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On October 5, 2016, 127 out of 197 Parties to the Framework
Convention on Climate Change ratified the Paris Agreement.’
The agreement represents limiting the rise in global temperatures
to, at most, 2°C above pre-industrial (1880) levels. Furthermore,
the Parties agreed to the stretch goal of limiting warming to
1.5°C by 2100.

As governments begin to act on this commitment we will see
ripple effects across many industries, especially those that are
carbon intensive. We will also see growth in new technologies
that help reduce carbon emissions. About 40 national
governments and up to 20 regions and states (including
California) are putting a price on each ton of greenhouse gas
(GHG) emissions—a carbon fee, with the aim to accelerate the
transition to a low carbon economy.? A carbon tax or fee
has the potential to change the financial calculus for
companies that emit CO, or are consumers of fossil fuels.?
Investment managers, analysts and asset-owners will
want to consider these developments when evaluating
investment opportunities or constructing portfolios. But
many ask: where do we start, and how can investors
evaluate providers of this information and incorporate
the information into their portfolios?

Any conversation about measuring or managing the
carbon exposure of an investment must start with data,
and that means greenhouse gas emissions. Carbon dioxide
equivalent (CO,e) is used to transform the entire suite of GHG
emissions into a single metric. Combustion of fossil fuels is the
source of carbon emissions (in CO,e). Two-thirds of global
carbon emissions come from electricity generation and transport,
according to the International Energy Agency (IEA). Coal is the
most carbon intensive fuel, see Exhibits 1 and 2. The world’s
coal-fired power plants are the main source of carbon emissions,
accounting for almost half of all global emissions. In fact, eight
sectors (airlines, autos, cement, steel/aluminum, chemicals, oil/
gas, coal mining and utilities) account for about 75 percent of
global carbon emissions and only 15 percent of the market
capitalization of the MSCI World Index. Consequently, an
opportunity exists for asset owners and investors who are
willing to make considered modifications to their passive and
active portfolios while limiting the effect on risk and return.

Exhibit 1: Global CO, emissions by sector
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Exhibit 2: Global primary energy supply and CO,
emissions, by fuel type
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How carbon data is collected

Carbon data providers rely on voluntary corporate disclosure

of carbon emissions to the Carbon Disclosure Project (CDP), an
initiative launched with significant support from the investment
community. How carbon data is collected and reported is based
on the GHG Protocol.* As seen in Exhibit 3, emissions from

a company’s own smokestacks are called Scope 1. Other
companies who purchase electricity for their operations and
manufacturing plants calculate their carbon emissions per unit

of electricity (megawatt-hour -MWH) consumed are Scope 2
emissions. Finally, emissions from the use of products, including
transportation, and in company supply chains are considered
Scope 3 emissions. Scopes 1, 2, and 3 have become part of the
global lexicon on carbon emissions. Although many investors
already use carbon disclosure statements in their investment
decisions, many do not fully understand the issues, differences
and shortcomings of these three measures.

Exhibit 3: Greenhouse gas emissions reporting protocol
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All carbon data providers estimate, but not all estimates
are the same

Voluntary disclosure, however, makes for data that is of lower
quality than financial data, which is audited and subject to
regulatory oversight. There is evidence that companies selectively
disclose. Less profitable companies are not as likely to voluntarily
disclose information on carbon emissions, depending on various
factors, such as profitability, stakeholder pressures, regulation
and competition. For example, less profitable US utilities
operating in deregulated markets tend to report higher carbon
emissions (relative to actual levels), possibly to show shareholders
that profits are not being squandered.® Overall, very few
companies in the investable universe of stocks (MSCI ACWI IMI)
report carbon data; see Exhibit 4. Only about 30 percent of utility
companies report this data, even though the carbon intensity of
utilities dwarf that of other sectors by at least a factor of three.

Materials and energy also emit high levels of carbon, but less
than 30 percent of companies in this sector report carbon data.
These companies represent about 14 percent of the MSCI ACWI
IMI market capitalization. European companies tend to disclose
more than US based companies, and Emerging Markets
companies disclose the least.® There can be significant variation
from year to year in how companies disclose their carbon data to
CDP, due in part to changes in CDP’s request form. Another
concern is that less than half of carbon disclosures are third party
reviewed, let alone audited.” Limited oversight, lax regulation
and technical complexity explain much of this variation. All of
these factors make for less than perfect data.



