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Abstract: Achieving ambitious climate targets, such as the 1.5 °C goal, demands significant financial
commitment. While technical feasibility exists, the economic implications of delayed action and
differing scenarios remain unclear. This study addresses this gap by analyzing the investment attrac-
tiveness and economic risks/benefits of different climate scenarios through a novel emissions cost
budgeting model. A simplified model is developed using five global scenarios: announced policies
(type 1 and 2), 2.0 °C, and 1.5 °C. A unit marginal abatement cost estimated the monetary value of
avoided and unavoided emissions costs for each scenario. Net present value (NPV) and cost-benefit
index (BI) were then calculated to compare the scenario attractiveness of the global emission budgets.
The model was further applied to emissions budgets for China, the USA, India, and the European
Union (EU). Increasing discount rates and gross domestic product (GDP) led to emission increases
across all scenarios. The 1.5 °C scenario achieved the lowest emissions, while the baseline scenario
showed the highest potential emissions growth (between 139.48% and 146.5%). Therefore, emphasis
on the need for further financial commitment becomes important as the emissions” abatement cost
used as best case was estimated at USD 2.4 trillion per unit of 1 Gtons CO, equivalent (eq.). Policy
delays significantly impacted NPV and BI values, showcasing the time value of investment decisions.
The model’s behavior aligns with real-world observations, including GDP growth influencing in-
flation and project costs. The simplified model could be coupled to existing integrated assessment
frameworks or models (IAMs) as none offer cost-benefit analysis of climate scenarios to the best
of our knowledge. Also, the model may be used to examine the economic attractiveness of carbon
reduction programs in various nations, cities, and organizations. Thus, the model and analytical
approach presented in this work indicate promising applications.

Keywords: climate change; cost-benefit analysis; emissions budgets; emissions cost model; emissions
mitigation; global temperature rise; 1.5 °C scenario; net present value; policy planning tool

1. Introduction
1.1. Background

Earth’s climate is experiencing rapid and unprecedented changes due to human
activities, particularly greenhouse gas (GHG) emissions. The international community,
through the Paris Agreement, has set ambitious targets to mitigate climate change, aiming
to limit global warming to well below 2 °C above pre-industrial levels and keep it below
1.5 °C. Achieving the 1.5 °C climate scenario is recognized as a critical standpoint to avoid
catastrophic climate impacts; hence, the urgency of addressing climate change cannot be
overstated [1].

The world stands at a critical juncture in our history, where the choices regarding
financial investment made today will not only profoundly impact the future of our planet
but could create eco-friendly avenues for sustained jobs and high returns on investment.
Targets for reducing emissions and the measures to implement them have traditionally been
at the center of efforts to mitigate climate change [2]. However, the monetary considerations
in research towards the 1.5 °C climate scenario are often overlooked and have only recently
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gained momentum in international bodies in charge of climate change and sustainable
development actions because of the crucial position of financial viability regarding the
success of such actions to combat climate change [3-5]. These successes have been shown
by new global shreds of evidence regarding the contribution of climate finance to environ-
mental sustainability [6]. Green finance and financial inclusion have largely contributed to
the promotion of renewable energy efficiency through technological innovation needed to
decarbonize China [7].

While economic development, energy consumption, trade, and foreign direct invest-
ment all lead to a rise in CO; emissions in G-20 economies, green finance and digital finance
can lower those emissions [8]. Policymakers and private sectors should support digital and
green financing, as well as establish a market for carbon pricing and budgeting frameworks
to support sustainable development [8,9]. Emissions cost mitigation planning and bud-
geting as cornerstones of the climate action agenda are pertinent regarding a sustainable
low-carbon future. Therefore, models, frameworks, and strategies for emissions mitigation
planning and carbon budgeting have a crucial role to play.

Several existing climate models, pathways, and mitigation strategies, such as the
ones in Refs. [6,10-12] acknowledge that reducing emissions is associated with very many
environmental benefits, such as keeping the global temperatures and sea levels from rising,
maintaining optimal weather events, fewer disruptions to the environment ecosystems,
and decreased threat to the well-being of our planet and its inhabitants both now and later.
Long-term national-level scenarios need to be evaluated so that the effects of these actions
on reaching these goals may be understood. Dhar S. et al. [13] identified that there are
currently few studies that use long-term scenario modelling at the national level to examine
the effects of nationally determined contributions (NDCs) and the necessary follow-up
measures. The existing climate models with long-term scenarios, such as the ones listed by
prominent climate resources in Ref. [14], have attempted to integrate NDC in their model
scenarios but hardly discuss the intricacies of the economic benefits of achieving climate
targets such as the 1.5 °C scenario. Also, these models are scarcely able to explain a direct
relationship between the financial need and the climate scenarios but often perceive the
financial requirements as too ambitious, as often discussed in public discourse.

The first significant difficulty appears to be developing a thorough analytical frame-
work to evaluate financial viability and the possible impact of climate change and the
low-carbon transition [15] as climate change has been identified as the new source of risk
for the financial system [16], with few studies considering examination of the risks and
benefits of climate change on transition finance. In addition to the possible pending finance
crises, den Elzen M. et al. [17] project that, by 2050, some nations may require stricter
emission goals and higher emission mitigation costs. Hence, this necessitates a framework
that could help to directly evaluate the risks and benefits of emission targets towards the
different climate scenarios.

The journey towards the 1.5 °C climate scenario, the recent United Nations (UN)
Conference of Parties (COP) 28, and planned follow-up action with the first global stock-
taking appear complex. For instance, Maslin M. et al. [18] presented the outcome of the
just-concluded COP 28 [19] regarding five key outcomes. Drawing from the insight of the
work by Maslin M. et al. [18] and based on the four pillars set by the COP28 presidency
(i.e., fast-tracking a just, orderly, and equitable energy transition; fixing climate finance;
focusing on people, lives, and livelihoods; and underpinning everything with full inclu-
sivity), Table 1 summarizes these five outcomes, with the corresponding resolution level
and implications.

Although the outcome of the recent COP28, as shown in Table 1, may seem promising,
it appeared not to have clearly and completely addressed the issues regarding the desired
climate scenarios as the resolution levels are not too far from the present business-as-
usual efforts of emissions mitigation. The outcomes of COPs are primarily meant to result
in emissions mitigation progress towards the optimal climate scenario in protecting the
environment. However, the multi-faceted and complex challenges that exist for countries
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and regions continue to hinder this progress. Beyond the environmental advantages, which
have always been considered in the literature and climate conversations, a framework
to discuss the future economic risks and benefits of achieving this endeavor would be
useful in helping countries and organizations see the urgency and benefits of planning for
emissions mitigation.

Table 1. Summary of the key outcomes of the COP 28 and the possible implications. Source: authors’

elaboration.
S/N Key Outcome Summary Implications Resolution Level
A comPlete acknowledgement Justification for
of fossil fuels as the root cause . . . .
of climate change continuous burning of ~ BAU except with a little
1 The end of fossil fuels? No concrete a reément on the fossil fuels with the use ~ advancement towards
complete pha;Oye-ou tof of emissions capture emissions mitigation
fossil fuels. technologies
The climate finance pledge for
developing countries with
most climate-related disasters
fell overly short of the annual
iiagﬁéa;rgiﬁéfg (;rtllj[{e Continuous damages BAU mexcept with little
2 Loss and damage declaration on climate relief, may be recorded across or almost no.
recovery. and peace is both the affected advancement to climate
support}g d by El organizations nations and new ones. disaster management
and 71 governments (including
the EU).
The concession on this has
been moved to COP 29
A pledge by 118 countries to
triple RE capacity by 2030
A pledge to double the global
Z{)}eg}y;(})féloclency rate from 2 to Envisaged increasing
A pledge by industries to ;2:2 iiﬁfr:;tegﬂrgson BAU except with
3 Renewable energy and increase the share of hydrogen of countries & increased ambitions,

transitional fuels

from renewables by 2030
Nuclear energy and liquified
natural gas are encouraged as
transitional fuels.
Endorsement by 22
governments to triple nuclear
energy generation by 2050

Continuous high
financial investment
into transitional fuels

yet less financial
commitment

Oil and gas
decarbonization charter

A net-zero decarbonization
charter (involving emissions
from methane leakage, gas
flaring, and direct operations)
was signed by organizations
representing approximately 40%
of global oil/gas production.

Challenges regarding
decarbonization may
continue with the rest
of the 60% of
organizations with a
commitment to

the charter.

An increased
commitment towards
decarbonization
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Table 1. Cont.
S/N Key Outcome Summary Implications Resolution Level
o  The first global stocktaking
was completed to show e  There would be a need
individual countries” progress for rapid response in BAU as there is no
Global and commitment towards emissions mitigation. centralized agreement
5 stocktake—1.5 °C is emissions mitigation. Otherwise, the Paris pized agreeme
; . on emissions mitigation
at risk e The required value of Agreement of 2015 cap for each countr
emissions to be mitigated would remain an P y
towards the needed 1.5 °C is unaccomplished dream.
still far.

BAU—business as usual.

