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Issue : Saudi Arabia is still characterized by a heavy reliance on oil sector

 Oil sector: 42% of GDP, 85% of total revenues, 77% of exported products.

 Current low levels of oil price could last over the medium-term (IEA, 2016).

 Existing works suggest that oil exporters would experience losses due to global climate policies (Barnett et al., 2004 ; 
Waisman et al., 2013) because of weakening of global oil demand (Verbruggen and Van de Graaf, 2015).

projections

Sources: CDSI, Oxford Economics, authors’ estimations



Research objective
In the case of a low-carbon transition scenario, what could the 

losses and/or gains associated for oil exporters (with an application on 
Saudi Arabia) ?

(…) A global CO2 reduction policy (a tax or a cap-and-trade system) actually can increase OPEC’s revenues from 
conventional oil. The result holds for all stabilization targets at or above 400 ppm, and the net present value of the 
revenues is a few percent higher (4 percent at most) than in the no climate policy case.

The implementation of Saudi Arabia’s INDC is not contingent on receiving international financial support, but the 
Kingdom of Saudi Arabia sees an important role for technology cooperation and transfer as well as capacity building for 
INDC implementation. 
The long-term aim of such measures is to achieve a growth of domestic industries that exceeds the loss of revenue 
from oil export triggered by decrease in fossil fuel consumption and market distorting actions such as fuel taxes, 
subsidies and incentives for all complementary sources of energy. 

Members of the Organization of Petroleum-Exporting Countries (OPEC) and other oil producers will suffer 
economically from a peak in global oil demand. A wide range of energy-economy models forecast losses to 
the members of OPEC if strong climate policies are implemented.

Persson et al. (2007) 

INDC of the Kingdom of Saudi Arabia under the UNFCCC, November 2015.

Verbruggen and Van de Graaf (2015)



• CGE based on Solow growth approach, driven by exogenous labour endowment and productivity gains.

• Capital stock following classic accumulation rule, with exogenous depreciation rate (here 4%).

• Putty-clay capital: For energy sector, constraint on capital stock, which cannot contract faster than depreciation rate.

• Under utilization of primary factors K and L: capacity utilisation rate and wage curve correlating real wage and unemployment rate.

• Energy system fully exogeneity of energy system, energy prices are constrained at exogenous trajectories by adjustment of 

specific margins.

• Production of composite good        based on nested Constant Elasticity of Substitution (CES).

• Existing literature adopting corner solution consisting of exogenous trade balance or REER (Al-Hawwas, 2010 ; Al-Thumairi, 2012) 

Both trade balance and REER variable, linked by exponential estimation of correlation since 1987.

Methodology: CGE approach for KSA

Adopted formalization



Data: Aggregated hybrid I-O Table

 By convention, government energy consumption is nil. We also set energy immobilization in investment  (corresponding to 
stocks variations) to zero.

 We take into account rent of natural resources exploitation (R) as mark-up of oil exports.

 Specific treatment to match I-O and the energy balance by accounting only for energy flows corresponding to financial
transfers.

 Using available information of national authorities and other external sources to establish consumption of energy
companies, households, treatment of marine and aviation bunkers.

 Derive prices of energy products compatible with I-O table format.

Supply and Use tables provided by
national authorities

Physical energy flows from IEA Energy
Balances of non-OECD countries



Non-energy drivers Description

Labor endowment (𝐿)
Extracted from ILO, up to 2020. Beyond 2020 we assume a constant 
growth of 2.5 percent up to 2025.

Labor productivity (𝜱)

Up to 2015, computed as ratio of labour endowment to real non-
energy GDP (deduced from total growth vs. energy output growth). 
Beyond 2015, we assume an increase at average 2011-2015 growth 
rate.

Non-energy exports trend (δX) Following growth of MENA zone, extracted from IMF WEO up to 
2021, assumed growing at constant rate up to 2025

Investment rate (sI)
Ratio of fixed capital formation to GDP, extracted from IMF WEO up 
to 2021. Beyond 2021 this rate is assumed stable up to 2025.

