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Abstract 

According to the latest OECD Global Forum on Environment “ Water, food and energy are crucial for sustainable long term 
economic growth and human wellbeing” and crucial is the identification of the strong linkages between all three. As the UN has 
spotted out agriculture is currently the largest user of water at the global level, accounting for 70% of total withdrawal while the 
food production and supply chain accounts for about 30% of total global energy consumption. Besides, according to the global 
population dynamic, projected to increase by 2050 up to 9 billion people along with a 70% increase in food production, the 
resource competition is turning out to become a fundamental issue. To this extent the inter-linkages analysis within the nexus and 
the role-played by institutions and policies to handle effectively this resources competition is a challenging food for thought. In 
addition currently discussion on SDGs is taking in consideration all the three dimensions and wellbeing of people.   
To this purpose the aim of this work is to deal with the nexus through the lens of the Italian BES (Benessere Equo e Sostenibile) 
modeling framework. In particular focusing on food, considered as the primary need more strictly related to the wellbeing 
achievement, all the linkages available with water and energy would be investigated. The analysis will rely on the existing BES 
domains and indicators and on other possible measures, which can fit the nexus within the BES model.  
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of Fondazione Simone Cesaretti. 
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1.  Nexus approach and global mega trends  

The Water-Energy-Food Nexus has emerged as a useful concept to describe and address the complex and 
interrelated nature of our global resource systems, on which we depend to achieve different social, economic and 
environmental goals.  

The complexity of the interrelations is well interpreted by the ratio of the Nexus itself that links three 
interdependent, scarce and precious resources to human development. Producing food takes lots of water, bringing 
water to food as well as moving food and distributing it takes lots of energy and at the same time water and food are 
also sources of energy (hydropower and corn-based ethanol) so that the complex interlinkages of the Nexus take 
shape.  Moreover as the demand grows, there is increasing competition for resources between water, energy, and 
agriculture and an integrated management of resources becomes even more essential. In fact despite the progress the 
international   community has done in compliance with the past Millennium Development Goals1, according to the 
World Bank, 1.2 billion still lack access to electricity, at least 748 million are without access to clean, safe drinking 
water and 870 million are malnourished (Figure1). 

            
 
The feature becomes even more crucial looking at global projections. As a matter of fact according to the UN 

global projections2 , world population is expected to grow of 30% (reaching 9.5 billion people) by 2050, with a 35% 
increasing in developing countries against a tiny 3% increasing in developed ones.  Besides, by 2050 urban 
population will increase at 75% growth rate, filling the world’s cities with around 6.2 billion people, against only 3.2 
billion of rural population expected to decrease by 4.6 percentage point.        

In this perspective the demand of natural resources is supposed to grow exponentially and accordingly the 
competition among these is expected to burden with an increasing need of ensuring food, water and energy security.  
In particular as the OECD Environmental outlook report3 has shown the global primary energy demand is expected 
to grow of 40% by 2030 and of another 30% by 2050 while the global water demand is projected to increase 
significantly by 55%.  

As the agricultural land demand is concerned the OECD Environmental Outlook Baseline projects that 
competition between agricultural land use and other land uses will intensify in the coming decade under current 
policies. A converging GDP per capita and a growing population will both increase the demand for food, especially 

 

 
1 Goal 7 Ensure Environmental Sustainability by 2015; Goal 1( target 1.C) Halve, between 1990 and 2015, the proportion of people who suffer 
from hunger 

2  United Nation Department of Economic and social affair, Population Division “World Prospects, the 2014 Revision” 
http://esa.un.org/unpd/wup/ 

3 OECD (2012) Environmental Outlook to 2050: Consequences of Inaction , Paris OECD Publishing 

Figure 1 Access to Food-Water-Energy 
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animal products. Moreover, policies that stimulate the use of biofuels also increase the demand for agricultural 
production and land area.  

In this context of demographic pressure and over competition between natural resources a Nexus approach is 
crucial. In practical terms4 , it presents a conceptual approach to better understand and systematically analyze the 
interactions between the natural environment and human activities, and to work towards a more coordinated 
management and use of natural resources across sectors and scales. This can be helpful to identify and manage 
trade-offs and to build synergies for a more integrated and cost-effective planning, decision-making, 
implementation, monitoring and evaluation.  

