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Abstract — The impact of battery electric vehicles (BEV) on 

global warming is influenced by their battery size and charging 

electricity source. Therefore, Life Cycle Assessment (LCA) studies 

of BEV may consider changes in the energy sources for charging 

and the end-of-life management of used batteries. This study 

conducts an LCA of a BEV battery pack considering the 

influences of the charging electricity mix and repurposing the 

used battery. A cradle-to-grave system is considered to assess the 

environmental impacts of a Lithium-ion battery (LIB) weighing 

290 kg and a pack energy density of 188.3 Wh/kg. The LIB cells 

were repurposed at their first end-of-life, considering a 50% cell 

conversion rate (CCR) for 5 years second-life. LCA results show a 

6% reduction in GWP impact when the share of renewable sources 

in the charging electricity mix is considered. Considering 

recycling, an 11% reduction in GWP is found and less than 1% 

reduction for repurposing the used LIB cells. The sensitivity 

analysis found marginal benefits for a longer second-life and 

higher CCR values (>50%). The parameter with the most 

influence in the results is the source of electricity to charge the 

repurposed LIB. Thus, the potential benefits of second-life 

batteries strongly depend on the source of charging electricity 

followed by a longer second lifetime (>5 years). 

Keywords — Life cycle assessment (LCA), second-life 

batteries, electric vehicles, li-ion battery 

I. INTRODUCTION  

Mitigating climate change impacts require efforts from all 

economic sectors to reduce anthropogenic greenhouse gas 

(GHG) emissions [1]. In 2018, carbon dioxide (CO2) 

emissions from the transport sector reached 8.2 Gt CO2-eq 

and were responsible for about 24% of energy-related CO2 

emissions [2]. In this same year, road vehicles contributed to 

around 75% of CO2 emissions of this sector, underlining the 

need to further abate transport emissions. In this context, the 

transport sector is transitioning to low-carbon technologies, 

such as battery electric vehicles (BEV), to improve its 

environmental performance. However, Life Cycle 

Assessment (LCA) studies have shown that impacts of BEV 

production are still higher than conventional cars [3], [4].  

The main difference in production impacts of the BEV in 

comparison to conventional cars is the added burden of 

battery production in BEV [4]. In addition to this, the 

potential of BEVs to mitigate climate change strongly 

depends on the source of electricity used to charge its battery 

during the use stage [3], [5]. In light of this, there are several 

initiatives to improve the environmental performance of BEV 

batteries, such as their second use in less demanding 

applications [6], [7]. After their first use in BEV, around 60% 

to 80% of the initial battery capacity remains making them 

suitable for a second use in such applications, while avoiding 

the production of new batteries [6], [7]. 

To this end, this paper aims to perform an LCA of a 

Nickel Manganese Cobalt (NMC) Li-ion battery (LIB) for 

BEV application and assess the implications of extending its 

lifetime for a second use in less demanding applications. 

Furthermore, the study also considers changes in the 

electricity sector that could directly influence the life cycle 

environmental impacts of BEV and their batteries – the 

increase in the share of renewable energy sources (RES). 

Thus, an added objective of the paper is to examine the 

impact of changes in the electricity sector on the 

environmental performance of BEV batteries. 

II. MATERIAL AND METHODS 

A cradle-to-grave LCA was performed based on the ISO 

standards [8], [9]. The goal was to assess the environmental 

impacts of a BEV battery pack, considering the influences of 

the charging electricity mix and repurposing the used battery. 

The functional unit was one battery pack of 54.6 kWh for a 

B-segment BEV, sufficient for charge cycles between 3,000 

and 5,000 at 80% depth of discharge (DoD), driven for at 

least 160,000 km over a lifetime of 10 years (2019 – 2028). 

The system boundary covers the production, use, and end-of-

life (EoL) of the entire LIB (Figure 1), weighing 290 kg and 

has a pack energy density of 188.3 Wh/kg. The LCA was 

performed considering the reference, dynamic, and 

repurposed scenarios. An extended system boundary to avoid 

allocation between first and second use was considered, 

allowing the inclusion of an equivalent LIB (hereafter 

"avoided LIB") that the repurposed LIB might replace. 

 

 



 
Figure 1:System boundaries and scenarios in this study.