Exhibit 4: Number of companies reporting data
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Source: MSCI ACWI IMI 2015, Sustainalytics, UBS analysis

Because the CDP only receives data from approximately half

of all major companies, the rest has to be estimated. All carbon
data vendors, such as Trucost, Sustainalytics, SouthPole, and
MSCI, use CDP as a starting point; which means that any
differences between them are due to differences in estimation
methodology. For example, several major data providers use
Leontief's economic input-output model to estimate direct and
indirect (upstream supply chain) emissions. Wassily Leontief,
winner of the economics Nobel Prize in 1973, created a
statistical model of the US economy tracking inputs and outputs
between 500 industry sectors. This model can be used to
evaluate carbon emissions per unit of output for each industry
sector and all supply chain inputs. For this reason it is also
common to distinguish between direct emissions (equivalent to
Scope 1) and indirect carbon emissions (equivalent to Scopes 2
and 3). The input-output model can be used to estimate missing
data based upon standardized emissions factors (carbon
emissions/unit output) for each industry. In the US, the Bureau
of Economic Analysis maintains input-output tables based on
data from the US economic census.

Users of the US input/output model to estimate missing carbon
data assume that all industries across the world are similar to
those making up the US economy in 2007—the date of the last
US economic census. Another critical assumption is to apply
industry average US carbon emissions per unit of output to

industrial activity across the planet. This can lead to significant
underestimates of carbon intensity in countries that rely more
heavily on coal-fired power or are less energy efficient than in
the US, such as China, India or Poland. A company which
outsources major portions of its supply chain to countries that
rely heavily on coal-fired power will have a much higher carbon
footprint than a competitor sourcing from Sweden, Scotland,
Germany or even the Northwest US, which source more from
less carbon intensive power. Assuming both supply chains are
similar to US-based operations, they can produce wildly
different estimates, which can be crucial for companies in
carbon-intensive industries such as industrials, metals &
mining or chemicals.

Because of these shortcomings, a closer look at the estimation
methods used, or under development by carbon data providers,
is crucial. Emissions estimates based on industry averages are
less reliable, because they can be skewed toward heavy emitters
and tend to vary greatly from reported data. We found a large
difference in estimated data from one provider relying more
heavily on regression versus another using input/output model.
Nonetheless, we also found very high rank correlation of
companies between the two data sets (0.98) based on carbon
emissions. This is a potentially more useful metric when
conducting portfolio optimizations, and raised our level of
comfort that selection could be based on additional factors.



An investor purchasing access to carbon data also needs to
consider how the data will be used. If the objective is to design
a low carbon index, then using high level estimates (sector
averages) may suffice. If the objective is to leverage carbon
data in active equity portfolio construction or to report on a
portfolio’s carbon footprint, precision starts to matter more
because of the much lower number of holdings in an actively
managed portfolio. In particular, (sub) industry specific models
are more important for carbon-intensive sectors where
differences in estimated emissions can affect carbon data in
industry sectors that rely on inputs from these industries.
Average carbon emissions estimates cannot capture large
differences in companies within these industries. Finally, if the
objective is to build a fossil fuel divestment strategy, then this
requires a bottom-up detailed analysis of individual companies
in the energy sector. Inputs would include engineering data,
fuel-specific carbon profile, reserves data, production and cash
flow analysis. Our UBS Sustainable Investors team has looked at
the consequences of carbon divestment strategies.®

In conclusion, carbon data provider selection is a matter

of preference and purpose. All data providers draw from
voluntarily reported data, mostly CDP, which has considerably
high year-over-year variance. Data providers need to estimate
about 50 percent of the data to cover any index or sizable
universe, and they all struggle to adequately capture/estimate
Scope 1 emissions from energy, utilities and materials sectors,
which have the biggest carbon footprint. This can lead to
significant differences that propagate through the entire
database (Scope 2 and Scope 3 for all other sectors). What is
most important, however, is that we find little difference in
company rankings between data providers, which suggests that
despite some issues, the carbon data that is available today can be
used very successfully in active and passive investment processes.

Carbon footprinting

Having settled on a carbon data provider, the next question is
how to use the data to make investment decisions. An investor
or asset owner can use the data to report on the carbon
emissions associated with stocks in a portfolio at a given point
in time—commonly called its “carbon footprint”. But coming up
with a meaningful answer is not straightforward.