1.2. Contribution of the Study

This research seeks to address these challenges by providing a simplified quantifiable
model that allows for the discussion of the economic risks and benefits of transitioning
towards 1.5 °C and other scenarios both at the global and national levels of selected
countries (China, the USA, India and the EU). The model is a simplified framework that
uses the financial requirement of different investment policy options or emissions scenarios
for each of the regions and countries through emissions cost mitigation applications derived
from cost-benefit analysis concepts. So far, we are not aware of any other literature that
has tackled this subject in the manner addressed in this study. Therefore, this research
represents an essential step of contribution to the body of knowledge towards ensuring that
our efforts to mitigate emissions are not only viewed as being ambitious but also attractive,
strategic, adaptable, and equitable.

With multi-faceted challenges, it is hoped that this research contributes to a deeper
understanding of the path forward and guides policymakers towards a more sustainable
and resilient emissions budgeting plan that explains in a simplified manner the economic
attractiveness of policy decisions to investors. By reviewing and analyzing the recent
literature and policies, a foundation is laid as a groundwork for the framework developed
in this study. This model can guide decisionmakers and or private bodies in setting robust
and effective emission reduction targets, as well as a realistic emissions mitigation budget
towards having a global carbon budget that supports the right global temperature levels.

1.3. Structure of the Study

This study is structured into six sections: the introduction of the study, including
the background and contribution, followed by a literature review covering the overview
of emissions mitigation planning and budgeting as the rationale behind the approach
developed in this study. In Section 3, the methodology is explained, together with the
modelling process and the data input computation. The results are presented in Section 4,
where the findings for the first set of policy scenarios, followed by the validation of the
model after the application of the model on illustrative cases in China, the USA, India, and
the European Union (EU), are discussed. The Section 5 shows the model validation using
the time value of the policy scenario, and the model limitations are presented before the
conclusions and insights for future work. In Section 6, the study is concluded with policy
implications and recommendations for the scalability of the model and findings.

2. Review of Literature
2.1. Emissions Mitigation Planning and Budgeting—An Overview

The concept of a global “carbon budget” (the total quantity of “allowable” carbon
emissions to satisfy a goal regarding world temperature) is an important idea in climate
science and policy. The study by B. Lahn in [20] examines the contributions to the literature
on the carbon budget from the 1980s to the current day and finds that there have been
three major revisions in how scientists see the policy importance of the carbon budget.
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Carbon budgets are a helpful framework for thinking about the climate mitigation challenge
because they describe the total permissible CO, emissions linked with a certain global
temperature target [21].

The relationship between carbon budgets and other policy-relevant variables can be
better understood with the help of scenarios from integrated assessment models, which
provide a comprehensive approach through many indicators on how quickly and how
much emissions can be reduced. Some of the key indicators in the integrated assessment
include what rate of decarbonization, the predominance level of low-carbon technologies,
and the year global emissions could peak.

The global decarbonization rates towards 1.5 °C and other climate scenarios have been
simulated in a previous study by Akpan J. et al. [22], in line with several other forecasts,
research findings, and international energy reports, such as the ones in [5,23-26]. Low-
carbon technologies are projected to contribute between 50% and 75% to scenarios with a
budget below 1000 GtCO, by 2050, with a >66% chance of limiting global warming to below
2 °C [27]. The carbon budget, determined by CO, emissions, can be explained according
to [21] by the relation in Equations (1) and (2) below.

ecz[ L } 1)

Ercre

where ¢, is the budgeted emissions, while Etcgg is the transient climate response to cumu-
lative emissions (TCRE); both the e and Etcrg are computed from observational data or
Earth system models (ESMs) with a dynamic global carbon cycle and are represented by
AE/T,.

AE xe. =T, (2)

AE represents the cumulative emissions, while T; is the global temperature rise over
time. By reducing the cumulative emissions, the global temperature rise could be reduced
as a direct relation, whereas an increase in the emissions moves the global temperature rise
higher, as can be seen in Figure 1, showing the carbon budgets for the 1.5 and 2.0 °C climate
scenarios. The amount of carbon dioxide released into the atmosphere throughout the
Industrial Revolution is directly correlated to the increase in global average temperature
that occurred during that time [28].

2.57
= TCRE = 1.6 °C / 1000 GtC (CMIPS)
mCTCRE = 1,35 °C / 1000 GLC [Obs)
2'0 [ PR " ........................................................ (SERED ‘
2°C climate target : :
1,.5 o------.. TETPERTRIIERRP R SRR &35
1.5°C climate target
1.0
0.5
1.5°C carbon budget L 2oC L‘a]'bun budget
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Figure 1. Comparison of two TCRE estimations’ cumulative CO, emissions and CO;-induced
temperature change, according to H.D. Matthews et al. in [21]. TCRE—transient climate response to
cumulative emissions, Obs—observations, and CIMP5—coupled model intercomparison projections
version 5.
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The goal is to achieve zero net emissions, as per the Paris Agreement; since climate
change’s effects are already visible, low-technology energy must be employed to create
fuels that could facilitate this need across all regions and countries [1]. The Paris Agreement
includes provisions for countries to establish their targets for decreasing emissions of
greenhouse gases through mechanisms known as nationally determined contributions
(NDCs). These NDCs should be assessed for ‘fairness” as part of a planned ‘ratcheting-up’
mechanism to guarantee they are in line with the larger aim of limiting the rise in world
average temperature to far below 2 °C or even 1.5 °C [1,29,30].

In Figure 2a,b, fair rationing approach with an emissions reduction cap or rate was
used in our recent study [22] to ascertain the emissions budgets towards the different climate
scenarios at both the global level and country levels (USA, China, EU, and India), respectively.

n © n O N O 0 O N O N O n o 1 o N o W
8888888338888 888383
N N AN AN N NN A (S ]

N N &N (3]

2100

= Baseline World 2.0°C World 1.5 °C

(a) World historical trend and projection of emissions in the 1.5 and 2.0 °C scenarios

18
16

R ERE TR RIS T PR
SESEESRIERSRERRERERES

2000
2004
2008
2012
2016

e [JSA Baseline USA 2.0°C USA 1.5°C
wme EU Baseline  emsmms EU 2.0°C ——FEU 1.5°C
e China Baseline emsss China 2.0°C  essmme China 1.5 °C
e ndia Baseline India 2.0°C India 1.5°C

(b) Baseline with projected emissions based on the 1.5 and 2.0 °C scenarios for China, USA, India, and the EU.

Figure 2. Comparison of global and top emitting countries” emissions budgets. Data from Table S1.

Obviously, the mitigation targets for both the 1.5 and 2 °C scenarios, as shown in
Figure 2a,b, would necessitate a very high global commitment of about 2.5 and 6% reduction
in emissions from the current or baseline levels [22]. From Figure 2b, the 2022 baseline
emissions combined value in only China (14.78 Gton CO; eq.), the USA (6.93 Gton CO,
eq. CO; eq.), EU (4.33 Gtons CO; eq.), and India (4.55 Gtons CO, eq.) is approximately
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about 50% of the 62.02 Gtons CO; eq. global baseline, as shown in Figure 2a. Hence, as
top emitters, emissions mitigation, as shown in the corresponding 1.5 and 2.0 °C scenarios
of Figure 2b, would significantly help transition the globe to the desired climate scenarios
of 1.5 and 2.0 °C (Figure 2a). Several other studies that have analyzed and proffered
commitment pathways with carbon budgets globally and in these top emitting countries
have also been investigated and are presented in Table 2. The carbon budget concept
distributes global carbon across nations to keep emissions below 2 °C and equalize per
capita CO, emissions within decades [31].

Recent global carbon budget estimates—cumulative CO, emissions consistent with a
certain degree of climatic warming—may strengthen climate mitigation policy dialogues
to keep world temperatures within the 1.5-2 °C range. However, this presents significant
problems regarding how to distribute this carbon budget across nations to respect the
finite cap on overall emissions and solve the underlying disparities across states in their
history and future emissions. The inadequacies regarding the egalitarian, responsibility-
based, right-based, and capability-based models of carbon budget sharing that have gained
popularity in recent decades are highlighted by this study [31].

The rate of progress towards sustainable development goals by individual nations
has been used as the major comparable indicator in an endeavor to distribute the global
carbon budget fairly. Along with these factors and the climate action of each nation, Rawls’
idea of justice is applied to the allocation of the carbon budget [31]. The fair carbon budget
share (FCB) model is a novel, dynamic, and prospective mechanism that is required for
the annual distribution of countries” carbon budget shares. From the studies, there were
large discrepancies between countries’ actual carbon emissions and their fair share in
both 2017 and 2018, and the shares determined using FCB were very different from the
shares generated using the egalitarian method. The 2017 fair share, which revealed a solid
equilibrium between debtor and creditor countries in relation to their actual greenhouse
gas emissions, demonstrated that a market system can be prepared for implementation by
the FCB model. Lee C. et al. [32] used the contraction and convergence method to show
that a country’s cumulative carbon debt (or credit) is its past emissions compared to its
share of the world population. This carbon debt/credit method simplifies setting national
climate mitigation targets that account for past obligations and respect international equity
in future emissions permits among countries.

An equitable approach to allocating the global carbon budget is explored in the study
by Kanitkar T. et al. [33]. The paper makes a distinction between “entitlements to carbon
space” and “physically available carbon space,” which is not always the case in previous
treatments. All countries can apply the same mitigation strategy owing to the carbon
budget approach detailed here. This method clearly operationalizes the notion of “equity
and common but differentiated responsibilities and respective capabilities” to achieve
climate goals [33].

