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(Editor's Note: This article, focusing on forests and soils, is the first in a series where S&P Global Ratings explores various options
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report.)
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- Net-zero commitments by companies and countries remain critical to mitigating climate
change, even though GHG emissions are falling this year, not least because they are
expected to rebound.

SECONDARY CONTACT

- Capturing CO2 in forests and agricultural soils has the maximum potential to offset
32%-47% of annual CO2 emissions. Biosequestration has the potential to offset
approximately 26%-37% of annual global GHG emissions. The offset values could be
worth $125 billion-$150 billion for a total market of $175 billion-$250 billion a year,
roughly the size of the green bond market.

Maurice Bryson
London
maurice.bryson
@spglobal.com

- Supply for soil-related carbon offset markets could likely come from projects in
Sub-Saharan Africa, where the region has larger area of agricultural land to store carbon
and low national emissions. Historically, the supply has mostly come from the U.S.
Demand for offsets will come from the larger emitting countries.
- However, markets for forest- and soil-based offsets face obstacles such as stagnation
in the climate change negotiations, uncertainty about measuring offsets, and wildfires.

Greenhouse gas emissions are expected to dip this year due to fallout from the pandemic that has
plunged economies the world over into recession. S&P Global Platts Analytics estimates global
GHG emissions will drop 5.5% this year. That would be the largest drop since 1.4% in 2008 during
the global financial crisis, according to the Global Carbon Project. That's significant but would still
fall short of the 7.6% each year in reductions that the UN Environment Program says the planet
needs to keep global warming below 1.5 degrees Celsius under the Paris Agreement. Furthermore,
climate watchers expect a rebound in emissions growth once economies restart and try to make
up for lost time. This means companies and countries will still need to reduce their emissions
further. To be sure, many are committing to becoming "net zero" by 2050, which is in line with the
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agreement, but is it achievable? Can they really reduce as many emissions as they produce? Here,
in this article, we assess the ability of the world's forests and soils to capture carbon and offset
emissions.

Going Net Zero: A Trend In Companies' ESG Commitments
Net-zero commitments by companies typically include significant reductions in GHG based on
transitioning to low-carbon technologies, with the remaining emissions "netted" through the
purchase of carbon offsets. These commitments to net-zero emissions by 2050 are broadly
compatible with the Paris Agreement. "Carbon offset" is a loaded term that includes several
options intended to mitigate emissions. There are two main types:
- Biosequestration projects that remove carbon emissions from the atmosphere by expanding
forests, for example, and
- Technology projects that avoid future CO2 emissions by funding low-carbon technologies, such
as renewable energy and carbon capture and storage.
Both have the potential to contribute to annual reductions in emissions either by avoiding them in
the first place or by removing CO2 from the atmosphere and storing it in the biosphere. However,
to lower global GHG emissions 7.6% each year, low- or no-carbon technologies would have to
rapidly replace fossil fuel technologies. (For details about carbon offsets, see the box below.)
Chart 1

Green technologies have been available for several decades now, and yet the demand for fossil
fuels has outstripped demand for technology-based offsets and green technologies. Even with the
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rapid decline in the cost of renewables, global renewable energy consumption has remained
largely flat for decades, although recently that picture is starting to change (see chart 1). Still,
global GHG emissions have grown every year, with some exceptions and are not likely to contract.
Unless there is a fundamental upward shift in the consumption of renewable energy, the world will
require increased efforts that remove carbon directly from the atmosphere, such
biosequestration--the capture and storage of carbon dioxide by continual or enhanced biological
processes--which includes agriculture and forestry but also uptake by the world's ocean
ecosystems.

