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Abstract:  Risk perception and communication are amongst the most critical topics of our 
time, if governance is to be successful in helping to circumnavigate the identified complex 
risks and “wicked” problems.  But is there significant dissent within the scientific com-
munity about the pressing global environmental issues and energy challenges? Are the re-
lated risks perceived differently even amongst specialists from the northern and southern 
hemispheres, such as Europe and Australasia? We argue that there is a strong agreement 
within the scientific community on the problems that we face and that we share a similar 
vision for the challenges that should be prioritised.  
     So why is the broader community so slow to respond? Clearly there is a discrepancy 
between “us” and “them” in the risks perceived. It is our responsibility as well-informed 
scientists to bridge the gap and faithfully communicate with governments, industry and 
the public worldwide so that we can promote good governance and evidence-based deci-
sion-making.  

Keywords: Biodiversity, climate change, energy storage, energiewende, global challeng-
es, mining, resource efficiency, soil use, sustainability 
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1. Introduction 

Few topics are as hotly debated in the general community as environmental and energy 
issues [1]. It is often remarked – at least by the public and in mass media – that major 
disagreements exist about such globally important matters even between developed coun-
tries in the northern and southern hemispheres, for example Australasia and Europe. This 
work examines whether such an opinion is the result of divergent risk assessments or of 
differences in communication – possibly by specific stakeholders such as media.  

The emerging need for sustainable practices to limit the use of diminishing global re-
sources and/or to minimise “environmental collateral damage” has clearly established 
itself as an overarching theme that unites rather than separates scientists and engineers and 
an increasing number of citizens around the globe. Such a need is apparent across remark-
ably diverse fields, ranging from biodiversity to mining, and from combustion technology 
to physics. However, the implementation of measures to minimise environmental damage 
and exhaustion of resources clashes with the competing desire to grow world economies 
and to allow market forces to work through unfettered access to materials, minerals and 
habitats as a means to achieve relentless “economic growth”.  

The aim of this paper is to voice the collective insights gathered here amongst deci-
sion-makers, highlighting that there is indeed clear consensus within the scientific com-
munity about the environmental and energy issues facing modern society. Such consensus 
is a robust base for governance and risk communication. 

It is important to note that the time frame considered for the following evaluation in-
volves the next 35 to 90 years (2050 to 2100 AD). This may be seen as largely irrelevant 
to today’s decision-making processes – but it must be kept in mind that much of the infra-
structure that we invest in today has lifetimes of this order. Concentrating on any shorter 
time frame does not allow truly sustainable options to be thoroughly evaluated and makes 
it impossible to provide a faithful assessment of the risks involved. We shall discuss sci-
entific and societal challenges and resource perspectives and then revisit the global chal-
lenges to articulate a clear message about the largest risks that we perceive and how they 
should be addressed. Any success in this realm will at the same time ease the inevitable 
preoccupation related to political unrest, civil and other wars as well as other forces that 
displace entire populations. 

2. Scientific and Societal Challenges 

2.1 Is there a Common Understanding of the Key Challenges for Humanity and  
         Related Research Issues? 
The key challenges facing modern society, such as biodiversity, clean air, climate change, 
health issues, social equity, sustainable energy, water security are well known and essen-
tially incontestable. These have been described in detail in programs such as the Millenni-
um project [2]. Energy and environmental issues are always a core component of these 
challenges, and mostly these goals are linked to sustainability. The central concept of 
sustainability in its original definition from the Brundtland Commission in 1987 [3] illu-
minates the roadmap in an appropriate way and makes it unmistakably clear that there 
cannot be unlimited growth in a finite world [4]. Related development goals such as the 
Millennium Development Goals [5] or the Sustainable Development Goals [6] set out the 
necessary steps to be taken. Yet, why are we not taking the road marked sustainability? 

Comparing the above-mentioned goals and definitions with our true societal and na-
tional behaviour reminds us of the long way ahead in this respect. Expressed in challeng-
es, we need a focus on inter-generational as well as cross-national approaches to equity. 
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There seems little doubt that this could be reached if the global community truly agreed 
on the imperative despite the lip-service given by some countries and the abstention of 
others at key international events such as Kyoto 1997, …, Doha 2012, Warsaw 2013, 
Lima 2014 and Sendai 2015 [7]. Meanwhile, it appears largely unrealistic to expect a fast 
reaction of the global society – given not only key challenges other than environment and 
energy, but also current experience on how long profound changes in mindset take occur 
and be implemented. 

