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Abstract
Saudi Arabia is a signatory to the 2015 Paris Agreement. It has updated its 
nationally determined contributions commitment to reduce greenhouse gas 
(GHG) emissions by 278 Mt of carbon dioxide equivalent (CO2 eq) by 2030. 
In the lead-up to COP 26 and joining the global efforts, under the umbrella 
program of the Saudi Green Initiative, Saudi Arabia announced its pledge to 
achieve net zero emissions by 2060.

However, there is a lack of a comprehensive analysis 
of the long-term implications of various climate-related 
initiatives and policies adopted by the Kingdom. Moreover, 
the available literature lacks any analysis that quantifies 
the collective contribution of these policies in achieving 
a net zero GHG emissions target. Hence, this study is the 
first attempt to understand the implications of achieving 
net zero emissions on the overall energy system of the 
Kingdom using an integrated assessment modeling 
framework. Also, this study quantitatively assesses the 
sectoral contribution to the overall target of achieving net 
zero GHG emissions by 2060.

The study concludes that achieving economy-wide net 
zero GHG emissions in Saudi Arabia by 2060 is a complex 
and challenging endeavor. It requires concerted efforts 

across all sectors of the economy. While decarbonizing 
electricity generation and improving energy efficiency 
in buildings offer significant emissions reductions, the 
complete decarbonization of industrial sector remains 
challenging. Transforming the transport sector through 
fuel efficiency standards, EV adoption, modal shifts, 
and changing consumer behaviors can also contribute 
substantially to emissions savings. Acknowledging the 
role of carbon dioxide removal (CDR) technologies in 
offsetting residual emissions is essential. As some sectors 
may continue to rely on hydrocarbons, deploying CDR 
technologies becomes crucial to achieving the net zero 
goal. Continued research and development in CDR 
solutions will be necessary to enhance their effectiveness 
and scalability

Keywords: Net Zero, GHG emissions, Saudi Arabia, GCAM-KSA, Scenario Analysis, Climate Change
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Introduction: Saudi 
Arabia’s Vision 2030 
and Commitment 
To Reach Net Zero 
Emissions by 2060
According to the IPCC AR6, from 2010 to 2019, average annual global 
greenhouse gas (GHG) emissions were at their highest levels in human 
history, but the growth rate has slowed. The report calls for immediate actions 
for profound emissions reduction across all sectors to limit global warming to 
1.5°C by the end of the century. The report further emphasizes staying within 
the 2015 Paris Agreement’s limit of keeping the global average temperature 
well below 2°C compared to pre-industrial levels, global GHG emissions will 
have to peak by 2025 and reach net zero by early 2070s (IPCC 2022). More 
than 70 countries, including the top emitters – China, India, the United States, 
and the European Union – have set targets for achieving net-zero emissions. 
These targets will collectively contribute to 76% total emissions reduction for 
reaching a global net zero GHG emissions (United Nations n.d.).

Oil-producing countries like the Kingdom of Saudi Arabia 
(KSA) face the dual challenges of mitigating climate 
change impacts and their economic dependence on 
oil revenues. Saudi Arabia is one of the world’s largest 
producers and exporters of energy. Its economy heavily 
depends on oil, accounting for around 77% of the country’s 
export earnings and roughly 42% of its GDP (Hasanov, 
Joutz, and Javid 2021). According to the International 
Energy Agency (IEA), Saudi Arabia’s crude oil production 
in 2020 averaged around 9.21 million barrels daily, 

approximately 10% of the global supply (IEA 2021). The 
Saudi government has used this revenue to fund large-
scale infrastructure projects, invest in various industries, 
and provide subsidies and other benefits to citizens. 
However, this reliance on hydrocarbons makes Saudi 
Arabia vulnerable to fluctuations of international oil prices, 
which can significantly impact the country’s economy. 
Hence, in recent years, the Saudi government has taken 
various initiatives to diversify its economy and reduce its 
dependence on hydrocarbons.
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In addition to its economic reliance on oil, Saudi Arabia 
relies heavily on hydrocarbons for its energy needs. The 
country uses oil and natural gas to fuel power plants, 
transportation, and other industries. The country’s 
domestic energy consumption has been growing rapidly 
over the past few decades, fueled by strong economic 
growth, an increasing population, and a rapidly growing 
industrial sector. According to the US Energy Information 
Administration (EIA), in 2021, oil accounted for 62% of the 
country’s energy consumption in 2020, and natural gas 
accounted for 38% (EIA 2021).

Saudi Arabia’s Vision 2030 is a comprehensive plan 
to diversify the country’s economy and reduce its 
dependence on oil. The Saudi government has been taking 
significant steps to reduce its carbon footprint, including 
reforming energy prices and investing heavily in renewable 
energy (RE) sources. In 2016 and 2018, Saudi Arabia 
implemented two rounds of energy price reforms by raising 
electricity, gasoline and diesel prices to better reflect 
the actual fuel costs and encourage efficient energy use 
(Aldubyan and Gasim 2021). By 2030, Saudi Arabia aims for 
renewables to account for 50% of the power capacity, with 
the remaining 50% to come from gas-based power plants 
(SGI 2021). 