The research by N.J. van den Berg et al. [34] assessed the feasibility of applying these
criteria of fairness and equity to the formulation of national emission targets and carbon
budgets. It found that industrialized nations may end up with (large) negative remaining
carbon budgets, which can be achieved using either the equal cumulative per capita or
the greenhouse development rights approach. All effort-sharing options for industrialized
countries lead to more stringent budgets than cost-optimal budgets, and cost-optimal
processes do not lead to outcomes that can be defined as fair.

The Paris Agreement has led to the EU’s ‘Fit for 55’ policy package, which includes
ambitious strategies for reducing GHGs in all economic sectors. However, the issue of
whether the planned policies are sufficient to keep global warming below 1.5 °C remains
unresolved. The research calculates transport GHG budgets throughout the EU27 and
obtains European GHG reduction plans sufficient for a 1.5 °C rise in global temperature.
The analysis indicates that the “Fit for 55” campaign of the transport sector is not yet as
ambitious as necessary to accommodate a 1.5 °C scenario [35].
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In the study by O. Alcaraz et al. [36], 15 countries currently at the top of the global
emissions ranking were studied. Initial investigation has revealed that only the intended
nationally determined contributions (INDCs) of these 15 countries are assumed to release
into the atmosphere 84% of the GCB between 2011 and 2030 and 40% of the GCB between
now and the end of the century. A first attempt to use the System Dynamics-based FML
model to generate city-level CO, emission numbers for cities of varied sizes in Malaysia was
carried out by [26]. To determine a city’s carbon budget, W.K. Fong et al. in [37] proposed
three methods: equal share, population, and gross domestic product. The current model
can accurately forecast historical, current, and future levels of carbon dioxide emissions
from cities. Carbon dioxide emissions are generally on the rise, correlated with population
and GDP [38]. Developing a national database of city-level CO, emissions is one example
of how this method could be used in Malaysia and other developing countries.

Other estimates of the carbon budget were examined by M. Dickau et al. [10], focusing
on outlining significant uncertainties and evaluating their implications for climate policy
and net-zero CO, targets. This suggests being upfront about the degree of uncertainty
surrounding carbon budget forecasts and suggests that these goals should be updated
frequently. The idea is well-suited for guiding climate policy and determining if net-zero
CO; targets are consistent with the goals of the Paris Agreement according to new research
into the carbon budget’s level of uncertainty. Despite these difficulties, the notion is still
worth considering.

When considering that the world must be CO, neutral by 2050 to achieve the 1.5 °C
goal, the average amount of the global carbon budget used up by 2030 should not be
more than 55 percent [38]. To keep global warming below a set threshold, scientists have
calculated a “Global Carbon Budget,” or GCB. The empty GCB represents all of humanity’s
historical emissions, most of which have come from industrialized nations. The remaining
GCB is the sum of CO, emissions that can be produced without risking a rise in the global
average temperature above a predetermined threshold. The AR6 forecasts that, as of
the beginning of 2020, 400 GtCO;, is the remaining GCB that is consistent with the Paris
Agreement (PA) goal of limiting the global temperature increase to 1.5 °C [38]. This estimate
is said to be more than 60% accurate [38]. To what extent a country uses its leftover GCB
to implement its NDC and LT-LEDS is a key factor in determining the country’s national
climate equity viewpoint [28].

Carbon pricing has also proven to be useful for both carbon budgeting and essential
for abatement, encouraging economically viable high-penetration renewables. For instance,
B. Elliston et al. [39] determined that a price on carbon was necessary for a completely
renewable portfolio. The results showed that a carbon price of USD 50-65 per metric ton
of CO; equivalent (MTCO; eq.) is required for a 5% discount rate. Also, a carbon price
of USD 70-100/MTCO; eq. would be required if the discount rate were raised to 10%.
Replacement of older fossil-fueled generators with newer fossil-fueled ones is economically
desirable when carbon costs are below this level [39]. The next section highlights studies
across different countries and regions relating carbon pricing, carbon emissions budgets,
marginal abatement cost and other indicators with climate scenarios.

2.2. Emissions Budgeting and the Use of Marginal Abatement Cost

Once a carbon emissions budget is known, the marginal abatement cost MAC (i.e.,
the cost needed to reduce a unit of CO;/ton of emissions) can be estimated. Marginal
abatement costs play an important role in the allocation of emission reduction allowances
and the planning of emission mitigation [40,41]. Several works, including a selected few
such as the ones in Table 2, have dealt with the marginal abatement cost of emissions for
different countries, with some aligning their investigations with different climate scenarios.
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Table 2. Related emissions mitigation planning and budgeting across selected countries and regions.

Source: authors’ elaboration.

Country

Study Summary

Method

Key Indicators

Climate Scenario

Ref.

World
(For 41 regions,
including
165 countries)

Emissions mitigation costs and
their determinants were studied.
The results showed that energy
consumption, financial crisis,
CO; emissions rate, and GDP
were great determinants and
that, as the globe’s CO,
emissions continue to rise due
to increasing GDP, reducing
emissions is becoming
more expensive

Gravity model and
quadratic
directional output
distance function

MAC

Global

The different MAC methods
used in climate change policy to
evaluate alternatives and costs
were comprehensively
reviewed. The study classifies
MAC techniques and presents
an applicability path analysis
for the estimation of MACs. The
study suggests that complex
methods may not always be
better than simplified ones, and
MACs could be more reliable by
ranking the relative value
of options.

Review

MAC

Yes

Global

The projected annual abatement
costs of achieving national
climate plans (NDCs) were

estimated based on domestic
action, land, land use change,
and forestry (LULUCF)
exclusion. The result showed
conditions varying significantly
across countries and achieving
2 °C being more expensive.

IMAGE integrated
assessment model

MAC

Yes

China

A low-cost path for China to
peak its carbon emissions was
explored. For each region before
2030, it calculates carbon
emission efficiency and
marginal carbon abatement cost
using the parametric directional
distance function. Rapid
economic expansion increases
marginal abatement costs, with
developed areas sustaining
development patterns and
central and western regions
adopting emission reduction
responsibilities. The work
stresses that the current
emissions reduction path may
yield an increasing MAC in
the future.

Parametric
directional
distance function

Carbon emission
efficiency and
MAC

[45]
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Table 2. Cont.

Country

Study Summary

Method

Key Indicators

Climate Scenario

Ref.

China
(441 industries)

The correlation between MAC
and carbon intensity varies
among industries, with
energy-intensive industries
showing a significant
S-shaped relationship.

Functional data
analysis

MAC, Carbon
intensity

China and India

The costs and benefits of India’s
and China’s NDCs were
compared. It was found that
India’s original carbon MACCs
are generally higher than
China’s, but revised MACCs are
slightly higher. Yet, India has
more significant cost-saving
effects, while China faces
difficulties in
reducing emissions.

Computable
general
equilibrium model

MAC and CB

Only NDC
Scenario

India

The study compares India’s
National Development Goals
(NDC) and global temperature
stabilization targets, finding
significant emissions disparities.
Delaying abatement measures
could increase mitigation costs.

Computable
general
equilibrium model

MAC

Yes

USA

The study examines the US
climate policy’s costs and
benefits, focusing on CO,

emissions levies and tax relief.
Cost-benefit values vary from
USD 150 to 1250 per household,
while policy costs average less
than 0.5%, demonstrating
significant heterogeneity across
space and income. The research
shows a marginal welfare cost
and cost-benefit of USD
31/tCO; and a climate benefit
of USD 27 /tCO; or less to
justify a USD 25/tCO, tax rise
at 5%.

Computable
general
equilibrium model

MAC and CB

Yes

[49]

USA

The results showed that
zero-carbon US electricity
infrastructure would incur
additional MAC, which can be
reduced by employing
low-carbon resources, and
technologies with negative
emissions show a
financial benefit.

Sequential
optimization
model

MAC

Yes
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Table 2. Cont.

Country

Study Summary

Method Key Indicators

Climate Scenario

Ref.

EU

The paper analyzes the
least-cost GHG emission
abatement pathways in EU
countries. A correlation was
established between 2030
abatement objectives of varying
ambition and a country’s
probability of accomplishing a
strong 2050 aim.

Constrained
optimization
model

Emission target,
MAC

Only NDC
Scenario

US, EU, China,
and India,

According to the study’s
hypothesis, nations with
relatively low marginal costs of
carbon emissions could end up
paying an enormous cost to
combat climate change. The
analysis estimates the total and
marginal costs of abatement for
the US, EU, China, and India
based on the outcomes of the
22nd Energy Modelling Forum.

Emission target,

EMF-22 models MAC

Yes

EU

This study explores
decarbonization possibilities
that combine energy systems

analysis with marginal
abatement cost curves (MACs).
The findings indicate that
MAC:s rely on model
assumptions, with bioenergy
and CCS technology being
important factors. Important
mitigating actions are
categorized into three groups:
resilient, tipping-point,
and niche.

A novel analytical
technique

Energy System
Analysis, MAC

Only NDC
Scenario

Developing
countries

This study examines
developing nation emission
goals, abatement costs, and

energy use in 2020. The findings

showed that, by 2050,

developing nations would have
tougher emission objectives and
higher abatement costs.

