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Abstract 

Bioenergy with carbon capture and storage (BECCS) involves the conversion of biomass to energy, producing CO2 which is 
sequestered, transported and then permanently stored in a suitable geological formation. Thus, a negative flow of CO2 from the 
atmosphere to the subsurface is established. The potential of BECCS to remove CO2 from the atmosphere (in addition to 
generating energy) 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 CO2capture process used and 
storage options. Each of the pathways to connect these options has its own environmental, economic and social impacts. This 
study attempts to integrate these impacts into a three pillar sustainability framework (3PSF) approach. As an example, the 3PSF 
approach is applied to bioenergy from organic waste collected from municipal solid waste (MSW). Global and Australian 
potentials for using municipal solid waste as resource for bioenergy and coupling it with carbon capture and storage (BECCS), 
was investigated. Two BECCS systems, municipal solid waste incineration with carbon capture and storage (MSW-CCS) and 
landfill gas combusted in gas turbine with carbon capture and storage (LFG-CCS) were modelled. In the case of business-as-
usual scenarios with no emission policy in place, the cost of electricity from both BECCS options is higher than for unmitigated 
coal power generation. However, introducing renewable energy certificate or negative emission refunding schemes has a 
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significant impact on the economic viability of these technologies.  Environmental impact assessments show that in the MSW-
CCS model, for each kg of wet MSW incinerated around 0.7 kg CO2,eq is removed from the atmosphere. 
BECCS has the potential to be a valuable step towards a low-carbon energy system. However, if planned unsustainably it could 
compromise the natural ecosystem and social equity. The importance of the presented study is in its holistic approach to assessing 
the sustainability of different BECCS routes and providing a comprehensive adaptive management system that enables decision-
makers to plan BECCS options in a transparent and timely manner.  
 
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of GHGT-13. 
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1. Background 

