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The deployment of energy storage systems can play a role in peak and frequency regulation, solve the issue of limited flexibility in cleaner power systems in China, and ensure the stability and safety of the power grid. This paper presents a comprehensive environmental impact analysis of a lithium iron phosphate (LFP) battery system for the storage and delivery of 1 kW-hour of electricity. Quantities of copper, graphite, aluminum, lithium iron phosphate, and electricity consumption are set as uncertainty and sensitivity parameters with a variation of [90%, 110%]. The results show that global warming potential is 9.08E+01 kg CO2 eq. and fossil resource use is 1.21E+03 MJ, with uncertainty ranges of [8.54E+01, 9.23E+01] and [1.15E+03, 1.23E+03], respectively. Electricity consumption during the manufacture and installation process is the greatest contributor to climate change (CO2 eq. emissions), accounting for 39.71% and largely owing to non-renewable sources, followed by cathode materials at 27.85% and anode materials at 18.36%. The disposal and recycling process offers emission reductions but requires an additional 1.17% use of fossil resources. Sobol T indices for the quantity of electricity are the highest for acidification, climate change, fossil resource use, and ionizing radiation. By considering the pathway of China’s electricity mix from 2020 to 2050 under the Paris Agreement’s 2° target, the potential for environmental emission reduction in the system is evaluated. The results show that the greener electricity mix could lead to a 24.59% reduction in acidification impact, a 35.74% reduction in climate change impact, a 33.24% reduction in fossil resource use, and a 44.13% reduction in ionizing radiation impact. This study offers a comprehensive view of the environmental impact reductions associated with the lithium iron phosphate battery and its industry.
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1 INTRODUCTION
Moving toward carbon neutrality has become a consensus among major countries in the world. In recent years, the development of energy storage technology has become a key point in the global transition to sustainable energy systems. This is particularly relevant in the context of China, a nation that has been rapidly expanding its renewable energy capacity (Kersey et al., 2022). The integration of energy storage solutions is essential for managing the intermittency of renewable energy sources such as solar and wind power. With the in-depth implementation of the dual-carbon goal and energy revolution, China’s energy storage technology and industry have gained momentum (Shen et al., 2019), which can be reflected by several key developments: active research in energy storage technology, rapid growth in the scale of the energy storage market, growing interest from the capacity market, increasing maturity of the energy storage industry supply chain, and escalating policy support for energy storage.
Among various energy storage technologies, lithium iron phosphate (LFP) (LiFePO4) batteries have emerged as a promising option due to their unique advantages (Chen et al., 2009; Li and Ma, 2019). Lithium iron phosphate batteries offer several benefits over traditional lithium-ion batteries, including a longer cycle life, enhanced safety, and a more stable thermal and chemical structure (Ouyang et al., 2015; Olabi et al., 2021). These attributes make them particularly suitable for large-scale energy storage applications, which are crucial in China, given its significant growth in renewable energy deployment. The stability and longevity of LiFePO4 batteries can lead to more reliable and efficient energy storage systems, which are vital for ensuring a consistent energy supply in the face of fluctuating renewable energy sources (Miller et al., 2018). Although the advantages of lithium iron phosphate batteries are clear, it is important to evaluate their environmental impacts (Sullivan and Gaines, 2010; Dehghani-Sanij et al., 2019).
The production and disposal of these batteries involve a variety of processes that could potentially have significant environmental impacts. These include the extraction of raw materials, manufacturing processes, energy consumption during usage, and the management of end-of-life batteries. Understanding the full environmental impact of LiFePO4 batteries is crucial for assessing their sustainability and guiding policy and decision-making in the energy sector. Sadhukhan and Christensen (2021) conducted a life cycle environmental analysis of lithium-ion batteries, analyzing their life cycle environmental impact hotspots, battery energy storage system (BESS) sustainability hotspots, and ways to improve renewable electricity infrastructure; however, sensitivity analysis was not included in the research. Tan (2017) comparatively analyzed the life cycle GHG emissions of four battery energy storage technologies, namely, lead–acid batteries (PbA), lithium-ion batteries (Li-ion), sodium–sulfur batteries (NaS), and vanadium redox batteries (VFBs), and emphasized that BESS should be placed