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ABSTRACT

Projections of the pathways that reduce carbon emission to the levels consistent
with limiting global average temperatute increases to 1.5°C or 2°C above pre-
industrial levels often require negative emission technologies like bioenergy with
carbon capture and storage (BECCS), it involves the conversion of biomass to
energy, producing CO2 which is sequestered, transported and then permanently
stored in a suitable geological formation. The potential of BECCS to remove CO;
from the atmosphere makes it an attractive approach to help achieving the
ambitious global warming targets of COP 21. BECCS has a range of variables
such as the type of biomass resource, the conversion technology, the CO; capture
process used and storage options. Fach of the pathways to connect these options
has its own environmental, economic and social impacts. This study gives an
overview of Bioenergy with carbon capture and storage for the purpose of carbon
mitigation while the challenges associated with using biomaterial was assessed,
such as land use, water consumption and its economic constraints. The more
certain way forward to underpin BECCS deployment, is to ensure that there is
strong social support and integrated policy schemes that recognize, support and
reward negative emission, for without negative emissions delivered through
BECCS and perhaps other technologies, there is little prospect of the global
targets agreed to at Paris, being met.
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example, emissions of CO2 may need to be reduced by
more than 60% by 2100, in order to stabilize the

There is considerable scientific evidence that the risk of
irreversible and potentially catastrophic environmental
changes, like unstoppable melting of polar land ice or
Arctic tundra, will increase significantly if global
warming reaches 2°C or more above the pre-industrial
temperature, which is around 1.2°C above today’s level.
This global warming effect is ascribed to the increasing
concentrations of CO; and other greenhouse gases in
the earth’s atmosphere. It was calculated that, for
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atmospheric concentration of COz at no more than
50% above its current level.

Fig 1 and 2, shows the upward trend of CO; emission
in the eatly years of the 21st century. Fossil fuels are
the dominant form of energy utilized in the world
(86%) and account for around 75% of the
anthropogenic CO; emissions [1, 2].
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Figure 1. Share of different Greenhouse gases in total global emissions [1]
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Figure 2. World CO; emission by sector [2]

Electricity and heat generation and transportation are
the sectors which produced two-thirds of global CO»
emissions in 2008 (Fig 2). Generation of electricity and
heat (also known as public utilities) was by itself the
main contributor to the CO; emissions and tesponsible
for 41% of the world CO; emissions in 2008.
Worldwide, the electricity and heat sector relies heavily
on coal, which is the most carbon-intensive fossil fuels.
Countries such as Australia, China, India, Poland and
South Africa produce between 69% and 94% of their
electricity and heat through the combustion of coal.
The future emissions intensity of the electricity and
heat sector depends strongly on the fuel that will be
used to generate the electricity and on the share of non-
emitting sources from renewable sources and nuclear
energy. By 2030, the World energy outlook (WEO)
2009 projects that demand for electricity will be almost
twice as high as the current demand, driven by rapid
growth in population and in income in the developing
countries, by the continuing increase in the number of
electrical devices used in homes and commercial
buildings and by the growth in electrically driven
industrial processes [1].

These trends underline the demand to develop
technologies to reduce CO; emission associated with
the use of fossil fuels. Carbon dioxide Capture and
Storage (CCS) offers this opportunity to reduce CO>
emission.

Regarding to the rising of CO: concentration in the
atmosphere Integrated Assessment Models (IAMs),
which balance the economic and biophysical systems
and their interaction, show that it is possible to limit
global average temperature rises to 1.5-2°C via a
combination of measures, including the extensive

