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Abstract 

Electro-agriculture is emerging as a 
groundbreaking solution to address the 
environmental challenges posed by traditional food 
production. Currently, food production contributes to 
one-third of global greenhouse gas emissions and 
occupies nearly half of the world’s habitable land. As 
population growth and dietary shifts amplify these 
impacts, decarbonizing agriculture becomes a critical 
challenge in achieving net-zero emissions by 2050 
under the Paris Agreement. Electro-agriculture 
leverages renewable energy to convert CO₂ into 
acetate through electrolysis, providing a sustainable 
carbon source for plant growth without sunlight. This 
method achieves a fourfold increase in solar-to-food 
efficiency compared to photosynthesis and eliminates 
the need for energy-intensive artificial lighting and 
HVAC systems. Early research dating back to the 18th 
century demonstrated the influence of electrical fields 
on plant growth, paving the way for modern electro-
agriculture, which employs genetically modified 
plants capable of consuming acetate. The potential 
applications of electro-agriculture extend beyond 
high-value crops like lettuce and tomatoes to staple 
crops such as rice and wheat, as well as precision 
fermentation for sustainable protein production. By 
reducing resource dependence and increasing 
efficiency, electro-agriculture represents a 
transformative approach to reimagining food systems 
and achieving sustainable crop production for a 
growing global population. 

Introduction 

Food production currently accounts for one-

third of global greenhouse gas emissions and occupies 
nearly half of the world’s habitable land. The global 
food system must be reimagined to address the issues 

related to high population, demand for food 
production, problems related to pests and diseases, 
global food security. While vertical farming has 
garnered attention, its reliance on energy-intensive 

artificial lighting limits scalability. However, 
advances in genetic engineering and CO₂ electrolysis 
have led to the rise of electro-agriculture (electro-ag). 

This innovative approach enables food cultivation 
without light, offering a sustainable alternative to 
traditional photosynthesis-dependent methods. The 

exploration of the effects of electrical stimulation on 
plant development dates back to 1746, when Dr. 
Maimbray from Edinburgh treated myrtle plants 
using an electrostatic generator, resulting in enhanced 

growth and flowering. Two years later, French abbot 

Jean Nolet discovered that plants exhibited 
accelerated germination rates and overall growth 

when cultivated under charged terminals. This early 
research laid the groundwork for understanding how 
electrical fields can influence plant biology. 
Photosynthesis captures just 1% of the solar energy 

absorbed by plants. Electro-agriculture leverages 
genetically modified plants that consume acetate, a 
molecule akin to vinegar, produced through a solar-

powered chemical reaction that efficiently converts 
CO₂. Scientists utilize a metabolic pathway active in 
germinating plants, which enables them to digest 

stored food but typically shuts down once 

photosynthesis starts. 

Mechanism of Electro agriculture 

Electro-agriculture utilizes renewable energy 
to transform CO2 into acetate, a carbon-rich 
compound that supports crop growth without 

sunlight. This process involves electrolysis, where CO2 
is first converted into carbon monoxide (CO) and then 
into acetate (Fig 1). The acetate serves as a direct 

feedstock for plants, allowing them to grow 
heterotrophically by consuming organic carbon 
instead of relying on photosynthesis. This innovative 

food production system can function in complete 

darkness, significantly reducing the need for arable 
land and demonstrating greater efficiency than 
traditional agriculture. By using acetate as a nutrient 

source, electro-agriculture achieves a fourfold increase 
in solar-to-food efficiency compared to conventional 
photosynthesis. Electro-agriculture harnesses 
renewable energy to convert CO2 into reduced carbon 

compounds. Unlike traditional farming systems that 
rely on extensive lighting and HVAC cooling systems 
where 30%–50% of electricity is wasted as heat. 
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Electro-agriculture operates in complete darkness, 

eliminating the need for these resources. 

Future of electro agriculture in crop production 

Electro-agriculture has the potential to expand 
its repertoire of food products significantly, targeting 
high-value plants, staple crops, and proteins.Current 
research has primarily centered on high-value crops 
such as lettuce and tomatoes, which can be efficiently 
cultivated using acetate as a carbon source. This 

method allows for faster growth and reduced resource 
use compared to traditional farming methods. While 
initial efforts have focused on high-value crops, 
electro-agriculture could eventually be adapted to 
produce staple crops like rice and wheat. The 
challenge lies in genetically modifying these plants to 
utilize acetate effectively, which researchers are 
actively working on. Electro-agriculture also opens 
avenues for producing proteins through precision 
fermentation. 

