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Abstract 

This master thesis project aims to explore ICT solutions in agriculture and food systems, and to analyze 

their sustainability aspects. As a result, a comprehensive picture of existing and coming ICT solutions 

along the food chain is presented based on extensive literature review. Their enabled impacts are 

qualitatively analyzed for selected aspects of food security and environmental sustainability. Moreover, 

a few of ICT enabled solutions’ GHG emissions reduction potentials in agricultural and land use sector 

in the year 2030 are estimated quantitatively, ranging from 9 Mt to 31 Mt, depending on assumptions 

(6 to 50 Mt after sensitivity analysis). These results, which cannot be seen as a representation of the 

overall ICT potential to enable emission reductions in agriculture and the food chain, are discussed in 

light of earlier suggested overall ICT potentials in this area. Moreover, limitations and uncertainties of 

the study are further clarified. Overall, the qualitative analysis identifies a high number of solutions for 

ICT in the agriculture and food systems with an assumed potential to promote sustainable development. 

However, due to the lack of published quality data for these solutions, the predicted sustainability 

potential cannot be accurately estimated. 

Keywords 

Sustainability, ICT applications, food supply chain  
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Sammanfattning 

Detta masterprojekt syftar till att utforska IKT-lösningar inom jordbruks- och livsmedelssystem och att 

analysera sina hållbarhetsaspekter. Som ett resultat presenteras en omfattande bild av befintliga och 

kommande IKT-lösningar längs livsmedelskedjan utifrån en omfattande litteraturöversikt. Deras 

kvalificerade effekter analyseras kvalitativt för utvalda aspekter av livsmedelssäkerhet och 

miljöhållbarhet. Dessutom beräknas potentialen för minskning av växthusgasutsläppet inom jordbruket 

och markanvändningen år 2030 kvantitativt för ett fåtal IKT-lösningar, till att vara mellan 21 Mt till 76 

Mt (6.11 till 49.6Mt efter känslighetsanalys), beroende på antaganden. Dessa resultat, som inte kan 

anses representera IKT´s fulla potential att bidra till utsläppsminskningar inom jordbruks- och 

livsmedelssystemen, diskuteras med bakgrund av tidigare estimat av IKT´s övergripande resultat inom 

detta område. Därutöver klargörs begränsningar och osäkerheter i studien. Sammantaget identifierar 

den kvalitativa analysen ett stort antal lösningar för IKT i jordbruks- och livsmedelssystemen med en 

antagen potential att främja hållbar utveckling. På grund av bristen på publicerade kvalitetsdata för 

dessa lösningar kan dock den förutspådda hållbarhetspotentialen inte beräknas exakt.  
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Introduction 
Information and communication technology (ICT) has developed rapidly and pervaded into every aspect 

of society over the past decades. Companies, organizations and governments collaborate to promote ICT 

solutions in different sectors including, but not limited to healthcare, education, building, agriculture 

and food, transportation, and manufacturing. These ICT solutions has made transformative changes to 

environment, economy and society, i.e. United Nations (UN) Sustainable Development Goals (SDGs) 

(UN, 2015). 

Meanwhile, ICTs’ impacts on sustainability has been brought to focus. Two categories of environmental 

sustainability related to ICT are defined: “Green of ICT” and “Green by ICT”, underlining ICT itself and 

ICT-enabled solutions, respectively (ITU, 2013). Berkhout and Hertin (2014) stated that “ICTs do not 

necessarily lead to a more environmentally-sound future, but they offer new opportunities to develop 

more sustainable solutions”. Despite the negative impacts generated from the own life cycle of ICT 

products/services, there is a substantial potential for environmental benefits due to ICT’s enabling 

effects. For example, the SMARTer 2030 study by GeSI (2015) estimated that ICT solutions could enable 

CO2e reduction which is 9.7 times more than they emit in 2030. Though partly opposing the method and 

data applied by GeSI, Malmodin & Bergmark (2015), saw a scenario-dependent potential improvement 

of up to 15% of overall global carbon emissions in 2030 for technology already in use, while BT (2016) 

calculated that ICT-enabled carbon emissions saving would be 19 times of ICT’s footprint in EU in 2030.  

Moreover, ICT solutions provide the opportunities to promote economic development. Edquist, et al., 

(2017) investigated the impacts of mobile broadband on macroeconomic development globally, and the 

results showed that ‘‘a 10% increase in mobile broadband penetration causes a 0.6–2.8% increase in 

GDP’’ among different countries. 

Among the diverse applications of ICT, this thesis focuses on agriculture and food systems, primarily 

addressed in SDGs Goal 2 No Hunger and SDGs Goal 12 Responsible Consumption and Production (UN, 

2015). Agriculture and food systems are closely related to SDGs Goal 3 Health and Wellbeing (UN, 2015) 

and they have the potential to significantly influence the world’s ability to move in a more sustainable 

direction, such as access to clean water, SDGs Goal 6 (UN, 2015). Worldometers (2017) has forecasted 

that global population will reach 8.6 billion by 2030 and reach 9.8 billion by 2050. Moreover, FAO (2016) 

has estimated that food production has to be increased by 60% in 2050 compared with 2006 level to 

feed the world based on current consumption patterns. Though this estimate is under debate, the 

population growth implies that agriculture, or food production will increasingly put pressure on the 

environment.  

In the theory of Planetary Boundary (Steffen, et al., 2015), there are three categories – climate change, 

biodiversity loss, and biogeochemical flow - for which the thresholds have already been crossed and 

agricultural activities have significant contributions to all these boundaries. Meanwhile, these three 

categories are corresponding to the SDGs 13, 15 and 12. The agricultural sector contributes to 10-12% of 

global anthropogenic greenhouse gas (GHG) emissions (Smith, et al., 2014), 70% of the global water 

withdraws (The World Bank, 2017), and it also causes water pollution from nutrients and pesticides, etc 
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(OECD, 2018). It is essential to build more sustainable agricultural system with higher production, less 

resource consumption, and less pollution. 

Moreover, not only production, but also distribution and consumption are essential to promote a more 

sustainable food system. In this regard, ICT has the potential to improve production efficiency, to 

enhance connectivity, to reduce food waste, and even to reform the whole food chain. Poore and 

Nemecek (2018) has estimated different kinds of foods’ environmental impacts in terms of GHG 

emissions, land use, acidification, eutrophication, and freshwater use. In addition to reducing the 

impacts from the production side, it is encouraged that consumers choose less GHG-intensive food, or 

less environmental loaded food, to transform diets from the consumption side. Such diets could also be 

healthier. 

Agriculture and food systems are sectors with urgent demand as well as great opportunity to develop in 

a more sustainable way. Meanwhile, with the evolution towards digitalization and increased 

industrialization and mechanization, ICTs have large potentials to be applied in different stages along 

the food chain in a global scale, and to enable and promote a more sustainable food system.  
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Aim and objectives 
The project is set to investigate and demonstrate the role of ICT as an enabler to resolve some critical 

environmental and socio-economic issues within agriculture and food systems.  

Meanwhile, as a cooperation work with Ericsson, this thesis was supposed to be a complementary work 

of Ericsson’s previous research regarding GHG emissions reduction potentials estimation in the 

agricultural sector. There was a lack of data when Malmodin and Bergmark (2015) attempted to quantify 

the GHG emissions reduction potentials enabled by ‘‘smart agriculture’’ solutions, and there has been 

an interest in examining an earlier estimate from SMART 2020 (GeSI, 2012) which they reused in their 

study. In light of this, one purpose of this study is to explore empirical data for analyzing ICT’s effects 

on GHG emissions reduction in a macro-level, and to do the quantification based on the collected data. 

Therefore, the study will address selected sustainability aspects of ICT in agriculture and food systems 

applying both qualitative and quantitative approaches. And the quantitative analysis has a specific focus 

on climate change impact. 

The aim is to study ICT’s enabling effects generated from their applications in agriculture and food 

systems. The objectives are: 1) to explore the existing and coming ICT solutions in food systems; 2) to 

qualitatively analyze the impacts of ICT solutions on food security and environmental sustainability; 3) 

to quantify GHG emissions reduction potential enabled by ICT solutions in agriculture. 
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Scope and delimitations 
The title involves three subtopics – ‘‘ICT’’, ‘‘sustainability’’, ‘‘agriculture and food systems’’. Scope and 

delimitations are defined to better choose methodology and implement the study to achieve the aim and 

objectives. Since this study has a specific interest in agriculture and food systems, the system examined 

was defined and described based on established food systems or food supply chains in previous studies. 

Furthermore, the sustainability aspects to analyze regarding environment and food security were 

defined and explained in order to provide a clear matrix for qualitative and quantitative analysis. System 

studied, sustainability aspects and other scopes are clarified below. 

Food system 

The food system studied is defined as a linear food supply chain consisting of food production, food 

processing, food distribution and retail, food consumption, and transportation between each process 

(shown as Fig. 1) (Wallgren and Höjer, 2009; Anon., n.d.). Food loss and food waste generate throughout 

the supply chain, from production to the consumption, which is also shown in Fig. 1. According to FAO 

(2018a), food losses refer to ‘‘food spilled or spoilt before reaching the final products or retail stage’’, 

and food wastes refer to ‘‘food that is fit for human consumption but is not consumed because it is or 

left to spoil or discarded by retailers or consumers’’. In this study, food loss and food waste are generally 

referred to as ‘‘food waste’’, but both terms are used in Fig.1. Stages of production, processing, 

distribution & retail, and consumption weight equally in this research. However, transportation is only 

considered as a connection between each part of the system without focus when exploring ICT solutions 

and analyze sustainability aspects. Waste management stage is excluded in this study but would deserve 

a study on its own.  

 

Fig. 1 Illustration of the food system studied 

It should be noticed that not only food products, but also non-food products including feed, biofuels, 

medicines, etc. are deliverables from the agriculture sector. However, it is believed that there is no 
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difference between food and nonfood production regarding sustainability impacts enabled by ICT 

solutions. The overall of ICT’s impacts on production stage are considered, including both food and 

nonfood agriculture. 

Sustainability aspects studied 

This study puts the emphasis on the enabling effects brought by ICT solutions which could be both 

positive and negative, rather than effects from ICT’s own life cycle.  

The food system encounters a twin challenge: it shall both improve food security and reduce the 

environmental impacts on our earth. These concepts are further explained in this section. For both 

aspects, ICT can be used as a tool to feed increasing population as well as to promote a more sustainable 

food production & consumption system.  

Aspects in qualitative analysis 

Foley, et al. (2011) proposed eight goals to promote food security as well as to reduce environmental 

footprints of agriculture. Wallgren and Höjer (2009) identified 14 changes for Swedes that could 

decrease energy consumption related to the food chain. Based on these two studies, this study also 

defines several food security aspects as well as key environmental aspects that the food chain need to 

handle to transform the food system in a more sustainable direction in the near future. See Table 1. 

