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Introduction

The oil and gas extraction and processing
(oil and gas) sector is already financially
vulnerable to extreme weather events such
as cyclones. Climate change is forecast

to increase the exposure of oil and gas
companies to climate, energy and carbon
price risks. Few oil and gas companies
publically report having a comprehensive,
corporate-wide climate change mitigation
or adaptation strategy. As this guide will
show, oil and gas companies have available
to them many adaptation measures and
opportunities to mitigate energy cost,
carbon and carbon related regulatory risks.

INTHIS REPORT

IDENTIFY CURRENT RISKS

Purpose

This guide provides information to help
investors assess and integrate climate risk
and opportunity in the oil and gas sector into
investment analysis.

How to use this quide

Identify the risk factors: Recognise key
climate change, energy and carbon risks
faced now by investors in the oil and gas
sector in Australia.

(Table 1and Table 2 provide a checklist of
issues for investors)

Indentify how risks will increase: Unmitigated
climate change will increase risks related to
extreme weather events, energy cost and
carbon liability. Increasing risks and potential
for negative impacts are explained.

+ Climate risks

+ Energy cost and carbon risks

IDENTIFY RISK VARIANCE
AND IMPACTS
+ Expected climate changes
+ Expected energy cost and carbon
changes

IDENTIFY ADAPTATION
AND MITIGATION
OPPORTUNITIES

+ Climate adaptation strategies and
measures
+ Energy and carbon risk mitigation
strategies with measures

Identify the adaptation strategies and
mitigation measures: The most cost effective
measures companies can take to adapt to
physical risks (to build resilience for climate
changes which can no longer be avoided)
and mitigate energy costs and carbon

risks (reduce exposure) are then described
based on observations of leading practices.
These measures should not be considered in
isolation but within the capital planning cycle
of companies.

Assess materiality: Not all climate change
risks affect all sectors equally. Tables
identifying risks, adaptation strategies and
mitigation measures in this guide include the
most significant issues for the oil and gas
sector.

Integrate the information into investment
processes: The diagram below indicates how

investors can integrate the information in the
guide into investment practices.

Integration into
investment process

Assess company exposures
(current and future)

Assess company response

Adjust valuation assumptions

Engage companies on outstanding
exposures and response
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SUMMARY OF CLIMATE RISK IN THE OIL AND GAS SECTOR

Climate related risks

The oil and gas sector is a capital
intensive sector with many long life fixed
assets, long supply chains and significant
water requirements to enable operations.
The sector also operates often in

remote 'high temperature’ or sub-zero
temperature locations, many of which
are exposed to risks of cyclones and
flooding. Therefore oil and gas companies
are already exposed to many extreme
weather and water supply related risks
that have historically resulted in either
sudden production downgrades, costly
delays to projects or greater risks of
costly liabilities as evidenced by the
following high profile examples.

Cyclones -
construction
cost blow outs

Cyclones -
asset damage
and loss
production

Lack of water
availability and
droughts

Intense
flooding

Storm surges
and sea level
rises

Bushfires

- gas leaks
or pipeline
explosions

High
temperatures

The Gorgon LNG project has experienced construction cost blow outs
of US$15 billion or 40% to $US52bn, up from an original estimate of
$US37bn when the project was approved in 2009.2 Gorgon has cited
a range of factors causing this, stating ‘We were impacted by weather
as we were constructing the beds, other facilities and infrastructure in
the early days of Gorgon. There were a number of cyclones that went
through the area, and that (negatively) impacted us.?

Oil and gas extraction in the North-West Shelf was adversely affected
by cyclones and severe weather, with 13 per cent of annual production
lost in 2005-6,4 and considerable lost revenue.

The oil and gas sector is a water intensive sector. It is, therefore,
vulnerable to declines in water availability to maintain operations and
proceed with new projects. For instance, the coal seam gas industry’s
growth projections over the next few decades are dependent on having
access to 7600 gigalitres of groundwater over the next two decades
according to the National Water Commission — equivalent to about a
third of the average annual flow of the Murray-Darling river system. ®

Flooding events pose risks to the oil and gas industry such as damage
to facilities, loss of production and risks of dispersal of salt from coal
seam gas mines onto farming land. For instance, the January 2011
Brisbane floods caused a “‘steam outage” at the Caltex Lytton refinery
on 5 January, prompting an unscheduled shutdown resulting in a
decline in share price.® According to Arrow Energy ‘Floods have the
potential to disrupt coal seam gas field infrastructure and services. In
the event of flooding, access to the well sites is limited particularly in
the Bowen Basin (central Queensland); this reduces the efficiency of
the fields and limits any drilling activity during those events.’’

The storm surge from Hurricane Katrina caused the closure of nine
refineries, resulting in the total shutdown of oil production in the Gulf
of Mexico from the six-month period following Katrina cutting US
annual oil production by over 20%. Up to 50% of Australia’s refineries
are positioned on the coast not far above sea level. Caltex Australia
reported to CDP ‘Some Caltex facilities could be impacted by sea level
rise (in the long term).

Gas vented from leaks in compressors or pipelines can be ignited by
sparks or embers from bush fires and contribute to bushfire damage

to local areas. There is another risk of corroded gas pipelines exploding
and causing fires, such as in 2008, when the explosion of a corroded
gas pipeline on Varanus Island, off Western Australia, caused a fire
which burned out of control and caused $60 million in damage to the
refinery. The plant was shut down for several months, cutting gas
supplies to the state and industry by a third, leading to economic losses
in Western Australia of up to $3 billion.®

High temperatures will add to operational oil and gas industry costs in
numerous subtle ways. For example, the LNG manufacturing process
requires natural gas to be chilled to less than minus 160°C in order to
liquefy it for efficient transport. High temperatures add to the amount
of energy and costs needed to liquefy natural gas.
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Climate change risks, forecast change, potential impacts and adaptation strategies

The latest climate science shows, over the last century, the average intensity of these extreme weather events has increased due to climate
change™ and, if current greenhouse gas emission trends continue, will continue to increase over the coming decades. Given this, it is reasonable
for investors to expect companies to plan for such scenarios now, including implementing cost effective adaptation strategies open to oil and
gas companies summarised in Table 1 and described in further detail below in Table 4. 75% of oil and gas companies reporting to CDP identify
physical climate change risks as having the potential for substantive negative effects on their business, yet only 5% mentioned adaptation as a
consideration in their response.” Only three oil and gas companies report developing a specific “‘Climate Change Adaptation” plan or strategy.

