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CO, Emission Abatement on a Natural Gas
Liquid Processing Plant using Chemical
Adsorption Technology: A Review

Archibong Archibong-Eso, Edidiong Uko, Ukpabio Eyo, Emem Akpan

Abstract— In this paper, a review of the impacts of a typical natural gas liquid processing plant on the environment is presented. It reviews
the main processing units, the unit operation equipment and the possible emissions from these units to the environment. An analysis of the
Environmental Impact Assessment is also presented. The review proffers a solution by proffereing mitigation of the main pollutant, carbon
dioxide, using the chemical adsorption method. Additionally, a brief evaluation of the technical and economic impacts of the proffered

Mitigation technology is also presented.
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1 INTRODUCTION

Environmental concerns, depleting conventional oil re-
serves, increasing world energy demands, huge reserves

and technological advances has led to development of
energy sources such as natural gas that is considered to be
more environmentally friendlier in comparison to convention-
al oil and other fossil fuels [1]. The superior environmental
qualities of natural gas over coal or crude oil are that emis-
sions of sulphur dioxide are negligible or that the levels of
nitrous oxide and carbon dioxide emissions are lower. This
helps to reduce problems of acid rain, ozone layer, and green-
house gases [1]. However, even though natural gas is consi-
dered to be cleaner than other fossil fuels, its exploration, and
production and its subsequent usage emits pollutants that
have several adverse environmental impacts. This essay will
seek to review the possible control technologies available in
handling the main important pollutant emitted and the me-
chanisms involved in its generation.

1.1 Process Description of a Typical Natural Gas Liquid
Processing Plant

Figure 1 Gas which is collected under pressure from un-
derground reservoirs via group of adjacent wells goes to the
mixer, from this collection point, the gas is sent to the separa-
tor where it is purified by removing the free liquid water and
natural gas condensate (associated with the crude in the reser-
voir which the gas came in contact). Water contained in a nat-
ural gas stream may cause hydrate formation, these hydrates
form when a gas or liquid containing free water experiences
specific temperature and pressure conditions, hence the need
for its removal. The condensate is a valuable by-product
which is transported to a petroleum refinery while the waste-
water is disposed of by either re-injecting it to the reservoir to
stabilize the reservoir pressure or discharging it to the sea af-
ter treating to meet environmental standards (depending on
the regulatory agency in country of operation).

Waste water, condensate and gas physical separation is
done in a separator (pressure vessels that separate a mixed
phase stream) by one or more of these three principles namely
momentum, gravity settling, and coalescing; however, the

fluid phases must be immiscible and have different densities
for separation to occur [1]. Gravity segregation is the main
force that accomplishes the separation, which means the hea-
viest fluid settles to the bottom and the lightest fluid rises to
the top [1]. The raw gas is then transported to a gas processing
plant where further purification is carried out.

The amine gas treatment is done at this stage; it involves
the use of various alkanols referred to as amines to remove
hydrogen sulphide (H2S) and carbon dioxide (CO;) from the
raw gases. The process is commonly referred to as acid gas
removal and gas sweetening [2]. A typical amine gas treating
process consists of an absorber unit and a regenerator unit as
well as accessory equipment. In the absorber, the down flow-
ing amine solution absorbs HyS and CO; from the up flowing
sour gas to produce a sweetened gas stream as a product and
an amine solution rich in the absorbed acid gases. The acid
gases removed from the amine treatment stage are sent to the
sulphur recovery unit where the hydrogen sulphide is con-
verted to sulphur. This is achieved through a process called
the Claus process.

In the Claus process, hydrogen sulphide reacts with oxygen
to yield elemental sulphur and water. The feed gas (acid gas-
es) is first burned in the furnace using air, the hot reaction
product gas, containing gaseous sulphur, is used to produce
steam in a boiler (called a waste heat boiler) which results in
cooling the gases. The gas is then further cooled and con-
densed in a heat exchanger while producing additional steam.
The condensed liquid sulphur is separated from the remaining
unreacted gas in the outlet end of the condenser and sent to
product storage. The remaining product in this stage is called
the tail gas which is sent to the Tail Gas Treatment Unit
(TGTU) for further processing and recycling of sulphur. The
final residue gases in the TGTU process is sent to the incinera-
tor were it is burnt off as waste gas.