Carbon footprinting of an investment strategy requires
developing an approach that: 1) provides insight into the main
sources of carbon emissions in an investable universe (e.g. MSCI
World Index or FTSE All-World Index), 2) disaggregates carbon
emissions to inform on actions taken at the company level, and

3) allows comparison to alternative investments (e.g. an index or
an alternative portfolio). It is important to find the right context
for a carbon number; otherwise it becomes very difficult to
interpret what so many metric tons of CO,e emitted can mean
and how to react as an investor.

The lack of uniform portfolio carbon reporting standards
presents some issues as well. Is a specific number too high

or too low? Is the company doing enough, or too little?

How would we know? To this end, carbon footprinting at an
individual stock level needs to be meaningful, and that depends
on the context within which it is interpreted. For active
investors these answers play a bigger role than for passive
strategies such as index funds, where taking a bite of carbon
out of a standard benchmark can suffice.

The majority of carbon footprinting focuses on Scope 1 and

2 emissions, which provide insight into a company’s energy
suppliers and its demand for energy. Indeed, carbon footprinting
is on more solid ground if Scope 3 emissions are omitted. Very
few companies disclose this information, and gathering the data
is difficult, because digging deep into supply chains for carbon
emission data is extremely difficult for many companies with vast
global supply chains. The further up you go, the less data, and
the less reliable data. Thus, Scope 3 data is largely estimated,
and there is little to be gained from leveraging industry average
estimates. In the footprinting examples that follow, we focus on
Scope 1 and 2 carbon emissions and carbon intensity.

Exhibits 5 and 6 show some of the nuances of carbon
measurement at the stock and portfolio levels respectively.

To explain these nuances, let's compare two energy companies
(A & B, Exhibit 5). Energy Corp A has higher on-site Scope 1
emissions due to fossil fuel combustion and higher Scope 2
emissions associated with purchased energy, when compared
to Energy Corp B. However, when emissions are normalized by
revenue we can see that Energy Corp B appears much more
carbon intensive than Energy Corp A in terms of Scope 1 on-site
activities versus Scope 2 intensity, which is significantly lower. In
absolute terms, Energy Corp B may be the better investment
from a carbon emissions perspective, but it is also much more
energy intensive. A simplistic conclusion might be that Energy
Corp A is the better “carbon-lite” investment per unit of
output. However, the underlying reason is that Energy Corp A is
a large integrated oil and gas company with refining operations,
causing it to purchase more energy (evidenced by Scope 2
emissions). Energy Corp B is a smaller oil and gas exploration
and production company. Size is therefore not an adequate
predictor of carbon intensity. Rather, industry sub-sector



membership and the nature of the business model can have a
significant impact on a company’s carbon footprint.

These nuances are important from an investment perspective
when comparing companies within the energy sector. Like
versus like comparisons are much more meaningful and more
representative of the company business model. This bottom-up
view is critical for active managers who can actively take carbon
exposure into account. Passive strategies can afford to take

a more aggregate sector view, though this can also lead to
unintended consequences. Large energy companies that are
not very carbon intensive can be overweight, possibly leading
to counterintuitive results. Just focusing on absolute carbon
emissions will also penalize large companies, which is not
favorable for diversified portfolios with a large-cap bias.
These considerations are critical to portfolio construction

as we explain further in the next section.

Exhibit 5: Carbon footprint, Company examples

Carbon emission (million tons CO,e)

Carbon intensity (M metric tons CO,e/revenue)

Company Scope 1 absolute Scope 2 absolute Scope 1 intensity Scope 2 intensity
On-site resources, Consumption of On-site resources, Consumption of

combustion of fossil fuels purchased energy combustion of fossil fuels purchased energy

Energy Corp A 120,000,000 8,000,000 300 20
Energy Corp B 5,000,000 3,250 2,010 2
Chemicals Corp A 25,000,000 7,600,000 500 155
Chemicals Corp B 13,000,000 3,000,000 930 210
Metals Corp A 10,000,000 3,500,000 775 280
Metals Corp B 3,000,000 1,550,000 1,400 720
Industrials Corp A 35,000,000 330,000 860 8
Industrials Corp B 16,000,000 230,000 1,200 18
IT CorpA 600,000 1,500,000 66 175
IT Corp B 1,000,000 9,500,000 19 17

Source: UBS analysis.

