
 

 

 
 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

In association with 

Victorian photovoltaic panel systems 

material flow analysis 2021 

Sustainability Victoria and Solar Victoria 

Final report (December 2021) 

November 2021 

 

 

  

 



 

Victorian photovoltaic panel systems material flow analysis  Final report 
i 

  

Victorian photovoltaic panel systems material flow analysis 2021 

Final report (December 2021) 

 

Client 

Sustainability Victoria and Solar Victoria  

 

Client Contact 

Dale Beckham 

 

Authors 

Paul Randell  

 

Reviewers 

Joe Pickin 

 

Project Number: PREC131 

 

Report Disclaimer 

This report has been prepared for Sustainability Victoria in accordance with the terms and conditions 

of appointment dated 18/08/2021. Randell Environmental Consulting Pty Ltd (ABN 38 326 653 151) 

cannot accept any responsibility for any use of or reliance on the contents of this report by any third 

party. 

 

Cover photo: Kristian Buus / 1010 Climate Action, CC BY 2.0 <https://creativecommons.org/licenses/by/2.0>, via Wikimedia 

Commons 

 

 

Randell Environmental Consulting Pty Ltd  

ABN 38 326 653 151 

Castlemaine Victoria 3451 

Paul@randellenvironmental.com.au 

Phone 0429 501 717 



 

Victorian photovoltaic panel systems material flow analysis  Final report 
ii 

Contents 

1 Introduction ......................................................................................................................... 1 

2 Scope................................................................................................................................... 1 

3 Method................................................................................................................................ 2 

4 Victorian PV systems consumption ........................................................................................ 5 

4.1 High and low PV system consumption projections ........................................................... 6 

5 Victorian PV system waste generation ................................................................................... 7 

6 Victorian PV systems waste management .............................................................................. 9 

6.1 Waste management estimates ....................................................................................... 9 

6.1.1 Victorian small scale PV systems management estimates........................................ 10 

6.1.2 Victorian large scale PV systems management estimates ........................................ 10 

6.2 Victorian 2021 waste management tonnages and recovery rates.................................... 11 

6.3 The opportunity for PV system reverse logistics ............................................................. 12 

7 Victorian PV systems waste processing ................................................................................ 13 

7.1 PV systems composition and recovered material estimates ............................................ 13 

7.2 Recycling efficiency of e-waste processors and metals recyclers ..................................... 14 

7.3 Recovered materials recycling efficiency ....................................................................... 14 

7.4 PV system recycling end markets .................................................................................. 16 

8 Victorian PV system 2021 MFA key data............................................................................... 16 

9 Victorian PV system processors capacities............................................................................ 17 

9.1 Charts of PV system projected waste generation v’s current installed processing capacity 18 

10 References ......................................................................................................................... 19 

Appendices ................................................................................................................................ 22 

Appendix A Method for PV system battery and inverter estimates ................................................ 23 

Appendix B UNU Key and HS code mapping ................................................................................. 25 

 



Summary 

iii 
 

In August 2021, Sustainability Victoria engaged Randell Environmental Consulting (REC) in association with Blue 

Environment (the project team) to complete a material flow analysis for Victorian photovoltaic panel (PV) systems (the 

project).  

‘PV systems’ refer to the following: 

• PV panels – includes all PV panel types in all applications (i.e. domestic, commercial and industrial). 

• Inverters – includes ‘micro’ and ‘centralised’ inverters used in PV panel installations.  

• PV batteries – includes lead acid (LAB), lithium ion (Li-ion), nickel-cadmium (NiCd), sodium nickel chloride (salt water 

battery), and zinc bromine flow batteries (ZBFB). The PV battery analysis is for batteries associated with PV 

installations only, not for broader grid storage.  

The project delivers the following: 

1. A material flow analysis (MFA) of PV systems that includes data for historical, current, and future  

e-products consumption and e-waste generation in Victoria.  

2. Analysis of Victorian PV system decommissioning, waste collection, and management in 2021. 

3. Analysis of Victorian PV system processing. 

4. Analysis of end markets for materials derived from waste PV systems processing.   

Figure S3, overleaf, illustrates the scope and method of the e-waste MFA, including for PV systems.  

Victorian PV systems consumption 

Figure S1 includes the Victorian PV system historical, current, and projected consumption, by weight.  

Figure S1 Vic PV system historical, current, and projected consumption  

 

Total PV system consumption is currently estimated to be around 33 thousand tonnes and is projected to increase to 94 

thousand tonnes by 2035, a compound annual growth rate of 7%.  