Table 1 Challenges in food chain 

Food security 

aspect 

Increase available 

food with good 

quality 

Improve 

distribution and 

access 

Enhance 

utilization 

Increase 

resilience 

Environmental 

sustainability 

aspect 

Reduce GHG 

emissions 

Reduce 

unsustainable 

water withdraws 

Reduce 

biodiversity loss 

Reduce chemical 

use/pollution 

 

Food security 

As defined by FAO (2009), food security ‘‘exists when all people, at all times, have physical, social and 

economic access to sufficient, safe and nutritious food to meet their dietary needs and food preferences 

for an active and healthy life’’. Here the time perspective could be highlighted: the importance to 

secure soil rebuilt to provide nutritious food year after year. Corresponding to the four pillars of food 

security – availability, access, utilization and stability, the four key food security aspects in food system 

are identified as: 1) increase available food with good quality, 2) improve distribution and access, 3) 

enhance utilization, 4) increase resilience.  

Environmental sustainability 

In addition to the socio-economic challenge of food security, environmental impacts generated from the 

food chain, especially food production, are essential to sustainable development. According to Poore and 

Nemecek (2018), about 13.7 billion metric tons of CO2e are generated from the food chain, and food 

production contributes to 32% of global terrestrial acidification and 78% of eutrophication. 

Corresponding to the most important environmental impacts of agriculture, four key environmental 
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sustainability aspects in the food system are defined as: 1) reduce GHG emissions, 2) reduce 

unsustainable water withdraws, 3) reduce biodiversity loss (caused by land use, pollutions, etc.), 4) 

reduce chemical use/pollution (caused by fertilizers, pesticides, etc.). 

Aspects in quantitative analysis 

Considering the complexity of the whole food system, large amount of ICT solutions collected, and 

multiple impacts affected by ICTs, it is decided to choose only a part of the food system to conduct 

quantitative analysis on a specific environmental impact.  

As mentioned in chapter 2, this study is also expected to complement Ericsson’s previous research. Thus, 

GHG emissions and agriculture have become the key focus of the quantitative analysis. Food production 

plays a dominating role for GHG emissions from the food chain with 61% of the total (Poore and 

Nemecek, 2018). Thereby, it is interesting to look into ICT’s enablement potentials to reduce GHG 

emissions in food production. Consequently, processing, distribution and retail, and consumption were 

excluded from the quantitative analysis although they might be associated with a substantial potential. 

Spatial scope and data sources 

The spatial scope is set as a global scale. There is no regional limitation of ICT solutions exploration and 

data collection. Accordingly, the qualitative and quantitative analysis is at a macro-level. Considering 

the fast development of the ICT industry, recent sources of cases and data have been prioritized and in 

any case no sources are earlier than year 2000.  



7 

 

Methodology 
To achieve the aim and objectives, the research includes several steps: 1) background study, 2) explore 

ICT solutions and collect data, 3) qualitative analysis, and 4) quantitative analysis. The detailed 

methodology used for each step is stated as following. 

Background study 

The background study was performed through reviewing literature with regards to sustainability 

analysis of ICT, especially in the sector of agriculture and food. This helped the author have a better 

understanding of relevant definitions of ICT, theories and methodologies used for ICT’s sustainability 

analysis in environmental, social and economic aspects. Besides, it helped to identify the research gap 

and avoid duplication of previous research. Literature reviewed are scientific journals, conference 

papers, and reports of relevant organizations such as ITU and FAO. A summary of background study is 

further presented in the next chapter of ‘‘Background study’’. 

ICT solutions exploration 

The first objective of this study is to explore existing and coming ICT solutions in agriculture and food 

systems. Accordingly, ICT solutions were explored through routine online search, literature review, 

Ericsson internal sources, and external sources.  

The online searches were mainly focused on different companies that provide ICT products or services 

in the agricultural and food sectors. Ericsson also has some projects regarding ICT targeting agriculture 

and food, which was provided as internal sources after approval as possible publishable information. 

Meanwhile, Ericsson also provided the author with opportunities to get connections with other 

stakeholders or experts in relevant fields and to get information from external sources. For example, 

external sources are from RISE (Research Institutes of Sweden), which has research projects about 

precision farming; Yara, a company providing digital farming solutions; and Plantagon, a company that 

is developing urban farming. Besides, some solutions were extracted from scientific publications, as well 

as reports from organizations such as FAO. More information of ICT solutions explored are presented 

in section 6.1. 

Qualitative analysis 

Corresponding to the identified sustainability aspects in the scope, qualitative analysis was conducted 

to analyze the impacts of explored ICT solutions on these eight sustainability sub-aspects in order to 

achieve the second objective of the thesis. The impact analysis answered whether and how the specific 

ICT solution category could affect each sustainability aspect. It was mainly based on descriptions of 

solutions. The qualitative analysis results are presented in the section 6.2.  

Quantitative analysis 

The third objective is to quantify GHG emissions reduction potential enabled by ICT solutions in 

agriculture. The methodology of quantification is stated below, and the quantitative analysis results are 

presented in the section 6.3. 

- Methodology in Ericsson 2030 estimations 
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The methodology of the quantitative analysis in this study is mainly inherited from Ericsson 2030 

estimations (Malmodin and Bergmark, 2015). In the Ericsson forecast of ICT´s global enablement 

potential 2030 (Malmodin and Bergmark, 2015), basic scenarios with respect to GHG emissions from 

each sector in 2030 was established based on public sources and authors’ allocation calculations. Then 

possible ICT solutions in each sector were explored and relevant, preferably measured data with regards 

to their enablement effects were collected based on previous studies.  

In order to do the overall estimation, two scenarios of each specific ICT’s enabled GHG emissions 

reduction potential were defined. One scenario was Medium Reduction Potential Scenario (MRPS), 

which refers to the median of potentials in the reference cases, and a rather conservative roll-out. The 

other one was the High Reduction Potential Scenario (HRPS), which referred to ‘‘the highest potential 

from the references which is considered as credible and reasonable to apply as a global scale average’’ 

(Malmodin and Bergmark, 2015), and a more progressive roll-out believed to demand policy measures 

etc. In this way, the total GHG emissions reduction potential by ICT in different scenarios were defined 

after eliminating double-counting, and accordingly quantitative estimation results were revealed. 

- Methodology in this study 

The basic assumptions in this study are directly derived from Ericsson 2030 estimations (Malmodin and 

Bergmark, 2015): total GHG emissions in 2030 from different sectors are suggested to reach 63 500 Mt 

CO2e, among which agricultural sector accounts for 8430 Mt, and land use accounts for 5800 Mt, based 

on WRI’s data on GHG emissions from different sector during year 2000-2010 (Herzog, 2009; CAIT) 

and IPCC’s GHG emissions estimation scenarios in 2030 (IPCC, 2017). 

The raw data for the quantitative analysis are based on those collected in the stage of ICT solutions 

exploration, from different sources including authoritative organizations, technological companies’ 

websites, Ericsson internal and external sources, and academic publications.  

RPSs (reduction potential scenarios) are mainly decided by two factors: ICT solutions application scales 

and their individually enabled potentials. Two different scenarios applied in this study are: LRPS (low 

reduction potential scenario) and HRPS (high reduction potential scenario) instead of MRPS and HRPS 

in Ericsson 2030 study. Basically, LRPS together with HRPS defines a possible range of GHG emissions 

reduction potentials enabled by ICT solutions at a global scale. More definitions and calculations are 

clarified as following:  

1) RPS = RP*AS 

where 

RPS (reduction potential scenario): A range of GHG emissions reduction potentials enabled by 

the specific ICT solution at a global scale.  

RP (reduction potential): GHG emission that could be saved by applying the specific ICT solution 

in specific cases.  

AS (application scale): The adoption scale of the ICT solution among farmers globally. 
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2) Absolute emissions reduction potential = Addressable emissions * RPS 

where 

Absolute emissions reduction potential: Absolute emissions that are potentially reduced by 

specific ICT solution in a global scale. 

Addressable emissions: Absolute emissions that are potentially addressable by specific ICT 

solution. Taking precision fertilizing solutions as an example, the category could address GHG 

emissions generated from fertilizer use in agriculture, which are estimated to reach 797Mt in 2030 

(FAO, 2014). Thus, the addressable emissions with respect to the category of precision fertilizing is 

797Mt. 

3) Reduction potential % of emissions from all sectors = Absolute emissions 

reduction potential / Total emissions in 2030 

where 

Reduction potential % of emissions from all sectors: The percentage of specific ICT solution’s 

GHG emissions reduction potential with reference to the total GHG emissions from all sectors in 2030. 

Total emissions in 2030: 63500 Mt.  
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Background study 
According to the literature review, there are many studies conducted by organizations, academic 

researchers and consultants, investigating how ICT affects sustainability, with particular regards to 

environment. However, studies focused on ICT´s environmental impacts in agriculture and food sectors 

are relatively limited.  

Environmental impacts of ICT 

According to, among others, OECD (2010), the environmental impacts of ICT can alternatively be 

analyzed while distinguishing between direct impacts (first order), enabling impacts (second order) and 

systemic impacts (third order). The first order effects refer to the impacts related directly to the life cycle 

of ICT product/services, which is mostly negative. The second order effects are the enabled 

environmental impacts or negative impacts due to ICT applications within economic and social activities. 

Most of environmental benefits are generated in the use phase. The third order effects are changes in 

the non-technological aspects including individual behavior and public acceptance. Previous studies can 

be classified according to this categorization.  

There are many studies on environmental impacts of ICT from a life cycle perspective, with the focus on 

GHG emissions through electricity consumptions in operation, and through its usage of materials and 

energy throughout its supply chain. Accordingly, life cycle assessment (LCA) has become a common tool 

to quantify the environmental impacts of ICT. Malmodin, et al. (2014b) assessed operational electricity 

use as well as carbon footprint of ICT’s life cycle in Sweden. Furthermore, Malmodin and Lundén (2016) 

conducted a similar study with a typical focus on ICT and Entertainment and Media sectors in Sweden 

with a time horizon from 1990 to 2015 and estimated the future trend. More recently, Malmodin & 

Lundén (2018a, 2018b) published a study on the global ICT networks and another one on the global ICT 

sector´s carbon footprint.  

Nevertheless, limiting environmental impacts to the direct footprint cannot cover all the impacts 

brought by ICT. It is also important to consider ICT’s enabling effects (as well as negative effects) during 

the use phase. Black and Van Geenhuizen (2006) explored ICT applications in the transport system and 

qualified sustainability aspects including excessive driving, congestion relief and fatality reduction. It’s 

worth noticing that most of these studies tend to be qualitative rather than quantitative due to limited 

data on actual enabled effects. Malmodin and Coroama (2016) assessed the ICT’s enabling effects with 

an example of smart metering and extrapolated the results of case studies to regional scales. They 

analyzed the potential emission and energy GHG savings in different regions based on existing pilot 

studies and different scenario assumptions. A key insight from this study was the sensitivity of results 

towards the measurement sample, the enablement effect tended to be lower in larger samples. 

Moreover, some studies have made future estimations of the potential impacts, with special regard to 

GHG and energy use reduction, enabled by ICT solutions. Hilty, et al. (2008) used a System Dynamic 

approach to explore the potential impacts of ICT on environmental sustainability within a 2020 

timeframe. Buttazoni (2008) quantified ICT’s enabled emission reduction potential in 2030. The Global 

e-Sustainability Initiative (GeSI) forecasted a more sustainable future driven by ICT solutions and 

published results in the SMARTer2020 Report (GeSI, 2012) and SMARTer2030 Report (GeSI, 2015). 
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The reports covered potential ICT solutions in multiple sectors including mobility, manufacturing, 

agriculture, buildings and energy. Not only environmental but also social and economic aspects were 

analyzed. In terms of carbon emissions, it was estimated that ICT could enable to reduce 20% CO2e 

emissions or 12.1Gt CO2e by 2030 compared to the “business-as-usual” scenario where GHG emissions 

continued at current rate, which means holding the emissions at 2015 levels (GeSI, 2015).  

