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A Transforming World: Climate Change Solutions 
As part of our work on A Transforming World, we update our ongoing work on the Earth-
focused theme of climate change solutions with this Primer, setting out the challenges 
and opportunities offered by the theme. 

Climate change: it’s real, it’s now and it’s scary 
We view climate change as one of the defining issues of our time. February 2016 was 
the warmest month since records began in 1880, 2015 was the hottest year since 1880, 
and 15 out of the 16 warmest years have occurred since 2000. Climate change is the #1 
global risk today vis-à-vis impact and extreme weather affects 10% of the globe (vs. 
0.1-0.2% in 1951-80). Global average temperatures are entering uncharted territory with 
+1°C of warming (vs pre-industrial levels) in 2015, midway to the +2°C warning sign 
which is seen as the threshold of catastrophic climate change. Levels of atmospheric 
CO2 concentrations are the highest in 800,000Y and there is broad consensus that 
global surface temperatures will rise by 1.5-4.5°C by 2100E.  

Costs: potentially unprecedented damage to fin. stability 
Climate change and the carbon-intensive economy are already causing unprecedented 
damage to financial stability via physical, liability and transition risks, in our view, as well 
as up to 5mn deaths a year. Weather-related losses have hit US$4tn over the past 30Y, 
and have averaged US$200bn p.a. over the past 10Y. Without action, the global mean 
cost of climate change could rise to 1-5% of GDP/year – with EMs and the poor to be hit 
hardest. For investors, climate change risk will have an impact at the level of asset class, 
industry sector and sub-sector. Global investment portfolios could lose up to 45% of 
their value to 2020E, and investors could see average returns erode by 26-138% by 
2050E. Sectors at greatest long-term risk include agriculture, autos, energy, financial 
services, insurance, and travel and tourism. 

A low carbon future: clean energy transition is underway 
As the December 2015 agreement between 195 countries at the Paris COP21 illustrates, 
few issues are uniting world leaders like the war on climate change. We are seeing 
positive signs that economic growth and energy-related emissions have decoupled for 
the first time in 40Y. Investments in cleantech have grown 3.5x in 10Y and reached an 
all-time high of US$329bn in 2015, with another US$130-300bn/year being invested in 
energy efficiency. Renewables now account for c.50% of all new power generation, with 
2015 seeing a record 121GW of combined wind & solar power capacity installed. Going 
forwards, we estimate they will represent 70-80% of capacity additions from 2015-30E. 
By 2030E, low carbon energy will account for c.60% of the global energy mix while fossil 
fuels decline to c.40%. Coal has become a stranded asset, in our view, while both oil and 
gas face growing risk over the next 10-25Y.  

US$13.5tn+ to 2030E: multiple entry points  
We forecast at least US$13.5tn in low carbon energy investments to 2030E to meet the 
INDCs pledged at COP21 which would imply 2.7°C of warming. However we would 
require US$16.5tn to ensure we remain below the threshold of catastrophic climate 
change (2°C). We highlight nine entry points: 1) Energy Efficiency; 2) Wind; 3) Solar; 
4) YieldCos; 5) Nextgen Vehicles, Batteries & Storage; 6) Nuclear; 7) Hydro; 8) Diversified 
Cleantech; and 9) Other Cleantech. We believe investors should also focus on closely 
related solutions like Food Security, Water and Green Bonds.    
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Climate Change Solutions - Introduction 
We view climate change as one of the defining issues of our time. February 2016 
was the warmest month since records began in 1880, 2015 was the hottest year since 
1880, and 15 out of the 16 warmest years have occurred since 2000. Climate change is 
the #1 global risk today vis-à-vis impact and extreme weather affects 10% of the globe 
(vs. 0.1-0.2% in 1951-80). Global average temperatures are entering uncharted territory 
with +1°C of warming (vs pre-industrial levels) in 2015, midway to the +2°C warning 
sign, seen as the threshold of catastrophic climate change. There is broad consensus 
that global surface temperatures will rise by 1.5-4.5°C by 2100E.  

Climate change and the carbon-intensive economy are already causing 
unprecedented damage to financial stability via physical, liability and transition risks, 
in our view, as well as up to 5mn deaths a year. Without action, the cost of climate 
change will rise to 1-5% of GDP/year. For investors, climate change risk will have an 
impact at the level of asset class, industry sector and sub-sector. Global investment 
portfolios could lose up to 45% of their value to 2020E, and investors could see average 
returns erode by 26-138% by 2050E. Sectors at greatest long-term risk include 
agriculture, autos, energy, financial services, insurance, and travel and tourism. 

As the December 2015 agreement between 195 countries at the Paris COP21 
illustrates, few issues are uniting world leaders like the war on climate change. We 
are seeing positive signs that economic growth and energy-related emissions have 
decoupled for the first time in 40Y. Investments in cleantech have grown 3.5x in 10Y 
and reached an all-time high of US$329bn in 2015, with another US$130-300bn/year 
being invested in energy efficiency. Renewables now account for c.50% of all new 
power generation, with 2015 seeing a record 121GW of combined wind & solar power 
capacity installed. Going forwards, we estimate they will represent 70-80% of capacity 
additions from 2015-30E. By 2030E, low carbon energy will account for c.60% of the 
global energy mix while fossil fuels decline to c.40%. Coal has become a stranded asset, 
in our view, while both oil and gas face growing risk over the next 10-25Y.  

