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Summary:    This white paper describes several technology advancements which solve the 

economic and technological challenges of anaerobic digestion: 

• Lengthy retention times - large tank requirements and prohibitive capital costs 

• Digestate - storage, transport, spreading, environmental compliance and waste 

treatment handling costs 

• Unstable systems which result in poor biogas production (quality & quantity),  gas-

scrubbing requirements, and poor returns 

• Economic viability for small-scale applications 

 

The above challenges are overcome via three specific technology leaps achieved by the H₂E 

system. This system produces efficiencies which convert all organics (all volatile solids and 

soluble organic compounds) into methane-rich biogas, leaving no digestate or organic sludge. 
 

A full description of the H₂E technology forms the basis of this white paper, accompanied by 

data from a fully operational dairy-manure-to-biogas plant. The performance of this technology 

(biogas which is 80-90% methane; effluent which is grey-water quality)  opens the doors to the 

global AD market, providing profitability and achievable ROI, making AD affordable even for 

small waste producers and increasing the worldwide AD market. 

 

For a synopsis of the trial data supporting this white paper, please see “Pilot AD Plant – Trial 

Results” in the Distributor AD section of EKO GEA’s website- www.ekogea-int.com. 

Cow manure slurry and chicken layer manure were utilised in 2 separate trials. 
 

http://www.ekogea-int.com/
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Why completing the AD process results in increased biogas 
production and digestate elimination: 
When all of the organic content in food waste, manure, sewage sludge or AD digestate is completely 
digested via an anaerobic process, more biogas is produced than from conventional AD digesters 
which still has significant volatile solids (VS) content (about 50% residual).  Additionally, the effluent 
from such an improved AD process becomes grey water instead of high-strength digestate requiring 
additional handling.  Simply put, the EKO GEA system is a wholly anaerobic wastewater treatment 
plant from which biogas can be harvested. Because the treatment accomplishes completion of the 
digestion process, this system maximises biogas production and produces biogas which is much 
higher quality (80-90% methane compared to the 50-70% methane content from conventional AD 
technologies).  The only effluent, in addition to biogas, is reusable grey water plus a very small 
amount of completely mineralized, inert and inorganic sludge.  The reusable grey water is suitable 
for irrigation, washing or direct release into watercourses. 
 

How digestion is completed 
The EKO GEA process employs three novel approaches which are unique among currently available 
technologies and which together provide the biological efficiencies which allow for complete 
anaerobic digestion – even on high-strength, high-solids feedstocks like food waste, manure, sewage 
sludge and AD digestate. 
 

1. Microbial Culture Media 
At the core of the EKO GEA system is a liquid additive, called BCx, a proprietary extract of 
Ascophyllum nodosum marine algae which, although biological, does not contain microbes.  
It is easily dosed into incoming waste and performs several critical biological functions: 

• Biological ion exchange – provided by the polyuronic acid content in the algae 
additive 
o Converts ammonia (NH₃ becomes NH₄ ammonium) and H₂S (H₂S becomes 

elemental sulphur), and this important de-toxifying function serves to clear a 
path for microbial health and proliferation.   

▪ H₂S reduction also serves to prevent corrosion of CHP genset 
equipment and piping, eliminating the need for costly gas scrubbing 
downstream in the AD process. 

o Provides odour reduction as a co-benefit.  Ammonia, H₂S and methyl-
mercaptans are the odour-causing compounds which give AD a bad reputation 
in neighboring communities.  These compounds are also very toxic to 
microbial “workers”, so odour reduction is critical to effective anaerobic 
digestion, in addition to making the process socially acceptable.   

o Breaks down long-chain-fatty-acid (LCFA) compounds into simply organic acids 
– the food methanogen populations require. This promotes beneficial 
methane-producing microbes over acid-producing microbes, ensuring sound 
biogas production instead of acidified digestion.    

o Serves to buffer free ions and chelate important nutrients required by 
microbial populations. 

• Feeding and Protecting Microbial Populations 
o Ascophyllum nodosum is one of the most nutritious vegetables on the planet.  

