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Abstract  

    Biodegradable waste is ending up in landfills creating tremendous problem. Human activity 

is the source of waste generation and past practices have not led the right way. New solutions 

are coming forward as climate change is rapidly growing and the last decades, we have seen 

huge initiatives such as EU supporting a lot the renewable energy sector. Biogas is one of them 

beeing supported a lot as it is the by product of disposing biodegradable (organic) waste in 

environmentally friendly way. Biogas is produced in the absence of oxygen (anaerobic 

conditions) where natural occurring microorganisms converting the organic matter to Biogas. 

This biological process is called Anaerobic Digestion. Anaerobic Digestion was the decision of a 

Slaughterhouse in Greece in 2015 to initially manage their own waste as well as monetize the 

technology for profit to sell electricity to the Greek utility. A biotechnology company has a lot 

of experience in Anaerobic Digestion as well in wastewater sector and found the Ydro 

Process®. The Ydro Process® consists of microorganisms formulated and provided by the 

company to increase the biogas yield in anaerobic digestion facilities. In 2017, they joint 

together to a project targeting to increase slaughterhouse’s profit from the increase biogas 

production. 

     The objective of this work is to proceed with a feasibility test of understanding the impact of 

the Ydro Process® to this specific application, understand how to maximize the efficiency of 

any Anaerobic Digestion facility and obviously involve economic status when comparing 

between the conventional method of operations of a Slaughterhouse’s (any) Anaerobic 

Digestion Facility versus the integration of the Ydro Process® to the (any) existing system. 

     The results are positive and encouraging as after a few weeks of application where the 

parameters become (almost) constant until today (2 years +) the biogas production increased 

by 60% with the same feedstock (140m3), resulting in an increase of 87% of the electricity 

production and 98% increase of profit. 

     Furthermore, the application is very successful and that makes the owner very happy as he 

sees getting lots of money from this business (biogas) as well. Future steps include more 

improvement to the, but it looks very promising specially to countries that have limited space. 

The future and more adaptation of the technology would give more recognition of this 

innovative technology.  

Key Words: Anaerobic Digestion, Slaughterhouse, Sludge Management, 

Biogas, Ydro Process®, 
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1 Introduction 

1.1 Introduction and Background 

Waste generation is an integral part of human activity. Waste is produced at all stages of 

material life, from production, distribution and processing, to final consumption of products 

and services. The generation and accumulation of waste is an extremely serious issue with 

environmental, health, economic, political and social implications. The wastewater resulting 

from residential or industrial activities is high in organic matter and thus needs to be treated 

before being discharged back to mother earth. Especially industrial wastewater that 

sometimes needs pre-treatment or advanced treatment as the water is contaminated and can 

cause several problems in humans, animals, and aquatic life (Parliament, 2008). Historically, 

wastewater treatment was only used when required by existing legislation to protect public 

health. During the 19th century, the public began to worry about the potential impact of 

untreated sewage on the health and welfare of the population, and communities began to 

plan and build sewage collection and treatment systems. These first treatment processes 

included grates, centrifuges, sedimentation tanks, anaerobic fermentation, drip filters, and 

U.S. (EPA, 1977).For many years, the depositing of effluent (treated and untreated) into 

surface waters was considered to be legal. Similarly, disposal of sludge and sewage on land, 

regardless of its effects on soil or groundwater, was considered acceptable. As these practices 

increased and water self-cleaning capacity exceeded, more and more troublesome conditions 

became apparent in surface waters. 

Laws on Water Pollution Control were adopted (US, 1965) to maintain water quality standards 

that allow for acceptable water to be used for receiving waters. The federal governments have 

established guidelines and started to inspect plans or facilities funded in part by federal funds. 

The valid output parameters of the wastewater treatment plants are subject to the 

Environmental Protection Act (Ontario, 1990), and the purpose of plant design is to meet 

federal and state parameter specifications output and water quality. 

The goal of sustainability is to meet the needs of today's generations without, however, 

jeopardizing the ability of future generations to meet their own needs. Sustainable 

development is an integrated approach that includes economic, social and environmental 

aspects that are mutually reinforcing  

The United Nations 2030 Agenda, adopted by global leaders in 2015, as the new global 

framework for sustainable development and sets 17 Sustainable Development Objectives 

(SDO). Its aim is to eradicate poverty and achieve sustainable growth on a global scale by 2030, 



 

 

with no one left in the sidelines. 

SDOs are a combination of the three dimensions of sustainable development: the economic, 

social, and environmental dimensions. The EU has a solid foundation for sustainable 

development and is also fully committed to leading, together with its Member States, the 

implementation of UN 2030. Sustainable Development Goals are also taken into account in the 

10 priorities of the European Commission. In November 2016, the European Commission 

presented its strategic approach to the implementation of Agenda 2030 as well as the 

Sustainable Development Objectives (Commission, 2015). 

The actions for the implementation of Agenda 2030: 

1. Including Sustainable Development Goals in all EU policies and initiatives, so that 

sustainable development is a fundamental guiding principle in all European 

Commission policies 

2. Report regularly on EU progress starting in 2017 

3. Promote the implementation of Agenda 2030 together with the governments of the 

EU Member States, the European Parliament, other European institutions, 

international organizations, civil society organizations, citizens and other stakeholders 

4. Creation of a high-level platform involving numerous stakeholders, which will promote 

the exchange of best practices across sectors at a national and European level 

5. Long-term vision beyond 2020. 

In order to promote sustainable development around the world, the EU will continue to work 

with its external partners, using all the tools available in its external policies, and in particular 

support the efforts of the developing countries. (Commission, 2015) 

To achieve sustainability, it is very important to replace the need and use of fossil fuels with 

renewables. There are different sustainable solutions for the industrial as well as municipal 

waste management that allows to manage organic waste such as food waste etc. in a friendly 

way and at the same time to fulfill society’s needs. One famous sustainable solution is the 

Anaerobic Digestion (AD). AD is a technology for treating sludge produced by urban 

wastewater treatment plants. During AD, microorganisms break down the organic matter 

contained in the sludge and convert it into biogas, a mixture of mainly methane and carbon 

dioxide, which can be used to generate electricity, and generate heat and biofuels. There are 

also other types of biological processes used to treat wastewater, however anaerobic digestion 

is the only one that produces biogas (Chen, 2014).  

During this biological process, naturally occurring bacteria degrade the organic material in the 

anaerobic digester under specific conditions creating gas. The bacteria that produce the 

methane in the biogas are called ‘’methanogens’’. The bacteria are developed in the absence 



 

 

of oxygen (anaerobic or facultative bacteria) and require a retention time of 21-30 days (Chen, 

2014). 

The technology advancement has helped the industry as new technologies have been 

discovered that improve the wastewater treatment for municipal and industrial purposes such 

as Membrane bioreactor (MBR) etc. These efforts aim to achieve sustainability as well as to 

protect the environment. 

There is a biotechnology company that has developed a wastewater treatment process that 

can increase the biogas production with the addition of natural microorganisms to the system, 

called Ydro Process®.  The bacteria developed in this formulation have been able to reduce the 

retention time of the anerobic digestion to less than 11 days. In other words, depending the 

initial retention time it resulted in increase of biogas production between 40-150% with higher 

methane content (CH4>75%) and H2S negligible. Usually industrial wastewater treatment 

facilities have an anerobic process as most of them have a bioproduct with high Chemical 

Oxygen Demand (COD) (mg/l) (COD shows the ‘’strength’’ of the water, the higher the stronger 

(R.M. Maier, I.L. Pepper, C.P. Gerba, 2009)). Wastewater or organic waste with high COD can 

produce big amounts of biogas thus they are used in the biological treatment to make it earth 

friendly.  These facilities include any that have organic waste or wastewater such as breweries, 

dairies, slaughterhouses etc. In slaughterhouses, the wastewater is produced from the waste 

parts of animals and blood that require wastewater treatment method to safely discharged to 

a water recipient (Franke-Whittle IH, Insam H., 2013). There is a slaughterhouse facility located 

in Northern Greece that has been able to increase their biogas but also achieve some 

environmental goals using the Ydro Process®. In this Master Thesis we will show how a new 

innovative technology consisting of natural occurring microorganisms was able to turn a 

slaughterhouse facility to a money maker by selling the electricity generated from the excess 

biogas produced by implementing the Ydro Process®. (Ganatsios, 2019). As it is understood the 

Ydro Process® is very promising in promoting sustainability and help EU (but also other 

countries) to faster reach the Agenda 30 and contribute to the fight against climate change. As 

EU has also banned the organic waste from Landfills, this technology has the potential to 

encourage industries and municipalities to invest in AD and look forward to sustainability. 

(Commission, 2016) 

1.2 Importance of Renewable Energies 

Renewable energy (RES), mild energy, new sources of energy, or green energy are forms of 

exploitable energy derived from various physical processes such as wind, geothermal, water 

circulation and others. According to the European Parliament's Directive 2009/28 / EC, wind 



 

 

energy, solar, geothermal, hydrothermal and ocean energy, hydropower, biomass, landfill gas 

shall be considered as renewable non-fossil energy, from sewage treatment plants and from 

biogas (Council, 2018). 

