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EXECUTIVE SUMMARY
This report was designed in assignment of the UN Policy Analysis Branch, Division for Sustainable Development
and to provide input for the High- level Political Forum 2017. The synthesis report includes four policy briefs
covering four different innovations: Insects as livestock feed, mobile services for developing countries, nanotechnology in agricultural production and nanotechnology in water treatment. All innovations identified fit within the
nexus of SDGs 2, 3 and 9 (Zero Hunger; Good Health & Well-Being; and Infrastructure, Industrialization and Innovation, respectively) and are aimed for policy-makers, government officials and anyone interested worldwide.
The chosen innovations for the policy briefs have a high coverage for the targets of SDG 9 and meet less targets
of SDG 3. Indirectly, SDG 10 is also affected by the four topics and should therefore be considered in future research on innovations. When combined, these topics create synergies aimed to reach the targets of the SDGs and
increase the level of impact on sustainable development.
The four innovations are promising to tackle emerging global issues and contribute to sustainable development.
In order for them to reach its full potential, there is a need for further research on the long-term toxicity risks
of nanotechnology and on the cost-efficiency of insects as livestock feed. For mobile services there is a need for
stronger impacts assessments. Furthermore, we call for international regulations on nanotechnology and the use
of insects as livestock feed. Moreover, the majority of the briefs highlight the need to further improve the science-policy interface. A nexus analysis, as used in this report, can help to address this. The briefs also call for an
increase of multi-level governance between state, academia, and industry in order to share and gain knowledge.
Lastly, lack of public inclusion was identified as an overarching challenge within the four policy briefs. Lastly, Innovations need to meet the needs of the people for whom they are developed for. However, in the development
of new innovations, this context-related requirement is often not met. When implementing these recommendations an important contribution to the SDGs can be made.
Although the policy briefs within this report can be read as stand-alone documents, it is encouraged to read the
policy briefs together with the rest of the report, as it portrays in its entirety the value of the nexus approach for
achieving sustainable development. When policy-makers consider the linkages, synergies and trade-offs between
the SDGs, an important contribution to achieving sustainable development can be made. Due to its worldwide
reach, the UN serves as a suitable platform for distributing the report and the briefs and thus communicating this
message to the right audiences.
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KEY MESSAGES
SYNTHESIS REPORT
––The science-policy interface should be further improved by for instance putting more emphasis on the
direct involvement of students, as possible future researchers.
––The inclusion of SDG 10 (Reduced Inequalities) in the nexus approach for future research on innovations
should be considered.
––In order to be widely applied and overcome trade-offs, innovations require a stronger focus on public
inclusion.
––To ensure that the message of the nexus approach does not get lost, the policy briefs should be distributed together with the rest of the synthesis report.

INSECTS AS LIVESTOCK FEED
––Insects are highly suitable to be used as feed for livestock because of their high nutritional values and
because they are naturally a part of some livestock diets.
––Insect feed can be a sustainable addition to conventional feed, as insects are reared on waste streams
and can generate diversified livelihood incomes.
––Challenges to overcome are costs, ethics, food safety and legislation. Which can be overcome with close
cooperation of government, academia and industry.

THE ROLE OF MOBILE PHONE SERVICES IN DEVELOPMENT
––Mobile services, such as voice messages, roaming and SMS, have great potential for development in
reaching socially and geographically isolated people.
––The benefits for developing countries are significant in, but not limited to, the agricultural, health and
financial sector.
––Mobile services generate most impact when context-adjusted content is created and when their continued existence is financially independent through sustainable business models.
––A major challenge to overcome is creating a supportive policy environment in which mobile services can
reach their full potential.

NANOTECHNOLOGY IN AGRICULTURAL PRODUCTION
––Nanotechnology is highly suitable for application in agricultural production because it can increase the
quality and quantity of yields.
––Nanotechnology can reduce soil, water and air pollution by agrochemicals, which makes agriculture
more sustainable.
––Challenges to overcome are uncertainty about the long-term risks of nanoparticles, standardization of
risk assessment tools, international regulation, cost-efficiency, and the inclusive availability of nanotechnology applications to both developed and developing countries.

NANOTECHNOLOGY IN WATER TREATMENT
––Nanotechnology can cost-effectively treat contaminants in water that are untreatable by conventional
methods.
––Adsorbents, disinfectants, catalysts and membranes have the potential to become widely applied technologies in developing countries if the needs of these countries are reflected in the R&D and investment
strategies.
––Challenges formed by risk uncertainty, economic inclusion and public inclusion obstruct the large-scale
application of nanotechnology and an equal distribution of the related benefits.
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INTRODUCTION
Global challenges, such as population growth, climate change, an increasingly unequal distribution of wealth
and higher consumption levels are pressuring people and planet. This invoked the international community to
find a convergence between three pillars: economy, society and environment [1]. Therefore, in 1987, the World
Commission on Environment and Development (WCED) released a report titled ‘Our Common Future’ which
provided a new definition of Sustainable Development. The report states: “Sustainable development is development that meets the needs of the present without compromising the ability of future generations to meet their
own needs” [2, p. 45]. In 2016, the Sustainable Development Goals (SDGs) came into effect to work in the “spirit
of partnership and pragmatism” [3, L. 6]. These seventeen Goals, built upon the past Millennium Development
Goals, include new issue areas such as climate change, inequality, innovation and sustainable consumption [3].
In order to achieve these goals, complex challenges await policy makers around the world. Lack of integration
across sectors in terms of strategies, policies and implementation has long been perceived as one of the main pitfalls of previous approaches for sustainable development. Insufficient cooperation between academia and policy-makers resulted in policy-making without properly integrating newly available knowledge. As a consequence,
integrated policy solutions and approaches have been limited. To design more harmonized policies that will
contribute to the SDGs, the large body of scientific and experts’ knowledge needs to be communicated and integrated better. For this reason, a nexus approach is necessary - an approach that integrates goals across sectors,
makes the SDGs more cost-effective and efficient, reduces the risk that SDG actions will undermine one another,
and ensures sustainable resource use [4]. Such an integrated and holistic approach to sustainable development
is essential to achieve ‘real progress’ [5]–[10].
This synthesis report will focus on the nexus of three specific goals: SDG 2 – Zero hunger, SDG 3 – Good Health
and Well-Being, and SDG 9 – Industry, Innovation and Infrastructure. Four topics of global significance have been
identified that fit into the nexus of these SDGs: Insects as Livestock Feed; Nanotechnology in Water Treatment;
Nanotechnology in Agricultural Production, and Mobile Services. The policy briefs written on these topics illustrate how the nexus approach may result in new insights, and ultimately facilitate integrated policy-making. All
policy briefs provide a sketch of the current situation, the potential of the topic and its accompanying challenges.
Furthermore, recommendations are made, aimed at paving the way for future sustainable development. Each
brief is based on both scientific sources as well as experts’ opinions and are aimed to address an audience of
senior government officials and policy-makers but also the general public.
The synthesis report contains, next to the policy briefs, a chapter that explores the nexus approach in more detail. An impact assessment is done at SDG target level, and illustrates the direct and indirect links between the
targets of SDGs 2, 3 and 9 as well as the individual topics. In addition, key interlinkages between the three SDGs
are analysed, allowing conclusions to be drawn on possible synergies and trade-offs. Based on this chapter and
the content of the policy briefs, a discussion is presented on how to move forward. Concluding remarks and
future prospects are presented on how traditional institutional arrangements can be reorganized to be more
flexible, adaptive and collaborative for integrated policy-making.
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THE ‘ZERO HUNGER – HEALTH & WELL-BEING – INDUSTRY,
INNOVATION & INFRASTRUCTURE’ NEXUS ANALYSIS
The following section contains a description of the impacts the selected emerging topics have on targets of the
three SDGs 2-3-9, representing the cornerstones of the nexus, and an analysis of the interlinkages within the nexus. The four emerging topics are used to mark off the range of the analysis, acting as lenses, through which the
analysis is carried out. A visualization approach is applied to offer a more tangible result and to allow the reader
to obtain a holistic overview of the impact assessment. The interlinkage analysis focuses on synergies and tradeoffs which may occur, through the application of the selected topics. A detailed overview, including justifications
of impacts on targets and interrelations can be found in the Annex.

TOPIC IMPACT ASSESSMENT
The visualized approach below provides a holistic perspective on the contribution of the selected topics to the
achievement of specific SDG targets. This tool helps in answering the following two questions: 1) Which SDG of
the nexus is impacted most by the selected emerging topics?; 2) Which specific targets are affected the most by
the selected emerging topics?
The cornerstones of the nexus are represented by three SDGs, consisting of 8 (SDG 2 and SDG 9) and 13 (SDG
3) targets. The sum of those add up to a total of 29 targets, which means the total amount of possible impacts
for the four topics is 116. Of this total, 53 targets (46%) were found to be directly or indirectly impacted. Direct
impacts are effects where no intervening stage or third party intervention is required, whereas indirect impacts
do require a certain third party collaboration or intervention. For instance, mobile services can directly impact
target 3.1 as they provide connectivity to enable communication with medical practitioners and access to mobile
health programmes. However, target 3.6 only is indirectly impacted as it supports the development of technology, aiding other sectors in the achievement of this target. By considering the directly and indirectly impacted targets per SDG (see figure 1), the tendency of the emerging topics to contribute to the achievement of the targets
of SDG 9 and 2 becomes visible. The majority of the targets of the SDG 9 and 2 are either directly or indirectly
impacted by one or more of the selected topics. Short comings of the selected topics to impact targets of SDG 3
are recognized, as merely five of the 13 targets are effected.
Insect as Livestock Feed

Nano-Agriculture

Mobile Services

Nano-Wastewater Treatment

Most impacts were found among the targets that contribute to building resilient infrastructure, promoting inclusive and sustainable industrialization and fostering innovation (SDG 9). The selected topics have
a particular potential to impact the targets 9.1,
9.4 and 9.b.The enhancement of affordability
of access as well as the support of economic
development are aspects all emerging topics potentially can influence, mobile services, however, plays a crucial role, due
to its wide spread impact-potential [11].
Nanotechnologies and the adoption of insects as livestock feed indicate great potential to increase resource-use efficiency
and retrofit industry and infrastructure
with sustainability [12].
Example Industry, Innovation and Infrastructure: For a given level of total mobile
expansion, a 10% substitution from 2G to 3G
data roaming expansion increases GDP per capita
growth by 0.15% [13].
Figure 1: Impacted Targets within SDG 9
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Among the targets to end hunger, achieve food security and improved nutrition and promote sustainable
agriculture (SDG 2), 2.3 and 2.4 are particularly affected. Insects as alternative feed source for livestock, and mobile services as a tool for development show potential to guide small-scale
farms as well as commercial-scale enterprises to increased agricultural productivity
and profitability [14], [15]. Furthermore,
agricultural mobile services can secure
and equal access to food sources and
market knowledge and furthermore create opportunities for value-addition. Insects as feed can also release pressure on
(conventional) production operations and
lower negative environmental impact [16].
Example Zero Hunger: Animal diets containing 10-15% maggots improve meat quality
and growth performance for the target livestock
[17].
Figure 2: Impacted Targets within SDG 2

The emerging topics are found to have a positive
impact on the reduction of water-, air and soil
pollution to reduce the number of deaths and
illnesses (target 3.9, of SDG 3). Research in
health hazards and nanotechnologies, with
end-applications in the agricultural and
water treatment sector, indicate direct
impacts on this target. Nanotechnology,
including precision farming, can significantly reduce pollution [18]. Treatment of
polluted water in particular can contribute
to achieving these goals [19].
Example Health and Well-Being: Nano-sized metal oxides are widely explored
as highly efficient adsorbents for heavy
metal removal from water/wastewater [20]
Figure 3: Impacted Targets within SDG 3
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The 46% coverage of all targets possible illustrates that these four seemingly unrelated innovations have the
potential to embrace the nexus of Sustainable Development Goals on a very wide scope. If additional efforts
are made to further discover impact potential of the emerging topics and innovations, the amount of possible
impacted targets might even increase. The graph also illustrates that the likelihood of an accomplishment of a
certain target would greatly benefit from a multitude of emerging innovations rather than a single novelty or
so-called silver bullet. Therefore, it could be worthwhile to assess the impacts of an even greater number of scientific innovations, to understand their potential for sustainable development. However, the quantitative links
between the four topics and the SDG targets requires additional research, beyond the carried-out literature review and expert interviews. Nonetheless, it can be concluded that the selected emerging issues are well located
within the nexus and are highly suitable to contribute to the achievement of sustainable development in their
respective sectors.

KEY INTERLINKAGES OF THE SUSTAINABLE DEVELOPMENT
GOALS
LINKAGES BETWEEN SDG GOALS AND TARGETS

9.1
;9
.2;
9.4
;
2.2
;2
.3;
2.
4;

5
9.

2.
1;
3.

