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EXECUTIVE SUMMARY
A third of oil reserves and half of gas reserves might not be used as our energy systems 
are shifting to lower carbon solutions. This is the result of both technology development 
(alternative transportation fuel) and tightening climate change regulations (historic global 
agreement in Paris in December 2015). A large proportion of oil and gas assets face a 
carbon risk. We assess the carbon content of company production forecasts for the next 
10 years and warn on the risk of investment in expensive production assets which may 
not be needed. 

Although there is a need for companies to invest in production assets to compensate for 
declining rates of wells, they will have to demonstrate increasing rationality on their capital 
spending towards lower cost and lower carbon profile assets.

 – Arctic exploration projects have been abandoned by many companies. One should 
question any new capex allocation to this frontier area. These high cost and highly 
environmentally sensitive resources will not be needed in the new energy system.

 – Oil sands assets already face carbon regulatory pressure on top of being at the end of 
the crude cost curve: Companies not able to increase energy efficiency of their 
production will suffer.

 – Deepwater activities show high cost and relatively higher carbon content profile. 
Only when volumes are large and the operations very efficient do these assets 
present good value. 

 – Specific strategies such as GTL1 have worst carbon and capex profiles

This collection of factors is likely to impact the valuation of oil and gas companies in the 
long term. The impact on demand for fossil fuel will likely start from 2020 onwards, when 
electric vehicles scale and country climate regulations translate into energy efficiency 
gains. However this means the growth rate of companies used in growth models might 
be lower and impact their terminal value. 

1 Gas to liquids : natural gas converted in hydrocarbons such as gasoline or diesel fuel
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INTRODUCTION: THE STRANDED 
ASSET DEBATE, WHERE DO 
ENERGY COMPANIES SIT?
A third of oil reserves and half of gas reserves will remain unused from 2010 to 2050 in 
order to meet the target of 2°C. Our (small number of) investee companies’ reserves (1P2 
only) represent 5% of the global carbon budget (1,075Gt CO2) or 33% of the oil and gas 
listed companies’ carbon budget. In addition many of these assets are too expensive to 
produce at current oil price levels. Should companies now focus on oil and gas assets 
which are cheaper and have a lower carbon footprint?

 
The stranded asset argument has raised awareness of the carbon risk in the energy 
sector. It is based on the argument that as carbon regulations strengthen and economies 
shift to low carbon models to limit global warming to 2 degrees, energy companies are 
likely to see a proportion of their fossil fuel assets remaining in the ground. The Carbon 
Tracker Initiative in the figure below illustrates this. Research suggests that “a third of oil 
reserves, half of gas reserves and over 80 per cent of current coal reserves should remain 
unused from 2010 to 2050 in order to meet the target of 2°C”3 . Coal, oil and gas reserves 
are likely to be impacted in various proportions.

Figure 1: Fossil reserves and resources and their combustion CO2 emissions

Source: Letter Nature, Christophe McGlade & Paul Ekins

Figure 1 | Supply cost curves for oil, gas and coal and 
the combustion CO2 emissions for these resources. 
a–c, Supply cost curves for oil (a), gas (b) and coal (c). 
d, The combustion CO2 emissions for these resources. 
Within these resource estimates, 1,294 billion 
barrels of oil, 192 trillion cubic metres of gas, 728 
Gt of hard coal, and 276 Gt of lignite are classified 
as reserves globally. These reserves would result 
in 2,900 Gt of CO2 if combusted unabated. The 
range of carbon budgets between 2011 and 2050 
that are approximately commensurate with 
limiting the temperature rise to 2 uC (870–1,240 
Gt of CO2) is also shown. 2P, ‘proved plus probable’ 
reserves; BTU, British thermal units (one BTU is equal to 
1,055 J). One zettajoule (ZJ) is equal to one sextillion 
(1021) joules. Annual global primary energy production is 
approximately 0.5 ZJ.

2  1P reserves, or proven reserves are those reserves claimed to have a reasonable certainty (normally at least 90% confidence) of being recoverable under existing 
economic and political conditions, with existing technology. They differ from unproven reserves which are based on geological and/or engineering data similar to that 
used in estimates of proven reserves, but technical, contractual, or regulatory uncertainties preclude such reserves being classified as proven

3  The geographical distribution of fossil fuels unused when limiting global warming to 2°C, Christophe McGlade & Paul Ekins, Nature, January 2015, doi:10.1038/
nature14016
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Whilst the stranded asset debate has gained acceptance at a macro level, little  
has been done so far to examine the impact on a company by company basis.  
Which assets are most at risk if policy makers begin to take action and if there  
are disruptive technology breakthroughs? 

