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Supplementary Text 1  
Calculation of potential CO2 mitigation amount  
The potential annual CO2 mitigation amount by air filter system (m) is calculated based on the 
assumption that per person receives 15 cfm in an indoor environment (57). Each person spent 
90% of their time indoors (9, 10). The ventilation system runs 12 hours per day.  

𝑚𝑚 = 0.9𝑛𝑛𝑛𝑛𝑛𝑛𝐶𝐶𝐶𝐶𝐶𝐶2 × 12 × 365 (S1) 
where n is the population, v is the flow rate, which is 25.5 m3/h (15 cfm), ρ is the CO2 density at 
atmospheric pressure (1 bar) and temperature (25°C), 𝐶𝐶𝐶𝐶𝐶𝐶2 is the concentration of CO2, which is 
set as 420 ppm (2). The total global removal potential is calculated based on the world 
population in 2020. The population distribution used for calculating Fig. 1B is from the US 
Census Bureau of 2010. The map template is from https://commons.wikimedia.org/wiki/ 
File:USA_Counties_with_FIPS_and_names.svg.   



Supplementary Text 2 
Calculation of theoretical temperature of CNF 
Consider CNF whose temperature is  𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶, and spectral emissivity is ϵ𝐶𝐶𝐶𝐶𝐶𝐶(𝜆𝜆) = 0.9. It is subject 
to solar irradiance, atmospheric thermal radiation (corresponding to ambient air temperature 
𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎 ), radiation emittance to the environment, and conductive and convective heat transfer. 
Assuming the adsorbent is at a thermal equilibrium state, the theoretical CNF temperature can be 
calculated by solving the following equation: 

𝑃𝑃𝐶𝐶𝐶𝐶𝐶𝐶_𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄 − 𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠 + 𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐+𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 0  (S2) 

𝑃𝑃𝐶𝐶𝐶𝐶𝐶𝐶_𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄 is the net radiation change between CNF and quartz surfaces: 

𝑃𝑃𝐶𝐶𝐶𝐶𝐶𝐶_𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄 =
𝜎𝜎(𝑇𝑇14 − 𝑇𝑇24)

1 − 𝜀𝜀1
𝜀𝜀1𝐴𝐴1

− 1
𝐴𝐴1𝐹𝐹12

− 1 − 𝜀𝜀2
𝜀𝜀2𝐴𝐴2

(S3) 

where 𝜎𝜎 is Stefan-Boltzmann constant; 𝑇𝑇1 and 𝑇𝑇2  are the temperatures of CNF and quartz tube, 
respectively; 𝜀𝜀1 and 𝜀𝜀2 are the emissivity of CNF and quartz tube; 𝐴𝐴1 and 𝐴𝐴2 are the areas of CNF 
and quartz tube; 𝐹𝐹12 is the view factor from CNF to quartz tube, which is unity in our calculation. 

𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠 is the incident solar power: 

𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠 = 𝐴𝐴𝐶𝐶𝐶𝐶𝐶𝐶 ∙ 𝑆𝑆𝑆𝑆 ∙ 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 (S4) 

𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 is solar irradiance. 𝐴𝐴𝐶𝐶𝐶𝐶𝐶𝐶 is the area of CNF. 𝑆𝑆𝑆𝑆 is the solar absorptivity of CNF, which is 
94.4% when the pyrolyze temperature is 900˚C, based on the experimental results.  

𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐+𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 is the power lost owing to convection and conduction: 

𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐+𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐(𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎,𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎) = ℎ𝑐𝑐(𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶 − 𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎) (S5) 

Where ℎ𝑐𝑐  is a combined non-radiative heat coefficient that captures the collective effect of 
conduction and convection. Here, the ℎ𝑐𝑐 is assumed to be 8 W/ (m2.K).  



Supplementary Text 3 
Life cycle assessment of DAC air filter  
Goal and scope. The overall goals of the life cycle assessment of the DAC air filter can be 
divided into the following three points: First, evaluation of the greenhouse gas emission impacts 
of CNF-based adsorbents and comparison with three other adsorbents using the same PEI mass 
loading. Second, assessment of the carbon footprint of captured CO2 from cradle-to-gate and 
cradle-to-grave, therefore, analyze the carbon footprint of each step for CO2 capture and storage, 
including adsorbent, transport, regeneration, pressure drop, vacuum supply, and storage. In 
addition, calculate the overall direct air capture efficiency and cradle-to-grave efficiency. Third, 
compare the environmental impacts of CNF-based adsorbents using two different regeneration 
methods (solar thermal, electrothermal) and four different renewable resources (hydro, wind, 
photovoltaic, and geothermal). 
Scenario description. PEI is chosen to be loaded on four different substrates, i.e., CNF, alumina, 
silica, and cellulose. CNF is fabricated by oxidation and pyrolysis of PAN nanofiber, with a carbon 
yield of 56% (experimental data). The mass ratio for PEI and substrate is 61: 39, consistent with 
the experimental data for DAC air filter design. 1 kg of carbon nanofiber air filter was assumed to 
capture 133 kg of CO2 in its lifetime. To fabricate 1 kg of air filter, 0.61kg PEI and 0.39kg CNF 
are needed. CNF/PEI adsorbent is chosen for the DAC air filter in the building ventilation system. 
The energy for pressure drop (𝐸𝐸𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑) is calculated by: 

𝐸𝐸𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 =
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃

1000 × 𝑁𝑁
(S6) 

where P is the pressure drop for the air filter, and S is the area of the air filter, which is 0.65 m2. 
𝑣𝑣 is the face velocity, and t is the usage time for the air filter. N is the total CO2 mass. The 
calculated energy for pressure drop is 0.98 kWh/kg CO2. The regeneration energy using 
electrothermal technology is calculated based on the experimental data in Fig. 3F. The energy for 
the required vacuum in collecting the regenerated CO2 is 0.063 kWh/kg CO2 (64). The air filter is 
transported to the city's centralized spot for generation, which is set as 10 km away from 
buildings on average. After regeneration, CO2 gas was compressed to a desired pressure and 
transported to the storage well for sequestration. The CO2 is transported to the drilling well using 
a pipeline (Tables S9-10). The CO2 will be recompressed every 200 km during transportation 
(55). It is assumed that 60% of the regeneration spots are 180 km away from the nearest 
sequestration location, and the other 40% are 500 km on average (65). CO2 is compressed and 
injected into geological formations, including depleted oil and gas reservoirs, deep coal seams, 
and saline aquifers. The energy to achieve an injection pressure from 1 to 150 bar is 0.101 
kWh/CO2 (54). We assume that 128 drilling wells with 2000m depths are constructed for CO2 
storage. The lifetime for the drilling wells is 30 years.  
System boundaries. Based on the goals of our LCA study, we distinguish between cradle-to-
gate (adsorbent ready to use for removing 1 kg CO2) and cradle-to-grave system (capturing and 
storing 1 kg CO2 geologically) boundaries (Fig.4A): Cradle-to-gate boundary includes adsorbent 
production and end-of-life disposal. Cradle-to-grave boundary covers the cradle-to-gate, DAC 
operation, and CO2 storage process. The energy consumption for DAC operation includes air 
filter pressure drop, transportation of air filter, regeneration, and vacuum pumping, and the CO2 
storage process includes gas transportation, CO2 compression, and deep underground injection.  
Life-cycle inventory (LCI). The LCI data are described in Table S1-S11. The flow for inputs 
and outputs was taken from the Ecoinvent 3.1 database. All mass and energy flows are analyzed 



for flows entering and leaving the system boundaries. LCI data on the US level, and if the 
corresponding data are not available, on a global (GLO) or rest of world (RoW) level.  
Environmental impact assessment. In this study, the environmental impacts were categorized 
into 4 midpoint indicators using The International Reference Life Cycle Data System (ILCD) 
2011, including GHG emissions (Fig.4C), land use (Fig.4E), freshwater ecotoxicity (Fig.4F), and 
human body ecotoxicity (Fig.S10), in eliminating 1 kg of CO2.  
Sensitivity analysis. Sensitivity analyses were evaluated to examine how variations in key 
parameters could affect the baseline life cycle estimates.  
1. Solvent in electrospinning. The fabrication of carbon nanofibers involves electrospinning of
PAN, which was dissolved in dimethylformamide (DMF) in our experiment. DMF can be replaced
by a greener solvent, dimethyl sulfoxide (DMSO) in PAN electrospinning, as demonstrated by
Lilia Sabantina et al. (61) As shown in Table S13, the environmental impacts of the adsorbent
prepared using these two solvents are compared. When changing the solvent to DMSO, the CO2
released in absorbing 1 kg of CO2 cradle-to-gate decreases from 0.0492 kg to 0.0443 kg.
Additionally, the CO2 removal efficiency increases from 92.1% to 92.6%. In addition, other
environmental factors, such as human toxicity, ionizing radiation, and marine eutrophication, have
dramatically decreased. In particular, the impacts of ionization radiation on the ecosystem and
marine eutrophication decreased by 21.5% and 25.6%, respectively.
2. Cyclability of the adsorbent. Amine adsorbent can be used repeatedly after regeneration. In the
current assessment, 1 kg of adsorbent is assumed to have the capacity to absorb 133 kg of CO2 in
its lifetime (54). In other words, with a capacity of 3 mmol/g, it can be recycled around 1000 times.
To understand the sensitivity of the cyclability of cycling numbers in environmental impacts and
carbon removal efficiency, we compared the scenarios where adsorbent recycled 500, 2000, and
4000 times, as shown in Table S14. In these three scenarios, the CO2 released in absorbing 1 kg of
CO2 cradle-to-gate are 0.0983 kg, 0.0246 kg, and 0.0123 kg, respectively. The corresponding
cradle-to-grave CO2 removal efficiencies are 87.2%, 94.5%, and 95.8%, respectively. Therefore,
the sensitivity analysis reveals the importance of improving the cyclability of the adsorbent in
increasing the overall carbon removal efficiency, which can be achieved by enhancing amine
thermal stability and amine-support bonding (24).
3. Adsorption capacity. In CNF/PEI adsorbent, the PEI mass loading has a direct influence on the
adsorbent's adsorption capacity, as shown in Figs. 2F-G and the discussion in the manuscript.
Three scenarios with PEI loading of 48%, 61%, and 78%, which are correlated to capacities of 2.2
mmol/g, 3 mmol/g, and 4 mmol/g are assessed. As shown in Table S15, in these three scenarios,
the CO2 released in absorbing 1 kg of CO2 cradle-to-gate are 0.0625 kg, 0.0492 kg, and 0.0407 kg.
The cradle-to-grave CO2 removal efficiencies are 90.8%, 92.1 %, and 93.0% respectively. Higher
mass loading and adsorption capacity contribute to enhanced CO2 removal efficiency.
Other sensitivity and uncertainty. Firstly, the energy consumption, raw materials for various
adsorbents involved in this study were from different sources, which could introduce uncertainty.
Secondly, assumptions were made in this study about transportation, regeneration, and the CO2
storage process (see Scenario description section). Thirdly, though we demonstrated the high
efficiency air filter regeneration using direct sunlight and joule heating, the air filter realized in
this work was on gram scale; hence, there might be uncertainty when scaling up to ton scale.



