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This pre-read provides a brief description of each solution, its potential impact towards 2050* as well as an indication of sectors relevant to its pursuit.
Estimated reading time 35-45 min.
Table of contents:

01 Overview of solutions
02 Agriculture & Food
03 Buildings
04 Energy
05 Industry
06 Transportation
*based on estimates from Drawdown.org. and the UN Environment

Notes on the catalogue addressing the received feedback:
Updated and added solutions: Based on your input we have updated and extended the solutions catalogue.
Added solutions include: Biofuels, Storage, Electric Bikes, and Pyrolysis to Jetfuel.
Impact classification: In our effort to avoid overlap of solutions and double counting of the effects, we have chosen to use one
main comprehensive source for estimated cost and mitigation potential, Drawdown.org. Drawdown is based on peer reviewed
literature which we have compared to sources such as IPCC and UNEP, in order to identified potential significant gaps in
analysis and approach. Solutions with significantly varying impact assessments, stemming from differences in underlying
assumptions in the different studies, are indicated accordingly in the catalogue. A potential impact is included where possible
for these solutions, but comparison is not always feasible across the many sources and hence mitigation potential in the bottom
row of solutions should be considered indicative.
Costs: The cost estimates in the catalogue are private sector related cost, not costs to society. The latter may however be
mentioned in the description of the specific solutions.

Carbon emissions of solutions: The abatement potential does not include whole-life carbon emissions (‘embodied carbon’).
Whole-life carbon emissions would include associated material production, construction, operations, maintenance and
replacement or disposal (e.g. for windmills the steel production is not taken into account when assessing the abatement
potential).
Interdependencies: It is important to note that many of the listed solutions are part of a wider system, which implies interactions
and interdependencies between technologies (e.g. wind power & storage). Last but not least, the solutions cannot be seen in
isolation, and are often a part of a larger social and behavioral context.

Overview of solutions

Solutions are ranked based on estimated potential impact in reducing GHG emissions globally.

Level of Impact
(Potential gigatons CO2e
reduced or avoided towards
2050)

Very High
(9 - 102 GTCO2e)

Agriculture & Food
(16 plausible solutions)
Afforestation, Deforestation
and Restoration
Reduced Food Waste
Plant-Rich Diet
Regenerative Agriculture
Managed Grazing

High
(4 - 9 GTCO2e)

Significant
(0.3 - 4 GTCO2e)

Impact varies across sources
due to different assumption

Icons on the solutions pages

Biofuels (2nd generation)
Irrigation
Biochar

Protein Upgrade
Ocean Farming
Microbial Farming
Lab Grown Meat
Precision Farming
Crop Optimization
Livestock Feed
Vertical Farming

Indication of relevant sectors for
each solution, with the shaded
being the primary actor.

Buildings
(10 plausible solutions)

Energy
(13 plausible solutions)

Industry
(12 plausible solutions)

Transportation
(11 plausible solutions)

Rooftop Solar
LED Lighting

Wind (Onshore)
Solar Farms
Wind (Offshore)
Concentrated Solar

Insulation
Solar Water Heating & Cooling
Smart Buildings

District Heating
Methane Digesters
Biomass

Alternative Cement
Waste Recycling
Heat Pumps

Ship Design
Mass Transit
Truck Design
Airplane Design

Cogeneration
Waste-to-Energy

Bioplastic
Telepresence
Water Distribution

Bike Infrastructure
High-Speed Rail
Electric bikes
Ridesharing

AI, Blockchain & Data
Carbon Capture Storage
Carbon Capture Utilization
Circular Economy
Industrial Energy Efficiency

Pyrolysis to Jetfuel
Autonomous Vehicles

Water Saving - Residential
Smart Thermostats
Smart Glass
Green Roofs

Building with Wood

Bioenergy with CCS
Green Hydrogen (Power2X)
Grid Flexibility
Storage

Solution estimated to have zero or
net negative costs over life cycle
(alternatively, the solution remains
too costly or data is insufficient)

Refrigerant Recycling

Electric Vehicles

Source: UNEP, Drawdown.org

Solutions (1/2)

The table depicts how
the various sectors are
involved in the
identified solutions.
The primary sector is
indicated by ⦿ and
secondary relevant
sectors by ●

Afforestation, Deforestation and Restoration

⦿

Reduced Food Waste

⦿

●

Plant-Rich Diet

⦿

●

Regenerative Agriculture

⦿

Managed Grazing

⦿

Irrigation

⦿

●

Biochar

⦿

●

Protein Upgrade

⦿

Ocean Farming

⦿

●

Microbial Farming

⦿

●

Lab Grown Meat

⦿

●

Precision Farming

⦿

●

Crop Optimization

⦿

●

●

Livestock Feed

⦿

Vertical Farming

⦿

●
●
●

●

Rooftop Solar

⦿

●

●

LED Lighting

⦿

●

●

Insulation

⦿

●

●

Solar Water Heating and Cooling

⦿

●

●

Smart Buildings

⦿

●

●

Water Saving – Residential

⦿

●

Smart Thermostats

⦿

●

Smart Glass

⦿

●

Green Roofs

⦿

●

⦿

●

Building with Wood

●

Wind (Onshore)

⦿

Solar Farms

⦿

Wind (Offshore)

⦿

Concentrated Solar
District Heating

●

●

⦿

●

⦿

●

●

●
●

●
●

●

●
●

●

Solutions (2/2)

The table depicts how
the various sectors are
involved in the
identified solutions.
The primary sector is
indicated by ⦿ and
secondary relevant
sectors by ●

Methane Digesters

●

Biomass

●

Cogeneration

●

⦿

●

⦿

●

●

⦿

●

Waste-to-Energy

●

●

⦿

●

Storage

●

●

⦿

●

●

Bioenergy with CCS

●

Green Hydrogen (Power2X)

●

●

●

Grid Flexibility
Refrigerant Recycling

●

Alternative Cement
Waste Recycling

●

⦿

●

⦿

●

●

●

●
⦿
⦿

●

Heat Pumps
Bioplastic

⦿

●

●

⦿

●

●

⦿

●

⦿

●

⦿

●

Telepresence
Water Distribution

●

●

●

⦿

Circular Economy

●

●

●

⦿

●

●

⦿

Industrial Energy Efficiency
Carbon Capture Storage

●

●

⦿

Carbon Capture Utilization

●

●

⦿

AI, Blockchain & Data

●

●

●

⦿

●

●

Electric Vehicles
Ship Design

●

Mass Transit

●

●
●

●
⦿

●

⦿

⦿

●

Truck Design

●

●

⦿

Airplane Design

●

●

⦿

Bike Infrastructure

●

●

⦿

High-Speed Rail

●

●

⦿

Electric Bikes

●

⦿

Ridesharing

●

⦿

Pyrolysis to Jetfuel

●

Autonomous Vehicles

●

●

●

●

⦿

●

●

⦿

Agriculture & Food

02 Agriculture & Food

Afforestation, deforestation and restoration.

Reduced Food Waste.

Creating new forests and preventing deforestation have a significant mitigating impact, as forests
create a carbon sink. Preventing deforestation is not just a matter of preventing the Amazon
rainforest from depleting. A quarter of the world’s forests lies in the temperate zone, mostly in the
Northern Hemisphere. Over the course of history, 99% of temperate forests have been altered in
some way – timbered, converted to agriculture, disrupted by urban development. According to
the World Resources Institute, more than 1.4 bn. acres are candidates for restoration.
Afforestation and restoration of degraded forest can be a part of carbon offsetting schemes
promoted by businesses.

For every three food products, one is wasted, globally. Throughout the supply chain, from farm to
fork, there are conversion losses of input, waste of capital and emissions. Food waste accounts
for roughly 8% of global emissions and is not limited to the developed countries; it occurs
globally for different reasons and at different stages in the supply chain. In the developing
regions, food spoils before reaching the final consumer and therefore, improving infrastructure
for storage, processing, and transportation is essential. In the richer regions, food remains
unconsumed and expires; up to 35% of food in high-income economies is thrown out by
consumers, calling for policies to drive change, including food-waste targets.

Potential impact towards 2050: Very

Potential impact towards 2050: Very

High.

As of 2014, 709 mill. acres of land was used for afforestation. Establishing timber plantations on
an additional 204 mill. acres of marginal lands can sequester 18.1 gt of CO2 by 2050. The use
of marginal lands for afforestation also indirectly avoids deforestation that would otherwise be
done in the conventional system. In the tropics, an additional 61gt could be added by natural
regrowth, in line with the New York Declaration on Forests.
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High.

