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1. Introduction 
 

The ongoing energy crisis bolsters the case for the energy transition and the fight against dangerous 

global warnings. Disturbance in the energy markets might become a regular problem in the years ahead, 

fuelled by the impact of rising temperatures on ecosystems and climatic patterns, and by policies and 

poorly managed decarbonisation processes.  

To balance factors like being eco-friendly, the supply-demand and the prices, we need to develop, try 

and test methodologies and mechanisms to propel the energy transition. Targeted public investments 

need to be directed to easing global supply bottlenecks, tackling systemic inefficiencies, and moderating 

demand because this will not be the last crisis in the brave new world of clean energy. In the future, this 

problem would be more intensive because of the rising prices of natural gas and the new regulations of 

the EU Commission. For this reason, we would introduce the mechanism of shifting natural gas by 

biomethane, where co-digestion is used to produce this. In the following, we will explain the reasons 

why producing biogas and biomethane is a solution for the future of energy transition in Spain or 

Europe. 

Biogas is the climate-neutral alternative to natural gas. It is obtained naturally through the 

decomposition of organic waste or renewable raw materials and is therefore not classified as a fossil 

fuel. In the following text we will show you why it is a good solution to replace natural gas by producing 

biogas and biomethane with the technology of co-digestion.  

The combustion of biogas is CO2-neutral because the plants that are fermented in the biogas bound the 

same amount of CO2 that will be released again when the biogas is burned later. As a result, biogas 

does not cause any additional CO2 emissions. 

Biogas plants are a source of additional income for the farmers. According to that farmers receive a 

fixed feed-in tariff for the electricity generated from biogas. Also, the generated gas does not have to 

be fed in. Alternatively, farmers can also use it for their own needs. Another positive side effect is that 

the farmer can use the remaining fermentation residues as fertilizer on their fields. 

Biogas is a good addition to the regenerative energy sources of wind and sun. Unlike wind and solar 

energy, biogas can be generated and stored regardless of the weather. Biogas is therefore ideal for 

providing the baseload and balancing out grid fluctuations. 

Biogas promotes the circular economy. We can use the biological waste that we produce for biogas 

production to generate energy from it. This protects the environment and conserves fossil fuels. 

If there are more biogas plants in Spain we could avoid long transport routes which can be 

environmentally friendly. Natural gas could be substituted by producing biogas and biomethane with 

Co-digestion.  
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2. Objectives 
 

To reach the final proposal, several activities need to be done previously. These partial 

objectives are listed in the following lines: 

• To understand the technology which is going to be implemented. 

• To create a solution based on the particularities of the location 

• To find alternatives to the main first solution 

• To study the economic viability of the chosen solution 

• To calculate the impact of earnings on CO2 emissions  

 

The ultimate objective of the project is to give a more sustainable energy consumption 

compared to the one the company has at the time. Our solution and alternatives are related to 

electricity generation from biomass. 

  



 7 

3. Information about the company 
 

The organization to which we are giving advice is called FANAL. They are located in the East 

of the Iberian Peninsula, in the region of Castellón belonging to the Comunidad Valenciana.  

They are a Spanish company that sells in 90 countries worldwide. They manufacture different 

types of materials, from textile, rock or cement among others; to be used in future constructions.  

The company is focused on quality and technology. Therefore, they have on their focus the 

quality of the raw materials, the acquisition of talent and high investments in technology.  

Regarding the energy consumption of the company, it was found that the company is on the 

list of companies that are inside the European Union Emission Rights Trading Scheme as can 

be seen in the following table. 

 

Table 1: Part of the list of companies on the European Emissions Trade Market. Source:  

 

 

Figure 1: Logo of the Company. Source: FANAL. 
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4. About the technology 
 

Globally we want to increase awareness that renewable energy and energy-efficient are 

important to create new economic opportunities and control the environmental population. 

Anaerobic digestion is when the organic matter can be broken down by bacteria and become 

manure. This process is very special because of that you can generate biogas that is composed 

mostly of methane. And biomethane can be also used as an important source of energy or heat. 