However, background data and methodology were not enclosed or transparent in SMARTer reports of 

GeSI. Considering the methodology, Malmodin, et al. (2014a) explored the approach and identified 

important considerations for macro-level analysis of ICT’s enabling potentials. As a follow up, in order 

to quantify ICT’s enablement potential with further rigor, Malmodin and Bergmark (2015), partly 

opposing the methodology and assumptions applied by GeSI, investigated the GHG emissions reduction 

enabled by ICT solutions in different sectors by 2030, indicating a total GHG emissions reduction of 4 

Gt to 8 Gt (excluding agriculture) and a reduction of 5 Gt to 10 Gt (including an agriculture potential 

reused from SMART 2020 (GeSI, 2012).  

Sustainability of ICT in agriculture and food systems 

There are some previous studies exploring ICT applications in agriculture and food systems, and 

analyzing the impacts brought by ICTs. Most of such studies are qualitative. Chavula (2014) assessed 

the impacts of ICTs on agricultural production and presented positive results that ICTs could increase 

the production. Berti and Mulligan (2015) outlined possible ICTs in agricultural and food systems, 

demonstrating ICT’s important role to enable “the safe, sustainable and secure food supplies”. Singh 

and Bharati (2010) pointed out ICT’s important roles in fisheries.  

In terms of macro-level studies of ICT’s enablement potential, agriculture and food production are more 

seldom touched compared to other sectors such as energy, education and transportation. Erdmann and 

Hilty (2010) did a review of studies regarding scenario analysis on how ICTs affect GHG emissions. 

Studies reviewed covered business, transport and building sectors, while none of them involved 

agricultural sector. Malmodin, et al. (2014a) summarized previous macro-level studies of ICT solutions, 

and the overview showed no agriculture or food sectors included.  

There are examples of quantifications of the impacts of ICT in agriculture at a macro-level. 

SMARTer2030 (GeSI, 2015) estimated that ‘’Smart Agriculture’’ could contribute to avoiding 2.0 Gt 

CO2e annually by 2030. Moreover, crop yields could be increased by 30% with less use of water and fuel 

resource. However, methodology and data behind were not enclosed by GeSI. As mentioned in section 

1.2.1, Malmodin and Bergmark (2015) attempted to do own estimations on GHG emissions reduction 

potential enabled by ICT solutions in a 2030 framework. However, for the agriculture sector, data was 

directly derived from SMART 2020 (GeSI 2012) report which attributed a reduction potential of 1.6Gt 

CO2e to agriculture and 5800 Mt to land use for 2020, instead of collected by authors. According to the 

Malmodin and Bergmark their reason for not collecting data for the agriculture sector was a lack of time 

and resources. 

Accordingly, the research gap can be identified as limited studies, especially quantitative studies, on 

ICT’s enabling effects in agriculture and food systems. Therefore, this study will explore potential 
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applications of ICT solutions in these sectors and analyze the enabled impacts from both qualitative and 

quantitative approach.  
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Results 
This chapter presents results of sustainability impacts of ICT applications in food systems. The three 

sections under this chapter are corresponding to the three objectives respectively. Section 6.1 

summarizes ICT solutions in different processes along the food supply chain. Section 6.2 qualitatively 

analyzes the impacts of these ICT solutions on the aspects of food security and environmental 

sustainability. And section 6.3 shows the quantification results regarding GHG emissions reduction 

potential enabled by some ICT solutions in the food production stage. 

ICT enabled solutions in food systems 

Information and communication technology is the combination of information technology (IT) and 

communication technology with an emphasis on unified communications to enable users to access, store, 

transmit, receive and manipulate information. As stated in the background, ICT can have enabling 

effects on sustainability in the use phase. Recommendation ITU-T L.1400 (ITU, 2011) defines ICT goods, 

ICT networks, and ICT services, together referred to as ICT GNS, and these definitions are listed in the 

Appendix I ICT GNS definitions. In this study, ICT enabled solutions along the food chain are explored 

at the level of ICT services to see what and/or how ICT can be applied. 

There are lots of potential application areas for ICT services along the food chain to enhance 

communication and improve the system efficiency. In the following sections, ICT enabled solutions are 

explored and grouped according to their possible applications in different processes of the food supply 

chain: production, processing, distribution & retail, and consumption. See Fig. 2.  
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Fig. 2 List of ICT enabled solutions in food supply chain 

Production  

Food production studied includes production of crop, livestock and fishery. However, activities related 

to crop and livestock production can be referred to as agriculture. Hence, food production in this study 

is considered through two sub-categories – agriculture (crop and livestock) and fishery. 

ICT in agriculture is also known as e-agriculture or e-farming, developed to apply ICT in agricultural 

sector in a more innovative, efficient and/or sustainable way. Another terminology used for ICT in 

agriculture is ‘‘Smart Agriculture’’, which means “using disruptive ICT solutions to make food 

production more efficient by increasing crop yield, reducing waste and easing access to markets” 

(GeSI, 2015). In this study, ‘’smart agriculture’’ is used broadly to denote ICT enabled solutions in all 

sub-sectors of the food production phase. 

There are many potential application areas and many kinds of ICT solutions applied in food production. 

Taking crop production as an example, main processes in crop cultivation include preparation of soil, 

sowing, adding manure and fertilizers, irrigation, harvesting and storage. Accordingly, there are ICT 

solutions aiming at monitoring and better controlling the processes, input and outputs. Apart from on-

site ICT solutions directly related to within-farm gate activities, there are also solutions beyond farm 

gate to facilitate farmers’ or fishermen’s access to market information or to improve their benefits 

through insurances. Considering the overall food production, the categories of existing and/or coming 

ICT solutions in crop and livestock production and fishery are identified as following: 

Production

•Precision agriculture

•Robotic farming

•Urban farming

•Aquaponic system

•Crop selection and 
protection

•Weed, pesticide and 
disease control

•Soil monitoring

•Oestrus prediction

•Fish capture 
monitoring and 
counting

•Knowledge/informati
on support

•Weather prediction

•Index-based 
insurance

•Community 
communication 
network

Processing

•Storage monitoring

•Factory robotics

•Digital packaging

Distribution

&Retail

•Tracing and tracking

•Online/mobile 
shopping

•Sell potentially 
wasted food

•Mobile payment

Consumption

•Refrigerator 
monitoring

•Smart packaging

•Advisory services on 
diets
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- Precision agriculture  

Precision agriculture (PA) or precision farming represents a modern agricultural revolution using ICT 

to improve farming accuracy and efficiency. Popular and emerging ICTs applied in PA include global 

position system (GPS), geographic information system (GIS), image processing, robots and the Internet 

of Things (IoT). Basically, PA optimizes resource efficiency by analyzing real-time data collected by 

drones and sensors on field to precisely localize as well as monitor farming practices. Precision 

agriculture technologies (PATs) include guidance technologies, recording technologies and reacting 

technologies (Balafoutis, et al., 2017). In this way, environmental damage will be reduced due to more 

targeted use of inputs and less excessive applications (Bongiovanni and Lowenberg-DeBoer, 2004). 

Cases of precision agriculture are listed in Table 2: 

Table 2 ICT enabled solution cases of precision agriculture 

Cases Descriptions References or links 

Yara 

Yara is a company providing precision 

agriculture solutions which are good for 

agriculture and the environment, e.g. crop 

nutrition solutions, nitrogen application 

solutions, and environmental solutions. 

http://www.fujitsu.com/gl

obal/vision/customerstorie

s/iwata-smart-

agriculture/index.html  

PrecisionHawk 

PrecisionHawk provides products of drones, 

sensors and softwares, and uses collected data to 

automate and optimize farm management. 

https://www.e-

kakashi.com/ 

Omnia 

Omnia Precision Agronomy provides 

technologies to realize the full potential of 

precision agriculture through collecting farming 

data and calculating the optimum solutions. 

http://www.nec.com/en/gl

obal/solutions/agri/index.h

tml 

Precision 

Decisions 

Precision Decisions provides precision farming 

services including soil services, farm data 

services, yield mapping, etc. 

https://www.hydropoint.co

m/ 

Aeon Agri Create 

Aeon's farms use Fujitsu's Akisai cloud 

computing service as the basis for daily farm 

operation and monitoring. Workers use tablets, 

smartphones or other mobile devices to gather 

data on farming operations, checking pesticide 

or fertilizer use while also keeping track of 

operational costs.  

https://hortau.com/ 

Asahi Shuzo Co., 

Ltd. 

Asahi Shuzo use Fujitsu's Akisai cloud 

computing service to measure air temperature, 

humidity, soil temperature, soil moisture and 

soil fertility. It helps farmers decide the best 

time to fertilize and harvest their crops.  

https://www.powwowener

gy.com/  

http://www.fujitsu.com/global/vision/customerstories/iwata-smart-agriculture/index.html
http://www.fujitsu.com/global/vision/customerstories/iwata-smart-agriculture/index.html
http://www.fujitsu.com/global/vision/customerstories/iwata-smart-agriculture/index.html
http://www.fujitsu.com/global/vision/customerstories/iwata-smart-agriculture/index.html
http://www.nec.com/en/global/solutions/agri/index.html
http://www.nec.com/en/global/solutions/agri/index.html
http://www.nec.com/en/global/solutions/agri/index.html
https://hortau.com/
https://www.powwowenergy.com/
https://www.powwowenergy.com/
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Iwata Smart 

Agriculture 

Project 

This project of smart agriculture will build a 

plant factory of greenhouses, use sensors to 

achieve remote real-time monitoring of the 

climate inside and optimize the environment of 

plant production. 

https://getniwa.com/pro.ht

ml 

e-kakashi 
E-kakashi can visualize environmental data and 

provide optimum solutions accordingly. 

http://www.nanoganesh.co

m/ 

NEC 

NEC's agricultural ICT solution creates virtual 

fields based on weather, soil and vegetation data 

obtained from sensors, satellites and drones, as 

well as farming activity data, such as irrigation 

and fertilizer use.  

https://www.e-

kakashi.com/ 

HydroPoint 

HydroPoint provides technologies and 

equipment to reduce irrigation waste with 

weather-based controller. 

http://www.nec.com/en/gl

obal/solutions/agri/index.h

tml 

Hortau Simplified 

Irrigation 

Hortau provides equipment of real-time soil 

monitoring, using the soil tension to decide the 

precise amount of irrigation water. 

https://www.hydropoint.co

m/ 

PowWow Energy 

Pump Monitor uses smart meter energy records 

and a pump test as inputs, then analyzes data to 

detect problems. Irrigation Advisor supplies 

weekly irrigation schedules and regular NDVI 

field images to monitor field performance.  

https://hortau.com/ 

Niwa Pro 

Niwa Pro is a connected growing platform with 

automation, 24/7 monitoring and remote 

control.  