A 50% reduction in food waste can be achieved by 2050, supported by the adoption of plantrich diets, whereby avoided emissions could reach 26 gt CO2. Another 44 gt can be avoided as
reductions in food waste lower the need for deforestation for additional farmland. The estimates
are based on regional waste estimated from farm to household.

Source FAO, World Resources Institute, Drawdown.org

02 Agriculture & Food

Plant-Rich Diet.

Regenerative Agriculture.

A meat-rich diet amounts to almost 20% of global emissions. Globally, cattle emit roughly what
all the cars, trucks, airplanes and ships do combined. Moving to a vegetarian diet can reduce
emissions by up to a third and excluding dairy will increase the effect even further. Towards
2050, the business-as-usual emissions can be reduced by some 60% and 70% respectively,
assuming such a transition. Altering people’s diets is a sticky and difficult behavioral process,
and addressing it entails availability and accessibility of alternative foods, including appealing
meat substitutes.

Regenerative agriculture enhances and sustains the health of the soil by restoring its carbon
content, which in turn improves productivity. Regenerative agricultural practices include: no
tillage, diverse cover crops, in-farm fertility (no external nutrients), no pesticides or synthetic
fertilizers, and multiple crop rotations. Together, these practices increase carbon-rich soil
organic matter. The result: vital microbes proliferate, roots go deeper, nutrient uptake improves,
water retention increases, plants are more pest resistant, and soil fertility compounds.

Potential impact towards 2050: Very

Potential impact towards 2050: Very

High.

The UN forecast of global food consumption includes the assumption that lower income
countries increase both food and meat consumption as they experience economic growth. If on
that baseline, half the world’s population limits their consumption to a healthy 2.500 kcal daily
and reduces their meat diet, an estimated 27 gt of emissions could be avoided. Adding
reductions in deforestation, an additional 39 gt of emissions can be saved, bringing the total
effect of diet changes to 66 gt of CO2 reductions. Cost reductions/net-saving are not
determined.
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High.

From an estimated 108 mill. acres of current adoption, regenerative agriculture could increase to
a total of 1 bn. acres by 2050. This rapid adoption is based in part on the historic growth rate of
organic agriculture, as well as the projected conversion of conservation agriculture to
regenerative agriculture over time. This increase could result in a total reduction of 23.2 gt of
CO2, both from sequestration and reduced emissions.

Source: UNEP, Drawdown.org

02 Agriculture & Food

Managed Grazing.
Managed grazing involves managing two key elements: the duration of grazing on a specific
area, and the time the land rests before animals return. There are three managed-grazing
techniques that improve soil health, carbon sequestration, water retention, and forage
productivity. Improved continuous grazing adjusts standard grazing practices and decreases the
number of animals per acre: i) rotational grazing ensures that livestock rotates to fresh pastures,
allowing recovery for those already grazed, ii) adaptive multi-paddock grazing shifts animals
through smaller paddocks in quick succession, after which the land is given time to recover, and
iii) improved grazing can be very good for the land and sequester from 0,5-3 t of carbon/acre.

Potential impact towards 2050:

Very High.

By enhancing carbon sequestration compared to standard grazing practices, this solution can
sequester 16.3 gt of CO2 by 2050. Note that this does not reduce the 10 gt of methane that is
emitted on that grazing land today. Growth in adoption of managed grazing practices would
need to rise from 195 mill. acres to 1.1 bn. acres over thirty years. Also there is no international
agreed method for measuring carbon sequestration, which is critical to motivate farmers to act.
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Biofuels (2nd generation).

Second-generation biofuels are fuels that are especially useful in replacing fossil fuels in air and
marine transport and to a certain extent heavy transport. Second-generation biofuels are
manufactured from various types of non-food biomass such as plant materials or animal waste.
Unlike first-generation biofuels that are made from the sugars and vegetable oils found in food
crops, second-generation biofuels are made from lignocellulosic biomass or woody crops,
agricultural residues or waste, as well as dedicated non-food energy crops using advanced
techniques.

Potential impact towards 2050:

Significant.

Biofuels production benefits the agricultural sector and can contribute to a shift away from fossil
fuels in areas like marine and air transport, where technologies are not yet feasible for such a
shift. Important to bear in mind however is that full cycle assessments needs to be employed in
order to ensure that mitigation potentials are realized.

Source: UN Environment, Drawdown.org

02 Agriculture & Food

Irrigation.

Biochar.

Today, agriculture consumes 70% of the world’s freshwater resources, and irrigation is essential
for 40% of the world’s food production. Because pumping and distributing water require large
quantities of energy, irrigation is a source of carbon emissions. Irrigation technologies, drip and
sprinkler methods make water application more exact, delivering as precisely as possible the
amount crops need to thrive. Irrigation scheduling and deficit irrigation are two methods of
variable application. Sensors can monitor soil moisture and control irrigation systems
automatically. Rainwater and runoff can also be captured and put to use.

Biochar as a soil additive can be used both to increase soil fertility and to sequester carbon in
stable soil carbon pools, where carbon can be held for centuries. It is commonly made from
waste material ranging from peanut shells and rice straw to wood scraps, through modern
pyrolysis processes with almost, or total, absence of oxygen. During the process, gas and oil
separate from carbon-rich solids, which are then buried, securing a much-delayed return to the
atmosphere. Theoretically, experts argue, biochar could sequester billions of tons of carbon
dioxide every year.

Potential impact towards 2050:

Significant

At present, use of sprinkler and drip irrigation varies widely around the world, from 42% of area
in high-income countries to 6% in lower-income countries in Asia and Africa. The impact
estimates are based on an assumption of the area under improved irrigation growing from 133
mill. acres in 2020 to 448 mill. acres in 2050. The highest adoption increases would occur in
Asia, where 62% of total irrigated area is located and currently only 4% of that land is under
micro-irrigation. This growth could avoid 1.3 gt of CO2 by 2050 and save 340 bn. liters of water.
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Potential impact towards 2050:

Significant

Biochar enhances the natural process in which the biosphere captures CO2. Assuming that the
main limitation to the biochar industry in the future is the availability of global biomass
feedstocks, biochar can produce 0.8 gt of CO2 reductions in 2050, while offering a number of
benefits for soil health. IPCC puts the mitigation potential in 2050 between 0,3-2 GtCO2 per
annum at costs between 30–120 USD tCO2.

Source: FAO, Drawdown.org

02 Agriculture & Food

Protein upgrade.

Ocean Farming.

The demand for soy is displacing farmland used for direct human food production as well as
causing deforestation. By using grass and clover it is possible to increase the yield in the field,
reduce the leaching of nitrogen and the use of pesticides. It requires biorefining technologies, to
extract protein from green biomasses of a quality that allows the protein to replace imported soy
protein. Using protein upgrade, protein from grass or algae would also be possible to use for
human consumption. The residual product, "brown juice", can be used for biogas as well as the
basis for the production of various high value products. According to Asbjørn Børsting of
DAKOFO it is realistic that Denmark in the years to come could replace 1/3 of imported soy, with
locally produced protein.

The world’s oceans are under pressure from overfishing, climate change, and pollution. But
perhaps rather than us saving the oceans, they harbor a potential to alleviate our climate, fuel
and food supply concerns? Wider small-scale ocean farms, with complementary species, have
the potential to provide sustainable food and biofuel. Oysters filter nitrogen pollution and
seaweed sequesters CO2 with some varieties absorbing five times more than land-based plants.
Seaweed can also serve as a vast source of nutrient-rich food and provide a clean replacement
for biofuels.

Potential impact towards 2050:

Potential impact towards 2050:

Uncertain.

Soybean production primarily for animal feed has increased 15 times since the 1950’ties. As the
global middle class grows towards 2050 a significant increase in demand for protein sources will
follow. The ability to upgrade protein for usage in human and animal consumption may
consequently have significant positive impact on climate change.
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Uncertain.

Ocean farming not only has the potential to help us sustainably feed the planet in 30 years, but
also offers significant support as a tool to combat climate change, both via the avenues of
decreasing deforestation for farmland, but also acting as a climate sink, source of alternative
protein and fuel.

Source: FAO, Danish National Bioeconomy Panel, Drawdown.org

02 Agriculture & Food

Microbial Farming.

Lab Grown Meat.

One gram of soil contains up to 10 bn microbial denizens, including bacteria, viruses,
nematodes, and fungi that have sweeping potential to address the impact of agriculture on
global warming. Microbes possess the ability to dramatically reduce the need for synthetic
fertilizers, pesticides, and herbicides, while at the same time improving crop yields, plant health,
and food security. Converting nitrogen to ammonia for fertilizer use currently requires 1.2% of
global energy use, and much of that nitrogen evaporates as nitrous oxides — a greenhouse gas
300x more powerful than carbon dioxide – or drifts into waterways, causing marine dead zones.

