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01 Introduction

According to the IPCC, the earth is warming.
Most of the observed increase in temperatures since the mid-20th century is very likely due to
the recorded rise in greenhouse gas (GHG) concentrations caused by human activity.
Temperatures will continue to rise, increasingly affecting the earth’s climate. Towards 2030,
these changes will be experienced directly through more frequent instances of extreme and
volatile weather. Further in the long term, 2030-2100, rise of sea levels and desertification are
also likely. Anthropogenic warming and sea level rise will continue for centuries due to the
timescales associated with GHG concentration lifetimes, climate processes and feedbacks.
Emission reduction in line with the Paris Agreement will help alleviate the worst consequences
of rising temperatures but would still put us on a 3-3.5 degrees trajectory.
To meaningfully consider the complexity and ambiguity of the global climate change challenge,
one must holistically consider the interconnected ways in which the world operates. At the
Copenhagen Institute for Futures Studies (CIFS), we work with a framework of 14 megatrends,
which in their complex interactions drive structural changes and shape the world today and of
the future. Megatrends are sustained and powerful macroeconomic, socioeconomic,
technological and environmental forces that impact business, economy, society, culture and
personal lives.
Among the most prominent megatrends, the following will significantly shape the climate
change agenda towards 2030 and beyond, to 2050:

Technological Development is perhaps the most significant source of change in modern
society. Technological innovation and diffusion give us new ways to address existing
challenges and have the potential to lead us to new climate change solutions and boost
climate action. In recent years, climate technologies have been deployed on an
unprecedented scale around the globe, particularly renewable energy technologies, which
are now often in competition with fossil fuel options.
Demographic Development in the form of e.g. global population growth (mainly driven by
developing countries), rapid urbanization and increasing migration will significantly change
the world’s consumption demand patterns in ways that fuel man-made climate change. While
cities are engines of economic growth that have lifted millions from poverty, they are also
drivers of climate change, with overwhelming emissions. Hence, the role of cities will be
decisive in terms of remedying climate change.
Economic Growth and Globalization are strongly interlinked as defining drivers for climate
change. In a growing and globalized economy, the balance between environmental and
economic sustainability will have to be carefully handled to mitigate climate change. While the
impact of the financial crisis still lingers, global economic expansion is expected in the
coming decades, as a growing global middle class in emerging economies continues to shift
to Western patterns of consumption. For the same reasons, a rebalancing of economic and
political power is underway, changing the dynamics of the global geo-political landscape. The
globalized and interdependent world requires more unified responses to existing and
emerging political, environmental and social challenges, as highlighted by the UN
Sustainable Development Goals (SDGs).
Increased Focus on Sustainability as a driving force is dependent on personal beliefs,
attitudes and interests, and varies a lot between regions, since people in the developed world
generally have better opportunities to focus more on sustainable consumption. This driving
force appears rather unstable and uncertain in the short term, as the ‘environmental
hypocrite consumer’ is alive and well, and considerations of economic growth, prosperity and
convenience continue to pull in the opposite direction. However, as the effects of climate
change become more and more apparent, this driving force is likely to grow stronger in the
medium and longer term.

Sources: Klimarådet. CIFS.
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We have come to a crossroad.
The ways of the past can no longer sustain and promise prosperity for the future. The use
and diffusion of technology that is more than 100 years old – the combustion engine, coal
power plants, etc. – have had a detrimental impact on the climate. Changing established
structures is a difficult but necessary task. Addressing it entails rethinking and potentially
redesigning our way of life in order to ensure necessary adaptability and to slow down the
warming of our planet.
It is in no way an exaggeration to say that climate change is the biggest challenge of our
generation and of the one that follows. An increase of 1.5 degrees puts the global carbon
budget – the remaining amount of carbon we can emit into the atmosphere before we
exceed the 1.5 limit – at 420-570 gigaton. The global emission is around 53 gigatons a year.
In other words, we have 8-11 years left before we pass the 1.5 threshold.
In effect, the rich world will need to offset as much CO2 as the developing world will emit
through the process of economic growth, and in doing so, get technologies down to a price
point that will make it possible for developing countries to leap frog and make use of cheap
modern sustainable technologies. Waiting for developing countries to move through the same
phase that developed countries have, until they reach a point where GDP growth and CO2
emissions decouple – as is the case in many Western countries – will vastly exceed the
carbon budget.

