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ABSTRACT

Saudi Arabia bas one of the bighest levels of per capita oil consumption in the
world, but attempts are now being made by Saudi policymakers to significantly re-
duce this. Thus, a relevant policy question is what is the value of saving a barrel of
oil in Saudi Arabia? The instinctive answer is that the value saved is the difference
between the international market price and the domestic price. However, for Saudi
Arabia, this answer is insufficient for several reasons. First, the current adminis-
tered domestic price of oil is set below international market levels, which leaves
room for improved economic efficiency. Second, Saudi Arabia is not a marginal
producer of oil but a critical player in the international oil market; a shift in Sau-
di exports affects international oil prices and consequently the country’s revenue
from oil exports. Third, there are different ways to reduce the domestic consump-
tion of oil. This paper explores policies that reduce the domestic consumption of oil
in Saudi Arabia, increasing the amount of oil that would ultimately be exported
and assesses the impact on welfare and carbon emissions (bowever, given the
long-run perspective adopted bere, it does not address the optimal timing to export
the oil that is saved). Among the various methodologies to do this, we opt for a
general equilibrium model. Our results suggest that oil-saving policies would lead
to positive welfare gains and a reduction in domestic carbon emissions. The most
relevant insight for policymakers is that a barrel of oil saved in the Saudi economy
leads to an increase in welfare ranging between $6 to $56 for an international oil
price of $52.9 per barrel, depending on the policy, and a decrease in domestic CO,
emissions from 150 kg to 368 kg.
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Y 1. INTRODUCTION ¥

The Kingdom of Saudi Arabia is the largest oil exporting country and, at the same time,
has one of the highest levels of oil consumption per capita — 44 barrels per year compared to
27 in the U.S. and 10 in the European Union. Moreover, the expansion in GDP per capita has
been accompanied by a sharp increase in oil consumption, something that has not taken place
in other rich economies. Figure 1 shows the evolution of GDP per capita and oil consump-
tion per capita for the period 2000-2017 for the European Union, the U.S. and Saudi Arabia.
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FIGURE 1
Oil consumption and GDP per capita.

The average rate of growth of Saudi oil consumption between 2000 and 2017 was 5.4% per
annum compared to a global average of 1.5% per annum. In this context of high oil con-
sumption growth, Citigroup speculated in 2012 that Saudi Arabia might be a net oil importer
by 2030 (Helman, 2012). One likely factor driving this high level of consumption is the low
administered prices of domestic oil and oil products, the primary sources of electricity gener-
ation in Saudi Arabia (ECRA, 2015). Partly in recognition of this, and to curb domestic oil
consumption, Saudi Arabia raised the price of 91- and 95-octane gasoline by about 67% and
50%, respectively, in 2016 and, again, in January 2018 by about 80% and 125%, respectively.
Saudi Arabia also raised electricity prices for households and industries in 2016 (Council of
Ministers’ Decree dated 28/12/2015) and, again, in January 2018 (Council of Ministers’ De-
cree dated 12/12/2017). The size of these increases in some cases exceeded 200%, depending
on households electricity consumption.! Furthermore, Saudi Arabia launched the National
Renewable Energy Program to facilitate a shift in power generation from fossil fuels to renew-
able technology, with the aim of achieving 9.5 GW of installed capacity by 2023 (Renewable
Energy Project Development Office, 2017).

Taking a long run perspective, this study attempts to answer the question, what is the value
of a barrel of oil saved and instead exported? For a textbook economy, the marginal produc-
tivity of a barrel of oil across all activities and sectors would be equal to its market price. For
Saudi Arabia, this implies that its marginal productivity would be lower than the international
price, given the lower administered domestic prices of oil. The difference between domestic
and international prices provides a means by which the country can allocate oil more efficiently
among different activities and sectors.

This paper analyzes different policies with the aim of reducing domestic consumption of
oil and thus increasing oil exports. The following policies are analyzed: increasing the share
of natural gas in electricity generation; increasing the efficiency of natural gas power plants;
deploying renewable technology; increasing the administered price of oil; implementing elec-
tricity efficiency programs; increasing the fuel efficiency of the transportation sector; and — for

1. Currently, the price of 91-octane gasoline is $0.36 per liter, the price of 95-octane gasoline is $0.54 per liter, and the price
of electricity for residential consumers is $0.048 per kWh or $0.08 per kWh if their consumption exceeds 6,000 kWh per month.
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the sake of completeness— increasing the production of oil. Any oil saved as a result of the
policies could be exported immediately or left in the ground for future production. However,
given the long-term perspective of our analysis, the optimal time strategy to export the oil is
not considered here; although, adjusting the level of production to current and future market
conditions is critical for maximizing the value of Saudi oil.