The chart illustrates the following key findings for PV panels, inverters, PV batteries: 

• PV panel tonnages dominate the PV system tonnages, historically and into the future.  

• PV panels consumption grew very strongly around 2010, reflecting the rapid uptake of rooftop solar panels under a 

previous federal government installation subsidy, and then declined until 2019.  
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• Since 2019, consumption began to rise sharply once more, likely driven by rapidly decreasing costs of PV panels and 

various State based incentive programs (including Solar Victoria’s Solar Homes Program) . 

• Based on the Australian Energy Market Operator (AEMO) forecasts [AEMO 2021], PV consumption is projected to 

continue increasing sharply (at around 15% per annum) until 2025 and then increase at a more moderate rate until 

2035.  

• Over the next 15 years, PV panel consumption in Victoria is projected to increase from 27 to 65 thousand tonnes per 

year, a compound annual growth rate of 6%. 

• Associated PV system inverter consumption tonnages are projected to increase significantly from around 6 to 27 

thousand tonnes by 2035 and shift towards miro inverters, away from central inverters. 

• PV system Lead acid batteries are projected be the highest tonnage until 2025, despite the lowering of LABs market 

share, reflecting LABs low energy to weight ratio when compared to chemistries such as Li-ion. From 2025 onwards  

Li-ion batteries are projected to be the dominant battery type by installation tonnage.  

• Over the next 15 years, Li-ion batteries consumption for PV systems in Victoria is projected to increase from 1.5 to 10 

thousand tonnes per year, a compound annual growth rate of 13%. 

• NiCd batteries are expected to be phased out of all PV systems. Salt water and ZBFB batteries are projected to have a 

small increase in market share in the near future.  

• Noting the above, the report focuses on PV panels, inverters, and lead acid (LAB) and Li-ion batteries.  

Victorian PV system waste generation 

Figure S2 includes the estimates of Victorian PV system historical, current and projected waste generation, by weight. 

The amount of PV system waste generation in each year is linked to the rates of actual and estimated consumption in the 

previous years (dating back to 1980) and the average lifespan of each type of e-product.  

Figure S2 PV system historical, current, and projected waste generation 

 

Total Victorian PV system waste is currently estimated to be around three thousand tonnes and is projected to increase 

to 26 thousand tonnes by 2035, a compound annual growth rate of 15%.  

The chart illustrates the following key findings for PV panels, inverters, LAB and Li-ion batteries: 

• Waste PV panels dominate tonnages now and in future.  

• In 2021, an estimated 1.5 thousand tonnes of waste PV panels were generated in Victoria. This equates to around 

85,000 panels and around 220 waste panels per day. 
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• Over the next 15 years, waste PV panels in Victoria are projected to increase very significantly from 1.5 to 15 thousand 

tonnes per year (or 85,000 to 900,000 panels). This represents a compound annual growth rate of 17%. 

• Victorian waste PV system inverter tonnages are projected to increase significantly from around 0.2  to 2.5 thousand 

tonnes by 2035, a compound annual growth rate of 20%. 

• Total Victorian waste PV battery tonnages are projected to increase strongly, driven by the increase in the amount of 

PV panel installations from about 2010 and also the amount of PV installations installed with batteries from about 

2015.  

• From around 2025 waste battery tonnages grow more rapidly as the increasing battery installations that began around 

2015 begin to enter the waste stream. This more rapid growth is driven mostly by significant increases in the amount 

Li-ion batteries entering the waste stream. 

• Waste LABs are projected to generate the highest tonnages over the projection period, despite the lowering of LAB 

market share. 

• Over the next 15 years, Li-ion battery waste from PV systems in Victoria is projected to increase from around 110 

tonnes to 3,500 tonnes per year, a compound annual growth rate of 26%. This is by far the  highest rate of growth of 

any of the PV system waste streams assessed. 

Victorian PV systems waste management 

This section provides analysis of where decommissioned PV systems are currently ending up, using the pathways 

illustrated in Figure S3.  

Stakeholder consultation identified significant differences in waste management practices between small (domestic) and 

large (commercial and industrial) decommissioning jobs, discussed below. The proportion of waste PV systems that are 

generated from small system removals is assumed to be 50%, with the remaining 50% generated by large system 

removals.  