2. Litterature overview over the nexus approach  

Formal published recognition of the three-way mutual interactions among water, energy and food known as the 
WEF Nexus did not appear until 2008 (Hellegers et al. 2008; Siegfried et al. 2008)5 . In particular institutional 
concern about the nexus seems to come out with the Bonn conference6 in 2011. On the contrary investigations over 
the pair sides of the nexus (water-food, water-energy and energy-food) started time before, opening the way forward 
an integrated management. To this extent the existing literature have proposed different conceptual framework to 
present the nexus, identify the interrelation and frame the concept within the complex reality of climate change, loss 
of biodiversity, ecosystem services degradation and so on.  

First of all water is considered the key to food security. The link between water and food is simple: crops and 
livestock need water to grow. Agriculture accounts for 70% of all water withdrawn by the agricultural, municipal 
and industrial (including energy) sectors. This suggests that water use for irrigation deserves special attention in any 
analysis of the implications of future water scarcity for the global economy7. In agriculture water for livestock 
production accounts for 20% of total water used by this sector8. This includes both the direct use like animal 
drinking, feed-mixing and service as well as the indirect use for grazing and growing feed crops. Then irrigation 
efficiency is the key to water security. According to the FAO, average world irrigation efficiency was around 50% in 
2005/2007 (about one-half of the water withdrawal is “lost” between the source and the destination). In fact it is well 
recognized that there is considerable room for improving water productivity.  

Secondly agriculture and energy are strongly interrelated. From the production of fertilizers to the processing 
and transport of food products to market, fossil fuels are required to keep industrialized agriculture in business. As a 
matter of fact the first energy consumer in producing food is fertilizers used in huge quantity by industrial farms, 
then modern agriculture relies upon machinery that runs on gasoline and diesel fuel, and equipment that uses 
electricity (e.g., lights, pumps, fans, etc.) and last but not least, most of the food produced today is highly processed 
and heavily packaged with further increasing in energy footprint and the transportation contributes to energy 
consumption, especially at the extent of increasing migration from rural to urban areas. Besides, as the world biofuel 
production has increased over times, traditional food crops are being diverted to energy production, primarily 
turning corn into ethanol. That means the first direct impact is to reduce food and feed availability, inducing 
accordingly an increase in prices and a reduction of food demand by the poor.  

Third according to Rachel Kyte, World Bank Group Vice President and Special Envoy for Climate Change  “The 
world’s energy and water are inextricably linked. With demand rising for both resources and increasing challenges 
from climate change, water scarcity can threaten the long-term viability of energy projects and hinder development”. 
Energy generation and transmission requires utilization of water resources, particularly for hydroelectric, nuclear, 
and thermal energy sources. Still while hydropower is the most obvious application of water to generate electricity 

 

 
4 FAO (2014) The Water-Energy-food Nexus A new approach in support of food security and sustainable agriculture, Rome FAO Publishing 

5 Mathew Kurian,  Reza Ardakanian (2014) “  Governing the Nexus: Water Soil and Waste Resources Considering Global changes” Springer 
International Publishing Switzerland 2015  
6 Stockholm Environment Institute , Bonn2011 Conference  “The Water, Energy and Food Security Nexus Solutions for the Green Economy”  
16 – 18 November 2011  

7 Hertel T. W., and J. Liu, “ Implications of water scarcity for economic growth” ENV/EPOC(2014)17                 

8 De Fraiture, C., Wichelns, D., Rockstrom, J., Kemp-Benedict, E., Eriyagama, N., Gordon, L.J., Hanjra, M.A., Hoogeveen, J., Huber-Lee, A., 
Karlberg, L., 2007. Looking ahead to 2050: scenarios of alternative investment approaches. 
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some authors 9 , studied the life cycle water requirement of a variety of power generation technologies. They 
conclude that: “water used for cooling of thermoelectric power plants dominates the life cycle water use in most 
cases; the coal, natural gas, and nuclear fuel cycles require substantial water per megawatt-hour in most cases; and, a 
substantial proportion of life cycle water use per megawatt-hour is required for the manufacturing and construction 
of concentrating solar, geothermal, photovoltaic, and wind power facilities.  