Meat production, especially red meat production, is a major driver of climate change and
environmental deterioration. Producing cultured meat in laboratories through in vitro cultivation
of animal cells has the potential to greatly reduce emissions, as cattle takes a lot of energy to
raise, it produces methane during its lifetime, then energy is used to process the meat and ship
it, causing further emissions. Currently the feasibility of large-scale production of lab grown meat
is contested.

Potential impact towards 2050: Uncertain.

Potential impact towards 2050: Uncertain.

As of 2012 (latest figures available), annual nitrous-oxide emissions from agricultural soils had
GHG effects equivalent to about 2 bn mt CO2 emissions, accounting for about 6% of total global
emissions that year. Nitrous-oxide emissions are still projected to grow another 4% between
2012 and 2030. Genetically modified, nitrogen-fixing bacteria could reduce fertilizer use by as
much as 25%. If every corn farmer in the US used these microbes, the reduction in nitrogen
emissions would be equivalent to taking 1 mill. cars off the road.
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Direct emissions from livestock is estimated to account for 2.3 gt of CO2e, or 5% of the total
emissions from human activities. By minimizing conventional meat in our diets, GHG emissions
could be reduced significantly. However, current cultured meat production methods requiring
large energy inputs could increase global warming more than some types of cattle farming.

Source: UN Food & Agriculture, Wired, BBC, Quartz, Drawdown.org,

02 Agriculture & Food

Precision farming.

Crop Optimization.

Precision Farming implies using sensing technology and Internet of Things to make farms more
“intelligent” by improving crop yields, through real-time soil conditions monitoring and comparing
it with e.g. metrological and typographic data. It also implies using drones and GPS for more
precise planting and fertilizer application etc. The overall aim is to increase productivity while
using less resources. Precision farming reduces the environmental impact and boosts
competitiveness through more efficient practices. The fourth industrial revolution will also impact
the agricultural sector with increasing use of sensors, data and robots. New business models
are being explored by Agri Industry in order for smaller farms in developing countries to also
make use of these more expensive technologies.

Crop optimization includes the use of selective breeding, hybridization as well as the use
of genetic engineering. This kind of crop optimization seeks to introduce superior traits to a plant
which may not occur naturally as means to increase its robustness and performance. Food crop
modification may be done to provide resistance to certain pests, diseases, environmental
conditions, reduction of spoilage, resistance to chemical treatments (e.g. herbicides), or even
improving the nutrient profile of the crop or its natural nitrification inhibitors.
Farmers have widely adopted gene modification (GM) technology outside of Europe. Total GM
acreage was 185.1 mill. hectares by 2016, approximately 12% of global farmland.

Potential impact towards 2050: Uncertain.

Potential impact towards 2050: Uncertain.

The differences in yields between advanced countries and developing is staggering implying
vast potential for improvements, through diffusion of modern agricultural practices and
technologies. The possible productivity gains indicate that the potential climate impact is very
high.
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Looking at GM crop optimization alone, the adoption of GM technology has reduced global
pesticide use by 8.2%, as well as reducing the total environmental impact from pesticides by
18.4%. Reductions in fuel use and tillage changes from more efficient GM crops reduced GHG
emissions equivalent to removing 16.7 mill. cars from the roads (2016). While the long-term
acceptance and impact of GM crops remains uncertain, scaling GM farmland well above the
12% would represent significant environmental gains and reduced carbon emissions.
Source: FAO, Syngenta, GM Crops & Food, Drawdown.org,

02 Agriculture & Food

Livestock Feed.

Vertical Farming.

The global livestock industry releases GHGs on an annual basis equivalent to the warming effect
of more than 7 gt of CO2, which is about the same as global emissions from the transportation
sector. Nearly 40% of livestock emissions are produced during digestion of feed, as especially
cattle emit (i.e. belch, pass) methane. Improved cattle feeding practices (e.g. the application of
enzymes and probiotics leads to better feed conversion and more healthy cattle) can bring down
methane emissions. Supplementing animal feedstocks with maize silage or seaweed can reduce
enteric fermentation. According to a study conducted at the University of California, Davis (UC),
a small amount of seaweed (i.e. red algae) could lower the methane production of cattle by
nearly 60%.

Vertical farming is an agricultural method based on indoor farming used to produce food and
medicine in vertically stacked layers. Vertical farms can be grown in used warehouses, or
shipping containers. Vertical farming is a form of controlled-environment agriculture (CEA)
technology. It allows for control of factors such as lighting, humidity, temperature, gases and
fertilizers. The advantages of vertical farming include reduced need for farmland, increased crop
production, less disruption from weather, lower fertilizer usage, and potential integration with
methane digesters. Energy demand associated with vertical farming is currently much higher
than other methods of food production and many crops are not suited for the method.

Potential impact towards 2050:

Potential impact towards 2050:

Uncertain.

A three-month study has found that spiking cows’ ordinary rations with one kind of marine
macroalgae in particular, Asparagopsis, reduces enteric methane by more than 50%. While the
methods remain in research and a challenge with scaling the solutions is figuring out how to
grow enough seaweed to make a meaningful impact, there is a lot of potential in the approach,
Other options exist and are also being explored in Denmark.
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Uncertain.

By 2050, global food production will need to increase by an estimated 70% in developed
countries and 100% in developing countries to match current trends in population growth, which
is expected to near 10 bn people globally. Vertical farming however remains an energy intensive
solution, e.g. lettuces grown in vertical farms require 14x as much energy as traditional
greenhouses, and 98% of energy use is due to artificial lighting and climate control. Massscaling vertical farming by 2050 will necessitate significant improvements in energy costs and
efficiency.
Source: FAO, Danish Agriculture & Food Council, Yale Environment 360, Technology Review, Wikipedia, The Conversation

Buildings

03 Buildings

Rooftop Solar.

LED Lighting.

The photoelectric effect requires no fuel and produces clean energy. 30% of installed
photovoltaic (PV) capacity are small scale systems often found on rooftops. Increasing
deployment is driven by the declining cost of panels, which in turn rests on technological
advances and economies of scale in manufacturing. However acquisition and installation
can still amount to half the cost of a rooftop system. The potential for the technology is
significant both in urban well-developed grid-connected areas, offering electricity production
capacity for the households, as well as in rural and less developed regions where they can
leapfrog centralized power grids, and accelerate access to affordable, clean energy.

Lighting makes up some 15% of global electricity use. LED technology gained international
attention in 2014 when it was awarded the Nobel Prize in Physics. LED requires 90% less
energy than incandescent bulbs for the same amount of light, and 50% less than compact
fluorescents. As LED converts most of the energy use into light—rather than heat—it effectively
also reduces air-conditioning needs. Additionally the lifetime of LED bulbs by far exceeds the
alternatives. The current barrier to broader adoption is the per watt price of LED which is 2-3
times higher than older technologies, albeit it is in decline. In a world where more than a billion
people find themselves in the dark after sundown, LED lights can also replace expensive
kerosene lamps and their emissions.

Potential impact towards 2050: Very

High.

Towards 2050 rooftop solar has the potential to grow to 7% of global electricity generation, from
0,4% today. Such a development would entail saving of 25 gt of emissions. The assumption
includes the price per kwh produced reduced to one third of that today (from ~ US$1.883 today
to US$630 by 2050).
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Potential impact towards 2050: Very

High.

If LEDs become widespread by 2050, encompassing ca. 90% of the household and 80% of the
commercial lighting market, 7.8 gt CO2 emissions could be avoided in residences and another
5.0 gt in commercial buildings. Additionally LED streetlights can save up to 70% of energy.

Source: IRENA, Drawdown.org

03 Buildings

Insulation.

Solar Water Heating and Cooling.

Improving building insulation can reduce heat exchange, thereby saving the energy used to
regulate the temperatures and the associated emissions. Insulation (ideally of all sides of a
building i.e. incl. walls, floors, ceiling) makes for one of the most cost-effective ways to increase
building energy efficiency in new construction as well as retrofitting older buildings.

Water heating is a major energy use and consumes around a quarter of residential energy
worldwide, while in commercial buildings, that number is roughly 12%. Solar water heating can
reduce fuel consumption to heat water by 50-70%. It is among the most effective ways to
convert solar energy into thermal energy. The costs of solar water heating systems have
fluctuated due to government subsidy schemes, as well as the price of energy, but break-even
periods are relatively short, depending on specifics of the system and location. The cumulative
installed capacity of solar thermal installations reached an estimated 472 GWth by the end of
2017.

Potential impact towards 2050: High.

Potential impact towards 2050: High.

