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ABSTRACT 

 

Background: Climate change motivates consideration of 15 

alternative energy, including solar energy and conversion of biomass 

to fuel.  

 

It is suggested here that a more economical way of  Results: 

emission would be to preserve existing biomass with  2reducing CO20 

salt, and perhaps other sterilizing agents.  It is found that the 

required solar energy to produce the salt from ocean water can 

produce an order of magnitude more mass in salt than the mass of 

combusted carbon needed to yield an equivalent amount of energy. 

 25 

Conclusions:  Preservation, by salt alone, of biomass in the 

amount needed to offset global use of fossil fuel - would presently 
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require increasing the world's salt production by an order of 

magnitude or so. On the other hand, this would require much less 

 emission than converting solar energy 2area per unit of avoided CO

directly to electricity. 

 5 
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I. Background 

 

The human consumption of fossil fuels in the past century has been 

closely associated with an excess of carbon dioxide (CO2) and other 

greenhouse gases in the atmosphere, which may threaten our climate and 15 

environment.  At present, over 10 percent of all CO2 released into the 

atmosphere is due to human consumption of fossil fuels, including natural 

gas released and burned at well heads.  Additional sources of 

anthropogenic CO2 include cement production and soil depletion.  There is 

growing suspicion that this is causing significant global warming as well 20 

as altering ecological balances in other ways, such as ocean acidification.  

The possibility exists that global warming can feed on itself and trigger 

positive feedback loops in the greenhouse gas-climate connection, possibly 

setting off an accelerated or runaway greenhouse effect.  Increased 

humidity, increased methane escape through melting polar ice, and 25 

increased release of CO2 from oceans as they warm (and thus decrease their 
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CO2 solubility) are a few examples of possible positive feedback loops in 

the greenhouse gas-global warming scenario. 

There has been much discussion, therefore, of plans for capture and 

sequestration of CO2, whereby CO2 released by industrial plants would be 

captured at the plant that produces it and then stored underground or 5 

undersea for a duration of at least 100 years. Longer durations are 

preferable and arguably necessary to satisfy moral concerns for the fate of 

future generations (see Carbon Capture and Storage Association- CCSA- 

website). The potential problems with this approach at present are its 

expense and questionable environmental efficacy.  The oft quoted, 10 

probably optimistic cost of one cent per kilowatt hour for CO2 sequestration 

at coal-fueled power plants translates to 102 dollars per ton of carbon 

burned, which is the equivalent of 30 dollars per ton of CO2. (1 kilowatt 

hour = 3.6 X 106 joules; 1 gram carbon burned releases ~9 kiloCal or about 

40 joules, so that 1 kilowatt hour has the carbon equivalent of 15 

approximately 3600/40 or 90 grams of carbon.  1 metric ton of carbon = 

106 grams, providing about 1.1 x 104 kilowatt hours.  Sequestration of CO2 

at 1 cent/kilowatt hour gives a cost of about $110 per metric ton of carbon, 

or about $30 per metric ton of CO2, since the atomic weight of Carbon 

[12g/mol] is 0.2727 the molecular weight of CO2 [44g/mol].)  The annual 20 

electricity usage in the U.S. – about 38 percent of the total energy 

consumption - is about 4 x 1012 kilowatt-hours, so the “one cent per 

kilowatt hour” would become about $40 billion spent on sequestration per 

year of CO2 released by electricity consumption, and over $100 billion if 

applied to the total.  Despite receiving large amounts of public attention 25 

and developmental funding, carbon dioxide sequestration at power plants 

is not currently being carried out on a large scale.  Economic incentive for 
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doing it would seem to require a market value of carbon credits in the 

neighborhood of 30 dollars per ton of CO2.  