After gas sweetening, the next gas processing stage is the
removal of water vapour; to ensure that a reasonable amount
of water is removed in order to check hydrate formation.
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Fig. 1: Block flow diagram for Natural Gas Liquid Processing plant
Table 1: Block flow diagram for Natural Gas Liquid Processing plant
Receptor/Resource | Impact Pathway Extent Mitigation
Human population Increased respiratory disease incidence. Ingestion of airborne H,5 Local Discourage the use of unit
e and NOy can cause operation equipment designed
Emissions - | .
. asphyxiation while benzene with vents.
from vents in .
the glveol and NOy are both cacogenic.
deﬁig;rca':ion Plant population Direct damage. Increased mortality. NOyand SOy acidification of | Local to Same as above
trea\t‘rment Secondary ecological impacts. rain and soil regional
unit Atmospheric CO; Climate change (temperature and weather CO; Contribution to Global CO; Capture and storage,
) levels patterns). Secondary and tertiary impacts on greenhouse effect Eliminate vents from process
social and natural systems equipment.
Seawater quality Potential reduction in the quality of water Disposal of wastewaterto Local to Reinjection of wastewaterto
available in the seawhere the effluentwillbe | sea.Wastewaterafter regional reservoir fromwhich it was
Wastewater discharged. treatment usually contains produced. Complete treatment of
from the gas- small quantity of VOCs &0il wastewater to remove oil and
liquid VOCs.
separatorand | Marine Iife Potential reduction. Secondary and Same as above Local to Same as above
the glycol community impacts regional
dehydration Depletion of O; level | Depletes O;in waterthereby killing marine The airborne Ny in VOCscan | Local to Same as above
unit in sea water. life. Feedalgal blooms in coastal | regional
waters. Can spur algal
blooms, releasing toxins.
Human population. 50; when emitted into the atmosphere can S0; emission tothe Local to Elimination of flares. Incinerating
. aggravate exl’sﬁngrespl’ratoryd\'sease|'n atmosphere during flaring of | regional waste gas.
T ) humans and contribute to its development. waste gas.
Hmbeail Human and Plant Harmful to a variety of flora including forage, | Noise, smogand waste heat | Local to Same as above.
= population forest, fibre, and cereal crops as wellas many = fromwaste gas flaring regional
Treatment .
. vegetable crops. Noise from flare can cause
Unit (TGTU)
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This can be achieved by the use of ethylene glycol (glycol in-
jection) systems as an absorption mechanism to remove water
and other solids from the gas stream. Alternatively, adsorp-
tion dehydration may be used, utilizing dry-bed dehydrators
towers, which contain desiccants such as silica gel and acti-
vated alumina, to perform the extraction [3]. The Tri-ethylene
Glycol (TEG) process will be explained here because of its vast

the wet gas stream in what is called the 'contactor' [4]. The
glycol solution absorbs water in the wet gas. Once absorption
takes place, the solid particles in the gas become denser and
sink to the bottom of the contactor where they are removed.
The natural gas, having been stripped of most of its water con-
tent, is then transported out of the dehydrator. The glycol so-
lution, bearing all of the water stripped from the natural gas,

is put through a specialized boiler designed to vaporize only
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the water out of the solution. The difference in boiling point
between the water vapour and the glycol solution is a factor
used to remove water from the glycol solution, allowing it to
be reused in the dehydration process [4]. After the removal of
water vapour, the next stage entails the removal of Hg, which
is done using the adsorption process shown in Fg.1.

The adsorption process makes use of the activated carbon. In
this process, activated carbon, often impregnated with iodine
or sulfur, is widely used to trap mercury in the gas. Nitrogen
is also removed using the cryogenic process. This process in-
volves using low temperature distillation to remove the Nitro-
gen.

The next stage involves the recovering of the natural gas
liquids (NGL). This also involves the use of another cryogenic
(low temperature distillation) process involving expansion of
the gas through a turbo-expander followed by distillation in a
de-methanizing fractionating column. The residue gas from
the NGL recovery section is the desired product which is
piped to storage.

The recovered NGL stream is processed through a fractio-
nation train consisting of three distillation towers in series:
namely a de-ethanizer, a de-propanizer and a debutanizer.
The overhead product for this three fractionating column are
ethane, propane and normal & iso-butane respectively. The
bottom products for the de-ethanizer serve as the feed for the
de-propanizer. Also, the bottom product for the de-propanizer
serves as the feed for debutanizer. The recovered streams of
propane, butanes and Cs* (Pentanes and higher alkanes) are
each "sweetened", and along with the recovered ethane, are
the final NGL by-products from the gas processing plant [4].

2 SOURCES OF EMISSIONS AND ENVIRONMENTAL
IMPACTS

In order to have a clearer picture of the sources of emis-
sions and the subsequent environmental impacts, it will be
necessary to identify the primary constituent of natural gas
which is methane (CH,), it may contain smaller amounts of
other hydrocarbons, such as ethane (C;Hs) and various iso-
mers of propane (CsHsg), butane (C4Hi), and pentane (CsHuiz),
as well as trace amounts of higher boiling hydrocarbons up to
octane (CsHis). Non-hydrocarbon gases, such as CO,, Mercury
(Hg), hydrogen sulphide (H,S), nitrogen (N2), and water va-
pour (H>O), may also be present [5]. Emissions from a Natural
Gas Processing plant as it is with any other industrial plant
can be either point or non-point sources. Point sources are
emissions that exit stacks and flares and, thus, can be moni-
tored and treated. Nonpoint sources are fugitive emissions
that are difficult to locate and capture [1]. Fugitive emissions
may occur in NGL Plant from, valves, pipe connections, shut-
down maintenance etc. Our emphasis here will be on point
source emissions.

Figure The sources of emissions in a typical natural gas
processing plant include;

1. Gas-liquid separator
Amine treatment unit (gas sweetening)

Glycol dehydration unit
Sulphur recovery unit
Tail gas treatment unit

Gk ®N

2.1 Gas-Liquid Separator

The effluent from the gas-liquid separator unit is a liquid
effluent emission called wastewater. Wastewater is usually
oily and contains volatile organic compounds [6], thus its dis-
posal to sea may result to reduction in water quality and may
adversely affect marine life. Airborne N in the VOCs en-
hances growth of choking aquatic vegetation or phytoplank-
ton (e.g. algal blooms) disrupts normal functioning of the eco-
system, causing a variety of problems such as a lack of oxygen
in the water, needed for fish and shellfish to survive.

