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ANNOUNCEMENT
OAPEC AWARD ORGANIZATION OF ARAB
FOR SCIENTIFIC RESEARCH FOR THE YEAR 2022 PETROLEUM EXPORTING
In li ith OAPEC’S poli fentifi h by rding i
i bsis (Fist Peve KD 7000-10000 equivalen t ISP $23000-532500, Second COUNTRIES

Prize KD 5000 equivalent to USD $16000), upon the resolution number 1/162 of OAPEC
Executive Bureau at its meeting dated 18 May 2022. The Organization of Arab Petroleum
Exporting Countries (OAPEC) is pleased to announce that the research field selected for
the “*OAPEC Award for Scienti: Year 20227 is:

Decarbonization Techniques in the Petroleum

Industry and the Circular Carbon Economy ”CCE”

1 OAPEC

launches its Scientific
Award for the year

2022

"Decarbonization Techniques in the Petroleum
Industry and the Circular Carbon Economy"

The Organization of Arab Petroleum Exporting Countries (OAPEC) is pleased to
announce its Scientific Award for the year 2022, the research topic will be “Decarbonization
Techniques in the Petroleum Industry, and the Circular Carbon Economy” as per the
organization’s Executive Office Decision No. 1/162 dated 18 May 2022.

The launch of OAPEC Award comes in line with the organization’s policy to encourage
researchers by awarding two prizes on a biennial basis (First Prize KD 7000-10000
equivalent to USD $23000-$32500, Second Prize KD 5000 equivalent to USD $16000 ).

OAPEC s interest in the field of “Decarbonization Techniques in the Petroleum Industry,
and the Circular Carbon Economy” stems from the global efforts aimed at reducing harmful
emissions to the environment. A special focus has been given to petroleum industries (at all
stages) to enable them meeting the requirements of decarbonization while maintaining their
profitability and vital role in providing clean petroleum products at acceptable and fair
prices.

The research topic of OAPEC Scientific Award for the Year 2022 tackles technologies
that can help the petroleum industry to cut carbon emissions and achieve emissions-free
production during all its stages, from drilling and production operations, to refining,
petrochemicals production and distribution. This is in addition to benefitting from adopting
the Circular Carbon Economy notion as a mean to cut carbon emissions.

The deadline for receiving the participating research works is 31May 2023. Winners will
be chosen by a scientific committee formed under the chairmanship of OAPEC Secretary
General, Ali Sabt Ben Sabt, and the membership of OAPEC and non-OAPEC petroleum
experts. For more information about the award, please scan the following code:

<00APEC © Oapec Oapec ()@OAPEC1 (@ OAPECT @ OAPEC ORG
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10. Conclusions

This study was about assessing one of the most polluting human activities, and identifying
the local and global environmental and ecological impacts resulting from those activities.
The study has provided insights on the environmental and ecological impacts resulting from
the exploration, production and processing of oil and gas. It has also identified wastes
resulting from upstream and downstream activities and identified current treatment methods
to deal with these wastes. Also, the study focused on the issue of energy transition and the
prominent role that renewable energies should have in this transition to a low carbon
economy. This being said, it is important to emphasize that the majority of the world's
ecological problems are in fact energy problems. Climate change and all its consequences on
the environment are essentially linked to the energy issue, since it is the fossil sources of
energy that we produce and use that create the problems of pollution (Air, water and land
pollution), the greenhouse effect and CO2 emissions. Air pollution is also an energy issue,
since it is again these energies that produce fine particles and most polluting gases. In fact,
because our socio-economic system operates in an "open" circuit (the recycling rate is
minimal compared to what is produced), the activities of almost all sectors and industries are
responsible for pollution. In addition, pollutant discharges know no borders, neither physical
nor administrative, and also contaminate air, soil and subsoil, as well as rivers, aquifers and
oceans.

This dire situation resulted both from the unsustainable exploitation of fossil energy

sources as well as from the energy consumption patterns which consisted in producing fossil
energy to satisfy an ever increasing demand with no regard to environmental implications.
The ever increasing energy consumption combined with the expected oil scarcity and the
climate change issues make the current consumption model unsustainable. It is therefore
essential to switch to another model of responsible consumption of energy. The current
energy paradigm, based on unrestrained use of fossil fuels, must be replaced by a
consumption model that favor environmental friendly energy sources such as wind, solar
sources, etc.; and at the same time limit wastes and favor recycling in order to preserve the
planet. There is no miracle solution but there exist a set of alternative solutions which should
be implemented in the logic of complementarity. The situation requires a multi-pronged
approach that includes the use of biofuels, hybrid vehicles, synthetic fuels, natural gas, and
hydrogen. It is the only viable way to reverse a trend which has been taking place for
decades. Failing to do so, fossil energy will continue to predominate for a long time to
come.
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The urgency of the climate threat requires that the right incentives be created now, so that
energy transition is directed in the right direction and in the meantime economies reduce
their use of fossil fuels. These incentives can only be provided by an energy policy, which
must make carbon emissions more expensive. Carbon taxation is indeed an effective lever in
the general orientation of the energy policy and the economy towards less polluting
activities. Above and beyond budgetary and financial considerations, the energy transition is

also proving to be both a challenge and an opportunity for economic development.

Table 11. Carbon tax, Pros and Cons

Source: Pettinger (2019)

Pros Cons

v Make polluters pay external cost of v Loss of international competitiveness
carbon v Laying off of workers

v Raises revenue which can be spent on v" Raise cost of goods and services
mitigating effects of pollution v Hurts low income people

v Encourages firms and consumers to v' May encourage tax evasion, i.e. firms
look for alternatives, e.g. solar power polluting in secret to avoid tax

v Reduces environmental costs v Induce administration costs in
associated with excess carbon measuring pollution
pollution. v Businesses may shift production to

countries without a carbon tax
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towards renewables, to improve energy efficiency or to invest in clean technology
innovation. Each country has its own policy regarding the redistribution of the revenues
from carbon taxation. A number of countries including Canada, France, Germany, China, use
part of the carbon tax revenues to finance the energy transition, coal phase-out, energy
efficiency, or to support further emissions reductions, etc. (PI, 2019; LCI, 2018; Beuermann
and Santarius, 2006, Zhixin and Li, 2011).

The carbon tax impacts directly businesses as the cost of using fossil fuels increases and
hence the cost of producing a good, which the consumer ultimately pays. The
implementation of the European Emissions Trading System has brought about an increase in
the material costs (including fuel) for regulated firms in the power, cement, and iron and
steel sectors by 5 percent to 8 percent (Chan and Zhang 2013, as cited in Dechezlepretre and
Sato, 2017). Several countries have experienced an increase in fuel prices and home heating
and cooking costs. While the negative effects of carbon taxation policy are felt almost
immediately, the benefits on the other hand, are tangible only much later. In Norway, a study
showed that the tax levy has had only a modest influence on GHG gas emissions (Bruvoll
and Larsen, n.d.)

The conflicting views as to the relevance of the carbon tax resulted in a lack of consensus
among industry operators on the carbon tax implementation, especially the manufacturing
and energy-intensive sectors arguing that it brings about, among other things, a loss in
competitiveness of the businesses (Macaluso et al, 2018).

All pros and cons (see Table 11) should be carefully weighed up before any decision is made
regarding the implementation of the carbon tax because it is a “double-edged sword”. A high
tax policy may hurt low income families because they cannot bear the tax burden resulting
from the increase in fuel prices, home heating, etc. A more progressive tax policy is more
likely to bring positive results.

By imposing a tax on GHG emissions, the policymakers have created a de facto
interdependence between carbon taxation and energy policy since the tax in itself can be
considered as an environmental policy tool. Existing studies on the impact of carbon
taxation on the industries support that carbon pricing is an effective way to reduce CO2
emissions (Macaluso et al, 2018; Yu et al, 2020; Aldy and Stavins, 2011)). Some of the key
takeaways from the studies cited above:

v Without a new carbon tax, primary energy demand rises steadily along with
economic expansion throughout the forecast period.

v’ 1If a carbon tax is implemented, the demand for emissions-intensive energy sources
(like coal and oil) gives way to less emissions-intensive sources (like renewables and
natural gas).

v' the electricity sector has the most flexibility to fuel-switch away from emissions-
intensive fuels

v The second-largest source of emissions, transportation, exhibited little to no
reduction in emissions intensity

v" Results show a reduction in exports from energy-intensive industries if a carbon
price is implemented

v A carbon price implemented unilaterally in one region will support a shift in
production away from that region to a region with no carbon price

v" carbon pricing can promote cost-effective abatement, deliver powerful innovation
incentives, and ameliorate rather than exacerbate government fiscal problems
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While China strives to peak its CO2 emissions by 2030, authorities have clearly stated
renewable energy has priority for development in the country’s energy system (Hove, 2020).
In its energy policy, France is prioritizing the transport and building sectors to reduce CO2
emissions and improve energy efficiency (IEA, 2016). Although the global lockdown due
COVID-19 induced a large drop in GHG (particularly CO2) emissions across the world,
many countries are expected not to meet their 2020 CO2 emissions targets (DTE, 2018). So,
there is need for reorienting energy policies in order to reach the national GHG emissions
reduction targets; and to improve the energy efficiency and reduce the energy costs. Table 10
summarizes national climate targets of developed countries.

Table 10. Climate targets by country

Source: Author, data from BP statistics and other sources

GHG emissions th Ze10  RE'in the
Country . emissions .
reduction target by energy mix
Canada 30% 2050 7.2%
France 40% 2050 11.0%
Germany 55% 2050 36.7%
Italy 33% 2050 28.1%
Japan 26% 2050 11.7%
Russia 33% 2050 0.1%
Spain 23% 2050 36.6%
UK 68% 2050 35.0%
USA 26%~28%" 2050 11.1%
! excluding Hydro,
2 by 2025

9.2 The carbon tax and markets

The rationale behind the carbon tax is to limit GHG emissions responsible for climate
change. The idea was to put a price on carbon emissions, which would increase
progressively and regularly so as to encourage individuals and businesses to take the time to
adapt to the changing environment.

Along with the carbon tax, carbon markets have been created with the aim of encouraging
businesses to “cap and trade” their GHG emissions. A carbon market refers to “the market in
which carbon credits, in other words carbon certificates, are obtained and sold within
defined standards for the prevention or reduction of GHGs” (Ulucak et al, 2019). It operates
according to the "polluter pays" principle. It is a system which punishes the businesses
which exceeds the authorized limits on CO2 emissions standards but rewards those which
emit less. e.g. A power plant that emits more than its allocated allowance can buy missing
allowances on the market; if that one plant reduces its emissions, it can resell its unused
allowances and thus benefit from additional income.

Carbon markets are now underway in over 50 jurisdictions around the world including
Europe, United States, Canada, China, Japan, New Zealand, South Korea and Switzerland
(EDF,n.d.). The total value of global carbon market reached EUR194 billion in 2019. Traded
volume reached 8.7 billion tons of emission allowances (Refinitiv, 2020). Revenues
generated from the carbon taxation system can be used to finance the energy transition
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9. Energy Policies Trends in the Developed Countries and the Impacts of
Carbon Tax and its markets following conclusions of PCCA

A key role for COP21 was to explore ways and elaborate measures for restructuring the
global energy system towards a low-carbon world economy. Implementing the Paris climate
change agreement (PCCA) implies drastic changes in the current energy policies which are
based on the consumption of fossil fuels (Business-as-usual policies). Basically the PCCA is
about restructuring the global energy system to insure a transition towards a low-carbon
economy. In this respect, more than 170 countries agreed to limit global warming to below
two degrees Celsius in the present century. In order to reach this objective, parties to the
agreement, including developed countries devised national energy policies based on
promoting renewable energy and reducing fossil fuels consumption. Presently the main
sources of energy are fossil fuels, mainly coal, oil and natural gas, which contain a high
percentage of carbon. Therefore, any consistent energy transition policy aimed at reducing
the global carbon footprint must be based on low carbon energy policy, and there is a global
consensus that renewables and alternative fuels can help meet this objective. Developed
countries have a key role to play as they hold most of the global development potential in
RE technologies. According to IRENA, G20 countries hold 75% of total global deployment
potential and around 70% of total global investment potential for renewable energy between
now and 2030.

9.1  Energy policies trends in developed countries

Any energy policy must be based on the specific characteristics of the country where it is
going to be implemented: availability of energy resources, climate, standard of living,
structure of the economy, motorization rate, electrification rate, etc.