4
; 2.
2.3
9
2;
; 3.
2.
3.3
2;
3.
1;

Based on the analysis in the previous section, which
identifies targets affected by the four topics, linkages
between the SDGs at the goal/target level could be
established. These are depicted in graph (Figure 2).
This was done by looking at the causes and effects of
these targets and relating these to matching targets
at other SDGs. For instance, improving infrastructure, stimulating innovations and improving access
to finance can result in increased food production or
the addition of nutrients. Only through distributing
and eating this food benefits for health and well-being will arise. In the following paragraphs the linkages between the SDGs are described based on the
overview of the impacts at target level (annex 1).
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2.

3.8; 3.9
9.1; 9.4

Figure 4: Linkages between SDG goals and targets

ZERO HUNGER (SDG 2) AND HEALTH & WELL-BEING (SDG 3)
Both nanotechnology in water treatment and in agricultural production show strong linkages between ‘Zero
hunger’ (SDG 2) and ‘Health & Well-being’ (SDG 3). These technologies enable the production of more food
(target 2.3), more nutritious food (target 2.1 and 2.2) or remove pollutants from food or water used for direct
consumption (target 2.4). This in turn links to several targets in SDG 3. Having more food available and adding
nutrients, such as iron, to food crops through nanotechnology can contribute to decreased child mortality (target 3.2). Being a means to combat iron deficiency anaemia, nanotechnology can also alleviate some problems
caused by AIDS, tuberculosis and malaria (target 3.3). Furthermore, by decreasing pollution, both applications of
nanotechnology can contribute to reducing the number of deaths and illnesses caused by hazardous chemicals
in the water, air and soil (target 3.9). However, this linkage might also be a negative one, as there is some uncertainty about the long-term effects of nanoparticles in organisms.

HEALTH AND WELL-BEING (SDG 3) AND
INDUSTRY, INNOVATION & INFRASTRUCTURE (SDG 9)
‘Health and well-being’ (SDG 3) is affected by ‘Infrastructure, industry and innovation’ through several linkages.
Nanotechnology and rearing insects as feed have the potential to improve waste management and make food
production more sustainable (target 9.4). This, in turn can have positive effects on reducing deaths and illnesses
as a result of hazardous chemicals and pollution (target 3.9). Improving the infrastructure for the delivery of
mobile services (target 9.1) also has the potential benefits for health by making it easier for people to obtain
information about health-related issues such as the recognition and treatment of diseases, improve access to
healthcare (target 3.8) or contact help in case of an emergency.

ZERO HUNGER (SDG 2) AND
INDUSTRY, INNOVATION & INFRASTRUCTURE (SDG 9)
The strongest links have been identified between Industry, Innovation & Infrastructure (SDG 9) and Zero Hunger
(SDG 2). By developing reliable infrastructure and stimulating innovations for the distribution and availability of
water and improving financial infrastructure (target 9.1), it is possible to increase the food production capabilities of small farmers through improved access to finance and by increasing the amount of available fresh water
for agriculture (target 2.3). Access to clean water also decreases malnutrition by preventing the loss of valuable
nutrients due to diseases (target 2.2). A reliable and resilient water treatment infrastructure can also decrease
pollution, while through mobile services it is possible to provide data on, for instance, weather events - which
could increase climate resilience for farmers (target 2.4). Both insect farming and mobile services can contribute
to sustainable industrialization (target 9.2) by making the feed sector less polluting through the reduction of
emissions and increasing market access and information (target 9.5). This can also benefit the least developed
countries. Through this it can contribute to more food production and empower small farmers by giving them
better access to finance and markets (target 2.3 and 2.5) whilst making food production more sustainable (target 2.4). Both applications of nanotechnology can contribute to making the food industry more sustainable by
allowing more efficient use of resources (target 9.4), which again can contribute to less pollution and a cleaner
environment (target 2.4).
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MOVING FORWARD
From our research on the nexus approach and the four topics of the policy briefs we have gained several insights.
As future research can build on these insights, this section will briefly elaborate on them and will recommend
which steps are needed to ensure integrated policy-making.
First, the analysis of interlinkages provided in the previous section on the nexus contributes to the main message
of the nexus approach, which is to explore how SDGs relate to each other. Having identified the nexus between
the SDGs revealed that the policy brief topics mostly covered targets in SDG 9, linking strongly to SDG 2 and less
so to SDG 3. It also showed that SDG 2 has strong synergies with SDG 3. Thus, when exploring the nexus between
SDG 2, 3 and 9, it is recommended to use SDG 9 as a starting point for achieving goals of SDG 2 and 3 in this nexus.
Another insight gained through the nexus analysis and the four policy briefs is that a combination of different
innovations establish a larger coverage of the SDG targets. Although each topic was already within the nexus of
SDGs 2, 3 and 9, together these topics created synergies and increased the level of impact on sustainable development. Though this might seem logical to begin with, it is an important reminder to policy-makers that a nexus
approach for policy-making is more favourable than a silo approach.
Hence, on a national, regional and international level a nexus approach should be adopted, especially since
pressing future issues require it. Sectors such as agriculture, health, water, or infrastructure should not be addressed separately anymore by non-state actors, ministries, regional frameworks or international institutions.
Using and extending the method that was utilized in this report to visualize the impact of new innovations on
SDG targets (e.g. the circle diagrams) could be a first step in this regard. Although it was outside the scope of this
research to continue the exercise for other SDGs and innovations, new research on the nexus approach for any
SDG could implement this method to formulate new policy proposals. Likewise, when new policy proposals are
formulated, the method can be used to make an estimation of the impact the related policy will have on SDG
targets, which could lead to new research.
Moreover, the use of multiple innovations is strongly advocated throughout this report since it allows for combatting current issues in an unconventional manner (‘thinking out of the box’). Combining seemingly unrelated
topics and innovations can actually address a global development issue more strongly as compared to implementing them separately. For example, by 2050, agricultural production will have to increase by 60% whilst meat
production is expected to double. In such a situation, nanotechnology can improve harvest yields worldwide and
prevent degradation of agricultural soils; insects can provide a sustainable protein ingredient for livestock feed;
and mobile services can serve as a platform to provide farmers, globally, with essential information such as best
sowing periods.
Another lesson learned is that trade-offs among the four topics addressed have also to be taken into account.
This is key to ensure that sectoral policies are mutually supporting rather than undermining each other. The lack
of public inclusion was identified as an overarching challenge within the four policy briefs, and is a potential challenge for other innovations as well. Innovations have to be context-related, meaning that they have to meet the
needs of the people for whom they are actually developed for. If this is not taken into account, there is the risk
of enlarging the inequality gap rather than decreasing it. Consequently, including SDG 10 (Reduced Inequalities)
in the nexus approach for future research on innovations should be considered. In order to reach targets within
Agenda 2030, it is important to take into account the ways in which progress towards the SDGs are affected by
the unequal distribution of knowledge and the means of production among UN member states.
Finally, the majority of the briefs highlights the need to further improve the science-policy interface and the
need to increase public-private partnerships. This way, the importance of multi-level governance between state,
academia, and industry is acknowledged. The issue of an improved science-policy interface has already been
addressed by the provision of multiple platforms through which scientists and policy-makers can communicate
efficiently. However, more emphasis could be placed on the inclusion of students in these platforms. The direct
commissioning of students at different universities worldwide to work on topics within a nexus of SDGs could
be promoted beyond what has been done so far. Our own experience has shown that interdisciplinary student
groups are very suitable for this kind of consultancy. Through this opportunity, students, as possible future researchers, are at an early stage of their career encouraged to engage actively in the dialogue with policy-makers.
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POLICY BRIEFS
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INSECTS AS LIVESTOCK FEED
DRIVERS
[42]

[43],[44]

[45],[46]

(PRE)CONDITIONS
INSECTS

SUBSTRATE

Crickets, Locusts &
Grasshoppers

Mealworms
& Silkworms

Food waste
Black Soldier Flies &
House Flies

RESOURCES

Collec�on &
Distribu�on

Natural

Slaughter waste

s
Financial

Manure

INDUSTRY

SMALL-SCALE

AgriProtein (South Africa) [36],[37]
- Mass produc�on of BSF larvae
- Nutrient recycling by using (organic) waste streams
- Produces insect based protein meal (Mag-Meal™), an
extracted fat (MagOil™) and a nutrient rich soil condi�oner
(MagSoil™)
- Natural, cost-eﬀec�ve alterna�ve to ﬁshmeal
- Valued at USD 117 million
- 8.5 billion ﬂies, recycling 250 tonnes of waste per day,
produces 50 tonnes of larvae per day

Produc�on
cycle

ENTERRA (Canada) [38]
- Mass produc�on of BSF larvae
- Nutrient recycling through (organic) waste streams
- ‘Recover over 4 million gallons of fresh water annually from
the fruits and vegetables that we consume as feedstock’
- 6 Million ﬂies at full capacity
- Use pre-consumer waste food
- Produce organic fer�lizer and natural oils as by-product
- Complements the Canadian landﬁll ban [30]

Adapted from:
[10]

Case-study Kenya [23]
- Large- and small-scale produc�on
- Mainly BSF, though other insect species also used
- 80% of insect rearing is small-scale
- Try to use only local materials and insects
- Use diﬀerent waste streams: food waste, brewery
waste, manure, human waste etc.
- Insects are also used for improving sanita�on
- Promotes inclusion, especially of women and children.
It’s cost-eﬀec�ve and can lead to empowerment
- Legisla�on and policies are developing
- Kenya has a 6-month annual ban
on ﬁshing. Insects are a cheap,
easy, high quality alterna�ve
protein source for feed
- Raising awareness and
mobilising farmers is
essen�al
- Wai�ng for EU
legisla�on to change

WASTE MANAGEMENT

BY-PRODUCTS
- Oil [36]
- Biodiesel production [39],[40],[41]
- Natural fertilizers
- Reduce antibiotic dependency
- Reduce human waste streams; improve
sanitation and waste-water systems [26], [30]
- Reduce heavy metal contamination [19]
- Medicinal Use [34]
- Food colorant; biological pest control;
pollination [34]

LIVESTOCK FEED

Collec�on &
Distribu�on

Waste
Streams

Waste of
Insects
Pigs

Chickens

Compost

Industry &
Small-Scale
Insects as
Feed

By-Products

Fish

DEFINITIONS & ABBREVIATIONS
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Bioreﬁnery: Producing biologically-based products and energy from biomass
Oviposi�on: The laying of eggs
Pathogens: A bacterium, virus, or other microorganism that can cause disease
Prions: An infec�ous, transmissible protein thought to be the cause of TSE
Substrate: The material on or from which an organism lives, grows, or obtains its nourishment
Valorisa�on: Recovering of value from disposed materials, especially by the food and agricultural industries

BSE: Bovine Spongiform Encephalopathy (‘mad cow disease’)
BSF: Black Soldier Fly
EC: European Commission
EFSA: European Food Safety Authority
PAP: Processed Animal Protein
TSE: Transmissible Spongiform Encephalopathies

INSECTS AS LIVESTOCK FEED
KEY MESSAGES
––Insects are highly suitable to be used as feed
due to their high nutritional values, and because they are naturally a part of some livestock diets.
––Insect feed is a sustainable addition to conventional feed, as insects are reared on waste
streams and can generate diversified livelihood incomes.
––Challenges to overcome are ethics, food safety and legislation. Which can be overcome by
close cooperation of government, academia
and industry.

INTRODUCTION
Global population growth, increasing wealth, and urbanization, particularly in Asia and Africa, create changes in global consumption patterns, lifestyles and food
preferences, leading to an increase in animal protein demands [1],[2]. This will affect the demand for livestock
feed and inevitably place heavy pressure on already limited resources [1]. FAO estimates that food production
will have to increase by 70% to be able to feed the world
in 2050, with meat outputs (beef, poultry and pork) expected to double [3]. The raising demand leads to protein shortages and the search for alternative supplies of
sustainable protein sources is needed [4],[5]. One of the
major constraints is the costs of feed, including substitutes like fishmeal and soybean meal, which represent
60–70% of production costs [3]. However, conventional feed streams, including protein sources, fluctuate in
supply and import price.
The urgency to find an alternative livestock feed ingredient for fishmeal and soymeal has led to market recognition of insect protein [3]. This has low requirements
for land and water and a high conversion efficiency of
feed into insect biomass [4]. Insect production systems
reduce the reliance on conventional feed streams (e.g.
soymeal, fishmeal, grains) [12] whilst bringing valuable
ingredients from organic waste materials from agriculture, food industries and other sectors back into the
food chain [2]. Insects as a feed can significantly reduce
the environmental footprint of livestock production if
mass-production delivers protein quantities comparable to fish or soy [5].
At present, the scale of current production cannot compete with conventional feed sources [6]. However, the
insect rearing industry is developing and shifts from
semi-automated to fully automated systems will soon
be reached. A new industrial sector for insect rearing
is ripe for development and individual market actors

already serve as ‘role models’ trying to ensure greater cost-effectiveness [1],[3]. This novel industry still
depends on site-specific and socio-economic circumstances, which challenges the product availability, utilization and consistency and quality [2],[7]. Nonetheless,
this flourishing sector could experience a fundamental
breakthrough if legislation and regulation, particularly
in Europe, was able to adapt to this emerging insect
protein market.
The multipurpose aspect of insect rearing shows great
potential to work towards the Sustainable Development
Goals (SDGs). Primarily, insects as a source of feed offers opportunities to increase food security (SDG 2) by,
for example, reducing land competition between energy- and food crops [3]. Secondly, co-benefits such as
improved waste management infrastructure, especially
in middle- and low-income countries, can have positive
effects on human health and well-being (SDG 3) [8]. In
line with the previous mentioned purposes, insect farming with standardized techniques on industrial scale is a
novel economic sector able to improve the sustainability of global food chains (SDG 9) [1].
The intended goal of insect farming depends on both
the selection of insect species and rearing substrates.
Goals can vary between the reduction of waste, producing high quality protein or the extraction of by-products.
This brief has opted for the exploration of using insects
as livestock feed (see figure 1).