deployment of negative emissions technologies
(NETS), primarily bioenergy with carbon capture and
storage (BECCS) [3-0].
Interest in BECCS has grown rapidly as it has the
potential to offer deep reductions in atmospheric CO»
concentrations. It also appears to be practicable and
cost-effective. The IPCC Special Report on Renewable
Energy Sources and Climate Change Mitigation
addresses this in some detail [7]. It states that successful
deployment of CCS in combination with biomass
conversion could result in removals of greenhouse
gases from the atmosphere at attractive mitigation cost
levels. BECCS offers the potential to achieve long-term
reductions in GHG emissions necessary to stabilize
atmospheric CO> concentrations, and could be applied
to a wide range of biomass-related technologies [8].
It is predicted that given the technical limitations,
around 30-60% of the CO; emissions from electricity
generation and 30-40% of those from industry (in total
accounting for 20-40% of global fossil fuel CO»
emissions) are expected to be mitigated by CCS in the
time period between 2010 and 2050 [9]. To reach the
2°C scenario, 63% of coal-fired electricity generation
(630 GW) needs to be equipped with CCS by 2050 [10].
Although CCS is often associated with the use of fossil
fuels, it can also be combined with the use of biomass,
often referred to BECCS [9,11]. The share of biomass
use in the energy system can exceed 27% in 2050 [7]. In
the shorter term, Panoutsou et al. [12] and Hoefnagels
et al. [13] estimated the potential share of biomass in
Europe’s energy system in 2020 to increase to 10.6%
and 14.0%, respectively. Considering this expected
increasing share of biomass in the future energy system,
BECCS offers an attractive potential for a net removal
Page | 2



of carbon dioxide from the atmosphere, as is already
highlighted by many studies [11,14-17]. Moreover,
BECCS development could help to avoid the risk of
reinforced fossil fuel lock-in which is associated with
the implementation of CCS in conventional fossil fuel
power plants [18,19]. In this paper, the history of CCS
and BECCS will be reported so as to reach the general
view about the current status of these technologies.
Afterward, the ways we can use bioenergy to mitigate
dire consequences of global warming is explained.
Furthermore, the environmental and social impacts of
BECCS will be reported.

History of CCS

It is necessary to give a brief overview of the history of
Carbon Capture and Storage (CCS) before focusing on
the concept of BECCS. CCS is widely regarded as an
essential technology if the world is going to meet the
targets specified in the 2015 Paris Agreement [20].
Since the advent of CO» emissions being recognized as
one of the primary drivers of global warming, there
have been ideas of discounting the future costs of
climate change through methods of climate mitigation,
CCS being one of these methods. Since the idea of
CCS via permanent underground storage was explored
in 1976-1977, the concept has been utilized as a tool
for mitigation. Especially when fossil fuel emissions
became a prominent political concern during the 1990s
[21]. With the advent of a CO; emissions tax imposed
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in Norway on off-shore industrial installations, it
became economically attractive to have a method of
CCS in place for energy companies such as Statoil [21].
Since then, there have been a handful of large-scale
demonstration projects of CCS that have continued to
capture and inject over a million tonnes of CO; per
year [21].

There are different types of CO» capture systems: post
combustion, pre-combustion and oxy-fuel combustion
(Fig. 3). The concentration of COz in the gas stream,
the pressure of the gas stream and the fuel type (solid
or gas) are important factors in selecting the capture
system.

Post-combustion capture of CO; in power plants is
economically feasible under specific conditions [22]. It
is used to capture CO; from part of the flue gases
from a number of existing power plants. Separation
of CO; in the natural gas processing industry, which
uses similar technology, operates in a mature market
[19]. The technology required for pre-combustion
capture is widely applied in fertilizer manufacturing and
in hydrogen production. Although the initial fuel
conversion steps of pre-combustion are more elaborate
and costly, the higher concentrations of CO3 in the gas
stream and the higher pressure make the separation
easier. Oxy-fuel combustion is in the demonstration
phase [22] and uses high purity oxygen. This results in
high CO> concentrations in the gas stream and, hence,
in easier separation of CO; and in increased energy
requirements in the separation of oxygen from air.

o 4 t

Coal
CO,
Gas Power & Heat | -
Biomass e
Air cO,
Air/O,
Cosl ‘ Steam —
Biomass / \ l
Pre combustion  |Gasification r— Reformer | W N.O, \
- +CO, Sep. Power & Heat co,
Gas, O w==ip ” Compression
i & Dehydration
Coal co,
Oxyfuel Gas w—]- Povser & Heat
Biomass - .
o,
N2
Air — P lAir Separati
AilO,
) Coal CcO,
Industrial processes Gas | Process +CO, Sep.

