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Abstract

Anthropogenic global climate change has large and mounting negative economic impacts. Companies and nations responsible
for greenhouse gas (GHG) emissions are thus acquiring considerable potential liabilities. If litigation becomes widespread,
renewable energy technologies (RETs) potentially offer emitters reduced liability for climate change. This benefit has been
ignored because of the lack of knowledge of potential liabilities. To overcome this information deficit, this paper reviews
recent literature on the potential for climate change litigation and methods to quantify liability for climate change. Next, the
top ten emitters in the U.S. are identified and their potential liability is quantified using standard GHG emission costs.
Potential liabilities are explored in depth with a single case study company comparing the results of the fractional liability
from only natural disasters within the U.S. for a single year to a sensitivity of the future costs of carbon emissions from other
sources of emission-related liability. Then classes of potential climate change litigants are identified and their capacity to
bring such lawsuits are evaluated. The results show that the net income available to shareholders of large companies could
see a significant reduction from the emissions liability related to only natural disasters in the U.S. from a single coal-fired
power plant. Finally, a rough estimate of the economic risk associated with future scenarios and existing organized
international potential litigants is quantified. The results show that potential liability for climate change for the Alliance of
Small Island States is over $570 trillion. It is concluded that as emitters begin to be held liable for damages resulting from
GHG emissions resulting in climate change, a high value for liability mitigation would provide additional powerful
incentives for deployment of renewable energy technologies.

Keywords: renewable energy; climate change; litigation; liability; global warming; ; greenhouse gas emissions

1. Introduction

Renewable energy technologies (RETs) have well established benefits including: i) improving environmental
sustainability [1-3], ii) improving public health [4-6], iii) creating jobs [6-9] and iv) financial benefits [10-12]. For example,
the average price of completed solar photovoltaic (PV) systems have dropped 33% since 2011 [13], and the cost of electricity
generated from wind also dropped more than 43% in the past four years [14]. As the economic costs of RETs have decreased
they are now competitive with traditional electricity sources in many regions [10-12]. Perhaps one of RETs greatest benefits,
however, is the value they bring for mitigation of greenhouse gas (GHG) emissions and the concomitant climate change [15-
19]. Both global GHG emissions [20-22] and global atmospheric carbon dioxide (CO-) concentrations are are increasing
rapidly [23,24]. The resultant climate change is well established with a high confidence as are the negative impacts on natural
and socio-economic systems [25,26] including: i) higher temperatures and heat waves that result in thousands of deaths from
hyperthermia [27-29], ii) crop failures [30,31] that aggravate global hunger [32-34], iii) power outages [35,36], iv) rising sea
levels which causes the low-lying coastal areas to submerge gradually [37,38], v) erosion of shorelines [37,38], vi) increased
risk of flooding [39], and saltwater intrusion [37,40], vii) strong storms which causes more damage to coastal environment,
increased risk of floods, [41-44], viii) droughts, [45] and ix) fire [43,46,47]. These negative externalities have been shown to
be due to human activities with the confidence level of 95% (primarily combustion of fossil fuels, which are the dominant
cause of global warming from 1951 to 2010)[48,49].

Emission trading has been considered as a solution to climate change in order to limit greenhouse gas emissions
[50-53]. Unfortunately, it has some disadvantages including relying on a complicated system [54], carbon price uncertainty
[55], and encouraging industries that are the most dependent on coal and oil to maintain the status quo because the permits
have been historically inexpensive [56]. Thus, at the present time, emissions trading as a method of mitigating climate change
has essentially failed [57-59], so another method is needed.
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A method gaining traction to bring these negative externalities into the market is the use of litigation, which
provides a different path to motivate reducing corporate actions resulting in climate change [60-69]. If such GHG emission
litigation becomes widespread, then the one of the core benefits of RETs for emitters would be a reduction in the liability for
climate change. This economic benefit is currently often ignored because of the lack of knowledge of the potential liabilities.
To provide the necessary data, this paper first reviews recent literature on the potential for climate change litigation and the
seven methods to quantify liability for climate change. Then, this paper provides a formulation is developed to estimate the
liability for GHG emitters considering i ) pollution factor (which is a fraction of emissions produced by each major polluter
over the overall emissions), ii) probability of human contribution to natural disasters, and iii) estimated cost of disasters.
Next, the top ten emitters in the U.S. are identified and their potential liability is quantified using standard carbon costs and
this method. Potential liabilities are explored in depth in this paper with a single company comparing the results of the
fractional liability from only natural disasters within the U.S. for a single year to a sensitivity of the future costs of carbon
emissions from other sources of emission-related liability. Finally, potential climate change victims (potential litigants) are
identified and their capacity to bring such lawsuits are evaluated. The results are discussed and conclusions are drawn about
the potential value for RETSs to reduce GHG emission liability.