Additional that Co-digestion mentions the simultaneous anaerobic digestion of multiple 

organic wastes in one digester. Co-digestion is used to increase biomethane and biogas 

production from compliant or other more difficult to digest materials. For example, biomass 

feedstock or natural waste. For this Co- digestion feedstocks it is important to use the right 

materials which enhance methane production. Also, you should be able to handle the increase 

in methane output that is common with Co-digestion. 

There are many choices for Co-digestion feedstocks, but there are also things to consider when 

choosing. You should compare local availability and cost, moisture, and total solids, mixing 

and particle size, nutrient balance, pH, permitting and biodegradability.  

The Co-digestion process optimization and improvement of biogas production need further 

investigations still. Moreover, you can increase the transformation to industrialization by using 

advanced simulations and methods of organic waste. In addition to that, you have to realize the 

important improvement of biogas production as a renewable source and economically friendly 

energy in developing countries. Finally, it is very essential to analyze the design and 

development of a framework including various aspects.    

A primary benefit of Co-digestion is that it uses existing organizations and diverts food waste 

and grease for biogas production. The production of Energy balance in Co-digestion can be 

obtained to sustain the performance in multiple sewage treatment plants. The energy 

consumption is mainly involved in sludge for heating, sludge for transforming with pump and 

heat loss through the boundaries. So, it is suggested that Co-digestion could be an alternative 

to production in the future because the process could not only produce bio-methane but also 

take advantage of heat resources to realize the positive energy balance value. 

 

Figure 1: Co-digestion of multi feedstocks for waste reduction and energy recovery. Source: Sciencedirect 
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5. Possible application of co-digestion in Castellon  
 

The area of Castellon is a region where several activities of agriculture and cattle raising are 

located. Therefore, this is a great opportunity to get energy from the organic waste of these 

different activities. 

As a summary of residuals that are founded near the location of the company, we can find the 

following: 

• Almonds trees 

• Orange trees 

• Algarrobo trees 

• Urban waste 

• Slaughterhouse waste  

• Fishing waste 

• Water treatment waste 

 

The advantage of using the anaerobic co-digestion is that we can mix all these different wastes 

to produce electricity, compost, and water for irrigation. Moreover, the fact of mixing these 

wastes will decrease the dependence on just one type of supplier. 

We need to bear in mind that each type of waste has its characteristics regarding the calorific 

value. A study comparing the number of tons of waste VS the amount of energy produced 

needs to be done to reach a conclusion and decide which type of waste we need to use. 

Some of the wastes that we could use to produce biomass are explained more in detail in the 

next lines. 

The community of Valencia has triplicated in just one year the amount of surface that dedicates 

to the production of avocados. Several studies, mainly performed in Mexico due to the high 

production of this fruit, find the possibilities that avocado waste could have in the production 

of energy.  

The same could be done with the waste of oranges trees. It is well known around Spain that in 

this part of the country a lot of oranges are cultivated because of the weather conditions that 

help to have a great harvest.  

Regarding animal waste, it is known that the amount of energy that we can obtain from this 

type of waste is much bigger than the one we could get from plants waste. Therefore, the 

proposal is focused on the production of biomass from animal waste.   

In the Valencia region, there are several farms with pigs, cows, chickens, and other animals. 

Studies have shown that animals with more potential for generating energy from their waste 

are pigs, sheep, poultry, and cows.  

To delimitate the project, it was decided to rely on pig’s manure because compared to the 

manure of other animals, this type produces more biogas than the others, meaning higher 

efficiency.  
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To know if it was feasible the idea of producing biogas from the pig’s manure, we needed to 

know how many pigs are in the region. In the following table, we can see the number of pig 

heads that were recognized in 2021 in the different provinces of the Valencian Community.  

We can see that Castellón is the province of the region that has the highest number of pigs 

compared to Alicante and Valencia with several 621.047 pigs in May 2021. 

 

 

Figure 2: Number of pigs in the Community of Valencia. Source: Gobierno de España.  

 

The important factor of this table is that there is quite a lot of pig waste that could be exploited 

to produce biogas. Moreover, the advantage of using this material as the bases of energy 

production is that is a constant source because pigs produce manure every day. This is an 

important variable because this would have been a problem if we had decided to use the remains 

of trees.  