Figure 1: Insect farming triangle

CURRENT SITUATION
Insects: Benefits of using insects for livestock feed include high nutritional values, feed efficiency, and reproductive capacities. Insects have the ability to produce
by-products; are naturally present in some livestock
diets (e.g. fish, poultry, pigs) and can create additional socio-economic and environmental benefits [2],[9].
A wide range of suitable insects exists, e.g. Black Soldier Fly (BSF) larvae, house fly maggots, mealworms,
silkworms and locusts-grasshoppers-crickets [10],[12].
BSFs are considered to have the most potential for feed
(see Box 1).
Target Livestock: Mainly fish, poultry and pigs [11]. Ruminants are generally excluded, as they are already efficient in converting non-edible proteins (e.g. grass) into
edible proteins [12].
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Production: Both commercial mass-producing insect
rearing companies and small-scale, household-level enterprises exist on a global scale [2]. In tropical countries,
locally obtained feed as well as local species should be
used as they pose minimal risk to the natural environment. Furthermore, “productivity of traditional management systems” should be maximized [14, p.19]. Industrial automated mass-scale production most often
occurs in temperate climates, and consists of at least
one ton/day of dry insect weight [2],[13].
Consumers: Insects as feed appears to be favourable;
research by PROteINSECT showed over 70% consumer
acceptance rate [2]. Insect feed is perceived as “more
sustainable, to have better nutritive value, but a lower
microbiological safety compared to conventional feed”
[15, p.72]. Also, perceptions included a lower protein
import dependency and a higher valorisation of waste;
in general, consumers perceive benefits to outweigh
the risks involved [14]. However, there is a need to better inform the public on the use of insects as feed, for
example evidence from the recent EFSA report which
demonstrates that “insects raised on pure vegetable
substrates in feed does not pose chemical or biological
risks to consumers” [15, p.2],[16].

BENEFITS

CHALLENGES

Environmental: Production of insects is context dependent, though generally they are favourable in space
requirements and show significant improvements in
water and greenhouse gas (GHG) emissions [6],[17]
as compared to conventional feed [1],[2],[17]. Though
some Life Cycle Assessments (LCAs) show higher energy consumption in the production of some insects (e.g.
housefly larvae), technical innovations can aid a shift
towards renewable energy, thus reducing global warming potential [18],[19]. The most suitable insect-rearing
facilities are located in “regions with year-round high
temperatures, high density of concentrated animal operations and presence of food processing industry facilities” [2, p.33]. Complementing conventional feed (e.g.
soybean, fishmeal) with insects will reduce pressure on
natural resources [12], nature reserves and global fishstocks [15].

Legislation: A necessary aspect in the commercialisation
of any product is guaranteeing a defined degree of safety. This is no different when it comes to utilizing insects
as feed [3]. The challenge revolves around standardization. There are many insect species, rearing-substrate
possibilities, insect-consuming countries, and thereby
different legal frameworks, making this task challenging
[2],[3]. In some regions, laws concerning the safety of
the substrate insects are reared on, for instance, are not
as restraining as they are in the European Union (EU).
Experts believe that the restrictive EU regulations pose
the main barrier for the industry to take off worldwide
[12],[32].

(Socio-) Economic: With rising conventional feed prices and pressure on natural resources, insects appear
to be part of a sustainable solution. Though current insect prices are relatively high, proper investment and
up-scaling can reduce these costs significantly [10],[20].
For many small-scale producers, rearing insects can offer
livelihood diversification strategies, subsequently mitigating vulnerability [21],[22],[23]. Additional socio-economic benefits, including women empowerment, are to
be expected though more research is needed [6],[24].
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BOX 1: BLACK SOLDIER FLIES [24]
General
––Widespread in tropical and warmer temperate regions between 45˚N and 40˚S.
––14-day pupal stage under optimal conditions.
Adults do not feed but rely on body fat reserves
obtained throughout larval stage.
––Are not unsanitary or a vector of diseases. Instead,
they repel oviposition (laying of eggs) of female
house flies, thus reducing risks of diseases. [24]
––Naturally live and grow in high population densities.
Waste & Input
––Larvae can feed on different waste streams (organic, raw food waste, manure, slaughter waste).
––Relatively low input (space, water, energy) needed
for rearing, low greenhouse gas emissions.
––Can reduce the mass of organic waste by 60% in
10 days. [26]
As feed & (by-)products
––High nutritional quality; whole dried BSF larvae
con-tain on average between 36-48% protein and
31-33% fat contents depending on the nature of
the sub-strate.
––Oil, fertilisers, compost, biodiesel etc.
[18],[35],[36],[37] (see Infographic).

In the EU, insects as feed are regarded as Processed Animal Proteins (PAPs) under Regulation EC Nr 1069/2009
[2]. After the BSE-crisis, Regulation EC Nr 999/2001 prohibited feeding PAPs to farmed animals, leading to a ban
on insects as feed [16]. An amendment in Regulation
EC Nr 56/2013 now allows non-ruminant PAPs to be fed
to aquaculture species. However, this regulation does
not apply to processed insect protein [2],[16]. In addition, the European regulation on slaughterhouse requirements prevents on-farm slaughtering of livestock
including insects. This hampers efficient insect farming,
because this regulation was not designed for insect
slaughter [2],[33].

BOX 2: ORGANIC WASTE MANAGEMENT
Large amounts of manure and other agricultural waste are produced and often concentrated in small areas without appropriate waste disposal facilities. This contributes to nutrient imbalances, which could result in deteriorating soil and water
quality, and air pollution [26]. Manure contaminates surface- and groundwater with nutrients, toxins (heavy metals) and
pathogens [1]. Inadequate storage or management of manure can involve the emission of large quantities of ammonia,
which can lead to acidification of ecosystems [3]. In middle- and low-income countries, waste collection and inadequate
treatment of waste is an increasing problem, leading to intolerable conditions especially in urban areas [24]. Untreated
(organic) waste deposits can become an ideal breeding place for disease transmitting insects and rodents, as well as the
exposure of odour [24].
BSF larvae as feed should be seriously considered for their reduced environmental footprint, but also for their ability to
reduce mass, moisture and odours from decaying poultry, dairy, beef and pig manure [26]. BSF develop well on rotting
fruits, vegetables and plant residues [3],[26]. BSF larvae can reduce the mass of organic waste by up to 60% in 10 days [2].
Furthermore, BSF sanitizes waste while inactivating bacteria such as Salmonella and E. coli [25]. However, BSF lack the
ability to degrade wood residues and straw due to the low nutritious content [27]. BSF can be reared on most food-waste
sources, but in many countries it is prohibited because of European Regulation EC Nr 999/2001 and perceived food safety
problems.
BSF have the potential to improve sanitation in developing countries by providing a way to process dangerous human
faecal waste [28]. A study has demonstrated that BSF feeding on fresh human faeces can develop successfully at least
on small-scale experiments [28]. More R&D is needed, and an important link can be drawn to the SDG 6 – Clean Water &
Sanitation.
Bioconversion processes are strongly linked with food waste management strategies by focusing not only on minimization, but also on valorisation of waste products (up-cycling). Collection and recovery of municipal organic waste can
create a well-functioning informal waste management, which can be linked to income generation, such as already existing
systems for inorganic material [24].
Ideally, organic waste would play a crucial role in a circular economy context, where waste is recognised to be a valuable
source with potential uses, if reused [29].

Viable production practices have to be developed for
the large-scale insect farming industry to thrive worldwide [32]. The need for standardization across the industry calls for the establishment of a legal framework
that must be enforced throughout the entire industry
and worldwide. In terms of international trade, standardization is challenging to achieve due to, in part, the
different priorities (e.g. tackling the food waste problem) within each government [3]. Nonetheless, addressing this situation is crucial [3].
Research Gap: Farming insects for feed and food is relatively new; the sector is still in its infancy. Whilst progress
is relatively rapid, further R&D is required to provide a
strong scientific basis essential for the development of
a new industry [32]. Key research areas that need to be
further studied are, for instance, those relating to the
substrates insects are reared on (e.g. the value of the
left-over substrate), and the potential allergenic issues
that may be faced by insect farmers [23],[32]. Bridging
this research gap is crucial to bring together stakeholders and to better understand risks and benefits of this
novel industry, so as to develop guidelines on producing
insects on an industrial scale, as information required
for up-scaling insect production is not well established
[34].
Costs: Presently, insect feed prices are estimated to
be higher than those of conventional feed. However,
real data on insect prices is not yet available due to industry secrecy [13],[19],[20]. Fishmeal is currently the
most competitive protein source as compared to insect

feed, but fishmeal prices are expected to increase in the
near future due to overexploitation of global fish-stocks
[4],[10],[11]. For insects to be a competitive alternative
protein source for pigs and poultry, the maximal price
should be between € 1.00 and € 1.50 per kg. Such a reduction in insect prices is considered to be feasible according to expert judgement [10].
Risks: Risks within the mass-production of insects need
to be determined, which can be achieved by closing
the existing research gap. The use of manure still needs
further research to ensure its safety [16]. Feed safety
needs to be assured (e.g. pathogens, contaminants, allergens, heavy metals) and regulatory conditions must
be developed and respected. Quality needs to be high
and guaranteed; rearing substrates based on waste
should be certified for future large-scale operations [3].
Ethics: Given the potential for a global insect rearing industry, animal welfare is to be considered. Insects are
regarded as ‘mini-livestock’ and should therefore be
slaughtered in a humane way [3]. Though it is not yet
known if insects can experience the emotional side of
pain in the same way mammals do, there is consensus
that insects have nociceptors, or pain receptors, and
can therefore react to harmful stimuli [20],[35]. Consequently, the aim should be to slaughter insects using the
quickest and most effective way. Some experts believe
freezing to be the best method, though it is regarded to
be relatively costly; therefore, many resort to heating
[7],[19],[20],[32].
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This brief suggests a review of the following EU Regulations, based on recent literature and EFSA findings:
––EC Nr 1069/2009, which does not allow catering
waste as an insect substrate.
––EC Nr 999/2001, which does not allow insect PAP in
the feed of pigs and poultry.
––EC Nr 1099/2002, which does not allow on-farm
slaughtering of insects.

ADDITIONAL

Figure 2: The integrated cooperation between state, industry
and academia necessary to work towards sustainable insect
production as livestock feed (adapted from van Huis, 2012)

REGULATORY

RESEARCH

For the successful implementation of insects as feed,
close cooperation of government, academia and industry is needed [10],[21],[23],[32]. Researchers need
funds and industrial data to fill the research gap, governments need research results to validate regulatory
amendments, and industries need amended regulations
and a scientific foundation to produce safe and trustworthy products and operate at full capacity [23],[32].

PRODUCTION

RECOMMENDATIONS

––Create and develop regional platforms where
various stakeholders (e.g. industries, governments) can safely (and anonymously) share
information without compromising their
market position.
––Identify and promote the use of local insect
species and local waste streams.
––Invest in innovative technologies that use renewable energy required for insect rearing,
e.g. for optimal ventilation.
––Establish well-functioning (informal/formal)
waste management systems.
––Develop safety guidelines on producing insects on an industrial scale.
––Invest in research for automation to decrease
the labour costs.
––Improve rearing methods (e.g. alternative
cleaning measures and/or rearing vessels
with favourable volume/surface ratios) required to lower water usage.
––Further quantify environmental impacts and
the sustainability of insect feed compared to
conventional feed.
––Identify health risks of using animal and human waste as rearing substrate arising due to
bacteria, viruses and prions.
––Establish a liaison with policy makers and
researchers to develop a clear and comprehensive legal framework.
––Increase quality and quantity of publicprivate partnerships.
––Ensure adequate preconditions for markets
and infrastructure.
––Educate and raise awareness on the benefits
of rearing insects as an (additional) livelihood
strategy.
––Determine and identify global consumer acceptance and differences for insect fed livestock.
––Identify and analyse possible effects for
smallholder conventional feed crop farmers
if insect meal becomes a major ingredient in
feed.