2. Background

GHG emissions liability is created from present emissions, but can also extend into the past. For example, Farber
[62] argued that not only American’s ancestors, but also people who are living in U.S. currently are responsible for past
emissions resulting in climate change due to the profit they have had from uncontrolled GHG emissions. Similarly he argued
that a moral responsibility exists for Americans to limit their emissions to prevent causing damage to other people
(specifically those living in poor nations) [62]. Similarly, Kilinsky showed the victims that are losing their land, culture, and
themselves due to climate change, should be put in top priority for compensation [66]. Public awareness of climate change
will shift to what solutions are available for the climate change problem from questioning reality of climate change when the
urgency of emission reduction becomes validated by courts and credible institutions [66]. Already good reasons may exist for
liability imposition on governments for disastrous events [65]. It is believed that tort law could be applied to climate change
and tort based lawsuits are possible from a legal point of view [65]. Although it has been pointed out that tort law is not the
only method that can be utilized against climate change, it could be an important part [67]. For climate change litigants,
public nuisance law has been considered to be a promising cause of action, and litigants can sue potential defendants due to
their interference with public rights under public nuisance law [65]. Other studies have concluded that emitters should be
responsible for the impacts of their excess emissions and should be obliged to buy long term insurance in order to cover their
share of climate change costs for future for minimizing risks in case of insolvencies [68].

Because of these potential litigation-related losses, it is believed that a some corporations’ welfare is affected
significantly by GHG emissions, and as such lawyers working on behalf of corporations need to be well educated about risks
that would be imposed due to climate change in order to warn clients subsequently [64]. For example, gas-producing
companies can be significantly affected by controlling GHG emissions [63]. Thus, it has been pointed out that corporations
need to scrutinize whether to disclose their GHG emissions to the SEC in order to reduce the risks, because litigation could
arise and corporations would face a negative shareholder response due to such disclosures [63]. It is shown that the price of
remedial measures substitutes for current resources and that it would be a mistake to delay a compensation because a rejected
compensation most likely will be rejected permanently; therefore, instead of waiting for the damage to occur, the ex ante
measures of damages are preferred for compensation schemes [61]. Finally, because of climate change, risk of floods would
increase in many areas causing insurance premium rises, which cause the house prices to fall and some of this loss could be
blamed on GHG emissions[69]. Although in such cases it can not yet be said with a high level confidence level that human
activities have contributed to a particular weather event, in order to compute a figure as a basis for compensation, the concept
of averaging over possibilities can be used which can show how greenhouse gases may have increased the risk of weather
events [69]. Solidifying these calculations could result in a plethora of lawsuits from climate change aggravated events
causing billions of dollars of damages (e.g. storms, flooding, tornadoes, droughts, crop losses, storm surges, etc.)
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3. Methods

3.1. Nomenclature:

C: Carbon price [US$/ton of CO,]

di(t): Cost of ith disaster

Dy(t): Liability of a single defendant in year t

E: Emissions [tons of CO,]

Ecr: Responsibility of consumer [tons of CO-]

Ecmbodiea: Producer's emissions [tons of CO»]

Eisr: Responsibility of intermediate system [tons of CO-]
Ep: Producer's emissions [tons of CO;]

Epr: Producer responsibility [tons of CO,]

Eue: Consumer's emissions [tons of CO]

Ex: Emissions in year t of a single defendant [tons of CO-]
Eregion: Emissions in year t of the region of interest [tons of CO-]
F:Ecological footprint [acre]

Fc: Ecological footprint of producer [acre]

F.: Responsibility sharing factor

Fis: Ecological footprint of intermediate system [acre]
F,: Ecological footprint of producer [acre]

Lca.c: Consumer's liability [US$]

Lcaas: Liability of intermediate system [US$]

Lcar: Producer's liability [US$]

Lcr : Consumer's liability [US$]

Ler: Consumer's liability [US$]

Lgc: Consumer's liability [US$]

Lais: Liability of intermediate system [US$]

Lgp: Producer's liability [US$]

Lep: Polluter's liability [US$]

Lpr: Producer's liability [US$]

Lsr: Shared responsibility [US$]

N: Number of disasters

P«(t): Pollution factor of a single defendant in year t

Re: Footprint to emission conversion [tons of CO,/acre]
T(t): Estimated total cost of natural disasters in year t

Z: probability of the human emissions contribution to natural disasters [percent]

3.2 Methods of Assigning Liability
This study first identifies the methods used to quantify the global warming liability including:

1) The polluter's pay theory developed by Reimund, which considers a monetary damage per ton of CO,[70].
Reimund used US$50/ton, included transaction costs and based the analysis on emissions of power plants from
1992.

