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An alternative to carbon sequestration:
Electroreduction of CO2

THE NORTH American based Mantra
Venture Group successfully completed a proto-
type reactor capable of processing 1kg of CO2
per day in October 2008, and its first commer-
cial scale pilot reactor is schedule for comple-
tion by mid 2010.

The process was developed at the University
of British Columbia’s Clean Energy Research
Center and is a chemical process to convert
CO2 to one of a number of useful products,
starting with formate and formic acid. ERC
offers an innovative solution to reduce the
impact of carbon dioxide (CO2) on the Earth’s
environment by converting CO2 into materials
with a broad range of commercial applications,
including a fuel for a next generation of fuel
cells (mixed reactant fuel cell, discussed later).
It also provides an alternative to the frequently
proposed sequestration of CO2 into geological
formations or on the sea bed which have
unknown long term consequences. Some of
Mantra’s clients have made clear that they are
located where the geology does not permit
CCS; and the scientific community is not uni-
versally in favour of dumping CO2 at sea.

ERC Development
Experimentation on the electroreduction of
carbon dioxide has been carried out in several
laboratories over many years, but in circum-
stances not appropriate for industrial applica-
tion. The present focus on carbon dioxide and
climate change has motivated work at the
University of British Columbia to develop a
continuous reactor with the potential to be the
basis of a commercially viable process for
ERC, as described in the PCT Patent
Application WO2007/041872 ‘Continuous 
co-current electrochemical reduction of carbon
dioxide’. Mantra Energy Alternatives (a sub-
sidiary of Mantra Venture Group) acquired
this intellectual property in November 1997
with the prospect of developing a commercial
ERC process that will help the worldwide
efforts to lower carbon dioxide emissions and
mitigate global warming.

In May 2008, through consultant Kemetco
Research Inc, a private sector integrated sci-
ence, technology and innovation company,
Mantra established a research and develop-
ment facility for the ERC in Vancouver, British
Columbia, staffed by a dedicated research
team. To date Mantra has financed and com-

Electroreduction of carbon dioxide (ERC)
combines captured CO2 with water to
produce high value materials, such as
formic acid – suitable for use in pickling
steel – and production of formate. It can
also be adapted to produce oxalic acid,
methanol, and other products.
Companies adopting ERC stand to make
significant profit from these products in
addition to cap and trade benefits (or
carbon credits) from reducing their emis-
sions of CO2.

menced a development programme that saw
the construction of a scaled down industrial
grade ERC test reactor in September 2008,
followed in 2009 by testing to prepare the
ERC for pilot scale (1 tonne of CO2 per day)
commercial trials. Detailed negotiations for
this are underway. Mantra is also establishing
relationships with major industrial partners to
pair the ERC with complimentary technologies
and applications. Within a four to five year
period, it expects to progress from pilot scale
trials to the implementation of full scale com-
mercial ERC reactor capable of processing 100
to 500t of CO2 per day.

The process
Powered by electricity, ERC combines cap-
tured carbon dioxide (from flue gas) with
water to produce high value materials, such as
formic acid, formate salts, ammonium for-
mate, oxalic acid or methanol, that are con-
ventionally obtained from the thermochemical
processing of fossil fuels. However, ERC has
the advantage over the established thermo-
chemical methods for converting carbon diox-
ide to liquid fuels. While thermochemical reac-
tions must be driven at relatively high temper-
atures that are normally obtained by burning
fossil fuels, ERC operates at near ambient
temperatures and is driven by electric energy
that can be taken from an electric power grid
supplied by hydro, wind, solar or nuclear ener-
gy. The product, formic acid, has a negative
carbon balance and will qualify for carbon
credits.

Following an important breakthrough,
power requirements have fallen 25% to
5MWh/t of formate produced. 

Formic acid in pickling
If the ERC process is both economic and suc-
cessful, it is likely to be widely accepted as a
way for industry to deal with exhaust gases.
Mantra are using a proprietary process to cap-
ture CO2 that is being patented; it is capable
of dealing with industrial flue gases.

