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1 LIST OF EXPERTS
Table S1 provides the name and affiliation of the experts contacted in the exploratory phase of the project.

Table S1. List of experts in the exploratory phase

Name Affiliation
Dan Plechaty Climate works
Justin Ong Clearpath
Deepika Nagabhushan Clean Air Task Force
Howard Herzog MIT Energy Initiative
Lori Guetre Carbon Engineering
Julio Friedmann Columbia University
Erin Burns Carbon180
Whitney Herndon Rhodium Group
Jim McDermott Rusheen Capital Management
Klaus Lackner Arizona State University
Jan Mazurek Climate Works
Ryan Edwards US Congress
Colin McCormick Valence Strategic

2 FITTING PROBABILITY DISTRIBUTIONS
We use a triangular fitting probability distribution to the elicited 10th, 50th, and 90th percentiles (x10,
x50, x90). The triangular distribution has three parameters (a, m, b) as shown in figure S1 that define its
probability distribution function:

f(x) =



0 x = a
2(x−a)

(b−a)(m−a) a ≤ x < m
2

(b−a) x = m
2(b−x)

(b−a)(b−m) m < x ≤ b

0 x > b

(S1)

In order to find the parameters a, m, and b the fitted distribution on x10, x50, and x90 should satisfy the
following cumulative probability distribution function (CDF) criteria:

(x10−a)2

(b−a)(m−a) = 0.1

(b−x90)
2

(b−a)(b−m) = 0.1
(S2)

and one of these two conditions depending on the location of x50 with respect to m:
(x50−a)2

(b−a)(m−a) = 0.5 x50 < m

or
(b−x50)

2

(b−a)(b−m) = 0.5 x50 > m

(S3)
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Once the parameters a, m, and b are calculated the cumulative distribution function (CDF) can be
constructed by calculating the area under the triangular distribution function. After constructing the
triangular distribution function based on each expert’s estimate of x10, x50, and x90, we calculate the
aggregated CDF A distinguishing feature of this study is that we consider and compare the evolution
of techno-economic factors over three dimensions: time (2020 vs. 2050), policy (PAU vs. 2DC), and
technology (liquid solvent vs. solid sorbent). The experts were also asked to identify the key social,
economic, and technical barriers in the development of DAC technologies and policies that can hinder or
facilitate their future growth.

3 ADDITIONAL RESULTS
3.1 CAPEX estimates

Figure S2 shows the distribution of CAPEX estimates for each expert under both scenarios in 2020 and
2050.

Figure S3 shows the distribution of upper, middle, and lower CAPEX estimates (i.e. 10th, 50th, and
90th percentiles) for all experts. The total number of recorded responses are indicated in red numbers
at the top. The results show a very wide range of uncertainties for both technologies. Focusing on the
median estimates under 2DC scenario, the experts’ median estimate of the CAPEX for year 2020 is around
250 (USD/tCO2 removed). It will reduce to 125 (USD/tCO2 removed) by year 2050. Similar pattern is
observed for PAU scenario, with median CAPEX reduction from 250 to 150 (USD/tCO2 removed).
3.2 OPEX estimates

Figure S4 shows the distribution of OPEX estimates for each expert under both scenarios in 2020 and
2050.

Figure S5 shows the distribution of upper, middle, and lower OPEX estimates (i.e. 10th, 50th, and 90th

percentiles) for all experts. The total number of recorded responses are indicated in red numbers at the top.
Similar to the CAPEX, we can observe the median estimates under 2DC scenario where the experts’ median
estimate of the OPEX for year 2020 is around 275 (USD/tCO2 removed). It will reduce to 80 (USD/tCO2
removed) by year 2050. Similar pattern but with smaller reduction is observed for PAU scenario, with
median CAPEX reduction from 275 to 155 (USD/tCO2 removed). As expected, the costs are reduced
further under 2DC scenario compared to PAU due to the need for greater deployment of negative emissions
technologies including DAC under 2DC scenario.
3.3 Total cost estimates

Figure S6 shows the triangular probability distribution of upper, middle, and lower net removal cost
estimates (i.e. 10th, 50th, and 90th percentiles) for all experts. Supplementary Table S2 summarizes the
results.

Table S2. Median and uncertainty ranges for aggregate net removal cost distribution (USD/tCO2).

Policy Technology Year Lower bound Median Upper bound

PAU
Liquid 2020 251 453 1150

2050 135 275 1150
Solid 2020 336 624 1035

2050 158 336 631

2DC
Liquid 2020 222 453 837

2050 124 214 445
Solid 2020 314 591 1143

2050 77 207 691
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3.4 AIC estimates
Figure S7 shows the distribution of upper, middle, and lower annual installed capacity (AIC) estimates

(i.e. 10th, 50th, and 90th percentiles) for all experts. The total number of recorded responses are indicated
in red numbers at the top. The results show that experts agree on rapid expansion of DAC from the current
negligible values to about 2 Gt of removed CO2 in year 2050 under 2DC scenario. However, under PAU
scenario the prospect of large deployment of DAC technologies is limited to values under 1 Gt of removed
CO2 per year.

Figure S8 shows the triangular probability distribution of upper, middle, and lower annual installed
capacity estimates (i.e. 10th, 50th, and 90th percentiles) for all experts. Supplementary Table S3 summarizes
the results.

Table S3. Median and uncertainty ranges for aggregate AIC distribution (MtCO2).

Policy Lower bound Median Upper bound
PAU 48 240 1336
2DC 185 1692 5863

3.5 Physical requirements
Figure S9 shows the results of the survey for combined heat and electricity requirements for both

technologies. Liquid solvent technologies in general require more heat during the regeneration process.
Processing solid sorbent technologies on the other hand is less energy intensive and it requires lower
temperature.

