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Cities offer some of the best opportunities for decarbonization.

And a few sectors such as buildings, transport, water, and

waste have the greatest potential for high impact

decarbonization investments. Creating an enabling

environment for cities to invest heavily to achieve systemic

transformations in these sectors is essential for meeting the

less than 2 �C target of the Paris Agreement in view of an urban

population growing by approximately 1.4 million weekly.

Unfortunately, significant barriers exist for these investments to

grow at the required pace. The good news is that there are

many initiatives such as the alliance of cities that have

committed to achieving 80 percent reductions of GHG

emissions by 2050, networks such as the C 40 network of city

mayors from around the world that connect leaders and

undertake research and programs to help cities implement low

carbon and climate resilience strategies, and those of major

private and institutional investors committed to ramp up their

low carbon investments. Furthermore some 110 Paris

Agreement country commitments include actions in cities with

a focus exactly on those sectors with the greatest potential for

decarbonization.
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Introduction
The global temperature targets of the Paris Agreement

cannot be reached without massive new investments for

energy systems transformation in cities. Currently respon-

sible for more than 70 percent of carbon dioxide emissions

and with a projected growth of some additional 2.5 billion

urban residents by 2050 [1], cities offer the best chance

but also the greatest challenge for decarbonization. In
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developing countries, where there are major needs for

large new investments in infrastructure to attend to the

most basic needs of the current and growing urban

population, the chance to decarbonize lies in making sure

that the low carbon transition goals are incorporated into

the development agenda [2]. With an estimated 90 per-

cent of the urban growth increase to 2050 taking place

mostly in Africa and Asia [3], the opportunities for creat-

ing major impact through low carbon development strat-

egies and low carbon investments in these regions are

immense but so are the challenges. And for existing

building stock and infrastructure worldwide, from where

a large portion of the current carbon dioxide emissions

originate, large investments for transformation through

retrofitting would need to be a central part of that low

carbon strategy [4��,5].

Except for South Africa which has one of the highest

green-house gas emissions intensities in the world due to

its coal endowment, the African continent has one of the

lowest GHG emissions per capita and accounts for less

than 2.4 percent of the world’s emissions. But this is

mostly due to its poverty and a long period of economic

stagnation rather than to a low carbon development. Now

the continent is growing and rapidly urbanizing with a few

of its cities being among the fastest growing. Conse-

quently, emissions will rise considerably along with this

growth and urbanization trends unless comprehensive

strategies and policies are introduced to keep this emis-

sions growth to a minimum. Ethiopia is among the very

few countries in the continent that is doing exactly that.

But this is an exception. Its Climate Resilient Green

Economy (CRGE) Vision Strategy adopted in 2011 is

designed to introduce a low carbon strategy. And the

Growth and Transformation Plans (GTP) I and II of 2016,

the main government policy instruments, aim for high

growth levels but with climate neutral investments and

policies. Many of them are directed to infrastructure in

cities [6,7]. In its Nationally Determined Contribution

commitment to the UNFCCC, Ethiopia makes

extremely ambitious commitments to curb its GHG

emission by 64 percent by 2030 focusing on a few sectors

such as energy, buildings, water, agriculture, forestry, and

transport and programs to strengthen governance. The

type of comprehensive and low carbon strategy of Ethio-

pia is an example of that which is needed across the

continent as GHG emissions begins to rise (Box 1). The

combination of immense needs for new urban infrastruc-

ture, coupled with rich endowments suitable for renew-

able energy, is an excellent opportunity for Africa to

embark on a low carbon development path. But this

potential will be hampered severely, at least in the
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Box 1 Decarbonizing the development strategy in Ethiopia.

Ethiopia was one of the first countries to formally merge the devel-

opment and climate policy agendas by combining its climate resi-

lience and the green economy strategies at a national planning level

by adopting a Climate Resilient Green Economy (CRGE) Vision and

Strategy in 2011. The strategy is based on four pillars: Improving

agricultural practices while reducing emissions, building and regen-

erating forests with a focus to improve ecosystems services and

carbon stock, increasing the share of renewable energy in final

energy use, and introducing new technologies in transport, industry

and building for better energy efficiency. The expected investment in

infrastructure in the next five years alone is in the order of some $

50 billion. The strategy promotes an economic development that

pursues a low emissions path while building resilience to adapt to

climate change. The Growth and Transformation Plans (GTP) I and II,

the main government policy instruments on the economic and social

development of the country, set out high growth levels for the

country while striving for a growth that is climate-neutral or at least

not harmful to the environment.

Ethiopia was the first Less Developed Country (LDC) to submit its

INDC to the UNFCCC. In it, Ethiopia makes some very ambitious

commitments to curb its greenhouse gas emissions between now

and 2030. It commits to a 64% reduction of emissions by 2030 from

the BAU scenario and targets key sectors such as forestry, agricul-

ture, energy, buildings, water, and transport, and others. Most of

these sectors, with the exception of forestry and agriculture, will have

a big impact on the urban investment strategies in years to come.

The strategy also contains an ambitious program on adaptation and

capacity building that includes institution building and strengthening

of governance. The immense donor support and national commit-

ment make it an excellent example, particularly at this stage when

the country gears up to deliver on such an ambitious commitment to

climate change and a robust SDG implementation plan.
short-term, by the lack of comprehensive strategies, lack

of capital, lack of skills needed to develop and deploy the

right technologies, and a weak local governance system

throughout the continent [8].