The country has also introduced policies to reduce energy 
consumption, promote energy efficiency and reduce waste 
generation (SEEC 2022). The Saudi Energy Efficiency 
Center (SEEC) is the nodal organization to implement 
various energy efficiency measures in different sectors. 
SEEC has implemented various initiatives such as setting 
appliance energy efficiency standards and labeling 
programs, framing building codes, providing industry 
energy audits and implementing multiple rounds of vehicle 
fuel efficiency standards for light-duty vehicles (Belaid and 
Aldubyan 2022; SEEC 2022).

The Kingdom has adopted the Circular Carbon Economy 
(CCE) concept and framework to underpin its mitigation 
strategy. The CCE approach gives equal weightage to all 
decarbonization options and goes beyond the traditional 
focus on reducing emissions to include the “4Rs” — 
Reduce, Reuse, Recycle, and Remove (Al Shehri et al. 
2023; KAPSARC 2020).      

Saudi Arabia is also a signatory to the 2015 Paris 
Agreement. It has updated its nationally determined 
contributions (NDC) commitment to reduce GHG emissions 
by 278 Mt carbon dioxide equivalent (CO2 eq) by 2030 
(UNFCCC 2021). In the lead-up to COP 26 and joining the 
global efforts, under the umbrella program of the Saudi 
Green Initiative, Saudi Arabia announced its pledge to 
achieve net zero emissions by 2060 (SGI 2021). Saudi 

Arabia’s efforts to reach net zero GHG emissions are 
significant because it is a major player in the global energy 
market. Its commitments to RE and reducing carbon 
footprint sends a powerful message to other countries, 
showing that even oil-producing nations can shift towards a 
more sustainable future.

There have been multiple studies that look at the impact 
of individual policy on emissions in Saudi Arabia. Aldubyan 
and Gasim (2021) conducted a decomposition analysis 
to estimate the impacts of different factors, such as price 
reforms and energy efficiency, on electricity demand 
and gasoline consumption in the Kingdom. Their study 
indicated that in 2018, most of the decline in electricity 
and gasoline usage could be attributed to increased 
fuel prices. The study estimated that from 2014 to 2018, 
energy efficiency improvements in residential buildings 
reduced electricity consumption by at least 7.7 TWh and 
significantly slowed down the growing electricity demand 
from buildings. Shannak, Mikayilov and Dua (2022) 
assessed the role of energy price reforms and vehicle 
fuel efficiency standards on the CO2 emissions from the 
transport sector. The study concluded that these ongoing 
efforts might reduce the annual growth rate of emissions 
from the transport sector from a historical 7% to 3% by 
2030. Another study by Durand-Lasserve et al. (2020) 
looks at the sectoral and economy-wide effects of energy 
price reforms in the Kingdom through a hybrid computable 
general equillibrium modelling framework and concludes 
that full price-deregulation can reduce one-third of energy 
related CO2 emissions in the Kingdom by 2030.

Furthermore, Gasim et al. (2023) find 164 Mt cumulative 
CO2 emissions were avoided between 2016 and 2018 
due to energy price reforms. Another recent study by 
Belaid and Massie (2023) looks at the viability of energy 
efficiency in facilitating Saudi Arabia’s journey towards net 
zero emissions. It concludes that energy efficiency could 
contribute up to one-fifth of the net zero emissions target 
by 2060.

However, there is a lack of a comprehensive analysis 
of the long-term implications of various climate-related 
initiatives and policies adopted by the Kingdom. Also, the 
literature lacks any analysis that quantifies the collective 
contribution of these policies in achieving a net zero GHG 
emissions target. Hence, this study is the first attempt 
to understand the implications of achieving net zero 
emissions on the overall energy system of the Kingdom 
using an integrated assessment modeling framework. Also, 
this study quantitatively assesses the sectoral contribution 
to the overall target of achieving net zero GHG emissions 
by 2060.
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Modeling Framework 
and Scenarios
GCAM-KSA Modeling Framework
In this study, we use a modified version of the Global Change Analysis Model 
(GCAM v6.0), which is an integrated assessment model representing the 
behavior and interactions between the energy system, water, agriculture 
and land use, the economy and the climate (Calvin et al. 2019). GCAM is an 
open-source, community tool that has been utilized to support policymakers 
for over 30 years analytically and is documented through hundreds of peer-
reviewed publications (Calvin et al. 2019; Edmonds and Reilly 1983; Kim et al. 
2006). For example, GCAM was the primary model for developing scenarios 
for the U.S. Mid-Century Strategy and supporting the State Department during 
the Paris Negotiations US Mid-Century Strategy 2021). GCAM was one of 
the core models utilized in China’s recent carbon neutrality report (Energy 
Foundation China 2020).
For this study, we have separated KSA from the Middle 
East as an individual energy-economy region, i.e., GCAM–
KSA includes 33 energy-economy regions (32 original 
regions plus KSA). GCAM-KSA operates in 5-year time 
steps from 2015 (calibration year) to 2100 by solving for 
the equilibrium prices and quantities of various markets in 
each modeling period. GCAM-KSA is a dynamic recursive 
model. Hence, solutions for each modeling period only 
depend on conditions in the previous modeling period. 
GCAM-KSA tracks emissions of 24 gases, including GHGs 
(i.e., CO2, N2O, CH4, F-gases), short-lived species, and 
ozone precursors, endogenously based on the resulting 
energy, agriculture and land-use systems.