There are also socioeconomic reasons to doubt that CO2 

sequestration could be carried out in a totally reliable manner for a 

noncontroversial length of time. Temporary and/or unreliable CO2 5 

sequestration is probably cheaper than secure sequestration, and assuring 

that the sequestration has been done in adequate, acceptable fashion, 

especially if the CO2 is stored deep underground in geologically obscure 

and remote sites, would be technically difficult and susceptible to political 

corruption and even organized crime.  Forestation captures CO2 from the 10 

atmosphere and stores the carbon in living trees, but the trees all eventually 

die and decay, so that this form of carbon sequestration is, by itself, 

inevitably temporary.  This is one of the reasons the EU has given for 

rejecting forestation as a legitimate source of carbon credits. 

Biomass decays into CO2 sooner or later.  The biosphere contains 15 

only about 12.5 kilograms of biomass, on the average, per square meter of 

dry land.  Most of this biomass is concentrated in tropical forests where the 

storage capacity of biomass within the ecosystem is nearly saturated by 

competition for sunlight.  Even in the wildly optimistic scenario that the 

overall capacity of the biosphere could be doubled through human effort, 20 

this added capacity would fill up within 125 years or so, given the present 

world-wide consumption of fossil fuel on the order of 10 billion tons per 

year.  

The widely voiced concern over anthropogenic greenhouse gas 

emission has obscured the fact that most of the carbon dioxide being 25 

released into the atmosphere at present is still being released via natural 

means.  Only about 10 to 15 percent of the current CO2 emission into the 

atmosphere is anthropogenic, the rest is due to decay of natural biomass. 
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The rise in atmospheric carbon dioxide is not because of the predominance 

of fossil fuel consumption relative to the metabolism of living things, but 

rather because the contribution of fossil fuels is a recent development over 

the time scale of the planet's ecology, and the balance that has been 

established over most of the planet's history has therefore been upset. 5 

Conversely, almost all biomass, including human waste, decays into CO2 

and other greenhouse gases if left to its natural fate, and certainly if 

destined for combustion.  The known fossil fuel reserves on the planet 

represent anomalous (less than one part in a million), preserved biomass 

that, through a series of rare events and circumstances, somehow escaped 10 

the nearly universal fate of most biomass (i.e. decay and conversion to 

water and CO2). 

Some methods for sequestering biomass carbon have been proposed. 

These include [1-3] converting biomass into inert carbon aggregates by 

pyrolysis of the biomass into biochar and filtrate carbon and compacting 15 

and compressing the carbon into coal, which can then be stored in 

abandoned mines. Also suggested [4] is the pyrolysis of biomass along 

with bitumen from oil sands, and the storage of the biochar to sequester 

biomass carbon.  Some methods rely upon the long flow pathways of deep 

ocean masses to sequester carbon for thousands, perhaps millions of years 20 

at the seabed,  or burial of timber in soil [5], creating partial anaerobic 

conditions to stall decay and greenhouse gas emission.  Sequestration of 

carbon in oceans, lakes or man-made tanks or lakes could be achieved by 

growing, and then killing or destroying aquatic plant biomass (e.g. with 

herbicides, growth inhibitors, etc.) and allowing it to sink [6,7,8], e.g. 25 

enhancing phytoplankton growth and photosynthesis by providing nitrogen 

at mixed levels of the ocean, and relying on ocean currents to remove dead 

plankton and organic  and organic material to ocean depths.       
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        As storing gaseous CO2 is problematic, storage of liquid or solid 

carbonaceous material may become increasingly imperative.  This suggests 

a new approach to carbon credits, in which they are earned not by burning 

biomass for energy that would otherwise be obtained from fossil fuel, but, 

rather, by fossil fuel replacement, i.e. preserving biomass by inhibition of 5 

decay that would otherwise occur if the material would be passively left to 

its natural fate.  Such storage needs to occur in a form where (a) it does not 

decay or decompose into CO2 or other greenhouse gases; (b) it can be 

stored in amounts per unit area that are greater, preferably much greater, 

than the biospheric average for biomass; and (c) it is less expensive in 10 

energy expenditure than what would be available from the carbonaceous 

material that is stored. The higher (or deeper) carbonaceous material can 

be piled and stored without significant decay  for a meaningful duration, 

the less area is needed for storing carbon in order to offset fossil fuel 

burning. 15 

 

II. Methods 

We make simple estimates of the amounts of a) solar energy and land 

area needed to produce a given quantity of salt, b) the amount of carbon 

that can be permanently sequestered by a given mass of salt, c) the cost –20 

both monetary and in land area - of sequestering carbon with salt.  

