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Achieving ‘negative carbon’ through CO2 reuse as a bolt-on value generator for bioenergy 

This paper was originally written for All-Energy 2017. All-Energy is the UK’s largest renewable energy event. More information: http://www.all-energy.co.uk/  

There has been public debate on the potential for achieving ‘negative 

carbon’ by capturing and storing carbon dioxide (CO2), particularly from 

large scale bioenergy plants (Bio-Energy Carbon Capture and Storage 

(BECCS)). This presentation briefly explores the idea and its application for 

the bioenergy sector and will provide an insight on how the reuse of CO2 

has the potential to introduce a new revenue stream. 

In 2016, Scottish Enterprise commissioned a study to identify the “Actions 

required to develop a roadmap towards a Carbon Dioxide Utilisation 

Strategy for Scotland”. The study was completed by Sheffield University with 

support from Pale Blue Dot Energy and others. A Study Report and 

Executive Summary are publicly available at 

http://www.evaluationsonline.org.uk/evaluations/Index  and searching for 

“carbon dioxide”. The report presents numerous findings and 

recommendations but the two key findings relevant to the bioenergy sector 

are that: 

1. High purity sources of biogenic CO2 from anaerobic digestion 

plants, brewery and distillery fermentation etc. presented the 

best opportunity for creating value from CO2 Utilisation.  

2. Two commercially ready, profit generating, technologies were 

identified. One technology from CCm Research, converts a mix 

of raw materials including a fibre based material (digestate / 

draff) and CO2 into an inorganic fertilizer. The other from 

Carbon8 also mineralises CO2 in to a carbonate which can be 

incorporated within building materials. 

If the CO2 can subsequently be permanently locked away from the 

atmosphere, then depending on a full cycle carbon assessment, a claim of 

‘negative carbon’ could be made.  

The emerging CO2 utilisation sector 

Carbon dioxide is vital to life, but is also a greenhouse gas responsible for 

climate change. As shown in Figure 1, there are two main types of CO2: 

fossil and biogenic. Fossil CO2 is generated from the combustion of fossil 

fuels or from the thermal decomposition of limestone. If fossil CO2 is 

released into the atmosphere it adds to the CO2 in the natural short-term 

carbon cycle which increases greenhouse gas warming and results in 

manmade accelerated climate change. On the other hand, biogenic CO2, 

generated from a process such as fermentation or biomass combustion, is 

CO2 that is already in the short-term carbon cycle. The carbon for this 

originates from a living or very recently living biological source of carbon 

rather than a fossil source, typically biomass created via photosynthesis that 

has removed CO2 from the atmosphere. Many biogenic sources of CO2 are 

therefore usually considered to be less damaging to the climate and in some 

cases carbon neutral adding net zero CO2 into the atmosphere. The climate 

change impact of any form of CO2 emissions can be mitigated by injecting 

it deep underground through CCS where it is permanently and safely stored.  

The impact of CO2 emissions can also be reduced or eliminated through 

utilisation, CCU. 

http://www.all-energy.co.uk/
http://www.evaluationsonline.org.uk/evaluations/Index
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Figure 1 Fossil vs. biogenic CO2 (Source: Scottish Enterprise) 

The Scottish Government have included both CCS and CCU in their latest 

Climate Change Plan and Energy Strategy documents and thus both form 

part of Scotland’s CO2 Plan. CCS and CCU are complementary 

technologies that may be significant sources of future growth of the 

economy. It is very important to recognise that CCU is not an alternative to 

CCS.  Both currently face very different scales of deployment. CCS seeks 

to remove tens of millions of tonnes of CO2 per annum from the UK whilst 

CCU technologies are currently limited to a few thousand tonnes. Thus, 

today CCU is focused on creating commercial revenue from the production 

and sale of product.  

To help explain this context, as shown in the Figure 2, in 2014 there were 

approximately 10 million tonnes of CO2 emissions from Scotland’s large 

carbon emitters, (those with >10,000 tonnes of CO2 per year). The current 

demand for CO2 across the whole of Scotland is estimated at just 200,000 

tonnes per year. Thus, clearly the near-term demand for, or reuse of, CO2 

is very low versus the scale of emissions. However, the potential from which 

to grow a Utilisation sector is huge.  

 

Figure 2 Supply and demand of CO2 emissions in Scotland (Source: Scottish 
Enterprise) 

Most of the 10 million tonnes of emissions are fossil based but 500,000 

tonnes per year across 3 of the 12 large sites in the Grangemouth Region 

are biogenic. Outside the Grangemouth region, a further 700,000 tonnes 

per year of biogenic CO2 emissions are emitted from seven large scale 

bioenergy plants and a further 500,000 tonnes from distillery fermentation. 

These biogenic sources, particularly the high purity streams from 

biomethane gas to grid plants and fermentation, provide capture ready 

streams of CO2 that present easy zero/low cost access from which to bolt 

on value generating CCU technology.  
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CCU Technologies 

The Global CO2 Initiative state on their website that “CCU can reduce global 

CO2 emissions by 10% by 2030 and stimulate a $1 trillion annual market for 

at least 25 CO2 based products.” The academics and companies completing 

the research and development to bring these commercially scalable 

products to market continues to expand rapidly. An example of specific 

interest is at Upslope Brewing in Colorado where a university spin out called 

Boom Algae is producing high value food supplements using omega 3 

extracted from algae grown using brewery wastewater and small quantities 

of CO2.  

