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About SUSMEDHOUSE project

The SUSMEDHOUSE project is mainly driven by the aim of boosting greenhouse efficiency
while preserving soil, water, and energy with novel approaches. These approaches were
tailored and optimized for SUSMEDHOUSE i.e. mainly for the Mediterraneanregion based on
growers needs and environmental conditions of the region. Four cultivation methods, namely,
conventional, aquaponic, hydroponic, and Agro PV were implemented on separate benches
of SUSMEDHOUSE in order to examine the effect of cultivation method on the greenhouse
efficiency and preservation of resources. Further information about the project and the
partners involved are available under https://susmedhouse.eu/
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1. Background

Life Cycle Analysis is a valuable tool for farmers and the agricultural industry to assess and
improve the sustainability and environmental impact of farming practices. It supports
informed decision-making, resource management, and compliance with regulations,
ultimately contributing to more sustainable and environmentally responsible agriculture. This
is why in the present report we compare a traditional Green house of the same dimensions
with the SUSMEDHOUSE demonstrator.

World population is expected to reach 9 billion in 2050 and food requirement will be
increased proportionally. Different crop yields must be increased significantly (i.e., wheat
production must be increased by 60-100%) to meet the demand in 2050.

However, in the Mediterranean (MED) region arable lands decreased from 0.38 ha person to
0.23 between 1970 and 2000 with a projected decline to 0.15 ha per person by 2050. At the
same time, agriculture is a major economic sector in terms of its capacity to generate
employment and income for a large fraction of the MED population. In most southern MED
countries (Morocco, Egypt, Turkey, and Tunisia), it is already providing employment for 20 to
30% of the population. With appropriate improvement practices, this potential can be
exploited with substantial economic effect. However, food production of MED region is not
enough to sustain its domestic population, despite having suitable climate and land.

Most countries in MED region import agricultural crops. MED countries share serious
challenges related to geographical and physical features that decrease agricultural
productivity as a result of climate change.

Greenhouse crop production can become a fundamental solution to manage future
worldwide demand for food. However, the required energy for controlling the temperature
and humidity needs of the greenhouse may cause a significant environmental impact.
Around 30% of the worldwide greenhouse gas (GHG) emission is attributed to the food
industry (Arvanitoyannis, 2008). At the same time, transportation of foods in long distances
between food production companies and consumers, results to the loss of around one-third
of the foods (Denyer et Tranfield, 2009).

Greenhouse crop production can mitigate the problem with this waste of food due to
transportation: the protecting cultivated crop in the greenhouse system/framework, protects
the crops from difficult conditions and adverse climatology. As a consequence, greenhouse
crop production is a recommendable way to satisfy the worldwide demand for food (Russo et
al., 2007). Additionally, besides the reduction of transports, the use of greenhouses -
compared with open fields — have other advantages such as the yield increment and the land
usage reduction.

Greenhouse crop production is a globally known and long-standing technique in the agri-food
sector, providing significant quantities of major growth crops such as vegetables, fruits, and
flowers (Munoz et al., 2007). However, due to the controlled conditions (e.g., temperature,
humidity, and light) that greenhouse crop production requires, the energy demand in
greenhouses is higher than in the open fields. In fact, the energy cost is the second cost
driver in the greenhouses after labor costs (Martinez-Blanco et al., 2011). It has been
estimated that around up to 85% of the operating cost in greenhouses is attributed to heating
(Boulard et al., 2011). Thermal and lighting control conditions of the greenhouses is an
important process that is regulated 24/7 in modern greenhouses which involves not only a
cost for agri-food companies that use this type of crops but also generates significant
environmental impacts. For example, the heating - with fossil fuels - of cultivation of tomato in
greenhouses in Canada is responsible for 50% to 85% of the overall impact for global
warming potential, ozone depletion, and respiratory effects.
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As a result, the goal of a sustainable expansion of greenhouses must be focused on
reducing energy consumption and, at the same time, increasing the quantity and quality of
crop production. Different technological systems measure the environmental impact and
energy consumption of greenhouses differently. Due to this lack of homogenization when
results attempt to be compiled and summarized, it is essential to identify a management tool
that measures environmental impact in a similar (or even unique) manner for the
SUSMEDHOUSE project that could be adjusted to further future needs.