As for Asia, it is a continent where 40 percent of global

GHG emissions are currently emitted (rising from some

25 percent in the 1990s), and due to rise to some 50 per-

cent by 2030 if the right policies are not put in place to

prevent it. It is the region of the world where the urban

population grew the fastest and where the rapid and

carbon intensive economic growth has been driven by

cities [9]. It is estimated that by 2050, 67 percent of the

Asian population will be urban. Massive investments in

infrastructure for energy, buildings, transport, and water

provision will be needed to provide services to this

additional population. Currently, it is estimated that over

650 million people lack electricity in Asia, many of them

living in cities. According to the Asian Development

Bank, the incremental cost of a low carbon development

compatible with the Paris Agreement temperature targets

would be in the order of US $ 300 billion per year through

2050 [10]. Countries in the region are facing these daunt-

ing challenges in different ways. India, which appears in

the top ten global GHG emitters has some 25 percent of

its growing energy supply covered by renewables and

under the new government has launched one of the

world’s largest renewable energy expansion programs.

Much of this will be directed to cities and its ‘smart city’

program. China, the largest carbon dioxide emitter in the

world has announced a goal of 20 percent of its primary

energy in renewable sources [11]. For the Paris Agree-

ment, most Asian countries have submitted their Nation-

ally Determined Contributions (DNCs), but according to

estimates, these commitments are not nearly enough for

the Paris Agreement. Under the current NDCs, the

reduction of GHG emission would be halved whereas

they would need to be in the order of three quarters

according to estimates. The most promising means to

achieve these reductions are through low carbon energy

generation for the millions that still need access, and

through end use energy efficiency in a few selected

sectors, mostly in cities [10].

It should be said from the outset that there is no univer-

sally agreed definition of ‘cities’ or of what is ‘urban’ [12].

To illustrate the complexity, the UN Demographic Year-

book of 2005 presents a list of more than 100 countries

from around the world and their diverse definitions of

what they consider ‘urban’ [13]. The IPCC AR5 [14],

refers to the existence of a vast literature on the efforts to

come up with definitions of urban based on delineation of

physical boundaries. It goes on to summarize the three

most common types of boundaries as: administrative,

territorial or political boundaries [15], functional bound-

aries dictated by interactions [16–18], and morphological

boundaries based on built environment and land use
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[19,20]. In a more recent publication [21], the United

Nations goes on to list three types of definitions or urban

concepts that are based on those listed by the IPCC. The

first type of definition refers to the administrative bound-

aries of cities and which includes even very small locali-

ties and settlements. The second type of definition uses

the concept of ‘urban agglomeration’ and which refers to

contiguous urban or built-up areas. And a third concept

refers to the ‘metropolitan area’, whose boundaries are

dictated by the economic and social interactions not only

of the city itself but also neighboring areas in an open

system. For the purposes of this review, the latter two

categories would be most relevant for this review and for

the subject of decarbonization and investments in urban

infrastructure in cities.

The term ‘infrastructure’ also has broad definitions rang-

ing from the physical, to the technological and institu-

tional. For the purposes of this review, the narrower

definition, that is, the capital-intensive and long-lasting

physical assets such as buildings, transport, and energy

and water infrastructure in cities are the ones that are

most relevant. It is here where the investment decisions

will have long lasting impacts and potential for decarbo-

nization, or lock-in with severely negative consequences

given the long life of many of these assets. Consequently,
Current Opinion in Environmental Sustainability 2018, 30:42–51
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examining investment decisions to determine the long-

term emissions through a forward-looking life-cycle

assessment is essential [14].

Challenges and barriers to low carbon
investment
The ambitions for a more sustainable and low carbon

development in cities around the world in recent years

has surged [22]. Other recent trends are equally encour-

aging. There is news regarding advances in technology

and the economics of these technologies that have made

them cheaper and more competitive [6]. In many parts of

the world, there have been important system transforma-

tions that have moved away from carbon intensive energy

sources [23]. There are also recent shifts in investment

behavior with large private and institutional investors

incorporating climate and low carbon within their objec-

tives and goals [24]. There are global movements which

have been effective in forcing considerable divestments

in fossil fuel related portfolios of financial institutions

[25]. But despite these positive signs, there are still many

barriers that create obstacles for low carbon investments

in cities to grow at a much larger pace. Some of these

barriers are specific to low carbon investments nested to

infrastructure investment in general [26��]. One of the

biggest constraints is money and how to unlock the

necessary financial resources for the less than 2-degree

global temperature target. Financial constraints will need

to be addressed by policies and regulatory frameworks as

well as by efforts to incentivize innovative financial

mechanisms and to de-risk low carbon investments which

are often considered more risky particularly in developing

countries [27]. More information needs to be dissemi-

nated to show the economic case for low carbon invest-

ments in cities and the multiple benefits that come with

them [28��]. More information and research is needed to

show the economic case for early action and the economic

benefits of such strategy [29]. And more research is

needed to understand the behavior of capital markets

in energy systems transitions [30]. Clearer definitions and

rules as to what constitutes climate finance is essential.

Currently, these definitions and reporting are not well

established [31,32]. Clearer definitions would help not

only to mobilize climate finance in support of low carbon

investments in cities and their low carbon strategies, but

also to tackle some of the barriers that are specific to

climate mitigation finance such as covering the incremen-

tal costs of low-carbon options [26��].

The magnitude of physical infrastructure required by

cities in the next few decades is in the trillions of US

dollars. What type of infrastructure is built over the next

decade and beyond will determine whether the Paris

Agreement targets will be reached and the degree of

resilience of cities. This provides an opportunity for

making sure that these investments are in low-carbon

infrastructure specifically designed to use significantly
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reduced amounts of energy and that emits either Zero

or close to zero GHG emissions. It is also an opportunity

to ensure that these infrastructure choices consider the

climate risks and the measures that are needed to reduce

societal vulnerabilities and risks to investments. Accord-

ing to the United Nations [21], 56 percent of cities with

more than 300 000 inhabitants are considered at high risk

of at least one type of natural disaster. This translates into

some 1.4 billion people in 2014 who were at risk. Thus,

the urgency of having a better picture and understanding

of the risks and of the most common barriers to low-

carbon and resilient infrastructure investments. During

the past few years, there have many efforts to understand

and classify these barriers to give policy makers elements

for tackling them. Below is a summary of the most

common.