Table S1 includes the estimates for where small and large PV systems are currently ending up in Victoria. The estimates 

are based on industry consultation regarding decommissioning waste disposal practices, existing Local Government 

consultation data (discussed below), what the authors have seen in the field, and validation against e-waste reprocessing 

facilities reporting. 

Table S1 Estimated Vic current management proportions of PV systems for small and large systems 

Component 
E-waste 

processing 
Metals 

recycling 
Direct 

disposal 
Illegal 

dumping 
Stored (pre-
processing) 

Non-permit 
export 

E-waste 
reuse (local) 

Domestic PV system management proportions       

PV panels 5% 80% 15%         

Inverters 45% 45% 10%         

Li-ion batteries 70% 10% 10%   10%     

LAB  100% 0%           

Commercial and industrial PV system management proportions     

PV panels 30% 30% 10%   20% 5% 5% 

Inverters   100%           

Li-ion batteries 80%       20%     

LAB  100%             

Local Government consultation: the project scope did not include additional consultation with Local Government 

regarding e-waste (including PV systems) management. Councils had recently been surveyed regarding e -waste 

collections as part of the Sustainability Victoria Local Government Annual Survey. Councils had also recently reported  

e-waste collections as part of E-waste Infrastructure Grants funding agreements.  

Recommendation: to improve the accuracy of estimates for management of PV systems, it is recommended that both 

Council and industry report on the PV system (panels and batteries in particular) tonnages received and the management 

and fate. 
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Victorian 2021 waste management tonnages and recovery rates 

Table S2 includes the tonnage estimates for PV systems in 2021 based on the proportions included in Table S1 and the 

projected waste generation estimates. Table S3 provides the waste management totals as a percentage waste generation 

for each component. 

Table S2 Vic 2021 estimated waste management for PV systems (total) (tonnes) 

Component 

E-waste 

processing 

Metals 

recycling  

Direct 

disposal 

Illegal 

dumping 

Stored (pre-

processing) 

Non-permit 

export 

E-waste 

reuse (local) Total 

Recovery 

rate 

PV panels  251   789   179   -     143   36   36  1,434  73% 

Inverters  36   115   8   -     -     -     -     159  95% 

Li-ion batts  74   5   5   -     15   -     -     98  80% 

LAB   1,426   -     -     -     -     -     -    1,426  100% 

Totals  1,786   909   192   -     158   36   36  3,116  86% 

Table S3 Vic 2021 PV system waste management (%) 

Component 

E-waste 

reprocessing 

Metals 

recycling  

Direct 

disposal 

Illegal 

dumping 

Stored (pre-

processing) 

Non-permit 

export 

E-waste reuse 

(local) 

PV panels 18% 55% 13% 0% 10% 3% 3% 

Inverters 23% 73% 5% 0% 0% 0% 0% 

Li-ion batteries 75% 5% 5% 0% 15% 0% 0% 

LAB  100% 0% 0% 0% 0% 0% 0% 

Key findings from the estimates above for PV systems in Victoria in 2021: 

• Most PV panels (73%) were recovered for some form of recycling, however, only 18% were sent to a PV panel recycler. 

10% were stored after removal (pending future processing or disposal), 13% were disposed to landfill (unprocessed), 

3% were exported whole, and 3% were re-used onshore.  

• Inverters were mostly (73%) sent to metals recyclers, 23% were sent to e -waste recycles, and 5% were estimated as 

disposed to landfill (unprocessed).  

• PV system Li-ion batteries were mostly (75%) sent to Li-ion battery recyclers, 15% were stored after removal (pending 

future processing or disposal), 5% were sent to metals recyclers, and 5% were disposed to landfill (unprocessed).   

Important: The Li-ion ‘metals recycler’ data above aims to capture PV Li-ion batteries sent to the ‘scrap metal’ 

industry, who may do some basic metals recovery from battery surrounds but no recycling of Li-ion battery cells. 

Shredding any Li-ion batteries cells at metal recyclers not specifically designed to process Li-ion cells would not be 

appropriate and would likely cause significant risks of fire/ explosion in the shredder.  

• LAB batteries were all sent to lead acid battery recyclers. 

• Overall, an estimated 87% of PV system waste generation was recovered and sent to be recycled. 

PV systems composition 

To assess the levels of recycling that e-waste processors and metal recyclers are likely to achieve requires an estimate of 

component material composition. Table S4 includes the estimated component composition derived for the project 

analysis. 

