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Summary

The described egm Technology represents a revolutionary low-input CO, binding and utilisation
procedure with a range of applications. Characteristics are (i) low costs for CO, removal from industrial
emissions, (ii) multiple benefits of CO, binding in water and (iii) alternative energy production.

Recent and future options for carbon dioxide capture and storage

Carbon dioxide is both essential for life on earth and an atmospheric greenhouse gas contributing to
climate change. Recently, carbon dioxide capture and storage (CCS) techniques were selected for
reducing atmospheric CO, from human activities, e.g. CO, emission from fossil fuels, from both large
electric power generation units and also automobile engines and furnaces in residential and commercial
buildings. Carbon dioxide is also emitted during industrial and resource extraction processes, and by
changing land use such as forest clearance. Presently, CCS is mainly considered for large CO, sources.

CCS involves technologies that collect and concentrate CO, pools and transfer the liquid gas to a suitable
sink for long-term storage. CCS contributes to lower emissions of greenhouse gases and, if biomass is
used at a sustainable rate, supports net CO, removal from the atmosphere (referred to as ‘negative
emissions’; IPCC Special Report, 2007). Due to the high economic costs and uncertainties in capturing
and storing CO, in deeper layers of the earth, the efficient use of CO, in new value chains are needed.

A number of CO, capture methods (patents) were developed over the last decades. However, they were
based on chemical processes and need a high amount of energy (temperature and pressure). The egm
Technology ‘Carbon enrichment in water (CEW)’ is a very promising low cost technology for binding CO,
and may also be linked to the CCS technology (Fig. 1). Carbon is bound into water of different qualities
(e.g. sweet and salt water) resulting finally in the formation of an oily phase. This pathway may
contribute to establish a new value chain with respect to the effective use of carbon dioxide which has
substantially economical and ecological benefits and should therefore investigated in detail.



Applications
« Complete neutralisiation of
CO, direct out of the
emissions
* Permanent binding of CO, in -
water S
« Formation of energetic oily =
phase
= Expenditure of energy in the
complete process chain
= Small costs of investion
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Fig. 1. The novel egm Technology for processing carbon dioxide. Here, CCS was chosen as CO, input.
Principle of the egm Technology

The C enrichment in water is achieved by capturing gaseous CO, into water with a unique whirl chamber
(Fig. 2). This procedure is based on physical principles and nor chemicals or any other amendment are
required. This egm Technology is realised by a very low energy input, i.e. the water fell to the inlet of the
whirl chamber by gravitation. Water of varying quality was already used. The overall process is
characterized by very small energy expenditures and no harmful side effects.

Fig; 2. The whirl chamber with the water stream forced by gravitation energy



First results

The CO, binding in water reached values up to 1474 mg C/L of Total Carbon (TC) and 336 mg C/L of total
organic carbon (TOC; see analysis of Potsdamer Wasser- und Umweltlabor GmbH). Reference values of
usual drinking water were 87 mg TC /L and 3 mg TOC/L.

The novel egm Technology was successfully applied to deplete the CO, concentrations in exhaust fumes.
It was installed in a closed chamber (0.5 m? volume) and exhaust fumes from a 4-stroke-engine were
discharged continuously. The CO, concentration increased to 6.5 vol-% (Fig. 3) and the O, concentration
decreased concurrently. Then, the egm Technology was started and the CO, concentration decreased
rapidly during the subsequent 3 minutes and reached the quality of fresh air. Consequently, the egm
Technology can neutralize high CO,-concentrations of point emissions.
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Fig. 3. Time-dependent distribution of the CO, and O, concentrations (vol-%) during the depletion
process with the egm Technology.

Under certain circumstances, we observed visually an “oil-phase” on the surface of the C-enriched water
during water CO, enrichment. This “oil-phase” was analysed after separation in hexane extract from the
water phase. The ATR-FTIR spectral analysis showed structures analogous to vegetable oil (Fig. 4).



o0 1] 00 3030 500 I 1530 0%
Wisvanumbsrs

Fig. 4. FTIR-spectra of the hexane extract of the C-enriched water sample (sample 2205-1) and reference
spectra of organic compounds.

The spectrum of the C-enriched water sample (no. 2205-1) corresponded very well with spectrums of
simultaneously analyzed other vegetable oils. Inorganic C=0-species, like CO, or carbonate were not
detectad in the “oil-phase”. The FTIR- spectra provided evidence for vegetable oil in the non-polar phase
of the water sample.

Further investigations showed that the CO, enrichment of in artificial salt water with 4% NaCl lead to the
formation of organic carbon compound (hydrocarbon) analogues of 66 C atoms (see analysis of AirBus
Germany GmbH) which is significantly higher than of conventional diesel with up to 42 C atoms. The
boiling point of the synthesized oil phase is also different from that of conventional diesel with 550 °C
compared to 220 °C, respectively. The calorific value was almost 40 MJ /kg (see analysis of BASF AG
Germany) which range at diesel and biodiesel.

The affect of the C-enriched water was tested during a greenhouse experiment with sorghum. The yield
of biomass was significantly higher for C-enriched water compared to drinking water (Table 1).