Table 1. Climate change risks, forecast change, potential impacts and adaptation strategies

MORE INTENSE
CYCLONES

+140% by 2070 Supply chains disrupted Replace semi-subs with drill ships
Increased risk of a spill/gas leak leading to Reconsider geographic diversification
damages and potential litigation Diversify sources of material inputs
Insurance
MORE INTENSE FORECAST CHANGE IMPACTS SAMPLE ADAPTION STRATEGIES
EXTREME RAIN- Plan construction and decommissioning
FALLEVENTS Despite overall decreases in rainfall Delays to construction and activities to address the tropical wet season
(see below), rainfall events wil decommissioning Flood defense measures
become more intense creating a Damage to infrastructure Managed aquifer storage of flooding waters
greater risk of fiooding. Operations disrupted Pumping equipment and backup generators
Supply chains disrupted Multiple transport routes
Insurance
REDUCED WATER FORECAST CHANGE IMPACTS SAMPLE ADAPTION STRATEGIES
AVAILABILITY
(%) 2030 2050 2070 Reduced amounts of water Improve efficiency of water usage
North: -10to+5 -20to+10 -30to +20 Water supply cost increase Develop alternative water supplies
South: -10t00 -20to0 -30to+5 Greater competition for water Desalination and treatment of ‘produced
No. of months in drought by 2070 water’ for re-use by farmers
South WA : +80% Managed aquifer storage of flooding waters
Eastern Australia : +40%
AVERAGE HIGHER IMPACTS SAMPLE ADAPTION STRATEGIES
TEMPERATURES FORECAST CHANGE
01-15°C by 2020
0.3 - 4.0°C by 2030
04 - 80°C by 2080
. Effective insulation of super-cooled LNG
Higher energy costs processes
(e.g. ghl\lmg diqsm i LN? s Adding pre-chillers to LNG plants
e El=eeRelionng eosi) Energy efficient chillers
MORE DAYS OVER Energy efficient air-conditioning
35°C FORECAST CHANGE Use of reflective white paint on metal surfaces
(northern Australia) exposed to sunlight
\ ‘ 7 - 1 days per annum by 2000
\\ 4 >~ 69 days er annum by 2030
:. (= 308 days per annum by 2070
LS
AyE
7P
HIGHER RISK OF FORECAST CHANGE IMPACTS SAMPLE ADAPTION STRATEGIES
BUSHFIRES

FORECAST CHANGE

Cyclone Intensity

+60% by 2030

Days with very high and extreme
Forest Fire Danger Index (FFDI)
ratings:

4 - 25% by 2020

15 - 70% by 2050

IMPACTS

Delays to construction and
decommissioning

Damage to infrastructure
Operations disrupted

Increased costs for distribution
infrastructure to meet higher standards
Risk of pipeline leaks or explosions
adding to, or causing, intense bushfires.
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SAMPLE ADAPTION STRATEGIES

Plan construction and decommissioning
activities to address likely cyclone events
Increase design and construction standards
Improved standards for offshore platforms

Improved pipeline standards to withstand
extreme heat from bushfires

Reduce risk of pipeline leaks and explosions
Build appropriate fire breaks

Reduce bushfire fuel loads

Work with Rural Fire Service

Implement best practice OH&S




Energy costs and carbon risks and mitigation opportunities

As well as climate change related risks, investors in the oil and gas sector face risks that could lead to higher energy costs and exposure to
the price on carbon if not strategically managed. A sample of these is listed below.

Rising energy intensity

Changing regulatory landscape

Carbon liability uncertainty

Risk of fugitive emissions

Market value uncertainty and
risk of stranded assets

Climate change policies driving
down demand for natural gas.

Energy intensity in the petroleum sector has risen by approximately one-third since 1980 in
OECD countries due to:

The growing maturity of oil and gas fields. In Australia, oil production reached a plateau
before eventually peaking in 2000-01, and then declining

Increasing reliance on less accessible conventional fields, which generally require more
energy to produce. "

Recent efforts to invest in energy efficiency have stopped this trend and have seen a reduction
in energy intensity. Still greater investment in energy efficiency will be needed to continue to
constrain energy costs rising per unit tonne of production.

Regulation of oil and gas companies’ own activities is intensifying; for instance refineries are
amongst the industry groups already included in the EU and Australian carbon price/emissions
trading schemes, while an increasing number of governments globally are moving to eliminate
gas flaring.

Oil and gas companies currently are rarely reporting fugitive methane emission levels. This
leaves investors vulnerable to exposure to potentially higher costs under a carbon price. There
is inadequate data on the level of fugitive emissions from unconventional gas-fields. The US
Environmental Protection Agency has doubled its own estimate of fugitive emissions to 2.4

per cent.™ If the US EPA estimate is used, the Australian coal seam gas industry could face
hitherto largely ignored future carbon liabilities of up to $2.4 billion a year if fugitive emissions of
methane from unconventional gas production turn out to be around 2.4 percent in Australia. "

The most recent scientific literature shows that even just a 2% rate of fugitive methane
leakage offsets virtually all of climate change mitigation benefits of reduced carbon dioxide
emissions from using natural gas. "

Approximately half of the value of oil and gas companies in the industry lies in the assets they
have yet to exploit — their reserves — the value of which is considerably greater than the value
of currently productive assets. As a consequence, analysis of the prospective carbon liabilities
associated with those future productive reserves is vital to understanding the extent of value
at risk through climate and policy related change in coming years. Projections from the IPCC
imply that annual emissions of GHGs must be reduced by at least 80% from 1990 levels if
risks of ‘abrupt and irreversible’ climate change are to be reduced. Barring the development

of commercially viable technologies able to significantly reduce the emissions released in the
burning of fossil fuels, a transition to a low carbon global economy will require a significant
reduction in the use of fossil fuels. ™

Due to Australian climate change policies, since 2009, domestic demand for fossil fuel
electricity has peaked and started to fall. According to the Australian Energy Market Operator,
the rate of decline is increasing. This has led to Energy Australia™® and ACTEWAGL? shelving
plans for new large scale gas powered electricity plants citing declining domestic electricity
demand.

