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abSTracT

biomethane is a real alternative to natural gas and a clean way to valorize biogas obtained from organic waste in landfills or manure. It can be used as fuel in vehicles and boilers or injected in natural gas grid. Nevertheless, in Spain, biogas and biomethane are starting to be considered as an alternative to natural gas. a good way of promoting these renewable energies is supporting small and cheap treatment plants near to the place where the biogas is produced and where the biomethane can be used on-site, fostering the circular economy. an easily usable simulation tool for selecting the best sequence of unit operations for treating biogas has been designed. modelized operations are absorption (with water, chemical and physical), pressure swing adsorption, membranes and dehydration. a step to determine if the biomethane obtained is suitable to be injected into the grid according to current Spanish regulation has been developed. To complete the design, a conventional simulation software can be used. The tool gives information about costs, consumptions and environmental impact of each selection. Pollutants modelled are those more common in biogas coming from manure although other contaminants hardly removable are considered: cO , ch , Nh , Sh , cO , O , N , h O and siloxanes. unit operations have 2
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been modelled separately, and operating conditions can be easily modified by user. Some alarms have been settled to help user to make a correct selection. With this solution, a compromise between cost (compared to commercial solutions) and accuracy is met. This tool was used as a first step to design a flexible and portable prototype for treating small flows of biogas as those produced in livestock which has been later built and is on operation. This kind of solutions could help the deployment of biomethane in Spain and help installations to reduce its emissions by valorizing a residue. 

 Keywords: biomethane, circular economy, simulation tool. 

1  INTrODucTION

The European union is fostering cleaner energy to make Eu a global leader in renewable energy and ensure that the target of at least a 32% share of Eu energy consumption coming from renewable energy sources is met by 2030 [1]. In this sense, the renewable gases such as biogas can play an important role to make the natural gas networks greener and more environmentally friendly. Spanish regulation to inject biomethane into the natural gas networks are quite restrictive, and although there was a change in our regulation to make easier the injection of gases coming from special sources (the minimum amount of ch  in gas to be 4

injected was lowered from 95% to 90%), Spanish regulations are still the most hampering in Europe [2, 3]. countries with less constricting normative have a higher penetration of non-conventional gases, such as biogas or biomethane, because treatments to meet composition of those gases with normative are not so exhaustive and therefore are economically and technically feasible. 

Spain is trying to correct this trend, and in the Plan Nacional Integrado de Energía y clima 2021–2030 (Integrated National Plan for Energy and climate) published last march, the role of biomethane as fuel and the importance of promote its use is enhanced [4]. 
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 L. G. Gómez, et al., Int. J. of Energy Prod. & Mgmt., Vol. 7, No. 1 (2022) biomethane is nowadays growing in importance as an alternative and ‘green’ fuel. It is obtained using several technologies to upgrade biogas, such as membranes, water scrubbing or pressure swing adsorption (PSa). In the Smart green gas project, a collaborative research and development (r&D) plus innovation study supported partially by the ‘centro para el Desarrollo Tecnológico Industrial’ (cDTI) that belongs to the Spanish ministry of Economy and competitiveness, a hybrid flexible prototype is being designed to upgrade low flows of biogas from different sources to obtain low-quality biomethane to be injected into the Spanish natural gas grid or to use it as fuel. In this study, we developed a simulation tool for a quick selection of treatments for biogas upgrading. from this tool, we obtain a first estimation of the performance of the selected treatments to determine whether the biomethane obtained meets regulations to be injected in natural gas grid or not. We also propose a novel approach to inject low-quality biomethane (not accomplishing legal limits) using the stage of grid injection at metering & regulating Stations (mrS) as a blending step where biomethane is mixed with natural gas, obtaining a gas which composition is accomplish Spanish. at lat-est, we compare results from our tool with a prototype to adjust theoretical efficiency obtained from tool. 