On April 2016, 170 countries signed the COP21 agreement. The agreement sets out a global action plan to put the 
world on track to avoid dangerous climate change by limiting global warming to well below 2°C [1]. According to 
the IPCC Fifth Assessment Report, over 100 of the 116 scenarios associated with concentrations between 430– 480 
ppm CO2 (<+2°C target)  rely on removal of some of the historical CO2 from the atmosphere [2]. 
Bioenergy with Carbon Capture and Storage (BECCS) is a carbon removal technology that offers permanent net 
removal of carbon dioxide from the atmosphere.  
Using biomass for energy production is seen as carbon neutral in that the carbon released to the atmosphere during 
energy conversion was first taken from the atmosphere during photosynthesis. However, in the case of BECCS the 
CO2  is not released to the atmosphere but is captured, transported and permanently stored in a suitable geological 
formation. In effect, a negative flow of CO2 from the atmosphere to the subsurface is established. BECCS therefore 
offers a significant advantage over other mitigation alternatives, which only decrease the amount of emissions to the 
atmosphere.  
Globally there have been 20 BECCS projects, mostly located in North America, Europe and Scandinavia [3, 4]. 
Currently only 5 of these projects are operating, capturing CO2 from ethanol production plants with a capacity range 
of 0.1–0.3MtCO2/year negative CO2 emission [5]. In 2011 with support from the US Department of Energy (US 
DoE), the Illinois Basin Decatur Project /Illinois Industrial CCS (IL-ICCS) project was established as the first large-
scale BECCS project in the world. In this project the CO2 released during the fermentation process to produce 
ethanol at the Archer Daniels Midland (ADM) ethanol plant in Decatur, Illinois, is captured, transported and stored 
in a deep saline formation, the Mount Simon Sandstone [6]. During its operational period from November 2011 to 
November 2014, the IL-ICCS project injected 1 Mt CO2 into the subsurface. There are plans to extend the IL-CCS 
project to increase the CO2 injection rate up to 1 Mt CO2/year [6].  
Sustainability and socio-economic constraints are the main sources of uncertainties in estimating the global technical 
potential of BECCS. As the main incentive for BECCS deployment is its capacity to produce energy and negative 
emissions, the avoided cost of CO2 emission determines its economic potential compared to other technologies on 
the market. In a study by Koornneef et al [7], with a CO2 price of 50 Euro/ton, the economic potential of BECCS 
would be up to 20 EJ/year for power generation and about 26 EJ/year for biofuel in the transportation sector. This 
equates to 3.5 Gt CO2eq/year negative emissions from the power sector and 3.1 Gt CO2eq/year in transportation.  
The potential of BECCS for creating large scale negative emission depends on availability of abundant bioenergy. 
Based on the IEA bioenergy roadmap, global bioelectricity generation will grow to 3,100 TWh by 2050. That would 
require 510 GW of bioelectricity capacity. IEA forecasts that 10% of this capacity will be equipped with CCS to 
produce negative CO2 emission [8]. The share of bioenergy in the world’s electricity generation is expected to 
increase to 4.1% by 2035. Bioelectricity in 2010 provided only 1.5% of global electricity production [9], accounted 
for only 3.1% of primary energy consumption and for 68% of renewable energy production in 2011-2012 [9]. More 
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than 80% of bioenergy is used for heat and energy production and the rest is used for biofuel. Bioelectricity is 
currently generated in 62 countries around the world. The USA (69.1 TWh), Germany (49.1 TWh),  and Brazil (32.9 
TWh), have the highest share of bioelectricity in their power sector [10, 11] . In Australia the main resources used to 
generate bioelectricity has been mainly  bagasse in steam turbines, some woody biomass in fluidised beds with 
steam turbines and a few examples of municipal solid waste co-fired with coal [9]. The appraisal of biomass 
resources [12] implies that bioenergy has the potential to contribute 4% of the Australia’s electricity generation by 
2020 compared to  around than 0.9% at the present time [9].  
Unlike fossil fuels, biomass is an inherently dispersed resource and this characteristic influences its utilization. Most 
of bioenergy plants serve the local community are small-scale and located in close proximity to the feedstock 
production site. Although that limits its  domain  at the same time, provided there is a constant and predictable 
supply of biomass, it reduces the risk of outage due to due to any deficiency in supply from a more  distant 
centralized source [12]. Having a plentiful supply of low cost coal as the main electricity resource has kept the price 
of electricity low and has resulted in inertia in the power market and a reluctance to invest in cleaner but more 
expensive technologies. Conversely, unsustainable biomass harvest and forest clearing has led to loss of 
considerable share of natural forests and degradation of productive lands, large GHG emission, loss of biodiversity 
and carbon stock [13, 14],. But the use of biomass for energy production must be carefully considered against the 
background of sustainability and bioenergy options are not always seen as socially or environmentally acceptable.  
It is therefore very important to integrate the economic, ecological and social impacts of BECCS technologies into a 
sustainability framework that can be used to provide a comprehensive adaptive management system that in turn 
enables decision-makers to plan BECCS options in a transparent and timely manner. As an example of how this can 
be modelled the global and Australian potential for using municipal solid waste in BECCS systems has been 
assessed economically and environmentally. The social impact assessment will be conducted in a future study 