Agriculture And Forestry Can't Do It All
We calculate that biosequestration has the maximum potential to offset approximately 32%-47%
of annual global CO2 emissions, or 26%-37% of total GHG emissions. This is without economic
constraints factored in. So, even at full deployment, there is not enough supply to create the
annual surplus needed to offset historical emissions. In essence, the earth's soils and forests do
not have the capacity to offset emissions by all companies. That could mean increased
competition for biosequestration offsets and perhaps more of an incentive to transition to
low-carbon alternatives.
Forests are not the only source of untapped potential for natural carbon storage; plants can store
carbon directly in the soil. Therefore, soil-based carbon sequestration could be another frontier in
flattening the emissions curve. In one effort, global commodities trader Cargill has recently
announced its scheme to pay farmers in Iowa to store carbon in their soils through better
management practices, and in turn will sell carbon offsets based on this practice.
The global potential for soil carbon sequestration and offsets stands at 9%-19% of annual CO2
emissions (3.3-6.8 gigatons (Gt) of CO2 per year) under improved farming management over 20
years, according to estimates from the Global Carbon Project. Practices include "addition of
organic manures, cover cropping, mulching, conservation tillage, fertility management,
agroforestry, and rotational grazing," according to the researchers Zomer, Bossio, Sommer, and
Verchot in their article published in Nature. The potential market for soil-based offsets could be
worth $50 billion-$100 billion a year, which assumes carbon offset prices hover at $15 per metric
ton of CO2, the price of North American offsets before the pandemic, according to S&P Global
Platts.
The maximum potential for forestry is greater and stands at 8.2-10.1 Gt of CO2 per year, or
23%-28% of annual CO2 emissions, according to a study published in Carbon Balance and
Management by researcher Yuanming Ni and others. The offset values could be worth $125
billion-$150 billion for a total market of $175 billion-$250 billion a year, roughly the size of the
green bond market. We commented on an increase in the issuance of land-related bonds in our
article, "'Could Agriculture And Forestry Be The New Frontier For Green Bonds?" published Dec. 4,
2019, which concludes they represent just 3.3% of the green bond market, and that so far they are
all forestry bonds. Yet, forestry bonds are a growing segment of environmental, social, and
governance (ESG) investing.
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Chart 2

The distribution of this potential is uneven around the world, with strong concentrations in some
countries (see chart 3). Many countries in Sub-Saharan Africa could have surplus offsets to trade
with major emitting nations, such as China and the U.S., due to their currently low annual
emissions compared to the potential of their soil to store carbon.
Chart 2
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Table 1

Highest Potential Sources Of Supply And Demand For Soil Offsets
Rank

Supply country Supply quantity (MtCO2)

Demand country Demand quantity (MtCO2)

1

Sudan

46.5

China

9,712.60

2

Ethiopia

42.5

U.S.

4,724.80

3

Congo (Democratic Republic)

24.2

India

2,175.20

4

Tanzania

23.2

Russia

1,256.40

5

Niger

20

Japan

1,150.80

6

Zimbabwe

17.9

Germany

699

7

Afghanistan

13.5

Iran

678.4

8

Mali

11.5

South Korea

654.8

9

Malawi

10.3

Saudi Arabia

615.8

Chad

10

Indonesia

575

10

MtCO2--Metric tons of carbon dioxide. Sources: S&P Global Ratings; Global Carbon Project; Zomer, Bossio, Sommer and Verchot (2017).

Countries at the top of the supply table have large land masses dedicated to agriculture where
plants use photosynthesis to store carbon in the soils and have very low annual GHG emissions.
Countries at the top are big GHG emitters due to their large populations, large emissions per
capita, or overall reliance on using or producing fossil fuels.