Additional examples from other sectors show a similar

dynamic. For example, two diversified chemical companies

with very different carbon intensity profiles. In terms of absolute,
Scope 1 emissions Chemicals Corp A is less attractive, but
almost twice as efficient from an intensity perspective as
Chemicals Corp B. These differences are an invitation to a
deeper exploration: What chemicals are produced? How much
energy is sourced from coal-fired power plants versus natural
gas or renewables? How much of the production is outsourced?
These are all business model decisions that can inform on a
company’s competitiveness from a cost perspective and on
future competitiveness should carbon emissions be taxed or
otherwise regulated.

The other industry examples compare two aluminum
manufacturers, an airline versus a waste management company
(Industrials Corp A versus B) and finally two IT corporations. IT
Corp A and B are both semiconductor manufacturers with very
different carbon footprints. IT Corp B is indeed much larger in
terms of revenue, but it is also significantly less carbon intensive.

We can also see that both IT companies emit more Scope 2
carbon versus Scope 1, indicating that their main climate change
impacts are due to purchased energy. For many manufacturing,
retail and other service sector companies, Scope 2 emissions
matter more than Scope 1 emissions. Indeed, the majority

of Scope 1 emissions come from the utility and energy sectors,
which is in line with IEA data. Insightful analysis of carbon
exposures needs to take into account these important
differences to achieve the right trade-off between risk,

return opportunity and carbon emissions.

From a portfolio perspective, absolute carbon relative to a
benchmark can be informative. But this is most helpful when
comparing a near-passive strategy to its benchmark, e.g. MSCI
World Index or FTSE All-world Index. These are like-to-like
constituent comparisons, and the investment aim should be to
reduce total carbon emissions of the product by reweighting
constituents compared to its benchmark, while keeping active
risk low. Exactly by how much is discussed in the next section.



For actively managed portfolios, absolute carbon levels are less
meaningful when compared with a benchmark. In most cases an
actively managed portfolio will have lower absolute emissions
because it does not hold the entire index by definition; see
Exhibit 6. The companies in a representative portfolio emit a
total of 156.8 million metric tons of CO,e (MT CO,e), compared
to the index (5.2 trillion MT CO,e).* This assumes that the
portfolio owns the full market value of each holding, which

is clearly not the case. Thus, a more relevant analysis of a
portfolio’s carbon footprint is relative to holdings in the actual
portfolio—the ownership view.' The comparison to an index (or
competing portfolios) is best done on a dollar-invested basis or
on the basis of AUM held in the portfolio. Ownership of
portfolio carbon is denoted by:

n
E Issuer’s emissions; x ($ investment; / Issuer’s full mcap;)

i=1

However, emissions, as noted above, give a limited view on
portfolio carbon performance in terms of stock-picking skill.

If carbon is a key ingredient in portfolio construction we would
like to understand whether the best-performing companies in
terms of carbon emissions relative to their industry peers were
indeed selected. This approach is particularly crucial to preserving
a well-diversified portfolio. Carbon intensity serves to answer
that question. For example, the carbon intensity of the holdings
in the representative portfolio is 14,000 (MT CO_e/sales),
compared to the index (18,000 MT CO,e/sales), utilizing the
following formula:

n
E Portfolio weight; x (Issuer’s emissions; / Issuer’s sales;)

i=1

Exhibit 6: Portfolio carbon footprint

What is my portfolio’s
exposure to carbon
intensive companies?

What is my portfolio’s total carbon
footprint, relative to share ownership?

Total emissions scope Scope 1+2 (MT CO,e) Scope 1+2

142 (MT CO,e) (MT CO,e/Sales)

Portfolio 156,800,000 3,620,000 14,000
Standard Index 5,158,000,000 6,800,000 18,000

Source: UBS analysis.

The conclusion from this analysis would be that, yes indeed, an
investment in this representative portfolio means an investment
in less carbon emissions—compared to the standard index.