The first use of the LIB pack in a BEV was modelled 

based on previous studies as the electricity losses due to the 

internal battery efficiency and the extra energy required to 

carry the weight of the battery through its lifetime [10], [11]. 

LIB cell production was considered to occur in Asia as over 

88% of LIB cell manufacturing capacity is currently located 

in this region [12]. The LIB pack assembly, the use phase, 

and the EoL stages were assumed to occur in Europe. The 

production of the LIB cells and the battery pack components 

(consisting of battery packaging, cooling system, and battery 

management system) were modelled based on secondary data 

in references [13]–[15].  

Transportation of the LIB pack from the manufacturer to 

the car assembly plant was also included. It was assumed that 

about 30% of energy use in the BEV could be linked to 

transporting the LIB pack (𝑊𝐸𝑟𝑎𝑡𝑖𝑜) [10]. Likewise, 95% and 

80% of roundtrip efficiencies were assumed at the battery 

start-of-life and end-of-life, respectively. The energy 

efficiency fade was assumed to degrade linearly with a 

constant degradation of 4.62E-5 [11]. Electricity losses due 

to the LIB efficiency (𝐸𝑙𝑜𝑠𝑠) and the extra electricity needed 

to carry the LIB pack (𝐸𝑚𝑎𝑠𝑠) were calculated using Eq. 1 and 

Eq. 2, respectively. Table 1 presents the description of the 

parameters in Eq. 1 and Eq. 2 and the assumed values. 

 

𝐸𝑙𝑜𝑠𝑠 =  ∑ ((
𝐷𝐵𝐸𝑉

(𝐷𝐵𝐸𝑉 ∗ 𝑑𝐵𝐸𝑉)
)

(𝑙𝐵𝐸𝑉∗𝑑𝐵𝐸𝑉)

𝑡

∗ (1 − 𝜂𝑡) ∗ 𝐶𝐵𝐸𝑉)/𝜂𝑡 

(1) 

𝐸𝑚𝑎𝑠𝑠 = (𝑊𝑏𝑎𝑡𝑡 𝑊𝐵𝐸𝑉⁄ ) ∗ 𝑊𝐸𝑟𝑎𝑡𝑖𝑜 ∗ 𝐷𝐵𝐸𝑉 ∗ (
𝐶𝐵𝐸𝑉

𝜂𝑐

) 

(2) 

 
Table 1: Parameters to model the use phase of a Lithium-ion (LIB) 

pack in a battery electric vehicle (BEV). 

Parameter Assumed 

values 

Reference or 

comments 

𝑙𝐵𝐸𝑉 = LIB pack service 

life (year) 

10 Based on car 

manufacturers 

warranty [16], [17] 

𝐶𝐵𝐸𝑉= BEV 

consumption (kWh/km) 

0.19 Estimated using 

WLTP [18] 

𝜂𝑐  = Charging 

efficiency (%) 

90 Based on [19] 

𝑑𝐵𝐸𝑉 = # of days of 

BEV use per year 

365 Authors' estimate 

𝜂𝑡  = LIB pack 

efficiency at day t of its 

use (%) 

95% at start-

of-life to 80% 

at end-of-life  

Based on [6] 

𝑊𝐵𝐸𝑉 = Mass of BEV 

(kg) 

1541 [20] 

𝑊𝐸𝑟𝑎𝑡𝑖𝑜 = Weight-

energy relationship (%) 

30 [10]  

𝐷𝐵𝐸𝑉 = Lifetime 

mileage of BEV (km) 

160000 Based on car 

manufacturers 

warranty [16], [17] 

𝑊𝐵𝐸𝑉 = Mass of LIB 

pack (kg) 

290 [13]–[15] 

Depth of discharge of 

repurposed LIB 

Range 50% to 

60% 

Based on [19] 

                  

                      

                   

              

                    

    

                        

               

           

                 

                             

                

                

              

            

          

                  

           

            

    

    

        

       

               

                 

    
                

      

               

      

               

               

           

                 

             

                      

                  

                        

               

               

     

                                             

                        

                   
                                  

               

      

               

               

           

                 

             

                      

                

                                                

           

  

  

  

   

 

 

                                

                



Transport, road (tkm) 71.4 [11] 

Transport, water (tkm) 248.2 [11] 

 

In the dynamic and repurposed scenarios, the LIB pack 

use phase was modelled considering the temporal aspect of 

the CO2 content of the charging electricity mix. The average 

EU electricity mix for each operational year was based on the 

"Stated Policies Scenarios" for the EU, which proposed 

implementing existing and announced plans/policies without 

introducing new policies [4].  