Emission targets,
MAC, and
energy
consumption

Integrated
modelling
framework FAIR

Only NDC
Scenario

[17]

World, China, EU,
India, and the USA

This study examines the
emissions targets from 2023 to
2050 under the climate
scenarios for the World, China,
EU, India, and the USA. The
results show the comparative
time values of different
investment decisions towards
the selected climate scenarios.

Developed in the
Study
(a simplified
budgeting model
approach) for
evaluation of the
attractiveness of
emissions
investment policies

MAC, NPV, CB,
Avoided
Emissions Cost
Growth

Yes

This
study

2.3. Rationale of Emissions Budgeting (EB) Model

The research reviewed in Section 2.2 and Table 2 has provided a foundation for under-
standing MAC and its relation with climate scenarios for countries and the world. Most
research is just like that highlighted in Table 2, hardly discussing the economic attractive-
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ness of the climate scenarios in a quantifiable manner. Given the marginal abatement
cost, potential investment opportunities can be weighed [40,41]; hence, evaluating the
attractiveness of potential investment options can also be completed. Therefore, this study
uses a simplified MAC to estimate avoided and unavoided emissions costs (explained
better in the next Section Methodology) to guide in understanding the attractiveness and
viability of an investment or policy choice towards reducing the GCB for countries/regions
and the world under the climate scenarios. In determining the attractiveness of each policy
scenario, the principle of capital budget is incorporated.

Generally, capital budgeting techniques (CBTs) are used to determine the most attrac-
tive option for making investment decisions. CBTs are often determined mainly through
two categories; the first is based on discounting criteria constituting the net present value of
investments NPV (value of investment at current time), internal rate of return IRR (return
on investment), and profitability index PI (profit ratio for every unit of money spent). In
contrast, the second is based on non-discounting criteria such as accounting rate of return
ARR (returns on investment after tax and depreciation) and payback period PBP (time to
recover the investment). Figure 3 shows these categorizations. Since CBTs are a planning
choice, these indices affect both the predictability of the budget and the actual spending.

Net Present Value
« Profitability Index
« Internal Rate of

Return

Discounting Criteria

Capital/Finance
Budgeting

Annualized Rate of Return
« Payback Period

Discounting Criteria

Figure 3. The general form of capital finance budgeting indices. Source: authors’ elaboration.

Capital budgeting techniques (CBTs) indices shown in Figure 3 have been extensively
discussed and referenced in the literature, some of which include the ones in [54-57] and
with a five-decade review on CBT by Sureka et al. in [54]. Pintari¢, Z. et al. in [58] empha-
sized the significance of understanding the application of CBTs. Sureka et al. [54] concurred
that the utilization of modern methods, such as discounted cash flow (DCF), yields higher
capital investment and eventually contributes to enhanced long-term profitability. It is
generally accepted that the NPV is the favored index among researchers since it measures
the potential financial gain from selecting the best alternative [54].

The internal rate of return (IRR), despite NPV, is also used in business because it
enables more detailed comparisons of projects of various sizes by utilizing a single rate of
return that is unaffected by the discount rate [54] and may become erroneous if the project
is mutually exclusive [59]. In this study, NPV is preferred for use as each policy scenario
begins with the same amount of emissions to be removed, and comparison is only made
against the best-case scenario (i.e., the 1.5 °C scenario). The discount rate is also varied
based on the prevailing global inflation rates and GDP growth in each investment scenario.

Zizlavsky in [56] demonstrated the potential financial value of the NPV method to
the management of innovation projects. Pintari¢, Z. et al. [58] stressed the importance
of NPV as an economic criterion that can provide design compromise with intermediate
efficiencies and impacts, such as environmental benefits, when profit consideration may be
less attractive. When examining the time worth of money, sustainability net present value
results from the trade-off between economic profitability, environmental (un)burdening,
and social benefits like the creation of new jobs [57]. With the results that are obtained from
the budgeting indices, an investment decision can be made by the following evaluation
rules, shown in Table 3.
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Table 3. Decision-rules-based outcomes of capital budgeting indices. Source: authors’ elaboration.

. . CBI>0
S/N Budgeting Indices CBI>0 CBI=0 CBI<0 (With All Investment Scenarios
(BD CBI=1 .
or Options)
NPV =0, no Rank investment options from
1 NPV Accept investment investment Reject investment highest to lowest BI value and
attractiveness choose the highest
PI=1,no Rank investment options from
2 PI Accept investment investment Reject investment highest to lowest BI value and
attractiveness choose the highest
iRE;e;ngEgug Rank investment options from
3 IRR Accept investment E\ ! Reject investment ~ highest to lowest B value and
investment .
. choose the highest
attractiveness
f;RE;eglﬁgrglﬁg Rank investment options from
4 ARR Accept investment g\ f Reject investment  highest to lowest Bl value and
investment .
. choose the highest
attractiveness
Rank investment options from
5 PBP Accept investment - Reject investment  highest to lowest Bl value and
choose the highest
RoR—rate of return.
CBT practices have been applied even at organization and country levels for improved
decisionmaking. The summary of the findings from the use of CBTs is presented in Table 4.
Table 4. Some related CBTs and outcomes as used in selected countries.
Country/Organization CBT Indices Summary Implications of Findings Ref.
The study compared the use
of CBT for The findings indicate a better
NPV, PL IRR, ARR, PBP, 1OOQ Fortune-rated ahgnmenf between aca@emlc
Fortune and other companies and revealed that and business perspectives [59]
1000 companies o NPV was the most preferred  that had always debated the
supplementary indices .
tool compared with IRR, preference of one over
which had been often the other.
preferred in earlier years.
This article establishes a link The primary findings were
between capital budgeting that Dutch CFOs utilize the
and economic growth. The NPV approach more than
authors claim that economic Chinese ones, employ ARR
markets have made DCF more, and estimate the cost
China and Netherlands NPV, IRR, ARR, approaches more useful, of equity less often. IRR [60]
and PBP . e e
practical, and necessary, utilization is similar in both
maximizing shareholder nations. Further study and
value. The study tested this larger datasets are
theory using 42 Dutch and recommended for
45 Chinese enterprises. comprehension.
In this article, 88 large
Canadian enterprlses are The paper describes a
surveyed by mail on CBT theory—practice gap in DCF
NPV, IRR, and Real decision making. The result P > &ap m &
Canada . capital budgeting decision [61]
Options shows that most

corporations have NPV and
IRR, whereas 17% do not use
discounted cash flow (DCF).

processes, suggesting
increased attention to DCE.
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Table 4. Cont.
Country/Organization CBT Indices Summary Implications of Findings Ref.
The study used 200 firms
listed on Pakistan’s stock .
exchange to evaluate CBT The theory-practice gap was
. NPV, IRR, and & low. The study found that
Pakistan . use. The result showed that . . [62]
Real Options . Pakistani firms scarcely use
most firms employed DCF real option indices
models favoring NPV P ’
over IRR.
The summary of the different
Stlﬁifg f?ﬁ:jﬁi;iﬁi m The use of CBT depends
USA and Canada NPV, PBP, IRR, ARR p . largely on the size of [63]
large-scale businesses and L
- the organization
investments often adopt
NPV more.
The summary of the different
studies from 313 firms in
Europe (France, Furope showed that The use of CBT depends
Germany, Netherlands, NPV, PBP, IRR, ARR P . largely on the size of [64]
large-scale businesses and L
and the UK) . the organization
investments often adopt
NPV more.
The study reveals that the The results emphasize fixed
NPV method is the most capital investments’
preferred capital budgeting  significance across a range of
Turkey NPV, PBP, IRR, ARR method for Turkey’s Top industries, including [65]
500 Industrial Enterprises employment, value-added
when evaluating goods, R&D, and
investment projects. manufacturing.
A study of CBT practices in
53 manufacturing companies Companies with longer
. in Cambodia found PBtobe  existence and higher capital
Cambodia NPV, PBP, IRR, ARR the most preferred method,  investment are more likely to [66]
followed by NPV, DPB, use NPV methods.
and ARR.

The studies reviewed in Table 4 confirm the greatest acceptance of the use of DCF
analysis techniques (most particularly the NPV method) for large investments. However,
the choice and use of analysis techniques appear to be independent of the type of project
being evaluated, with no significant difference between the use of techniques for strategic
and non-strategic projects. Risk analysis techniques, such as sensitivity/scenario analysis,
probability analysis, computer simulation, and beta analysis, are more often used for
strategic projects, suggesting that strategic projects would require greater attention to risk
issues [67]. Only two of the CBT practices explored across the studies reviewed in Table 3
have also attempted to incorporate scenario analysis to understand and assess the risk of
investment decisions. For instance, the CBT practices study for the Fortune 1000 companies
by Ryan P. and Glenn P.R. in Ref. [59] and that of the Pakistani firms by Mubashar A. and
Bin Y. in Ref. [62] attempted the incorporation of scenario analysis.

Therefore, in addition to the scarcity of studies in the literature on the use of NPV
and scenario analysis to evaluate capital investment decisions, an empirical analysis of
direct integration and balance between strategic investment decisions and financial analysis
approaches is pertinent.