Supplementary Text 4 
Techno-economic analysis of DAC air filter  
For a city with a population of 10 million, the mass flow of CO2 is 2,053 tonne/day or 0.75 
megatonne/year (Mt/year) (Please see detailed calculation in Supplementary Text 1). For 
simplicity, and to account for inefficiencies in distributed DAC CO2 capture implantation, we 
assume a capture amount of 1,000 tonne/day. If filters are used on average for 50 cycles per year 
and capture 0.207 kg of CO2 per cycle, around 35 million filters are required to capture this amount 
of CO2. 
In the TEA, the filter is assumed to have an area of 0.65 m2 for a total filter mass of 1.57 kg; this 
was taken as a representative average of multiple filter dimensions similar to existing HVAC 
filters. A thin layer of polyester or similar material can be attached to the filter, allowing it to be 
used in existing HVAC systems without retrofitting or the use of an additional filter. Each filter 
captures 0.207 kg of CO2 per day, after which it is saturated and must be replaced to continue 
capturing CO2. We assume used filters accumulate before being returned in packs of seven (i.e., 
roughly every week) at nearby locations, such as a convenience store, where they can be exchanged 
for clean filters. We assume that filters are transported an average of 10 km to a filter regeneration 
facility, where the CO2 is captured. Because the filters are assumed to be replaced roughly every 
week, they are assumed to be used about 50 times per year for a total number of 1000 cycles over 
a span of 20 years. 
As mentioned in the main manuscript, the TEA consists of cash flow projections for 20 years, 
which are discounted into present value. The details of this analysis are described below, and a 
summary of the main TEA assumptions is shown in Table S16. The modeled cash expenses include 
direct costs, operating expenses (OPEX), and capital expenses (CAPEX), and the modeled cash 
revenue includes CO2 sales and non-taxable income from 45Q credits for CO2 capture and 
utilization. 
Direct costs include raw materials, labor, heating expenses, and electricity that go into the 
manufacturing of the DAC filters or the capturing, utilization, and storage of CO2. Electricity and 
heating expenses were assumed to be $82.6/MWh and $4/MMBtu, respectively, based on recently 
reported costs (66, 67). All of the chemicals required as raw materials are commodities widely 
available and, consequently, there should be no notable challenges associated with procuring raw 
materials or threats from supply chain disruptions; for this analysis, we used costs identified from 
the North American market shown in Table S17. CNF is assumed to have a recycling rate of 95% 
because of its robust thermal stability. For the labor, the filter production and CO2 capture are 
expected to require 50 and 20 shifts per week (i.e., 50 and 20 full-time workers), where work per 
operator is 2,080 hours per year, and cost per worker including overhead is $80/h. 
OPEX includes sales, general, and administrative (SG&A) expenses, as well as transportation of 
both filters and CO2, CO2 compression, and CO2 storage costs. Filters were assumed to be 
transported 1000 mi on average from the filter production facility to the city where they capture 
CO2, and then an average of 10 km from the recollection facilities to the CO2 capture plant; CO2 
is assumed to be transported 200 mi by pipeline to the site of CO2 storage or utilization. With these 
assumptions, the resulting transportation costs are $0.48/filter from the transportation of the 
production facility to the DAC city, $31/tonne CO2 for the back-and-forth transportation from the 
CO2 point of capture and the regeneration facility, and $17/tonne for CO2 transportation to the 
point of storage or utilization (68). CO2 compression is assumed to cost $24 as is the case from 
high-purity sources like an ammonia plant (69), and CO2 storage is assumed to cost $10/tonne at 



a site that sequesters at least 3 Mt/year of CO2 from multiple sources (68). SG&A was assumed to 
be 20% of labor expenses. 
Finally, CAPEX includes the purchase of equipment with lifetimes greater than one year, as well 
as land. The equipment includes furnaces and electrospinning equipment required to produce the 
filters and the vacuum pump for CO2 extraction within the filter regeneration. The equipment costs 
are shown in Table S18.  
The investments and costs used to fund the filter production and CO2 capture are assumed to be 
100% equity contributions. The cash flows are discounted with a nominal cost of equity rate of 
10% (rn) (70), and a real cost of 7.4% (rr) assuming a 2.4% inflation based on recent derived values 
from 10-year Treasury Inflation-Protected Securities (TIPS) (71). In this work, 2024 was used as 
a basis year; thus, all revenue and costs throughout the project lifetime reflect the 2024 USD 
purchasing power. 
The levelized cost of filter (LCOF) was estimated as  

LCOF =
∑ (Direct Costst + OPEXt + CAPEXt)

(1 + rn)t
t=20
t=0

∑ filterst
(1 + rr)t

t=20
t=0

 . (S7) 

Here, the direct costs, OPEX, and CAPEX are discounted at the nominal cost of equity and the 
filters produced are discounted at the real cost of equity since we expect costs to remain constant 
on real terms (i.e., adjust only for inflation) throughout the 20 years modelled. The resulting cost 
per filter is approximately $21. 
Similarly, the levelized cost of CO2 capture (LCCO2) was estimated as  

LCCO2 =
∑ (Direct Costst + OPEXt + CAPEXt)

(1 + rn)t
t=20
t=0

∑ CO2 capturedt
(1 + rr)t

t=20
t=0

(S8) 

where the costs extend from filter production all the way to CO2 being recovered from the filters 
and compressed to 152 bars for transportation (69). This cost was estimated to compare with other 
CO2 capture technologies. 
To estimate the net cost of CO2 capture, we additionally estimated the cost of CO2 transportation, 
and either costs related to storage, or revenue from CO2 sales (e.g., for enhanced oil recovery, 
EOR). The 45Q CO2 capture credits were also subtracted from the cost. Overall, the net cost of 
capture was estimated as  

Net cost =
∑ (Direct Costst + OPEXt + CAPEXt − CO2 salest − 45Q creditst)

(1 + rn)t
t=20
t=0

∑ CO2 capturedt
(1 + rr)t

t=20
t=0

 . (S9) 