Nine entry points. We forecast at least US$13.5tn in low carbon energy investments to 
2030E to meet the INDCs pledged at COP21 which would imply 2.7°C of warming. 
However we would require US$16.5tn to ensure we remain below the threshold of 
catastrophic climate change (2°C). We highlight nine entry points: 1) Energy Efficiency; 
2) Wind; 3) Solar; 4) YieldCos; 5) Nextgen Vehicles, Batteries & Storage; 6) Nuclear; 
7) Hydro; 8) Diversified Cleantech; and 9) Other Cleantech.  
 

Chart 1: World fossil fuel share in electricity generation (%) 
We see a steady fall for fossil fuels to 2030E 

 
Source: IEA, country data, 2013-30 forecasts from BofAML Global Research  

 

 Chart 2: World renewables share in electricity generation (%) 
Wind & solar to drive renewables penetration to 2030E 

 
Source: IEA, country data, 2013-30 forecasts from BofAML Global Research  
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Climate change 101: it’s real, it’s now & it’s 
scary 
Climate change is real in our view with 2015 the warmest year on Earth since 
records began in 1880, and 15/16 warmest years having occurred since 2000. Since 
1880, the Earth’s average temperature has risen by c1°C, largely driven by the increase 
in CO2 emissions in the planet’s atmosphere. Climate change is the #1 risk today vis-à-
vis impact and extreme weather now covers 10% of the globe (vs. 0.1-0.2% in 1951-80).  

Levels of atmospheric CO2 concentrations are the highest in 800,000Y, with the 
annual mean concentration of CO2 in the atmosphere increasing from 280ppm pre-
Industrial Revolution to 400ppm in 2015. Concentrations are rising at approximately 
2ppm/year and accelerating fast. 

China has become the world’s #1 emitter of CO2 in absolute terms but DMs still 
lead both cumulatively and on a GDP per capita basis. During the past 25Y, global 
CO2 emissions have increased by over 50%, including a 2.3% annual rate of increase 
between 2000-2014 – driven by a rapid rise in emissions from power generation 
(especially coal) in EMs.    

Positively, we are seeing signs that economic growth and energy-related 
emissions, which have historically moved in the same direction, are starting to 
decouple. The energy intensity of the global economy continued to decline in 2014 
despite economic growth of more than 3% – the first time in at least 40 years that this 
has occurred outside an economic crisis. In our view, this reiterates that committed 
climate action has the potential to create a global economy that does not rely on 
greater consumption of fossil fuels and achieves deep cuts in GHG emissions. 

Global surface temperatures are entering uncharted territory with +1°C  of 
warming (vs pre-industrial levels) in 2015, meaning we are midway toward the +2°C 
warning sign which is seen as heralding the threshold of catastrophic climate change.  

Breaking the budget: carbon budget could be broken in the next 15-25Y. Our global 
“carbon budget” is the finite amount of carbon that we can emit and still have a 
reasonable chance of staying below the widely accepted 2°C of warming. According to 
the IEA, the “Intended Nationally Determined Contributions” (INDCs) pledged at COP21 
in Paris will blow the budget by around 2040E. 

There is a broad consensus that global surface temperatures will rise by 1.5-4.5°C 
by 2100E. To put things in perspective, a 2°C rise would see sea levels rise by 40cm, 
mean 20% less water availability, and increase heat waves. A 4°C rise would see sea 
levels rise by 70cm, inundate many coasts, means 50% less water availability, increase 
the strength of the strongest NAm cyclones by 80%, and high temperatures and 
humidity would compromise human activities (i.e. growing food and working outdoors). 

  



 

4 Thematic Investing | 14 March 2016 
   

Few issues unite world leaders and influencers like the war on climate 
change: 
 
UN Secretary General Ban Ki-moon: “We are the first generation that 
can end poverty and the last generation that can take steps to avoid the 
worst impact of climate change. Future generations will judge us harshly if 
we fail to uphold our moral and historical responsibilities.” 
 
President Barack Obama (US): “There’s one issue that will define the 
contours of this century more dramatically than any other, and that is the 
urgent and growing threat of a changing climate.” 
 
US-China Joint Presidential statement: “climate change is one of the 
greatest threats facing humanity… [we] also reaffirm [our] determination 
to move ahead decisively to implement domestic climate policies, to 
strengthen bilateral coordination and cooperation, and to promote 
sustainable development and the transition to green, low-carbon, and 
climate-resilient economies.” 
 
Prime Minister Narendra Modi (India): “We, the present generation, have 
the responsibility to act as a trustee of the rich natural wealth for the 
future generations. The issue is not merely about climate change; it is 
about climate justice.” 
 
Prime Minister David Cameron (UK): "I believe man-made climate change 
is one of the most serious threats that this country and this world faces. 
 
Chancellor Angela Merkel (Germany): “Climate change knows no 
borders.” 
 
Prime Minister Justin Trudeau (Canada): “Climate change is an 
immediate and significant threat to our communities and our economy.” 
 
Pope Francis: “Humanity is called to recognize the need for changes of 
lifestyle, production and consumption, in order to combat this warming 
or at least the human causes which produce or aggravate it.” 
 
Christine Lagarde (IMF): “Unless we want to be grilled, fried, toasted by 
climate change, we need to move fast,” 
 
Mark Carney (Governor of the Bank of England): “Climate change is the 
tragedy of the horizon. We don’t need an army of actuaries to tell us that 
the catastrophic impacts of climate change will be felt beyond the 
traditional horizons of most actors – imposing a cost on future 
generations that the current generation has no direct incentive to fix.” 
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Climate change 101 
Climate change refers to a change in the statistical distribution of weather patterns that 
lasts for an extended period of time. It may refer to a change in average weather 
conditions, or in the time variation of weather around longer-term average conditions. 
Climate change is caused by a range of factors including biotic processes, variations in 
solar radiation received by Earth, plate tectonics, and volcanic eruptions. Certain human 
activities have also been identified as significant causes of recent climate change, often 
referred to as “global warming”. 