2.2 Amine Treatment Unit (Gas Sweetening)

The absorbers and regenerators used in the treatment unit
require power and fuels are burnt to generate this power, typ-
ical emissions for this combustion process include the gaseous
effluent emissions which consists of NOx (oxides of nitrogen
with an indirect warming effects on the atmosphere by the
production of tropospheric Os), carbon monoxide (CO) (which
have indirect warming effects on the atmosphere by produc-
ing tropospheric Oz and CO,, as well as a reduction in tropos-
pheric OH), and CO; (Carbon dioxide a major greenhouse gas
which affects the earth by direct warming effect due to absorp-
tion of long-wave, terrestrial radiation). Process wastes (which
include spent catalyst and absorbents for this unit) though
relatively small in natural gas refining can have adverse envi-
ronmental impact if not safely disposed of. These wastes are
known to be contaminated by trace amounts of hydrocarbons
[6]. Its impacts on the environment includes; contaminating
agricultural land, threats to aquatic lives (if disposed into sea)
and air emissions (hydrocarbons getting oxidized by air to
yield greenhouse gases such as CO). Noise emissions are also
inherent in this unit; this pose direct negative impacts on hu-
man lives such as hearing loss and general discomfort.

2.3 Glycol Dehydration Unit

The glycol dehydration unit which is used to further re-
move water from the gas streams is usually recovered by va-
porizing the water in the solution while leaving behind glycol
that can be reused in the dehydration unit. Regeneration of the
glycol solutions used for dehydrating natural gas can release
significant quantities of benzene, toluene, ethyl-benzene and
xylene, as well as a wide range of less toxic organics [6]. Glycol
dehydrator vent streams, if present, will be a source of air
emission in the natural gas processing plant. The air pollutants
that will be emitted from the vent streams include volatile or-
ganic compounds, CO; which have indirect warming effects
on the atmosphere by producing tropospheric O; and CO,, as
well as a reduction in tropospheric OH, NOx; whose indirect
effect is in the production of tropospheric O3, CO, and CHy;
both of which are greenhouse gases. Generally, emissions
from the glycol unit can cause harm to humans (CO and NOx
can cause asphyxiation while benzene and NOx are both caco-
genic), harm to the environment (short exposure to high con-
centration of NO; can cause severe injury to leaves thereby
reducing growth rates and production capabilities of plants)
and marine lives (by the deposition of material in precipitation
through rain, dew or snow into sea water). Table 1 shows the
main emissions units in an NGL plant, receptor/rescource of
emissiona, impact, pathway, extent mitigations.
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2.4 Sulphur Recovery Unit (Claus Process)

Claus process is used to recover sulphur from hydrogen
sulphide. Emissions from this process include; CO, CO,, SO;
and liquid sulphur, these emissions can cause harm to both
humans and the environment as stated in the glycol dehydra-
tion unit. The sulphur recovery unit also generates process
waste from the spent catalyst and adsorbents which can have
adverse effect on land when disposed of. Particulates from the
reaction furnace affect the atmospheric air which may result to
discomfort, irritation and an increase in the likelihood of
asthmatic attacks in humans. In the environments, particulates
from the sulphur recovery unit can affect the vegetation due to
increase absorption of radiant energy. Noise pollution is also a
factor in this unit and basically they emanate from the prime
movers that power the furnace, reboilers and other accessory
equipment.

2.5 Tail Gas Treatment Unit

The tail gas treatment unit (TGTU) releases both gaseous
and liquid effluent as well as particulates. During combustion
of the waste gas in the flue gas stack or incinerator, gaseous
emissions such as SO, and CO,, are emitted to the atmosphere.
SO, when emitted into the atmosphere can aggravate existing
respiratory disease in humans and contribute to its develop-
ment [7], it contributes to various types of smog that occur in
industrialized nations [8]. SO; is also harmful to a variety of
flora including forage, forest, fibre, and cereal crops as well as
many vegetable crops. Noise, waste heat, odour and smoke
from this flare also have adverse effects on humans (noise can
cause hearing problems, while smoke can cause asphyxiation
and increased asthmatic attack), and the environment (dam-
age to the chlorophyll as a result of which plants suffer a con-
dition equivalent to anaemia in animals, abnormalities in
growth rate and a destruction of mechanisms and parts of the
plants). In a NGL processing plant, the main pollutant called
the acid gas consists of H,S and CO,, HS is usually converted
completely to elemental sulphur, this leaves us with CO, as
the main pollutant from the natural gas processing plant [4].

2.5.1 CO, The main Important Pollutant and
Mechanisms of its Generation.

CO, is the main pollutant emitted as a result of the
processing of natural gas [4]. It is produced together with the
gas in the gas well. CO; is emitted to the atmosphere in an
NGL processing plant through the flue gas stack during inci-
neration or flaring of the waste gas from the tail gas treatment
unit. Other sources include process vent emissions in the gly-
col dehydration unit and the process furnaces and boilers.

Natural gas typically contains about 1-2% by volume of
CO; [1], but might get as high as 65% as in LaBarge gas field in
Wyoming. CO,, together with HyS are known as acid gas and
they are generally undesirable because they are corrosive and
cause safety concerns. During gas sweetening, the amine (de-
noted by MEA) reacts as shown in the equations below

This acid—base reaction occurs with any of the alkanol-amines,
regardless of the amine structure, but the reaction is not as
rapid as that of H,S, because the carbonic acid dissociation
step to the bicarbonate is relatively slow [9], as a result, some
of the CO; being sent to the sulphur recovery unit with the
products. At the sulphur recovery unit the main emphasis is
the recovery of sulphur from gaseous H,S. While H,S is taken
off in this process, its side reaction yields additional CO» as
stated in the equation of reaction.