Supplementary Text 5 
Sensitivity analysis on the net cost of CO2 capture 
To estimate the effect of key variables on the net cost of CO2 capture (i.e., after DAC credits), 
particularly how much the cost of capture can change between lower and upper bounds of these 
variables, a sensitivity analysis was conducted for electricity cost, model discount rate, filter 
production cost, as well as number of times the filter is regenerated per year. We analyzed filter 
regeneration and not replacement rate since a filter can be replaced (to allow other filters to 
absorb CO2 at its location), but it is not until it is regenerated that the CO2 can be captured, and 
filters that are replaced (e.g., daily replacement) accumulate before being transported for 
regeneration (see Supplementary Text 4 for more information). The results of the sensitivity 
analysis are shown in the tornado plot in Fig. S20. 
The number of times the filter is regenerated per year has the largest impact on the CO2 cost of 
capture. This highlights the importance of trying to replace and regenerate the filters at least once 
per week on average to keep CO2 capture costs low. Filters that are not replaced weekly will take 
longer than 20 years to capture the maximum amount of CO2 they can capture in their total 
useful lifetime. On the contrary, filters regenerated more than once per week on average means 
less filters sitting idle, which reduces CO2 capture costs. 
The second most sensitive variable is the filter cost. This is interesting because, while high filter 
costs make CO2 capture less economic, lower filter manufacturing costs reflect potential cost 
reductions caused by a learning curve in manufacturing. The discount rate also has a significant 
impact on the CO2 capture economics since filters are treated as CAPEX within the CO2 capture 
process, which involves a heavy expenditure in the first year; consequently, higher discount rates 
that place lower value in the later years impact the cost of capture significantly. This, however, 
highlights the potential of cheap capital (e.g., government-backed debt or green bonds) to 
significantly reduce the net cost of CO2 capture, potentially helping it become economic. Finally, 
the electricity cost also has a significant impact on the capture economics, which highlights the 
importance of securing long-term PPAs, potentially from renewable electricity sources, at a price 
that favors the project economics.  
It is worthwhile mentioning that, depending on the location this technology is implemented, 
some of the variables affecting the cost of CO2 capture may vary significantly, among them 
electricity costs, the cost of filter manufacturing, and the availability of capital which affects the 
discount rate. While it may not be possible to model a scenario in every major region, the 
sensitivity of the net CO2 capture costs to these major variables might help appreciate the effect 
of a particular location on net costs. 



Supplementary Text 6 
Uncertainty analysis 
As a complement to the sensitivity analysis (Fig. S20), a Monte Carlo analysis was also 
conducted to estimate 95% confidence intervals for both the filter production costs and the net 
CO2 cost of capture. Because the filter cost is also estimated here, the four raw materials that 
contribute the most to its cost were included in this analysis, namely the price of DME, ethanol, 
MEA, and N, N-dimethylformamide. A normal distribution was assumed for the price of each 
chemical, with the most recent market prices assumed as the mean cost for production. The 
standard deviation for the distribution was estimated as roughly one-fourth of the difference 
between the maximum and minimum price observed within the last 5 years, such that this range 
is covered in about 95% of cases. 
Additional variables for the net cost of CO2 captured considered are the electricity cost, average 
number of filter uses (and regeneration) per year, costs of CO2 transportation, and costs of CO2 
storage. As with the previous variables, a normal distribution was assumed for the cost of 
electricity. For the other variables, where the underlying distribution is less known, a uniform 
distribution was assumed, where lower and upper bounds were selected based on an expected 
range of costs. A list of the variables and their assumed distributions are shown in Table S19. A 
total of 10,000 simulations were run as part of this analysis. 
The results for the Monte Carlo simulation are shown in Fig. S21 and S22, for the filter 
production cost and the net cost of CO2 capture, respectively. The average filter production cost 
obtained is $18.1/kg, and we estimated a confidence interval of $13.3-23.0/kg with 95% 
certainty. The average CO2 capture net cost is $185/tonne CO2, and we estimated a confidence 
interval of $120-260/tonne CO2. 



Supplementary Text 7 
Additional commercialization considerations 
As mentioned in the main manuscript, CO2 capture costs through centralized DAC range 
between $100/tonne and $1000/tonne (62). This technology falls within that range in all cases, 
and even below the median, when solar regeneration is used. 
When compared with technologies in the process of commercialization, such as those by 
Climeworks (72) and Carbon Engineering (59), this technology has an advantage in total energy 
consumption when the solar regeneration method is used, with a consumption 3.8 GJe/tonne 
CO2; while most of the energy required for the other two processes is thermal, this could be a 
disadvantage if the goal is to minimize GHG emissions, requiring the use of synthetic natural gas 
or expensive electricity-to-heat technologies. Regarding process economics, Climeworks has 
reported capture costs between $600/tonne CO2 and $1000/tonne CO2 (72), which are above our 
estimates for this technology; however, a direct comparison cannot be made until a more detailed 
breakdown of the costs are released to the public. Carbon Engineering, on the other hand, has 
provided a breakdown by CAPEX, OPEX, and by type of energy used, with levelized costs 
ranging between $113/tonne CO2 and $232/tonne CO2 for a CO2 product with a pressure high 
enough for transportation by pipeline (59). Their CAPEX per yearly CO2 captured amount is 
between 2 and 3 times lower than the $2,000 per yearly CO2 captured we estimated in our work, 
mostly from the filter production. However, their analysis includes lower electricity costs of $30-
60/MWh; if an interpolation is made to consider the same discount rate (10%) and, similarly, the 
effect of electricity cost is linearly extrapolated to be the same as this work ($83/MWh), Carbon 
Engineering’s levelized cost of CO2 capture is about $150/tonne CO2 and $200 /tonne CO2 for a 
process that uses heat and electricity or solely heat, respectively. This value is about half of our 
estimate of $362/tonne CO2 for CO2 capture using solar regeneration, highlighting the 
importance of bringing filter manufacturing costs down, which currently account for 58% of the 
levelized cost. 
Another factor that needs to be considered for commercialization purposes is potential revenue 
from emissions trading systems. In markets like Europe, the average price of credits since 2020 
has been listed as $68/tonne CO2 in the primary market, and the price ranged between $16/tonne 
CO2 and $111/tonne CO2 between that time; in other markets, such as California, the average 
price since 2020 has been listed as $28/tonne CO2, and the price ranged between $17/tonne CO2 
and $42/tonne CO2. While these prices are not enough to break even in net cost of CO2 capture, 
it signals how much the net cost must be reduced before the technology is ready to market. 
Additional incentives through public policy might also facilitate commercialization. In the U.S., 
45Q credits were updated recently to incentivize CO2 capture both from point sources as well as 
DAC, and we have included them in this analysis. However, most DAC technologies are still 
uneconomic even with these incentives. For distributed air filter DAC, additional incentives 
might be required from city governments where the technology is adopted to convince people 
and businesses to participate. It is here where additional benefits such as lower CO2 
concentration within office space, or the potential to certify buildings as green or energy efficient 
could be used to promote adoption of this technology.  



Fig. S1. Characterization of CNF fibers. (A-B) TEM image of the CNF fibers. (C) Raman and 
(D) XRD spectra of the CNF fibers.



Fig. S2. N2 adsorption and desorption isotherms at -196˚C for CNFs and CNF/PEI 
adsorbents. 