Hence, in this study, the use of NPV is adopted and synthesized for the scenario
analysis of different policy options aimed at mitigating emissions towards different climate
scenarios at the global level and in four countries (i.e., China, the USA, the EU, and India).
The methodology developed is described in the next section of this study, Section 3.



Atmosphere 2024, 15, 227

15 of 36

3. Methodology
3.1. Overview

The proposed simplified framework for performing the investment attractiveness
of emissions budgets is shown in Figure 4. The emissions budget datasets are projected
against the climate policy scenarios. Using the CBT indices to calculate the economic
maximization and attractiveness, the cost-benefit analysis is then evaluated for all the
climate policy scenarios by considering the framework of Figure 4, which is explained
further through the emissions budgeting (EB) modelling process of Figure 5.

.8
g7
260
Y o |
§ |
40
v} I I
2% ‘ ‘
g2 | 131
= | |
£ \||II|l|Il|I
20 I 1tk bl
7
4 A0S EA3BSYRBEIBRREBERS
& SESERRERSRRERSES888E888A
m Baseline Case m Announced Policies Type 1
» Announced Policies Type 2 2.0 0C Scenario

¥ 1.50C Scenario

Degree Celsius

== Baseline e Announced Type 1
Announced Type 2 s 20C Scenario
1.5 0C Scenario

g N

Cost Benefit Analysis

& %

Benefit

ﬂfi/d

Emissions Budgets

Figure 4. The framework of the simplified EB model for the policy scenarios. Note: A—Emissions
budgets for baseline case, B—Emissions budgets for announced policy type 1, C—Emissions budgets
for announced policy type 2, D—Emissions budgets for 2.0 °C Scenario, and E—Emissions budgets
for 1.5 °C Scenario.

Additionally, this EB model conducts the cost-benefit analysis in terms of NPV, BI,
and avoided emission growth rate among the climate policy scenarios, providing a better
understanding of the time value of the policy. The results are then validated to estab-
lish the relationship between delayed policy economic attractiveness to allow for a more
comprehensive understanding of the economic risks and benefits of climate policy options.
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Selection of Relevant
Policies

Availability of Model Emissions
Emissions Values & Values and Budgets
Budgets per Policy

Availability of
Emissions Costs

Compute Emissions
Cost

Estimate Discount
Rate

Discount Rate Defined?

Compute and
Compare NPV and
Bl of Policies

Figure 5. EB modelling process.

3.2. Model Inputs, Assumption, and Computation Strategy

According to the global energy outlook by IRENA in [68], the current investment
trajectory needs to be maintained through 2050 with an additional cumulative investment
of USD 47 trillion to stay within the 1.5 °C scenario. This sum is in addition to the
USD 103 trillion in investments anticipated under the Planned Energy Scenario (herein
announced policies type 2 in this study). In this part, both the announced policies type
2 and the 1.5 °C scenario finance requirement were used to estimate the requirements for
the other three scenarios, as shown in Figure 4 and with the financial requirements shown
in Figure A1 alongside Tables A1 and A2.

The steps in modelling and key terms used are highlighted in Tables A3 and A4,
respectively. In the subsequent sections, use cases based on the policy scenarios of the
preceding section are illustrated using the EB model process flow of Figure 5.

3.3. Selection of Relevant Policy Scenarios and Corresponding Emissions Budgets

In the report by IEA in [5], three forward-looking scenarios (net-zero, SDG, and stated
policies) were defined and used to provide a landscape for clean energy financing in
emerging and developing economies. The net-zero, SDG, and stated policies scenarios
were compatible with approximately 1.5, 2.62, and 3.0 °C climate scenarios defined in this
study. This study includes additional scenarios, as shown in Tables S1 and S2, to present
the economic viability and value of each policy option at the global scale, as well as for
the top emitting countries. The emissions values of each policy used have been defined in
Table S2.
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3.4. Categorization and Monetization of Emissions

The financial investment requirement cost set for the best-case simulated policy sce-
nario (i.e., 1.5 °C scenario) serves as the base cost for comparison of benefits with other
policy scenarios. In order to calculate the unit base emissions cost (i.e., the marginal
abatement cost), the following assumed relations in Equations (3) and (4) are applied.

€he = {CELS} 3)

€j

where ¢y, is the unit base cost of emissions removal (USD trillion/Gtons CO;.eq/year) and
e; is the initial 7 emissions value (Gtons CO;.eq/year) at the start year of the policy. Ce; 5 is
the best case (i.e., 1.5 °C scenario) cost in USD trillion. Hence,

150
— =2 | =2 4
ebe [61.98} @)

Therefore, a unit of Gtons CO;.eq represents USD 2.42 trillion, which herein represents
the financial requirement to remove 1 Gton of CO, eq. emission. Notwithstanding the
heterogeneity in the determination of the MAC option [40], a comprehensive review study
on the applicability of MAC by Huang S. et al. [43] suggested that complex methods for
MAC estimation may not always be superior to simplified ones as policymakers must
choose the right method for specific information needs. Hence, the study adopted the
simplified Equations (3) and (4) to estimate the unit base cost of emissions removal.

n
eye = 2.42 % ZeT 5)
i=t
€uc = Ce15 — Cuc (6)
€ac,1 €ac,2 €ac,3 €ac,n
NPV =cey5+ . + . + - +...— (7)
(1+R)'  (1+R)* (1+R)’ (1+R)"
NPV = f _Cuet ®)
= (1+R)

Here, ¢, is the avoided emissions cost for eachnyear,n=1,2,3, ..., 27, for (2023-2050).
Cey, is the financial investment requirement for the number # of different scenarios (i.e.,
baseline, announced type 1, announced type 2, 2.0 °C, and 1.5 °C scenarios), cost in
USD trillion.

Annual emissions flows and their monetary values are crucial to industrial and en-
vironmental economics and climate change policy analysis. They enable policymakers to
evaluate the viability and consequences of climate policies by quantifying the economic
costs and benefits of various policy options. This method is useful in pinpointing the
best methods for reducing greenhouse gas emissions at the lowest possible cost. In this
part, the economic impacts of various financial requirements and the resulting emissions
values towards the 1.5 °C scenario are assessed by assigning monetary values of the climate
policy scenarios.

Similarly, Equations (3) and (4) were employed to estimate and assign the unavoided
and avoided emissions cost per policy at a time throughout the period, as shown in
Equations (5) and (6). The outcome of the unavoided and avoided emissions cost estimated
are presented in Tables S3 and S4, respectively. Then, Equations (5) and (6) are used to
compute the NPV as in Equations (7) and (8) for each of the policy scenarios based on the
input parameters.

The relation of Equation (9) is adapted from the concept of calculation of profitability
index in cost-benefit analysis estimation, a measure of investment’s attractiveness, where
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NPV is the net present value of the capital for a selected investment option or financial
requirement 1.

Profitability(BI) = NPV )
BI = COST_BENEFIT

Profitability(BI) = Z\ZJV (10)
n

The Bl is then determined by using Equation (10), where NPV is the net present value
of a selected policy scenario, determined by the relation of avoided emissions cost and the
emissions discounting rate, R, over the investment period, t. This R-value (i.e., discount
rate in capital budgeting) has no universal formula; rather, it can depend on the prevailing
situation, for instance, high inflation rate, investment cycle, and a host of other factors.

To be able to obtain R, the possible growth rate of GDP from the different investment
scenarios is used as depicted in Tables 55-S9. An average GDP growth rate for the specified
period (between 2023 and 2050) of CB analysis was used as input for the discounting
emissions cost flow rate calculated using Equation (11) in this study.

GDPayr = 1/ v (11)
aor N tl
where N is the number of periods or simulation years, is the average GDP growth rate at

the last year, and ¢; for the initial year.

3.5. EB Model Fitness

In Table 5, P1, P2, P3, P4, and P5 represent the values of the emissions cost discounting
rate for the baseline, announced policies types 1 and 2, 2.0 °C, and 1.5 °C scenarios,
respectively. The computation of the P values is included in Tables S5-S9.

Table 5. Cases and assumptions for emissions cost discounting rate.

No. Cases Values (%)

Use of the initial emissions cost discounting rate used for the

1 simulation of policies in the previous study. P1(2.29), P2 (2.31), P3 (2.33), P4 (2.39), and P5 (2.48)
2 Increase in the emissions cost discounting rate of case 1 by 10%  P1 (2.52), P2 (2.54), P3 (2.57), P4 (2.62), and P5 (2.73)
3 Increase in the emissions cost discounting rate of case 1 by 15%  P1 (2.64), P2 (2.66), P3 (2.68), P4 (2.74), and P5 (2.85)

Equations (12) and (13) are utilized to assess and interpret the available data for use
as emissions cost discounting rate (R) per policy p, considering the anticipated that an
increased global real gross domestic product (GDP,,;) would result in R increase.

d
—GDPgyrxR) (12)
dt

The symbol d/dt represents the derivative of a GDP,, variable with respect to time in
years. The equation demonstrates a positive correlation between the growth rate of GDP
and the discount cost for emissions reduction per policy option P1-P5, as indicated by the

proportionality o.
4 eDPuy = Ry [1- —Rr (13)
dt wor max(Rp)

R, is expected to vary depending on the policy scenario P, but it cannot go above a
specified limit max (Rp) = 3% as the global GDP growth rate is forecasted to be between
2.5-3% by 2050 according to the OECD data in [69]. Hence, only three cases are used in this
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study to keep the emissions cost discounting rate less than 3%, which is assumed with the

GDP growth rate.
d 1

at NPy

When contemplating the implementation of a policy scenario in the anticipated first
year, it is crucial to acknowledge that the amount of investment required may vary if it
is postponed to a different year. This consideration should take into account potential
risk variables that might have either negative implications, such as inflation, or positive
implications, such as technological breakthroughs and cost reductions.