2) A shared responsibility approach using an input-output analysis, in which responsibility is shared between producers
and consumers developed by Lenzen et al. [71]. Normally, input-output analysis models the flows in an economy.
Leontief Inverse matrices obtained from input output tables capture the infinite regression of transactions between
industries and discovers the indirect economic requirements of industries. To simply this process, here only the way
of allocating responsibility from Lenzen et al. was used.

3) Producer responsibility approach assumes that the full burden of responsibility is borne by producers [71].

4) Consumer responsibility approach assumes that the full burden of responsibility is borne by consumers [71].
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5) The carbon emission added approach [72], which uses a process that divides responsibility into components so
producers and consumers are defined for each part, and the GHG emission is assigned to phases of the process in
proportion to the included GHG emission needed along the chain.

6) The geographical approach [72], which only considers emissions that are directly involved in parts of a nation
within the borders of the country and the contribution to emission is evaluated without including fuel combustion
that is indirectly related to the system such as transportation.

7) The ecological footprint methodology that translates ecological impact into surface area [73] and is based on the
actual consumption of goods by inhabitants of a country [72].

The seven methods for determining liability are summarized in Table 1.

Table 1. Potential Methods of Assigning Climate Change Liability

Methods Liability Equations in US$
1. The polluter's pay theor ElxC
P pay theory L= [ 2E

2. A shared responsibility approach using an input- Lg, =FXR_ XF _XC
output analysis

3. Producer responsibility approach Lpg :(Z E P) XC

4. Consumer responsibility approach L CR:( > E, 1odied tEuee| XC

5. The carbon emission added approach Epr=E, E;x=E +E  E,=E +E +E
Loy p=Eppl|Epg+E 15 +Ecp| X 100X C
LCA*IS :EISR/( EPR +EISR +ECR)>< 100XC
Loy ¢ =Ecp!|Epg +E 155 +E ) X 100X C

6. The geographical approach Lop=E,XC
Lgs=E XC
L,.=E xC

7. The ecological footprint methodology Lyp=|F,+F +F |[XR XC

Then the economic victims (and potential litigants) are identified and their capacity to bring such a lawsuit are evaluated
using the following formula as a measure of potential damages (D):
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E, N
D, [t|=P [t|xZXT|t|= XZxY, d|t]

Region i=1 ®
where pollution factor (P) of major polluters is the ratio of the emissions in year t from a single defendant (x) over the
emissions of the region of interest (e.g. country ) in year t, Z is the probability in percent of the human emissions contribution
to natural disasters. It should be noted here that the value of Z for a given disaster is complex as it demands determining the
anthropogenic responsibility. Finally, T is the estimated total cost of natural disasters made up of the sum of costs of N
disasters (d) in year t [74]. Thus the potential damages quantified by equation 1 is the liability based on the total cost of
natural disasters multiplied by the fraction that can be attributed to humans and the fraction attributable to an individual
emitter as illustrated in Figure 1. Although the share of causality could be based on the aggregate human emissions up to time
t, here as a case study only a single year (2012) of emissions [75] and costs will be evaluated as a demonstration.

P, -
S X186

(

)
(
)

m
X

Figure 1. Schematic approach of liability from greenhouse gas emissions.

R is a conversion factor which is the land area required to sequester 1 ton of CO;and it is equal to 0.19 acre per ton of CO»
[76]. Although, internal carbon prices used in different companies in the United States ranges from US$6 (Microsoft) to
US$80 (Exxon Mobil and Encana) [77], US$80/ton is used here for calculating the liability as a baseline, acknowledging
that the potential future liability could be much greater per ton of GHG emissions. Next, the top emitters are identified in the
U.S. and their potential liability is quantified using methods shown in Table 1 for which data is available (1,2,3,4 and 7) as
shown in Table 2.
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Table 2. Liability calculations for top emitters in U.S. 2012 [75] using US$80/ton GHG emissions.

Top 10 GHG Emission| Emission Liability by Liability by Liability by
Companies in U.S- | (Metric tons) | Polluters Pay Shared Consumer
2012 Theory (1) and| Responsibility |Responsibility (4)
Producer (3) Approach (2) Ecological
(USS$ million) | (US$ million) Footprint
methodology (7)
(USS$ million)
Scherer 21,809,922 1,744 872 0
James H Miller Jr 18,552,161 1,484 742 0
Rockport 17,890,085 1,431 715 0
Gibson 16,900,459 1,352 676 0
Gen J M Gavin 16,634,356 1,330 665 0
Bruce Mansfield 16,271,444 1,301 650 0
Martin Lake 15,548,912 1,243 621 0
Navajo Generating 15,474,761 1,237 618 0
Station
Monroe 15,212,909 1,217 608 0
Paradise 14,932,742 1,194 597 0