In excess of 8 gt of emission reductions can be harvested if ~50% of existing residential and
commercial buildings install insulation. Upfront cost can be high, but as insulation measures can
last a century or more, lifetime savings and emission reductions will continue to aggregate,
beyond the 2050 horizon.
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Under the assumption that solar water heating grows from 5,5 to 25% adoption level in water
heating, the technology can deliver emissions reductions of 6.1 gt of CO2 and save households
US$774 bn. in energy costs by 2050.

Source: IEA, Drawdown.org

03 Buildings

Smart Buildings.

Water Saving - Residential.

Buildings account for up to 40% of society’s energy demand. Considering a life-cycle
assessment over 80 % of GHG emissions take place during the building operation phase. Smart
buildings equipped with e.g. sensors for lighting, air quality, climate control, smart meters and
energy management systems enable an automated, intelligent control of energy consumption,
with a potential to reduce energy consumption by 10-20%. While new buildings can be built
‘intelligent’, older ones can be retrofitted. So-called ‘net zero buildings’ have zero net energy
consumption, producing as much energy as it uses. In some months it may generate excess
electricity through distributed renewables, at other times it may require electricity from the grid.
On balance, it is self-supporting.

Water consumption can be reduced significantly through a combination of technical solutions
and a change of mind-set. It takes energy to clean and transport water, to heat it, and to handle
wastewater after use. Hot water is responsible for a quarter of residential energy use worldwide.
30% of residential water use occurs outdoors, which can be reduced e.g. by using captured
rainwater. Local policies and restrictions on water consumption have proven highly effective,
while product labeling and incentives to purchase efficient appliances can encourage voluntary
action.

Smart buildings (not ‘net zero buildings’) can result in up to 20% more efficient heating and
cooling and 11,5% more efficient energy use for lighting, appliances, etc. Expanding these
systems from 34% of commercial floor space in 2014 to 50% by 2050 could save 4.6 gt of CO2.
Assuming around 10% of new buildings will be net zero by 2050, the CO2 reduction potential
amounts to 7,1 gt.

Efficient appliances and fixtures can reduce water use within homes by 45%, while a change of
mind-set towards water conservation will reduce water use even more. Scaling other watersaving technologies can drive additional reductions, e.g. through reducing energy consumption
for water heating.

Potential impact towards 2050: Very
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High.

Potential impact towards 2050: High.

Source: IEA, IPCC, Drawdown.org

03 Buildings

Smart Thermostats.

Smart Glass.

Smart thermostats eliminate the variable factor of human behavior, thereby driving more
predictable energy savings. For residential energy use, thermostats function as the mission
control for heating and cooling. Presently, while most thermostats need preset programming or
manual operation, studies show that people are unreliable in efficiently doing either. Smart
thermostats still allow people to change the temperature, but the devices gather and analyze
data to learn and adapt to choices and routines over time. They are able to detect occupancy,
learn inhabitants’ preferences, and nudge users toward more efficient behavior.

Adaptive smart glass technologies can make windows responsive in real time to sunlight and
weather, improving heating and cooling efficiency, and reducing a building’s lighting energy load.
Current windows can bring light and visibility into the built environment, but the preventing of the
outside temperatures to reach the inside is not yet very efficient. Even with various measures to
improve the efficiency of a window, such as tightly sealed frames, layered panes, and reflective
low-emissivity coatings. Smart glass relies on chromism, the process causing material to change
color and is triggered by electricity, heat and light exposure to adapt to outside exposure.

Potential impact towards 2050: Significant.

Potential impact towards 2050: Significant.

Smart thermostats are projected to grow in adoption from 0,4% to 46% of households with
internet access by 2050. This would mean that on a global scale, around 700 mill. households
would have integrated smart thermostats. The reduced energy use from this level of adoption
could reduce CO2 emissions with 2,6 gt by 2050 and allow the household owner to save money
on the utility bills.
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The adoption of smart glass in the commercial building space is currently 0,004%. However,
with the projected growth it can reach 29% of new commercial building space by 2050
and is mainly expected to occur in high-income countries. At this growth level, the increase in
energy efficiency is estimated to be 23% for cooling and 35% for lighting, depending on local
climate and building locations. The adoption of smart glass can result in 2,2 gt of emissions
reductions, at a cost of US$932 bn., but with lifetimes saving of US$3,6 tr..
Source: European Commission, Drawdown.org

03 Buildings

Green Roofs.

Building with Wood.

When green roofs are planted, they take the empty spaces on top of the buildings and turn the
spaces into ecosystems with soil and vegetation functioning as living insulation. This insulation
works to moderate building temperatures all year. Costs and greenhouse gas emissions are then
lower, because the energy required for heating and air-conditioning is curbed. Green roofs can
even sustain full-fledged gardens, parks, or farms. Key drivers of the proliferation of green and
cool roofs are construction incentives and building policy that encourages or mandates their
use.

As a building material, wood is renewable, strong and versatile. Compared to many other
common building materials, wood has a low carbon footprint. While wood can contribute to
better air quality by minimizing the accumulation of dust and microbes, there are also security
questions around fire safety of wooden buildings and the use of chemicals in treating the wood,
which are causes for concern. However, wood is the only major building material that stores
carbon for its useful lifetime, containing 50% carbon by dry weight and it can be reclaimed or
recycled for a new purpose. Some cities are already building with wood. An example is Seattle,
where wood is utilized heavily in buildings in dense urban environments and permitting heavy
timber building types up to 18 stories tall.

Potential impact towards 2050: Significant.
While the applications of green and cool roofs differ depending on region and technology, a total
of 38 bn. square meter of efficient roofing could be in place globally if by 2050 green roofs cover
30% of roof space and cool roofs cover 60%. In combination, these technologies could
potentially reduce CO2 emissions by 0,8 gt at a cost of US$1.4 tr., however, with thirty-year
savings of US$988 bn. and lifetime savings of US$3 tr..
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Potential impact towards 2050: Uncertain.

While there are many positive properties to wood, buildings with wood still entails several
challenges to solve regarding insects, deterioration, and the consistent treatment of wood.
Thus, the impact depends on the solution to these concerns. Another concern is that carbon
sequestration calculations need to take into account the transportation, manufacturing and
logging of all wood materials when making comparisons to e.g. concrete and steel emissions.

Source: Think Wood, Drawdown.org

Energy

04 Energy

Wind (Onshore).

Solar Farms.

Wind energy accounts for almost 4% of global electricity, supplied by an installation of 314,000
wind turbines and growing. Wind energy is now more cost-competitive than coal in many
locations around the world. As more and more turbines are installed, performance continues to
improve while costs continue to decline. Globally, onshore wind capacity increased by 7% in
2018, but is still not on track to meet the Sustainable Development Goals, agreed by 193
countries in 2015. As wind is a variable source of energy, the continued growth of onshore wind
will require investments in critical infrastructure systems, including energy storage technologies,
transmission infrastructure and distributed energy systems.

Solar farms utilize large-scale arrays of photovoltaic (PV) panels, with some operations totaling
millions of individual panels. Farms operate at a utility scale (similar to conventional power
plants) in the amount of electricity they produce. From the debut of silicon PV technology in
1954 up to the present day, the costs of photovoltaics has declined from US$1.900 per watt to
US$0,65 per watt (inflation-adjusted), and solar PV farms are now cost competitive with
conventional power generation in many parts of the world. Due to intermittency, solar farms
work best in tandem with other renewables energy sources, as well as improved better grids and
energy storage mechanisms.

Potential impact towards 2050: Very

Potential impact towards 2050: Very

High.

CO2 emissions could be reduced by almost 85 gt by 2050, if power supplied from onshore wind
increased from 4% to 22% of global electricity. An expenditures of US$1,23 tn. on wind turbines
can result in US$7,4 tn. of net savings over 30 years of operation. With total costs declining
year-over-year, along with continued technological improvements, the performance efficiency of
wind turbines is only expected to grow.
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High.

Utility-scale solar PV is expected to grow to 10% by 2050 (from 0,4% now). Total
implementation savings in this scenario (compared with fossil fuel power plants) would be
US$81 bn. This growth for Solar PV would eliminate almost 37 gt of CO2 emissions and save an
estimated US$5 tr. in operating costs over the next 30 years — the financial impact of
producing energy without fuel.

Source: IEA, REN 21, Bloomberg New Energy Finance, Drawdown.org

04 Energy

Wind (Offshore).

Concentrated Solar.