To explore the impact of these policies on a macroeconomic level, we use and extend
a small open economy dynamic general equilibrium model for Saudi Arabia introduced by
Blazquez et al. (2017). Saudi Arabia is a critical player in the international oil market and
changes to its production or export policy can impact the market. Because of this, we expand
the model by adding an oil price reaction function that links Saudi exports and international
prices. Previous studies, such as De Santis (2003) and Nakov and Nuno (2013) consider the
role of Saudi Arabia in determining international oil prices. More recently, Pierru et al. (2018)
evaluate the impact of the Saudi spare capacity on the international oil price. We adapt the
Blazquez et al. (2017) model to explore the potential macroeconomic gains from efficiency im-
provements in power generation and in the use of electricity and oil products. We also evaluate
the net impact on domestic CO, emissions of the different policies.

Computable general equilibrium models and dynamic general equilibrium models are
increasingly used as standard research tools in energy economics. These models have been used
to analyze the macroeconomic effects of energy price shocks? and to analyze different policy
options.” Some studies have used these types of models to focus specifically on the impact of
fossil fuel subsidies on the economy. Lin and Li (2012) explore the impact of China’s energy
subsidies on its competitiveness and carbon emissions. Wesseh and Lin (2017) explore the
potential negative implications on welfare of removing fossil fuel subsidies in Ghana. Dartanto
(2013) focuses on the link between fossil fuel subsidies and poverty in Indonesia. Schwanitz
et al. (2014) discuss the impact of removing fossil fuel subsidies on the transition towards a
cleaner energy mix and find that this policy could slow the global transition towards a renew-
able energy system. In the same context, Burniaux and Chateau (2014) show how removing
subsidies for fossil fuels would bring environmental and economic benefits. However, oil-ex-
porting countries would likely face real income reductions. Finally, Plante (2014) explores the
impact of oil subsidies on the welfare of oil importing and oil exporting countries and finds
that subsides distort relative prices and generate a welfare loss, suggesting the replacement of
oil subsidies by lump-sum transfers.

Nevertheless, previous research has not specifically examined Saudi Arabia using macro-
economic general equilibrium models, except for Blazquez et al. (2017), who analyze renew-
able energy development and energy subsidies using a dynamic general equilibrium model,
Gonand (2016) and Gonand et al. (2019), who analyze the impact of higher energy efficiency
and of raising administered retail energy prices using an intergenerational macro model. More-
over, as far as we are aware, this study is the first to analyze the different policy initiatives in
Saudi Arabia explicitly aimed at saving oil to increase exports.t

The paper is organized as follows. The next section outlines the framework for the analysis,
followed by a discussion of the policy options considered (Section 3). Section 4 presents and
discusses the simulation results. Section 5 summarizes and concludes.

2. For example, see Kim and Loungani (1992) and Rotemberg and Woodford (1996).

3. For example, see De Miguel and Manzano (2006) and Golosov et al. (2014).

4. Aralla et al. (2018) conduct a partial equilibrium analysis to estimate the potential net welfare gain from Saudi Arabia gas-
oline price increase in 2016.
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Y 2. ANALYSIS FRAMEWORK ¥

This paper extends the small open economy general equilibrium model for Saudi Arabia
detailed in Blazquez et al. (2017). The model has a representative infinitely lived household
that consumes energy services and a final good. The household offers labor inelastically in
the domestic labor market and saves in domestic capital and foreign bonds. The Saudi Ara-
bian government owns the primary energy resources in this economy, oil, and natural gas.
Oil production is allocated (i) to power generation, (ii) to produce energy services, or (iii) to
be exported. The administered domestic prices of oil are below the international price with
market forces allocating domestic oil in different activities until the marginal productivities of
all the activities are identical to the domestic price. Therefore, the government does not have
oil quotas for different domestic activities. Natural gas production is sold domestically to the
electricity company at an administered price.

The government owns the electricity company, which uses oil, natural gas, and renewable
energy to produce electricity that it then sells to a competitive energy services firm. In the mod-
el, the price of electricity for consumers is fixed to cover the costs, so there is no profit or loss.
The energy services firm uses oil and electricity to produce energy services and sells the services
to the household and to the firm that produces a final good. This representative firm uses labor,
capital, and energy services to produce a final good that is sold to the household and exported.
There is also an international market for bonds that allows the Saudi Arabian economy to run
a current account deficit or surplus. The government collects revenues from oil, natural gas,
and renewables, which finances renewable investments and transfers to the household. Figure
2 shows a schematic representation of the model.

We have extended the cited model in four ways. First, we consider the production of oil
as a policy variable that can be changed. Second, the technical efhiciency of natural gas power
plants can be improved at a cost. Third, the energy services firm can increase the efficiency of
oil and electricity at a cost. Finally, we add a price response function, linking the international
price of oil to Saudi exports.

An on-line appendix describes the model and these extensions and specifies how it imple-
ments the different policies.

