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Abstract: The scope of this paper is to use plastic waste through the gasification process for producing 

electricity with low carbon dioxide emissions. Worldwide, plastic production increased, reaching 390 million 

tons in 2021, compared with 1.5 million tons in 1950. It is known that plastic incineration generates 

approximately 400 million tons of CO2 annually, and consequently, new solutions for more efficient plastics 

reuse in terms of emissions generated are still expected. One method is to use plastic waste in a gasifier unit 

and the syngas generated in a gas turbine for electricity production. The co-gasification process (plastic waste 

with biomass) was analysed in different ratios. Gasification was carried out with air for an equivalent ratio (ER) 

between 0.10-0.45. The volume concentration of CO2 in syngas ranged from 2-12%, with the highest value 

obtained when poplar content in the mix was 95%. In this study, the option of pre- and post-combustion 

integration of the chemical absorption process (CAP) was investigated. Thus, CO2 emissions have decreased 

by 90% compared with the case without CO2 capture. By integrating the capture process, the global efficiency 

has reduced with 5.5 – 6.1 percentage points in a post-combustion case, according to the plastic content in the 

mix. 

Keywords: CO2 capture; gasification; gas turbine; plastics; poplar 

 

1. Introduction 

The pyrolysis and gasification processes are thermal treatment methods that take place in 

successive stages from drying to subsequent devolatilization, gasification of the coke, and finishing 

with partial oxidation. There is no clear distinction between these phases from the studies carried out 

so far, so they can be run simultaneously over specific temperature ranges in real processes. The 

process of devolatilization shall be carried out in the absence of oxygen in the temperature range 350 

to 850 °C. Depending on the heating rate, the stationary time in the chemical reaction area, and the 

feed content, the resulting gasification products can be classified as follows: (a) solids and mainly 

coke; (b) liquids consisting of heavy hydrocarbons, water, different types of oils and tar; And c) 

gaseous components such as H2, CO, CO2, CxHy, H2O, etc. After that, secondary reactions may occur 

in which the resulting volatiles participate in the formation of the various products [1–5]. 

After the pyrolysis process, the gasification process takes place. Using a gasification agent 

(steam, air, or oxygen) allows the conversion of larger molecules into stable gases such as CO, CO2, 

CxHy, H2, water, tar, and ash [6,7]. The gasification process takes place at higher temperatures, often 

exceeding 1200 °C. Following the two pyro-gasification processes, the resulting product is a synthetic 

gas with a temperature of not more than 1000 °C and a composition based on gases such as CO, H2, 

CO2, CxHy, and other gases inert gases generated according to the gasification agent used [8]. 

Synthesis gas can be utilised in different types of energy installations, such as internal combustion 

engines or thermal engines, of which gas turbines are most known for electricity generation [9,10]. In 

addition, several processes can be integrated to improve the quality of synthesis gas, such as a water 
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gas shift reactor (WGS) used for the conversion of carbon monoxide into hydrogen or carbon dioxide 

capture processes [11]. 

The mixture's compound has a crucial contribution in determining the composition of the 

synthesis gas and determining the optimal process parameters. The gasification agent also plays a 

significant role in setting operational parameters. In this study, the gasification agent used was air, 

in which case the optimal ER (ratio equivalent) ratio was established. 

Given the sharp increase in plastic waste resulting from anthropogenic activities, sustainable 

reduction has become a global goal. This waste can be recovered by its gasification for producing a 

synthesis gas with improved properties (e.g. H2/CO ratio) [12]. The present study analysed the mix 

of plastic (PP) and wood biomass poplar (P) in various proportions. The syngas was used as fuel in a 

gas turbine with a power installed of 5 MW for electricity production. 