Although GCAM has a detailed representation of water, 
agriculture and land use systems, in GCAM-KSA v1.0, we 

primarily focus our analysis on the energy system and 
associated emissions (GCAM Documentation v6.0 2022). 
The model’s energy system for Saudi Arabia (Figure 
1) contains representations of fossil resources (oil and 
gas), uranium and renewable sources (wind, solar and 
geothermal), along with processes that transform these 
resources into final energy carriers (electricity generation, 
refining, hydrogen production and gas processing), 
which are ultimately used to deliver goods and services 
demanded by end-use sectors (residential buildings, 
commercial buildings, transportation and industry).
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Figure 1. Schematic of Energy System for Saudi Arabia in GCAM-KSA.

Note: CNG stands for compressed natural gas, and LPG stands for liquified petroleum gas. For more detailed 
structure and methodology of the end-use sectors, please refer to the series of sectoral papers from GCAM-KSA v1.0                
(Kamboj, et al. 2023).

GCAM-KSA disaggregates the building sector into 
residential and commercial sectors and models three 
aggregated services (heating, cooling, and other). Each 
type of building and service within each region starts 
with a different mix of fuels supplying energy. The future 
evolution of building energy use is shaped by changes in 
(1) floorspace area, (2) the level of building service per unit 
of floorspace area, and (3) fuel and technology choices by 
consumers. Residential floorspace area depends on the 
population, population density, income and exogenously 
estimated parameters. Commercial floorspace area 
depends on the population, income, the average 
price of energy services, and exogenously specified 
satiation levels. The building service demands per unit 
of floorspace area depends on the climate, building shell 
conductivity, affordability and satiation levels.

There are nine detailed industrial sectors modeled in 
GCAM-KSA. These include six manufacturing sectors 
(Iron & Steel, Chemicals, Aluminum, Cement, Fertilizer, 
and Other Industry) and three non-manufacturing sectors 

(Construction, Mining energy use, and Agricultural 
energy use). IEA energy balances are used to calibrate 
the sectoral energy consumption (except in Cement 
and Fertilizer where historical energy use is estimated 
bottom-up using actual production by regions). Sectoral 
outputs, such as physical commodity flows, are calibrated 
based on historical data from different industrial 
associations. For each sector, the future industrial output 
growth is driven by GDP, income elasticities and price 
elasticities. The industry representation does not consider 
the global trade of minerals and industrial outputs. The 
output of the detailed industry sectors is represented in 
physical outputs (Mt) and/or generic terms (EJ of energy 
services).

The transportation sector in GCAM-KSA is subdivided into 
four final demands: long-distance passenger air travel, 
other passenger travel, international freight shipping 
and other freight. The transportation sector excludes 
energy consumption and materials moved via pipeline 
transport. Similarly, energy used by mobile mining, 
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agricultural, industrial, and construction equipment is 
not considered as transportation energy use unless 
used on roadways and for moving passengers and/
or freight. The passenger sector consists of up to five 
nesting levels, corresponding to different modes (e.g., 
road, rail), sub-modes (e.g., bus, light duty vehicle), size 
classes, and drivetrain technologies. The passenger 
sector also includes non-motorized modes (walking and 
cycling), which are not represented as energy consumers. 
The market share in future periods largely depends 
on income, prices, elasticities and the time value of 
passenger transportation.

Each of the sectors in the model has a detailed 
technology representation, and each technology 
competes for market share based on the technology’s 
levelized cost. The cost of technology in any time period 
depends on three components:

1.	 Exogenous assumption of non-energy cost includes 
overnight capital cost amortized over the lifetime 
of technology, fixed and variable operations and 
maintenance costs.

2.	 Fuel costs where historical prices are calibrated 
to the actual prices in Saudi Arabia based on the 
respective scenario, and the future price trajectory is 
endogenously determined by the model.

3.	 Cost of emissions in terms of a carbon price as 
determined by defined climate policy.

Appendix 1 lists the assumptions for socioeconomics, 
technology costs and efficiency improvements in GCAM-
KSA v1.0 specific to Saudi Arabia.

Scenario Framework and 
Critical Assumptions
This study considers four scenarios out to 2060 using 
GCAM-KSA. Choosing these scenarios aims to evaluate 
the long-term impact of various policies and mitigation 
efforts on Saudi Arabia’s energy system. For all the 
scenarios, we assume a growing economy and an 

increasing population, with per capita income reaching 
$37,000 (2020 prices) in 2060 and a 60 million total 
population. We include the impact of COVID-19 on the 
GDP growth rate in 2020 and the recovery thereafter 
in 2025 as per the International Monetary Fund (IMF) 
projections (IMF 2023). The population and GDP growth 
rate thereafter aligns with the Shared Socioeconomic 
Pathways - Middle of the Road (SSP2) assumptions for the 
growth rate from the shared socioeconomic pathways 
database (Fricko et al. 2017). Saudi Arabia specific 
critical policies and mitigation targets that are used to 
characterize the scenarios in this study are:

•	 No Policy scenario is a counterfactual scenario 
where we assume no specific climate mitigation 
target, i.e., no NDC target. This scenario does not 
account for the recent policy-driven mitigation efforts 
of energy efficiency gains and price reforms in the 
end-use sectors. This scenario does not consider 
support for low-carbon technologies, and traditional 
hydrocarbons drive future development.

•	 Current Policy1 scenario considers the gains of 
various energy efficiency measures taken by 
SEEC and the two rounds of energy price reforms 
conducted in 2016 and 2018 in the country. This 
scenario also considers fulfilling the target of equal 
power capacity of renewable and gas-based 
electricity generation by 2030. No new additional 
policies are assumed for the remaining decades 
after 2030.