This deliverable “D8.1 Summary report on LCA-Life Cycle Assessment of SUSMEDHOUSE
project” is based on the task “T8.1 Life Cycle Assessment” as described in the GA of the
PRIMA SUSMEDHOUSE project (GA 1917).

The corresponding text for T8.1 states the following:

“The life-cycle assessment of the project, also considering the hardware developed in WP3,
WP5, WP6, WP 7 and WP 9 will be done in coordination and participation of technology
developers. The environmental and other impacts will be analysed in accordance with the
guidelines of ISO 14040 and ISO 14044.

Environmental responsibility is sometimes not considered and law demands and good
practices are avoided or/and overtaken. However, positive externality is important to
measure and identify its impact. Possible undesired consequences such as global warming
potential, toxicity to humans and to ecology, possible depletion of resources will be
investigated, as the stages of LCA, scope and the targets will be defined. Then after the
development of relevant inventory inputs and outputs, potential impacts will be assessed.
After the assessment, results will be interpreted regarding the proposed targets and relevant
recommendations will be drawn.”

In accordance with task T8.1 and in order to elaborate the deliverable D8.1, an online
meeting was organized and implemented on 5" April 2023, so as to present the
SUSMEDHOUSE LCA to partners, in order to discuss any potential issues and contribute at
the overall efficient completion of the task.

LCA can help farmers and agricultural stakeholders understand the environmental footprint
of different farming practices and products. It allows for the assessment of greenhouse gas
emissions, water usage, land use, and other environmental factors associated with farming.
By analyzing the entire life cycle of agricultural products, from planting and harvesting to
transportation and distribution, farmers can identify inefficiencies and areas for improvement.
This can lead to more efficient and sustainable farming practices. Governments and
regulatory agencies may use reports like this one to develop policies and regulations that
promote sustainable farming practices. Farmers may need to comply with such regulations,
and LCA can help them understand and meet these requirements.

D8.1 LCA Copyright of SUSMEDHOUSE Consortium
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2. SUSMEDHOUSE LCA approach

2.1 SUSMEDHOUSE LCA meeting

The SUSMEDHOUSE LCA workshop was held back-to-back with the WP-Leaders of the
project. The title of this event was “SUSMEDHOUSE LCA ANALYSIS” and it included the
presentation of the main characteristics of the parameters that should be included at the LCA
demonstration tool of SUSMEDHOUSE. The meeting took place on the 5™ April 2023 online.
In the workshop the process was explained for comparing data from commercial
Greenhouses with data from the SUSMEDHOUSE Greenhouse using photovoltaics as
energy source and organic means of cultivation.

2.2. What is LCA?

Life-cycle analysis or LCA (also known as life cycle assessment) is a methodology for
assessing environmental impacts associated with all the stages of the life cycle of a
commercial product, process, or service. For instance, in the case of a manufactured
product, environmental impacts are assessed from raw material extraction and processing
(cradle), through the product's manufacture, distribution and use, to the recycling or final
disposal of the materials composing it (grave) (llginet Gupta, 2010).

Another definition determines Life-cycle analysis (LCA)as a primary tool used to support

decision-making for
sustainable  developmentand
also, to support the evaluation
of the potential environmental
impacts of a product, material,
- process, or activity (Brusseau
processing et al., 2019).

Resources

End of life

Crucially, an LCA is a
comprehensive  method for
assessing all direct and indirect
environmental impacts across
the full life cycle of a product
4 Ezgﬁfi(»mnq system, from materials
§ RS acquisition, to manufacturing,
Distribution to use, and to final disposition
(disposal or reuse). The
“cradle-to-grave”  accounting
concept of LCA is depicted in
Fig. 1 and 2.

Use

Figure 1. Components of life-cycle analysis.(Source:
https://www.nist.gov/systems-integration-division/lifecycle-

graphic)
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Figure 2. Example Life Cycle Assessment (LCA) stages diagram (Cradle-to-Grave approach) (Source:
MtW17, 2020)

In simple worlds, Life cycle analysis(LCA) is a standardized method of quantifying the
environmental impacts associated with a given product, material, process, or activity across
its entire life (Brusseau et al., 2019).