As societies we need to identify better means to address humanity’s ever-growing de-
mands for natural resources and energy without further compromising the environment. 
As one of the twelve principles of green chemistry [8], it is well accepted now in manu-
facturing that waste should be eliminated wherever possible, yet irremovable waste should 
also be treated as a secondary resource, and existing efforts to eliminate or recycle wastes 
need to be further enforced. Resource efficiency is a related term, which should be in the 
public mind given seemingly wasteful consumption of materials and energy. Looking 
closer at this issue immediately reveals that there is a certain worldview of the “econo-
my”, concerning the way that resources and the environment should be valued that almost 
predetermines an unsustainable use of resources. Such an economic view does not have to 
be hewn in stone and, increasingly, critical voices are emerging with constructive but as 
yet comparatively ineffective ideas on alternative views. A world population that is ex-
pected to continue to rise for at least the next few decades further exacerbates the chal-
lenge. This simple fact should be stimulating increased efforts for better solutions to pro-
duction, manufacture and consumption, in transport, energy, food and communication; the 
latter being addressable as “human interaction”.  

2.2 What Key Research Topics Today Support Decision-making for Future  
          Development ? 

Market-driven scientific and technological developments, such as algorithms for modern 
animated film production, have advanced much further and faster than those for a better 
and urgently needed understanding of applied areas, such as fluid mechanics and combus-
tion, needed across a broad array of resource-related challenges including atmospheric, 
climate and water science. Complex Earth models are but one example. “Amusing our-
selves to death” [9] well illustrates this disconnect between issues of true relevance 
(which may even be critical for our survival) and those that are irrelevant to humanity’s 
sustainable development. 

Renewable energy and energy storage in particular are very important topics, where 
real progress could be made if more research efforts were invested. Similar efforts are 
needed for subsequent improvement of the “future of mining”, where primary resources 
are retrieved without compromising the environment. There is some visionary work, and 
small-scale efforts do exist with regard to “sustainable mining”, but they are by no means 
sufficient to provide practical solutions that fundamentally change mining and extractive 
industry practices. The demands of a voracious stock market culture and the drive for 
dividends from investment dictate practice [10]. Environmental and sustainable resource 
considerations are seen as impacting negatively on the constancy of the demands of Re-
turn on Investment (ROI). 

The quest to promote more “sustainable cities” becomes a pressing issue with a grow-
ing world population in parallel with increasing urbanisation and the desire for an ever 
rising standard of living, which is predicated on more intensive energy use [11]. This 
encompasses not only city planning and infrastructural challenges but includes social and 
resource-related issues, since consumption of both energy and resources needs to be re-
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duced, while cities have to become more resilient to climate change and its diverse sec-
ondary effects such as fires, storms and floods. In many cities the economic and resource 
debate over freeway building versus public transport provision is an example of the con-
testability of resources and the frequent lack of assessment of resource implications in 
those decisions. 

Two other critical issues – food supply and security – deserve particular attention as 
they impact on water availability, soil degradation, and biodiversity. In fact, biodiversity 
underpins resilient ecosystems and it is these ecosystem services that ultimately deliver 
food production and potable water supplies, thereby closing an essential dependency loop. 

The adaptability of microorganisms to changes in environments also means that re-
sistance of antibiotics and other control measures threaten the health of populations across 
the globe. Our human inability to counter this threat calls for a major rethink of strategies 
to deal with what has become a growing health problem. 