Biomass ’

Raw material

Gas, Ammonia, Steel

Figure 3. Schematic representation of capture systems [23]

CCS is a popular option in IAM mitigation portfolios
as it can be integrated into pre-existing systems without
the necessity of large-scale and costly amendments to
the system [24]. BECCS has the “double benefit of
mitigating emissions and generating energy, making it
attractive from the cost-optimization perspective of an
IAM.” [24]. Despite the popularity of CCS (and
specifically BECCS) in TAM decarbonisation rization

scenarios, its current rate of deployment has not come
close to reaching the levels that are indicated by the
projections of the IAMs and decarbonisation roadmaps
with CCS only appearing within a smattering of the
NDCs pledged at COP21. A recent model inter-
comparison project, to which eighteen IAMs were
contributed, found that the use of CCS, although
varying widely from model-to-model, projected at least
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600Gt (range of 600Gt-3050Gt) of CO; being captured
and stored by 2100 (ibid). This amount is more than
half than the required emissions reductions that are
consistent with a 2°C pathway. This sheds light on the
importance of CCS and the magnitude of its role in
decarbonisation pathways. Research continues into
CCS and how to make it more efficient and cost-
effective, especially in relation to the storage of the
compressed CO2. CCS can also be used as an option in
existing fossil fuel power plants [20].

History of BECCS

BECCS started as an idea from Kenneth Mollersten, a
Swedish PhD student that considered finding financial
benefits for the Swedish paper industry from the
carbon market after the introduction of the Kyoto
Protocol [25]. This was taken up further by Méllersten
and his PhD supervisors Jinyue Yan and Mats
Westermark [26]. Mollersten later went on to work with
his now colleague Obersteiner, the two scientists that
were involved in the early stages of BECCS
development [25]. This duo, along with a collection of
other scientists, were quick to develop the idea after
coming to the realization that there was the possibility
of obtaining double the amount of carbon credits for
avoided emissions at a pulp and paper mill using the
technique of CCS. In their 2001 paper titled ‘Managing
Climate Risk’, they made reference to BECCS |[then
classified as purely BECS] on eleven occasions [26]. By
utilizing this new technological innovation as a tool to
fix the ongoing climate change ‘dilemma’, the authors
described the possible incorporation of BECCS into an
extensive risk management scheme that focused on
mitigation. Within the paper, the largest limitations
recognized for BECCS are the projected high costs of
installation with a single mention given to the required

Table 1
Components of BECCS [18].

research needed in order to figure out how to use
BECCS as a sustainable technology in a ‘wider sense’
[26].

Obersteiner claims [25] that, as the self-proclaimed
founder of BECCS as a tool to allow for ambitious
climate targets, that the use of the NET in a risk
management scheme was misinterpreted and
consequently misused in emission pathway scenatios
within global climate governance. He criticizes IAMs
for being deterministic and for not allowing room for
critical risk management thinking [25]. Much like Kevin
Anderson, one of the critics of BECCS’ large-scale
implementation [27], he states that BECCS should be
used as a backstop technology that can be potentially
used to deal with sudden climate feedbacks and abrupt
shocks to the system, he reiterates that plans for
conventional methods of climate mitigation should be
made with BECCS to be used only as an optional
backstop if required [25].

BECCS consists of multiple components and stages:
biomass feedstock and collection, conversion of the
biomass feedstock into energy, production of heat,
electricity, or fuels, and capture and sequestration of
the carbon resulting from using that energy (see Table
1). A number of biomass sources and potential
feedstocks were addressed in Table 1, including woody
biomass, corn grain, agricultural residues, waste
biomass, and energy crops. The discussions focused on
thermochemical approaches for energy conversion,
including combustion, pyrolysis, and gasification, also
the uses of this energy was discussed for heat and
electricity applications and the production of liquid
fuels. Geologic storage is used to sequestrate COz
captured in this technology. Moreover, it was noted
that biological carbon sequestration can be achieved by
applying biochar, a byproduct of pyrolysis, to soils [19].

Potential Biomass Feedstocks Conversion Pathway  Energy Sequestration
Woody biomass, such as Combustion, in which ~ Heat Geologic storage
-harvested wood products the biomass is oxidized such as
-harvest residue(from wood used for completely for power Electricity -saline aquifers
other purposes) and/ ot heat production -depleted hydrocarbon
Liquid fuels reservoirs

Corn grain Pyrolysis, in which such as

biomass is heated in -ethanol Biochar
Waste biomass the absence of oxygen,  -biodiesel which can be used as a soil
-municipal solid waste producing liquids and/  -long chain amendment
-manure or biochar hydrocarbons

Agricultural residues, such as

-corn stover

Energy crops, such as
-Switchgrass
-Miscanthus

Gasification, in which
biomass is partially
oxidized under oxygen
starved conditions for
the production of
syngas
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Biofuel production and BECCS

As with some industrial processes, carbon dioxide can
be captured during certain stages of the production of
biofuels. These stages usually emit concentrated carbon
dioxide with no further need for separation or the
separation stage is already a part of the process.