Fig. S3. SEM images showing the morphology of CNF after impregnating PEI with 
different concentrations.  



Fig. S4. SEM image and EDS mapping of the side view of CNF/PEI adsorbent. Quantitative 
measurements of C, N, and O elements at five different spots are summarized in the table.  



Fig. S5. Mechanism of amine groups reacting with CO2. (A-B) Primary and secondary amine 
groups reacting with CO2 (A) without the presence of H2O, and (B) with the exitance of H2O. 
(C) Tertiary amine groups reacting with CO2 in the presence of H2O.



Fig. S6. X-ray photoelectron spectra of CNF and CNF/PEI. (A) Survey spectra and (B-C) 
high-resolution spectra of N1s.  



Fig. S7. Setup for breakthrough tests and pressure drop measurements. 



Fig. S8. Adsorption capacity and kinetics of CNF-based adsorbent. (A) Adsorption capacity 
in a dry environment derived from the breakthrough curves. (B) Adsorption time at half capacity 
for CNF adsorbents with different PEI mass loading. (C) Comparison of the adsorption capacity 
for CNF-based adsorbents at dry and wet environments.  



Fig. S9. Breakthrough tests at three different humid conditions. 
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Fig. S10. Adsorption capacity and amine efficiency at different temperatures. The 
measurements are conducted using thermogravimetric analysis (TGA). 
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Fig. S11. Setup for solar regeneration. (A) Image of homebuilt setup equipped with a solar 
simulator for adsorbent regeneration. A quartz tube reactor containing the sample is irradiated by 
a solar simulator (AM 1.5G). The setup includes gas flow connections on both sides of the quartz 
tube. A CO2 analyzer was connected downstream.  (B) A close-up view of the sample placed 
inside the quartz tube under illumination.    



Fig. S12. Regeneration of CNF-based DAC air filter under solar intensity of 982 W/m2. 



Fig. S13. Adsorbent regeneration using solar thermal method. (A) Detected CO2 
concentration by regenerating the CNF-based adsorbents with solar intensity of 1554 W/m2. (B) 
Desorption capacity of CNF with different PEI mass loadings. 



Fig. S14. Sheet resistance of CNF prepared at different pyrolysis temperatures. 



Fig. S15. Electrical circuit for adsorbent regeneration by electrothermal method. 



Fig. S16. In situ measurement of CO2 during the adsorption and desorption process using 
temperature swing by TGA. 



Fig. S17. Pressure drop of air filters at different flow rates. 
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Fig. S18. Human toxicity of the CNF-based adsorbent for eliminating 1kg CO2 from direct 
air from cradle-to-grave. 
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Fig. S19. Cost estimation of the CO2 capture and storage air filter. (A) Levelized cost per 
filter broken down by its cost components. (B) Net cost of CO2 used for EOR using solar 
regeneration. (C) Net cost of CO2 used for EOR using electrothermal regeneration. 



Fig. S20. Sensitivity of net CO2 cost of capture to key variables. 

$/tonne CO2 



Fig S21. Filter production cost distribution for 10,000 simulations in Monte Carlo analysis. 



Fig. S22. Net CO2 capture cost distribution for 10,000 simulations in Monte Carlo analysis. 



Table S1. Life cycle inventory (LCI) to produce 1 kg PEI. PEI is fabricated by the 
homopolymerization of aziridine (73), produced via the Wenker process (74). The production is 
based on best-case reported by Deutz et al. (54) 
Flow Dataset Amount Unit 
Input 

Dimethyl ethera 
Market for dimethyl ether | dimethyl ether | 
EN15804 13.58 kg 

Electricity, high voltage 
Electricity, high voltage, production mix | 
electricity, high voltage | EN15804 0.42 kWh 

Ethanol, without water, in 
99.7% solution state, from 
fermentationa 

Dewatering of ethanol from biomass, from 
95% to 99.7% solution state | ethanol, 
without water, in 99.7% solution state, from 
fermentation | EN15804 2.84 kg 

Heat, district or industrial, 
natural gas 

Heat and power co-generation, natural gas, 
combined cycle power plant, 400 MW 
electrical | heat, district, or industrial, natural 
gas | EN15804 2.35 MJ 

Hydrochloric acid, without 
water, in 30% solution state 

Market for hydrochloric acid, without water, 
in 30% solution state | hydrochloric acid, 
without water, in 30% solution state | 
EN15804 0.16 kg 

Monoethanolamine 
Market for monoethanolamine | 
monoethanolamine | EN15804 1.42 kg 

Neutralising agent, sodium 
hydroxide-equivalent 

Soda ash, light, crystalline, heptahydrate, to 
generic market for neutralising agent | 
neutralising agent, sodium hydroxide-
equivalent | EN15804 2.02 kg 

Sulfuric acid 
Market for sulfuric acid | sulfuric acid | 
EN15804 2.28 kg 

water, deionised 
Water production, deionised | water, 
deionised | EN15804 11.99 kg 

Output 
PEI 1 kg 

Sodium sulfate, anhydrite 
Market for sodium sulfate, anhydrite | 
sodium sulfate, anhydrite | EN15804 - RoW 3.3 kg 

Spent solvent mixture 
Market for spent solvent mixture | spent 
solvent mixture | EN15804 - RoW 0.37 kg 

a Solvent recovery rate is 95%  



Table S2. LCI for production of 1 kg PAN nanofiber. 
Flow Dataset Amount Unit 
Input 
Ammonia, anhydrous, 
liquid 

Market for ammonia, anhydrous, liquid | 
ammonia, anhydrous, liquid | EN15804 0.455 kg 

Electricity, high voltage 
Electricity, high voltage, production mix | 
electricity, high voltage | EN15804 0.54 MJ 

Heat, district or 
industrial, natural gas 

Heat and power co-generation, natural gas, 
conventional power plant, 100 MW electrical 
| heat, district or industrial, natural gas | 
EN15804 1.485 MJ 

Heat, district, or 
industrial, other than 
natural gas 

Heat and power co-generation, oil | heat, 
district or industrial, other than natural gas | 
EN15804 0.83 MJ 

Heat, from steam, in the 
chemical industry 

Market for heat, from steam, in chemical 
industry | heat, from steam, in chemical 
industry | EN15804 2 MJ 