FUTURE PROSPECTS
––Insect rearing can benefit the poorest and most vulnerable members of society [3].
––With enough technological innovations, insects will
be a cheaper and more sustainable protein source
as compared to conventional feed [3],[17].

––Rearing insects on waste can reduce and valorise
global waste streams [17].
––Investing in renewable energy will decrease dependency on fossil fuels within insect rearing
[17],[18].
Eike Behre, Bas Heukels,
Andrea Merino Mayayo, and Xanthe Verschuur
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of a mobile service

THE ROLE OF MOBILE PHONE SERVICES IN DEVELOPMENT
From Knowledge Gaps to Knowledge Apps

THE ROLE OF MOBILE PHONE SERVICES IN DEVELOPMENT
KEY MESSAGES
––Mobile services have great potential for development in reaching socially and geographically isolated people.
––The benefits for developing countries are
major in, but not limited to, the agricultural,
health and financial sector.
––Mobile services generate most impact when
context-adjusted content is created and
when their continued existence is financially independent through sustainable business
models.
––A major challenge to overcome is creating a
supportive policy environment in which mobile services can reach their full potential.

INTRODUCTION
“The quickest way to get out of poverty right now is
to have one mobile telephone.” [1]
- Muhammad Yunus (2011)

will assess the potential and barriers of mobile services,
ending with recommendations, important considerations and a glimpse ahead. Good practices from the
financial, health, and agricultural sector will be shared,
presenting how mobile services can serve as a tool for
development.
Mobile services are digital applications which can
be operated on any mobile phone. Services include voice messages, data roaming, SMS, streaming and location-based services [12].

POTENTIAL
Mobile services have the potential to positively affect
sustainable development, acting as a tool to decrease
information gaps and empower individuals [7]. Beyond
basic connectivity, the technology allows overcoming
the lack of physical infrastructure such as roads and
landlines [13]. Mobile services can empower people by
reaching out to those geographically or socially isolated from information [14],[15]. Not only do more people then have access to information, it is also accessible
around the clock [16]. In this way the increase of availability and accessibility of mobile technology aligns with
the leave no-one behind ideal of sustainable development.

Farmers checking the weather forecast, health workers receiving advice on the best treatment methods
or factory employees transferring their salary to their
families at home: All of it can be done with a feature
phone. Over the last years, a whole new world of mobile technology has opened up for a great number of
people. Currently, 95% of people worldwide live in an
One of the first success stories was M-Pesa, a mobile
area with mobile network coverage [2]. There are about
phone-based money transfer and (micro)financing ser4.7 billion individual subscribers. Almost 70% of these
vice launched in Kenya in 2007, which has had and still
subscribers are located in the developing world and it is
has great economic developmental impacts [17]. Prior
expected that between now and 2020, over
to M-Pesa, only 18.9% of the Kenyan popu90% of the new subscriptions are obtained
lation had access to conventional financial
there [1]. This revolutionary development is
services, whereas by 2011, over 70% of the
Over
90%
toppling the status quo of global information
Kenyans reported using M-Pesa [18]. M-Pesa
and communication methods and goes hand
is one successful example of a mobile service,
of expected
in hand with the rapid spread of mobile seras it has connected millions of people to a
new phone
vices. As mobile services are becoming inwell-functioning financial service [19].
subscriptions
creasingly popular, their potential as a tool
in 2020 are
for development is widely recognized [3]-[7].
The opportunities of mobile services, such
situated in the as M-Pesa, offer many chances for developHowever, mobile services are not always as
ment in general as well as in relation to the
developing
successful as expected from their pilots [8]Sustainable Development Goals [10],[20].
world
[10]. If they want to live up to their potenProduction and profitability of farmers can
tial as a tool for development, the process
be advanced through mobile services (SDG
of creation, implementation and scaling-up
2, Zero Hunger). Mobile services can support
is vital. In order to improve this process, the
emergency communication and(in)formal
focus should be on how policy makers and other pubmedical advice to remote areas with a lack of health
lic and private stakeholders can amplify the effects of
care facilities. (SDG 3, Good Health and Well-Being).
mobile services for development, rather than focusing
Lastly, economic growth and resilience of infrastructure
on technical issues [9],[11]. The exact role of stakeholdcan be catalysed through provision of data connectivity
ers, ranging from governments, NGOs, private compaand financial inclusion (SDG 9, Industry, Innovation and
nies and policy makers, differs per case. This policy brief
Infrastructure) [20].
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mAgri

Agriculture is still the major source of employment in
developing countries, despite the challenges farmers
face due to climate change, hunger and a growing population [21]. Small-scale farmers often face a knowledge
gap in regards to agricultural best practices [22]. Mobile
services aimed at agriculture, or mAgri, are for instance
aimed at providing technical farming advice or location
based weather updates [8]. MAgri services can contribute to bridging the knowledge gap, thereby increasing
agricultural production and profitability [20].

GOOD PRACTICES

Case: iCow, launched in 2011.
Goal: Assist dairy farmers in maximizing their
return by, among other things, advising on
feeding schedules and market rates on cattle prices.
Country of origin: Kenya, now expanding to Tanzania, Ethiopia, Uganda and Rwanda.
Target users: Small-scale dairy farmers with access
to feature phones.
Stakeholders: Mobile network operator Safaricom,
the Kenyan government, professional services company Accenture, elea Foundation, Indigo Trust, Infonet Biovision, US government agency USAID and
small-scale farmers [23],[24].
Accessibility: The service is designed for feature
phones and therefore requires no internet connection [23].
Policy: The Kenyan government has developed
a supportive environment for innovators in this
sector [24].
Business model: The information on cows provided via the service is standardized. Adding new
farmers to the system is not an expense and only
brings in subscription charges [25].

mHealth

In 2015, 400 million people did not have access to essential health services [26]. In general, there are problems, both with the physical as well as financial access
to and general lack of good quality health care. For example, there is an unequal spread of doctors around
the world, leading to a lack of qualified professionals in
the developing world. It is estimated that by 2035 there
will be deficit of around 12.9 million skilled health workers [27]. mHealth, which is the use of mobile services
for the delivery of health services and information, has
great potential contribute to overcoming these issues
and transform the health sector. Especially in remote
rural areas which are otherwise hard to reach, mHealth
can be revolutionary in solving the pressing need for
24 health care [4],[5],[28],[29].

Case: Leap, launched in 2013.
Goal: Increasing the number of well-trained
community health workers and facilitating
communication among them.
Country of origin: Kenya, with the ambition to spread
to 30 other countries in Africa before 2020.
Target users: Community health workers.
Stakeholders: NGO Amref Health Africa (owner),
Mobile network operators Safaricom and Vodafone,
the Kenyan government, the M-Pesa Foundation,
professional services company Accenture and community health workers (partners) [30].
GOOD PRACTICES

From the agricultural, health and financial sector one
case has been selected. The cases depicted have been
launched relatively recently, show potential for scaling
up beyond one country and are overall considered to
be promising. This selection is only a snapshot of many
available mobile services.

Quality of Content: The content of the service is
accredited by the Kenyan Ministry of Health, increasing the reliability of the information that is
distributed [3].
Partnerships: The social venture business model behind Leap has allowed for different types of
investors as well as other partners to become involved. This contributes to a strong and sustainable business model [3].

mFinance

Approximately 2 billion working-age adults globally do
not use formal financial services [31]. mFinance, or financial services accessible through mobile phones,
contribute to bridging this gap and allow the formerly
‘unbanked’ access to services. mFinance can digitally
enhance the process of financial inclusion and supplement consisting financial infrastructures. Services currently on the market let individuals, micro- and small
enterprises pay with their mobile devices, transfer,
save, borrow without credit history and insure themselves against risks [32] Services that enable low cost,
cross-border remittance transactions are rapidly growing, through which migrants can support their friends
and family abroad. Already in 2014, more than 250
mFinance services were deployed in 85+ countries, all
contributing to digital financial [32].
Case: Hello Paisa, launched in 2012.
Goal: Live, low-cost and secure digital
remittances.
Country of origin: Nepal.
Target Users: Migrants, to send money to their
friends and family back home.
Stakeholders: Numerous banks and financial institutions, several mobile network operators, retail
stores, migrants [33].
Partnerships: Collaboration of public and private
partners, both on the global and national level
[33].
Evidence-based Feedback loop: A close engagement with users to improve the mobile service to
meet their demands [33].
Cyber security: Actively examines financial consumer protection [33].

GOOD PRACTICES

GOOD PRACTICES

BARRIERS AND RECOMMENDATIONS
The implementation process of mobile services consists
of two subsequent phases, namely 1) the creation and
development of a mobile service and 2) the scaling-up
of mobile services. In both phases, several barriers are
identified.

Phase 1: Creation and Implementation of a
Mobile Service
The goal of phase 1 is to first identify and analyse challenges that hold target users back in their development.
After that, it is to be determined how a mobile service
can be used as a tool to overcome the challenge.

Barrier - Insufficient problem analysis during the creation of the mobile service: A mobile service can be
unsuccessful when the challenge that the mobile service
aims to address and context in which the challenge is situated are not thoroughly analysed before creation and
implementation of the service [11],[34].
Recommendation: A thorough problem analysis exists
out of three parts. Firstly, a stakeholder and target user
analysis needs to be done. It needs to be determined
which group(s) that the mobile service will be targeting.
The diversity within this target user group also needs
to be taken into consideration [3]. Also, the stakeholders should be identified and it should be determined
which stakeholders will be included in the process of
creating and implementing the service [35]. It needs to
be ensured that all stakeholders are aligned regarding
the problem definition. Furthermore, the availability,
affordability and accessibility of mobile services in the
local context should be analysed [36]. Aspects such as
reception, battery charging possibilities, the resources
available to add credit to one’s phone and the level of
digital (il)literacy of the target users are all potentially limiting factors to the successful implementation of
mobile services [6],[15],[24],[37]. Moreover, the larger
context has to be analysed. A close look needs to be
taken at the competition in and possible saturation of
the market in order to avoid unnecessary creation and
implementation of services [34]. Also, local laws and
regulations regarding mobile services have to be taken
into account, so that a service is designed in accordance
to those [34],[38]-[40].
Barrier - A misfit of the content of the mobile service
with the local context: A mobile service can be unsuccessful because it fails to present its content, for example
weather forecasts or methods of medical treatment, in
a way that is either reliable, understandable and/or acceptable for the target users [3],[37]. Getting people to
trust the information provided to them can be especially difficult when it can significantly influence their livelihood [25].
Recommendation: The reliability of the content of a mobile service should at all times be ensured. It is important to include all stakeholders in the iterative process

of shaping the content. For example, a representative
sample of the target users together with the government and research institutes can validate content to
ensure its reliability [3],[15]. This sample of target users
can also help to determine the appropriate communication style, by which it can then be ensured that the
way in which the content is delivered is appealing and
trustworthy to the target users [3],[25]. The results of
evidence-based feedback loops should be included in
the creation of the service. In this way, things such as
the service’s content and communication style can be
adjusted based on the evidence already available and
thereby help to increase its relevance and trustworthiness for the target audience [34].

Phase 2: Scaling-up of Mobile Services

The goal of phase 2 is for mobile services to scale up
from a pilot to implementation on a larger scale with a
bigger group of target users.
Barrier - Weak or non-existing business models: A coherent business model (for-profit or non-profit) which allows the mobile service to exist independently of any external funding in the long run is regularly forgotten and
thereby forms a barrier in scaling-up [9],[15],[25],[40].
Recommendation: During the creation and implementation phase it is important that a good business model
is designed. In the pilot-phase, a mobile service can still
be supported by external funding but in the long run,
it needs to be able to survive independently. Donors,
such as governments or NGOs, should make clear from
the start that one of the criteria for funding the mobile
service is that there should be a viable business model.
It is recommended to involve multiple stakeholders in
the creation of a coherent business model, especially
experts from the private sector [3],[25],[35].
Barrier - A lack of relevance of the content and/or
way of communication of the mobile service: When a
mobile service is scaled-up to a larger context, it is not
always checked thoroughly whether the content is still
relevant and/or the communication style is still appropriate. There is a lack of (academic) research that could
otherwise provide evidence on the impact and effectiveness of the service [3],[10],[29],[34],[41].
Recommendation: In the process of scaling up, the relevance of the content and the effectiveness of communication style of a mobile service should constantly be
monitored to ensure its relevance [3]. A recommended
strategy is to make better use of evidence-based feedback loops. In these loops, evidence is gathered from
practical experience with and impact of mobile services,
on issues such as the level of understanding of the content by the target users and whether or not the service
still fits with the users that were originally targeted. This
evidence is then used for improving the service both
for the new as well as the current context. To create
stronger feedback loops, several different stakehold-
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ers, such as academia, research institutes, NGOs and
governments should do more research in partnerships
[34],[35].
Barrier: Vested interests and an unsupportive policy-environment: Vested interests of parties that oppose
the development of mobile services can hold back the
process of scaling-up. The vested interests are aggravated in a situation of an unsupportive policy environment,
in which the potential of mobile services is not recognized [8],[11].
Recommendation: Ideally, governments can take the
lead in overcoming these vested interests. They can
create awareness among policy makers about the large
range of possibilities of mobile services, so that policy
makers are not led by vested interests [15]. Also, partnerships and information sharing between other stakeholders and the government will enable policy makers
to take informed decisions on supportive frameworks
and regulations for mobile services [8],[11]. Depending
on the specific context, other methods can be used to
further enhance a supportive policy environment, such
as innovations grants for mobile service start-ups, conferences and forums on this topic and adaptation of
regulations that hold back mobile service development
[9],[23],[25],[37].