Y 3. POLICES TO SAVE AND EXPORT ADDITIONAL BARRELS OF OIL ¥

In this section, we describe the policies considered in the analysis; in particular, policies to
reduce the domestic use of oil and carbon emissions in Saudi Arabia, leading to an increase in
oil exports and, for the sake of completeness, an increase in oil production. A description of the
policies considered precedes a discussion of the technical feasibility of scaling these policies. In
all the policies we assume the following: first, exported oil is sold at the international price; sec-
ond, the government directly finances the cost of each policy, having an impact on the public
budget; third, the extra revenues from oil exports are transferred to households as a lump-sum
transfer, and fourth, the policy is sustained over time. The policies considered are as follows’:

5. We considered one additional policy: a change in aggregate productivity. We find that to reduce oil consumption, aggregate
productivity of the economy would have to decrease. The analysis of this policy is discarded, since it is not reasonable to encourage
a reduction in aggregate productivity to save oil.
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FIGURE 2

Graphical description of the analysis framework.

Policy 1: Increasing the production of oil:

This is arguably the most obvious policy to increase oil exports. The cost of this pol-
icy would be the additional investments and operational expenses needed to produce
more 0il.® We assume that the cost of the policy is $9 per barrel, a figure consistent
with the Wall Street Journal (2016)” based on UCube Rystad Energy’s oil and natural
gas database.

In the model, we assume that the national oil company, Saudi Aramco, is integrated
into the government so that all the revenues and costs of the oil company are part of
the revenues and costs of the government.?

Policy 2: Increasing the share of natural gas electricity generation through LNG imports:

Electricity generation in Saudi Arabia currently relies heavily on oil. According
to the Electricity and Cogeneration Regulatory Authority (2015), crude oil and oil
products accounted for 68% of Saudi Arabia total electricity generation. This policy
therefore considers Saudi Arabia importing liquefied natural gas (LNG)” to generate
electricity, displacing oil and oil products that can then be released for export. The
estimated cost of LNG imports is $8.2 per million British Thermal Units (MMBtu).'

Policy 3: Increasing the efficiency of natural gas power plants:

We assume that the calorific efficiency electricity generation from natural gas is
0.42, implying that one calorific unit of natural gas is transformed into 0.42 calorific

6. We also assume that the current level of spare capacity of oil is held constant. In other words, Saudi Arabia will not increase
production using its spare capacity.

7. There are other estimations for the cost of oil production. For example, the database knoema (https://knoema.com/rqaebad/
cost-of-producing-a-barrel-of-crude-oil-by-country) reports that the operating cost of oil production in Saudi Arabia is $5/bbl.

8. It is worth noting that the Saudi government has announced the public flotation of 5% of Saudi Aramco but we assume in
the model that this will make no material change to the current situation.

9. Most of the production of natural gas in Saudi Arabia is associated to oil production. This is why Saudi Arabia is considering
the possibility of importing LNG. See Petroleum Economist (2017).

10. This price is an average of the estimated price in January 2018 of LNG imported from the U.S., Malaysia, and Indonesia.
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units of electricity (see Blazquez et al., 2017). It is possible to increase the calorific
efficiency of natural gas power plants by investing in more efficient power plants,
resulting in less oil being used for power generation.

We estimate that increasing the efficiency of a natural gas power plant by 1% re-
quires an investment of $1,964 per kilowatt hour (kWh), with a maximum techni-
cal efficiency of 0.542. This calculation is based on the cost and efliciency of three
technologies: a natural gas combined cycle, an advanced natural gas combined cycle
and an advanced combustion turbine, as reported by the U.S. Energy Information
Administration (2016).!!

Policy 4: Deploying renewable technology:

At the time of writing, there is no significant renewable generation in Saudi Arabia.
Hence, in the base case scenario, all electricity is generated from oil and natural gas.
However, it would be possible to deploy renewable technology in Saudi Arabia and
reduce electricity generation from oil. We assume that the renewable technology is PV
solar crystalline silicon cells with a cost $1,340,000 per MW and a capacity factor of
19% as suggested by Bloomberg New Energy Finance (2015).

Policy 5: Increasing the administered price of domestic oil:

This policy is probably the simplest way to reduce the domestic consumption of oil.
Moreover, it does not imply any additional direct pecuniary cost to the government
or any public company. In the model, the domestic price of oil and oil products are
increased simultaneously and in the same proportion. It is important to note that in
our model this policy implies an automatic increase in the price of electricity, given
that oil is the main primary energy source used to produce electricity and the public
electricity company transfers any cost increase to consumers through higher electricity
prices. Finally, there is also an increase in the price of energy services.

Policy 6: Increasing the efficiency of electricity in energy services:

The same quantity of energy services (power, cooling, or lighting) can be produced
using less electricity (and fewer inputs to produce the electricity) by investing in more
efficient technologies.

The total cost of an electricity efficiency program includes, among other factors,
direct rebates or incentives to customers, technical support, program administration,
evaluation, verification, and marketing. Molina (2014) analyzes 20 different U.S. state
electricity programs from 2009 to 2011, finding that the average cost of reducing
electricity consumption by one kWh is $0.028. This is the reference value we use as
a benchmark.