It is not a solution to assume that people in developing countries will deviate from the pursuit
of better living standards and higher consumption. Nor is it realistic to assume that the
developed world will give up a way of life that we have come to love, and drastically change
our habits (e.g. stop flying or radically switch diets) in 10 years’ time. In other words,
behavioral change is slow and we will also need to develop atmospheric carbon dioxide
removal technologies (CDR) that can extract GHG from the atmosphere. Currently such
technology includes carbon capture & sequestration (CCS), but it is an expensive solution.
CO2 sequestration through forest regeneration is an obvious choice, but CO2 compensation
through forest regeneration is not sustainable and takes time. There is simply not enough
land to both ensure forest to compensate for our CO2 emissions and feed people from
agricultural land use, at the same time. CO2 compensation through forest regeneration
should be reserved for the emissions that we cannot technologically reduce. The same goes
for bioenergy, which if used should only come from oceans or from biowaste.
Sources: Klimarådet.
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The rise of renewables.
Renewables are now competing with fossil fuels. This is radically changing the dynamics and
structure of the energy system. Renewables are seeing bigger investments than fossil fuels
and over 1000 institutions worth almost €7 billion have committed to divest from fossil fuels,
including The World Bank, AXA, and ING. The progress has led to renewables outcompeting
fossil fuels, and electric vehicles will in all likelihood be more competitive than combustion
engines in personal vehicles, before the end of the next decade. This entails a radical shift of
the entire system, one that is felt across all sectors, in part due to its impact on
transportation. To fully take advantage of this transition, the problem of energy storage needs
to be solved.

Consumer advocacy.
The impact of climate change has become more apparent in the every day lives of
consumers. Forest fires, floods, and weather abnormalities all contribute to an increased
awareness of the changes happening to the climate. This is creating and supporting a
“green” movement that is demanding action to be taken, but also often emotional responses
less anchored in facts. For example, over the years, environmental advocates have promoted
the idea of buying local produce, as it reduces transportation costs. The problem with such
an approach is that it is often overly simplistic and leads to sub optimization, as it does not
account for such factors as land use, fertilizer use, or the types of energy sources used to
run agricultural machinery. All of these can potentially have more serious environmental
consequences than transportation. Sustainability-conscious consumers may find climatefriendly options counter-intuitive and may also vote and act accordingly – increasing the risk
of non-science-based policy making. Consumer advocacy and political responses need to be
married to rigorous life cycle analysis, the results of which need to be made easily available,
otherwise we risk doing more harm than good despite the best of intentions.

03 Cross-sectoral findings

Taking the holistic view.
Climate change is not the only problem the world faces. Consequently, mitigation actions
should take into account possible negative implications on other Sustainable Development
Goals (SDGs). Trying to strike the right balance is very hard and will require a holistic
perspective.
A new green economy will require new ways of capturing value through innovative business
models and new partnerships to overcome existing barriers. These business models will
often include multiple revenue streams throughout the lifetime of a product and uprooting
existing practices, putting a much greater emphasis on cross sectorial partnerships. A more
symbiotic approach to production, where waste is seen as a resource, will also require
change to existing policies and incentive structures (e.g. tax systems).