A GLIMPSE AHEAD
There are plenty of future opportunities for mobile services reaching beyond the possibilities and sectors discussed above.
A first promising trend is the Internet of Things: a term
used to indicate that personal mobile devices can be
linked to one another and with physical things, hereby
increasing connectivity between people, data and devices [25],[37],[44]. Mobile services can benefit from the
Internet of Things by incorporating sensors or drones in
for instance agriculture. Examples are wireless sensors
that can track crop growth, thereby gathering data for
farmers [44],[45]. This could be the next step for mobile
services: moving beyond mobile phones and instead focusing on any mobile technology [25].
Another promising trend is the use of mobile services in other sectors, such as m-governance: the use of
mobile to support governance processes and increase
people’s participation, especially of the marginalized
groups. Possibilities have also been recognized in other
sectors, such as climate change adaptation and education [6],[46].

Policy makers and other stakeholders should be aware
of several aspects that can complicate the creation, implementation and scaling-up of mobile services.
Cybersecurity and privacy: Mobile phones, especially
smartphones, collect an increasing amount of information, which is valuable and therefore vulnerable to cyberattacks and data abuse [1],[15],[34],[40],[42].
Mobile services are a tool, not a solution: Mobile services offer a new way to address old problems, but
should not be perceived as a silver bullet for development. Mobile services do, for instance, not replace the
need for appropriate policies and stable governance
systems [3],[6],[34].
Internet can increase inequality and divergence: Although the internet can help low-income countries and
the poor by providing access to information, it can also
widen the gap between those who have access to internet and those who have not [25],[43]. For example,
internet penetration rates around the world are higher
for men than for women [16].

KEY RECOMMENDATIONS

IMPORTANT CONSIDERATIONS

––Policy makers need to recognize the potential of mobile services as a tool for development in reaching previously socially and geographically isolated people.
––Perform a thorough problem analysis during the creation phase of mobile services, by
paying attention to, among other factors, the
target users, stakeholders and the general
context.
––Ensure that the content of mobile services is
reliable, trustworthy and relevant for target
users.
––Private and public stakeholders, such as mobile operators, governments and NGOs, need
to form partnerships to gain and share insights.
––Fund mobile services in the pilot phase, but
force them to develop viable business models so that in the long run they can scale up
and become financially independent.
––Policy makers need to create a supportive
policy environment in which mobile services
can reach their full potential.
––Perform more research on thorough impact
assessments of mobile services.

Veerle Boekestijn, Christopher Schwarz,
Emmelien Venselaar, and Anouk de Vries
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NANOTECHNOLOGY IN AGRICULTURAL PRODUCTION
KEY MESSAGES
––Nanotechnology is highly suitable for application in agricultural production because it increases the quality and quantity of yields.
––Nanotechnology reduces soil, water and air
pollution by agrochemicals, which makes agriculture more sustainable.
––Challenges to overcome are uncertainty about
the long-term risks of nanoparticles, adoption
of international regulation and standardized
risk assessment tools, cost-efficiency, and the
inclusive availability of nanotechnology applications to both developed and developing
countries.

INTRODUCTION
According to the United Nations Food and Agricultural
Organization, 795 million people worldwide lack access
to sufficient food to lead a healthy active life [1]. Climate change, population growth and land degradation
further challenge ending hunger [2]. To meet the projected demand for food of over nine billion people in
2050, world agricultural production has to increase by
approximately 60% [2]. Nanotechnology (NT) can increase the quality and quantity of agricultural production,[3],[4] and make it more sustainable by decreasing
pollution from agrochemicals [4],[5],[6], while improving climate resilience (Sustainable Development Goal
(SDG) 2: Zero Hunger [7]) [8],[9]. It also has the ability
to add valuable nutrients to plants [10] and detect and
remediate heavy metals in the soil, and thus contribute to better health (SDG 3: Health and well-being [7])
[11],[12]. Furthermore, NT can foster more sustainable
agricultural production (SDG 9: Industry, innovation &
infrastructure [7]) [3],[4],[13].
There is a growing body of knowledge on the benefits
of applying NT in agriculture, however it has proven difficult to coordinate findings between important stakeholders and to integrate knowledge from different fields
and scientific disciplines [7]. Currently NT is not widely
applied in agricultural production because of uncertainty regarding environmental and health risks and low
cost-efficiency [14],[15]. This policy brief will provide an
overview of the benefits and challenges regarding the
use of NT in agricultural production. It will also discuss
its current status and give recommendations on what is
needed to apply NT in agricultural production successfully in the future.

CURRENT STATUS
Research on agricultural NT has been ongoing for over
a decade now [16] .Though the share of publications on

NT in agriculture is smaller than for other sectors, recognition of the potential of NT in agriculture is growing
[17],[18]. For instance, between 2005-2009 literature
on NT in the agri-food sector doubled [19]. Currently
Europe, the USA, China and India produce the bulk of
research and development (R&D) on NT in agriculture
[19]. Of all NT applications only 9% target agriculture
[20]. Some applications are already in use to increase
the distribution, efficacy and controlled release of pesticides, nutrients and agrichemicals, and to detect bacteria and viruses [21],[22].
Nanotechnologies are technologies that contain
at least 50% natural or manufactured particles
in the size range from 1 to 100 nanometres (up
to a billionth of a meter) [16]. Nanotechnology
thanks its potential to the unique properties of nanoparticles (e.g. high volume to surface ratio and
high solubility). Therefore, nanoparticles show an
increased reactivity and efficiency [23].
This is however not a universal definition of nanotechnology as definitions differ regarding size and
properties of nanomaterials [16],[24],[25].

BENEFITS
Increased Quality and Quantity of Yields

Sustainable water use: In order to make agricultural production more sustainable and optimize
water use, nano-hydrogel can be applied. It is able to
absorb and release water and nutrients in cycles, leading to more efficient use of water [26]–[28]. A study on
silver coated hydrogel showed that soils to which this
hydrogel is added can hold 7.5% more water than soils
without [26]. Furthermore, the hydrogel can store between 130 and 190 times its own weight of rainwater
or irrigation water [22],[26]. Bio- degradable hydrogels
are especially promising since it decreases the amount
of contaminants [27]–[30]. Hence, NT can be especially
useful in dry areas. This is highly needed as drought is
considered the largest environmental risk for crop production [31].
Treatment of seeds: Through treatment with NT
seeds can germinate faster and steadier while increasing their resilience to environmental stress [8]. NT
also increases seedling strength, growth and seed longevity [32]–[34]. A laboratory study showed that crops
grown from seeds coated with nanomaterials like nano-silver recorded increased water absorption [8]. Another study on seeds treated with nanoparticles found a
73% increase in vegetable dry weight and a three times
higher vitamins content in seeds [23],[25],[31],[33],[35]
which increases crops yields. Moreover, seeds that had
undergone treatment with nanoparticles indicated a
90% increase in drought resistance [36]. In addition, a
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16.5% increase in seed longevity during storage was recorded [34]. These advantages contribute to increased
quality and quantity of yields and climate resilience [32].
Pest and disease detection: Pollutants, pests and
plant diseases cause severe damage to crops. For
instance, insect pests cause 25% loss in rice yields and
50% for cotton [37],[38]. Bio-sensors, consisting of an
organic-based detection mechanism, such as enzymes,
are able to detect these specific threats [39],[40]. Due
to their size-related properties, nano-biosensors show
an increase in accuracy, detection limits, sensitivity, selectivity, temporal response and reproducibility, compared to conventional biosensors [41]. They are able to
detect single viruses and contaminants at the molecular
level. These particles are smaller than is approved by
EU standards [42]. Therefore, nano-biosensors provide
a very precise tool that can be used to prevent pest outbreaks and monitor soil quality, which enhances quality
and quantity of yields [37],[41],[43],[44].
Enhanced delivery of nutrients and plant protection products (ppp): Up to 70% of conventional
fertilisers and ppp’s do not reach their target because
they are unstable in the environment and difficult to be
taken up [3],[45]. Nano-based smart delivery systems
have the ability to provide more efficient and targeted
delivery to specific plant cells due to their size-related
properties [3],[4],[46],[47]. Also, they show enhanced
stability in the environment, which improves the availability of nutrients and ppp’s to crops [3],[37],[48],[49].
Smart delivery systems further enhance the delivery
of nutrients and ppp’s through their ability of slow or
controlled release [3],[48]. This is shown to extend the
effectiveness of ppp’s from three to over thirty days
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detection

Treatment
of seeds

_+

_
+

_

[50]. In addition, the effect of pesticides was found to
be twice as strong with half the dose applied [51],[52].
Enhanced delivery of nutrients and ppp’s improves the
resistance of crops towards threats like droughts, pests
and pollution [6]. Therefore it improves the quality and
quantity of yields [3],[4],[17]. Nano-biosensors can enhance this process even further by enabling smart delivery systems to precisely release nutrients and ppp’s
in response to environmental triggers and biological demands [3],[53]. This provides opportunities for real-time
monitoring and control [49],[54].ALLENGES

Decreased Pollution

Reduced runoff: The application of NT in agricultural production has the potential to reduce pollution resulting from fertilisers and ppp’s and remediate
soils polluted with heavy metals [6],[12],[14],[48],[55].
Up to 90% of agrochemicals (in)directly run-off in the
environment due to their uncontrolled application.
Through increased efficiency, smart delivery systems
also decrease pollution and subsequently environmental and health risks [9],[56]–[60].
Remediation: In addition, soils polluted with
heavy metals can be remediated using NT, making
them productive again [12]. This is particularly promising for China and African countries, where soil pollution
with heavy metals is severe [61]. NT based soil remediation techniques are proclaimed to be effective, of
low cost and environmentally friendly [62]. A case study
using iron nanoparticles for remediation shows a 99%
reduction of Trichloroethane (a solvent in pesticides)
within a few days [63].

Enhanced delivery
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PPPs

Remediation

+ _ +
+ _
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AND QUANTITY
OF YIELDS
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Reduced runoff

Figure 1: Benefits of nanotechnology in agriculture
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Promising case studies
Treatment of seeds: A 29,5% and 26.3% increase yield
of peanuts while using 15% less nanomaterial (zinc) in
comparison to its bulk counterpart was found in two
field researches in India (SDG 2.1) [64].
Enhanced delivery: 30% of people worldwide and 40%
of schoolchildren suffer from iron deficiency. This is further aggravated by TBC, HIV and malaria [65]. A study
on fertilizers containing nano-iron particles has shown
nanotechnology can increase the iron level in watermelons substantially [66].
Pollution detection: Mercury is toxic in small amounts
and identified by the WHO [67] as a serious threat to
the health of young children and especially fetuses.
Nanosensors based on silver particles are able to detect these small amounts of mercury in soil and plants
[65],[66],[68],[69].
Sustainable water use: Biodegradable hydrogels show
an increased soil moisture of up to 400% compared to
soil that hasn’t been amended with hydrogel [29].

CHALLENGES
Uncertainty

Toxicity: While nanotechnology has great future potential, its novelty and its pace of development cause
uncertainty regarding the long-term effects of nanoparticles on the environment and human health [70].
In the short-term, no hazards are identified but in the
long-term they might affect humans through bio-accumulation of toxins in plants and animals [48],[57],[70],
[71] The toxicity of nanoparticles depends on their
size-related properties and concentration. This affects
their exposure to and mobility within the environment
[14],[23],[48],[70]. In order to overcome toxicity and
decrease the environmental damage caused by certain
nanoparticles, they can be redesigned [9],[72]–[74].
Materials that might be applicable in agriculture, because they are biodegradable and non-toxic [76],[77].
Risk assessment: Risk assessment consists of testing exposure and potential risk [25]. The great variety of nanoparticles and the lack of data on their toxicity under
various conditions impedes the creation of standardized
risk assessment tools [13]–[15],[24],[25],[70]. Grouping nanoparticles with the same properties increases
the feasibility of risk assessment, but is not yet reliable
[23],[70],[78]–[80]. This is also hampered by the lack

of an internationally agreed upon workable definition
of NT [14],[24]. Risk assessment differs per region and
sometimes per sector [25]. Currently, risk assessment
becomes more holistic: scientists, regulators, industries
and non-governmental organisations work together in a
multi-disciplinary setting [25],[80]. Risk assessment will
continuously change and adapt as a result of the continuous development of NT [23],[25], [70]. Standardized
tools developed by the OECD and the EU are expected
in the next two years [70].
Regulation: Due to their size-related properties, which
may differ from their bulk counterpart, adopting regulatory frameworks that adequately deal with NT can be
challenging [81],[82]. While some argue current regulatory frameworks are sufficient to deal with the risks and
uncertainty of NT [83], others state there is a need for
nano-specific provisions and regulation [70],[82]. The
lack of an internationally agreed upon workable definition of NT makes this difficult however [14],[24]. Adopting nano-specific regulation and formulating a common
definition is needed to stimulate countries to share
knowledge, trade in products containing nanomaterials
and mitigate associated risks [84].