We have examined some of Schroder’s investee companies to assess the share of 
carbon emissions their proven reserves (1P) represent in the overall global budget.

We found that individual companies can account for meaningful share of the carbon 
budget: large companies proven reserves (Figure 2) can weight for as much as 1% of the 
remaining 1075 GtCO2 carbon budget (assuming a 50% probability to remain below 2°C)4.

We have made a rough estimate of the carbon content of company reserves (total 
embedded emissions, see footnote note 1). We have used conservative estimates –  
for example, they do not factor in the highest impact of carbon intensive fuels e.g. heavy 
oils, share of oil sands assets, nor the carbon emissions associated to liquefaction of 
LNG. For the pure oil sands players, Suncor and Cenovus, we apply a different carbon 
content ratio – to reflect oil sands production5. Our samples of companies’ reserves (1P 
only) represent nearly 5% of the global carbon budget (1,075Gt CO2). This alone would 
make up 33% of the Carbon Tracker proposed carbon budget. Clearly energy 
companies face a challenge. 

Figure 2: Carbon embedded in companies’ reserves, share of listed O&G companies carbon budget 
for a 2°C world 

Source: Schroders, company reporting

Investors have argued that they value companies on 10 to 15 years of recoverable 
reserves and associated cash flows, rather than the entire resource base. However it is 
now conceivable that change could occur within this timeframe, having an 
impact on valuation of energy companies. The positive outcomes of the COP21 
(international climate negotiations) could accelerate the drive towards non-
carbon sources of energy impacting demand for oil. 
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4 This carbon budget concept has been well accepted since the publication 
5 See table 4 for the oil sand carbon intensity ratio and footnote 1 for definition of the IPCC firth assessment report
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Sensible capital allocation
As oil prices started to slump last year, the oil and gas industry has been under pressure, 
cutting capex and E&P costs. Despite production cost deflation, many high breakeven 
price projects have become uneconomic. With oil prices now at lower levels and with the 
risk of a ramping up of carbon pricing mechanisms overtime carbon intensive assets 
could suffer even more from economic pressure.

And Low carbon transition…
Our engagement with oil and gas companies found them articulating a confidence that 
they will be resilient to the low carbon shift. The more proactive companies are even 
supporting climate change regulations such as global carbon pricing to make lower 
carbon intensity fuels (namely gas and renewable alternatives) more attractive. 

We examined the data that supported this confidence, examining carbon profiles of their 
current production and fossil reserves, and when possible of their production for the next 
5 to 10 years. We asked: 

 – What do portfolios look like in the next 10 years? 

 – What are their carbon footprint? 

 – What are the most carbon intensive assets and operators? 

The main challenge we have faced is the lack of data and poor disclosure.  
Forecast estimates are the best available tools and as always they carry their level of 
error. Interestingly this is a weakness that Mark Carney has also identified in recent 
speeches on the topics: “following our discussions at the FSB last week, we are 
considering recommending to the G20 summit that more be done to develop consistent, 
comparable, reliable and clear disclosure around the carbon intensity of different assets.”6

6  Marc Carney Speech, Breaking the Tragedy of the Horizon – climate change and financial stability, 29 September 2015
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THE CARBON REGULATORY PUSH 
Not only have climate negotiations been successful – we should anticipate stronger 
decarbonisation policies across the world – but the pace of development of alternative 
technologies means oil demand could slow from 2020 onwards.

The main manifestation of climate change regulation should be the gradual global 
introduction of carbon pricing in the form of local price mechanisms. Therefore we should 
start factoring this risk in.

In some regions there is already a price on carbon through tax or cap and trade schemes 
(European ETS, South Korean ETS, Canadian carbon levy, US regional Greenhouse Gas 
Initiative, California Cap and Trade, British Colombia and Quebec carbon taxes, Mexico tax 
on fossil fuel) or are under development (South Africa proposed carbon tax (2016), South 
Korea proposed carbon tax on vehicles emissions (2020), Brazil ETS under consideration, 
China 7 City pilot ETS to be rolled out) to mention just a few of those mechanisms. MSCI 
has measured current companies to carbon price mechanisms (Figure 4). Ecofys 
estimates that 12% of global emissions are covered by carbon pricing 
mechanisms (see Figure 3) which represents a threefold increase over the past decade.