 

 

III. Results 

We find that a) In an arid climate, about 0.1 tons of salt per m2 per year 25 

can be produced via evaporation of ocean water; b) salt, when mixed 

homogenously throughout biomass, can preserve a roughly equal amount 
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of carbon indefinitely; thus preservation of carbon in biomass can be at 

least 0.1 tons per m2 per year; d) sequestering carbon in offshore 

evaporation pans, isolated by dikes, is estimated to be less than $5 per ton 

of carbon, well below the cost of the equivalent amount of carbon in 

fossil fuel (currently of the order of $300 per ton). Much uncertainty 5 

remains, however, in the exact cost. The cost in land, to offset global 

consumption of fossil fuel is of the order of 30,000 km2, or about 4 m2 

per person. By comparison, collecting solar energy with 10 percent 

collection efficiency would require 90 m2 per person to supply the 

world’s energy present energy usage. 10 

 

 

Discussion 

   

Contacting organic material with a potentially cytoxic agent or with 15 

a solution comprising a cytotoxic characteristic, concentrating the solution, 

thereby enhancing its cytoxicity, and maintaining the biodegradable 

organic material within the concentrated cytotoxic solution, would inhibit 

biodegradation of the organic material.  The cytoxicity could arise due to 

basic chemical extremes such alkalinity, acidity and osmolarity.   20 

The biomass preserved in this manner could then be stored 

permanently at or very close to the Earth's surface, where it would be 

accessible for inspection.  Pollutants, for example, could be sequestered 

indefinitely rather than dispersed. 

This method is suitable for inhibiting the biodegradation of a wide 25 

range of organic biodegradable materials, such as municipal waste (e.g. 
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sewage), industrial waste, agricultural waste (for example, field runoff, 

irrigation effluent etc.), aquaculture waste, dead vegetation and the like.    

 The concentration of ocean water to cytotoxic levels of salinity by 

evaporation can be effected naturally in regions having hot and dry 

weather.  Inasmuch as the region of a salt lake, such as the Dead Sea in 5 

Israel is often lower in elevation than the surrounding terrain, the difference 

in elevation can be used for efficient transport of the biodegradable organic 

material to the region of the salt lake for concentration by evaporation.  

Similar to the proposed Mediterranean-Dead Sea (Med-Dead) or Red Sea-

Dead Sea (Red-Dead) canal projects, for example, the flow of ocean water 10 

and/or slurry of (chopped, mulched, etc.) biodegradable organic material 

down  an elevation gradient to a location below sea level can be harnessed 

to produce power (e.g. electricity), further reducing the use of fuel and 

carbon emissions. 

The preferred process and location for preserving carbon should be 15 

determined by the free market once society establishes through legislation 

how much the right to burn carbon should cost.  Near the coast, for 

example, a good mode might be to deliver waste to the shore, deposit it 

into an area of shallow ocean water, enclosed by dikes, which could then 

be sealed off and converted to evaporation pans with controlled entry of 20 

salt water. The ocean water becomes more saline as water evaporates. 

Carbonaceous material soaking in a sufficiently super-saline solution 

would then be permanently sterilized, and buried in or under a layer of 

saturated brine and/or recently crystalized salt. The ultimate height of the 

carbon dump would be determined by the depth of the water, i.e. by the 25 

height of the dike. 