Inclusive Availability

It needs to be ensured that the benefits of NT will be
shared inclusively between a wide range of countries
and stakeholders [85],[86]. Currently most of the R&D
is taking place in a select number of countries and
knowledge is unequally distributed [87]. Relatively little efforts are made to make products that benefit the
poorest countries as this is often unattractive from a
financial point of view [86],[88]. Therefore, the gap in
production and innovativeness between developed and
underdeveloped nations and between large and small
corporations may be widened [86]. Because large companies possess most patents, it is difficult for small companies to gain entry to the market [86],[88]. However
there are techniques to create NT that are cheap and
affordable for developing countries and small companies [20]. This can for instance be achieved by lowering
the administrative burden when registering products or
establishing support structures for small companies or
underdeveloped nations [89]. In addition, NT needs to
become more cost-efficient and to be transferred to the
field, to become relevant in agricultural production and
for developing countries [13],[90]. Because NT applications in agricultural production are entering the market
phase, it is important to look at this now.
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UNCERTAINTY

––Focus R&D on long-term toxicity and exposure of nanoparticles in the environment and
their implications for human health.
––Select non-toxic, environmentally friendly
nanomaterials for their application in agricultural production.
––Develop international standardized risk assessment methods in close collaboration
with scientists and private companies in order to reduce costs and integrate knowledge.
––Reach international consensus on a workable
definition of NT in order to coordinate legislation and risk assessment.

AVAILABILITY

RECOMMENDATIONS

––Focus R&D on improvement of cost-efficiency of NT to make it more affordable for developing countries.
––Form collaborations between countries that
have advanced research and applications of
NT and those that could benefit from NT to
ensure inclusive availability of NT.

Tammo Bakker, Ellen Brauers,
Gersom van der Elst, and Eunice Wangari
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49%

10%

of global population does
not have access to improved
drinking water sources

Up to

of global grain
produc�on will be
at risk due to water
stress by 2050

90%

of wastewater in
developing
countries ﬂows
untreated into
water bodies
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Whether a NP is hazardous or not
depends on: its size, shape,
nature, surface chemistry and charge, reac�vity,
agglomera�on and aggrega�on proper�es,
mobility, stability, medium and storage �me
and the environmental situa�on.

FACT:

Economic inclusion

NT

87%

s

of the popula�on in developing regions uses an improved
source of drinking-water
(UN water 2014)

80%

of the people who do not
use an improved source of
drinking-water live in rural
areas (UN water 2014)

Point of
Use (POU)
Point of
Entry

Local Start-up

In Tanzania, a local entrepreneur
was able to commercialize a
low-cost and customized nanoﬁlter for local
household and communal use, a�er receiving
training and a grant on business development [68].

FACT:

(Uvidis 2014)
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ing) [7],[12],[13]. In a similar manner, the treatment of
water by NT can improve the production of agricultural
crops, by preventing salinization and contamination of
agricultural soils (SDG 2: Zero Hunger) [12],[14]. Finally,
NT has the potential to create a new domestic industry in developing countries, which can create new jobs,
new knowledge and be a standard for creating new water infrastructures (SDG 9: Industry, Innovation and Infrastructure) [12],[15],[16].

KEY MESSAGES
––Nanotechnology (NT) can cost-effectively treat
contaminants in water that are untreatable by
conventionala methods.
––Adsorbents, disinfectants, catalysts and membranes have the potential to become widely
applied technologies in developing countries
if the needs of these countries are reflected in
the R&D and investment strategies.
––Challenges formed by risk uncertainty, economic inclusion and public inclusion obstruct
the large-scale application of NT and an equal
distribution of the related benefits.

Within this policy brief nanotechnologies are defined as devices and systems with a size of 1 to 100
nanometres (1 billionth of a metre) in at least one
dimension, which take advantage of the unique
properties of particles at this scale [17],[18]. However, one should be aware that there is an absence
of an internationally recognized working definition
of NT [19].

INTRODUCTION

According to the World Economic Forum (WEF), a decline in the available quantity and quality of fresh water
is the main global risk that the world society will face
CURRENT STATUS
the coming decade [1]. It is expected that by 2025, 1.8
Although some commercialization of NT water applicabillion people will live in countries or regions with abtions has taken place, the majority is still in the R&D
solute water scarcity [2]. The dependent relationship
phase and upscaling applications is one of the major
between water quality and water availability is thus a
challenges [20]-[22]. R&D mostly takes place in the
topic that needs attention. This is especially the case
United States, Europe, China, India and to a lesser
for developing countries where fresh water sourcin Brazil and South Africa [14],[22],[23].
es are often contaminated by bacteria, viruses
Billion extent
Investments are made by both public and priand heavy metals, due to inadequate sanitavate sector, but unfortunately no detailed
tion infrastructures, mining activities and the
people
numbers are available [9],[24],[25]. With
disposal of untreated industrial waste into
world-wide
regards to governance, NMs are mostly
water bodies [2],[3]. Since conventional
suffer from
administered through the general regulamethods are reaching their limits to deal
tion on chemical production and distribuwith these problems and adequate water
water related
tion and through existing environmental
infrastructures are often lacking in develdiseases each and water regulations [7],[26]. At present,
oping countries, a new solution is needed
amendments are being made to these reg[2],[4],[5].
year
ulations to regulate NMs specifically [7],[27].
Yet, there is an international debate on whethThe realization that NT could provide the aner this is sufficient or more specific regulations on NMs
swer has already been there since the beginning of
should be implemented [7].
the 2000s, when the technology was formulated as a
solution to the targets set for clean water in the Millennium Development Goals [6]. However, the large scale
BENEFITS
application of NT in water treatment in both developed
Compared to other sectors, NT in water is perceived faand developing countries is still hampered by multivourably due to its societal importance and perceived
ple issues, such as the uncertainty regarding the risks
necessity [28]. NMs remove contaminants, bacteria
of nanomaterials (NMs), the difference in involvement
and viruses more efficiently due to their increased spein the R&D of NT between developed and developing
cific surface areab, reactivity and dissolution capacity
countries and global disagreement about regulation
and thus contribute to the improvement of current
standards on the usage of NMs [7]-[10]. Nevertheless,
disinfectionc, purification and desalination techniques
the potential for NT to address global water concerns is
[7],[29],[30]. The application of NTs within water treatstill strong [7],[11].
ment leads to reduced use of chemicals compared to
conventional disinfection techniques (e.g. chlorination
Bacteria, viruses and heavy metals, which cause 1.5
and ozonation) whose by-products can also have negabillion people world-wide to suffer from water-related
tive impacts on human health and the environment [7],
diseases each year, can be treated more efficiently and
[30]. Because of the low concentrations of emerging
cost-effectively by NT (SDG 3: Good Health and Well-Be-
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pollutants (micropollutants, pharmaceuticals, personal
care products and hormones) present in wastewater,
NT solutions for more efficient treatment methods are
needed [31],[32]. The same applies to industrial wastewater which is often contaminated with heavy metals
(e.g. chromium, mercury, lead and cadmium) [30].
Case Study: ‘Drinkwell’ and the first filter that can remove arsenic and fluoride from groundwater
NT applied: Polymeric ion exchangersd doped with zirconium oxide NPs (adsorbents) which can within a filtration column be attached to wells [35].
Contaminant removal: arsenic, fluoride, phosphate and
lead.
Target group: people who live in affected areas in India,
Laos, Cambodia, Bangladesh and Kenya.
Technical benefits: robust material, energy-efficient,
can be re-used and regenerated for years, applicable in
local context.
Socio-economic benefits: In comparison to the required installation for a similar water purification result,
the NPs are a cost-efficient treatment technology. The
NPs are used in small decentralized treatment systems
which don’t require large investments, management
structures and costly maintenance [34]. The organization ‘Drinkwell’ thus empowers villagers to run their
own plant in a sustainable manner and allows them
to make small profits [35]. A micro-franchise model
is used which foresees that the plant is owned by the
village committee and maintained by one or two compensated caretakers [36]. Apart from this, additional
jobs are created since the NPs are produced in plants
in India [36],[37]. Besides, a waste management process was introduced in order to prevent that arsenic is
returned back into soils [37]. The risk emanating from
remaining NPs in treated water is conceived of secondary importance when considering the number of early
deaths caused by arsenic-contaminated water.
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In affluent countries, NT upgrades to existing infrastructures can be implemented in a cost-effective manner
[4]. Once implemented, NTs increase the performance
of many treatment systems. In general, NT solutions
are considered as cost-effective since in many devices
or systems insignificant amounts of NPs are used (see
Table 2) [32]. Additionally, NTs are often more energy-efficient since they reduce the energy needed as for
example in the case of membranes. Finding numbers
on the cost-effectiveness of current NTs is difficult because conventional filters often address different contaminants, show diverse operational requirements and
life spans. Nevertheless, an increase in production capacities generally contributes to the cost-effectiveness
of nanoparticles (NPs) (see Table 2) [32]. Developing
countries could strongly benefit from recent developments since NTs do not necessarily rely on existing water infrastructures, require less energy input and can be
delivered in smaller quantities [4],[30],[33]. NTs within
water treatment offer countries, which lack water infrastructure, leapfrogging opportunities (e.g. foregoing

the installation of large centralized treatment systems)
and the opportunity to focus on more flexible applications [20],[24],[34]. Decentralized NT-based treatment
systems or POUe devices will, particularly in developing
countries, alleviate life-threatening water quality problems and contribute to improved health and well-being
[4].

POTENTIAL
In this section the most promising trends for four NTs in
water treatment are highlighted: adsorption, disinfection, photocatalysis and membranes. For all four, translating promising results in the lab to the field remains
the biggest challenge [10],[38].

Table 1: Addressed pollutants (pathogens and heavy metals,
pharmaceuticals) per nanotechnological water application

Adsorption

Adsorptionf is an established technology that can be improved using NPs. It can address persistent toxic metals
such as arsenic that are less easily treated using conventional technologies [38].
Adsorbents attract contaminants in the water, which
become attached to their surface. Afterwards, they are
removed and disposed of by, for instance, using nanofiltration methods [10],[39].
Iron-oxide NPs are relatively cheap and well-tested adsorbents to clean groundwater from heavy metals [38].
In addition, nanocellulose is a promising future adsorbent for developing countries due to its biodegradability and potential cost-effectiveness, but it still requires
substantial R&D [24].

Disinfection

Disinfectiong using NPs can remove bacteria and viruses
without using harmful chemicals, making them superior
to existing disinfection techniques [5],[7].
NP disinfectants kill biological contaminants through
slight toxicity, for instance by destroying the cell walls
of bacteria [40].
Silver NPs are a suitable disinfectant because they are
non-toxic even under limited exposure [41]. Also, their
production process is simple, cheap, and the particles
last long (up to 5 years) [5]. As a result, the technology
is applied in developing countries, such as South Africa
and India [42],[43].

Photocatalysis

Photocatalysis is a relatively new NT for the treatment
of water. Nano-catalysts are highly effective for treating
dangerous pathogens such as E.coli, and can remove
compounds such as pharmaceuticals, which are out of
reach of conventional methods [10]. Although photocatalysis can theoretically remove toxic metals like mercury, chromium and arsenic, it remains difficult to do
this in the field [5],[44],[45]. Overall, photocatalysis is
an effective, but highly specific method [20].
Photocatalysis uses nano-scale particles that, when activated by UV light, break down pollutants such as viruses, bacteria and pesticides into non-toxic by-products.
After use, the NPs remain unchanged and can therefore
be collected and re-used [46].
The most common and cost-effective method for UV
photo-catalysis involves the use of Titanium Dioxide
(TiO2) NPs [10]. Three major advantages of TiO2 photo-catalysis are the relatively modest technical installation, minimal operating experience required, and low
implementation cost. This makes the technology especially useful in rural areas. Photocatalytic systems have
been validated in Trinidad and Tobago and Swaziland,
where a pilot installation successfully removed 99.9%
of viruses and bacteria in only 60 seconds of treatment
time [47],[48].