In this perspective is understandable the main message coming from the Bonn Conference on the Water, Energy 
and Food Security Nexus stating that “Central to a human rights approach is the achievement of water, energy and 
food security for the poorest of the poor”. The conference commitment was to shed a light over a crucial issue for 
Green Economy and Sustainable Development especially on the way of the forthcoming discussion on the SDG’s. 
The purpose of the proposed framework was to represent “a new nexus-oriented approach which is needed to 
address unsustainable patterns of growth and impending resource constraints and, in doing so, promote security of 
access to basic services. Basically they considered the three dimensions of sustainable development – social, 
economic and environmental – as entry points from which opportunities to apply the nexus were subsequently 
identified. In particular they considered: i) Access to basic services: meeting minimum standards of access to safe 
water, adequate sanitation, healthy food and clean sustainable energy as a pre-requisite for human development and 
dignity (social side) ii) Productivity of resource use: reducing waste, limiting over-use and increasing overall 
economic productivity not only essential as answer to the world‘s resources increasing demand, but also to make 
sound economic and business sense (economic side) iii) The value of ecosystem services and biodiversity: the 
importance of the contribution of ecosystems and biodiversity to human wellbeing and the economy (environmental 
side). Starting from these three entry points six specific ‘Nexus Opportunity Areas’ resulted from the process of 
developing the policy recommendations: Increase policy coherence; Accelerate access; Create more with less; 
End waste and minimize losses; Value natural infrastructure; Mobilize consumer influence. 

Also the world Economic Forum10 presented one of the approaches to the nexus11. The WEF nexus was presented 
as a major global risk area in the report on Global Risk, together with macroeconomic imbalances and the illegal 
economy. The report defined lack of water security, food security and energy security as chronic impediments to 
economic growth and social stability, identifying accordingly the major impacts on: i) Governments (Stagnation in 
economic development, Political unrest, Cost of emergency food relief, Significantly reduced agricultural yields, 
Threats to energy security, Increased social costs linked to employment and income loss as agriculture is negatively 
affected, National security risks/conflict over natural resources) ii) Population (Increased levels of hunger and 
poverty, Increased environmental degradation, Severe food and water shortages, Social unrest Food price spikes, 
Migration pressures. Irreparably damaged water sources, Loss of livelihoods) iii) Businesses (Export constraints 
Increased resource prices Commodity price volatility as shortages ripple through global markets Energy and water 
restrictions Lost investment opportunities).  

Besides in February 2013, the Environmental Policy Committee (EPOC), within the OECD context, discussed 
the new CIRCLE project, aimed to assess the feedbacks from environmental and resource challenges on economic 
growth, and the benefits (and trade-offs) of policy action 12.  

The land-water-energy nexus was identified as a focal point of the CIRCLE project. According to the 
“Preliminary note on "Economic Impacts of the Land-Water-Energy Nexus"13 there are strong linkages between 
land, water and energy (the nexus). Economic activities like agriculture or energy generation essentially compete for 
the same resources and economic activities in one sector influence–or even constrain economic growth in the others. 
Policies neglecting these linkages may be sub-optimal and can actually create problems instead of solving them; i.e. 
they might resolve a specific problem with one of these resources but at the same time impact the others and create 
additional (and unforeseen) problems. Therefore an integrated approach is needed. The land-water-energy nexus is 

 

 
9 Integrated Water Resources Management in Action. WWAP, DHI Water Policy, UNEP-DHI Centre for Water and Environment. 2009 

10 World Economic Forum: Global Risks report (2011)      

11 Meldrum, J., Nettles-Anderson, S., Heath, G., Macknick, J., 2013. Life cycle water use for electricity generation: a review and harmonization of 
literature estimates. 

12 Circle: Assessing Environmental Feedbacks On Economic Growth And The Benefits Of Policy Action (2013) 

13 OECD (2014) “Economic impacts of the Land-Water-Energy Nexus: Exploring its feedback on the Global Economy” CIRCLE Project note. 



