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Abstract 

To date, photocatalysis has received much attention in terms of the degradation of organic pollutants in 

wastewater. Various studies have shown that graphene-based photocatalysts are one of the impressive options ow-

ing to their intriguing features, including high surface area, good conductivity, low recombination rate of electron-

hole pair, and fast charge separation and transfer. However, the environmental impacts of the photocatalysts syn-

thesis and their photodegradation activity remain unclear. Thus, this report aims to identify the environmental 

impacts associated with the photodegradation of methylene blue (MB) over reduced graphene oxide/titanium oxide 

photocatalyst (TiO2/rGO) using Life Cycle Assessment (LCA). The life cycle impacts were assessed using ReCiPe 

2016 v1.1 midpoint method, Hierachist version in Gabi software. A cradle-to-gate approach and a functional unit 

of 1 kg TiO2/rGO were adopted in the study. Several important parameters, such as the solvent type (ultrapure 

water, ethanol, and isopropanol), with/without silver ion doping, and visible light power consumption (150, 300, 

and 500 W) were evaluated in this study. In terms of the selection of solvent, ultrapure water is certainly a better 

choice since it contributed the least negative impact on the environment. Furthermore, it is not advisable to dope 

the photocatalyst with silver ions since the increment in performance is insufficient to offset the environmental 

impact that it caused. The results of different power of visible light for MB degradation showed that the minimum 

power level, 150 W, could give a comparable photodegradation efficiency and better environmental impacts com-

pared to higher power light sources. 
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1. Introduction 

With rapid industrialization and the rising 

world population in recent decades, various en-

vironmental issues have become increasingly 
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important in our lives. Water pollution is one of 

the major environmental concerns as harmful 

and toxic substances are constantly discharged 

into our water systems. The large scale of indus-

tries have resulted in the abundant use and of-

ten unregulated discharge of partial or untreat-

ed chemicals, thus, could become a serious glob-
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al environmental issue if overlooked. Organic 

pollutants are toxicants that are capable of 

causing various diseases in humans if not mon-

itored well and consumed exceeding the per-

missible limits. Industrial consumables such as 

detergent, organic dye, petroleum hydrocarbon, 

and plastic are vital sources of these organic 

pollutants. Moreover, the chemical complexity 

of these organic pollutants can cause prolonged 

harm to wildlife and long-term damaging ef-

fects on the environment [1]. For example, the 

lipophilic nature of PCBs, dioxin, and DDT al-

lows them to be stored in fat cells and retained 

for years, thus, the effects could be long-lasting 

[2].  

Various types of treatment technologies 

have been utilized to remove organic pollutants 

from wastewater, such as aerobic treatment, 

adsorption, coagulation, and flocculation [3,4]. 

These technologies are very effective but are 

limited by high operational costs, complicated 

techniques, long operation time, and so forth. 

Advanced Oxidation Process (AOP) is another 

type of water treatment technology that could 

complement the abovementioned shortcomings. 

To date, AOPs have received a lot of attention 

in terms of the degradation of organic pollu-

tants in wastewater. Generally, AOPs utilize 

the reactivity of OH radicals to degrade the or-

ganic pollutants with a series of oxidation and 

reduction processes [5]. Photocatalysis, one of 

the AOPs, possesses great advantages such as 

mild operating conditions, low cost, low toxici-

ty, good chemical stability, super hydrophilici-

ty, and high efficiency as compared to conven-

tional water treatment techniques [6]. In short, 

photocatalysis accelerates photoreaction with 

the support of a photocatalyst.  

Among the photocatalysts, graphene-based 

TiO2 photocatalyst offers high quantum conver-

sion efficiency, better solar energy utilization, 

and a larger surface area. Furthermore, gra-

phene hinders the high recombination rate of 

the electron due to its high electron mobility in 

TiO2/graphene composite photocatalyst [7,8], 

consequently enhancing the photocatalytic deg-

radation of pollutants. Figure 1 shows the 

number of publications and citations has in-

creased over the last decade, with a peak of 

906 publications in 2019 and citations of 71287 

in 2021. Hence, the utilization of graphene-

based photocatalysts has earned respect and is 

one of the most promising techniques. 