•	 NDC Continued scenario applies emissions 
constraints, in addition to the Current Policy scenario, 
to achieve an emissions reduction of 278 MtCO2eq 
by 2030 relative to the No Policy scenario. The 
emissions constraints beyond 2030 reflect the same 
rate of declining GHG intensity of GDP (4%) achieved 
from 2020 to 2030 to meet the NDC target.

•	 NZ 2060 scenario assumes meeting the NDC target 
by 2030 as reflected in the NDC Continued scenario, 
and a linear decline to net zero GHG emissions from 
2030 to 2060.
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Table 1. Scenario design and key assumptions.

Sc.No. Scenario Name Policies and mitigation target

1 No Policy

No energy efficiency gains in the building and transport sectors

No energy price reforms, i.e., subsidized fuel prices continue

No climate mitigation policy, i.e., no NDC target

No market/support for low-carbon technologies

2 Current Policy

Energy efficiency gains are reflected based on various initiatives by SEEC in the end-
use sectors

Reflects energy price reforms by calibrating the 2020 fuel prices in the model to the 
actual fuel prices in Saudi Arabia post two rounds of price reforms in 2016 and 2018

Equal electricity generation capacity of renewable and gas-based plants

3 NDCs Continued

Includes the policies from Current Policy scenario and meets NDC target of emissions 
reduction of 278 MTCO2eq by 2030 compared to No Policy scenario2

Beyond 2030, continuation of the same declining rate of GHG intensity of the 
economy as achieved from 2020 to 2030 to meet the NDC target

4 NZ 2060
In addition to the NDCs Continued scenario, the net GHG emissions beyond 2030 
linearly decline to zero by 2060

For other model regions except for Saudi Arabia, in the 
emissions constrained NDC Continued and NZ 2060 
scenario, we assume the fulfillment of other regions’ NDC, 
and net zero targets as reflected in the NDCs scenario 

from Iyer et al. (2022). This assumption includes various 
countries’ commitments during COP 26 and the continued 
ambition scenario presented by Ou et al. (2021).
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Results – Pathway 
to Net Zero GHG 
Emissions
In any of the decarbonization pathways for Saudi Arabia, the energy sector 
will play the central role as, in 2016, energy sector accounted for roughly 87% 
of the total CO2 emissions excluding forestry and other land-use sinks (Saudi 
Arabia 2022). In our analysis, we have modeled four scenarios to capture 
current policies’ impact and additional efforts required to reach net-zero GHG 
emissions by 2060. Figure 2 shows the modeled GHG emissions trajectory 
for the four scenarios. In the No Policy scenario, which does not consider any 
climate policy, or the impact of policies already implemented, the total GHG 
emissions of the Kingdom can rise to 1,346 MtCO2eq in 2060 compared to 
722 MtCO2eq in 2015.

On the other hand, in the Current Policy scenario, which 
accounts for the long-term impact of policies and initiatives 
implemented today in the supply and demand sectors, 
the total GHG emissions are 18% lower in 2060 relative to 
the No Policy scenario, rising to 1,127 MtCO2eq in 2060. 
In the Current Policy scenario, the rapid decarbonization 
of electricity generation by reaching 50% RE capacity by 
2030 target, energy price reforms, and energy efficiency 
norms combined contribute to a reduction of 185 MtCO2eq 
GHG by 2030. However, the implemented policies fall 
short of meeting the NDC target of reducing the 2030 GHG 
emissions by 278 MtCO2eq compared to the baseline No 
Policy scenario.

Assuming Saudi Arabia continues with the same GHG 
intensity reduction rate3 achieved from 2020 to 2030 to 
meet the NDC target, the GHG emissions decline at an 
annual rate of 1.2% by 2060, a pathway represented by 
the NDCs Continued scenario in the study. The NZ 2060 
scenario, which linearly declines GHG emissions to zero 
between 2030 and 2060, results in a GHG emissions 
reduction rate of 3.3% annually. It implies that Saudi Arabia 
will have to triple its ambition of reducing emissions in the 
next round of updating the NDCs, which aligns with its 
long-term target of achieving net zero GHG emissions by 
2060. Early action and increased ambition could avoid the 
chances of getting locked into the high emitting assets and 
give enough time to transform the energy system.
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Figure 2. Current policies fall short of reaching the NDC target and reaching net zero GHG emissions by 2060 would 
require enhancing ambitions.

Source: Authorʼs analysis based on GCAM-KSA v1.0.
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Sectoral Implications of 
Reaching Net Zero GHG 
Emissions
Achieving economy-wide net zero GHG emissions will be 
complex and challenging for Saudi Arabia. It will require a 
substantial reduction in emissions across all sectors of the 
economy – including the power sector, buildings, industry, 
transport and resource production. Figure 3 shows the 
required sectoral contributions to achieving net zero GHG 
emissions relative to the baseline (No Policy scenario) 
emissions in 2060. Each sector will follow a separate 
decarbonization pathway and not necessarily achieve 
sectoral net zero emissions.