A biomass plant needs to be filled in every day to ensure there is no shortage of energy. Taking 

this point to the core of the project, the best idea will be to produce biogas from pig’s manure. 

On the other hand, it arises also the idea of using as a complement waste comes from trees that 

are exploited in the area because it increases the efficiency of the plant. But we need to bear in 

mind the fact that this material depends on the pruning periods. Therefore, calculations in the 

following heading would not take this sporadic variable into account.  

 

5.1. Possible suppliers 
 

As stated, before the variable of kilometres between FANAL and the farms is a key factor that 

we cannot forget about. This is because the cost of the transport is not insignificant.  

To know which farms could be FANAL partners research with the CNAE code was made to 

choose the closest pigs farms. The code used to delimitate the farms in the Castellón 

Community was 0146 which states for pig farms.  

By doing this, several companies that perform these activities were localized. In the next table, 

some of the closest farms from FANAL are described. 
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Company Address Distance to Fanal (km) 

Granja Centelles Lugar las Crevadas, 6, Useras, Castellón 47 

Fenopork SL Carrer dels Sants Màrtirs, 36, 12181 Benlloch, 

Castellón 
44 

Piensan SL 
Fenopork S L, Carrer dels Sants Màrtirs, 36, 

12181 Benlloch, Castellón 
21 

Embutidos Flor SL 
C. Plano Royo, 12124 Villahermosa del Río, 

Castellón 
57 

Table 2: Location of farms close to the company. Source: GoogleMaps 

 

Considering the previous table, the best would be to collaborate with Piensan SL because they 

are the ones that are closer to FANAL but to determine this we need to know the amount of 

daily material needed to see if it is enough to collaborate with just one farm. 

Moreover, the number of farms located in Castellón was 560 in 2017. (El Periódico 

Mediterráneo, 2017) Despite that is not as actualized as the number of heads, we could not find 

a more recent number to use in the project. On the other hand, another figure determined that 

the average number of pig farms on each farm was around 1.181 in 2019. (Economía3, 2019) 

Regarding these previous numbers, it was decided to determine 1.100 pigs per exploitation.  

As a global idea, we can conclude there are companies with which we could try to reach and 

talk to do partnerships with them to get the raw materials for producing the biofuels.  
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6. Alternative solution  
 

An alternative idea to the facility explained could be to add the facility that generates biomass 

could be to put solar panels to generate even more energy. Moreover, a fact to support this idea 

is the fact of the location of Castellon. It is a region where around 300 days a year there is sun 

without clouds in the sky.  

The idea is to analyze if the biomass facility needs to be complemented with these solar panels 

or not, but also specify the amounts of waste needed for each type named.  

It was found that there were several proposals for projects regarding photovoltaic installations. 

Taking this into account, it seems a good idea to run a facility of this kind. 

Below, there is a map that shows the locations of different facilities in the Community of 

Valencia.  

 

 
Figure 3: Location and number of photovoltaic facilities in the Community of Valencia. Source: El periódico Mediterráneo. 
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7. Calculations 
 

Firstly, we need to know the amount of organic waste each pig produces daily. This depends 

on several variables such as the age of the animals. In the following table, more detailed 

information is given: 

 

Table 3: Amount of kg of waste and m3 of methane produced by pigs at different phases of their life. Source: (Landín, 2007) 

 

 

Table 4: Production of biogas for the different ages of porks. Source: (Lozano, 2015) 

 

Another important data is the energy demand of FANAL. To perform the calculations, we were given 

the information below: 

 

 

Figure 4: Data consumption of FANAL. 

 

It was decided to use the data of 1000 kW/h, to be sure that the proposal will supply with no 

problem the real demand of the company.  

Moreover, another important factor is the fact that for 1 m3 of biogas we can produce more 

than 1 kWh. There are also different opinions regarding this factor, regarding Guía teórico-

práctica Sobre el biogás y Los biodigesters, a good estimation is: 
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As stated before, we decide to choose a value in the middle to calculate “the average” 

production. Therefore, it is stated the number of 1,96 kWh/m3 is the equivalent production of 

energy. 