2.3. Major questions and challenges for LCA

Although several questions of different type may arise in order to guide the development of a
Life Cycle Analysis of a specific agricultural product, there is one major question that we
need to take into account for the structure of a LCA:

QUESTION 1: Why do we need LCA for the Greenhouse ecosystem?

ANSWER 1: The application of LCA helps to promote the sustainable design and redesign of
products and processes of greenhouses, leading to reduced overall environmental impacts
and the decreased use and release of non renewable or/and toxic materials.

MED countries share serious challenges related to geographical and physical features, that
decrease agricultural productivity as a result of climate change. Growing competition for
freshwater resources for different users and uses is already jeopardizing agricultural
productivity in MED Region. Forecasts indicate a MED temperature increase between 2 and
4°C, while a decrease in rainfall between 4% and 30% is estimated by 2050. Because of the
challenges of climate change, the scarcity of resources, demographic growth, contamination,
desertification, degradation of arable lands and loss of biodiversity, there is an urgent need to
invest in improving the productivity, farming efficiency and agricultural sustainability;
especially on the greenhouses where optimum conditions can be provided while protecting
the inside products from all unpredictable and uncontrollable negativity of environmental
changes.
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As a result, the LCA approach of the project will provide a valid methodology to contribute to
the knowledge of greenhouses processes and their impact at the overall Life Cycle Analysis
of the project, so as to enable the development of efficient actions towards mitigation of the
main challenges that the SUSMEDHOUSE project has been designed to face and they are
the following:

CHALLENGE 1: Climate change is causing an adverse effect on the arable land.

CHALLENGE 2: Sustainability in the region is limited due to several reason such as
rudimentary greenhouse technologies and cultivation techniques.

CHALLENGE 3: Circular recovery is insufficient and almost zero in the Mediterranean
region.

CHALLENGE 4: Pest and pathogen control methods are environmentally hazardous, not
efficient enough and non-precise.

CHALLENGE 5: Growers unconsciously use and exploit the resources.

2.4. Types of LCA

LCA approaches and implementations in different sectors of production are generally guided
by different standards, however a professional code of practice has also been developed
(Consoli et al. 1993).

Many types of LCA exist. A common rule is that the more detail you want, the more complete
your LCA needs to be. A report for internal use (for example, a screening LCA) has fewer
requirements than a report that will be used for marketing or other external communication
(ISO-compliant LCA, etc)(Golsteijn, 2022).

Additionally, there are also many LCA-related assessments, such as:

o Environmental Product Declarations (EPDs, a more reader-friendly document used
for comparing products)

e Studies compliant with a product- or sector-specific standard such as the Product
Environmental Footprint (PEF) and Organizational Environmental Footprint (OEF)

e Single-issues analyses like the carbon- or water footprint

e Social LCA

e Organizational LCA

e Long-term monitoring studies, etc.

2.5. Stages of LCA

LCA is a standardized methodology; therefore the overall framework makes it an operational
tool that is reliable and transparent. The International Organization for Standardization (1ISO)
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provides standards for LCA in ISO 14040 and 14044. These standards describe the four
main phases of an LCA (Fig.3) (Golsteijn, 2022):

i.  Goal and scope definition
i.  Inventory analysis

iii.  Impact assessment

iv. Interpretation

ey S$ X0

serpretay, wnrerprelay
\¢ \:..I' - ..l.'i'r'o_:_; = =20y,

k‘ -

- -

Goal & scope Inventory Impact Direct
definition analysis assessment applications

Figure 3. The main stages of the iterative LCA methodology (Golsteijn, 2022)

LCA is an iterative methodology, where you explore characteristics and refine things related
with your project as you advance. For example, the first round of analysis may result to your
understanding that you need more data. Or, the results of the assessment or your
interpretation may drive you to revise your overall goal and scope, or even the
methodologies applied. In this sense, every LCA you deploy, not only gives you valuable
advice to make significant changes in your business but also informs you how to best plan
your next LCA to learn and advance even more to a better functionality and efficiency of your
strategy plan and objectives.