Decarbonizing electricity generation is a low-hanging fruit 
as RE technologies are fully matured and simultaneously, 
cost-effective. Achieving the 50% RE capacity target 
by 2030 will push the Kingdom toward low-carbon 
development. Maintaining this momentum and increasing 
the RE capacity share can save 140 MtCO2 emission in 

2060. At the same time, adopting natural gas power 
plants with carbon capture and storage (CCS), which will 
be the primary source of firm power, can save 82 MtCO2 
emission in 2060 (Figure 3). However, increasing the share 
of intermittent RE will require continuously upgrading 
grid infrastructure and adding storage to balance the 
grid4. Decarbonizing electricity generation alone will 
not eliminate the need for interventions in other sectors. 
Continuing the efforts to improve energy efficiency and 
demand reduction, primarily in the buildings, can further 
contribute to 55 MtCO2 emission saving in 2060. In 
addition to the demand reduction in the buildings, another 
4 MtCO2 emission can be reduced entirely by phasing out 
the small share of kerosene and liquified petroleum gas 
used for cooking (Figure 3).

Industries in Saudi Arabia depend almost entirely on 
hydrocarbons for their energy and process needs. 
Reducing the Kingdom’s industrial sector emissions will be 
essential to reaching net zero GHG emissions by 2060. 
It is challenging to completely decarbonize the industrial 
sector due to the nature of the industries in the Kingdom, 
primarily the petrochemical industry, which relies heavily on 

Annual rate of decline from 2030 to 2060 – 1.2%Annual rate of decline from 2030 to 2060 – 3.3%
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hydrocarbon feedstocks for its process needs. However, 
there are various approaches to reduce emissions, such 
as continuing energy efficiency improvement measures, 
switching to cleaner fuels wherever applicable, and adding 
CCS capability to capture emissions from combustion 
of hydrocarbons for the process heat requirements. In 
our analysis of the NZ 2060 scenario, the petrochemical 
industry has the maximum potential to reduce up to 56 
MtCO2 emission, followed by the cement sector with a 
potential of 41 MtCO2 emission reduction. The iron and 
steel, and fertilizers industries, which are relatively smaller 
in size, can also contribute up to 14 MtCO2 and 4 MtCO2 
emission reduction, respectively. The Other Industry, which 
mainly represents the energy not assigned to any specific 
industry and is primarily fulfilled by liquid fuels, can also 
contribute up to 53 MtCO2 emission reduction. Figure 
3 shows the breakdown of the emissions reduction by 
industry type.

Saudi Arabia’s heavy reliance on road transport for both 
personal mobility and freight movement, coupled with 

historically low fuel prices, makes it one of the most energy-
intensive  sectors in the country. The Saudi government 
has taken critical steps to promote efficient and sustainable 
energy consumption in recent years by rationalizing fuel 
prices and introducing the fuel efficiency standards for 
light-duty vehicles. The Kingdom will have to transform its 
transport sector to fulfill the ambition of reaching a net zero 
GHG emissions target by 2060. In the NZ 2060 scenario, 
the continuation of fuel efficiency standards can save 81 
MtCO2 emissions, penetration of electric vehicles can 
save an additional 78 MtCO2 emissions, and hydrogen-
fueled vehicles can save 9 MtCO2 emissions relative to the 
baseline (No Policy scenario) in 2060. An additional 136 
MtCO2 emissions can be saved by the modal shift towards 
public modes of transport and a reduction in transport 
demand (Figure 3). The demand reduction mainly captures 
the reduction in international oil shipping due to decreased 
global oil demand in the NZ 2060 scenario, which also 
captures the emission reduction pledges and commitments 
of other global regions.

Figure 3. Sectoral breakdown and contributing factors within each sector to reach net zero GHG emissions from the No 
Policy baseline in the year 2060.
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Achieving net zero emissions target would require 
addressing all GHGs, not just CO2, due to their varying 
global warming potentials and lifespans. Reducing methane 
(CH4) emission, which is less abundant but with over 20 
times the warming potential of CO2 over 100 years, offers 
immediate climate benefits. Similarly, nitrous oxide (N2O) 
and fluorinated gases (F – gases), like hydrofluorocarbons 
(used in refrigeration and air-conditioning), have 
significantly higher warming effects. If not managed, these 
gases, especially F-gases, can have a disproportionate 
impact on achieving the net zero emissions target by 2060. 
Our analysis shows, in the NZ 2060 scenario, other GHG 
gases together potentially account for a 163 MtCO2eq 
emissions reduction in 2060 (Figure 3). Along with these, a 
reduced emissions due to less global oil demand in the NZ 
2060 scenario contributes to roughly 52 MtCO2 emissions 
reduction (Figure 3). Land use change, when managed 
sustainably and strategically, can significantly contribute 
to reaching net zero emissions targets. Under the Saudi 
Green Initiative, the Kingdom has strategically started 

the plantation of trees throughout the country; however, 
enough details of the program are not available at the time 
of this study to quantify the exact contribution in reaching 
the net zero emissions target.