https://www.powwowener

gy.com/  

NanoGanesh 

NanoGanesh provides electric devices with 

wireless automation systems for irrigation 

management in rural areas. 

https://getniwa.com/pro.ht

ml 

 

- Robotic farming 

With the development of artificial intelligence, robots have replaced humans in many areas, with no 

exception in agriculture. Robotic farming can be regarded as a branch of precision farming which uses 

robotic to achieve high automation. In robotic farming, robots are connected wirelessly to a central 

operator to receive instructions and transmit data collected. Their performances can be autonomously 

navigated on field to conduct practices like planting seeds, spraying pesticides, real-time imaging and 

measurement (SPARC, 2016). Robotic farming indicates the automation of farming process, which 

reduces manual labors significantly, together with improving farming accuracy and increasing crop 

production.  

https://getniwa.com/pro.html
https://getniwa.com/pro.html
http://www.nanoganesh.com/
http://www.nanoganesh.com/
http://www.nec.com/en/global/solutions/agri/index.html
http://www.nec.com/en/global/solutions/agri/index.html
http://www.nec.com/en/global/solutions/agri/index.html
https://hortau.com/
https://www.powwowenergy.com/
https://www.powwowenergy.com/
https://getniwa.com/pro.html
https://getniwa.com/pro.html


17 

 

Table 3 ICT enabled solution cases of robotic farming 

Cases Descriptions References or links 

HandsFree 

Hectare 

The HandsFree Hectare is a project to drill, tend 

and harvest a crop without operators on the 

machine and agronomists in the field. 

http://www.handsfreehecta

re.com/ 

Bosch  

Deepfield-

connect 

The "Deepfield Connect" product uses sensors to 

monitor climate conditions such as temperature 

and humidity. The measured values are 

transferred to an app on the farmer's 

smartphone via the Bosch cloud, enabling 

farmers to have a real-time overview of fields .  

https://shop.deepfield-

connect.com/en/deepfield-

connect.html 

 

- ICT in urban agriculture 

Urban agriculture (UA), or urban farming, is an innovative way to break the limitations of planting crops 

on land in rural areas while reducing or simplifying the transportation, packaging and storage between 

producers and consumers. Nowadays, there are 800 million people practicing UA around the world 

(FAO, 2018b). UA has a promotive action to food security, especially during food shortage crisis period. 

Meanwhile, locally produced food requires less refrigeration and transportation, and can cater for 

fresher and more nutritious food. Similar to rural farming, ICT can also be applied in UA and make 

practices more autonomous and efficient. Common ICTs used in UA include autonomous machinery to 

perform better farming practices and complete packaging, and wireless sensors to monitoring indoor 

environment.  

Table 4 ICT enabled solution cases of urban agriculture 

Cases Descriptions References or links 

Plantagon 

Plantagon develop ideas, technologies and 

business models to promote local food 

production in cities. Currently, one focus is 

farming management systems based on data, big 

data and algorithms created by data sets under 

production systems. Plantagon recently set up 

an underground test plant in Stockholm and 

deliver herbs to nearby grocery shops. 

http://www.plantagon.com

/ 

https://mitti.se/nyheter/pl

antor-skrapans-

tidningsarkiv/ (in Swedish 

only) 

CityFARM project 

CityFARM project explored urban food 

production solutions through development of 

hydroponic and aeroponic systems, diagnostic 

and networked sensing, building integration, 

and reductive energy design. 

https://www.media.mit.ed

u/projects/cityfarm/overvi

ew/ 

 

- ICT in aquaponic system 

http://www.handsfreehectare.com/
http://www.handsfreehectare.com/
https://shop.deepfield-connect.com/en/deepfield-connect.html
https://shop.deepfield-connect.com/en/deepfield-connect.html
https://shop.deepfield-connect.com/en/deepfield-connect.html
http://www.plantagon.com/
http://www.plantagon.com/
https://mitti.se/nyheter/plantor-skrapans-tidningsarkiv/
https://mitti.se/nyheter/plantor-skrapans-tidningsarkiv/
https://mitti.se/nyheter/plantor-skrapans-tidningsarkiv/
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An aquaponic system is a combination of aquaculture and hydroponics, where waste produced by 

aquatic animals is supplied as nutrients for plants growing in water, to improve resource efficiency and 

reduce environment impacts. Meanwhile, aquaponic system can be integrated into urban agriculture to 

produce plant as well as aquatic products in city. The application of ICT in an aquaponic system can 

further improve resource efficiency and yields. For example, Ericsson has implemented a pilot project 

of ‘’connected aquaponics’’. In this connected system, a ‘‘drone fish’’ floating in the tank is equipped with 

wireless sensors to collect data and transmit it to the mobile application where farmers can monitor the 

parameters and manage the system better. 

Table 5 ICT enabled solution cases of aquaponic system 

Cases Descriptions References or links 

Connected 

Aquaponics 

prototype in Mori 

Connected aquaponics grows both fish and 

crops in a single integrated system and uses fish 

wastes to provide essential nutrients to the 

plants. In the system, there is a drone fish 

connected with wireless sensors, and farmers 

can track real-time data. 

http://www.networkedindi

a.com/2017/02/23/ericsso

ns-connected-aquaponics-

rejuvenating-aquaculture-

indian-villages/   

 

- Information or advisory services 

Some ICTs in agriculture and fishery can provide farmers and fishermen with information or advisory 

services, which are mainly achieved by SMS, mobile applications, web portal, etc. Table 7 lists some 

cases of such solutions. 

Table 6 ICT enabled solution cases of information or advisory services 

Cases Descriptions References or links 

mKRISHI

®-

Fisheries 

mKRISHI®-Fisheries’ service is an initiative to 

empower fishermen society by providing the 

vital information like probable fishing zone 

(PFZ), wind direction and wind speed on their 

mobile phone. 

Saville, R., Hatanaka, K. and Wada, 

M., 2015, October. ICT application 

of real-time monitoring and 

estimation system for set-net 

fishery. In OCEANS'15 MTS/IEEE 

Washington (pp. 1-5). IEEE. 

Fishery 

Friend 

mobile 

application 

The Fisher Friend Mobile Application (FFMA) 

is provides fishermen with knowledge and 

information services on weather, potential 

fishing zones, ocean state forecasts, and market 

related information. 

Kimbahune, S., Singh, V.V., Pande, 

A., Singh, D. and Chandel, P.A., 

2013, December. ICT for fisheries—

Environment friendly way: Pilot 

experience in Raigadh. In India 

Conference (INDICON), 2013 

Annual IEEE (pp. 1-8). IEEE. 

AgriFin 

Mobile 

The Mercy Corps Agri-Fin Mobile Programme 

provides market information and 

financial support to smallholder farmers and 

https://www.oecd.org/aidfortrade/

48367406.pdf  

http://www.networkedindia.com/2017/02/23/ericssons-connected-aquaponics-rejuvenating-aquaculture-indian-villages/
http://www.networkedindia.com/2017/02/23/ericssons-connected-aquaponics-rejuvenating-aquaculture-indian-villages/
http://www.networkedindia.com/2017/02/23/ericssons-connected-aquaponics-rejuvenating-aquaculture-indian-villages/
http://www.networkedindia.com/2017/02/23/ericssons-connected-aquaponics-rejuvenating-aquaculture-indian-villages/
http://www.networkedindia.com/2017/02/23/ericssons-connected-aquaponics-rejuvenating-aquaculture-indian-villages/
https://www.oecd.org/aidfortrade/48367406.pdf
https://www.oecd.org/aidfortrade/48367406.pdf
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small businesses in Indonesia, Uganda and 

Zimbabwe.  

Farmforce 
Farmforce is an integrated mobile platform to 

manage smallholder farming. 

https://www.mercycorps.org/resea

rch/agri-fin-mobile 

 

- Other ICT solutions in food production 

In addition to solutions mentioned above, there are also other ICT solutions focusing on specific factors 

of food production, which are briefly listed in Table 7.  

Table 7 Other ICT enabled solutions in food production 

ICT 

application 

categories 

Cases Descriptions References or links 

Crop selection 

and 

protection 

n/a 

It uses big data analysis to refine the 

geospatial targeting of new drought-

tolerant(DT) maize varieties. 

Tesfaye, K., Sonder, K., 

Caims, J., Magorokosho, 

C., Tarekegn, A., Kassie, 

G.T., Getaneh, F., 

Abdoulaye, T., Abate, T. 

and Erenstein, O., 2016. 

Targeting drought-

tolerant maize varieties 

in Southern Africa: a 

geospatial crop modeling 

approach using big data. 

Weed, 

pesticide and 

disease 

control 

Gamaya 

Gamaya improves efficiency and 

sustainability of farming businesses by 

offering compelling agronomy 

solutions, enabled by hyperspectral 

imaging and artificial intelligence. 

https://gamaya.com/ 

Soil 

management 
Soil Scout 

Soil Scout optimizes water & energy 

usage by providing permanent buried 

wireless monitoring. 

http://soilscout.com/ 

Estrus 

prediction 

Fujitsu 

GYUHO 

SaaS 

GYUHO SaaS is a cloud-based service 

to detect estrous signs from changes in 

the step count data by utilizing the 

behavioral characteristics of cattle.  

http://www.fujitsu.com/

jp/group/kyushu/en/sol

utions/industry/agricult

ure/gyuho/  

Connected 

cow 

Connected cow is a cow estrus 

monitoring system using NB-IoT 

devices to collect data and transmit 

data to the IoT platform. There are 

https://www.ft.com/con

tent/2db7e742-7204-

11e7-93ff-99f383b09ff9 

https://www.mercycorps.org/research/agri-fin-mobile
https://www.mercycorps.org/research/agri-fin-mobile
https://gamaya.com/
http://soilscout.com/
http://www.fujitsu.com/jp/group/kyushu/en/solutions/industry/agriculture/gyuho/
http://www.fujitsu.com/jp/group/kyushu/en/solutions/industry/agriculture/gyuho/
http://www.fujitsu.com/jp/group/kyushu/en/solutions/industry/agriculture/gyuho/
http://www.fujitsu.com/jp/group/kyushu/en/solutions/industry/agriculture/gyuho/
https://www.ft.com/content/2db7e742-7204-11e7-93ff-99f383b09ff9
https://www.ft.com/content/2db7e742-7204-11e7-93ff-99f383b09ff9
https://www.ft.com/content/2db7e742-7204-11e7-93ff-99f383b09ff9
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many examples such as Huawei, 

Swedish Alfa Laval, Connecterra, etc. 

Fish capture 

monitoring 

and counting 

N/A 

The solution uses wireless sensors to 

estimate catch amount of fish in the 

set-net and transmit information to 

fishermen through SMS or mobile 

apps. 

Saville, R., Hatanaka, K. 

and Wada, M., 2015, 

October. ICT application 

of real-time monitoring 

and estimation system 

for set-net fishery. 

In OCEANS'15 

MTS/IEEE 

Washington (pp. 1-5). 

IEEE. 