11. In theory, it would also be possible to increase the efficiency of oil power plants by investing in more efficient generation
technology. However, as far as we are aware, there is no available information about the cost of different oil plants at utility scale
to produce electricity; hence, we do not analyze this policy.
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Policy 7: Increasing the efficiency of oil and oil products in energy services:

In this case, the primary energy service is transportation. The policy would main-
tain the quantity of energy services provided, such as distance travelled, but with less
oil and oil products used. To achieve this, we explore two possibilities: Policy 7a, a
car-scrapping program and Policy 7b, a hybrid program, assuming that for both policies
the average life of a vehicle is 10 years.'?

The Spanish scrapping program PIVE 8 (Instituto para la Diversificacién y el Ahor-
ro de Energfa, 2017) is used as a benchmark for implementing Policy 7a. This program
was used to scrap and replace over 290,000 old vehicles with new efficient vehicles
with a budget of €225 million. To have access to public support, the new vehicle has
to be at least 15% more efficient than the average new vehicle. In this paper, we as-
sume that vehicles bought under the scrapping program are 15% more efficient than
standard vehicles.

For Policy 7b, the hybrid program, it is assumed that conventional cars are replaced
by hybrid cars."® Based on Liu (2014), the hybrid car is assumed to be 26% more
efficient in terms of fuel consumption and 17% more expensive.

Table 1 shows a comparison of the estimated cost of the policies, in constant 2016 dollars,
to reduce oil consumption by one barrel. 4

An important consideration is whether any oil saved would be exported immediately or
left in the ground for future extraction and production. Our analysis focuses on the long-term
impact of these policies and for this reason, we assume that any barrels of oil saved are export-
ed since the structure of the model suggests that keeping barrels in the ground has a negative
impact on oil revenues, public transfers to households, consumption and ultimately welfare.
However, we recognize that adjusting the level of production to current and future market
conditions is critical for maximizing the value of Saudi oil.

TABLE 1

Direct cost of the policies to export one additional barrel.
Policy Cost (%)
1 Production of oil 9.3
2 Natural gas imports 36.4
3 Efficiency of gas power plants 4.4
4 Renewable technology 16.4
5 Price of domestic oil 0
6 Efficiency of electricity 34.3
7a Efficiency of oil (scrapping program) 15.3
7b Efficiency of oil (hybrid program) 53.8

12. THS Global Insights (2010) points out that these schemes may generate unwanted distortions to the automotive market
structure, reducing its potential benefits. Cuenot (2009) suggests that car-scrapping programs can incentivize the acquisitions of
heavier or bigger cars, thereby reducing the efficiency of the programs.

13. We assume that hybrid cars do not include plug-in hybrids, as this would lead to a significant increase in electricity demand.

14. Educational policies could also play a role in curbing energy consumption. Hahn and Metcalfe (2016) point out that
behavioral science is starting to offer some useful insights on how to design better policies, but these are not considered here.
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Y 4, SIMULATION RESULTS ¥

4.1 Saving one barrel of oil

For each policy, we initially consider the potential welfare effects of saving one barrel of oil
and selling it on the international market. Policies may impact welfare through five different
channels:

e A positive impact due to the gap between the domestic price and the international price
of oil, which would be common across all policies since the increase in oil revenues is
the same.

e A negative effect resulting from the reduction in the international oil price, which would
be common across all policies.

e An increase in the productivity of the economy resulting from energy efficiency pro-
grams, adding an ‘extra positive’ welfare impact. These include Policy 6, Policy 7a, and
Policy 7b that aim to increase the efficiency of the use of electricity, oil, and oil products.

e A negative impact due to the specific cost of each policy.

e In the case of Policy 5, there is also a negative impact due to the increase in domestic
energy prices.

It is important to note that, in the model, additional net public revenues from the differ-
ent policies are transferred to the household by means of a non-distorting lump-sum transfer.
In addition, our long-term approach does not capture short-term and transitional effects. In
particular, some of the policies studied can be implemented immediately while others require
prior investments or consumer behavioral changes that could take time. In addition, we do not
consider short-term price dynamics with investment lags and strategic decisions concerning
the best moment to sell the oil saved.