For actively managed portfolios, we would want to know
whether the portfolio manager is selecting stocks that are
superior in terms of carbon relative to industry peers and
|relative to the index. Exhibits 7 and 8 show carbon attribution
by industry sector for absolute carbon emissions and emissions
intensity for a representative portfolio relative to the MSCI World
Index. Several conclusions can immediately be drawn for this
representative portfolio relative to the MSCI World Index. The
portfolio carbon emissions are lower than that of the benchmark
(by -2,394,185 million MT CO,e), due both to sector allocation
and within sector stock selection. The majority of the reduction
is due to zero utility sector holdings in the portfolio. Being

underweight in the energy sector and stock selection also
reduces portfolio emissions relative to the Index. In total,

the portfolio carbon emissions are lower relative to the

Index for health care, consumer staples, telecom, consumer
discretionary and financials. In some cases, this is due to sector
allocation and in others due to stock selection within the

sector. Industrials, materials and IT sectors all contribute to
higher carbon emissions relative to the Index, due both to
sector allocation and stock selection. Exhibit 7 shows that sector
allocation tends to be the biggest driver of carbon attribution.
However, it also tells us that carbon savvy stock selection can
reduce a portfolio’s absolute carbon emissions levels without
having to divest completely of many high emitting sectors

(e.g. energy, industrial and materials)—but it may be challenging
without compromising financial performance.



Exhibit 7: Carbon emissions attribution analysis, representative portfolio

Scope 1+2 emission (MT CO,e) Portfolio MSCI World Attribution analysis
% portfolio Scope 1+2 % index Scope 1+2 Allocation Stock selection
Sector weight* contribution weight* contribution effect + interaction Total
Industrials 1.1 550,508 11.2 319,270 707 232,050 232,757
Materials 10.5 1,124,628 5.2 641,533 361,442 -157,651 203,790
Information Technology 12.6 170,216 15.1 100,929 117,041 86,062 203,103
Real Estate 1.4 5,803 3.1 10,439 82,709 1,019 83,728
Health Care 10.9 22,860 12.1 94,312 54,121 -62,223 -8,102
Consumer Staples 11.5 293,180 9.7 229,649 -52,775 21,638 -31,138
Telecommunication Services 3.2 49,536 3.2 129,882 873 -77,661 -76,788
Consumer Discretionary 16.8 372,900 12.4 218,290 -159,131 76,066 -83,065
Financials 17.3 19,059 18.2 198,992 37,178 -170,346 -133,168
Utilities 0 - 3.1 1,186,933 -1,020,735 0 -1,020,735
Energy 4.8 344,627 6.9 2,217,273 -545,758 -1,218,811 -1,764,569
Grand total 100 2,953,317 100 5,347,502 -1,124,328 -1,269,857 -2,394,187

Source: UBS analysis.
*Totals may not equal 100 due to rounding

Exhibit 8 tells a slightly different story for the same
representative portfolio relative to the MSCI World Index.

Here too, zero utility sector holdings contribute significantly
to the lower overall carbon intensity (MT CO,e/sales) of the
portfolio. Materials, industrials and IT are still the highest in

terms of relative carbon intensity. Being overweight in the

consumer discretionary sector is rewarded, because the sector

is less carbon intensive. Similarly, being underweight in a

higher carbon-intensive sector, energy, is also rewarded, even
though stock selection brings up the sector’s carbon intensity
contribution relative to the Index. Stock selection slightly
increased carbon intensity attribution in the telecom sector,
whereas for industrials, stock selection significantly increased
carbon intensity for the portfolio relative to the Index. Overall,
the portfolio has lower carbon intensity than the Index, due
primarily to sector allocation.

Exhibit 8: Carbon intensity attribution analysis, representative portfolio

Scope 1+2 emission (MT CO,e) Portfolio MSCI World Attribution analysis
% portfolio Scope 1+2 % index Scope 1+2 Allocation Stock selection
Sector weight* contribution weight* contribution effect + interaction Total
Materials 10.5 74.8 5.2 37.1 27.6 0.7 283
Industrials 1.1 35.7 11.2 14.4 0.0 21.4 21.4
Information Technology 12.6 10.9 15.1 43 3.8 73 1.1
Health Care 10.9 2.7 12.1 3.5 1.8 -0.5 1.3
Real Estate 1.4 1.2 3.1 3.2 13 -0.3 1.0
Telecommunication Services 3.2 1.8 3.2 1.4 0.1 0.4 0.5
Financials 17.3 0.8 18.2 3.4 14 -2.4 -1.0
Energy 4.8 19.6 6.9 26.1 -4.0 1.2 -2.8
Consumer Staples 11.5 4.9 9.7 5.7 -2.2 -1.8 -4.0
Consumer Discretionary 16.8 9.6 12.4 6.6 -5.7 0.7 -5.0
Utilities 0.0 0.0 3.1 75.5 -69.9 0.0 -69.9
Grand total 100 162 100 181.2 -45.8 26.7 -19.1

Source: UBS analysis.
*Totals may not equal 100 due to rounding



Exhibits 7 and 8 jointly show the challenge of reducing portfolio carbon emissions
and intensity while maintaining a well-diversified portfolio and balancing the carbon
reduction goals with performance. What becomes evident is what the IEA has clearly
told us: carbon emissions are highly concentrated in a few industries (energy, utilities,
materials/metals/mining/chemicals and industrials). How precisely to overcome these
hurdles and craft a “carbon lite” portfolio strategy is described in more detail in the
next section.