Offshore wind investment reached US$29,9 bn. in 2016, representing a 40% increase year-onyear. Offshore is more expensive than onshore due to foundations costs, more extensive safety
measures and larger maintenance costs, but provide a more stable wind resource. Like onshore,
offshore wind is becoming cost-competitive with coal-generated electricity. The variable nature
of wind requires investments in critical infrastructure systems, including energy storage
technologies, transmission infrastructure and distributed energy systems. Offshore wind has the
possibility to build even bigger turbines than those on land.

Concentrated solar power (CSP) was originally developed in the 1980s. CSP converts sunlight
into power using steam turbines. The essential component of a CSP plant are curved or angled
mirrors, which direct solar radiation toward steam turbines. CSP plants function most optimally
in desert regions with clear skies. Energy storage is a critical advantage for CSP, as heat
generated can be stored in molten salt tanks when not needed for electricity production.
Penetration for CSP is limited, generating only 4,8 gigawatts of power worldwide as of 2016.
Electricity from CSP is relatively expensive compared to that generated from solar PV and wind.

Potential impact towards 2050: Very

Potential impact towards 2050: Very

High.

Carbon emissions could be reduced by 14 gt if offshore wind increases from 0,1% to 4% of
global electricity generation. Investments of US$1,8 tr. would deliver net savings of US$8,2 tr. by
2050. These are conservative estimates. With total costs declining year-over-year, along with
continued technological improvements, the performance efficiency of wind turbines is only
expected to grow.
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High.

Despite low market adoption, CSP could increase to 4,3% of global electricity (vs. 0,04% in
2014) by 2050, eliminating 10,9 gt of CO2 emissions. Implementation costs are high at US$1,3
tr., but net savings could be US$414 bn. by 2050 and US$1.2 tr. over the lifetime of the
technology. Integrating energy storage with CSP could make this technology even more
attractive for power supply outside of daylight hours.

Source: IEA, Bloomberg New Energy Finance, Drawdown.org

04 Energy

District Heating.

Methane Digesters.

District heating and cooling (DHC) systems utilize a central plant to channel hot and/or cool
water to a chain of multiple buildings using an underground piping network. DHC enables
thermal energy to be produced centrally and more efficiently than separate heating & cooling
systems for individual buildings. Copenhagen, Denmark meets 98% of its heating demand with
the world’s largest DHC system, using waste heat from coal-fired power plants and waste-toenergy plants (biomass will eventually replace all coal use). Since 2010, Copenhagen has also
tapped the waters of the Øresund Strait for district cooling. Municipal governments and policies
will determine whether this energy solution achieves scale, due to high upfront costs and system
complexity.

Anaerobic digestion is a set of processes in which biodegradable (i.e. organic) material is broken
down by microorganisms. Methane gasses from agricultural and industrial processes can be
particularly harmful, with a warming effect on the climate that is 34x stronger than CO2 over a
100-year timeframe. Large methane digesters control the decomposition of organic waste in
sealed tanks. Using microbes to digest such material produces both an energy source (i.e.
biogas) and a rich fertilizer (i.e. digestate). Biogas could displace fossil fuels used for heating
and electricity generation, or even to power natural gas vehicles. Digestate supplants fossil fuelbased fertilizers while improving soil health.

DHC could reduce CO2 emissions by 9,4 gt by 2050 and save US$3,5 tr. in energy costs by
replacing existing stand-alone water- and space-heating systems. This would require DHC to
increase from 0,01% of heating demand to 10% over the next 30 years. Natural gas currently
powers most DHC systems, but alternatives such as geothermal and solar thermal energy will
become more prevalent over time.

Large methane digesters could potentially reach almost 70 gigawatts of installed capacity by
2050, which would eliminate 8,4 gt of CO2e emissions. Installation cost in such a scenario would
be just over US$200 bn. Supplemented with small methane digesters, over 10,3 gt of CO2e
emissions could be avoided.

Potential impact towards 2050: High.
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Potential impact towards 2050: Significant.

Source: European Commission, UNEP, IEA, Drawdown.org

04 Energy

Sustainable biomass.

Cogeneration.

Sustainable biomass is biomass that does not displace food crops. Biomass can be used for
energy production (electricity or heat), as well as in various industrial processes to produce a
range of products such as oil and gas. Biomass material includes energy crops, wood or forest
residues, waste from food crops, horticulture (yard waste), food processing (corn cobs), animal
farming (manure, rich in nitrogen and phosphorus), or human waste from sewage plants.
Sustainable sourced biofuels (e.g. biowaste) are suitable for ships and as jetfuel. Since biomass
uses natural growth cycles to sequester carbon, the process produces zero net emissions
(when using appropriate feedstock).

Cogeneration systems, otherwise known as combined heat and power (CHP), use the excess
heat from electricity generation. CHP systems can be used in combination with district heating.
The industrial sector in particular relies on cogeneration systems. Countries such as Denmark
and Finland used CHP to produce a significant part of the energy mix, principally from district
heating systems. In Denmark, around 80% of district heating and more than 60% of electricity
demand is provided by cogeneration systems. CHP adoption makes financial sense for many
industrial and commercial uses, as well as for some residential uses, due to the low efficiency of
electricity generation from fossil fuels.

Potential impact towards 2050:

High.

Biomass energy may lower carbon dioxide emissions by 7,5 gt over the next 30 years. The
viability of biomass as a clean energy source assumes perennial bioenergy feedstock (i.e. not
using forests or annual crops) and replaces coal and natural gas in electricity production by
2050. According to the Danish Climate Council estimates energy crops like willow are a very
cheap way of reducing carbon emissions.
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Potential impact towards 2050: High.

Industrial cogeneration (using natural gas) generated 3,2% of global electricity and 1,7% of heat
in 2014. Over the next 3 decades, if CHP adoption increases to 5,4% of power and 3,3% of
heat CO2e emissions can be reduced by 4 gt. Total installation costs in this scenario would be
US$279 bn. Using more efficient and less costly CHP technologies, the growth in cogeneration
could produce operational savings of US$567 bn. by 2050 and lifetime savings of US$1.7 tr.

Source: Danish Climate Council, IPCC, European Commission, Drawdown.org

04 Energy

Waste-to-Energy.

Bioenergy with CCS.

Sustainability involves limiting waste, both from the outset of any process or consumption as well
as by reusing, recycling and composting. However, until these techniques mature, waste-toenergy can provide a transitional strategy, especially in land-scarce countries and cities.
Releasing the energy contained in trash can be done through pyrolysis, gasification, and
incineration but a downside to these processes can be the emission of latent toxic compounds
and heavy metals contained in the trash, into the environment. However, waste-to-energy
represents an alternative to fossil fuels and has a more positive impact on greenhouse gases
than landfills producing emissions from organic waste decomposition. Sweden and Denmark
have the highest per capita incineration capacity in the EU.

Bio-energy with carbon capture and storage (BECCS) refers to the process of using biomass to
extract bioenergy, which is followed by capturing and storing the carbon from the process,
thereby removing the carbon from the atmosphere. The biomass comes from trees or crops,
which capture carbon dioxide from the atmosphere. Through BECCS, some of the CO2 is
stored, and the rest is left with the bioenergy in the form of biofuel, such as ethanol. The biofuels
from the process can e.g. alleviate the negative impact on the climate by the transportation
industry, while bioenergy can be used to generate electricity. BECCS is one of the most
promising large-scale technologies capable of removing CO2 from the atmosphere.

When considering social and environmental disadvantages, waste-to-energy should be
recognized a “bridge” solution that will decline with the development of better wastemanagement solutions such as zero waste, composting, and recycling. While waste-to-energy
represents significant risks, it also includes several benefits. There is the potential for 1,1 gt of
CO2e emissions to be avoided by 2050, primarily as a result of reduced methane emissions from
keeping waste out of landfills. The cost of incineration and separation is high, so it needs to be
compared to the social cost of landfill disposal.

Currently a handful of facilities around the world are actively using BECCS technologies.
Together, they are capturing approx. 1,5 mill. tons of CO2 per year. In total, the IPCC has
referenced a range of negative emissions from BECCS at 0,5-5 GtCO2 per anno in 2050. It is
important to note that BECCS relies heavily on biomass input and since large areas of land are
necessary in order to operate BECCS on an industrial scale, BECCS could risk using land
needed for food production, leaving several open questions about the scalability of this
technology.

Potential impact towards 2050: High.
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Potential impact towards 2050: Significant.

Source: European Commission, IEA, IPCC, Drawdown.org

04 Energy

Power2X.

Grid Flexibility.