Taking into account the demand of 1000kW/h and this data of 1,96kWh/m3 we can easily 

calculate the amount of biogas needed. 

𝐷𝑎𝑖𝑙𝑦 𝑑𝑒𝑚𝑎𝑛𝑑 𝑜𝑓 𝑏𝑖𝑜𝑔𝑎𝑠 =  
1000𝑘𝑊ℎ

1,96 𝑘𝑊ℎ/𝑚3
 

𝐷𝑎𝑖𝑙𝑦 𝑑𝑒𝑚𝑎𝑛𝑑 𝑜𝑓 𝑏𝑖𝑜𝑔𝑎𝑠 = 510,2 𝑚3 𝑝𝑒𝑟 𝑑𝑎𝑦  

Equation 1: Volume of biogas needed daily 

Also, it is applied an efficiency factor of 90%, meaning that we would need more volume of 

biogas because some of it would be losses.  

𝑅𝑒𝑎𝑙 𝑑𝑎𝑖𝑙𝑦 𝑑𝑒𝑚𝑎𝑛𝑑 𝑜𝑓 𝑏𝑖𝑜𝑔𝑎𝑠 =
510,2 𝑚3 𝑝𝑒𝑟 𝑑𝑎𝑦  

90%
 

𝑅𝑒𝑎𝑙 𝑑𝑎𝑖𝑙𝑦 𝑑𝑒𝑚𝑎𝑛𝑑 𝑜𝑓 𝑏𝑖𝑜𝑔𝑎𝑠 = 566,88 𝑚3 𝑝𝑒𝑟 𝑑𝑎𝑦  

Equation 2: Real volume of biogas needed daily, considering losses 

The next step is to know the number of pigs needed to produce this volume of biogas. To 

calculate this, we start with the data of 2,35 kg of mature/pig/day. Moreover, it was stated 

above the amount of biogas that can be produced per kg of mature: 

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑏𝑖𝑜𝑔𝑎𝑠 𝑝𝑒𝑟 𝑝𝑖𝑔 = 2,35
𝑘𝑔

𝑝𝑖𝑔 ∗ 𝑑𝑎𝑦
∗ 0,11

𝑚3

𝑘𝑔
  

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑏𝑖𝑜𝑔𝑎𝑠 𝑝𝑒𝑟 𝑝𝑖𝑔 = 0,2585 
𝑚3

𝑝𝑖𝑔 ∗ 𝑑𝑎𝑦
  

Equation 3: Volume of biogas produced per pig per day 

Finally, we can calculate the number of pigs needed to generate this 1000kWh. 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑖𝑔𝑠 =
566,88  𝑚3 𝑝𝑒𝑟 𝑑𝑎𝑦

0,2585 
𝑚3

𝑝𝑖𝑔 ∗ 𝑑𝑎𝑦

   

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑖𝑔𝑠 = 2193  

Equation 4: Number of pigs needed to produce FANAL’s consumption 
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This number represents the number of pigs that produce the kg of manure needed to generate 

1MW/h every day.  

As explained in previous headings, it is estimated an average of 1.180 porks per farm. This 

means that FANAL would only need 2 farms to produce the biogas they need. 

Looking at table 1, the best option would be to reach an agreement with FenoPorkSL and 

Piensan SL because they are the closest exploitations to FANAL. The best efficient route would 

be to start on FenoPork SL, stop in Piensan SL and end on FANAL. The route is in total around 

54 km. This data would be used to calculate the investment in the project.  

 

Figure 5: Possible route to collect the raw material for biogas production. Source: GoogleMaps. 
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8. Estimation of the budget 
 

According to different studies regarding the budget estimation of a co-digestion plant, such as 

the incubation system to enhance Biogas and Methane production in Umbria, Italy using maize 

silage and pig slurry (co-digestion process), the cost budget has been estimated. Like any 

investment, the cost of the plant can be segmented into capital expenditure (Capex) and 

operating expenditure (Opex). Capex is related to the initial investment that needs to be done 

in order to have a fully 20-year operational plant, whereas Opex costs are related to the daily 

operational costs to keep the plant on use. Both are highly dependent on biogas production and 

methane concentration, thus, the following costs displayed refer to a 1,000 kWh plant.  