In the past, energy policies have been centered on two objectives of security of supply and
affordability. With the problems linked to climate change, decarbonization of the economies
has quickly emerged as an important objective. Most of the new energy policies have been
designed around this objective, which clearly promotes renewable energy. By adopting the
Kyoto protocol, Annex B countries (developed countries) have committed themselves to
coping with key climate change challenges, most specifically reducing GHG emissions and
decarbonizing the energy supply.

In the quest for a successful energy transition, the world’s governments need to take radical
actions with the aim of restructuring the global energy system towards sustainability. In
other words, it is about reconfiguring the world’s energy systems in order to accommodate
changes which will inevitably occur. The energy transition requires significant investments
in many economic sectors, which may span several years. To move towards this objective,
policymakers must act at two levels: i) on the energy production level by promoting
investments in the RE sector and slowing down the investments in fossil fuel-based energy
production, and ii) on the energy supply level by introducing a carbon tax on fossil fuels.
The combined effects of the energy projects policies (more RE projects and less fossil fuel-
based projects) and the carbon taxation are expected to bring prospects for change in
Business-As-Usual energy policies by steering energy production towards renewables.

No two countries have the same energy policy because each country has its own specific
characteristics. Even among developed countries, energy policies are quite different from
one another. There are even conflicting energy policies priorities within the EU (Fernandez,
2018). Some countries express their energy policy goals in terms of CO2 emissions only
while others in terms of GHG emissions-an important difference (Appunn et al, 2020).
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The IEA notes that the growth in global oil demand comes to an end in the next 10 years
(IEA, 2020). In all scenarios considered in the future outlook, oil is projected to remain an
important component of the global (and the transport sector) energy mix. In the most
optimistic cases, 1.e. the low-carbon scenarios, such as BP’s net zero, the use of oil would be
substantially reduced to 20%. In order to achieve any of these optimistic scenarios, it will be
essential to implement strengthened policies on fuel efficiency, to encourage the use of
alternative fuels, and to invest heavily in the RE industry. It does not seem to be the case
since both IRENA (2018) and IEA (2019) expressed the view that the current stated policies
are not on the right path. What’s more, a recent UN report stressed that pledges and
commitments made by countries are not on track to meet the Paris agreement climate
objectives (UNFCCC, 2021). If these observations are correct then we might expect an
increase in the oil demand. As some have already pointed out, demand for oil and gas grows
faster than production in most of the world (IOGP, 2019).

As mentioned earlier, oil is mainly used in the transport sector and it is not currently possible
to replace quantitatively this energy source with sustainable energy sources. If renewable
energy makes our electricity production more sustainable, that only solves part of the
problem. We still have to resolve the issue of oil, which represents almost one-third of the
primary energy consumption. The problem is that world’s energy needs are increasing faster
due to population and economic growth. The questions that come to mind are: is an energy
policy based on RE technologies, up to the challenge of meeting increasing energy needs
and, more specifically, decarbonizing the transport sector where most of the oil is used?
How much of the primary (and the transport) energy requirements can be supplied by RE,
bearing in mind that: 1) the growth in RE is dominated by wind and solar power, ii) Solar
and wind technologies produce only electricity whose share in the transport sector is only
1% (IRENA, 2019), and iii) other alternative sources such as biofuels, fuel cells and
hydrogen are insignificant. In light of the above, and despite the continuous improvement in
terms of cost effectiveness and energy efficiency, RE technologies energy output potential
will not be able to displace oil from the global energy mix. The solution lies in an integrated
mix of complementary solutions and approaches. This includes ambitious energy policies
based on massive investments in RE projects including wind, solar, hydro and bioenergy; on
improvement of energy efficiency of buildings and fuel efficiency of vehicles, and on the
use of biofuels.

In order to significantly displace oil from the primary energy mix, and by the same token,
decarbonize the transport sector and lower the global carbon footprint, it is necessary to take
measures based on a series of steps outlined in the prospective scenarios developed by many
well-known world organizations such as IEA, IRENA, BP, OPEC, etc. These scenarios are
intended to show policymakers the path to a low-carbon economy and help them shape their
energy policies. Basically these measures can be summarized as follows:

v' Efficient Feed-In-Tariff Policies for renewable energy technologies

v Worldwide mass electrification of the transport system.

v' Increasing use of alternative vehicles such as EVs, NGV and H2-fuel vehicles,
efficiency of ICEs and tightening emissions standards

Increasing use of low carbon fuels such as NG and alternative fuels such as biofuels,
biomethane and hydrogen in the transport sector

Coal phase-out plans and reliance on solar and wind in the power sector
Development of the hydrogen industry

Progressive implementation of government carbon-pricing systems

Implementation of Carbon Capture Utilization and Storage (CCUS)

Increasing use of highly efficient appliances in the building sector

Making the buildings energy efficient

<\
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Figure 17: IEA Planned scenarios

Source: [EA (2020)
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Figure 18: Projected global transport energy mix

Sources: BP statisitics, Irena, IEA, (Salvucci and Tattini, 2019).
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In light of these facts, is it reasonable to expect that oil will remain an important component
of the global (transport) energy mix? In an attempt to provide long term perspectives for the
energy transition, including the future global energy mix, several private and public
organizations have presented, taking into account the negative effects of the COVID-19
pandemic, many scenarios which, they say, are not predictions but rather ways forward to
phase out fossil fuels, and most particularly oil from the energy mix.

The oil giant British Petroleum (BP) explored various scenarios for the energy transition in
the future (BP, 2020): Business-As-Usual, Rapid and Net Zero. By 2050, according to the
conclusions, the share of oil falls from over 90% in 2020 to 80% in the business-as-usual
scenario, to 40% in the Rapid scenario and to 20% in Net Zero scenario. In all three
scenarios, the use of oil peaks in mid-to-late 2020s but stays an important component in the
global energy mix until 2050, by which time energy consumption is expected to shift away
from fossil fuels.

The International Energy Association (IEA) presented four scenarios (IEA, 2020) for future
energy outlook: The stated policies scenario (STEPS) which reflects the announced policy
intentions and targets, the Delayed Recovery Scenario (DRS) which addresses the
implications of COVID-19 pandemic on global energy outlook, the Sustainable
Development Scenario (SDS) which provides a pathway designed to meet climate change
requirements and where environmental concerns are more important, and a relatively new
scenario called Net Zero Emissions by 2050 case (NZE2050). In any case, IEA, in
recognition of the COVID pandemic on world economy, has revised down its forecasts for
global oil demand relative to 2019 global energy outlook.

In the STEPS, global economy is expected to recover to pre-COVID-levels in 2021. After
the recovery, world oil demand will rise from 97.9 mb/d (million barrels per day) in 2019 to
104.1 mb/d in 2040 down from 106 mb/d in the 2019 outlook. In the DRS, the oil demand is
expected to grow by only 4%, staying below 100 mb/d over the outlook. In both DRS and
SDS, oil demand will flatten out starting in the 2030s. In the SDS with oil demand forecast
to decline by nearly 35%. In SDS all fossil fuels are expected to decline while the RE is
expected to meet 63% of energy demand growth. The Net Zero Scenario is an extension of
the SDS. It describes the path to net zero emissions by 2050. Figure 17 illustrates the
planned scenarios.

As noted in their world oil outlook, OPEC expects this energy source to remain the largest
contributor to the global energy mix throughout the forecast period, accounting for more than 27%
by 2045(0OPEC, 2020).The OPEC report also indicates that oil demand is projected to increase from
nearly 100 mb/d in 2019 to around 109 mb/d in 2045.

The International Renewable Energy Agency (IRENA) presented four scenarios over the
period to 2050, namely the Baseline Energy Scenario (BES), the Planned Energy Scenario
(PES) and the Transforming Energy Scenario (TES) and the Deeper Decarbonization
Perspective (DDP). The BES reflects energy policies that were underway around the time of
the Paris Agreement in 2015.The PES, the primary reference case, is based on governments’
current energy plans and other planned targets and policies (as of 2019). The TES is an
ambitious scenario based on the development of renewables. In the BES, fossil fuels
consumption keeps increasing and CO2 emissions would grow to reach 43 gigatons by
2050. Under the PES, renewable energy is expected to play an increasingly important role,
so that the amount of fossil fuels remains roughly similar to today’s level. The Transforming
Energy Scenario would cut fossil-fuel use by about 75% by 2050. The DDP scenario is an
overambitious scenario in which CO2emissions would be reduced to zero by as early as
2050 or latest by 2060 (IRENA, 2020).
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Table 9. Evolution of global energy mix
Source: Author
Data from: BP Statistical Review of World Energy 2020
Units:EJ(ExaJoules)

Energy source 2009 2011 2013 2015 2017 2019
QOil 168.0 174.8 178.9 183.2 189.2 193.0
Natural gas 105.9 116.5 121.6 125.2 131.7 141.5
Coal 144.5 158.4 162.0 157.8 156.1 157.9
Fossil fuels 418.4 449.8 462.4 466.3 477.0 492.3
Nuclear 25.5 24.8 23.0 235 23.8 24.9
Hydroelectricity 30.7 32.7 35.2 35.4 36.6 37.6
Renewable energy 8.2 11.1 14.4 18.1 23.0 29.0
Total renewables 39.0 43.8 49.5 53.5 59.6 66.6
Total energy 482.8 518.3 534.9 543.2 560.4 583.9
% Qil 34.8 33.7 334 33,7 33,5 33.0
% Fossil 86.7 86.8 86.4 85.8 85.1 84.3
% Renewables 8.1 8.4 9.3 9.8 10.6 11.4

Total renewables= Renewable energy+ Hydroelectricity

Figure 16: The global energy mix in the transport sector

Data source (Garcia-Olivares et al, 2017)
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8.2  Potential implication for the status of oil in the global energy mix

Many authors and organizations see the RE technologies as a ready-made solution for a low
carbon and sustainable world economy that is applicable immediately. It is true that with the
advent of new technologies such as wind and solar production systems, it is reasonable to
hope that more progress can be made towards achieving these sought-after goals outlined in
the Paris agreement. There has been much progress, but there is still a long way to go
towards reaching these goals. So far, the production costs of renewable energy stood as a
major obstacle to worldwide implementation of RE projects. Now, these costs have been
reduced to a level comparable to that of fossil fuels-based power generation; and renewable
energy is increasingly cheaper. The cost of electricity production by solar PV, onshore wind
power plants and hydropower is now equal or lower than the cost of production of fossil
fuels-based power plants (IRENA, 2019). In 2019, solar PV fell 13% reaching $0.068 per
kWh. Onshore wind energy one of the most competitive technologies achieved a record low
of $0.053 per kWh. Costs for CSP the most expensive new energy technology average
$0.182 per kWh. While for power plants running on fossil fuels, the cost interval is $0.04—
0.14 per kWh (IRENA, 2019). On the other hand, about 67% of new power capacity was
solar and wind-based power projects (Henze, 2020). The constant decrease in the production
costs, thanks to technology improvements and economies of scales, has enabled the RE
industry to become competitive and, as a result, to increase its share in the global energy
mix. However, despite the cuts in production costs and the substantial rise in RE projects
the share of RE in the global energy mix amounted to only 10.6% in 2017(C2ES, n.d.). In
the transport sector, the RE share in the energy consumption was only 3.7% in 2018
(REN21, 2018). The relative increase in RE projects which is driven by solar and wind
projects, is not reflected in this vital sector due to the fact that the renewable energy mix is
dominated by biofuels. Presently, solar and wind technologies have little impact on the
transport sector. The transport sector is singled out not only because it is the largest
consumer of oil but also because it is a source of major pollution. This sector as a whole
accounts for approximately 94% (Garcia-Olivares et al, 2017) of the global oil consumption
and represents about 13% of overall GHG emissions and about 24% of global CO2
emissions (Exxonmobil, 2019). What’s more, the burning of fossil fuels in internal
combustion engines leads to harmful emissions of nitrogen oxides (NOx) and particulates
matter (PM). It becomes therefore obvious that any serious energy policy aimed at
decreasing CO2 emissions must be based on decarbonizing the transport sector. i.e. to
reduce the use of oil in the transport sector.

As shown in Table 9, over the last 20 years fossil fuels accounted for more than 85% of the
global energy mix; the oil share remained more or less constant with an average of 32~35%
(33.1% as per BP statistics) while the RE share in the mix is marginal. In any economy the
transport system is fundamental as it enables goods to be exchanged among economic
operators and nations, and it also allows the movement of people across lands, skies and
oceans. Today the transport sector uses 29% of global primary energy (IEA, 2018) and is
second only to electricity production in CO2 emissions. This vital sector is highly dependent
on oil since almost all transportation fuels have in common their fossil origin. As shown in
Figure 16, up to 94% of the transport sector energy requirements are provided by oil. The
share of alternative sources such as biofuels and electricity remains marginal.