in power system application scenarios and analyzed with a systematic approach. Han et al. (2023) conducted life cycle environmental analysis of three important electrochemical energy storage technologies, namely, lithium iron phosphate battery (LFPB), nickel cobalt manganese oxide battery (NCMB), and vanadium redox battery (VFRB). They developed a cradle-to-grave life cycle analysis model to validate the carbon reduction benefits of electrochemical energy storage technologies based on a case study of energy stored per megawatt-hour; however, but they did not consider the recycling process. Rahman et al. (2021) developed a life cycle assessment model for battery storage systems and evaluated the life cycle greenhouse gas (GHG) emissions of five battery storage systems and found that the lithium-ion battery storage system had the highest life cycle net energy ratio and the lowest GHG emissions for all four stationary application scenarios studied. However, several studies neglected the disposal stage of the system, and few studies focused on the uncertainty and sensitivity analysis to identify the variations in the total results and sensitivity of the parameters (Liang et al., 2017; Wang et al., 2017). In this study, the comprehensive environmental impacts of the lithium iron phosphate battery system for energy storage were evaluated. The contributions of manufacture and installation and disposal and recycling stages were analyzed, and the uncertainty and sensitivity of the overall system were explored. In addition, this study explored the emission reduction potential of the system by 2050 and hoped to present a complete analysis for the storage and delivery of 1 kW-hour (kWh) of electricity from the lithium iron phosphate battery system to the grid.
2 METHODS
This study employed the process-based life cycle assessment method to evaluate the environmental impacts of the lithium iron phosphate battery. Life cycle assessment was conducted using the Brightway2 package in Python (Mutel, 2017). The life cycle model consists of activity units composed of exchanged activities, with no intersection of biosphere and technosphere activities, while emissions and material and energy inputs are modeled as exchanges within the technosphere and exchanges between the technosphere and the biosphere. The former constitutes the technosphere matrix A, and the latter constitutes the techno-biosphere matrix B. Brightway2 calculates the life cycle impacts using the following equation:
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where g is the life cycle outcome matrix, f is the final demand matrix, B is the techno-biosphere matrix, and A is the technosphere matrix.
2.1 Goal and scope
For the system boundary of this study, the lithium iron phosphate battery system mainly includes manufacture and disposal and recycling. The transportation of raw materials to the battery manufacturing facility was included in the manufacturing process. The process flow diagram (Zhang et al., 2015) is shown in Figure 1.
[image: Figure 1]FIGURE 1 | Process flow diagram of the studied LFP battery system.
The defined functional unit for this study is the storage and delivery of one kW-hour (kWh) of electricity from the lithium iron phosphate battery system to the grid. The environmental impact results of the studied system were evaluated based on it.
2.2 Life cycle impact assessment
The impact assessment method selected was environmental footprint (EF) at midpoint level, with the version being EF 3.0. The assessed impact categories of this study were chosen based on the characteristics of the battery system as well as considering the comprehensiveness of the environmental indicators (see Table 1). Normalization was conducted by dividing the results by the normalization factors, and the normalization factors for the impact categories in EF 3.0 were referenced from Crenna et al. (2019).
TABLE 1 | Description of selected impact categories.
[image: Table 1]2.3 Uncertainty and sensitivity analysis
Uncertainty and sensitivity analysis were conducted considering key parameters which may have varieties in the scope of this study. As shown in Table 2, the triangle- density function was employed for the quantity of materials and the parameters of triangular distribution are the most likely value, minimum and maximum value. The linear distribution was selected for quantity of electricity because it’s hard to estimate its amount during the life cycle stage in manufacture, transport, installation, disposal and recycling.
TABLE 2 | Distribution of the parameter for the uncertainty and sensitivity analysis.
[image: Table 2]The uncertainty analysis was conducted using the Monte Carlo method, in which 1,000 samples were randomly repeated from the probability distributions to simulate the results. The P10 and P90 values were calculated to serve as the lower and upper limits, respectively, of the uncertainty analysis. There is a 10% chance that the simulation outcome will be equal to or below the P10 value and a 90% chance that it will be below the P90 value. The sensitivity analysis for the system was employed based on one-at-a-time variation and the variance-based Sobol method, with the former focusing on local sensitivity and the latter on global sensitivity (Zhang et al., 2015). The total order Sobol’s index evaluates the contribution of variance from all coefficients, considering their interactions, to the total variance.
