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This outlook provides a focused assessment of the state of public capital in the 
major European countries and iden� fi es areas where public investment could 
contribute more to stable and sustainable growth. A European Public Investment 
Outlook brings together contribu� ons from a range of interna� onal authors from 
diverse intellectual and professional backgrounds, providing a valuable resource 
for the policy-making community in Europe to feed their discussion on public 
investment. The volume both off ers sector-specifi c advice and highlights larger 
areas which should be priori� zed in the policy debate (from transport to social 
capital, R&D and the environment).

The Outlook is structured into two parts: the chapters of Part I respec� vely 
explore public investment trends in France, Germany, Italy, Spain and Europe 
as a whole, and illuminate how the legacy of the 2008 Global Financial Crisis is 
one of insuffi  cient public investment. Part II inves� gates some areas into which 
resources could be channelled to reverse the recent trend and provide European 
economies with an adequate public capital stock.

The essays in this outlook collec� vely foster a broad approach to and defi ni� on of 
public investment, that is today more relevant than ever. Off ering up a � mely and 
clear case for the elimina� on of bias against investment in European fi scal rules, 
this outlook is a welcome contribu� on to the European debate, aimed both at 
policy makers and general readers. 
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9. Ecological Transition
D’Maris Coffman,1 Roberto Cardinale,2 Jing Meng3 

and Zhifu Mi4

Introduction

Anthropogenic climate change caused by greenhouse gas (GHG) emissions is widely 
understood to be the greatest existential threat to human societies in the coming 
centuries. The Intergovernmental Panel on Climate Change (IPCC) was established in 
1988 to coordinate a global response to the coming crisis. In 2006, the United Kingdom’s 
“Stern Review” concluded that early action to mitigate climate change would be the 
most cost-effective and therefore argued for significant expenditure to address the 
expected geophysical, political and societal changes wrought by global warming (Stern 
2006). Over the intervening decade, the 2008 Global Financial Crisis and its sequelae 
distracted policy makers’ attention from the challenges of global environmental 
change. The IPCC’s publication of the Special Report on Global Warming of 1.5 °C 
(SR15) in October 2018 has helped to galvanize public opinion and has given rise to 
unprecedented climate activism. SR15 made clear the scientific consensus — to halt 
global warming it will be necessary to achieve net zero carbon dioxide emissions by 
2050. This renewed urgency has, in turn, shifted the Overton window, whereby state 
actors now recognize a need for immediate action.

According to the IPCC’s formulation in SR15, possible responses to climate change fall 
into three categories: mitigation, adaptation and remediation (IPCC 2018). Mitigation 
is taken to mean measures to reduce carbon emissions (e.g. through decarbonization 
of energy and transport systems or through changes in consumption patterns) or to 
enhance carbon sinks (e.g. afforestation or reforestation); adaptation means measures 
that ameliorate the effects of climate change on human populations (e.g. ranging 
from flood control measures to changing land use and even relocation of cities); and 
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remediation means intentional measures to counteract the effects of GHG emissions, 
including global warming (e.g. through stratospheric aerosol injection, cirrus cloud 
thinning, or space mirrors) and ocean acidification (e.g. via ocean fertilization). There 
are inevitable trade-offs between the costs of mitigation and those of adaptation over 
decadal time horizons. As the 2018 IPCC’s 1.5°C SR15 states: “increasing investment in 
physical and social infrastructure is a key enabling condition to enhance the resilience 
and the adaptive capacities of societies” (IPCC 2018, p. 19). Likewise, some climate 
activists are concerned that the prospect of remediation (particularly the tantalizing 
potential of negative emissions technologies) will discourage adequate investment in 
mitigation, or at least complacency about the need to meet the net zero targets (Lockley 
and Coffman 2016). 

Nevertheless, with all three responses, large-scale infrastructure investment 
is required, with varying degrees of involvement by state actors, multilateral 
organizations, other non-governmental organisations (including religious groups) 
and, most significantly, private capital markets. In the current climate, multilateral 
development banks (MDBs) have taken a leading role. 

In concert with the publication of the IPCC report in October 2018, the European 
Investment Bank (EIB) announced in late September 2018 that it would bring all its 
activities into alignment with the Paris Agreement. Two months later, in December, 
the MDBs as a whole announced a joint framework for doing so. In the past eleven 
months (at the time of writing) since the publication of the SR15 report in October 
2018, the scientific consensus that global warming can be kept to 1.5°C has weakened. 
There is no meaningful disagreement, however, with the conclusion that it should be 
limited to as close to 1.5°C as possible. As the report makes clear, the economic costs 
of adaptation rise significantly with each half degree increase, as do challenges of 
ensuring the inevitable adaptations are in line with other Sustainable Development 
Goals (SDGs). Concerns that the 1.5°C target will be missed have further catalyzed 
political movements in Europe such that “climate emergencies” are being declared at 
national, provincial and local levels. This has in turn galvanized national leaders to 
press for greater collaboration on decarbonization efforts.

Emmanuel Macron’s determination to establish a new European Climate Bank 
exemplifies this trend. His efforts have prompted discussions about whether or not 
the European Investment Bank might play that role once the Juncker Plan (formally 
known as the European Fund for Strategic Investments (EFSI)) finishes. This is less 
surprising than it may seem to some, because the EIB’s purpose is to mitigate market 
failure. The main criticism of the Juncker Plan by the European Commission’s auditors 
is that a non-trivial percentage of the loans would have been made anyway. To the 
extent that climate change is the result of market failure (i.e. the inability of the market 
to internalize fully the negative externalities associated with GHGs), then there is a role 
for the EIB to play, particularly in helping to finance the rapid decarbonization of energy 
and transport which could not happen as quickly as demanded by the SR15 Report if 
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left entirely to market forces. Whether or not the SR15’s net zero target is met, there 
will be a critical role for infrastructure investment both in climate change mitigation 
and in adaptation. Institutional money managers, including those of pension funds, 
insurance companies, and sovereign wealth funds will undoubtedly play an important 
role in the low carbon transition. This is a particularly promising development because 
of the intergenerational risks and rewards associated with climate change mitigation 
and adaptation; this presents an important opportunity to renew the intergenerational 
social compact and to ensure intergenerational equity. 