Given the focus of our investigation on climate change risks, it is unlikely that a
delayed investment would provide any favorable benefits. Consequently, the net present
value of an investment made in a subsequent year to attain an equivalent policy scenario is
hypothesized to drop, hence Equation (14). The best case (i.e., 1.5 °C scenario) data shown
in Figure 6a—c are used to establish and fit the model that assumes a reverse correlation
between the emissions cost discounting rate (R) and the net present value (NPV).
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Figure 6. Plot of model fitting using the 1.5 °C scenario investment. (a) Real GDP from 2000 to
2050. (b) Cost-benefit index versus investment start period. (c) Net present value versus investment
start period.
4. Results and Discussion
4.1. Results—Global Policy Scenario
Figures 7-9 show the outcomes of the NPV, avoided emissions cost growth, and
cost-benefit in the three different cases and are explained accordingly.
B Financial Investment Requirement ((USD Trillion))
. Cost-Benefit Index
NPV (USD Trillion)
1.82
m Avoided Emissions Cost Growth Rate (%) g
A
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Figure 7. Case 1 (initial Rp): emissions budgeting indices of the global policy scenarios.

Case 1: Use of the initial emissions cost discounting rate.

Figures 7-9 show the different policies’ financial requirements, with the outcome of
the NPV and avoided emissions cost growth when the discount rate per policy is between
(2.29-2.48) %, (2.52-2.73) % and (2.64-2.85) % for cases 1, 2, and 3, respectively, and with
reference to Table 4. In the baseline scenario of case 1, the NPV is USD —33.99 trillion,
showing that the value of emissions commitment in the first year of 2023 is not useful, and,
hence, such investment would not be suitable for mitigating emissions.
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Figure 8. Case 2 (at 10% increase in Ry,): emissions budgeting indices of the global policy scenarios.
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Figure 9. Case 3 (at 15% increase in Rp,): emissions budgeting indices of the global policy scenarios.

In the other four scenarios, the NPVs are USD 174.05, 243.06, 485.08, and 841.22 trillion
for announced policies type 1, announced policies type 2, 2.0 °C scenario, and 1.5 °C
scenario, respectively. As with case 2, the base scenario has an NPV of USD —38.12 trillion.
Hence, this shows that the value of the emissions pledge in the first year of 2023 is not
useful, so it is insufficient to reduce emissions. For stated policies type 1 and announced
policies type 2, the NPVs are USD 168.02, 232.75, 457.66, and 788.38 trillion, respectively.

Similarly, case 3 produces an NPV of USD —40.03 trillion, with 165.22, 227.96, 444.94,
and USD 409.25 trillion for the respective four scenarios. As can be observed from the
results, the NPV reduces with an increase in the discount rate from case 1 to case 3, which is
in line with the well-known fact that the NPV of investment diminishes with an increasing
discount rate [70,71]. Therefore, this is in line with the work by Wang Z. et al. [72], which
presents that the unit cost of emissions removal would likely increase in the short term. This
could be attributed to inflation and the possible increased cost of financial requirements
to meet an emissions mitigation target. The study by Liu J. and Feng C. [42] reveals
that increasing financial costs, CO, emissions mitigation rate, and GDP are significant
determinants of emissions mitigation costs, with rising GDP making reducing emissions
more expensive.

While the financial commitments in the announced policies type 1 and announced
policies type 2 have been able to reduce the emissions growth rate and have positive NPVs,
this is still insufficient to reach the 1.5 to 2.0 °C scenarios. An earlier study by Akimoto K.
et al. [73] analyzed the economic costs of achieving NDCs and expected global emission
pathways of 1.5 and 2.0 °C. The study found that emission reduction costs vary widely
among countries, leading to carbon leakage. Our study has provided further analysis of the
NPV and BI of these pathways, as well as the time value of policy decisions used to validate
our model, as discussed in Section 5. The expected global emission reduction is smaller
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than predicted by aggregating reductions, and emissions are larger than those required for
temperature stabilization, as suggested by the same studies [73].

The effectiveness, efficiency, uniformity, and equality of carbon allocation and emis-
sions mitigation towards the desired global temperature scenarios continue to be a chal-
lenge, with the suggestion of preferences for utilitarianism—egalitarianism trade-off [74],
national renewable expansion, and sectoral reduction targets at the level of municipali-
ties [75], equitable energy demand reduction [76], and assessment of remaining carbon
budgets’ size and uncertainty. The work by Fyson C. [77] suggests fair-share outcomes for
the top emitting countries, the USA, EU, and China, which could result in 2-3 times larger
CO, mitigation responsibilities and in line with this study, which demonstrates possible
costs and economic risk reduction, given early policy action.

The debate on equitable mitigation contributions is crucial for progress and in the
assessment of more equitable economic costs by employing the model developed in this
study. As part of an attempt to address this challenge, Hales R. and Mackey B. in [78]
presented a perspective of equity in the carbon budget regarding the scale of achieving
the Paris Agreement global temperature goals. In a follow-up study, Akpan J. et al. [22]
employed a fair sharing approach in simulating the emissions budgets of the same USA,
EU, China, and, in addition, India’s transition into the 1.5, 2.0 °C, and alternative scenarios.
The emissions budgets, which are in line with the philosophy of Zimm C. et al.’s [79] recent
work on justice consideration for climate change mitigation research, were then used in
assessing the economic attractiveness and benefits, as presented in Section 4.3.

Comparing the differences in the benefits from each scenario as shown in Figures 7-9,
the 1.5 °C scenario has a very high benefit of 5.09 in relation to 3.36, 2.06, and 1.72 regarding
the 2.0 °C, announced policies type 2 and announced policies type 1 scenarios. The baseline
scenario has a negative benefit, and, as a result, such an investment venture should be
highly rejected, in accordance with Table 3.

Similarly, the avoided emissions growth rates among the five scenarios and three cases
depreciate with increasing discount rates. These differences are compared in Figure 10 below.

Comparison of the Avoided Emissions Cost Growth Rate (%) for Global
Policy Scenarios
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Figure 10. Comparison of the avoided emissions rate for the global policy scenarios.

4.2. llustrative Application of Emissions Budgeting Model to Other Cases

The results from Section 4.1 in the global policy scenarios show that achieving a
transition to emission budgets in line with the desired climate scenarios requires investing
in unprecedented financial commitments globally. However, these efforts must not only
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ensure a collaborative commitment but also target a significant reduction in emissions from
the top global emitters. China, the USA, India, and the EU are the major emitters of CO,,
and reducing current carbon in the atmosphere as well as committing to the reduction in
further emissions from these countries and regions could highly facilitate the transition of
the world into a net-zero society.

Consequently, the global energy investment report was developed in the current
year of study by another IEA report [2]. In line with other separate energy and climate
investment reports, Table A3 presents a summary of the financial requirements in both the
planned (herein 2.65 °C) and net-zero scenarios (herein 1.5 °C) for China, the USA, India,
Europe, and the rest of the world. These values are, therefore, going to serve as the input
data to estimate the indices for the emissions budgeting model developed in this study.

The avoided and unavoided emissions costs are obtained to allow for the estimation
of the budgeting indices. Two assumptions are introduced as described in Table 6 below.

Table 6. Assumptions for estimation of avoided and unavoided emissions costs for the illustrative
case studies.

No. Assumptions Description References
The unit cost of abating emissions
1 Use of Global Values value of 1 Gtons CO,.eq, which Calculation as per Equations (3) and (4)
represents USD 2.42 trillion, is used.
The GDP growth rate was used as
2 Use of National Values an emissions cost discounting rate  Calculation as per Equation (12) with data

and calculated at the from OECD in [69]
country/regional level.

Therefore, based on Equations (3) and (4), the unit base cost of emissions removal,
avoided, and unavoided emissions costs are estimated. Also, the emissions cost discounting
rate average GDP growth rate was calculated based on Equations (12) and (14), with the
input data from the individual year GDP projection data obtained from OECD [69]. The
GDP projection, which includes long-term baseline forecasts until 2060, is produced from an
analysis of national and international economic conditions. This assessment is carried out
by combining model-based analysis with experts” opinions. This metric is often calculated
in USD using 2010 constant prices and Purchasing Power Parities (PPPs).

4.3. Results—Other Cases

With the use of Figure 11a—d, this section presents the NPV, avoided emission cost
growth, and cost-benefit findings for China, the USA, India, and the EU for the year 2050 at
discount rates according to Table 5.

Figure 11a—d shows the financial requirements, with the NPV and avoided emissions
cost growth with the corresponding cost-benefit index for the same countries, respectively,
for China, the USA, India, and the EU.