The secondary use phase was modelled considering 

transportation (0.22 tonne-km/kg) of the repurposed LIB to 

its user and the electricity losses due to its battery efficiency 

(80% at the start of second life to 60% at the end of second 

life) [6]. Electricity losses due to the repurposed LIB 

efficiency (𝐸𝑅𝑙𝑜𝑠𝑠)  was calculated using Eq. (3). The 

electricity losses (𝐸 ) due to the use phase of the avoided 

LIB was estimated using Eq. (4). 

𝐸𝑅𝑙𝑜𝑠𝑠
=  ∑(𝐿𝐼𝐵𝑐𝑎𝑝 ∗ 𝐿𝐼𝐵% 𝑟𝑒𝑠.𝑐𝑎𝑝𝐸𝑜𝑙

∗ 𝐶𝐶 ∗ 𝐿𝐼𝐵% 𝑟𝑒𝑠.𝑐𝑎𝑝𝑘

𝑙𝑐

𝑡

∗ (1 − 𝜂𝑘) ∗ 𝐷𝑜𝐷𝑘)/𝜂𝑘 

 

(3) 

𝐸𝐴𝑙𝑜𝑠𝑠
=  ∑(𝐿𝐼𝐵𝑐𝑎𝑝 ∗ 𝐿𝐼𝐵% 𝑟𝑒𝑠.𝑐𝑎𝑝𝑘

𝑙𝑐

𝑡

∗ (1 − 𝜂𝑘) ∗ 𝐷𝑜𝐷𝑘)/𝜂𝑘 

(4) 

Where 𝐿𝐼𝐵𝑐𝑎𝑝  = initial energy storage capacity of the 

BEV battery/avoided LIB (kWh); 𝐿𝐼𝐵% 𝑟𝑒𝑠.𝑐𝑎𝑝𝐸𝑜𝑙
 = residual 

capacity of the BEV battery at first EoL (%); 𝐶𝐶𝑅  = cell 

conversation rate; 𝐿𝐼𝐵% 𝑟𝑒𝑠.𝑐𝑎𝑝𝑘
 = residual capacity of the 

repurposed/avoided LIB at of a given cycle k (%); 𝜂𝑘 = 

battery efficiency of the repurposed/avoided LIB at cycle k; 

𝐷𝑜𝐷𝑘  = depth-of-discharge of repurposed /avoided LIB at 

cycle k (%); and 𝑙𝑐 = cycle life of repurposed /avoided LIB 

cells in secondary use (days).  

Inventory data for the LIB pack EoL treatment and 

recycling were based on Ecoinvent v3.6 [21] and Cusenza et 

al. [22], respectively. LIB refurbishment was modelled 

according to [11], considering the impacts of transportation 

and the state of health. The avoided LIB and the replacement 

of broken components in the repurposed LIB were modelled 

based on literature [13]–[15]. It was assumed that 50% of the 

used LIB cells were viable for second use [11]. 

The life cycle impact assessment considered all impact 

categories of the ReCiPe 2016 method [23]. However, the 

main focus of the discussion was on the impacts on climate 

change, represented by the impact category Global Warming 

Potential (GWP). In addition, the sensitivity of the results was 

tested considering 10% and 100% cell conversion rate 

(CCR), depth of discharge (DoD) of 30% to 40%, charging 

electricity for stationary LIB, and extent of the second 

lifetime of 1, 5, and 10 years. 

III. RESULTS AND DISCUSSION 

A. Life cycle environmental impacts - Contribution analysis 

Figure 2 shows the life cycle environmental impact (as 

per defined FU) of the Li-ion battery pack for all impact 

categories of the ReCiPe 2016 LCIA method. The 

contribution of each life cycle stage is expressed as a 

percentage of the total contribution to each impact category. 

Negative contributions express benefits from recycling, 

changes in electricity, and second-life benefits.  