9.1. The Importance of Carbon Accounting

Most lay audiences are now familiar with the term “carbon footprint”, which is a 
measure of the carbon dioxide emitted through a given activity, for instance in heating 
a house or driving a car. In response to the recent Flygskam (or “Flight Shame”) 
movement in Europe, more and more air travellers are electing to “offset” the direct 
carbon emissions associated with their flights by purchasing voluntary carbon offsets 
(VCOs). Some are declining to fly, instead preferring to take voyages by train and 
even ship, as Greta Thunberg elected to do recently in her trip to the United States. 
Using “carbon footprints” to assess carbon emissions has the virtue of being relatively 
straightforward to do, and there are many carbon calculators available to the public 
to assess the carbon trade-offs around household meat consumption, energy use, 
transportation choices, and similar such decisions. 

Unfortunately, lay audiences do not necessarily appreciate that “carbon footprints” 
are not the only way to assess carbon emissions. Carbon footprints focus attention 
on carbon produced by the operation of a particular asset, such as an automobile, 
powerplant, airplane or ship. They do not account for the carbon emitted during 
the construction of said asset, nor do they consider the carbon emitted during the 
decommissioning of the asset, both of which can often be substantial. Life-cycle assessment 
models which consider the carbon embedded in all phases of a product or built asset 
life cycle can lead to different recommendations for green investment (McDowall 
2018). For example, hydropower is widely considered to be attractive because rivers 
are renewable, unlike fossil fuels, and the production of hydropower does not involve 
direct carbon emissions. However, when the construction and decommissioning 
phases of a hydropower project are included in the assessment, the project may be 
appraised differently. The cement used in the construction of hydropower dams is very 
carbon intensive (Mar 2009), as is the construction supply chain. By a similar token, 
decommissioning, when it becomes necessary, of a hydropower plant can involve 
considerable carbon emissions. Equally importantly, forests represent substantial 
natural carbon sinks. Dams that flood natural forests destroy these carbon sinks. Some 
hydropower projects may represent a less attractive alternative than superficially more 
carbon intensive alternatives. Investors need to be aware that embedded carbon is of 
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growing concern to multilaterals, who are actively commissioning research to develop 
tools to assess these issues.

Some investors may question the value of accounting for embedded carbon because 
they worry this will lead to double-counting (a methodological error) as surely the 
carbon emissions produced by cement would be accounted for in that production 
process. While this is true on a global level, accounting merely for the carbon footprint 
of an infrastructure asset distorts the political economy of carbon emissions. The 
IPCC framework anticipates carbon emissions targets and voluntary carbon quotas; 
if the latter are adopted, it is necessary to consider the global value chain, as many 
products which are produced in one country (usually a lesser developed one) are 
consumed in developed countries (Meng et al 2018). Forcing the producer-nation (or 
assembler-nation) to take responsibility for the embedded carbon in, say, the iPhone 
of one of the authors, which was assembled in China (out of components made in the 
US, Mexico and the Philippines) and consumed in the UK would be unjust. Likewise, 
the embedded carbon in the production of large energy or transport mega-projects 
can be substantial. Most scholars agree that responsibility for those embedded carbon 
emissions should be borne by the beneficiaries of the infrastructure mega-project or 
of the goods or services so consumed. Investors, in any event, need to be aware of 
these debates. Ideally, infrastructure desks should have analysts who are adept at 
life-cycle assessment modelling, if not in doing the modelling themselves at least in 
understanding how these models are used in project appraisal as there are now part of 
statutory reporting requirements.

9.2. The Emergence of “ESG” ratings 

Although there are increasingly statutory requirements to report the environmental 
and climate impacts of infrastructure projects, these are developing amidst a 
wider movement to provide a more holistic set of sustainability metrics, taking the 
Environmental, Social and Corporate Governance (ESG) dimensions together, as a 
tool for helping to internalize the positive or negative externalities of a given project. 
Over the second half 2019 and first quarter of 2020, the European Commission 
moved to procure consultancy services from a wide range of tendering parties on the 
development of ESG ratings. The European Commission is well aware of its leading 
role in green procurement in Europe, and the Commission has begun to develop tools 
for sustainable finance for use by the European Banking Authority. The results of this 
tendering process should be available in April or May 2020.

There is reason to hope that the European Commission commitment to developing 
sound ESG ratings can help avoid some of the criticisms that beset the Juncker 
Plan, while also improving infrastructure planning and promoting a shift towards a 
“circular” economy (Dreschel et al. 2018; Bowman 2017; Mascotto 2020), where waste 
is eliminated and resources continually re-used rather than exhausted (Geissdoerfer 
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2017). Although some critics remain sceptical, there is a growing consensus that 
attention to the ESG dimension of investments heightens financial performance and 
protects firm value (Valente and Atkinson 2019). 

9.3. Mitigation: Decarbonization of Energy and Transport

There is wide agreement that it would be impossible to meet any plausible net zero 
target without decarbonization of energy and transport. Energy decarbonization is 
well underway, with some European countries (including the UK) able to go for weeks 
at a time without relying on coal (Ogden 2019). Taken together, decarbonization of 
the European energy and transport sectors is advancing rapidly and is considered 
achievable at current technological levels and at minimal cost, less than 1% of GDP 
(Capros et al. 2014). 

Decarbonization of transport (also known as “electrification”) is more difficult 
than decarbonization of energy systems, but achievable with aggressive planning 
efforts. Decarbonization of the food supply is also necessary, but with the exception 
of the role of maritime transport in the global food supply chain, largely outside the 
scope of this chapter.