Methyl methacrylate 
Market for methyl methacrylate | methyl 
methacrylate | EN15804 0.05 kg 

N, N-dimethylformamide 
Market for N,N-dimethylformamide | N,N-
dimethylformamide | EN15804 11.5 kg 

Propylene Market for propylene | propylene | EN15804 1.12 kg 

Sulfuric acid 
Market for sulfuric acid | sulfuric acid | 
EN15804 0.01875 kg 

Water, deionised 
Market for water, deionised | water, 
deionised | EN15804 2.125 kg 

Output 
Ammonia 0.00321 kg 
Ammonia, as N 0.01285 kg 
BOD5, Biological 
Oxygen Demand 0.03665 kg 
Chemical Oxygen 
Demand 0.03665 kg 
DOC, Dissolved Organic 
Carbon 0.011 kg 
PAN nanofiber 1 kg 
Propene 0.00003095 kg 
Propene 0.0124 kg 
Sulfate 0.03485 kg 
TOC, Total Organic 
Carbon 0.011 kg 



Table S3. LCI for production of 1 kg carbon nanofiber (CNF). The pyrolysis of CNF is 
based on Weber et al. (2018) (75). 
Flow Dataset Amount Unit 
Input 
Heat, district or 
industrial, natural gas 

Market for heat, district, or industrial, natural gas | 
heat, district, or industrial, natural gas | EN15804 2.81 MJ 

Heat, district or 
industrial, natural gas 

Market group for heat, district, or industrial, 
natural gas | heat, district, or industrial, natural gas 
| EN15804 0.776 MJ 

Heavy fuel oil, burned 
in refinery furnace 

Market for heavy fuel oil, burned in refinery 
furnace | heavy fuel oil, burned in refinery furnace 
| EN15804 0.0705 MJ 

PAN nanofiber 1.786 kg 
Output 
Carbon dioxide, fossil 1.17 kg 
Carbon nanofiber 1 kg 
Nitrogen 0.598 kg 
Water 0.589 kg 



Table S4. LCI for production of 1 kg silica based on Roes et al. (2010)(76). 
Flow Dataset Amount Unit 
Input 
Heat, district or 
industrial, natural 
gas 

Market for heat, district, or industrial, natural gas | heat, 
district or industrial, natural gas | EN15804 19.5 MJ 

Sodium silicate, 
solid 

Market for sodium silicate, solid | sodium silicate, solid | 
EN15804 3.9 kg 

Sulfuric acid Market for sulfuric acid | sulfuric acid | EN15804 0.66 kg 

Water, deionised 
Market for water, deionised | water, deionised | 
EN15804 40 kg 

Output 
Particulates, < 2.5 
um 0.0013 kg 
Silica 1 kg 
Sodium sulfate, 
anhydrite 0.96 kg 
Wastewater, 
average 0.035 m3 



Table S5. LCI for production of 1 kg microcrystalline cellulose according to Husgafvel et 
al. (2016)(77). 
Flow Dataset Amount Unit 
Input 
Ammonia, anhydrous, 
liquid 

Ammonia production, partial oxidation, liquid | 
ammonia, anhydrous, liquid | EN15804 0.48 kg 

Electricity, high voltage 
Electricity, high voltage, production mix | 
electricity, high voltage | EN15804 0.3 kWh 

Heat, district or 
industrial, natural gas 

Market for heat, district, or industrial, natural 
gas | heat, district or industrial, natural gas | 
EN15804 29 MJ 

Hydrochloric acid, 
without water, in 30% 
solution state 

Market for hydrochloric acid, without water, in 
30% solution state | hydrochloric acid, without 
water, in 30% solution state | EN15804 1.48 kg 

Sulfate pulp, unbleached 
Sulfate pulp production, from softwood, 
unbleached | sulfate pulp, unbleached | EN15804 1.11 kg 

Water, deionised 
Market for water, deionised | water, deionised | 
EN15804 19.81 kg 

Output 
Cellulose 1 kg 



Table S6. LCI for end-of-life of the adsorbents. 
Process Dataset/Recycling rate 

PEI on alumina 
PEIa Market for spent anion exchange resin from potable water production | spent 

anion exchange resin from potable water production | EN15804 - RoW 
Aluminab 0.95 
PEI on Silica 
PEIa Market for spent anion exchange resin from potable water production | spent 

anion exchange resin from potable water production | EN15804 - RoW 
Silicab 0.95 
PEI on CNF 
PEIa Market for spent anion exchange resin from potable water production | spent 

anion exchange resin from potable water production | EN15804 - RoW 
CNFb 0.95 
PEI on cellulose 
PEI and 
cellulose 

Market for spent anion exchange resin from potable water production | spent 
anion exchange resin from potable water production | EN15804 - RoW 

a Treatment of PEI by incineration  
b After burning the PEI, alumina, silica, and CNF can be recycled with a rate of 95%  



Table S7. Energy type chosen for air filter system 
Energy type Dataset 

Hydro 
Electricity production, hydro, run-of-river | electricity, high voltage | 
EN15804 - US-NPCC 

Wind 
Electricity production, wind, <1MW turbine, onshore | electricity, high 
voltage | EN15804 - US-NPCC 

Photovoltaic 
Electricity production, photovoltaic, 3kwp slanted-roof installation, multi-Si, 
panel, mounted | electricity, low voltage | EN15804 - US-NPCC 

Geothermal  Electricity production, deep geothermal | electricity, high voltage | EN15804 
- US-HICC



Table S8. LCI for solar collector according to Mahmud et al. (78). 
Flow Dataset Amount Unit 
Input 
Solar collector glass 
tube, with silver 
mirror 

Market for solar collector glass tube, with silver 
mirror | solar collector glass tube, with silver 
mirror | EN15804 

0.0003 kg 

Output 
Solar collector 1 Item(s) 



Table S9. LCI for air filter transportation in removing 1kg CO2. 
Flow Dataset Amount Unit 
Input 

Transport, freight, lorry, 
unspecified 

Market for transport, freight, lorry, 
unspecified | transport, freight, lorry, 
unspecified | EN15804 