2  ObjEcTIVES

The main objective of this work is to develop a simulation tool where the unit operations based on adsorption, absorption and permeation are modelled using the physical equations that rules their performance and data available in bibliography. With this tool, a first quick selection of best unit operations for treating biogas of a given composition to reach a certain composition, high or low, can be made. from the results of the simulation tool, a pre-design of an upgrading pilot plant is obtained. In the framework of the project, a pilot plant of 1 

m3N/h has been built combining several operations according to the results of the previous stage (simulation tool). blending in mrS is studied as a way of obtaining high-quality biomethane starting from a low-quality biomethane. unit operations considered and modelled are PSa with zeolites, water and soda scrubbing, chemical and physical absorption, active carbon filter, drying, membranes and grid injection. at this time, the tool is almost developed (all the unit operations are modelled), and we are working in small details or improvements of the simulation tool. 

restrictions to inject non-conventional gases into the Spanish grid are summarized in Table 1. Presence of dust or particles is not allowed. most of the operations modelled are operated at high pressure or temperature, so auxiliary stages to adjust temperature or pressure are needed. To make simpler the use of the tool, the model automatically makes calculations to adequate temperature and or pressure and the energy consumption related to it. 

3  ExPErImENTal

Simulation tool has been developed in Excel to make easier its usage for anyone. It has been structured in sheets. The first one ‘POrTaDa’ (front) is the core of the tool, as is where composition of biogas is entered and where the results of the sequence of unit operations are presented. an economical and environmental analysis is also developed and shown in this sheet. The tool was designed thinking that whether several unit operations are selected, the quality of the final gas will be higher. In sheet ‘POrTaDa,’ the sequence of unit operations is selected. It is also possible save up to five simulations to compare results graphically. Substances modelled are those that are commonly present in biogas coming from manure and 
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Table 1: gas quality specifications for gas injected into Spanish gas natural system. 

Gas quality specifications for gas 

Gas quality specifications for gas injected into  from non-conventional sources the Spanish natural gas system (0ºC, 1.01325 

injected into the Spanish natural 

bar) [2]

gas system) (0ºC, 1.01325 bar) [3]

Property

Units 

Min. 

Max. 

Property Units 

Min. 

Max. 

Wobbe index

kWh/m3

13.403 16.058

ch

mole % 90

–

4

hhV

kWh/m3

10.26

13.26

cO

mole %

2

rel. density

mg/m3

0.555

0.700

h

mole % –

5

2

S Total

mg/m3

–

50

Nh

mg/m3

–

3

3

h S + cOS  

mg/m3

–

15

f/cl

mg/m3

–

10/1

2

(as S)

rSh (as S)

mg/m3

–

17

hg

µg/m3

–

1

O

mole %

–

0.01*

Siloxanes mg/m3

–

10

2

cO

mole %

–

2.5

bTx

mg/m3

–

500

2

h O (dew point) ºc 70 bar

–

+2

microog. –

Technically 

2

pure

hc (dew point)

ºc 1–70 

–

+5

bar

Table 2: average compositions considered in this investigation. 

Livestock 

Urban 

waste 

Agricultural  Sewage 

waste 

Landfill 

Gas

(%)

waste (%)

sludge (%)

(%)

gas (%)

ch

50–80

50–80

50–80

50–70

45–60

4

cO

30–50

30–50

20–50

30–50

40–60

2

N

0–1

0–1

0–3

0–1

2–5

2

h O

Saturated

Saturated

Saturated

Saturated

Saturated

2

h

0–2

0–2

0–5

0–2

0–0.2

2

Sh

0–1%

100–700 ppm 0–1

0–8

0–1

2

Nh

Traces

Traces

Traces

Traces

0.1–1%

3

cO

0–1

0–1

0–1

0–1

0–0.2

N

0–1

0–1

0–3

0–1

2–5

2

O

0–1

0–1

0–1

0–1

0.1–1

2

Organic com-

Traces

Traces

Traces

Traces

0.01–06*

pounds
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 L. G. Gómez, et al., Int. J. of Energy Prod. & Mgmt., Vol. 7, No. 1 (2022) some landfill gas: ch , cO , h O, Nh , Sh , N , O  and siloxanes. a box ‘others’ has been 4

2

2

3

2

2

2

enabled to complete composition to 100% if necessary. companies participating in the r&D 

project described in the introduction give the following composition for biogas. 