Thermal step (two-thirds of the H2S is converted to sulphur

~

2HS +3 0, — 250, + 2 HO 6)
2H,S+50, - 35+2H,O 7)
10HS+50;, - 2HS+50,+7/25; + 8 HO 8)

Catalytic step (Further conversion of H,S and SO, to Sulphur):

2H,S +50, - 3S+2H0 9)
The trace amounts of CH4 that accompanied the acid gas to
the Claus process react with water to yield CO, and also the
catalyst used in the Claus process also hydrolyses the carbonyl
sulphide (COS) and carbon disulphide (CS;) that is formed in
the reaction furnace:

~ S~

CH, + 2 H,0 — CO, +4 H, (10)
COS + H,0 — H,S + CO, (11)
CS, + 2H,0 — 2H,S + CO, (12)

At the TGTU, the waste gas is further treated to convert any
remaining HS to sulphur and the effluent from this unit is
burnt off in the flue gas stack as well as a release of the CO»
gases into the atmosphere as gaseous pollutants.

2.5.2 Environmental Impacts of Carbon Dioxide (CO,)

CO; is a major greenhouse gas, when ranked by their con-
tribution to the greenhouse effect; the second most important
is CO; which contribute about 9-26% [10]. The effects of CO,
emission in the environment include;

Humans: Human beings will be affected by increased CO,
emission in the atmosphere by exposure to climate change
through changing weather patterns (temperature, precipita-
tion, sea-level rise and more frequent extreme events) and in-
directly through changes in water, air and food quality and
changes in ecosystems, agriculture, industry and settlements
and the economy [11]. Specific health impacts includes; mal-
nutrition, extreme events (such as heat waves, floods and
weather disasters, and fires), infectious disease vectors (such
as dengue and malaria) and cold waves in countries such as
the UK [11 and references therein].

Environment: Impacts of CO, emissions on the environ-
ment include; possible extinctions of some freshwater ecosys-
tems, marine ecosystems and biodiversity (e.g. by melting sea
ice, affecting algae that grow on its underside), terrestrial eco-
systems and biodiversity [12] [13]. Temperature rise, a major
fall out of CO; to the atmosphere can also lead to serious re-
gional impact to the coastal land around due to sea level rise.

3 CONTROL TECHNOLOGIES FOR CO, CAPTURE.

MEA + H)S < MEAH+HS~ 1) Generally, the control of CO, emission can be grouped in-
CO, + HO > H»COs (carbonic acid) (2) to; post combustion, pre-combustion, oxy-fuel combustion and
H2CO; « H+ + HCOs" (bicarbonate) (3) industrial process as shown below.
H+ + MEA — MEAH+ (4) The CO; capture technologies available for the control of CO,
CO; + H,O + MEA — MEAH+ HCO;- (5) emissions include;
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Liquid solvent based technologies
Solid adsorbent based technologies
Membrane separators

Cryogenic systems

Oxy-fuel

3.2 Liquid Solvent Based Technologies

This involves the use of either a physical or a chemical sol-
vent for CO, capture and separation from gas streams. In
physical solvents, there is CO, does not react with the solvent;
the solubility of CO; in the solvent is a function of pressure,
temperature and the solvent used, an example is the Morphi-
sorb Process. The advantage of the physical solvent method is
the avoidance of energy penalties associated with solvent re-
generation as the CO; is dissolved, to a lower pressure at
which it is collected [14] and its limitation lies in the fact that it
is only suitable for applications where CO; is present at high
partial pressure. Chemical based solvents, the CO, reacts with
the solvent and is chemically bound requiring considerable
amount of energy to reverse the process and release the CO,,
and example is the Monoethanolamine (MEA). It is more effec-
tive method and removes CO, at a wide range of concentra-
tions and temperature. This method has a low tolerance for
SOxand NOx[15].

3.2 Solid Adsorbent Based Technologies

In order to eliminate the extra energy used in vaporisation
of water in the liquid solvent based technologies, solid absor-
bents are being developed worldwide to ensure that CO, cap-
ture can be more energy efficient. An example is the RTI
Process which involves the reaction of CO, with sodium car-
bonate, a reaction that is reversible at 2000C [15].

3.3 Membrane Separators

This method is developed to reduce cost by eliminating
the large and costly unit operation equipment such as packed
columns contacting towers as well as increasing the handling
capacity of the flue gas to be treated; example is the Kvaerner
Process. Membranes have 1000 times more surface area per
unit volume compared to packed columns [16]. This method
also reduces the carbon footprint of the CO; capture unit.

3.4 Cryogenic Systems

This systems aims to eliminate the problem of CO, separa-
tion, since the main method used, the cryogenic process, is
best suited for high pressure streams with relatively high CO2
concentrations. Its major drawback occurs is often when other
condensable gases (e.g. water) are present in the stream. A
novel approach is the US based SIMTECHE process [16].

3.5 Oxy-fuel

This entails the burning of the waste gas can in pure oxy-
gen rather than in air. This result in a higher combustion tem-
perature and when CO; capture is not required it is inherently
more expensive, but when CO; capture is required, it gives the
advantage of an exhaust stream composed almost exclusively
of CO; and steam. CO; can be captured simply and cheaply by
condensing the steam.
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4 SELECTION AND FUNDAMENTALS OF THE MOST
APPROPRIATE TECHNOLOGY

Among the various technologies available for the capture
of CO,, they are advantages and disadvantages for using each
method, this together with the concentration and the pressure
of CO; are the factors considered in selecting a viable technol-
ogy for CO; capture.