Nevertheless, the environmental impact of 

photocatalytic activities and the synthesis of 

photocatalysts is still an important subject to 

ensure the viability of the process. For in-

stance, a Life Cycle Assessment (LCA) of solar-

based treatment was conducted to determine 

the environmental impact possessed by TiO2 

photocatalyst [9]. Besides, an LCA based on 

mono-doped TiO2 catalysts with transition met-

al has investigated whether the improvement 

in photocatalytic activity can offset the envi-

ronmental impacts of metal doping [10]. The 

results showed that mono-doped TiO2 photo-

catalyst possessed limited environmental im-

pact in the synthesis process and treatment of 

organic micropollutants [9,10]. However, re-

ports on the LCA on the degradation of organic 

pollutants by graphene-based photocatalysts 

are limited. Hence, this research aims to exam-

Figure 1. Number of publications and citations on graphene-based photocatalysts from 2012 to 2022, 

retrieved from the Web of Science database with the topic keywords “graphene” and “photocatalysis” 

on February 16, 2023. 
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ine the environmental impacts of TiO2/rGO pro-

duction. Additionally, the environmental bene-

fits of different solvents (ultrapure water, etha-

nol, and isopropanol) and power consumption of 

visible light (150 W, 300 W, and 500 W) were 

evaluated. 

 

2. Materials and Methods 

2.1 Synthesis of Graphene Oxide (GO) and Ti-

tanium Oxide/Reduced Graphene Oxide (TiO2/

rGO) Photocatalyst  

The data utilized in the LCA methodology 

was applied according to ISO standards. The 

data are retrieved from past experimental 

works [11–19]. 

 

2.1.1 GO synthesis route 

Firstly, graphene oxides (GO) were first syn-

thesized through a Hummers’ process. Natural 

graphite powder (5 g) was added to a concen-

trated H2SO4 (250 mL) at room temperature 

and agitated for 30 minutes to initiate the reac-

tion. The mixture was then cooled to 5 °C in an 

ice bath, and then KMnO4 (30 g) was gradually 

added while keeping the temperature below 15 

°C. The mixture was then agitated for 4 hours 

in an oil bath at around 40 °C. The mixture 

was placed in an ice bath once more and stirred 

until it reached 5 °C. After that, aliquots of de-

ionized water (20 mL) were gently added, keep-

ing the temperature below 50 °C, until the mix-

ture was diluted to 1 L. Then, drop by drop, 

30% H2O2 (25 mL) was introduced and agitated 

for 1 hour until the KMnO4 reaction was com-

pleted. To remove the metallic ion, the final 

mix was rinsed twice with 10% HCl and 5 

times using deionized water [11]. Finally, GO 

was synthesized. Reduced graphene oxide 

(rGO) was synthesized along with TiO2 using a 

hydrothermal method, as described in Section 

2.1.2. 

 

2.1.2 TiO2/rGO synthesis route 

A hydrothermal technique was used to pro-

duce the TiO2/rGO photocatalyst (P25/rGO). 2 g 

TiO2 was suspended in 400 mL ultrapure water 

and agitated at 500 rpm for 30 min. The neces-

sary amount of GO was then added, and the 

mixture was agitated for another 2.5 h to en-

sure that the GO sheets were evenly distribut-

ed. After that, the solution was transferred to a 

600 mL Teflon-lined stainless steel autoclave 

reactor and hydrothermally treated for 3 h at 

120 °C [12]. After that, the TiO2/rGO photo-

catalyst was rinsed and centrifuged three 

times before being dried at 50 °C. 

To compare the effect of different chemicals 

or substances used in the synthesis process, an 

emphasis has been focused on the solvent used 

in the synthesis of TiO2/rGO photocatalyst. In 

the base system, ultrapure water was utilized 

while isopropyl and ethyl alcohol were chosen 

as the alternative routes [11,13].  

After deciding on the solvent, another com-

parison will be done in terms of the necessity 

and the sustainability of doping photocatalyst 

with silver (Ag). For the process, silver nitrate 

will first be dissolved into deionized water and 

mixed with TiO2/rGO solution afterwards for 

30 min at 94 °C with vigorous stirring [14,15].  

 

2.2 Photodegradation Activity 

200 mg of TiO2/rGO photocatalyst was used 

to degrade 200 mL methylene blue (MB) with a 

concentration of 15 ppm for 60 min [16]. In this 

section, different power levels of visible light 

sources of the photodegradation system were 

compared to evaluate their environmental im-

pacts. The power levels of the visible light 

source used were 150 W, 300 W, and 500 W, re-

spectively [17-19], as tabulated in Table 1.  