Biofuels account for nearly 1% and the electricity use remains marginal although its
importance in passenger rail transport remains high (IEA, 2016). The entire growth in the oil
demand is driven by the transport sector. It is therefore the transport energy mix -dominated
by oil- that needs to be transformed. More specifically road transport with 44% of global
energy consumption is the largest single component (IEA, 2018).
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The reflected condensed sunlight is very intense and heats a fluid flowing through the tubes
to a very high temperature (about 550°C). The very hot fluid is then used to heat water to
create steam for a conventional steam turbine generator to produce -electricity
(Solarcellcentral, n.d.). A simplified schematic diagram is illustrated in Figure 14.

Figure 14: Schematic diagram of a CSP plant

Source: SolarCellCentral
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Photovoltaics

Photovoltaic (PV) modules are devices that convert sunlight directly into electricity. PV
systems rely on sunlight, have no moving parts, no heat engine and rotating equipment
Photovoltaic cells are made of various semiconductors, are modular to match power
requirements on any scale. They are reliable and have a long life (Kalogirou, 2009). A
simplified schematic diagram is illustrated in Figure 15.

Figure 15: Schematic diagram of a photovoltaics system

Source: Al-Salaymeh et al (2010)
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8. New Energy and Renewable Technologies and their Potential
Implications for the Status of Oil in the Global Energy Mix

8.1 Renewable energy technologies overview

Renewable Energy (RE) can be defined as a source of energy that occurs naturally and is
generally non- depletable. IRENA listed renewable energy sources as bioenergy (biofuels
and biomass), wind power, solar power (thermal, photovoltaic and concentrated),
hydropower, tidal power, geothermal energy, ambient heat captured by heat pumps, and
waste-to-energy technologies (incineration, gasification, fermentation, etc.) .

RE technologies produce power, heat or mechanical energy by converting those resources
either to electricity or to motive power (Armstrong and Hamrin, 2000). Some technologies
such as hydropower, wind and solar, waste-to-energy technologies are commercially
applicable. Tide, wave and other technologies are in the research or early commercial stages.
Also worthy of mention are other new energy technologies such as fuel cell and hydrogen
technologies. Detailed technical description of these RE technologies is beyond the scope of
this study. Only a brief description of the most widely used RE technologies will be given
below, namely photovoltaics, concentrated solar power and wind power.

Wind power system

Simply put, the kinetic energy in the wind turns the propeller- shaped blades (generally
three) around a rotor. The rotor is connected to the main shaft, which spins a generator to
create electricity. Electricity output is proportional to the speed of wind (DOE, n.d.). Figure

13 illustrates a simplified schematic diagram of the wind power system.

Figure 13: Simplified schematic diagram of a wind power system
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Basically, the Concentrated Solar Thermal systems (CSP) produce electric power by
converting the solar energy into heat using different mirrors configurations. The three main
types of CSP systems are parabolic trough, power tower, and dish Sterling engine systems.
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clean fuels which by definition are exempt from the carbon tax. The effective
implementation of the guidelines laid down in the new environmental regulations, coupled
with the carbon tax on fossil fuels, is likely to give a boost to the use of clean and alternative
fuels. The existing facilities might need to increase their output and improve their
performance. In Canada it is expected that the clean fuel standard policy will create jobs,
boost the economy, and promote national investments and new infrastructures (Marjolaine,
2017). As many have pointed out, the current supply of clean fuels will not be enough to
meet the created compliance demand and, consequently, there is need for dramatic increase
in production (Jonathan Cocker, 2020). The environmental policies based on the use of
alternative fuels must therefore be part of a logic of complementarity with other energy
carriers such as electricity.

Table 8. New environmental regulations in developed countries

Source : UNFCC, GRI (Grantham Research Institute)

Country Strategy Climate targets
-To triple the use of clean fuels by 2030
Canada Clean Fuel -1.2 million electric vehicles would be on the road
Standard -To reduce CO2 emissions 30 million tons by 2030
-Reducing by 2030 of GHG emissions by 28% in the transport
National Low sector
France carbon strategy -Improving light and heavy vehicles” fuel efficiency

-Reaching 35% of sales of new electric or hydrogen passenger
cars in 2030 and 100% in 2040

-Reducing greenhouse gas emissions by at least 55 %
Integrated compared to 1990 level

Germany National Energy | -To increase the share of renewable energies in gross final
and Climate Plan | energy consumption by 30% in 2030.

-A reduction in primary energy consumption of 30% in
2030compared to 2008 levels

Plan for Global -Reduction by 26% in GHG emissions by 2030 compared to
Japan Warming 2013 levels (80% by 2050)

Countermeasures | -19% reduction in GHG emissions in transport sector

- 22%-24% of national energy to be supplied by renewable
energy by 2030

-29% reduction in GHG emissions in transport sector by 2032
compared to 2015 levels

UK Clean Growth -To put an end to the sale of all new conventional petrol and diesq
Strategy by 2040
-at least 30 per cent of new car sales are expected to be ULEVs
by 2030
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7. New Environmental Regulations and their Impacts on the Operation
Performance of Production Units, e.g. Cleaner Fuel Production

Many countries have committed to reducing their greenhouse gas (GHG) emissions by 30
percent to 68 percent by 2030 and achieving net zero emissions by 2050. But according to
EPA (2018) and IRENA (2019), current energy policies cannot meet climate change targets,
and without improved environmental protection policies, it would be difficult to achieve
stated objectives. To adequately tackle the problems, new energy policies comparable to
those recommended by IEA (Sustainable Development Scenario) and IRENA
(Transformation Energy Scenario), need to be put in place. These energy policies must be
centered on two objectives of promoting clean alternative fuels and discouraging the use of
fossil fuels.

7.1 What are clean alternative fuels?

Clean fuels can be defined as alternative fuels which emit little or no pollution. As the name
implies, an alternative fuel is a fuel that allows an alternative to conventional petroleum
fuels such as gasoline, diesel, kerosene, etc. As per EPAct (1992), clean alternative fuels
include- but are not limited to- the following: Hydrogen, natural gas, propane, alcohols such
as ethanol, methanol, and butanol, vegetable and waste-derived oils; and electricity,
biodiesel, biogas, Compressed Natural Gas (CNG) or Liquefied Petroleum Gas (LPG).
These fuels have been developed for several reasons. The most frequent being i) to alleviate
the problems of shortages due to embargo or depletion of reserves, ii) to achieve security of
energy supplies, or iii) to reduce the environmental pollution caused by the transport sector.
Clean alternative fuels can be derived from biomass (biogas, biodiesel) and from fossil fuels
(CNG, LPG). Another option is to switch to another energy carrier e.g. electricity.

7.2 New environmental regulations

Many countries have enacted and deployed strong national laws and regulations to
accelerate transition towards renewable energies. Examples of such regulations include: the
Clean Fuel Standard (Canada), the National Low Carbon Strategy (France), the Low Plan
for Global Warming Countermeasures (Japan), Clean Growth Strategy (UK), and the
Integrated National Energy and Climate Plan (Germany) (see Table 8). Many other countries
have also updated their national energy policies in order to meet their international
commitments and to be compliant with their “Nationally Determined Contributions”. These
complementary environmental policy instruments are expected to make a positive
contribution to the realization of the climate change objectives. More specifically, they are
intended, among other things, to promote the use of cleaner fuels in the transport sector
which is a key contributor to air pollution and climate change.

7.3 Impacts on the operation performance of production units, e,g. Cleaner fuel
production

It goes without saying that the implementation of new environmental standards that promote
the use of clean fuels will certainly encourage cleaner fuels production units to increase their
production in order to meet the anticipated increase in demand. While it is generally
believed that environmental policies may have a negative impact on competitiveness,
imposing additional costs (e.g. carbon tax) on polluting firms may favor the production of
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Figure 11: The conventional view and the Porter hypothesis
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Figure 12. The benefits and costs of the Clean Air Act implementation
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Clearly, the implementation of environmental regulations has a cost which must be taken
into account in the firm’s financial perspective and formulation of business strategies. For
example, the purchase, operation and maintenance of pollution control equipment generally
incur costs with low profitability. These operating and maintenance costs ought to be
accounted for and integrated in the global operating costs of the firm. In the US, the Clean
Air Act and state regulations have also caused the industry to incur high costs for
environmental compliance (HSRC, 2003). These annual costs were estimated at around $ 5
billion to control sulfur dioxide emissions (and other pollutants) in U.S. power plants and
over $ 37 billion for petroleum refineries (Cairncross, 1992 ; Walley and Whitehead, 1994).
These expenses however must be put into perspective as in terms of investment levels, the
proportion allocated to environmental projects is in the range of a few percent of the firms’
turnover. In the United States, for example, in 2005 each of these sectors (power and
refining) “spent approximately 1 percent of their turnover to comply with environmental
regulations, while the average for all manufacturing plants was 0.4 percent” (Ferris and
McGartland, 2014). What’s more, the US EPA assessment of the costs and benefits clearly
shows that throughout the study period 2000-2020, the benefits, as shown in Figure 12,
clearly outweigh by far the costs of compliance.

In any case, the environmental targets and the profitability objectives are not necessarily
compatible, thus necessitating a careful balance between them. At the local and national
levels, environmental legislation generates compliance costs for businesses, and these costs
may arise from the requirement to reprocess industrial effluents, to standardize their
installations, etc. At the same time, environmental compliance can be a driver for
innovation, to upgrade the processes or to recover waste or heat. But at the international
level, there is a lack of policy coherence on environmental issues as national environmental
legislations are to a great extent not homogeneous. And that may lead to unfair competition
from companies that are not necessarily subjected to (stringent) environmental compliance.

In short, the implementation of environmental legislation may reduce the return on
investment of the stockholders but it will not incur losses to the company. While the
intended purpose of environmental regulation is to protect people’s health and the
environment, positive contributions such as health benefits and environmental protection are
not stressed enough.
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6. Economic Implications of Environmental Legislation on the Petroleum
and Energy Industry

Complying with environmental rules can represent considerable investment in both time and
money for businesses and firms. Confronted on the one hand with profitability constraints
which limit non-profitable investment, and on the other hand with environmental pressure
requiring effective application of regulatory laws, these companies have little room for
maneuver. Especially when the economic implications of environmental actions seem all the
more difficult to grasp as studies on the issue give contradictory results.

Numerous studies have been carried out over the years to assess the relationship between
environment and economy, and to say the least that relationship can only be described as
non-linear and complex (Zhao, M. et al,2020; Conrad and Wastel, 1995; Repetto, R.,1995 ;
Stewart, R.B, 1993 ). Some studies on the environment and productivity have backed up the
conventional view which suggests the environmental issues are likely to be a threat rather
than an opportunity to the enterprise (Stewart, R.B, 1993; Repetto, R.1995, Boyd and
McLelland, 1996).

On the other hand, the other line of environmental thinking claims that, under certain
conditions, implementation of environmental regulations can be beneficial to the company.
It is known as the Porter hypothesis. It is based on the assumption that environmental
regulations may foster the use of more innovative technologies which will subsequently lead
to increased profitability and market competitiveness (Figure 11). Many studies and reports
(Brunnermeier and Cohen, 2003; Lanoie et al, 2008) tend to support the Porter hypothesis
according to which incorporating the environmental factor into the planning process can be
positive for businesses. Chan et al(2013) carried out a review to determine the potential
impact of the emissions trading scheme on the competitiveness of industry using a panel of
5873 firms in 10 European countries. The analysis suggested a positive effect on both
material costs and revenue in the power sector. Jaffe et al (1005) concluded that there was
relatively little evidence that environmental policies lead to large losses in competitiveness
(Jaffe et al. 1995).

As can be seen, opinions differ as to the impact of environmental regulations on the
performance of businesses. Pros and cons which exist on both side of the issue are
summarized in Table 7 below:

Table 7. Conventional thinking Pros and Cons

Source: Gray (2015)

Pros Cons (Conventional thinking)

Environmental regulations have

improved air and water quality

greatly

Environmental regulations raise productions
costs and lower productivity

Reducing PM saves lives and prevent illnesses

B

Regulatory compliance can influence firms
decisions to relocate new plants

The potential health benefits may be even
greater in developing countries

Stricter regulations on new plants
discourage new investments

can

Proposed reductions in GHG have potentially
large benefits from slowing climate change

Stricter regulations in dirty locations can lead
to increasing pollution in once-clean areas

and preventing some of its adverse effects

Another impact of environmental regulation is the temptation for firms to relocate to
countries or regions where environmental constraints are less demanding (Gray and
Shadbegian, 2002; as cited in Millimet et al).
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disposal of residues resulting from the treatment units. These include incineration,
stabilization burial, encapsulation/solidification, oxidation, bioremediation, bioslurry
systems, biopile/composting, etc.