3.3 Case Study: The Effects of GHG Emission Litigation on a Single Company

To probe that potential, a case study is presented where the potential liability is calculated using equation 1. The
natural disasters and the probability of human contribution to each of them, and the estimated cost associated with each
disaster were determined [74]. The probability can be considered to be 95% or higher according to the last report of IPCC in
2013 [49] and thus the majority of climate related disasters enhanced by climate change can be attributed to in part humans.
The value of Z will be under considerable debate for a given case, here the total IPCC probability value of anthropogenic
climate change will be used for illustration. As this cost per ton of GHG emissions is likely to increase time, a sensitivity
study was run on the cost per ton of GHG emissions from US$80 to US$2000/ton (which is approximately the ratio of the
world GNP (US$77.6 trillion) [78] to global carbon emissions (40 billion metric tons) [79]) for the top emitter in the U.S.
(Scherer Power Plant) in 2012. Then using equation 1 the costs of Scherer's emissions on a global scale are quantified for
2012 for comparison.

3.4 Potential Litigants

Major claims already discussed in the literature are grouped into three categories: (i) interstate claims, (ii) claims
that are between private persons and states, and (iii) claims between private persons. Each is discussed using examples.
Potential victims of climate change are identified, which could become potential litigants and estimates of their economic
impact and ability to bring fourth a lawsuit are evaluated. The Alliance of Island Nations is used as an example. Finally, the
potential for class action lawsuits in this area will be summarized and discussed.

4. Results and Discussion
4.1 Potential GHG Emissions Liability for top 10 US Emitters
The range of liabilities for the top U.S. emitters for the seven methods have been calculated using the equations from Table 1

and the results are shown in Table 2 for 2012. In the shared responsibility approach, F. is considered to be 50%, which means
the responsibility is shared equally between producer and consumer. In addition, polluter's pay theory is the same as producer

6
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responsibility approach, and in geographical approach the producer liability is calculated in the same way; therefore, the
column of liability by polluter's pay theory shows the liability by producer responsibility approach and geographical approach
as well. In the published ecological footprint methodology, as all the liability is assigned to the consumers, the liability of
these major polluters will be zero. The same situation exists for consumer responsibility approach. It should be noted
however, a ecological footprint calculation could be used to quantify liability for emitters. In order to calculate producer
liability using carbon emission added approach, emissions of intermediate systems and consumers are required; therefore, as
the data was not available the producer's liability has not been calculated using this method. It can be observed in Table 2 that
the maximum liability is found using polluter's pay and producer responsibility approach for top emitters, and using shared
responsibility approach, the liability will be significantly reduced. Moreover, the liability of emitters will be minimum (zero)
using consumer responsibility approach and the ecological footprint methodology, which also puts the economic burden of
emissions litigation on consumers. The overall values of the liability are relatively small compared to the revenue of the
companies shown in Table 2. However, these values are only representative of current $/ton values for GHG emissions and
thus represent the extreme minimum of potential liability for the companies if climate change related lawsuits become
widespread. To gain some insight into what such potential liabilities may look like in the future a case study is presented for
the top U.S. emitter below.

4.2 Case Study: Scherer
The inputs of the costs associated with natural disasters in the U.S. in 2012 are shown in Table 3 [74].

Table 3. Estimated Cost of Natural Disasters of 2012 in U.S. [74]

Natural Disasters in 2012 Estimated Cost
(USS$ Billion)
U.S. Drought/Heatwave 30
Western Wildfires 1
Sandy 66
Hurricane Isaac 3
Plains/East/Northeast Severe Weather 3
Rockies/Southwest Severe Weather 3
Southern Plains/Midwest/Northeast Severe Weather 2
Midwest/Ohio Valley Severe Weather 3
Midwest Tornados 1
Texas Tornados 1
Southeast/Ohio Valley Tornados 3
Total Cost in 2012 116

Thus, T is US$116 billion. The U.S. emissions for 2012 are 6,526 million metric tons [80] and the total emissions for Scherer
are 21,809,922 metric tons (or 0.33%). Thus by equation 1, Scherer has a potential liability of approximately US$368 million
if only the costs of large-scale climate-instigated disasters are considered. This is shown as solid horizontal line on Figure 2,
which is the sensitivity of total liability in 2012 for Scherer over a range of US$10/ton to US$2000/ton if other damages are
considered using the polluters pay theory. The sensitivity is reduced to US$200/ton and shown in Figure 3 for clarity. As can
be seen in Figure 3, when the price of carbon emissions is US$15/ton the liability is the same using polluter's pay theory and
equation 1 (for only the U.S. related disasters) for Scherer in 2012. Scherer Power Plant is owned by Georgia Power, which is
a subsidiary of the Southern Company (SO), which is one of the largest producers of electricity in the United States and
149th on the Fortune 500 listing of the largest U. S. corporations [81]. The total operating revenues of Scherer in 2012 was
US$7,998 million [82]. Thus, the potential liability for only climate change aggravated disasters for Scherer is US$368