Chart 3: World climate change impact stress map 

 
Source: Syngenta, UNEP, Cline, BofA Merrill Lynch Global Research 
 

IPCC and UNFCC definitions 
We outline two of the most widely accepted definitions of climate change – from the 
Intergovernmental Panel on Climate Change (IPCC), which was set up for independent 
scientific verification purposes, and the UN Framework Convention on Climate Change 
(UNFCCC), which aims to tackle the problem: 

• Intergovernmental Panel on Climate Change (IPCC): “climate change refers to a 
change in the state of the climate that can be identified (e.g. using statistical tests) 
by changes in the mean and/or the variability of its properties, and that persists for 
an extended period, typically decades or longer. It refers to any change in climate 
over time, whether due to natural variability or as a result of human activity.”  

• United Nations Framework Convention on Climate Change (UNFCCC): “climate 
change refers to a change of climate that is attributed directly or indirectly to 
human activity that alters the composition of the global atmosphere and that is in 
addition to natural climate variability observed over comparable time periods.” 

Chart 4: Global temperature anomalies vs. 20th century average (NOAA) 
Global temperatures are 1°C Celsius above 20th century averages (at Oct-2015) 

 
Source: Data from National Oceanic and Atmospheric Administration (NOAA), Graphic by BofAML Global Research  
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Connecting the dots on climate change terminology 
There is a lot of confusion about the terms used in the climate change debate, and we 
have tried to clarify the relevance of some of the terminology used below: 

• Global warming – a term for the observed long-term (century-scale) rise in the 
average temperature of the Earth's climate system and its related effects. Global 
warming falls under the umbrella of climate change, which includes a wider range of 
changes that are happening to the planet. So while both terms are commonly used 
interchangeably, strictly speaking, they refer to slightly different things. 

• Extreme weather – includes unusual, severe or unseasonal weather; weather at the 
extremes of the historical distribution. The key distinction between weather and 
climate is a measure of time – weather is the conditions of atmosphere over a 
short period of time, while climate is how the atmosphere behaves over relatively 
long periods of time. Hence long-term climate change can drive short-term bouts of 
extreme weather.  

• Greenhouse gases (GHGs) – these are gases in the atmosphere that absorb and 
emit radiation within the thermal infrared range. This process is the fundamental 
cause of the greenhouse effect (see below). The primary GHGs in the atmosphere 
are water vapour, carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), and 
ozone (03).  

Chart 5: Total annual anthropogenic GHG emissions by gases (1970-2010) 

 
Source: IPCC  

• Anthropogenic CO2 emissions – these are produced by human activity (i.e. from 
combustion of carbon-based fuels, principally coal, oil, and natural gas, along with 
deforestation). Human activity since the beginning of the Industrial Revolution 
(c.1750) is thought to have produced an increase in the atmospheric concentration 
of CO2 from 280ppm in 1750 to 400ppm in 2015. 
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Exhibit 1: Cumulative anthropogenic CO2 emissions since 1870 (GtCO2)  

 
Source: IPCC  

• It is now “extremely likely”, i.e. 95% confidence level, that more than 50% of the 
observed increase in global average surface temperature from 1951 to 2010 was 
caused by the anthropogenic increase in GHG concentrations and other 
anthropogenic forces together (source: IPCC). 

Exhibit 2: Anthropogenic forces  are the main drivers of temperature increases 

 
Source: IPCC  

• Carbon sink - is a reservoir that absorbs more carbon that it releases vs. carbon 
source which releases more carbon than it takes in. Forests, land, oceans and the 
atmosphere are all natural sinks of carbon which forms part of the “carbon cycle”. 
Conversely there are also artificial carbon sinks with landfills and carbon capture 
storage (CCS) projects being the best examples.  

• Greenhouse effect – this is the process by which radiation from a planet's 
atmosphere warms the planet's surface to a temperature above what it would be in 



 

8 Thematic Investing | 14 March 2016 
   

the absence of its atmosphere. The earth’s surface absorbs radiation from the sun, 
and emits this back as heat energy, with “greenhouse gases” (GHGs) in the 
atmosphere absorbing or reflecting some of this radiation back onto Earth thus 
“trapping” heat and causing our planet to warm. Human activity, primarily the 
burning of fossil fuels and clearing of forests, is thought to have intensified the 
natural greenhouse effect, causing global warming. 

Exhibit 3: How the greenhouse effect works 

 
Source: EDF Energy  

• 2°C Scenario – this sets out a pathway to deploy an energy system and emissions 
trajectory consistent with what recent climate science research indicates would 
give at least a 50% chance of limiting the average global temperature increase to 
2°C above pre-industrial temperatures. This is the internationally agreed target for 
limiting global warming and is seen as the appropriate threshold beyond which 
climate change risks become unacceptably high.  

• February 2016 was the warmest month since records began in 1880  

• 2015 was the hottest year since 1880 

• 15 out of the 16 warmest years have occurred since 2000 

(source: NOAA, NASA) 

Climate change science  
The science behind climate change dates back to Joseph Fourier’s 18th century work on 
the “greenhouse effect” and Svante Arrhenius’s early 20th century work on the impact of 
increasing atmospheric CO2 on global temperatures. Since the Industrial Revolution 
(c.1750), the amount of CO2-eq in the atmosphere has increased by 40% from roughly 
280ppm to 400ppm in 2015. This concentration is the highest in the past 800,000 years 
and is also likely to be the highest level for the past 20 million years.  
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Exhibit 4: Historical CO2 levels (ppm)in atmosphere (400,000Y period)  

 
Source: NASA. *full data not available pre-400,000Y ago 

Scientific consensus: near unanimous support 
Some 97% of climate scientists agree that climate-warming trends over the past 
century are very likely due to human activity, and most of the leading scientific 
organizations worldwide have issued public statements endorsing this position (source: 
NASA et. al.). The UN IPCC’s 2014 climate change report stated that it is more than 95% 
certain that humans are the “dominant cause” of the increase in concentrations of 
greenhouse gases (GHGs) in the atmosphere (source: IPCC).  

