
 

 

Abstract—This research work deals with the numerical 

modelling of biogas flow, taking into account heat exchange and 

condensation on cold surfaces. Different kinds of boundary 

conditions (air and ground temperatures in summer/winter) 

and various physical properties of constructions (insulation 

between layers, wall thickness) are included in the model to 

make it more general and useful for different biogas flow 

conditions. MATLAB programming language is used for 

multiphysical model development, numerical calculations and 

result visualization. 

Experimental installation of the heat exchanger and biogas 

plant’s wall operating under controlled gas/water vapor 

mixture flow was set up to verify the simulation results. Gas 

flow at heat exchanger inlet/outlet, as well as gas temperatures 

and humidity were controlled and measured during number of 

experiments. Good correlation with modelling results for 

vertical wall section allows using of developed numerical model 

for an estimation of parameters for the whole biogas 

dehumidification system. 

 

Index Terms—Biogas dehumidification, numerical modelling, 

condensation, biogas plant experimental model. 

 

 INTRODUCTION I.

Dehumidification of biogas at the biomass gasification 

plants is very important to provide the energy efficient 

burning of bio methane at the cogeneration systems [1]. 

Several methods are widely used to reduce the water content 

in biogas, e.g. chiller/heat exchanger based cooling, usage of 

different adsorbents like PSA or combination of such 

approaches [2], [3]. The main problem to use these methods 

is the necessity to spend substantial amounts of energy, thus 

reducing overall efficiency of system. 

Passive methods of biogas dehumidification are rarely 

used, and no solutions, that not only do not require energy 

input, but also decrease losses from biofermentation tank, are 

offered [4]. Research group examined the dehumidification 

process by application of double layer heat exchanger with 

returning part of energy to biofermentation tank.  

The construction is presented in Fig. 1. The system consist 

of supply tube 1, insulated by layers A and B, is connected to 

the first layer of the heat exchanger, part 2 of which is up to 

ground level, but part 3 — underground part connected to the 

biofermenter wall directly. Condensed water is being 

collected at the layer connector 4a. Outer layer of the heat 

exchanger also consist of two parts — one, which is 
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underground (part 5), and another, which is positioned on the 

air (part 6). Partially dehumidified biogas is collected in 

outlet pipe 7. 

 

 
Fig. 1. Double layer heat exchanger mounted on the biofermenter outer wall. 

 

Biogas with temperature which is optimal for the 

mesophilic fermentation process (usually +38°C, close to 

optimal [5]) and 100% relative moisture [4] content is 

directed towards the heat exchanger which is positioned 

around the biofermentation tank, thus creating of additional 

insulation layer. As the biogas temperature in the heat 

exchanger will decrease to 20°C in the summer or even below 

0°C in the winter, condensation of water vapor should occurs. 

The water from the bottom of the gas shell (part 4a) can be 

collected and drained away. In addition, upward shell layer 

allows to further reducing of heat losses. Thus, double layer 

counterflow biogas heat exchanger is created around the 

biogas plant. 

The main challenge for the researchers was to develop the 

mathematic model of heat transfer and water vapor 

condensation. 

 

 MATERIALS AND METHODS II.

In order to evaluate heat transfer and biogas 

dehumidification of biogas the model of biofermenter wall 

with installed double layer heat exchanger was created (Fig. 

2). 
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Temperature was measured using thermoresistors PT100, 

connected to 16 channel data logger operated underLabView 

software. Temperature measurement points are presented in 

the Fig. 2 as hexagons, but moisture and gas flow 

measurement points — as triangles. Heat outflow from 

biofermenter was simulated using flat electric heater operated 

by fast speed solid switch controlled by microcontroller with 

feedback from temperature sensor on the heater surface. 

Temperature on the inner surface of biofermenter wall was 

set at +38°C. 
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Fig. 2. Model of biofermenter wall with double layer heat exchanger. 

 

Experimental research data were processed and nonlinear 

regression equations were developed using Ms Excel 

functions.  

Mathematical model of dehumidification and heat transfer 

process was developed using Matlab Simulink library. 

 

 RESULTS AND DISCUSSION III.

As biogas enters heat exchanger being saturated by water 

vapor (100% relative moisture), and exits also having 100% 

relative humidity [4], but at lower temperature, the easiest 

way to simulate the amount of condensed water is from the 

equation which describes interdependence between 

evaporated water mass in the gas and gas temperature. 