 
Figure 2: Contribution analysis - Life cycle environmental impacts of LIB pack as per defined FU. Impact categories: Legend: GWP: 

Global warming potential; OFP(HH): Ozone formation, Human health; SOD: Stratospheric ozone depletion; IR: Ionizing radiation; FPMF: 

Fine particulate matter formation; OFP(TE): Ozone formation, Terrestrial ecosystems; FRS: Fossil resource scarcity; TAP: Terrestrial 

acidification potential; FEP: Freshwater eutrophication potential; MEP: Marine eutrophication potential; TEP: Terrestrial ecotoxicity 

potential; FET: Freshwater ecotoxicity potential; METP: Marine ecotoxicity potential; HcTP: Human carcinogenic toxicity; HnCTP: Human 

non-carcinogenic toxicity; LU: Land use; WC: Water consumption; MRS: Mineral resource scarcity.

    

    

    

  

   

   

   

   

    

                                                              

                                                              

                                                                      



LIB production contributes about 60% to most impact 

categories, except for GWP (48%), stratospheric ozone 

depletion (SOD) (47%), ionizing radiation (IR) (16%), land 

use (LU) (15%), and fossil resource scarcity (FRS) (45%). 

This trend is consistent with existing LCA studies on LIB for 

vehicle application [10], [22]. The use of the LIB in BEV has 

high impacts on IR (54%) and LU (49%). It also exhibits 

between 30% and 32% for GWP, SOD, and FRS. The 

contribution of LIB use is around 20% or less in the 

remaining impact categories. A similar pattern is observed for 

secondary use in a stationary application. 

LIB recycling has its highest reduction in environmental 

impacts on mineral resource scarcity (MRS) (-43%). This 

result is expected as recycling materials in manufacturing can 

reduce or delay the use of virgin materials, thus mitigating 

material depletion. In addition, LIB recycling shows a 30% 

reduction in fine particulate matter, terrestrial acidification, 

terrestrial ecotoxicity, human non-carcinogenic toxicity 

(HnCTP), and human carcinogenic toxicity (HcTP) impact 

categories. These results confirm the suggested 

environmental benefits of LIB recycling.  

The potential environmental benefits of integrating more 

RES in the electricity sector are more relevant for IR (-8%) 

and GWP (-6%), followed by a 5% reduction in SOD, 

freshwater eutrophication (FEP), and FRS. However, a 6% 

increase is observed for LU, and less than 1% in MRS, water 

consumption, and toxicity impact categories. Impact on land 

use is mainly linked to bioenergy production and the choice 

of technology for wind (onshore) and solar (ground-mount) 

electricity. This implies a negative impact for LU due to the 

increase of renewable energy production at a local scale. 

Regulations for the appropriate setting of RES can help 

mitigate its impacts on ecosystem services and other 

competing land-based developments. Likewise, the potential 

increase in the other impact categories highlights the 

importance of assessing a wide range of impact categories. 

The impact of second life LIB is more relevant for the 

water consumption impact category, with about 12% 

reduction. Its contribution to other impact categories is 

greater than 5% reduction, except for GWP (-0,5%), FEP (-

4%), marine eutrophication (MEP) (-4%), and HnCTP (-2%).  

B. Global warming potential (GWP) 

The GWP impacts are detailed in Figure 3. The total GWP 

impacts of the LIB park without recycling is 6.73E+03 kg-

CO2-eq (red line in Figure 3). LIB recycling at the EoL stage 

reduces GHG emissions by 11%. LIB production (3.89E+03 

kg-CO2-eq) followed by its first use in BEV (2.48E+03 kg-

CO2-eq) contribute the most to GWP impact (Figure 3). This 

trend differs from earlier studies. For example, [11] found a 

higher GWP impact for first use in BEV, but our result is 

more consistent with recent studies, e.g. [24]. The difference 

in trend could be linked to the demand for bigger battery sizes 

in the current BEV market. In addition to this, the carbon 

content of the charging electricity has reduced over the years, 

thus mitigating more GWP impacts during the BEV use 

phase. Overall, the GWP impact per kWh of the battery 

production is estimated as 71 kg-CO2-eq/kWh.  