2. Methods 

2.1. Gasification process description 

The gasification process has the role of transforming different solid components from the feed-

in gaseous compounds by using a gasification agent; in this case, the air was used as a gasification 

agent. The equations presented below describe the stages that occur during the gasification process 

[9]. 𝐶 + 12 𝑂ଶ → 𝐶𝑂 (−111 𝑀𝐽/𝑘𝑚𝑜𝑙) (1)

𝐶 + 12 𝑂ଶ → 𝐶𝑂ଶ (−283 𝑀𝐽/𝑘𝑚𝑜𝑙) (2)

𝐻ଶ + 12 𝑂ଶ → 𝐻ଶ𝑂 (−242 𝑀𝐽/𝑘𝑚𝑜𝑙) (3)

𝐶 + 𝐻ଶ𝑂 → 𝐶𝑂 + 𝐻ଶ (𝑤𝑎𝑡𝑒𝑟 𝑔𝑎𝑠 𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛, +131 𝑀𝐽/𝑘𝑚𝑜𝑙) (4)𝐶 + 𝐶𝑂ଶ → 2𝐶𝑂 (𝑏𝑜𝑢𝑑𝑜𝑢𝑎𝑟𝑑 𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛, +172 𝑀𝐽/𝑘𝑚𝑜𝑙) (5)𝐶 + 2𝐻ଶ → 𝐶𝐻ସ (𝑚𝑒𝑡ℎ𝑎𝑛𝑎𝑡𝑖𝑜𝑛 𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛, −75 𝑀𝐽/𝑘𝑚𝑜𝑙) (6)𝐶𝑂 + 𝐻ଶ𝑂 → 𝐶𝑂ଶ+Hଶ (𝑤𝑎𝑡𝑒𝑟 𝑔𝑎𝑠 𝑠ℎ𝑖𝑓𝑡 𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛, −41 𝑀𝐽/𝑘𝑚𝑜𝑙) (7)𝐶𝐻ସ + 𝐻ଶ𝑂 → 𝐶𝑂+3Hଶ (𝑠𝑡𝑒𝑎𝑚 𝑚𝑒𝑡ℎ𝑎𝑛𝑒 𝑟𝑒𝑓𝑜𝑟 𝑚𝑖𝑛 𝑔  𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛, −206 𝑀𝐽/𝑘𝑚𝑜𝑙) (8)

In the current study, a mix between plastic – PP and wood – poplar was used. The feedstock 

composition, in dry basis (db), for each case is presented in Table 1 [13,14]. The lower heating value 

(LHV) in kJ/kg was given by equation 9. 𝐿𝐻𝑉 = (81.3 ∗ 𝐶 + 243 ∗ 𝐻 + 15 ∗ 𝑁 − 25.3 ∗ 𝑂 + 45.6 ∗ 𝑆) ∗ 4.184 (𝑘𝐽/𝑘𝑔) (9)

The cases studied are the following: 

1. Case 1. P-PP mix gasification without CO2 capture process; 

2. Case 2. P-PP mix gasification with pre-combustion CO2 capture process; 

3. Case 3. P-PP mix gasification with post-combustion CO2 capture process. 
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Table 1. Main data for feedstock compositiondb*. 

Composition 
Biomass Plastic Mix poplar with plastic (polypropylene) P-PP, % wt. 

P** PP*** 95-5 90-10 85-15 80-20 75-25 70-30 

C – Carbon, wt.% 50.02 83.74 51.71 53.39 55.08 56.76 58.45 60.14 

H – Hydrogen, 

wt.% 
6.28 13.71 6.65 7.02 7.39 

7.77 8.14 8.51 

O – Oxygen, wt.% 42.17 0.98 40.11 38.05 35.99 33.93 31.87 29.81 

N – Nitrogen, wt.% 0.19 0.02 0.18 0.17 0.16 0.16 0.15 0.14 

S – Sulphur, wt.% 0.02 0.08 0.02 0.03 0.03 0.03 0.04 0.04 

A – Ash, wt.% 1.32 1.47 1.33 1.34 1.35 1.35 1.35 1.36 

LHV, MJ/kg 18.95 42.34 20.12 21.29 22.46 23.63 24.80 25.97 

* db – dry basis; ** P – poplar; *** PP – polypropylene. 

For all three cases, the a-f cases are considered, in which the poplar and plastic content varies in 

the feedstock mix: a. P 95% + PP 5%; b. 90% + PP 10%; c. P 85% + PP 15%; d. P 80% + PP 20%; e. P 75% 

+ PP 25%; f. P 70% + PP 30%. 