The term "mild" refers to two main characteristics. First for their exploitation, no active 

intervention, such as extraction, pumping or combustion, is required, as with the sources of 

energy used so far, but only the exploitation of the existing energy flow in nature. Secondly, 

they are "clean" forms of energy, very "friendly" to the environment, which do not release 

hydrocarbons, carbon dioxide or toxic and radioactive waste, such as other energy sources 

used on a large scale. So many are considered a starting point for solving the ecological 

problems faced by the Earth (REN21, 2018). 

Alternatives to traditional sources of energy (e.g. oil or coal), such as solar and wind, are 

generally considered to be "renewable sources." In any case, RES has been considered as a 

solution to the problem of the expected depletion of (non-renewable) fossil fuel reserves. 

Lastly, new policies have been adopted by the European Union and by many individual states 

on the use of renewable energy sources, which promote such internal policies, and for the 

Member States, RES is the basis of the economic growth model of the green economy and 

focuses on ecological finance, which has some influence on the ecological movement (Energy, 

n.d.).  

1.3 Biogas and Agriculture 

In the most recent decades, agricultural operations seek to manage their waste in a 

sustainable way. Before it was very common to meet AD facilities mainly in WWTP, however 

the last 15 years there is an increase in the anaerobic digester installed to treat organic waste 

found in Agriculture sector. Organic waste generated in agriculture is used to generate biogas, 

and this organic waste is now considered as ‘’feedstock’’ for the AD facility. Depending on the 

waste, the AD flow can vary; however, the target objective is always to reduce the organic 

waste as much as possible in an environmental way and at the same time save money 

(Association, 2019). However, governments in developed countries are subsidising the 

installation of AD to encourage farmers and business owners towards sustainability (Digest, 

2018). 



 

 

 

Figure 1. Shows a cow farm with AD installations (Editor, 2016). 

By producing Biogas, renewable heat, electricity, and pipeline quality gas can be generated. 

The heat and electricity can be sold and distributed to the national grid, the biogas itself can be 

further compressed and used as CNG for transportation purposes (fuel). Scientists believe that 

Biogas provides a closed loop opportunity for multiple businesses, extracting energy while 

recycling valuable nutrients (Association, 2019). 

 

Figure 2. Illustrates a ''closed loop system'' where waste is sued to generate electricity, heat and fuel (Association, 

2019). 

1.4 Purpose of the Study 

The purpose of the study is to perform a feasibility analysis to understand how it is possible to 

significantly increase the energy production of the facility, while also reducing the Hydraulic 



 

 

Retention Time required for the anerobic digestion process as well as how this model, can 

reduce its Return on investment (ROI), beyond the conventional methods. 

Further to the discussion of sustainability, we need to make sure that the solutions offered 

make sense from social, economic, environmental and scientific perspective. We also want to 

understand the current renewable waste management and examine if a new biotechnology 

can improve it. If so, to figure out if the economics make sense then probably this is a model 

that needs to further be developed, as renewables are the future of energy production, and 

most of the developed countries are promoting them versus fossil fuels. So probably this a 

viable solution for the next but also current generation. The study aims also to prove that 

alternative renewable sources are capable enough of promoting greater sustainability and 

there are existing biotechnologies out in the market that can be utilized without any further 

investments in equipment or infrastructure. This type of ground-breaking technologies can 

really change the way we think and approach sustainability. 

1.5  Goal of the Study 

The goal of this study is to calculate and show: 

• The energy production of the given feedstock, while the facility operates 

conventionally and when it operates under the Ydro Process ®(same feedstock for 

both) 

• The energy production when the input feedstock is increased by 50% by weight, and 

operating under the Ydro Process® 

• The Annual revenue from biogas production with and without the Ydro Process® 

 

2 Biogas & Anaerobic Digestion 

2.1 Biogas recovery and Anaerobic Digestion 

Anaerobic digestion (AD) is a technology that utilizes organic waste to turn it into something 

valuable such as heat, electricity, and fertilizer. During anaerobic digestion, anaerobic 

microorganisms break down the organic matter contained in the sludge and convert it into 

biogas, a mixture of mainly methane and carbon dioxide, which can be used for electricity, 

heat generation, and biofuels. At the same time, the sludge is stabilized and the dry matter 

content decreases. The sludge, as mentioned above, is produced during the treatment of the 



 

 

effluent as part of the water purification process. The process of biogas formation is a result of 

combining steps in which the starting material is continuously decomposed into smaller 

elements. Specific groups of microorganisms are involved in each of the individual steps. These 

organisms decompose sequentially the products of the previous steps (Council, 2019). 

 

Figure 3. Shows the famous "Digester Eggs" used for anaerobic digestion at the Newtown Creek WWTP, USA (Guru, 

2019). 

Anaerobic digestion is defined as a sequence of biological processes with the use of 

microorganisms. Those microorganisms degrade the biodegradable material in the absence of 

free oxygen. The end product to be focused on in this process is the biogas which is used to 

generate electricity and heat and can be upgraded to be used as renewable fuel. The purpose 

of this technology is to convert organic waste material into biogas product constantly (Council, 

2019). 

As explained earlier, the sludge needs to go through the anaerobic digestion. The sludge flows 

into the anaerobic continuously stirred tank reactors (CSTR) to proceed with the process under 

temperature conditions between 35 – 39 °C.  However, the bacteria (microorganisms) used for 

the process require a period of approximately 20 days in order to be able to degrade some of 

the amount of the organic material (see Figure 4) (Bachman, 2015). 

 



 

 

 

Figure 4. Illustrates the anaerobic digestion's steps as mentioned above (T.Z.D. de Mes, A.J.M. Stams, J.H. Reith and 

G. Zeeman , 2003) 

In order to start from the sludge and end up with biogas there are four stages that need to be 

completed during the digestion: 

1. Hydrolysis  

2. Acidogenesis 

3.  Acetogenesis 

4. Methanogenesis 

The four steps are explained by the following chemical reaction (see figure 4):  

C6H12O6 → 3CO2 + 3CH4 (Bonnier, 2008) 

Step 1: Hydrolysis  

Hydrolysis is the first step of the anaerobic digestion. The bacteria convert the organic layer 

into monomers in liquid form and polymers (fats converted to amino acids for example). The 

conversion is strictly related to the resource of the organic material. For example, above is 

shown a hydrolysis reaction in where the organic waste converts to sugar (Serna, 2009).  

Chemical Reaction during the First Step: 

1. C6H10O4 + 2H2O → C6H12O6 + 2H2 

Step 2: Acidogenesis 

During the second phase, the acidogenic bacteria break down the remaining products from the 

first reaction. They convert those products into a small string of volatile fatty acid, ketones, 



 

 

alcohols, hydrogen and carbon dioxide. The main products resulting from this process are 

different acids such as butyric acid (CH3CH2CH2COOH), acetic acid (CH3COOH) and ethanol 

(C2H5OH) and methanol (CH3OH). For the following process hydrogen, carbon dioxide and 

acetic acid will be excluded and moved further for additional use by the methanogenic 

bacteria at the last phase (Serna, 2009). 

Chemical Reactions during the second step 

1. C6H12O6 ↔ 2CH3CH2OH + 2CO2 

2. C6H12O6 + 2H2 ↔ 2CH3CH2COOH + 2H2O 

3. C6H12O6 → 3CH3COOH 

Step 3: Acetogenesis     

At this point of anaerobic digestion, molecules are formed through the acidogenesis process 

and move forward for digestion by acetogens. 

During the third phase, the remaining products of the acidogenesis process various acids (such 

as propionic acid) and alcohols are converted by acetogenic bacteria into hydrogen, carbon 

dioxide and acetic acid (Serna, 2009). 

The creation and the presence of the hydrogen enhances the dominant microorganisms in the 

process (Batstone DJ, Keller J, Angelidaki I, Kalyuzhnyi SV, Pavlostathis SG, Rozzi A, Sanders WT, 

Siegrist H, Vavilin VA., 2002). The co-existence between acetogenic and methanogens 

organisms is necessary.  The reaction takes place only in conditions that hydrogen's partial 

pressure remains at low levels which allow the transformation of the acids. The low pressure is 

a result of the hydrogen scavenging bacteria (F.A. Shah, Q.Mahmood,* M.M. Shah, A. Pervez, 

and S.A. Asad, 2014). 