736   Riccardini Fabiola and De Rosa Dalila  /  Agriculture and Agricultural Science Procedia   8  ( 2016 )  732 – 740 

studied by modeling not only the biophysical impacts of socioeconomic developments on land, water and energy, 
but also their feedback on the economy.  

The nexus across the forthcoming SDG’s debate 
Even if neither water nor energy or land use was explicitly included as one of the eight MDGs, still two Goals 

outlined single sectors of the nexus. In particular Goal 1 “Halve, between 1990 and 2015, the proportion of people 
who suffer from hunger” was referred to food security while Goal 7 “ensure environmental sustainability” aimed at 
highlighting the crucial issues of water and sanitation, sustainable land use, energy efficiency and CO2 emissions. 
Nevertheless some authors referred to MDG’s as considering only social but not economic or ecological issues14. 

On the contrary the outcome document of Rio+2015has underlined the importance of water, energy, land and 
biodiversity as priority areas for SDGs. Actually, water is separately discussed in two areas in the context of the 
post-2015 agenda: on the one hand, as an issue related to human development (e.g. safe drinking water); on the other 
hand, as an issue related to oceans, fisheries and pollution. Water pollution may cause health problems at the local 
level, but may simultaneously jeopardize ocean fish stocks at the global level. For energy, the UN Secretary 
General’s SE4ALL initiative16 is an illustration of what the SDG’s could look like. The initiative, that has already 
gathered substantial support, includes three targets for 2030: i) universal access ii) energy-efficiency iii) renewable 
energy. Its targets encompass the three dimensions of sustainable development by considering energy access 
(social), energy efficiency (economic) and use of renewable sources (environmental). Regarding land use and 
biodiversity, the initiative of the UNCCD aimed at reducing the rate of land degradation in order to achieve land-
degradation neutrality. It states sustainable land use for all and by all (in agriculture, forestry, energy, urbanization) 
and includes three targets: i) zero net land degradation by 2030; ii) zero net forest degradation by 2030 and iii) 
drought policies and drought preparedness implemented in all drought-prone regions / countries by 2020.  Besides in 
order to integrate the “resource nexus” into the post- 2015 agenda, any proposed list of goals should go beyond silo 
thinking and needs to meet three requirements: i) Balancing the social, economic and environmental dimension ii) 
Achieving coherence across goals iii) Agreeing on universal goals. 

Based on the mentioned document, the SDG’S negotiations proposal has identified 3 Goals related to the Nexus 
(Annex I). In the first goal the light is shed again on the necessity of ensuring food security by improving 
agricultural productivity and boosting food sustainable consumption and production. The second and third goals 
focus respectively on water and energy. They highlight the importance of increase water and energy efficiency in 
order to achieve to goal. As the land side of the nexus is concerned a specific goal is not present, still they implicitly 
refer several times to it through improved agricultural productivity and enlarged natural resource efficiency. Finally 
the Goal 12 can be interpreted at the extent of the nexus as a cross cutting goal aimed at ensuring an integrating 
management of the natural resources. In fact the target 12,2 By 2030 achieve sustainable management and efficient 
use of natural resources is supposed to go through this direction, while the other goals wish for a greater awareness 
of companies and people on sustainable behavior such that an integrated management is facilitated.  

3. The Nexus approach at the extent of well-being 

On the way of the ongoing SDG’S process and the increasing international awareness about the importance of the 
Nexus approach and its impacts on people well being, the aim of this section is to investigate on the linkages 
between the Nexus and well-being. In particular this theoretical exercise will frame the Nexus within the Italian BES 
(Benessere equo e sostenibile) modeling framework. The idea is to look at the BES domains and figure out the 
possible links to food-energy-water security identifying the areas of intervention (drivers) and the direct and indirect 
impacts on well-being.  