Green hydrogen is produced by using electricity (e.g. wind) to split water into hydrogen and
oxygen by means of electrolysis. Green hydrogen can be used in a wide variety of settings thus
the concept Power2X. Depending on usage, hydrogen can be converted into ammonia,
methanol etc. which can have better properties for a particular purpose. Power 2X can be used
for storage and grid buffering, decarbonized high-heat for industrial processes where
electrification is ill-suited or as feed stock in industrial processes or the fertilizer industry. It can
also be applied in heavy transport like trucks and ships. The array of usage means it can create
synergies and couple different sectors like agriculture, energy and transport.

85% of the world relies on the electricity grid, which is a dynamic web of production,
transmission, storage, and consumption of power. Originally designed for constant and
centralized production of power, existing grids are not prepared for the variability inherent in
wind and solar power generation. Therefore, it is necessary to adapt the grid or increase its
flexibility in order to increase renewable electricity supply. Increased flexibility is dependent on
technologies such as demand-response tools, utility- and small-scale storage, as well as
constant renewables (e.g. geothermal). Additionally, strong transmission and distribution
networks will be necessary to provide a connection between consumption and generation.
Greater grid flexibility is also needed to accommodate the growing electric vehicle fleet.

Potential impact towards 2050: Uncertain.

The challenge is that the economics of Power2X are not yet secured. Overall, the business case
requires cheap electricity, low grid tariffs and further cheapening of the basic electrolysis
process. The Hydrogen Council estimated that 6 Gt of annual CO2 emissions could be avoided
in 2050, requiring annual investments of $20 to 25 bn. Being commercially viable in 2030
assumes a carbon price of US$50. EU regulation in the area remains unclear. However, the
European Commission's 2050 climate plan enumerates several technology scenarios where
Power2X is a prerequisite for the 2050 objectives.
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Potential impact towards 2050: Uncertain.

Grid flexibility can reduce extremes and allows for variable renewable solutions to reach their full
potential by being adaptable to new forms and volumes of electricity production. Also, the
increase in availability, communication, and processing of data could potentially serve to
improve grid efficiency and flexibility.

Sources: IRENA, Energy-supply.dk, Drawdown.org

04 Energy

Storage.

The shift from fossil fuels to renewable energy sources depends on a fit for purpose energy
distribution and storage system. Storage capacity is needed across time spectrums from
seconds to seasons in order to handle variable energy sources. Renewables like solar and wind
are dependent on storage if they are to have a much higher share of overall power production.
Many types of storage systems exist batteries and pumped storage being the major types of
storage globally.

Potential impact towards 2050: Uncertain

Energy storage does not reduce emissions; instead, energy storage enables adoption of
renewables. No carbon impact is included in order to prevent double counting.
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Potential impact towards 2050:

Source IEA bioenergy, Nature Communication, IPCC: Global Warming of 1.5°C.

Industry

05 Industry

Refrigerant Recycling.

Alternative Cement.

Chemical refrigerants which enable chilling by absorbing and releasing heat are used in
refrigerators, reefers and air conditioners. Use of certain types of refrigerants such as CFCs and
HCFCs was responsible for depletion of the ozone layer, but these have been phased out due to
the 1987 Montreal Protocol. The replacement technology (i.e. HFCs) are more ozone-layer
friendly but have warming affect on the atmosphere that is 1,000x to 9,000x greater than carbon
dioxide. The 2016 Kigali Accord targets phasing out HFCs over the coming decades. Most
refrigerant emissions (i.e. 90%) happen at end of life, so effective removal and storage of
refrigerants is critical to transform these chemicals for reuse elsewhere.

As the most used building material in the world, the production of cement is a source of 5-6% of
global CO2 emissions annually. As part of the production process decarbonizing limestone
causes roughly 60% of cement’s emissions, with the rest resulting from energy use in
production. Altering the composition of cement by partially substituting conventional materials
with alternatives such as volcanic ash, finely ground limestone, and certain industrial waste
products can help leapfrog the most carbon-emitting, energy-intensive step in the cement
production process. The average substitution rate could realistically reach 40% and avoid up to
440 mill. tons of CO2 emissions annually.

Potential impact towards 2050: Very

Potential impact towards 2050: High.

High.

By 2050, almost 90 gt of CO2e could be avoided by eliminating 87% of existing chemical
refrigerants (CFCs, HCFCs) likely to be released. Per the Kigali Accord, eliminating HFCs could
avoid additional emissions equivalent to a further 25-78 gt of CO2eq. The operational costs of
refrigerant leak avoidance and destruction are high, resulting in a projected net cost of US$903
bn. by 2050.
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Because fly ash as a potential substitute is a by-product of burning coal, each ton created is
accompanied by 15 tons of CO2 emissions. Using fly ash in cement can offset only 5% of those
emissions. Even so, if 9% of cement produced between 2020 and 2050 is a blended mix of
conventional cement and 45% fly ash, 6,7 gt of CO2 emissions could be avoided by 2050, while
at the same time increasing cement life span. Cost data remain uncertain.

Source: UN Environment, Drawdown.org

05 Industry

Waste & Recycling.

Heat Pumps.

The global production of waste has increased 10x over the past 100 years and is expected to
double again by 2025. Residential waste could be up to half of global total waste, and
particularly in high-income countries, more than 50% of waste comes from candidates for
recycling, such as paper, plastic, glass and metal. Industrial & commercial waste make up the
balance. Roughly the other half of global waste comes from manufacturing, construction, mining,
food industry, offices and schools.

Heating and cooling accounts for more than one-third of the energy use in buildings. Highefficiency heat pumps could cut energy use by 30% to 40%. It uses electricity to move available
heat from one place to another e.g. heat from the surrounding air into buildings. While costs can
be high and efficiency fluctuates depending on local climate, heat pumps are a proven
technology that is easy to adopt. When paired with renewable energy sources e.g. at district
heating plants and building structures designed for efficiency, heat pumps could eliminate
almost all emissions from heating and cooling. Danish industry is well positioned to pioneer the
development a new generation of high-efficiency heat pumps.

Potential impact towards 2050: High.

Potential impact towards 2050: High.

Household recycling could avoid 2,8 gt CO2 emissions by 2050, if the average household
recycling rate increases to 65% of total recyclable waste. Similarly, industrial & commercial
recycling could also avoid a similar amount by same rate of recycling. Implementation costs
under this scenario have been estimated at US$734 bn., leading to a net operational savings of
US$142 bn. over the next thirty years.
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Heating and cooling of residential and commercial building space is estimated to increase from
around 13,000 terawatt-hours of energy to more than 18,000 terawatt-hours by 2050 globally.
High-efficiency heat pumps can reduce fuel consumption to zero and use less electricity to
generate heating and cooling. Current adoption of high-efficiency heat pumps is low at 0,02% of
the market, decreasing cost by up to 25% by 2050 can help accelerate adoption.

Source: Sitra, Drawdown.org

05 Industry

Bioplastic.

Telepresence.

Out of the roughly 310 mill. tons of plastic that is produced globally each year – with the vast
majority being petro-plastic made from fossil fuels – it is estimated that 90% of it could be
substituted by bio-based plastics. Bio-based plastics are made in whole or partially from
renewable biological resources like sugar cane, potatoes or algae – often with lower carbon
emissions. Most bioplastics are used in packaging, but increasingly also in textiles,
pharmaceuticals and electronics. The big challenge for bioplastics is separation from other
waste and appropriate processing.

Progress in several realms has made the prospect of high-performance telepresence feasible,
hence reducing need to travel and hence the travel-related emissions in a world of global
business. Telepresence technologies are becoming increasingly capable and affordable in a
variety of ways and telecom companies are preparing to roll out 5G networks.

Potential impact towards 2050: Significant.

Potential impact towards 2050: Significant.

Total production of plastics is estimated to grow from 311 mill. tons in 2014 to at least 792 mill.
tons by 2050, with some sources estimating an even higher growth. If bio-plastics capture
around 50% of the market by 2050, 4,3 gt of emissions could be cut. While technical potential is
even higher, this solution is constrained by limited biomass feedstock available without additional
land conversion. Cost data remain uncertain.
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By avoiding emissions from business air travel, telepresence has the potential to reduce over
140 mill. business-related trips in 2050. That would – all things being equal – result in a
reduction of 2 gt of CO2 emissions. For organizations, the investment in telepresence systems
pays off with US$1,3 tr. worth of savings and 82 bn. fewer unproductive travel hours.

Source: IEA, IPCC, Nature Climate Change, UNEP, WEF, Utrecht University, Drawdown.org,

05 Industry

Water Distribution.

AI, Blockchain & Data.

Pumping water from source to treatment plant to storage and distribution requires enormous
amounts of energy and, while also resulting in large losses through leaks etc. By minimizing
leaks and losses, both energy and water are saved. Improving the efficiency of water distribution
largely depends on management practices and requires financial investment to serve growing
urban populations.