All described processes were simulated in the ChemCAD software to determine the energy and 

mass balances and technical effects of CO2 capture process integration as well. 

The composition of the synthetic gas was determined after different stages: after gasification 

unit, after solid separator unit, and after water separator facility. The illustrative chart of the 

gasification process is presented in Figure 1, and the essential information of the process simulation 

are posted in Table 2. 

Unit 
gasification

Solids

Syngas Unit solids 
separator

Unit water 
separator

SyngasP-PP mix

Air

Syngas

 

Figure 1. Diagram of the gasification process. 

For establishing the optimum ER (equation 10), the cold gas efficiency (CGE) was calculated 

based on equation 11. 𝐵௦ and 𝐵௙ represent the syngas and feedstock flow, in kg/h, while 𝐿𝐻𝑉௦ and 𝐿𝐻𝑉௙ represent the LHV, in kJ/kg for syngas and feedstock. 

𝐸𝑅 = 𝐵௥௘௔௟_௔௜௥𝐵௦௧௢௜௖௛௜௢௠௘௧௥௜௖_௔௜௥  ൦ 𝑘𝑔௥௘௔௟_௔௜௥ℎ𝑘𝑔௦௧௢௜௖௛௜௢௠௘௧௥௜௖_௔௜௥ℎ ൪ (10)

where the 𝐵௥௘௔௟_௔௜௥ and 𝐵௦௧௢௜௖௛௜௢௠௘௧௥௜௖_௔௜௥ represent the real and stoichiometric air flow, in kg/h. 𝐶𝐺𝐸 = 𝐵௦ ∗ 𝐿𝐻𝑉௦𝐵௙ ∗ 𝐿𝐻𝑉௙ ∗ 100 [%] (11)

Table 2. Main data for gasification process simulation. 

Process type Adiabatic 

Oxidizing agent Air 

P-PP flow mix, kg/h 1 

Temperature, °C 600-1200 

Pressure, bar 1.013 

ER, [-] 0.1; 0.15; 0.2; 0.25; 0.3; 0.35; 0.4; 0.45 
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2.2. Syngas decarbonization 

To improve the quality of the synthetic gas, the CAP was integrated pre-, and post-combustion. 

In the pre-combustion variant, the CAP for removing the CO2 was integrated after the gasification 

process and the water separation unit. In the post-combustion variant, the CO2 capture process was 

integrated after the syngas combustion. The results were obtained in the ChemCAD tool using the 

Peng Robinson thermodynamic model [15,16]. Figure 2 presents the chemical absorption process that 

could be used both in pre-, or post-combustion cases [17,18]. Ethanolamine (MEA) in a weight content 

of 30 % was used as an alkanolamines solution for CO2 removal. The efficiency of CO2 removal was 

considered 90 %, and the lean loading solvent (γlean) was considered 0.21 kmolCO2/kmolMEA for all cases 

analysed [19,20]. 

C

R

Syngas / Flue gases

CO2 rich solution
Pump

Cooler

Heat 
exchanger

CO2 lean solution Reboiler

Pure CO2

CO2 
absorber

CO2 
stripper

Make-up 
MEA

Syngas treated / 
Flue gases treated

Pump

 

Figure 2. CO2 capture process. 

The CO2 capture process is characterised by the L/G ratio, which is the ratio of the flow rate of 

chemical solvent used to the flow rate of the syngas/flue gases [20,21]. It is also characterized by the 

amount of specific heat energy required in the chemical solvent regeneration process [22], which is 

calculated with the following equation: 𝐻𝑒𝑎𝑡_𝑑𝑢𝑡𝑦 = 𝑃௧௛௘௥௠௔௟_஼ைଶ௖௔௣௧௨௥௘𝐵஼ைଶ_௖௔௣௧௨௥௘ௗ  [𝐺𝐽/𝑡஼ைଶ] (12)

where: 𝑃௧௛௘௥௠௔௟_஼ைଶ௖௔௣௧௨௥௘  - represents the heat requested in the regeneration process, in MJ/h; 𝐵஼ைଶ_௖௔௣௧௨௥௘ௗ - represents the CO2 flow captured, in kg/h. 