Chart 6: Percent  of climate scientists who agree that global warming is very likely due to human 
activity 

 
Source: John Cook et al; NASA; UCSUSA  

What the climate sceptics say 
Although the science behind human’s impact on climate change is generally accepted, 
its effects, whether negative or positive for the planet, are disputed. There are a handful 
of contrarian climate scientists who believe that global warming could actually be 
beneficiary for the planet. We outline a sample of these views below:   

Agree 
97% 

Disagree 3% 
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• Professor Richard Tol – has highlighted the positive effects of CO2 in fertilising 
crops and forests via the carbon cycle, believes discussion over the impact of a 2C 
temperature rise is largely irrelevant as the world is likely to warm by 3-5C, 
economic growth is the best solution versus climate change meaning regions like 
Europe are well placed to adapt 

• Matt Ridley – an influential Conservative science writer believes the world would 
probably benefit from a temperature rise of up to 2C, he cites research by 
Professor Ranga Myneni from Boston University, where globally ecosystems as a 
result of CO2 fertilisation have got about 11% more green vegetation than 30Y 
ago. 

Climate change risks 
Climate change is a global phenomenon and has potential to affect all companies, 
sectors and countries across the world – as such, it is one of the most financially 
significant environmental concerns facing investors today. While most risks are region-
specific, the overall consequences of climate change are negative. 

Direct risks 
• Increases in the frequency of extreme weather events 

• Greater risk of flooding 

• Higher risk of droughts; 

• Increased risk of water stress; 

• Greater number of extreme temperature events; 

• Changes in the distribution and activity of parasites; 

• Altered agricultural productivity; 

• Changing fish stocks and migratory patterns; 

• Disturbance of complex ecological systems (source: University of Cambridge). 

Indirect risks  
Indirect risks can be broadly classified into four categories: trade, finance, people and 
bio-physical (source: Benzie, 2015). 
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Chart 7: How global climate change impacts various parts of the world 

 
Source: IPCC, BofA Merrill Lynch Global Research  

CO2 emissions: highest level in 800,000 years 
The global annual mean concentration of CO2 in the atmosphere has increased markedly 
since the Industrial Revolution, from 280ppm to 400ppm in 2015. The present 
concentration is the highest in the past 800,000 years, and most likely also the highest 
in the past 20 million years (source: NOAA-ESRL).  
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Exhibit 5: Annual anthropogenic CO2 emissions 

 
Source: IPCC 

 

 Exhibit 6: GHG emission pathways 

 
Source: IPCC 

 

2016 set to be first year that avg. atmospheric concentration of CO2 > 400ppm 
The World Meteorological Organisation (WMO) forecasts that 2016 will be the first year 
in which the atmospheric concentration of CO2 will be over 400ppm on average – up 
43% since pre-industrial times – with 2015 having already broken the GHG emissions 
record. 

Chart 8: CO2 concentration in atmosphere (ppm) between 1958 and 2014  

 
Source: NOAA-ESRL, BofA Merrill Lynch Global Research   

Rate of change: >2ppm per year and increasing   
The levels of CO2 concentration in the atmosphere are rising at a rate of approximately 
2ppm/year and accelerating fast.  
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Chart 9: Cumulative contributions to the global carbon budget from 1870 (ppm) 

 
Source: Global Carbon Budget   

In fact, the daily average concentration of atmospheric CO2 at NOAA’s Mauna Loa 
Observatory exceeded 400ppm for the first time in recorded history on 10 May 2013.  

Table 1: Increase in concentration of atmospheric CO2 

Decade Total Increases Average Annual Rates of Increase 
2005—2014 21.06 ppm 2.11 ppm per year 
1995—2004 18.67ppm 1.87 ppm per year 
1985—1994 14.24 ppm 1.42 ppm per year 
1975—1984 14.40 ppm 1.44 ppm per year 
1965—1974 10.56 ppm 1.06 ppm per year 
1960—1964 3.65 ppm 0.73 ppm per year (5 years only) 
Source: NOAA   

Unprecedented rates of change 
Separately, a study by the Pacific Northwest National Laboratory (PNNL) found that “by 
2020E, human-caused warming will have moved the Earth’s climate system into a 
regime in terms of multi-decadal rates of change that is unprecedented for at least the 
past 1,000 years – with the rate of warming for the Arctic projected to quickly exceed 
1.0°F (0.55°C) per decade.” 

Global CO2 emissions: China #1 but DMs #1 per capita 
China has become the world’s #1 CO2 emitter in absolute terms – having overtaken the 
US as early as 2005-06. But DMs still lead both cumulatively and on a GDP per capita 
basis. 
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Exhibit 7: The World’s Carbon Footprint 
Total carbon dioxide emissions by nation 

 
 

2.3% p.a. increase in emissions from 2000-14 driven by EMs 
Over the past 25Y, global CO2 emissions have increased by more than 50%. While 
emissions rose by 1.2% per year in the final decade of the 20th century, the average 
annual rate of increase between 2000 and 2014 accelerated to 2.3%, particularly driven 
by a rapid rise in CO2 emissions from power generation in EMs (source: IEA). 
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Chart 10: Global energy-related CO2 emissions by sector 

 
Source: IEA  
Notes: "Other" includes agriculture, non-energy use (except petrochemical feedstock), oil and gas 
extraction and energy transformation. International bunkers are included in the transport sector at 
the global level but excluded from the regional data.  