Carbon savvy investing

At its core, carbon savvy investing is an effort to analyze and react to industry
changes required to limit global warming to 2°C by 2100. There are ample investment
opportunities, as well as risks to companies. In addition to carbon, an investor has to
take valuation and market exposure into account.

According to the IEA’s Energy Technology Perspectives (ETP 2016), achieving a 2°C
scenario (2DS) means halving energy sector carbon emissions relative to current levels
by 2050 and reducing energy demand by 30 percent. The two largest contributions to
cumulative emissions reductions in the 2DS over the period 2013 to 2050 would come
from fuel and electricity efficiency (38 percent) and renewables (32 percent). [Carbon
capture and storage (CCS) would yield 12 percent of cumulative emissions reductions,
followed by nuclear (7 percent)].

IEA scenarios:

The 6DS extends business as usual. Energy
demand and CO, emissions increase by
60 percent 2013 to 2050. Average global
temperatures rise by about 4°C by 2100
relative to pre-industrial levels, and
continue to rise.

The 4DS incorporates recent pledges

by countries to limit emissions and
improve energy efficiency, thereby limiting
long-term temperature increases to

4°C and to 3°C by 2100. It will require
significant policy and technology changes
compared with the 6DS.

The 2DS presents an energy system
transformation and emissions reductions
up to 60 percent by 2050 (compared with
2013) to achieve at least a 50 percent
chance of limiting average global
temperature increase to 2°C.

Exhibit 9: Global electricity demand
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The IEA developed three scenarios to 2050 that illustrate the

Electricity savings would reduce demand for new electricity

difference between business as usual (today’s global carbon
intensity levels) and the 2DS. It is important to note that the
energy transformation does not require zero growth in global
energy demand, or imply a reduction in economic growth. The
[EA assumes that global electricity demand more than doubles
between 2013 and 2050 in the 6DS (124 percent) and 4DS (104
percent); see Exhibit 9. Even in the 2DS, electricity demand
increases but only by 79 percent due to two dynamics: increased
energy efficiency and switching to cleaner energy sources, e.g.
solar thermal systems.

capacity (estimated 5100 gigawatts) and save USD 3.5 trillion in
new investments. Electrification of energy (e.g. electric vehicles)
increases the share of electricity as the main energy source
(growing from 18 percent today to 28 percent in 2050) ahead of
oil and gas. Investments in renewables and divestment primarily
from coal completely changes the fuel sources for electricity
generation under the 2DS; see Exhibit 10.



Exhibit 10: Global electricity generation mix in the 2DS
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The IEA 2DS is a road map for carbon savvy investments
intended to support the Paris Agreement. It provides annual
carbon reduction targets to 2050 for the global economy and
for specific carbon-intensive industries and the transportation
sector. Exhibit 10 shows this transformation on the basis of fuel
switching required in the utility and energy sectors. Similarly,
Exhibit 9 lays out the energy demand reduction trajectory to

2050 required of the global economy. Fuel switching and
increased energy efficiency are crucial for high carbon-
intensive industry sectors, such as iron and steel and chemicals
for example; see Exhibit 11. However, carbon intensity across all
industries and transportation need to decrease by 2050.
According to the IEA, the global cement industry today relies
heavily on coal, the most carbon-intensive fossil fuel.

Exhibit 11: Carbon reductions under 2DS for carbon-intensive sectors
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These carbon “glidepaths” offer ample opportunity to reduce
investment in carbon-intensive industries and companies, while
also boosting investment in cleaner energy to support the 2DS
scenario. The IEA estimates that from 2016 to 2050, USD 9
trillion would have to be invested in the global power sector—
a mere 0.1 percent of global GDP in that time period. An
additional USD 6.4 trillion would have to be invested in the
same time frame to boost energy savings in buildings, in
carbon intensive industries and global transportation fleets.