As already mentioned, many of the barriers to low carbon

investments in cities are nested within those that are

common to all infrastructure investment [26��]. These fall

into several categories ranging from the political-economy

related such as the frequent failure of local authorities to

appropriate sufficient resources for needed investments

and to allocate spending to those activities that maximize

benefits; to the multilevel-governance related constraints

that come with local decision makers having to depend on

higher political levels or other actors of society [33–36]; and

to the diffused nature of public spending benefits which

often makes them difficult to translate into a price, thus

making it less attractive to private investment. One recent

study on the political economy of infrastructure in the UK

[37] concludes that many of the problems in the decision

making process around investments in infrastructure in

cities are due to the lack of strong institutions where

interest groups, experts, politicians, and representatives

of local communities can have well organized and well

informed discussions about policy options for infrastruc-

ture investment. Developing country cities furthermore

face several other barriers such as lack of expertise, weak

governance and regulatory frameworks, inadequate reve-

nue base, poor credit and political, macroeconomic and

currency risks [14]. As for barriers more specific to low-

carbon infrastructure, the most common categories include

the following: the lack of ‘level-playing field’ [38,26��,39]
in investments where the costs of creating low-carbon

investments are often more costly, are high capital inten-

sive, often have high transaction costs, and need to com-

pete with investments that benefit from fossil fuel subsi-

dies or with the lack of accounting for ‘negative

externalities’ of competing investments or appropriate

carbon price; low carbon policy risks, those related to

the predictability, longevity and reliability of policy and

regulatory frameworks on which private investors specially

base their decisions [14]; specific technology and opera-

tional risks related to performance and learning curves

[14]; the existence of environmentally damaging

infrastructure that creates a ‘lock-in’ which makes
www.sciencedirect.com
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replacements or retrofit costly or even impossible before

the end of the life cycle of the current facilities [26��]; other

more subtle barriers include the ‘soft lock-in’ created by

path dependencies caused by existing institutions, lack of

information, vested interests, cultural values, and political

interests that need to be factored in [40,34].

New and innovative financial mechanisms to address

some of these barriers have grown exponentially in recent

years. These mechanisms and capital market instruments

include the use of green bonds, guarantees, results based

financing, revolving funds particularly for financing

energy efficiency in buildings, microfinance and micro-

leasing, carbon markets, hybrid instruments that bring

together debt and equity, blended finance that use grants

and non-grant financing from private and public sources,

instruments that offer more risk mitigation and guaran-

tees rather the traditional public finance instrument

[41,42], and other innovative financial mechanisms and

special measures needed to attract those institutions that

manage trillions of US dollars [43��]. Business models in

general need to be reviewed and reformed so that they

can be more receptive to new low carbon technologies,

energy service companies (ESCOs) need to be used more

actively to help reduce risks and costs of investments, and

leasing, with or without securitization, needs to increase

when relevant and appropriate. And proper provisions or

planning needs to be implemented to reduce the cost of

stranded assets. But none of these would be successful

without the right policy frameworks that provide confi-

dence and security to the investors and in some cases

funding for the early stages of project development and

innovation [44] as well as the removal of both market and

non-market barriers [45]. All the signals point to the fact

that energy systems are indeed changing. But there is also

evidence that integrated and systems approaches, which

is what is needed particularly in cities, is lacking. Because

technologies interact, integrated approaches will lead not

only to optimal solutions but also to more efficient and

cost effective solutions [46��]. This in turn has implica-

tions on governance and institutions of cities. Investing

on building their capacities and their ability to operate in

a systems world is a priority.

Addressing urban decarbonization through
sustainable infrastructure investment
According to recent estimates, there will be more infra-

structure built throughout the world in the period

between 2015 and 2030 than the value of the infrastruc-

ture existing at the start of that period [47��]. According to

estimates, this will generate a need for some $ 90 trillion

(in constant 2010 US dollars) in new investments when

the value of the current infrastructure is estimated at

some $ 50 trillion [48]. This translates into some US $

6 trillion a year in new investments [26��]. It is estimated

that over 70 percent of this additional needed invest-

ments fall in the category of urban infrastructure
www.sciencedirect.com 
investments or investments to serve urban population

needs. The current annual level of investments is esti-

mated to be around US $ 2.5 to US $ 3 trillion compared to

the estimated $ 4.1 to $ 4.3 trillion that is needed [49].

Recent studies have tried to estimate the incremental

cost of switching to or ensuring a low-emissions scenarios

for these investments [49] and the additional costs of

ensuring that urban infrastructure adapts to new condi-

tions and risks of climate change [50,51]. According to

research conducted by the World Bank, the additional

annual costs required for adaptation infrastructure are

between US $ 21 to US $ 37 billion and of these, some

US $ 11 to US $ 20 billion is for urban infrastructure [51].

This infrastructure comprises the physical networks that

provide, among others, energy, transport, building, water,

and waste management services. Industry, particularly in

Latin America and Asia, is also an important sector to

target for decarbonization through greater efficiency and a

switch to renewable energy [4��]. And more recently,

district heating and cooling has come into focus by many

major cities around the world [52] A large portion of this

infrastructure will be built to satisfy the needs of the

growing urban population mostly in developing countries

where some two thirds of the new investments will need

to take place and some one third in developed countries

needed to replace aging infrastructure [53].