It contains a full range of trace elements, micro-nutrients, and most 
importantly, it is a rich source of oligosaccharides which uniquely feed and 
protect microbes.  The proprietary extraction process succeeds in accessing 
the many nutrients and fragile molecules which other Ascophyllum nodosum 
extracts do not contain. As an ideal prebiotic, the algae additive even serves to 
resuscitate conventional digesters when they sour and biologically collapse. 
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o The algae additive is also rich in alginic acid which improves and protects the 
physical environment microbial populations inhabit – reducing the surface 
tension of water and allowing for better absorption of nutrients and badly-
needed water whilst also protecting microbes from end-product (methane) 
toxicity. It is important to note that this improved physical gel-like 
environment, and the enhanced nutrient absorption it provides, results in the 
formation of many small microbial colonies over large, unhealthy colonies. 
Large colony formation results in colony mutation as interior cells become 
starved and accumulate toxic metabolites.  The algae additive promotes small 
colony formation which prevents toxification of microbial colonies, 
dramatically improving biological health. 

o Provides gelation of feedstock – a physical attribute of the BCx additive.  This 
distributes nutrients throughout the digester and feeds microbial populations 
evenly throughout. 

o The vast and healthy microbial culture created by the algae additive, along 
with the assistance of biological ion exchange, serves to convert long-chain-
fatty-acids (LCFA’s) into simple organic acids.  This is a critical component of 
sound AD because methane-forming microbes can only digest simple organic 
acids, while acid-forming microbes thrive on LCFA’s. ³ As the objective is to 
complete the digestion process and limit the development of acids, a sound 
AD process must biologically break down LCFA’s in order to feed and promote 
methanogens over acid-forming microbial proliferation. 

 

Waste environments are hostile and toxic to microbial “workers”. When these workers are 
fed and protected properly, they can handle immense, unprecedented workloads.  The BCx 
algae additive serves to: 

• build vast, robust and diverse anaerobic microbial culture 

• create synergy among microbial populations 
o nutrients are plentiful  
o small, healthy colony formation is promoted 
o microbes can “communicate” and utilize the many bio-chemical exchanges 

required for good AD performance 

• competitively inhibit undesirable pathogens 

• overcome the more agile aerobic cultures which initially enter the system as 
feedstock 

• create stability in anaerobic digestion – often badly lacking in conventional methods 
 

2. Bio-filtration - Housing Microbes in a Fixed-film  
Within the EKO GEA system are a series of bio-filter trays or channels filled with 
proprietary bio-media unique to this system.  The bio-media serves to house vast 
populations of microbes where they form a fixed film.  As the feedstock flows past the 
microbes, they are “force-fed” nutrients and do not have to rely on mobility to propel 
themselves to available nutrients. This cristobalite bio-media is unique in that it is 
tremendously porous (providing 600m² of surface area per cubic metre of media), robust 
(made of natural vulcanized stone), hydrophilic (97% silica) and thereby biologically and 
chemically inert. It never needs replacing or re-charging, and the robust microbial 
communities fostered in the EKO GEA system keep the bio-media self-cleaning.    

• By retaining microbes within a fixed film, they can consume more organic matter 
than in conventional digesters.  In a significantly shorter period of time, a smaller, 
fixed film process can treat the same amount of organic matter and, and with the 
other efficiencies provided by EKO GEA, larger quantities of biogas are produced.  
The retention time in a fixed film process is therefore reduced from between 
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twenty-to-sixty days to between one and three days, significantly reducing digester 
volume and cost.⁴   

• The cristobalite bio-media used in the EKO GEA system houses the microbes in close 
proximity, enhancing bio-chemical mechanisms and exchanges.  Optimizing spatial 
organization of populations for interspecies metabolite transfer is important, 
especially for syntrophic acetogenic bacteria and archea (methanogens)⁵.  
 

 
 

3. Micronising the Feedstock 

The EKO GEA system utilises a proprietary physical pre-treatment process which reduces 
particle size of the feedstock to under 40 microns and allows it to flow through the EKO 
GEA bio-filtration system. In addition to liquefying and emulsifying the feedstock, this 
process increases the soluble COD.  Ultimately, the micronisation process makes nutrients 
more available to microbial populations.  This speeds the overall process and assists in 
making the AD process feedstock agnostic.   
 

As a co-benefit to the food-waste elimination industry, micronisation also succeeds in 
sanitising food waste to meet pathogen compliance requirements for the safe handling of 
food waste.  Normally, per conventional AD processes, sanitisation would present undue 
challenges in terms of subsequent biological activation, but the algae additive 
(miocrobiological culture media) which is added to the process post-micronisation, 
succeeds in activating the microbiology in an unprecedented manner, as detailed in 1, 
Microbial Culture Media, above.  

