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RIGHT Zhejiang province, 
China: Untouched bamboo 
forest remains a possible 
saviour in keeping atmospheric 
carbon levels in check
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Back into 
the Vault 
Storing greenhouSe gaSeS 
within the earth          
By YD Bar-Ness

The same fossil fuels that power 
our technological achievements are 
now known to be altering our Earth’s 
atmosphere and climate. The organic 
chemicals – particularly CO – released 
from burning vegetation, natural 
gas, coal and oil are now collecting 
in the atmosphere. The negative 
consequences of this are now well 
known, including an overall increase 
in global temperatures,  
ocean acidification, melting ice and 
rising seas. 

But perhaps the technological 
skills that helped us to burn these 
materials can help us to right the 
atmospheric balance that we are 
fast tilting. What if we could avoid a 
climate catastrophe by putting the 
released greenhouse gases back into 
the Earth? Is this an irresponsible 
fantasy, a pathway to salvation, or 
something in between?
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A Quick Review of 
the Carbon Cycle
Carbon is an element with six protons 
that is one of the major chemical 
building blocks of organic materials. 
When you read the news about 
“carbon” in the context of global 
pollution and atmosphere, you are 
almost always reading a shortened 
reference to “carbon dioxide”. Let’s 
quickly review what carbon dioxide 
actually is. 

Two oxygen atoms connect to a 
single carbon atom to form carbon 
dioxide. Breathe out, and you are 
emitting this compound. Light a 
match, witness a forest burning, 
observe a volcano erupting, or use 

How can carbon be removed from the atmosphere? Primarily, 
it is by the action of photosynthetic plants converting it into 
sugars, the building blocks of living organisms.

AbOvE Kuqa, Xinjiang Uygur 
Autonomous Region, China: 
Tall poplar trees line the 
road connecting the villages 
in Shayar, an oasis rich in 
natural produce located 
along the northern rim of the 
Tarim Basin desert area

electricity, and in almost all cases, this 
odourless, invisible gas is released 
into the common airspace that we all 
share. Furthermore, there are other 
greenhouse gases, most notably 
methane, that are also involved in the 
alteration of the Earth’s climate.

How can carbon be removed 
from the atmosphere? Primarily, it 
is by the action of photosynthetic 
plants converting it into sugars, the 
building blocks of living organisms. 
Your body is made of chemicals built 
around carbon that was at some point 
removed from the shared atmosphere 
by a green plant. Over geological 
time, this biomass has accumulated 
in the oceans, on the land, in the 

atmosphere and underground as 
fossil fuels. The fossil fuels have 
been stored, or sequestered, within 
the Earth as solids (limestone, coal), 
liquids (oil), or gases (natural gas). 
In very recent times, humans have 
released some of this stored biomass 
by burning fossil fuels. In the process, 
carbon dioxide has been released into 
the atmosphere.
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that can be stored safely underground. 
An optimal solution would be chemical 
– to somehow create vast stores 
of solid rock, perhaps mimicking 
the limestone that is formed of the 
bodies of ancient seashells and coral. 
However, this is not actually feasible 
in the short term, as it requires long 
periods of time and an unmatchable 
biological process.

That leaves non-chemical, 
mechanical alternatives. This can 

AbOvE The Keren Kayemeth 
Leisrael Planting Center in 
the Lavi Forest: The Jewish 
National Fund has planted 
over 240 million trees in the 
country since 1901

There are large flows of carbon 
between these pools. About 90 
gigatons are annually exchanged, in 
both directions, between the liquid 
ocean and the atmosphere. Green 
plants pull about 60 gigatons per year 
out of the atmosphere and store it as 
biomass or soil – but this number is 
changing as Earth’s vegetation  
is altered. 

The flow of carbon that is of most 
concern is the roughly nine gigatons  
of carbon that is being transferred 
from the fossil reservoir to the 
atmosphere. It is the level of 
atmospheric carbon that worries us 
the greatest, as rising levels mean 
more of the Sun’s heat is trapped – 
the so-called greenhouse effect.