Chemical Reactions during the third step: 

1. CH3CH2COO- + 3H2O ↔ CH3COO- + H+ + HCO3
- + 3H2 

2. C6H12O6 + 2H2O ↔ 2CH3COOH + 2CO2 + 4H2 

3. CΗ3CΗ2ΟΗ + 2Η2Ο ↔ CΗ3CΟΟ- + 2Η2 +Η+ 

 

Step 4: Methanogenesis 

At the end phase of the anaerobic digestion, the methanogenesis process occurs. During this 

phase, the anaerobic microorganisms transform the hydrogen and acetic acid built by the acid 

formers into methane gas and carbon dioxide. After the microorganisms (methanogenesis) 



 

 

have completed the transformation, the waste stabilization is achieved as well. Thus, the 

methanogenesis process is characterized as delicate during high or low conditions of pH, and 

usually takes place between 6.5-8 pH. When the entire process is accomplished, there is still 

some material left that could not be digested by the microbes. 

Chemical Reactions during the last step: 

1. CO2 + 4H2 → CH4 + 2H2O 

2. 2C2H5OH + CO2 → CH4 + 2CH3COOH 

3. CH3COOH → CH4 + CO2 

(nations, n.d.) 

2.2 Biogas Recovery 

Anaerobic digestion (AD) is not a new technology to produce gas or fuel. In Sweden, Denmark, 

and Germany, biogas reactors have been used for decades, but it could be a potential 

renewable energy solution for any communities or industrial companies to produce biogas and 

use it as fuel in order to generate electricity. AD as part of the Wastewater treatment process 

is defined as the biological process that degrades the organic matter by producing biogas 

(Environnement, 2009). The process of AD (see figure 5) occurs in anaerobic digesters in the 

absence of oxygen, where microorganisms degrade the organic load, resulting in biogas 

production. The produced biogas contains mainly Methane and Carbon dioxide and can be 

further used for burning to generate heat or upgraded for use as fuel in vehicles and engines 

(energy, 2004). 

Finally, in the anaerobic digester, apart from biogas, sludge is also produced, which is removed 

for further treatment and used to create Biosolids (ie. fertilizer) (Again, 2016). 

 



 

 

 

Figure 5. Illustrates the AD process, occurring in the digester, where the biogas can generate electricity and the bi-

product can be used as fertilizer (Again, 2016). 

The biogas produced consists mainly of CH4, CO2, H2s, and other trace gases in very small 

concentrations. Below it can be seeing in detail. 

Table 1. Shows the Typical composition of biogas 

 

 (Chen, 2015) 

To be able to use the biogas there are some requirements in order to make it a valuable 

solution. It needs a concentration of methane of over 75% and sometimes to reach that, the 

biogas produced from the anaerobic digestion requires to pass through another process called 

‘’upgradation’’ to increase the methane content, as well as reduce the H2S concentration as 

much as possible. 



 

 

 

Figure 6.Shows an example of a biogas system where the biogas produced is burned in a CHP unit (Aerzen, 2019). 

 

2.3 Biogas Characteristics 

As presented earlier, the biogas production occurs in anaerobic digestion reactors. There, the 

organic matter in the sludge (mixed from primary and secondary treatment) converts to biogas 

(methane and carbon dioxide). In order to be able to calculate the biogas production, there are 

parameters that need to be taken into account in order to understand the process. 

2.3.1 Hydraulic Retention Time (HRT) 

The HRT refers to the residential time that the sludge remains in the AD reactors. Typically, this 

varies between 16-30 days. Therefore, when the HRT is less than 16 days, the degradation is 

not accomplished, and biogas volume is less than usual. 

The equation that describes the HRT is the following: 

 

𝐻𝑅𝑇(𝑑𝑎𝑦𝑠) =
𝑁𝑒𝑡 𝐷𝑖𝑔𝑒𝑠𝑡𝑒𝑟 𝑉𝑜𝑙𝑢𝑚𝑒(𝑚3)

𝐹𝑒𝑒𝑑𝑠𝑡𝑜𝑐𝑘 𝑖𝑛𝑝𝑢𝑡(𝑚3/day)
 

2.3.2 Temperature  

Usually the AD reactors run between 37 and 43°C (mesophilic conditions). Under these 

conditions, a higher parallel among the energy supply (to heat) and the energy gain is 

succeeded. In the farm, the temperature is at 37°C. (Ganatsios, 2019) 



 

 

2.3.3 Methane content in Biogas 

The methane content in the produced biogas is very high compared to the other bio-fuel 

resources and usually it varies between 55-67% (Water, March 2016). For the biogas 

production in FARHELLAS farm the methane content is 62% (Ganatsios, 2019). 

2.3.4 Energy Content in Biogas 

The energy content of 1m3 of CH4 has a calorific value of 10kWh when CO2 has at the same 

time has zero (0kWh). That means the energy content of the biogas is directly linked to the CH4 

content, therefore, when the raw biogas contains 60% CH4, the energy content equals to 

37MJ/m3 (A. Ware & N. Power, 2016). 

2.4 Ydro Process® (in Anaerobic Systems) 

The Ydro Process® is a unique technology that increases the overall performance of the 

Biological Treatment Processes. It can be applied in any plant by implementing specifically 

engineered applications of anaerobic and aerobic digestion using selected bacterial cultures in 

individually designed formulations for each application. These bacteria displace by domination 

the indigenous organisms that generally are less efficient and can generate unwanted and 

undesirable side effects, such as odors or excess sludge. It is very important for the success of 

the process to ensure the proper growth and cultivation of the microorganisms in the system. 

Continued use of the Ydro Process® and the continuous supply of Ydro Microorganisms® 

(biocultures) for each project is essential to ensure that the process in any application 

maintains its significantly improved performance over conventional systems. Successful 

applications to process various waste include ethanol fermentation, stillage and residues, 

manures, slaughterhouses and poultry industries, landfills, food and drinks processing, 

meatworks and rendering wastes. (Ganatsios, 2019) 

 

 

Basics of the Ydro Process® 

The Ydro Process® evolved from a realization that by-products of waste treatment (if 

strategically managed to optimize quality and quantity, instead of minimizing them to reduce 

final disposal costs) actually had a real value. The Ydro Process®, turns a cost into a significant 

profit by completely degrading and eliminating the excess sludge (this means costs 

associated with sludge management are significantly reduced, also all of the sludge can be 

converted to biogas). It can also increase the organic capacity of the plant without increasing 

the footprint of a facility. In other words, the wastewater treatment plant is turned into a 



 

 

money-making facility, by either producing more & higher quality biogas, or by receiving 

external sludge for elimination, or with both of these applications simultaneously. When the 

target objective is to eliminate sludge production, there is no need to use any sludge 

management equipment, as using the Ydro Process®, a closed loop system, is created 

meaning that from the digester and on anything becomes redundant. With the Ydro 

Process®, anoxic and anaerobic conditions favor the anaerobic/facultative bacteria growth 

that significantly eliminate the H2S under these conditions resulting in no odor. Where there 

is anaerobic digestion process and the target objective is to create more biogas, then a 

different set up is used. (depending on the existing system). While having higher methane 

content and less H2S, thus biogas scrubbing costs are significantly reduced (Ganatsios, 2019).  

2.5 Literature Summary  

Studies have been done resulting in a vast array of literature in biogas production in different 

industries such as food waste, slaughterhouse etc. The main focus and basis used to calculate 

the biogas production, is from Farhellas Farm which is included among three reports.  The first 

one is for an AD facility where the treat organic waste that includes food waste, sewage sludge 

and some industrial waste and in detail very similar to our farm case. (Monnet, 2003). The 2nd 

report advised was for AD of food waste, describing the importance of using the food waste to 

produce biogas (MUD, 2008). The last document analyzed was an analysis of Biogas production 

from cattle slaughterhouse waste (Aidan Ware, Niamh Power, 2016). Finally, the biogas data 

that was received from the Farm (specifically the conventional method data) were very close 

to the numbers that analysed from these 3 documents, just to ensure there were no large 

variances. To double check the parameters, another document was used focusing on ‘’Percent 

volatile solids reduction by anaerobic digestion or anaerobic to aerobic combined digestion’’ to 

confirm that the organic conversion rate of the AD is around 50% conventionally. (C. Park, M. 

Abu-Orf, 2006). For the rest parameters such as organic matter percent and VS percent there 

are different ranges in literature, but this thesis used the number from the farm, remaining 

consistent in calculations using exactly the same parameters for the calculations. Thus, the 

only actual difference for calculations in this thesis before and after is the organic conversion 

rate and the methane content, where everything else is essentially the same. Following the 

methods described above the biogas was measured before and after production. From there 

an analysis of the economical ROI is made. 

Concerning impacts on the ecosystem, improper waste management causes significant 

environmental problems due both to the organic pollution they cause and to the microbial 

load they carry. In addition, account should be taken of the ever-increasing issues arising from 



 

 

existing methods of removal, legislative constraints, and the costs of their treatment and 

disposal (Y.Sun, D.Yang, W.Qiao, T.Zhu, 2013). The implementation of practices that will allow 

the sustainable management of slaughterhouse waste is a challenge for modern meat 

production and processing facilities. However, the application of alternative treatment 

methods should in no way be associated with potential health hazards for both humans and 

animals (I. H. Franke-Whittle & H. Insam, 2012). The Ydro Process ®applied in this farm is the 

1st one in Greece and is under constant monitoring. Meaning that there is no data published 

anywhere, so even any data taken from Hydrotech as well as the farm team is 1st time 

published. Hydrotech has provided together with the Farm team any data needed so in other 

words no literature is available for this application. 