7
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million, which is about 4.6% of Georgia Power's total revenue in 2012. Georgia Power is only a small part of the Southern
Company whose total net income available to common shareholders was $2.09 billion in 2014. The net income available to
common shareholders are the profits remaining after the company pays all of its suppliers, employees, service providers,
creditors, and preferred shareholders. Thus common shareholders of SO would see a reduction in their profits of 18% from
emissions liability related to only natural disasters in the U.S. from a single coal-fired power plant [83]. These values are also
small if the liability for climate related costs from other parts of the world drive up the $/ton penalty for carbon as seen in
Figure 2. If power companies began to be held liable for emissions, there would be a clear economic incentive to reduce
GHG emissions by transferring electric generating resources to renewable sources of energy.
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Figure 3. Sensitivity of Total Liability in 2012 for Scherer from US$10/ton to US$200/ton.
4.3 Potential Types of GHG Emission Lawsuits

Major claims already discussed in the literature can be grouped into three categories: (i) interstate claims, (ii)
claims that are between private persons and states, and (iii) claims between private persons and industry [84]. In addition,
there is the potential for several other forms of lawsuits including groups of states making claims against a company or
companies, a company (or companies) making claims against a state, and various forms of class action lawsuits.
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4.3.1 One Nation Suing Another

In this case, one state brings a lawsuit in an international court to sue another state for contributing to climate
change that harmed them in a quantifiable way. Historically, this type of case was unlikely to happen because states usually
do not present this type of claim related to states' climate change rules in courts [84]. States suing one another is possible, but
some authors have argued that putting political pressure on states to revive the process of the international debate on climate
change mitigation could be a more desired outcome than forcing states to pay damages [85]. For one group of nations,
lawsuits have a potentially wide appeal because of the vast scope of potential damages. For example, the destruction from the
tsunami that occurred in 2009 (it claimed hundreds of thousands of lives in Island Nations and caused billions of dollars of
damages) may have been amplified by climate change [86]. The risks go further than isolated disasters as the long term effect
of climate change for some island nations is national annihilation. Island Nations have claimed that human activities in
industrialized nations are making their islands uninhabitable because of flooding and they have been threatening to sue both
the United States and Australia [86]. There are other nations that are potential targets. China, for example, is now also
recognized as one of the major polluters in the world [87] and now because of economic growth possesses funds worth
targeting for climate victims. In 2013, the GDP in China was worth US$9,240 billion, which represents 14.9% of the world's
economy[88]. Table 4 shows the largest emitters globally and thus potential national climate change-related defendants [89].

Table 4. Share of Global CO, Emissions of Largest Emitter Nations in 2013 [89].

Globally Largest Emitters in 2013  Share of Global CO, Emission

China 22.95 %
United States 15.5%
India 5.14 %
Russian Federation 49 %
Brazil 412 %

To estimate the potential liability caused by the national annihilation of the Islam Nation, a 100 years of GNI
growing at 3.76%, which is the average growth rate in ten years obtained from [90] for all of the Alliance of Small Island
States [91] has been calculated. This provides a rough estimate of value of economic risk from climate change for these
nations. The results are shown in Table 5. So for example, Barbados has a single year potential loss of about US$4 billion, but
would need to be compensated with at least US$4.4 trillion if the liability for annihilation based on 100 years of aggregated
GNI at 3.76% growth was used. Not all of the AOSIS nations have small economies, however. Singapore alone would
account for potential liabilities of nearly US$314 trillion if the same estimates were used.

Table 5. AOSIS nations and their current GNI and 100 year aggregate GNI with 3.76% growth.

AOSIS Members [93] Current GNI in Aggregate of 100 years of GNI growing at
USS$ Billion [92] 3.76% [90] in US$ Billion

Antigua and Barbuda 1.177 1,270

Bahamas 7.599 8,240

Barbados 4,093 4,418

Belize 1.551 1,674

Cape Verde 1.832 1,977

Comoros 0.656 708

Cook Islands N/A N/A

Cuba 67.240 72,593
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Dominica 0.493 532
Dominican Republic 57.805 62,407
Fiji 3.855 4,161
Federated States of Micronesia 0.362 390
Grenada 0.806 870
Guinea-Bissau 0.857 925
Guyana 3.074 3,318
Haiti 8.520 9,198
Jamaica 13.707 14,798
Kiribati 0.252 272
Maldives 1.952 2,107
Marshall Islands 0.218 235
Mauritius 11.952 12,903
Nauru N/A N/A
Niue N/A N/A
Palau 0.237 255
Papua New Guinea 14.641 15,806
Samoa 0.665 717
Singapore 290.759 313,908
Seychelles 1.220 1,317
Sao Tome and Principe 0.308 332
Solomon Islands 0.960 1,036
St. Kitts and Nevis 0.724 781
St. Lucia 1.306 1,409
St. Vincent and the Grenadines 0.721 778
Suriname 5.111 5,517
Timor-Leste 4.619 4,986
Tonga 0.478 516
Trinidad and Tobago 21.217 22,906
Tuvalu 0.0627 67
Vanuatu 0.793 856
Total 531.76 574,147