Table 2 summarizes the simulation results from considering saving one barrel of oil via
all policies. This presents the estimates from the model for gross welfare gain without a price
reaction; net welfare gain without a price reaction but taking into account the cost of the poli-
cies; net welfare gain with price reaction; the ranking of the policies; and the estimated impact
on CO, emissions. First, we assume that the policy has no cost and the barrel of oil saved has
no impact on international markets, which implies that the additional barrel exported is sold
at the international market price ($52.9 per barrel). Using these assumptions, we estimate
the gross welfare gains without a price reaction. Welfare gains are defined as the increase in
expenditure in total private consumption, including energy services consumption, that leaves
the representative household indifferent between the new situation and the initial situation
before any policy is implemented. In our simulations, we assume that the current account is
constant in absolute terms, while it changes in terms of GDP. In most business cycle studies,
the current account relative to GDP is constant in steady state, while it changes in absolute
terms.!> Second, we include the cost of each policy and estimate the societal net welfare gains,
assuming a shift in Saudi exports does not affect the international oil price. Third, we relax this
assumption and allow for an international oil price response by computing a long-run price
elasticity of the residual demand for Saudi oil as explained in Pierru et al. (2018). Fourth, we

15. This decision is non-trivial in terms of welfare gains. Blazquez et al. (2017) calibrate the model assuming a trade surplus
to GDP in real terms of 16%. This implies that 16 cents out of every additional dollar from exports is saved and, then, is not
consumed or invested domestically. Our less conventional approach assumes that additional revenues from exports are totally
consumed or invested domestically.
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TABLE 2
Welfare gains and CO, emissions of the policies per additional barrel exported
(in 2016 dollars and kilograms).

Without price reaction With price reaction
Policy Gross Net Net  Rank  CO,
1 Production of oil 53.7 42.0 31.5 4 +10
2 Natural gas imports 53.7 15.9 5.6 8 -150
3 Efficiency of gas power plants 53.7 46.6 38.1 2 -368
4 Renewable technology 53.7 35.7 25.2 5 -368
5 Price of domestic oil 28.6 28.6 18.2 7 -368
6 Productivity of electricity 86.6 48.1 37.6 3 -3608
7a Efficiency of oil (scrapping program) 86.6 66.7 56.3 1 -368
7b Efficiency of oil (hybrid program) 86.6 29.0 18.7 6 -368

rank the policies according to the net welfare gains with price reaction and show the reduction
in domestic CO, emissions.

As we are using a general equilibrium framework, the results account for all the direct and
indirect impacts, including any implicit rebound effects. For example, to increase the exports
of oil in Policy I by one barrel, production has to increase by 1.04 barrels. The additional barrel
exported implies higher revenues for the country, leading to higher demand for electricity and
oil products by consumers and firms. This explains why the gross welfare gain of an additional
barrel exported without a policy cost and without a price reaction is not identical to the in-
ternational price of oil. The country exports one barrel at the international price ($52.9), and
0.04 barrels are sold domestically at the administered price ($18), giving a total of $53.7. Thus,
the welfare gain of producing one additional barrel of oil is $53.7/1.04 = $51.6.

Regarding net welfare gains with price reaction, Policy 1 is arguably the most intuitive way
to increase oil exports. However, as Table 2 shows, this does not produce the largest estimated
welfare gain, being ranked 4. Table 2 also shows that Policy 1 is the only policy that leads to
an increase in domestic carbon emissions, as no oil is actually ‘saved.” Policy 7a has the highest
estimated welfare gain and produces the highest estimated reduction in emissions, as most of
the policies considered other than Policy 1 and Policy 2; this is despite Policy 7a not being the
cheapest. The reason for this result is that, in our model, the private consumption of goods and
energy services are the two drivers of welfare. A car scrapping program allows a simultaneous
increase in non-energy consumption and energy services.

Policy 6 and Policy 7b have a direct impact on the efficiency of the energy services firm
and have the greatest positive impact on gross welfare. However, as Table 2 shows, the cost of
the policies is an important aspect when considering their viability. For example, Policy 75 is
ranked 7% in terms of net welfare gains due to its high cost negating its positive effects, whereas
Policy 6 is ranked 3 in terms of net welfare.

Policies 2, 3 and 4 aim to reduce the consumption of oil and oil products in electricity
generation. Table 2 shows that Po/icy 3 is quite attractive in terms of net welfare gains (ranked
2nd) while Policy 2 and Policy 4 have lower estimated net welfare gains (ranked 8™ and 5%) due
to their higher costs.

Policy 5 also increases the electricity price, as oil is the most relevant input in electricity
generation. This policy has no fiscal cost but has indirect negative implications for consumers,
given the increase in the prices of energy services and the reduction in the production of final
goods. Despite this, Policy 5 is estimated to result in an overall societal net welfare gain but is

ranked 7.
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The simulation results provide four key insights relevant for Saudi policymakers!®:

® Dolicies aimed at marginally curbing oil consumption have a positive impact on welfare
and carbon emissions.

e Shifting from oil to natural gas in electricity generation has a mild positive impact on
welfare and carbon emissions, although incremental natural gas is assumed to be im-
ported.

e Considering an international oil price response lowers the welfare gain from exporting
an additional barrel by $10.2 in average (under our price elasticity assumptions).

o The ‘value’ of a barrel of oil saved in Saudi Arabia ranges between $5.6 to $56.3.