2.6 Slaughterhouse Facility in Greece (FARHELLAS CO.) 

This slaughterhouse in Makedonia, Greece has a Membrane Bioreactor (MBR)- wastewater 

treatment plant, as well as an Anaerobic Digestion facility to treat all of the produced organic 

waste and wastewater, and also receives different kinds of external wastes. 

The odor problem, as well as with low methane content around 62% in the biogas were 

concerning the management team so the were looking for solutions to increase the biogas 

production as they were concerned about the investment as well. They started with 

implementing the Ydro Process® in 2017 getting different results. The construction of the 

anaerobic digester (including the CHP Unit) was done by the end of December 2015. Due to an 

operational problem during the 2nd year of the operations, they reached out to the Hydrotech 

S.A Team for help and realised that they might have a new opportunity to turn the facility into 

a money maker by creating more biogas and improving the efficiency of the system, as well as 

(in the future) receive more organic waste and charge gate fee.  The current feedstock is 

shown below. The deal between the farm and the national electricity authority in Greece is set 

to 0.11€/KWh. (Engineer, 2019) 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

Table 2. Shows the daily feedstock sources (Engineer, 2019). 

Waste 
Quantity Quantity 

Tons/day % 

Pig Manure 100 71% 

Whey 8 6% 

Treated food waste 4 3% 

Slaughterhouse waste 2 1% 

Grease 2 1% 

Brewery yeast 5 4% 

Brewery Filtration 2 1% 

Brewery Sludge 3 2% 

Maize sludge 1 1% 

Calf manure 3 2% 

Draff 10 7% 

TOTAL per day 140 100% 

2.7 Limitations 

The daily feedstock to the farm cannot be exactly constant during the whole year, however an 

average daily feedstock has been given from the Farm with 5%-10% standard deviation. The 

daily feedstock is coming through 11 different sources, further complicating the biogas 

calculations. Since there is no data published with regards to this project when Ydro Process 

®is applied, there is a trust on the data taken from Hydrotech and farm team that used for 

completing this project. The farm engineer follows specific method for measuring the biogas 

production and it was asked to use the same way for this thesis. Current Lack of infrastructure 

does not allow any other way rather to follow the current one. Also due to company’s policy, 

since economic values (cost of service) are given, the annual consumption of the Ydro Process® 

microorganisms can’t be disclosed. 



 

 

3 Methodology 

3.1 General 

This thesis shows the comparison of the biogas production and its characteristics, before and 

after the implementation of the Ydro Process®. In addition, the analysis also contains the 

difference in the process parameters and conditions for the 2 methods. Lastly, in order to 

evaluate the Ydro Process® further, the analysis mentioned above is repeated for a scenario of 

a 50% increase of the feedstock (by weight). The data that is presented in this study is given 

from farm personnel and from Hydrotech personnel as well.   

3.2 Literature Study 

Many scientific publications have been reviewed and studied during this period for better 

understanding of the anaerobic digestion process. Also, more than 50 publications were 

reviewed to determine which method would be utilized to estimate the biogas production for 

this case. Other thesis publications have also been reviewed to better understand the 

environmental benefit that is offered due to anerobic digestions as organic waste 

management disposal method.  The method preferred to carry out this study was selected 

based on the feedstock characteristics of the farm as the other method found in most 

publications used the Chemical Oxygen Demand equations, however that was not applicable 

for the current method the farm uses. The database that has been utilized for this study were 

mainly the ‘’science direct’’ as well as ‘’google scholar’’. Key words that have been used are 

mainly “anaerobic digestion’’, “biogas production’’, “slaughterhouse waste’’.  

using the following equation, the biogas production is estimated as:  

𝐵𝑖𝑜𝑔𝑎𝑠 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 = Feedstock Input × DM × VS × VS Conversion Rate × Biogas Yield 

(Bio-gas Project, n.d.) 

3.3 Field Study and Data Collection 

The data used for the biogas calculations come from Hydrotech as well as the Farm engineer. 

Upon discussion with the Hydrotech team for the method to be used to determine the biogas, 

it was decided to choose the method above as the daily feedstock varies, but also because an 

equalization tank is missing from the facility making the COD measurement of all of the 

feedstock sources complicated for the personnel. Thus, an average feedstock input was given 

to compare both results. Another reason for not choosing the COD measurement except due 

to lack of infrastructure as mentioned above is that the Manufacturing company of the 



 

 

Digesters designed the facility based on these measurements and they always followed that 

way the team in the Farm. I tried to explain that we should stick with the COD method but for 

all these reasons explained above I had to respect their will. 

Skype conferences were held with these two parties and in order to get the proper data 

needed to complete this study. Many questions were asked for personal knowledge but also 

for the purpose of the study. Emails were exchanged for clarification, but the main interview 

took place during this conference call where the following questions were asked. 

3.4 Interview Questions 

A lot of questions were asked in the stage of researching, and a lot of them were for personal 

knowledge. During the literature review about biogas calculation, both teams were 

questioned. Here at this chapter is included the questions that were requested from 

Hydrotech/Farm only used to conclude the study. Also, a various information gathered during 

communication with team were confidential and not included at this report. The parameters 

below are important as they will be utilized to measure the biogas production as well as for 

the economical model and ROI analysis that will help us determine if the technology is a 

sustainable solution.  

1. Feedstock Analysis (daily quantity) 

2. Biogas Parameters (before and after including, % Volatile solids, % Dry Matter, Biogas 

Yield coefficient, organic conversion rate) 

3. AD tank dimensions  

4. Co-Generation Unit information  

5. AD Investment information at the farm 

Hydrotech interviewed to confirm the data received from the farm (Ganatsios, 2019) 

(Engineer, 2019). 

3.5 Biogas Calculations 

The calculations for the biogas production of the referenced facility have been concluded 

based on the data given by the company that owns the facility, as well as the inventor 

company of the Ydro Process®, Hydrotech S.A. Even though there are many ways to calculate 

the biogas production, this thesis focuses on calculating the biogas generation based on the 

Volatile fraction characteristics of the input feedstock. The data for the Dry Matter (% DM) 

content, the Volatile Solids (% of VS as a fraction of %DM), the Volatile Solids Conversion Rate, 

and the biogas yield for each of the given input feedstocks, has been provided by Hydrotech 



 

 

S.A. The multiplication of these parameters provides the biogas generation for each given 

input feedstock, and their sum provides the total biogas generation per the daily input. The 

calculations follow the methodology used in the literature referenced for this thesis work using 

the following equation: 

𝐵𝑖𝑜𝑔𝑎𝑠 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 = Feedstock Input × DM × VS × VS Conversion Rate × Biogas Yield 

(1) 

Where: 

Feedstock input: daily input/day in tons 

DM: Dry Matter of feedstock % 

VS: Volatile Solids of feedstock % 

VS Conversion Rate: % VS reduction by AD 

Biogas Yield depending on feedstock 

3.6 Comparison Before Vs After Ydro Process® 

Comparison between before and after the implementation of the Ydro Process® will help to 

understand the key differences that make a huge impact. Parameters will be evaluated (such 

as methane content, organic conversion rate) in the AD, etc as well as annual biogas 

production. In the comparison, the cost of the Ydro Process® will be integrated to provide a 

net value difference that will obviously show if the Ydro Process® can be profitable and for 

how long time it takes. Operational parameters are important to be compared as it will help us 

understand how the process works. Finally, also Revenue comparison will take a place to 

understand the economics as well as if the solutions is economical sustainable.   

 

 

 

 

 

 

 

 



 

 

4 Result calculations Conventional vs Ydro Process® 

In this chapter, biogas calculations will take a place before and after the implementation of the 

Ydro Process®. All the information was given to me from Hydrotech Environmental.  

As it was provided from the chemical engineer of the farm, below are shown the feedstock 

characteristics that are needed for the biogas calculations as well as the feedstock quantities. 

The facility receives 140m3 of a feedstock daily containing other biomass as well such as pig 

manure, whey, food waste, etc. Different biomass is necessary in order to produce the biogas 

with the methane content required to make the investment viable. However, the facility has 

only 2 tons of organic waste daily leading to only 1.43% of the feedstock. Currently the facility 

does not charge any gate fee for receiving the other waste as the remaining 98.57% (external) 

was vital for operating the process properly and creating biogas to reach enough methane 

content. The designed HRT is 25 days with tank volume of 5250m3 in total. (2625m3 each). The 

whole facility (including the MBR plant and the biogas facility it has an annual electricity 

demand of 1128MWh and there is one dedicated chemical engineer who operates both the 

MBR plant and the anaerobic digester. (Engineer, 2019). 