 

2.3 Goal/Functional Unit 

The goal of this study is to determine the 

environmental impacts associated with a gra-

phene-based photocatalyst in terms of its syn-

thesis and photodegradation process. In detail, 

the study is to compare the environmental im-

pact possessed by different chemicals used in 

the synthesis process and the power consump-

tion of visible light in the photodegradation 

process. The scientific community and 

wastewater treatment decision-makers, with 

the aim to prepare the photocatalyst in the 

most sustainable manner, are hence the desig-

nated audience for this publication. 

The life cycle inventory for photocatalyst 

production and photodegradation was normal-

ized per functional unit. In this study, the func-

Process Option 1 Option 2 Option 3 

Chemicals in synthesis process Ultrapure water Isopropyl alcohol Ethyl alcohol 

Doping process With doping agent 

(Ag) 

Without doping agent 

(Ag) 

  

Power consumption of visible light 150 W 300 W 500 W 

Table 1. Comparison of alternative options.  



 

Bulletin of Chemical Reaction Engineering & Catalysis, 18 (1), 2023, 106 

Copyright © 2023, ISSN 1978-2993 

tional unit used is 1 kg of TiO2/rGO photocata-

lyst to treat MB solution. It defines the unit of 

service used as the basis when compares 

among different alternatives. The assumptions 

made for the LCA were: (a) The system is locat-

ed in Malaysia which possesses a daily erythe-

mal UV dose of 5518.13 J/m2. The minimum 

value is taken to obtain the minimum result 

[20]; (b) Chemicals that are unavailable in the 

GaBi database 2020 are replaced with similar 

chemicals that possessed related data in the 

software; and (c) Since the system is assumed 

to be located in Malaysia, LCI data for water 

supplies and electricity are based on Malay-

sia’s standards. 

 

2.4 Scope and System Boundaries 

This LCA study is based on a cradle-to-gate 

approach. Cradle-to-gate is an assessment of 

the life cycle of a particular product from the 

extraction of raw materials (‘Cradle’) to any 

stage in the life cycle before the product dispos-

al (‘Gate’). In this study, the system boundary 

was defined using the cradle-to-gate approach 

would include the extraction of raw materials 

GO synthesis 

TiO2/rGO synthesis  

Photodegradation 

Figure 2. System boundaries. 
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to produce TiO2/rGO photocatalyst, the photo-

catalyst synthesis process and the photodegra-

dation process, excluding the disposal of the 

photocatalyst. Figure 2 shows the overall pro-

cess flow diagram for the synthesis of GO and 

TiO2/rGO photocatalyst and the photodegrada-

tion process with boundaries. Based on the pro-

cess flow diagram, the input and output from 

each boundary are also indicated in the system 

boundaries diagram in Figure 2.  

 

2.5 Inventory Analysis 

The inventory data acquired from laborato-

ry-scale methods included in the database was 

used to examine the environmental implica-

tions of TiO2/rGO synthesis and photodegrada-

tion. The TiO2/rGO production system's fore-

ground system includes chemicals utilized as 

raw materials, as well as electricity usage in 

the stirrer, heat exchanger and autoclave reac-

tor. All chemicals involved in the process are 

listed in Table 2. The process and chemicals in-

volved in the system were modeled with the da-

ta available in the database (GLO: global; RER: 

regional market for Europe: and MY: Malay-

sia). 

2.6 Impact Assessment 

The possible environmental consequences 

were calculated using the inventory analysis 

findings using GaBi database. Life cy-

cle assessment may convert all associated 

emissions and outputs into precise environ-

mental scores acquired via the use of charac-

terization elements in a specific technique. The 

following aspects of a life cycle impact assess-

ment (LCIA) have been completed: (1) choice of 

impact categories, (2) allocation of inventory 

data to impact categories (classification), and 

(3) computation of category indicator results 

according to ISO 14042. (characterization). Ga-

Bi thinkstep has been selected as the primary 

software to conduct the LCA. The present LCA 

study is based on a cradle-to-gate approach, i.e. 

from the production of precursor materials to 

their usage but excludes the disposal part.  