New core technologies are emerging in advanced computing (i.e. artificial intelligence),
distributed ledger technologies (i.e. Blockchain) and the internet-of-things (i.e. IoT, Big Data) and
will lead to new connected ecosystems and potentially decentralization of energy supply &
demand. The IoT will expand exponentially, reaching an estimated 50 tr. sensors integrated into
both industrial and consumer technologies by 2050. Everything will be connected. Blockchainbased applications are enabling emerging peer-to-peer (P2P) energy trading. AI supported
climate accounting tolls will help find new ways to reduce energy e.g. in 2016, the tech giant
Google was able to lower the cooling costs for their data centers by 40% using advanced
machine learning techniques developed at DeepMind.

Potential impact towards 2050: Significant.

It is estimated that water losses can be reduced by 20% globally by 2050 through more efficient
pressure management and leakage control. The resulting emissions reduction from pumped
distribution could be 0,9 gt of CO2, while potentially saving 815 quadrillion liters of water by
2050. Improvement could also mean operating savings for utilities up to US$903 bn. by 2050.
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Potential impact towards 2050: Uncertain.

Advanced machine learning algorithms will significantly improve their ability to model complex
systems by 2050, using universal sensors, big data and next-gen blockchain technologies. The
result will enable prediction of power demand well in advance of usage, and the ability to
distribute such power efficiently, optimally and in real-time across smart grids and smart storage
devices (distributed network batteries, electric vehicles, etc.) using smart meters, saving
potentially billions of dollars in energy spending, and significant reductions in carbon emissions.
Source: World Bank, Electric Power Research Institute, UN IPCC, Drawdown.org, Cisco, Google DeepMind, Wikipedia.org, Euractive

05 Industry

Carbon Capture Storage.

Carbon Capture Utilization.

Carbon capture and storage (CCS) is the process of capturing waste carbon emissions (CO2)
usually from large point sources, such as a cement factory or coal power plant. After capture,
the carbon is deposited in underground storage in either deep geological formations (where it
can’t escape into atmosphere), or in the form of mineral carbonates. As of 2019 there are 17
operating CCS projects in the world, capturing 31,5Mt of CO2 per year, of which 3,7Mt are
stored geologically. Most projects are at various industrial locations rather than power plants.
Between 2008 and 2017, €3 Bn. was available in EU for CCS demo projects such as feasibility
studies. Cost and energy intensity of CCS have been a barrier, but cost is expected to reach
US$40 per ton of CO2 captured according to the IEA

Carbon Capture Utilization (CCU) is the process of capturing carbon dioxide (CO2) to be
recycled for further usage. As such, CCU differs from CCS as captured carbon dioxide from
CCU can be converted in a carbon-neutral manner into higher economic value products.
Several different CCU technologies exist to convert CO2 into methanol, biofuel, and other forms
of hydrocarbons, which can be used as alternative/renewable energy sources. CO2 from CCU
can also be converted into commercial products such as plastics, concrete and reactants for
various chemical synthesis. According to the IPCC the main obstacle for CCU is the limited
potential of reusing CO2.

Potential impact towards 2050:

Uncertain.

A draft appraisal of the European Commission’s 2050 strategy raises questions around the
current feasibility of CCS technologies. The Commissions plan offers several scenarios for 2050,
from which member states will have to choose. The most ambitious scenarios, which aim for
nearly 100% emission cuts by mid-century, rely heavily on carbon emissions removal using CCS
technologies, the IPCC has also emphasized the need for CCS in achieving climate mitigation
goals.
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Potential impact towards 2050:

Uncertain.

The potential impact of CCU is highly uncertain, and it remains a costly solution based on
current technologies. A paper published in the journal Nature Climate Change in 2017
concluded that from the perspective of mitigating climate change, CCU can, at most, be seen as
supplementing CCS to a small extent and is unlikely to provide more than 10% reduction in
emissions.

Source: IEA, Nature Climate Change, UN Environment

05 Industry

Circular Economy.

Industrial Energy Efficiency.

Circular systems employ recycling, reuse remanufacturing and refurbishment to create a closed
system, minimizing the use of resource input and waste. Recycling the diverse form of waste
creating closed loop resource cycles is challenging and will require totally redesigning processes
and products. Product need to be designed for easy disassembly and easy integration into the
recycling and remanufacturing process. The fashion industry alone is responsible for producing
20% of global wastewater and 10% of global CO2 more than the emissions of all international
flights and maritime shipping combined. The amount of clothes discarded every day can fill 1,5
empire state buildings.

Industry sector GHG emissions primarily come from electricity consumption, secondarily from
non-energy use of fossil fuels (for example, fossil fuels as feedstock for chemical processes) and
emissions from industrial processes. By applying a broad set of mitigation options the industry
sector can achieve substantial emission reductions mainly from energy efficiency. A more
efficient use of energy can be created through industrial symbiosis as well as through industry
residential energy integration. Additionally better data collection, harmonisation and sharing, can
enable data analytics and unlocking of further efficiency gains.

Potential impact towards 2050:

Uncertain.

According to The Finnish Innovation Fund Sitra a switch to the circular use notably of steel,
plastics, aluminium and cement could cut industrial emissions by more than half by 2050. The
theoretical potential from introducing a circular economy goes well beyond industry. The
challenges are technical as well as behavioural. An introduction of a circular economy could
have large impact on emissions reductions but would require radical shift to consumer
behaviour.
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Potential impact towards 2050:

Uncertain.

By 2030 it is estimated that industrial reduction potential could amount to 9 – 30% for iron and
steel, 4-7% for primary aluminium, for petrochemicals approx. 30%, and for ammonia
production 11-25%. This would scale further towards 2050 and have a very high impact. The
UN Environment Synthesis Report puts the direct and indirect energy savings from Industry to
4,1 gt CO2 e a year at costs below US$100/tCO2e.

Source: Sitra, UN Environment, Drawdown.org

Transportation

06 Transportation

Electric Vehicles (EV).

Ship Design.

Today, there are more than 1 mill. EVs on the road. If an EV is powered by the conventional grid,
emissions drop by 50%, compared to combustion engine vehicles. However, if powered by solar
energy, emission fall by 95%. Additionally, EVs are simpler to make, have fewer moving parts
and require little maintenance. The central challenge continues to be the lack of lightweight,
durable and affordable battery with adequate range, resulting in “range anxiety” by consumers.
The range today typically lasts around 130 -145km, but the rate of innovation hold the promise
that EVs will overcome that challenge sooner rather than later.

As the backbone of global trade, commercial vessels transported more than 10 bn. tons of
cargo in 2015. The Danish commercial fleet is number five in the world (measured as ship
tonnage operated from Denmark). Shipping produces 3% of global GHG emissions, and various
forecasts predict that emissions from shipping could increase 50-250% towards 2050 due to
increasing shipping volumes. Significant efficiency improvements to save fuel can be realized by
more hydrodynamic ship design and onboard technology, while management practices like
“slow-steaming” also contribute to lower emissions. Ships can already now operate on a range
of sustainable fuels e.g. biofuel, methane and methanol, ethane, LPG. More structural changes
to vessel design could occur in the event of alternative fuels becoming commercially available.

Potential impact towards 2050: Very

High.

With slightly declining EV prices, expected due to declining battery costs, adoption is expected
to increase significantly towards 2050. If EV ownership rises to 16% of total passenger miles by
2050, 10,8 gt of CO2 from fuel combustion could be avoided – accounting for emissions from
electricity generation and higher emissions of producing EVs compared to conventional
combustions engine cars. Introduction of EV’s may however be a relatively expensive way to
reduce CO2 emissions and requires an adequate grid to support the potential future fleet.
Page 39

Potential impact towards 2050: High.

Fuel-saving innovations in hydrodynamic design and management practices could secure
efficiency gains of 50% across the international shipping industry towards 2050. That translates
into 7,9 gt of CO2 emissions that can be avoided, and significant fuel costs savings of US$424
bn. towards 2050, and US$1 tn. over the life of the ships. While IMO has set a 2050 target
aiming at a 50% reduction in GHG’s the main barrier is still the lack of international regulatory
framework and enforcement mechanisms.
Source: Danish Climate Council, Drawdown.org

06 Transportation

Mass Transit.

Truck Design.

Mass transit systems rely on scale and will therefore become increasingly important with
increasing urban populations. By reducing the volume of cars, mass transit does not only reduce
emissions, but also relieves traffic congestion, decreases air pollution and brings down car
accidents and fatalities. Urban transport is the single largest source of transportation-related
emissions and it is growing with increasing urbanization.