Observations of available literature sources did not reveal 

direct formula which could show such dependence, so it was 

decided to create it and to simulate the condensation results 

under different temperatures.  

Water moisture content data for 100% relative humidity 

from [3] were used, and the temperature diapason was set to 

(-10°C; +50°C) — the potentially possible range of biogas 

flow temperatures. The graph showing the interdependence 

between gas temperature and water mass content in the gas is 

presented in Fig. 3. 

 
Fig. 3. Interdependence between gas temperature and water mass content in 

the gas. 

 

Using non-linear regression tools, it was revealed that the 

best fit between raw data and trend line (R
2
=1) was 

established by using the following fourth level polynomial 

equation:  
 

m = 7.59134E-06T
4
 – 2.85632E-05T

3 
+ 0.010746T

2 
+ 

0.329286T + 3.82995                           (1) 
 

where m is water mass content in the gas, g·kg
-1

; T is 

temperature, C. 

Simulation model for the condensation process by using 

the (1) formula was created in Matlab Simulink environment 

(Fig. 4). 

 

 
Fig. 4. Simulation model of water vapor condensation. 
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Simulation results of theoretical amounts of water 

condensed from biogas by using passive dehumidification 

and partial condensation heat return to biofermentation tank 

are presented in Fig. 5. 

 

 
Fig. 5. Condensed water amounts dependence on cooling environment 

temperature. 

 

Experimental research using the artificial biofermenter 

wall model with double layer heat exchanger (as seen in Fig. 

2) was provided under two different circumstances.  

First, the evaluation of comparability of the model to the 

real conditions was done. The heater control system of the 

model was stated at +38ºC, and no gas flow was established 

through the heat exchanger. 

The experiment results are provided in Fig. 6. 

 

 
Fig. 6. Sample results of field simulation. (1: biofermenter wall — inside, 2: 

biofermenter wall — outside, 3: downflow heat exchanger — outside, 4: 

upflow heat exchanger — inside, 5: biogas intake, 6: biogas output, 7: 
upflow heat exchanger–outer wall, 8: condenser and joint). 

 

The data received prove that stabilization time for the 

model is approximately 1 hour, when all transient processes 

are finalized, and het flux from biogas fermenter through 

walls and heat exchanger is stable. 

Then steady air flow through the heat exchanger was 

established. Air flow parameters were the following – air 

flow – 0.01 m
3
min

-1
, temperature +32ºC, humidity 100%. 

Heater temperature was +38ºC, outside temperature +24ºC. 

The trendlines of the temperatures in all measurement 

points were very similar to the ones presented in Fig. 6. 

Stabilization time was similar also. 

Data from both experiments are presented in Table I. 

 
TABLE I: DOUBLE LAYER HEAT EXCHANGER TEST RESULTS 

Measurement 

Experiment 

No.1 (no gas 
flow) 

Experiment 

No.2 (wet gas 
flow) 

Time point, at which 

measurements were taken, 
seconds 

3600 3600 

Gas flow, m3min-1, N/A 0.01 

Temperatures, ºC:   

1 – biofermenter wall – inside 38.0±0.2 37.9±0.2 

2 – biofermenter wall – outside 32.0±0.2 32.9±0.2 

3 – downflow heat exchanger – 
outside 

2.,1±0.2 30.1±0.2 

4 – upflow heat exchanger – 

inside 

28.1±0.2 27.1±0.2 

5 – biogas intake 28.4±0.2 33.1±0.2 

6 – biogas output 26.8±0.2 28.9±0.2 

7 – upflow heat exchanger – 
outer wall 

2.,2±0.2 25.6±0.2 

8 – condenser and joint 24.0±0.2 25.9±0.2 

Relative moisture at exit, % N/A 91.1±0.1 

 

As it is seen from the Table I, even with a bit smaller (by 

0.1º) temperature on the inside wall and rather high cooling 

temperature, the temperature on the outside wall is by 0.9º 

higher, so the losses through the biofermenter wall decreased, 

at the same time moisture content was reduced substantially – 

by roughly 25 g·m
-3

. Similar trend with temperature increase 

on all layers was observed, when warm and wet gas was 

transported through double layer counterflow heat exchanger 

positioned on the wall of biofermenter. 

 

 CONCLUSIONS IV.

Experimental research proved that the simulation model of 

dehumidification can be used for condensation water 

calculations.  

Further research is necessary with low temperature cooling 

agents and conditions in order to understand necessary 

constructive specifications of proposed double layer 

counterflow heat exchanger. 
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