models of each unit operation are developed independently in different Excel sheet. Each sheet contains information relevant about the performance of the unit operation: efficiency for every substance, working pressure and temperature. Economical costs are calculated considering maintenance costs, operating costs and investment costs. Environmental asset expressed as kgcO  equivalent is made by considering ch  average losses for each unit 2

4

operation and calculating the equivalence of energy consumption with kgcO  eq. calculus 2

start by the desired concentration of cO /Sh  (depending on the unit operation) in the outlet 2

2

of the unit operation, and depending on the grade of depuration, the amount of solvent or adsorbent is calculated. The tool calculates automatically if it is necessary to accommodate pressure or temperature, and an estimation of the effect of these adaptations is calculated through energy consumption. lastly, a set of alarms specifical for each operation is defined so that the user of the tool is advised if one of the operations selected is not appropriate for the composition of biogas and a pre-treatment is needed. 

The tool has been designed to have the main information in tab ‘POrTaDa’. as it has been explained in this tab is also available the information about the composition of the biomethane, consumptions and alarms, whether it is necessary to adequate pressure or temperature or not. It is also indicated if there is a redundant stage (when similar unit operations have been selected and no extra depuration is achieved), and in this sheet, there is direct access (a link to go to the sheet where that unit operation is modelled) for each unit operation. If a final step of grid injection is selected, an indication of whether the biomethane can be injected into the grid or not (for high flows of biomethane) and final composition. There is also an option to indicate the quality of the biomethane to obtain: empty or ‘Sin determinar’ (not indicated) is the higher quality, ‘límite legal’ for legal compliance and ‘bajo’ (low) to upgrade the biogas to a ch  concentration lower than legal limit. The tool is being developed in Spanish. a cap-4

tion of this tab is shown in fig. 1. 

Once the composition of the biogas has been defined and the sequence of operations selected, the tool starts calculations and gives a result, which is shown in ‘POrTaDa’. The selection of unit operations can be done easily, only displaying the list of defined operations. 

To avoid repeating unit operations, the selected operation disappears from the list of the next stage. up to ten operations can be chosen. 

by clicking ‘grabar Simulación’ (save simulation), data (inputs, outputs) are copied in tab 

‘resumen de resultados’ (summary of results) and represented graphically kgcO  eq., ch 2

4

losses, maintenance and operating costs and energy consumption. See fig. 2. 

Operating conditions of unit operations and alarms can be changed easily in the corresponding Excel sheet. If an alarm is activated for one (or more) unit operation, by clicking in the name of the operation in tab ‘POrTaDa’, the user can move to the corresponding sheet to see why the alarm is activated. 

results of each operation selected are gathered in tab ‘cálculos etapas’ (calculations), where other relevant information is also compiled (consumptions, costs, ΔT, ΔP, …), as can be seen in fig. 3. 

global information about the upgrading process can be seen in ‘POrTaDa’. as calculus are made based on the elimination of almost all the cO  present (there is a minimum concen-2

tration established in 1%), it is possible to obtain a biogas with ‘0’ Sh  as the solvent is 2

calculated to eliminate cO and it is in excess in relation to Sh . 

2 

2

[image: Image 1]
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ven 

xplanations in English. In this image, information related to a gi wn. 

’ (each part is amplified) with eaD

Tar

aption of tab ‘PO c combination of unit operations is sho 1: 

figure 

[image: Image 2]
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 L. G. Gómez, et al., Int. J. of Energy Prod. & Mgmt., Vol. 7, No. 1 (2022) figure 2: results shown in ‘resumen de resultados’ (Summary of results), also depicted graphically to compare different treatments. 

figure 3: View of tab ‘cálculos etapas’ (calculations). 

for every unit operation in upper side, there is an information about the process (operating conditions, characteristics of solvent/adsorbent …). likewise, composition of final gas and solvent, as well as the amount of reactive needed for a given concentration of cO  or Sh  at 2

2

the outlet gas, is shown. compounds for which alarms have been settled as well as the limit for the alarm are also indicated there. Two buttons at the top of the Excel allow the navigation to the pages ‘POrTaDa’ (front) and ‘cálculos etapas’ (calculations). 