Weather data 

monitoring 

MicroWeath

er 

MicroWeather is a joint pilot project 

carried by Ericsson, Hi3G Sweden and 

Swedish Meteorological and 

Hydrological Institute (SMHI). It uses 

connected stations and a developed 

algorithm to measure real-time rainfall 

data and to predict precipitation. 

https://www.ericsson.co

m/en/cases/2018/SMHI  

 

Moreover, Ericsson, as a leading company in the ICT industry, has projects to facilitate ICT applications 

in agriculture and food sectors. Some examples have already been listed above, e.g. Connected 

Aquaponics prototype, MicroWeather. Ericsson also cooperated with Telefônica Brasil to provide 4G 

internet for Brazil farmers to promote agricultural development in Brazil (Valor Econômico S.A., 2018). 

Besides, Ericsson has an IoT platform named ‘‘IoT Accelerator’’ to build an ecosystem where device 

manufacturers, service providers and App partners are connected (Ericsson, 2018a & 2018b). One 

example of IoT solutions is ‘‘connected environmental monitoring’’ which enables cities to make better 

decisions and strategies through monitoring air and water quality and noise pollution (Ericsson, 2018c). 

Processing 

Food processing transforms raw ingredients by physical or chemical methods into marketable food 

products which consumers can prepare or serve easily. Processing also makes food conservation lasting 

and safe. Activities in this phase include primary processing such as drying, slicing, cooking and freezing, 

and preservation processing such as canning and packaging.  

- Food product storage monitoring 

Table 8 ICT enabled solution cases of food product storage monitoring 

Cases Descriptions References or links 

https://www.ericsson.com/en/cases/2018/SMHI
https://www.ericsson.com/en/cases/2018/SMHI
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Webstech 

Webstech develops, produces and sells wireless 

sensors that measure temperature and relative 

humidity. The products are used for 

monitoring and ensuring biological products 

such as grain, rapeseed, potatoes, and onions. 

http://www.webstech.dk/index.

php?route=common/home 

 

- Factory robotics 

With the development of industrialization, food industry is also experiencing the revolution of 

transforming manual labor into robots in the workshop production line. The automation system can not 

only reduce human resource costs, but also improve product quality and efficiency since robots have 

higher accuracy and stability to handle materials and machines.  

Table 9 ICT enabled solution cases of factory robotics 

Cases Descriptions References or links 

Kuka robots 

Kuka produces robots with different functions in 

food industries, e.g. For packaging, palletizing, and 

logistics. 

https://www.kuka.com/e

n-

se/industries/consumer-

goods-

industry/lebensmittelindu

strie  

 

- Digital packaging 

Packaging is indispensable in modern food industry. One representative ICT applications in food 

processing is digital packaging. It creates connectivity and transparency to enable consumers to have a 

better knowledge of the product. It is also a guarantee of food quality and safety. The key technology in 

digital packaging is digital printing, which stores required information in a specific image that can be 

read through a certain device. Moreover, attaching food product with digital packaging can enhance the 

traceability in distribution process, which has the potential to reduce food loss.  

Table 10 ICT enabled solution cases of digital packaging 

Cases Descriptions References or links 

BOBST digital 

printing press 

for food 

packaging 

UV Track ™ is an automated printing 

system that can track and test ink 

curing safety.  

https://www.bobst.com/seen/product

s/flexo-inline/inline-flexo-

presses/overview/machine/m6-

line/#.WxRLYO6FPIU 

 

Distribution & retail 

The general distribution and retail process can be organized by supply chain management, where ICT 

solutions have wide applications. According to Soysal, et al. (2012), the main aims of the food logistic 

management are to (1) reduce cost and improve responsiveness, (2) improve food quality and reduce 

http://www.webstech.dk/index.php?route=common/home
http://www.webstech.dk/index.php?route=common/home
https://www.kuka.com/en-se/industries/consumer-goods-industry/lebensmittelindustrie
https://www.kuka.com/en-se/industries/consumer-goods-industry/lebensmittelindustrie
https://www.kuka.com/en-se/industries/consumer-goods-industry/lebensmittelindustrie
https://www.kuka.com/en-se/industries/consumer-goods-industry/lebensmittelindustrie
https://www.kuka.com/en-se/industries/consumer-goods-industry/lebensmittelindustrie
https://www.kuka.com/en-se/industries/consumer-goods-industry/lebensmittelindustrie
https://www.bobst.com/seen/products/flexo-inline/inline-flexo-presses/overview/machine/m6-line/#.WxRLYO6FPIU
https://www.bobst.com/seen/products/flexo-inline/inline-flexo-presses/overview/machine/m6-line/#.WxRLYO6FPIU
https://www.bobst.com/seen/products/flexo-inline/inline-flexo-presses/overview/machine/m6-line/#.WxRLYO6FPIU
https://www.bobst.com/seen/products/flexo-inline/inline-flexo-presses/overview/machine/m6-line/#.WxRLYO6FPIU
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food waste, (3) improve traceability and sustainability. ICT solutions can largely promote the 

achievement of these three aims. Nowadays, there are various software and mobile applications that can 

achieve real-time monitoring and management of supply chain. Four main categories of ICT 

applications in distribution & retail are identified as:  

- Tracing and tracking 

As a part of supply chain management, traceability is important for producer to monitor the supply chain, 

and, for consumers, it gives an identification of food sources and food safety. The basic idea of 

traceability in food chain is to enable to trace the history as well as identify the location of a certain 

product. Once there is a quality problem, the causes should be possible to figure out (van der Vorst, 

Beulens and van Beek, 2005). Furthermore, products that are likely to have the same problem should 

be possible to locate for disposal.  

According to Opara (2003), there are mainly six elements in the food chain in terms of traceability: 

product, process, genetic, inputs, disease and pest, and measurement. From the technological 

perspective, technological innovations of tracing supply chains include product identification, process 

and environment characterization, information capture, analysis, storage and transmission, and 

overall system integration. The most prevalently used ICT technologies in tracing and tracking system 

is radio frequency identification (RFID), which stores data with radio waves in an RFID tag and reads 

data with an RFID reader to identify and track the tagged objects. Overall, smart packaging and labelling, 

monitoring and reporting together support the operation of food supply chain. Moving forward, block 

chain is often mentioned as an interesting option to better manage the supply chain as technology 

develops. 

Table 11 ICT enabled solution cases of tracing & tracking 

Cases Descriptions References or links 

ASC Software 
ASC Software provides supply chain execution and 

planning solutions. 

https://www.ascsoftware.

com/ 

FoodLogiQ 
FoodLogiQ provides ''farm to fork'' tracing 

software to visualize the real-time supply chain. 

https://www.foodlogiq.co

m/ 

 

- Online/mobile shopping and food delivery 

Online/mobile shopping is a form of E-commerce allowing consumers buy products online with web 

browser or mobile applications. The distribution of trade items is mostly achieved by package delivery 

with available status update as well. When it comes to food products, online shopping includes not only 

online supermarkets, but also online platforms for calling food delivery from restaurants. These websites 

and platforms improve consumers’ convenience; however, it brings critical problems with regards to 

packaging waste, especially plastic waste, and traffic problem brought by deliverymen. 

Table 12 ICT enabled solution cases of online/mobile shopping and food deliveries 

Cases Descriptions References or links 

https://www.ascsoftware.com/
https://www.ascsoftware.com/
https://www.foodlogiq.com/
https://www.foodlogiq.com/
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Taobao 

Taobao is a Chinese online shopping website, 

and it is a subsidiary of Alibaba Group. It also 

has a mobile application. Food products are 

available in Taobao, which works as an online 

supermarket. 

https://world.taobao.com/ 

Meituan Waimai 

Meituan Waimai is a large Chinese online 

food delivery website, also available with the 

mobile application.  

http://waimai.meituan.com/ 

Uber Eats 

Uber Eats is a global mobile application 

providing food delivery services for 

consumers. 

https://about.ubereats.com/ 

 

- Sell potentially wasted food 

Selling potentially wasted food, e.g. short-dated food, unsold cooked food, is an effective way to reduce 

food waste in the distribution and retail process. Despite that such schemes are largely affected by 

consumers’ behaviors, this kind of retailing mode can reduce food waste, and may at the same time affect 

consumers’ awareness and habits. Web-based platforms and mobile applications are the most 

commonly used ICTs in such retailing processes. Therefore, selling of potentially otherwise wasted food 

can be regarded as part of online food shopping, which more specifically strive to reduce food waste. 

Table 13 ICT enabled solution cases of selling potentially wasted food 

Cases Descriptions References or links 

Matsmart 

Matsmart is an online website, giving the food a 

second chance and buys goods that in many cases 

would otherwise have been thrown out due to 

overproduction, packaging changes or the best-

before date approaching.  

https://www.matsmart.se

/sa-funkar-det 

Karma 

Karma is a mobile application selling unsold food 

from restaurants, cafes and grocery stores at a 

reduced price.  

https://karma.life/en/  

WhyWaste 

WhyWaste provides a tool that helps grocery shops 

to keep track of best before dates to enable 

proactive sales campaigns to avoid food waste. 

https://whywaste.co/ 

Too good to go 
Too good to go is a mobile application where stores 

can sell their surplus food. 

https://toogoodtogo.co.uk

/  

 

- Mobile payment 

Mobile payment is part of smart transactions or e-commerce. Popular mobile payment tools include 

Apple Pay, Alipay, and Swish. Benefits brought by mobile payment are mainly in the social facet: it 

makes the transaction more convenient and instant, through removal of procedures paid by cash or card. 

https://www.matsmart.se/sa-funkar-det
https://www.matsmart.se/sa-funkar-det
https://karma.life/en/
https://toogoodtogo.co.uk/
https://toogoodtogo.co.uk/
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More conveniently, QR code significantly improves the transaction efficiency by simply scanning the 

code of receivers to accomplish the payment. 

Table 14 ICT enabled solution cases of mobile payment 

Cases Descriptions References or links 

Alipay 

Alipay is an online payment platform which is 

primarily used in Taobao and also widely used 

as third-party payment method in China.  

https://intl.alipay.com/ 

Swish 
Swish is a Swedish mobile payment solution 

which enables real-time payment transfer. 
https://www.getswish.se/ 

 

Consumption 

Consumers’ choices and demand are influencing food production in a way. ICT solutions enable to not 

only affect consumption amounts directly, but also to influence consumers’ behavior or consumption 

patterns. Two main areas of ICT applications for food consumption are identified as: 

- Smart refrigerator 

A refrigerator is an important electric appliance as well as an essential storage space for food. 

Accordingly, ICT can be applied to lower electricity consumption as well as to organize stored food in a 

better way.  

Refrigerator monitoring uses probes and wireless sensors, to measure temperature and transmit data to 

users who can monitoring refrigerator or freezer remotely on smartphones or tablets. Refrigerator 

monitoring is also a part of smart cities and smart buildings, where the domestic house owners can in 

real-time monitor the appliances and edit settings to save energy consumption and reduce cost. There 

are also ‘‘smart refrigerators’’ that are connected closely with the users through mobile applications to 

manage food through visual food lists or pictures, suggested recipes, and even expiration notifications, 

which creates a better connection between users and fridge, and enables to avoid food waste due to 

expiration. 

Table 15 ICT enabled solution cases of smart refrigerator 

Cases Descriptions References or links 

EatChaFood App 

EatChaFood is a prototype App designed 

to increase user knowledge of the 

currently available domestic supply and 

location of food, with a view to reducing 

expired household food waste. 