D8.1 LCA Copyright of SUSMEDHOUSE Consortium
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3. The SUSMEDHOUSE Life Cycle Analysis (LCA)

The SUSMEDHOUSE LCA methodology has been deployed in order to reflect the current
concerns of all related stakeholders and technologies of agriculture applied in greenhouses.
It compares data from commercial green houses of the same dimensions with the SUSMED
HOUSE Greenhouse.

3.2. Introduction

As stated at the DoW of the project, the stages of SUSMEDHOUSE LCA (Fig. 4) are:
(i) Definition of scope and the targets;

(ii) The development of relevant inventory (Life Cycle Inventory) inputs and outputs;
(iii) Assessment of potential impacts (Life Cycle Impact Assessment);

(iv) Interpretation.

Life cycle assessment

A

Figure 4. Proposed stages of SUSMEDHOUSE LCAnN (Source: adapted from Arvanitoyannis, 2008)
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The overall objectives of the LCA stages are shown in Table 1.

NAME OF THE EXAMPLE IN THE
PHASE DEFINITION/OBJECTIVE GREENHOUSE SECTOR
Including the system boundary and Evaluating the  environmental
Goal and Scope  level of detail burden associated with  crop
definition production from cradle to gate or
cradle to grave.
An inventory of input/output data The input data such as greenhouse
. concerning the studied system structure,  water  consumption,
Life cycle . - o
‘ fertilizers,  pesticide, electricity
inventory
power, natural gas or petrol usage,
etc.
Provide additional information to Analyzing the  environmental
assess the results of LCI impact of LCI on different

categories such as the global
warming potential (GWP), abiotic
depletion potential (ADP),
acidification potential (AP),
eutrophication potential (EP), ozone
layer depletion (ODP), human
toxicity potential (HTP)

Life cycle impact
assessment

The results of the life cycle Discussing the  environmental
inventory and life cycle impact impact of different factors such as
assessment are discussed following types of crops, scenarios, chemical
Interpretation the goal and scope definition. fertilizers, energy sources, etc.
Finally, giving the best option that
reduces the environmental impacts
in the greenhouse sector.

Table 1.The objective of LCA phases . Source: Adapted from ISO 14044 (2006)

In more details:
(i) Definition of scope and of the targets

The definition of scope and the targets phase is the first step in a LCA study. In this phase
the overall purpose of the study is described. This description needs to be as inclusive as
possible for the intended application and target audience, anddefining the reasons for
carryingout the study. Furthermore, the scope of the study is described. This includes a more
specific approach providing the description of specific limitationsof the study, what types of
functions of the systems are used for investigation, the details of the functional unit, the
specific systems that are investigated, the system’s boundaries, the allocation approaches,
the required data and their specifications in order to be efficiently analysed, data quality
requirements, the specific key assumptions, the impact assessment method, the
interpretation method, and the type of reporting (DEAT, 2004).

(ii) The development of relevant inventory inputs and outputs

In the Life Cycle Inventory (LCI) analysis, data are collected and interpreted, calculations are
made and the inventory results are calculated and presented. The analysis results in a flow
model of the technical system providing details and graphs of data flows of the project.
Emissions, energy requirements and material flows are calculated for each process. These

D8.1 LCA Copyright of SUSMEDHOUSE Consortium
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data were then adapted and/or weighted to the functional unit, which is defined in the goal
and scope, so that the whole life cycle of the product can be taken into account.

(iii) Assessment of potential impacts

In the Life Cycle Impact Assessment (LCIA), the product or production system is examined
from an environmental perspective using category indicators. The LCIA also provides
information for the interpretation phase (DEAT, 2004).

For comparative assertions, there are four mandatory elements of LCIA:
* selection of impact categories, category indicators and models,

* assignment of the LCIA results (classification),

* calculation of category indicator results (characterisation), and

* data quality analysis.