3 LIFE CYCLE INVENTORIES
3.1 Manufacture and installation
The manufacture and installation stage compromises electrode manufacturing, and cell production involves the assembly and finishing processes of the LFP battery. Batteries are constructed using sets of cathode (LFP cathode) and anode (graphite anode) electrodes, which are layered atop each other before being assembled into cells. A separator, specifically a porous membrane, is positioned between the electrodes to facilitate the flow of lithium ions. During the charging phase, lithium ions migrate from the cathode to the liquid electrolyte, passing through the separator’s micropores to reach the graphite anode within the cells. During the charging phase, lithium ions migrate from the cathode through the separator’s micropores and the liquid electrolyte to the graphite anode. Conversely, during discharge, the Li+ ions travel back to the cathode. The form of the cell is the prismatic cell, and the studied process for producing lithium iron phosphate is the solid state process. The prismatic cell was chosen due to its lower cost compared to both the cylindrical and pouch cell types (Mahamud and Park, 2022). The synthesis of solid-state lithium iron phosphate necessitates the use of lithium, iron, and phosphorous compounds. The general reaction is
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Life cycle inventories in the manufacture and installation stage are listed, as shown in Tables 3–9. These inventories include considerations of both material and energy inputs and outputs. Data were referenced from the ecoinvent database, version 3.9.1, and other research studies (Wernet et al., 2016; Hao et al., 2017; Liu, 2022).
TABLE 3 | Life cycle inventory of the lithium iron phosphate battery.
[image: Table 3]TABLE 4 | Constituent list of the anode material.
[image: Table 4]TABLE 5 | Constituent list of the cathode material.
[image: Table 5]TABLE 6 | Material list of the electrolyte.
[image: Table 6]TABLE 7 | Material list of the plastic film.
[image: Table 7]TABLE 8 | Material list of the battery separator (Deimede and Elmasides, 2015; Yin et al., 2019).
[image: Table 8]TABLE 9 | Input and output data of treating 1 kWh LFP battery (Shu et al., 2021).
[image: Table 9]3.2 Disposal and recycling
The environmental impacts of this process were calculated using the following equation:
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where [image: image] is the environmental impact of disposal and recycling for impact category i, [image: image] is the environmental burden from the disposal process for impact category i (negative), and [image: image] is the environmental credit from recycling of the waste materials for impact category i.
Recycling lithium iron phosphate batteries is crucial for their life cycle management, especially considering the environmental implications of battery waste. Among the various recycling techniques (Nordelöf et al., 2019), the hydrometallurgy method is operable at ambient temperature and pressure and achieves high metal selectivity and reaction efficiency, which is more suitable for extracting lithium from retired LFP batteries (Wang et al., 2022). In this recycling process, LiFePO4 batteries are discharged, disassembled, and crushed to extract lithium iron phosphate powder. Subsequently, this powder undergoes heating, pulping, acid leaching, transformation, and alkalization to eliminate impurities. Finally, the resultant purified lithium chloride solution is filtered and used as a recycled product, facilitating the recovery of lithium from decommissioned LiFePO4 batteries. The input and output data of the recycling process are listed in Table 8 (Shu et al., 2021). Moreover, recycled products are assumed to have a loss rate of 90%.
4 RESULTS AND DISCUSSION
4.1 Environmental impact results
As shown in Table 10, for the function unit of the system, the climate change impact of the LFP battery is 9.08E+01 kg CO2 eq., and resource use from fossils is 1.21E+03 MJ. The top three normalized impact categories are eutrophication (terrestrial), ecotoxicity (freshwater), and ionizing radiation, which indicate that the system has relatively high impacts on these indicators at a global scale and should be paid more attention to. The result of eutrophication (terrestrial) is 1.22E+00 kg N eq, with anode accounting for 47.99% and electricity accounting for 26.03%. Although the cathode’s emission factor is higher than that of the anode in the ecoinvent database, the mass relationship is reversed, which may partially explain the result. The system has 7.17E+03 CTUe ecotoxicity in freshwater, and the anode has the highest share of 83.24%, largely attributed to copper and copper foil. For ionizing radiation, the result is 8.87E+00 kBq U-235 eq, with electricity being the largest contributor at 58.93%. The uncertainty analysis, represented by P10 and P90, indicates the possible range of each impact category. The ranges of resource use (minerals and metals) and ecotoxicity are [-8.97%, +8.77] and [-9.15%, +7.83%], respectively, indicating higher uncertainties. However, ozone depletion has a relatively small level of uncertainty, ranging from −1.13% to +0.89%.