Bioethanol

Bioethanol is the most common biofuel, accounting for
more than 80 % of total biofuel use wortldwide [28].
Bioethanol is produced by fermenting sugar or starch.
The ethanol is then in the next step distilled to fuel
grade ethanol. The feedstock includes all sugar and
starch containing biomass such as cereal crops, maize,
sugarcanes, sugar beets, potatoes, sorghum and cassava.
There are also technologies available for ethanol
production from lignocellulosic biomass although this
requires advanced pretreatment processes.

Capture of carbon dioxide from bioethanol can both be
done as a part of the fermentation process and from
the flue gases of the boiler for the production of heat
and power. The fermentation step of both
conventional and advanced bioethanol production is
similar resulting in the same amount of carbon dioxide
with a concentration of about 98.8-99.6% after
dehydration [28].The carbon dioxide stream then has
atmospheric pressure and a temperature between 25
and 50°C and further treatment is not necessary. The
carbon dioxide captured from the flue gases of the
boiler are in a comparable amount to that from the
fermentation,  although  the  carbon  dioxide
concentration is considerably lower and therefore also
requires an additional separation step.

Biodiesel

Biodiesel is mainly produced by transesterification of
vegetable oil but synthetic biodiesel could also be
produced based on gasification. The biomass feedstock
is gasified into mainly hydrogen, carbon monoxide and
carbon dioxide and then recombined into liquid fuel by
the Fischer-Tropsch reaction producing more carbon
dioxide. The product generated by the reaction has to
be upgraded using conventional techniques like
hydrocracking.

Removal of the carbon dioxide is already an important
step of the cleaning of the synthesis gas before it can be
processed. Pre-combustion technology is used in the
same way as the capture of carbon dioxide previously
described for gasification [28].

Biomethane

Biogas is methane rich gas produced by anaerobic
digestion of biomass, usually organic waste. Biogas can
either be burnt for power generation or heating
purposes or upgraded to natural gas standard. The
upgrading process releases carbon dioxide and the end

ALKHAS, 2021, 3(1): 1-11

product is known as Biomethane. Biomethane is
upgraded from biogas by separating carbon dioxide and
removing sulfurous components.

Even though the separation process is commercially
proven and frequently used, it faces challenges for CCS
purposes because of the relatively small amounts of
carbon dioxide captured [29].

BECCS potential to deliver negative emission

A wide range of views on the negative emission
potential of BECCS can be found in the literature,
ranging from 1000 EJ/year to 100 EJ/year and with a
CO; removal capacity of 0-20 Gt COz/year [30]. The
majority of IAM models have considered BECCS in
the portfolio of essential mitigation technologies, with a
removal potential of 2-10 Gt CO/year [31]. This value
is comparable with the CO; removed by the natural
carbon cycle, such the ocean (9.2 £ 1.8 Gt CO») and
terrestrial carbon sinks (10.3 = 2.9 Gt CO») [31].
According to Gasser et al. [32], a “best-case” to
achieve the RCP 2.6 target in addition to conventional
mitigation would require BECCS with annual negative
emissions of 1.8-11 Gt CO;. In recent IEA global
models, BECCS could potentially deliver negative 14
Gt COz between 2015-2050, which 11Gt CO: is
captured from biofuels with CCS and 3 Gt CO» from
dedicated and co-firing BECCS for power [33]. A
review study by Kemper [34] found the global technical
potential of BECCS, through biomass gasification and
direct combustion, to be around 10 Gt CO;/year in
2050. Woolf et al. [35] estimated a lower global net
negative emission of 3.3-7.5 Gt COy/year. Ricci and
Selosse  [36] used the multiregional TIAM-FR
optimization model to assess the global and regional
potential of BECCS. Their study showed that by 2050,
BECCS and CCS could generate 23% to 30% of total
global electricity, equivalent to 5.7-7.6 Gt CO;
captured and stored. Most of this projected capacity
lies in developing countties, especially China, India and
Brazil.