In the planned scenario, except for the USA with USD —52.61 trillion, the NPVs of the
financial commitment for emissions reduction are all positive for China, India, and the EU,
with corresponding values of 35.78, 23.64, and USD 48.49 trillion, respectively. Therefore,
the current commitment in the USA has to be increased as continuously following the
baseline scenario is highly insufficient to reduce emissions regarding the net-zero scenario.

Following the net-zero scenario, all the countries showed a positive NPV, with China,
the USA, India, and the EU having USD 107.65, 55.17, 54.98, and 124.31 trillion, respectively.
Meanwhile, the commitment across each of the other four countries yielded NPVs that are
not directly proportional compared with all the countries in both the planned and net-zero
scenarios. These differences can be explained in Figure 12 with the avoided emissions
growth rate across the four countries and two scenarios in each.
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In terms of comparing the avoided emissions growth rates among the planned and
net-zero scenarios in the four countries, Figure 12 shows that the rate of reduction from
the net-zero investment results in the highest reduction in emissions compared with the
planned scenarios. The planned scenarios showed that the USA would likely have an
increase in unavoided emissions rate of —1442.18%. The implication is that the financial
commitment is insufficient given the USD 2.4 trillion global unit emissions removal cost.

Furthermore, although the NPV in the EU is higher in the net-zero scenario than the
planned scenario, the avoided emissions cost growth rate in the planned scenario is rather
higher than in the net-zero scenario because the financial requirements estimated for the
actual planned scenarios and the reported financial requirements for the net-zero scenarios
in the EU may have used different unit costs for removing a unit ton of CO,, hence resulting
in the differences as in this study as a single value was used across the four countries to
avoid the differences that have been acknowledged in the literature [80,81] that the cost
of removing (i.e., using low-carbon and net-zero technologies, carbon capturing, and
sequestration of a unit ton of CO;) varies across industries and countries. Therefore, these
approaches for carbon budgeting and emissions mitigation are not without implications
and impacts, which have been discussed by N.J. van den Berg et al. [34,82]. Hence, insights
for further investigation are presented for the use of the different unit costs of emissions
abatement based on more precise values to better explain such occurrences in detail. On the
other hand, even more important are the development and utilization of novel technology
for emissions removal at lower costs [73].
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Figure 11. Emissions budgeting indices of the policy scenarios for China, the USA, India, and the EU.

Comparison of the Avoided Emissions Cost Growth Rate (%) for
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Figure 12. Comparison of the avoided emissions rates for China, USA, India, and the EU.

While the financial commitment in the planned scenario of the case study countries has
been able to reduce the emissions growth rate and have positive net present value except
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for the USA, the net-zero scenario continues to be the best pathway to follow towards
reaching the 1.5 to 2.0 °C scenarios since these four countries have continuously been the
major global emitters.

Comparing the differences in the benefits from each scenario, as shown in Figure 11a,c,d,
the net-zero scenarios for China, India, and the EU have the best benefits of 4.89, 4.54, and
10.27 in relation to 2.34, 3.28, and 6.74, respectively, except for the USA, with no benefit (i.e.,
the Bl value is —13.42) in the planned scenario and 3.03 in the net-zero scenario, as shown
in Figure 11b.

5. Model Validation and Limitations

In order to validate the model, the time value of each policy scenario using the
principle of capital budgeting through the net present value and cost-benefit of each policy
is carried out in this section. The fitness model in Equation (14) shows that delayed policies
result in a net present value and cost-benefit that may be different from using the same
initial financial requirement to start implementing from the first year as planned. Hence, in
the model validation, using the same initial financial requirement, the start of the policy
implementation is delayed to the succeeding year, and that is completed continually until
the last year. For instance, in the 1.5 °C scenario, the investment that was meant to start in
2023 was started in 2024 using the same initial financial requirement. Also, the envisaged
GDP of each policy option used in estimating the emissions values was used in estimating
the emissions cost discounting rate based on Equations (12)—(14), as shown in Figure 13a.
After that, the emissions cost discounting rate was employed to calculate the NPV of each
policy at delayed investment.

The model showed that the NPV and BI values on each policy option depreciated as
compared to starting the investment in the first planned year. The results in Figure 13b,c
showed that, with increasing delay in policy implementation, the BI and NPV of the initial
financial requirement continue to diminish in the succeeding years at an increasing GDP.
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Figure 13. Model validation with the global scenarios. Note: Red numbered texts in (b,c) imply
negative NPV and BI values, respectively.

The outcome of this validation is in line with real-world cases where an increasing
GDP often leads to inflation and an increasing cost of capital to execute projects that should
have been completed earlier on at a lesser cost. This study by Terstad V. et al. [83], which
evaluated the degree of ambition for mitigation under the Paris Agreement and the effects
of various drivers across 170 nations, also confirms that GDP changes negatively affect
NDC ambition. Hence, a country’s degree of responsiveness to early mitigation of climate
change has economic value benefits. Therefore, GDP projected values should guide the
planning of national climate ambition drivers.

Since the dangers associated with climate action are expected to rise over time, the
time value of policy scenarios from the previous section shows that delaying action to
reduce greenhouse gas emissions would be counterproductive and less economically
attractive. The transition to keep Earth within the 1.5 °C climate scenario has been explored
and is deemed to be doable by a number of publications and papers, such as the ones
in [84-89], which look at the technical feasibility of accomplishing the climate objectives
and achieving sustainable development. However, the challenge has often been viewed as
mainly financially demanding [6,8,21].

In the evaluation of the financial requirements of the policy scenarios through this
study and in the findings from Sections 4.1 and 4.3, the economic benefits of the 1.5 °C
climate scenario cannot be overemphasized. Considering this, it is clear that cutting
emissions today is far wiser than waiting, and more financial regulatory mechanisms are
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needed because of the possibility of catastrophic losses due to climate change [15]. If all
countries and regions were to stop emitting CO, this year, the environment could benefit
next year and every year after that. Meanwhile, if some regions were to start cutting
emissions in 2030, the global carbon budget would have been drained for another extended
period, making it unlikely that we can meet the 1.5 °C scenario.

In terms of environmental cost advantage, the value in terms of time for following the
1.5 °C scenario can be obtained immediately and before 2050 as the climate change conse-
quences of further damages are averted through the reduction in emissions concentration
in the atmosphere. Since CO, has had a warming effect on the planet over decades, it is
important to think about carbon stocks and fluxes in the atmosphere when planning for
emissions mitigation. Both regional or countries’ non-uniformity in the reduction goals
and continuing to follow the current paradigm of climate goals without swift action are
detrimental because the required path to the 1.5 °C scenario is already over-ambitious;
hence, it is rare to find regions exceeding the simulated 1.5 °C scenario reduction goal to
create a balance for the deficiencies of other countries. As with the case regarding climate
actions, environmental needs are very important as failure to mitigate the consequences
can be more catastrophic.

The consequences of inaction might be disastrous; therefore, now appears the best
time to act. Since CO; has had a warming effect on the planet over decades, it is important
to think about carbon stocks and fluxes in the atmosphere, hence shifting into swift action
regarding high financial investment with cost-benefit analysis. The energy requirement
and current cost for emissions capture are high and vary across countries due to differences
in storage location, high design complexities, and customization needs. However, the
future unavoided emissions costs could be decreased if initiatives and emissions capture
technologies’ costs are also reduced. However, such breakthroughs are yet to happen;
hence, the timeliness of deciding in the present is pertinent.

Despite the study’s useful insights regarding the economic importance and attrac-
tiveness of emission reduction policies, it is important to acknowledge the limitations and
weaknesses in the study’s design and execution when interpreting the results.

This study may not be representative of the world at large because it focuses on just
four countries—China, the United States, India, and the European Union, and the global
level without the peculiarities of other individual countries. Therefore, the results may
not absolutely apply to other countries or regions. Additionally, the study assumes that
emissions mitigation policies would be implemented according to the planned timeline,
which might not match up with the real situation. The study disregards the potential
challenges and constraints to policy implementation, which may affect the economic
attractiveness of such policies.

Also, the study does not take into consideration how emission reduction policies could
affect society and the environment. The study does not include a detailed and thorough
understanding of the policies” overall consequences since it solely considers the economic
benefits and risks. Consequently, some complexities in emissions mitigation policies were
not adequately incorporated by the study’s simplified emissions cost budgeting model.
Hence, the accuracy of the results and the conclusions derived from them may be influenced
by the assumptions and limitations of the model.