In this study, the heat requested in the regeneration process was obtained by cooling the flue 

gases at the outlet of the gas turbine from 540 °C to 120°C. The available heat flow recovered from 

flue gases to obtain a steam (p = 5 bar and T = 424.25 K) was 9 209 MJ/h (Figures 4 and 5). However, 

the net heat flow used directly in the solvent regeneration was lower than the heat flow available, 434 

– 776 MJ/h for pre-combustion and 5 318 – 6 102 MJ/h post-combustion case. Therefore, the heat 

available after the solvent regeneration was used for air and syngas heating before the combustion 

chamber.    

2.3. Syngas conversion in electricity 

A gas turbine type SGT-100, which can be used in simple or combined cycles, with a power of 5 

MW, was used to valorize the produced syngas. Its characteristics are shown in Table 3 [23]. 

Schematic diagrams for the three cases analysed are shown in Figures 3–5. The net plant efficiency 

was determined in 2 variants: a) including the gas turbine only, and considering as input the chemical 

heat from syngas (𝐿𝐻𝑉௦), equation 13; and b) for the whole process including the gasification process, 
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and considering as input the chemical heat of mix feedstock flow (𝐿𝐻𝑉௙ ), equation 14. The CO2 

emission factor was determined with equation 15. 

Table 3. Main data for gasification process simulation. 

Type SGT-100 

Power, MW 5 

Speed, rpm 17,384 

Pressure ratio, - 14 

Flue gases temperature at the gas turbine inlet, °C ~ 544 

Flue gases flow, kg/s up to 19.5 

 𝜂ீ் = 𝑃 ் − 𝑃௖௢௠௣𝐵௦ ∗ 𝐿𝐻𝑉௦ + 𝑄௘௫_௖௔௣௧௨௥௘ ∗ 100 [%] (13)

𝜂ீீ் = 𝑃 ் − 𝑃௖௢௠௣𝐵௙ ∗ 𝐿𝐻𝑉௙ + 𝑄௘௫_௖௔௣௧௨௥௘ ∗ 100 [%] (14)

where: 𝑃 ்  - represents the gas turbine power, in MW; 𝑃௖௢௠௣ - represents the compressor power, in 

MW; 𝑄௘௫_௖௔௣௧௨௥௘ - represents the required heat recovered from the flue gas, in MW. 𝑓஼ைଶ = 𝑀஼ைଶ𝐸௚ , [kgCO2/MWh] (15)

where: 𝑀஼ைଶ - represents the CO2 amount generated, in kg/year; 𝐸௚  - represents the electricity 

produced, in MWh/year. 

Unit 
gasification

Solids

Syngas Unit solids 
separator

Unit water 
separator

Syngas

Air

Syngas

Air

Gas 
turbine

Electric power

Flue gases 

 

Figure 3. Diagram of the syngas conversion in electricity without CO2 capture process. 
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treatedFlue 
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Steam
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Heat 
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Figure 4. Diagram of the syngas conversion in electricity with pre-combustion CO2 capture. 
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Figure 5. Diagram of the syngas conversion in electricity with post-combustion CO2 capture process. 

3. Results and discussion 

3.1. Influence of ER ratio on the gasification process 

The quantity of air injected into the gasifier unit significantly impacts the reaction products. 

Thus, the influence of the ER ratio on the syngas content produced, the LHV of the syngas, and the 

CGE was analysed for all mix cases considered. 

In Table 4, the syngas composition is shown by gasification, solid separation, and water 

separation units for Case 1a.  

The H2 and CO concentrations in the syngas increased up to an ER value of 0.35 and decreased 

tendency after a higher ER ratio. Consequently, the efficiency of the syngas has the best value for this 

ER ratio after the gasification process, even though the LHV of the syngas decreases with ER ratio 

increases (Figure 6). 

Considering that for the other mix cases analysed (Case 1b-f) the same interpretations of the 

results were obtained for the syngas composition; they are presented in Table 4 only for Case 1a. 

Table 4. Syngas composition after gasification, solid separation, and water separation units for Case 1a. 