In order to meet the new constraints of sludge treatment, new technologies have been
developed. These technologies do not yet have sufficient experience feedback to
conclude on their viability, but they could have better environmental performance
than conventional processes. Among these new technologies are wet air oxidation,
chemical stabilization with nitrites (Veolia, n.d), supercritical water oxidation
technology, ultrasound treatment technology, microwave radiation technology (

Solid wastes treatment and disposal is covered by section 4.2

Figure 10. Oily sludge treatment and disposal methods

Source: Author, Data from (Echeverria et al, 2002; Xuening Li et al, 2020)
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Figure 9: Produced water treatment and disposal methods

Source: Author, Data from (Igunnu et al, 2012; Guerra et al, 2011)
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5.2.3 Treatment and disposal methods of solid wastes

Solid wastes generated from petroleum and energy facilities can be classified into
two categories: incinerable and non-incinerable wastes. Non-incinerable wastes
consist mainly of spent catalysts. They contain precious metals such as platinum
nickel, molybdenum, cobalt, tungsten, and vanadium. For this reason they are
returned to the manufacturers for regeneration, whilst others are sent for metals
reclamation and recycling (Dando and Martin, 2003; Stephan, 2013). Incinerable
wastes consist mainly of oily sludge which is mainly generated during the
production, transportation, storage and refining of oil (Deng et al., 2016, Liang et al.,
2017). It can be found in tank bottoms, process units and wastewater treatment
plants. These residues can contain oil, emulsified water and solids impregnated with
hydrocarbons. Disposal of sludge without the appropriate treatment and disposal
methods may lead to surface and ground water contamination, surrounding air
contamination, increase in the risks of fire and explosions, etc. Depending on the
characteristics and quality of the sludge, the requirements of local regulations, the
sludge treatment unit may include one or more processing methods. Other
parameters such as site constraints, investment costs, etc., can have a significant
influence on the choice of the processing methods.

Some of the conventional methods used in the treatment and disposal methods of oily
sludge are shown in Figure 10. These processes include solvent extraction,
mechanical centrifugation, froth flotation, ultrasonic irradiation, UHT gasification,
pyrolysis and other emerging methods. Many techniques have been reported for the
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Figure 8: Arrangement of a typical liquid wastes treatment plant integrating surface and process
waters

Source: Author

! Contaminated "I Process waters

S l\‘_____.___//l
v
Startn basin |
| | Buffer tank |
=
" - .
——b| Pre-separator - 8 = Screening
E e Gravity s ettling
= Sandtraps
h 4
v
| De-ailer | 'y
* Qiltraps

Coagulation/Flocculation

Coagulation
Flotation

judwedi]
fewng

Flocculati on
| Filtration

nr

Flatatian Filtratian !

|

Activateds ludge
Eipfilters
Bio contadors

¥ Activated Mermbrane
Biofilter sludgze biareactar -

Post treatment or

Waweal
fiepuoiag

Solwent extraction

Oxidation process es
Membraneseparation

Adsorption

Wawjealy
1504

Reuse ordisposal

Re-injection is however the method most used to dispose of produced water pumped during
the production process of oil or gas. Most of the produced water is usually re-injected into
the producing formation for enhancing oil recovery or into another geologic formation
(Bothamley, 2004). For final disposal purposes, about 90 % of produced waters from
onshore oil and gas operations are disposed of in more than 166,000 underground injection
wells (Karami et. al., 2013 as cited in Abdelsabour, 2015).

When produced water cannot be handled through minimization, reuse or recycle, it can be
disposed of using surface impoundments such as evaporation ponds, settlings, aeration pits
and lagoon. It is allowed to evaporate through solar radiation and wind, leaving a pond of
concentrated residual waste for treatment and obtaining zero liquid discharge. Surface and
groundwater contamination is thus avoided. However, ponds may also create nuisance
problems related to odor generation when they are in close proximity to nearby towns.
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5.2.2 Control and treatment techniques of liquid wastes

Petroleum and energy facilities generate large quantities of liquid wastes which contain
organic chemical contaminants. These liquid wastes, which mainly include produced water
and wastewaters, are strongly regulated, and strict limits are set for the level of contaminants
contained in those wastes. In general, at the project and design stage of the facility, a liquid
waste treatment system is provided. As pointed earlier, the choice of the treatment
method(s) is driven by the cost and the options available that comply with the local waste
regulations. Several treatment methods are available to deal with these liquid effluents.

Figure 8 illustrates a typical wastewater treatment arrangement. The pre-treatment step is
designed to remove debris and coarse particles that may damage the equipment. This can be
achieved by screening, gravity settling or sand traps or a combination thereof. This is then
followed by a primary treatment designed to remove suspended solids and organic matter.
The treatment (it could be physical or chemical) can be achieved by oil traps,
coagulation/flocculation units or flotation and filtration units. A secondary (biological and/or
chemical) treatment is necessary to remove biodegradable organic matter. It could be
performed by activated sludge process, biofilters or biocontactors. Finally, if necessary, the
effluent may undergo a post-treatment based on chemical and biological processes such as
solvent extraction, oxidation processes or membrane separation. This post-treatment step is
designed to thoroughly remove remaining components such as suspended and dissolved
solids resulting from the decomposition of organic substances (Miah, 2012). The
conditioned water can then be safely discharged or reused within the refinery for process or
cooling purposes.

Liquid wastes treatment and disposal is covered by Section 4.1

On the other hand, large quantities of produced water (PW) are generated during the
production of oil and gas. PW must be handled in accordance with local regulations and
permit requirements because it contains organic and inorganic pollutants. Depending on the
final use, it may or may not require extensive treatment. Handling methods include
minimization, re-injection, surface discharge and recycling/reuse after treatment, and
evaporation. Operators ought to give priority to PW minimization as it results in better
protection of the environment. For example, in oil production, one of the techniques used is
the so-called downhole oil-water separation, which is based on the oil-water separation
principle.

When options for minimization are limited, the use of other methods such as recycling,
reuse or surface discharge may be an interesting alternative. The final disposition of
reused/recycled produced water dictates the level of treatment. With minimal treatment,
produced water can be reused on site (e.g. for fracturing) and when recycled for other
purposes (agricultural or industrial use) it must undergo higher levels of treatment such as
solvent extraction (Mueller, 2015). Direct discharge to waterways may be permitted under
specific conditions. Onsite pretreatment or at a publically owned wastewater treatment
plants, is therefore necessary to remove oil and organics and to give water an environmental
quality. There are various physical and chemical methods (cf. figure 9) to treat the produced
water and the treatment depends on the characteristics of produced water and local
regulations. Treatment processes include, but are not limited to, the following: Coalescence,
flotation, solvent extraction and adsorption.
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Figure 6: NOx control technologies

Source: Author
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Figure 7: SOx Removal techniques
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(Pett, 2017), Steam/Water Injection (Londerville et al, 2019), Oxygen instead of air
for combustion (Doyle, 2009), and Low NOx Burners (Garg, 1994).

11) Post combustion methods

Post combustion methods or add-on technologies are designed to remove NOx
emissions from flue gases after combustion. Existing technologies include Selective
Catalytic Reduction (Sorrels et al, 2019), Selective Non-catalytic Reduction (Sorrels
et al, 2019), Sorption (Rezaei et al, 2015), and Absorption by chemical reaction
(Condorchem, n.d.)

52.13 Control and treatment methods of Sulfur Oxides (SOx) emissions

Petroleum refineries and associated facilities are potential sources of Sulfur Oxides (SOx)
emissions, the most significant being SO2 and SO3. SOx can arise from process units,
storage facilities, steam boilers, process heaters, etc. In order to meet environmental
requirements, SOx emissions need to be controlled below specific limits. As shown in figure
7, there are two main approaches to SOx removal:

1) Prevention technologies

SOx emissions can be eliminated prior to combustion using prevention and source
reduction technologies such as hydrotreating and hydrodesulfurization. These control
techniques are often used in refineries to remove sulfur oxides from refined
petroleum products but they require high investment and operational costs.
(Kokayeff et al, 2015; Speight, 2019).

i1) Add-on technologies

Add-on technologies are used to remove SOx emissions after combustion. Wet gas
scrubbing or flue gas desulfurization can be used to remove SOx from refinery flue
gases (Cunic and Feinberg, 1996). Alternatively, other add-on technologies-widely
discussed in the literature- can be used. This include spray dry system (Miller, 2017),
limestone/gypsum system (Wang et al, 2012), and seawater scrubbing system
(Oikawa et al, 2003).
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Figure 5: VOCs control and removal techniques

Source: reproduced from Geldermann et al, 2006
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5.2.1.2

Control and treatment methods for Nitrogen Oxides emissions

Nitrogen Oxides (NOx) are another major contributor to air pollution. They have a
particular significant effect on the environment with the main effects being the
destruction of stratospheric ozone, contribution to the greenhouse effect and
production of acid rain. NO and NO, are the most common forms of NOx, and they
are largely due to human activities. Emissions of NOx from petroleum and energy
facilities arise primarily from combustion processes (boilers, process heaters,
furnaces, combustion engines, etc,) mainly in the form of NO and NO,.

Figure 6 lists control methods mostly used to reduce NOx. Basically there are NOx
prevention and source reduction technologies and add-on technologies.

1) Prevention and sources reduction methods

Prevention and sources reduction technologies are designed to prevent or reduce the
formation of NOx emissions before the combustion takes place. Among the
prevention technologies, the most widely used ones include Flue Gas Recirculation
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wastes in general were managed in the most practical and inexpensive ways. But now things
have changed since the advent of environmental and climate protection regulations and laws.
Most of the national and local environmental laws require that all wastes generated by the
oil and gas industry be treated in accordance with the provisions of those laws. The most
widely used methods for waste management in the petroleum and energy facilities include,
but are not limited to, the following:

Figure 4: Hierarchy of waste management practices

Source: EPA
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5.2.1 Control and treatment methods of air emissions
5.2.1.1 Control and treatment methods for VOCs gaseous emissions

VOCs are among the main air pollutants released to the atmosphere during O&G operations,
oil refining, and natural gas treatment, oil and gas transport by pipeline, loading and
unloading of petroleum products. VOCs pose a real health and environmental risk, and the
emissions of which are more and more regulated and enforced. In order to set up a strategy
for reducing emissions of volatile organic compounds, it is necessary to characterize and
quantify the different sources of VOC emissions, then define the solutions adapted to the
industrial site concerned as the available techniques have both advantages and shortcomings.
Before opting for a treatment technology, it is necessary to first try to find ways to limit or
reduce emissions at the point source in accordance with the hierarchy of waste management
practices. This can be accomplished through process and equipment modifications. When
modifications are not feasible, add-on techniques may be used. There are a number of
commercially available add-on technologies for treating and controlling VOCs emissions.
As illustrated in Figure 5, these add-on techniques can be divided into destruction and
recovery techniques. These techniques have been widely described in the literature
including, among others, absorption (Poddar et al, 1996; Ozturk and Yilmaz, 2006),
adsorption (Zhang et al, 2016), condensation (Huang et al, 2012), membrane separation
(Rudd and Hill, 2013), thermal oxidation (Van der Vaart, 1994; Wang et al, 2004; Goldberg
and Min, 2014), catalytic oxidation (Kamal et al, 2016), bio-filtration (Vikrant et al, 2017).
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and plants (EI-Mutairi et al, 2008). Biological sludge, which is formed during wastewater
treatment processes, can be oxidized and converted into stable compost.
More details are given in Section 4.2.

5.1.4 Noise and odor nuisances

Petroleum and energy facilities can generate significant noise emissions. Point sources can
be compressors, control valves, pipelines, turbines and motors, flares, cooling air heat
exchangers as well as refrigeration towers, ventilation systems, steam turbine generator, etc.
Sound levels generally range between 60 and 110 dB over a distance of one meter. In oil
refineries, the noise level in some operation may exceed 90 dBA, which affects the
environment (Wachasunder, 2004).

Petroleum and energy facilities, most specifically oil refineries create strong nuisance odors
that can be detected over long distances. Sulfides, mercaptans, and hydrocarbon compounds
are among those that cause smells. It is possible to control odors by eliminating or reducing
their source through utilizing specific chemical treatments such as neutralization,
acidification, alkalization.