0.1067 t*km 

Transport, pipeline, supercritical 
CO2, 200km w recompression 

Transport, pipeline, supercritical CO2, 
200 km w recompression 0.2 t*km 

Transport, pipeline, supercritical 
CO2, 200km w/o recompression 

Transport, pipeline, supercritical CO2, 
200 km w/o recompression 0.108 t*km 

Output 
Transportation in removing 1 kg 
CO2 1 kg 



Table S10. LCI for transport, pipeline, supercritical CO2, 200km w recompression 
Flow Dataset Amount Unit 
Input 

Electricity, high voltage 

Electricity, high voltage, production 
mix | electricity, high voltage | 
EN15804 0.03885 kWh 

Gas turbine, 10MW electrical 

Gas turbine construction, 10 MW 
electrical | gas turbine, 10 MW 
electrical | EN15804 8.0416E-11 Item(s) 

Pipeline, supercritical CO2/km Pipeline, supercritical CO2/km 
4.22797E-
09 km 

Output 
Transport, pipeline, 
supercritical CO2, 200km w 
recompression 1 t*km 



Table S11. LCI for transport, pipeline, supercritical CO2, 200 km w/o recompression 
Flow Dataset Amount Unit 
Input 

Pipeline, supercritical CO2/km 
Pipeline, supercritical 
CO2/km 

4.22797E-
09 km 

Output 
Transport, pipeline, supercritical CO2, 200 
km w/o recompression 1 t*km 



Table S12. LCI for drilling, deep borehole/m in CO2 storage 
Flow Dataset Amount Unit 
Input 

Activated bentonite Activated bentonite production | activated 
bentonite | EN15804 20 kg 

Barite Barite production | barite | EN15804 270 kg 

Cement, alternative 
constituents 21-35% 

Cement production, alternative constituents 
21-35% | cement, alternative constituents
21-35% | EN15804

200 kg 

Chemical, inorganic Chemical production, inorganic | chemical, 
inorganic | EN15804 42.2 kg 

Chemical, organic Chemical production, organic | chemical, 
organic | EN15804 9.05 kg 

Diesel, burned in diesel-
electric generating set, 
18.5kw 

Diesel, burned in diesel-electric generating 
set, 18.5kw | diesel, burned in diesel-
electric generating set, 18.5kw | EN15804 

6300 MJ 

Lignite Lignite mine operation | lignite | EN15804 0.2 kg 

Lubricating oil Lubricating oil production | lubricating oil | 
EN15804 60 kg 

Steel, low-alloyed Market for steel, low-alloyed | steel, low-
alloyed | EN15804 210 kg 

Transport, freight train Market for transport, freight train | 
transport, freight train | EN15804 487 t*km 

Transport, freight, lorry, 
unspecified 

Market for transport, freight, lorry, 
unspecified | transport, freight, lorry, 
unspecified | EN15804 

81.1 t*km 

Output 
Aluminium 0.06 kg 
AOX, Adsorbable 
Organic Halogen as Cl 0.000000478 kg 

Arsenic, ion 0.00042 kg 
Barium 0.006 kg 
BOD5, Biological 
Oxygen Demand 0.3 kg 

Boron 0.009 kg 
Calcium, ion 0.6 kg 
Chloride 6 kg 
Chromium, ion 0.0006 kg 
COD, Chemical Oxygen 
Demand 3 kg 

DOC, Dissolved Organic 
Carbon 0.3 kg 

drilling waste Treatment of drilling waste, landfarming | 
drilling waste | EN15804 237 kg 

drilling waste Treatment of drilling waste, residual 
material landfill | drilling waste | EN15804 158 kg 



drilling, deep 
borehole/m 1 m 

Fluoride 0.003 kg 

hazardous waste, for 
incineration 

Market for hazardous waste, for 
incineration | hazardous waste, for 
incineration | EN15804 

5 kg 

Hydrocarbons, aromatic 0.003 kg 
Iron, ion 0.18 kg 
Magnesium 0.12 kg 
Manganese 0.003 kg 
Methane, dichloro-, 
HCC-30 0.06 kg 

Particulates, > 10 um 0.0148 kg 
Phosphorus 0.0012 kg 
Potassium, ion 0.9 kg 
Silicon 0.03 kg 
Sodium, ion 6 kg 
Strontium 0.018 kg 
Sulfur 0.12 kg 
TOC, Total Organic 
Carbon 0.3 kg 

Water, well, in ground 3.34 m3 
Zinc, ion 0.0012 kg 



Table S13. Sensitivity analysis of solvent use in adsorbent fabrication on the environmental 
impacts when capturing 1kg of CO2.  

Name DMF DMSO Unit 
Acidification 2.78E-04 2.70E-04 Mole H+ eq. 

Climate change 4.92E-02 4.43E-02 kg CO2 eq. 
Freshwater 
ecotoxicity 8.05E-01 7.58E-01 CTUe 
Freshwater 

eutrophication 1.15E-05 1.01E-05 kg P eq. 
Human toxicity – 

carcinogenics 2.76E-09 2.49E-09 CTUh 
Human toxicity – 

 non-carcinogenics 1.29E-08 1.20E-08 CTUh 
Ionizing radiation - 

ecosystems 9.60E-09 7.54E-09 CTUe 
Ionizing radiation –  

human health 2.98E-03 2.48E-03 kg U235 eq. 
Land use 1.41E-02 1.32E-02 kg SOC 
Marine 

eutrophication 1.34E-04 9.96E-05 kg N eq. 
Ozone depletion 4.47E-09 3.82E-09 kg CFC-11 eq. 

Particulate matter/ 
Respiratory 
inorganics 2.55E-05 2.33E-05 kg PM2.5 eq. 

Photochemical ozone 
formation 1.39E-04 1.27E-04 kg C2H4 eq. 
Terrestrial 

eutrophication 6.20E-04 5.63E-04 Mole N eq. 



Table S14. Sensitivity analysis of adsorbent cyclability on the environmental impacts for 
capturing 1kg of CO2.  

Name 500 cycles 1000 cycles 2000 cycles Unit 
Acidification 5.56E-04 2.78E-04 1.39E-04 Mole H+ eq. 