1.1. MSW as a resource 

Organic waste collected from municipal solid waste (MSW) is one of the main by-products of urbanization. The 
urban population is estimated to be around 3 billion which generates 1.3 billion tonnes of solid waste annually. By 
2025, MSW generation will increase to 2.2 billion tonnes [15]. This amount of solid waste, if not managed, is 
potentially a large source of methane emission, air pollution, adverse impacts on human and ecosystem health and 
underground water contamination. According to the  IPCC, about 3% of global GHG emission in 2010 was from 
solid waste management [16] and methane emitted from landfills accounted for 12% of global methane emission 
[17].  
One way of managing the MSW is through application of waste-to-energy (WTE) technologies. MSW incineration 
and landfill gas utilization are two of the most commonly utilised WTEs. It is estimated that around 765 WTE  
plants using 83 million tonnes annually are operating worldwide [18]. 
Incineration is conventionally carried out through two processes; grate or fluidised bed combustion. The  lifetime of 
these WTE plants  is more than 20 years with an 85-90% annual capacity factor and a net electricity efficiency of 
18-27% [19], [20]. Currently, more than 1150 landfill gas (LFG) plants are operating around the world [21]. The 
collected LFG is used as fuel for industrial boilers and power generation in internal combustion engines, gas turbines 
and steam turbines. Most of the LFG power plants are small (in the range of 1-15 MWe) which has caused barriers 
to achieving economies of scale which in turn hinders its diffusion in the energy sector. 
The technical and environmental standards of these WTE plants largely depends on the level of development of the 
countries in which they are deployed with developed countries (where more than half of MSW in 2010 was 
generated [16]) usually having stricter environmental standards and more efficient WTE technologies than are found 
in developing countries. 
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2. Methodology 

BECCS consists of a range of variables such as type of biomass resource, the conversion technology used and the 
CO2 capture process deployed. Each of the pathways to connect these options has its own environmental, economic 
and social impacts. The criteria below are considered for each BECCS pathway; 

 Technical: energy efficiency, safety, reliability and maturity of the bioenergy production; CO2 capture 
process, storage capacity of the storage site. 

 Economic: investment cost, operation and maintenance cost, fuel cost, electricity cost, lifetime, renewable 
energy certificate (REC) and CO2-avoided credit is considered.  

 Environmental: GHG emission, particulate emission, abiotic resource depletion.  

 Social: social acceptability, job creation, social benefits.  
Techno-economic and environmental impact assessment of  two BECCS options were conducted; MSW incinerated 
in circulating fluidised bed (MSW-CCS) and LFG combusted in a gas turbine (LFG-CCS) both equipped with CCS. 
In both cases, the CO2 capture process in the model is post combustion chemical absorption using 
monoethanolamine (MEA). In both cases MSW generation and transportation is left out of the system boundary. The 
electricity generated is exported to the grid. Part of the electricity generated in the plant is used to run the CO2 
capture facility. The steam reactor, steam and chemicals to run the MEA process are part of the foreground system. 
After separation, the CO2 is sent to the CO2 sink and stored underground. Pipelines and compression equipment for 
transporting the CO2 and an onshore storage well are components of the system.  
In the LFG-CCS system, landfill gas generation and combustion in a gas turbine is coupled with CO2 capture and 
storage. Wet MSW is collected and stored in a sanitary landfill facility, where LFG is produced through microbial 
activity. Methane makes 35-65 vol% of LFG; the rest is CO2 (15-50 vol%), H2 (0-3 vol%), O2 (0-1 vol%), H2S (0-3 
vol%) and N2 (10-15%) [22]. In this model it is assumed that sanitary LFG facility is equipped with a gas cleaning 
unit and that the final product sent through pipelines to the gas turbine is 50%/50% CO2/CH4. The LGF collection 
efficiency of the system is assumed to be 75%. The collection efficiency depends mainly on factors such as the 
operational conditions, the cover type and the extent of overage. In a LFG unit with an intermediate soil cover, the  
LFG collection will be about 55%-95% [23]. In some plants, flaring is used to oxidise the methane collected [24], 
but in this study it is assumed that all the CH4 collected is used for power production. The CCS processes are 
identical with the MSW incineration model.  

2.1. Cost of Electricity 

To investigate the economic viability of BECCS systems, techno-economic assessments were conducted. The cost of 
electricity (COE) production was calculated for each system and the COE of black coal combusted in a pulverised 
coal combustion plant with CCS was calculated and used as the baseline.  
COEdefault [$/MWh] was calculated according to equation 1.  The cost of electricity production includes all capital 
and operating costs spent in a period of one year compared to the net electricity generated in that same period. The 
COEdefault is the cost of electricity production in the absence of any financially supportive emission policy.  
 