A combination of “avoid” energy use and “shift” to cleaner
energy will greatly reduce the risks of climate change.

Active investors need to consider the effect on a company and
an industry from possible structural changes, as outlined in the
IEA 2DS. For example, a very carbon-intensive cement company
could find itself at a disadvantage to one with access to a cleaner
energy source. In some industries we can already identify the
relative advantage of sourcing from hydroelectric power for
things such as: production of aluminum, shipping goods in
ultra-efficient vessels, delivering packages with electric vehicles,
etc. The effect on return on invested capital could play out much
faster than foreseen in the IEA glidepath once existing market
forces and pricing effects are considered. For example, the
advent of fracking unleashed an abundance of (cheap) natural
gas in the US, which has displaced coal as the primary fuel for
electricity generation.

Exhibit 12: Tracking error associated with carbon emissions reduction in FTSE Developed Index,

representative portfolio 2011-2015
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Can these changes be incorporated into an investment strategy
with a minimal impact on the risk and return? First generation
carbon investment strategies integrate a carbon budget in the
investor’s portfolio construction process. For example, our
simulations show that a 40 percent reduction in CO, of the FTSE
Developed Index increases active risk by 43 basis points (bps);
see Exhibit 12. If a strategy wants to be aligned with the 2°C
target agreed to in Paris, then emissions need to be reduced by
60 percent by 2050. Decreasing carbon in the FTSE Developed
Index by 60 percent in the portfolio could increase active risk to
about 85 bps. A further decarbonization of the Index by 80
percent increases active risk to 3.14 percent. Such a large shift in
active risk would transform the portfolio from near-passive to
fully active.

Leveraging the IEA 2DS leads to a different more nuanced
strategy that is also aligned with a plausible future state. Such a

second generation approach that is aligned with the IEA’s 2DS
carbon reduction glidepath offers a way to gradually decrease
the carbon in an index by pulling several levers. As noted above,
the IEA provides detailed carbon glidepaths to 2050 for specific
industries. The first mechanism of carbon reduction is the
transformation of energy supply, from dirty fossil fuel based
energy to cleaner renewable energy. Secondly, the IEA offers
carbon reduction glidepaths based upon increased energy
efficiency in high energy intensive industries, such as metals,
mining and chemicals. The signature of the first transformation
can be seen in Scope 1 carbon emissions changes, and the
signature of the second mechanism is evidenced in lower
Scope 2 carbon emissions.

These industry specific models enable a way to decarbonize
an index (or portfolio) by taking into account where companies
are relative to their specific glide path. Overachievers can



be rewarded based on historical carbon emissions and
overweighted, and underachievers can be underweighted in
a much more real-life, dynamic way. Forward-looking insight
can also be gained by evaluating whether or not a company is
likely to align and stay aligned with its carbon glidepath. By
giving weight to historical emission reduction and such a
forward-looking assessment, investors can incorporate both
uncertainty on future states and uncertainty that a company
can achieve the carbon reductions required for a 2DS.

Doing this in a full risk-aware framework that considers all
material factors can yield the best outcome. Because some
carbon emissions are highly concentrated in a few industry
sectors, optimizing solely on carbon emissions can quickly
change the portfolio’s characteristics. For example, eliminating
the top 20 highest emitters would mean significantly lower
exposure to utilities, which also tend to be low-beta stocks,
shifting the overall beta of the portfolio. Mining companies
are also high carbon emitters, but eliminating these high beta
stocks would lower the beta of the portfolio. A better way to
incorporate carbon into portfolio (or carbon aware index)
construction is to take into account all material portfolio factors
along with active risk. This approach will better achieve the
dual goal of minimizing risk versus benchmark and maintain
index-like returns. It is possible to reduce carbon emissions by
50 percent in alignment with the IEA 2DS carbon glidepaths
while maintaining a low active risk of about 30 bps.

Carbon as an investment theme

Carbon, like many other data streams, can and will become
increasingly meaningful for investors. Despite various short-
comings in terms of data reliability, carbon data is maturing
and can be realistically sourced and interpreted. A company’s
carbon intensity tells us two fundamental things: how energy
efficient its production process is per unit of output and what
its main sources of energy are (fossil fuels or renewables).
Both characteristics of a company’s business model directly
influence cash flows and margins and the speed at which
global temperatures rise and increase climate change-related
risks. This is how to think about the materiality of carbon
emissions. As familiarity with carbon measurement and data
collection improves in the corporate sector, along with the
scrutiny by the investors of a company’s carbon profile, we
should expect further improvements in the data.