2.3 What hinders Constructive and Successful Interaction between Science and  
           Society? 

Societies are typically conservative and risk-averse, and humans prefer routine, stable 
lives, following a trajectory that in general increases their well-being [12]. While humans 
are capable of changing direction (i.e., adaptation), they tend to do so only under the per-
ception of pressing forces rather than via “forward (or rational) thinking” (i.e., insight). 
Society therefore tends to be reactive rather than proactive. “We know what we have, but 
we do not know what we will get” or “One person does not make a difference anyway” are 
but two of the many ways this attitude can find individual expression. The obvious com-
plexity of major challenges, coupled with conflicting voices and messages from the “mer-
chants of doubt” [13], further illustrates the deep-rooted challenges we face as a society. 
Such complexity is directly related to the concept of “wicked problems” that defy any 
reliance on purely rational or technical solutions [14]. At the same time, socio-environ-
mental complexity prevents most citizens from gaining a deeper understanding of the key 
challenges. It has to be acknowledged that the “perspective of science” is but one way to 
obtain a worldview, one that competes with various others [14]. 

The concept of “critical mass” appears helpful in both understanding a) resistance to-
wards new, and possibly better ideas, and b) comparatively sudden changes in direction 
towards implementation. We humans are not necessarily rational actors, and become even 
less so, the more complex and emotionally attached (close personal involvement that shuts 
out rational thought) or emotionally remote (no direct personal involvement, comparative-
ly complex abstraction, etc.) the issues become. In this respect, the roles of governments, 
mass media and global social media networking deserve particular attention. When fo-
cused on short-term perspectives, driven by perceived power-keeping (politics) and eco-
nomic success (mass media), modern society’s internal mechanisms hardly promote con-
structive, foreseeing and longer-term perspectives that may challenge current understand-
ing and habits. This has been cited as a weakness of an otherwise highly desirable demo-
cratic system that may drive the system into gridlock, or resistance to change [15]. One 
such country, Singapore, has made deliberative coherent attempts through legislative 
requirement of citizens without typical policy discussion. Singapore is faced with a lim-
ited supply of natural resources and is implementing a national plan to reduce domestic 
water consumption by around 10 percent by 2030 (from 2015) [16]. 

There is an opportunity for science and societies to foster stronger international links 
and collaboration based on trust and jointly acknowledged challenges. This has become a 
partial reality in some scientific fields, such as space research (e.g., International Space 
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Station) and high-energy physics (e.g., Large Hadron Collider). Applied research and 
communication used to meet most of the global challenges, yet progress is not so obvious. 
Whereas such weaknesses are partly generated from within the science worldview itself 
(personal emphasis on being “a local hero rather than a global dwarf”), it should not be 
underestimated that it may not always be in the interest of political power-brokers to see 
their more focussed self-interests being questioned. A black-and-white vision is neither 
helpful, nor does it reflect reality. Since today’s generation is the first one on Planet Earth 
to have a much more comprehensive physical worldview, we should perhaps constrain our 
impatience and trust in the timely development of human understanding of the need for 
new solutions and the emergence of truly sustainable solutions. Towards this end, educa-
tion and the effective spread of factual knowledge are essential. 

3. Resource Perspectives 

The basic well-being of humanity depends on the provision of clean air, water, food, soil 
and energy, rather than, for example, the availability of rare earth elements, oil or photovol-
taic energy. In assessing the current environmental footprint of the human race and its 
further population increase into the mid-century (2050), it quickly becomes obvious that 
even those basics are increasingly at risk, despite major positive examples of progress from 
various corners of the globe. Therefore, this section focuses on the mineral and energy 
resources needed to encourage palatable changes for humanity over a time frame of the 
order of decades. By looking back over the past five decades it might be worth reminding 
ourselves that some significant and constructive change has already taken place, especially 
with regards to our understanding of Planet Earth and the anthroposphere [17].  

3.1 Foreseeable Resource Shortages 

While some economists seek to reassure society that “resource depletion” is not an ines-
capable issue (despite the fact that there is compelling evidence that we have reached “peak 
oil” and “peak phosphorus”), we can certainly say that a larger world population, seeking a 
higher standard of living with related increase in resource usage, substantially increases the 
challenge of resource provision. Some would claim that greater demand will almost auto-
matically increase efforts to find, develop and exploit resources of all kinds, or seek alter-
native sources (provided that someone pays the bills). However, ultimately we are restrict-
ed to this one finite planet for these resources, and the extinction of species, for instance 
through deforestation, will impact certain resource availability. One also has to accept the 
fact that, e.g., a polluted aquifer or polluted soil may take an uncomfortably long time to 
recover. We will also have to acknowledge that in some cases mineral and energy resource 
extraction takes place over a relatively extended period (many years, if not decades) before 
the desired materials can be used in industry and in consumer products. 