TABLE 10 | Environmental impact results of the LFP battery.
[image: Table 10]4.2 Contribution analysis of global warming potential
This section examines the climate change impact of the manufacturing and installation processes for the studied LFP battery system, which is identified as an important concern. Figure 2 illustrates the contributions of various components and energy consumption to global warming potential (the indicator of the climate change impact). The largest contributor to global warming potential (GWP) is electricity, accounting for 39.71% of the total impact, and the result is consistent with the literature (Oliveira et al., 2015). This suggests that energy consumed during manufacturing and installation, primarily from non-renewable energy sources, is the most significant factor in the carbon footprint of LFP battery production. Renewable energy and nuclear power generation have smaller emission factors compared to grid power generation now, so promoting the application of renewable energy and nuclear power generation systems is key to reducing emissions in this hot spot. This implication is similar to results from a previous study (Bawankar et al., 2023). The second-largest contribution is the cathode material, which is 27.85%. The contribution of aluminum/aluminum foil reaches 20.58%, while that of lithium iron phosphate is 7.27%. This may be due to the fact that both the quantity and impact factor of aluminum/aluminum foil in the cathode material are higher than those of lithium iron phosphate. The manufacturing and installation of cathode materials is considered energy-intensive and involves high-temperature synthesis processes that lead to GWP. The contribution of anode materials is lower than that of cathode materials, accounting for 18.46% of GWP. Among anode materials, graphite causes more CO2 eq. emissions (10.89%), which is partly because of its higher GHG emissions. In addition, the battery separator accounts for 8.15%, the electrolyte accounts for 5.75%, and the plastic film accounts for the least at only 0.09%. The results show that the most effective way to reduce the GWP of LFP cells is to target greener power sources and improve production efficiency, especially for cathode and anode materials, which together constitute nearly half of the total impact. Additionally, improving the environmental footprint of battery separators and electrolyte production may help further reduce GWP.
[image: Figure 2]FIGURE 2 | Contribution analysis of global warming potential of the LFP battery.
4.3 Sensitivity analysis
Figure 3 displays the one-at-a-time sensitivity analysis of five key parameters. The analysis reveals that Q-Ele is the most sensitive parameter affecting acidification, climate change, fossil resource use, ionizing radiation, and ozone depletion, with result variations in the ranges of [96.41%, 103.70%], [95.45%, 104.63%], [95.93%, 103.67%], [93.80%, 106.10%], and [99.77%, 100.27%], respectively. For ecotoxicity and resource use of minerals/metals, Q-copper emerges as the most influential parameter, showing result variations of [84.69%, 115.34%] and [83.76%, 115.63%], respectively.
[image: Figure 3]FIGURE 3 | Sensitivity analysis of results from different parameters under one-at-a-time variation.
Table 11 shows the total Sobol indices for the system across the five sensitivity parameters under eight life cycle impacts. It can be seen from Table 11 that the Sobol indices (Sobol T) for CC and REF have similar sensitivity results, primarily to changes in Q-Ele, with indices of 82.75% and 84.27%, respectively. The order of sensitivity from the strongest to the weakest is Q-Ele, followed by Q-Al, Q-C, Q-Cu, and Q-LIP. Both ECO and REM exhibit similar trends, showing that Q-Cu has the highest sensitivity. Furthermore, the corresponding Sobol T indices for Q-Cu are 97.29% and 99.26%. There is relatively low sensitivity to other parameters, meaning that variations in these parameters result in only minor changes to the system’s environmental impacts. ODP is most affected by changes in Q-Al and Q-LIP, the Sobol T of which are 48.02% and 39.20%, respectively. This could be partially attributed to the fact that aluminum, aluminum foil, and LIP have higher impact factors in ODP. The variations in IR are mainly determined by Q-Ele, with much lower sensitivity to other parameters.
TABLE 11 | Results of variance-based sensitivity analysis.
[image: Table 11]4.4 Scenario analysis