The Basic Idea of 
Geosequestration
There are now active research 
projects being conducted to convert 
the components of the atmospheric 
carbon dioxide into liquids or solids 

Where Is the Carbon Now?
Where is the element carbon 
distributed on planet Earth? In the 
current geological era, there are 
vast quantities stored in relatively 
stable locations. These quantities are 
measured by the gigaton, roughly 1 
trillion kilograms. There are at present 
approximately:

65,500 gigatons in solid rocks 

37,000 gigatons in the depths of 
the oceans

10,000 gigatons stored in fossil form 
(such as oil and coal)

6,000 gigatons as material on the 
ocean floor

2,300 gigatons in the soil and mud 
of the dry land

1,000 gigatons in the surface of the 
ocean, where there is sufficient light 
for photosynthesis

800 gigatons in the atmosphere

550 gigatons in plant material 

theoretically be done after meeting 
several challenges. A suitable storage 
location needs to be found, an efficient 
process needs to be engineered and 
scaled up, and future leakages need to 
be prevented.

PHOTO BLAINE HARRINGTON III/CORBIS
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How to Trap Carbon 
The current proposals to sequester 
carbon in a stable liquid or solid 
form are based around putting it 
back into underground locations. 
The three major subterranean targets 
are, in roughly descending order of 
feasibility: 
•  Oil and gas fields: These have the  
    advantages of having been  
    thoroughly mapped and fitted with  
    pumps. This technology could be  
    used at both exhausted and current  
    oil projects.

•  Salt-water aquifers: Carbon  
    dioxide pumped into salt water  
    would be injected into underground  
    water bodies that are unsuitable for  
    drinking. These aquifers are widely  
    distributed on Earth.
•  Coal seams: The strata of fossilised  
    plant material can contain the  
    fossil fuel methane (also known  
    as natural gas). It can also be used  
    as an underground storage space  
    for CO2. The injection of the CO2 can  
    simultaneously push out the  
    methane during the mining process.

One major conceptual hurdle to 
successfully setting up a long-term 
carbon storage system is that these 
underground locations are at specific 
places, but many of our sources of 
greenhouse gases are distributed 
across the planet. This means that 
the geosequestration projects will 

While this mitigation of energy production’s 
carbon pollution is an important step towards a 
sustainable carbon cycle, it is not a remedy for the 
amount of excess carbon we have already placed 
into the atmosphere.

AbOvE Shijiazhuang, Hebei 
province, China: Armless 
Chinese man Jia Wenqi 
(R), guides his blind friend 
Jia Haixia on their way to 
planting trees in Yeli village, 
Jingxing county, Shijiazhuang 
city. Jia Haixa and Jia Wenqi 
are the most unlikely pair 
of environmentalists you 
would ever find anywhere 
in the world. The first man 
is blind, while the latter is 
a double-amputee. The two 
have managed to use their 
symbiotic relationship to 
plant more than 10,000 trees 
over the last 10 years

PHOTO IMAGINECHINA/CORBIS
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be most efficient when matched with 
fixed power stations – capturing their 
output as they produce greenhouse 
gases. While this mitigation of energy 
production’s carbon pollution is an 
important step towards a sustainable 
carbon cycle, it is not a remedy for 
the amount of excess carbon we have 
already placed into the atmosphere.

Therefore, it will be another 
technological step to begin the 
process of removing carbon spread 
throughout the Earth’s atmosphere 
and somehow transporting it into the 
selected underground spaces.

The technological solutions 
proposed for sequestering 
atmospheric carbon underground 
are ambitious and still require 
huge amounts of research. We’ll 
still eventually run out of the fossil 
fuels that (literally) power these 
research projects, and therefore we 
need to be aware that research into 
geosequestration isn’t a distraction 
from the more important steps of 
emissions reduction and renewable 
energy production.