Table S4 Estimated PV system material composition 

PV system component Ferrous metal Non-ferrous metal Precious metal Specialty metal Glass Plastic Other 

PV panels 10% 18% 0.06% 0.00% 65% 7% 1% 

Inverters 53% 40% 0.06% 0.00% 1% 2% 5% 

Li-ion batteries 33% 30% 0.00% 2.00% 0% 3% 32% 

LAB  0% 60% 0.00% 1.00% 2% 10% 27% 
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Recovered materials recycling efficiency 

Recycling efficiency refers to the amount of materials that are actually recycled compared to the amount received for 

processing.  

Important! The recycling efficiency data included below are estimates only and do not represent the recycling efficiency 

of any specific recycling facility in operation in Victoria. Each site process in unique and this will determine any site ’s 

actual recycling efficiency for each material type. 

Overall, it is assumed that for both e-waste reprocessors and metals recyclers the maximum recycling efficiency is 95% 

for the materials that the process is assumed to recover. 

For dedicated PV panel reprocessors, it is assumed that the process is designed to recover all of the major material 

categories apart from the ‘other’ category that is assumed to be disposed. For dedicated PV Li-ion batteries and LABs 

reprocessors, it is assumed that all materials streams are recovered, including the ‘other’ category. 

For non-specialised metals recyclers (large shredders), is it assumed that only ferrous and non-ferrous metals are 

recovered. No recovery of glass, plastics, precious or specialty metals, and other materials is assumed, which is 

particularly significant for the PV panels sent to metals recyclers.    

Table S5 details the Victoria 2021 estimated recycling and residual disposal tonnages by material and processing type and 

also provides the resulting recycling efficiency. 

Table S5 Vic 2021 estimated recycling and disposal tonnages by material and processing type 

  Recycling  

Residual 

disposal Total 

Recycling 

efficiency   

Ferrous 

metal 

Non-
ferrous 

metal 

Precious 

metal 

Specialty 

metal Glass Plastic Other 
E-waste reprocessing   

PV panels  23   42   0   -     156   15   -     14   251  94% 

Inverters  18   14   0   -     0   1   -     3   36  91% 

Li-ion batts  23   21   -     1.40   -     2   22   4   74  95% 

LAB   -     813   -     14   27   135   366   71   1,426  95% 

Totals  64   889   0   15   183   154   388   93   1,786  95% 

Metals recycler  

PV panels  71   133   -     -     -     -     -     584   789  26% 

Inverters  58   44   -     -     -     -     -     14   115  88% 

Li-ion batts  2   1   -     -     -     -     -     2   5  60% 

LAB   -     -     -     -     -     -     -     -     -    NA 

Totals  130   178   -     -     -     -     -     600   909  34% 

Key findings based on the estimates above: 

• The recycling efficiency of PV panels is about 94% for PV panel recyclers . This compares to just 26% for metal 

recyclers. 

• Inverters are likely to have a similar recycling efficiency at both e-waste processors and metals recyclers, due to being 

mostly metals. 

• PV system Li-ion batteries have a high recycling efficiency of about 95% when sent to a Li-ion reprocessor that can 

process the Li-ion battery cells in addition to battery peripherals. This compares to an estimated 60% of the PV system 

battery (by weight) when sent to a metals recycler that is only able to recover the battery peripherals (cannot process 

the battery cells). Shredding any Li-ion batteries cells at metal recyclers not specifically designed to process Li-ion cells 

would not be appropriate and would likely cause significant risks of fire/ explosion in the shredder.   

• PV LAB have a recycling rate of around 95%.  

• PV system waste sent to e-waste reprocessing has an estimated recycling efficiency of 95%. By contrast, PV waste sent 

to metal recyclers has an estimated recycling efficiency of just 34%. 
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Table S6 includes the combined total Victorian 2021 estimated recycling tonnages by material type and recycling 

efficiency. 

Table S6  Vic 2021 estimated recycling tonnages by material type and recycling efficiency 

 

Recycling  

Residual 
disposal Total 

Recycling 
efficiency 

Ferrous 
metal 

Non-

ferrous 
metal 

Precious 
metal 

Specialty 
metal Glass Plastic Other 

PV panels  94   175   0   -     156   15   -     599   1,039  42% 

Inverters  76   57   0   -     0   1   -     17   151  89% 

Li-ion batts  25   22   -     1.40   -     2   22   6   78  93% 

LAB   -     813   -     14   27   135   366   71   1,426  95% 

Totals  194   1,067   0   15   183   154   388   693   2,694  74% 

Key findings based on the estimates above: 

• PV panels that are recovered currently have a recycling efficiency of just 42%. Newly developing PV recycling 

processors reportedly can recycle more than 90% of the whole panel mass, so there is significant room to improve 

Victorian’s PV panel recycling efficiency. This would significantly increase the overall PV system recycling rate. 