In a2 complementary study, Ricci and Selosse showed
that a near-term widespread adoption of CCS with 15%
BECCS, would be the preferable pathway to achieving
stringent emission targets [37]. In a study by
Koornneef, et al. [38], the economic potential of
BECCS would be up to 3.5 Gt COz/year negative
emissions from the power sector and 3.1 Gt CO,/ year
in transportation. However, these potentials are not for
the whole sectors but for the "best" routes, i.e.
BIGCC-CCS and FT biodiesel in 2050. An assessment
of the assumptions underpinning the feasibility of
BECCS in IAM scenarios by Vaughan and Gough [39]
showed that assumptions regarding technical aspects of
BECCS are realistic. However, their results warned that
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the socio—political assumptions and projections of the
future large—scale deployment of bioenergy are
unrealistic [39].

The fig 4 below depicts the general process of BECCS;
outputs of BECCS include power and heat, pulp and

Energy source

Energy crop
Forestry/agriculture
residue
Biodegradable
waste

Biomass operation

CO, separation

Power and heat

Pulp and paper

Biofuels

paper, and biofuels. The capture and storage can be
done pre-combustion, during the combustion (oxy-
fuel), and post combustion.

Separation Transport Storage

Enhanced
oiligas recovery

Depleted oillgas
reservoirs

Aquifers & oceans

T

Recirculation

Industry or con-
sumer application

j

Figure 4. General process of BECCS [39]

Economic implications of BECCS

One of the important parameters, which constrains
achieving the potential for removing CO; of the NETSs
is their economic performance. With no large-scale
NET project, estimation of their cost merely relies on
hypothetical situations in the future. Most studies agree
that among three NETs with highest technical potential
(namely BECCS, direct air capture (DAC) and
afforestation & reforestation (AR)), DAC with up to
$400-$600/tCO; is the most costly option and BECC
with $150-$250/tCO; and AR with $10-$65/tCO;
have a lower cost [40-43]. The scope of this study is
limited to power generation BECCS options, but it is
worth mentioning that a lower value of BECCS cost
could be achieved at bioethanol refinery with less than
$25/tCO, [44].

The high cost of these NETS, highlights the necessity
of an effective mitigation mechanism such as carbon
price. According to McGlashan [41] an effective carbon
price in their definition should be more than to
mitigation cost of the cheapest large-scale NET option.
McLaren [42] foresaw that the suitable technical and
economic prerequisites for NETs deployment at the
level of 10-20 Gt CO; per year could become
obtainable by 2030-2050. According to McGlashan et
al. [41] the cost of a large BECCS power plant is $59—
111/tCOz. In a study by McLaren [41] a range of $70-
$250/tCO; is suggested for BECCS [42]. This study
indicated that in the absence of rapid development, the
cost of BECCS is more likely to be $150/tCO> [42].
Although the future technical potential of BECCS is
estimated to be considerable, not all of it will be
economically viable. One of the major contributions of
BECCS would be in the power generation sector. The
current electricity market is deeply dependent on fossil
fuels and there is no united price for CO2 emission. As

a result, the high production cost of BECCS,
considering its high investment and O&M costs, would
not be competitive in the power market. Based on a
review by Kemper [34], the levelized cost of electricity
production (LCOE) through BECCS lies between $70-
$230/MWh.

Environmental impacts of BECCS

There is great deal of uncertainty regarding the possible
environmental impacts of large-scale NET's. The major
impacts found in the literature are land use change,
water use, energy input, effect on albedo and natural
carbon cycle [40,45-48].

Sustainability of biomass feedstock production is one
of the main sources of uncertainty in estimating the
global technical potential of BECCS. Climate dynamics,
economic and technological development, human
population growth (and its effect and demand for food,
fodder and fuel) and natural carbon cycle are some of
critical uncertainties influencing the future potential of
BECCS [30, 49-53].

Historically, unsustainable biomass harvest and forest
clearing in some areas, has led to loss of a considerable
proportion of natural forests and degradation of
productive lands [46, 50], increased GHG emissions,
loss of biodiversity and carbon stock [54-60] and
depletion of water resources [54-56, 61]. Intensification
of energy crops production could result in severe
competition between food, feed, and energy feedstock
supplies, leading to controversial economic, ethical, and
environmental issues [30, 62].

If strategies for large-scale BECCS deployment do not
meet strict sustainability criteria, its negative
externalities could be very problematic. Therefore,
expanding bioenergy production must be carefully
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considered against the background of sustainability
[53].