Although the technology used in the Oxy-fuel combustion
CO; capture is much simpler its disadvantage lies in the high
cost of oxygen production, currently, large scale cryogenic air-
separation for oxygen production consumes around 0.3
kWh/m? of low pressure oxygen [17]. Cryogenic systems are
used for streams containing high CO, volumetric concentra-
tions (typically >90%) [18 and references therein), this technol-
ogy is impractical with relatively small concentrations of COs.
The membrane separators is in the development stages for
CO; capture [19] [20], it is also limited by the quality of separa-
tion because the selectivity of a single membrane is usually
insufficient to separate out CO; to the purity level required for
most uses and therefore, multistage processing is usually re-
quired, incurring considerable complexity, energy consump-
tion and capital cost [21] [15]. Solid adsorbent based technolo-
gies have the problem of low selectivity of adsorbent mole-
cules and it also requires a low level of contaminants in the
gas stream [18]. Water vapour has also been found to be a
problem with some adsorption systems as polar adsorbents
such as silica gel, alumina-silicates and zeolites have a very
high affinity for water and will preferentially absorb water
molecules leaving behind CO; [21]. Liquid solvent based tech-
nologies which include the physical and chemical absorption,
physical absorption offers several advantages such as less
energy requirement for solvent regeneration than chemical
solvents [22] [23] and it requires little or no solvent since it is
organic solvent [21] Since physical absorption depends on
Henry’s law (It is temperature and pressure dependent with
absorption occurring at high pressures and low temperatures),
the process is only viable at high partial pressures of CO2 (i.e.
high concentrations) [23], [24].

Hence, the selected technology for the CO, capture is the
chemical absorption using amine; amine is chosen because of
its low operating cost [1] and technically because most of the
existing natural gas companies are conversant with the amine
treatment unit [2] [8] [21] since it is a unit used in gas sweeten-
ing.

4.1 Fundamentals of the Chemical Adsorption
Technology used in CO, Capture in a Typical
Natural Gas Processing Plant.

A typical amine gas treatment unit consists of an absorber,

a stripping column and accessory equipment such as pumps,

reboilers, heat exchangers, condensers etc., as shown in Fig. 2

below. The gas from the gas well is sent to an absorber unit
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through the bottom while alkanolamine (amine-water solu-
tion) is fed into the absorber from the top, the absorber is kept
at a temperature range of 60-70°C and a pressure of 1-1.7 atm.

The alkanolamine flows downward with the aid of gravity
displacing the gas in the process, when both the gas and alka-
nolamine makes contact; the amine through weak chemical
bonding absorbs the CO2 and some hydrocarbons. In the case
of Mono-ethanolamine (MEA), the aqueous reactions for the
production of the carbamate ion (HCOs*) are [12] [25] [26]

2 H,O & H;0* + OH-

CO,; +2H,O < H;0+ + HCOs-

HCO:s;- + HyO < H3;0+ + CO32-

2 MEA + CO; < HEAH+ + MEACOO-

MEA+ + H,O <> MEA + HCOs*

MEACOO- + H;O [JMEA + HCOy (18
COq-removal efficiency of the absorber depends on flow rates,
temperature, pressure, gas composition, amine concentration
and absorber design [27] [12]. The CO; free gas is collected at
the top of the absorber for further processing while the CO, -
rich amine solution is collected at the bottom of the absorber
column and sent to the first of two flash drums, working at 15
bar the hydrocarbons are separated from the CO, - amine so-
lution rich solution. On leaving the first flash drum, the CO; -
amine stream is heated in a heat exchanger before it enters the
second flash drum. In the second flash drum, the amine is de-
pressurized to about 1.2 bar and the CO; is collected at the top
of the drum, about 10% of the semi-lean liquid amine which
still contains residual COs is sent to the stripping column for
thermal regeneration. Operating at about 120 °C, CO, is
stripped off by steam in the stripping column. The regene-
rated amine is mixed with the semi lean amine and pumped
back to the absorber column for a new regeneration cycle. The
process achieves CO; of over 95% purity [28].

After CO; capture, they exist many storage methods de-
pending on what is best suitable for the company; in the gas
industry, CO; can be stored in the reservoir to stabilize the
reservoir pressure due to the depletion of its content (oil or
gas) from production, it can be used for Enhanced Oil Recov-
ery (EOR), Enhanced Gas Recovery (EGR) etc.

(13
(14
(15
(16
17

T oo O

5 EXAMPLES OF APPLICATIONS OF CO, CAPTURE IN
NATURAL GAS PROCESSING INDUSTRY

StatoilHydro is a large oil and gas operator in the Norwe-
gian sector of the North Sea. Discovered in 1974, the daily gas
export exported as at 2009 was million cubic metres, along
with this was the unwelcomed high content of CO; in the gas.
9% CO, in the well gas was to be reduced to sales gas max-
imun specifications of 2.5% [29]. When Sleipner Vest field
came into operation in October 1996, it registered two world
firsts: the installation of a large-scale offshore CO, extraction
plant at the Sleipner Treatment platform; and the facilities for

injection from the Sleipner A platform, about 1 million tonnes
of compressed CO; have been injected annually. The injected
CO» is now in a dense phase and has physical properties like a
liquid [30].

With stringent legislation by government, CO, tax emis-
sions, CO; role in enhanced oil and gas recovery and the
growing need to save the earth from eminent disaster due to
global warming, oil and gas processing companies are begin-
ning to embrace CO; capture and sequestration. Examples of
companies that have towed this line include; StatoilHydro,
British Petroleum (BP), Sonatrach, Gaz de France, Anadarko
Petroleum, ExxonMobil.

5.1 StatoilHydro

StatoilHydro is a large oil and gas operator in the Norwe-
gian sector of the North Sea. Discovered in 1974, the daily gas
export exported as at 2009 was million cubic metres, along
with this was the unwelcomed high content of CO, in the gas.
9% CO in the well gas was to be reduced to sales gas max-
imun specifications of 2.5% [29]. When Sleipner Vest field
came into operation in October 1996, it registered two world
firsts: the installation of a large-scale offshore CO, extraction
plant at the Sleipner Treatment platform; and the facilities for
injection from the Sleipner A platform, about 1 million tonnes
of compressed CO; have been injected annually. The injected
COs is now in a dense phase and has physical properties like a
liquid [30].