9.3.1. Energy

As noted, decarbonization of energy systems in Europe has been underway for over a 
decade with impressive results (Tagliapietra 2019). Most observers urge policy makers 
to integrate deep decarbonization of energy into broader, cross-sector industrial 
strategies (Avila 2018). One particularly promising area for both policy makers and 
investors is renewal gas.

Renewable gas may become a leading source in the transition to zero-emission energy 
production, especially given its importance in promoting circular economy solutions. 
Its advantages are environmental as well as economic in nature. The environmental 
advantage is double as its production not only entails zero-emission of CO2, but also 
uses inputs deriving from urban, agriculture and industrial waste, contributing to 
decreasing their polluting effect when disposed through traditional methods. The 
economic advantage lies in cost savings deriving from the progressive replacement of 
natural gas imports. It is estimated that in 2015 the EU could produce up to 122 bcm of 
renewable gas per year and replace a substantial part of natural gas imports, leading 
to a cost saving of €138 bn annually (Ecofys 2018). However, the cost saving will not 
only result from the substitution of current import with domestic production, but also 
from the possibility to use existing infrastructure for storage and transport. Relying 
on existing gas grids would also make it possible to alleviate the increasing burden on 
electricity grids, which in the future are likely to face overloads and disruptions due to 
the growing share of renewables among the sources of electricity generation. 
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The European Union has been vigorously promoting the transition to renewable gas 
because of its contribution to achieving the targets of environmental policy, namely to 
reduce GHG emission to 30% and reach 27% of energy consumption from renewables 
by 2030. As a result of the incentives granted by EU policies, production of biogas in 
the EU has reached 18 bcm of methane equivalent in 2015, making Europe the world’s 
greatest producer. 

Despite the aforementioned environmental and economic advantages, some 
questions remain on the long-term economic benefits of full reliance on renewable 
gas. Questions particularly concern the possibility to achieve energy independence. 
In fact, it is estimated that a share of renewable gas, or some inputs for its production 
(e.g. crops), will still need to be imported. 

This issue is important in view of the recent progress in the EU energy policy 
reforms, which envision a full transition to models based on short-term transactions 
in spot markets. In fact, in an energy-deprived area such as Europe, the full reliance 
on models based on short-term transactions is likely to increase the bargaining power 
of non-EU exporters, potentially threatening energy security and price affordability 
for consumers (Cardinale 2019). The fact that the transition to renewable gas will not 
guarantee energy independence suggests the need to carefully monitor the collateral 
changes that accompany the low carbon transition, especially for what concerns 
commercial relations between exporters and importers and their respective bargaining 
power. Moreover, it seems necessary to consider adopting a regulatory framework that 
includes both long- and short-term transaction models.

The relative desirability of various kinds of renewable energy remain an active 
research area, especially when different types of carbon accounting are used 
(McDowall et al. 2018). In life cycle assessment tests, wind power compares favourably 
to solar photovoltaics (PV). Nuclear energy at current technological levels is regarded 
as most desirable as an intermediate solution to wean the global energy system from 
fossil fuels, but nuclear is rarely considered a long-term solution (Prăvălie et al. 2018). 

The ESG approach to deep decarbonization of energy has the additional virtue of 
encouraging co-mitigation of air pollution. While it is possible, as China has done, to 
reduce pollution sharply using ultra-low carbon (ULE) emissions standards (Tang 
et al 2019), decarbonization will also have the positive externality of improving air 
pollution levels (Meng et al. 2019). 

In emerging markets, the calculus of deep decarbonization of energy differs 
somewhat, because energy security is a pressing concern, as is the need to provide 
reliable electricity to households and firms, against a backdrop of more extreme 
weather events, which can cause significant load shedding (Gannon et al. 2018). 
Hydropower is particularly vulnerable to these events (Ahmed et al. 2019). 

In emerging markets, back-up power generation using diesel fuel is widespread, 
especially by export-oriented manufacturing firms (Ahmed et al. 2019). This is an area 
that needs further research, but preliminary studies suggest the effects can be of such a 
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significant scale as to have the potential to change recommendations about the optimal 
energy mix for these countries and in any case strengthen the business case for projects 
that promote energy resilience in these markets (Farquharson et al. 2018). Investors, 
including multilaterals like the World Bank, will need to pay more attention to these 
issues going forward.

9.3.2. Transport

Decarbonization of transport is often taken to be synonymous with electrification, 
though that is by no means the entire story. First, to a greater extent than energy 
decarbonization, transport decarbonization will require a socio-technical transition 
away from family-owned autonomous vehicles towards other means of transport. This 
will require, in turn, significant planning challenges, which will coincide with the 
advent of smart cities (Zawieska and Pieriegud 2018).

Significant investment opportunities exist in the electrification space, as many 
European countries have already begun electrification of mass transport systems, 
including busses, trams and trains (Glotz-Richter and Koch 2016). Planners are 
increasingly requiring charging stations for electric cars in parking lots and along city 
streets (Thiel et al. 2010). Most households have probably already purchased their 
last new automobile powered solely by unleaded fuel, and most car manufacturers 
are relying on the growth of electric cars and hybrids to keep them in business. 
Consumer preferences are changing slowly but steadily in this area (Mazur et al. 
2018). Electrification of transport is an active investment area for some specialist firms 
such as Meridiam, through their Transitions fund. 

As with energy, a factor accelerating decarbonization of transport is the positive 
externalities associated with the reduction of automobile induced pollution, which is a 
grave public health threat in most countries. Pollution rates and emission rates tend to 
track each other; although rates of increase have slowed in recent years, tackling both 
will require global cooperation (Meng et al. 2019). The European approach has thus 
far primarily been to manage the co-mitigation of air pollution and carbon emissions in 
the transport sector fuel tax policies in the transport sector (Zimmer and Koch 2017). 
This represents an opportunity for investors, as positive externalities associated with 
curbing pollution can be incorporated into business cases.