 

 Chart 11: Global energy-related CO2 emissions by sector and region 

 
Source: IEA  
Notes: "Other" includes agriculture, non-energy use (except petrochemical feedstock), oil and gas 
extraction and energy transformation. International bunkers are included in the transport sector at 
the global level but excluded from the regional data.  

 

China: #1 CO2 emitter and coal user  
2000-10 was marked by the interrelationship between China’s exponential use of coal 
and the resultant carbon released in the atmosphere. While CO2 emissions growth 
remained relatively flat in the US, EU and other BRIC countries, China’s emissions more 
than doubled on a gigaton basis.  

Chart 12: CO2 emissions (Gt) by 1990–2014 

 
Source: IEA, BofA Merrill Lynch Global Research   
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27.5% of global CO2 emissions 
China overtook the US as the world’s #1 emitter of CO2 in 2005-06, and has retained 
pole position ever since, continuing to grow its global share of CO2 emissions (source: 
IEA). In 2014, China accounted for 27.5% of the global total of carbon emissions, 
followed by the US at 16.9% and India at 5.9% (source: BP).  

Chart 13: Global carbon emissions - 2014 (mn ton of CO2) 

 
Source: BP statistic review, BofA Merrill Lynch Global Research 

But DMs still lead on CO2, both cumulatively and on GDP/capita 
While much stakeholder attention is focused on China, we would stress that from a CO2 
emissions/GDP per capita perspective it still lags behind the OECD. Per-capita emissions 
are below the average level in OECD countries despite a threefold increase between 
1990 and 2014. China’s per-capita emissions in 2014 reached 6.2 tonnes, matching the 
level of the EU, but a third lower than the OECD average (source: IEA). 

Exhibit 8: Energy-related CO2 emissions per capita and CO2 intensity by selected region 

 
Source: IEA  
Notes: Bubble indicates total annual energy-related CO2 emissions. MER=market exchange rate. 
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China will catch up with the EU and US 

China emitted 0.82tCO2/US$1,000 of economic output in 2014, which 
compares with 0.3 in the US and 0.18 in the EU 

At the beginning of the 20th century, energy-related CO2 emissions originated almost 
exclusively in the EU and US. This ratio dropped to around two-thirds of total emissions 
by 1950 and today stands at below 30%. Despite spectacular growth in CO2 emissions, 
China remains behind the US and EU measured by historical cumulative CO2 emissions. 
However, the IEA forecasts that between 2015 and 2040E China will catch up with the 
EU on this measure, making it second only to the US. 

Chart 14: Cumulative energy-related CO2 emissions by region 

 
Source: IEA   

Skyrocketing coal use = surging CO2 emissions 
The growth rate of coal as an energy source surged from 2000 to the early 2010s, 
making it the main driver of global carbon emissions and fossil fuel production. Today, 
coal is still the leading fuel in terms of world electricity generation (source; IEA, BP)   
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Chart 15: Coal CO2 emissions by source (million metric tons) 

 
Source: IEA WEO 2015 

 

 Chart 16: CO2 emissions (Mt) from power generation  

 
Source: IEA WEO 2015 

 

Pervasive use of coal: EMs and DMs both exposed  
Coal accounted for 66% of energy consumption in China’s primary fuel mix in 2014 and 
56% in India (source: BP). Although China has been the main driver of coal use in energy, 
many developed markets still have significant exposure: Australia (36%), South Korea 
(31%), the US (20%), Japan (28%) and even the UK (16%) still rely on burning coal to 
provide energy to their citizens. 

Table 2: Top-20 energy consumption country primary fuel mix 
Country Oil Natural 

Gas 

Coal Nuclear 

Energy 

Hydro 

electric 

Renewables 

China 18% 6% 66% 1% 8% 2% 
US 36% 30% 20% 8% 3% 3% 
Russia 22% 54% 12% 6% 6% 0% 
India 28% 7% 56% 1% 5% 2% 
Japan 43% 22% 28% 0% 4% 3% 
Canada 31% 28% 6% 7% 26% 1% 
Germany 36% 21% 25% 7% 1% 10% 
Brazil 48% 12% 5% 1% 28% 5% 
South.Korea 40% 16% 31% 13% 0% 0% 
Iran 37% 61% 0% 0% 1% 0% 
Saudi Arabia 59% 41% 0% 0% 0% 0% 
France 32% 14% 4% 42% 6% 3% 
Mexico 45% 40% 8% 1% 5% 2% 
UK 37% 32% 16% 8% 1% 7% 
Indonesia 42% 20% 35% 0% 2% 1% 
Italy 38% 34% 9% 0% 9% 10% 
Spain 45% 18% 9% 10% 7% 12% 
South Africa 23% 3% 71% 3% 0% 0% 
Turkey 27% 35% 29% 0% 7% 2% 
Australia 37% 21% 36% 0% 3% 3% 
Source: BP Statistic Review 2015, BofA Merrill Lynch Global Research; Note: TOE = tonne of oil equivalent 

 

 Chart 17: Top-20 energy consumption country primary fuel mix 

 
Source: BP Statistic Review 2015, BofA Merrill Lynch Global Research  

 

Coal is the “dirtiest” fossil fuel: #1 in terms of carbon intensity  
Coal is considered among the “dirtiest” fossil fuels to burn because of its carbon 
intensity, measured by CO2 kg equivalent/BTUmn, where carbon is released into the 
atmosphere via combustion of the fuel. 
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Chart 18: End-use CO2 emissions by fuel 

 
Source: EIA  

Deforestation: cutting down trees is creating a vicious cycle  
Although fossil fuel emissions are the main driver of global warming, deforestation 
follows close behind as the #2 human activity that is exacerbating climate change today. 
Forests serve many purposes (fauna & flora, water cycle, treetops keeping soil moist 
etc) – and, perhaps most importantly, trees help to absorb GHGs as a “carbon sink” that 
fuels global warming. The latter is particularly significant because by cutting down more 
trees the planet is in a “lose-lose” situation as it diminishes its natural ability to absorb 
CO2 but also burns through the existing “carbon stock” and releases it into the 
atmosphere. 