The periodic table (PSE) lists 92 natural elements, from hydrogen to uranium that we 
humans may make use of in a large variety of applications. Of these elements, about a 
dozen are referred to as major and minor elements, where abundance is less of an issue. 
Yet, these elements are of limited interest for most of our high-tech developments. These 
increasingly depend on the much larger group of trace elements, named for their primary 
scarcity in the natural environment. It is not helpful to discuss how many years a particu-
lar resource may last with current mining or processing rates. Such a focus deflects atten-
tion from the challenge that we face: increasingly more complex access is required to 
reach primary resources such as fossil fuels or minerals, independently of their natural 
occurrence [18]. This decrease in “ease of accessibility” drives not only costs, but also 
increases the risk of unwanted environmental (and other) outcomes.  
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3.2 The Future of  Mining 

The mining industry often exhibits a particularly conservative attitude, driven increasingly 
by needs for political stability, and favourable tax and environmental considerations. This 
partly relates to the rather long development cycles, i.e., the time from the first exploration 
effort to operation of a mine, which may easily span a decade or more. Although we will no 
doubt witness even more mountaintop and surface mining in the foreseeable future – 
though hopefully overseen by tough environmental standards, and subsequent remediation 
of such areas be secured – we will nevertheless see significant advances in both deep min-
ing and in “urban mining” (e.g., recycling). Both trends come with additional technical and 
environmental challenges with significant reliance on research outcomes. 

While mining over the past centuries, particularly in the 20th Century, has left very 
costly legacies in many places of the world, it is increasingly understood that there is an 
on-going necessity for mining. At the same time, the mining industry needs to adopt less 
polluting methods and has to have a smaller environmental footprint. It is a sobering fact 
that e.g., uranium mining by the German Wismut AG (formerly SDAG Wismut) has until 
now cost taxpayers a total of over 7 billion Euro (pers. communication with Dr. Mann, 
Wismut AG) – an amount higher than the sum of the GDP of the World’s fifty poorest 
nations [19]. Mining in the oceans and on and below the seabed has barely commenced – 
this may be the new mining (and environmental safeguard) “frontier”. 

A better-educated population that can also meet its own basic needs due to growing af-
fluence will likely place a much stronger emphasis on the control of any activity that may 
threaten environmental integrity. Short-term profits appear much less attractive as com-
pared to ensuring good opportunities for future generations – referred to as cross-
generational or inter-generational equity. Yet, not all business and governments necessari-
ly share this vision. Cooperative and non-exploitative investment by nations that are fi-
nancially better off and more technologically capable in those regions that are still devel-
oping will have huge benefits globally if undertaken with cultural sensitivity. 

While concrete challenges vary to a greater or lesser extent between nations and even 
continents, we are well advised to improve knowledge and technology in safe deep-
drilling, robotics, fracking and in-situ biohydrometallurgical techniques that minimise or 
preferably exclude detrimental environmental impacts. Future mining will have to be a lot 
more sophisticated and demanding than anything most people realise, when using today’s 
mining industry as background. Starting with more precise and more deeply penetrating 
exploration tools as well as three-dimensional imaging of deposits, future mining will 
likely be driven from the downstream stages (metallurgy and processing), rather than the 
upstream (the extraction itself). While this appears quite possible, it nevertheless must be 
realised that the costs involved will steadily rise, making primary resources and their min-
ing more and more expensive. Deep-water or seabed mining is even more of a technical 
and environmental challenge, and commensurately more risky and expensive, as is well 
illustrated by recent deep-sea petroleum drilling accidents. 