When calculations are made based on a physical or chemical principle, related information is also gathered. for example, in absorption steps, henry’s law is represented graphically to obtain a regression equation to make calculations. for adsorption, data from equilibrium are also depicted to obtain an equation to model the process. an example of this is shown in fig. 6 for physical absorption. Some of the references used to develop the tool are [5–13], besides the specific bibliography used to model each unit operation that we don’t summarize in this document because of its extension. 

If there is any alarm, then the box next to ‘alarmas’ (alarms) will turn on red, and in the lower side of the page, it is possible to check what compound(s) is over the limit (fig. 6). In 

[image: Image 4]
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figure 4: upper side of one unit operation (physical absorption), as an example. 

[image: Image 5]

[image: Image 6]
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 L. G. Gómez, et al., Int. J. of Energy Prod. & Mgmt., Vol. 7, No. 1 (2022) figure 5: henry’s law for absorption of different substances in Selexol. 

figure 6: lower part of a sheet of one unit operation. 

the table, all the calculations are made including the amount of solvent/adsorbent needed and final flow of biogas. 

In this project, the rmS was studied as another stage for biogas upgrading. One of the limiting aspects in Spain to inject biogas to the grid is that in most of cases to achieve the composition allowed by regulations is not affordable. To overcome this, a blending process in rmS where the flow of biomethane to inject is small in comparison to the flow of natural gas in the grid is designed to accomplish with current law in the outlet pipe of the rmS. 

Design to incorporate rmS as a blending system to ‘purify’ the biogas schematically, as shown in fig. 7, consists of:

- a biomethane storage system with pressure regulator. 

- an injection flow meter. 

- a regulating electro-valve. 

- a mrS in which the biomethane is injected. 

- a gas sample connector. 

- a wall plate with a pressure regulator, condensate filter and explosion proof barrier. 

- a gas mixture dew point meter. 

[image: Image 7]
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figure 7: Scheme of the injection system. 

- a gas mixture analyser of ch , cO , O , h  and Sh . 

4

2

2

2

2

- an intelligent continuous monitoring and actuating System (maS) to inject biomethane in a smart way by controlling the gas parameters in mixture and enacting on the total volume of the biomethane injected. 

- a remote server. 

In order to guarantee that the mixture meets the gas quality specifications at the mrS output, we have to continuously measure the injected biomethane flow to be able to act on different parameters: if the limit value of a parameter is breached, the intelligent system will have to act on the flow rate by decreasing the amount of biomethane injected so that the mixture meets the minimum quality standards of the gas distributed in the Spanish network. 

4  rESulTS aND DIScuSSION

a simulation with an average composition of a landfill gas was done. Several treatments were modelled, being the most suitable (for a cheap solution) the one combining dehydration, active carbon filter and PSa with zeolites operated at 6 bar (fig. 8). 

composition of the biogas and the biomethane obtained from the models is shown in Table 3. 

results obtained in the tool developed are shown in fig. 9. 

These results were got using the option ‘bajo’ (low) in tab ‘POrTaDa’, to obtain a cheap biomethane that meets legal limits thanks to a final step of blending in rmS. 

results of intermediate stages are collected in fig. 9. Thus, and according to the current Spanish regulations, the injection of biomethane into the natural gas distribution network is not feasible. See again the last column of fig. 9. but if the gas blending solution is considered as the last upgrading stage in compliance with the Spanish natural gas regulations, then by varying the volume ratio of the mixture the permitted results are obtained in the mrS gas output. See Table 4. 

[image: Image 8]

[image: Image 9]
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Table 3: Inlet and outlet composition of the landfill gas modelled. 

Property Units

Inlet

Outlet

ch

vol%

45

87.00

4

O

vol%

1

0.10

2

N

vol%

5

5.30

2

Nh

mg/m3N

3

0

3

Sh

ppmv

200

0

2

cO

vol%

40

7.8

2

h O

vol%

9

0

2

figure 9: final results and information given by the tool. 
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Table 4: composition of the natural gas + biomethane blending in the mrS gas output. 