Capacity utilization rate (𝝎) 

Between 2011 and 2015, set to force the effective capital stock at 
level resulting from growths of energy and non-energy sectors. 
Beyond 2015, we assume that 𝝎 evolves at constant speed towards 
its 2011-2015 average, which is reached in 2025.

Scenario assumptions: Energy drivers



Scenario assumptions: Energy drivers

Energy drivers Description

Energy consumption of energy firms   
(𝜶EE YE)

Gradual return to 2011-2015 average in 2025, corresponding to a decrease of 1 
percent per year, motivated by effeciency gains of energy firms under initiated 
reforms.

Energy consumption of non-energy 
firms  (𝜶EQYQ)

Correspondig to balance of production, consumption and net trade. Beyond 2015, 
constant 𝜶EQ.

Energy consumption of households 
(CE)

Increases following projected growth of electricity consumption, at annual rate of 
4.9 percent following Jayaraman et al. (2017).

Energy exports (XE) Increase at constant pace of production to reach IEA WEO (2016) target of 12.9 
mb/d in 2025. We assume exports share of 67% based on observed average share 
between 2007 and 2015.

Energy imports (ME) Convergence to annual import level of 2011-2015, corresponding to annual 
decrease of 0.5 percent, in line with national strategy to develop refining and gas 
activities.

Energy export price (pXE) Based on projections of WEO (IEA, 2016) according to main scenarios : New Policies 
Scenario, Current Policies Scenario and the 450 scenario.

Energy import price (pME) Linked to pXE, we assume pME as fixed ratio of crude oil price based on constant cost 
of refining, at additional 22 percent corresponding to observed average rate 
between 2007 and 2015.



Scenario assumptions: Energy drivers

+9%

-16%

Exogenous oil price scenarios based on IEA
outlook

WEO (IEA, 2016).

In the NPS, real oil price ($2015) is projected at 
87.8 $/bbl, whereas a Current Policies Scenario 
leads to a price of 96 $/bbl, and the 450 scenario 
involves an oil price of 73.5 $/bbl. 

Additional available projections of long-term oil
prices: WOO (OPEC), IOCs (Shell, Exxon, etc).

Vs



Verbruggen and Van de Graaf., 2015

The loss in crude oil revenues is not caused by a

change in the volume of crude oil production under

climate policies but rather by changes in the price of
oil.

Renewable energies: Invest and implement 
ambitious programs for renewable energy to 
increase its contribution to the energy mix. 

Utilization of gas: Encourage investments on exploring 
and producing natural gas to significantly increase its 
contribution to the national energy mix. 

KSA INDC, November 2015.

Oil is superior in the transport sector with few real

contenders, most—if not all—of the current oil

reserves will likely eventually be used even if we opt
for low stabilization levels (450 ppm or even below).

Persson et al., 2007

Scenario assumptions: Energy drivers



Scenario assumptions: Energy drivers

Economic diversification with a robust contribution from 
oil and its derivatives export revenues. Export revenues 
channeled into investments in high value-added sectors.

Households’ energy consumption is projected to increase 
following projected growth of electricity sector at 4.9%/y 
on average up to 2030.

Jayaraman et al., 2017

Methane recovery and flare minimization: Actions will be 
taken to conserve, recover and reuse hydrocarbon 

resources and minimize flaring and fugitive emissions. 

Carbon Capture and Utilization/Storage: promote and 
encourage actions in this area. Saudi Arabia will operate 
on pilot testing basis, a Carbon Dioxide – Enhanced Oil 
Recovery (CO2-EOR) demonstration project to assess the 
viability of CO2 sequestration in oil reservoirs and any 
other useful applications. 

KSA INDC, November 2015.



Forthcoming steps

• Conducting sensitivity analysis, i.e. on elasticities of

substitution and trade, in order to improve model behaviour.

Lack of available information in existing works constitutes a

challenge.

• Extension of the current version to a multi-sector model,

coupled with long-term scenario of energy components, to

capture structural change opportunities.

• Taking into account heterogeneity of national and foreign

segments of Saudi labour market and consumption.

• Account for energy and climate policies of Saudi Arabia,

and interpret global commitments as a factor of change for

the Kingdom.



Thank you for your attention

Questions ? 

Discussion…
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