 

Figure 3 CO2 based products (Source: The Global CO2 Initiative) 

In the UK there are currently just a handful of commercially ready 

technologies. Carbon8 take industrial wastes and contaminated soils, 

originally destined for high cost specialist landfill, and process these with 

CO2 to form hard pellets which are then mixed with other materials to form 

building products such as bricks. Thus, ensuring the carbon is stored for the 

life of the subsequent building and beyond.  

The Carbon Capture Machine is still at a research stage within Aberdeen 

University and although not commercially ready the technology has huge 

potential through its simple low cost process to produce building materials 

such as plasterboard consisting of over 30% by weight absorbed carbon.  

The commercially ready process from CCm Research converts CO2 into 

carbonate whilst mixing it with other coproducts, such as digestate, and 

nitrogen phosphorus potassium (NPK) materials to form an inorganic 

fertiliser. CCm Research have evidence from three years of field trials that 

their fertiliser can match crop yields of NPK equivalent commercial fertilisers 

and state their fertiliser has a significantly lower full cycle carbon footprint 

versus fossil fuel derived conventional fertiliser. 
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Industrial interest in CO2 reuse 

There is a wide range of industrial interest in CO2 reuse, the following are 

three case studies of Pale Blue Dot Energy projects in this area.  

Teesside CCU 

 

Figure 4 Source: Teesside Collective 

Teesside is home to 58% of the UK’s chemical industry. The heavy industrial 

region has the highest concentration of industrial emissions in the UK. Pale 

Blue Dot continue to support the region with their Industrial CCS aspirations 

and recently completed a project to evaluate the potential to capture 50,000 

tonnes per year of CO2 from a PET polymer manufacturing site. The project 

required the development of a business case including the review of costed 

options for capturing the CO2 from methane combustion flue gas, a review 

of CCU Technologies and for the design and build of a CCU Demonstration 

Facility. A conclusion specific to this presentation is that the capture cost of 

separating the CO2 from the flue gas stream results in a significant financial 

hurdle for an emerging technology to overcome. 

Scottish Biomethane Operation 

 

Figure 5 Source: Clarke Energy & Tamar Energy 

Agricultural waste feeds anaerobic digesters at a Scottish biomethane 

operator. The resulting biogas runs through a gas purification unit to 

produce biomethane which is then injected into the gas grid. The purification 

unit emits 8,000 tonnes per annum of >98% pure CO2. Several CO2 

utilisation options were assessed including the production and sale of liquid 

CO2 and/or dry ice and the conversion of the CO2 into building aggregate or 

fertiliser. All options bar mineralisation were shown to have an attractive 

return. In all cases, finding local customers for the CCU product is key to 

success.  
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Starlaw Grain Distillery 

 

Figure 6 Source: Spirit Matters 

At Glen Turner’s Starlaw grain distillery in the Scottish Central Belt, the CO2 

vent lines on all the fermenters are hard piped to a single point of emission. 

The same CO2 utilisation options were assessed for the 20,000 tonnes of 

CO2 available and given Starlaw’s proximity to Grangemouth a short 

assessment was also completed on the potential for the site to host a 

Scottish CCU Demonstration Centre. All CCU options, bar Carbon8, were 

economically modelled and have potentially attractive returns.  Again, 

finding local customers for the CCU product will be key to success.  

Climate Change Impact 

 

Figure 7 Indicitave graph representing time for isolating carbon atoms 

Before making claims of ‘negative carbon’, a greater understanding of the 

full cycle carbon impact on climate change is essential. 

Firstly, one should recognise the small scale of CO2 volumes likely to be 

involved in most CCU projects. Secondly, it is key to understand the period 

for which the individual atoms of carbon are isolated from the atmosphere. 

Figure 7 is purely indicative to aid a simple explanation on this point. 

Assume 1,000 units of CO2 have been captured. If these were permanently 

stored underground (CCS) then the units could be considered as fully 

isolated from the atmosphere and thus if the CO2 originated from a biogenic 

source then a claim of ‘negative carbon’ could be made. Conversely, for 

most applications liquid CO2 and dry ice will very quickly be used and at that 
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point released into the atmosphere. So although the atom of carbon has 

been “used” twice it still creates climate impact. In the case of fertiliser the 

carbonate does breakdown with soil respiration leading to the CO2 being 

released. How long this would take is unknown. As stated earlier CO2 

converted into building materials could be locked in for the life span of its 

original use but then revert back to CO2 at a later date, again how long is 

unknown. In the case of fertiliser, although it is very positive that CCm 

Research’s process has a significantly smaller carbon footprint versus 

conventional fossil fuel derived fertiliser the climate change win will only 

occur if that displaced fossil fuel stays in the ground. In short, although 

‘negative carbon’ is possible, for CO2 Utilisation be wary of claims and focus 

more on value creation rather than climate mitigation. 

Conclusion 

CO2 Utilisation technologies have evolved past academic research and 

development and now present commercially viable options.  

With ongoing activity across the globe developing CCU technologies, what 

we see now is only the tip of the iceberg. 

It is expected that CCU will follow the pattern of previous sectors such as 

solar and wind power that evolved rapidly from emerging to mainstream 

resulting in supply chain efficiencies and cost optimisation. The cost of 

capturing CO2 from mixed gas streams will remain a short-term barrier but 

one that can be tackled. For the short to medium term, capture ready high 

purity sources of biogenic CO2 present the best opportunity for creating 

value from CCU. Finally, the use of biogenic CO2 from biomethane plants, 

biomass plants, fermentation etc. could enable a site to achieve net carbon 

reduction through an ‘end of pipe’ value add bolt on to their process. This 

could present a ‘negative carbon’ outcome but comparative full cycle 

Environmental Impact Assessments are needed to validate any carbon 

reduction claims. 