The LCIA method utilized was ReCiPe 2016 

v1.1 midpoint method, Hierachist version 

which includes Stratospheric Ozone Depletion, 

Global Warming, Ozone Formation, Terrestrial 

Ecotoxicity, Ionizing Radiation, Fine Particu-

late Matter Formation, Marine Eutrophication, 

Freshwater Eutrophication, Freshwater Eco-

toxicity, Marine Ecotoxicity, Land Use, Human 

Toxicity, Mineral Resource Scarcity, Water 

Consumption, Freshwater Consumption, Pho-

tochemical Ozone Formation and Metal Deple-

tion. The midpoint categories are represented 

in terms of the mass (in kg) of the reference 

material generating the harm (weighted im-

pact), but the unit for water consumption 

and land use is the area and time of a land use, 

as well as the cubic meter, respectively. 

 

3. Results and Discussion 

3.1 LCA of Graphene Oxide (GO) Production 

In terms of the LCA for the graphene oxide 

(GO) production, the amount of GO needed to 

produce 1 kg of TiO2/rGO photocatalyst was as-

sessed. 1 kg of photocatalyst meanwhile is the 

functional unit of this LCA study. Table 3 tab-

ulates the quantity of the chemicals and elec-

Use phase Chemicals 

graphite powder Synthesis of gra-

phene oxide H2SO4 

KMnO4 

Deionized water 

HCl 

H2O 

Synthesis of 

TiO2/rGO 

 

 

Doping process 

TiO2 

Ultrapure water, iso-

propyl alcohol, ethyl 

alcohol (Comparison) 

DI-water, silver nitrate 

Photodegradation Methylene Blue 

Table 2. Chemicals needed in the life cycle. 

Use phase Input Value Unit 

Mixing 
Graphite 

Sulphuric Acid 

0.0075 

0.375 
kg Graphene oxide production 

Stirring 1 Potassium Permanganate 0.045 kg  

Stirring 2 
Hydrogen peroxide 

Deionized water 

0.0375 

0.03 
kg  

Agitating/Rinsing Hydrochloric acid 0.01 kg  

  Electricity 10.8 MJ  

Table 3. The chemicals and electricity used in GO production. 
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tricity used for the production of GO, while Fig-

ures 3 and 4 show the environmental impact 

distribution derived from each chemical and 

electricity consumed in the production of GO. 

The chemicals analyzed were graphite, sul-

phuric acid (H2SO4), potassium permanganate 

(KMnO4), hydrogen peroxide (H2O2), deionized 

(DI) water and hydrochloric acid (HCl). In total, 

electricity accounts for the majority of the envi-

ronmental impacts since it is used in all pro-

cesses which include mixing, stirring 1, stirring 

2 and agitating. Before analyzing the chemi-

cals, a few substitutions have been made in Ga-

Bi software. DI water and HCl have insuffi-

cient ReCiPe data. Thus, substitutions have 

been made to replace them with fresh water 

and phosphoric acid (H3PO4) in the software. 
DI water is commonly used in experimental 

works since the water quality is more predicta-

ble and can lead to more repeatable results. 

However, due to insufficient data, DI water 

was replaced with fresh water. H3PO4 has been 

chosen to replace HCl, since it can function 

similarly to HCl which is removing metal ions 

[21]. Some of the negative values in the figure 

could be explained by the consumption of these 

chemicals in the processes, instead of disposing 

them to the environment. For example, H2SO4 

was consumed in the process not disposed to 

the environment, thus it will not negatively im-

pact the environment in terms of freshwater 

ecotoxicity. 

First of all, graphene accounted for 75% of 

midpoint-mineral resource depletion, also 

Figure 3. Midpoint data of GO production. 

Figure 4. Endpoint data of GO production. 
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known as mineral resource scarcity, which has 

a value of 1.44×10−3 kg Cu eq. For this mid-

point, the damage modelling process is separat-

ed into various parts for the impact category of 

mineral resource scarcity. A mineral resource's 

main extraction results in a global decline in 

ore grade, or the concentration of that resource 

in ores, which will increase the amount of ore 

produced per kilogram of the mineral resource 

extracted. This results in an average surplus 

ore potential, which is the midpoint indicator 

for this impact category, when combined with 

the anticipated future exploitation of that min-

eral resource. The potential for surplus cost 

will rise as the possibility for surplus ore rises. 

However, graphene is the main component in 

this process and this impact is inevitable. 

In terms of H2SO4, it mainly contributes to 

freshwater ecotoxicity and marine ecotoxicity. 