Carbon leakage.
The urgency needed to make the 3 degree threshold, let alone a 2 or 1.5 degree of warming,
is confounded by the fact that a unilateral national or regional increase in environmental
regulation, with the aim to reduce GHG emissions, could see emission-intensive production
relocate to less environmentally restrictive countries, which undermines the endeavor and
maybe even risks exacerbating the problem. This makes for a piecemeal approach to
emissions reduction unviable, as it is in disaccord with the urgency of responses needed to
reduce the warming of the entire planet. National or even regional solutions will have a hard
time solving a global problem.
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Adaptation.
The impacts of climate change will be witnessed through increased number of extreme
weather events (hurricanes, droughts, wildfires and floods) as well as through gradual
changes to the environment. These changes include invasive animal species, changes to the
biosphere, changes to the tree line, coral bleaching etc.
Climate change may impact peoples’ livelihood, increase forced migration, manage
infrastructure and cause greater global food price volatility. On the existing trajectory the
impact of climate change is expected to increase with time and include losses to property,
livelihood, service provision, ecosystems and environmental resources.
A 2016 study by the European Commission estimates that damages caused by climate
extremes to critical infrastructures and key investments in the energy, transport, industrial,
and social sector could multiply six-fold by mid-century.
In the short to medium term the direct exposure to climate change is however expected to be
limited across most sectors. Impact will predominately affect supply chains through
disruption to transport and power supply. The sectors that will be impacted most by direct
exposure are agriculture and forestry.
The devastating effect on buildings may actually create business opportunities for
construction, as better housing structures as well as more wind and water-resistant
constructions will be in demand.
The cost of mitigation will mainly be suffered by governments e.g. construction dikes, disaster
risk management and water management etc.
The financial sector and investors too will be exposed to climate change implications. To help
investors navigate mitigation and adaption actions, the EU Commission is working on
measures for sustainable finance, creating a unified classification system on what can be
considered an environmentally sustainable economic activity. These initiatives include
disclosure obligations on how institutional investors and asset managers integrate
environmental, social and governance factors in their risk processes, creating a new
category of carbon footprint benchmarks for their investments.

Sector overviews
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Global emission reduction potential by 2030 by sector
Mean reduction potential (GtCO2e) at cost below 2017 USD100/tCO2e, not corrected for
overlap

REDUCTION POTENTIAL IN SECTORS.
According to the UN, the global emission reduction potential towards 2030 is 38 GtCO2e –
the greatest in the energy sector (33%). Industry and agriculture share of reduction potential
is 16% each. Forestry is 12%, building 13% and transport makes out 10% of reduction
potential. Each business will have value chains that cut across the IPCC’s sectors approach.
As an example, the fashion industry is responsible for producing 10% of global CO2 – more
than the emissions of all international flights and maritime shipping combined. It is also
responsible for 20% of global wastewater, and the amount of clothes discarded every day
can fill 1.5 Empire State Buildings. This highlights the need to look across value chains and
across several SDGs for solutions. Key to successful mitigation actions in a particular sector
is the positive side effect on other areas. In fact, studies show that national governments are
already addressing climate change in the context of other national priorities. These include
supply security, reducing adverse health effects of air pollution, etc.
NB! Forestry will be included in the ‘Agriculture’ sector overview.

Sources: UN Environment Emission Gap Report 2017. World Economic Forum. IPCC (2014).

04 Sector overviews
Potential emission reduction solutions

Energy.
The majority of GHG emissions are related to the burning of fossil fuels for energy use. The
energy sector supplies other sectors with energy. Consequently, reduction of energy-related
emissions can happen either from the supply side through e.g. fuel switching and efficiency
gains, or from the demand side through e.g. energy savings. The energy supply sector
covers energy extraction, conversion, storage, transmission, and distribution processes that
deliver final energy to the end-use sectors.
The burning platforms in the sector are predominantly:
• Electricity production is the biggest emitter of CO2, and demand growth is being driven by
developing nations’ economic growth, but both the developed and developing countries
are investing heavily in decarbonization, primarily through growth in solar and wind power
generation.
• Climate change will mean increasing global temperatures, increasing the energy demand
for cooling, a demand that is already expected to experience strong growth due to
economic growth in developing countries. 40% of global heat production is coal based.
Renewables, waste and geothermal make out only approx. 8%.
• Energy demand savings cover 40-90% of emission reductions in the IPCC scenarios.
Regulation will be aimed at reducing the amount of energy used by end users via
consumer goods and behavior. These are especially aimed at insulation improvements in
construction, lighting and more fuel-efficient vehicles (see also housing and transport).
Regulation will need to balance a policy of incentivizing the consumer to make proper
decisions, with introducing new standards for the energy production industry.

