use as “drop-in replacement” biofuels. The industrial application
investigated the production of hydrocarbons from fatty acids obtained from waste fats and oils (e.g.
waste cooking oil WCO). The Kolbe process's efficiency and development in reactor design have
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also increased scalability and electrode materials, making it a strong contender for large-scale
chemical synthesis [7].

In this study, we show that energy from renewable energy resources such as PV can be used to
achieve industrial-scale hydrocarbon synthesis via the Kolbe method to produce SAF. This might
significantly transform the chemical industry by lowering its carbon footprint and reliance on non-
renewable resources [8]. This process is in line with the global transition towards greener chemical
manufacturing.

Experimental Set-Up
Integration of Solar PV System

The solar PV system simulation was performed using the System Advisor Model (SAM). The chosen
location was Sydney (latitude=-33.86°, Longitude= 151.21°), Australia and the weather data file was
downloaded from the NSRDB data source. To meet the annual production capacity (2.5ML/yr) of
SAF, the required energy was 153MWh. The desired PV array was 18 kW (24 hours working)
however, in the case of solar energy the peak sunshine hours are 4-5 hours (Source: SAM Weather
Database). Therefore, the desired PV array size was adjusted to 105 kW to meet the annual energy
demand of 153 MWh. To utilize the maximum potential of this solar PV farm, the number of reactors
was increased from 200 to 1100 (105.084 Kw). The tilt angle was set equal to the latitude of Syndey
to harness maximum beam radiations throughout the year and the orientation of panels was true
North (Southern Hemisphere). To reduce the capital, operation & maintenance costs, the fixed
tracking mountings were used for solar panel installation.

System sizing

The Array size was kept at 105kW, and monocrystalline Trina solar TSM-500 DE18M.08(1l) was
selected in SAM (See Figure 1 for IV Characteristics).

Trina Solar TSM-500DE18M.08(ID)|
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Figure 1. IV characteristics of Solar PV module (Efficiency= 21.38%, FF=0.8)

The total number of panels required were 210 (14 strings with each string having 15 panels in
series) and the total required area with a 0.3 ground clearance ratio( distance between two
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consecutive arrays) was 491 m2. The SunPower: SPR 15000 m-3-H [480V] inverter was selected
for DC(Direct current) solar farm output conversion to AC(Alternating current) output. The total
number of inverters were 7 with 15 kW capacity each (See Figure 2 for the System Line Diagram).
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Figure 2. PV System Line Diagram
Results and Analysis

The annual energy production from the 105-kW solar farm was 155.3 MWh, which is enough h to
produce 2.5 ML/yr through the Kolbe process at the industrial level to synthesize sustainable aviation
fuels in one year. Figure 3(a) Very little energy is produced during morning and evening hours but,
during peak sunshine hours, the energy production was at its maximum. The average monthly
energy production throughout the year is shown in Figure 3(b), which depicts the maximum energy
produced in summer due to high radiation intensity and more sunshine hours, while in winter, energy
production was comparatively low.
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Figure 3. a) Average Annual Output per Day (b) Monthly AC energy throughout the year.

Conclusions

The integration of a 105 kW solar farm was demonstrated in this study to produce 152.9 MWh
annually, sufficient for producing 2.5 ML/yr of SAF. With 4-5 sunshine hours in Sydney, the designed
solar farm could produce 155.3 MWh/yr fulfilling the annual energy requirement of reacters for
the Kolbe process. There is no literature available on the integration of solar farms for Kolbe
electrolysis as a comparison. This quantitative evidence supports the viability of solar energy as a
renewable energy source for powering Kolbe reactors. However, as the solar farm is limited by
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sunshine hours, more reactors are required to maximize energy use during peak production times.
Future studies should explore solar farms with energy storage systems or integration with other
renewable energy sources, such as wind energy, which will enhance the reliability of renewable
energy systems and reduce the associated costs. Additionally, a comparison with other renewable
energy integration methods or different Kolbe reactor designs would further enhance the credibility
of this approach can demonstrate its effectiveness relative to existing alternatives.
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