        Inland, it might be easier to channel saltwater from the shore or salty 

ground water to destinations that are below sea level, or pump seawater or 
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salty groundwater if above sea level. A canal dug from the sea to a sub-sea 

level location (e.g the Mediterranean or Red Sea to Dead Sea) could be 

designed to accept carbonaceous slurry at various locations, which it would 

then carry to the low location, depositing it in a stabilized carbon waste 

dump. Such a site would have the advantage of being obscure, isolated, 5 

well below sea level, and therefore, ecologically benign. (Simply using 

existing hypersaline lakes,  such as the Dead Sea, have the disadvantage 

that they are typically fed by  freshwater sources, and this is not as 

advantageous as feeding the evaporation pan with already saline ocean 

water, because more water must then be evaporated to produce a given 10 

amount of salt. More energy and/or area would then be required.)  

The carbon sequestration sites, for this method, would be at the 

Earth's surface. They are therefore easily checked by governmental and 

international inspectors and representatives of respective enforcement 

agencies for outgassing of greenhouse gases. 15 

 

A Comparison to Renewable Energy: Advantages of using alternative 

sources of energy such as wind, sunlight, and hydroelectric power to 

inhibit biodegradation of the biodegradable organic material with 

preservation by hypersalinity can be illustrated by the following 20 

comparison between the energy investment required for extracting salt 

from ocean waters (by evaporation) vs. the use of the same water for 

producing hydroelectric power: 

1 kilogram of seawater lowered by one meter in the Earth's 

gravitational field releases 9.8 joules of energy.  Hydroelectric power from 25 

an elevation differential of 400 meters (e.g. a "Red Sea-Dead Sea" or a 

"Mediterranean Sea-Dead Sea" canal), can produce 3920 joules per 

kilogram of water, or 0.92 kilocalorie/kg (i.e. nearly one "food" 



10 

calorie.  One food calorie = 4184 joules).  On the other hand, the same one 

kilogram of seawater, if dried or concentrated by evaporation, yields 30 

grams of salt.  Assuming that, conservatively, 30 grams of salt could 

preserve  at least 30 grams of carbon, and considering that 30 grams of 

carbon, if burned, would yield 270 kilocalories, the salt byproducts of any 5 

hydroelectric plant that channeled sea water to an altitude below sea level 

could inhibit or prevent the release of the equivalent of 270 kilocalories, or 

about 300 times as much carbon in biomass as the fossil carbon  whose 

burning would be  spared (equivalent of 0.92 kilocalories per kg of salt 

water) by the hydroelectric energy produced. 10 

Similarly, we may compare the amount of carbon that could be 

preserved with salt to the carbon equivalent of the solar energy needed to 

produce the same amount of salt by evaporation:  Evaporation is especially 

convenient and economical in a dry climate, where the average evaporation 

rate per unit area exceeds the rainfall rate. This includes a significant 15 

fraction of the world's land surface. The average rate of (net) water 

evaporation in a very dry climate can exceed 300 cm per year, or about 

three tons of water per year per square meter. (Note that the latent heat of 

evaporation, at this evaporation rate, is comparable to the solar energy 

flux.) Beginning with ocean water of salinity 3.5 percent, this could yield 20 

over 0.1 tons of salt per m2 yr, which could be contained in about 0.3 tons 

of saturated brine (35 perccent salt). 

       Assume that the salt in saturated brine –which sterilizes 

microbial life within -  can preserve at least its own weight in the carbon 

of biomass within, as can be demonstrated by a table top experiment.  25 

Then, since the world's rate of fossil fuel consumption is of the order of 

square  a total area of roughly 30,000 10 billion tons of carbon per year,

 or about  ,to produce the needed salt is required) 2m 10x  103 kilometers (
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fraction of the amount needed to grow per person. This is a small  24  m

crops or collect the energy from renewable resources. For comparison,  

consider that solar energy, if it were to supply the world's energy 

if  29 m aboutkilowatt per person), would require  32.about consumption, (

collected with 100 percent efficiency from an arid area (the average solar 5 

As solar  . )2energy flux in a hot, dry climate being about 250 watts/m

energy farms presently operate at below 10 percent efficiency, including 

access roads to maintain the solar panels), using the solar energy for salt 

 2COproduction could save more than an order of magnitude more 

emission per unit area than using the sunlight for electricity production. 10 

          The above discussion assumes equal masses of carbon from 

preserved biomass and saturated brine, (equivalently 1:3 ratio of salt to 

preserved carbon), or about a 10:1 ratio of evaporated water to carbon. 