This study focuses on the Saudi Arabian economy; we therefore only report the evolution
of domestic CO, emissions under different policies. However, according to the model, there is
a decrease in the international price of oil due to the increase of Saudi exports, which disincen-
tives oil production in the rest of the world: the supply of oil from the rest of the world reduces
by 0.7 barrels per day and international emissions decrease by 260 kg.

4.2 Technical feasibility of escalating policies above one barrel

The previous sub-section discusses the potential impacts from Saudi Arabia saving one
barrel of oil a day and exporting it. In reality, Saudi policymakers are likely to want to save
and export more than just one barrel per day. Therefore, we need to consider the technical
feasibility of escalating the amount of oil saved and exported for all the policies analyzed in
this paper. Consequently, in this sub-section, we explore the feasibility of increasing oil exports
by 75,000 barrels per day (bpd) and 375,000 bpd, which represent around 1% and 5% of oil
exports, respectively.

According to the Saudi Arabian Monetary Authority (2016), oil production varied be-
tween 8.2 million bpd and 10.2 million bpd in the period 2006-2015. This suggests that Saudi
Arabia can easily adjust its crude oil production according to prevailing oil market conditions.
Therefore, there would be no technical constraints hindering a significant escalation above one
bpd for Policy 1. There is also no technical constraint regarding Policy 5 since, in theory, this
policy has no technical limit; it would be possible to increase domestic prices of oil above in-
ternational prices, like many oil importing countries with heavy taxes on fossil fuels. Thus, for
Policy 1 and Policy 5, Saudi Arabia should not encounter any technical constraints. However,
there could be non-technical issues such as resistance from other OPEC members for Policy 1
and problems with the implicit social contract with Policy 5. These issues are not considered
here.

Other than Policy 1 and Policy 5, all other policies considered would have technical con-
straints when escalating significantly above one bpd. Policy 2 has a technical limit of 100%
penetration of natural gas power generation in the electricity system, which implies that oil has
been totally displaced from power generation. According to our estimates, the technical limit

of this policy would be 696,000 bpd.

16. Welfare analysis is the standard way to evaluate polices. Nevertheless, policymakers also find the impact on GDP and the
public budget to be relevant. We conduct a simulation analysis to assess the impacts on these variables. We find that Policy 5 has
the largest positive impact on public revenues, but the smallest impact on GDP. The reason is that the increase in the domestic
price of oil boosts public revenues but disincentives non-energy domestic production. Policies 6, 7a, and 7b improve productivity
and, as a result, increase GDP significantly. However, the high cost of these policies has a strong detrimental effect on public
revenues.
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The average technical efficiency of natural gas power plants is 0.42, while the technical
limit is 0.54, which would save 102,000 bpd. Increasing oil exports by 75,000 bpd would
require a technical efficiency of 0.51, which is technically feasible. However, to increase oil
exports by 375,000 bpd gas power plants would need to achieve an efficiency of 0.86, which
is not feasible.

In the case of Policy 4, the penetration of renewable generation needed to save and export
75,000 bpd is 7%, which is reasonable. For example, wind and solar generation in the Europe-
an Union was 13% of total net production of electricity in 2016 (BP, 2017). Policy 3 has a tech-
nical limit of 67% of penetration in the electricity system (ECRA, 2015), which implies that
oil would be totally displaced from power generation. In practice, given that Saudi Arabia lacks
any significant hydro generation (BP, 2017), we impose an upper bound of 35%, identical to
the ambitious target approved in January 2018 by the European Union Parliament for 2030.
This renewable penetration would save 367,000 bpd, slightly below the target of 375,000 bpd.

Policy 6 implies a substantial change in efficiency to achieve the required effect on oil ex-
ports. To export 75,000 additional bpd, electricity efficiency would have to increase by 19%.
This increase is an ambitious objective. For example, Boogen (2017) finds an average ineffi-
ciency of around 20% to 25% for Swiss households. This range captures the engineering inef-
ficiency of the appliance stock, but also the inefficiency that can be avoided through household
behavioral changes. To export 375,000 additional bpd, efficiency would have to increase by
158% — which is unlikely to be achieved. Following Boogen (2017), we assume that the limit
for this policy is 25%, which would save 96,000 bpd.

To increase oil exports by 75,000 bpd, the efficiency of the complete Saudi fleet would
have to increase by 13%, which is feasible for both Policy 7a and Policy 7b. According to Liu
(2014), the energy efficiency of a hybrid vehicle is 26% higher than a conventional vehicle.
This increase in efficiency would save around 139,000 bpd, implying that 375,000 bpd is not
feasible for either policy. We assume the technical limit for Policy 7a at 15% (see Instituto para
la Diversificacién y el Ahorro de Energfa, 2017) and 26% for Policy 7b, as discussed above.
Policy 7a and Policy 76 would displace, at their maximum scalability, 82,000 bpd and 139,000
bpd respectively.

Table 3 summarizes these findings and categorizes policies into three groups: ‘Feasible’, in
that the target could be achieved by implementing the policy; Technically feasible’, where it
would be difficult to achieve in practice, given that the increase in efficiency needed to achieve
the target is close to the technical limit of the policy; ‘Not feasible’ i.e., not technically possible.