The current HRT calculated as following: 

𝐻𝑅𝑇 =
5250

140
= 37.5 𝑑𝑎𝑦𝑠 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Table 3. Shows the feedstock analysis including daily quantity, dry matter % and volatility %. (farm engineer) 

Feedstock Analysis 

Waste 
Quantity Dry Matter Volatiles 

Tons/day % % VS 

Pig Manure 100 4.00% 80.00% 

Whey 8 30.00% 85.00% 

Treated food waste 4 50.00% 87.00% 

Slaughterhouse waste 2 45.00% 90.00% 

Grease 2 70.00% 90.00% 

Brewery yeast 5 50.00% 85.00% 

Brewery Filtration 2 3.00% 85.00% 

Brewery Sludge 3 12.00% 80.00% 

Maize sludge 1 33.00% 95.00% 

Calf manure 3 40.00% 80.00% 

Draff 10 25.00% 90.00% 

TOTAL per day 140     

 

The next step (below) is to calculate the potential energy content (in MWh) in the biogas that 

can be produced daily. That can be estimated by using the Lower Calorific Value (LCV) of the 

raw biogas from anaerobic digestions which 37MJ/m3(biogas from slaughterhouse pdf). Using 

the LCV, it is possible to estimate the minimum total energy content of the daily produced 

biogas. The reason that the Higher Calorific Value is not used is because one does not want to 

estimate the maximum energy content of daily produced biogas the goal is to understand 

what the minimum is we can go. In both cases (before and after Ydro Process®) the LCV is used 

as baseline to compare with each other during the worse case scenario. As seen below, the 

biogas is calculated by considering the parameters needed to follow the calculation as proved 

by other publications as well as upon agreement with the Farm engineer and Hydrotech. The 

percentage of dry matter content, the Volatility as well as the digestion efficiency (organic 

conversion to biogas) are key components to estimate the daily biogas production. To make it 

simple the multiplication between the digestion efficiency in the digester and the standard 

coefficient rate of the feedstock (see table 6) results in the biogas potential, which is the 

maximum amount of gas that can be produced from 1 kg of volatile solids in a feedstock (in 

m3/kg). 



 

 

4.1 Biogas production before Ydro Process® 

Based on the numbers received from the engineer in the farm we have the following: 

Table 4. Shows the typical Biogas Analysis during conventional operations in the farm (Engineer, 2019) 

Biogas Analysis  

 CO2 CH4 H2S O2 

60% 35% 4% <1% 

 

Table 5. Shows the biogas parameters needed for estimating the biogas production in the farm (Engineer, 2019) 

BIOGAS CALCULATION PARAMETERS 

Waste 
Quantity 

Dry 

Matter 
Volatiles Efficiency 

Coefficient 

(0.54/0.62) 

Tons/day % % VS % Digested m3/kg digested 

Pig Manure 100 4.00% 80.00% 50.00% 0.62 

Whey 8 30.00% 85.00% 50.00% 0.54 

Treated food waste 4 50.00% 87.00% 50.00% 0.54 

Farhellas(Slaughterhouse 

waste) 
2 45.00% 90.00% 50.00% 0.62 

F.O.G. 2 70.00% 90.00% 50.00% 0.62 

Brewery yeast 5 50.00% 85.00% 50.00% 0.54 

Brewery Filtration 2 3.00% 85.00% 50.00% 0.54 

Brewery Sludge 3 12.00% 80.00% 50.00% 0.54 

Maize sludge 1 33.00% 95.00% 50.00% 0.54 

Calf manure 3 40.00% 80.00% 50.00% 0.54 

Draff 10 25.00% 90.00% 50.00% 0.54 

TOTAL per day 140         

 

Setting everything up in the equation (1), it results in total of 4,270.92 m3 biogas/day 

However, the methane content is only 60% which means 0.6* 4,270.92= 2,562.55m3 CH4/day 

(1) 

The Lower Calorific Value (LCV) of the raw biogas is 37MJ/m3 (A. Ware & N. Power, 2016) (2) 

We also know that, 1MJ equals to 0.28KWh (Anon., n.d.)=>(1),(2)  

  

𝐷𝑎𝑖𝑙𝑦 𝐺𝑟𝑜𝑠𝑠 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 = 2,562.55 ∗ 37 ∗ 0.28 = 26,548.018 KWh  



 

 

𝐴𝑛𝑛𝑢𝑎𝑙 𝐺𝑟𝑜𝑠𝑠 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 =
26,548.018 ∗ 365

1000
= 9,690 𝑀𝑊ℎ 

It is known that the meganinja unit has an efficiency of 42.1%, thus the 

 Net electricity production from CHP unit is: = 0.421 ∗  9,690 =  𝟒, 𝟎𝟕𝟎 𝑴𝑾𝒉. 

 

4.2 Biogas production after Ydro Process® 

Table 6. Shows typical Biogas Analysis during the Ydro Process ®(farm engineer) 

Biogas Analysis  

CO2 CH4 H2S O2 

70% 30% 1<% <1% 

 

With the Ydro Process®, the digestion efficiency in the farm AD is 80%, due to the composition 

of the microorganisms used for AD application. These microorganisms are able to increase the 

methane content compared to conventional and eliminate H2S concentration. The proper 

microorganisms for the AD applications is the ‘’Ydro 7’’ and the Hydrolysis is taking place 

outside of the AD tank in a ‘’pre-digestion’’ tank for 6 hours where the microorganisms are 

activated in the water and mixed with the feedstock during this time. Due to the innovative 

technology the composition of the microorganisms can’t be disclosed however the results are 

patented for using the Ydro Process®. However, after a few weeks of application where the 

acclimation process (for the adaptation of the microorganisms in the system) is taking place 

the numbers stabilized and constant until today. The only routine change that took place with 

the Ydro Process® is the daily dosing of the microorganisms with the feedstock. 

 

 

 

 

 

 

 

 

 

 



 

 

Table 7. Shows the biogas parameters required to calculate the biogas production with the Ydro Process® (farm 

engineer) 

BIOGAS CALCULATIONS 

Waste 

Quantity 
Dry 

Matter 
Volatiles Efficiency 

Coefficient 

(0.54/0.62) 

Tons/day % % VS % Digested 
m3/kg 

digested 

Pig Manure 100 4.00% 80.00% 80.00% 0.62 

Whey 8 30.00% 85.00% 80.00% 0.54 

Treated food waste 4 50.00% 87.00% 80.00% 0.54 

Slaughterhouse waste 2 45.00% 90.00% 80.00% 0.62 

Grease 2 70.00% 90.00% 80.00% 0.62 

Brewery yeast 5 50.00% 85.00% 80.00% 0.54 

Brewery Filtration 2 3.00% 85.00% 80.00% 0.54 

Brewery Sludge 3 12.00% 80.00% 80.00% 0.54 

Maize sludge 1 33.00% 95.00% 80.00% 0.54 

Calf manure 3 40.00% 80.00% 80.00% 0.54 

Draff 10 25.00% 90.00% 80.00% 0.54 

TOTAL per day 140         

Setting everything in the equation (1), it results in total of 6,833.5 m3 biogas/day 

 

However, the methane content is only 70% which means 0.7* 6,833.45= 4,783.45m3 CH4/day 

(1’) 

The Lower Calorific Value (LCV) of the raw biogas is 37MJ/m3 (Aidan Ware, Niamh Power, 

2016). (2’) 

1MJ equals to 0.28KWh (Anon., n.d.)=>(1’),(2’)   𝐷𝑎𝑖𝑙𝑦 𝐺𝑟𝑜𝑠𝑠 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 = 4,783.45 ∗ 37 ∗

0.28= 49,556.542 KWh => 𝐴𝑛𝑛𝑢𝑎𝑙 𝐺𝑟𝑜𝑠𝑠 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 =
49,556.542∗365

1000
= 18,088 𝑀𝑊ℎ 

Net electricity production from CHP unit= 0.421* 18,088= 7,615.1 MWh 

 



 

 

4.3 Annual Revenue from Biogas production before Ydro Process® 

 

The electricity is sold to the national grid at the following price per private agreement: 

 0.11€/KWh =110€/MWh 

Annual Excess electricity production (after covering 100% the facility demand) 

 =4,070-1,128= 2,942MWh 

Total revenue from biogas electricity is 2,942MWh * 110 €/MWh =323,620€ 

Operational & Maintenance Costs (OMC)=65,000€ 

Table 8. Shows slaughterhouse's financial data with conventional method 

Conventional Method 

Annual OMC  €        65,000.00  

Revenue from Excess el.  €      323,620.00  

Profit  €      258,620.00  

 

As shown above, the Farhellas farm can now make profit of € 323,620.00 -€ 65,000.00= € 

258,620 

4.4 Annual Revenue from Biogas production Integrating the  

Ydro Process® 

As mentioned above, the farm started operations in 2016 and operated conventionally until 

the end of 2017 and switched to Ydro Process® in January 2018.  So, we will analyze below 

when the company will break even and some predictions as well for the future as the Ydro 

Process® came later on but before the company returned its investment.  