Accelerating the shift to lower carbon energy sources is the growing environmental 
awareness and tightening regulation. These lead to a slower licencing of environmentally 
sensitive projects, more need for community engagement, and stringent local 
environmental standards and specifications – all factors contribute to increased costs.  
On the other hand, rapid renewable, electric vehicles and battery technology 
development will keep eroding demand for fossil fuels.

Figure 3: Regional, national, and subnational carbon pricing initiatives: share of global  
emissions covered

Source: Ecofys, CARBON PRICING WATCH 2015 
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Figure 4: Geographic Distribution of Reserves and Associated Risk of Existing or Upcoming 
Carbon Regulations or iLimitations (IOG and E&P)

Source: MSCI
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THE LIFE CYCLE FOSSIL FUEL 
CARBON RISK: A LOOK AT OIL AND 
GAS COMPANIES PRODUCTION MIX 
Analysing companies’ portfolio carbon content based on the life cycle of their 
fossil fuel production demonstrates what their actual contribution to climate 
change might be. In our view, it should give a picture of the carbon risk, as carbon 
regulation and alternative technology development could impact fossil fuels at any stage 
of their value chain. 

However the challenge for the sector remains in the lack of available accurate data in 
terms of exact production mixes by type of fuel (oil sands, heavy oil, tight oil, shale gas, 
LNG, GML etc.) and their exact carbon footprints which vary meaningfully. As a result 
there are some limitations to this analysis.

Portfolio mix: the Gas shift? 
Gas has increased in companies’ portfolio mix in the last few years but the forward 
picture shows a reversing trend – despite higher demand growth trend for gas vs. oil. 

Looking at a companies’ exposure to gas (Figure 7) is a good starting point to assess their 
carbon risk. Gas life cycle carbon intensity is much lower (Natural gas emits 117 pounds or 
CO2 when burnt vs. 157.2 for gasoline7). The Oil majors have been promoting their gas 
strategy and demand growth for gas is also stronger than oil8. The historical trend (Figure 8) 
shows the move towards gas extraction of many integrated or majors in the last 15 years.

Figure 7: Companies’ production mix: gas vs. oil
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7 Eia, FQA https://www.eia.gov/tools/faqs/faq.cfm?id=73&t=11
8  According to the IEA, under the 450 scenario, oil demand (Excl biofuels) grows from 90.6mb/d in 2014 to 95.6mb/d in 2020 after which it start to decline, 

in 2040 it is 74.1mb/d which is ~16mb/d below the 2014 level. Gas demand grows from ~3.5trillion cubic meter (tcm) per year in 2013 until 2025–30 after 
which it stabilizes at ~4.1 tcm/year and stays at that levels until 2040+. In other scenarios gas shows a steeper growing curve too. According to BP energy 
outlook 2015, Natural gas is the fastest growing fossil fuel (1.9% p.a.) whilst oil grows at 0.8% p.a. (2013–2035)

Production Mix
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Figure 8 – Gas production as % of total production 

Source: Societe Generale, company estimates  

Going forward, the picture is different (Figure 9). Turning to reserves, the evolution of mix 
in the last few years has not shown a move towards gas reserves either (Figure 10). 

How proactive are companies actually being in moving their reserves towards gas?  
We think that production forecasts show a number of issues: 

 – There appears to be a mismatch between project pipelines (most are focused on oil) 
and global energy demand (which is shifting towards gas). Although oil currently offers 
higher returns than gas, will that be the case in 5 or 10 years’ time? 

 – Energy companies may be conservative when planning their share of gas in the 
production mix, or not proactive enough in promoting this resource as they aim for 
better return and profitability in current market assumptions

 – Energy analysts may be misinterpreting companies’ strategies and future production mix.

Figure 9: Gas in production mix (estimates) 

Source: HSBC and Itau Unibanco, company estimates
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Figure 10: Gas in reserve mix over time, 2010–2014

Source: Bloomberg, company reporting

Portfolio carbon intensity ratios
We use estimates of various types of fuel lifecycle carbon content (from the extraction, 
to the refining and burning) to assess companies portfolio overall carbon footprint. 
Only BP shows a decarbonisation path, while the BG carbon footprint is boosting the 
carbon content in the portfolio of the new Shell-BG entity.