Farr-Wharton, G., Foth, M. and 

Choi, J.H.J., 2013, September. 

EatChaFood: challenging 

technology design to slice food 

waste production. In Proceedings 

of the 2013 ACM conference on 

Pervasive and ubiquitous 

computing adjunct 

publication (pp. 559-562). ACM. 
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Samsung Family 

Hub 

Family Hub is smart refrigerator products 

of Samsung. It can provide users with 

visual food lists, expiration dates, 

scheduled shopping lists, etc. It is 

connected with users through multiple 

mobile applications to provide real time 

information and even entertainment 

services. 

https://www.samsung.com/us/ex

plore/family-hub-

refrigerator/overview/  

 

- Smart packaging 

Smart packaging has the function to indicate freshness of the food contained by sensors to measure the 

inner atmosphere of the package and programmed signals to remind consumers. It can improve food 

safety and avoid expired food to reduce household waste.  

Table 16 ICT enabled solution cases of smart packaging 

Cases Descriptions References or links 

Insignia 

Technologies  

Insignia Technologies Ltd. uses intelligent 

plastics and inks to produce simple, cost-

effective color-changing labels for 

application to packaging. Insignia intelligent 

labels can indicate food freshness from 

package opening, confirm cold-chain 

integrity during shipping and distribution, 

and detect changes in CO2 levels at any point 

in the value chain. 

https://www.insigniatechnologies.

com/ 

 

- Advisory services on diets 

Consumers’ behaviors have a significant role in the whole food system. Food suppliers could affect 

consumers’ choices through marketing or advertising. Meanwhile, suppliers are also studying 

consumers’ insights and preferences to adjust food supply. In this way, sustainable consumption could 

promote a more sustainable production. There are websites or mobile applications providing consumers 

with sustainable food consumption advices. Some examples are listed in Table 17. 

Table 17 ICT enabled solution cases of advisory services of food choices 

Cases Descriptions References or links 

WWF köttguiden 

(meat guide)  

The project developed meat guides 

indicating impacts of different meat types 

on environment and animal welfare. It 

also indicates options to replace meat on 

http://www.wwf.se/wwfs-

arbete/mat-och-

jordbruk/kottguiden/1595300-

wwfs-kottguide 

https://www.samsung.com/us/explore/family-hub-refrigerator/overview/
https://www.samsung.com/us/explore/family-hub-refrigerator/overview/
https://www.samsung.com/us/explore/family-hub-refrigerator/overview/
https://www.insigniatechnologies.com/
https://www.insigniatechnologies.com/
http://www.wwf.se/wwfs-arbete/mat-och-jordbruk/kottguiden/1595300-wwfs-kottguide
http://www.wwf.se/wwfs-arbete/mat-och-jordbruk/kottguiden/1595300-wwfs-kottguide
http://www.wwf.se/wwfs-arbete/mat-och-jordbruk/kottguiden/1595300-wwfs-kottguide
http://www.wwf.se/wwfs-arbete/mat-och-jordbruk/kottguiden/1595300-wwfs-kottguide
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plate. The information is available on a 

webpage as well as in a mobile application. 

WWF 

fiskeguiden (fish 

guide) 

WWF fish guide uses three different colors 

to evaluate fish and helps consumers to 

choose more environmentally friendly fish 

and shellfish. The information is available 

on a webpage as well as in a mobile 

application. 

http://fiskguiden.wwf.se/om-

guiden/ 

Carbon Cloud 

A digital supporting systems for 

restaurants to calculate the carbon 

footprint of the dishes they are serving to 

comply with raising sustainability 

demands from customers. 25-30% 

reduction in greenhouse gas emissions 

among participating restaurants reported 

from trials. 

http://www.carboncloud.io/  

 

Sustainability aspects – qualitative analysis 

ICT in agriculture and food systems can promote food security and environmental sustainability. As 

stated in the scope, this study presents a holistic review on enablement potentials of ICT solutions across 

the food chain, with an emphasis on food security and environmental sustainability. Four food security 

aspects and four environmental sustainability aspects are proposed in the section 3.1.2. Moreover, 

collected cases of ICT solutions across the food chain are listed in Appendix II. Based on these, a 

qualitative analysis of the identified ICT solutions along the food chain is made to see whether and how 

these ICT solutions in different categories can overcome the twin challenges of food security and 

environmental sustainability. 

Food security aspects 

ICT solutions in food chain enable food security with regards to four pillars including availability, access, 

utilization and stability. In other words, ICT solutions in food chain have the potential to achieve the 

following four food security aspects:  

1) increase available food with good quality 

It is the food supply which through production and distribution directly decide food availability. In 

United Nations Sustainable Development Goals (SDGs), Goal 2 Zero Hunger states to ‘‘end hunger, 

achieve food security and improved nutrition, and promote sustainable agriculture’’, in order to end 

hunger and malnutrition by 2030. It requires both higher food production, and higher nutrient content, 

and soils that remain nutritious. Many ICT solutions in agriculture show the potential to improve crop 

production with higher material and energy efficiency. Besides, reducing food waste in production, 

distribution and consumption process by better supply chain management and a more efficient trading 

system is also important to increase the amount of food available for consumers. ICT can strengthen 

http://www.carboncloud.io/
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such information communication and support decision-making to improve the whole food market 

mechanism running in a more efficient way.  

2) improve distribution and access 

Food access refers to food affordability and distribution for individuals and households. Insufficient 

access to food can be caused by poverty and regionally imbalanced development. ICT solutions creates 

possibilities to enlarge distribution by supply chain management as well as to grow local food through 

urban agriculture. 

3) enhance food utility 

Food utility mainly refers to the metabolism of food by individuals in the consumption stage. SDGs Goal 

12 ‘‘Responsible Consumption and Production’’ strengthens the importance of sustainable practices in 

both consumption and production sides. Enhancing food utility also means a more efficient and 

healthier consumption pattern, and can, in turn, lower food demand on the production side. What ICTs 

could do to enhance food utility is mostly influencing consumers’ choices and behaviors unconsciously 

through information inputs from websites and through innovative technologies.  

4) increase resilience 

The definition of food security emphasizes a temporal scope of ‘‘over time’’ which is corresponding to 

food stability. Increasing resilience of food systems in each process can guarantee the ability to always 

obtain food, no matter under what circumstances. In the phase of food production, the most common 

challenge is extreme weather such as flood and drought, while ICT solutions of weather forecasting may 

lower the risks. Besides, price fluctuation of food markets and food availability are mutually affected. In 

this case, a connected market based on big data analysis enables stakeholders to make timely or even 

precautionary measures, and thus to increase the system resilience. 

Overall, the impacts of ICT enabled solutions on food security are listed in Table 18, where ‘‘’’ means 

that the solution has the potential to influence the certain sub-aspect, based on the solution descriptions 

in references. While ‘‘N/A’’ means that no statement in the references showing that the ICT solution can 

influence the certain sub-aspect. ICT applications in food production stage can increase food availability 

mostly due to yield or quality improvement. ICTs in food processing stage guarantees food supply with 

better quality and safety. ICTs in food distribution & retail can improve the efficiency of the supply chain 

basically, which improves food distribution and access. Solutions applied in the consumption stage 

enhance food utility by transforming to a more efficient and healthier consumption pattern.  

Table 18 Food security impacts of ICT enabled solutions 

Stage 
ICT solutions 

categories 

Increase 

available 

food with 

good 

quality 

Improve 

distribution 

and access 

Enhance 

food 

utility 

Increase 

resilience 

Production 
Precision agriculture  N/A N/A  

Robotic farming  N/A N/A N/A 
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Urban farming   N/A  

Aquaponic system  N/A N/A  

Crop selection and 

protection 
 N/A N/A  

Weed, pesticide and 

disease control 
 N/A N/A  

Soil monitoring  N/A N/A  

Oestrus prediction  N/A N/A N/A 

Fish capture monitoring 

and counting 
 N/A N/A N/A 

Knowledge/information 

support 
 N/A N/A N/A 

Weather prediction  N/A N/A  

Index-based insurance  N/A N/A  

Community 

communication network 
 N/A N/A N/A 

Processing 
Factory robotics  N/A N/A N/A 

Digital packaging  N/A N/A N/A 

Distribution 

& Retail 

Tracing and tracking   N/A  

Online/mobile shopping N/A  N/A N/A 

Sell potentially wasted 

food 
   N/A 

Mobile payment N/A  N/A N/A 

Consumption 

Refrigerator monitoring N/A N/A  N/A 

Smart packaging N/A N/A  N/A 

Advisory services on diets N/A N/A   

 

Environmental sustainability aspects 

Agriculture, or food production, is the most significant contributor to environmental burdens among all 

processes along the food chain. Hence, ICT enabled solutions in farming practices and management are 

applied to alleviate the problem and promote environmental sustainability in following aspects: 1) 

reduce GHG emissions, 2) reduce unsustainable water withdraws, 3) reduce biodiversity loss (caused by 

land use, pollutions, etc., 4) reduce chemical use/pollution.  

These four aspects are interacted in a way. Resource or energy efficiency can be improved by applications 

of ICT enabled solutions like precision farming, which monitor and transmit real-time data to the 

farmers. More specifically, ICT enabled solutions in the area of fertilizer control and weed/pesticide 

management can potentially avoid chemical overuse in agriculture and thus reduce environmental 

pollutions. Considering the GHG emissions sources from agriculture, better farming practices and less 

chemical uses will lead to less emissions. The enablement potentials on GHG emissions reduction will 
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be quantitatively analyzed in the next section. Besides, the potential of ICT of reducing biodiversity loss 

is more indirectly related to ICT’s enabling effects on land use and pollution reduction. Accordingly, the 

direct and indirect impacts of ICT enabled solutions on environmental sustainability are listed in Table 

19. 

Table 19 Environmental sustainability impacts of ICT enabled solutions 

Stage 
ICT solutions 

categories 

Reduce 

GHG 

emissions 

Reduce 

unsustainable 

water 

withdraws 

Reduce 

biodiversity 

loss 

Reduce 

chemica

l use/ 

pollutio

n 

Production 

Precision agriculture     

Robotic farming     

Urban farming     

Aquaponic system     

Crop selection and 

protection 
 N/A N/A  

Weed, pesticide and 

disease control 
 N/A   

Soil monitoring     

Oestrus prediction  N/A N/A N/A 

Fish capture monitoring 

and counting 
 N/A   

Knowledge/information 

support 
    

Weather prediction  N/A N/A  

Index-based insurance  N/A N/A  

Community 

communication network 
 N/A N/A N/A 

Processing 
Factory robotics  N/A N/A N/A 

Digital packaging  N/A N/A N/A 

Distribution 

& Retail 

Tracing and tracking     

Online/mobile shopping * N/A N/A N/A N/A 

Sell potentially wasted 

food 

 
  

 

Mobile payment * N/A N/A N/A N/A 

Consumption 

Refrigerator monitoring     

Smart packaging     

Advisory services on diets     

* The effect of this could go in different directions due to rebound risks 
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Sustainability aspects – quantitative analysis  

As a cooperation with Ericsson Research, this project is expected to be useful for Ericsson’s research on 

analysis of ICT’s enablement potential to promote sustainability. Malmodin and Bergmark (2015) made 

their own estimates for the GHG emissions reduction potential of ICT solutions in different sectors 

(including smart grid, smart buildings, smart transport, smart travel, smart work, smart services) in a 

2030 framework, while data of agricultural sector (including land use) was derived from SMARTer2020 

(GeSI, 2012) rather than collected by the authors. Thus, as a complement of study by Malmodin and 

Bergmark (2015) which will be referred as ‘‘Ericsson 2030 estimation’’ in following texts, the 

quantitative analysis of this study put the focus on ICT solutions of ‘’Smart Agriculture’’ and analyzed its 

potential in reducing GHG emissions. 