When temporal aspects in the CO2 content of the charging 

electricity mix are considered (Dynamic scenario), a further 

6% reduction in total GWP is achieved. This confirms that 

the total GWP impact of a BEV will change with the emission 

profile of its charging electricity mix [25]. Therefore, it is 

essential to consider the expected changes in the charging 

electricity mix to reflect the BEV performance in real life 

since the carbon content of the electricity mix will vary 

throughout its lifetime. This suggestion follows the efforts to 

increase the share of RES in the EU energy system as 

proposed in the European Green Deal by 2050 [26]. 

The use phase GWP impact of the LIB pack in the BEV 

is dominated by electricity losses due to the internal battery 

efficiency - contributing over 70%. This suggests that LIB 

manufacturers may consider improvements along with this 

parameter. The remaining GWP impact is shared between 

electricity losses due to battery mass (28%) and 

transportation of the LIB pack to the car assembly plant 

(<1%).  

The impact of repurposing 50% of the LIB cells for 5 

years in the second lifetime represents less than 1% reduction 

in total GWP (difference between the grey line and the net 

GWP (green bar) in Figure 3). Thus, the results show that the 

potential environmental benefits for second-life batteries are 

minimal compared to LIB recycling. In this context, the 

second life of the battery does not present a major 

contribution to reduce impacts on climate change. On the 

other hand, its impact on GWP could change depending on 

the secondary application type and when assessed from a 

system perspective. Overall, a cumulative decrease of 17.5% 

in total GWP is achieved under the main assumptions in this 

study.   

 



 
Figure 3: Global Warming Potential (GWP) impacts of a BEV li-ion battery considering secondary use (50% cell conversion rate for 5 

years second lifetime) and temporal aspects in the CO2 content of charging electricity.

C. Sensitivity analysis 

The sensitivity analysis (Table 2) shows that the benefits 

of second-life batteries depend on the electricity source used 

for charging the repurposed LIB, followed by its second life 

span. This suggests that efforts to integrate RES and improve 

the internal battery efficiency are critical to mitigate GWP 

impacts, as electricity losses due to LIB internal efficiency 

drives GWP impacts in the use phase. For a longer second-

life span (10 years), GWP reductions occur across all 

parameters, except when coal-based electricity is used to 

charge the repurposed LIB. Thus, from an environmental 

standpoint, the source of charging electricity is the most 

critical parameter for second-life batteries.  

 
Table 2:Sensitivity analysis – GWP. Note: negative percentages 

mean reduction in GWP relative to the total. Sections marked red 

shows increase in climate change impacts. 

 50% CCR 10% CCR 100% CCR 

Second-

life / DoD 

50-

60% 

30-

40% 

50-

60% 

30-

40% 

50-

60% 

30-

40% 

1 year 2.6% 1.1% 0.9% 0.6% 5.3% 2.4% 

5 years -0.5% -7.2% 0.3% -1.1% 1.7% 
-
11.8% 

10 years -7.1% -17.1% -1.2% -3.2% -9.7% 
-

29.7% 

 50% CCR 10% CCR 

Second-

life / 

electricity 

Wind 
Solar 

PV 
Coal Wind 

Solar 

PV 
Coal 

1 year 1.4% 1.9% 6.6% 0.6% 0.7% 1.6% 

5 years -4.6% -2.9% 15.6% -0.8% -0.5% 3.3% 

10 years 

-

12.3

% 

-10.0% 14.6% -2.6% -2.2% 2.9% 

 100% CCR    

Second-

life / 

electricity 

Wind 
Solar 

PV 
Coal    

1 year 2.5% 3.4% 13.0%    

5 years -9.3% -5.8% 31.7%    

10 years 

-

24.4
% 

-19.8% 30.4%    

IV. CONCLUSION 

The impacts of LIB production on climate change are 

higher than the use phase in BEV. These results are driven by 

the need for a bigger battery size in the current BEV market. 

However, GWP impacts during the use phase (for both first 

and second use) are dominated by electricity losses due to the 

LIB internal battery efficiency. It is therefore essential for 

battery manufacturers to consider improvements in this 

parameter. Increasing the share of RES in the electricity 

sector can reduce the GWP impacts of BEV batteries by 6% 

through their lifetime. The results suggest that LCA 

practitioners may consider such improvements in the future 

LCA of electric vehicles. 