As mentioned above, given the long life of much of the

infrastructure in cities, some 50–100 years, the types of

investments made and in which technologies, will influ-

ence the carbon footprint of those cities for decades to

come. It will also have a major influence on the urban

form or physical structure of many cities, particularly with

the type of investments made in buildings, transportation

and mobility in general [54,13]. Will these investments

lead to higher density and consequently to lower energy

use and GHG emissions or to a continued urban sprawl

[55]? The importance of the need to examine the impact

of investments on the urban form is that they have a

lasting influence of decades on the patterns of energy use

of cities [56]. Systemic characteristic of urban energy use

are important factors to take into consideration in the

drive toward low carbon cities and in investment deci-

sions of cities. For example, a shift to more compacts

forms of urban development that allow for easier access

and carpooling and that reduce congestion of vehicles

results in lower energy use and improved air quality [49];

and investments that promote infrastructure and facilities

for high density energy efficient buildings and non-

motorized mobility would have a major positive impact

in GHG emissions [57��]. Because of path dependencies,

breaking carbon lock-in, particularly in the transportation

sector is often difficult for policy makers trying to intro-

duce aggressive low carbon goals. Often, these are chal-

lenged by interest groups that consider it a priority to

provide automotive mobility for political goals and eco-

nomic growth and development [58].
Current Opinion in Environmental Sustainability 2018, 30:42–51
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Governance, particularly governance with devolution at

the subnational level, able to identify and formulate

policy frameworks, identify and formulate projects, and

then have budgetary control to fund and implement

them, is central to the decarbonization efforts [48,59].

Unfortunately however, many cities around the develop-

ing world lack the political authority, and the budgetary,

financial, technical, and institutional capacity to identify

the best low carbon options and opportunities and orches-

trate a switch to a low carbon development and low carbon

investments [14,60,59]. Therefore, and as mentioned

above when referring to the political economy of infra-

structure investments, institutions and capacities need to

be strengthened to empower cities to carry out consulta-

tions with stakeholders across sectors and interest groups

and identify the best investment options [36]. The poli-

cies and measures of governments, at the national as well

as the subnational levels will influence investment behav-

ior and will either make it more difficult or eliminate

barriers to unlock the needed financial resources [61].

These policies and measures will also have some influ-

ence on the behavior of people which in turn has a big

influence on end-use energy and on the types and inten-

sity of energy use [62]. The scientific understanding for

assessing policy interventions and behavior is also still

somewhat limited [63]. Behavior is particularly relevant to

the end-use energy and the carbon emissions efforts in

this regard. Carbon emissions are usually tackled in two

areas of the economy. At the front-end, this refers to

power generation and at the end-use it refers to the

carbon generated from energy use in buildings, transport,

water, waste management and other services [64].

In search of criteria for less than 2 �C
investments
Given the magnitude and the impact of infrastructure

investment in years and decades to come, criteria that

would direct these investments to low carbon infrastruc-

ture is necessary and urgent. As shown above, the scale of

the investments required points to a great opportunity to

lower the footprint and avoid costly lock-in. And the

potential for financial markets to mobilize the necessary

finance is actually there given the right policy frameworks

and incentives [65]. But currently, investment flows are

not nearly aligned with the up to 2 �C target of the Paris

Agreement [66]. Consequently, there are many of on-

going efforts to come up with criteria, principles, metrics,

and indicators that could help direct financial resources to

the massive investment needs and low carbon ambition of

the Paris Agreement. There are also many voluntary

actions by major investors. A combination of these, cou-

pled with clear policies and measures, with active partici-

pation of public and private sector is what is required.

Neither sector can do it alone. The role of the private

sector is central. It is from the private sector that a large

portion of the financial resources will need to come [67].

The public sector, however, needs to play an active role
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by putting in place the proper incentives and adequate

policy and regulatory frameworks to attract private invest-

ment and by also investing, particularly in those social

infrastructure areas where it is difficult to attract private

investment.

Some of the most interesting and promising on-going

research efforts are aiming at coming up with a 2 �C
investment criteria [68�] or the use sectoral and cross-

sectoral emissions intensity thresholds to show consis-

tency of investment decisions with climate targets [66]. In

the former, the approach is to group together technologies

and investments that are 2 �C compatible based on

underlying assumptions of available models. There are

still many challenges to the application of such criteria

including complexity, tradeoffs, and regional and local

differences [68�]. Another stream of efforts includes those

undertaken by Development Finance Institutions during

the last decade. The objective of these institutions, which

include both multilateral and development banks, has

been to integrate climate related goals into their project

analyses and policies of the institutions. Introduced long

before the Paris Agreement, these efforts do not of course

aim for the 2 �C target but rather for overall climate goals

[69]. However, the methodologies, screening criteria,

guidelines, metrics and tools used for tracking progress

provide a good basis on which to ramp up the low carbon

ambition of their portfolios and their programs in support

of Nationally Determined Contributions. Since 2009, the

Clean Technology Fund managed by the World Bank has

been applying GHG emissions reduction potential in

their project analysis and applying this for screening its

portfolio [70]. In July 2013, the European Investment

Bank introduced criteria for their fossil fuel generation

projects [71]. In December 2013, EBRD includes in its

energy sector strategy the promotion of energy system

transformation to low carbon [26��]. Most bilateral agen-

cies have been incorporating climate related goals into

their policies and portfolios. In 2010, the Agence Fran-

caise de Developpement introduced a directive that gives

preferential treatment to projects that promote low car-

bon and began screening their projects according to their

climate impact [72]. These are examples of on-going

efforts to align project portfolios with low carbon goals

by institutions with great global impact, influence and

visibility. Some multilateral development banks are

slowly shifting their priorities and evolving toward more

support for low carbon portfolios [73].

Changes in investment behavior
Given the magnitude of the infrastructure investments

needed in cities, it is impossible to succeed without

increased involvement and investment by the private

sector [47��]. And the private sector is responding [24].