The extent to which the sharing economy, notably car sharing and bike sharing, 
contribute to the low carbon transition is also an area of active debate (Mi and Coffman 
2019). Car sharing and bike sharing have the potential to reduce both emissions and 
pollution, but not at all such firms behave in pro-social ways. Both planners and 
investors can play a role in promoting sustainable practices in this sub-sector.

Air travel is another area where decarbonization is essential, but the debate has 
rarely advanced beyond demand reduction, such as that encouraged by the Flight 
Shame movement (Pye et al. 2014). There is political momentum in many European 
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countries (though largely not outside Europe) for taxes on frequent flyers and even 
the abolition of frequent flyer incentive programmes. This is one area where voluntary 
carbon offsetting has become particularly popular. Public attitudes to the use of biofuels 
in commercial aviation appear to be changing, and this could become a significant 
investable space (Filimonau et al. 2018).

Maritime transport remains another area where deep decarbonization is essential to 
meeting net zero targets. One short-term option is in the area of logistics, because fast 
freight is an order of magnitude more carbon-intensive than slower freight (McKinnon 
et al. 2016). Over the medium term, changes in fuel use (towards electrification or at 
least the widespread use of LNG) may be possible, but the use of biofuels is unlikely 
without strong financial incentives by policy makers (Balcomb et al. 2019). Fortunately, 
successful decarbonization of this sector would yield significant gains across the board, 
given the importance of maritime freight to most supply chains (Benamara et al. 2019). 

9.4. Adaptation: Physical and Social Infrastructure

Adaptation to climate change is a less immediately investable space than climate 
mitigation, but there are opportunities to consider. Coastal flooding is the most 
immediate source of concern, as sea level rises are all but inevitable (Vousdoukas et 
al. 2018). Projects on the scale of the Dutch SEAGATE have already been undertaken 
in the Thames Estuary in the UK (Lumbroso and Ramsbottom 2018), and similar 
such projects are underway elsewhere. Not surprisingly, insurance partnerships are 
considered a particularly promising area (Crick et al. 2018). 

Median temperature increases represent another area where adaptation is pressing, 
particularly as it will produce step-change increases in energy demand in vulnerable 
areas (Burillo et al. 2019). Retro-fitting of housing and commercial office buildings 
will be required, especially in countries where building stock turns over infrequently.

Climate change has profound implications for global health, but research in this 
area is only just gaining momentum as the share of health-related adaptation spending 
has risen to approximately 15% of total global adaptation spending (Watts et al. 2018). 

9.5. Remediation: Negative Emissions Technologies  
and Climate Engineering

Remediation represents the third investable space and covers an extraordinary range 
of proposals and techniques. Some of them, such as reforestation and afforestation 
(especially in response to desertification in emerging markets) are neatly aligned 
with other Sustainable Development Goals. In 2014, the World Bank established a 
Pilot Auction Facility for Methane and Climate Mitigation to raise finance for methane 
capture projects by marketing tradeable put options that represented the GHG 
reduction potential of such projects. These facilities can be scaled up to raise finance 
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for reforestation and afforestation in developing countries; they can even be envisioned 
as possible sources of finance for technological carbon dioxide removal (Lockley and 
Coffman 2018). 

In the shorter term, carbon capture and storage/carbon capture and utilization 
technologies are proving helpful in the facilitation of carbon neutrality in the European 
iron and steel industry and in the chemical industries (Mandova et al. 2019; Kätelhön 
et al. 2019). Exciting work is already being done on how to optimize European supply 
chains for carbon storage, using a cooperative model (d’Amore 2019) and this is an 
area ripe for policy making (Castillo et al. 2019). At the moment, these industries 
represent the most realistic investable space for institutional money managers.

Also in the short term, reforestation and afforestation projects are likely to receive 
direct financing primarily from third sector organizations. In September 2019, the 
Catholic Church expressed support for climate restoration through both biological 
and technological means, arguing that this is a divine imperative both to protect the 
natural world and to mitigate the inequalities associated with climate degradation 
(Auza 2019). 

Over the longer term, solar radiation management, while controversial, is regarded 
by some to be a cost-effective approach, as it is estimated to cost less than $2 bn 
annually (Carrington, 2018). Venture capitalists likewise see scalable technologies for 
carbon capture as a worthwhile target of speculative investment, especially given the 
involvement of state actors. Many observers, however, are concerned that the most 
active investors in this space are the corporate venture capital arms of oil and gas 
companies, as these firms try to find more sustainable business models (Lu 2019; 
Faran and Olsson 2018). Although most institutional investors will probably wish to 
avoid over-allocation to this space in the immediate future, remediation must be a part 
of horizon scanning.

9.6. Conclusions and Recommendations

The low carbon transition is one of the greatest challenges facing human societies. 
As such, climate mitigation, adaptation and remediation will all be major sources 
of investment opportunities, particularly for institutional investors, in the next few 
decades. For the moment, climate mitigation is the most important area, though 
adaptation and remediation will become more important over time. 

Traditionally, attention has been paid most directly to carbon footprints of energy 
sources and transportation choices, but gradually embedded carbon is becoming an 
important part of the calculus. Life cycle assessment models are widely used, and 
infrastructure investors must be able to make sense of the recommendations they 
generate. More recently, the European Commission has initiated the development of 
ESG ratings for use by procurement authorities, the European Banking Authority, the 
European Investment Bank and other European agencies.
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Opportunities for decarbonization of energy and transport in Europe are well-
established, and appropriate to institutional investors. Emerging markets present 
different challenges in the energy sector than those in established markets, but 
projects that promote energy security and energy resilience are areas where private 
investors and multilaterals can cooperate. Transport decarbonization is often regarded 
as synonymous with electrification, but smart cities will play a role in changing 
consumer demand away from autonomous vehicles. The sharing economy can also 
play a role, subject to close monitoring by regulators. Reductions of carbon emissions 
and of pollution are highly correlated in both the transport and energy sectors, and are 
especially important in Central and Eastern Europe. 