Energy cost and carbon risks are summarised in Table 2 with relevant mitigation strategies for investors to discuss with companies.

TOP




Table 2 Energy and carbon cost risks, forecast change, potential impacts and mitigation strategies

RISING ENERGY FORECAST CHANGE IMPACTS ADAPTION STRATEGIES
INTENSITY
Energy intensity in the
petroleum sector has risen
by approximately one-
third since 1980 in OECD
countries.
Higher energy costs Reduce flaring, venting and leaks
Higher construction material Reduce fugitive methane emissions
costs Improve energy efficiency of gas
CHANGING FORECAST CHANGE Higher transportation costs compression equipment
REGULATORY Improve energy efficiency of oil and
ENVIRONMENT : gas transportation via pipelines
Exposure to a carbon price Improve the energy efficiency of oil
2012-2015: $23+/tonne and gas refining plants
2015 onwards: global market Improve energy efficiency of general
- price, likely to be between $10- technical equipment
$20 per tonne
CARBON LIABILITY IMPACTS
UNCERTAINTY FORECAST CHANGE

Oil and gas companies currently
tend not to report levels of
fugitive methane emissions. This
leads to uncertainty regarding
carbon liability

Potentially higher carbon cost
liabilities

RISKS FROM FORECAST CHANGE IMPACTS ADAPTION STRATEGIES
EWSIST(I;/IE S The most recent scientific
literature shows that even just
a 2% rate of fugitive methane Increased growth in renewable energy Diversify into fast growing low carbon
~ leakage offsets all of the climate markets renewable energy
change mitigation benefits of Potential reduction in community Diversify into fast growing markets for
1Y reduced carbon dioxide emissions support gas powered cogeneration systems
) from using natural gas. 2 Invest in R&D to Commlercialise carbon
capture and sequestration
MARKET VALUE FORECAST CHANGE IMPACTS
UNCERTAINTY A range of studies suggest that
only 20-35% of proven ol
and gas reserves can still
be burned and stay within 2 Risk of stranded
degrees of global warming beyond assets
which irreversible ‘dangerous’
climate change is highly probable
to occur
REGULATORY RISKS FORECAST CHANGE IMPACTS
— CLIMATE CHANGE
POLICIES DRIVING Climate change policies on en-
DOWN DEMAND FOR ergy efficiency and renewable
NATURAL GAS. energy have resulted in demand Lack of demand currently for new gas

(g |

for gas powered electricity in
eastern states flattening since
2009 and now falling. Gas
demand from offshore markets
is expected to grow.

powered electricity power stations

The oil and gas sector is a highly capital intensive industry with long life assets and long supply chains. This sector is also water intensive. Oil
and gas companies are already financially vulnerable to extreme weather events and drought. Climate change is forecast to increase the ex-
posure of these companies to such risks (Table 1). The oil and gas sector is also vulnerable to energy and carbon price shocks from a range

of factors. Most of these can be addressed by investing in cost effective and profitable climate change mitigation strategies (Table 2).
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Analysis of the climate change risks and impacts

Historically, the oil and gas sector has always
been materially vulnerable to extreme weather
events such as cyclones. It is also a water
intensive industry and thus is vulnerable to
drought. Additionally, it has long pipelines
across oceans and land. Oil and gas companies
are already exposed to many weather related
climate change risks that could result in
construction delays, production downgrades
or blow outs to decommissioning costs, if not
managed well.

The probability of these risks, which already
exist for this sector, becoming higher due to
climate change, is strong. This is acknowledged
by Carbon Disclosure Project (CDP) responses
by oil and gas companies: as of 2012, 75% of
respondents acknowledged physical climate
change risks pose the potential for substantive
negative impacts on their business.? Of these
risks, respondents identified 59% as having

a medium to high level of risk in terms of
magnitude and likelihood of occurring. Climate
change risks include the following.

Damage to assets and lost production
from extreme weather events. Cyclones
can negatively affect all phases of oil and
gas projects resulting in either disruption of
construction and production, or damage to
facilities, or injury to personnel or delays to
decommissioning. Over the last thirty years,
many major cyclones that have hit northern
Australia have stopped production and in
some cases resulted in damage to oil and gas
infrastructure (Table 3).

Climate change modeling predicts an increase
in the intensity of cyclones of 60 percent by
2030 and 140 per cent by 2070. 2 Projections
also indicate that tropical cyclones are moving
southward as sea surface temperatures
increase. Oil and gas industry investors

have had a glimpse of the damage inflicted

by cyclones of this level of intensity in the
impacts of hurricanes on the oil and gas
industry in the Gulf of Mexico, USA. For
instance, in 2005, hurricanes Katrina and

Rita caused extensive damage to oil and gas

Table 3: Costs from cyclones to the oil and gas industry of Australia

DAMAGES/COSTS TO THE
OIL AND GAS INDUSTRY

dollars in losses to oil platforms. On Barrow Island, a world-record wind gust of 408 km/h

Monty caused substantial economic losses to the offshore Australian oil and gas industry

were closed, and several ports along the coastline were shut down during the passage of

KERRY Kerry passed close to a number of oil-drilling rigs causing damage and lost productivity
1973 time that cost over one million dollars
ORSEN Substantial cost to offshore oil and gas infrastructure.
1989
OLIVIA Offshore, cyclone Olivia produced large swells up to 21 m (69 ft). These waves, in
1996 combination with record breaking winds exceeded 265 km/h, caused several million
(253 mph) was recorded at the local airport.
MONTY
2004
GLENDA Offshore, the threat of Glenda prompted officials to close oil production for a time,
representing a lack of production of 154,000 barrels of oil. Additionally, natural gas fields
2006 the storm. 2
GEORGE Qil and Gas companies had to ultimately close operations in order to deal with the
2007 threat of the cyclone.

companies’ Gulf of Mexico assets. These
hurricanes reduced US oil and gas output
significantly in 2005/6.