Agriculture and GHG emissions 

It is necessary to know where GHG emissions are generated in the agricultural sector before 

investigating the enablement potentials by smart agriculture solutions. In 2014, FAO published a report 

and new FAO database regarding the contributions of agriculture, forestry and fisheries to global GHG 

emissions (Tubiello, et al., 2014). Here the author uses FAO database as a primary data source. Fig. 3 

shows agriculture emissions by sub-sectors. 

 

Fig. 3 Agriculture emissions by sub-sectors, 2001-2011 (Tubiello, et al., 2014) 

Apart from those sub-sectors listed in the figure, energy use is also a non-negligible source of GHG 

emissions in agriculture. Although emissions from energy use is counted as GHG emissions in the energy 

sector instead of being allocated to the agricultural sector in Ericsson 2030 estimation study, the 

potential to reduce GHG from energy use in agriculture (and fishery) is still valuable and thus considered 

in the quantitative analysis in this study. Fig. 4 shows energy use in agriculture by energy carriers. FAO 

considers emissions from energy use as related to direct fuel use and electricity generation for machine 

operation, power irrigation, fishing vessels (Tubiello, et al., 2014), etc. in agriculture (including fishery). 
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Fig. 4 Energy use by energy carriers in agriculture, 2000-2010 (Tubiello, et al., 2014) 

As for land use, Ericsson 2030 estimation study counted it together with the agricultural sector. In this 

study, however, land use and agriculture are separated when analyzing quantitative data of ICT’s 

enabled GHG emissions reduction. Fig. 5 shows forest and other land use emissions by sub-sectors. ICT 

solutions in agriculture mainly target land use emissions from cropland. 

 

Fig. 5 Forest and other land use emissions, 2001-2011 (Tubiello, et al., 2014) 

GHG emissions reduction potential 

Ideally this study should have considered the full food system but due to the severe lack of quality data 

this quantification includes a few solutions from the production stage only. 
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Background data and calculation results are listed in Table 20, which shows that emissions reduction 

enabled by precision fertilizing solutions, precision irrigation solutions, and fishery information support 

solutions is 9 Mt in a low reduction potential scenario, and 31 Mt in a high reduction potential scenario 

according to the data and assumptions of this study. The overall GHG emissions reduction accounts for 

0.014%-0.049% of the global GHG emissions in 2030. 

(Note: any discrepancies in the calculations are due to the rounding of values. All data sources and 

assumptions used for calculations are listed under the table. )
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Table 20 GHG emissions reduction potential of some ICT solutions in agriculture 

ICT solution LRP % HRP % 
Application 

scale %  
LRPS % HRPS % 

Addressable emission 

[Mt] 

Absolute 

emissions 

reduction 

potential 

[Mt] 

Reduction 

potential % 

of total 

global GHG 

emissions 

Comments 

Precision fertilizing 5 [1] 10 [2] 15-30 [3] 0.75 3 
Emissions from fertilizer 

use in agriculture: 797 [4] 
6-24 0.009-0.038 

Refers to precision 

farming’s impacts on 

fertilizer use reduction 

Precision irrigation 25 [5] 30 [6] 15-30 [3] 3.75 9 

Emissions from energy 

use for power irrigation 

in agriculture: 47.5 

[7] 

2-4 0.003-0.006 

Based on a company’s 

sources. Background 

data and methodology is 

not enclosed. 

Fishery 

information 

support 

30 [8] 50 [9] 10-30 [10] 3 15 
Emissions from energy 

use in fishery: 28.5 [11] 
1-3 0.002-0.005 

Impact data is based on 

pilot studies of a specific 

ICT solution in India. 

Total N/A N/A N/A N/A N/A 1629 9-31 
0.014-

0.049 

The three categories 

of ICT solutions are 

independent, not 

overlapping, so there 

is no double counting 

regarding the total 

addressable 

emissions. 
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[1][2] WEF, 2018 (p.35). In the table, WEF estimated the ‘’impact’’ of precision farming and water management technology is 5%-10%, based on a study of 

Balafoutis, et al. (2017). In the WEF report, the ‘’impact’’ means ‘’the improvement that can be expected from those adopting the technology’’. Here the ‘’impact’’ 

refers to reduced emissions generated from fertilizer use technologies.  

[3] Calculations and modifications based on assumptions in WEF report (2018, p.35). Application scale = Impact baseline/baseline value = 125-220 /750 = 16.7-

29.3%. Here the author makes some modifications and use 15%-30%. 

[4] FAO, 2014 (p.37). ‘‘With respect to the 2000s average levels, global emissions from synthetic fertilizers are projected to increase in 2030 and 2050 by 32% 

and by 48%.’’ Therefore, emissions from synthetic fertilizers = 604*1.32= 797 Mt. Thus, addressable emission = 797 Mt. 

[5][6] Hortau website. The Hortau precision irrigation management systems help growers reduce energy consumption by an average of 25-30%. 

[7] Based on FAO 2014 report (p.66), and assumptions. Assume global GHG emissions from energy use in agriculture in 2030 reaches 950 Mt. According to 

FAOSTAT (2018), emissions from energy for power irrigation accounts for 5.3% of total energy use in agriculture in 2012. Assume that energy for power irrigation 

in 2030 is 5% of the total energy use in agriculture, then the addressable emissions are 950*5% = 47.5 Mt. 

[8][9] Based on a case of ICT solutions in fishery (Kimbahune, et al., 2013). mKRISHI®-Fisheries' service provides fisherman with real-time information of 

Probable Fishing Zone (PFZ), wind direction, wind speed, etc., through mobile applications. The study analyzes the impact of this service applications in a district 

in India and the results show that diesel consumptions can be reduced by 30-50% due to optimized operations by fishermen.   

[10] Author’s assumption. 

[11] In 2012, emissions from energy use in fishery account for 3.3% of total energy use in agriculture (FAO, 2012). Assume that in 2030, emissions from energy 

use in fishery is 3% of the total emissions from energy use in agriculture. As assumed in [7], global GHG emissions from energy use in agriculture in 2030 is 950 

Mt. Thus, the addressable emissions are 950*3% = 28.5 Mt. 
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Sensitivity analysis 

Due to the high uncertainties in data, the sensitivity analysis is made to see how the overall results will change when single or multiple factors variate. Since data 

of precision irrigation and fishery is collected from single case of ICT solutions, sensitivity analysis is conducted for these two ICT categories, shown in Table 21 

and Table 22 respectively. Parameters changed in sensitivity analysis include ICT’s reduction potential and application scale. Outcomes that will change 

accordingly include absolute emissions reduction potential enabled by the specific ICT solution category, total absolute emissions reduction potential enabled 

by all the four categories studied, and the percentage of total absolute emissions with reference to global GHG emissions in 2030, which are listed in column 5, 

column 6, and column 7, respectively of the table. 

Table 21 Sensitivity analysis for precision irrigation 

Scenarios of 

sensitivity 

analysis 

Reduction 

potential % 

Application 

scale % 

Reduction 

potential 

scenario % 

Absolute 

emissions 

reduction 

potential [Mt] 

Total absolute 

emissions 

reduction 

potential [Mt] 

Total reduction 

potential % of total 

global GHG 

emissions 

Comments 

Basic scenario 25-30 15-30 3.75-9 2-4 9-31 0.014-0.049 
Basic scenario in 

Table 20. 

Sensitivity 

analysis 1 
5-45 15-30 0.75-13.5 0.4-6.4 7.4-33.4 0.012-0.053 

Change value of 

reduction 

potential. 

Sensitivity 

analysis 2 
25-30 3-60 0.75-18 0.4-8.6 7.4-35.6 0.012-0.056 

Change value of 

application scale. 

Sensitivity 

analysis 3 
5-45 3-60 0.15-27 0.07-12.8 7.07-39.8 0.011-0.063 

Change both two 

factors. 

(Note: Numbers in red color are changed factors compared to basic scenario in Table 20.) 
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Table 22 Sensitivity analysis for fishery information support 

Scenarios of 

sensitivity 

analysis 

Reduction 

potential % 

Application 

scale % 

Reduction 

potential 

scenario % 

Absolute 

emissions 

reduction 

potential [Mt] 

Total emissions 

reduction 

potential [Mt] 

Total reduction 

potential % of total 

global GHG emissions 

Comments 

Basic scenario 30-50 10-30 3-15 1-3 9-31 0.014-0.049 
Basic scenario in 

Table 20. 

Sensitivity  

analysis 1 
6-75 10-30 0.6-22.5 0.2-6.4 8.2-34.4 0.013-0.054 

Change value of 

reduction 

potential. 

Sensitivity 

analysis 2 
30-50 2-60 0.6-30 0.2-9.1 8.2-37.1 0.013-0.058 

Change value of 

application scale. 

Sensitivity 

analysis 3 
6-75 2-60 0.12-45 0.04-12.8 8.04-40.8 0.013-0.064 

Change both two 

factors. 

(Note: Numbers in red color are changed factors compared to basic scenario in Table 20.) 

Table 21 indicates that GHG emissions reduction potential enabled by precision agriculture would be 0.07-12.8 Mt, and the total reduction potential enabled by 

the four solutions studied would be 7.07-39.8 Mt, when considering the sensitivity analysis. Table 22 indicates that GHG emissions reduction potential enabled 

by fishery information support would be 0.04-12.8 Mt, and the total reduction potential enabled by the four solutions studied would be 8.04-40.8 Mt, when 

considering the sensitivity analysis. If we consider the results of sensitivity analysis of both solutions, the reduction potential would be 6.11-49.6 Mt, which is 

around 0.010-0.078% of the total GHG emissions in 2030. 
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Discussions 
Limitations of the study 

- Limitations of sustainability aspects analyzed 

The sustainability aspects analyzed in this study is only a limited set of aspects. In addition to food security and environmental sustainability, other social and 

economic aspects, e.g. farmers’ profits, manual labor savings, economic cost savings, etc. exist. 

In addition, environmental loads generated from ICT´s own life cycle due to energy and material use, and waste generation are not considered in this study. 

There are many studies and standards regarding the methodology of analyzing ICTs’ own life cycle impacts, and how to reduce the negative impacts in the 

production and end-use stage.  

