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Abstract 

Water scrubbing is a physical absorption method which uses absorption to remove impurities 
from biogas. The feasibility of water scrubbing to upgrade biogas was analyzed for two fluids 
(tap water and digestate liquid), and in two settings (U.S and Nigeria). Experiments were carried 
out to test the absorption capacity of carbon dioxide using these fluids. A techno-economic 
model was created to simulate the performance of a biogas upgrading system, and the model 
was used to estimate the viability of the system. 

Results indicate that biogas upgrading for a small-scale farm in Pennsylvania yields a negative 
net present value (NPV) of -$795,246, with all but the most optimistic scenario producing 
negative values. Sensitivity analysis indicates that pipeline cost, number of cows, and biogas 
production costs have the greatest impact on NPV, while utility costs have the least influence. 

Digestate liquid can be used to absorb carbon dioxide; however, its performance is lower than 
that of water. It was found to be most effective at 4°C and 1440 minutes. The techno-economic 
analysis of using digestate liquid for upgrading also results in a slightly improved but still 
negative NPV (-$65,240), compared to using water, despite no associated cost for the liquid. 



This outcome can be attributed to the required height of the column, which is approximately 
twice the height needed when using water to achieve the same carbon dioxide removal 
efficiency. 

Techno-economic analysis of biogas upgrading in Nigeria using biomethane as a substitute for 
liquefied petroleum gas (LPG), with a base case of 60 cows, also yields a negative NPV of -
N10,253,874, only the most optimistic variations of this scenario result in a positive NPV. While 
the NPV of these systems tends to be negative, their use may be justifiable in favorable settings 
and conditions. Sensitivity analysis shows that the biogas production cost has the greatest 
impact on NPV, followed by compressed biomethane cost and the number of cows. However, 
biogas production costs could be reduced through funding incentives, grants, and financing 
mechanisms. The farming system in Nigeria also affects the availability of manure, as cows are 
not typically confined to a single location. 

Overall, this thesis provides an assessment of the economic and technical feasibility of biogas 
upgrading using water and digestate liquid in two different continents, showing the significant 
variables assessing the adoption of the use of biomethane as electricity, renewable natural gas 
or liquified petroleum. 
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This dataset is complete and no maintenance is planned. 

Geographic coverage 

No specific geographies are presented in this dataset. 
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Taxonomic coverage 

No specific taxonomies are presented in this dataset. 

Methods 

Methods language adapted from: Akingbasote, Mary Tutuola. 2025. “Techno-Economic Analysis 
of Biogas Upgrading.” Thesis, The Pennsylvania State University. 

Materials and methods 

The digestate liquid (DL) used in this study was sourced from a farm-based anaerobic digester in 
Central Pennsylvania, which co-digests cow manure and food waste for biogas production. The 
digestate underwent separation using a screw press, and the resulting DL was stored in a cold 
chamber at 4°C before laboratory analysis. 

The water used in the experiment was sourced from the Department of Agricultural and 
Biological Engineering at Penn State and has a pH of about 7.49. pH measurements were 
carried out using a Mettler Toledo pH meter equipped with an LE488 model probe. Other 
equipment used in the experiment included a measuring cylinder, calibrated containers, a hot 
plate, and pure CO₂. 

A sample of the digestate liquid was sent to the Ag Analytical Services Lab at Penn State for 
characterization, including the determination of total solids, total nitrogen, ammonium, organic 
nitrogen, phosphate, and potash. 

CO2 absorption 

Two approaches were used: the volume method, in which the volume of the sample container 
(containing both liquid and gas) reduces as CO₂ is absorbed into the liquid and the pH method, 
in which the pH of the liquid drops as CO₂ is absorbed. To ensure precise measurement of both 



the sample and CO₂ quantities, 500 mL bottles were carefully calibrated into five equal sections. 
Sample preparation was conducted by using a hand sieve to remove debris from the digestate 
liquid (DL). The samples were then heated to 70°C while continuously stirred using a magnetic 
stirrer to ensure homogeneity. This heating process facilitated the release of absorbed gases 
from DL by disrupting the bonds with thermal energy. Once CO₂ is desorbed, the absorbents 
transition into a free state, meaning it regains the capacity to reabsorb CO₂. The DL was stored 
at the three temperatures utilized in this experiment and was used for CO₂ absorption tests in 
the subsequent trials. The experimental results were recorded and computed, after which they 
were converted into grams of CO₂ absorbed. 

The samples underwent only thermal treatment and were not supplemented with additives 
such as Monoethanolamine (MEA), potassium glycinate, potassium hydroxide (KOH), or 
aqueous ammonia (AA) to enhance CO₂ absorption efficiency. 

pH method 

The absorption of CO₂ was measured using both the pH and volume methods at temperatures 
of 4°C, 22°C, and 34°C. The pH meter was calibrated using buffer solutions of about 20 ml with 
pH values of 4 and 7 to ensure accurate pH measurements. Digestate liquid was then poured 
into the calibrated 500 mL bottles, filling them to the designated mark. For each sample, the 
initial pH and volume were recorded. A total of 18 samples were analyzed, with three replicates 
tested at each temperature under two different time intervals (30 and 1440 minutes). 