Financial products that incorporate carbon data in the
investment decision are realistic and can meaningfully contribute
to “decarbonizing” companies, and ultimately entire economies.
By directing investment dollars at less carbon-intensive
companies and industries investors can encourage a company’s
focus on carbon and its efforts to reduce reliance on fossil fuels.
Investment teams that understand the relevance and nuances of
carbon data can provide solutions that deliver financial returns
and meaningfully reduce the carbon emissions and climate risks
associated with an investment product.



Blue sky thinking

Every year an estimated 1.4 million to 1.6 million people

die prematurely in China due to heavy air pollution. Beijing
regularly experiences extremely high air pollution levels (over
400 parts per million), at 17 times the safe level recommended
by the World Health Organization of 25 ppm. Five hundred
thousand Chinese citizens suffer under smoggy skies for
almost half of the year." In January 2017, the former Chinese
health minister publicly stated that between 350,000 and
500,000 people die prematurely each year in Beijing as a
result of air pollution.' Shortly thereafter, the acting major of
Beijing announced that the city would spend USD 2.7 billion
to fight air pollution in 2017. The country is trying to reduce
its reliance on coal-fired power, currently 60 percent

of electricity.”

Heavy pollution in China is being mirrored by similar images
of Indian cities shrouded in smog. In 2015, an estimated 1.1
million people died prematurely from air pollution in India.
Indeed, India’s air has been worsening while the overall global
air pollution situation has stabilized in recent years—due in
part to slow global economic growth.™ While the US and
Europe established regulatory standards to protect their
populations from this threat, even in the US an estimated
88,000 people died prematurely in 2015 from exposure to air
pollution. The main sources in the US, as in India and China,
are coal-fired power plants (the US sources 33 percent of its
power from coal) and transportation. Cleaning up our skies
is @ win-win: less people die from respiratory disease and
cardio-vascular distress related to air pollution, and the

speed of climate change is decelerated.

Blue skies are on the horizon. Ninety percent of new power
added to European electricity grids in 2016 was renewable
energy.” In the US, solar installations increased by 95 percent
in 2016 relative to 2015, according to the Solar Energy
Industries Association.'® Solar was the top source of new
power additions to the US grid. One million workers are
employed in renewable energy in the US—five times the

employment in traditional fossil fuel-based electricity,
including coal, gas and oil workers, based on data from the
US Department of Energy.” China has become the largest
investor in renewable energy.” In 2016, China invested

USD 32 billion in renewables and has committed to USD 360
billion investment in renewable energy by 2020. Other
countries are following suit: in Chile, Morocco and the United
Arab Emirates, new solar installations will provide electricity at
costs much lower than those charged by conventional fossil
fuel plants."

Over the past seven years, the cost of wind power in the US
has dropped from USD 60 to USD 100 per megawatt-hour
(MWh) to around USD 15 to USD 25/MWh in the middle third
of the US. For large solar installations, it has declined from
USD 100 to USD 300, to USD 40 to USD 70 per MWh. Wind
power is currently the cheapest source of energy in the middle
third of the US, with its all-in cost of USD 15 to USD 25/MWh,
compared to the USD 55 to USD 65/MWh for a new
natural-gas-fired plant.”® Wind and solar are the cheapest
sources of power in many parts of the US without any
subsidies.”* By 2017, large-scale solar projects in Texas will
require revenue of about USD 45/MWh, lower than that
required for a natural-gas-fired power plant. In Texas, 12
percent of in-state energy production comes from wind
energy, powering an estimated 4.1 million homes (Q3 2016).”
California and New York plan to reduce GHG emissions to 40
percent below 1990 levels by 2030, and Hawaii is targeting
100 percent renewable energy by 2045. Other states are
following with ambitious GHG emissions reduction goals.
With natural gas cheaper than coal (per MWh), it is very
unlikely that coal can make a come-back in the US.

These developments set the tone for future investments.
Carbon is a meaningful “currency” to identify this rapidly
growing opportunity set. No longer a fringe issue, carbon can
also help investors minimize risks associated with emerging
regulations around to global that aim to reduce carbon
emissions. These strategies can generate strong returns,
alleviate climate change and save human lives.
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