Temperature requirements show small variations between 2020 to 2050 for solid sorbent technologies.
The median estimate for both years is around 100◦C which is again at the higher end of the NAS range
(67-100◦C). The median estimate for year 2050 stays at the same level indicating that the experts foresee
little feasible improvements in temperature requirements over the next few decades. For the liquid solvent
systems the temperature requirements re much higher and therefore, the median estimate in 2020 is around
900◦C which is in line with the NAS range (900-905◦C). The projections for 2050 indicate a reduction to
800◦C for liquid solvent technologies.

In terms of land requirements, most experts who chose solid sorbent, provided the median estimate of
about 1 km2/MtCO2 for year 2020 and much lower estimates for year 2050. However, the median estimate
for liquid solvent technology is around 2 km2/MtCO2 for year 2020 and 2050. The IAM studies have
assumed similar range of 0.1 to 1.5 km2/MtCO2 for their analysis (Realmonte et al., 2019).
3.6 Geographic distribution

The experts then asked to project how DAC facilities will be distributed in different geographical
locations in the world. Figure S10 demonstrates the projected distribution of DAC facilities in 2050 in
major geopolitical areas. According to the collective opinion of the experts, North America with 27% of
the total installed capacity will provide the most hospitable environment for future DAC plants. Europe and
Middle East will each get a share of about one fifth of future installed capacity and China’s share will be
around 16% of the total global installed capacity.

Frontiers 3



Supplementary Material

4 SURVEY QUESTIONS
The following is a PDF version of an online survey.
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4.1 Figures

Figure S1. Schematic probability distribution function (PDF) and cumulative probability distribution
function (CDF) of a triangular distribution constructed from 10th, 50th, and 90th percentiles (x10, x50, and
x90).

Frontiers 5



Supplementary Material

Figure S2. CAPEX estimates (50th, 90th, and 10th percentiles) for solid sorbent (red bars) and liquid
solvent (blue bars) technologies under PAU and 2DC scenarios. The results are reported for 2020 (dark
colors) and 2050 (light colors) for each expert. The orange and gray boxes indicate the range of values
reported in the reports by the National Academy of Sciences (National Academies of Sciences Engineering
and Medicine, 2019) for solid sorbent and liquid solvent technologies respectively. Experts 2, 5, 6, and
16 did not provide answers to the cost estimate questions. Experts 13 and 18 had provided the overnight
CAPEX, we converted those numbers to annualized values assuming 12% recovery rate over 30 years.
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Figure S3. CAPEX estimates for solid sorbent and liquid solvent technologies under PAU and 2DC
scenarios. The results are reported for two years (2020 and 2050). The green, white, and range boxes
show the high, median, and low estimates respectively. The box plots show first, second (median), and
third quartiles of the distribution. The whiskers indicate the maximum and minimum values. The gray
box indicate the range of values reported in the reports by the National Academy of Sciences (National
Academies of Sciences Engineering and Medicine, 2019). The numbers at the top indicate the number of
recorded responses in each category.
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Figure S4. OPEX estimates (50th, 90th, and 10th percentiles) for solid sorbent (red bars) and liquid solvent
(blue bars) technologies under PAU and 2DC scenarios. The results are reported for 2020 (dark colors) and
2050 (light colors) for each expert. The orange and gray boxes indicate the range of values reported in the
reports by the National Academy of Sciences (National Academies of Sciences Engineering and Medicine,
2019) for solid sorbent and liquid solvent technologies respectively. Experts 2, 5, 6, and 16 did not provide
answers to the cost estimate questions.
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Figure S5. OPEX estimates for solid sorbent and liquid solvent technologies under PAU and 2DC scenarios.
The results are reported for two years (2020 and 2050). The green, white, and range boxes show the high,
median, and low estimates respectively. The box plots show first, second (median), and third quartiles of
the distribution. The whiskers indicate the maximum and minimum values. The gray box indicate the range
of values reported in the reports by the National Academy of Sciences (National Academies of Sciences
Engineering and Medicine, 2019). The numbers at the top indicate the number of recorded responses in
each category.
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Figure S6. Probability distribution functions (PDF) for net removal cost for each expert. Probability
distributions are triangular fit to 10th, 50th, and 90th percentiles for solid sorbent (red lines) and liquid
solvent (blue lines) technologies under PAU and 2DC scenarios.
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Figure S7. Annual installed capacity (AIC) for solid sorbent and liquid solvent technologies under PAU
and 2DC scenarios. The results are reported for two years (2020 and 2050). The green, white, and range
boxes show the high, median, and low estimates respectively. The box plots show first, second (median),
and third quartiles of the distribution. The whiskers indicate the maximum and minimum values. The gray
box indicate the range of values reported in the reports by the National Academy of Sciences (National
Academies of Sciences Engineering and Medicine, 2019). The numbers at the top indicate the number of
recorded responses in each category.

Figure S8. Probability distribution functions (PDF) for annual installed capacity in 2050 for each expert.
Probability distributions are triangular fit to 10th, 50th, and 90th percentiles for both solid sorbent and
liquid solvent technologies under PAU (green lines) and 2DC (brown lines) scenarios.
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Figure S9. Energy, temperature, and land requirements as the combination of heat and electricity for solid
sorbent and liquid solvent technologies under PAU scenario. The results are reported for two years (2020
and 2050). The green, white, and range boxes show the high, median, and low estimates respectively. The
box plots show first, second (median), and third quartiles of the distribution. The whiskers indicate the
maximum and minimum values. The gray box indicate the range of values reported in the reports by the
National Academy of Sciences (National Academies of Sciences Engineering and Medicine, 2019). The
numbers at the top indicate the number of recorded responses in each category.
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Figure S10. Geographic distribution of DAC plants in 2050
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