Adaptations to climate change will generally focus on flood control and 
accommodations to median temperature increases. This will pose challenges for both 
physical and social infrastructure. Remediation is comparably an emerging area, but 
one that will eventually be the focus of considerable interest, especially if the net zero 
targets are missed. Finally, this is a rapidly changing area, as the scientific consensus 
on the possibility of limiting Global Warming to 1.5 °C is eroding. Should 2°C or even 
3°C scenarios become more likely, then adaptation and remediation strategies will 
become more urgent areas for investment.

References

Ahmed, I., M. Baddeley, D. D. Coffman, M. Oseni and G. Sianjese (2019) “The Cost of Power 
Outages to Zambia’s Manufacturing Sector”, IGC Working Paper F-41408-ZMB-1, https://
www.theigc.org/wp-content/uploads/2019/09/Ahmed-et-al-2019-final-paper-1.pdf

Ávila, J. P. C., P. L. Llamas and T. G. San Román (2018) “A Review of Cross-Sector Decarbonization 
Potentials in the European Energy Intensive Industry”, Journal of Cleaner Production 210: 
585–601, https://doi.org/10.1016/j.jclepro.2018.11.036 

Auza, B. (2019) “Statement by the Apostolic Nuncio, Permanent Observer of the Holy See to the 
United Nations. The First Annual Global Climate Restoration Forum”, United Nations, New 
York, 17 September 2019, https://holyseemission.org/contents/statements/5d81339b2bf53.
php

Balcombe, P., J. Brierley, C. Lewis, L. Skatvedt, J. Speirs, A. Hawkes and I. Staffell (2019) “How 
to Decarbonise International Shipping: Options for Fuels, Technologies and Policies”, Energy 
Conversion and Management 182: 72–88, https://doi.org/10.1016/j.enconman.2018.12.080 

Banister, D., T. Schwanen and J. Anable (2012) “Introduction to the Special Section on Theoretical 
Perspectives on Climate Change Mitigation in Transport”, Journal of Transport Geography 24: 
467–70, https://doi.org/10.1016/j.jtrangeo.2012.06.004 

Benamara, H., J. Hoffmann and F. Youssef (2019) “Maritime Transport: The Sustainability 
Imperative”, in Sustainable Shipping, ed. by H. Psaraftis (Cham: Springer), pp. 1–31, https://
doi.org/10.1007/978-3-030-04330-8_1 

Bowman, M. (2017) “Capitalising on the Juncker Fund: Mobilising Private Climate Finance for 
Sustainability”, TLI Think! 79, https://doi.org/10.2139/ssrn.3027529 

https://www.theigc.org/wp-content/uploads/2019/09/Ahmed-et-al-2019-final-paper-1.pdf
https://www.theigc.org/wp-content/uploads/2019/09/Ahmed-et-al-2019-final-paper-1.pdf
https://doi.org/10.1016/j.jclepro.2018.11.036
https://holyseemission.org/contents/statements/5d81339b2bf53.php
https://holyseemission.org/contents/statements/5d81339b2bf53.php
https://doi.org/10.1016/j.enconman.2018.12.080
https://doi.org/10.1016/j.jtrangeo.2012.06.004
https://doi.org/10.1007/978-3-030-04330-8_1%20
https://doi.org/10.1007/978-3-030-04330-8_1%20
https://doi.org/10.2139/ssrn.3027529


9. Ecological Transition � 171

Burillo, D., M. V. Chester, S. Pincetl, E. D. Fournier and J. Reyna (2019) “Forecasting Peak 
Electricity Demand for Los Angeles Considering Higher Air Temperatures due to Climate 
Change”, Applied Energy 236: 1–9, https://doi.org/10.1016/j.apenergy.2018.11.039 

Carrington, D. (2018) “Solar Geoengineering Could Be ‘Remarkably Inexpensive’ — Report.” 
The Guardian, 23 November, https://www.theguardian.com/environment/2018/nov/23/
solar-geoengineering-could-be-remarkably-inexpensive-report

Castillo, A. C. and A. Angelis-Dimakis (2019) “Analysis and Recommendations for European 
Carbon Dioxide Utilization Policies”, Journal of Environmental Management 247: 439–48, 
https://doi.org/10.1016/j.jenvman.2019.06.092 

Capros, P., L. Paroussos, P. Fragkos, S. Tsani, B. Boitier, F. Wagner, S. Busch, G. Resch, M. 
Blesl and J. Bollen (2014) “Description of Models and Scenarios Used to Assess European 
Decarbonization Pathways”, Energy Strategy Reviews 2 (3–4): 220–30, https://doi.
org/10.1016/j.esr.2013.12.008 

Cardinale, R. (2019) “The Profitability of Transnational Energy Infrastructure: A Comparative 
Analysis of the Greenstream and Galsi Gas Pipelines”, Energy Policy 131: 347–57, https://doi.
org/10.1016/j.enpol.2019.03.040

Crick, F., K. Jenkins and S. Surminski (2018) “Strengthening Insurance Partnerships in the Face 
of Climate Change — Insights from an Agent-Based Model of Flood Insurance in the UK”, 
Science of the Total Environment 636: 192–204, https://doi.org/10.1016/j.scitotenv.2018.04.239 

d’Amore, F. and F. Bezzo (2019) “Optimal European Cooperative Supply Chains for Carbon 
Capture, Transport, and Sequestration with Costs Share Policies”, AIChE Journal p.e16872, 
https://doi.org/10.1002/aic.16872 

Drechsel, P., M. Otoo, K. C. Rao and M. A. Hanjra (2018) “Business Models for a Circular 
Economy: Linking Waste Management and Sanitation with Agriculture”, in Resource Recovery 
from Waste, ed. by M. Otoo and P. Drechsel (London: Routledge), pp. 3–15. 