• Inverters, due to the 90% plus metals content currently have a high recycling efficiency of around 89%.  

• PV system Li-ion batteries have an overall recycling efficiency of around 93%.  

• Overall, PV systems that are recovered for recycling are currently estimated to have a 74% recycling efficiency.  

Victorian PV system 2021 MFA key data 

Table S7 includes a concise summary of key Victorian PV system MFA data for quick reference. Note: the difference 

between the overall recovery rate (86%), the recycling efficiency (74%) and the resulting overall recycling rate of 64%. 

This illustrates the importance of understanding how much waste is diverted to recycling and the amount actually 

recycled and put back into the economy. 

Table S7  Vic PV system MFA 2021 summary 

Victoria PV system 2021 MFA summary 
Waste generation  3,116 tonnes 

E-waste reuse (local) 36 tonnes 

Stored (pre-processing) 158 tonnes 

Non-permit export 36 tonnes 

Waste recovery for recycling  2,694  tonnes 

Recovery rate 86%   

Sent to e-waste recycler  1,786  tonnes 

Sent to metals recycler  909  tonnes 

Recycling of recovered wastes  2,002  tonnes 

Recycling efficiency for recovered PV system wastes 74%   

Overall recycling rate of PV system waste generation 64%   
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PV system recycling end markets 

E-waste processing industry consultation found that currently there are: 

• mature on-shore markets for ferrous, non-ferrous, and precious metals 

• developing markets, onshore and offshore, for speciality metals including Lithium 

• local end markets under development for the glass (laminate) fraction from PV panels 

• very limited local end markets for recovered plastics that are currently being stockpiled and/ or landfilled. 

Industry commented that most e-waste plastics were bailed and exported (at a profit) until the national export 

ban on waste plastics came into place in July 2021.  

Noting the above, end markets for most PV system materials (by weight) appear to be in place or under development for 

all material streams apart from plastics. 

Victorian PV system processing capacities 

Victorian PV system e-waste processors were consulted to develop estimates for PV system current installed and planned 

processing capacity. The results are included in Table S8. No specific company information is included and the estimates 

below are based on consultations and estimations by the authors.  

Table S8 Vic PV system estimated installed and planned processing capacity (tonnes per year) 

PV system component Est. 2021 capacity Est. planned capacity (~2025) 

PV panels ~ 10,000   ~70,000  

Inverters ~15,000  

Li-ion batteries ~ 1,000  ~2,000  

LAB (capacity servicing Vic) ~100,000  ~ 150,000  

Key findings when waste generation projections are compared against the above installed and planned processing 

capacity: 

• The current estimated installed PV panel processing capacity of  around 10,000 tonnes per year could be exceeded by 

waste generation around 2030. Additional planned capacity for 2025 could provide around 70,000 tonnes per year 

total capacity, more than enough to manage Victoria’s projected PV panel waste. If Victorian processors were to 

import significant PV panels from interstate, Victorian capacity would become constrained sooner.  

• The current installed PV system Li-ion processing capacity of ~1,000 tonnes per year could be exceeded by waste 

generation around 2030. Additional planned capacity for 2025 would provide around 2,000 tonnes per year total 

capacity; however, due to the rapid growth in projected Li-ion batteries this planned capacity could be exceeded by 

2033. 

• LAB and inverter estimated current capacities will provide sufficient processing capacity over the projection period 

and well into the future. 

The opportunity for PV system reverse logistics  

Consultation regarding PV system decommissioning identified a significant opportunity for PV system reverse logistics.  

Each PV panel installed has a unique bar code that is linked to a renewable energy certificate. This has created a rich data 

source for the number and location of installed PV panels in Australia.  Given PV systems require licensed install/removal 

and PV panels have an existing unique product identifier that is already being recorded, there is  a significant opportunity 

to establish reverse logistics and waste tracking for PV systems (panels, batteries and inverters).  

Given the currently low rates of high efficiency PV panel processing in Victoria, discussed above, this would be ‘game -

changing’ in supporting the full recovery and reprocessing of PV panels and the embodied resources.  