TABLE 3
Scalability of the programs.

Policy Target 75,000 bpd Target 375,000 bpd
1 Production of oil Feasible Feasible

2 Natural gas imports Feasible Feasible

3 Efficiency of gas power plants Technically feasible Not feasible

4 Renewable technology Feasible Technically feasible
5 Price of domestic oil Feasible Feasible

6 Productivity of electricity Feasible Technically feasible
7a Productivity of oil (scrapping) Feasible Not feasible

7b Productivity of oil (hybrids) Feasible Not feasible
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4.3 Impacts of escalating policies from one bpd to 75,000 bpd

Given that Table 3 highlights the limited policy options of being able to increase oil ex-
ports by 375,000 bdp , we focus on the lower figure of 75,000 bpd since it is feasible for all
policies. Although this figure is towards the upper end of feasibility for some policies, it allows
for a clear comparison across all policies considered. The results from the analysis for net wel-
fare gains, GDD, net public revenues, and the impact on domestic CO, emissions are detailed
in Table 4 (note that the ranking of the policies in terms of net welfare is the same as that in
Table 2).

The main insight from Table 4 is that saving 75,000 bpd in Saudi Arabia (for policies 2 to
7b) increases net welfare and reduces carbon emissions. Table 4 suggests that Policy 3 would re-
sult in relatively high welfare gains but, as explained previously, it would not be easy to achieve

TABLE 4
Annual impacts of the policies to increase oil exports by 75,000 bpd
(in billion 2016 dollars and million tons).

Policy Net welfare GDP Net public revenues CO,
1 Production of oil 0.9 1.2 0.9 +0.3
2 Natural gas imports 0.2 0.2 0.2 -4.1
3 Efficiency of gas power plants 1.0 1.2 1.0 -10.1
4 Renewable technology 0.7 1.2 0.7 -10.1
5 Price of domestic oil 0.5 0.3 1.5 -10.1
6 Productivity of electricity 0.9 2.2 -0.3 -10.1
7a Productivity of oil (scrapping) 1.5 2.3 0.3 -10.1
7b Productivity of oil (hybrids) 0.4 2.2 -0.9 -10.1

the 75,000 bpd target with this policy. From a policymaker’s standpoint, Policy 7a, Policy 6 and
Policy 4 are the best policies as they are easy to escalate, they would increase net societal welfare
and reduce domestic CO, emission by 10 million tons annually. The disadvantage of Policy 6 is
that its high cost has a detrimental effect on public revenues. For Policy 5, the analysis suggests
that the domestic price of oil needs to increase by 5.5% to save 75,000 bpd, but would result in
a high positive impact on net public revenues. Thus, despite the price rises for consumers, the
higher revenues for the government could increase the appeal of this policy for policymakers.
Finally, these policies could also be attractive to Saudi policymakers from an environmental
perspective, since each policy from 3 to 74 would reduce total domestic CO, emissions'” by
1.6%, and Policy 2 would reduce them by 0.6%.

Figure 3 represents the impacts of the policies in terms of welfare, public revenues, and
GDP. It clearly shows that policies which have a positive impact on productivity have a large
positive impact on GDP but deliver lower public revenues. Policies that reduce the share of oil
in the power mix produce higher public revenues but at the cost of a smaller positive impact
on GDP. Finally, a policy that increases the domestic price of oil boosts public revenues but the
increase in GDP is more limited.

17. According to BP (2017), Saudi Arabia emitted 621.8 million tons of CO, in 2016.

All rights reserved.



The Value of Saving Oil in Saudi Arabia

219

2.0

1.5

1.0

0.5

©
w

Public Revenues (Billion 2016 dollars)
=
=)

'
=
(6]

-0.5 0.0

Size of the dot represents
GDP (Billion 2016 dollars)

0.5

FIGURE 3

1.0
Welfare (Billion 2016 dollars)

Impact of policies on welfare, public revenues, and GDP.

4.4 Impacts of escalating policies up to their maximum technical limit

The previous section compared the impact of a consistent escalation of policies in order
to demonstrate the relative efficacy of each. However, policymakers might also be interested in
the potential economic and environmental impacts of these policies if they were escalated to
their maximum technical limit. Table 5 illustrates this. Note that both Policy I and Policy 5'
have no evident technical limit. To compare these policies in this section, we impose a limit
of 696,000 bpd as this is the limit for the largest alternative that could be achieved (Policy 2).

TABLE 5

Annual impacts of escalating the policies to their maximum
(in thousand bpd, billion 2016 dollars and millions of tons).