Ecofys (2018) “How Gas Can Help to Achieve the Paris Agreement Target in an Affordable 
Way”. Report prepared for Gas for Climate Consortium, 15 February 2018, http://www.
ergar.org/wp-content/uploads/2018/05/Ecofys_Gas_for_Climate_Report_Study_March18.
pdf

European Banking Authority (2019) “EBA Pushes for Early Action on Sustainable Finance”, 6 
December, https://eba.europa.eu/eba-pushes-early-action-sustainable-finance

Farquharson, D., P. Jaramillo and C. Samaras (2018) “Sustainability Implications of Electricity 
Outages in Sub-Saharan Africa”, Nature Sustainability 1(10): 589–97, https://doi.org/10.1038/
s41893-018-0151-8 

Faran, T. S. and L. Olsson (2018) “Geoengineering: Neither Economical, nor Ethical — a risk-
Reward Nexus Analysis of Carbon Dioxide Removal”, International Environmental Agreements: 
Politics, Law and Economics 18(1): 63–77, https://doi.org/10.1007/s10784-017-9383-8 

Filimonau, V., M. Mika and R. Pawlusiński (2018), “Public Attitudes to Biofuel Use in Aviation: 
Evidence from an Emerging Tourist Market”, Journal of Cleaner Production 172: 3102–10, 
https://doi.org/10.1016/j.jclepro.2017.11.101 

Gannon, K. E., D. Conway, J. Pardoe, M. Ndiyoi, N. Batisani, E. Odada, D. Olago, A. Opere, S. 
Kgosietsile, M. Nyambe and J. Omukuti (2018) “Business Experience of Floods and Drought-
Related Water and Electricity Supply Disruption in Three Cities in Sub-Saharan Africa 
during the 2015/2016 El Niño”, Global Sustainability 1, https://doi.org/10.1017/sus.2018.14 

https://doi.org/10.1016/j.apenergy.2018.11.039
https://www.theguardian.com/environment/2018/nov/23/solar-geoengineering-could-be-remarkably-inexpensive-report
https://www.theguardian.com/environment/2018/nov/23/solar-geoengineering-could-be-remarkably-inexpensive-report
https://doi.org/10.1016/j.jenvman.2019.06.092
https://doi.org/10.1016/j.esr.2013.12.008
https://doi.org/10.1016/j.esr.2013.12.008
https://doi.org/10.1016/j.enpol.2019.03.040
https://doi.org/10.1016/j.enpol.2019.03.040
https://doi.org/10.1016/j.scitotenv.2018.04.239
https://doi.org/10.1002/aic.16872
http://www.ergar.org/wp-content/uploads/2018/05/Ecofys_Gas_for_Climate_Report_Study_March18.pdf
http://www.ergar.org/wp-content/uploads/2018/05/Ecofys_Gas_for_Climate_Report_Study_March18.pdf
http://www.ergar.org/wp-content/uploads/2018/05/Ecofys_Gas_for_Climate_Report_Study_March18.pdf
https://eba.europa.eu/eba-pushes-early-action-sustainable-finance
https://doi.org/10.1038/s41893-018-0151-8
https://doi.org/10.1038/s41893-018-0151-8
https://doi.org/10.1007/s10784-017-9383-8
https://doi.org/10.1016/j.jclepro.2017.11.101
https://doi.org/10.1017/sus.2018.14


A European Public Investment Outlook172�

Geissdoerfer, M., P. Savaget, N. M. Bocken and E. J. Hultink (2017) “The Circular Economy — A 
New Sustainability Paradigm?”, Journal of Cleaner Production 143: 757–68, https://doi.
org/10.1016/j.jclepro.2016.12.048 

Glotz-Richter, M. and H. Koch (2016) “Electrification of Public Transport in Cities (Horizon 2020 
ELIPTIC Project)”, Transportation Research Procedia 14: 2614–19, https://doi.org/10.1016/j.
trpro.2016.05.416 

IPCC (2013) “2013: Summary for Policymakers”, in Climate Change 2013: The Physical Science 
Basis. Contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental Panel 
on Climate Change, ed. by T. F. Stocker et al. (Cambridge, UK: Cambridge University Press), 
pp. 3–32, https://www.ipcc.ch/site/assets/uploads/2018/03/WG1AR5_SummaryVolume_
FINAL.pdf

IPCC (2018) “2018: Summary for Policymakers”, in Global Warming of 1.5°C: An IPCC Special 
Report on the Impacts of Global Warming of 1.5°C Above Pre-Industrial Levels and Related Global 
Greenhouse Gas Emission Pathways, in the Context of Strengthening the Global Response to the 
Threat of Climate Change, Sustainable Development, and Efforts to Eradicate Poverty, ed. by V. 
Masson-Delmotte et al. (Geneva: World Meteorological Organization), https://www.ipcc.
ch/site/assets/uploads/sites/2/2019/05/SR15_SPM_version_report_LR.pdf

Kätelhön, A., R. Meys, S. Deutz, S. Suh and A. Bardow (2019) “Climate Change Mitigation 
Potential of Carbon Capture and Utilization in the Chemical Industry”, Proceedings of the 
National Academy of Sciences 116(23): 1118–19, https://doi.org/10.1073/pnas.1821029116 

Lockley, A. and D. D. Coffman (2016) “Distinguishing Morale Hazard from Moral 
Hazard in Geoengineering”, Environmental Law Review 18(3): 194–204, https://doi.
org/10.1177/1461452916659830 

Lockley, A. and D. D. Coffman (2018) “Carbon Dioxide Removal and Tradeable Put Options at 
Scale”, Environmental Research Letters 13(5), https://doi.org/10.1088/1748-9326/aabe96

Lu, H., L. Guo and Y. Zhang (2019) “Oil and Gas Companies’ Low-Carbon Emission Transition 
to Integrated Energy Companies”, Science of the Total Environment 686: 1202–09, https://doi.
org/10.1016/j.scitotenv.2019.06.014 