Prices on renewables have come down so they are now competitive with fossil fuels.
However, the energy infrastructure, which is to be primarily fossil fuel based, needs to be
adapted to the much higher concentration of renewables as part of the overall move towards
electrification of the energy system and fossil fuel decoupling. The mitigation potential from
solar and wind energy combined exceeds that found in any other sector (transport,
agriculture, or industry sectors). Renewable technologies include heating pumps and solar
heating, which work well in district heating as well as in individual households. Both are
technologies that work well in a Danish context.
Electrification of the energy infrastructure will require storage capacity both for the short term
(e.g. lithium) and long term (e.g. thermal storage in rock), some of which can also function as
a fuel (Power2X: e.g. methanol, ammonia, hydrogen). Power2X allows for energy storage
through conversion of excess electricity, in particular from fluctuating renewable sources
such as wind, into other energy forms. This effectively increases flexibility in the system and
the fuels can be used in heavy transport like trucks and ships. Without a higher price for
carbon however, hydrogen and methanol production remain too expensive and ammonia is
poisonous, making it less viable for use in transport. Bioenergy is relatively inexpensive, but it
competes for land that is needed for food production, and hence should mainly be used as a
waste product, or sourced from the oceans.
Carbon capture sequestration (CCS) and carbon capture utilization (CCU) are technologies
that capture CO2 emissions produced from the use of fossil fuels in electricity generation and
industrial processes. The carbon can either be stored underground (CCS) or used as an
input source in chemical processes (CCU: textile dying, methanol production or enhanced oil
recovery). If current trajectories of CO2 emissions continue, technologies that extract CO2
from the atmosphere will likely be necessary. CCS with renewable biomass (BECCS) is one
of the few carbon abatement technologies that can be used in a 'carbon-negative' mode.
Denmark has a relatively high share of CO2 emission from biomass used in district heat
production. Using BECCS, however, is very expensive and by the time the price point
reaches an acceptable level, use of the technology may already have been phased out.

Sources: Klimarådet. IPCC (2014).

04 Sector overviews
Potential emission reduction solutions

Industry.
Industrial activities relate to the production of physical products (e.g. cars, agricultural
equipment, fertilizers, textiles, etc.), ultimately delivering final services that satisfy human
needs. As global population, wealth and hence end demand for such services continue to
grow, so do the global industry-related emissions (avg. 3.5% p.a. between 2005-10), nearly
doubling since 1970. These emissions exceed those from other end-use sectors such as
buildings or transport, despite industry’s declining share of global GDP. Following economic
growth, an increase in domestic consumption and coupled with the manufacturing
outsourcing waves, the origin of industry emissions is dominated by Asia (52% of global in
2010). Emissions from industry arise mainly from material processing, i.e., the conversion of
natural resources (ores, oil, biomass) or scrap into materials stocks which are then converted
via manufacturing and construction into final products to meet human demand.
Another industrial process is waste management. Globally, only 20% of municipal solid waste
(MSW) is recycled and approximately 13.5% is treated with energy recovery, while the rest is
deposited in open dumpsites or landfills. Approximately 47% of wastewater produced in the
domestic and manufacturing sectors is still untreated.
The burning platforms in the sector are predominantly:
• Energy efficiency is not living up to its own existing potential. Despite long-standing
attention to energy efficiency in industry, many options for improvements remain
unexploited, including deployment of best practice.
• There is still uncertainty, incompleteness, and lack of quality in data available on energy
use and costs for specific technologies on global and regional scales that can serve as a
basis for assessing performance, mitigation potential, and costs. The data is a vital
element in developing policies and programs with higher confidence. Bottom-up
information on cross-sector collaboration and demand reduction, as well as their
implications for mitigation in industry, is particularly limited.
• Pace of mitigation will remain limited and unless barriers to mitigation are resolved, even
profitable measures will remain untapped.