The salt, however, is probably needed only near the surface if the bulk of 

the interior is sterile. Methods to sterilize biomass are numerous, though 15 

analysis of them is beyond the scope of this article; sterilization of the 

bulk would reduce the required area.   

           Salt placed at the surface of biomass bulk can also leach 

moisture out of the bulk. Once, dry, the biomass may be stabilized against 

further decay. 20 

            The most efficient way to sequester the biomass may be to 

tightly pack it and fill the intersticies with saturated brine.  

          Although it might seem easier to create many sites of carbon 

dumping across the world compared to international transport of 

carbonaceous waste, it is not out of the question that collecting the waste 25 

and bringing it to a central location could be cost effective if the worth of 

carbon credits becomes a modest fraction of the cost of fossil fuel. This is 
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demonstrated by the fact that the cost of the reverse process - unearthing 

fossil fuel and distributing it across the globe to the private sector - is 

much less than the cost of the fuel within the private sector. The same 

infrastructure that delivers the fuel could in principle.be used to collect 

and centralize carbonaceous waste, probably at lower cost than the cost of 5 

fuel distribution, as drilling and refinement, which are necessary for fossil 

fuel distribution have no analogue in the collection of carbon waste. (Dry 

biomass, however, typically has half the carbon per unit weight as fossil 

fuel, so twice as much would have to be collected to offset consumed 

fossil fuel. Fresh biomass would require an even greater collection mass.) 10 

On the other hand, transporting the salt to the biomass would be more 

efficient than transporting the fossil fuel that this amount of salt would 

offset if the salt to preserved carbon mass ratio is less than unity. 

Similarly, transporting salt to a dumping site might be relatively 

inexpensive when compared with the cost of distributing an equivalent 15 

amount of fuel. Thus, the world may be able to pick the ecologically ideal 

sites for preserving solid carbon at the Earth's surface at only very modest 

compromise to the cost.            

            Offsetting the global consumption of fossil fuel with salt 

preservation would require increasing global salt production by an order 20 

of magnitude (unless a large biomass to salt mass could be achieved) and 

this in turn requires large areas. The larger the area, the great the 

area/perimeter ratio, and the more economical off shore evaporation pans 

be enclosed  could 2enclosed by dikes becomes. The required 30,000 km

by 500 km of dike if, for example, it extends 100 km off shore. The 25 

height of the dike would be dictated by the depth of the continental shelf 

on which it is to be located, the desired depth, and the shape and size of 

the evaporation pan. Assuming dike construction costs 1 to 30 million 
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dollars per km of length per meter of height [9], 500 km of length would 

cost 0.5 to 15 billion dollars per meter of height.  The cost of the dikes is 

then about 0.05 to 1.5 dollars per ton of fossil fuel offset, which is a small 

fraction of the total cost of the fuel. However, the unit cost may increase 

with size, so this estimate is admittedly uncertain. If the width of a dike 5 

scales as the height, then the unit cost could scale as the height as well, 

leaving aside economy of scale, and the unit cost could be an order of 

magnitude higher than for dikes of height of more than several meters.   