11% of anthropogenic GHG emissions from deforestation and other land use 
Overall, the IPCC estimates that around 11% of anthropogenic GHG emissions come 
from forestry and other land use. Although the rate of deforestation and consequently 
CO2 emitted has slowed in recent years, it is still a key driver of global warming. 
Furthermore, it causes massive disruption as an integral part of the ecosystem in the 
“food-energy-water” nexus, which we outline later in the report. 

“129 million hectares of forest have been lost since 1990, an area roughly 
the size of South Africa” – UN FAO 

7.3mn ha of forest lost every year 
In 1990 the world had 4,128 million ha of forest; today, this area has decreased to 3,999 
million ha. To put deforestation into perspective, an estimated 7.3 million ha of forest, 
roughly the size of the country of Panama, is lost each year (source: UN FAO). The 
biggest forest area loss is taking place in the tropics, particularly in the Amazon in South 
America and Africa.  
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Exhibit 9: Annual net forest gain/loss in ha (1990-2015) 

 
Source: UN FAO 

It’s getting hot: 15/16 warmest years on record since 2000 
2015 was the warmest year on Earth since records began in 1880, the 39th consecutive 
year (since 1977) that yearly global temperatures were above the 20th century average. 
2016 is well on track to break this record again – with February 2016’s global 
temperatures the highest month on record (source: NOAA).  

February 2016 was the warmest month on record to date (source: NOAA, 
NASA) 

 

Exhibit 10: Land & ocean temperature percentiles in January 2016 

 
Source: NOAA 

15 out of 16 warmest years on record have occurred since 2000 
15 of the 16 warmest years on record have occurred since 2000 (source: NOAA, NASA). 
Since 1880, the Earth’s average surface temperature has risen by about 1.4°F (0.8°C), 
largely driven by the increase in CO2 and other human emissions into the planet’s 
atmosphere. The majority of this warming has occurred in the past three decades. 
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Exhibit 11: Global regional temperatures ,1951 vs 1980 - Earth's average surface temperature has increased by about 1.3°F since 1880  

 
Source: NASA  

All indicators show that the world is warming  
According to the US National Oceanic and Atmospheric Administration (NOAA) – a 
federal agency focused on the condition of the oceans and the atmosphere – there are 
10 broad variables which indicate that the world is warming. Seven out of 10 have a 
positive correlation with global warming, while 3/10 have a negative correlation. NOAA 
data over the past few decades show that the relationship between these variables and 
global warming has been strengthening: 

• 7/10 indicators are increasing: sea surface temperature; air temperature over 
oceans; ocean heat content; humidity (water vapour); sea levels; air temperature 
over land; and air temperature of the troposphere. 

• 3/10 indicators are decreasing: the Arctic’s sea ice; glaciers and ice sheets; and 
snow cover globally. 

Exhibit 12: Ten signs of a warming world 

 
Source: NOAA 

Climate feedback effects help better understand interrelationship of factors  
Climate feedbacks are an important area of research for climate scientists because it 
looks into the interrelationship between the indicators of global warming described 
above. In general, a climate feedback is when a change in our climate causes a knock-on 
impact effect which is looped back into the climate system. There are two types of 
feedbacks (source: UK Met Office) 
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• Positive – this is an impact which increases the change in the climate where it 
would add to global warming by creating further heating. An example of this is 
“water vapour“ where a warming climate means more water vapour, which in turn 
warms the climate further because as air gets warmer, its capacity to hold moisture 
increases. 

• Negative – is an impact which offsets the prevailing change in a global warming 
climate scenario, creating a cooling effect that balances out the changes. An 
example of this would be “land carbon cycle” whereby oceans and land is expected 
to reabsorb CO2 in the atmosphere over time.  

Overall, feedbacks have the potential to affect how we understand climate science as 
we know it. For instance, the land carbon cycle negative feedbacks were only recently 
introduced in the IPCC’s latest AR5 modelling, and have been flagged by some climate 
sceptics as evidence that there may have been a recent global warming “hiatus”. While 
there are both negative and positive feedbacks, ultimately the overarching question is 
how these will balance out, which climate scientists still don’t know the answer fully to 
yet. That said, as we get better in understanding the impact of climate feedbacks, the 
more confidence we will have in climate projections modelling.  

Ocean acidification, “evil twin” of global warming 
Climate scientists have dubbed ocean acidification as the “evil twin” of global warming 
because of the significant impact CO2 emissions are having on the world’s marine 
systems. Our oceans are increasingly becoming more acidic because of the major role 
they play as the largest carbon sink in the world by absorbing CO2 from our atmosphere. 
The process occurs as carbon dioxide reacts with sea water to form carbonic acid, which 
as a result rapidly alters the ocean’s marine ecosystem in many different ways. Notable 
side-effects are coral bleaching and other knock-on effects such as the reduction in 
oxygen levels, both of which can negatively impact marine species livelihoods. 
Furthermore this effect can have further repercussions as well that affect humans, with 
seafood being an important source of protein for many around the world hence 
threatening their food security. 