5.1.5 Risks of accidental releases

An accident release or spill of raw materials, products or waste can have disastrous effects
on the natural environment and in particular on marine or aquatic ecosystems. Groundwater,
in particular, is easily polluted by leaking reservoirs or pipelines that go undetected. For this
reason petroleum and energy facilities should be located away from areas prone to natural
disasters such as floods, earthquakes, unfavorable weather conditions, etc., and away from
sensitive resources that cannot be protected from the risk of a spill. The design of storage
facilities and pipelines must incorporate alarm devices and automatic shut-off valves that
respond immediately to operational failures.

5.2 Overview of waste treatment and disposal methods in the petroleum and energy
facilities

In waste management practices, there exists an established hierarchy applicable to all forms
of waste including those resulting from petroleum and energy activities. As illustrated in
figure 4, there are four levels of waste management procedures in dealing with the
environmental issues. Prevention or source reduction is of course the most preferred option
since it reduces or eliminates the production of wastes at the very source. This could be
achieved through process modification, technologies adaptation, or products substitution so
that less waste is generated (Veil, 2001) Recycling is the next preferred option. Recycling is
the process of reusing wastes into other applications. For example, waste mud from one oil
well can be used for plugging other wells. Recycling can avoid release of large amounts of
wastes into the environment. Combining source reduction and recycling help minimize
wastes generation. Waste treatment and disposal are the least preferred options. In practice,
waste management decisions are driven by the cost and the options available but cost-
effectiveness is an important factor in the choice of the disposal route.

As mentioned earlier, impacts that petroleum and energy facilities represent on the
environment are mainly due to air emissions, wastewater discharges, solid wastes, noise, and
odor nuisance. In the following section, a review of remediation measures or waste
management practices used with each type of waste generated during the exploration and
production of oil and gas, oil refining operations, and natural gas processing. In the past,
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In addition to local effects such as air, water, and soil contamination in the surrounding
areas, air emissions have far-reaching global consequences for the planet ecological
equilibrium. Indeed, the accumulation of gases in the atmosphere due to air pollution
generates global environmental problems with known consequences such as global warming
and soil acidification. Global warming is caused, among other things, by the increased
amount of greenhouse gases emitted during human activities. Gaseous emissions are
generated in particular by the production and consumption of fossil fuels, such as petroleum,
gas. The oil and gas industry is a major source of GHG emissions and a major contributor to
global warming. Total indirect greenhouse gas (GHG) emissions from oil and gas operations
today are around 5200 million tons of carbon-dioxide equivalent (IEA, 2020).

Air pollution can also amplify soil acidification due to acid rain resulting from gaseous
emissions. Indeed, when released into the atmosphere, sulfur dioxide and nitrogen oxide
change into sulfuric and nitric acid compounds by chemical transformation upon contact
with rainwater. These acid rains destroy ecosystems, in particular flora and aquatic
ecosystems located hundreds or thousands of miles away from emitting sources.

51.2 Environmental impacts of liquid wastes

Petroleum and energy facilities use large amounts of water for plant processes and for
cooling purposes. As a result, their operational activities generate large quantities of
wastewaters with half being process waters. Process waters can be polluted with oils,
ammonia, phenol compounds, sulphides, organic acids, benzene, and heavy metals
(Benyahia et al, 200).

As pointed out earlier, oil and gas production facilities generate also large amounts of
produced water which, as we know, is contaminated with organic compounds and heavy
metals. Both wastewaters and produced waters are not without potential risks for soil,
surface water and groundwater. Such risks may be due to leaks, spillages or uncontrolled
discharges of these waters. In any case, the discharged waters must be cleaned, filtered, and
processed before being disposed of.

Oil leaks from pipeline operations or spills from loading/unloading activities can represent a
potential hazard for surface and groundwater and soil. Also, soil contamination may occur
from accidental spills of hydrocarbons such as oil, diesel, and fuel oil. If not handled
properly, pollutants may infiltrate and contaminate the soil.

In short, the environmental impacts could arise from the improper disposal of water
produced with oil and gas, uncontrolled discharges of wastewaters from refineries and
natural gas processing, or from accidental release of hydrocarbons. These pollutants must be
recovered and treated in accordance with local environmental regulations.

Treatment methods are covered by Section 5.2.2

5.1.3 Environmental impacts of solid wastes

Many residuals such as oily sludge, biological sludge from WWTPs and spent catalysts are
generated during normal operations of the petroleum and energy facilities. Oily sludge is one
of the most significant hazardous solid wastes generated in the petroleum industry.
Uncontrolled release of such waste into the environment leads to soil and water
contamination. It has been reported that it significantly modify the physical and chemical
properties of the receiving soil (Wang et al, 2018), and it increases the contents of main
pollutants (oil, organic compounds and heavy metals) in soil. On the receiving soils, the
toxic components in oily sludge may cause nutrient deficiency or limit the growth of seed
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devices); high-temperature combustion processes in the actual burning of fuels for electricity
generation; the heating of steam and process fluids; and the transfer of products (EPA,
2003). What's more, the impact of these gases can vary from local effects- as in the case of
CO and VOC- to global warming eftfects, as is the case of CO2 (Cheremisinoff, 2002 as
cited in Imrane and Al-Thukair, 2009)

Large quantities of these air pollutants are released into the atmosphere during the annual
operating cycle through normal and fugitive emissions, accidental releases, or plant upsets.
Table 5 shows the average quantities of gaseous emissions per ton of processed crude.

A summary description of the potential impacts and environmental hazards likely to affect
the environment is given below in Table 6. The pollutants can be emitted during normal

operations, production, processing and distribution of gas and oil products.

Table 5: Air emissions from refineries

Source: World Bank

kg/ton of crude
processed
Particulate Matter 0.8
Sulfur Oxides 1.3
Nitrogen Oxides 0.3
BTX 0.025
VOCs 1

Table 6: Environmental impacts of pollutants

Source : Author

Type of pollutants

Sources may be one or more of
the following

Impacts Assessment

S02, NOx, VOCs, CO, H2S

QOil refining operations,

Natural gas plant operations, Gas
compression stations, QOil
pumping stations

Acidification, Eutrophization,
Photochemical pollution

CO2, CH4, NO

Oil and gas operations, Oil
refining, Burning of fossil fuels,
Gas compression stations

Increase global warming

Polycyclic Aromatic Hydrocarbons
(PAH)

Combustion of fossil fuels, Oil
pumping stations, Gas
compression station

Contamination by organic
pollutants, toxic effects on
ecosystems and human health

Particulate Matter

Gas compression stations, Qil
pumping stations, Combustion of
fossil fuels, Petroleum refining

Environmental and health effects

NORMs

0O&G operations, Pipe and
pipeline scale from refinery or oil-
field operations, Refining sludges

Soil and water contamination

Heavy metals (As, Pb, Zn, Cd, Cr,Ni,
Cu, Hg)

0O&G operations, Refinery
operation

Water and Soil contamination by
heavy metals

Gas compression stations, oil

Soil and water contamination

Diesel pumping stations, Loading and
unloading of fuels
Sludge O&G operations, refinery Soil and water contamination

operations, WWTPs
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5. Environmental Impact Assessment of the Petroleum and Energy Facilities and
the Processing Methods

5.1 Environmental impact assessment of the petroleum and energy facilities

For the purpose of this study, the petroleum and energy facilities include, but are not limited
to, the following: Oil and Gas production facilities, petroleum refineries, natural gas
treatment plants, and their associated facilities (Storage, Loading/Unloading, Transport,
Distribution and marketing). In order to assess the environmental impact of any industrial
facility, it is important to identify the technologies underpinning the processes and related
operational activities, the raw materials used in the fabrication process, the intermediates
materials and by-products, and the final products. In addition, the nature, the location and
the size of the industrial facility must be clearly defined.

The objective of the environmental impact assessment (EIA) is to evaluate beforehand the
impacts of the concerned industrial facility on the environment with a view to planning the
measures (or processing methods) required to eliminate, mitigate or compensate for the
negative impacts and, by the same token, improve the positive aspects of the industrial
facility. This being said, the petroleum and energy industries are mature industries and have
been largely involved in developing and applying waste management techniques. Petroleum
and energy facilities operations have the potential for a variety of impacts on the
environment, and programs to manage, mitigate or eliminate them do exist. Potential
impacts that petroleum and energy facilities represent on the environment are mainly due to
air emissions, wastewater discharges, solid wastes, noise, and odor nuisance.

5.1.1 Environmental impacts of air pollution

From production wells to marketing, all petroleum and energy facilities contribute to air
pollution emissions but in varying proportions. The main causes of air pollution are related
to the production and burning of fossil fuels. The petroleum and energy facilities are among
the most polluting industries with a large share of air emissions. These emissions come from
point sources such as O&G production facilities, gas compression stations, oil pumping
stations, oil refining and natural gas processing units, heaters, flares and storage of products
or raw materials, etc., and non-point sources, e.g., Transport of the oil or gas, loading and
unloading, spills and leakages. These point and non-point sources of pollution emit air
pollutants such as Benzene, Toluene, Ethylbenzene, and Xylene, or BTEX as more
commonly known. They are released to the atmosphere during oil and gas operations, oil
loading and transportation, and oil refining and natural gas processing. BTEX, which are
volatile organic compounds, are toxic and hazardous. Due to its toxicity, volatility, solubility
in water, and ability to migrate, BTEX represents a serious environmental problem. Media
contaminated with BTEX include air, water, and soil. All of the BTEX chemicals can
produce neurological impairment, and exposure to benzene can additionally cause
hematological effects including anemia and acute myelogenous leukemia. Both benzene and
ethylbenzene are considered carcinogenic (Masekameni et al, 2018). Polycyclic Aromatic
Hydrocarbons (PAHs) may cause DNA damage, oxidative stress, and cardiac function
defects. Fish growth may be affected as well (Bakke et al, 2013).

Petroleum and energy facilities are also a major source of other types of air pollutants such
as Particulate Matter (PM), Nitrogen Oxides (NOx), Carbon Monoxide (CO), Hydrogen
Sulfide (H2S), and Sulfur Dioxide (SO2). Air emissions can arise from various sources
within a petroleum or an energy facility including equipment leaks (from valves or other
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2015; Alshammari et al , 2008). There are advantages and disadvantages to each method.
The choice of the treatment method(s) depends on the sludge characteristics, the
requirements of local regulations, site constraints, construction costs, operating costs, etc.

Table 4: Typical physico-chemical characteristics of oily sludge

Source: Sangeethal and Thangadurai (2014)

Parameter Value
pH 8.6
Qil (wt. %) 45.1
Water (wt.%) 2.3
Sediment (wt.%) 52.6
Sulphide (mg/kg) 985
Zinc (mg/kg) 1032
Mercury (mg/kg) 1.72
Nickel (mg/kg) 127
Lead(mg/kg) 55.06
Chromium (mg/kg) 158
Copper(mg/kg) 282
Manganese(mg/kg) 188

Figure 3: Oily sludge treatment by solvent extraction method

Source: Badrulislam, 2015

1 2 Solvent vapor
=; Recovered oil
Oily
sludge il and solvent
mixture 4
Solvent vapor
Recyeled 3
solvent 2

- — bt Waste residucs
L Bottom impurities =

Special Issue Dedicated to the OAPEC’s Scientific Research Award for the Year 2020



Volume 47 - 2021 - Issue 178 21

Figure 2: Refinery wastewater treatment scheme

Source: adapted from Lesage (2020)
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4.2 Environmental impacts and treatment methods of solid wastes

Solid wastes generated from downstream industries can be classified into two categories:
Incinerable and non-incinerable wastes. These wastes can be hazardous because they may
contain toxic compounds such as organics and heavy metals. It is estimated that
approximately 3 to 5 kg of solid wastes are generated per ton of crude processed (Benyahia
et al, 2006). Metal-based catalysts such as those used in refinery processes cannot be
incinerated. Traditionally, landfilling was the way to dispose of them. This practice is of
course not environmentally friendly and can lead to ground water contamination. Spent
catalysts contain precious metals such as platinum nickel, molybdenum, cobalt, tungsten,
and vanadium. For this reason they are returned to the manufacturers for regeneration, whilst

others are sent for metals reclamation and recycling (Dando and Martin, 2003; Stephan,
2013).