According to the results in Section 4.2, electricity constitutes the system’s most emission-intensive component. This section examines the potential for environmental emission reductions, considering changes in China’s electricity mix, and shows the changes in the contribution of the disposal and recycling stage. The structure of the electricity mix in the C2°C scenario is based on the forecast of the Institute of Climate Change and Sustainable Development (ICCSD), which is shown in Table 12. The C2°C scenario is defined as the scenario for achieving the emission reduction target by 2050, in line with the Paris Agreement’s target of limiting global temperature rise to 2°C (ICCSD, 2021).
TABLE 12 | Forecast of electricity mix of China under C2°C scenario (ICCSD, 2021).
[image: Table 12]The scatter plots in Figure 4 depict the contribution of the disposal and recycling process to the overall environmental impacts of manufacturing and installation. In the baseline scenario, the disposal and recycling process offers environmental benefits in most impact categories, as indicated by the dark red points are in the negative region. However, for REF and ODP, the environmental burdens from disposal cannot be mitigated by recycling. This suggests that methods used in disposal and recycling are important to reduce material and energy consumption and increase the recycling rate of the material, thereby decreasing overall environmental influences. Changes in the electricity mix have little influence on the contribution of the disposal and recycling process because energy consumption at this stage is relatively small compared to that during the manufacture and installation stage.
[image: Figure 4]FIGURE 4 | Scenario analysis of the LFP battery system.
According to the bar graph in Figure 4, a cleaner electricity system could significantly reduce GHG emissions to 69.50% by 2040 and 64.26% by 2050. In addition, AC is projected to decrease to 75.41%, REF to 66.76%, and IR to 55.87% between 2020 and 2050. However, REM in 2050 shows an increase of 4.48% compared to the baseline scenario. This is partly due to the greater proportion of electricity generated from photovoltaic and wind sources, as the equipment for these sources requires more metals and minerals. In addition, ODP exhibits minimal variations, which may be attributed to the limited contribution of electricity to this impact.
5 CONCLUSION
This study has presented a detailed environmental impact analysis of the lithium iron phosphate battery for energy storage using the Brightway2 LCA framework. The results of acidification, climate change, ecotoxicity, energy resources, eutrophication, ionizing radiation, material resources, and ozone depletion were calculated. Uncertainty and sensitivity analysis were conducted to identify how variations in the quantities of copper, graphite, aluminum, lithium iron phosphate, and electricity consumption affect the results. A scenario analysis was carried out, considering the dynamic path of the electricity mix in China until 2050.
The study evaluates that the storage and delivery of one kW-hour (kWh) of electricity from the lithium iron phosphate battery system could cause 9.08E+01 kg CO2 eq. emissions and use 1.21E+03 MJ fossil resources. Eutrophication (terrestrial), ecotoxicity (freshwater), and ionizing radiation are three important impact categories for the LFP battery system with higher normalization values. The disposal and recycling process is important for mitigating the environmental impacts of acidification, climate change, freshwater ecotoxicity, terrestrial eutrophication, and mineral and metal use, offering environmental benefits ranging from −46.60% to −11.59%. However, this process exerts an environmental burden of 101.84% on ozone depletion. The top three contributors to climate change are electricity consumption and cathode and anode production and installation, with contributions of 39.71%, 27.85%, and 18.46%, respectively. In the C2°C scenario, the electricity system composed of more renewable energy and nuclear energy could significantly reduce GHG emissions, with 30.50% emission reductions by 2040 and 35.74% reductions by 2050.
The analysis reveals that under one-at-a-time variations, electricity consumption is the most sensitive parameter affecting acidification, climate change, fossil resource use, ionizing radiation, and ozone depletion. When the parameters change simultaneously and interact with each other, the Sobol T indices of electricity consumption rank first in acidification, climate change, terrestrial eutrophication, and ionizing radiation, with results of 57.82%, 82.75%, 84.27%, and 96.38%, respectively. However, for ozone depletion, Q-Al dominates the Sobol T indices, partially due to its high-influence factor in ODP.
For further reducing the environmental impacts, progress in disposal and recycling methods for lithium iron phosphate batteries is needed to reduce emissions from disposal inputs and increase the recycling rate. Employing cleaner energy sources during the life cycle stages of LFP batteries is also an effective measure. Future studies can explore the life cycle assessment of variable renewable energy and energy storage combined systems to better understand the environmental impacts of the operation and maintenance phases of lithium iron phosphate batteries for energy storage.
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Name uantity  Unit