The following elements are optional:

* calculating the magnitude of category indicator results relative to a reference value
(normalisation),

* grouping, and

* weighting

(iv) Interpretation

The Interpretation is the phase where the results are analysed in relation to the targets and
scope definition, in accordance with the guidelines of 1ISO 14040 and ISO 14044.Also,
possible undesired consequences of SUSMEDHOUSE methods, inputs and outputs such as
global warming potential, toxicity to humans and to ecology, possible depletion of resources
and socioeconomic impacts will be investigated. Where conclusions are reached, then there
is a further control based on the limitations of the results that were existing in advance and
they are presented now. After the assessment, results were interpreted regarding the
proposed targets and relevant recommendations were derived from the overall process,
based on the findings of the preceding phases of the LCA (following 1SOs).

A schematic plan of SUSMEDHOUSE LCA taking into account the socioeconomic
parameters is shown in Fig. 5:

D8.1 LCA Copyright of SUSMEDHOUSE Consortium
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Figure 5. SUSMEDHOUSE LCA schematic plan

3.3. The SUSMEDHOUSE Life Cycle Analysis (LCA) Tool

A LCA is an iterative process (i.e. its stages are repeated as more information sources and
data are gathered, or the systems are better understood). The impact assessment helps to
increase the knowledge and understanding related with the environmental inputs and outputs
are significant.

This quality and depth of knowledge can be advanced based on the quality and quantity of
sources, provision and collection of better data for those inputs and outputs that were
approached at the first stage of LCA, in order to improve, as much as possible, the inventory
analysis.

The conclusions of the LCA approached in every part of the LCA tool are compatible to the
goals and quality of the SUSMEDHOUSE project.

The overall approach of the LCA tool has been defined according to the characteristics of the
hardware developed in WP3, WP5, WP6, WP 7 and WP 9, and also in coordination and
participation of technology developers, based also in best practices from similar approaches.

The fact that the SUSMEDHOUSE approach is dealing for the first time with a combination of
several innovative technologies with photovoltaic panels (Fig.6a & 6b) in the greenhouse
ecosystem and interconnecting technologies, constitutes a base for future exploitation and
advancements at the development of novel, more inclusive, more dynamic and overall, more
efficient LCA tools.

D8.1 LCA Copyright of SUSMEDHOUSE Consortium
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a b

Figure 6a & 6b. SUSMEDHOUSE greenhouse in the conceptual design drawing (6a) and in the
interior of the constructed greenhouse in Ankara, Turkey (6b).

Greenhouse crop production is a framework of many requirements, as regards energy for
controlling the temperature, lighting and humidity of the greenhouse, as well as labour needs
for regulating properly the microenvironment and growth of the plants, monitoring soil quality
and overall micro and macro-nutrients capacity and potential use of fertilizers and also, use
of pesticides to control plant diseases and enemies.

The four phases of the SUSMEDHOUSE LCA tool (as defined in table 1) have been included
in a condensed excel sheet. It is consisted by certain categories, as regards inputs and
outputs in greenhouse production systems that correspond to the available technologies that
exist, so as to provide the main source of data in order to develop the dedicated Life-Cycle
Inventory of the SUSMEDHOUSE project. Such categories are shown in the list of table 2
with the units used in order to quantify their environmental impact.

INPUTS
Energy sources Units
Bioethanol Lt
Coal Kgr
Diesel Lt
Gas Lt
Electricity KWh
Propane Lt
Pellet Kgr
Photovoltaics KWh
RES (Renewable Energy Sources) (other) KWh
Material Inputs Units
Nitrogen Kgr
Phosphorus Kgr
Potassium Kgr
Micronutrients Kgr
Pesticides Kgr
Herbicides Kgr
Fungicides Kgr
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Insecticides

Compost

Manure

Organic fertilizers

Water

Labor Inputs

Land preparation

Ploughing

Planting

Tillage

Pruning

Harvesting

Irrigating

Cultivation practices

Energy consumption (Machinery use, etc.)