Reduced water availability. The oil, gas

and refining sector is a water intensive sector.
Due to climate change, average annual

rainfall is expected to decrease in southern,
western coast and subtropical Australia

(Table 1). % This is likely to lead to greater
competition between oil and gas, other mining,
manufacturing, farming, towns and cities for
the remaining water resources. Likely changes
to water availability in northern Australia will
make it harder to predict water resource levels.
This is because the majority of water used for
oil and gas extraction in the Pilbara is sourced
from groundwater, the recharge of which
depends on cyclonic rainfall events occurring
between November and March each year.
Whilst the intensity of cyclones is forecast

to increase, the frequency of cyclones is
forecast to decrease in northern Australia due
to climate change. This makes it more difficult
to predict whether oil and gas companies’
groundwater supplies will be adequately
recharged or not. This will require additional
expenditure to ensure adequate water supply.

Higher temperatures will add to operational
oil and gas industry energy costs in numerous
subtle ways. For instance:

* more energy is needed to liquefy natural gas

* the thermal efficiency of gas fired power
stations declines in hotter weather

* higher air-conditioning loads in facilities
and refineries

* increased ‘peakiness’ to electricity demand
due to higher air-conditioning demand.
A peakier electricity load provides
both potentially upside and downside
risks for oil and gas companies. On the
upside, greater demand means higher
prices and revenue. Conversely, larger
gas companies could also be financially
exposed to high electricity costs if
hedge contracts for supply do not
match customer demand. 2

In addition to these, there are numerous other
physical risks from climate change. Table 4
summarises the main climate change related
physical risks to the oil and gas sector and
outlines the range of potential negative impacts.

Given the extent of the potential physical
risk (Table 4), analysts should ask oil and
gas companies to provide investors with a
description of the risks climate change may
pose to operations, with specific reference
to the regions of current or future operation
considered to be most exposed.



Table 4: Climate Change Risks and Potential Impacts

MORE INTENSE
CYCLONES OR
STORMS

COMPANIES* RECOGNISING
CLIMATE RISKS

Shel®, Santos, , ROC Oil
Company,

MORE INTENSE
RAINFALL EVENTS -
FLOODING

COMPANIES* RECOGNISING
CLIMATE RISKS

Shell #, ROC, Caltex

MORE INTENSE
EXTREME
WEATHER EVENTS
— GENERAL

@

COMPANIES* RECOGNISING
CLIMATE RISKS

ROC, Oil Search

MORE INTENSE
EXTREME
WEATHER EVENTS
— GENERAL

@

COMPANIES* RECOGNISING
CLIMATE RISKS
AWE, Arrow Energy, Origin
Energy,

HIGHER
TEMPERATURES

COMPANIES* RECOGNISING
CLIMATE RISKS

Santos, Woodside
Petroleum, ROC, Arrow
energy, Origin Energy, AGL
Energy

Qil and gas companies should be doing the
above, as part of normal risk management
assessments, as BP Australia® and Rio Tinto
% do, or through additional climate change
risk assessments by specialists, as Shell does.
37 This involves identifying and quantifying
local risks and opportunities with modeling at
regional and site-level.

Carbon Disclosure Project reporting from

DAMAGE TO ASSETS AND LOST PRODUCTION

More intense cyclones or storms can negatively affect the
construction, offshore production, onshore processing and
decommission phases of oil and gas projects resulting in either
disruption of construction and production, or damage to facilities,
or injury to personnel. These extreme events add to risk of major
spills/leaks resulting in clean-up costs, regulatory response and
litigation. Intense storm induced wave action from cyclones also

means
. increased capital cost, as oil and gas offshore rig design
requirements have to be more robust in cyclone prone
regions

increased operating costs through loss of efficiency
following start up after shutdowns

decreased revenue from refinery shutdowns and reduced
production.

DAMAGE TO ASSETS AND LOSS OF
PRODUCTION

Flooding events pose risks to the oil and gas industry such
as damage to facilities, refineries, loss of production and
increasing risks of dispersal of salt and chemicals from coal
seam gas mines onto farming land. For instance, the January
2011 Brisbane floods caused a ‘steam outage’ at the Caltex
Lytton refinery on 5 January, prompting an unscheduled
shutdown resulting in a decline in share price. *

RISKS OF REDUCED ASSET OPERATION,
PERFORMANCE AND HIGHER COSTS OF
DECOMMISSIONING

More intense extreme weather may damage oil and
gas infrastructure, pipelines, equipment, and staff
accommodation which, in turn, can disrupt operations,
performance and also add to decommissioning costs.

RISK OF HIGHER INSURANCE PREMIUMS

Greater intensity and damage from extreme weather

events has led to a considerable increase in weather related
insurance and re-insurance costs over the last 10 years.®
Unmitigated climate change is forecast to contribute to
continuing this trend leading to ongoing increases in insurance
costs.

RISK OF HIGHER ENERGY COSTS

This will add to operational oil and gas industry energy

costs in numerous subtle ways. For instance, the process of
manufacturing LNG requires natural gas to be chilled to less
than minus 160°C in order to liquefy it for efficient transport.
Any increase in the severity or frequency of extreme
temperatures will impact the ability of processing equipment
to operate efficiently. Pre-chillers may also have to be added
to existing LNG plants.

REDUCED WATER
AVAILABILITY -
DROUGHT

COMPANIES* RECOGNISING
CLIMATE RISKS

Shell 2, Santos, Oil
Search, Origin energy,
Caltex, AGL Energy

SEA LEVEL RISE
AND STORM
SURGE

COMPANIES* RECOGNISING
CLIMATE RISKS

Shel*, ROC, Caltex

MORE INTENSE
EXTREME
WEATHER EVENTS
— GENERAL

e

COMPANIES* RECOGNISING
CLIMATE RISKS

Arrow Energy

MORE INTENSE
BUSHFIRES

COMPANIES* RECOGNISING
CLIMATE RISKS

Arrow Energy, Origin Energy
acknowledge (1)

RISK OF INCREASED WATER COSTS

Due to climate change, average annual rainfall is expected
to decrease in southern, western coast and subtropical
Australia (Table 1). % This may lead to greater competition
between oil and gas, other mining, manufacturing,
farming, towns and cities for water resources. It will also
likely lead to an expectation of increased environmental
regulation focusing on protecting water supplies and
quality. Both changes would add to costs for water using
industries.

