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DESCRIPTION
The increasing demand for sustainable and nutrient-rich food 
sources has driven interest in alternative protein production 
systems that offer both environmental and nutritional benefits. 
Wheatgrass, known for its high chlorophyll and micronutrient 
content, is now being explored for its protein yield, especially in 
controlled-environment agriculture such as vertical farming 
systems. A Life Cycle Assessment (LCA) of protein production 
from wheatgrass within a novel vertical farming setup reveals 
potential optimization potential in terms of environmental 
impact, energy use and yield efficiency [1].

In this analysis, a vertical farming unit specifically engineered for 
wheatgrass cultivation was evaluated using a cradle-to-harvest 
LCA framework [2]. The assessment included inputs such as 
energy consumption for lighting, water usage, nutrient solutions, 
growth substrates, climate control systems and labor, as well as 
outputs such as biomass yield, protein content and waste 
streams. The study focused on protein production efficiency per 
square meter and per kilogram of harvested wheatgrass powder, 
a key metric for assessing its viability compared to conventional 
protein sources.

Preliminary findings indicated that vertical farming of wheatgrass 
under optimized conditions can result in a protein yield of 
approximately 2.8 kg per square meter annually [3]. This is 
achieved through a rapid growth cycle of 7-10 days per harvest 
and the ability to cultivate year-round using stacked layers. 
However, the environmental footprint, especially in terms of 
electricity used for LED lighting and HVAC systems, constitutes 
the majority of the system's total energy consumption. These 
factors alone account for over 65% of the system’s greenhouse 
gas emissions in CO₂ equivalents per functional unit [4].

Fundamental areas of optimization identified include dynamic 
lighting schedules, integration of renewable energy sources and 
automation of nutrient delivery. By using spectrum-adjusted 
LEDs that target photosynthetically active radiation more 
efficiently, electricity consumption could be reduced by 
25%-30% without compromising yield. Similarly, implementing

closed-loop water recirculation systems and automating 
fertigation schedules can significantly reduce water and nutrient 
input while maintaining consistent protein output. -derived 
nutrient Substituting traditional synthetic nutrient mixes with 
organic or waste sources could further improve the sustainability 
profile of the production system [5].

The protein extracted from wheatgrass in this system was 
characterized by a favorable amino acid profile, particularly rich 
in lysine and threonine, which are often limiting in plant-based 
diets [6]. Compared to soybean protein, the wheatgrass protein 
required nearly 40% less water per gram of protein produced, 
albeit with a slightly higher energy input. These trade-offs suggest 
that while vertical wheatgrass farming may not yet surpass 
traditional crops in all LCA categories, its scalability, urban 
proximity and year-round production capacity present 
compelling advantages.

An interesting aspect of this novel vertical system is its 
modularity, allowing it to be deployed in both rural and urban 
settings with minimal land use. The compact design ensures that 
systems can be stacked vertically in underutilized urban spaces, 
bringing protein production closer to consumers and reducing 
emissions associated with transportation and cold-chain logistics 
[7]. This localization aligns with sustainable food system goals 
and supports the resilience of protein supply chains in the face 
of climate disruptions.

Further integration of real-time sensor networks and AI-driven 
crop monitoring can enhance productivity and reduce resource 
waste. Predictive analytics could be used to forecast protein 
content and growth rates based on environmental conditions, 
enabling precise control of inputs and harvesting schedules [8]. 
Such data-driven optimizations not only improve the economic 
feasibility of vertical wheatgrass farming but also support 
transparent and traceable supply chains for functional food and 
supplement markets.

While this study presents encouraging data, limitations remain. 
The initial capital cost of setting up the vertical farming 
infrastructure, especially for small-scale growers, can be 
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prohibitive [9]. Furthermore, consumer awareness and market 
demand for wheatgrass protein beyond niche health-conscious 
communities need to be addressed. Policy support, investment 
in green energy integration and further research into crop 
genomics and agronomic traits of wheatgrass could help 
overcome these barriers [10].

CONCLUSION
In conclusion, the life cycle assessment of protein production 
from wheatgrass in a novel vertical farming system demonstrates 
that with targeted technological optimizations, it is possible to 
achieve a low-footprint, high-yield alternative protein source. 
Although the system still relies heavily on energy inputs, 
especially during early implementation stages, advances in 
energy efficiency and integration of sustainable practices 
indicate strong potential for scalability. As urban agriculture 
continues to evolve, wheatgrass protein farming stands as a 
viable contributor to future food security and sustainable 
nutrition strategies.
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