Increasing emphasis is put on biologically inspired or
bio-based membranes such as aquaporins or cellulose
nanomaterials (CNs) [24],[53],[54]. Both enhance the
membrane’s performance immensely, particularly its
selectivity and permeability [52],[55]. CNs constitute a
biodegradable, cheap and sustainable material whose
strength contributes to the membrane’s stability [54].
The rapidly increasing number of CN-related patents
highlights its potential [54].
Aquaporins are proteins which are able to remove
most ions by forming water channels when embedded
in membranes [7]. Current limitations to their large
commercial application are their unavailability in large
quantities, cost-intensiveness, and complex manufacturing process [51],[52].
Since the production of CNs and aquaporins is not efficient yet, R&D for a more sustainable manufacturing
process is required [24],[52],[54]. CNs could be generated out of every kind of locally available biomass which
also requires further research [22],[24].

Membranes

Membranes act as a selective barrier within water, hindering solids bigger than their pores to pass through
them [30]. They are categorized according to their increasing filtration capacities with decreasing pore sizes:
microfiltration (MF), ultrafiltration (UF), nanofiltration
(NF) and reverse osmosis (RO) membranes [30]. The
smaller the pore sizes, the higher the pressure and
subsequently the energy required to push the water
through the membrane [49]. Therefore, research focuses on finding ways to improve cleaning ability without
reducing permeabilityh or ease of fabrication [4],[7].
For potable water purification, multifunctional NF
and UF membranes hold the greatest potential since
their permeability is increased due to a better cleaning process resulting from the incorporation of NPs
[4],[20],[50].
Multifunctional membranesi incorporate NPs such as
adsorbents and catalysts [20],[22]. These nanofillers
(e.g. nanosilver, carbon nanotubes, titanium dioxide,
polymer coated NPs) increase the membrane’s resistance to foulingk and its selectivity [4],[22],[50],[51].
The properties of multifunctional membranes depend
on the specific NPs incorporated. Nano-enhanced
membranes require a stronger focus on long-term risk
assessment since NPs might leach [50].
Due to the high energy requirements and the treatment plant’s size necessary to operate NF and RO membranes, less developed countries should rather opt for
functionalized UF membranes or even low pressure
driven MF membranes for decentralized and POU systems [20],[52].

Table 2: Price estimate comparison of water filters [56]-[62]

CHALLENGES
Risks

Uncertainty: Since human beings (by penetration of the
skin or ingestion) and ecosystems are sensitive to the
exposure of NPs in water, a concern about the toxicity
of NPs is often expressed [8],[21]. Although much data
has been gathered over the years, a significant gap of
knowledge on the intrinsic hazardous properties of NPs
and their behaviour in different environments still exists
[7],[27],[63],[64]. This gap results from the indeterminate behaviour of NPs and the lack of general standards
to conduct risk assessment research [7],[8],[65]. Due to
this, results from research are incomparable and conclusions on actual risks remain uncertain [7],[8],[65].
Consequently, main stakeholders in the water treatment industry in developed countries, like water service
companies, have been reluctant to use NT, which has
impeded its large-scale application [10], [20],[27],[53].
Management & Perception: The dynamic and rapid setting in which R&D takes place, together with the lack
of general standards on risk assessment has caused
regulation on NPs to lag behind [66],[67]. Furthermore,
due to differences in political interests, the governance
of NPs mainly takes place on national or regional level,
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Public Inclusion

As for any new technology, public perception plays a crucial role in the acceptance and adoption of the technology by end-users [36],[72]. Therefore, the commercialization of NT water applications developed for end-users
in developing countries is dependent on local opinions
about the relevance of such an application [68],[73]. Yet,
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INDUSTRIAL DEVELOPMENT

One of the opportunities of NT in water applications is
that it can provide the base for a new industry in developing countries, once applications developed in the
laboratory are translated into commercial products
[15],[16]. However, at the moment it is challenging for
researchers and entrepreneurs from developing countries to realize this commercialization path [16],[66].
First, the access to financial resources is limited, as
funding for NT water applications is not a priority for
governments [65],[69]. When small local start-ups do
get the chance to emerge and enter the global market,
they are often outcompeted by large multinationals
[5],[25]. Second, researchers involved in NT in water
applications often lack the skills to commercialize these
applications. Intellectual property is already strongly defined in Western countries, but a ‘patenting culture’ is not self-evident in most developing countries
[16],[25],[70]. Consequently, developing countries cannot gain a substantial share in the global market and
young, talented researchers move to developed countries for greater economic opportunities [25],[70],[71].
This “brain-drain” further reinforces the weak position
of developing countries in NT development and commercialization, wherefore opportunities to reap the socio-economic benefits from NT are missed [25],[71].

––Global investments in NT should focus on
low-tech applications for decentralized treatment plants and POU devices which are affordable for local communities in developing
countries.
––Financial support for local start-ups in developing countries working with NTs in water
treatment should be encouraged until they
are able to compete with more established
companies.
––Institutional investors should foster local entrepreneurship, by making funds available
for capacity building on how to commercialize new applications.

R&D

Economic Inclusion

POLICY RECOMMENDATIONS

––R&D should focus more on bio-based NMs
(e.g. aquaporins, cellulose) in order to enable
sustainable applications.
––Future R&D should include cost-benefit analyses, and this information should be systematized to enable comparison between NTs.

RISK ASSESSMENT

Addressing Risks: Risks of NTs in water treatment can
be mitigated by immobilization, collection and re-use of
NPs through membranes or magnetic particles [5],[10].
Creating NMs based on biological materials such as cellulose can also reduce risks, because NMs become more
bioavailable and may be broken down before they can
cause significant harm [48],[53],[63]. Furthermore, current efforts are being made to develop new analytical
methods to assess the effects and the behaviour of NPs
more extensively, especially in the EU [27],[36].

the inclusion of this target group during the R&D phase
of the application is often lacking and the application is
developed according to what researchers believe to be
the solution rather than on what possible end-users in
developing countries think is needed [36],[68],[71],[74].
Due to this approach, there is a risk that the implementation of the application will in the end be hampered
and valuable resources are wasted [68],[73],[75]. The
challenge in this respect is to overcome the financial,
social and physical barriers between the location where
the R&D takes place and there where the final product
is supposed to be implemented.

––Global standards for the assessment of risks
and the harmonization of existing risk assessment tools should be realized as quickly as
possible.
––Future risk assessment should focus on the
development of analytical methods that address the long-term effects of NPs on human
health and environment.
––Social dialogue between researchers of NT
water applications and targeted end-users
should be facilitated on a global level in a way
that enables two-way responsiveness.
––Liaisons between relevant stakeholders from
developing and developed countries, especially research institutes and universities,
should be established to stimulate transfer of
knowledge.

STAKEHOLDER
ENGAGEMENT

whereas the transboundary nature of NPs requires international cooperation [67]. While in the EU and the
US risk assessment is an essential part of the commercialization strategy, countries such as India and Brazil often neglect risk assessments as it is believed to hamper
their competitive position on the market [25],[63],[68].
The dilemma in place is to find a balance between promoting innovation, so that the socio-economic benefits
of NT in water treatment can be realized, while simultaneously controlling the risks to such an extent that it
prevents humans and ecosystems from being harmed
[20].
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Footnotes

a. Traditional methods (e.g. coagulation, sedimentation, sand filtration and activated carbon) and advanced
methods (e.g. non-nano filtration and advanced oxidation).
b. Higher surface area to volume ratio.
c. Process by which pathogens are removed from the
water.
d. Harmful ions in the water are replaced (attached by
adsorbents) with harmless ions.
e. Household-level treatment system.
f. Particle binds with a toxic compound to neutralize it.
g. Process that kills biological contaminants.
h. Quality of a membrane which allows particles to
pass through it.
i. Surface functionalized membranes & mixed-matrix
membranes.
j. Prevention of particle deposition on membrane.
k. To fix the position of NPs on a surface (e.g. on a
membrane).
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ANNEX A: METHODOLOGY
This report and the included policy briefs were written for an academic consultancy course at Wageningen University as an assignment for the United Nations Policy Analysis Branch over a timespan of eight weeks. The
methodology included both primary and secondary data collection and analysis. Primary data was collected from
various experts who have conducted research internationally on the topics of the four policy briefs. Secondary
data was collected from scientific and grey literature.

LOGICAL FRAMEWORK APPROACH
For the design of our project, we used a Logical Framework Approach (LFA). We opted for this approach as it enabled us to have a summary of the key factors of the project, which could be accessed by all participants. Within
the framework we identified the objective of our project as being: “To extract and integrate the most innovative
scientific knowledge providing solutions regarding the obstacles, opportunities, trade-offs and synergies for implementing the three SDG’s (2. Zero Hunger, 3. Health and Well-Being, 9. Resilient Infrastructure, Inclusive and
Sustainable Industrialization, Innovation) and translate them into policy briefs”. The activities mentioned below
were designed via the logical framework to achieve this objective. Furthermore, from the logical framework an
action plan was derived through which the progress of the project was monitored each week.

IMPACT ASSESSMENT
For the impact assessment analysis, all the separate targets of the three SDGs were reviewed in the context of
the potential impact that the topics of the policy briefs could have in the future. Based on literature and expert
interviews, direct and indirect impacts between the topics and the targets of SDG 2, 3 and 9 were identified. Direct impacts were defined as effects where no intervening stage or third party intervention is required, whereas
indirect impacts were defined as impacts which require a certain third party collaboration or intervention. In
total, SDG 2, 3 and 9 consist of 29 targets. Considering the four topics, there was an overall potential of 116 coverages. The impact coverage is the percentage of the impact potential, including direct and indirect impacts (see
figure I). All identified impacts were added to a matrix, from which the overall coverage was calculated.

Figure A1: Example impact coverage of innovation on SDG targets in numbers and percentages

KEY INTERLINKAGES
Targets to be impacted most by the four emerging
topics were further analyzed. Based on literature and
expert interviews, linkages were identified. A linkage was defined as effects achieved targets have on
targets from other SDGs. Interlinkages could result
in a synergy, which was the situation when an improvement in one target resulted in an improvement
in another target. Interlinkages could also result in
trade-offs, the situation when an improvement in
one target resulted in a negative impact in another
target. Due to the time limitations of this research,
a mere selection was of the synergies and tradeoffs
was addressed.
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Figure A2: Linking policy briefs with SDG targets.

TOPIC SELECTION
Topic selection for the policy briefs took place in the first three weeks of the process. The criteria for topic selection were identified based on the Terms of Reference (ToR), the criteria in Chapter 5 of the Global Sustainable
Development Report (UN, 2016), and a discussion with our contact persons at the Policy Analysis Branch of the
UN Division for Sustainable Development. This resulted in the following selection criteria:
––Topics should closely relate, but not exclusively, to SDGs 2 (Zero hunger), 3 (Health and well-being) and 9
(Industry, innovation and infrastructure) and the nexus between these three SDGs.
––The topics should be emerging innovations or findings in the field of sustainable development.
––The topic should be expected to persist or show a clear increasing trend that could potentially have a large
impact on global sustainable development in the future.
––The topic should require international action or cooperation.

LITERATURE SEARCH
Scientific literature was acquired through scientific search engines such as Scopus and Google Scholar. The literature was selected on base of the chosen topics, that was ideally published within the last four years, and expert
consultations (via interviews or questionnaires). A wide range of grey literature, largely found through websites
of large multi- or supranational institutions such as but not limited to the UN, World Bank, OECD, WHO and the
FAO were used as additional sources.

EXPERT CONSULTATION
Experts were identified based on literature, web-based searches and through suggestions made by other experts. Experts were primarily approached via email, and in addition sometimes contacted by telephone or social
media such as LinkedIn.
Interviews were conducted via personal meetings or through Skype. Item lists and topics for discussion were
identified and often sent beforehand to the experts. Most interviews were conducted within an hour, and recorded for transcription. In total, 64 experts were consulted.

EXPERT VALIDATION
Through literature research each topic group identified the main ‘key players’ within predominantly the academic world. These experts were then contacted and asked if they were willing to validate the first draft of the
policy briefs. The main aim of the validation was to assess the accuracy of the information presented in the policy
briefs, and to receive feedback and/or suggestions from them on where improvements can be made. In total, we
received feedback from 15 validation experts. Except for three, all validators have also been interviewed in the
process of expert consultation.