FLOODING AND DAMAGES TO PORTS AND
FACILITIES

The storm surge from Hurricane Katrina caused the
closure of nine refineries, resulting in the total shutdown
of oil production in the Gulf of Mexico for the six-month
period following Katrina, cutting US annual oil production
by over 20%. Up to 50% of Australia's refineries are
positioned on the coast not far above sea level. Caltex
Australia advised in their CDP report ‘Some Caltex
facilities could be impacted by sea level rise (in the long

RISKS OF AND COSTS OF DISRUPTIONS TO
SUPPLY CHAINS

More intense rainfall and extreme weather events risk
disrupting supply chains and transportation services of
critical materials, personnel, energy fuels.

RISKS FROM BUSHFIRES

Bushfires potentially threaten energy distribution
and transmission infrastructure.

As methane is highly flammable, gas vented from
leaks in compressors or pipelines can be ignited by
sparks or embers from bush fires and contribute to
bushfire damage to local areas.®

Older corroded gas pipelines can explode and cause
fires.

(Source: Smith, M. Stasinopoulos, P)
* Companies listed are a sample of those reporting through CDP or other
publically available reports their recognition of these risks.

the majority of oil and gas companies
acknowledges they are exposed to physical
risks from extreme weather events. The
intensity of these extreme weather events
has already increased over the last century
and is forecast to increase further through
the coming decades unless substantial
mitigation measures are undertaken. Investors

should seek companies demonstrating risk

management processes with embedded

TOP

climate change risk assessments. Analysts
should also seek companies implementing
company-wide climate change adaptation
strategies to reduce the risks of extreme
weather events negatively impacting on
profitability. The next section provides a
checklist of adaptation responses for investors
0 use to assess comprehensiveness and

likely effectiveness of oil and gas company
adaptation responses.



ANALYSIS OF CLIMATE CHANGE
ADAPTATION OPPORTUNITIES

There is a growing recognition that current
regulatory frameworks and government
standards are insufficient to protect company
assets and operations from more intense
extreme weather events. Compounding this,
the oil and gas sector’s peak industry bodies
offered little evidence of climate change
adaptation as a high priority until recently,
when IPIECA, the global oil and gas industry
association for environmental and social
issues, hosted its first workshop on climate
change adaptation in October 2012.

CDP responses from 2009-2012 provide little
demonstration of most oil and gas companies
taking action to integrate climate change
adaptation into risk management processes
and decision making.®

A detailed analysis of all CDP oil and gas
company reports in 2009 raised concerns
regarding physical risks related to their direct
assets and operations, for instance:

- 76% of the major oil and gas companies
globally reported their physical assets would
be compromised by extreme weather events
and

- whilst 83% of oil and gas companies
reported assigning responsibility for climate
change to an executive body, it is unclear if
the responsibility includes climate change
adaptation.

As at 2012, 75% of oil and gas company

CDP respondents identify physical climate
change risks as having potentially substantive
negative effects on their business.* Oil

and gas companies assessed 96% of these
physical risks as relating to their direct assets
and operations, with just 4% relating to supply
chains. Given the oil and gas industry’s long
supply chains, 4% may be an underestimate.

Notwithstanding, oil and gas companies
acknowledge direct capacity to manage 96%
of the risks. Despite this, only 5% of CDP
respondents even mention ‘adaptation’ or
‘adaptation strategies/measures/initiatives’
to manage risks from extreme weather and
climate change in their reports. Only three

oil and gas companies mentioned having
developed a specific ‘Climate Change
Adaptation’ plan or strategy. Prudently, leading
oil and gas companies are starting to manage
their climate change related risks through
adaptation strategies which exceed present
compliance requirements, to reduce risks of
negative shocks to operational performance,
revenues and business continuity.

Proactive management:
beyond compliance

Some examples of oil and gas companies
going beyond compliance to better manage
and adapt to climate change related risks
include:

+ Cyclones - reducing risk of damage to
assets and operations. Shell is investing in
more robust offshore rig and well equipment
to be able to withstand more intense
cyclones. In 2005, Hurricane Katrina in the
Gulf of Mexico devastated Shell's massive
Mars platform. In May 2006, it returned to
production. Shell has used the knowledge
gained from the Mars recovery to improve
the capability of its offshore equipment

to withstand hurricanes and to reduce
disruptions when equipment is damaged.
Above water, most of the damage to the
Mars platform occurred when massive clamps
holding part of the rig's structure failed under
sustained winds of 270 km per hour. Under
water, the anchor of another company’s adrift
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mobile drilling unit cracked a pipeline. In 2006,
Shell installed re-designed clamp systems
four-fold stronger, not only at Mars but, as a
precaution, at all their platforms in the Gulf of
Mexico. 4©

« Addressing water security risks from
drought. Water is critical to the petroleum
refining industry. On average, the petroleum
refining sector uses as much as 2.5 litres

of water for every 1litre of production unit.

To insulate themselves from risks of water
licence reductions during the last drought, the
following oil and gas companies have shown

it is possible to reduce freshwater usage in
refineries by at least 80%.

* British Petroleum’s Brisbane based refin-
ery at Bulwer Island has reduced fresh-
water use by 80% from 2005-2009
through water efficiency measures such
as reducing consumption, treating and
reusing water onsite in numerous indus-
trial processes. '

* The Shell petroleum refinery in Geelong,
Victoria is in the process of shifting to
near 100% use of recycled water for its
industrial processes.*2

* The BP Kwinana Petroleum Refinery in
Western Australia has implemented
best practice water management since
1997 leading to 70% less drinking water
being used and wastewater flows being
reduced by 40%. This has saved over
US$1 million a year.®

Table 5 provides a summary of the material
risks to the oil and gas sector from
unmitigated climate change as well as
potential adaptation responses.