6. Conclusions, Policy Implications, and Recommendations

The EB model from this study helps to analyze the investment attractiveness across
the different policy scenarios. The results from the policy scenarios show that a small
difference in financial investment options aimed at mitigating emissions could lead to a
large cost-benefit difference, such as the following;:

Economic Benefits:

e In the global scenario simulation and at the first case of no emissions discount growth,
the 1.5 °C scenario achieved a higher NPV of USD 841.22 trillion and BI of 5.6, with
an initial investment requirement of USD 150 trillion, compared with the 2.0 °C
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scenario having an NPV of USD 458.08 and BI of 3.66, yet with the initial finan-
cial requirement of USD 132 trillion. The baseline scenario resulted in negative
NPV and BI, hence showing the consequences of the world continuing with the
business-as-usual approach to emissions reduction. Meanwhile, the announced poli-
cies types 1 and 2 yielded positive NPV, implying that such investments could create
economic and social benefits. However, it is not adequate to keep the world within
the IPCC’s desired temperature levels.

e In the illustrative case studies, according to the model’s estimation in Section 4.2
and results of the illustrative application of the model to China, the USA, India, and
the EU in Section 4.3, investment options towards the global temperature rise show
that, apart from the environmental advantages of the 1.5 °C and net-zero scenarios,
the present economic value is also very high compared with the other scenarios. In
all the planned scenarios for China, India, and the EU, the emissions reductions
achieved are insufficient to meet the net-zero scenario target. For the USA, the current
commitments are not only insufficient but capable of resulting in increasing emissions
costs as the avoided emissions growth rate would be continually reduced. This
finding provides valuable information for stakeholders and policymakers to view the
investment option towards the 1.5 °C scenario as beneficial and capable of producing
sustainable economic and social development.

Emissions Mitigation Benefits and Risk Assessment:

e  Globally, the findings demonstrate that the emissions cost growth rate was reduced
alongside the NPV and BI regarding the policy with a higher-increasing GDP. The
change can be attributed to the real-world situation of increasing capital costs for a
delayed investment due to increasing high financial risks. A study by Gryglewicz
S and Hartman-Glaser B. [90] supports this assertion that delaying investment for
large projects incurs costs. Hence, using the model of this study, growth opportunities
towards emissions reduction, such as the ones that largely affect global temperature
levels, can be accessed using different risk factors, such as inflation, incentive costs,
and taxes/subsidy changes.

Therefore, it can be deduced in this case that early policy decisions for emissions
reduction are more valuable than decisions made later. Hence, with an increasing GDP, the
NPV of a delayed investment would most likely be reduced. NPV for earlier investment
decisions and actions demonstrates a higher degree of value. The additional financial
commitment made today has a higher economic value and can significantly reduce un-
avoided emissions costs in the future. The study by Wang Z. et al. [72] affirms the claim
made in this study about early policy actions presented as being instrumental in abating
future emissions costs as MACs under the constraint of carbon emission reduction targets
were analyzed for different regions in China by the same Wang Z. et al. [72]. The findings
showed that emissions costs could hardly be reduced in the short term but rather may be
reduced in the long term. In this case, the long-term benefits of emission cost reduction
would have no climate benefits. Therefore, governance frameworks and policies towards
emissions should prioritize the timeliness of implementation rather than viewing the initial
cost as the main reason for delayed decisions.

The model in this study classified several countries as one region except for China, the
USA, India, and the EU. For instance, the rest of the advanced countries and the rest of the
developing countries are regarded as separate regions. Apart from the EU, China, India,
and the USA, it is undefined how individual developing countries and advanced countries
could play a part in the emissions reduction measures.

Apart from the global and regional approach used in this study regarding emissions
reduction planning, further research could use the same model developed in this study to
investigate the budgeting indices for each country while strategizing an average emissions
reduction within the ranges this study has used. Such studies could help all countries
to move towards a sustainable and net-zero society progressively. For instance, a fair
rationing index for emissions reduction regarding each selected country under the rest of
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the developing and advanced countries categories can be introduced using such policy
scenarios from this study to simulate the best reduction ratios with envisaged yearly
emissions flow and the best investment values that concentrate on key energy and climate
development indicators towards the emissions reduction.

It is important to explore how energy and climate policies can help to manage the
envisaged increase in emissions without placing many constraints on energy development
for accessibility, affordability, and security while committing to the success of the NDCs.
The result from such index values could help to promote the inclusiveness of each country’s
economic size and infrastructural needs and a just transition that allows support without
bias towards other goals of sustainable development. More importantly, this development
should be more supportive of clean energy technologies to contribute to the nationally
determined contribution of mitigating emissions.

In this study, the developed simplified framework for emissions mitigation planning
and budgeting, using all sectoral contributions as a single value, aligns science, policy, and
practice and could guide nations, organizations, and communities in curbing emissions
and securing a sustainable, resilient, and equitable future through understanding the time
value of whatever policy decision is made. For instance, V. Vecchi et al. in [91] discussed
how NPV can be used to secure a better business investment deal. This study holds that
the use of NPV in energy and climate transition narratives can serve as a convincing and
attractive tool to obtain the full commitment of individuals, companies, and public and
private sectors to commit to increasing the financial requirement needed regarding the
1.5 °C scenario. Hence, the business of climate change should not be viewed as expensive
but as value creation in terms of economic benefits capable of creating green jobs and
avoiding future emissions occurring and the associated costs resulting from high inflation
and discount rates.

In order to enhance the simplified model introduced in this study, other capital
budgeting indices like ARR, IRR, and PBT may be introduced as the present model only
computes NPV and BI indices. While the use of these other CBTs is beyond the scope of
this study, they definitely necessitate further research. Therefore, future work can also
consider these other indices alongside the heterogeneity challenge in a unit cost of removal
of emissions estimation as this study assumed a single value for all the policy scenarios, as
explained with justification in Section 3.2.

From the model developed in this chapter, the use of the simplified emissions budget-
ing model can be applied in three key recommended areas below:

e Integration into Existing Climate Models: The models employed in this study may be
linked or integrated to other established climate models that address the environmental
impact of different policy scenarios for integrated evaluation that should also involve
the economic attractiveness of each policy option. For instance, the C-ROAD model
and several other integrated climate assessment models hardly or do not explain the
economic benefits of different emissions mitigation policies.

e  Application Scalability in Other Countries, Cities, and Households: The narrative in
this study using a unit cost of avoided and unavoided emissions for the world, China,
USA, Europe, and India has shown that delayed emissions mitigation may likely be
more expensive if actions are delayed. Therefore, this same model approach can be
applied to other cities, countries, industrial facilities, and even households to show
the present value of different decisions and the likely future costs of emissions.

e Insight for Establishing the Linearity of the Interconnectedness of Emissions Miti-
gation Pathways in Sectors and Consequences with Climate Scenarios: The exact
value of the contribution from individual sectors (i.e., for instance, building, power,
transport, and industry) needed for the 1.5 °C scenario continues to pose challenges in
policy decisions. Hence, further studies can concentrate on establishing the direct rela-
tionship of investment attractiveness of individual sectoral contributions, technology
advancements, and transitions for a sustainable low-carbon future towards the 1.5 °C
and other alternative scenarios. In addition, this direct relationship at sectoral levels
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should also show the consequences of each sector’s avoided and unavoided emissions
costs on the institutions and social welfare of the population.
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Appendix A

Table Al presents the highlights of the EB modelling steps, while A2 presents the key
terms considered. Figure Al with Tables A3 and A4 are summaries of policies, with global
temperature rise (°C) against financial/investment requirements for the world and the
illustrative case countries, respectively.

Table Al. Highlights of EB modelling steps.

S/N Steps Highlights
1 Selection of relevant policy scenarios Based on Table 52
2 Identification of emissions costs Based on Equations (3) and (4)

Assigning monetary values to the emissions

3
cost flows per annum.

Based on Equations (5) and (6)

Estimation of emissions cost based on
4 emissions cost flows per annum from each Based on Equation (11)
policy scenario.

5 Estimation of emission cost discount rate Based on Equations (7) and (8)

Calculation of the net present value of each

. .. Based on Equation (9
investment based on the emissions cost. s ! ©)

Calculate cost profitability /benefit index and

payback period Based on Table S2
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Table A2. Key terms consideration.

Finance Term Study Adapted Term Definition

i Thy t of reducing or removin
Unit base cost of € Cost of reducing Or removing

N/A emissions removal 1 ton of CO; eq, defined by
Equations (3) and (4)
Non-discounted cash flow Unavoided emissions cost Defined by Equation (6)
Discounted cash flow Avoided emissions cost Defined by Equation (7)
Profitability Index Cost-benefit index Defined by Equation (8)

N/A—not applicable.
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Figure A1. Different simulated policies versus global temperature rise.

Table A3. Summary of policies, with global temperature rise (°C) against global financial/investment

requirements.
Scenarios Global Temperature Rise (°C) Finance Requirement (USD Trillion)
Baseline Case 3.32 86.1
1.5 °C Scenario (net-Zero scenario) 1.5 150
2.0 °C Scenario 2.0 132.5
Announced Policies Type 2 (planned scenario) 2.62 103
Announced Policies Type 1 3.05 95.8

Table A4. Planned and net-zero financial /investment requirements for each country/region.

Finance Requirement

Finance Requirement Reported Ideal

Reference for Finance

Countries/Regions (USD Trillion) (USD Trillion) Duration of Requirement Data
(Planned Scenario) (Net-Zero) Financial Commitment !
China 15.3 22 2021-2050 [23]
USA 3.92 18.2 2022-2050 [25]
India 7.2 12.1 2022-2050 [26,92]
Europe 54 28 2020-2050 [24]
Subtracted from the
summation of China, USA,
India, and Europe, and
Rest of the World . 69.7 2020-2050 compared with the global
financial requirement in
the world energy
investment report by IEA
in [68]
World Total 103 150 2023-2050 [68]
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The information and data in Table A4 were gathered from several sources already
referenced and standardized to a single operational measure of financial requirements.
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