Farm waste ma nagement

Office work

Other Gh activities

OUTPUTS

Outputs Units

Products tn/ha

Farm Residues tn/ha

Wastes management (open system) tn/ha

Wastes management (closed system) tn/ha

Emissions Units

Emissions (to air)

Emissions (to water)

Emissions (to soil)

Co

N,O

CO;

CHa

SO,

NOx

NHs

PM10*

VOC**

Transport Units

Materials

Supplies
Products

Wastes
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Energy Equivalent
Potential Environmental Impact Units (MJ/Lt)

Global warming potential (GWP)

Photochemical oxidation potential (POCP

Acidification potential (AP)

Eutrophication potential (EP)

Human toxicity potential (HTP)
Table 2. Proposed inputs for the SUSMEDHOUSE LCA Tool

*PM10= Particulate Matter less than 10 micron
**\/OC= Volatile Organic Compound
**%1,4 dcb equivalent= 1,4-Dichlorobenzene

The life cycle impact assessment (LCIA) is the third phase of LCA in which the results of the
inventory are interpreted in terms of environmental impact.

This phase consists of a compulsory step in which the LCI results are translating to some
categories of environmental impacts. According to Khoshnevisan et al., (2013), the most
common categories of environmental impacts for greenhouses are:

- Global warming potential (GWP),

- Abiotic depletion potential (ADP),

- Acidification potential (AP),

- Eutrophication potential (EP),

- Ozone layer depletion (ODP),

- Human toxicity potential (HTP), and

- Photochemical oxide potential (POP)

Besides the insertion of data based on the available sources for the Interpretation (4" phase
of LCA), certain parameters have been established, so as to check the potential difference
on the environmental impact for two different types of greenhouses: The SUSMEDHOUSE
Greenhouse, a Glass Greenhouse of 1000 square meters (Gh-1) constructed by a
combination of glass and steel structure utilizing photovoltaic panels for energy as seen in
Figure 6 and a Plastic Greenhouse of 3000 square meters (Gh-2). This is considered as the
most representative commercial Greenhsouse constructed by a combination of PET
(Polyethylene Terephthalate) plastic with 70 % PAR (Photosynthetically Active Radiation
(PAR) transmittance and steel structure (This PET coating has been constructed specific for
the purposes of this project by partner, Fraunhofer ISE). Also, the overall data have been
normalised in order to be correlated according the same unit (1 square meter)

It is also essential to consider the geographic location and climate of the greenhouse, while
assessing its environmental impact, using LCA. The local climate of the geographical area

D8.1 LCA Copyright of SUSMEDHOUSE Consortium



PRIMA
5 IN THE MEDITERRANEAN AREA ﬁ SUSMEDHOUSE
where the greenhouse is located (red arrow ending of the yellow star in Fig. 7) can affect its
cost, quality of production, energy, and environment. Therefore, the location of each
greenhouse can be inserted through the incorporation of geographical coordinates.
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Figure 7. The Kdppen-Geiger climate classification Source: Marin et al.2016

The existence of an accompanying graph (Fig. 8, 9, 10, 11, 12, 13, 14) for each specific sub-
category, provides to the end-user the capacity to assess (interpret) the overall
environmental impact of the two different types of greenhouses, or of the same type, or even
as well, the characteristics of a unique greenhouse as long as specific thresholds have been
inserted at the evaluation process in order to test its environmental impact.
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Figure 8. Energy sources inputs and corresponding emissions in the different types of greenhouses
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Figure 14. Graph of the Potential Environmental Impact

The values used are estimated from partners during a workshop on LCA and a brainstorming
session in the framework of SUSMEDHOUSE resources for this analysis and report. LCA
provides data and insights that can inform decisions related to crop selection, farming
techniques, resource allocation, and technology adoption. Farmers can make choices that
have a lower overall impact on the environment and society. Theoretical LCA provides a
baseline for comparing different greenhouse designs, technologies, and management
practices. By assessing the theoretical impacts of various options, stakeholders can make
more informed decisions to reduce the greenhouse's environmental footprint. Conducting a
theoretical LCA may reveal data gaps and areas where additional research or data collection
is necessary. This can inform future studies and research initiatives to improve the accuracy
of LCA for greenhouses. Greenhouse operations involve a complex set of processes, from
the construction of the structure to the cultivation of plants. The approach to LCA presented
here helps in comprehensively understanding and modeling all the inputs, outputs, and
processes involved in the greenhouse's life cycle. This understanding is essential for
assessing the full environmental impact.
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4. CONCLUSIONS

This work summarizes the overall approach that SUSMEDHOUSE has used toward the
development of a LCA tool and an estimated comparison between the SUSMEDHOUSE and
a commercial Greenhouse from Plastic and Steel. Thus, we provide an inclusive method for
the assessment of environmental impacts of cultivation in the constructed greenhouse of the
project and an indication of results providing input from partners and bibliography.