5.2 StatoilHydro Jonit Venture

StatoilHydro and its joint ventures partners (Total, Gaz de
France, Amerada, Hess and RWE Dea) operate the Snohvit
field outside Northern Norway. The field which came on-
stream in 2007 produces natural gas with concentrations of 5-
8% [30]. Its production capacity is about 5.7 billion cubic me-
tres of natural gas per year at optimal production. The CO;
content has to be reduced to less than 50 parts per million
(ppm) to avoid CO; freeze out in the LNG process. Thus 700
000 tonnes of CO, will be captured per year. The CO; is cap-
tured by amine absorption.

5.3 British Petroleum/StatoilHydro/Sonatrach

British Petroleum in joint venture with StatoilHydro and
Sonatrah, an Algerian state owned Oil and Gas Company
jointly run the In Salah Gas Company. The company produces
about 9 billion cubic metres of market-ready gas from fields
located in the desert of Central Algeria. In Salah gas fields,
CO, concentration produced from the natural gas wells is be-
tween 1-10% and a reduction to a level of no more than 0.3%
before supplying it to customers is required. The gas fields
contain CO, with concentration. To achieve its production rate
of 9 billion cubic metres of market ready gas, the capture and
storage of 1.2 million tonnes of CO, annually is necessary. The
CO, is stripped off from the gas stream using an amine
process and injected into 3 wells in a saline formation sur-
rounding one of the gas fields - Krechba at 1800 m depth (Sta-
toilHydro CCS, 2010).

5.4 Gaz de France
Gaz de France is a state owned French company with oper-
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ations in countries such as Netherlands, United Kingdom,
Ivory Coast etc. In the Netherlands, Gaz de France is currently
re-injecting CO2 into an offshore and a nearly depleted natural
gas field. The gas produced at the K12-B gas field located in
the Dutch sector of the North Sea contains CO; of concentra-
tion 13%. In order to meet export pipeline specifications, CO;
is removed from produced gas and re-injected. The injection
began in May 2004. It is the first site ever where CO, was rein-
jectd into the same reservoir it was produced. Since 2004, near-
ly 60,000 tonnes of CO; has been reinjected [31].

5.5 ExxonMobil/Anadarko Petroleum

ExxonMobil operates the LaBarge gas field which came on-
stream in 1986, in southwest Wyoming. The gas which con-
tains the lowest hydrocarbon content natural gas commercial-
ly produced in the world has a CO, concentration of 65%. The
gas is processed at the Shute Creek Treating Facility (SCTF),
about 400,000 tonnes of CO, captured at SCTF is reinjected
into a carefully selected section of the same reservoir from
which it was produced per year. Currently ExxonMobil pro-
vides 4 to 5 million tonnes of CO; for Enhanced Oil Recovery
(EOR) [32]. Expansion project is underway to increase CO,
capture in the field to 7 to 8 million by the end of 2010. Ana-
darko Petroleum, operators of the salt creek oil field buys
some of the CO, produced at ExxonMobil’s LaBarge field. To
date, it has injected over 181 billion cubic feet of CO; into the
field in its EOR and in the process sequester the CO, [33].

6 TECHNICAL AND ECONOMIC IMPACTS

There are various technical and economic issues associated
with CO, Capture and Storage (CCS). In the next few years if
CCS technologies are to be developed in time for their poten-
tial to be realised, significant technology development and
deployment efforts are necessary and must be accompanied
by the simultaneous rather than the sequential development of
legal, regulatory and policy frameworks and enabled by pub-
lic awareness and acceptance [17]. The technical and economic
impacts of CCS include;

6.1 Technical Impact of CCS

The technical impacts associated with CO, NGL processing
plants include;

1. Monitoring and Verification: Long term assurance moni-
toring through; soil and atmospheric measurements to con-
firm non leakage/seepage of injected CO; of the CO; rein-
jected into reservoirs is needed. Hydrogeological monitor-
ing to ensure leakages of CO; into the overlying aquifers is
prevented. This data will take a long time to aquire and va-
lidate but CCS is relatively new field [34].

2. Storage Integrity Monitoring: This will be required to mon-
itor the predicted behaviour of the CO,. Injected CO,
plume will be in order to validate migration paths, migra-
tion times, shape and geomechanical integrity of the reser-
voir. This will help in the long term understanding of the
storage risk such as leakage into portable water aquifers,
leakage to surface through wells and leakage to surface
from reservoirs [35].

3. Volatility and Degradation of amine solution: Due to the

volatile nature of amine, they are often losses of amine in
the system. When the amine catalyst used in CO, adsorp-
tion degrades, it will be need replacement, the degraded
amine will constitute a contaminants to the receptors
which it will be disposed off. Additionally, amine-CO, so-
lution is often very corrosive and poses a major problem to
the stripping column.

4. Carbon footprints: The carbon footprint of the entire plant
tends to increase due to the increase energy requirements
that will be needed to run the CO, Capture plant. Increased
emissions from the power plants that run the reboilers, ab-
sorbers, pumps etc, are examples of how CO, capture can
lead to even more emissions in a plant.

5. Constraints from existing wells: The size of the depelted
existing wells is not big enough to accommodate CO, sto-
rage from other industries.

6. Hydrate formation: The formation of hydrates in the pipe-
line transporting CO; for storage is another problem facing
its sequesteration as well as storage in ocean [18].