Lumbroso, D. and D. Ramsbottom (2018) “Flood Risk Management in the United Kingdom: 
Putting Climate Change Adaptation into Practice in the Thames Estuary”, in Resilience: The 
Science of Adaptation to Climate Change, ed. by Z. Zommers and K. Alverson (Amsterdam: 
Elsevier), pp. 79–87, https://doi.org/10.1016/b978-0-12-811891-7.00006-2 

Mandova, H., P. Patrizio, S. Leduc, J. Kjärstad, C. Wang, E. Wetterlund, F. Kraxner and W. Gale 
(2019) “Achieving Carbon-Neutral Iron and Steelmaking in Europe through the Deployment 
of Bioenergy with Carbon Capture and Storage”, Journal of Cleaner Production 218: 118–29, 
https://doi.org/10.1016/j.jclepro.2019.01.247 

Mascotto, G., (2020) “ESG Outlook: Five Key Trends Are Driving Momentum in 2020”, American 
Century Investors — Institutional, March, https://institutional.americancentury.com/content/
institutional/en/insights/topic/esg-sustainable/esg-outlook.html

Mazur, C., G. Offer, M. Contestabile and N. Brandon (2018), “Comparing the Effects of Vehicle 
Automation, Policy-Making and Changed User Preferences on the Uptake of Electric Cars and 
Emissions from Transport”, Sustainability 10(3): 676, https://doi.org/10.3390/su10030676 

McDowall, W., B. S. Rodriguez, A. Usubiaga and J. A. Fernández (2018) “Is the Optimal 
Decarbonization Pathway Influenced by Indirect Emissions? Incorporating Indirect Life-
Cycle Carbon Dioxide Emissions into a European TIMES Model”, Journal of Cleaner Production 
170: 260–68, https://doi.org/10.1016/j.jclepro.2017.09.132 

https://doi.org/10.1016/j.jclepro.2016.12.048
https://doi.org/10.1016/j.jclepro.2016.12.048
https://doi.org/10.1016/j.trpro.2016.05.416
https://doi.org/10.1016/j.trpro.2016.05.416
https://www.ipcc.ch/site/assets/uploads/2018/03/WG1AR5_SummaryVolume_FINAL.pdf
https://www.ipcc.ch/site/assets/uploads/2018/03/WG1AR5_SummaryVolume_FINAL.pdf
https://www.ipcc.ch/site/assets/uploads/sites/2/2019/05/SR15_SPM_version_report_LR.pdf
https://www.ipcc.ch/site/assets/uploads/sites/2/2019/05/SR15_SPM_version_report_LR.pdf
https://doi.org/10.1073/pnas.1821029116
https://doi.org/10.1177/1461452916659830
https://doi.org/10.1177/1461452916659830
https://doi.org/10.1088/1748-9326/aabe96
https://doi.org/10.1016/j.scitotenv.2019.06.014
https://doi.org/10.1016/j.scitotenv.2019.06.014
https://doi.org/10.1016/b978-0-12-811891-7.00006-2%20
https://doi.org/10.1016/j.jclepro.2019.01.247
https://institutional.americancentury.com/content/institutional/en/insights/topic/esg-sustainable/esg-outlook.html
https://institutional.americancentury.com/content/institutional/en/insights/topic/esg-sustainable/esg-outlook.html
https://doi.org/10.3390/su10030676%20
https://doi.org/10.1016/j.jclepro.2017.09.132


9. Ecological Transition � 173

McKinnon, A. C. (2016) “Freight Transport Deceleration: Its Possible Contribution to the 
Decarbonization of Logistics”, Transport Reviews 36(4): 418–36, https://doi.org/10.1080/01
441647.2015.1137992 

Meng, J., Z. Mi, D. Guan, J. Li, S. Tao, Y. Li, K. Feng, J. Liu, Z. Liu, X. Wang, Q. Zhang and S. Davis 
(2018) “The Rise of South-South Trade and Its Effect on Global CO2 Emissions”, Nature 
Communications 9(1): 1871, https://doi.org/10.1038/s41467-018-04337-y 

Meng, J., H. Yang, K. Yi, J. Liu, D. Guan, Z. Liu, Z. Mi, D. D. Coffman, X. Wang, Q. Zhong, T. 
Huang, W. Meng and S. Tao (2019) “The Slowdown in Global Air-Pollutant Emission Growth 
and Driving Factors”, One Earth 1(1), 138–48, https://doi.org/10.1016/j.oneear.2019.08.013

Mi, Z., J. Zheng, J. Meng, H. Zhing, X. Li, D. M. Coffman, J. Woltjer, S. Wang and D. Guan (2019) 
“Carbon Emissions of Cities from a Consumption Perspective”, Applied Energy 235: 509–18, 
https://doi.org/10.1016/j.apenergy.2018.10.137

Mar, L. E. (2009) “Carbon Impact of Proposed Hydroelectric Dams in Chilean Patagonia” 
(Doctoral dissertation, Massachusetts Institute of Technology), https://dspace.mit.edu/
handle/1721.1/53068

Mi, Z. and D. D. Coffman (2019) “The Sharing Economy Promotes Sustainable Societies”, Nature 
Communications 10(1): 1214, https://doi.org/10.1038/s41467-019-09260-4 

Ogden, C. (2019) “UK’s Longest Ever Coal-Free Run Comes to an End”, The Environment 
Journal, 5 June, https://environmentjournal.online/articles/uks-longest-ever-coal-free-run- 
comes-to-an-end/

Prăvălie, R. and G. Bandoc (2018) “Nuclear Energy: Between Global Electricity 
Demand, Worldwide Decarbonization Imperativeness, and Planetary Environmental 
Implications”, Journal of Environmental Management 209: 81–92, https://doi.org/10.1016/j.
jenvman.2017.12.043 

Pye, S., W. Usher and N. Strachan (2014) “The Uncertain but Critical Role of Demand Reduction 
in Meeting Long-Term Energy Decarbonization Targets”, Energy Policy 73: 575–86, https://
doi.org/10.1016/j.enpol.2014.05.025 

Stern, N. (2006) The Economics of Climate Change: The Stern Review. London: HM Treasury.