ER 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 

Syngas composition after gasification unit, mol fraction 

H2 0.1677 0.1761 0.1781 0.1772 0.1746 0.1672 0.1294 0.0942 

CH4 0.0206 0.0135 0.0096 0.0072 0.0055 0.0021 0.0000 0.0000 

N2 0.1987 0.2681 0.3262 0.3757 0.4183 0.4534 0.4847 0.5141 

CO 0.0851 0.1319 0.1747 0.2127 0.2463 0.2670 0.2526 0.2357 

CO2 0.0657 0.0627 0.0578 0.0521 0.0464 0.0407 0.0373 0.0377 

H2O 0.1544 0.1241 0.1014 0.0839 0.0699 0.0660 0.0927 0.1153 

H2S 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0000 0.0000 

Char 0.3026 0.2188 0.1478 0.0873 0.0353 0.0000 0.0000 0.0000 

SiO2 0.0052 0.0047 0.0043 0.0039 0.0037 0.0034 0.0032 0.0030 

Syngas composition after solids separator unit, mol fraction 

H2 0.2423 0.2267 0.2101 0.1950 0.1817 0.1678 0.1298 0.0945 

CH4 0.0297 0.0174 0.0113 0.0079 0.0057 0.0021 0.0000 0.0000 

N2 0.2870 0.3453 0.3848 0.4134 0.4352 0.4550 0.4863 0.5157 

CO 0.1230 0.1699 0.2060 0.2341 0.2563 0.2679 0.2534 0.2364 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 September 2023                   doi:10.20944/preprints202309.0753.v1

https://doi.org/10.20944/preprints202309.0753.v1


 7 

 

CO2 0.0949 0.0808 0.0681 0.0573 0.0483 0.0409 0.0374 0.0378 

H2O 0.2230 0.1598 0.1196 0.0923 0.0728 0.0662 0.0930 0.1156 

H2S 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0000 0.0000 

Syngas composition after solids separator unit, mol fraction 

H2 0.3119 0.2699 0.2386 0.2148 0.1959 0.1797 0.1431 0.1068 

CH4 0.0382 0.0207 0.0129 0.0087 0.0062 0.0023 0.0000 0.0000 

N2 0.3694 0.4109 0.4370 0.4554 0.4694 0.4872 0.5362 0.5831 

CO 0.1583 0.2022 0.2340 0.2579 0.2764 0.2869 0.2794 0.2673 

CO2 0.1221 0.0962 0.0774 0.0632 0.0521 0.0438 0.0413 0.0427 

H2S 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 

 

Figure 6. LHV and CGE variation according to ER for Case 1a. 

The LHV ranges from 3 900-8 500 kJ/kg depending on the ER ratio and the raw material mix 

used in the gasification process. It is observed that (Figure 7) LHV decreases with the introduction of 

more air into the gasification reactor due to the lower concentration of H2 in the syngas produced, 

even if the CO concentration is increasing. Increasing the content of plastic in the mix has a positive 

impact on the LHV value (with a percentage increase between 1-5%), obtaining the highest value at 

a plastic content in the mix of 30% regardless of the ER ratio. 

 

Figure 7. LHV variation according to ER. 
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Figure 8 shows the CGE variation. The best results are obtained at the ER ratio of 0.35. For this 

ratio, the CGE is between 81.3-82%. The CGE value starts to decrease after an ER ratio of 0.35 due to 

the more drastic decrease of LHV (LHV at an ER ratio of 0.4 is 14% lower than LHV at an ER ratio of 

0.35), even though the flow rate of syngas generated is higher. Case 1f showed the best values in 

terms of CGE, as in the LHV case. 

 

Figure 8. CGE variation according to ER. 

H2/CO is the ratio of the number of moles of hydrogen to the number of moles of carbon 

monoxide in the syngas, with values up to 0.73 for Case 1f. It means that the concentration value for 

H2 is the highest in this case, and the value for CO is the lowest. On the other hand, the CO2 

concentration decreases as the concentration of plastic increases in the mixture. Considering that the 

CGE was obtained at an ER ratio of 0.35, the optimal ER ratio is considered in the following analyses. 

Table 5 shows the results obtained after the gasification process for all the mix cases analysed for this 

ER ratio. 

Table 5. Results of gasification process for ER = 0.35 – Case 1. 