 
Benefits of the EKO GEA system 
The three novel processes described above provide unique efficiencies to the AD process: 

1. Performance - complete digestion of organic feedstock content  
2. Speed - significantly reduced retention time 
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3. Size – process speed means small tank size and lower costs 
4. Process - wholly-anaerobic treatment process to grey-water effluent quality 

These efficiencies mean: 

• Anaerobic digestion is completed in 1-4 days instead of 30-90 days 

• Small footprint – process speed and lower retention times mean a dramatic reduction in 
tank volumes and system sizes  

• No organic sludge or digestate – by completing the digestion of all organics, the EKO GEA 
process produces only biogas and grey-water-effluent (and very small amount of mineralized 
sludge) 

• Lower costs 
o Smaller tanks and systems lower capital costs 
o No digestate handling also reduces the costs associated with digestate storage, 

handling, transport, environmental compliance and spreading 

• Biogas quality – digestion efficiencies and the de-toxification mechanism via ion exchange 
capacity mean the EKO GEA produces biogas which is 80-90% methane with no H₂S 

• Water reuse – grey-water effluent can be re-used for irrigation, washing or direct release 
into watercourses.   

o CE certification for wastewater treatment proves the cleaning performance of EKO 
GEA to EEC effluent standards. 

• No mixing, no moving parts in the EKO GEA reactor tanks.  With the exception of the pre-
treatment-micronisation process, the EKO GEA system runs completely on hydraulic 
pressure.  

 

Case Study: Dairy-manure-to-biogas trial 
 

Configuration of the EKO GEA system being trialed at a small dairy farm in Mozirje, Slovenia.   
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Details of the pilot plant and trial are as follows: 
 

• Feedstock:  100% dairy manure feedstock from a waterless barn sanitation programme 

• Feed-in rate:  450 kg/day 

• Pre-treatment:   
o Maceration to 1 mm particle size 
o Micronisation – 2-cycles to 10-20 micron particle size 

 BEFORE Pre-treatment AFTER Pre-treatment Increase 

COD 
 (mg/litre) 

45,150 58,300 29% 

TSS 
 (mg/litre) 

17,000 30,000 76% 

• Temperatures – psychrophilic range – 25°C, maximum 

• Start date:  September 17, 2013 
 

Trial Results to Date: 
COD reduction is the best (and simplest to test) measure of both cleaning performance and 
conversion of soluble organic content into biogas, so for the purposes of proving the 
performance of the EKO GEA system, COD testing was set as the key indicator.  

 

Influent COD of dairy manure substrate: 58,000 mg/litre 

 

Trial 
Week 

Effluent COD 
(mg/litre) 

COD Reduction 
(cleaning) 

4 12,000 79% 

5 10,000 82% 

8 9,000 85% 

9 7,000 88% 

10 3,000 95% 

 

Trial 
Week 

Methane Content 
of Biogas 

5 67% 

8 71% 

9 82% 

 
Note:  Updated Trial Results – 14th April 2014:   
 

Trial 
Week 

Effluent COD 
(mg/litre) 

COD Reduction 
(cleaning) 

Methane Content 
of Biogas 

H₂S Content 
of Biogas 

38 630 99% 83% <50 ppm 

 
  Copies of independent lab analyses available upon request 

 
Additional Trial Notes: 

• The above performances were achieved at mainly psychrophilic temperatures with a 4-
day retention time 
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o The digester tanks are insulated and placed above-ground. The AD process is 
subject to ambient temperatures as well as the endothermic heat produced by 
the robust biology of the EKO GEA system. 

o It is important to note that conventional AD technologies would require at least 
a 90-day retention time to achieve the COD-reduction performance at 
psychrophilic temperatures, and biogas production would be doubtful at these 
temperatures. 

• All sampling and testing for this trial is being done by 3rd-party laboratories with 
specialisation in wastewater treatment and gas testing. 

o H₂S content of the biogas was measured in Week 5 and found to measure 0% of 
the biogas, less than 100 ppm. 

 

 
In an effort to further illustrate the performance of the EKO GEA system, the following is an 
explanation of the COD mass balance occurring in the EKO GEA system: 
 
COD Mass Balance Comparison between Conventional Biogas Technology and  EKO GEA -  
Methane Production 
 

Example:  Conventional anaerobic digester in a Continuous Stirred-Tank Reactor (CSTR) 
From:  The University of Colorado Boulder, Civil, Environmental and Architectural 

Engineering:   
T = 350C,  
Q = 3,000 m3/d,  
Influent is CODXS = 10,000 g/m3.  
Overall yield for mixed population, Y = 0.04 g cells produced/g-COD destroyed,  
50% of influent COD is destroyed,  
70% of the digester gas produced is methane (CH4) and 30% is CO2.  
Find the rate of methane production in m3/day under steady-state condition.  
Steady-state mass balance for COD on digester CSTR:  
0 = CODXS,IN – COD XS,OUT – COD – CODCH4,OUT  
0 = Q(CODXS,IN) – Q(0.5 CODXS,IN) – QY(1-0.5)CODXS,IN – RCOD-CH4  
RCOD-CH4 = Q CODXS,IN (1 – 0.5 -0.02) = 3,000(10,000)(0.48) = 1.44 x 107g-COD-CH4/day  
Assume CH4 is ideal gas p = 1atm, T = 350C.  
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RV, COD-CH4 = 1.44 x 107 g CODCH4/day (0.4 LCH4/g CODCH4)10-3 m3/L = 5,800 m3/day CH4  
Total volume of gas produced/day = 5,800/0.7 = 8,200 m3/day digester gas.⁶ 
 