Incinerable wastes consist mainly of sludge which is recovered from tanks bottoms, process
equipment, and wastewater treatment units. Oily sludge, also referred to as slop oil, results
from crude oil storage tanks bottoms and desalting units. It is a complex mixture of
hydrocarbons, sediment, paraffin and water, and other odorous and toxic substances such as
metals (cf. Table 4). It is corrosive, and is considered hazardous. It has been estimated that
one ton of oily sludge is generated for every 500 tons of crude oil processed (Badrulislam,
2015). Oily sludge composition can vary considerably, depending on the crude oil type and
on the extraction and refining processes. Sludge recovered from crude oil storage tanks and
desalting unit contains a high percentage of oil, the recovery of which can mean extra
savings for the refinery. The sludge is usually treated using solvent extraction (Figure 3)
followed by combustion of the residue. In some cases, the residue may require stabilization
prior to disposal to reduce the leachability of toxic metals ((Hou et al, 2013). Solvent
extraction can achieve a recovery of about 67.5% hydrocarbon oils (Taiwo and Otolorin,
2009).

In addition to solvent extraction, other treatment techniques exist, such as centrifugation,
surfactant enhanced oil recovery (EOR), frost and melt treatment, sludge pyrolysis,
microwave and ultrasonic radiation, electromagnetic method, flocculation, froth flotation,
filtration, thermal desorption, incineration, biodegradation, and oxidation (Badrulislam,
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Table 3: Characteristics of oil refinery wastewater effluent characteristics

Source: (Nwanyanwu and Abu, 2010)

Parameters Value
pH 7.64
THC  (mg/l) 17.5
TDS (mg/1) 950
BOD (mg/1) 32
COD (mg/1) 112
Phenol  (mg/l) 71.2
Phosphate (mg/1) 0.22
Chloride (mg/l) 44
Lead (mg/1) <0.01
Copper (mg/l) <0.01

Several treatment methods are available to deal with these liquid effluents. The choice of the
treatment method(s) is driven by the cost and the options available that comply with the
local waste regulations. In general, at the project and design stage of the facility, a
wastewater treatment system is provided. As illustrated in Figure 2, it usually includes a
preliminary physical treatment, in this case an API separator, to remove coarse particles that
may damage equipment. This is then followed by a primary treatment (it could be physical
or chemical), represented by the flocculation/flotation unit, designed to remove suspended
solids and organic matter. A secondary (biological and chemical) treatment is necessary to
remove biodegradable organic matter. At the end, the effluent undergo a final treatment- the
clarification step- based on chemical and biological processes designed to remove products
such as suspended and dissolved solids resulting from the decomposition of organic
substances (Miah, 2012). The conditioned water can then be safely discharged or reused
within the facility.

Some refineries use deep-injection wells to dispose of wastewater generated inside the
plants, but this can generate risks as some of these wastes end up in aquifers and
groundwater (McCurdy, 2014).

The existing treatment methods have been the subject of numerous publications including
dissolved air flotation (Ratnayaka et al, 2019), activated sludge (Senat, 2020),

biofilters (Chaudhary et al, 2003), Advanced Oxidation Processes (Khurana et al , 2019;
Azizah et al, 2018), Sour water stripping (Yokogawa, 2020), Coagulation/Flocculation
(Zhao et al, 2020). In addition to these techniques which have proven to be very efficient,
new treatment methods have been developed. These include the membrane bioreactor
process, the ballasted floc reactor, and the integrated fixed-film activated sludge (IFAS)
process (The editors of Encyclopedia Britannica, n.d).
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4. Treatment of liquid and solid wastes resulting from downstream
industries

For the purpose of this study, the Oil and Gas downstream industries refers to oil refining
and natural gas processing and associated facilities. Large quantities of liquid and solid
wastes are generated during the processing of oil and natural gas into useful commercial
products. These wastes have potential hazards for the environment and human. Therefore, it
becomes a necessity to rid them of the noxious products they contain and which are likely to
cause environmental damage and harm human health.

4.1 Environmental impacts and treatment methods of liquid wastes

O&G downstream industries generate large quantities of liquid wastes which consist mainly
of wastewaters such as process water, sour water, storm water, and sanitary sewage water.
The wastewaters can be divided into process and non-process waters. Non process waters
usually consist of storm waters and surface runoff waters and usually do not represent a risk
to the environment unless they are contaminated by oil leaks and spillage, in which case a
treatment is necessary. Process waters results from the use of water in refinery processes
such as desalting, distillation, hydrotreating, cooling systems, etc. It can also arise from
natural gas processing such as phase separation units, dehydration units, product
fractionators, reflux drum drains, etc.,(Ravenswaay, 1995). In natural gas processing plants,
produced water may be occasionally found in the gas. Sometimes, it may happen that during
the production phase produced water is not fully separated in the production field. This
water must be removed prior to gas processing. It is estimated that about 9.5 million barrels
of produced water are removed annually from natural gas processing plants in the U.S (ICF,
2000). Produced water handling is covered by Section 2.2.

Of the total wastewaters, process water accounts for more than half all the effluents waters.
As a general guide, approximately 3.5 to 5 cubic meters of wastewater per ton of crude oil
are generated (Benyahia et al, 2006). As illustrated in Table 3, wastewater effluents
emanating from downstream industries can contain Biochemical Oxygen Demand (BOD)
and Chemical Oxygen Demand (COD). Levels of approximately 150-250 milligrams per
liter (mg/1) and 300-600 mg/1, respectively have been reported (WB, 1998; Benyahia et al,
2006; Nasr et al, 2019). Other contaminants in significant quantities may be present in the
wastewaters including phenols, oil, BTEX, heavy metals.

Clearly, wastewaters, if not treated properly, can pose potential risks to the environment and
ecosystems, including soil and water contamination. In general, wastewater effluents
generated from downstream industries are strongly regulated, and strict limits are set for the
level of contaminants contained in those wastes. In order to minimize potential
environmental and health risks, raw wastewaters must be adequately treated before disposal.
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3.2 Smart oil and gas fields (Digital fields)

Oil and gas producers have huge amounts of complex data to process. In order to remain
profitable in the face of an ever changing operating context and policies, the companies need
to properly manage these data processes and to ensure that everyone involved has access to
relevant information. It allows the operating company to achieve economies of scale and real
time oil well management and production, reduce workflow cycle times, while saving on
operational costs (Idachaba, 2012). Therefore, some major oil companies have developed the
concept of smart fields (or digital fields), which is a set of innovative technologies allowing
real-time transfer of data from the well pads to the control station. Production and downhole
equipment are monitored in real time. It is a technology which supposedly can integrate
people, processes, machinery and technology. It has been validated in experimental settings
in many areas including intelligent management of producing oil and gas fields and oil and
natural gas exploration (Salympetroleum, n.d.).

33 Seismic mapping technology

Seismic acquisition is the process of generating, collecting and recording seismic signals in a
field. The objective is to detect or better define oil and gas fields, typically located a hundred
meters to a few kilometers deep. Geophones which are ultra-sensitive sound-emitting
devices are used by seismologists to bounce sound waves off underground rock formations
to uncover hydrocarbon reservoirs. The seismic images, before interpretation, are the
product of different steps including recording of data and conversion into 3D maps
(Strausscenter, n.d).

3.4  New geo-steering technologies

Geo-steering is one of the many revolutionary downhole drilling technologies developed to
improve reservoir encountering rate for directional wells and horizontal wells (Zhand et al,
2013). According to Wikipedia, “Geosteering is the optimal placement of a wellbore based
on the results of real time downhole geological and geophysical logging measurements...”
For deep reservoirs with complex geologic structure, wellbore trajectory cannot be
effectively guided to the reservoir with conventional techniques such as logging-while-
drilling. It is therefore necessary to resort to more sophisticated tools and technique such as
rotary geosteering (Zhang et al, 2013). Currently, over 60% of horizontal wells around the
world are geosteered (Kuvaev, 2020). This technology has several variants including density
image, rotary steerable system, resistivity image and rotary geosteering.

3.5  Downhole Oil/Water separation

This technique can separate the oil and water directly in the wellbore. It is based on the oil-
water separation principle. The produced water is separated from the oil at the bottom of the
well and is usually re-injected into another formation which is usually deeper than the
producing formation, while the oil and gas rich stream is pumped to the surface (Yang et al,
2015).
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Figure 1: Relative amounts of O&G exploration and production wastes

Source:(USC, 1992)

0.10% 1.70%

B Produced Waters
M Drilling fluids
Assoicated wastes

98.20%

3. Role of modern technologies in the exploration and production of oil and gas

The oil and gas industry is faced with many constraints including increasing complexity of
hydrocarbons deposits, volatility of crude and gas prices, considerations of climate change,
and environmental pressure. Thus, the development and the adoption of new technologies is
an issue of fundamental importance to these businesses as it could improve their production
techniques while reducing their operating costs and mitigating the environmental impact in
an increasingly demanding operating context.

Modern technologies can provide new solutions to some of the environmental risks
associated with exploration and production of oil and gas. It can delay the depletion of oil
and gas fields by recovering remaining hydrocarbons which cannot be produced by
conventional methods. New techniques like smart fields, small hole drilling make it possible
to monitor and control the drilling process while protecting this natural resource, to reduce
the drilling time and the amount of drilling wastes. Some of the key new technologies that
will drive the Oil & Gas exploration and production sector are identified below.

3.1 Advanced drilling techniques

The search for new oil deposits, deeply buried or under great heights of water, leads to
drilling in conditions where conventional drilling is difficult to achieve. Faced with these
difficulties, the oil industry has developed a set of alternative drilling techniques which have
been the subject of numerous publications. Among these techniques one can list the
underbalanced drilling technique (El Neiri et al, 2016), the managed pressure drilling
technique (Martin, 2006), the extended reach drilling (Francis, 2014), and the slim-hole
drilling technique (Gibson, 2016). These techniques, along with up-to-date technical
improvements, can be an important tool for the recovery of oil and gas. By employing these
efficient methods, wells’ productivity can be increased and the impact on the environment
lessened.

2020 olel drolell clilgl 8jilay pla aac



16 Volume 47 - 2021 - Issue 178

accordance with local regulations to insure no negative impact to environment and human.
Drilling fluids can be disposed of onshore, offshore or re-injected into disposal wells.
Offshore disposal is constrained by regulations while onshore disposal can give additional

liability at the disposal site (Ismail et al, 2017).

Table 2: Drilling wastes treatment and disposal methods

Source: Onwukwe and Nwakaudu (2012)

Waste Minimization Approaches

Recycle or Reuse Approaches

Disposal Approaches

synthetic-based and oil-based muds
generate less cuttings than water-based
muds

road spreading when roads benefit from
application of waste

land spreading or land farming

coiled tubing drilling

reuse synthetic-based and oil-based muds

:road spreading

directional/horizontal drilling

use cleaned cuttings for fill or cover
material

burial in onsite pit or offsite
landfill

use of less toxic components and additives
for muds

restoration of wetlands with clean cuttings

discharge to ocean

air drilling

use cuttings as aggregate for concrete or

salt cavern disposal

bricks
thermal treatment with fluid recovery

underground injection

thermal treatment

biotreatment (e.g., composting,
vermiculture)

Drill cuttings are broken rocks brought to the surface by the drilling fluid. Oil-based drill
cuttings are contaminated with hydrocarbons and may contain up to 15 % of oil (Huang et
al, 2018). As most of the disposal guidelines require that the oil-based drill cuttings must
contain less than 1% oil, it is therefore necessary to adopt specific treatment so as to remove
extra oil from the cuttings in order to meet local waste discharge requirements. The quantity
of cuttings and mud produced from a well can range from 60,000 to 300,000 gallons per day
(Karl, 2005). According to API, an estimated 150 million of barrels of drilling wastes have
been generated during year 1995. Onsite burial is a common onshore disposal technique
used for disposing of drill cuttings. It can also be recycled for use as a bulk particulate solid
construction material such as road base for site roads and pads (Dhir, 2010)

Much smaller quantities of associated wastes are produced through the process of collecting,
treating, and storing oil and gas. Examples of these wastes are tank bottoms, soil
contaminated by spills of produced water or crude oil, spent chemicals used to complete and
stimulate wells, pipe scale, sludge, oily debris, contaminated soils and workover. Based on
API survey, oil production processes used in conventional drilling generate an estimated
230,000 metric tons sludge each year. Most sludge settles out of the production stream and
remains in the oil stock and water storage tanks. Sludge is often contaminated with NORMs
such as radium and thorium (EPA, n.d.). High concentrations of PAHs have been found in
drill cuttings (Gbadebo et al, 2010). Associated wastes account for 0.1 percent of oil and gas
wastes. USEPA documented 62 actual or potential damage cases resulting from the
(mis)management of E&P wastes including damage to agricultural land, crops, streams,
aquatic life, degradation of soil and groundwater; damage to vegetation, etc.