Case 1a 1b 1c 1d 1e 1f 

ER, - 0.35 0.35 0.35 0.35 0.35 0.35 

Gas temperature, °C 40 40 40 40 40 40 

Syngas flow  3.10 3.25 3.40 3.55 3.70 3.85 

LHV, kJ/kg 5 269 5 333 5 391 5 443 5 490 5 532 

H2/CO, - 0.63 0.65 0.67 0.69 0.71 0.73 

CGE, % 81.30 81.47 81.63 81.77 81.89 81.98 

Syngas composition, mole % 

H2 17.97 18.42 18.83 19.21 19.55 19.87 

CH4 0.23 0.25 0.28 0.30 0.32 0.34 

N2 48.72 49.03 49.29 49.53 49.74 49.94 

CO 28.69 28.41 28.14 27.88 27.63 27.38 

CO2 4.38 3.88 3.45 3.08 2.75 2.46 

H2S 0.01 0.01 0.01 0.01 0.01 0.01 

3.2. Energetic valorisation of syngas in a gas turbine 

After the gasification process and syngas treatment (removal of solid particles, water), the 

syngas was used to produce electricity in a gas turbine with a power of 5 MW for all the mix cases 

studied (a-f). The flue gases temperature at the turbine inlet was about 1 200 °C and at the outlet 

about 540 °C. The ratio between the flow rate required for combustion and the flow rate of the syngas 
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was between 4.28-4.55 kgair/kgsyngas. Thus, to have the same gas turbine power, with increasing plastic 

content in the mix, the required syngas flow rate is lower due to better LHV and CGE in this Case 

(1f). Therefore, just to exemplify, the net plant efficiency is the highest in Case 1f, 41.06% or 33.7%, 

with the lowest emission factor of 907.44 kgCO2/MWh (Table 6). 

Table 6. Results of syngas use in a gas turbine – Case 1. 

Case 1a 1b 1c 1d 1e 1f 

Gas turbine power, MW 5 5 5 5 5 5 

Syngas flow, kg/h 4 226.19 4 166.87 4 122.22 4 079.09 4 046.16 4 011.36 

Air flow, kg/h 18 105.73 18 166.44 18 181.29 18 213.95 18 214.20 18 243.19 

Combustion chamber 

temperature, °C 
1 202.88 1 201.25 1 201.68 1 201.06 1 201.89 1 201.19 

Flue gases temperature at 

the gas turbine outlet, °C 
543.71 542.15 541.99 541.20 541.38 540.62 

Flue gases flow, kg/h 22 331.94 22 333.32 22 303.52 22 293.05 22 260.38 22 254.56 

ηGT, % 41.01 41.04 41.04 41.05 41.05 41.06 

ηGGT, % 33.34 33.44 33.51 33.57 33.61 33.66 

CO2 emission factor, 

kgCO2/MWh 
1 016.55 989.18 965.43 943.92 924.98 907.44 

Flue gases composition, wt. % 

H2 0.02 0.02 0.02 0.02 0.02 0.02 

O2 13.03 13.10 13.12 13.16 13.17 13.21 

N2 72.95 73.16 73.33 73.49 73.62 73.75 

CO2 11.55 11.22 10.97 10.72 10.52 10.32 

H2O 2.45 2.50 2.56 2.61 2.66 2.70 

Tables 7 and 8 show the results obtained for L/G ratio and the quantity of heat energy to 

regenerate the solvent. The capture efficiency in both cases (Case 2 and 3) was 90%. The L/G ratio did 

not exceed 1 kgsolvent/kgsyngas or kgsolvent/kgflue_gases and the specific heat duty was varied 

between 2.521-2.636 GJ/tCO2. 

Considering that the CO2 concentration in synthetic gas decreased as the plastic content 

increased in the feedstock, the L/G ratio decreased (Figure 9). The specific heat required for solvent 

regeneration is approximately the same for all cases. Thus, the plastic PP content in the feedstock mix 

doesn’t influence the heat consumption for solvent regeneration. As it can see in Figure 10, the LHV 

has increased from 5 269-5 532 kJ/kg in Case 1 to 5 687-5 778 kJ/kg in Case 2. 