While the transition to renewable and clean energy 
technologies will be central to the net zero GHG 
emissions by 2060 strategy, integrating carbon dioxide 
removal (CDR) measures will be a crucial part of the 
strategy for Saudi Arabia. Hydrocarbons will likely remain 
a part of Saudi Arabia’s energy mix for a long time due 
to the legacy of carbon-intensive industries and their 
use in hard-to-decarbonize sectors.6 These sectors will 
consequently continue to emit GHGs, necessitating 
carbon removal technologies to offset these residual 
emissions. Our analysis shows that to reach net zero 
GHG emissions by 2060, Saudi Arabia must deploy 
CDR measures to remove 371 MtCO2 per year from the 
atmosphere to offset the overall GHG emissions in 2060 
(Figure 3).
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Key Takeaways 
Reaching net zero GHG emissions by 2060 would require a massive 
transformation of the Saudi Economy, requiring a clear roadmap and 
consistent policy support. Some of the key takeaways from this study are 
listed below:

Current Policies Fall 
Short of Meeting the 
NDC Target
Saudi Arabia, in its latest submission of NDC to the 
UNFCCC under the 2015 Paris Agreement, has more than 
doubled its emissions reduction target to 278 MTCO2eq 
annually by 2030 (UNFCCC 2021). The Current Policy 
scenario highlights that the implemented policies fall short 
of meeting the NDC target based on the policies that we 
have incorporated in our assessment. It is essential to 
highlight that our analysis does not include the impact 
of two key initiatives in the Kingdom due to insufficient 
information to assess their long-term impacts on emissions. 
The first is the plantation of 650 million trees in the 
Kingdom by 2030. The second is the impact of the King 
Abdulaziz Project on Riyadh’s public transport, which 
aims to equip Riyadh with an extensive public transport 
network, including metro lines and bus routes. Speeding 
up the implementation and starting it for public use will help 
bridge the gap in meeting the NDC target. However, limited 
information is available on its impact on emissions from the 
transport sector.  

Reaching Net Zero GHG 
Emissions by 2060 
Would Require Increased 
Ambition
In the NDCs Continued scenario, to meet the NDC target 
by 2030, Saudi Arabia’s GHG emissions intensity of 
the GDP will have to decline by a compounded annual 
growth rate (CAGR) of 4% from 2020 to 2030. If Saudi 
Arabia continues with the same rate of declining GHG 
emissions intensity, it will result in a 1% annual reduction 
in overall GHG emissions from 2030 to 2060. Whereas, 
as highlighted earlier, to reach net zero emissions by 
2060, the overall emissions need to decline by more than 
3% annually from 2030 to 2060. This required rate of 
declining emissions would translate in a dramatic change 
in the GHG intensity of the GDP (Table 2) to balance the 
residual emission to achieve net zero emissions by 2060. 
Hence, reaching net zero GHG emissions by 2060 would 
require Saudi Arabia to increase its ambition of reducing 
emissions to align with the long-term target of reaching 
net zero GHG emissions by 2060.

Table 2. Growth rates of GHG intensity and emissions decline in the NDCs Continued and NZ 2060 scenarios.

Scenario
CAGR GHG Intensity of GDP7 Annual Rate of Declining GHG Emissions

2020-2030 2030-2060 2030-2060

NDCs Continued -4% -4% -1.2%

NZ 2060 -4% -25% -3.3%

Source: Authorʼs analysis based on GCAM-KSA v1.0.
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Increasing the ambition of reducing emissions beyond 
2030 will help Saudi Arabia create a market for clean 
technologies deployment in hard-to-abate sectors such 
as transport and industries. This will also help the country 
develop carbon removal technologies to offset the 
emissions required to reach net zero GHG emissions in the 
long run.

Electrification of 
the Saudi Economy 
Is a Prerequisite To 
Achieving Its Climate 
Ambitions
For a paradigm shift towards a greener economy, the 
electrification of Saudi Arabia’s economy will be critical to 
reach its net zero GHG emissions by 2060. At the core of 
this shift will be a strategic reduction of hydrocarbon use 
for its domestic energy needs and harnessing electrical 
systems to reduce its carbon emissions. Our analysis 

shows that (Figure 4), to achieve an economy-wide net zero 
emissions target in 2060, the electricity demand in Saudi 
Arabia will be twice the electricity demand in the Current 
Policies scenario (Kamboj, Hejazi, Alhadhrami et al. n.d.). 
(Kamboj, et al., 2023)

Electrification paves the way for Saudi Arabia to utilize 
its ample solar and wind energy resources and transition 
towards RE-dominated power generation. Furthermore, 
electrification allows the integration of advanced 
technologies like smart grids and energy storage solutions, 
which can optimize RE utilization by balancing supply 
and demand and maximizing the carbon mitigation 
potential. Another crucial aspect of electrification lies in 
the transformation of the transport sector. Our analysis 
for Saudi Arabia shows reaching net zero GHG emissions 
target by 2060 would require more than 75% of new car 
sales and for 65% of new truck sales to be clean vehicle 
technologies (Kamboj, Hejazi, Dua et al. n.d.). By promoting 
electric vehicles (EVs), Saudi Arabia can eradicate millions 
of conventional internal combustion engine (ICE) based 
vehicle emissions. Adding EVs to the vehicle fleet will also 
reduce the overall energy demand from the transport 
sector as EVs are more efficient compared to ICE vehicles.

Figure 4. Modeled end-use electricity demand for all four scenarios.
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Need For Removing 
Residual Emissions Will 
Substantially Increase 
Energy Requirements
As Saudi Arabia commits to a greener future, the 
exploration and deployment of carbon removal 
technologies are essential. These technologies 
can sequester significant quantities of CO2 from the 
atmosphere, mitigating climate change. However, these 
technologies require substantial energy, creating an 
increased demand for energy within the Saudi economy. 
Most of these technologies require high-energy inputs for 
processes such as capturing carbon dioxide, converting it 
if necessary, and storing or using it securely. If not sourced 
sustainably, this energy requirement could potentially offset 
the carbon removal benefits these technologies provide 
(Lebling et al. 2022). Figure 5 shows the rapid increase in 
the final energy use under the NZ 2060 scenario and the 
share of CDR in the final energy use.