After recording the initial pH and volume, CO₂ was bubbled into each sample while the 
calibrated containers filled with digestate liquid were inverted in water to prevent gas escape. 
The containers were then sealed and placed in controlled environment chambers at 4°C, 22°C, 
and 34°C. 

The change in the sample’s pH was utilized to determine the quantity of CO₂ absorbed. pH 
measurements were taken before introducing CO₂ into the sample and subsequently recorded 
after 30 and 1440 minutes. The amount of CO₂ absorbed was then calculated using Equations 3-
3 and 3-4. 

ΔCO2 = [𝐻𝐻+] final - [𝐻𝐻+] initial (mol/L) (3-3) 

[𝐻𝐻+] initial = 10−𝑝𝑝𝑝𝑝 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖; [𝐻𝐻+] final = 10−𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 (3-4) 

Volume method 

The volume of each bottle was measured using its volume displacement in a graduated cylinder 
in the controlled environment chamber. The bottles were then opened and their pH measured 
using a pH Mettler Toledo meter. The CO₂ absorption capacity of the digestate liquid was 
subsequently calculated to quantify the amount of gas absorbed under each experimental 
condition. 

The amount of CO₂ absorbed during the experiment was calculated from the change in sample 
volume using the ideal gas law equation, following the approach described by Rastegar & 
Ghaemi, (2022). 𝑃𝑃Δ𝑉𝑉=𝑛𝑛𝑛𝑛𝑛𝑛 3-2 Where: P = Pressure (atm) T = Temperature in Kelvin (4°C, 22°C 



and 34°C). R = Universal gas constant (L.atm/mol). n = Number of moles of gas (mol). ΔV = 
Change in volume (obtained from the experiment) units (L). P is assumed to be constant for 
each sample. 
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Data tables 

This section contains summary information for each data table (bolded) in this repository, 
starting with the file name and a textual description of the table. Following that is a table where 
each row represents one column in the data table with metadata for that column. If the data 
table contained any categorical columns, there will then be a table containing descriptions of 
each category.    

data.dataset_carbon_dioxide_absorption_by_pH. This table contains the results of an 
experiment testing the CO2 absorption capacity of liquid digestate in comparison to water, 
using pH to measure efficacy. Each row contains the results of one replicate of time, 
temperature, and sample. Number of records: 35. 

attribute name attribute definition storage 
type measurement scale standard 

unit 
carbon dioxide absorbed g The amount of carbon dioxide absorbed, expressed in grams. float gram 
carbon dioxide absorbed mol The amount of carbon dioxide absorbed, expressed in moles. float mole 

change in hydrogen ion molar The change in hydrogen ions, calculated as 10^-ph at the start subtracted from 10^-ph at 
the end. float molePerLiter 

change in pH The inital pH subtracted from the final pH. float pH 
dataset carbon dioxide absorption by pH 
pkey A unique primary key for this table. integer dimensionless 

method The method used to measure carbon dioxide absorption. string  

replicate Each combination of sample, method, time interval, and temperature was replicated 
three times. float number 

sample The liquid used to absorb carbon dioxide, either liquid digestate or water. string  
temperature celsius The temperature the sample was heated to during absorption. float celsius 

time interval minutes The length of time between introducing carbon dioxide to the sample and recording the 
outcome. float minute 

data.dataset_carbon_dioxide_absorption_by_pH. Descriptions of categories for the preceding 
table. 



attribute 
name code definition 

method pH 
change 

Carbon dioxide absorbed was calculated from the pH change of the liquid 
digestate. 

 

data.dataset_carbon_dioxide_absorption_by_volume. This table contains the results of an 
experiment testing the CO2 absorption capacity of liquid digestate in comparison to water, 
using change in volume to measure efficacy. Each row contains the results of one replicate of 
time, temperature, and sample. Number of records: 36. 

attribute name attribute definition storage 
type measurement scale standard 

unit 
carbon dioxide absorbed g The amount of carbon dioxide absorbed, expressed in grams. float gram 
carbon dioxide absorbed mol The amount of carbon dioxide absorbed, expressed in moles. float mole 
change in volume mL The change in sample volume after absorption, expressed in milliliters. integer milliliter 
dataset carbon dioxide absorption by volume 
pkey A unique primary key for this table. integer dimensionless 

method The method used to measure carbon dioxide absorption. string  

replicate Each combination of sample, method, time interval, and temperature was replicated 
three times. float number 

sample The liquid used to absorb carbon dioxide, either liquid digestate or water. string  

temperature celsius The temperature the sample was heated to during absorption. float celsius 

time interval minutes The length of time between introducing carbon dioxide to the sample and recording 
the outcome. float minute 

data.dataset_carbon_dioxide_absorption_by_volume. Descriptions of categories for the 
preceding table. 

attribute name code definition 

method Volume_Change Carbon dioxide absorbed was calculated from the volume change of the sample liquid. 
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