However, this will not happen at the pace needed without

the active engagement of the public sector which will

need to provide not only some of the investments but also
www.sciencedirect.com
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the proper policies and regulatory frameworks to make

these investments secure and attractive. In some areas

such as renewable energy, availability of financial

resources does not seem to be the main obstacle if the

right policy frameworks are in place. In fact, the desire of

investors to finance what they consider mature technolo-

gies helped drive the major acquisition in history in the

clean power sector [74]. In the last few years, financial

institutions have begun introducing measures to align

their portfolios to low carbon and carbon related goals.

Literature and research related to the need to transform

business models so that they can account not only for

economic but also for social and environmental consider-

ations has also begun to appear [75]. Initiatives such as

those of the Portfolio Decarbonization Coalition (PDC),

co-founded by UNEP in 2014, and with some 25 signato-

ries of major asset managers holding some $ 3 trillion USD

in assets is just one of several examples of major shifts in

investor behavior. The list includes some major private

investors committed to decarbonize their investment

portfolios to be aligned to a low carbon economy. The

list of signatories included major investors such as ABP of

Netherlands, Allianz of Germany, BNP Paribas Invest-

ment Partners of France, and Storebrand of Norway, to

name just a few [76]. The next big drive needs to come

from institutional investors such as pension funds which

manage assets of some US $ 100 trillion, the banking

system which manages funds in the order of some US $

140 trillion, capital markets managing bonds and equities

and which manage funds in the order of some US $

173 trillion [77], and sovereign wealth funds which are

even larger. Finding ways to shift these funds to low

carbon activities through credible international and

national policies and frameworks, innovative financial

mechanisms, and perhaps, according to some, the intro-

duction of carbon prices, would need to be a priority.

The Climate Summit of the UN Secretary General of

2014 triggered a series of commitments by many impor-

tant coalitions of institutional investors and financial

institutions toward a low carbon transition. These com-

mitments need to be sustained and monitored over time

as they have the potential of making a big contribution to

the necessary shift in investment behavior. The commit-

ments included those of the Portfolio Decarbonization

Coalition mentioned above plus important coalitions and

investors such as Bank of America Merrill Lynch which

announced a Catalytic Finance Initiative designed to

stimulate investments in low carbon projects around

the world by 2022; Swiss Re which committed to provid-

ing advice to sovereigns and subsovereigns on resilience

to climate risk and offering some US $ 10 billion for

protection against this risk by 2020; the International

Cooperative and Mutual Insurance Federation

(ICMIF)/International Insurance Industry which com-

mitted to increasing significantly ‘climate smart’ invest-

ment with targets of more than US $ 100 billion which
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they have now surpassed [24]. Others in this coalition,

such as Russell Investments, undertake and share their

research on decarbonization strategies [78].

The 21st Conference of the Parties (COP) of the

UNFCCC in 2015 marked an important event in the

history of city commitments to renewable energy targets.

On December 7, some 700 city leaders and mayors came

together to commit to 100 percent renewable energy by

2050 and since then, a few more have been added to the

list [79]. Several networks, such as ICLEI’s (International

Council for Local Environment Initiatives) 100% Renew-

able Energy Cities and Regions Networks supports cities

and regions in their transition to 100 percent renewable

by peer-to-peer learning and sharing of experiences. In

2014, the UN launched a Compact of Mayors to support

local leaders in the fight against climate change. And on

June 22 of 2016, this initiative merged with the already

existing Covenant of Mayors of the European Union to

form the Global Covenant of Mayors which then became

the largest network of Mayors from around the world

committed to sustainable development. NAZCA, the

GHG emissions reduction commitments tracking mech-

anism established by the UNFCCC, keeps an open

register for transparency. And it tracks commitments

not only of cities, but also regions, businesses, and civil

society organizations.

Investment trends are good but not yet good
enough
In its most recent global energy investment report [80],

the International Energy Agency reminds the reader that

‘globally, energy investment is not yet consistent with the

transition to a low carbon energy system envisaged in the

Paris Agreement reached at the end of 2015’. While the

trends in solar PV, electric vehicles and wind are on a

promising trajectory, investments in other technologies

have not been as robust as for example in Carbon Capture

and Storage (CCS). Seventy percent of the investments in

power generation in 2015 went to renewable energy. This

figure decreased somewhat in 2016 mostly due to cost

reductions and decreases in investments in Japan, China

and some other emerging economies [81]. And 12 percent

of the global energy investments of $ 1.8 trillion USD

went to energy efficiency, with a large amount of this

amount going to improve the efficiency of the envelope of

buildings in cities (heating and cooling and half of this

going to retrofits) where energy demand is being

impacted by regulatory standards [82��]. Sales of electric

vehicles around the world increased by 70 percent in

2016 to an estimated total investment of $ 4 billion USD

and over one half a million cars [80]. These last two trends

are mostly relevant to cities where these investments are

mostly made. Some 19.3 percent of the global final energy

use was provided by renewable energy in 2015 and the

growth trend continued in 2016. Most renewable energy

investments in new power sector generating capacity
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have been in developing countries, mostly in China, but

spreading to other parts of the developing world [81]. But

are these new investments enough for helping us reach

the Paris Agreement?

In its latest projections based on its main scenario (to

2040), IEA projects a need of some $ 44 trillion USD in

investments in energy supply, of which some 20 percent

will go to renewable and some 60 percent for oil, gas and

coal, 10 percent less than in the period 2000–2015. This

represents a major shift in reallocation of capital and

investments in the energy sector. Some $ 23 trillion are

estimated to be needed for energy efficiency [83��]. But

this is not nearly enough for the less than 2 �C target of

the Paris Agreement. In its more stringent scenario that

would get us closer to this target, the IEA projections are

for an additional investment in renewable energy to

further decarbonize the energy supply. And added invest-

ments in energy efficiency of some extra $ 12 trillion USD

compared to the main scenario. In its recent report, the

IEA also points to another rising trend. That is the nexus

between energy and water, mostly relevant to, but not

totally exclusive to cities. The projections are that

increase in water demand by a rising growing urban

population will give rise to an increased demand in

energy. Concurrently, the water needs of the energy

sector will also increase [83��]. In its latest report, the

International Renewable Energy Agency (IRENA) pro-

jects that in order to double the renewable energy mix,

and thus contributing to a closer chance of arriving at the

Paris Agreement global temperature targets, renewable

energy share in the final energy mix would need to double

by 2030. And this would mean an annual investment of

some $ 770 billion USD between now and 2030 [44].