Tagliapietra, S., G. Zachmann, O. Edenhofer, J. M. Glachant, P. Linares and A. Loeschel (2019), 
“The European Union Energy Transition: Key Priorities for the Next Five Years”, Energy 
Policy 132: 950–54, https://doi.org/10.1016/j.enpol.2019.06.060 

Tang, L., J. Qu, Z. Mi, X. Bo, X. Chang, L. D. Anadon, S. Wang, X. Xue, S. Li, X. Wang and Z. Zhao 
(2019) “Substantial Emission Reductions from Chinese Power Plants after the Introduction 
of Ultra-Low Emissions Standards”, Nat Energy 4: 929–38 (2019), https://doi.org/10.1038/
s41560-019-0468-1

Thiel, C., A. Perujo and A. Mercier (2010) “Cost and CO2 Aspects of Future Vehicle Options 
in Europe Under New Energy Policy Scenarios”, Energy policy 38(11): 7142–51, https://doi.
org/10.1016/j.enpol.2010.07.034 

Valente, A. and D. Atkinson (2019) “Sustainability in Business: How ESG Can Protect and Improve 
Financial Performance”, 40th International Scientific Conference on Economic and Social 
Development — Buenos Aires, 10–11 May, pp. 234–45, https://www.pearsoncollegelondon.
ac.uk/content/dam/region-core/uk/pearson-college/documents/pearson-business-
school/case-studies/valente-and-Atkinson-buenosaires2019-final-paper.pdf

Victoria, M., K. Zhu, T. Brown, G. B. Andresen and M. Greiner (2019) “The Role of Storage 
Technologies throughout the Decarbonization of the Sector-Coupled European Energy 

https://doi.org/10.1080/01441647.2015.1137992
https://doi.org/10.1080/01441647.2015.1137992
https://doi.org/10.1038/s41467-018-04337-y
https://doi.org/10.1016/j.oneear.2019.08.013
https://doi.org/10.1016/j.apenergy.2018.10.137
https://dspace.mit.edu/handle/1721.1/53068
https://dspace.mit.edu/handle/1721.1/53068
https://doi.org/10.1038/s41467-019-09260-4
https://environmentjournal.online/articles/uks-longest-ever-coal-free-run-comes-to-an-end/
https://environmentjournal.online/articles/uks-longest-ever-coal-free-run-comes-to-an-end/
https://doi.org/10.1016/j.jenvman.2017.12.043
https://doi.org/10.1016/j.jenvman.2017.12.043
https://doi.org/10.1016/j.enpol.2014.05.025
https://doi.org/10.1016/j.enpol.2014.05.025
https://doi.org/10.1016/j.enpol.2019.06.060
https://doi.org/10.1038/s41560-019-0468-1
https://doi.org/10.1038/s41560-019-0468-1
https://doi.org/10.1016/j.enpol.2010.07.034
https://doi.org/10.1016/j.enpol.2010.07.034
https://www.pearsoncollegelondon.ac.uk/content/dam/region-core/uk/pearson-college/documents/pearson-business-school/case-studies/valente-and-Atkinson-buenosaires2019-final-paper.pdf
https://www.pearsoncollegelondon.ac.uk/content/dam/region-core/uk/pearson-college/documents/pearson-business-school/case-studies/valente-and-Atkinson-buenosaires2019-final-paper.pdf
https://www.pearsoncollegelondon.ac.uk/content/dam/region-core/uk/pearson-college/documents/pearson-business-school/case-studies/valente-and-Atkinson-buenosaires2019-final-paper.pdf


A European Public Investment Outlook174�

System”, Energy Conversion and Management 201: 111977,  https://doi.org/10.1016/j.
enconman.2019.111977 

Vousdoukas, M. I., L. Mentaschi, E. Voukouvalas, A. Bianchi, F. Dottori and L. Feyen (2018 
“Climatic and Socioeconomic Controls of Future Coastal Flood Risk in Europe”, Nature 
Climate Change 8(9): 776–80, https://doi.org/10.1038/s41558-018-0260-4 

Watts, N., M. Amann, N. Arnell, S. Ayeb-Karlsson, K. Belesova, H. Berry, T. Bouley, M. Boykoff, P. 
Byass, W. Cai and D. Campbell-Lendrum (2018) “The 2018 Report of the Lancet Countdown 
on Health and Climate Change: Shaping the Health of Nations for Centuries to Come”, The 
Lancet 392(10163): 2479–514, https://doi.org/10.1016/s0140-6736(18)32594-7 

Wei, Y.-M., M. Zhifu, D. D. Coffman and H. Liao (2018) “Assessment of Equity Principles for 
International Climate Policy: Based on Integrated Assessment Model”, Natural Hazards 
95(1–2): 309–23, https://doi.org/10.1007/s11069-018-3408-7 

Zawieska, J. and J. Pieriegud (2018) “Smart City as a Tool for Sustainable Mobility and Transport 
Decarbonization”, Transport Policy 63: 39–50, https://doi.org/10.1016/j.tranpol.2017.11.004 

Zimmer, A. and N. Koch (2017), “Fuel Consumption Dynamics in Europe: Tax Reform 
Implications for Air Pollution and Carbon Emissions”, Transportation Research Part A: Policy 
and Practice 106: 22–50, https://doi.org/10.1016/j.tra.2017.08.006 

https://doi.org/10.1016/j.enconman.2019.111977
https://doi.org/10.1016/j.enconman.2019.111977
https://doi.org/10.1038/s41558-018-0260-4
https://doi.org/10.1016/s0140-6736(18)32594-7
https://doi.org/10.1007/s11069-018-3408-7
https://doi.org/10.1016/j.tranpol.2017.11.004
https://doi.org/10.1016/j.tra.2017.08.006