 

 
14 Clara Brandi / Carmen Richerzhagen / Katharina Stepping  “Post 2015: Why is the Water-Energy-Land Nexus Important for the Future 
Development Agenda? “German Development Institute 

15 Rio+20 “The future we want” https://sustainabledevelopment.un.org/futurewewant.html    

16 http://www.se4all.org 
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As a matter of completeness few words will be spent on describing the BES model and its leading process. In 
December 2010 the National Council for Economics and Labor (CNEL) and the Italian National Institute of 
Statistics (Istat) committed themselves to provide Italian society with a measurement tool for progress in Italy. The 
inter-institutional initiative is called Equitable and Sustainable Well-being” (Benessere Equo e Sostenibile - BES) 
and was aimed at giving the country a shared perspective on the economic, social, and environmental conditions and 
their distribution within and between generations17 .The BES framework represents an initiative of great scientific 
importance, which places Italy in the forefront of the international panorama for the development of well-being 
indicators going “beyond GDP”. In order to guarantee it a strong legitimacy, the initiative is based upon a process 
involving all major representatives of Italian civil society through the institution of a Steering committee and a 
scientific commission, and the promotion of citizens’ consultation instruments.   The Steering Committee had the 
mandate to select the relevant domains for well being. It selected 12 domains: Health, Education and training, Work 
and life balance, Economic well-being, Social relationships, Policy and institutions, Security, Subjective well-being, 
Landscape and cultural heritage, Environment, Research and innovation, Quality of services, representing the initial 
framework, or main themes, of analysis for well-being in Italy. On this basis the Scientific Commission, composed 
of more than 80 experts from academia, research centers and ISTAT itself selected 134 indicators which are 
generally available at regional level and that can be disaggregated by gender and age. The Commission treats 
separately the well-being indicators, mainly focusing on outcomes, their distribution among social groups, and the 
aspects of economic, social, and environmental sustainability. The number of indicators in the final set is small 
enough to represent the complexity of phenomena and facilitate their understanding by non-experts. Right now two 
reports are available18 . In this context the first step was to identify a possible interpretation of the Nexus oriented to 
well-being sustainability. Contrary to the most literature analyzed, the decision was to set Food at the center of the 
Nexus. It was supporting the idea for which food security, defined by the WHO “as the possibility to access to 
sufficient, safe, nutritious food to maintain an healthy and active life”, can be considered as the best way to improve 
present and future generations’ quality of life.  Have enough access to food, in terms of quantity and quality is not 
only a matter of developing countries but also a clue of developed ones. As at individual level, depending on food 
habits, a Country (and accordingly its population) is able to expand in the future because of the virtuous circle here 
investigated.To this extent the theoretical framework proposed found its roots in the Double Pyramid model. This 
model proposed for the first time by the “Barilla center for food and nutrition” in 201019  (figure 2) shows the Food 
Pyramid and the Environmental Pyramid.  

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
17 Riccardini F. (2014), “ Sustainability of wellbeing: the case of BES for Italy”, paper presented at the ISQOLS Conference, Berlin 15-18 
September 

18 ISTAT (2013 e 2014),  BES Report  2013, 2014, Rome ISTAT Publishing 
(http://www.misuredelbenessere.it/fileadmin/upload/Bes___2014_Media_summary.pdf ) 

19 Barilla Center for Food & Nutrition “Double Pyramid: healthy food for people, sustainable food for the planet”  Scientific Publication 2010 

Figure 2 :Barilla Double Pyramid  
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The Food Pyramid presents the various food groups in a graduated order. At the base of the Pyramid are foods of 
vegetal origin (characteristic of the Mediterranean diet), rich in nutrients (vitamins, minerals and water) and 
protective compounds (fiber and bioactive compounds of vegetal origin), and with lower energy density. Gradually 
moving up, are those foods with higher energy density (highly present in the North American diet), which should be 
consumed less frequently. On the other side the Environmental Pyramid was constructed on the basis of the 
environmental impact associated to each food. The result is an upside –down Pyramid graduated in terms of 
environmental impact: on the top there are foods with higher impact, while in the bottom are those with minor 
impact (in terms of water footprint and ecological footprint). The Double Pyramid model can itself be considered as 
an interpretation of the Nexus. As the food sustainability is promoted according to the Food Pyramid the 
environmental sustainability turns out within the Environmental Pyramid. According to this view the linkages 
between the virtuous circle described and wellbeing can be derived. 

 
In figure 3 and 4 the Double 
Pyramid augmented to well 
being is described.  