                                (1) 

  
In equation 1, O&Mfixed  is the sum of all fixed annual operating costs,  O&Mvariable represents the sum of all variable 
annual operating costs, including fuel at a 100 percent capacity factor. CF is the plant capacity factor (assumed to be 
constant over the operational period), MWh represents the annual net megawatt-hours of power generated at 100 
percent capacity factor. i is the interest rate, ρ the inflation rate and N the investment lifetime. 
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To be able to evaluate the impact of different emission policies on COE, equation 2 is applied. As can be seen, 
carbon price (Pcarbon), revenues from negative CO2 emission (Pnegative carbon) and renewable energy certificate (REC) 
are included as possible emission policies in this study.  
 

 

                                                                          (2) 

  
Because the electricity generated from MSW incineration and LFG combustion is accepted as renewable energy, 
these technologies receive REC credits. Additionally, the CO2 emission from organic waste is assumed to be from 
biogenic sources therefore no CO2 tax is imposed on it. Moreover, the CO2 captured is counted as negative carbon 
and receives credit for negative emission. Table 1 lists the techno-economic data of the MSW-CCS, LFG-CCS and 
Coal-CCS based on published data (and all costs are in Australian dollars (at the time of writing A$1.00 equals US$ 
0.75). 

Table 1. Techno-economic data of the MSW-CCS, LFG-CCS and Coal-CCS. 

Process Capital Variable 

O&M 

Lifetime 

(years) 

Capacity 

(MW) 

Thermal 

efficiency 

(% 

(LHV)) 

capacity 

factor% 

Fixed 

O&M 

($/KW) 

Fuel cost 

($/t) 

LFG collection-

cleaning plant 

[10],[25],[26],[27] 

750 

($/mgas
3/h) 

70 

($/mgas
3/h) 

25 Set with 

LFG 

plant 

size 

- 100 Embedded 

in 

Variable 

O&M 

- 

LFG power plant 

gas turbine 

 [3], [28, 29],  

2260  

($/kW) 

80($/MWh) 25 10 35 

 

70 Embedded 

in 

Variable 

O&M 

0 

MSW CFB 

[19], [30] 

800  

($/kW) 

38 

($/tonMSW) 

25 10 23 90 Embedded 

in 

Variable 

O&M 

0 

Capture process 

[31],[32],[33]  

2800 

($/kW) 

12 ($/MWh) 30 Set with 

power 

plant 

size 

- - 137 Embedded 

in 

Variable 

O&M 

Coal plant 

[14], [34],[35] 

3000  

($/kW) 

2.5($/MWh) 30 150 42.1 90 

 

45 75 

CO2 capture efficiency of the MEA unit is 90% 

Interest rate (i) =10% 

Inflation rate (ρ)=0% 

 
Compositions of MWS and black coal are listed in Table 2. It is assumed that LFG sent to the gas turbine is 50/50% 
CO2/CH4 and its LHV is 18.3 MJ/kg. 
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Table 2. Average compositions of MSW and black coal, [14], [19], [30], [34] [35], [36]. 

Composition MWS Black coal 

C (wt%) 49.5 78.2 

H (wt%) 5.6 5.2 

O (wt%) 32.4 13.6 

N (wt%) 1.33 1.3 

S (wt%) 0.51 1.7 

Moisture 34.2 5.5 

LHV [MJ/kg] 16.80 30.41 

 

2.2. Environmental Impact Assessment 

Life cycle assessment (LCA) was carried out using SimaPro software version 8.2.0.0. developed by the PRé 
Sustainability group [37]. Most of the data regarding MSW incineration and LFG collection and combustion 
facilities are taken from Ecoinvent-3 [38] and  the AusLCI database (developed by Australian LCA Society 
(ALCAS)) [39].  Data regarding the MEA unit CO2 capture was derived from the project conducted by Hooper et.al  
[40, 41]. CO2 and CH4 emissions based on the degradable organic content (DOC) of the waste were calculated using 
the methodology in the National Inventory Report [22]. The LCA of the MSW-CCS and LFG-CCS technologies 
were modelled in both the global and Australian contexts. Table 3 shows the global and Australian average 
compositions of MSW.  