Energy intensity could be reduced by up to 25% through upgrading and deployment of best
available technologies, particularly in countries which lag in this respect. Additional 20%
reductions may be realized through innovation, before approaching technological limits in
some energy-intensive industries. Barriers to implementing energy efficiency relate largely to
the initial investment costs and lack of information.
Reducing demand for new and replacement products, which is a significant driver of activity
and GHG emissions in industry. Extending product life and use could reduce product
demand without reducing the service. Emission reductions can also stem from lifestyle and
demand changes (e.g. for food, textiles). The barrier to such solutions is a lack of experience
with implementation of mitigation measures, and often there are no clear incentives for either
the supplier nor the consumer to pursue the behavioral change.
Shift to low carbon electricity, radical product innovations (e.g. alternatives to cement), or
CCS. Once demonstrated, sufficiently tested, cost-effective, and publicly accepted, these
options may contribute to significant climate change mitigation in the future. Barriers to
material efficiency include lack of human and institutional capacities to encourage
management decisions and public participation.
Opportunities for non-CO2 gas emission mitigation such as reduction of hydrofluorocarbon
(HFC) emissions by leak repair, refrigerant recovery and recycling, and proper disposal and
replacement by alternative refrigerants (ammonia, HC, CO2). Nitrous oxide (N2O) emissions
from adipic and nitric acid production can be reduced through the implementation of thermal
destruction and secondary catalysts. The reduction of non-CO2 GHGs also faces numerous
barriers. Lack of awareness, lack of economic incentives, and lack of commercially available
technologies (e.g., for HFC recycling and incineration) are typical examples.
Mitigation in waste management through waste reduction, re-use and recycling, and energy
recovery. As the share of recycled or reused material is still low, waste treatment
technologies and energy recovery can also result in significant emission reductions from
waste disposal. Reducing emissions from landfilling through treatment of waste by anaerobic
digestion has the largest cost range, going from negative cost to very high cost. Advanced
wastewater treatment technologies may enhance emission reduction but they tend to
concentrate in the higher costs options.
Sources: IPCC (2014).
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Agriculture.
Agriculture and climate change are closely interrelated. On one hand, agriculture accounts
for approx. 24% of GHG emissions worldwide (20% of Denmark’s emissions) and on the
other hand, agriculture is substantially impacted by climate change. Crop yields are
increasingly impacted by higher average temperatures and precipitation as well as by
weather extremes (e.g. storms and drought). The effects are unevenly distributed across the
world, but are most pronounced in low latitude countries. While moderate local crop yield
increases can be expected with warming up to around 1°C, stronger warming might lead to
significant harvest losses worldwide across all major crops from the mid-century onwards.
Combined with increasing world population, this is expected to lead to food shortages and
price increases. The impacts of global warming are likely to hit poor and developing countries
hardest, whereas industrialized nations in temperate climate zones will be less severely
affected. Agriculture in its current form is increasingly considered a major driver of climate
change and as an unsustainable system with many deficiencies.
The burning platforms in the sector are predominantly:
• Livestock production, in particular cattle farming, is the biggest source of emissions in
agriculture. Enteric fermentation in cattle and sheep contributes to 37% of anthropogenic
methane emissions, and livestock production uses 30% of the planet’s land surface. An
additional concern is that ruminants have the most inefficient feed conversion ratio in
comparison to e.g. poultry or pigs.
• Other emission contributions come from fuel-intensive agricultural practices, intensive
tillage, NOx emissions from fertilizer application, manure and peat land degradation.
• Deforestation and conversion of wetlands into land for crop production and grazing is
another significant contributor of GHG emissions. Continued deforestation has decimated
the planet’s forests, whereby the earth-system is increasingly deprived of a major carbon
sink.
• Post-harvest losses worldwide are estimated to be in the range of 20%. They are the
result of inefficient storage, transport and processing of agricultural produce.