Once the production of the plant is defined, the Annual Estimated Production (AEP) of the 

plant can be defined as well as both costs, Capex and Opex, obtaining, therefore, the Levelized 

Cost of Energy (LCOE) of the project/plant.  

The following formula reflects the AEP value of the project. Although the current price of 

energy oscillates in the 0.30€/kWh range, a more conservative value will be taken into account 

to estimate what the saving will be. A 0.11€/kWh price will be used, average value of the 2019 

prices. This year will be used as the reference, since it removes specific events such as the 

pandemic and this last year’s last incidents regarding the electricity prices, for our 20-year 

forecast. 

𝐴𝐸𝑃 = 1,000 𝑘𝑊ℎ ∗ 16ℎ ∗ 365𝑑𝑎𝑦𝑠 = 5,840𝑀𝑊 

Equation 5: Annual Energy Production (AEP) formula 

𝑇𝑜𝑡𝑎𝑙 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 = 𝐴𝐸𝑃 ∗ 𝐸𝑛𝑒𝑟𝑔𝑦 𝑝𝑟𝑖𝑐𝑒 = 584,000€ 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 

Equation 6: AEP associated revenues 

The following table shows the main assumptions regarding capital expenditure costs (Capex): 

Capital expense (CAPEX) of 20-year 1,000kWh Co-digestion Biomethane Production 

Plant 

Component Value Units 

CHP plant 0.9k €/kWel 

Installations 550k €/plant 

Building and logistics 

infrastructures 
700k €/plant 

Permission and management 450k €/plant 

Incubator 400k €/plant 

Surface 3k €/m2 
Table 5: Capex Assumptions 

 

Considering that the surface needed for a 1,000kWh co-digestion plant is of 3,000 m2, the total 

investment needed for the construction of this plant will be of 3.68M€. However, the NextGen 

European funds are financing between 20-50% of the construction of this kind of plants. 
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In order to continue with the conservative approach, an aid of 30% of the total capex has been 

considered, which amounts for 1.10M€, which results in a 2.57M€ initial investment. 

 

Total CAPEX breakdown (in €): 

 

 

 

 

 

 

   

 

Moreover, the following table displays what are the main assumption of the keeping the plant 

operational during the whole year. 

 

Operating expense (OPEX) of 20-year 1,000kWh Co-digestion Biomethane Production 

Plant 

Component Value Units 

Biomass Logistics 1.0 €/ton-km 

Maintenance 0.03 €/kWh 

Labor 45k €/employee-year 

CHP unit (oil, service) 28k €/year 

Services (safety, legal, 

technical, etc.) 
14k €/year 

Insurance 14k €/year 

CO2 emissions 59.0 €/ton CO2 
Table 6: Opex Assumptions 

 

As it has been stated in the previous chapter, the closest farm is allocated within a 54 km radius 

and 800 tons are required to keep the plant functional over the year. Another cost that must be 

taken into account is the related to CO2 emissions.  

 

More and more regulations are being imposed to corporations in order to reduce the carbon 

footprint (Green House Gas Emissions), therefore Governments are imposing fines to deter and 

prevent the over-emissions of these gases. As it can be seen in the following figure, the CO2 

emissions associated to the production of biogas are the lowest by far.  

 

 

 

 

 

Figure 6: Capex breakdown 
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CO2 emissions per unit of energy produced by technology (kg CO2/kWh): 

  
  

 

 

 

 

 

 

 

All in all, one of the key benefits of co-digestion is the CO2 emissions savings. These plants 

are usually built to achieve the GHG net zero emissions, so when computing the balance of the 

CO2 emissions, the results obtained are the following: 

 

Emissions savings by means of biomethane production (kg CO2/kWh): 

 

 

 

 

 

 

 

 

 

Therefore, taking into account the fees imposed by the government on companies to reduce 

CO2, these emission savings can act as a new source of revenue by being sold to third parties 

so that they achieve net zero-emission targets.  