Uncertainty, Double Counting, And Climate Risks
Figures for carbon offsets are notoriously difficult to calculate and measure, and uncertainties
can put off some market participants. The figures in this report are taken from reputable sources,
but should nonetheless be taken with caution. For example, a widely quoted study in Science put
the potential for forest offsets at 205 gigatons of carbon. However, the study relies on planting
trees wherever they can possibly grow, including on agricultural lands, urban areas, and in existing
forests, and therefore is an overestimate.
Despite the growing carbon market, there is still slow adoption of offset trading. One reason might
be a complex and expensive process of establishing such projects. Four basic criteria are
commonly used and sometimes compulsory used to evaluate carbon offsets: additionality?,
permanence, absence of leakage, and verification. And several different standards--such as the
Verified Carbon Standard and the Gold Standard--are used by vendors to certify that particular
carbon offset projects satisfy these criteria to an acceptable degree. All Clean Development
Mechanism or Joint Implementation projects, where countries finance offset projects in other
countries, must go through a rigorous validation process by the UN Framework Convention on
Climate Change. Certification costs depend on the complexity of the project, and there are usually
many other costs involved.
The next climate change conference (COP26), set for November 2021 in Glasgow, will address
Article 6 of the Paris Agreement, which aims to close out the issue of double counting between
nations that create offsets and those that purchase offsets for their own net-zero commitments.
Double counting could occur when one nation expands its forests and uses the stored carbon to
offset its national emissions, but uses funding obtained from a second nation that uses the
amount of stored carbon to offset its own emissions. It is a sticking point that has spilled over
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from last year's negotiations and remains a risk for global offset markets. A successful conclusion
to these negotiations is paramount in the global effort to meet the goals of the Paris Agreement.
Offsets require that the carbon stored in soils and forests remain in these natural assets. Last
year's wildfires were an acute reminder that physical climate risks are reducing the security of
using nature for carbon capture. Once burnt, the carbon returns to the atmosphere--and the
offset potential literally goes up in smoke.
A development that could further dampen companies' participation in offset markets is the
pandemic, whose shocks have created short-term liquidity issues for some companies. Still, the
Institutional Investors Group on Climate Change (IIGCC), whose members include BlackRock and
account for $30 trillion in assets under management, are calling for a green recovery in the
aftermath of the pandemic. This could signal a shift in capital allocation toward the solutions
needed to reach net zero. Although the current drop in global emissions is insufficient to meet the
Paris Agreement, the pandemic may have provided an opportunity for investors to shift their
appetite toward finding solutions to other long-term, systemic threats such as climate change.
Net-zero commitments could be considered both necessary and daunting, and companies and
governments making them are not doing so lightly. It is not just a case of buying some relatively
cheap trading offsets and continuing business as usual. Companies and governments wanting to
achieve their net-zero commitments may need to rely on the deployment of low-carbon, carbon
capture, and other technological solutions. If action is not taken quickly to mitigate annual
emissions, there could be few options left. The biosequestration potential of forests and
agricultural soils may not be enough to net emissions. The vulnerability of these ecosystems to
climate change could be further dampening that potential. While 2050 appears to be a long way
off, actions by companies and governments in the next few years are most critical to achieve these
goals. While it may not be too late to take action today, it might become so very soon.
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What Is A Carbon Offset?
A carbon offset, or credit, is the reduction of one metric ton of CO2 equivalent (CO2e) from a
baseline--that is, the level GHG emissions would have been in the absence of the project.
Often confused with a carbon allowance, which is the right to emit one ton of CO2e, the two
carbon instruments facilitate global efforts to reduce carbon emissions by putting a price
on carbon.
There are two markets for carbon offsets: the compliance offset market and the voluntary
offset market. Though the two markets technically trade the same product--a tonne of
CO2e avoided--the markets operate largely distinctly. Certified Emission Reductions (CERs)
are the instrument used by entities in the world's largest carbon market, the EU's
Emissions Trading System, and trade at €0.31/tCO2e. Offsets in the voluntary market,
known as Voluntary Emission Reductions (VERs)--purchased by companies and individuals
wishing to offset their GHG emissions, though under no regulatory obligation to do
so--typically trade between US$3-US$6/tCO2e, depending on the location and type of the
project generating the offset. Voluntary market participants can purchase CERs, but
compliance market participants cannot purchase VERs to offset their regulated GHG
emissions. Emission Reduction Units (ERU) help countries meet their treaty obligations
under the Kyoto Protocol, a precursor to the Paris Agreement. The total offset market pales
in comparison to global carbon emissions (see chart 4).
Offsets can be created from stand-alone projects, such as wind farms and methane
capture from landfill, or from scalable projects, such as fuel-switching initiatives--clean
cook stoves replacing charcoal, for example--and reforestation projects. According to
Forest Trends, the voluntary offset market generates most of its offsets--on a volume
tCO2e-avoided basis--through energy efficiency and fuel switching, and forestry and land
use projects. Renewable energy projects generate the cheapest, and clean cooking stoves
the most expensive voluntary offsets.
The common and defining feature of all offset-generating projects is that they must create
a measurable, trackable, permanent, and independently verified reduction in GHG
emissions that would not have occurred in the absence of the revenue generated from the
offset. "Additionality" is fundamental to offset markets, which means market forces would
not have created the project. For example, an offshore wind farm in the U.K. will be
developed because the internal rate of return of the project has been made palatable to
investors through government subsidies. That is, the project would be constructed with or
without the revenue generated from offsets and so cannot claim to produce an "extra
economic good." In contrast, a wind farm developed in an emerging market, where
subsidies do not exist, may not be financially viable without the income generated from
selling offsets. If a project does not generate an "extra economic good," then it cannot
justify selling a carbon offset, as the money paid for an offset does not cause the reduction
in GHG emissions. Further, having additionality as a fundamental feature of offsets acts to
constrain the market, thereby giving offsets a value.
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Chart 4
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