Freshwater is a special type of habitat for the 

environment and is also necessary for human 

life. Freshwater contamination can have an ad-

verse effect on human health in addition to en-

dangering the ecosystem. It is crucial to keep 

anthropogenic pollution below the level that 

would constitute a risk. It contributes a nega-

tive value of 57100×10−5 kg 1,4 DB eq. As men-

tioned, instead of disposing it, H2SO4 was con-

sumed in this process, thus making the value 

negative. The same goes for marine ecotoxicity 

which possessed a negative value of 136×10−4 

kg 1,4 DB eq [22,23].  

On the other hand, the main contributor to 

photochemical ozone formation is electricity. 

Ozone is created via the photochemical interac-

tions between NOx and Non-Methane Volatile 

Organic Compounds, not by direct emission in-

to the atmosphere (NMVOCs). Ozone can irri-

tate airways and harm the lungs, endangering 

human health. Ozone concentrations cause res-

piratory distress in people, such as asthma and 

chronic obstructive pulmonary disease, to occur 

more frequently and severely (COPD). Ozone 

can also harm plants by slowing down growth 

and seed generation, accelerating the ageing of 

leaves, and making them less resilient to envi-

ronmental shocks.  

Lastly, water only contributes a tiny frac-

tion of freshwater consumption, about 0.52%. 

Hence, it can be deemed negligible. Here, the 

usage of water consumption is the basis for all 

water-related problems. Water consumption re-

fers to the use of water in ways that cause it to 

evaporate, be incorporated into goods, be 

moved to other watersheds, or be dumped into 

the ocean. Therefore, used water is no longer 

available to ecosystems or humans in the origi-

nal watershed.  

Figures 3 and 4 indicate that electricity is 

by far the biggest contributor to environmental 

damage. Both of which have negative effects on 

human health and the environment [24]. Even 

while coal and natural gas must be used in the 

production of power, the effect on the resources 

is less severe here than it is for ecology and hu-

man health. In addition, coal mining can con-

taminate water. Changes in groundwater flow 

brought on by mining operations frequently ex-

pose previously unpolluted streams to specific 

mineral substances that leach from the soil 

and result in acid mine drainage. Another by-

product of several forms of energy use is solid 

waste. Along with coal, mining for coal necessi-

tates the removal of a lot of earth [25]. As also 

seen in the endpoint result, the majority of the 

impact is contributed by electricity. Hence, it is 

important to decrease energy usage when pos-

sible. In this section, it may be possible to com-

bine both stirring processes to reduce energy 

usage which can be an interesting idea. As also 

seen in the endpoint result, the majority of the 

impact is contributed by electricity. 

 

3.2 LCA of TiO2/rGO production 

In terms of the LCA of the production of 

TiO2/rGO photocatalyst, the amount of GO pro-

duced in the previous section has been utilized 

in this section. As mentioned, 1 kg of TiO2/rGO 

photocatalyst is the functional unit. Table 4 

shows the amount of chemicals and electricity 

used in this section. However, Table 4 only in-

cludes the newly added chemicals, such as eth-

anol, isopropanol, TiO2, etc., but excludes the 

aforementioned chemicals in section 3.1. 

Use phase Input Value Unit 

Production of TiO2-rGO Stirring (Route 1) Ethanol 198 kg 

  Stirring (Route 2) Isopropanol 198 kg 

  Stirring (Route 3) Ultrapure water 198 kg 

  Hydrothermal process TiO2 0.99 kg 

    Electricity 19 MJ 

Additional doping Doping process Silver nitrate 

Deionized water 

0.02 

0.2 

kg 

kg 

Table 4. The amount of resources used in TiO2/rGO production. 



 

Bulletin of Chemical Reaction Engineering & Catalysis, 18 (1), 2023, 110 

Copyright © 2023, ISSN 1978-2993 

Figure 5. Midpoint data of TiO2/rGO production using water as a solvent. 

Figure 6. Midpoint data of TiO2/rGO production using isopropanol as a solvent. 