Figure A3: Global distribution of the interviewed experts
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EXPERT LIST
EXPERT LIST
Name
Afton Halloran
Arnold van Huis
Birgit Rumpold
Caroline Muneri

Group
Insects as Livestock Feed
Insects as Livestock Feed
Insects as Livestock Feed
Insects as Livestock Feed

Chysantus Tanga
David Drew
Dennis Oonincx

Insects as Livestock Feed
Insects as Livestock Feed
Insects as Livestock Feed

Elaine Fitches
Hannah van Zanten
Joop van Loon

Insects as Livestock Feed
Insects as Livestock Feed
Insects as Livestock Feed

Ravi Nagrath
Rhonda Smith
Tarique Arsiwalla
Teun Veldkamp

Insects as Livestock Feed
Insects as Livestock Feed
Insects as Livestock Feed
Insects as Livestock Feed

Tilemachos Goumperis
Aaltje de Roos
Benjamin Kumpf
Brian Bosire
Camilo Téllez
Dirkje Jansen
Heike Baumuller
Edwin Kangethe
Su Kahumbu Stephanou
Jay K. Rosengard
Jorn Poldermans
Kay Valkx
Kyle Murphy
Lavanya Vasudevan
Pieter Walhof
Rajiv Bhatia
Tim van Deursen
Veronika Bertram-Hümmer
Christian Demitri
Melanie Kah
Hans Bouwmeester
Janeck Scott- Fordsmand

Insects as Livestock Feed
Mobile Services
Mobile Services
Mobile Services
Mobile Services
Mobile Services
Mobile Services
Mobile Services
Mobile Services
Mobile Services
Mobile Services
Mobile Services
Mobile Services
Mobile Services
Mobile Services
Mobile Services
Mobile Services
Mobile Services
Nanotechnology in Agricultural Production
Nanotechnology in Agricultural Production
Nanotechnology in Agricultural Production
Nanotechnology in Agricultural Production

Francesco Serio

Nanotechnology in Agricultural Production

Francesco Fabiono Montesano

Nanotechnology in Agricultural Production

Scientific Officer; Emerging Risks Unit at the European Union,
Food Safety Auhtority (EFSA)
Ministry of Foreign Affairs
United Nations Development Programme (UNDP)
CEO and co-founder Ujuzi Kilimo
Better than Cash Alliance
Amref Flying Doctors
Center for Development Research - University of Bonn
International Livestock Research Institute
iCow app for farmers
Harvard Kennedy School
Center for Innovation - Leiden University
Golden Paddy
The Abdul Latif Jameel Poverty Action Lab
Duke Global Health Institute
PharmAccess
Ericsson AB
Hack the Planet
Kreditanstalt für Wiederaufbau
University of Salento
University of Vienna
Rikilt, Wageningen University & Research
Aarhus University
National Research Council - Institute of Sciences of Food
Production (ISPA)
National Research Council - Institute of Sciences of Food
Production (ISPA)

Ali Eftekhari
Hemraj Chhipa
Vicky Stone
Sunday Makama

Nanotechnology in Agricultural Production
Nanotechnology in Agricultural Production
Nanotechnology in Agricultural Production
Nanotechnology in Agricultural Production

Jimma University; American Nano Society
The Energy and Resources Institute (TERI) New Delhi
Heriott-Watt University
Former PhD candidate, Wageningen University & Research

Siddhartha Mukhopadhyay
Fabio Salamanca-Buetello

Nanotechnology in Agricultural Production
Nanotechnology in Agricultural Production
Nanotechnology in Agricultural Production
and Nano Technology in Water Treatment
Nanotechnology in Agricultural Production
and Nano Technology in Water Treatment
Nanotechnology in Agricultural Production
and Nano Technology in Water Treatment

Punjab Agricultural University
University of Toronto
Directorate-General for Environment, European
Commission

India
Canada

European Commission Joint Research Centre

Italy

University of Exeter

United Kingdom

Autonomous University of Zacacetas, Latin American
Nanotechnology and Society Network

Mexico

Koen Beumer

Nanotechnology in Agricultural Production
and Nano Technology in Water Treatment
Nanotechnology in Agricultural Production
and Nano Technology in Water Treatment

University of Groningen

The Netherlands

Willie Peijnenburg
Annemarie van Wezel
Bas Hofs
Benjamin Hsiao
Pedro Alvarez
R.G.H. Lammertink
Ilka Gehrke
Jonathon Brame
Nidhi Gupta
Robert Liang
T. Pradeep
Trust Saidi
Askwar Hilonga
Arup K. Sengupta
Bart Koelmans

Nanotechnology in Agricultural Production
and Nano Technology in Water Treatment
Nanotechnology in Water Treatment
Nanotechnology in Water Treatment
Nanotechnology in Water Treatment
Nanotechnology in Water Treatment
Nanotechnology in Water Treatment
Nanotechnology in Water Treatment
Nanotechnology in Water Treatment
Nanotechnology in Water Treatment
Nanotechnology in Water Treatment
Nanotechnology in Water Treatment
Nanotechnology in Water Treatment
Nanotechnology in Water Treatment
Nanotechnology in Water Treatment
Nanotechnology in Water Treatment

Leiden University; RIVM
KWR Watercycle Research Institute; Utrecht University
Evides
Stonybrook University
Rice University
NanoNextNL; University of Twente
Fraunhofer Institute
US Army Corps of Engineers
Imperial College London
University of Waterloo
Indian Institute of Technology Madras
Former PhD Candidate Maastricht University
Nelson Mandela African Institute of Science
Lehigh University
Wageningen University & Research

The Netherlands
The Netherlands
The Netherlands
United States of America
United States of America
The Netherlands
Germany
United States of America
United Kingdom
Canada
India
Zimbabwe
Tanzania
United States of America
The Netherlands

ONLY VALIDATION
Harinder Makkar

Insects as Livestock Feed

Italy

Yes

Roy Huijsmans
Cees Leeuwis

Mobile Services
Mobile Services

Animal Production and Health Division, FAO
International Institute of Social Sciences (ISS),
Erasmus University Rotterdam
Wageningen University & Research

The Netherlands
The Netherlands

Yes
Yes

Andrej Kobe
David Rickerby
Nazrul Islam
Guillermo Foladori

Organisation/ Institution
University of Copenhagen
Wageningen University & Research
Leibniz-Insitute for Agrotechnology & Bioeconomics
Ministry of Agriculture, Livestock and Fishery
International Centre for Insect Physiology and
Ecology (ICIPE)
AgriProtein (CEO)
Wageningen University & Research
Secretary of State for Environment, Food and Rural Affairs;
University of Durham; Proteinsect
Wageningen University & Research
Wageningen University & Research
Department of Environment, Food and Environmental
Affairs (DEFRA)
Minerva Health and Care Communications LTD
Protix (Co-founder), IPIFF
Wageningen University & Research

Figure A4: Expert List
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Country of Organisation
Denmark
The Netherlands
Germany
Kenya

Validation

Kenya
South Africa
The Netherlands
United Kingdom
The Netherlands
The Netherlands
United Kingdom
United Kingdom
The Netherlands
The Netherlands

Italy
The Netherlands
United States of America
Kenya
United Kingdom
The Netherlands
Germany
Kenya
Kenya
United States of America
The Netherlands
Myanmar
United States of America
United States of America
the Netherlands
United Arab Emirates
The Netherlands
Germany
Italy
Austria
The Netherlands
Denmark

Yes

Yes

Yes
Yes

Yes

Italy
Italy
Ethiopia,
United States of America
India
United Kingdom
Nigeria

Yes

Belgium

Yes

Yes
Yes (for
both nano
briefs)
Yes
Yes

Yes

ANNEX B: IMPACT MATRIX

direct links
indirect links

Insect Feed

SDG 2 Zero Hunger

2.1 By 2030, end hunger and ensure access by all people, in particular the poor
and people in vulnerable situations, including infants, to safe, nutritious and
sufficient food all year round

Links

Mobile Empowerment
Links

Nano Agriculture
Links

Nano WaterTreat
Links

2.2 By 2030, end all forms of malnutrition, including achieving, by 2025, the
internationally agreed targets on stunting and wasting in children under 5 years
of age, and address the nutritional needs of adolescent girls, pregnant and
lactating women and older persons
2.3 By 2030, double the agricultural productivity and incomes of small-scale
food producers, in particular women, indigenous peoples, family farmers,
pastoralists and fishers, including through secure and equal access to land, other
productive resources and inputs, knowledge, financial services, markets and
opportunities for value addition and non-farm employment
2.4 By 2030, ensure sustainable food production systems and implement
resilient agricultural practices that increase productivity and production, that
help maintain ecosystems, that strengthen capacity for adaptation to climate
change, extreme weather, drought, flooding and other disasters and that
progressively improve land and soil quality

2.5 By 2020, maintain the genetic diversity of seeds, cultivated plants and
farmed and domesticated animals and their related wild species, including
through soundly managed and diversified seed and plant banks at the national,
regional and international levels, and promote access to and fair and equitable
sharing of benefits arising from the utilization of genetic resources and
associated traditional knowledge, as internationally agreed
2a Increase investment, including through enhanced international cooperation,
in rural infrastructure, agricultural research and extension services, technology
development and plant and livestock gene banks in order to enhance agricultural
productive capacity in developing countries, in particular least developed
countries

b Correct and prevent trade restrictions and distortions in world agricultural
markets, including through the parallel elimination of all forms of agricultural
export subsidies and all export measures with equivalent effect, in accordance
with the mandate of the Doha Development Round
c Adopt measures to ensure the proper functioning of food commodity markets
and their derivatives and facilitate timely access to market information,
including on food reserves, in order to help limit extreme food price volatility

Figure B1: Topic links with targets SDG 2
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direct links

indirect links

Insect Feed
Links

Mobile Empowerment
Links

SDG 3 Good Health & Well-Being

3.1 By 2030, reduce the global maternal mortality ratio to less than 70 per
100,000 live births

3.2 By 2030, end preventable deaths of newborns and children under 5 years of
age, with all countries aiming to reduce neonatal mortality to at least as low as
12 per 1,000 live births and under-5 mortality to at least as low as 25 per 1,000
live births
3.3 By 2030, end the epidemics of AIDS, tuberculosis, malaria and neglected
tropical diseases and combat hepatitis, water-borne diseases and other
communicable diseases
3.4 By 2030, reduce by one third premature mortality from non-communicable
diseases through prevention and treatment and promote mental health and wellbeing

3.5 Strengthen the prevention and treatment of substance abuse, including
narcotic drug abuse and harmful use of alcohol
3.6 By 2020, halve the number of global deaths and injuries from road traffic
accidents

3.7 By 2030, ensure universal access to sexual and reproductive health-care
services, including for family planning, information and education, and the
integration of reproductive health into national strategies and programmes
3.8 Achieve universal health coverage, including financial risk protection, access
to quality essential health-care services and access to safe, effective, quality and
affordable essential medicines and vaccines for all
3.9 By 2030, substantially reduce the number of deaths and illnesses from
hazardous chemicals and air, water and soil pollution and contamination

a Strengthen the implementation of the World Health Organization Framework
Convention on Tobacco Control in all countries, as appropriate
b Support the research and development of vaccines and medicines for the
communicable and non-communicable diseases that primarily affect developing
countries, provide access to affordable essential medicines and vaccines, in
accordance with the Doha Declaration on the TRIPS Agreement and Public
Health, which affirms the right of developing countries to use to the full the
provisions in the Agreement on Trade-Related Aspects of Intellectual Property
Rights regarding flexibilities to protect public health, and, in particular, provide
access to medicines for all
c Substantially increase health financing and the recruitment, development,
training and retention of the health workforce in developing countries,
especially in least developed countries and small island developing States
d Strengthen the capacity of all countries, in particular developing countries, for
early warning, risk reduction and management of national and global health risks

Figure B2: Topic links with targets SDG 3
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Nano Agriculture
Links

Nano WaterTreat
Links

direct links

indirect links

Insect Feed

SDG 9 Industry, Innovation and Infrastructure

Links

Mobile Empowerment
Links

Nano Agriculture
Links

Nano WaterTreat
Links

9.1 Develop quality, reliable, sustainable and resilient infrastructure, including
regional and transborder infrastructure, to support economic development and
human well-being, with a focus on affordable and equitable access for all

9.2 Promote inclusive and sustainable industrialization and, by 2030, significantly
raise industry’s share of employment and gross domestic product, in line with
national circumstances, and double its share in least developed countries

9.3 Increase the access of small-scale industrial and other enterprises, in
particular in developing countries, to financial services, including affordable
credit, and their integration into value chains and markets

9.4 By 2030, upgrade infrastructure and retrofit industries to make them
sustainable, with increased resource-use efficiency and greater adoption of
clean and environmentally sound technologies and industrial processes, with all
countries taking action in accordance with their respective capabilities
9.5 Enhance scientific research, upgrade the technological capabilities of
industrial sectors in all countries, in particular developing countries, including, by
2030, encouraging innovation and substantially increasing the number of
research and development workers per 1 million people and public and private
research and development spending

a Facilitate sustainable and resilient infrastructure development in developing
countries through enhanced financial, technological and technical support to
African countries, least developed countries, landlocked developing countries
and small island developing States

b Support domestic technology development, research and innovation in
developing countries, including by ensuring a conducive policy environment for,
inter alia, industrial diversification and value addition to commodities

c Significantly increase access to information and communications technology
and strive to provide universal and affordable access to the Internet in least
developed countries by 2020

Figure B3: Topic links with targets SDG 9
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