 

Figure 9. L/G ratio and heat duty variation according to PP content in the mix for Case 2. 
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Figure 10. LHV according to PP content in the mix for Cases 1 and 2. 

The amount of solvent is significantly lower in the pre-combustion case (Case 2) than in the post-

combustion case (Case 3) for the same CO2 capture efficiency (90%) due to a lower amount of CO2 in 

the stream. For cases a-f, the L/G ratio decreases with increasing plastic concentration in the mix for 

both cases studied (Figure 11). Specific heat duty does not differ significantly, regardless of how the 

CO2 capture process is integrated. For example, for Case 2a an amount of 2.521 GJ/tCO2 is needed, 

and in Case 2b an amount of 2.614 is needed, with an increase of 3.69%. Specific heat duty increases 

with increasing plastic content in the mix (Figure 12). 

 

Figure 11. Variation of the L/G ratio according to PP content in the mix for Cases 2 and 3. 
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Figure 12. Variation of the heat duty according to PP content in the mix for Cases 2 and 3. 

Table 7. Results of syngas use in a gas turbine – Case 2. 

Case 2a 2b 2c 2d 2e 2f 

Gas turbine power, MW 5 5 5 5 5 5 

Syngas flow, kg/h 3 918.41 3 906.34 3 889.38 3 880.25 3 868.40 3 856.88 

Air flow, kg/h 
18 

374.05 

18 

359.46 

18 

371.19 

18 
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18 
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18 
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L/G, [kgsolvent/kgsyngas] 0.64 0.57 0.51 0.46 0.42 0.38 
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ηGT, % 39.89 40.03 40.16 40.26 40.35 40.44 
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Penalty efficiency, % 2.05 1.87 1.63 1.47 1.28 1.13 
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kgCO2/MWh 
889.28 878.06 866.01 856.04 845.93 837.13 
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H2 0.02 0.02 0.02 0.02 0.02 0.02 

O2 13.32 13.32 133.3 13.32 13.32 13.33 

N2 74.00 74.07 74.14 74.20 74.27 74.32 

CO2 10.19 10.07 9.93 9.83 9.72 9.61 

H2O 2.46 2.52 2.57 2.63 2.67 2.72 
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Combustion chamber 

temperature, °C 
1 202.88 1 201.25 1 201.68 1 201.06 1 201.89 1 201.19 

Flue gases temperature at 

the gas turbine outlet, °C 
543.71 542.15 541.99 541.20 541.38 540.62 

Flue gases flow, kg/h 
21 

849.09 

21 

863.24 

21 

840.66 

21 

837.35 

21 

811.32 

21 

812.57 

L/G, [kgsolvent/kgflue_gases] 0.93 0.91 0.89 0.87 0.86 0.84 

Heat duty, GJ/tCO2 2.614 2.619 2.624 2.628 2.632 2.636 

Heat flow used for solvent 

regeneration, MJ/h 
6 102 5 930 5 807 5 692 5 580 5 317 

Water consumption CO2 

capture, kg/year 

47 

332.05 

45 

925.13 

44 

893.42 

43 

926.56 

42 

998.89 

42 

099.81 

ηGT, % 32.19 32.40 32.54 32.68 32.81 33.13 

ηGGT, % 27.27 27.47 27.62 27.75 27.88 28.14 

Penalty efficiency, % 18.22 17.86 17.58 17.33 17.06 16.42 

CO2 emission factor, 

kgCO2/MWh 
96.63 95.41 91.73 88.49 87.88 87.33 

Flue gases composition, wt. % 

H2 0.02 0.02 0.02 0.02 0.02 0.02 

O2 13.32 13.38 13.40 13.44 13.44 13.47 

N2 74.56 74.73 74.88 75.02 75.14 75.24 

CO2 1.12 1.11 1.06 1.03 1.02 1.01 

H2O 10.93 10.72 10.58 10.45 10.33 10.20 

After integration of the capture process, the net plant efficiency decreases due to the use of part 

of the energy produced in the regeneration process of the chemical solvent. In Case 2, the net plant 

efficiency penalty (𝜂ீீ்) is between 1.13-2.05%, and in Case 3, the 𝜂ீீ் is between 16.42-18.22%. The 

significant difference in the cycle efficiency penalty between the two cases analysed (Case 2 and 3) is 

due to the amount of CO2 that is removed from the treated gas stream; in Case 3, this amount is much 

higher. Figure 13 shows the comparative net plant efficiency (𝜂ீ்and 𝜂ீீ்) for the three cases studied 

in cases a-f. 