There arises the danger of overproduction
of formic acid that is in excess of market
demand. (The current world market is modest
– measured in hundreds of thousands of
tonnes annually). This would limit the value of

the product and might act as a barrier to the
wider spread of an otherwise valuable technol-
ogy. Thus it is useful to anticipate the issue
and look beyond the current market to ask if
there are future applications that can take up a
much larger volume of formic acid. This ques-
tion quickly becomes: can formic acid (the
strongest of the organic acids) replace the use
of strong acids such as hydrochloric (HCl) and
sulphuric (H2SO4) in such applications as
pickling hot rolled steel? Formic acid is much
more environmentally friendly than either of
these two acids.

One of the largest uses today of hydrochlo-
ric acid is in pickling hot rolled steel strip. 25%
of all HCl consumed in the USA is used in
pickling steel equating to some 5Mt/y. Formic
acid is potentially more attractive in this appli-
cation than HCl because:
– It gives a better surface quality (HCl is an

aggressive acid and can pit the steel);
– Less iron is lost from the steel surface;
– Less rinse water is needed after pickling;
– No neutralising rinse is required with formic

acid whereas a caustic rinse is necessary to
neutralise the HCl;

– Corrosion inhibitors are not required to
reduce the amount of etching of the steel;

– HCl is so aggressive that the surrounding
plant equipment becomes rapidly corroded;
use of formic acid will result in a longer
plant life;

– Formic acid is bio-degradable;
– Formic acid can be reconcentrated and

reused from the aqueous spent solution;
– Precipitated iron formate can be recycled

back into the blast furnace to recover iron
that was etched from the pickling operation;

– Process water can be recycled more easily.
ERC also produces oxygen as a by-product.

Oxygen can be used in the blast furnace where
it improves combustion, or in a DRI unit to
improve productivity. An ERC plant treating
just 0.8% (258t/d) of the CO2 emitted by a
13kt/d steelplant (emitting 30kt/day CO2)
would produce 94t/d of O2 and 270t/d of
formic acid sufficient to run the pickling line.
As a by-product of pickling, 427t of ferrous
formate would result per day which could be
separated from solution and recycled to the
blast furnace.

Schematic flow diagram of ERC
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Other markets
Existing applications of primary ERC products
include feedstock preservatives, de-icing solu-
tions, and baking soda, to name a few. Odium
formate and formic acid currently have a mar-
ket value of around $1440/t. More than
600kt/y of formic acid is produced annually
with BASF as the largest producer and world
marketer. Formic acid has other uses includ-
ing: cleaning purposes, de-icing of planes and
runways, as a precursor chemical in making
agricultural and other finished chemicals.
Another product, sodium bicarbonate has a
market value of $500/t.

Another possible product, ammonium for-
mate, is being investigated by oil refiners as a
fuel additive to diesel where it reduces NOx
emissions. It has shown great promise in tests
and is likely to be adopted, which would open
up a worldwide market. The ERC process can
be adapted to produce ammonium formate.

Fuel cells are another potential application
for ERC. In fuel cells liquid fuels are indirectly
combined with oxygen to provide power, waste
products are carbon dioxide and water. This
process is known as electro-oxidation. The
complimentary nature of ERC and electro-oxi-
dation makes it possible to use ERC in a
regenerative fuel cell cycle, where carbon diox-
ide is converted to a fuel that is consumed in a
fuel cell. Mantra is now developing the MRFC
(mixed reactant fuel cell) which will be fuelled
by formate or formic acid. The net energy
input required in this cycle could be supplied
from a renewable or non-fossil fuel source.
Wherever possible off-peak renewable power
will be used. �

About Mantra
The goal of Mantra is to bridge the gap between innovation and investment by aggressively seek-
ing out and incubating clean tech innovations and renewable energy solutions. Mantra’s competi-
tive advantage lies in its ability to flexibly pair together investment and scientific expertise to guide
promising new technologies through development and into the market.

Based in the Pacific Northwest, a hot-bed of Green Tech innovation, management has already
been successful in acquiring the rights to two revolutionary sustainable technologies: the
Electroreduction of Carbon Dioxide (ERC), and the Mixed Reactant Fuel Cell (MRFC) 
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Material balance for the use of formic acid in pickling