Special Issue Dedicated to the OAPEC’s Scientific Research Award for the Year 2020



Volume 47 - 2021 - Issue 178 15

Table 1: Typical produced water characteristics

Source: reproduced from Guerra et al (2011)

Parameter Concentration
Density (kg/m3) 1014-1140
Surface tension (dynes/cm) 43-78
TOC (mg/L) 0-1500
COD (mg/L) +1220
TSS (mg/L) 1.2-1000
TDS (mg/L) 100-400000
pH 4.3-10
Total oil (img/L.) 2-565
BTEX (mg/L) 0.39-35
Alkalinity (mg/L) <140
Oil and grease (ug/L) =275
Chloride (mg/L) 80-200000
Bicarbonate (mg/L) 77-3990
Sulfate (mg/L) <2-1650
Ammonium (mg/L) 30-300
Sulfite (mg/L) >10
Phenols (mg/L) 0.009-23
23 Environmental impacts of solid wastes

Drilling wastes are the second largest volume of wastes generated during the O&G
exploration and production activities. Two types of drilling wastes are generated during the
drilling process of oil and gas wells: Muds and cuttings. Muds known as drilling fluids can
be water, oil or synthetic-based fluids with additives and are used to facilitate the drilling
process. The drilling of oil and gas wells is carried out using a mud consisting of a fluid and
clay, such as bentonite, to which several chemical compounds are added to form the drilling
fluid (MDDEP, 2013). These compounds can be found in wastewater resulting from the
solid/liquid separation of spent drilling muds. Drilling fluids can adversely impact the
environment because they contain toxic substances. It has been observed that water-based
drilling fluids have little or no adverse, long-term biological impact in the water column or
on the seafloor (Neff et al, 2000). Being non-hazardous, they are therefore allowed for
disposal as long as they meet local discharge standards. In less challenging drilling, water-
based fluids are the ideal choice as the subsequent waste management is less expensive.
Drilling fluids could be reconditioned and reused for other wells. For example, waste mud
from one well can be used for plugging other wells.

Oil-based and synthetic-based drilling fluids, however, can potentially cause adverse effect
to the environment. Oil-based drilling fluid is considered the most toxic drilling fluid and
possesses the most severe environmental effect compared to other drilling fluids (Ismael et
al, 2017). Many studies have reported the detrimental effects of these drilling fluids on
ecosystems (Gbadebo et al, 2010; Soegianto et al, 2008; Sil et al, 2012) . Health effects have
also been reported including headaches, skin irritation and dermatitis (IPIECA, 2009).
Moreover, drill cuttings may contain radioactive materials or Naturally Occurring
Radioactive Materials (NORMs), as such they should be carefully treated in order to avoid
contaminating the environment.

Other studies mostly carried out in the North Sea, show that discharge of oil-based fluids

and associated cuttings may cause persistent adverse biological effects at the seafloor (Neff
et al, 2000). In general drilling fluids are not readily degradable and must be treated in
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2.2 Environmental impacts of liquid wastes

During O&G exploration and production activities, produced water is generated in large
quantities. It is a mixture of dissolved organic and inorganic chemicals, occurs naturally in
oil and gas reservoirs and is brought to the surface as a byproduct during the extraction of oil
and gas. Produced water is highly saline (3000 to more than 350000 mg/l of TDS) and
accounts for 96 to 98 percent of all oil and gas wastes. It may contain toxic metals, organic
and inorganic components, and naturally occurring radioactive materials (NORMs) such as
Radium (226/228) (Diane, 1995; Kharaka and Dorsey, 2005). Typical produced water
characteristics are shown in Table 1. Being a toxic substance, if not properly handled, it can
easily contaminate soil, surface and groundwater. Handling of produced water has become a
national issue in some countries because the amounts produced are staggering. In 2003, an
estimated 667 million metric tons (about 800 million m3) of produced water were
discharged offshore throughout the world, including 21.1 million tons to offshore waters of
North America, mostly the U.S. Gulf of Mexico, and 358-419 million tons to offshore waters
of Europe, mostly the North Sea (OGP, 2004; Garland 2005; as cited in Neff et al, 2011).
The ratio of produced water to oil in conventional well is on average 7 to 10 barrels of
produced water per barrel of oil (Guerra et al, 2011). This ratio is called water to oil (WOR)
and it increases over the life of a conventional oil or gas well.

The beneficial reuse of produced water, after appropriate treatment, is 50-70 percent more
expensive than disposal (Hayward, 2015). Therefore industry tends to rely on disposal rather
than beneficial reuse. For every ton of hydrocarbon produced in 2010 (including oil,
condensates and gas) 0.6 ton of produced water were discharged to the marine
environment and 1.0 ton of produced water was re-injected into the ground (Abdelsabour,
2015). According to statistics, 98 percent of onshore produced water is injected
underground (Clark and Veil, 2009); 59 percent of that amount is injected into producing
formations to maintain pressure and enhance the recovery of oil that cannot; and 40 percent
is injected into other rock formations for disposal. The remaining 2 percent is managed
through beneficial reuse and other surface disposal methods (Hayward, 2015).

The primary issue in managing produced water is the potential for contamination of soil,
land and water resources. It has been reported that underground injection of produced water
have been associated with migration to nearby wells of various liquids and chemicals
(Diane, 1985). In some cases produced water is discharged to surface water in which case
aquatic species can be endangered. The amount of produced water which rises to the surface
during the exploitation of hydrocarbons depends on the type each geological formation (Neff
etal, 2011).
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2. Environmental Impacts of the Exploration and Production of Oil and Gas

Over the years, the oil and gas industry has come under severe criticism from
environmentalists for its role in degrading the environment with serious consequences to air,
water, soil, ecosystems and public health. The O&G (Oil and Gas) upstream activities which
include exploration, drilling, and production, generate deleterious gases as well as noxious
liquid and solid wastes. The potential risks to the environment are multiple and can be local
or global. All represent a potential danger to environment and humans as will be explained
below:

2.1 Environmental impacts of air pollution

Air pollution emanating from the exploration and production activities is generally a less
significant problem when compared to contamination of soil and water induced by liquid
and solid wastes. Nonetheless, oil and gas exploration and production activities are a source
of hazardous air pollutants which cannot be neglected. Exploration activities, however, have
a much lesser atmospheric impact. Flaring, venting and purging gases are among the main
sources of air pollutants, to which we may add other sources such as combustion processes
and fugitive gases. During the oil extraction process, natural gas is often produced as a by-
product, and oftentimes, it is uneconomical to build infrastructure to bring it to the market. It
is therefore flared or vented. In terms of the greenhouse effect, methane, the largest
component of natural gas, is much more potent than CO2. According to the World Bank, 150
to 170 billion m3 of natural gas is flared around the world, contaminating the environment
with about 400 Mt CO2 per year (Eman, 2015). Today, gas flaring is the most significant
source of air emissions and represents one of the most challenging environmental problems
facing the world.

Combustion and fugitive gases are released through production processes and equipment
including engines, turbines, and process heaters and heater treaters (WB, 1998). According
to the United States Environmental Protection Agency, offshore oil and gas production was
responsible for the release of 6.2 million metric tons of combustion gases in 2013 (EPA,
2013).

The pollutants released to the atmosphere are Nitrogen Oxides (NOx), Sulfur Dioxide
(S0O2), Particulate Matter (PM) and Volatile Organic Compounds (VOCs). Process heaters
are the main sources of NOx emissions while combustion processes produce SO2 emissions.
NOx emissions contribute to eutrophication, acidification, and the formation of ground-level
ozone, and result in higher background concentrations of Nitrogen Dioxide (NO2) (Ryu et
al, 2019). Non-methane VOCs emissions combined with NOx result in the ozone formation,
whereas CO2 and CH4 can contribute to global warming. The SOx and NOx can undergo
chemical reaction in the atmosphere to generate several secondary contaminants, such as
sulfuric and nitric acids. These contaminants come down as acid rain into the soil and the
ocean, thus affecting the fauna and flora of the region where the E&P activities are being
conducted, and far beyond. VOCs which can emanate from equipment leaks, storage tanks,
vacuum producing systems, wastewater separators, gasoline transfer systems, and process
units turnarounds (EPA, 1978), contribute to harmful ozone formation in the lower
atmosphere
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1. Introduction

For many years the environmental issues have been given little attention because they were
considered as a secondary priority in the formulation of strategies and planning processes of
businesses and corporations. Today, due to increasing environmental awareness and societal
pressure, the environment-related issues have become a matter of serious concern for states,
businesses and people alike. Nowadays, in many countries, all forms of industrial activities
are now subjected to more and more stringent environmental regulations and laws which are
regularly updated. However, most major environmental laws (Clean Air Act, Clean Water
Act, etc.) were passed in the USA, in a timeframe from the late 1960s through the early
1980s (Kepner, 2016). These early laws and regulations have largely inspired those that
came later.

One of the main sources of environmental concerns is the exploration and production (E&P)
of fossil fuels such as oil and gas. While it is widely recognized that oil and gas are essential
commodities which fuel world economies, how they are extracted from the ground,
produced and processed, has become problematic in light of the recurrent environmental
problems. In many parts of the world, detrimental impacts on ecosystems have been reported
(Baptiste and Nordenstam, 2009; Fattal, 2005). All environmental media such as air, water,
land and sea have been copiously contaminated with huge amounts of wastes that are
generated during the E&P activities. Although there are waste management techniques, these
are often disregarded or not fully implemented.

In downstream activities, the situation is no better. Oil refineries and gas processing plants
use large amounts of chemical substances potentially dangerous for humans and the
environment. The environmental impacts caused by such facilities are mainly due to gaseous
emissions, wastewater discharges, solid wastes, and noise and odor nuisances. Being at the
heart of environmental concerns, the oil and gas industry is forced to regularly adapt to
standards and regulation issued by national institutions such as the European Commission or
the US Environmental Protection Agency (EPA).

There is no doubt that the oil and gas industry has made a significant contribution to the
world in terms of economic growth and prosperity. But it turns out that this industry, with its
more than 700 refineries and countless oil and gas wells around the world, is one of, if not,
the root causes of environmental problems. The environmental situation has reached a
critical point where the problems caused by global climate changes have become more
apparent. If we continue on the business-as-usual path, we are heading for disaster. At a time
when climate change is disrupting our living conditions, it seems urgent to find alternative
solutions for our energy needs and in particular for our means of transport. A rapid and
planned energy transition is more than necessary. It must be increasingly based on new and
renewable sources of energy, and energy efficiency. In this regard, solar and wind
technologies are expected to play a leading role in the energy transition.

But despite their negative impact on the global climate and the amount of atmospheric
pollutants emitted by their combustion, oil and gas are expected to remain for the
foreseeable future the engine of world economy.
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as a way to encapsulate enzyme breakers to delay the release of the active substance, as a kind of
targeted and controlled launch of enzyme cutters into hydraulic fracturing processes. By electrostatic
absorption of many polymers carrying multi-charge ion groups (positive and negative electrical charges)
using the colloidal composition of nanoparticles made up of polyelectrolyte-Complexes (PECs) as the
nucleus of the construction of ion layers. High concentrations of enzyme breakers are inserted into
polyethyleneimine (PEI), a poly-electrolyte solution with a positive electrical charge, for the purpose
of forming nanoparticles PECs with Dextran-Sulfate (DS), a poly-electrolyte solution with a negative
electrical charge. Using correct concentrations and pH conditions, multi-layer polyelectrolyte was
alternately assembled with a polyethylene deposition on the dextran sulfate outer layer of the PEI-
DS clusters. The stability and reproduction of polyelectrolyte multilayer has been tested over time.
This work illustrates the importance of polyelectrolyte nanoparticles as a technique for targeted and
binding release of enzymes based on their superior ability to carry high concentrations of enzyme
breakers as well as the efficiency of nanoparticles in controlling the release of the mobile enzyme.
Nanoparticles of polyelectrolyte are multilayered using concentration measurement methods such as
viscosity measurements. The morphological distribution and size at the nanometer level of both PECs
and PEMs were also determined using transmission-Electron-Microscope (TEM). Delayed release
of enzyme breakers held within polyelectrolyte multilayers over longer periods of time (18 hours)
was controlled by reducing viscosity and hydroxypropyl-guar (HPG) elastic modulus (e.g. shear and
viscous modulus).