 

 

 

 

 

 

Figure 8: CO2 emissions saving by means of biomethane production 

Figure 7: CO2 emissions per technology 
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Total OPEX breakdown (in €): 

 

 

 

 

 

 

 

Also, for running operating, two three-time employees will be required, thus, the total annual 

operating costs amount to 453k€.  

 

Assuming a 20-year-old total lifecycle and a 5% discount rate the investment will be recovered 

by the year 11, Payback Period. And the Levelized Cost of Energy (LCOE) of the project is 

the following. 

 

𝐿𝐶𝑂𝐸 =
∑

𝐶𝐴𝑃𝐸𝑋𝑡 + 𝑂𝑃𝐸𝑋𝑡
(1 + 𝑟)𝑡    20

𝑡=0

∑ 𝐴𝐸𝑃20
𝑡=0

 = 112.95
€

𝑘𝑊ℎ
 

Equation 7: LCOE formula 

 

Accumulated Cash Flow over the plant’s 20-year lifecycle (in millions €): 

 

 

 

 

 

 

 

All in all, taking into account the 20-year-old lifecycle of the plant and a constant 1,000kWh 

production rate, the NPV of the project amounts for 327,524.98€, which is translated into a 7% 

project IRR. 

Figure 9: OPEX breakdown 

Figure 10: Project's accumulated Cash Flow 
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However, today, there is a great deal of uncertainty surrounding the price of energy. We are 

reaching historical maximums and, although for this study we have taken the average of 2019, 

so to be more conservative, a sensitivity study will be done to see how the Payback Period on 

the investment changes as this parameter varies.  

The other parameter that will be used in order to complete the sensitivity analysis will be the 

ton CO2 price. In December from last year, the price per CO2 ton achieved another historical 

maximum at 88.87€/ton CO2, which triplicates de 2020 average, 25.09€/ton CO2. Among the 

main reasons for this sharp rise is the spike in the price of natural gas in Europe, which has led 

power generation plants to switch to coal instead, resulting in higher CO2 emissions and the 

need to buy more emission allowances. Following with the conservative approach, the price 

used in the base analysis was of 59,0€/ton CO2. 

Payback Period Sensitivity Analysis (years): 

As it can be seen, the Payback Period is highly sensitive to changes in the Energy price, whereas 

it depends and varies also with the CO2 price changes but in a more moderate way. The project 

could have a 5-year Payback Period in the best-case scenario, despite not being tremendously 

ambition and assuming a 0.14€/kWh energy price, price which is now around 0.30€/kWh, and 

90€/ton CO2. 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: Payback Period Sensitivity Analysis 
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9. Conclusion 
 

As explained headings before, we reached the conclusion that we can generate FANAL’s 

demand with pig’s manure. This first idea leads to the fact that it is no need other facilities to 

complement the biomass installation. Therefore, the alternative presented regarding 

photovoltaic panels will not be considered for this project.  

On the other hand, FANAL may decide to include more machinery in the workshop. This is 

translated into more energy demand. If it happens, it would not be strange if another project 

regarding energy generation would need to be carried out. Bearing this in mind, we propose 

several future solutions such as: (1) increasing the volume of biogas by the creation of new 

agreements with more farmers, (2) installing photovoltaic panels to complement the biogas 

generation, and even (3) looking for other activities inside its barriers to decrease its footprint, 

e.g., electrifying the pig manure transportation. 

The proposed plant will require a 2.5M€ initial investment, assuming a 1.1M€ aid coming from 

the NextGen European funds (30% of the investment). The operating costs will ascend to 453k€ 

per year. Based on this cost structure, the plant will generate revenues/savings in two separate 

lines: (1) the energy production itself, which will account for 85% if the total revenues (584k€ 

per year), and (2) saving coming from the CO2 emission reduction that could be sold to third 

parties in order to achieve its imposed net zero goals, accounting for the remaining 15% 

(103k€). The investment will have an 11-year Payback Period with a 7% project IRR and a 

~330k€ NPV. Moreover, the Levelized Cost of Energy of the plant will be of 112.95€/kWh. 

The total plant lifetime will be of 20 years, which means that after that time two options will 

arise, either reaccommodate the plant to new technologies and expand its life span or dig into 

new alternative solutions such as gold hydrogen. 
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