Worldwide, road freight transport is responsible for some 6% of all CO2 emissions. More efficient
design in terms of better engines and aerodynamics, lighter weights, better tires with reduced
resistance, and electrification/hybridization have the potential for significant efficiency gains in
fuel consumptions and hence reductions in emissions. Another track for increasing fuel
efficiency is ‘platooning’ as a method for driving a group of vehicles together to reduce air
resistance. In particular the latter may become relevant if a fleet of EV trucks will be deployed in
the future, as they are projected to have far more efficient and precise speed and cruise control.

Potential impact towards 2050: High.

Potential impact towards 2050: High.

Due to demographic development and the rise of the global middle class, use of mass transit is
actually projected to decline from 37 to 21% of urban travel, all other things being equal. In a
more positive scenario where mass transit use grows to 40% of urban travel by 2050, 6,6 gt of
CO2 emissions from cars could be saved. According to Danish Climate Council mass transit in
Denmark can carry very high socioeconomic costs.
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Fuel-saving design and technologies as well as operations practices in road freight transport
come with significant investment needs. If adoption of fuel-saving technologies grows in share of
the fleet from 2% to 85% of trucks by 2050, 6,2 gt of CO2 could be saved, while initial
investments could be offset with total fuel costs savings of US$2,8 tr..

Source: Danish Climate Council, Drawdown.org

06 Transportation

Airplane Design.

Bike Infrastructure.

Today, airplanes produce at least 2,5% of global annual emissions. With significantly more
airplanes expected to take to the skies over the coming decades fuel efficiency will have to rise
dramatically if emissions are to be reduced. This can be accomplished by adopting the latest
and most fuel-efficient aircrafts, retiring the oldest and least fuel-efficient ones, and retrofitting
existing aircrafts with aerodynamic winglets, better engines, and lighter interiors. More dramatic
redesigns of airplane bodies and sustainable jet fuels based on renewable biomass such as
algae, are in development.

Bicycles are becoming increasingly popular, as urban dwellers look for a more affordable and
climate-friendly means of transportation, and a way to escape congestion. For this,
infrastructure is needed to facilitate safe and abundant bike use. Bike infrastructure involves not
only networks of bike paths and lanes but also intersections and roundabout built with the bikes
in mind, as well as secure bike parking facilities and easy access to public transport. The
physical infrastructure must be complemented by programs and policies. The better the
infrastructure, the more bike riders are present in the streets, which increases the benefits of
cleaner air, less congestion, and more physical activity.

Potential impact towards 2050: High.

Potential impact towards 2050: Significant.

Adoption of the latest and most fuel-efficient aircrafts, retrofitting existing aircrafts to maximise
fuel-efficiency, and retiring older aircraft early could save 5,1 gt of CO2 towards 2050, with
corresponding savings of US$3,2 tr. on jet-fuel and operating costs. Other efficiency measures
could provide additional emissions reductions and savings.
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Around 5,5% of urban trips worldwide are completed by bicycle and in some cities bicycle mode
share has reached a level of more than 20%. If the share of urban trips increases by 2% globally
before 2050, it could potentially avoid 2,3 gt of CO2 emissions. Therefore, by building bike
infrastructure instead of roads, municipalities stand to realize US$400 bn. in savings over the
next thirty years, without accounting for the lower health care costs inherent in increased bike
use. Lifetime savings amount to US$2,1 tr..
Source: UN Environment, The City of Copenhagen, Drawdown.org

06 Transportation

High-Speed Rail.

Electric Bikes.

High-speed rail (HSR) is an almost exclusively electricity-powered train system. It is the fastest
way to travel between two points several hundred kilometers apart and reduces emission with
up to 90%, when compared with flying, driving or conventional rail. As renewables in the future
are going to account for an increasing share of electricity, the energy source of HSR accordingly
will become cleaner. Currently, more than 30.000 km of HSR lines exist worldwide, a number
that will increase by up to 50% when current construction is completed. However, since HSR
requires a high ridership and is expensive to operate, only places with sufficient population
density will be able to support HSR.

Electric bikes are the most environmentally sound means of motorized transport in the world
today. Electric bikes extend the range relative to traditional bike cycles, makes journeys swifter
as well as reduce the barriers for bike cycle adoption. A main barrier for using bike cycles to and
from work is sweating when arriving at work. This barrier is less of a problem when riding electric
bikes as the rider can be assisted when crossing hills etc. Where policies exist to reduce car
transport in cities electric bikes can offer an alternative. In China in particular E-bikes are gaining
popularity and taking some market share away from replacing fossil fuel-powered mopeds and
small motorcycles.

Potential impact towards 2050: Significant.

Potential impact towards 2050: Significant.

The HSR solution can provide a reduction of up to 1,5 gt of CO2 emissions by 2050, if the
construction of rails and ridership continue as projected. Most of the impact will come from Asia
and especially China with its high population density in and around cities. The impact can be
greater, if HSR is applied between cities with heavily used short-haul flight routes. While the
implementation of an HSR system can come at a steep cost of up to US$1 tr., operational
savings over thirty years comes at around US$368 bn. Lifetime savings however are positive.
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Assuming e-bike rides increase from around 249 bn. miles, largely in China to 1,2 tr. miles per
year by 2050 1tt would be saved at negative cost.

Source: Drawdown.org

06 Transportation

Ridesharing.

Pyrolysis to Jetfuel.

Ridesharing constitutes the act of pairing drivers and riders that share common origins,
destinations, or stops in order to fill empty seats and split costs. When trips are pooled, it
eases congestion, lightens the load on infrastructure and reduces emissions per person.
Essential in the rising popularity of ridesharing has been a wave of new technologies such as
smartphones allowing for real-time locations, algorithms matching drivers and riders, and trustenhancing social networks. Still, the desire for privacy, autonomy, and expedience keeps people
from sharing rides with strangers. However, as mobility is increasingly being considered a
service to access, ridesharing is becoming more acceptable and desirable.

Pyrolysis, is the process of breaking down organic material using heat, absent oxygen. The
method has gained increasing attention as a way to produce jetfuel. Carbon negative jetfuel from
biomass can be produced using slow pyrolysis, which can produce bio oil and gas and biochar
as waste products. Adding hydrogen the resulting syngas can be converted into carbon
negative jetfuel by way of Fischer Tropsch synthesis. Up to 50% of the carbon can be
sequestered in the biochar, which is turned into pellets for easy distribution on fields. Using a
typical application rate for organic amendments (10-20 t/ha) some biochars have been shown to
enhance crop yields and/or reduce fertiliser requirements by more than 50%.

Potential impact towards 2050: Significant.

Potential impact towards 2050: Uncertain.

In the US and Canada, where rates of car ownership and driving alone are high, carpooling is
expected to increase from 10% of car commuters now to 15% in by 2050. Simultaneously, the
average of people per carpool will increase from 2,3 to 2,5. As a result of an increase in the
number of people per car, CO2 emissions per person are reduced. An added benefit is that
ridesharing has no implementations costs.
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According to a study published in Nature Communications the theoretical upper limit of global
mitigation potential was estimated at 1,8 gt CO2e per annum or 12% of current anthropogenic
CO2e. Half of the avoided emissions are due to the net carbon sequestered as biochar, 30%
stem from replacement of fossil-fuel energy by pyrolysis energy and 20% are attributed to
avoided emissions of CH4 and N2O. This does not take into account agricultural productivity
gains.
Source: Drawdown.org, IEA bioenergy, Nature Communication, IPCC

06 Transportation

Autonomous Vehicles.
Autonomous vehicles (AVs) offer the potential of being able to communicate with one another
and the road infrastructure to provide real-time information on road conditions and collaboration
among vehicles, as well as optimize road usage in terms of reducing congestions and emissions.
Improvement in safety, a reduction in the need for inner-city parking space and enhanced
mobility are potential benefits related to AVs. In order to achieve complete self-driving, the
autonomous cars and other vehicles, will need to be able to sense and communicate with each
other, possibly as part of a big, moving network. This will require heavy investments in
infrastructure and a large uptake in the number of AVs.

Potential impact towards 2050: Uncertain.

AVs could impact both suburban and urban areas, consequently changing people’s lifestyle
patterns. It could change the structure of our cities, free up time for activities and potentially
eliminate a substantial share of all auto accidents. Meanwhile, the option of having your car
running errands for you, or take your kids to soccer without you, increases the potential use of
cars and their millage, and absent a wider adoption of ride sharing, AVs may increase the
number of cars on the streets 5-6 fold.
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Potential impact towards 2050:

Sources: McKinsey&Co, Business Insider,

Thank you.
… and see you soon.
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technology creating growth and employment
in Denmark. The Fund focuses on societal
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private companies.
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