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Environmental assessment of hydroponic tomato crops in a 

urban building integrated rooftop greenhouse using LCA

Introduction
Food production and climate change are closely linked due to the uncertainty generated by climate

change in agriculture and also by the emissions derived from the agriculture sector, which makes it a

key issue in climate change mitigation.

The goal of this study is to analyze the carbon footprint of an integrated rooftop greenhouse (i-RTG)

located in the Mediterranean area of Barcelona. This innovative vertical farm is connected with the

building in terms of water, residual energy, air (CO2) and food, taking advantage of this connection

to increase resource efficiency. The system was developed in the framework of the Fertilecity

project [1].

Conclusions
The study has proven the feasibility of the i-RTG as a food production system, with significant amounts of food during the period assessed (around 1.6 tones per year). Provided that it is a pilot case

study, the system is not optimized, and it is expected that future improvements will increase its efficiency reducing the carbon footprint of production nearly 50%. The application of the i-RTG

technology in urban areas can increase local food production while mitigating the contribution to climate change.
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Methodology   
The ICTA-ICP building in Barcelona holds a pilot integrated rooftop greenhouse of 85 m2 of

productive area that takes a symbiotic advantage of residual building flows (heat, water and

CO2) (Figure 1). Three tomato crops were conducted from 10/02/2015 to 08/03/2016 (Figure

2). In this system tomato crops can be grown all the year (not only during spring-summer) due

to the mild temperatures of the greenhouse produced by the integration with the building.

The carbon footprint of these crops was quantified using the LCA methodology, the Ecoinvent (v

3.3) database for the environmental information and the software Simapro (v 8). The functional

unit selected for the assessment was 1 kg of tomato at the consumption point including the

whole life cycle of the system from materials extraction to the end of life.

Figure 1. Diagram of the synergies between the building 

and the i-RTG. 
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Figure 2. Timeline of the crops conducted and pictures of the evolution of the crops.
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Results
As can be observed in Figure 3, the most impacting elements of the i-RTG are the infrastructure, due to the materials used, and the fertilizers, due to the high impacts of their production. This is in

accordance with previous LCA studies analyzing hydroponic crops in conventional greenhouses [2]. In average, the carbon footprint of tomatoes produced in the i-RTG is nearly 50% lower in comparison

with conventional production, which emits 1.54 kg of CO2 eq. per kg of tomato [3]. This is due to the lower needs for packaging and transport for i-RTG production. Spring crop 1 and winter crops

showed being less efficient than spring crop 2 due to exceptionally high temperatures that year (that increased evapotranspiration and hence fertigation) and for a lower solar radiation, respectively.

However, the impacts were similar to those observed in tomato consumption from conventional production.

Spring crop (average)

Figure 3. Contribution to the global warming potential of each element of the i-RTG and agricultural and environmental results for each of the crops conducted

Winter crop
Spring crop 1 (164 days)

1,288 kg of tomato

15.3 kg/m2

0.82 kg of CO2 eq. per kg of tomato

Spring crop 2 (135 days)

883 kg of tomato

10.5 kg/m2

0.56 kg of CO2 eq. per kg of tomato

Winter crop (172 days)

367 kg of tomato

4.4 kg/m2

1.41 kg of CO2 eq. per kg of tomato

TOTAL CROPPING PERIOD (15.5 months)

2,539 kg of tomato

30.2 kg/m2

0.81 kg of CO2 eq. per kg of tomato
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