Potential emission reduction solutions
Increasing crop resistance to climate change. Breeding programs as well as state-of-the-art
genetic modification (GM) technologies such as crispr-cas9 can be used to develop more
heat-, drought- and pest-resistant varieties. While breeding and GM technologies have
become much more efficient, there is still public resistance and restrictive regulation to be
considered as barriers – especially in European countries.

Sustainable animal farming is enabled by animal nutrition science and good husbandry
practices. Improved cattle feeding practices (e.g. using maize silage to reduce enteric
fermentation) can bring down methane emissions, and the application of enzymes and
probiotics leads to better feed conversion and more healthy cattle, pigs and poultry.
However, considering the substantial role of methane from cattle in global emissions,
improved feeding might not be enough. An overall reduction of cattle production levels seems
necessary to mitigate this problem. While global cattle meat consumption is slowing down, it
is concerning that the policies of certain countries, such as Brazil, aim at expanding
deforestation to increase cattle and crop production.
Improved agricultural practices such as precision farming, drip irrigation or the use of
microbial inoculants can help to reduce the consumption of fuel, fertilizer and water in
agriculture. However, state-of-the art farming practices require intensive R&D, a relatively
high technology base and capital investments.
Sustainable forestry and forest conservation are needed to prevent the loss of an important
planetary carbon sink. However, traditional (unsustainable) forest use is a key source of
revenue for many poor and developing countries. Additionally, there is a significant time lag
attached to reforestation, and hence the effect from seeding is not an immediate carbon sink.

Sources: IPCC (2014). FAO (2006).
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Buildings.
Buildings account for over 19% of energy-related GHG emissions worldwide and 32% of
global final energy consumption. Energy consumption of buildings is expected to grow
substantially in the coming decades, with a likely doubling or even tripling by the middle of
the century. This development is driven by rapid urbanization and construction, which
enables access to adequate housing for billions of people, primarily in emerging economies.
Energy consumption in housing is constituted of increased use of electricity and improved
cooking facilities in poor countries. Moreover, developing countries are seeing rapid middleclass growth and rising levels of affluence, which all contribute to higher energy consumption
in buildings. Building energy use in different contexts such as housing, commercial and
institutional buildings represents a significant risk but also opens up opportunities for
emission mitigation. From 2019, all new public sector buildings in the EU must be built to
near zero energy standards; other types of buildings will follow suit in 2021. Important to
note, however, is that in the developed world, only 1% of buildings are replaced every year,
and near zero emission building excludes the carbon used to produce them. To reach the
goals of the Paris Agreement life cycle, emissions in the process need to come down as well.
The burning platforms in the sector are predominantly:
• Inefficient use of energy to heat and cool buildings
• Inefficient appliances e.g. lighting and various household appliances such as ICT
equipment, stoves, refrigerators, washing machines, dishwashers
• High proportion of fossil fuels used either directly (e.g. heating and cooking) or indirectly
(e.g. electricity derived from fossil fuel power plants)

Potential emission reduction solutions
Energy-efficient household appliances. Tougher international standards (e g. energy use by
the most efficient appliances available often use up to 50% less electricity than required by
standards). Phasing out of old energy-intensive technologies (e.g. governments around the
world have passed measures to phase out incandescent light bulbs). Increasing the use of
Smart appliances which can contribute to reducing energy consumption and peak load.
Use of low-carbon electricity, generated by retrofitted renewable energy installations (e.g.
solar panels).
Construction of new zero-energy or energy plus buildings or extensive retrofitting of existing
buildings (e.g. compliant to ISO 52000). However, construction of low/zero energy buildings
and deep retrofitting requires financial or taxational incentives. Retrofitting is burdened by
high upfront cost, but may often provide long term economic net savings.
Behavioral changes of building occupants and operators in relation to energy use, which
require best practice examples, monitoring and steering mechanisms in order to be fully
successful (e.g. community-based initiatives, enhanced billing practices, smart meters and
in-home displays).

