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human terms. I was particularly drawn
in by Zangwill's mention of Anderson’s
Anglophilia and his association with
leading researchers at the University of
Cambridge. In that context, two of An-
derson’s “four facts” —that computers
will not replace scientists and that good
science has aesthetic qualities —resonate
with Brian Josephson’s interests in the
past 20-odd years.

I met Josephson at an international
conference, titled Home and the World:
Rabindranath Tagore at the End of the
Millennium, which was held by the
University of Connecticut in September
1998. Josephson spoke about the poet-
philosopher Tagore (1861-1941) and sci-
ence.! From my relatively brief encoun-
ter with him, I understood at the time
that Josephson was especially interested
in the area of mind—matter interactions,
and that, of course, had some relevance
to the well-known 1930 conversation that
Tagore had with Albert Einstein on real-
ity and the human mind.> Mind-matter
interactions have also been an area of
sustained interest for many leading sci-
entists, including Ilya Prigogine and Roger
Penrose.

It is also quite noteworthy that Zang-
will mentions Charles Kittel as one of
Anderson’s mentors at Bell Labs. Many
of us pursuing physics and engineering
in India in the 1970s were introduced to
Kittel’s classic textbook Introduction to Solid
State Physics, which was foundational to
our understanding of the subject.
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G0, air-capture costs

avid Kramer’s “A windfall for US
D carbon capture and storage” (January
2022, page 22) mentions the $3.5 bil-
lion appropriated by the US government
for direct air capture. I would like to
point out that the energy costs of captur-
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ing carbon dioxide already diluted in the
atmosphere would be prohibitive.

Methods tried so far employ a reusable
absorber cycled between absorption and
emission, with an input of energy re-
quired at one or both parts of the cycle.
The unavoidable energy requirement
for a cycle can be calculated from the en-
tropy change AS of the CO, going from
its present atmospheric concentration of
about 400 ppm to a concentration needed
for disposal or use, say 1 atmosphere.

Per unit mass and at room tempera-
ture T, that energy would be TAS = RT/M
In(109/400) = 4.4 x 10° kJ/ton (t), where R
is the molar gas constant and M the molar
mass. If you assume the energy is applied
electrically, and at a present US price of
12¢/kWh, the energy cost is $15/t. So far
there are no reports of technologies that
are anywhere close to that energy require-
ment or cost.

Earth’s atmosphere weighs 5.2 x 10 t.
The unavoidable entropy cost to remove
just 1 ppm (by volume) of CO,, or 7.9 x 10° ¢,
would be $120 billion. After recovery at
1 atmosphere, there are the added costs
of disposal, which is complicated by the
residual atmospheric gases in the recov-
ered CO,.

The cost could be reduced if the en-
ergy is somehow supplied directly rather
than after conversion to electricity. But
no energy source is free because its en-
ergy could otherwise be converted to
electricity and sold.

The costs of mineralization are more
difficult to estimate. The absorber is used
only once, not cycled. Costs might include
those for accessing, processing by crush-
ing and dispersing, and gathering and
disposing of the absorber.
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