Table 5: Climate change adaptation strategies to manage risk

MORE INTENSE

REDUCE DAMAGE TO ASSETS AND

CYCLONES AND INFRASTRUCTURE

SEVERE WEATHER
More robust design and construction standards
Retrofit oil and gas offshore platforms to be
able to withstand Category 5 cyclones
Insurance

COMPANIES* RECOGNISING

CLIMATE RISKS

Shell2, Santos, Woodside
Petroleum, ROC, AGL Energy,
Duet Group

MORE INTENSE
RAINFALL EVENTS -
FLOODING

REDUCE RISKS AND COSTS
FROM DAMAGE TO ASSETS AND
INFRASTRUCTURE

Position new facilities considering climate
change and risks of flooding

Flood and coastal erosion management
strategies for existing facilities

Flood defense measures

Improve drainage systems to increase capacity
to cope with greater rainfall intensity

COMPANIES* RECOGNISING
CLIMATE RISKS

Shell*, ROC, Caltex

EXTREME WEATHER
EVENTS - GENERAL

@l

COMPANIES* RECOGNISING
CLIMATE RISKS

ROC, Oil Search

REDUCE RISKS OF DIMINISHED ASSET
OPERATION AND PERFORMANCE

Reconsider geographic diversification to
manage potentially severe regional climate
impacts

Emergency power and water supplies,
pumping and wastewater treatment
Develop robust climate-proof business
continuity plans

Use insurance mechanisms to cover risks

MORE INTENSE REDUCE RISKS OF BUSHFIRES

BUSHFIRES
Reduce risk of pipeline explosions
Build appropriate fire breaks
Reduce bushfire fuel loads
Work with Rural Fire Service
Implement best practice OH&S

COMPANIES* RECOGNISING
CLIMATE RISKS

Arrow Energy

SEA LEVEL RISE AND
STORM SURGE

COMPANIES* RECOGNISING
CLIMATE RISKS

REDUCE RISKS OF FLOODING AND
DAMAGES TO PORTS AND FACILITIES

The IPCC recommends the following strategies to

reduce the risks of damage from sea level rises.*®
Protect: Protect oil and gas assets and
infrastructure from the combined effect of
storm surges and sea level rises so existing
sites can be maintained by constructing hard
structures (such as seawalls and levees) and
using soft measures (such as wetlands to
protect from storm surges)
Accommodate: The land is still occupied but
some modifications are made

Shell®®, ROC, Caltex

REDUCED WATER ACKNOWLEDGE GREATER COMPETITION
AVAILABILITY - FOR LOCAL WATER ASSETS
DROUGHT

Weigh costs and benefits of exploring oil and
gas options on non-arable land and at sea
Explore and develop alternative water supplies
including, where appropriate, treating ‘produced
water’, harvesting stormwater and flood waters,
more efficient use of water, water treatment
and recycling

Enable ‘produced water’ to be reused by
farmers or to supplement environmental flows 4
Using produced water for managed aquifer
recharge®®

COMPANIES* RECOGNISING
CLIMATE RISKS

Shell””, Santos, Oil Search, Origin
Energy, Caltex, AGL Energy

FLOODING
— SALT DISPERSION

RISKS OF REDUCED ASSET OPERATION,
PERFORMANCE AND HIGHER COSTS OF
DECOMMISSIONING

There are several potential adaptation strategies oil
and gas companies are investigating:
Removal of solid salt to approved land fill
Brine injection
Ocean outfall
Treatment of salt to enable it to be used as
table salt or other commercial uses. This
option is still to be commercially tested.

COMPANIES* RECOGNISING
CLIMATE RISKS

Arrow Energy, Origin Energy

REDUCE RISKS OF AND COSTS OF
DISRUPTIONS TO SUPPLY CHAINS

EXTREME WEATHER
EVENTS - GENERAL

Diversify supplier base

Increase storage capacity for essential
materials, fuel and products used

Review and increase insurance policies
covering extreme weather events, business
continuity and business disruption

@B

COMPANIES* RECOGNISING
CLIMATE RISKS

Arrow Energy

HIGHER
TEMPERATURES

RISK OF HIGHER ENERGY COSTS

More energy efficient chillers and air-
conditioning systems

Greater investment in energy efficient
air-conditioning and management of staff
comfort levels

Health and safety policies to address
implications of higher temperatures

COMPANIES* RECOGNISING
CLIMATE RISKS
Santos, Woodside Petroleum,
ROC, Oil Search, Arrow energy,
Origin Energy, AGL Energy, Duet
Group

(Source: Adapted and updated from Acclimatise [2009]%")

*Companies listed are a sample of those reporting through the CDP their
implementation of mitigation measures.
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ANALYSIS OF CLIMATE CHANGE MITIGATION OPPORTUNITIES
T0 ADDRESS ENERGY COST & CARBON RISKS

Overview of main energy cost
and carbon risks

In addition to extreme weather related risks,
there are also material energy and carbon
related risks to investors in oil and gas
companies including:

Rising energy intensity and energy

costs reducing profitability. The energy
intensity in the petroleum sector has risen by
approximately one-third since 1980 in OECD
countries due to both the maturing of current
oil and gas fields and the trend to exploit

new but more remote and energy intensive
oil and gas fields. This direction of industry is
forecast to continue.

Changing regulatory environments
adding to business costs. Over 50 national
or sub-national carbon price schemes are

in place around the world. Some countries
are legislating to disallow any flaring. Other
governments are considering joining Norway
in making carbon sequestration a condition of
exploiting resources.

Uncertain carbon liability exposing
investors to higher carbon costs.

As noted in previous reports by the Investor
Group on Climate Change, there is a lack of
sufficient data on the fugitive emissions by
unconventional gas companies. Until such
time as credible fugitive emissions data can
be disclosed, investors are vulnerable to
potentially higher carbon price risks.