Sources: IPCC (2014), EEA (2013).
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Transport.
Transport and transport infrastructure comprise roads, railways, airways and waterways,
bicycles as well as fuel stations, ports, airports and supporting infrastructure. The transport
sector accounts for 23% of global GHG emissions, mostly due to the burning of fossil fuels in
combustion engines.
Today, around 10% of the global population accounts for 80% of total motorized passengerkilometers. The growth of the global middle class vastly increases demand for goods
shipped, plane travels as well as the amount of people who can afford a car or go online to
buy products that need to be shipped across the globe – a growth that could outweigh all
mitigation measures taken. In a business-as-usual scenario, emissions from transport will
increase by 70% by 2050.
Reducing emissions in this area is hampered by the slow turnover and sunk costs of asset
stock (particularly aircraft, trains, and large ships) and infrastructure.
The burning platforms in the sector are predominantly:
• Road transportation is by far the biggest emitter of GHG in transport. Since 1970, approx.
80% of emissions increase has come from road vehicles. Oil products provide 94% of the
total transport energy demand, with biofuels (2%), electricity (1%) and natural gas and
other fuels providing the rest. At present rate, an 80% turnover of the vehicle park takes
more than 20 years depending on country, meaning fuel substitution will take time.
• International and domestic aviation have one of the highest GHG emission per person per
km traveled, but relative to road transportation only account for 12% of global GHG
emissions from transport. Aviation is, however, burdened by the fact that emissions
happen at height, which is more detrimental for atmospheric concentration levels.
• International and coastal shipping carry around 80% of internationally traded goods. The
International Maritime Organization (IMO) has adopted mandatory measures to reduce
GHG emissions from international shipping. Reduction potentials of CO2eq emissions are
estimated at around 50%, with negative net cost; by 2030, 23% reduction from shipping
is expected.

Potential emission reduction solutions
Road fuels substitution (Electric vehicles (EV), Biofuels, Hydrogen). The growth in EVs
globally and the advances in battery technology mean that EVs today stand a better chance
of being a substitute for petrol. Prices of EVs are expected to be cost competitive before
2030, and consequently, a beginning of the out-phasing of the internal combustion engine
could happen. This will require vast change to the electric infrastructure e.g. making room for
fast charging in locations where the grid may not necessarily be built for it today.

Efficiency improvements (Ride sharing, more public transport, working from home). There
are several ways to decrease miles traveled per person per transport unit, but changing
consumer habits have proven to be hard. The density of urban areas makes public transport
a preferred solution, combined with micro-mobility services for seamless, flexible, carbonfree transport.
Technological efficiency improvements (wind resistance, mileage, less congestion).
Mandatory efficiency requirements have increased mileage more than fivefold, but there is
still room for vast improvements. Efficiency improvement potentials of LDVs are around 50%
compared to 2010 and have low or negative societal costs.
Shipping can reduce GHG through changes in engine and transmission technologies, waste
heat recovery, auxiliary power systems, propeller and rotor systems, aerodynamics and
hydrodynamics of the hull structure, air lubrication systems, as well as reducing weight and
switching to alternative fuels, mainly LNG and later, possibly fuels from power2X.
Aviation has the opportunity to reduce emission further by 40-50% through weight reduction,
aerodynamic and engine performance improvements, and better aircraft systems design, but
regulations at the regional or global level or sharp increases in fuel prices would be needed.
Fuel switching is also an option.

Sources: UN (2017). IPCC (2014). OECD (2018).
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Energy.