7. Acidification of sea water: CO; stored in the ocean might
lead to the acidification of sea water.

8. Risk: A research on risk quantification is required to ensure
that the risk involved with CCS is fully understood.

9. Process Integration/Size of the CCS Unit: A major chal-
lenge that is likely to face the NGL processing industry will
be that of scalling down the size of the CCS unit to ensure
that it is compact and lighter as much as possible to be
mounted on offshore installations.

6.2 Economic Impact of CCS

Except for few companies who use the CO, captured in
CCS for EOR and EGR, Investments in CCS will only be attrac-
tive for NGL companies if they are incentives available. Cur-
rent fiscal and regulatory climate is not favourable for indi-
stries to capture and store their CO, emissions, as CCS reduces
efficiency, adds costs and lowers energy output [36].

According to the European Commission, firms will be
charged a minimum tax per metric tons of carbon dioxide
emission at a suggested rate of € 4 to € 30 per ton of CO; [37].
The CCS unit at the Sleipner Vest field will be used for eco-
nomic analysis based on the proposed CO, emission tax in
order to explain the economic implications.

The annual operating cost of the plant ranges from € 5.5
million at inception to € 1.1 million at present [28]
Cost of Project,

CP = € 220 million
Average cost of annual operation,
CA =(5.5+1.1)/2 =€ 3.3 million
Average CO; tax rate,
CTR = (4 +30)/2=€17
Quantity of CO; captured,
Ceo2 =1 million tonnes per year.

Neglecting cash depreciation and decommissioning cost,

for a twenty year project life, Total project cost,
TP =220 x (17 x 20) = € 14,080 million

If CO, was emitted rather than being captured, then; the to-
tal CO; tax is given by:

CT = CTR x Cc x Project life = 17 x 1 x 20 = € 340 million

From the above analysis it is seen that it will be more eco-
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nomical for StatoilHydro to pay the emission tax if imple-
mented rather than capture CO,, hence, the need for a finan-
cial regulatory framework for CCS. The constraints as stated in
this example can be overcome by government support in the
form of tax credits and other incentives. Public-private part-
nerships have been formed to address this problem but most
of the projects have been cancelled or scaled back due to lack
of funds.

Financing CO, Transport: A major challenge affecting wide-
scale utilization of CCS is the need to finance infrastructure
required for transport of large volume of CO, from capture
site to storage site. Developments of a central or shared CO;
transport system will cut CSS cost and generate efficiency on a
system basis. Since the cost for this kind of network is likely to
exceed the budgets of individual CCS project, governments
may need to play pivotal role in its construction [17].

REFERENCES

[1] Mokhatab, S; Poe, S; and Speight J. (2006) Handbook of natural gas trans-
mission and processing. Gulf Publishing, Oxford, UK.

[2] Kohl, Arthur L., Nielsen, Richard B. (1997). Gas Purification (5th Edition).
Elsevier Publishers. 1997.

[3] Energy Information Administration (EIA). (2006). Natural Gas Processing;
The Crucial Link between Natural Gas Production and Its Transportation
to Market. Washington DC.

[4] Naturalgas.org. (2017). Processing Natural Gas.
www .naturalgas.org. Accessed on 01-01-2017.

[5] Speight, J. (2007). Natural gas handbook: Gulf publishing, Houston, USA

[6] European Commission (EC) (2003). Integrated Pollution Prevention and
Control (IPPC): Reference Document on Best Available Techniques for
Mineral Oil and Gas Refineries.

[71 Houghson, R. V. (1966). Journal of chemical engineering, August 1996.

[8] Speight, J. (1993). Gas processing: Environmental aspects and methods.
Heinemann, Oxford, UK.

[9] Kidnay, A and Parrish W. (2006). Fundamentals of natural gas processing.

CRC Press, Florida

Kiehl, J. T and Trenberth, E. (1997). Earth’s Annual Global Mean Energy

Budget. Bulletin of the American Meteorological Society 78 (2). Colorado.

Confalonieri et al., (2007), Air quality and disease. Intergovernmental

Available at

(10]

(11]
Panel on Climate Change (IPCC) Fourth Assessment Report. Cam-
bridge, UK.J. Williams, “Narrow-Band Analyzer,” PhD dissertation,
Dept. of Electrical Eng., Harvard Univ., Cambridge, Mass., 1993. (The-
sis or dissertation)

Abu-Zahra, M. R. M., Schneiders, L. H. J., Niederer, J. P. M., Feron, P. H. M.
and Versteeg, G. F. (2007). CO: capture from power plants: Part I. A parame-
tric study of the technical performance based on monoetanolamine. Interna-
tional J. Greenhouse Gas Control, 1(1), 37-46.

Schneider et al. (2007). Possible changes in the North Atlantic Meridional
overturning circulation (MOC), Intergovernmental Panel on Climate
Change (IPCC) Fourth Assessment Report. Cambridge, UK.

Kundzewicz, ZW. et al. (2007). "Freshwater resources and their manage-
ment". Intergovernmental Panel on Climate Change (IPCC) Fourth As-
sessment Report. Cambridge, UK.

Davison, J., Freund, P. and Smith, A. (2001). Putting carbon back into
the ground. IEA Greenhouse Gas R&D Programme, Cheltenham,
UK, February.

Dave N. and Duffy G. (2010). Factsheet - Developments in CO, Cap-
ture Technologies. Lucas Heights, Australia.

IEA (International Energy Agency) (2008). Energy Technology Analysis;
CO, capture and Storage: A key Abatement Option. Paris.

Badr, Ossama. (2011). Lecture Notes on Environmental Management.
Cranfield University. Unpublished.