Input  Material Hydrochloric acid 5.04E+00 kg
Water 961E+01 kg
Magnesium dihydroxide | 5.85E-01 kg
Sodium hydroxide 4.86E-01 kg
Energy Natural gas 124E+00 kg
Electricity, medium voltage | 3.01E+00 KWh
7 Output | Recycle product | Waste lithium chloride sap0r kg
Waste copper 630E-01 kg
Waste aluminum 125E+00 kg
Waste steel 2.00E-01 kg
Pollutant Dust sl g
Sulfuric acid 8.11E-02 g
Hydrogen chloride 543E-01 g
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Polyethylene 2.58E-01 kg

‘ Plastic film, extrusion 2.58E-01 kg

Dichloromethane 4.81E-03 [ kg

Paraffin 694E-04 [ kg

l Heat 9.65E+00 Mj
8.58E+00 kWh

* Blectricity, medium voltage
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ECO 97.29% 025% 0.06% 0.08% 1.74%
REF 1.45% 7.65% 5.25% 1.19% 84.27%
EUT 51.79% 5.12% 121% 0.64% 40.68%
R 0.56% 0.46% 2.33% 0.18% 96.38%
REM 99.26% 0.01% 0.03% 0.12% 0.05%
ODP 1.66% 48.02% 7.26% 39.20% 335%






OPS/images/fenrg-12-1361720-t010.jpg
Impact categ LICA results Ranking of normalization P10 P90

 Acidification 6.13E-01 7 5.80E-01 624E-01  mol Hr eq.

‘ Climate change [ 9.08E+01 | 6 sl | 9wl kg CO, eq.