The Ydro Process® cost that includes technical support with regular facility visits as well as the 

product consumption equals to € 147,168.00 

The electricity Price in Greece to sell electricity to the grid from biogas is 0.11€/KWh 

=110€/MWh 

Annual Excess electricity production (after covering 100% the facility demand) = 

7,615.1-1,128=6,487 MWh 

Total revenue from biogas electricity is 6,487MWh * 110 €/MWh =713,570€ 

Operational & Maintenance Costs (OMC)=65,000€ 

 

 



 

 

Table 9.  Shows slaughterhouse's financial data with the Ydro Process® 

Ydro Process® 

Annual O&M € 65,000.00 

Annual Revenue from Excess el. € 713,570.00 

Ydro Process® Cost € 147,168.00 

Profit € 501,402.00 

 

As shown above, the Farhellas farm can now make profit of € 713,570.00-€ 65,000.00-€ 

147,168.00=   

€ 501,402 

In other words that means that now the Slaughterhouse makes after the Ydro Process®: 

€ 501,402

€ 258,620
 =1.93 times more. 

5 Discussion 

The results are very promising as they have proved that the Ydro Process® can contribute and 

help industrial and municipal AD facilities to improve their footprint as well as move toward 

sustainability in a very big way. The EU agenda demands environmental responsible companies 

to step up and support sustainability. Many believe sustainability is simply to improve the 

environmental footprint, but this thinking is incorrect. Even going from the definition of the 

sustainability, one has to consider the social, economic and environmental impact at the same 

time. This is the first indication about the potential of the Ydro Process® and of course more 

cases studies are needed to feel more comfortable with switching to this innovative process. 

The reason the thermal energy production was not considered in this study, is due to lack of 

infrastructure in Greece that does not allow for the distribution the heat to the grid. However, 

this may be useful as next step to look at it further where applicable.  Greece has a few ADs 

installed and may be at the end of the ranking amongst the EU countries. Greece has achieved 

the ability to receive daily penalties from EU for not having a plant for the organic waste such 

as food that goes to landfill. This is a very encouraging message for the Greek government to 

invest in AD facilities and stop burning coal. The Ydro Process® has the same requirement as 

conventionally which is the regular monitoring of the biogas as it is very sensitive biological 

process and there are a lot of cases where the predictions are far from the reality. 

Unfortunately, it was impossible to follow any progress alone as this biological process can 



 

 

take up to 3 months to see results depending the conditions. However, during interviews with 

the farm engineer, he said that he was very surprised with this process as they saw results 

within 6-8 weeks. The kwh price is fixed for the next 5 years which Is good for the facility and 

they will be able to make money before the new contract takes places. The farm engineer 

stated that the annual facility electricity demand being constant the last 4 years should be 

considered as well as the operational and maintenance cost. A great economical model is that 

the facility is planning to do in the future. Charing gate fees is a great source of fixed revenues 

as well as from the potential increase in the biogas production. Another thing is if the facility 

considers expanding their AD by installing more AD tanks as well as a generator. At this point 

the Ydro Process® implemented at the slaughterhouse required large amounts of engineering 

time as monitoring is very important. The technology should be able to integrate with less man 

power demanding in the future. We already talked with the owner that an external modular 

tank with some specific designing should automate the process including dosing etc. The social 

impact is great as the owners is planning to hire two more employees for full time to learn and 

understand the process, so he can invest in one more facility in the future in an island. As 

Greek islands have lots of organic waste and limited space. Currently the trucks are taking the 

boats to collect the garbage from the islands and they go back to the mainland. That happens 

regularly and as long as the weather allows for boats to sail. That would be an interesting study 

especially from an environmental perspective, as trucks and boats in Greece burn fossil fuels. 

Operationally, it is remarkable that the Ydro Process® has a conversion rate of the organic 

digestion/degradation at 80% as well as the HRT which is so much less. The plan is to visit the 

facility next month to work with them for the next project which is to receive 70 more tons 

daily, I want to study closer and learn how the HRT varies and how it would like for the new 

daily load at 210m3. To be honest, I have understood completely yet how the HRT is so much 

less with the Ydro Process® but I am sure I will figure more out during my time there. Instead 

of focusing on literature parameters I wanted real examples, so I trusted Ilias (Farm Engineer) 

for that as they wanted also to see this report that will represent a real scenario as it would 

help them consider carefully their next steps. Realistically one case is not enough to determine 

if then Ydro Process® is able to innovate that much the AD industry however the results is a 

good indication that there is big potential for this technology. Of course, with the Biogas yield 

increase, the efficiency of the digester and more parameters need more evaluation and proper 

analysis however it is believed that since the main focus of the study is to show how a 

slaughterhouse can become a profitable income generator, the results are successful 

compared to Ydro Process® conventionally. Thinking that the main problem with AD has been 

all these years the long ROI, now authorities and entrepreneurs can now be motivated to 



 

 

invest in AD. I totally believe that with regards to the GHG, it is definitely impressive that the 

environmental benefit can me maximized however a thrilled analysis with Life cycle 

assessment is necessary to evaluate confidently the actual environmental benefit.  Other 

studies analyzing the biogas production have been using other parameters to estimate or just 

fixed numbers for the biogas yield depending the source of the feedstock, however in this 

study, a more realistic approach was taken based on the company’s routine as well as on few 

scientific documents that having the same approach. Unfortunately, to estimate the biogas 

production using the COD removed from the AD process was not able due to lack of 

infrastructure to calculate the COD input to the AD digester. The whole research has not been 

very easy as lots of things with this technology occur completely unconventionally than 

anything that is published in books, and that is the majority of the obstacles, faced daily in 

working in north America.  I believe moving forward there are more to be discovered and 

published and looking forward to learning more about this technology and why not to work 

with it. Finally, my next step would be to look into to the Greenhouse Gas emissions by 

probably looking into a Life Cycle Assessment analysis but also to create a economic model 

where a Return of investment can also be included. 

6. Conclusion 

The Ydro Process® has proved that with minimal adaptations (depending the facility) the 

process can be integrated in any existing system and improve it. This new technology was able 

to demonstrate its potential. As it was stated from the beginning the AD is designed to have a 

maximum input of 210m3 per day and hydraulic retention time (HRT) of 25 days. The facility 

receives 140m3/day and hence has an HRT of 37.5 days. During the Ydro Process® some 

modifications took place during the 3rd month where the HRT was reduced significantly, 

reaching eventually the 25 days. That basically means in other words that the Ydro Process® 

uses 66% (140m3) of the maximum designed input (210m3) to meet the designed HRT. The HRT 

thus is reduced ca 40%. That means that there is even greater potential in case the farm 

management decides to increase their feedstock to produce more biogas as the digester 

operates only at 66% of its capacity. Of course, something like that can’t happen from one day 

to the other as the anaerobic digestions is very sensitive biological process (specially the 

methanogenic bacteria such as archaea) and it definitely should occur in stages and during 

time. 

 



 

 

Table 10. Shows the summarized improvements with The Ydro Process® compared to conventionally 

Conventional Vs Ydro Process® 

Parameters Before After Unit 

Daily Input 140 140 tn/day 

HRT 37 25 days 

Daily Raw Biogas production 4,270.90 6,833.50 m3 

Average Conversion Rate 50% 80% % 

CH4 Content 60% 70% % 

LCV 37 37 MJ/M3 

Daily Gross Production 26,548.02 49,556.00 KWh 

Annual Gross Production 9,690 18,088 MWh 

CHP generator Efficiency 42.10% 42.10% % 

Net El. From CHP 4,070 7,615.10  MWh 

Biogas el. Price/kwh  €                  0.11   €                  0.11   €/KWh  

Annual Facility el. demand 1128 1128 MWh 

OMC  €        65,000.00   €      65,000.00  € 

Ydro Process® Cost           N/A  €      147,168.00 € 

Revenue from Excess el.  €      323,620.00   €      713,570.00  € 

Revenue from Excess el.  €      258,620.00  €      501,402.00 € 

 

Comparing the data before and after, the first thing to commented on that is the reduction in 

HRT. It is obvious that with the Ydro Process® the AD facility is producing rawer biogas with the 

same feedstock at about 38%.  The organic conversion rate of the feedstock in the previous AD 

application was about 50% (the engineer told me that as that is the average efficiency they 

used to have) but with the Ydro Process® the minimum they had was about 80%, which is 30% 

increase. Another significant increase comes to the higher methane content that was 

produced with the Ydro Process®. The most important factor when it comes to ‘’business’’ in 

the biogas industry is the Methane content, as this ‘’generates’’ the electricity which then is 

sold. Thus, the 10% increase to the methane content is remarkable. The daily gross production 

as well as the annual, were increased by 87%. Likewise, the net electricity production from the 

CHP unit had equals increase as it is logic. Also, the H2S with the Ydro Process® was around 

50ppm which is considered negligible, this 0%.   