 

Table 1: Comparison between conventional and electro agriculture 

Feature/Aspect Conventional Agriculture Electro-Agriculture 

Energy Source Primarily fossil fuels; high energy 
loss in lighting 

Renewable energy; uses 
electrochemical transformation 

Growth Environment Requires sunlight and large areas 
of arable land 

Operates in complete darkness; no 
need for large land areas 

Lighting Requirements Relies on LED grow lights, 30%–
50% energy lost as heat 

No artificial lighting needed, 
eliminating cooling costs 

Water Usage High water consumption; 
inefficient irrigation 

Reduces water use by 95% through 
hydroponic systems 

Pesticide Use Often requires pesticides for pest 
control 

Eliminates the need for pesticides 

Fertilizer Efficiency 50%–60% of applied fertilizers leak 
into the environment, causing 
pollution 

Higher nitrogen use efficiency; 
reduces eutrophication by 70%–
90% 

CO2 Emissions from Fertilizer 
Production 

Synthetic nitrogen fertilizers via 
Haber-Bosch process contribute 
~2% of global CO2 emissions 

Potentially electrifies fertilizer 
production with green hydrogen, 
reducing emissions by >90% 

Crop Growth Method Relies on photosynthesis, which is 
inefficient (1% energy conversion) 

Heterotrophic growth using 
acetate as a direct feedstock, 
improving efficiency fourfold 

Environmental Impact Contributes to greenhouse gas 
emissions and deforestation 

Reduces environmental footprint 
and promotes sustainability 

Fig 1. Depiction of electro agriculture model 

It enables the use of acetate as a carbon source 
in precision fermentation processes to produce egg 
and dairy proteins. This method eliminates reliance on 
traditional agricultural inputs, allowing for more 
sustainable protein production. These applications 
could address protein demands sustainably without 
relying on traditional livestock farming.  

Environmental and Economic Implications 

Electro-agriculture holds substantial potential 
for mitigating environmental impacts associated with 
traditional farming: 

Reduction in Greenhouse Gas Emissions: By 
minimizing land use and optimizing resource 
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efficiency, electro-agriculture can significantly lower 
agricultural greenhouse gas emissions. The closed-
loop nature of these systems also prevents fertilizer 
runoff, which contributes to waterway pollution. 

Stabilizing Food Supply: Unlike conventional 
agriculture, which is heavily influenced by climate 
conditions, electro-ag systems can operate in 
controlled environments. This ensures a consistent 
food supply regardless of external weather events, 
thereby stabilizing food markets and prices 

Potential for Space Exploration: The adaptability of 
electro-agriculture makes it an attractive option for 
future food production in space missions. NASA has 
already explored its potential through initiatives like 
the Deep Space Food Challenge, demonstrating its 
capability to sustain human life on long-duration 
space flights 

Challenges Ahead 

Despite its promising advantages, several 
challenges must be addressed before electro-
agriculture can be widely adopted: 

Energy Efficiency Improvements: Current systems 
achieve around 4% energy efficiency in CO2 
electrolysis. Ongoing research aims to enhance this 
efficiency to nearly 11%, making it a more viable 
alternative to photosynthesis. 

Scalability Concerns: Feeding the entire U.S. 
population using electro-agriculture would require 
approximately 19,600 terawatt-hours (TWh) of 
electricity annually. Developing the necessary 
infrastructure to support this demand poses 
significant challenges. 

Crop Diversity Development: While electro-
agriculture has shown success with certain crops like 
lettuce and tomatoes, expanding its application to 
staple crops such as maize and rice is essential for 
addressing global food insecurity effectively. 

Conclusion: Electro-agriculture represents a 
transformative advancement in food production, 
addressing the urgent need for sustainable 
agricultural practices as global populations rise and 
environmental challenges intensify. By harnessing 
renewable energy to convert CO2 into acetate, this 
innovative method bypasses the inefficiencies of 
traditional photosynthesis, allowing crops to thrive in 
controlled environments without the need for sunlight 
or extensive arable land. In conclusion, electro-
agriculture stands as a revolutionary solution to the 
pressing challenges facing global food production. 
With ongoing research and technological 
advancements, it has the potential to reshape the 
agricultural landscape, ensuring food security while 
protecting our planet's ecosystems. By embracing this 
innovative approach, we can pave the way for a more 
resilient and sustainable future in agriculture. 
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