Risk of fugitive emissions cancelling
natural gas CO? reductions. Peer reviewed
scientific literature shows that even just a
2% rate of fugitive methane leakage offsets
virtually all benefit of reduced carbon dioxide
emissions from using natural gas.®? Currently,
due to lack of data, actual proportions of
fugitive emissions are unknown. Should
unmitigated fugitive emissions be shown

to be above 1-2% then regulatory and
reputational risks may follow.

Uncertainty over oil and gas company
market value and risks of stranded
assets. Approximately half of the value of
companies in the industry lies in the assets
they are yet to exploit — their reserves — the
value of which is significantly greater than the
value of currently productive assets

Figure 1: Distribution of value through oil and gas industry value chain (Source: Goldman Sachs Research Estimates)
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As a consequence, analysis of the prospective
carbon liabilities associated with those future
productive reserves is vital to understanding
the extent of value at risk through climate
and policy related change in coming years.

Barring the development of commercially
viable technologies able to appreciably reduce
the emissions released in the burning of

fossil fuels, a transition to a low carbon global
economy will require a meaningful reduction
in the use of fossil fuels. %

A range of studies suggest only 20-35% of
remaining known oil and gas reserves can be
used to stay within 2 degrees of warming. 5
This has profound implications on the value

of oil and gas companies and raises the risks
of stranded assets. Investors are ultimately
concerned with the value of companies, most
of which lies in upstream operations derived
from the future potential to exploit company oil
and gas reserve assets, as shown in Figure 1.

Without commercially viable carbon capture
and storage, the asset value of oil and gas
reserves is overstated if, under a future global
climate change agreement and/or national
policies, carbon budgets to avoid the 2
degree guardrail are introduced. This may lead
to stranded assets..

Since 2009, domestic demand for fossil

fuel electricity has flattened and begun to
fall in the eastern states of Australia, due to
Australian climate change policies. According
to the Australian Energy Market Operator,
the rate of decline is increasing. This has led
to Energy Australia and AGL shelving plans
for new large-scale gas powered electricity
plants citing declining domestic electricity
demand.



The final section of this guide will discuss how
climate change mitigation strategies offer
profitable ways to address energy and carbon
risks, including how oil and gas companies are
already implementing these strategies.

Reducing energy intensity
through energy efficiency

Most oil and gas extraction sub-sector
energy efficiency opportunities are
profitable.

The oil and gas sector has recognised
publically the need to invest in energy
efficiency since at least the 1990s to address
the rising energy intensity trend driven by an
increasing need to

¢ drill deeper and further out to sea to find
and produce oil and gas

* use secondary and enhanced oil and gas
recovery techniques

¢ exploit heavier oil deposits and older
reservoirs.

Investment in more energy efficient strategies
since 2007 has reduced the energy intensity
in extraction in the industry back to below
late 1990s’ levels. $5The business case for
energy efficiency is strong. For instance,
ExxonMobil launched in 2000 its Global
Energy Management System (GEMS),
which has since identified ways to improve
energy efficiency by 15% - 20%, saving
close to US$750 million and reducing its CO?
emissions by about 8 million tonnes. %8

Figure 2: Energy efficiency opportunity cost curve - oil and gas extraction subsector’.

Other process heating equipment - Process controls and measurements - >4 years - Direct Fuels

Other process heating equipment - Equipment upgrade - >4 years - Direct Fuels

0 various energy efficiency opportunities

Despite this progress on energy efficiency,
the latest study analysing energy efficiency
potential for the Australian oil and gas
extraction sector by ClimateWorks Australia
57 has identified over 30 energy efficiency
opportunities, many of which are illustrated in
Figure 2 below. Most of these opportunities
have less than a two year payback period.

Numerous petroleum and natural gas
refining energy efficiency measures
are also profitable. The business case
for investing in energy efficiency®® is

also strong in the petroleum and natural
gas refining sectors. Increased demand
has created the need to process greater
volumes of crude oil and natural gas and at
the same time convert most of it into end
products, using energy intensive methods
to reduce environmental impact (e.g.

Process design and optimisation

Behaviour change and maintenance practices [l Equipment upgrade

™ Process controls and measurements

Mobile materials equipment - Equipment upgrade - >4 years - Direct Fuels
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20 Thermal electricity generation - Equipment upgrade - 2-4 years - Direct Fuels

Various industrial systems - Various energy efficiency opportunities - >4 years - Electricity
Other
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(Source: ClimateWorks Australia and DRET)%®
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desulphurisation). Energy costs have been
rising in response and this has prompted
greater investment in energy efficiency.
Studies show there are over 100 potential
energy efficiency opportunities in petroleum
refineries alone. ¢ According to the IPCC:

‘Key items (for petroleum refining)
included: use of cogeneration for heat
and power recovery, improved heat
integration, combustion optimization,
control of compressed air and steam
leaks and use of efficient electrical
devices. The petroleum industry has
had long-standing energy efficiency
programmes for refineries and the
chemical plants with which they are
often integrated. These efforts have
yielded significant results. Exxon Mobil
reported over 35% reduction in energy
use in its refineries and chemical plants
from 1974 to 1999, and in 2000 instituted
a programme whose goal was a further
15% reduction, which would reduce
emissions by an additional 12 MtCO2/
yr. Chevron reported, in 2005, a 24%
reduction in its index of energy use
between 1992 and 2004. Shell, in 2005,
reported energy efficiency improvements
of 3 to 7% at its refineries and chemical
plants.” &

According to McKinsey Consulting, energy
efficiency is the most cost effective way to
reduce greenhouse gas emissions in the oil
and gas sector. 2

Reducing exposure to
greenhouse gas emission
related costs and regulatory
shifts by reducing flaring,
venting and fugitive
methane emissions.

Oil and gas extraction companies’ main
exposure to greenhouse gas emission costs
arises from the practices of flaring, venting
and from the problem of fugitive methane
emissions from leaks. The oil and gas

sector can exploit a key resource, namely
natural gas, and improve financial outcomes
through reducing flaring, venting and fugitive
emissions,®® because technologies exist now
to virtually eliminate these practices.® Using
these technologies, efforts to reduce fugitive
emissions are expected to pay for themselves
within a few months or years.