Much of this potential is in cities throughout the world

and particularly in cities in emerging economies where

some 70 percent of the energy use growth will take place

[4��].

Conclusion: an optimistic landscape for the
future
The magnitude and urgency of the investment challenge

should not be underestimated. The Paris Agreement

global temperature targets of less than 2 �C and up to

1.5 will not be easy to achieve. According to a recent study

[84], to stay on track for reaching 1.5 degrees, GHG

emissions would need to peak soon and then begin to

decline very rapidly in the second half of the century and

eventually becoming net-zero with actions that would

include removals. The magnitude, speed and cost of the

required energy transformation that this requires is

immense but feasible, the study says, with the technology

available. The level of ambition however requires a

determined level of joint action and collaboration work-

ing at all levels of the economy and society. The good

news is that there are many signs for optimism as illus-

trated in the examples below:
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� A good international treaty is in place: the Paris Agree-

ment [85] which has just been reached is the most

universal commitment to date of the UNFCCC and the

most inclusive in terms of almost universal engagement

by nations and a diverse set of stakeholders.

� A landmark agreement by the international community

on target-based action for development to 2030 by all

nations: more and more, there is evidence that climate

and development actions need to be interlinked, thus,

the global endorsement of the Sustainable Develop-

ment Goals (SDGs) [86] is a major boost to the climate

effort and vice versa.

� An evolving climate finance regime [87] composed of

public, international, bilateral, international institu-

tions, private sector, and other multiple actors is

becoming more mature, better funded, understood

and well organized. The establishment of the Green

Climate Fund, the on-going support to the Global

Environment Facility and other funding mechanisms

is a positive trend.

� Clean energy technologies are becoming more avail-

able, affordable and competitive.

� Over 100 NDCs commit to action in cities and in key

sectors for decarbonization [1].

� Major city initiatives are gaining strength: a good

example of this is the Carbon Neutral Cities Alliance

with cities committing to 80 percent reduction of GHG

emissions by mid-century [88].

� Better information is helping to mobilize funding and

support for major infrastructure projects and

investments.

� Better knowledge of co-benefits across areas including

economic opportunities, health, business, and quality

of life are now more known to the public.

� Smart city initiatives in different parts of the world (e.g.

India and China) are becoming more commonplace.

� Development strategies in many countries are being

linked to decarbonization: a good example of this is

Ethiopia which was one of the first countries to link

climate and development agendas formally and com-

mitting to stringent carbon reductions in its NDC

[89,6,7,90].

� Low carbon and zero emissions urban mega projects are

slowly increasing: the city of Masdar and several being

establishes in China are good examples of cities in

search of zero emission solutions.
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Annex glossary
Carbon footprint: The amount of GHG emissions pro-

duced to support human activities, either directly or

indirectly.

Climate finance: There is no agreement on a definition of

climate finance. For its analysis, the IPCC AR5 defines it
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as financial flows that are expected to reduce GHG

emissions or to promote resilience.

ESCO: Energy Service Companies are companies that

develop, design, build and implement projects designed

for energy savings and their compensation is directly

derived from the energy savings costs achieved.

Low carbon urban infrastructure: Infrastructure that is

specifically designed to use significantly reduced amounts

of energy and that emits either zero or close to zero GHG

emissions.

Nationally determined contributions (NDCs): Prior to

2009, only industrialized countries had specific objectives

to reduce Green House Gas (GHG) emissions. After

2009, a few developing countries made commitments.

The significance of the COP 21 Paris agreement is that

this commitment is now universal through the NDCs. As

of December 26, 2017, 165 countries have submitted their

NDCs (http://www4.unfccc.int/submissions/indc/ down-

loaded 26 December, 2017).

Paris Agreement: The Paris Agreement entered into force

on 4 November 2016. For the first time, and building on

the UN Framework Convention on Climate Change, the

agreement brings almost all the countries of the world to

combat climate change. The hope is that all nations will

join without exception.

Portfolio decarbonization: This refers to action by inves-

tors to align their investment portfolio with the goals of a

low carbon economy.

Smart city: There is no agreed definition of what a

‘smart city’ is but generally it refers to cities that

connect the physical infrastructure, its people, and

information and other high technology to optimize their

use of resources.

Sustainable development goals (SDGs): Also known as

the 2030 development agenda, the SDGs were globally

endorsed in 2015 and are composed of 17 broad develop-

ment goals and 169 targets to be achieved by 2030.

Stranded assets: This is a term in finance that refers to

some assets that becomes obsolete well ahead of its

projected useful life. When this happens, these assets

need to be recorded as a loss or profit to the investor.

Sustainable infrastructure investment: Infrastructure that

is socially sustainable because it addresses the needs of all

and particularly the poor, economically sustainable

because of its positive and lasting impact on the economy,

and environmentally sustainable because it contributes to

the transition to a low carbon economy.
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Urban form: It refers to the shape, size, density and

configuration of built up areas and transportation net-

works in a city.
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18. Hidle K, Farsund AA, Lysgård HK: Urban–rural flows and the
meaning of borders: functional and symbolic integration in
Norwegian city-regions. Eur Urban Reg Stud 2009, 16:409-421.