Land-use

Increasing demand for biomass and limited arable lands
may cause expansion of agricultural lands, loss of
natural forests and ecological reserves. Land-use
change includes; direct (LUC)-where the land
encroaches on neighbouring forests or reserves, or
indirect (ILUC) where the land previously cultivated for
food production is used for energy crops and some
other natural forests is substituted for food agriculture
[63-65].

Unsustainable expansion of bioenergy production will
exacetbate the GHG emissions from agricultural and
forestry systems. Emissions from agriculture, forestry
and other land-use change (AFLOU) account for
approximately 10 to 12 Gt COz/year of anthropogenic
GHG emissions; with 5-5.8 Gt CO/year from
agticultural production and 4.3-5.5 Gt CO»/year from
land use and land-use change activities [50]. According
to Le Quéré et al. [66] emissions related to land-use
change represent about 9% of the total emissions in the
last decade. These emissions were principally associated
with deforestation and expanding agricultural land use.
GHG emission in agriculture is due to land-use change,
fertilizers, livestock and fossil fuel machinery used.
With present practices, the agriculture sector is one of
the major contributors to global warming. Agricultural
activities account for approximately 58% of the total
N2O and 47% of the total CH4 emission [62].

Net forest emission is the difference between GHG
emissions gained and emitted from forest land. CO»
emission lost is due to oxidization of carbon stock in
biomass as a result of conversion of forest land to
pasture or agricultural land. CO gained occurs by
fixation of carbon through increasing the forest land.
The net emission from forest land conversion in 2011
was 3.74 Gt CO; which was almost 70% of the
emission from the agricultural sector. Burning forest is
another source of CHy and N>O emission from
combustion of biomass and organic soil. In 2011 the
total GHG emissions from burning forests was 290 Mt
CO; [67].

Tubiello et al. [68] found that land-use emissions have
remained stable at about 4.8 Gt CO:/year, whereas
emissions from agriculture has kept growing by
approximately 1%, to 5.4 Gt CO,/year.

Water consumption

Total withdrawal of freshwater from aquifers, streams
and lakes by humans is around 3,853 km3/year [69].
Around 70% of this amount is used for agriculture and
in some fast-growing economies this percentages is up
to 90% [69,70]. To obtain the potential of BECCS at
scale, a considerable proportion of the available water
resources might need to be dedicated to biomass
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production. Although there are some plants that grow
with low water consumption and high resistance to
drought, in most regions biomass production could
take a significant share of the available fresh water [61].
In particular, expansion of bioenergy from energy
crops may intensify pressure on water resources [34].
One of the expected impacts of climate change is
changing the precipitation patterns, loss in soil
moisture and water scarcity [71].

That will be especially a challenge in regions like sub-
Saharan Africa, Middle East and western America,
Mexico and Australia, which are already facing a water
scarcity [54,56, 71]. According to Creutzig et al. [72],
water scarcity in areas such as Middle East, parts of
Asia and western USA reduce the technical potential of
bioenergy by 17% by mid-century.

Fajardy et al. [51] estimated that in order to deliver
around 12.1 Gt CO; /year, between 3.6 and 15.7 Tm3
water will be required. Smith .et al. [40] found that the
water needed to deliver the same negative emission
through BECCS in 2100 would be approximately 720
km3.

A portion of the water consumption associated with
BECCS is due to the CCS process. For instance, the
water used for cooling in a MEA-based CO> capture
unit is around 106 m3/t COz [73].

Water contamination is another ecological concern.
Using fertilizers and pesticides for biomass production
could be a source of water pollution. In addition, CO;
leakage and its subsequent environmental impacts on
acidification of underground water is the major
concern for geological storage [55,61].

Efficient biomass production methods

To meet the degree of biomass production needed for
food and bioenergy demand and bearing in mind the
limited natural resources and probable adverse impacts
of climate change, a fundamental enhancement of the
agriculture system seems essential. One way to do this
would be to increase the efficiency without increasing
environmental damage [71], which could potentially
reduce emissions from this sector by 770 Mt COz/year
by 2030 [74].