Biomethane 

MRS gas 

injected in the 

 

input

MRS

MRS gas output

methane (%mole)

97

87

96

Ethane (%mole)

1.1

0

0.99

Propane (%mole)

0.1

0

0.09

N  (%mole)

0.7

4.93

1.123

2

cO  (%mole)

1

7.98

1.698

2

O  (%mole)

0

0.09

0.009

2

Sh  (ppmv)

5

0

4.5

2

h O (ppmv)

0

0

0

2

Nh  (mg/m3N)

0

0

0

3

Siloxanes (mg/m3N)

0

0

0

Total (%mole)

100

100

100

Volume ratio (m3N)

9

1

10

hhV (KWh/m3N)

10.44

9.14

10.31

molecular weight

16.8

18.2

16.94

relative density

0.581

0.616

0.5845

Wobbe index (kWh/m3N)

13.69

11.65

13.49

methane number

92.7

76.6

91.09

as the biomethane composition is not in accordance with the current Spanish regulations, a last stage of blending with distributed natural gas will be used to adjust the biomethane composition to the Spanish standards on biomethane injection into the natural gas line. The quality of biogas obtained affects to treatment cost as it reduces the amount of chemicals as well as power consumption. 

The prototype constructed was tested under real conditions with a landfill gas. composition of the biomethane in the outlet of the prototype and its change with time was measured employing an agilent 490 micro gas chromatograph. We are not allowed to show data from the composition of the biogas in the inlet and the upgraded biomethane, but we can affirm that the performance of the pilot plant achieved a 95%, being the minimum molar fraction of cO in the outlet next to 1% (this value is set up in the tool as final concentration to start 2 

calculations) using a zeolite 13x. 

The pilot plant was designed to be portable to make it more usable and affordable, as it could be shared with nearby biogas generating facilities. 

[image: Image 10]
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5  cONcluSIONS

Spanish regulations to inject biomethane into the natural gas grid are so restrictive that it makes the biomethane injection in most cases economically and technically unfeasible due to the high technological investment cost to upgrade biogas to the required quality levels. In this project, we propose a novel approach to overcome this drawback using the last stage of grid injection (blending) into natural gas mrS as an additional upgrading operation. We will use this stage to adapt the composition of the resulting blended gas to current strict Spanish regulations. This solution will help to the development of biomethane in Spain as a feasible renewable energy and the growth of small new projects near to the biogas source, e.g. livestock. The variability of biogas flows and quality in these cases are saved using systems for gas storage and a final step of blending with natural gas. 

To this aim and as a previous stage, a simulation tool was developed to make a rapid pre-selection of the best operations to upgrade biogas to low- or high-quality biomethane given a known composition of biogas. a portable hybrid prototype was designed and constructed to test its behaviour in the upgrading of a typical landfill gas. results of real test were like data obtained with the simulation tool that supports the theoretical models developed. 

acKNOWlEDgEmENTS

We express our gratitude to Nortegas Energía Distribución Sau and to the ‘Vertedero de lapatx’ managed by urola Erdiko lapatx zabortegia S.a. 

rEfErENcES

[1] European Parliament, «fact Sheets on the European union - European Parliament,» 

06 july 2021. [En línea]. available: https://www.europarl.europa.eu/factsheets/en/

sheet/70/renewable-energy. 

  

 L. G. Gómez, et al., Int. J. of Energy Prod. & Mgmt., Vol. 7, No. 1 (2022) 47

[2] boletín Oficial del Estado, bOE,  Resolución de 21 de diciembre de 2012, de la Dirección General de Política Energética y Minas, por la que se modifica el protocolo de detalle PD-01 "Medición, Calidad y Odorización de Gas" de las normas de gestión técnica del sistema gasista, 2013. 

[3] boletín Oficial del Estado,  Resolución de 8 de octubre de 2018, de la Dirección General de Política Energética y Minas, por la que se modifican las normas de gestión técnica del sistema NGTS-06, NGTS-07 y los protocolos de detalle PD-01 y PD-02, 2018. 

[4]  boletín Oficial del Estado,  Resolución de 25 de marzo de 2021, conjunta de la Dirección General de Política Energética y Minas y de la Oficina Española de Cambio Climático por la que se publica [...] la versión final del Plan Nacional Integrado de Energía y Clima 2021–2030,  2021. 

[5] P. a., «biogas cleaning,»  de The Biogas Handbook Science. Production and applications, Woodhead Publishing, 2013, pp. 329–341. 