19. Benediktsson JA, Pesaresi M, Arnason K: Classification and
feature extraction for remote sensing images from urban
areas based on morphological transformations. IEEE Trans
Geosci Remote Sens 2003, 41:1940-1949.
Current Opinion in Environmental Sustainability 2018, 30:42–51

http://www4.unfccc.int/submissions/indc/
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0455
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0455
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0460
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0460
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0460
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0465
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0465
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0470
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0470
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0475
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0475
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0480
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0480
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0485
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0485
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0490
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0490
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0490
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0495
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0495
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0500
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0500
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0505
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0505
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0515
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0515
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0520
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0520
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0520
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0520
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0525
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0525
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0525
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0525
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0530
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0530
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0530
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0535
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0535
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0535
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0540
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0540
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0540
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0545
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0545
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0545
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0545


50 Environmental change assessment
20. Rashed T, Weeks JR, Roberts D, Rogan J, Powell R: Measuring
the physical composition of urban morphology using multiple
endmember spectral mixture models. Photogramm Eng
Remote Sens 2003, 69:1011-1020.

21. United Nations: The World’s Cities in 2016 — Data Booklet. UN
Department of Economic and Social Affairs. Population Division;
2016.

22. Gardner GT, Prugh T, Renner M, Worldwatch Institute (Eds): Can a
City be Sustainable?. Island Press; 2016.

23. _Zuk P: The Decarbonization of Society as a System Change: Edwin
Bendyk, Marcin Popkiewicz, Michał Sutowski, and Urzszula
Papajak, Polski we?giel [Polish coal]. Warszawa, Poland:
Wydawnictwo Krytyki Politycznej; 2015, 258:. ISBN 978-83-
64682-77-3. Society & Natural Resources 2017, 30:261–263.

24. Climate Change Support Team of UN Secretary General: Trends in
Private Sector Climate Finance. United Nations; 2015.

25. Ayling J, Gunningham N: Non-state governance and climate
policy: the fossil fuel divestment movement. Clim Policy 2017,
17:131-149.

26.
��

Granoff I, Hogarth JR, Miller A: Nested barriers to low-carbon
infrastructure investment. Nat Clim Change 2016, 6:1065-1071.

This is an excellent publication that describes those barriers specific to
low carbon investments.

27. Schmidt TS: Low-carbon investment risks and de-risking. Nat
Clim Change 2014, 4:237-239.

28.
��

Gouldson A, Colenbrander S, Sudmant A, McAnulla F, Kerr N,
Sakai P, Hall S, Papargyropoulou E, Kuylenstierna J: Exploring
the economic case for climate action in cities. Glob Environ
Change 2015, 35:93-105.

This paper makes a strong economic case for investing in low carbon
action and argues that this is critical for building political commitment,
strengthening institutional capacities, and for securing large-scale
finance and targeting investment and implementation in cities.

29. Colenbrander S, Gouldson A, Sudmant AH, Papargyropoulou E,
Chau LW, Ho CS: Exploring the economic case for early
investment in climate change mitigation in middle-income
countries: a case study of Johor Bahru, Malaysia. Clim Dev
2016, 8:351-364.

30. Hall S, Foxon TJ, Bolton R: Investing in low-carbon transitions:
energy finance as an adaptive market. Clim Policy 2017, 17:280-
298.

31. Roberts JT, Weikmans R: Postface: fragmentation, failing trust
and enduring tensions over what counts as climate finance. Int
Environ Agreem Polit Law Econ 2017, 17:129-137.

32. Pickering J, Betzold C, Skovgaard J: Special issue: managing
fragmentation and complexity in the emerging system of
international climate finance. Int Environ Agreem Polit Law Econ
2017, 17:1-16.

33. Khan J: What role for network governance in urban low carbon
transitions? J Clean Prod 2013, 50:133-139.

34. Bulkeley H: Cities and the governing of climate change. Annu
Rev Environ Resour 2010, 35:229-253.

35. Betsill MM, Bulkeley H: Cities and the multilevel governance of
global climate change. Glob Gov Rev Multilater Int Organ 2006,
12:141-159.

36. Gouldson A, Colenbrander S, Sudmant A, Papargyropoulou E,
Kerr N, McAnulla F, Hall S: Cities and climate change mitigation:
economic opportunities and governance challenges in Asia.
Cities 2016, 54:11-19.

37. Coehlo M, Ratnoo V, Dellepiane S: The Political Economy of
Infrastructure in the UK. Economic and Social Research Council;
2014.

38. UNEP Finance Initiative: Financing Renewable Energy in
Developing Countries: Drivers and Barriers for Private Finance in
Sub-Sahara Africa. UNEP; 2012.

39. Jones AW: Perceived barriers and policy solutions in clean
energy infrastructure investment. J Clean Prod 2015, 104:297-
304.
Current Opinion in Environmental Sustainability 2018, 30:42–51 
40. Berliner J, Gruning C, Kempa K, Menzel C, Moslener: Addressing
the Barriers to Climate Investment. Climate and Development
Knowledge Network; 2013.

41. OECD: Infrastructure Financing Instruments and Incentives.
OECD; 2015.

42. Gouldson A, Kerr N, Millward-Hopkins J, Freeman MC, Topi C,
Sullivan R: Innovative financing models for low carbon
transitions: exploring the case for revolving funds for
domestic energy efficiency programmes. Energy Policy 2015,
86:739-748.

43.
��

IRENA: Unlocking Renewable Energy Investment: The Role of Risk
Mitigation and Structured Finance. International Renewable
Energy Agency; 2016.

The report presents the financial instruments and policy tools available to
overcome constraints that currently prevent renewable energy invest-
ment from getting to scale. The report argues that investments remain low
due to market barriers and perception of high risk that must be
addressed.

44. IRENA: Rethinking Energy: Accelerating the Global Energy
Transformation. 2017.

45. Godfrey N, Zhao X: Financing the Urban Transition for Sustainable
Development: Better Finance for Better Cities. 2016.