Several options to increase the efficiency of agricultural
production  while mitigating its correspondent
emissions have been proposed. The green economy
and climate-smart agriculture are two of the main
concepts contributing to this goal. Green economy
“combines the concepts of economic efficiency and
production efficiency in agriculture given the increasing
scarcity of the natural resources” [71,75]. Climate-smart
agriculture (CSA) is a way to adapt agricultural practices
under climate change in order to assure secure crop
production [67, 71, 76]. Conservation agriculture (CA)
is a CSA method which promotes practices to improve
the mitigation and adaptation of agriculture to climate
change through minimal mechanical soil disturbance
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(i.e. no tillage and direct seeding), crop rotation,
restoring soil cover and bio-control of pest and weed
[76-78].

Sustainable crop production intensification (SCPI) [71]
is another method which employs efficient and smart
use of crops, water and nutrients. One example is
planting legume crops which helps to biologically fix
the nitrogen in soil [71, 79]. This method increases
production, improves the annual yield and reduces
N2O emission [71, 79].

Social impact of BECCS

One of the main challenges of expanding bioenergy
from dedicated energy crop is to maintain food security
and affordability. Land-use change and its likely
impacts on social equity and land ownership is another
challenge of bioenergy.

The current food production system is very inefficient.
According to McKenzie and Williams [80] around 40%
of the food produced is lost throughout its production
to consumption. With current food production system,
32 countries are facing food crisis, with approximately
870 million people estimated to be undernourished and
1 billion malnourished [71]. Despite the current
inefficiencies to cover food demand the food
production has to grow by 60% to feed around 9
billion people in 2050 [52, 74, 81,82]. Reducing food
loss and change in diet are most likely to change the
demand for food by 30-50% [83, 84]. However, in the
absence of required advancements in food production
and in light of limited land and water resources, this put
even more constraints on expanding lands for energy
crop cultivation; especially when energy crops
substitute food crops or food crops are used for
bioenergy production.

The impact of this change will be more severe in
developing and underdeveloped countries where price
of food constitutes a higher share of the income. A
study by Popp et al. [85] showed that large-scale
bioenergy deployment (up to 300 EJ from energy
crops) could potentially increase the food price by 82%
in Africa, 73% in Latin America and 52% in Asia
Pacific by the end of century. This could be a source of
inequity in access to food across the globe. This effect
has already been observed in 2007-2008, when
alongside other factors high bioethanol demand in fuel
market in North America led to sharp increase in food
price followed by food riots in many developing
counttries [80].

According to the IPCC AR5 [3] around 100 EJ/year
can be supplied from agticultural and forestry residues,
dung and organic waste. Lotze-Campen et al. [87]
showed that deployment of this bioenergy will most
likely increase the food price by 5%, whereas the direct
effect of climate change on food price will be around
25%. A study by Muratori et al. [88] confirmed that

inclusion of BECCS in portfolio of mitigation
technologies in a 2SD scenario would lessen the
demand for biomass and thus the subsequent impact
on food price.

Ferroukhi et al. [89] showed that bioenergy “as long as
it is sustainably produced and managed” can offer
social benefits to rural area by improving energy and
food security and poverty alleviation through creating
new market for biomass and wastes and also job
creation.

Conclusion

The ultimate goal of the agreement achieved at the UN
climate conference in Paris in 2015 is to hold “the
increase in the global average temperature to well
below 2°C and to pursue efforts to limit the
temperature increase to 1.5°C above preindusttial
level” A majority of the scenarios in the UN FCCC
database designed to achieve, such as outcome requires
negative emission technologies. However, it seems that
for the BECCS technology logistics and land use
constraints will limit BECCS to less than what is
needed.

As discussed in this paper, the main uncertainties
weighing on BECCS development are bioenergy
availability, CCS development, policy incentives and
social acceptance. Bioenergy availability is subjected to
many uncertainties such as the rate of improvement in
agricultural management, choice of crops and their
yields, changes in food demands and human diets, use
of degraded land, competition for water, use of
agtricultural/forestty ~ by-products, protected area
expansion, water use efficiency, climate change
impacts, carbon neutrality of the biomass.

The major barrier for commercial deployment of
BECCS is the lack of economic, social and political
incentive, rather than technical (assuming fossil-fuel
CCS is now a proven technology). The potential role of
BECCS for captureing atmospheric CO; is unique as it
will provide high capacity. To enhance the economic
viability and encourage deployment of BECCS plant
with higher CO: negativity,financial incentives for
reduction of CO; emissions would be necessary. To
improve the commercial potential of BECCS, there is
aneed to develop sustainable biomass supply chains
and establish suitable CO; sequestration sites.
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