Climate change 9.83E-02 4.92E-02 2.46E-02 kg CO2 eq. 
Freshwater ecotoxicity 1.61E+00 8.05E-01 4.03E-01 CTUe 

Freshwater 
eutrophication 2.30E-05 1.15E-05 5.74E-06 kg P eq. 

Human toxicity - 
carcinogenics 5.52E-09 2.76E-09 1.38E-09 CTUh 

Human toxicity – 
 non-carcinogenics 2.57E-08 1.29E-08 6.44E-09 CTUh 
Ionizing radiation - 

ecosystems 1.92E-08 9.60E-09 4.80E-09 CTUe 
Ionizing radiation –  

human health 5.97E-03 2.98E-03 1.49E-03 kg U235 eq. 
Land use 2.83E-02 1.41E-02 7.07E-03 kg SOC 

Marine eutrophication 2.68E-04 1.34E-04 6.69E-05 kg N eq. 

Ozone depletion 8.94E-09 4.47E-09 2.24E-09 
kg CFC-11 

eq. 
Particulate matter/ 

Respiratory inorganics 5.11E-05 2.55E-05 1.28E-05 kg PM2.5 eq. 
Photochemical ozone 

formation 2.78E-04 1.39E-04 6.96E-05 kg C2H4 eq. 
Terrestrial 

eutrophication 1.24E-03 6.20E-04 3.10E-04 Mole N eq. 



Table S15. Sensitivity analysis of adsorption capacity on the environmental impacts for 
capturing 1kg of CO2.  

Name 2 mmol/g 3 mmol/g 4 mmol/g Unit 
Acidification 3.41E-04 2.78E-04 2.39E-04 Mole H+ eq. 

Climate change 6.25E-02 4.92E-02 4.07E-02 kg CO2 eq. 
Freshwater ecotoxicity 9.61E-01 8.05E-01 7.13E-01 CTUe 

Freshwater 
eutrophication 1.43E-05 1.15E-05 9.72E-06 kg P eq. 

Human toxicity - 
carcinogenics 3.46E-09 2.76E-09 2.32E-09 CTUh 

Human toxicity – 
 non-carcinogenics 1.54E-08 1.29E-08 1.14E-08 CTUh 
Ionizing radiation - 

ecosystems 1.27E-08 9.60E-09 7.60E-09 CTUe 
Ionizing radiation –  

human health 3.84E-03 2.98E-03 2.44E-03 kg U235 eq. 
Land use 1.67E-02 1.41E-02 1.26E-02 kg SOC 

Marine eutrophication 1.75E-04 1.34E-04 1.08E-04 kg N eq. 

Ozone depletion 5.86E-09 4.47E-09 3.58E-09 
kg CFC-11 

eq. 
Particulate matter/ 

Respiratory inorganics 3.19E-05 2.55E-05 2.16E-05 kg PM2.5 eq. 
Photochemical ozone 

formation 1.74E-04 1.39E-04 1.17E-04 kg C2H4 eq. 
Terrestrial 

eutrophication 7.63E-04 6.20E-04 5.32E-04 Mole N eq. 



Table S16. Financial assumptions in TEA model. 
Financial Assumptions 

Basis year 2024 
Time horizon 20 years 

Nominal cost of equity 10% (70) 
Inflation 2.4% (71) 

Financing 100% equity 
Depreciation 20-year linear

Tax rate 21% Federal
6% State 

Land CAPEX 
$100,000/acre 

10 acres for filter production 
10 acres for CO2 regeneration 

Cost of electricity $82.6/MWh (66) 
Cost of heating $4/MMBtu (67) 

Filter transportation costs $0.28/ton-mi (79) 
CO2 compression $24/tonne (69) 

CO2 transportation $17/tonne (68) 
CO2 storage $10/tonne (68) 

CO2 sales $40/tonne (80) 
45Q credits (capture) $180/tonne (56) 

45Q credits (utilization) $130/tonne (56) 

Labor filter production 

10 operators per shift 
5 shifts per week 

2080 hours per operator per year 
$80/h for labor incl. overhead 

Labor CO2 capture 

4 operators per shift 
5 shifts per week 

2080 hours per operator per year 
$80/h for labor incl. overhead 

Sales, general, and 
administrative (SG&A) 20% of labor 



Table S17. Cost of raw materials. 
Chemical Cost ($/kg) 

Dimethyl ether 1.71 
Ethanol from fermentation 0.46 
Hydrochloric acid 30% v/v 0.23 

Monoethanolamine 1.25 
Neutralizing agent, sodium hydroxide-equivalent 0.31 

Sulfuric acid 0.08 
Deionized water 0.02 

Ammonia (anhydrous, liquid) 0.50 
Methyl methacrylate 1.97 

N, N-dimethylformamide 8.00 
Propylene 1.06 



Table S18. Cost of equipment. 
Equipment Cost ($/unit) Number of Units Source 

1200°C Controlled 
Atmosphere Muffle Furnace 

ETL/CE Certified 

$7,990 62 Market price 

Thermo Scientific 
Lindberg/Blue M BF51766A 

Muffle Furnace 

$4,040 62 Market price 

Electrospinning $15,959 62 Market price 
Vacuum pump $1,133,500 1 Aspen Economic 

Analyzer 



Table S19. Variable inputs to the Monte Carlo simulation and assumed distributions. 
Variable Distribution 
DME cost Normal distribution 

Mean: $1.4/kg 
Standard deviation: $0.3/kg 

Ethanol Cost Normal distribution 
Mean: $0.46/kg 

Standard deviation: $0.12/kg 
MEA cost Normal distribution 

Mean: $1.25/kg 
Standard deviation: $0.5/kg 

N, N-dimethylformamide cost Normal distribution 
Mean: $8/kg 

Standard deviation: $0.5/kg 
Electricity cost Normal distribution 

Mean: $82/MWh 
Standard deviation: $10/MWh 

Filter average uses per year Uniform distribution 
Minimum: 40 
Maximum: 60 

CO2 transportation Uniform distribution 
Minimum: $10/tonne CO2 
Maximum: $30/tonne CO2 

CO2 storage Uniform distribution 
Minimum: $8/tonne CO2 

Maximum: $20/tonne CO2 
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