46.
��

IEA: Energy Technology Perspectives 2017. International Energy
Agency; 2017.

This just issued IEA publication focuses on the opportunities and chal-
lenges of scaling and accelerating the deployment of clean-energy
technologies and prospects of this path for investment decisions.

47.
��

Bielenberg A, Kerlin M, Oppenheim J, Roberts M: Financing
Change: How to Mobilize Private Sector Financing for Sustainable
Infrastructure. McKinsey Center for Business and the Environment;
2016.

Given the scale of investments required, some 90 trillion, creating the right
conditions for private sector investment is essential. The report focuses
on the scale and on the conditions and the barriers to induce investors to
make greater investments in sustainable infrastructure.

48. Global Commission on the Economy and Climate New Climate
Economy: Better Growth, Better Climate. 2014.

49. Cities Climate Finance Leadership Alliance (CCFLA): The State of
City Climate Finance 2015. Cities Climate Finance Leadership
Alliance; 2015.

50. World Bank: Economics of Adaptation of Climate Change —
Synthesis Report. 2010.

51. World Bank: Development and Climate Change: The Costs of
Adapting to Climate Change for Infrastructure. World Bank; 2010.

52. IRENA: Renewable Energy in District Heating and Cooling: A
Sector Roadmap for REMAP. International Renewable Energy
Agency; 2017.

53. New Climate Economy: The Sustainable Infrastructure Imperative:
Financing for Better Growth and Development. 2016.

54. Erickson P, Tempest K: Keeping Cities Green: Avoiding Carbon
Lock-in Due to Urban Development. 2015.

55. Chan EHW, Conejos S, Wang M: Low carbon urban design:
potentials and opportunities. In Creating Low Carbon Cities.
Edited by Dhakal S, Ruth M. Springer International Publishing;
2017:75-88.

56. Creutzig F, Baiocchi G, Bierkandt R, Pichler P-P, Seto KC: Global
typology of urban energy use and potentials for an
urbanization mitigation wedge. Proc Natl Acad Sci 2015,
112:6283-6288.

57.
��

Grubler A, Bai X, Buettner T, Dhakal S, Fisk DJ, Ichinose T,
Keirstead JE, Sammer G, Sattertwaite D, Schulz NB et al.: Urban
Energy Systems, Chapter 18 Global Energy Assessment.
Cambridge University Press; 2012.

This is an excellent characterization of cities as urban systems that by
definition are open and transcending city boundaries with embodied
energy that as a rule is several times larger than direct energy use, which
has implications for they way that investments should be analyzed.
www.sciencedirect.com

http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0550
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0550
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0550
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0550
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0555
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0555
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0555
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0560
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0560
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0565
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0565
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0565
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0565
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0565
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0570
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0570
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0575
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0575
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0575
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0580
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0580
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0585
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0585
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0590
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0590
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0590
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0590
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0595
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0595
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0595
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0595
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0595
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0600
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0600
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0600
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0605
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0605
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0605
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0610
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0610
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0610
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0610
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0615
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0615
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0620
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0620
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0625
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0625
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0625
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0630
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0630
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0630
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0630
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0635
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0635
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0635
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0640
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0640
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0640
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0645
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0645
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0645
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0650
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0650
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0650
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0655
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0655
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0660
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0660
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0660
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0660
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0660
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0665
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0665
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0665
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0670
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0670
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0675
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0675
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0680
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0680
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0685
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0685
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0685
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0685
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0690
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0690
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0695
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0695
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0695
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0700
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0700
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0705
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0705
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0710
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0710
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0710
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0715
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0715
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0720
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0720
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0725
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0725
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0725
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0725
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0730
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0730
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0730
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0730
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0735
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0735
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0735
http://refhub.elsevier.com/S1877-3435(17)30124-0/sbref0735


Investing for rapid decarbonization in cities Gomez Echeverri 51
58. Driscoll PA: Breaking carbon lock-in: path dependencies in
large-scale transportation infrastructure projects. Plan Pract
Res 2014, 29:317-330.

59. Sudmant AH, Gouldson A, Colenbrander S, Sullivan R, McAnulla F,
Kerr N: Understanding the case for low-carbon investment
through bottom-up assessments of city-scale opportunities.
Clim Policy 2017, 17:299-313.

60. Busby JW, Shidore S: When decarbonization meets
development: the sectoral feasibility of greenhouse gas
mitigation in India. Energy Res Soc Sci 2017, 23:60-73.

61. Kennedy C, Corfee-Morlot J: Past performance and future
needs for low carbon climate resilient infrastructure — an
investment perspective. Energy Policy 2013, 59:773-783.

62. Sonnenschein J: Rapid Decarbonisation of Cities by Addressing
Behavioural Failures? A Critical Review of Policy Interventions.
Sweden: International Institute for Industrial Environmental
Economics, Lund University; 2016.

63. Wong-Parodi G, Krishnamurti T, Davis A, Schwartz D, Fischhoff B:
A decision science approach for integrating social science in
climate and energy solutions. Nat Clim Change 2016, 6:563-569.

64. Rauland V, Newman P: The global shift to a low-carbon
economy. Decarbonising Cities. Springer International Publishing;
2015:13-18.

65. Zindler E, Locklin K: Mapping the Gap: The Road from Paris.
Bloomberg New Energy Finance and CERES; 2016.

66. Harnisch J, Enting K, Ruffing M: Linking climate targets and
investment portfolios: exploring the utility of cross-sectoral
emission intensity indicators. Carbon Manag 2014, 5:543-555.

67. Pachauri RK, Mayer L, Intergovernmental Panel on Climate
Change (Eds): Climate Change 2014: Synthesis Report.
Intergovernmental Panel on Climate Change; 2015.

68.
�
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