Long-term Conductivity-test break conductivity tests at 40 C degrees and under test pressures
of 1,000, 2000 and 4,000 pounds per square inch revealed high clean-up efficiency in cleaning the
breakage of fracking fluid mixed with enzyme-loaded nanoparticles. The improvement in retained
fracture conductivity from 25% to 60% indicates the effect of controlled distribution of nanoparticles
in the filter cake and along the entire face of the fracture, unlike the free enzyme (unloaded)
randomly mixed in fracking fluids. A 34% retained fracture conductivity was found for fluid systems
containing traditional enzyme-loaded polyelectrolyte compound clusters. In addition, polyelectrolyte
multilayered and enzyme-carrying showed improved distribution of nanoparticles along the breakage,
high loading capacity, colloidal retention efficiency, and sustainable release of the enzyme through the
multilayer envelope of nanoparticles. The higher loading capacity gives flexibility in the use of high
concentrations of enzyme breakers without compromising fluid properties during hydraulic fracturing
treatment, thus effectively cleaning up fractures made up of concentrated gel residues.

The properties of fluid leakage of polyelectrolyte nanoparticles into the formation were also studied
under constant conditions using fluid-loss-cell high-pressure. HPG mixed with nanoparticles was
filtered on similar permeable core plugs. The addition of multilayered nanoparticles to fracking fluid
was found to significantly improve the effect of preventing fluid loss. Leak coefficient values that
cause less filtration volume than those with a tangled primary solution were also studied. The effects
of complex bridging effects from PEI-DS revealed increased density and thickness of the filter cake
as a clear indication of the relatively homogeneous dispersion of appropriately sized particles in the
filter cake wall.
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Abstract

The Role of Nanotechnology in Reducing Environmental Impacts:
Using Polyelectrolyte Multilayered Nanoparticles (PEMs) to Improve
Oil Wells Productivity

Dr. Mubarak Mohammed Alhajeri

Hydraulic fracturing is a common practice in the oil and gas industry to boost production, with
hydraulic fracturing being treated as a technique for stimulating wells in low-permeable reservoirs and
narrow rock formations to pump large amounts of liquids (e.g. water, sand, polymers and chemical
additive mixtures) down into the well at extremely high pressure. In accordance with the principles and
laws of fluid mechanics (hydraulic components), these fluids create small cracks in rock formations
called fractions, allowing reservoir fluids such as natural gas, oil and salt water to flow from the
narrow formations. It is noted that nearly two thirds of the hydraulic fluids used in hydraulic fracturing
process are Guar-based polymers, which are classified as the most common type due to their low
operational cost, high water solubility and ease of handling. It also has a minimal impact in terms of
damages of rock formation layers. Guar-based polymers are connected by metal ions, such as borate,
to form high-viscosity liquids for hydraulic fracturing to cause fractures in rock formations as well
as carrying and transporting proppants into the created fractures. To minimize the damage to fracture
formation processes, oil and gas field service companies add high-concentration breakers consisting
of enzymes and fluid oxidants to decompose polymer gels. Oxidants are hazardous substances that
pose a threat to public health and the environment. Therefore, it is preferable to use enzyme-breaker
types over oxidants to reduce the health and environmental impacts. Although this type of breakers
are environmental friendly, it comes at a price of ineffective break-up or early deterioration of enzyme
cutters at the bottom of the well causing lower production efficiencies.

Over the past decades, modern technologies have been widely adapted in various areas of the oil and
gas industry, including the early stages in oil and gas exploration and production, and even the refining
phase of crude oil and chemical products. Nanotechnology is a type of modern technology that has
recently gained a great deal of attention. Nanotechnology is defined as an application of nanomaterials
with at least one dimension in a range of 1 to 100 nm. That is, taking advantage of the high surface-
to-size ratio and the high qualitative operation of the surface, where nanotechnology helps produce
materials that have completely different characteristics from the original materials. Nanotechnology
and its applications are an active field of research in all engineering fields, and definitely not to
exclude petroleum engineering. Many researchers are also doing their best to revolutionize industry by
leveraging nanotechnology to find solutions to the challenges current technology faces in the oil and
gas industry. Since the advent of this technology, nanomaterials have been widely used in various areas
including drilling, completion, well repair, stimulation and wastewater treatment. Nanotechnology is
currently at the forefront of research, particularly in hydraulic fracturing. In this study, polylectrolyte
multilayers (PEMs) nanoparticles were developed through layer-by-Layer sedimentation mechanism
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Abstract

Renewable Energy in OAPEC Member Countries:
Effects on Economic and Environmental Sustainability

Eng. Manal Ben Sabt, Dr. Salem Baidas,
Eng. Dalal Al-Ashwak, Eng.Mona Malek

The renewable energy sector has increased its contribution to the global energy mix, especially
in the field of electric power generation. In this paper, we investigate implications of a rising
renewable energy share on OAPEC member states. We consider three areas: scientific
principles and engineering foundations, strategies and prospects for electricity generation, and
economic and environmental impacts. Based on this analysis, we propose practical and cost-
efficient actions to better utilize renewable energy resources and bolster the position of member
states in the global energy market. The advantages of this proposal include increased income,
a new labor market, more job opportunities, and extending the lifespan of fossil fuel stocks for

future generations.

We also make recommendations to mitigate the expected negative impacts of the energy
transition. Among our most important findings is the urgent need for member states to develop
their abundant potential as renewable energy producers concurrently with exploiting fossil fuel
resources. Second, to achieve economic and environmental sustainability, member states are
encouraged to review economic policies, environmental legislation, and the carbon emission
taxes on fossil fuel imposed by oil consuming countries. Third, member states must cooperate
and coordinate to reach solutions that ensure a balance between economic growth and the
environmental burden. Finally, member states must safeguard against the possibility of a
weaker global demand for oil, by capitalizing on the current oil price hike and investing more
in prospective economies. For example, with heavily subsidized domestic fuel prices, more oil
and gas can be released for export markets, improving the economics of renewables projects.
The authors hope that this study will shed light on how renewable energy can help OAPEC

member states adapt and enhance their important position in the global energy market.



Contents

Renewable Energy in OAPEC Member Countries:
Effects on Economic and Environmental Sustainability

Eng. Manal Ben Sabt, Dr. Salem Baidas,
Eng. Dalal Al-Ashwak, Eng. Mona Malek, Abstract

The Role of Nanotechnology in Reducing Environmental Impacts: Using
Polyelectrolyte Multilayered Nanoparticles (PEMs) to Improve Oil Wells
Productivity

Dr. Mubarak Mohammed Alhajeri Abstract

The oil and gas exploration and production industry: An assessment of
the potential impacts of the upstream and downstream operation on the
environment

Dr. Jamal Harbi Abstract

Oil and Arab Cooperation is an Arab journal aiming at spreading petroleum and energy

knowledge while following up the latest scientific developments in the petroleum industry

Articles published in this journal reflect the opinions
of their authors and not necessarily those of OAPEC.

11

11

10



Volume 47 - 2021 - Issue 178 §

excluding the list of references. The full text of the article should be sent electronically as
a Word document.

Figures, maps, and pictures should be sent in a separate additional file in JPEG format.
“Times New Roman” should be used with font size 12. Line spacing should be 1.5. Text
alignment should be “justified”.

Information sources and references should be referred to/enlisted in a clear academic
method.

When citing information from any source (digital, specific vision, or analysis), plagiarism
should be avoided. Such information should be rephrased by the researcher’s own words
while referring to the original source. For quotations, quotation marks (*...”) should be
used.

It is preferred to write the foreign names of cities, research centres, companies, and
universities in English not Arabic.

The researcher’s CV should be attached to the article if it was the first time he/she
cooperates with the journal.

Views published in the journal reflect those of the authors and do not necessarily represent
the views of OAPEC. The arrangement of the published articles is conditioned by technical
aspects.

Authors of rejected articles will be informed of the decision without giving reasons.

The author of any published article will be provided with 5 complementary copies of the

issue containing his/her article.

Articles and reviews should be sent to:
The Editor-in-Chiref, Oil and Arab Cooperation Journal, OAPEC

P.0.Box 20501 Safat -13066 Kuwait
Tel.: (+965) 24959000 - (+965) 24959779
Fax : (+965) 24959755
E-mail : oapec@oapecorg.org - www.oapecorg.org



4 Volume 47 - 2021 - Issue 178

PUBLICATION RULES

DEFINITION AND PURPOSE
OILAND ARAB COOPERATION is a refereed quarterly journal specialized

in oil, gas, and energy. It attracts a group of elite Arab and non- Arab experts
to publish their research articles and enhance scientific cooperation in the fields
relevant to the issues covered by the journal. The journal promotes creativity,
transfers petroleum and energy knowledge, and follows up on petroleum

industry developments.

RESEARCH ARTICLES
The journal welcomes all research articles on oil, gas, and energy aiming at

enriching the Arab economic literature with new additions.

BOOK AND RESEARCH REVIEWS
The journal publishes articles presenting analytical reviews on books or studies
published on oil, gas, and energy in general. These reviews work as references
for researchers on the latest and most important petroleum-industry-related

publications.

REPORTS
They tackle a conference or seminar attended by the author on the condition
that they are relevant to oil, gas, and energy. Also, the author should obtain the
permission of the institution that delegated or sponsored him/her to attend that
event allowing him/her to publish their article in our journal. The report should

not exceed 10 pages including figures, charts, maps, and tables if available.

RESEARCH CONDITIONS
o Publication of authentic research articles in Arabic which observe
internationally recognized scientific research methodology.

*  Articles should not exceed 40 pages (including text, tables, and figures)



Volume 47 - 2021 - Issue 178 3

OIL AND ARAB
COOPERATION

Editor - in - Chief Ali Sabt Ben Sabt

Secretary General, Organization of Arab Petroleum Exporting Countries (OAPEC)

Managing Editor Abdulfattah Dandi

Director of Economics Dept. and Supervisor of Media and Library Dept.
OAPEC

Editorial Board Eng. Imad Nassif Makki

Director of Technical Affairs Dept.
OAPEC

Dr. Dawwod Bahzad
Director Science and Technology Dept.
Kuwait Institute for Scientific Research

Dr. Belkacem L aabas

Chief Economist
Arab Planning Institute



2 Volume 47 - 2021 - Issue 178

Prices

Annual Subscription ( 4 issues including postage)

Arab Countries:
Individuals: KD 8 or US $25
Institutions: KD 12 or US$45

Other Countries:
Individuals: US$ 30
Institutions: US$ 50

All Correspondences should be directed to:
Editor-in-Chief of Oil and Arab Cooperation Journal



OILAND ARAB COOPERATION

Refereed Journal Published Quarterly by the Organization of Arab Petroleum Exporting Countries (OAPEC)



(ORGANIZATION OF ARAB | i) e
PETROLEUM EXPORTING | \GR)
COUNTRIES g8 3

OAPEC

ANNOUNCEMENT
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FOR SCIENTIFIC RESEARCH FOR THE YEAR 2022 PETROLEUM EXPORTING
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Prize KD 5000 equivalent to USD $16000), upon the resolution number 1/162 of OAPEC
Executive Bureau at its meeting dated 18 May 2022. The Organization of Arab Petroleum
Exporting Countries (OAPEC) is pleased to announce that the research field selected for
the “*OAPEC Award for Scienti: Year 20227 is:

Decarbonization Techniques in the Petroleum

Industry and the Circular Carbon Economy ”CCE”

1 OAPEC

launches its Scientific
Award for the year

2022

"Decarbonization Techniques in the Petroleum
Industry and the Circular Carbon Economy"

The Organization of Arab Petroleum Exporting Countries (OAPEC) is pleased to
announce its Scientific Award for the year 2022, the research topic will be “Decarbonization
Techniques in the Petroleum Industry, and the Circular Carbon Economy” as per the
organization’s Executive Office Decision No. 1/162 dated 18 May 2022.

The launch of OAPEC Award comes in line with the organization’s policy to encourage
researchers by awarding two prizes on a biennial basis (First Prize KD 7000-10000
equivalent to USD $23000-$32500, Second Prize KD 5000 equivalent to USD $16000 ).

OAPEC s interest in the field of “Decarbonization Techniques in the Petroleum Industry,
and the Circular Carbon Economy” stems from the global efforts aimed at reducing harmful
emissions to the environment. A special focus has been given to petroleum industries (at all
stages) to enable them meeting the requirements of decarbonization while maintaining their
profitability and vital role in providing clean petroleum products at acceptable and fair
prices.

The research topic of OAPEC Scientific Award for the Year 2022 tackles technologies
that can help the petroleum industry to cut carbon emissions and achieve emissions-free
production during all its stages, from drilling and production operations, to refining,
petrochemicals production and distribution. This is in addition to benefitting from adopting
the Circular Carbon Economy notion as a mean to cut carbon emissions.

The deadline for receiving the participating research works is 31May 2023. Winners will
be chosen by a scientific committee formed under the chairmanship of OAPEC Secretary
General, Ali Sabt Ben Sabt, and the membership of OAPEC and non-OAPEC petroleum
experts. For more information about the award, please scan the following code:
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