 Table 3- the global and Australian average compositions of MSW  [22, 24, 42, 43] [15, 18, 44]. 

Average composition of  MSW weight % 

Composition Australian Global 

food  38.7 29.4 

mixed paper 6.7 17 

garden and green 18.9 14.3 

textiles 1.8 1.4 

rubber and leather 1.2 0.9 

Inert waste 32.2 37 

 

3. Results of  Modeling 

3.1. Cost of Electricity Generation 

Cost of electricity (COE) was calculated for MSW-CCS, LFG-CCS and for Coal-CCS in the business-as-usual/no 
emission policy (BAU) scenario. In both cases with and without CCS, the COE for pulverised coal combustion 
(PCC) power plant is lower than that for LFG in a gas turbine and for MSW incineration plants. PCC plants benefits 
from economy of scale and higher thermal efficiency. According to the results, adding CCS increases the COE by 
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65-80 $/MWh. The COE of LFG is lower than for MSW, mainly due to the lower O&M cost of gas turbine 
compared to CFB.  
In the second scenario, the impact of introducing a carbon pricing scheme is considered. It is assumed that Pnegative 

carbon and REC are equal to 0.  Carbon pricing has been one of the main policies to seek to mitigate CO2 emission 
from the energy sector. Figure 1, illustrates how the COE of MSW-CCS, LFG-CCS and Coal-CCS changes with 
carbon price. Since electricity from LFG and MSW is considered as renewable they are exempted from the carbon 
price scheme. But a coal-fired plant has to pay for its CO2 emission.  Carbon pricing has a dramatic impact on the 
COE of coal plants with and without CCS. Based on this model, at PCO2 higher than 90 $/tonCO2, the COE of coal 
plants with CCS is lower than a plant without CCS. Only at a PCO2 of greater than 200 $/tonCO2 does the cost of 
electricity from LFG-CCS becomes lower than Coal-CCS.  

 

Figure 1. Impact of carbon price on COE of MSW-CCS, LFG-CCS, Coal-CCS and coal w/o CCS 

In the third scenario, RECs (renewable energy certificates) are applied but Pcaron and Pnegative carbon are equal to zero. 
The COE of Coal-CCS does not change with a REC, but RECs have a significant effect on the COE of LFG-CCS 
and MSW-CCS, because they receive RECs for each MWh of electricity they produce. As shown in figure 2, at a 
REC of 60 $/MWh and 70 $/MWh, the COE of LFG-CCS and MSW-CCS becomes lower than that of Coal-CCS. 
At a REC of about 170 $/MWh the certificate value covers the whole COE of MSW-CCS.  
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Figure 2. Impact of REC on COE of MSW-CCS, LFG-CCS, Coal-CCS and coal w/o CCS. 

In the fourth scenario, the only policy implemented is a negative CO2 refunding scheme. Again, in this case a Coal-
CCS plant does not received credit for the CO2 captured, but LFG-CCS and MSW-CCS benefit from a refunding 
scheme. As shown in figure 3 at a Pnegative emission higher than 40 $/ton for biogenic CO2 captured and stored, the COE 
of both LFG-CCS and MSW-CCS become lower than Coal-CCS. Negative emission scheme has a higher impact on 
MSW-CCS, due to the larger amount of CO2 captured by this technology; Around 1.75 ton CO2 /MWh is captured 
from end of the pipe in MSW-CCS, which is twice the CO2 captured form LFG-CCS (1.34 ton CO2 /MWh). 