We have looked to assess the carbon content of energy companies’ portfolios. Using HSBC 
production data (based on Wood Mackenzie database), examining different types of oil and 
gas resources, we have examined upstream portfolio carbon content for a group of large 
integrated oil and gas companies’ portfolios (Figure 11 & 12). For this analysis, we have used 
the “least worst” data available to estimate the carbon content of each type of barrel. It 
should give a clearer perspective on the strategic choices made by those to decarbonise 
their portfolios

The carbon content of a fossil fuel comes from the extraction process, as well 
as the refining and the burning process. 

The risk of this analysis is that the range of carbon factor is very narrow and there is room 
for misinterpretation. Since 2005 the carbon content of the integrated oil and gas 
companies has been stable or decreasing possibly reflecting the light increase of gas in 
portfolio share. However, there are integrated companies whose upstream production’s 
carbon increases post 2020 – which is the time when demand for fossil resources is most 
likely to be impacted.

 – The Shell + BG entity is due become more carbon intensive due to steep 
increase of BG carbon content. This is despite BG starting from a low carbon base 
and Shell having increased its share of gas in portfolio in last 10 years 

 – BP and ENI are the companies which demonstrate the best opportunity to 
decarbonize their upstream portfolio

 – Statoil will show some increase in the carbon content of portfolio from 2020 despite 
efforts to decarbonise in the next five years 

 – Despite higher share of gas in the portfolio Chevron portfolio shows some increasing 
carbon content. This is mainly a result of large share of LNG (classified as a gas fuel) 
which has a higher carbon footprint than traditional gas)
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Figure 11: Carbon intensity of majors’ upstream portfolio, 2005–2025e 

Source: HSBC, Exane, Schroders

Figure 12: The forward view: Carbon content of majors’ upstream portfolio, 2015e–2025e

Source: HSBC, Exane, Schroders
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CAPEX AND CARBON EFFICIENCY 
OF PRODUCTION 

Cost curves and carbon risk 
In a low oil price environment, many projects are too expensive to extract, particularly 
those with environmental sensitivity. 

Given the current oil price curve, analysts have now questioned the viability of certain 
projects. The pressure on capex means that most expensive fields will not get explored 
pushing the recovery of these resources to an unknown timeframe. The Goldman Sachs 
research team has analys ed main oil and gas companies’ projects which were at the high 
end of the cost curve and therefore most vulnerable. This is largely made up of deepwater 
and heavy oil along with some LNG projects and some 100bn of boe of reserves 
(those above the $60 breakeven) would remain in the ground (Figure 13). 

UCL, by analysing oil and gas production cost curves (Figure 14) draws the conclusion 
that most expensive projects include the most environmentally sensitive projects such as 
Arctic drilling and Oil sands would be the first ones to be at risk of being unexplored 
(Figure 15). That would put high pressure on those regions (Alaska, Canada) relying on 
these resources and the operators or partners of these projects. 

Figure 13: Reserves oil price breakevens

Source: GS research, 420 projects to change the world 
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Figure 14: Oil and gas cost curve by TIAM-UCL9 

Figure 15: Oil and gas production in the TIAM-UCL 2C scenario10 

9  The geographical distribution of fossil fuels unused when limiting global warming to 2°C, Christophe McGlade & Paul Ekins, Nature, January 2015, 
doi:10.1038/nature14016

10  The geographical distribution of fossil fuels unused when limiting global warming to 2°C, Christophe McGlade & Paul Ekins, Nature, January 2015, 
doi:10.1038/nature14016
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Integrating carbon into company analysis
We have analysed the carbon intensity (emission/boe) and capex efficiency (boe/capex) in  
6 majors’ portfolio based on a broker’s 10 year production and capex forecast (field by field). 
As oil prices remain low and carbon content becomes a competitive disadvantage, the focus 
on capex efficiency and lower carbon content profiles is a good starting point for analysis.

We think that lower carbon content portfolios should be more resilient to the low-carbon 
energy shift. There remains a lack of granular data on companies’ projects (type of fields, 
production volumes from these fields, emissions associated to each type of operation).  
In lieu of this we have run analysis on capex efficiency (boe produced/ capex spent) based 
on data available (field by field production forecast from Exane, from the WoodMckensie 
database), then we attributed a carbon content ratio to each type of field to assess the 
relevance and resilience of 6 of the majors’ projects. This shows companies’ project capex 
efficiency vs. lifecycle carbon intensity profiles for the next 10 years.