Industry.

Agriculture.

Buildings.

Transport.

The interconnection between the
energy sector and other sectors is
such that changes in the energy
sector upstream will proliferate
downstream, e.g. the type of energy
production defines whether the
electrification of the transport sector
will contribute to major emission
reductions. The lack of GHG
emission trading and GHG taxes
hamper the development and
deployment of a vast range of
mitigation technologies. As an
example, Power2X could create
synergies across the energy sector,
agriculture,
bioscience
and
shipping: four Danish strongholds.
In the absence of a global emission
trading scheme, a holistic approach
will be needed to find energy
savings beyond the low hanging
fruits.

Mitigation and adaption activities in
other sectors may result in
increased
industrial
emissions.
Industry activity stemming from
changes in product demand and
production of potential mitigation
technologies results in increased
emissions from the industry sector.
Examples
include
insulation
materials for buildings or material
demand for adaptation measures
(e.g. infrastructure materials), which
in turn contribute to industrial GHG
emissions. Systemic approaches
and collaboration within and across
industrial sectors may provide
further mitigations, e.g. sharing of
infrastructure, information, waste
and waste management facilities,
heating, and cooling. The formation
of industrial clusters, industrial
parks, and industrial symbiosis are
emerging trends in many developing
countries, especially with SMEs.
Improved modelling of material flows
in integrated models could lead to a
better understanding of material
efficiency,
demand
reduction
strategies and the associated
mitigation potentials.

Process inefficiencies and shorttermism are not limited to
agriculture, but are also found in
most other sectors. What is
especially
concerning
about
agriculture is the disproportional
relationship between its relatively
low global GDP share (4%), its very
high contribution to GHG emissions
(25%)
and
its
fundamental
importance for providing food
security to humanity.
Climate-focused
bio-economy
agriculture and forestry are closely
linked and intertwined with the food
industry and the manufacturing
sector. Agricultural produce is a key
input for the food industry and
various biomasses are used for the
production of materials, fuels and
chemicals. Therefore, emission
reduction and adaptation to climate
change needs to be considered
across these sectors and industries.
Bio-economy strategies of the future
must therefore go beyond process
efficiencies
and
costcompetitiveness; they must consider
an overall reduction of their carbon
footprint as well as long-term
strategies for adaptation to climate
change.

Access to sufficient amounts of lowcarbon energy sources (i.e. primarily
electricity) at affordable prices is an
important pre-requisite for emission
reductions in industry, transport and
buildings
alike.
Furthermore,
switching to low-carbon energy is a
substantial cost-driver across these
sectors.
Successful transition to low-carbon
energy requires continued and
coordinated
investments
in
renewable energies (e.g. solar, wind,
hydro-electricity, biomass etc.) or
nuclear energy as an alternative.
Moreover, cross-sectoral energy
transition requires consistent longterm
policies
and
financial
frameworks on national and supernational levels (e.g. EU).

The transport sector is the
backbone of the global trade
system. Consequently, changes to
transport will have huge implications
on industries, consumers and
government services. Changes will
propagate through the value chain
and influence everybody, as evident
from
2002-08,
when
biofuel
mandates contributed to food price
increases. The introduction of EVs
could outcompete bioenergy as
transport fuel, eliminating some of
the synergies between agriculture
and biofuels used for transport.
Complications due to climate
change pose substantial physical
threats to infrastructure, and when
transportation becomes impossible,
all those dependent on it will give
their undivided attention to restoring
capacity to pre-existing levels. An
OECD modelling of a major flood
affecting Paris found that the
majority of damages would not be
suffered by the infrastructure sector,
but by business, through disruption
of transportation and electricity
supply, making the cross sectoral
implications evident.

Thank you.
… and see you soon.
Innovation Fund Denmark invests in the
development of new knowledge and
technology creating growth and employment
in Denmark. The Fund focuses on societal
challenges, strengthens research and
increases innovation commitment within
private companies.
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