 

Figure 3. Impact of negative emission refunding scheme on COE of MSW-CCS, LFG-CCS, Coal-CCS and coal w/o CCS. 
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3.2. Environmental Impact Assessment 

The LCA of the LFG-CCS and MSW-CCS systems was modelled using SimaPro 8.2.0.0 software. The ALCAS 
Best Practice LCIA method [45] was applied for the impact assessment. ALCAS best practice for climate change 
characterization at the mid point uses the global warming potential (GWP (100 year)) factors defined in the IPCC’s 
Fifth Assessment Report as default [16]. Biogenic carbon flows are inventoried and reported separately from fossil 
based carbon flows. CO2 emissions from biogenic sources are assumed to be “carbon neutral” in LCA studies. 
However, biogenic GHG flows are included. Figure 4 illustrates the comparative impact assessment of the waste-
based BECCS systems modelled in this study. As can be seen, there are impact variations between the Australian 
and global systems in most of the impact categories. However, these variations are minimal and because of 
normalizing in figure 4 the differences are scaled up. Although the structure of the models in Australia and globally 
are identical, they employ different electricity mixes and different material and process parameters. 

 

 

Figure 4. Comparative impact assessment of the waste-based BECCS systems for Australian and global system. 

Global warming, eutrophication and human toxicity (non-cancer) of MSW-CCS systems both in Australian and 
global models have a less benign impact than LFG-CCS systems. Comparing the ozone layer depletion, fresh water 
ecotoxicity and water sacristy, LFG-CCS models have less negative impacts. Although all these environmental 
impact indices are important, results from the LCA assessment suggests that the most significant impacts are the 
global warming potential and abiotic depletion. The MSW-CCS systems create net negative emission by around -0.7 
kg CO2, eq per kg of wet MSW incinerated. The net emission of LFG-CCS systems is approximately 0.44 CO2, eq in 
Australia and 0.59 CO2, eq in global models per kg of wet MSW supplied. It is important to note that biogenic 
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emissions are taken into account in these assessments. The positive CO2 emission in the LFG-CCS system is due to 
the non-captured LFG produced.  The LFG collection efficiency in both models is 75% and the balance is emitted to 
the atmosphere. The LFG consist of 50/50% methane and CO2. Methane is more potent GHG than CO2. According 
to IPCC assessment report (AR5), GWP factors of the biogenic CH4 is 25.25 CO2 equivalent [16]. 
In these systems the electricity produced from MSW-CCS and LFG-CCS is sent to the grid and substitutes for power 
generation from dominantly fossil fuel-based suppliers. Therefore, both MSW-CCS and LFG-CCS systems have a 
positive impact on depletion of non-renewable resources. This impact is higher in Australia due to its higher share 
(83% [46] in Australia  compared to 66.7% [47] globally) of fossil fuel based power generation in the electricity 
mix.  