[6] P. T. h. c. T. D. bauer f., «biogas upgrading - technology overview, comparison and perspectives for the future,»  Biofuels, Bioproducts & Biorefining, 7, pp. 499–511, 2013. 

[7] b. W. beil michael, «biogas upgrading to biomethane,»  de The Biogas Handbook, Woodhead Publishing limited, 2013, p. capítulo 15. 

[8] IEa bIOENErgY, «Task 24: Energy from biological conversion of organic waste». 

[9] P. N. Kadam r, «recent advancement in biogas enrichment and its applications,» 

 Renewable and Sustainable Energy Reviews, 73, pp. 892–903, 2017. 

[10]  r. g. P. K. m. V. V. K. Kapoor, «Evaluation of biogas upgrading technologies and future perspectives: a review,»  Environmental Science and Pollution Research, 2019. 

[11]  N. r. Kohl a.,  Gas Purification, houston: gulf Publishing company, 1997. 

[12]  j. D. S. P. Niesner j., «biogas upgrading Technologies: State of art review in European region,»  Chemical Engineering Transactions, 35, pp. 517–522, 2013. 

[13]  D. m. V. h. ryckebosch E., «Techniques for transformation of biogas to biomethane,» 

 Biomass & Bioenergy, 35, pp. 1633–1645, 2011. 



index-9_1.png





index-8_2.png





cover.jpeg
L. G. Gomez, et al., Int. J. of Energy Prod. & Mgmt., Vol. 7, No. 1(2022) 35-47
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ABSTRACT

Biomethane is a real alternative to natural gas and a clean way to valorize biogas obtained from organic
waste in landfills or manure. It can be used as fuel in vehicles and boilers or injected in natural gas
grid. Nevertheless, in Spain, biogas and biomethane are starting to be considered as an alternative to
natural gas. A good way of promoting these renewable energies is supporting small and cheap treatment
plants near to the place where the biogas is produced and where the biomethane can be used on-site,
fostering the circular economy. An easily usable simulation tool for selecting the best sequence of unit
operations for treating biogas has been designed. Modelized operations are absorption (with water,
chemical and physical), pressure swing adsorption, membranes and dehydration. A step to determine if
the biomethane obtained is suitable to be injected into the grid according to current Spanish regulation
has been developed. To complete the design, a conventional simulation software can be used. The tool
gives information about costs, consumptions and environmental impact of each selection. Pollutants
‘modelled are those more common in biogas coming from manure although other contaminants hardly
removable are considered: CO,, CH,, NH,, SH,, CO,, O, N,, H,0 and siloxanes. Unit operations have
been modelled separately, and operating conditions can be €asily modified by user. Some alarms have
been settled to help user to make a correct selection. With this solution, a compromise between cost
(compared to commercial solutions) and accuracy is met. This tool was used as a first step to design a
flexible and portable prototype for treating small flows of biogas as those produced in livestock which
has been later built and is on operation. This kind of solutions could help the deployment of biomethane
in Spain and help installations to reduce its emissions by valorizing a residue.

Keywords: biomethane, circular economy, simulation tool.

1 INTRODUCTION

The European Union is fostering cleaner energy to make EU a global leader in renewable
energy and ensure that the target of at least a 32% share of EU energy consumption coming
from renewable energy sources is met by 2030 [1]. In this sense, the renewable gases such as
biogas can play an important role to make the natural gas networks greener and more envi-
ronmentally friendly. Spanish regulation to inject biomethane into the natural gas networks
are quite restrictive, and although there was a change in our regulation to make easier the
injection of gases coming from special sources (the minimum amount of CH, in gas to be
injected was lowered from 95% to 90%), Spanish regulations are still the most hampering in
Europe [2, 3]. Countries with less constricting normative have a higher penetration of
non-conventional gases, such as biogas or biomethane, because treatments to meet composi-
tion of those gases with normative are not so exhaustive and therefore are economically and
technically feasible.

Spain is trying to correct this trend, and in the Plan Nacional Integrado de Energia y Clima
2021-2030 (Integrated National Plan for Energy and Climate) published last March, the role
of biomethane as fuel and the importance of promote its use is enhanced [4].
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