      A better way to estimate the cost is to compare with the cost of 

2019  675 million=HDcam (Dthe Hoover concrete example such as 10 

a cross sectional  = 379 m )HDlength (l 221.4 m,=HDha height of ), dollars

 Now consider a  . 3,000 m=480HDvand a volume , )2~ 11000 m HDA(area 

), a cross sectional area  HDl 791.556( length km300 l=dike of 

,  a maximum height HDA2)HDof (h/hdl  perpendicular to the length element

the latter is a liberal estimate of the depth of a  m, where100=maxhof 15 

 100 m =sl each with a length ofand two shoreward legs  ,continental shelf

and with variable height of h and a cross sectional area along each 

 the i.e.  - HDA2)HD/hh( =A  of differential element of the shoreward legs

same  cross-sectional geometry as the Hoover Dam. Such a dike would 

 61.48 x 1  2(h/100 m)=  791.5560.204 x  x  2(h/100 m) have a volume of20 

 sSo the 300 km length leg of the Hoover Dam.  HDv times the volume

 2two shoreward legs, if (h/100 m), and the HDhave a volume of 161.47 v

Assuming the  . HDtogether have a volume of about 27 v would~0.25, 

is  2(h/100 m)and that the average value of price scales as the volume, 

$128 =  billion .675x $0 8.518=  HDx c  HDbe v/vthe cost would then ¼, ~25 
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x 50 m  (area) 2m 10would be 3 x 10 V The total enclosed volume.  billion

 5.) = 1of linearly increasing depth , under the assumption(average height

.  Assuming about 0.5 tons of carbon could be sequestered per 3m 12x 10

of  dollars per ton 0.2 less thanwould then be per ton , the cost 3m

sequestered carbon enclosed at full capacity.  The cost could be even 5 

considerably less than this if much of the interior within the dike were 

sand rather than concrete. We conclude that most of the cost of 

sequestering carbon in offshore evaporation pans is probably dominated 

by the costs of transporting the biomass to the evaporation pan. Under the 

above assumptions, the carbon sequestration site would take 75 years to 10 

fill up.  

 sscalethe volume  ry,tNote that for a given cross sectional geome    

, assuming h increases solh, swhile the enclosed volume scales as ll, 2as h

or  the cost per unit enclosed volume is a constant ,ssublinearly with l

decreasing with h. This suggests that at modest extra cost, the outer wall 15 

could be built closer to shore (smaller h) and then rebuilt further out as 

the smaller volume fills up. 

) is much 3fills (2 to 8 dollars/mndThe cost of excavating la      

higher.  However, they could be deeper than 100 m, and thus last longer 

than those built on the ocean shelf, and distributed over a much wider 20 

range of locations, and thus reduce transportation costs for the biomass, 

while ocean water could be piped in at little cost. On the other hand, the 

real estate costs of the area would then have to be considered. If they do 

not override the savings in transportation, as is likely for suitable desert 

locations, then I suggest it is cheaper to build enclosing concrete walls 25 

above the surface than to excavate, as the cost per unit enclosed volume is 
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less even for depths of several hundred meters.  The total cost per unit 

area for area-intensive expenses (e.g. lining, covering, management) has 

. So if 2etween 50 and 400 per mbeen liberally estimated [13] as being b

the depth is greater than 100 m, these costs come out to be under $4 per 

.3m 5 

     

          Isolating shallow ocean water for waste disposal could be 

combined with adjacent algae farms. (The efficacy of this depends on the 

development of algae with a higher photosynthetic efficiency than land 

based plants.)  Freshly grown algae could be preserved immediately and 10 

indefinitely by the salt produced on site. 

 

Long Term Stability and Negative Consequences:   A simple desktop 

experiment demonstrating the stability of salted biomass is easily 

constructed by putting highly decomposable biomass (grape juice, 15 

pumpkin) into a test tube with part air part water, and into another with 

air and saturated brine. The indefinite stability of the latter is visible to 

the naked eye over many years. Gas Chromotography Mass Spectrometry 

reveals that the CO2 level in the air with the unpreserved biomass rises 

dramatically while the air with the brine shows no increase. As saturated 20 

brine is about 1 part salt to two parts water, replacing most of the water 

with biomass (which is typically about ½ carbon by mass) would yield 

comparable masses of salt and preserved carbon. Moreover, if the interior 

of the biomass is sterile, the brine need only guard its surface from 

microbes and oxygen, thus increasing the salt to carbon ratio. 25 
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        A possible worry is whether abiotic processes could lead to long term 

oxidation of the carbon despite the sterile conditions under which it is 

stored. However, the discovery in 1993 of "salt people" preserved in Iran 

in salt mines [10] suggests that this is not the case. The discovery of 

250,000 million year old cellulose in a natural salt deposit [11] further 5 

suggests that this does not happen. 