 

Bulletin of Chemical Reaction Engineering & Catalysis, 18 (1), 2023, 111 

Copyright © 2023, ISSN 1978-2993 

In this production process, the main objec-

tive is to compare the environmental impact 

generated by solvents and determine the one 

that contributes the least impact to the envi-

ronment. The chosen solvents were ethanol, 

isopropanol and ultrapure water. However, in 

terms of ultrapure water, there is insufficient 

data in the database, thus fresh water was uti-

lized to replace ultrapure water. Besides this, 

other chemicals are also discussed in this sec-

tion. First of all, TiO2 mainly contributes to 

metal depletion in the midpoint category and 

possessed a result of 0.0992 kg Cu eq. TiO2 cer-

tainly contributes to metal depletion since it is 

a natural resource. One way to reduce the con-

sumption of TiO2 from the environment is to re-

cycle existing products in the production of 

TiO2/rGO photocatalyst. For instance, sintering 

the TiO2-containing waste allowed for the recy-

cling of TiO2 waste from the paint manufactur-

ing industry [26]. Furthermore, recyclability is 

also a significant factor that should be consid-

ered in the utilization of photocatalyst to re-

duce environmental impact. For instance, ac-

cording to Pesqueira et al. [9]. maximum envi-

ronmental impact comes with fresh photocata-

lyst being used in each photodegradation. 

Hence, the environmental impact could be re-

duced if the photocatalyst is reused.  

In terms of electricity, it has dominated 

most of the impact categories. In this process, 

the amount of electricity needed was 19 MJ 

which almost doubled the value of the gra-

phene oxide production process. Hence, it is 

recommended to provide some solution to fur-

ther decrease the electricity needed in this pro-

cess. In this case, the system was conducted at 

120 °C for 3 h for the hydrothermal treating 

process. Hence, the sol-gel method which is a 

more chemical method can be utilized to reduce 

energy consumption. It has a relatively low re-

action temperature (60–80 °C) and shorter 

heating duration as compared to the hydro-

thermal method. This will result in lower elec-

tric consumption which means environmental 

impacts are expected to be reduced [27,28].  

 

3.2.1 Comparison of Solvents 

Figures 5-7 depict the environmental im-

pacts associated with the different solvents 

used. As mentioned, the compared solvents 

Figure 7. Midpoint data of TiO2/rGO production using ethanol as a solvent. 
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were ultrapure water, isopropanol and ethanol. 

Although ultrapure water is preferable in a la-

boratory setting, it is more frequently employed 

in the semiconductor and pharmaceutical in-

dustries. Due to its level of filtration, it can be 

used in a variety of extremely delicate applica-

tions. However, ultrapure water was not in the 

GaBi database, thus it was substituted with 

fresh water regionalized in Malaysia. As seen 

in Figure 8, three solvents were compared 

without adding any other chemicals. Ethanol 

and isopropanol would first be compared since 

they contributed to similar impact categories. 

In categories like freshwater ecotoxicity, ma-

rine ecotoxicity, photochemical ozone for-

mation, and terrestrial ecotoxicity, ethanol out-

weighed all the categories and contributed to 

an extra impact category which is human tox-

icity (cancer). Hence, the obvious choice here is 

isopropanol since it contributed less to every 

impact category that it shared with ethanol. 

Another solvent that seems to be the wisest 

choice is ultrapure water, it only contributed to 

freshwater consumption. However, since the 

solvents were not considered in the disposal 

stage, the generated data for isopropanol and 

ethanol will be in negative value. Hence, in our 

system, isopropanol will be the better choice 

due to its negative environmental impact. In 

real world situation, ultrapure water will be 

the better choice if the disposal stage is consid-

ered since it will only contribute to freshwater 

consumption as compared. Hence, ultrapure 

water should be considered the better solvent 

in this case. 

 

3.2.2 Comparison on TiO2/rGO and 

TiO2/rGO/Ag 

Once the solvent was selected, the environ-

mental impacts of doping the TiO2/rGO photo-

catalyst with silver (Ag) were considered. The 

extra chemicals or substances added were sil-

ver nitrate (AgNO3) and deionized water. As 

mentioned before, deionized water was substi-

tuted with fresh water regionalized in Malay-

sia due to data scarcity. The reason to dope the 

photocatalyst with Ag is that doped photocata-

lysts show better photocatalytic efficiency in 

terms of degrading organic pollutants [29]. As 

usual, water only contributed to freshwater 

consumption while silver nitrate contributed to 

freshwater ecotoxicity, human toxicity(non-

cancer) and marine ecotoxicity. In terms of the 

value, they were -9.44 kg 1,4 DB eq, -13.8 kg 

1,4 DB eq and -10.4 kg 1,4 DB eq respectively. 