In the first figure just around 
the nexus have been drawn the 
BES domains, in a different 
graduation order. In the second 
figure BES indicators suited to 
capture the effect on wellbeing 
have been highlighted. Starting 
from the closer domains (Health, 
Environment and Landscape) 
they have been identified as 
those directly linked to the 
nexus. In fact healthy food 
habits (food pyramid) have 
positive effects on health (e.g. 
on life expectancy, physical 
component summary, obesity, 
nutrition) while lower 
environmental impacts, as a 

consequence of food sustainability (environmental pyramid), have positive effects on environment and landscape 
(e.g. material flows, GHG’s emissions, erosion of farmland from abandonment, urban sprawl). It turns out an 
increased wellbeing related to these domains. Moving progressively on the farter domains quasi-direct linkages can 
be identified on economic wellbeing and labor. As a matter of fact the promotion of food and environmental 
sustainability through an effective management of the Nexus means increasing productivity of the existing workers, 
reducing production emissions, increasing natural resources efficiency and accordingly economic productivity. 
Moreover promoting food sustainability and the industry behind can be increasingly seen as a driver of development 
(e.g. green jobs). Besides, as the Social relations and the Subjective wellbeing is concerned the linkages were less 
analyzed. Still it worth highlighting that food is also a cultural issue as the Expo experience is well showing, so that 
food can be considered as a means to enlarge, enjoy and improve social relations with family and friends and this is 
strictly related to personal life satisfaction.  

Finally as the Politics and Institutions, Quality of services, Education and Research and Innovation domains is 
concerned they have been considered as the driver domains, mainly those fields where policies aimed at promoting 
food sustainability and effective Nexus management can take places. For instance spread food sustainability through 
food education, especially at the early stage of life, is a crucial issue towards the sustainable development processes, 
as well as promoting the philosophy of reuse, educate to waste ending and recycling are crucial policies for progress.  

Figure 3 Double Pyramid augmented to BES domains  
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Moreover promote research and 
innovation oriented to improve 
resource efficiency and at the same 
time incentive smallholders 
agriculture and guarantee regularity 
in water supply and electrification 
are all small pieces of a complex 
picture that, if well managed, can 
lead to sustainable development. Of 
course as the Bonn Conference has 
well fixed, accelerate access, create 
more with less, end waste and 
minimize losses, value natural 
infrastructure are all crucial steps to 
be implemented in a coherent way 
and achievable by mobilizing 
consumer awareness and 
accordingly consumers influence. 

 
 
 

4. Conclusions and further steps 

The main idea behind the proposed framework is that food sustainability leads towards environmental 
sustainability and accordingly an effective management over the food-centered nexus strongly affects wellbeing. 
Thus in terms of BES domains, health, environment, labor, social relations and overall satisfaction have been 
considered. In particular relying on the existing BES indicators as well as on related ISTAT data sources a first 
analysis of the measures involved in the proposed Nexus framework is presented in Annex III. On one hand looking 
at the Italians food habits Italian people consume lot of pasta, meat (white and red), a good proportion of fruit but 
still a too small portion of vegetables and this tendency is also confirmed by the households monthly food 
expenditure. In this sense there is still room for improving the food pyramid. On the other hand focusing on the 
environmental side of sustainability the Italian percentage of land use is on average 32% against the European 50%, 
while the European agriculture and forestry use is on average 2,47% against the Italian 2,37%. In this way Italy 
seems to be less resources consuming compared to the European average. Then going through the selected possible 
impact measures, healthy life expectancy and overweight can be considered very powerful indicators of 
food/environmental sustainability. As shown in the Italian data, women live longer but with lower good health 
expectations while men suffer overweight more than women. According to WHO in Europe 50% of both male and 
female are overweigh and Italy lies below this threshold with about 44% of overweighed. In terms of landscape and 
environmental impacts policies assessment of farmland recovery especially for agricultural purpose can be measured 
through indictors as Erosion of farmland from urban sprawl and Erosion of farmland from abandonment. 

Still this selected indicators are just those already existing in the BES modeling framework while future steps in 
this way will rely on the possibility to add further specific indicators aimed at managing the Nexus, based on the 
presented analysis. To this extent the work will contribute to the ongoing SDG’s debate for the selection of the more 
appropriate indicators representing the Nexus and wellbeing.  
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