Using the parameters above to analyse methane production from EKO GEA- system 
Influent is CODXS = 10,000 g/m3.  
After proprietary maceration/explosion, influent CODXS=13,000g/m3 

Overall yield for mixed population, Y = 0.04g cells produced/g-COD destroyed,  
95% of influent COD is destroyed,  
82% of the digester gas produced is methane (CH4) and 18% is CO2.  
RCOD-CH4 = Q CODXS,IN (1 – 0.05 -0.02) = 3,000(13,000)(0.93) = 3.63 x 107g-COD-CH4/day  
Therefore, 
RV, COD-CH4 = 3.63 x 107 g CODCH4/day (0.4 LCH4/g CODCH4)10-3 m3/L = 14,520 m3/day CH4  
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Total volume of gas produced/day = 14,520/0.82 = 17,707 m3/day digester gas. 
 

Conclusion:   As demonstrated by COD-reduction performance in the dairy-manure-to-biogas 
trial in Mozirje, Slovenia, the EKO GEA system produces more than double the methane than 
conventional biogas technology, whilst cleaning the manure substrate to grey-water quality. 

 

Wastewater Treatment Plant Performance - CE Mark certification 
There are currently over two hundred and fifty (250) EKO GEA systems installed as wastewater 
treatment plants in the Balkan territories, the home markets of EKO GEA Nejc Dordič s.p. (the 
Slovenia-based manufacturer, inventor company of the EKO GEA intellectual property (IP)).  The EKO 
GEA system was first launched into the wastewater treatment market as a packaged, onsite, 
decentralised wastewater treatment plant.  It continues to gain footing in the residential, 
commercial, and industrial wastewater treatment sectors, and it was certified in October 2012 under 
the European Economic Community’s CE EN 12566-3+A1:2009 standard. Conformance to this 
standard allows it to be sold as a packaged wastewater treatment plant meeting strict EEC effluent 
standard.  As EKO GEA is a wholly anaerobic treatment process, all EKO GEA systems produce 
biogas.  The dairy-manure-to-biogas trial is the first full-scale deployment of this identical 
wastewater treatment EKO GEA technology - but for biogas production purposes. 

 

Conclusions 
 
Currently available biogas production technologies have not seen a true advance since the 
technology’s inception.   Anaerobic digestion is an intensely biological process and innovators in this 
field tend towards expertise in engineering and chemistry.  Currently available AD technologies 
require long retention times which, in turn, require huge tank sizes and accompanying capital costs.  
Digestate handling is becoming increasingly financially and environmentally burdensome to the 
industry.   Biological collapses are common, as are biogas plant closures.  Biogas production levels 
are not in keeping with manufacturer’s claims.  ROI projections are not being met in the industry, 
and AD systems are often unstable, providing poor and unpredictable economic returns.   
 
The EKO GEA system provides technological advancements which change the AD landscape in terms 
of performance, speed, size, and accompanying costs.  The EKO GEA system completes digestion of 
all organic materials in feedstock, converting these to biogas and producing unprecedented biogas 
quantity.  EKO GEA produces biogas which is such high quality, it eliminates gas-scrubbing costs and 
increases financial viability.  Digestate storage and handling costs are also eliminated, as EKO GEA 
produces effluent which is reusable grey water, solving both water use and wastewater treatment 
difficulties. These disruptive innovations mean AD will provide returns which are several orders of 
magnitude greater than those currently being realized.  The EKO GEA system provides a paradigm 
shift in both waste treatment (elimination) and biogas production, exceeding expectations in the 
industry via a perfectly green biological solution. 
 
 Trials with EKO GEA for biogas production are just beginning, although two years of commercial 
sales into the wastewater treatment sector prove its technological efficacy. 
 
Future trials and further testing of existing plants will prove that, at thermophilic temperatures, EKO 
GEA will require a 24-hour retention time for full waste elimination/complete digestion, even with 
high-strength, high-solids feedstocks like food waste, sewage sludge, AD digestate and manures.  
The EKO GEA system produces biogas which is 80-90% methane.   
 
Future trials will prove that AD digestate can be further exploited and cleaned to harvest the biogas 
from the residual 50% volatile solids (VS) remaining in digestate.  This application will double biogas 
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production at existing AD plants, eliminate digestate spreading and handling costs and satisfy 
environmental compliance issues.  
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