Similarly, the potential benefits of second-life batteries 

strongly depend on the source of charging electricity. 

Therefore, a greater share of RES would result in a significant 

reduction of impacts on climate change. However, a higher 

share of RES may worsen other impact categories (e.g., LU). 

Therefore, a holistic and integrated approach to land use and 

energy planning is suggested. Furthermore, the increase in 

the total second lifetime can also increase the climate 

        
        

        
        

        

         

         

                

        

        

        

         

         

         

        

        

        

        

        

        

        

                                                                                     
           
         

  
  
 
 
  
 
  
  
  

                                                                          



mitigation potential of second-life batteries. Therefore, an 

energy mix with a higher share of RES will maximise the 

environmental benefits of BEV and second-life batteries.  

ACKNOWLEDGMENT 

The research leading to these results has received funding 

from the European Union’s Horizon 2020 Program under 

grant agreement No. 824256 (PANDA).  

REFERENCES 

[1] IPCC, “Global Warming of 1.5°C: An IPCC Special Report on the 

impacts of global warming of 1.5°C above pre-industrial levels 

and related global greenhouse gas emission pathways, in the 

context of strengthening the global response to the threat of climate 

change,” Geneva, Switzerland, 2018. [Online]. Available: 

https://www.ipcc.ch/sr15/download/. 

[2] IEA, “Tracking Transport 2020 ,” Paris, May 2020. Accessed: Feb. 

22, 2021. [Online]. Available: 

https://www.iea.org/reports/tracking-transport-2020. 

[3]  and battery electric vehicles — what can we learn from life cycle 

assessment ? Nordelöf, Anders, plug-in hybrid, M. Messagie, A.-

M. Tillman, M. L. Söderman, and J. Van Mierlo, “Environmental 

impacts of hybrid, plug-in hybrid, and battery electric vehicles — 

what can we learn from life cycle assessment?,” Int. J. Life Cycle 

Assess., vol. 19, pp. 1866–1890, 2014, doi: 10.1007/s11367-014-

0788-0. 

[4] M. S. Koroma, N. Brown, G. Cardellini, and M. Messagie, 

“Prospective Environmental Impacts of Passenger Cars under 

Different Energy and Steel Production Scenarios,” Energies, vol. 

13, no. 23, p. 6236, 2020, doi: 10.3390/en13236236. 

[5] B. Marmiroli, M. Messagie, G. Dotelli, and J. Van Mierlo, 

“Electricity generation in LCA of electric vehicles: A review,” 

Appl. Sci., vol. 8, no. 8, pp. 1–35, 2018, doi: 10.3390/app8081384. 

[6] L. C. Casals, B. Amante García, and C. Canal, “Second life 

batteries lifespan: Rest of useful life and environmental analysis,” 

J. Environ. Manage., vol. 232, no. November 2018, pp. 354–363, 

2019, doi: 10.1016/j.jenvman.2018.11.046. 

[7] E. Hossain et al., “A Comprehensive Review on Second-Life 

Batteries : Current State, Manufacturing Considerations, 

Applications, Impacts, Barriers & Potential Solutions, Business 

Strategies, and Policies,” IEEE Access, vol. 7, pp. 73215–73252, 

2019, doi: 10.1109/ACCESS.2019.2917859. 

[8] ISO, “140 44 Environmental management -- Life cycle assessment 

-- Requirements and guidelines,” Geneva, 2006. [Online]. 

Available: https://www.iso.org/committee/54854/x/catalogue/. 

[9] ISO, “14040 Environmental management - life cycle assessment - 

principles and framework,” Geneva, 2006. [Online]. Available: 

https://www.iso.org/committee/54854/x/catalogue/. 

[10] M. Zackrisson, L. Avellán, and J. Orlenius, “Life cycle assessment 

of lithium-ion batteries for plug-in hybrid electric vehicles e 

Critical issues,” J. Clean. Prod., vol. 18, pp. 1519–1529, 2010, doi: 

10.1016/j.jclepro.2010.06.004. 