(12]

(13]

(14]

(15]

(16]
(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]
(31]

(32]

(33]

(34]

(35]

(36]

(37]

IJSER © 2017
http://www.ijser.org

Powell, C. E. and Qiao, G. G. (2006). Polymeric CO»/N2 gas separation
membranes for the capture of carbon dioxide from power plant flue gases.
J. Membrane Science, 279(1-2).

Favre, E. (2007). Carbon dioxide recovery from post-combustion processes:
Can gas permeation membranes compete with absorption? J. Membrane
Science, 294(1-2), 50-59.

Riemer, P. (1993). The capture of carbon dioxide from fossil fuel power
stations. Report IEAGHG/SR2, IEA Greenhouse Gas R&D Programme,
Cheltenham, UK, December.

Adam, D. and Davison, J. (2007). Capturing CO>. IEA Greenhouse
Gas Research and Development Programme, Cheltenham, UK, May.
Available at www .ieagrean.org.uk.K. Elissa, “An Overview of Deci-
sion Theory," unpublished. (Unplublished manuscript)

Thitakamol, B, Veawab, A. and Aroonwilas, A. (2007). Environmental
impacts of absorption-based CO, capture unit for post-combustion treat-
ment of flue gas from coal-fired power plant. International J. Greenhouse
Gas Control, 1(3), 318-342.

United States Department of Energy (DoE) (1999). Carbon sequestration:
State of the science. Office of Fossil Energy, Washington DC, Fe.

Desideri, U. and Paolucci, A. (1999). Performance modelling of a carbon
dioxide removal system from power plants. Energy Conversion and Man-
agement, 40(18), 1899-1915.

Filburn, T., Helble, J. J. and Weiss, R. A. (2005). Development of supported
ethanolamines and modified ethanolamines for CO2 capture. Industrial
and Engineering Chemical Research, 44(5), 1542-1546.

Rao, A. B. and Rubin, E. S. (2002). Technical, Economic & Environmental
Assessment of Amine based CO, Capture Technology for Power Plant
Greenhouse Gas control. Environmental Sci. and Tech., 36(20), 4467-4475.
De Haan, A.B, Kooijman H. and A. Gérak (2010). Carbon Capture
and Storage Experiences from the Sleipner Field. Statoil Research.
IEA GHG (IEA Greenhouse Gas Research and Development Programme)
(2004a). CO» capture and storage: R D&D project database - Sleipner
project. www ieagrean.org.uk, October.

StatoilHydro (2010). CO> Capture, Transport and Storage (CCS): Research
and Development Project, CO2 Value Chain. Stavanger, Norway.

Gaz de France (2010). R&D competences in Carbon Capture and Storage
areas. Available at http:/ /www franceno/CO,/Gaz_de_france.pdf
Bailey, Alan. (2010). CO: triple win at Salt Creek oil field. Available at
http:/ / www.greeningofoil.com/ post/ CO»-triple-win-at-Salt-Creek-
oil-field.aspx. Accessed on 25/02/2017

Parker, M. E., Northrop S., Valencia, J., Foglesong, R. E, Duncan, T. W.
(2009) CO» Management at ExxonMobil's LaBarge Field, Wyoming, USA.
A Presentation at the International Petroleum Technology Conference, 7-9
December 2009, Doha, Qatar.

Sharma, S (2008). The CO, CRC Otway Project Australia’s First Storage
Demonstration Project. A Presentation at the Asian Pacific Partner-
ship/CO2 CRC Events Melbourne, April 1, 2008.

Fennell, P., and Florin N, (2010). CO. Capture and Storage. Presentation at
the Grantham Institute for Climate Change, Imperial College Centre for
CCS. London.

De Coninck, H., et al. (2006), Acceptability of CO2 Capture and Storage: A
Review of Legal, Regulatory, Economic and Social Aspects of CO2 Capture
and Storage, Report ECN-C-06-026, May 2006.

Kanter, James (2017) "Europe Considers New Taxes to Promote 'Clean'
Energy". The New York Times. Available at
http:/ /www.nytimes.com/2010/06/23/business/ energy-
environment/23carbon.html. Accessed on (2017-06-22).


http://www.ijser.org/

	1 Introduction
	Process Description of a Typical Natural Gas Liquid Processing Plant

	2 Sources of Emissions and Environmental impacts
	2.1 Gas-Liquid Separator
	2.2 Amine Treatment Unit (Gas Sweetening)
	2.3 Glycol Dehydration Unit
	Sulphur Recovery Unit (Claus Process)
	2.5 Tail Gas Treatment Unit
	2.5.1 CO2: The main Important Pollutant and Mechanisms of its Generation.
	2.5.2 Environmental Impacts of Carbon Dioxide (CO2)

	3 Control Technologies for CO2 Capture.
	3.2 Liquid Solvent Based Technologies
	3.2 Solid Adsorbent Based Technologies
	3.3 Membrane Separators
	3.4 Cryogenic Systems
	3.5 Oxy-fuel

	4 Selection and Fundamentals of the Most Appropriate Technology
	4.1 Fundamentals of the Chemical Adsorption Technology used in CO2 Capture in a Typical Natural Gas Processing Plant.

	5 Examples of Applications of CO2 Capture in Natural Gas Processing Industry
	5.1 StatoilHydro
	5.2 StatoilHydro Jonit Venture
	5.3 British Petroleum/StatoilHydro/Sonatrach
	5.4 Gaz de France
	5.5 ExxonMobil/Anadarko Petroleum

	6 Technical and Economic Impacts
	6.1 Technical Impact of CCS
	6.2 Economic Impact of CCS

	References