Figure 8. Midpoint data of comparison of solvent in TiO2/rGO. 
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As shown in Figures 9 and 10, doping the pho-

tocatalyst with Ag certainly contributed a lot to 

the environment negatively. AgNO3 contribut-

ed more than 90% in all three categories that it 

is involved in. It has been demonstrated that 

the composite catalyst's photocatalytic activity 

was significantly increased by the incorpora-

tion of Ag into the TiO2/rGO structure. The 

combinatorial effects of greater absorptivity, 

higher charge separation, decreased charge re-

combination, and wide-range light absorption 

may be responsible for this improvement [30]. 

However, the environmental impact that came 

with the doping process should not be under-

stated. Hence, to mitigate the environmental 

came with it, identifying the trade-off between 

photodegradation efficiency, doping agent com-

position and operating condition is crucial [31]. 

 

3.3 LCA of Photodegradation 

Lastly, the LCA of utilizing different power 

levels of visible light in the photodegradation 

process is compared and is shown in Figure 11 

and Table 5. Compounds with weak bonds that 

are vulnerable to UV photodegradation can un-

dergo productive photoreactions when exposed 

to visible light. Additionally, visible light pho-

toreactions do not require specialized UV pho-

toreactors because they may be carried out 

Figure 9. Production of TiO2/rGO/Ag. 

Figure 10. Endpoint result of TiO2/rGO/Ag pro-

duction.  
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with almost any white light source. For in-

stance, the current development of LED opens 

up new opportunities for photocatalytic degra-

dation with less power usage and provides a 

fresh alternative to conventional ultraviolet 

sources [32]. However, in this study, only the 

power levels of visible light are considered, 

which are 150, 300 and 500 W respectively. 

Commonly, the environmental impacts will in-

crease when the power level increases since the 

required electricity is higher, considering the 

same duration. The same can be described in 

this scenario where 150 W possesses the least 

environmental impact while 500W possesses 

the most environmental impact. Hence, the de-

cision came down to the minimum power level 

to maintain the photodegradation efficiency of 

the photocatalyst.  

Figure 12 also depicts that the environmen-

tal impact of three endpoint categories increas-

es when the power level increases. As long as 

the photodegradation is above average and ac-

ceptable range, the lowest possible power con-

sumption should be utilized to reduce the envi-

ronmental impact contributed by light sources 

to the furthest extent in terms of human 

health, ecosystem and resource. 

 

4. Conclusions 

This study has assessed the environmental 

footprints of the photodegradation of meth-

ylene blue using a graphene-based TiO2 photo-

catalyst via LCA. The determination of the en-

vironmental impacts allows the photocatalyst 

to serve as a sustainable option in the treat-

ment of organic pollutants. The LCA was con-

Figure 11. Midpoint data photodegradation using different power levels of light sources. 

Use phase Input (W) Value Unit 

Route 1 150 0.54 MJ Photodegradation (Visible light) 

Route 2 300 1.08 MJ 

Route 3 500 1.8 MJ 

Table 5. Different power consumption of visible light used in photodegradation process.  
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ducted through a cradle-to-gate method, which 

is targeting the synthesis of photocatalyst and 

photodegradation process. Different chemicals, 

such as ultrapure water, isopropyl alcohol, and 

ethanol has been chosen to evaluate their envi-

ronmental benefits in the synthesis of 

TiO2/rGO photocatalyst. In terms of the sol-

vent, ultrapure water is certainly a better 

choice since it contributed the least to the envi-

ronment according to the data generated. Also, 

it is not advisable to dope the photocatalyst 

with silver since the increment in performance 

is not enough to offset the environmental im-

pact that came with it. Different powers of visi-

ble light were compared, and the result showed 

that the decision came down to the minimum 

power level to maintain the photodegradation 

efficiency of the photocatalyst. 

Although the objectives of this study have 

been met, two recommendations were recom-

mended for this study. Firstly, more chemicals 

can be compared to gain further insights into 

the life cycle of the photocatalyst. For instance, 

oxidizing agents such as H2SO4 or H2O2 can 

possibly be replaced by other chemicals like 

acetic acid and sodium peroxide and could be 

compared to provide alternative solutions to 

the photocatalyst synthesis process. Secondly, 

it is recommended to couple LCA with Artificial 

Neural Networks (ANN). The coupling allows 

these tools to work synergistically, whereby the 

assessment of environmental impacts could be 

included in an ANN that selects the optimal op-

erating conditions and predict the optimum 

photodegradation performance. Integrating the 

strengths of both tools could optimize the 

TiO2/rGO performance while minimizing the 

environmental burdens. 
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