4.3.2. David vs Goliath I: Private Persons Suing a State

In the second type of case, which has already occurred, private persons suffering from climate change losses can
take legal actions against states, whether their own state or a foreign state, that have contributed to climate change through
GHG emissions. Most individuals do not have the capital reserves to mount a protracted legal campaign against a state.
However, in this same class, other sub-state entities could take legal actions against states. For example, the state of Alaska
could litigate against United States as a whole [84]. Such cases can be tried in an international court of law if violations of
human rights are involved in the case.
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4.3.3 David vs Goliath II: Private Persons of a State Suing Industry

In the third type of case, private persons harmed by climate change can litigate against GHG emitters, also a state
can take legal actions against individual CO, emitters. For instance, Ned Comer took legal actions against Murphy Oil U.S.A
Incorporation due to their GHG emission, which contributed to hurricane Katrina and subsequently caused damages to the
environment, property, and public health [94]. In this case, unlike the previous scenario, claims need to be brought to the
domestic courts [84]. Again most individuals do not have the capital reserves to mount a protracted legal campaign against a
large corporation. In scenarios that victims sue in the foreign state it would need to be determined if the plaintiff has access to
a court in a place in which the damages occurred. Provisions exist in the U.S. that allow the foreign plaintiffs to litigate in the
United States courts. If the amount is higher than US$75,000 then U.S. courts may have the power over cases between U.S
citizens and foreigners, or foreign states [84]. Another issue is that a foreign victim of climate change can find a liability
administration that is relevant to climate change. A plaintiff can also bring a claim in his or her state against a foreign litigant,
which is more preferable because the costs will be much lower, and usually the plaintiffs expect the court in his own state to
be more sympathetic towards their cases [84].

4.3.4 Group Lawsuits from States or Companies

The following types of lawsuits have not yet been detailed in the literature, but are potential sources of liability for
GHG emitters. to The first three variations involve some form of class action and are based off of the three main types
detailed above.

First, many states could form an alliance to sue a single nation or a group of emitter nations. For example, AOSIS
is an existing coalition of small island and low-lying coastal countries that share similar development challenges and
concerns about the environment, especially their vulnerability to the adverse effects of global climate change [91]. This
coalition currently has 44 States and observers, of which 37 are members of the United Nations, representing more than a
quarter of developing countries, and 20% of the UN’s total membership. AOSIS could pool their resources and begin to sue
either the greatest historical emitter (U.S.) or current emitter (China) for damages that amount to the AOSIS entire GNP
summed over some significant expanse of time (as shown in Table 5) as climate change is an existential risk to these nations.
The GNI of the United States in 2013 was 16.992 trillion USD, and GNI of China was 9.196 trillion USD in 2013 [95]. It can
be seen from Table 5 that total GNI of AOSIS members in 2013 is equal to $531.76 billion, and a total of 100 years of GNI
growing at 3.76% is equal to $574 trillion. The GNI of 3 members of AOSIS were not available and marked as such in Table
5 [92]. Thus, although these values are substantial, the totals can be viewed as an underestimate of potential liability. Thus, it
can be seen that GNI of AOSIS members in a single year is inconsequential to the aggregate of China and the U.S.
economies. However, if AOSIS was compensated for 100 years of future losses the impact would be 574 trillion USD if the
island nations were lost in 2014 and thus the loss is much greater than the GNI of either China or the U.S. for a single year.

Second, a company or group of companies can litigate against another company. For example, a company such as
Coca Cola or Nike that has been adversely affected severely by flooding and droughts [96] can take legal class actions
against an oil company, which is known to be a major emitter. Coca Cola company lost its license in India due to water
shortage in 2004, and thus the balance sheet of the Coke Company has been damaged as the water that is required to produce
its soda has been lost to droughts; therefore, the idea of climate change as a disruptive force on the economic bottom line is
now accepted by the company [96]. Similarly, Nike owns 700 factories in about 49 countries, and extreme weather has been
disrupting its supply chains, which catalyzed Nike to speak out against climate change. Four Nike factories were temporarily
shut down in Thailand due to flooding in 2008. Nike uses cotton in the clothes it makes, and it is concerned about the
droughts in producing cotton regions [96].