Finally, the implementation of the Ydro Process ®resulted in an increase of Revenue by 1.9 

Times as shown below equals to 98% increase. 



 

 

 

Figure 7. Shows the Comparison in Revenue between conventionally and under the Ydro Process® 

That’s is great resulting in actually turning any slaughterhouse to a money maker. This analysis 

aims to give an overall understanding how a facility can multiple their profit in terms of money. 

Deducting the cost of the Ydro Process® the profit can be increased 1.9 times, and this is 

simple to understand that has a great value as technology. 

7. Future Steps 

As presented above, currently apx. 66% is used from the AD capacity, in this chapter a future 

scenario will be presented to gain an understanding of how it would look like in case the farm 

owner decides to operate the AD system at maximum capacity. Let’s assume that % wise 

nothing changes, I know that is probably utopic scenario as probably theoretically it might 

make sense to do these assumptions however based on the current data, some projections for 

the next steps would need to be done. With a maxed daily feed of 210m3/day, the feedstock 

would look like the chart below, however, at this stage one cannot predict any HRT however it 

is assumed that the HRT would be the same and will basically fill up to 100% of the max daily 

capacity. 
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Table 11. Shows the future feedstock analysis 

Waste 
Quantity Quantity 

Tons/day % 

Pig Manure 150 71% 

Whey 12 6% 

Treated food waste 6 3% 

Slaughterhouse waste 3 1% 

Grease 3 1% 

Brewery yeast 7.5 4% 

Brewery Filtration 3 1% 

Brewery Sludge 4.5 2% 

Maize sludge 1.5 1% 

Calf manure 4.5 2% 

Draff 15 7% 

TOTAL per day 210 100% 

 

Calculating all according above, the total biogas production becomes 10,250.2 m3 biogas/day 

 

However, it is assumed that the methane content remains the same, 70% which means 0.7* 

10,250= 7,175.2m3 CH4/day (1’) 

The Lower Calorific Value (LCV) of the raw biogas is 37MJ/m3 (Aidan Ware, Niamh Power, 

2016). (2’) 

1MJ equals to 0.28KWh (Anon., n.d.)=>(1’),(2’)   𝐷𝑎𝑖𝑙𝑦 𝐺𝑟𝑜𝑠𝑠 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 = 7,175.2 ∗ 37 ∗

0.28= 74,338.18 KWh => 𝐴𝑛𝑛𝑢𝑎𝑙 𝐺𝑟𝑜𝑠𝑠 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 =
74,338.18∗365

1000
= 27,133 𝑀𝑊ℎ 

Net electricity production from CHP unit= 0.421* 18,088= 11,423 MWh 

One needs to make sure that the meganinja unit (1500KW) is able to generate 100% of the 

daily biogas produced thus:  
74,338∗0.421

24
=1300 KW<1500KW which allows to utilize the biogas 

produced without interrupting the process or invest in a second generator. 

The excess electricity would equal to 11,423-1,128= 10,295 MWh 

 

As mentioned above, the price is 110€/MWh= 110* 10,295= 1,132,5450€ Revenue projected 

per year.  These 70tn that will be received at a daily basis in the farm can bring external 

economical benefits as there is possibility to charge a ‘’gate fee’’ for accepting the waste. 



 

 

Currently at the Greek market there is a fixed fee of 20€/tn. That would equal to 1,400€/day or 

511,00€ per year. However, there is the expense of the microorganisms and the technical 

support, the new cost of the Ydro Process® would then become 220,752€. Considering all 

these factors above: 

Expected Annual Revenue: 511,00+1,132,540= 1,6430,540 € 

Expected Annual Costs: 220,752 € 

Excepted Profit: 1,143,788 € 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

8. Appendix 

a. Biogas production before Ydro Process® 

Based on the numbers received from the engineer in the farm we have the following: 

Table 9. Shows the typical Biogas Analysis during conventional operations in the farm  

Biogas Analysis  

 CO2 CH4 H2S O2 

60% 35% 4% <1% 

Table 120. Shows the biogas parameters needed for estimating the biogas production in the farm 

BIOGAS CALCULATION PARAMETERS 

Waste 
Quantity 

Dry 

Matter 
Volatiles Efficiency 

Coefficient 

(0.54/0.62) 

Tons/day % % VS % Digested m3/kg digested 

Pig Manure 100 4.00% 80.00% 50.00% 0.62 

Whey 8 30.00% 85.00% 50.00% 0.54 

Treated food waste 4 50.00% 87.00% 50.00% 0.54 

Farhellas(Slaughterhouse 

waste) 
2 45.00% 90.00% 50.00% 0.62 

F.O.G. 2 70.00% 90.00% 50.00% 0.62 

Brewery yeast 5 50.00% 85.00% 50.00% 0.54 

Brewery Filtration 2 3.00% 85.00% 50.00% 0.54 

Brewery Sludge 3 12.00% 80.00% 50.00% 0.54 

Maize sludge 1 33.00% 95.00% 50.00% 0.54 

Calf manure 3 40.00% 80.00% 50.00% 0.54 

Draff 10 25.00% 90.00% 50.00% 0.54 

TOTAL per day 140         

 

 

For Pig Manure: The biogas production equals to: 

𝐵𝑝𝑚 = 100 ∗ 0.04 ∗ 0.8 ∗ 0.5 ∗ 0.62 ∗ 1000= 992 m3 biogas/day 

For Whey: The biogas production equals to: 

𝐵𝑤ℎ = 8 ∗ 0.3 ∗ 0.85 ∗ 0.5 ∗ 0.54 ∗ 1000= 550.8 m3 biogas/day 

For Treated food waste: The biogas production equals to: 



 

 

𝐵𝑡𝑓𝑤 = 4 ∗ 0.5 ∗ 0.87 ∗ 0.5 ∗ 0.54 ∗ 1000= 469.8 m3 biogas/day 

For Farhellas Farm waste: The biogas production equals to: 

𝐵𝑓𝑓𝑤 = 2 ∗ 0.45 ∗ 0.9 ∗ 0.5 ∗ 0.62 ∗ 1000= 251.1 m3 biogas/day 

For F.O.G.: The biogas production equals to: 

𝐵𝑓𝑜𝑔 = 2 ∗ 0.7 ∗ 0.9 ∗ 0.5 ∗ 0.62 ∗ 1000= 390.6 m3 biogas/day 

For Brewer Yeast.: The biogas production equals to: 

𝐵𝑏𝑦 = 5 ∗ 0.5 ∗ 0.85 ∗ 0.5 ∗ 0.54 ∗ 1000= 573.75 m3 biogas/day 

For Brewer Filtration.: The biogas production equals to: 

𝐵𝑏𝑓 = 2 ∗ 0.03 ∗ 0.85 ∗ 0.5 ∗ 0.54 ∗ 1000= 13.77 m3 biogas/day 

For Brewer Sludge.: The biogas production equals to: 

𝐵𝑏𝑠 = 3 ∗ 0.12 ∗ 0.85 ∗ 0.5 ∗ 0.54 ∗ 1000= 77.76 m3 biogas/day 

For Maize Sludge.: The biogas production equals to: 

𝐵𝑚𝑠 = 1 ∗ 0.33 ∗ 0.95 ∗ 0.5 ∗ 0.54 ∗ 1000= 84.64 m3 biogas/day 

For Calf Manure.: The biogas production equals to: 

𝐵𝑐𝑚 = 3 ∗ 0.40 ∗ 0.8 ∗ 0.5 ∗ 0.54 ∗ 1000= 259.2 m3 biogas/day 

For Draff.: The biogas production equals to: 

𝐵𝑑𝑟 = 10 ∗ 0.25 ∗ 0.9 ∗ 0.5 ∗ 0.54 ∗ 1000= 607.5 m3 biogas/day 

Summing up all above, results in total of 4,270.92 m3 biogas/day 

However, the methane content is only 60% which means 0.6* 4,270.92= 2,562.55m3 CH4/day 

(1) 

The Lower Calorific Value (LCV) of the raw biogas is 37MJ/m3 (A. Ware & N. Power, 2016).(2) 

We also know that, 1MJ equals to 0.28KWh (Anon., n.d.)=>(1),(2)  

  

𝐷𝑎𝑖𝑙𝑦 𝐺𝑟𝑜𝑠𝑠 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 = 2,562.55 ∗ 37 ∗ 0.28 = 26,548.018 KWh  

𝐴𝑛𝑛𝑢𝑎𝑙 𝐺𝑟𝑜𝑠𝑠 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 =
26,548.018 ∗ 365

1000
= 9,690 𝑀𝑊ℎ 

We know that the meganinja unit has an efficiency of 42.1%, thus the 

 Net electricity production from CHP unit is: = 0.421 ∗  9,690 =  𝟒, 𝟎𝟕𝟎 𝑴𝑾𝒉. 