Climate anomalies on the rise globally in 2015 
In 2015, most areas of the world experienced higher-than-average annual temperatures, 
including most of North and South America, most of Europe and Africa, and western, 
southern, and far north-eastern Asia. Meanwhile, most of Alaska, far western Canada, 
central Asia, parts of the eastern and equatorial Pacific, southern Atlantic, and parts of 
the Southern Ocean were notably cooler than average. Additionally, the Arctic 
experienced a record-breaking ice melt season, while the Antarctic ice extent was above 
average (source: NOAA). 
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Exhibit 13: Selected significant climate anomalies and events in 2015 

 
Source: NOAA 

Breaking the budget: carbon budget could be broken in the 
next 15 years  
Our global “carbon budget” is the finite amount of carbon that we can emit and still have a 
reasonable chance of staying below the widely accepted 2°C of warming relative to pre-
industrial times. The budget is an upper limit on total human emissions, from the beginning 
of the industrial revolution until the day we stop burning carbon. To stick to the budget, any 
fossil fuels that would take us over-budget will either have to be left in the ground, or the 
emissions captured before or after entering the atmosphere (source: Carbon Briefing). 

Current climate pledges could see the budget blown by 2040E 
According to the IEA, the INDCs pledged at COP21 in Paris will blow the budget by around 
2040E – only eight months later than if there were no plans at all – we currently only have 
around 40% of the global carbon budget left. This supports the argument that more 
aggressive pledges to cut emissions are needed post- COP21 in Paris in order to keep 
global warming to the 2°C target, in our view.  
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Chart 19: Carbon Budget vs Energy Emissions 

 
Source: IEA   

866-1,780Gt CO2 left in the budget: 50-80% likelihood of 2°C 
Further analysis shows that carbon budgets currently fall in a range of 866-1,780Gt CO2 
(i.e. the total amount of carbon released through CO2 emissions must be less than 866-
1,780Gt) – to give us a 50-80% likelihood of staying below 2°C (source: IPCC, Carbon 
Tracker). 

Table 3: Various estimates of the carbon budget 

Organisation Time 
Horizon 

Temp 
Target 

Room for non-
CO2 GHGs? 

Room for 
land use 

emissions? 

Chance 
meeting 
target 

Budget 
Left 

(GtCO2) 

Year 
Broken 

% of 
known 

reserves 
IPCC 2100E 2°C Yes Yes 80% 866 2031E 30% 
IPCC 2100E 2°C Yes Yes 66% 1,009 2033E 33% 
IPCC 2100E 2°C No Yes 66% 1,780 2046E 62% 
IPCC 2100E 2°C Yes Yes 50% 1,134 2035E 39% 

Carbon Tracker 2100E 2°C Yes No 80% 975 2033E 34% 
Carbon Tracker 2050E 2°C Yes No 80% 900 2031E 31% 
Carbon Tracker 2100E 2°C Yes No 50% 1550 2042 54% 
Carbon Tracker 2050E 2°C Yes No 50% 1075 2034 38% 

Source: IPCC, Carbon Tracker, BofA Merrill Lynch Global research  

• IPCC analysis shows that in order to have an 80% chance of keeping global 
warming below 2°C by 2100E, we can only burn 866 GtCO2, which is 30% of known 
reserves, implying we will have broken the budget by 2031E.  

• Carbon Tracker estimates that in order to have an 80% chance of keeping global 
warming below 2°C by 2050E, but leaving no room for land use emissions, the 
carbon budget is 900 GtCO2, implying it will be broken by 2031E.  

Although the estimates for the carbon budget vary, there is overwhelming evidence that 
it will be broken before the middle of the century, where we only roughly have 40% of 
the world’s known reserves left to burn safely in order to avoid a >2C scenario.  
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Exhibit 14: Carbon Tracker’s reference carbon budget to 2050E 
80% likelihood of staying below the 2°C threshold  

 
Source: Carbon Tracker 

On track for a 2-4°C (3.6-7.2°F) warmer world 
Analysis from the UN Intergovernmental Panel on Climate Change (IPCC), the World 
Bank, and peer-reviewed literature finds that that global warming of close to 1.5°C 
above pre-industrial times – up from 0.8°C today – is already locked into Earth’s 
atmospheric system by past and predicted greenhouse gas emissions. Without further 
action to reduce greenhouse gas emissions (GHGs), there is consensus that the world is 
on track for 2°C warming by mid-century and 4°C or more by 2100. 

 

“Past emissions have set an unavoidable course of warming over the next 
two decades, which will affect the world’s poorest and most vulnerable 
people the most. We cannot continue down the current path of unchecked, 
growing emissions.” - Jim Yong Kim, President of the World Bank 

 

Global average temperatures rose +1°C above pre-industrial levels in 2015 
Climate change passed the milestone of 1°C (1.8°F) of warming since pre-industrial 
times for the first time in 2015 – representing “uncharted territory” according to the 
UN World Metrological Organisation, NOAA and UK Met Office among others. The 1°C 
mark is a significant milestone because it implies that the planet is already midway 
towards the 2°C warming “warning sign” by 2100E, which is generally seen as the 
threshold of catastrophic climate change.  
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Exhibit 15: Surface temperature anomaly (Celsius)  

 
Source: UK Met Office 

 

 Exhibit 16: Global average temperature anomaly (1850-2015) 

 
Source: UK Met Office 

 

 

“We've had similar natural events in the past, yet this is the first time 
we're set to reach the 1°C marker and it's clear that it is human influence 
driving our modern climate into uncharted territory” - Professor Stephen 
Belcher, UK Met Office 

 

1.5–4.5°C by 2100E: high degree of confidence  
In its latest and most comprehensive assessment report (AR5 / 2014), the IPCC forecasts 
that the equilibrium climate sensitivity (ECS) is likely to range from 1.5°C to 4.5°C by 2100E 
with a high degree of confidence. The IPCC finds values of ECS exceeding 6C to be very 
unlikely.  