Both Nike and Coke companies are already persuading governments to enact policies that are environmentally
friendly to protect their profits [96] and have the size, capital reserves and legal sophistication to weather a protracted legal
battle. If profits for companies began to be severely impacted by climate change individual and collective legal action could
occur. In addition, companies could help engage customers and shareholders in class action suits to protect their profits.

4.3.5 Company Lawsuit Against a State

There is already some evidence companies may even sue states for enacting legislation which causes profit losses.
For example, Quebec recently halted fracking practices to extract oil, but a U.S. company, Lone Pine Resources Inc., sued in
response for $250 million to compensate it for investments already made in the sector and for lost profits [97]. Also, Philip
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Morris sued Australia for billions of dollars in damages because the government passed a law requiring plain packaging in
order to reduce tobacco use [98]. Likewise Swedish energy giant Vattenfall is suing Germany for €3.7 billion over new laws
ordering the phase-out of all nuclear power plants and a shift to clean energy [99]. It is thus possible companies could begin
suing and leading class action lawsuits not only against each other for climate related losses to future profit, but also nations
that did not enact GHG emission reduction legislation.

4.3.6 Sub-national Entity Lawsuits Against a Company

Third, a state can sue a company for climate change damages. For example, the state of California in the U.S,,
which is facing droughts and flooding disasters that causes substantial economical damages [100,101] can litigate against a
coal company that is a major polluter or any company that contributes to these climate change-related costs. Another example
is Kivalina v. ExxonMobil Corporation, et al. This case was filed on a United States district court on February 2008, and
monetary compensation has been claimed from the energy industry because of the destruction of Kivalina, Alaska which
occurred due to a flooding. The damage has been estimated to be between $95 and $400 million. The United States district
court dismissed the case [102]. A case was also filed against General Motors by the California State seeking for compensation
[67], which was also dismissed [103]. The case was brought to the federal district court and two causes of action were
asserted for public nuisance, one was under California law and the other was under federal common law [67].

4.3.7 Crowd Sourced Lawsuits

The concept of crowd sourcing is gaining traction from such diverse applications as scientific research (e.g
NASA's photograph organizing project or the National Audubon Society's Christmas Day Bird Census) to business start up
crowdfunding (e.g. Kick Starter and Indiegogo). Crowd sourcing can be applied to climate litigation through funding and
instituting class action lawsuits. A class action lawsuit could be filed against a state for harm done to a collection of
individuals. For example, wealthy home owners along the U.S. eastern coast could form an alliance for a class action lawsuit
as their luxury and vacation homes are becoming increasingly difficult to insure due to the high probability of damage from
climate change augmented natural disasters [104,105]. Potential law changes associated with flood insurance could
significantly increases rates or make buildings uninsurable. Flood insurance is currently subsidized by the Robert T. Stafford
Disaster Relief and Emergency Assistance Act (Stafford Act), the federal law governing the response to emergencies like
hurricanes, wildfires and tornadoes, which comes into force when the president declares a federal disaster that exceeds the
response capacity of state and local governments [106]. There is significant political pressure already being applied to alter or
eliminate the Stafford Act [107]

Lastly, class action lawsuits could be filed against a company (or companies) by a collection of individuals. These
can be the same individuals above who find it difficult or impossible to insure their homes and businesses in areas with high
probabilities of climate-related disaster. There are ample examples of this type of lawsuit in regards to other pollutants. These
lawsuits can also be filed by NPOs or environmental groups. For example Friends of the Earth, Inc. et al. v. Laidlaw
Environmental Services, Inc. was heard at the United States Supreme Court. The residents of South Carolina's North Tyger
River claimed that they could not use the river for amusement purposes due to the pollution, and court held that they had a
standing to litigate against the polluter [108].

As of this writing, the case American Electric Power Company v. Connecticut provides GHG emitters with
temporary protection from climate-change related mitigation. The case was decided by the U.S. Supreme Court, which held
that corporations can not be litigated for emissions of greenhouse gases because the management of carbon dioxide and other
greenhouse gases are delegated to Environmental Protection Agency (EPA). This has been the first global warming case that
was based on a public nuisance claim (when villages are destroyed because of coastal erosion and melting sea ice and when
erosion and rising sea level cause the public land and beaches to get lost, then these effects show the interference with public
rights [66]). Eight States separately sued the same corporations and the court dismissed the plaintiff's claim as non-justiciable
[109]. As the scientific evidence of GHG emissions resulting in climate destabilization continue to mount and the damages
from climate change increase it is likely that such cases will become more common. The EPA jurisdiction over GHG
emissions is under constant flux. For example, Massachusetts v. Environmental Protection Agency, which was decided in
the U.S. Supreme court, was a suit was brought to the court by several states against the EPA in order to force the EPA to
control greenhouse gases as pollutants [110].
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4.4 Limitations