For instance, CCS technology necessitates large amounts 
of heat and electricity to capture carbon emissions at 
the source, convert the carbon into a transportable form, 
transport it to the sequestration area, and then sequester it 

underground. These processes are energy-intensive, thus 
requiring a robust and reliable energy supply. Direct air 
capture (DAC), which removes carbon dioxide directly from 
the atmosphere, also demands significant energy input. 
This technology relies heavily on fans and heating systems 
to draw air and release captured carbon dioxide, leading to 
considerable energy requirements (Lebling et al. 2022).

Therefore, the challenge for Saudi Arabia is meeting the 
rising energy demand for carbon removal technologies 
without exacerbating its carbon emissions. While our 
study only shows one NZ scenario, future work should 
consider multiple pathways and their potential tradeoffs 
such as overall cost of mitigation, environmental impacts, 
and societal goals to avoid unintended consequences. 
Furthermore, given the substantial amount of residual 
emissions in the later decades due to the emission-
intensive nature of the economy, it is vital to explore a suite 
of different carbon removal technologies in Saudi Arabia’s 
context to ensure scalability when the technologies 
are needed later in the transition. Note that the current 
assessment assumes that the net zero emission target will 
be achieved within the borders of Saudi Arabia. It might be 
more economically viable to trade emissions, especially in 
the later decades of the transition, instead of resorting to 
large scale deployment of technologies such as DAC if their 
costs do not drop rapidly as anticipated or hoped.
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Figure 5. Modeled final energy use for the end-use sectors and the sectoral share of final energy across scenarios.
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Conclusion 
In conclusion, achieving economy-wide net zero GHG emissions in Saudi 
Arabia by 2060 is a complex and challenging endeavor. It requires concerted 
efforts across all sectors of the economy. While decarbonizing electricity 
generation and improving energy efficiency in buildings offer significant 
emissions reductions, the complete decarbonization of the industrial sector 
remains challenging. Transforming the transport sector through fuel efficiency 
standards, EV adoption, modal shifts, and changing consumer behaviors can 
also contribute substantially to emissions savings. 

Acknowledging the role of CDR technologies in offsetting 
residual emissions is essential. As some sectors may 
continue to rely on hydrocarbons, deploying CDR 
technologies becomes crucial to achieving the net zero 
goal. Continued research and development in CDR 
solutions will be necessary to enhance their effectiveness 
and scalability.

The successful achievement of net zero emissions in 
Saudi Arabia will also require a collaborative effort 
involving the government, the private sector, and society 
at large. It will necessitate policy support, regulatory 
frameworks, financial incentives and public awareness 
campaigns. International collaboration and knowledge-
sharing will also be invaluable in accelerating progress 
and leveraging global best practices.

Beyond environmental benefits, pursuing net zero 
emissions could present significant opportunities 
for economic growth, job creation and technological 
innovation. By positioning itself as a leader in sustainable 
energy solutions, Saudi Arabia can diversify its 
economy and contribute to global efforts in combating 
climate change.

While the path to net zero emissions in Saudi Arabia 
is complex and challenging, emissions reductions and 
sustainable development opportunities are significant. By 
embracing a comprehensive approach, investing in RE, 
energy efficiency, and low-carbon technologies, as well 
as fostering collaboration, Saudi Arabia can pave the way 
toward a sustainable, low-carbon future while contributing 
to the global fight against climate change.
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Endnotes
1 Current Policy scenario does not include the impact of two key initiatives in the Kingdom due to insufficient information 
to assess their long-term impacts on emissions. The first is the plantation of 650 million trees in the Kingdom by 2030. 
The second is the impact of the King Abdulaziz Project on Riyadh’s public transport, which aims to equip Riyadh with an 
extensive public transport network, including metro lines and bus routes.

2 As Saudi Arabia has not officially defined the bassline emissions in their updated NDCs, we have assumed No Policy 
scenario as the baseline emissions in this study.

3 GHG intensity of GDP is defined as the ratio of total emissions per unit of economic activity measured as GDP

4 Quantifying the required storage capacity is out of scope of our analysis as it requires an in-depth analysis using 
specialized power system models.

5 Energy used per unit of transport service in tkm or pkm.

6 It is essential to highlight that sectors such as shipping, aviation, heavy transport, and many industries are considered 
hard to decarbonize as per the current research and technologies. As technology is continuously evolving, there is a 
possibility of completely mitigating these sectors in the future.

7 Negative number implies declining GHG intensity of GDP.
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Appendix 1
Table A1.1: Socioeconomic Assumptions.

Table A1.2 Capital and O&M costs of different electricity generation technologies for Saudi Arabia in GCAM-KSA, 2020 USD.