  
(a) (b) 

Figure 13. Net plant efficiency depending on the mix used (𝜂ீ் - left)/ (𝜂ீீ் - right). 
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disadvantage is the quantity of heat energy necessary in the solvent regeneration process, which is 

much higher than in Case 2 due to the more considerable CO2 gas stream flow treated. 

 

Figure 14. CO2 emission factor depending on the mix used. 

3.3. Negative CO2 emissions 

Biomass, a renewable energy source, is considered CO2 neutral due to the CO2 absorption in the 

growth process (photosynthesis process). Therefore, the CO2 emissions generated during gasification 

and combustion processes according to poplar utilization are not considered in the CO2 emission 

factor determination. Thus, the CO2 emission factors for all three cases studied were recalculated, 

considering only the CO2 emissions generated from plastic utilisation. The recalculated CO2 emission 

factor was determined with equation 16, and the results are shown in Figure 15. 𝑓𝐶𝑂ଶ_௥௘௖ = 𝑓஼ைଶ೛೗ೌೞ೟೔೎ − 𝑓஼ைଶ೎ೌ೛೟ೠೝ೐ , [𝑘𝑔஼ைଶ𝑀𝑊ℎ]  (16)

where: 𝑓஼ைଶ೛೗ೌೞ೟೔೎  - represents the CO2 emission factor for plastic, in kgCO2/MWh; 𝑓஼ைଶ೎ೌ೛೟ೠೝ೐  - 

represents the CO2 emission factor for poplar, in kgCO2/MWh. 

As compared to the initial assessment when all CO2 emissions were taken into consideration, in 

Case 1, without CO2 capture technology, the CO2 emission factor was lower, 89.47%, for a 95% poplar 

content in the mix and 51.08% for a 70% poplar content in the mix. Further, by decreasing the poplar 

content in the mix, the CO2 emissions increased because more plastic was used. In Case 2, only when 

95% poplar was used in the mix a negative CO2 emission of -6 kgCO2/MWh was obtained. In Case 3, 

when CAP post-combustion was integrated, for a poplar content in the mix between 75-95%, the CO2 

emission factor was negative varied between -84.94 and -716.16 kgCO2/MWh. However, for 70% 

poplar content in the mix, the CO2 emissions have slightly increased, being positive. 

 

Figure 15. CO2 emission factor depending on the mix used (poplar CO2 neutral). 
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4. Conclusions 

The optimal ER ratio considered was 0.35 for all cases studied. The proportion of PP in the 

feedstock mix varied between 5-30 % wt.. Considering that the CO2 content ranged between 2.8-11.5% 

in syngas, the CAP integration's influence on the gas turbine energy system was studied. 

Monoethanolamine was used in a mass concentration of 30%, and the CO2 capture efficiency 

considered was 90%. As expected, an increase in the LHV of the mixture was observed after the pre-

combustion CO2 capture process integration, as the proportion of plastic increased. The LHV varies 

between 5 269-5 532 kJ/kg (without CO2 capture process) and 5 687-5 778 kJ/kg (with pre-combustion 

CO2 capture process). Also, an increase in the H2/CO ratio from 0.63 to 0.73 was observed as an 

increase of the plastic mass content in the mixture. The net plant efficiency was around 41%, with a 

CO2 emission factor between 907.44-1 016.55 kgCO2/MWh without the CO2 capture process according 

to the PP content in the mix feed. By integrating the pre-combustion capture process, the net plant 

efficiency (𝜂ீீ்) decreases by 1.13-2.05% and the CO2 emission factor by 7.74-12.51%. When post-

combustion capture is integrated, net plant efficiency (𝜂ீீ்) decreases by 16.42-18.22% and the CO2 

emission factor by about 90%. 
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