b. Biogas production after Ydro Process® 

Table 131. Shows typical Biogas Analysis during the Ydro Process® (farm engineer) 

Biogas Analysis  

CO2 CH4 H2S O2 

70% 30% 1<% <1% 

 



 

 

Table 12. Shows the biogas parameters required to calculate the biogas production with the Ydro Process® (farm 

engineer) 

BIOGAS CALCULATIONS 

Waste 

Quantity 
Dry 

Matter 
Volatiles Efficiency 

Coefficient 

(0.54/0.62) 

Tons/day % % VS 
% 

Digested 
m3/kg digested 

Pig Manure 100 4.00% 80.00% 80.00% 0.62 

Whey 8 30.00% 85.00% 80.00% 0.54 

Treated food waste 4 50.00% 87.00% 80.00% 0.54 

Slaughterhouse waste 2 45.00% 90.00% 80.00% 0.62 

Grease 2 70.00% 90.00% 80.00% 0.62 

Brewery yeast 5 50.00% 85.00% 80.00% 0.54 

Brewery Filtration 2 3.00% 85.00% 80.00% 0.54 

Brewery Sludge 3 12.00% 80.00% 80.00% 0.54 

Maize sludge 1 33.00% 95.00% 80.00% 0.54 

Calf manure 3 40.00% 80.00% 80.00% 0.54 

Draff 10 25.00% 90.00% 80.00% 0.54 

TOTAL per day 140         

 

Likewise, as above, 

For Pig Manure: The biogas production equals to: 

𝐵𝑚𝑝 = 100 ∗ 0.04 ∗ 0.8 ∗ 0.8 ∗ 0.62 ∗ 1000= 1587.2 m3 biogas/day 

For Whey: The biogas production equals to: 

𝐵𝑤ℎ = 8 ∗ 0.3 ∗ 0.85 ∗ 0.8 ∗ 0.54 ∗ 1000= 881.3 m3 biogas/day 

For Treated food waste: The biogas production equals to: 

𝐵𝑡𝑓𝑤 = 4 ∗ 0.5 ∗ 0.87 ∗ 0.8 ∗ 0.54 ∗ 1000= 751.7 m3 biogas/day 

For Farhellas Farm waste: The biogas production equals to: 

𝐵𝑓𝑓𝑤 = 2 ∗ 0.45 ∗ 0.9 ∗ 0.8 ∗ 0.62 ∗ 1000= 401.8 m3 biogas/day 

For F.O.G.: The biogas production equals to: 

𝐵𝑓𝑜𝑔 = 2 ∗ 0.7 ∗ 0.9 ∗ 0.8 ∗ 0.62 ∗ 1000= 625 m3 biogas/day 

For Brewer Yeast.: The biogas production equals to: 

𝐵𝑏𝑦 = 5 ∗ 0.5 ∗ 0.85 ∗ 0.8 ∗ 0.54 ∗ 1000= 918 m3 biogas/day 



 

 

For Brewer Filtration.: The biogas production equals to: 

𝐵𝑏𝑓 = 2 ∗ 0.03 ∗ 0.85 ∗ 0.8 ∗ 0.54 ∗ 1000= 22 m3 biogas/day 

For Brewer Sludge.: The biogas production equals to: 

𝐵𝑏𝑠 = 3 ∗ 0.12 ∗ 0.85 ∗ 0.8 ∗ 0.54 ∗ 1000= 124.4 m3 biogas/day 

For Maize Sludge.: The biogas production equals to: 

𝐵𝑚𝑠 = 1 ∗ 0.33 ∗ 0.95 ∗ 0.8 ∗ 0.54 ∗ 1000= 135.4 m3 biogas/day 

For Calf Manure.: The biogas production equals to: 

𝐵𝑐𝑚 = 3 ∗ 0.40 ∗ 0.8 ∗ 0.8 ∗ 0.54 ∗ 1000= 414.7 m3 biogas/day 

For Draff.: The biogas production equals to: 

𝐵𝑑𝑟 = 10 ∗ 0.25 ∗ 0.9 ∗ 0.8 ∗ 0.54 ∗ 1000= 972 m3 biogas/day 

Summing up all above, results in total of 6,833.5 m3 biogas/day 

 

However, the methane content is only 70% which means 0.7* 6,833.45= 4,783.45m3 CH4/day 

(1’) 

The Lower Calorific Value (LCV) of the raw biogas is 37MJ/m3 (Aidan Ware, Niamh Power, 

2016)(2’) 

1MJ equals to 0.28KWh (Anon., n.d.) =>(1’),(2’)   𝐷𝑎𝑖𝑙𝑦 𝐺𝑟𝑜𝑠𝑠 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 = 4,783.45 ∗ 37 ∗

0.28= 49,556.542 KWh => 𝐴𝑛𝑛𝑢𝑎𝑙 𝐺𝑟𝑜𝑠𝑠 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 =
49,556.542∗365

1000
= 18,088 𝑀𝑊ℎ 

Net electricity production from CHP unit= 0.421* 18,088= 7,615.1 MWh 

c. Future Steps 

As we have presented above, currently ca 66% is used from the AD capacity, at this chapter we 

will create a future scenario just to gain an understanding how it would look like in case the 

farm owner decides to operate the AD system at maximum capacity. Let’s assume that % wise 

nothing changes, I know that is probably utopic scenario as probably theoretically it might 

make sense to do these assumptions however based on the current data, we would like to do 

some projections for the next steps. So, with a maxed daily feed of 210m3/day the feedstock 

would look like below, however at this stage we can’t predict any HRT however we assume 

that the HRT would be the same as we will basically feel up to 100% of the max daily capacity. 

Table 13. Shows the future feedstock analysis 

 

 

 

 



 

 

Waste 
Quantity Quantity 

Tons/day % 

Pig Manure 150 71% 

Whey 12 6% 

Treated food waste 6 3% 

Slaughterhouse waste 3 1% 

Grease 3 1% 

Brewery yeast 7.5 4% 

Brewery Filtration 3 1% 

Brewery Sludge 4.5 2% 

Maize sludge 1.5 1% 

Calf manure 4.5 2% 

Draff 15 7% 

TOTAL per day 210 100% 

 

Trying to calculate the biogas production as earlier we get the following: 

For Pig Manure: The biogas production equals to: 

𝐵𝑚𝑝 = 100 ∗ 0.04 ∗ 0.8 ∗ 0.8 ∗ 0.62 ∗ 1000= 2,380.8 m3 biogas/day 

For Whey: The biogas production equals to: 

𝐵𝑤ℎ = 12 ∗ 0.3 ∗ 0.85 ∗ 0.8 ∗ 0.54 ∗ 1000= 1,321.92 m3 biogas/day 

For Treated food waste: The biogas production equals to: 

𝐵𝑡𝑓𝑤 = 6 ∗ 0.5 ∗ 0.87 ∗ 0.8 ∗ 0.54 ∗ 1000= 1,127.52 m3 biogas/day 

For Farhellas Farm waste: The biogas production equals to: 

𝐵𝑓𝑓𝑤 = 3 ∗ 0.45 ∗ 0.9 ∗ 0.8 ∗ 0.62 ∗ 1000=602.64 m3 biogas/day 

For F.O.G.: The biogas production equals to: 

𝐵𝑓𝑜𝑔 = 3 ∗ 0.7 ∗ 0.9 ∗ 0.8 ∗ 0.62 ∗ 1000= 937.4 m3 biogas/day 

For Brewer Yeast.: The biogas production equals to: 

𝐵𝑏𝑦 = 7.5 ∗ 0.5 ∗ 0.85 ∗ 0.8 ∗ 0.54 ∗ 1000= 1,370 m3 biogas/day 

For Brewer Filtration.: The biogas production equals to: 

𝐵𝑏𝑓 = 3 ∗ 0.03 ∗ 0.85 ∗ 0.8 ∗ 0.54 ∗ 1000= 33 m3 biogas/day 

For Brewer Sludge.: The biogas production equals to: 

𝐵𝑏𝑠 = 4.5 ∗ 0.12 ∗ 0.85 ∗ 0.8 ∗ 0.54 ∗ 1000= 186.6 m3 biogas/day 

For Maize Sludge.: The biogas production equals to: 



 

 

𝐵𝑚𝑠 = 1.5 ∗ 0.33 ∗ 0.95 ∗ 0.8 ∗ 0.54 ∗ 1000= 203.1 m3 biogas/day 

For Calf Manure.: The biogas production equals to: 

𝐵𝑐𝑚 = 4.5 ∗ 0.40 ∗ 0.8 ∗ 0.8 ∗ 0.54 ∗ 1000= 622.1 m3 biogas/day 

For Draff.: The biogas production equals to: 

𝐵𝑑𝑟 = 15 ∗ 0.25 ∗ 0.9 ∗ 0.8 ∗ 0.54 ∗ 1000= 1458 m3 biogas/day 

Summing up all above, results in total of 10,250.2 m3 biogas/day 
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