Policy Oil exports ~ Welfare ~ GDP Public revenues CO,
1 Production of oil 696* 7.8 10.5 8.2 +2.5
2 Natural gas imports 696 1.2 1.3 1.3 -38
3 Efficiency of gas power plants 102 1.3 1.6 1.4 -14
4 Renewable technology 367 2.9 5.6 3.1 -49
5 Price of domestic oil 696* 2.6 0.5 14.5 -94
6 Productivity of electricity 96 1.1 29 -0.5 -10
7a Productivity of oil (scrapping) 82 1.6 2.5 0.3 -11
7b Productivity of oil (hybrids) 139 0.5 4.1 -1.8 -19

*Note, for the sake of comparison, the maximum level of oil exports for Policy 1 and Policy 5 is assumed to be the same as Policy 2.

18. We analyze the potential impact of the substantial increase in administered prices of gasoline and electricity in January
2018. This increase was accompanied by the Citizen’s Account policy in December 2017, which allows for a public direct transfer
to low income houscholds, as a way to counter the effects of the price rises. This combination of policies is similar to the one
labelled in this study as Policy 5. In particular, we simulate an increase in the administered price of oil of 80% in the model, con-

sistent with the average increase in electricity tariffs and the increase in gasoline 91-octane by 80%. The simulation shows that
this policy would increase oil exports by 724,000 bpd and welfare by $2.6 billion annually in the long run. In addition, it would

reduce CO, emissions by 97 million tons annually.
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Policies aimed at increasing energy efficiency (Policy 6, Policy 7a and Policy 7b) have a
relatively mild impact on oil exports and domestic carbon emissions even if pushed to their
maximum, as they are difficult to escalate significantly. They also provide poor net public reve-
nues due to their high costs. On the other hand, policies that are easier to escalate significantly
and aim to reduce the use of oil in power generation (Policy 2 and Policy 4) can reduce oil
consumption significantly and have a positive impact on welfare and public revenues. Policy 1
(at the assumed maximum) has a large impact on welfare, GDP and net public revenues due
to the low cost of increasing oil production. However, this policy has its downsides: a large
increase in domestic carbon emissions, the potential difficulties of agreeing and coordinating
such a policy with the other members of OPEC to ensure the stability of the oil market. Policy
5 (again, at the assumed maximum) has the largest impact on public revenues. However, the
required increase in domestic oil prices by 75.3% to reach the assumed saving would harm
non-energy output and limit the potential welfare gain.

Y 5. CONCLUSIONS ¥

This study explores the long-run impacts of different policies aimed to curb oil consump-
tion in Saudi Arabia and increase oil revenues from exports. The domestic price of oil is ad-
ministered and below the international price, creating an opportunity to generate economic
value. To undertake the research, we use a general equilibrium model for a small open econ-
omy where the international price of oil depends on the level of Saudi exports. To the best of
our knowledge, this is the first study to address this issue from a long-run general equilibrium
perspective.

We discuss seven policies aimed at reducing long-run oil consumption and increasing
long-run oil exports. As outlined, to reduce the use of oil in electricity generation, Saudi Arabia
could import LNG for power generation, deploy renewable energy, or increase the technical
efficiency of natural gas plants. These policies benefit from the gap between the domestic and
international prices of oil. An alternative way to reduce oil consumption could be to increase
the efficiency of electricity and oil consumption. Finally, it could be possible to reduce oil
consumption and increase oil exports by increasing the domestic prices of oil. For the sake of
completeness, we also consider a policy for increasing oil production, as this is a more obvious
way to increase oil exports.

Odur analysis of these policies leads to the following insights:

e Dolicies designed to curb oil consumption have positive impacts in terms of households’
welfare and on Saudi carbon emissions. The cost of the policies and their impact on
productivity are also critical.

o The fall in the international price due to the increase in oil exports reduces the potential
welfare gain from these policies.

® Dolicies aimed at increasing energy efficiency have limited scalability, and, consequent-
ly, the potential positive impacts at macroeconomic scales are relatively small.

e Shifting power generation from oil to natural gas has a positive impact on the Saudi
economy even if the natural gas is imported.

® The gross welfare gains of energy efficiency projects, either in the use of electricity or in
transportation, are higher than those aimed at replacing the use of oil for power gen-
eration with natural gas or renewables. However, energy efliciency projects tend to be
more expensive than initiatives to reduce oil in power generation.
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® Welfare gains for all the policies studied range between a minimum of $6 and $56 per
barrel of oil saved. These policies reduce the level of domestic CO2 emissions by around
370 kg per barrel saved, excluding the policy that increases the share of natural gas in
the generation mix.

Although our analysis considers the individual implementation of each policy, the gov-
ernment could carry out a number of programs simultaneously. The implementation of any
of the policies studied in this paper changes the domestic consumption of oil across different
activities and sectors, altering the potential benefits of the other policies. This is quite clear in
the case of an increase in domestic oil prices. The gap between international prices and admin-
istered domestic prices creates the opportunity to consume oil more efficiently. An increase
in the domestic price of oil makes this opportunity less clear. Consequently, further work is
needed on the optimal combination of policies.
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