These facts in turn motivate and promote the re-use and recycling of secondary re-
sources. Resulting parallel approaches and challenges include new pathways for mechani-
cal, and chemical engineering and for mineral processing. Certainly, we are aware of 
potential processes that appear technically feasible and potentially attractive alternatives, 
but many of the current ideas are energy-intensive and thus are not necessarily sustainable 
in the long-term, when considered at from a total cost perspective.  
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3.3 Foreseeable Energy Shortages 

While we agree that there will be a decrease in “exploitable” fossil fuel resources, albeit 
within rather differing time frames, we also consider that energy shortage may not be the 
most pressing issue [20]. The ongoing development of regenerative energy technologies 
will certainly be able to compensate for many conventional energy supplies [21]. Serious 
challenges remain, when thinking for instance about fuel for transportation and other 
high-density energy consumed by smelters, production plants and other technologies. We 
need to consider the absolute necessity for some activities, such as mining of the rarer and 
more difficult-to-obtain elements that are not yet recycled to any appreciable degree, but 
which are urgently needed for renewable energy technologies. The rather pressing issue of 
energy storage (see below) is another example of the increasing demand for so-called 
high-tech metals, such as a number of Rare Earth Elements (REE), indium, germanium 
and gallium. If mankind settled on nuclear energy as a bridging technology (since uranium 
and thorium are comparatively scarce), we should again be aware of the demand of com-
paratively rare and expensive materials needed for safe nuclear energy development, use 
and subsequent storage of waste. 

Although coal (both lignite and anthracite) is more abundant than the other fossil fuel 
resources, this raw material (especially lignite) is inappropriate for many types of combus-
tion and will more likely replace oil as a source of the vast amount of essential and desired 
plastic products. With the growing world population and likely a significant increase in 
energy demand over the next few decades, biomass-to-fuel conversion options appear far 
less promising than previously anticipated. Although the technology may well serve se-
lected applications, particularly at sites where there is no conflict with food production 
(such as devastated land, brownfields) or where activities such as short-rotation forestry 
may even be beneficial in the mid-term, it is highly unlikely that biomass could fulfill the 
very large high-density energy demand that we undoubtedly will be facing. 

It must be emphasised that the laws of thermodynamics limit the energy derived from 
the combustion of fuels. Research in the last century has led to a gradual approach to-
wards the limits imposed by these laws, but there is still a considerable gap between what 
can be, and what is being achieved. Research in the fields of combustion and material 
science in the last four decades has led to significant reductions in energy consumption 
and production of pollutants but this work is still only just the beginning of what could be 
achieved through further research and development. 

We strongly believe in greater investment in more scientific research to seek intelli-
gent solutions for the renewable-energy sector as well as on environmentally clean solu-
tions for fossil fuels to ease the transition to “low carbon” energy systems. It appears par-
ticularly sensible to develop more decentralised solutions and mobile energy supplies. 

3.4 Energy Storage Development 

Humanity is currently wasting vast amounts of energy due to inflexible electrical distribu-
tion systems and an appalling shortage of efficient electrical, hydrogen and other energy-
storage options. While “smart grids” are on the way and will help to address the energy 
distribution challenge to some extent, more decentralised design structures are required 
and will come with many advantages for standard energy requirements. These include 
simple (rechargeable) battery power and hydrogen storage devices for appliances of all 
sorts to more energy-intensive demands such as vehicles and transport options (except for 
aircraft). There is also a need to address smart grid applications at a less extensive scale in 
the built environment where humans spend the majority of their time. The construction 
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industry is significant in all world economies yet change to smarter resource allocation in 
many of those buildings is often seen as less important than size and impact. ROI is seen 
as the ultimate driver for construction projects irrespective of their resource and/or energy 
impact. 

Safe longer-term storage options and portable device/solutions with various capacities 
are needed to make the most efficient use, particularly of decentralised renewable energy 
production. It goes without saying that such solutions appear to contradict certain eco-
nomic interests and that energy prices may well increase further. Yet this will be only one 
aspect of a rather wide range of paradigm changes needed if society is to face the energy 
challenges of the future in a constructive fashion. 

Future research direction requires considerable creativity and experience, since solu-
tions, or at least steps towards better solutions are already needed today. When traditional-
ists contest this model as not being viable, they should attempt to calculate the demand in 
materials needed to supply the entire world with energy distribution and storage infra-
structures needed today in the more advanced industrial countries. 

Instead of attempting to “pick winners” by backing a single option, such as fuel cells, 
or better batteries, or pump and storage, or gas/coal conversion, a broad portfolio of op-
tions will be essential to ensure that individual and local needs are being addressed in a 
resource-efficient and energy-efficient way. It might even be helpful to provide checklists 
and concrete measures (rated for their demonstrated efficiency and true sustainability for a 
specific region or background) that support decision-making, e.g., [22]. 

