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the total capture and sequestration cost per tonne CO2 net-sequestered 
based on a discounted cash flow rate of return analysis. After account
ing for all sources of re-emission, the capture and sequestration cost 
shown in Fig. 4 represents the cost to transform 1 tonne of atmospheric 
CO2 into biochar using a coated substrate system with a total facility 
footprint of 11,600 acres. Additionally, the results in Fig. 4 represent the 
minimum product selling price (MPSP) or the value of sequestered CO2 
that yields a 10% internal rate of return over the 30-year life of the plant. 

The results in Fig. 4 suggest a total capture and sequestration cost of 
$1585, $822, and $702 per tonne CO2 net sequestered for the conser
vative, baseline, and optimistic scenarios, respectively. The largest cost 
contributor for all scenarios is the recycled PET modules, which con
tributes $763, $466, and $423 to the minimum product selling price for 
the conservative, baseline, and optimistic scenarios, respectively. The 
results in Fig. 4 suggest the system is capitally intensive, and the total 
capital expenditure (shades of blue and green in Fig. 4) contribute 65%, 
73%, and 75% to the minimum product selling price for the conserva
tive, baseline, and optimistic scenarios, respectively. Maintenance costs 
are a function of the total capital expenditure and also contribute a large 
portion of the MPSP (13%, 15%, and 16% for the conservative, baseline, 
and optimistic scenarios, respectively). The carbon capture and 
sequestration cost for the optimistic scenario shown in Fig. 4 is on par 
with existing DACCS technologies such as Climeworks low temperature 
sorbent system (with natural gas as a heat source) with a reported 
capture cost of $637 per tonne CO2 captured [5]. Furthermore, the 
capture and sequestration cost shown in Fig. 4 include all related costs to 
achieve durable sequestration in the form of biochar, while the costs 
reported by McQueen et al. [5] exclude injection of the compressed CO2 
stream into underground storage. The resulting capture and sequestra
tion cost shown in Fig. 4 is heavily dependent on the carbon removal 
efficiency of the system. The carbon removal efficiency represents the 
total GHG emissions (in kg CO2-equivalence) incurred from 
manufacturing facility infrastructure and operating the facility long 
enough to sequester 1 kg of atmospheric CO2 in the form of biochar. 
Results for the carbon removal efficiency are presented in Fig. 5. 

3.2. Carbon removal efficiency 

The results in Fig. 5 suggest that for each kg of CO2 captured from 
ambient air and converted to biochar, the system emits 0.73, 0.56 and 

0.51 kg of CO2-eq for the conservative, baseline, and optimistic sce
narios, respectively. These system re-emissions result in capture effi
ciencies of 27%, 44%, and 49% for the conservative, baseline, and 
optimistic scenarios, respectively. Thus, the optimistic scenario with a 
capture efficiency of around 50%, the facility must remove 2 tonnes of 
CO2 to achieve the net removal of 1 tonne of CO2. The results in Fig. 5 
suggest reemission during pyrolysis in the form of exhaust gas is a key 
driver for the carbon removal efficiency, emitting 0.37, kg CO2-eq per kg 
CO2 net sequestered in all scenarios. Further tailoring the pyrolysis 
equipment to maximize biochar could result in improvements to the 
overall carbon removal efficiency by reducing exhaust gas emissions and 
could reduce capture and sequestration costs. Despite using recycled 
PET plastic, the manufacturing of the coating modules provides the 
second largest source of system emissions, emitting ~0.07 kg CO2-eq per 
kg CO2 net sequestered across all three scenarios. Another large source 
of system emissions is the production of chelators used in the harvesting 
process, which results in an emission of 0.19, 0.06, and 0.02 kg CO2-eq 
per kg CO2 net sequestered for the conservative, baseline, and optimistic 
scenarios, respectively. Recycling chelating agents could reduce this 
impact but would add to system complexity. Another variable greatly 

Fig. 4. Cost of CO2 capture and sequestration ($tCO2 net sequestered) utilizing the carbon capture coatings housed in modular enclosures. Results are representative 
of an 11,600-acre facility operating under conservative, baseline, and optimistic assumptions. 

Fig. 5. Carbon removal efficiency utilizing the carbon capture coatings housed 
in modular enclosures. Results are representative of an 11,600-acre facility 
operating under conservative, baseline, and optimistic assumptions. 
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