4. Discussion 

The baseline used here  to assess the economic feasibility of  BECCS options is coal-based power generation, which  
is appropriate, given  the high proportion of coal based power generation in Australia and globally.  Under the 
business as usual scenario, with no emission policies, the cost of electricity produced from coal is unsurprisingly the 
lowest, with and without CCS and the BECCS options are significantly more costly and uncompetitive in a coal-
dominant power markets. The carbon price required to make MSW-CCS and LFG-CCS cheaper than coal with or 
without CCS is higher than $200 per tonne of CO2. Considering the current situation of carbon pricing schemes 
around the world and in Australia it seems highly unlikely that such a high carbon price will be implemented in the 
foreseeable future.  
The other emission policy considered in this study was a renewable energy certificate scheme (REC). Currently the 
price of REC for large scale generation in Australia is around $76 /MWh [48]. Both LFG-CCS and MSW-CCS 
would be eligible for receiving RECs. At a REC higher than $70 /MWh cost of electricity production, from both 
MSW-CCS and LFG-CCS become cheaper than coal-based power generation with CCS. At REC higher than 
$120/MWh these BECCS technologies become cheaper than Coal-based power without CCS.  
The third scenario investigated, was a negative emission refunding scheme through which BECCS technologies 
would receive a refund for each ton of CO2 removed from the atmosphere. Since negative emission through BECCS 
is a new concept, there is no scheme yet in place that takes the value of negative emission into account. However, 
the results of the present study indicate that at a price of $40/tonne negative CO2, both MSW-CCS and LFG-CCS 
become lower cost electricity suppliers than coal-based power with CCS. Increasing the negative emission price to 
$90 /tonne CO2 the cost of the two BECCS-based power systems investigated becomes lower than coal-based 
electricity without CCS.  
Among the policies that introduce a cost on CO2 emissions, or revenue based on CO2 emissions, a negative emission 
refunding scheme cuts the cost of BECCS -based electricity for the consumer. But there is currently there is no 
emission policy that encourages negative emission. Carbon pricing policies are in effect in some countries, but 
increasing the carbon price to the level required to make BECCS economically competitive with coal-fired power 
generation would be far in excess of current carbon prices. One way to lessen the economic burden of carbon pricing 
could be through a tax-refund scheme under which CO2 emitters are charged per ton of emission and the revenue 
from this distributed among negative emission producers. 
The COP21 target is to set atmospheric increase in temperature to less than 2 degrees Celsius but IPCC models 
indicate that  to be able to stabilise at this level by the end of century, around 20 GtonCO2,eq would need to be  
removed annually [2]. The global MSW produced annually is around 1.3 billion tonnes. Consequently even if only a 
small proportion of the total MSW generated annually were to be used for power generation, MSW-based BECCS 
technologies could contribute significantly to the COP21 target.  
To be able to assess the sustainability of BECCS systems thoroughly, it is crucial to conduct detailed methodological 
social impact assessments for each case. Currently most research on BECCS has been concentrated on its technical 
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potential and economic viability. However, both pillars of BECCS, namely bioenergy and CCS, are complex 
systems with significant social ramifications. Some BECCS plants are likely to be located close to the biomass 
production site in rural areas and therefore the social impact needs to consider land ownership and land right, labour 
conditions and equity of access to food, land and energy [49-52]. it is important to consider the local needs for the 
same biomass resource, for example waste wood in poor communities might be used for cooking and heating and 
harvesting wood waste in this situation must not compete with their demand or the energy becomes available locally 
instead. 
Only after having conducted comprehensive economic-ecological-social impact assessments can the results be used 
in a multi-decision making model (MCDM) to evaluate the sustainability of each of the BECCS systems. MCDM 
needs to be part of a more holistic adaptive management system approach to BECCS that allows the components to 
interact, react and coevolve. To deal with the evolving nature of BECCS an adaptive management system could 
function effectively in an ever-changing environment. It is essential that this is taken into account if BECCS, 
through negative emissions, is to play a significant role in contributing to the COP 21 target of keeping the global 
rise in temperature to significantly less than 2 degrees Celsius. 

5. Conclusion 

This study proposes a framework to assess the sustainability of bioenergy with carbon capture and storage (BECCS) 
systems. Economic, environmental and social impacts of BECCS are integrated into a three pillar sustainability 
framework approach. Results of comprehensive economic-ecological-social impact assessments can be used in a 
multi-decision making model to evaluate the sustainability of each of the BECCS systems.  Global and Australian 
potentials for using municipal solid waste as resource for bioenergy and coupling it with carbon capture and storage 
(BECCS) was investigated. In the case of business-as-usual scenarios with no emission policy in place, the cost of 
electricity from both BECCS options is higher than for unmitigated coal power generation. Renewable energy 
certificate or negative emission refunding schemes has a significant impact on the economic viability of these 
technologies. Environmental impact assessments show that in the municipal solid waste incineration with carbon 
capture and storage (MSW-CCS) model, for each kg of wet MSW incinerated around 0.7 kg CO2,eq is removed from 
the atmosphere. Albeit the potential of BECCS to play a significant role in contributing to the COP 21 target of 
keeping the global rise in temperature to significantly less than 2 degrees Celsius, if planned unsustainably it could 
compromise the natural ecosystem and social equity.  
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