4. Global Challenges Revisited 

4.1 Global Climate Change 
The Intergovernmental Panel on Climate Change (IPCC) has publicised the key facts on 
climate change. Its statements on the physical state and behaviour of the climate system 
may, if anything, be rather on the conservative or optimistic side. One of the key conclu-
sions in the summary for policy-makers of the most recent report is that “Warming of the 
climate system is unequivocal, and since the 1950s, many of the observed changes are 
unprecedented over decades to millennia. The atmosphere and oceans have warmed, the 
amounts of snow and ice have diminished, sea level has risen, and the concentration of 
greenhouse gases have increased” [23]. Clearly it is more important than ever to enhance 
research into all aspects of climate science including measurements as well as modelling 
to provide a better understanding of the Earth System. At the same time, because climate 
change is already impacting many regions of the planet it will be imperative to investigate 
and promote options for adaptation to mitigate loss of life and biodiversity. It is also im-
portant to note that climate change is already leading to severe economic impacts globally, 
which are projected to increase in the future [24]. With projected population increases it 
will be essential to implement sustainable economic practices and energy and land-use 
techniques that do not further exacerbate human-induced climate change. 

This can be viewed as an opportunity for change rather than just a burden or threat 
[14]. Knowing that it is very important that we adapt can be perceived as a motivation and 
a challenge to develop better solutions for future resource usage and for energy systems, 
leading to overall improvements in global sustainability and the wellbeing of societies.  

4.2 Biodiversity 

Public perceptions of biodiversity often appear somewhat distorted, or based on a lack of 
knowledge. Preserving biodiversity is seen by many either as a “romantic” notion of 
wealthy Western people harking back for a pre-industrial world, or as an expression of 
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“not very well-grounded people” elevating this topic above presumably more pressing 
ones, such as combating poverty or improving health services. It could be argued that 
biodiversity is of no value in itself but that the larger the biodiversity on the planet or in a 
system, the more robust this system usually is and the more resilient it is to outside forces 
of change. Biodiversity is therefore an expression of the “state of health” of a system with 
respect to food chains, trophic interaction, etc. [25]. This has practical implications for 
humans. The higher the level of biodiversity, the better is the resilience of an ecosystem or 
biome, and thus the more capable the system is of delivering its so-called “ecosystem 
services”. These services often translate for humans into fertile soils and seas, and cheaper 
production of livestock or agricultural products (since less fertilizer and pesticides may be 
needed), and into new drugs and medicines, leisure and aesthetic products. 

The discussion about how many species may become extinct per unit time appears 
more interesting for news headlines than helpful for decision-making and serious discus-
sion. Loss or gain of biodiversity in a given system is a sensitive indicator of the stability 
of that particular system; often more powerful than technical sensor-derived data. Measur-
ing this indicator may help to monitor and explain changes and ecosystem adaptation to 
external and internal pressures. In addition, we appreciate that the dimension of biodiver-
sity and its trend (decrease or increase) is equivalent to the dimension of the related gene 
pool, which in turn reflects the resilience of a system to stress. “Even after centuries of 
effort, … results suggest that some 86% of existing species on Earth and 91% of species in 
the ocean still await description” [26]. 

Given our exponentially increasing knowledge of genetics, we may acknowledge at 
this point that another benefit of high biodiversity lies in better opportunities for finding 
improved medication and pharmaceuticals, and of being able, for example, to remediate 
devastated habitats on land or in water bodies. 

With an increasing world population and hence increased strains on ecosystems, and 
particularly natural landscapes, it appears axiomatic that many more biosphere reserves, 
national parks and corridors for species migration are required to support and safeguard 
species diversity in both continental and marine environments. 