‘ Ecotoxicity (freshwater) 7.17E+03 2 651E+03 773E403 | CTUe

‘ Resource use (fossils) [ 121E+03 5 115E+03 15505 M

‘ Eutrophication (terrestrial) 1.22E+00 1 LI4E+00 1258400 kgNeq
Tonizing radiation [ 8.87E+00 3 8.19E+00 o0 | kBq U-235 eq
‘ Resource use (minerals and metals) 154E-03 4 140E-03 167E-03  kgSbeq

‘ Ozone depletion [ 343E-06 8 340E-06 samos kg CFC 11 eq






OPS/images/fenrg-12-1361720-t007.jpg
Material Quantity
Steam, in chemical industry 974E-02
*Core board 123E-02 | kg
Polyethylene 361E-03 kg
Flat pallet 242E-03 nit
Solid bleached and unbleached board carton 164E-03 kg
*Polypropylene 1ISE-03 kg
Lubricating oil 1.76E-04 kg
Polyvinylchloride 8.20E-05 kg
Heat 136E+00 M)
Electricity, medium voltage 379E-02 kwh
Waste plastic, mixture 648E-02 kg
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* Dimethyl carbonate 387E-01 ke
‘7 Ethylene carbonate asoE01 -
[ Lithium hexafluorophosphate LI3E-01 ke
‘ Vinyl carbonate 2.00E-02 kg
‘ Electricity, medium voltage 416E-01 KWh
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 Acidification AC 383E+11
‘ Climate change cc | ssses
‘ Ecotoxicity (freshwater) ECO 294E+14
‘ Resource use (fossils) REF 448E+14 v
‘ Eutrophication (terrestrial) EUT LIIE+10 kgPeq
lonizing radiation R 954E+11 [ kBq U-235 eq
‘ Resource use (minerals and metals) REM 439E+08 kgSbeq
‘ Ozone depletion opp 333E+08 | kg CEC 11 eq
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 Quantity of copper and copper foil Q-Cu Triangle 100 90 110
‘ Quantity of aluminum and aluminum foil QAl Triangle 100 90 110
‘ Quantity of graphite QC Triangle 100 90 110
‘ Quantity of lithium iron phosphate QLIp Triangle 100 90 110
‘ Quantity of electricity QEle Linear 100 90 110
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Constituent Material Quantity

Lithium iron phosphate Diammonium phosphate 837E-01
Lithium carbonate 234E-01 kg
Magnetite | asE01 kg
Electricity, medium voltage 8.18E-01 kWh

Aluminum and aluminum foil Aluminum casting facility construction 150E-10 unit
Aluminum ingot ' Loos00 kg
Aluminum, sheet rolling ' Looks00 kg
Sulfuric acid 207E-01 | kg
Ammonia production, partial oxidation, liquid 333E-01 kg
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Anode 239E+00 kg
‘ Cathode 351E+00 kg
‘ Electrolyte 118E+00 kg
‘ Plastic film 1.68E-01 ke
‘ Battery separator 237E-01 kg
‘ Electricity, medium voltage 6.29E+01 kWh






OPS/images/fenrg-12-1361720-t004.jpg
Constituent

Graphite

Copper and copper foil

Material Quantity

Natural graphite 145E+00

PVDE 115E-02

Methyl pyrrolidone 231E-02

Water 7.68E+00

Bitumen L11E-01

Electricity, medium voltage | 7.36E+00

Copper production, electrowinning process 1.00E+00

Metal working factory construction 458E-10 unit
Copper, sheet rolling 1.00E+00 kg
Sodium hydroxide, anhydrous, 50% solution | a3E01 | g
Sulfuric acid 207801 ™
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Source of electricity S-2040 (%) S-205!

Coal 47.85 2435 | 2.81
| Coal with CCS. | 0.00 0.00 [ 377
Natural gas 256 335 | 296
Nuclear | 1045 1456 | 17.90
Hydro 15.68 1280 | 11.09
Onshore | 1352 2536 [ 35.13
Offshore | 020 192 [ 251
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Biomass 246 | 126 | 015
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