2015 2020 2025 2030 2035 2040 2045 2050 2055 2060 Units

GDP 2.58 2.46 2.99 3.57 4.23 4.95 5.72 6.55 7.43 8.37 Trillion 
2020 SAR

Population 31 35 39 43 46 50 53 56 58 60 million

Assumptions for overnight capital cost of electricity technologies for Saudi Arabia

Technology Parameter Units 2020 2030 2060

Gas_CC Capital $/kW 1036 910 805

Gas_ST Capital $/kW 920 773 674

Gas_CCS Capital $/kW 2709 2061 1492

Liquids_CC Capital $/kW 1263 1263 1263

Liquids_ST Capital $/kW 1263 1263 1263

CSP Capital $/kW 6492 4333 3675

PV Capital $/kW 1331 750 556

Wind Capital $/kW 1459 948 671

Wind_offshore Capital $/kW 3620 2645 2117

Nuclear_Gen_III Capital $/kW 7427 6797 5446

Geothermal Capital $/kW 5794 5219 4418

Assumptions for fixed and variable O&M cost of electricity technologies

Technology Parameter Units 2020 2030 2060

Gas_CC Fixed $/kW/year 28 28 28

Variable $/MWh 2 2 2

Gas_CCS Fixed $/kW/year 69 64 0

Variable $/MWh 6 6 0

Liquids_CC Fixed $/kW/year 21 21 21

Variable $/MWh 3 3 3

Liquids_ST Fixed $/kW/year 25 25 25

Variable $/MWh 3 3 3

Gas_ST Fixed $/kW/year 21 21 21

Variable $/MWh 5 5 5

CSP Fixed $/kW/year 66 57 56

Variable $/MWh 3 3 3
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PV Fixed $/kW/year 23 15 12

Variable $/MWh 0 0 0

Wind Fixed $/kW/year 43 39 30

Variable $/MWh 0 0 0

Wind_offshore Fixed $/kW/year 111 86 65

Variable $/MWh 0 0 0

Nuclear_Gen_III Fixed $/kW/year 146 146 146

Variable $/MWh 3 3 3

Geothermal Fixed $/kW/year 200 200 200

Variable $/MWh 0 0 0

Assumption for capacity factors and lifetime of electricity technologies in Saudi Arabia

Technology Capacity Factor Lifetime

Gas_CC 0.8 35

Gas_ST 0.8 20

Gas_CCS 0.8 35

Liquids_CC 0.8 20

Liquids_ST 0.8 20

CSP 0.3 30

PV 0.25 25

Wind 0.3 25

Wind_offshore 0.4 25

Nuclear_Gen_III 0.9 50

Geothermal 0.9 30

Table A1.3  Assumption for energy efficiency improvements for key consumers across sector for all scenarios except No 
Policy scenario for Saudi Arabia.

Sector Consumer Technology CAGR

2015-2030 2030-2060

Transport Four-Wheelers ICE 1.6% 1.5%

Four-Wheelers Hybrid Vehicles 1.5% 1.4%

Four-Wheelers CNG 1.6% 1.5%

Four-Wheelers BEV 1.2% 1.1%

Four-Wheelers FCEV 1.4% 1.3%

Buildings Residential Cooling 0.8% 0.7%

Commercial Cooling 0.8% 0.7%

Industry Aggregate Improvement 1.0% 1.0%
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Table A1.4  Assumption for non-energy cost for four wheeler technologies for Saudi Arabia.

Table A1.5  Modelled GHG emissions for Saudi Arabia.

Type Technology 2015 2030 2060 Units

Car BEV 13307 11065 10416 2020 USD

Car FCEV 15290 12715 11365 2020 USD

Car Hybrid Vehicles 11038 11228 11849 2020 USD

Car ICE 10468 10606 11480 2020 USD

Car CNG 11588 11684 12569 2020 USD

Large Car and Truck BEV 22476 20197 19203 2020 USD

Large Car and Truck FCEV 25824 22502 19920 2020 USD

Large Car and Truck Hybrid Vehicles 20503 20249 20544 2020 USD

Large Car and Truck ICE 19445 19127 19904 2020 USD

Large Car and Truck CNG 21525 21071 21791 2020 USD

Mini Car BEV 6583 4283 4031 2020 USD

Mini Car FCEV 7938 5433 4180 2020 USD

Mini Car Hybrid Vehicles 4579 4523 4588 2020 USD

Mini Car ICE 4343 4272 4445 2020 USD

Mini Car CNG 4808 4706 4867 2020 USD

GHG Emissions 
(MtCO2eq)

2015 2020 2025 2030 2035 2040 2045 2050 2055 2060

No Policy 722 768 863 952 1016 1068 1133 1201 1277 1346

Current Policy 722 714 762 767 818 841 903 968 1042 1127

NDCs Continued 722 713 701 681 649 612 571 527 482 437

NZ 2060 722 713 701 681 568 456 343 230 118 0
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About the Project
This study is a part of the Climate Adaptation and Mitigation Partnership 
(CAMP) project. The CAMP project is very timely and direly important for Saudi 
Arabia given the mounting risks associated with climate change impacts, the 
urgency of pushing toward low carbon futures while maintaining economic 
growth nationally, and the potential economic ramifications of global mitigation 
efforts on the Saudi energy sector and economy. Against this backdrop, the 
CAMP project investigates (1) the climate conditions over Saudi Arabia, (2) the 
sectoral impacts and the role of adaptation measures, and (3) the pathways 
of the Saudi economy to achieve low carbon futures or climate neutrality by 
mid-century. (4) The study will also adopt the circular carbon economy (CCE) 
concept in characterizing the Saudi government’s efforts to decarbonize its 
own economy while meeting its growth aspirations.
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