[11] K. Richa, C. W. Babbitt, N. G. Nenadic, and G. Gaustad, 

“Environmental trade-offs across cascading lithium-ion battery 

life cycles,” Int. J. Life Cycle Assess., vol. 22, no. 1, pp. 66–81, 

2015, doi: 10.1007/s11367-015-0942-3. 

[12] N. Lebedeva, F. Di Persio, and L. Boon-Brett, “Lithium ion battery 

value chain and related opportunities for Europe,” Brussels, 2016. 

doi: 10.2760/6060. 

[13] O. Winjobi, Q. Dai, and J. C. Kelly, “Update of Bill-of-Materials 

and Cathode Chemistry addition for Lithium-ion Batteries in 

GREET 2020,” Chicago, 2020. 

[14] Q. Dai, C. J. Kelly, J. Dunn, and T. P. Benavides, “Update of Bill-

of-materials and Cathode Materials Production for Lithium-ion 

Batteries in the GREET Model,” Chicago, 2018. [Online]. 

Available: https://greet.es.anl.gov/publication-update_bom_cm. 

[15] L. A. W. Ellingsen, G. Majeau-Bettez, B. Singh, A. K. Srivastava, 

L. O. Valøen, and A. H. Strømman, “Life Cycle Assessment of a 

Lithium-Ion Battery Vehicle Pack,” J. Ind. Ecol., vol. 18, no. 1, 

pp. 113–124, 2014, doi: 10.1111/jiec.12072. 

[16] Tesla, “Vehicle Warranty | Tesla UK,” 2019. 

https://www.tesla.com/en_GB/support/vehicle-

warranty?redirect=no (accessed May 10, 2020). 

[17] Nissan, “Car Warranties - Nissan Ownership - Owners Area | 

Nissan,” 2019. https://www.nissan.co.uk/ownership/nissan-car-

warranties.html (accessed May 10, 2020). 

[18] ACEA, “What is WLTP: the Worldwide Harmonised Light 

Vehicle Test Procedure? | WLTPfacts.eu | An initiative of the 

European Automobile Manufacturers’ Association,” 2019. 

https://www.wltpfacts.eu/what-is-wltp-how-will-it-work/ 

(accessed Apr. 03, 2020). 

[19] E. A. Grunditz and T. Thiringer, “Performance analysis of current 

BEVs based on a comprehensive review of specifications,” IEEE 

Trans. Transp. Electrif., vol. 2, no. 3, pp. 270–289, 2016, doi: 

10.1109/TTE.2016.2571783. 

[20] Renault, “New ZOE - Dimensions & Specifications - Renault 

UK,” 2019. https://www.renault.co.uk/electric-

vehicles/zoe/specifications.html (accessed Apr. 03, 2020). 

[21] G. Wernet et al., “The ecoinvent database version 3 (part I): 

overview and methodology,” Int. J. Life Cycle Assess., vol. 21, no. 

9, pp. 1218–1230, Sep. 2016, doi: 10.1007/s11367-016-1087-8. 

[22] M. A. Cusenza, S. Bobba, F. Ardente, M. Cellura, and F. Di Persio, 

“Energy and environmental assessment of a traction lithium-ion 

battery pack for plug-in hybrid electric vehicles,” J. Clean. Prod., 

vol. 215, pp. 634–649, 2019, doi: 10.1016/j.jclepro.2019.01.056. 

[23] M. A. J. Huijbregts et al., “ReCiPe 2016 v1.1,” Bilthoven, 2017. 

[Online]. Available: www.rivm.nl/en. 

[24] M. Zackrisson, K. Fransson, J. Hildenbrand, G. Lampic, and C. 

O’Dwyer, “Life cycle assessment of lithium-air battery cells,” J. 

Clean. Prod., vol. 135, pp. 299–311, 2016, doi: 

10.1016/j.jclepro.2016.06.104. 

[25] M. Messagie et al., “The hourly life cycle carbon footprint of 

electricity generation in Belgium, bringing a temporal resolution 

in life cycle assessment,” Appl. Energy, vol. 134, pp. 469–476, 

2014, doi: 10.1016/j.apenergy.2014.08.071. 

[26] European Commission, “The European Green Deal,” Brussels, 

2019. [Online]. Available: 

https://ec.europa.eu/commission/presscorner/detail/en/IP_19_669

1. 

 