Reduce flaring and venting of natural gas.

Gas flaring and venting occurs sometimes

for safety reasons or where there is neither a
local market nor any infrastructure to sell/use
natural gas. 8 There is now a strong investor
case for a range of technologies, such as flash
gas compressors, which process gas (which
would have been otherwise flared) into a
resource. Eliminating (or at least reducing)

Figure 3: Strategies and technologies to reduce fugitive methane emissions and energy waste

(Source: Harvey, S, (2012) 70y
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flaring and venting turns waste into valuable
resources to increase revenue.

Numerous oil and gas companies report
reducing gas flaring by as much as 80%

from oil and gas fields around the world. For
instance, in Australia, Woodside Petroleum has
publically reported that its Cossack Pioneer
Floating Production Storage and Off-Loading
(FPSO) vessel on the North West Shelf,
which produces both oil and gas, compresses
this gas and exports it to the Karratha Gas
Plant for production of LNG, Domestic Gas
and LPG (rather than flaring, or re-injecting
the produced gas as other Woodside facilities
do). ¥ There is still enormous potential globally
for the industry to reduce flaring as noted in oil
and gas companies’ sustainability reports. For
instance, Chevron has stated ‘We identified
additional activities that, if successful, will
eliminate 80 percent of our pre-existing

flares and will create facilities to enable other
operators to reduce flaring and control future
levels. ¢

Reducing fugitive methane emissions.
Through a variety of technologies (Figure
3), oil and gas companies can cut fugitive
methane (natural gas) emissions by as
much as 80 percent.®® Again, efforts to
reduce fugitive methane emissions pay for
themselves within a few months or years. °



Declining east coast electricity demand - shifting investment into renewables

Figure 4: AGL Current and past forecasts of required domestic power capacity to 2020 (Source: AGL )™

Addressing additional
carbon and energy risks -
through diversifying into
low carbon energy markets
and investing in carbon
capture and storage

Other risks faced by oil and gas companies
include

* Uncertainty over oil and gas company
market value and risk of stranded assets

» Climate change policies driving down de-
mand for electricity from natural gas
whilst increasing demand for electricity
from renewable energy.

Oil and gas companies are addressing these
risks by diversifying into other low carbon
energy supply markets and by commercialis-
ing carbon capture and storage.

Diversifying into low carbon energy
supply markets Many large oil and gas
companies have collectively invested billions,
to date, in R&D and commercialisation of
alternative biofuels, geothermal, wind and
solar energy, battery and gas powered
co-generation technologies.

Low carbon energy markets are amongst
the fastest growing in the world. Since 2008
global investment in new power capacity in
renewable energy exceeded that for fossil
fuels in almost every year. 7!

Investing in Carbon Capture
and Storage

Carbon dioxide may be captured as a pure
by-product in processes related to pe-
troleum refining or from flue gases from
gas powered generation. The theory is to
sequester it, amongst other options, into
aging oil and gas fields. Storage of CO? in
deep, onshore or offshore geological forma-
tions uses many of the same technologies
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developed by the oil and gas industry and
has proven to be economically feasible un-
der specific conditions for oil and gas fields
and saline formations. Reinjection of carbon
dioxide in the Norwegian Sleipner gas field
saves the operators 1 million Norwegian
Kroners per day in reduced national carbon
taxes. A recent article by Worley Parsons
concurs that capture of emissions at source
of extraction for the oil and gas sector ‘can
be economic and sustainable at relatively
low carbon prices’.™ The progress of the
Gorgon gas project, in Western Australia,
which will reinject CO? into underground
reservoirs, will be a key indicator of how
commercially viable carbon capture and
storage is in Australia for this sector in the
short term . 7®



CONCLUSION

Climate change is forecast to dramatically increase the exposure of oil and gas companies to climate, energy and carbon price risks. There
are, however, many opportunities open to oil and gas companies to adapt to physical climate change and cost effectively mitigate emissions.
Investors should not expect companies to mitigate every conceivable risk in isolation from other business decisions.

As per the diagram in the How to use this guide section at the front of this report, investors can use this guide to understand the risks
and opportunities faced by oil and gas companies. The steps investors may wish to follow to incorporate climate risk and opportunity into
investment processes include:

* assess company specific exposures for their severity and timeframe, current and future
* assess the company’s response to these exposures and opportunities
* adjust company valuation assumptions based on materiality

* engage the company on outstanding exposures and their response.

In order to perform these steps, investors may gather information on the following issues regarding oil and gas company practice:

* How does the company assess the changing risk to their assets from climate change?

* Does the company consider it is exposed to the risks identified in this report?

* What level of exposure does the company consider it faces?

* What are the upstream and downstream risks to company operations from climate and energy cost risks?

* |s the company building resilience into its assets to adapt to climate risks? If so, how and when?

* Does the company benchmark its energy performance? If so how?

* Which of the energy risk and carbon mitigation measures has the company already implemented?

* What management systems does the company have in place to address the risks identified?

* What does the company see as the priority energy cost and carbon mitigation opportunities for the future?
* How do the opportunities align with future capital expenditure plans?

* What does the company believe are the barriers to implementing adaptation and mitigation measures?

* Considering the risks in this report, what is the disaster response plan for business interruption and what does it mean to investability?
* What is the company's preferred channel for reporting progress on these matters to investors?

A discussion with a company incorporating these questions and the analysis in this report should provide the basis for a constructive and
relevant dialogue.

Investors should be mindful of existing disclosures by companies on climate risk. A similar, but generic list of questions can be found in the
CDP annual questionnaire. Investors should refer to the CDP responses of companies to identify answers already provided. Many companies
will have disclosed at least some climate risk and opportunity information. CDP company responses can be found at the following link, or
investors can contact IGCC for assistance.

https://www.cdproject.net/en-US/Results/Pages/responses.aspx
IGCC will continue its work with members and company engagement partners to support the implementation of this analysis on the oil and

gas sector in investment processes. Users of this document are encouraged to provide feedback to improve the quality and relevance of
the guide for investors.
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https://www.cdproject.net/en-US/Results/Pages/responses.aspx
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