4.3 Sustainable Soil Use 

Soils may be one of the most underrated and sometimes even disregarded environmental 
resources, given public perception and discussion. The first evidence of soil misuse can be 
identified in Bronze Age practices, when erosion rates multiplied for the first time, and 
valuable soil material was transported into adjacent rivers and streams and was thereby 
lost to agricultural production [27]. However, low population pressure meant that large 
parts of the continental surface remained fairly intact. In contrast, both the spread of ur-
banisation and monocultural land-use practices compromise sustainable soil use. Losses 
of soil biodiversity through pesticide application in agricultural and garden environments, 
and also of soil fertility through decreased carbon and other nutrients have become in-
creasingly pressing issues. Strip mining and encroaching urban developments over fertile 
soils further contribute to large-scale degradation of the soil resource.  
     Soil conservation and preservation are essential if we consider the catastrophic conse-
quences of depleted soils. Experts know how and what to do to attain the sustainable use 
of soils, and not to deplete or enhance soil carbon stocks and soil fertility in concert. Yet 
such usage demands longer time perspectives and management, and is not necessarily 
compatible with fast turnover rates and the highest possible agricultural yield sought per 
spatial unit. Conserving agriculture is more demanding in terms of expertise than conven-
tional agro-industrial practices – and it goes without saying that no single universal prac-
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tice can be recommended. Appropriate and adapted solutions need to be found for any 
specific climate, soil type and many other related variables. 

5. Conclusions 

While the risks perceived to our planet are almost unanimously agreed upon within the 
scientific community, the communication of and responses to those risks deserve much 
more attention. We believe that the ideas explored here provide an overarching focus on 
how research and development funds should be allocated, if we are to deflect the jugger-
naut of “development at any cost” from its destructive path. 

The consensus is that the Millennium Project as well as the Sustainable Development 
Goals (SDG) define a widely agreed set of challenges for scientific research and discovery 
– and for risk governance. In the light of wide international input to this project and the 
consensus implied by it, efforts can and should be focussed on the development and im-
plementation of solutions rather than on further debate about the existence of such chal-
lenges. The scientific community, if given the opportunity, can make significant contribu-
tions towards these challenges. Research directed by political will may be a lot less effi-
cient and successful, however, than trust in a broad portfolio of options that cover the vast 
diversity of local and regional demands. Decision-makers may test our scientific claims by 
assessing answers on a set of critical questions [28]. In this way, a range of different yet 
complementary solutions can be developed. Their overall impact needs to be evaluated and 
compared to the accepted SDG to map progress and to optimise the choice of solutions. 

The topics “renewable energy and energy storage”, “sustainable mining”, “sustainable 
urban development”, “food supply and security” and “human health” are the most press-
ing key issues. The common theme of these challenges is the emerging need to maintain 
sustainable practices to limit the use of diminishing global resources and/or to minimise 
“collateral environmental damage”. A clear need exists for simultaneous research and 
evidence, and the testing and implementation of solutions to problems facing humanity 
and our planet. An excellent starting point for change is not to attempt to deny the use of 
resources, but to make better use of them until alternatives of a sustainable nature can be 
discovered and developed. Increasingly more complex access is required to reach primary 
resources such as fossil fuels or minerals, independent of their natural occurrence. Future 
mining will have to be a lot more sophisticated and demanding than anything most people 
may realise. 

Indications are that societal values and economic systems will have to adapt, with the 
emphasis shifting from ownership and consumption to usage and recycling. At the same 
time, the social, political and economic topic of limiting global population growth needs 
to be debated intensely on a global scale – to allow for a transition to sustainable econo-
mies. We are restricted to this one finite planet for any resource, and all of the global 
challenges will impact resource availability. A larger human world population, seeking a 
higher average standard of living, will substantially increase the challenge of resource 
provision. 

We strongly believe in greater investment in more scientific research on intelligent so-
lutions for the renewable energy sector as well as on environmentally clean solutions for 
fossil fuels to ease the transition to “low carbon” energy systems. It appears particularly 
sensible to develop more decentralised and mobile energy supplies, as well as efficient 
electrical, hydrogen and other energy storage options. Instead of placing all stakes on 
“apparent winners” and backing single options, a broad portfolio of options will be essen-
tial. Even checklists and independently rated concrete measures might be needed to sup-
port sustainable decision-making. 
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The global challenges, reviewed briefly in this paper, yield an important message, 
namely that they may be viewed as an opportunity for change rather than a burden or 
threat, if we wish to meet the challenge of developing better solutions for future resource 
usage and energy systems, leading to an overall improvement in global sustainability and 
well-being of societies. 
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