- Limitations of quantitative analysis 

First and foremost, due to data shortage, the quantitative analysis was limited to only a few services out of those listed in the qualitative analysis. Additionally, 

there are lots of assumptions in the quantitative analysis because the extensive data sets needed for estimations of specific impact categories were not found or 

were not possible to collect from public sources. Overall the study revealed a consistent lack of measured data related to ICT´s potential to reduce GHG emissions 

in agriculture. Two main reasons behind the limited availability of data and studies of the agricultural sector are the complexity of agriculture activities and the 

large amount of possible ICT enabled solutions. It may also be hard to sort out the impacts specifically related to ICT. Therefore, existing data from other studies 

as well as the author’s assumptions are used estimate ICT’s sustainability potentials.  

Uncertainties of quantitative analysis 

Erdmann and Hilty (2010) summarized two kinds of uncertainties – data uncertainties and future uncertainties, in scenarios analysis of ICTs’ enablement 

potentials. Data uncertainties refer to ‘‘incomplete data about facts that could be known in principle’’, and future uncertainties refer to ‘‘developments that are 

not determined and can be influenced in principle’’. In this study, data uncertainties come from inadequate background data collected for quantitative analysis. 

There is no good or sufficient measurement-based data regarding specific ICT solutions’ impacts. In addition, future uncertainties are hard to evaluate with 

respect to ICTs’ enabled potential as well as future application scales globally.  

In addition to uncertainties of ICT’s enablement impacts and application scales for estimation of future scenarios, uncertainties also exist in the establishment 

of basic scenario, where GHG emissions from different sectors in 2030 are estimated. There is no clarification regarding how ICT’s application and development 
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in 2030 are considered in the basic scenario. Here we can assume that some technology development has been considered in the basic scenario, which would 

lead to double-counting. At the same time, it is assumed that the double-counting accounts for a small part, so it will not be quantified. 

Comparison of results with other similar studies 

In line with the aim of the project, the result of this study is compared to the often cited SMARTer 2020 study (GeSI, 2012) – reused with regards to agriculture 

by Malmodin and Bergmark (2015) - and the SMARTer 2030 study (GeSI, 2015). A summary of the three studies are given in Table 23. 

Methodology: The calculations and logics behind these three studies are the same. However, data is aggregated at different levels in different studies. This 

study calculated the global reduction potentials based on individual solution. SMARTer 2020 aggregated each parameter at the global level and then did the 

calculation. SMARTer 2030 did the calculation at the country level and added up reduction potentials of all countries.  

Scope: As shown in the Table 23, the solutions included differed between the studies and the SMARTer reports also included more categories than this study, 

which could be an important factor influencing the results. 

Data sources: Data sources used in each study are listed in Table 23. All studies are to large extent based on assumptions or estimations, which brings 

substantial uncertainties to the results. Due to the lack of scientific and/or measured sources, raw data are mostly based on consultancy reports and marketing 

data, e.g. a World Economic Forum report that, moreover, in some cases present what-if-scenarios rather than forecasts. Thus, the data sources used in this 

report seem to be the same kinds as the SMART reports (GeSI, 2012; GeSI, 2015).  

Comparison of results: Based on the quantitative results generated from limited ICT solution categories, the derived reduction potential could not be directly 

compared to those estimated by SMARTer reports. In SMARTer2030 (GeSI, 2015), it has been estimated that smart agriculture solutions could enable to reduce 

2.0 Gt CO2e per year, through energy savings, fertilizer management, livestock management (covering enteric fermentation and manure) and rice production, 

while SMART 2020 (GeSI, 2012) - which was re-used by Malmodin and Bergmark (2015) - estimated 1.6 Gt CO2e in a 2020 time frame through the four categories 

livestock management, smart farming, smart water and soil monitoring. In comparison, this thesis study only identifies an emission reduction potential of 9-31 

Mt for the three quantified ICT solution categories. Due to the limitation in data and differences in modelling, the results of this study cannot be directly compared 

with the GeSI studies. However, in line with Bieser & Hilty (2018) which analyzed the SMARTer 2030 study for Switzerland which uses the same methodology 

as SMARTer 2030, this study did not find data that supported the potential calculated by SMARTer 2030, and for the one comparable solution (fertilizers) this 

study estimated both the potential and the application scale to be significantly lower than suggested by that study. In comparison with SMARTer 2020 the 
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estimates of the comparable case (irrigation) was in the same range – however that case represented only a minor contribution to the SMARTer 2020 estimate 

so no conclusions could be made regarding the overall potential.  
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Table 23 Comparison between this study and SMARTer 2020/2030 

Comparisons SMARTer 2020 (2012) SMARTer 2030 (2015) This study (2018) 

Methodology 

Calculation 

Reduction potential = 

addressable emissions * impact * 

application scale 

Reduction potential = 

addressable emissions * impact 

* application scale 

Reduction potential = 

addressable emissions * impact * 

application scale 

Data aggregation Global 
Countries aggregated to global 

level 
Solution 

Categories included 

Livestock management,  

Smart farming,  

Smart water,  

Soil monitoring/ 

Weather forecasting 

Energy use,  

Fertilizer use,  

Enteric fermentation,  

Manure mgmt.,  

Rice cultivation 

Energy use,  

Fertilizer use,  

Fishery information 

Data 

sources 

Addressable emissions 
IEA, EDGAR database, River 

Network 
FAO STAT FAO STAT 

Impact Assumptions, expert interviews Accenture analysis Cases, assumptions 

Application scale Cases, assumptions Accenture analysis Cases, assumptions 

Results 1.6 Gt CO2e 2.0 Gt CO2e 9-31 Mt CO2e (3 solutions) 
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Significance of the study 

The results of the qualitative analysis imply a significant role of ICTs in aspects of food security and 

environmental sustainability although the quantitative study could only marginally confirm this. 

Meanwhile, considering the environmental load caused by ICT, although not analyzed in this study, it is 

encouraged to minimize ICT’s negative impacts and maximize positive impacts along the food chain. 

Apart from technological measures, shifting consumption patterns is also important, e.g. to reduce food 

waste, and to choose less GHG-intensive food products. 

The study has identified a research gap of limited quantitative studies of enablement potentials of ICT 

in agriculture and food sectors. The study also reveals a lack of measurement-based data in relevant 

fields. Thus, more stakeholders such as research institutes and technological companies should be 

involved in monitoring and sharing data and do more research on the enabled sustainability aspects of 

ICTs in agriculture and food, to better understand the impact of technologies and make progress.  

Indication of possible future work  

Regarding data collection, future studies could explore and use more measurement-based data of ICT’s 

enabled effects when such data become more prevalent. This requires a close contact with other research 

institutes and ICT product companies in agriculture and food areas. At the end phase of this project, a 

newly published article about ‘‘reducing food’s environmental impacts through producers and 

consumers’’ was identified (Poore and Nemecek, 2018). These authors have investigated data of 

different foods globally, and proposed suggestions for different stakeholders along the food chain to 

mitigate these impacts. The article was not fully referred in this study, but it could potentially be useful 

for further investigation. Another recent article (Rasmussen et al., 2018) raises concern over risks 

related to agriculture intensification that may be critical for food production, as well as biodiversity, soil 

formation and water regulation, a topic that also needs further attention. 

Waste was to large extent left out of this study and could be revisited. 

Moreover, further studies can also include a marketing research on what kinds of ICT solutions are most 

welcome or prospective in agriculture and food sectors, to have a better understanding of the potential 

application scale in the near future. 

Regarding methodology of future forecast or estimation, the backcasting method used in Eating Energy 

(Wallgren and Höjer, 2009) could also be applied in such studies of ICT’s enablement potentials. It could 

start from creating a vision in 2030 with regards to GHG emissions reductions, and then explore how to 

achieve this vision through ICT enabled solutions in food chain, e.g. in what areas food supply chain ICT 

could be applied, in which scale that ICT applications need to be applied, and which level that ICT’s 

enabled effects need to meet.  
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Conclusions 
The study has explored ICT enabled solutions in production, processing, distribution & retail, and 

consumption along the food chain. In particular, it has analyzed the qualitative impacts of these 

solutions on food security and environmental sustainability, which has shown that ICTs have the 

potential to increase available food with good quality, to improve distribution and access, to enhance 

utilization, to increase resilience, to reduce GHG emissions, to reduce unsustainable water withdraws, 

to reduce biodiversity loss, and to reduce chemical use/pollution. 

Furthermore, the study has also sought to quantitatively estimate the enablement potentials of ICT 

solution categories to reduce GHG emissions from agriculture and land use. Due to lack of data only few 

solutions could be analyzed quantitatively. The results have shown that ICT enabled solutions of 

precision fertilizing, precision irrigation and fishery information support could potentially reduce GHG 

emissions by 9 Mt in a low reduction potential scenario, and by 31 Mt in a high reduction potential 

scenario in 2030, which accounts for 0.014% - 0.049% of the global GHG emissions from all sectors in 

2030. Considering the uncertainties of technologies’ development and marketing scale included in the 

sensitivity analysis, the total GHG emissions reduction potential for these solutions could be 6 - 50 Mt, 

which accounts for 0.010 - 0.078% of the total GHG emissions in 2030.  

The calculated potential of the three solutions for which data was found could not be directly compared 

to the earlier SMARTer 2020 and SMARTer 2030 studies and their suggested overall ICT potentials of 

1.6 and 2 Gt respectively. More specifically, this study did not find data that supported the potential 

calculated by SMARTer 2030, and for the one comparable solution (fertilizers) this study estimated both 

the potential and the application scale to be significantly lower than suggested by that study. In 

comparison with SMARTer 2020 the estimates of the comparable case (irrigation) was in the same range 

– however that case represented only a minor contribution to the SMARTer 2020 estimate so no 

conclusions could be made regarding the overall potential. Given the lack of data and the substantial 

uncertainties related to ICT´s food chain enablement, a main conclusion is that any quantification of 

ICT related food chain reductions should be handled with care and that assumptions and estimates 

should be conservative.  

Although the calculated GHG emissions reduction potential in this study for three solutions represents 

a relatively small number, the qualitative part of the study indicates the significance of ICTs in 

promoting a more sustainable agriculture and food system. It shall also be noted that processing, 

distribution and retail, and the consumption were excluded from the quantitative analysis although they 

all are expected to come with further ICT enabled reduction potentials. 
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Appendix I ICT GNS definitions 

Terms Definitions according to ITU (2011) 

ICT goods 

The tangible products deriving from, or making use, of technologies 

devoted to, or concerned with (a) the study and application of data and the 

processing thereof; i.e., the automatic acquisition, storage, manipulation 

(including transformation), management, movement, control, display, 

switching, interchange, transmission or reception of a diversity of data; (b) 

the development and use of the hardware, software, and procedures 

associated with this delivery; and (c) the representation, transfer, 

interpretation, and processing of data among persons, places, and 

machines, noting that the meaning assigned to the data must be preserved 

during these operations. 

ICT networks 

A set of nodes and links that provide physical, or over the air, information 

and communication connections between two or more defined points. 

Examples are wireless network, fixed network, local area network (LAN), 

home network and server network, access networks, core networks, cloud 

computing networks. 

ICT services 

The combination of ICT goods and ICT networks. An ICT service is 

produced in one or more nodes of the network and provided to users or 

other ICT systems over the ICT network. Examples of services are 

teleconferencing, teleworking, e-ticketing, e-learning, e-healthcare, smart 

transport and logistics, procurement systems, supply chain management 

systems, music/film distribution over Internet or voice over IP, machine-

to-machine systems. 
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