Although it is difficult to draw final conclusions, the data (based on forecasts) shows the 
following patterns: 

 – Oil sands assets are the most carbon intensive and often not very capex efficient.  
The Canadian tax on oil sands assets means carbon cost is already factored in the overall 
cost structure, although we expect this cost to increase in the long term. Oil sands pure 
players are talking about new technologies to drastically reduce energy use and carbon 
emission from the production process, but there is no clear visibility on timing.

 – Deepwater are most expensive assets in most companies, but for not for BP.  
These assets also emit more than onshore and offshore activities. 

 – Onshore or offshore assets, depending on companies, show better carbon and  
capex profiles. BP for instance has vast volumes of offshore assets which seem quite 
productive (capex efficient) and less carbon intensive than deepwater strategies and 
even onshore strategies.

 – LNG assets tend to be more capex efficient than deepwater strategies - except for BP. 
The carbon profile of these resources is much better, with no surprise (gas is a lower 
carbon fuel) 

As a conclusion, companies with biggest production volumes in those high carbon 
and capex intensive areas are most exposed to energy market headwinds. 
Given growing uncertainty (oil demand and oil prices) on future (post 2020) 
energy markets, they will have to carefully spend their capital on resources 
which remain competitive in all scenarios. The IEA estimates there is a ~15% 
investment gap11 between the base case and the ‘450 scenario’ which factors in the 
impact of climate regulations. 

Because large companies are diversified, they all come around same carbon and capex 
efficiency averages. Therefore, the analysis should focus on the types of assets 
that need to be avoided:

 – On average, Shell is best at extracting fuel from each $ of capex. But some companies 
demonstrate a better profile in specific assets: Total’s onshore and BP’s offshore 
strategies such as onshore and offshore are more capex and carbon performant. 

 –  We would highlight the carbon risk for BG or new Shell/BG entity in the future despite 
its relatively good capex efficiency.

 –  BP offers a more resilient picture; it has a concentration of activities on offshore  
and particularly capex efficient deepwater assets, producing slightly lower carbon 
content resources. 

 – Statoil has avoided more carbon intensive assets (offshore focus and only small 
exposure to Deepwater, oils sands, heavy oils). 

11  Morgan Stanley research, Oil & Gas: implications of the Global Climate Agreement, December 2015
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INVESTOR TOOLKIT
Analysing companies’ responsiveness to the climate change debate and strategy to 
mitigate their carbon risk, helps assessing how companies are prepared for global 
energy shift which will accelerate from 2020. We have not found oil and gas 
companies being very proactive in tackling climate challenge, beyond they support  
to global climate negociations. 

Company engagement questions 
 – What is your strategy to lower the carbon intensity of your production mix?

 – What will the production split between gas and oil in 2020–25? What are the customer 
dynamics that drive this production mix?

 – What Executives compensation KPIs related to carbon efficiency of the business do 
you have in place? 

 – Do you run carbon resilience scenario analysis? What projects are not eligible in a 
carbon regulated world over the long term? Do you run 2 degree scenario portfolio 
stress-testing exercise? How is this impacting your project sanction strategy?

 – What oil price resilience scenario do you run, how does it inform investment decisions 
for long life span project investment (the longer the higher exposure to falling demand 
scenario)?

 – What carbon price and tax scenario on your production of hydrocarbons do you have?

 – Can you disclose your investment in alternative and decarbonisation technologies?

 – Can you increase granularity of your carbon emissions disclosure (field by field, region 
by region)?

For oil and gas analysts, how to assess company portfolio resilience:
What is the exposure of companies to the following assets? Should the asset value of 
those resources not be discounted to reflect the carbon risk?

 – Arctic

 – Oil sands

 – Deepwater

 – GTLs

For equity investors, how is a carbon risk impacting company model? 
Growth rate and terminal value - Falling demand over the long term (post 2020) can impact 
company earnings as return of projects deteriorates (lower oil price, higher carbon costs, 
leading to lower earnings). A lower growth rate for those companies exposed to long life 
high cost and high carbon intensity projects will have an impact on their terminal value. 

 

Lower returns 

Lower growth 
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