Chart 20: Global average surface temperature change (relative to 1986-2005) 

 
Source: IPCC 

There was no global warming “hiatus” 
However some climate sceptics have pointed out that this revision contrasts with the 
previous report (AR4 / 2007) which gave a range of 2°C to 4.5°C. In addition the IPCC 
also for the first time included a section analysing a so-called “hiatus” in its AR5 report 
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which they defined as a much smaller increasing linear trend over the 15Y from 1998-
2012 vs. the 60Y from 1951 to 2012. Overall sceptics inferred from this combination of 
factors that the planet had actually “cooled”, feeding into the debate that there was a 
“pause” in global warming.  

Chart 21: Rate of global warming 
The latest corrected analysis by NOAA shows that global warming continues 

 
Source: NOAA  

However on closer inspection the 1.5°C to 4.5°C range has historically been the IPCC’s 
guidance since its very first report (AR1 / 1990). The revision was most likely driven by 
new observations and different modelling techniques (see climate feedbacks earlier) 
compared to earlier model simulations (Source: Lewis & Curry 2014). In addition the 
IPCC stressed that the probability of a “pause” was very low but rather the rate of 
temperature increase slowed slightly. Furthermore, a team led by Professor Stephan 
Lewandowsky at the University of Bristol recently analysed 40 peer-reviewed scientific 
articles published between 2009 and 2014 and found no consistent or agreed definition 
that a “hiatus” occurred. 

COP21: step in right direction but INDC pledges imply 2.7C of warming 
In our view, the “Intended Nationally Determined Contributions” (INDCs) pledges 
outlined at COP21 are a step in the right direction as the first truly global agreement on 
climate change with nearly 195 signatory countries. The key takeaways from the treaty 
were to keep temperature rises well below 2C, and to pursue efforts to limit this to 
1.5C, with a 5-year “ratchet” review mechanism to ensure continued ambition. However, 
despite this, countries could be doing more with analysis from BNEF, Carbon Tracker 
among others showing that the pledges take us to only 2.7C; whereas we need to keep 
global warming below 2C which is viewed as the threshold of catastrophic climate 
change by the scientific community.  
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Disclosures 
Important Disclosures  
          

FUNDAMENTAL EQUITY OPINION KEY: Opinions include a Volatility Risk Rating, an Investment Rating and an Income Rating. VOLATILITY RISK RATINGS, indicators of potential 
price fluctuation, are: A - Low, B - Medium and C - High. INVESTMENT RATINGS reflect the analyst’s assessment of a stock’s: (i) absolute total return potential and (ii) 
attractiveness for investment relative to other stocks within its Coverage Cluster (defined below). There are three investment ratings: 1 - Buy stocks are expected to have a total 
return of at least 10% and are the most attractive stocks in the coverage cluster; 2 - Neutral stocks are expected to remain flat or increase in value and are less attractive than 
Buy rated stocks and 3 - Underperform stocks are the least attractive stocks in a coverage cluster. Analysts assign investment ratings considering, among other things, the 0-12 
month total return expectation for a stock and the firm’s guidelines for ratings dispersions (shown in the table below). The current price objective for a stock should be 
referenced to better understand the total return expectation at any given time. The price objective reflects the analyst’s view of the potential price appreciation (depreciation). 
Investment rating Total return expectation (within 12-month period of date of initial rating) Ratings dispersion guidelines for coverage cluster* 

Buy ≥ 10% ≤ 70% 
Neutral ≥ 0% ≤ 30% 

Underperform N/A ≥ 20% 
* Ratings dispersions may vary from time to time where BofA Merrill Lynch Research believes it better reflects the investment prospects of stocks in a Coverage Cluster. 

INCOME RATINGS, indicators of potential cash dividends, are: 7 - same/higher (dividend considered to be secure), 8 - same/lower (dividend not considered to be secure) and 9 - pays 
no cash dividend. Coverage Cluster is comprised of stocks covered by a single analyst or two or more analysts sharing a common industry, sector, region or other classification(s). A stock’s 
coverage cluster is included in the most recent BofA Merrill Lynch report referencing the stock.        
 
BofA Merrill Lynch Research personnel (including the analyst(s) responsible for this report) receive compensation based upon, among other factors, the overall profitability of Bank of America 
Corporation, including profits derived from investment banking revenues.  
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Other Important Disclosures 
 
Officers of MLPF&S or one or more of its affiliates (other than research analysts) may have a financial interest in securities of the issuer(s) or in related investments.  
From time to time research analysts conduct site visits of covered issuers.  BofA Merrill Lynch policies prohibit research analysts from accepting payment or reimbursement for travel expenses 
from the issuer for such visits. 
BofA Merrill Lynch Global Research policies relating to conflicts of interest are described at http://go.bofa.com/coi. 
"BofA Merrill Lynch" includes Merrill Lynch, Pierce, Fenner & Smith Incorporated ("MLPF&S") and its affiliates. Investors should contact their BofA Merrill Lynch representative or 
Merrill Lynch Global Wealth Management financial advisor if they have questions concerning this report. "BofA Merrill Lynch" and "Merrill Lynch" are each global brands for BofA 
Merrill Lynch Global Research. 
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