It should be noted here that one of the primary limitations of this study is that it is based on the U.S. legal system,
rather than on the broader International Law system that is more widely accepted by most countries. Future work is needed to
expand the scope of this work to the International Law system. Utilizing the U.S. legal system here introduces a bias and thus
leads to risk of civil lawsuits that can only be covered in U.S. courts and not in international courts in situations when U.S.
courts would have no jurisdiction. Thus, the approach described here, although relevant, should only be utilized as a first
approach. This first approach should act as only a first approximation for GHG emission-related liability for an individual
emitter. The existence of other legal systems, particularly those based on Code Law rather than Common Law, has to be
covered in future work to obtain the full scope of the complexity of such potential lawsuits and emission-related liability.
Thus, all of the results should be treated as conservative estimates on the overall liability for a company (and thus as
underestimates of the value of deploying RETs to offset GHG emissions).

4.5 Summary of Additional Value for RETs

In summary, as it becomes clear that climate change caused by GHG emissions can cause serious economic harm
[26,36,39,43,111-113] and before global society moves to a net energy based economy or one based on life-cycle carbon
emissions [114,115], companies and nations responsible for GHG emissions may have serious liability issues. All of the
potential liabilities quantified in this study represent the potential values of deploying RETs. It should be pointed out that this
value is in addition to the value of the sustainable energy the RETs produce. Current emitters can reduce their liability by
investing in renewable and sustainable energy technologies to reduce their GHG emissions. RETs such as solar PV have a
well established record of providing a sustainable source of electricity while mitigating greenhouse gas emissions [116].
Other RETs such as wind energy, geothermal, hydropower, and bioenergy can be utilized to mitigate the liability of these
potential emitters by providing power without emitting greenhouse gases [117]. Therefore, all of these RETs reduce the
liability associated with emissions of GHG's for entities that utilize them. As shown by the results here, for some companies
this could be worth billions of dollars a year — far more than the cost of the investment in the RET to cover the equivalent
energy production. In addition, for many energy consumers, RET-generated electricity already offer competitive financial
returns without taking this liability into account. For example, investors have noted that in the PV sector in the U.S. the
securtization of residential solar PV assets can be highly profitable [118]. If climate change related lawsuits become the norm
this profitability would increase substantially as those with liability bid for ownership of RET assets to reduce their risk. It
should be pointed out here that the liability for companies could also be based on embodied emissions [119], which means
that former emitters may benefit from investment in RETSs to mitigate their risk even if the nature of their enterprise no longer
relies in a large extent to the combustion of fossil fuels for energy. However, there is still considerable debate on carbon
accounting [120] as well as significant uncertainty to the degree emitters will be held responsible for mounting economic
losses from GHG emission caused climate destabilization. The results of this review are clear that conservative financial
management indicate that it is not only current emitters that should look to RETs as sources of liability mitigation, as former
or historic emitters (e.g. nations) could also utilize the carbon offset by current deployment of sustainable and renewable
energy technologies to help defend themselves in the courts of the future.

5. Conclusions

In this study the methods to quantify liability for climate change have been reviewed. The potential litigants that
are well positioned to bring emission related lawsuits include those that are most threatened that have political organization
such as the Island Nations making up OASIS. However, other entities such as individual nations, states, or companies that
have financial losses due to climate change could seek compensation in court from emitters. Finally individuals alone or as
part of class action lawsuits organized by non-profits or law firms can file lawsuits against GHG emitters. The results showed
liability is maximized when it is assigned either by the polluters pay theory or if producers are held solely responsible for
emissions. The case study presented here showed that the liability associated only with U.S. disasters associated with GHG
emissions from a single fossil fuel plant can have a significant negative impact on the profits of even major electric providers.
Depending on the liability cost of carbon coal-fired power plants are exposed to lawsuits ranging from hundreds of millions
to billions of dollars within the U.S. These potential liabilities increase into the trillions of dollars when economic losses from

13



Preprint: Negin Heidari & Joshua M. Pearce. A Review of Greenhouse Gas Emission Liabilities as the Value of Renewable Energy for Mitigating Lawsuits
for Climate Change Related Damages. Renewable and Sustainable Energy Reviews 55C (2016) pp. 899-908. DOI: 10.1016/j.rser.2015.11.025

climate change are taken into account globally. The results show that potential liability for climate change for the Alliance of
Small Island States is over $570 trillion. It is concluded that as emitters begin to be held liable for damages resulting from
GHG emissions resulting in climate change, a high value for liability mitigation would provide additional powerful
incentives for deployment of renewable energy technologies. Large GHG emitters, such as fossil fuel-based power plants, can
begin to mitigate the risks associated with present and future liabilities by proactively investing in renewable energy
technologies. As more climate-change cases are brought to court this economic incentive to convert to renewable energy is
expected to accelerate.
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