Overall, different studies provide evidence of different results related with this specific goal:
the assessment of environmental impacts on crop production in greenhouses. This fact is
mainly depending on the research objective on which they are focused, as well as on the
availability of the overall infrastructures to support the efficient row of objective data sources.

There are also additional factors that are affecting significantly the different values of data for
each case study under focus. Such parameters are related with the structure of
greenhouses, the types of used fertilizers and pesticides, the overall efficiency of the
irrigation system, as well as the applied energy for heating and lighting systems and of
course, the specific systems themselves and more, in order to establish a good framework to
analyze the causes of the environmental impacts of greenhouses.

In this work, we have focused on seven main categories of variables that can be measured
as inputs and outputs, so as to know the environmental impact of two different types of
greenhouses (Glass and PET) and their crops under the framework of a dedicated LCA: the
LCA phases, the sub-categories of inputs and outputs, and the climate conditions. Our
approach has concluded that according to the LCA phase:

1. The environmental impact of SUSMEDHOUSE (Gh1) was the most efficient in regulating a
low level environmental impact against the Plastic Greenhouse (Gh2),

2. In the life cycle inventory phase, the available data sources were providing better
efficiency in response, so as to reach fastest operational needs and, therefore, a lower level
of environmental impact of SUSMEDHOUSE against Gh2 (Plastic Greenhouse).

3. The life cycle impact analysis and interpretation phase, in the greenhouses, presented a
wide variety of non homogenized results that needed to be properly homogenized in advance
from other end-users, for example, energy emissions of labor (hours/day) are different than
energy emissions from pesticides use (grammars).

4. Concerning the type of crop, prior literature indicates that the environmental impact of a
certain vegetable (tomato) is the most analyzed type of product in the greenhouse crops,
especially compared to other types of products, such as pepper, cucumber, melon, cherry
tomato, or zucchini. This has demonstrated the lack of knowledge regarding the
environmental impact of several crops that need to be applied in future works.

5. It is common sense that the colder the weather, the more heating equipment needs which
may increase environmental impacts related to the global warming potential and thus,
harmful gases (Khoshnevisan et al., 2013). However, as here the two different types of
greenhouses were side by side (almost identical geographic coordinates), the specific factor
was eliminated and the overall LCA between the two greenhouses was only assessed mainly
by the type of cover (glass or plastic), besides the other parameters.
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6. It should be noted that that, according to literature, the average GWP may be changed
case by case based on the type of structure and climate of greenhouse location.

7. Future studies could select different variables or units of measure in doing so, such as
type of crop, type of structure, and type (design characteristics) of greenhouse, auxiliary
equipment, fertilizers, microclimate control systems, pesticides, waste management,
transportation (Torrellas et al, 2013), among others.

8. Finally, it would be interesting to analyze not only the environmental impact of
greenhouses but also, in conjunction with the holistic environmental perspective, the
economic impact of this type of crop at the surrounded agroenvironmental landscape, so as
to approach an extended, overall agroenvironmental impact.

9. As it was expected the SUSMEDHOUSE Greenhouse, utilising Glass and
Photovoltaics that respond ideally to environmental conditions through the Decision
Support System reacting to sensors minimises polluting emissions.

Future studies which will be in charge of elaborating this comparison in terms of
environmental impacts, as well as on economic figures, will become significant contributors
towards the socioeconomic and agroenvironmental resilience.
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6. ANNEXES

6.1. Screenshots of the SUSMEDHOUSE Life Cycle Analysis (LCA)
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