 

      Another possible worry is the depletion of minerals and carbon from 

the biosphere that results from the proposed disconnection of dead biomass 

from the biosphere. However, the burning of fossil fuel represents a new 10 

source of minerals in the form of ash in quantities that must be significant 

if the fossil fuel is at least equal in mass to the sequestered biomass. A free 

market would encourage the distribution of this ash to where it would be 

most needed. However, carbon itself could be "overgrazed" from the 

biosphere by market pressure that issued carbon credits for permanently 15 

stabilized biomass. This would then reduce the photosynthetic capacity of 

the biosphere. It would therefore be important to limit carbon credits for 

preservation of biomass that was harvested from those regions of the 

biosphere whose photosynthetic capacity is saturated by competition 

among the various species of vegetation. Also, credits could be awarded 20 

for the combination of growing biomass and preserving it (i.e. preserved 

anthropogenic biomass).  

 

The advantage in the proposed method is that it does not merely 

reduce the rate of increase of atmospheric CO2 levels. In case of a global 25 

warming emergency, which is no longer inconceivable, CO2 levels in the 

atmosphere could be actively reduced within a short time by large scale 

biomass preservation.  
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Comparison with other Methods: Of the many schemes previously 

proposed for carbon sequestration, the one most comparable to 

hypersalination is the pyrolysis of biomass into charcoal. Both processes 

begin with biomass and then preserve the carbon in solid form. The 5 

relative costs of biochar and hypersalinated biomass are therefore the 

costs of processing the biomass in the respective ways.  

Hypersalination requires,  in addition to biomass, salt. Charcoal 

production requires biomass, energy, and kilns, however, the kilns may 

be considered an initial outlay, and in what follows, we shall assume that 10 

they have lifetimes of 20 years.  

Shackley et al  [12]  have itemized estimates of the cost of  biochar 

stored in soil. They include negative costs, such as the sale of electricity , 

carbon credits, capital costs, avoided disposal costs of the 

biomass,  and  positive costs operating costs of the pyrolysis plants, 15 

feedstock, transport, storage, labor, and application to farmland. The 

items particular to biochar, namely those connected to pyrolysis, are 

typically estimated at 50 British pounds per ton.    

While most salt for commercial purposes needs to be harvested and 

delivered, transporting ocean water and/or sewage by pipeline to an 20 

evaporation pan, where the hypersalinated biomass is to be stored 

indefinitely, bypasses the need for salt harvesting. The cost of 

transporting brine or sewage (or a mixture of both) by pipeline even over 

distances of thousands of kilometers is less than $3 per ton.  

We conclude that the net difference in cost between 25 

hypersalination and pyrolysis may be larger than the considerable 

uncertainties in each. They probably become more advantageous 

complementing each other than competing. Raw sewage, for example, is 
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probably better hypersalinated and stored (below sea level if possible) in 

isolation, whereas agricultural residue is probably more easily pyrolyzed 

in situ  and left in the field. The relative costs are probably sensitive to 

geographic location as well. 

 5 

 

 

IV. Conclusions 

   We have suggested using salt to preserve biomass indefinitely as a 

means of sequestering carbon and minimizing greenhouse gas 10 

emission. It has the advantages that a) the carbon can be stored at the 

Earth’s surface, where it is easily inspected, b) it offers the possibility 

of negative anthropogenic CO2 emission and c) it appears to be less 

costly than other methods. 

Hypersalination and isolation is probably the most ecologically 15 

non-invasive method of geoengineering. The key open question is 

how to maximize the preserved carbon to salt ratio on which the net 

efficiency depends. 

 

      20 
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