TOP Wuhan, China: People 
plant trees on the 34th 
National Tree Planting Day – 
this is one of the most powerful 
and affordable ways to make 
a personal difference for the 
environment

AbOvE Measuring tools 
on the sea floor in the 
Mediterranean Sea, where 
a research project into the 
risks of the controversial 
storage of climate-damaging 
carbon dioxide in the seabed 
is ongoing

PHOTO XIAO YIJIU/XINHUA PRESS/CORBIS, MIRIAM WEBER/DPA/CORBIS
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YD BAR-NESS  is a conservation ecologist based 
in Tasmania in the far southeastern corner 
of Australasia. As a scientist, he specialises 
in climbing trees to document the treetop 
environment and as a conservationist, he seeks 
to use geography and mapmaking to make 
every excursion an exploration.  
www.outreachecology.com 

A Proven Alternative 
to Geosequestration 
Already Exists
In the meantime, however, there 
is a proven and reliable process 
that naturally accomplishes similar 
benefits in the medium term. Growing 
green plants, or preserving forested 
landscapes, can capture the carbon 
dioxide from the atmosphere. It can 
be sequestered in the medium term 
within the biomass of green plants, 
and perhaps eventually find its way 
into the earth for storage into the 
geological future. 

Growing trees and plants also 
provides substantial other benefits  

It remains to be seen what impact the large-scale 
geosequestration projects will have on humanity’s 
efforts to engineer a more stable climate future. 

– food, construction materials, wildlife 
habitat, and more. This solution is 
self-tending and doesn’t require 
active human input of energy or care. 
Once started, it can last for dozens, 
hundreds, or even thousands of years.

Amazingly, you can start your own 
carbon sequestration project yourself 
by planting a tree. As it grows, it is 
helping to capture the carbon from our 
shared atmosphere and to create a 
small bit of natural wildness within  
its branches.

It remains to be seen what impact 
the large-scale geosequestration 
projects will have on humanity’s 
efforts to engineer a more stable 

bElOw Gardens by the Bay, 
Singapore: This outdoor 
feature of artificial super-
trees have integrated solar 
cells to power the area

FELIX HUG/CORBIS

climate future. It’s good to 
remain cautiously optimistic that 
technological breakthroughs will 
offer new long-term solutions. In the 
meantime, though, let’s make sure 
to protect natural vegetation and to 
appreciate the critical role of the  
green plants.  ag
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Starting a trend: Singapore’s Founding Prime Minister Lee Kuan Yew plants a tree in 1963

On June 16, 1963, Singapore’s founding Prime Minister, Mr 
Lee Kuan Yew, planted his first tender sapling – envisioning 
that a clean and green garden city would sprout endless 
socioeconomic advantages. 

Today, almost 50 percent of the island is covered with 
lush greenery. More than two million trees have flourished in 
a well-tended city that continually sends signals to investors 
about our orderly nature and productivity. A cool canopy with 
shade trees has helped reduced air temperatures while civic 
beautification and protected biodiversity have improved the 
quality of urban living. 

As a result, Singapore’s eco-rich environment allowed 
us to meet the lifestyle requirements of an increasingly 
affluent population and enhanced Singapore’s attractiveness 
as a destination for foreign businesses – echoing Mr Lee’s 
sentiments that “greening is the most cost-effective project” 
he launched. This greening drive has been widened by 
Singapore’s National Parks Board, which strives to recast 
the “Garden City” as “A City in a Garden” distinguished by a 
seamless green infrastructure of parks and streetscapes.

The Landscape of Singapore's Chief Gardener

SOURCE: US DEPARTMENT OF ENERGY

FOOTNOTE
ALL VALUES ARE MEASURED IN GIGATONNES (GT). VALUES IN PARENTHESES ARE ESTIMATES OF THE MAIN CARBON RESERVOIRS, ALSO IN GT.
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