A reverse logistics model for used PV batteries would also be an excellent means of directing batteries (including 

hazardous Li-ion batteries) to facilities equipped to safely store the batteries before processing at dedicated facilities.   
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 Figure S3 Victorian e-waste (including PV systems) material flow analysis overview 
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1 Introduction 

In August 2021, Sustainability Victoria engaged Randell Environmental Consulting (REC) in association 

with Blue Environment (the project team) to complete a material flow analysis for Victorian 

photovoltaic panel (PV) systems (the project). ‘PV systems’ refer to the following: 

• PV panels 

• inverters  

• energy storage systems used in PV panel installations, referred to as PV batteries henceforth.  

This PV systems analysis is a sub-component of an overall e-waste material flow analysis (MFA) that REC 

is also currently delivering for Sustainability Victoria. Whilst this report focuses on PV systems, the 

method section refers to all e-wastes because the overall method is mostly the same across PV systems 

and other e-wastes. 

This report builds upon and updates the 2017 REC report titled Victorian e-waste MFA: PV panels and 

systems [REC 2017]. 

This report is provided with a supporting Microsoft Excel file that includes all of the MFA workings,  

see Vic e-waste MFA model 2021. 

2 Scope  

The project provides analysis of the following: 

1. Material flow analysis (MFA) of PV systems that includes data for historical, current, and future  

e-products consumption and e-waste generation in Victoria.  

2. Analysis of Victorian PV system decommissioning, waste collection, and management in 2021.  

3. Analysis of Victorian PV system processing. 

4. Analysis of end markets for materials derived from waste PV systems processing.     

The inclusions within PV systems are as follows: 

• PV panels – includes all PV panel types in all applications (i.e. domestic, commercial and industrial). 

• Inverters – includes ‘micro’ and ‘centralised’ inverters used in PV panel installations. 

• PV batteries – includes Lead acid (LAB), Lithium ion (Li-ion)1, Nickel-cadmium (NiCd), Sodium nickel 

chloride (salt water battery), and Zinc bromine flow batteries (ZBFB). The PV battery analysis is for 

batteries associated with PV installations only, not for broader grid storage.  

  

 

1 Includes two chemistries: the existing Lithium nickel manganese cobalt oxides (NMC), and the emerging Lithium iron 

phosphate (LFP) battery type. The market share of each is uncertain at this time of writing. 
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3 Method 

Figure 1 illustrates the scope and method of the e-waste MFA, including for PV systems. The method 

used to estimate each of the main MFA flows is briefly discussed below. 

• E-products consumption: estimation of historical, current, and projected Australian consumption of 

e-products, by type in tonnes per year (t/yr). The United Nations University [UNU 2015, 2018] ‘KEYS’ 

for e-products categories and types were used for the MFA. The 10 broad categories of e-wastes that 

are included in the MFA include: 

1. Large household appliances 

2. Small household appliances 

3. IT and telecommunications equipment 

4. Consumer equipment (includes PV panels) 

5. Lighting equipment 

6. Electrical and electronic tools (with the exception of large-scale stationary industrial tools) 

7. Toys, leisure and sports equipment 

8. Medical devices (with the exception of all implanted and infected products)  

9. Monitoring and control instruments 

10.  Automatic dispensers.  

Based on the United Nations global Harmonised Trade System (HS) codes, consumption data was 

estimated for the e-waste type ‘KEYS’ that are grouped by the 10 categories included above.  

UNU 2018 did not map UNU KEY 0002 Photovoltaic Panels (incl. inverters)  to a HS code/s. For this 

project, PV panels (only) were mapped to HS code 854140 Electrical apparatus; photosensitive, 

including photovoltaic cells, whether or not assembled in modules or made up into panels, light 

emitting diodes. Also, the 0002 UNU KEY description was edited from Photovoltaic Panels (incl. 

inverters) to just Solar panels, as inverter consumption was estimated separately. 

Seven additional KEYS were developed to cover PV batteries and inverters. The method for 

estimating PV batteries and inverter consumption is linked to the PV panel consumption estimates, 

see Appendix A for further discussion. A full list of the KEYS used in the project is included in 

Appendix B.   

Recognising the uncertainty regarding future projections, the e-waste MFA modelling includes best, 

high, and low estimates of projected e-products consumption. 

• E-waste generation: estimation of current, and projected Australian and Victorian e-waste 

generation for each of the KEYS (t/yr), based on estimated e-products consumption, product 

lifespans, and population data.   

• E-waste transfer for processing (includes dismantling through to materials recycling) or disposal: 

estimation of the current, and projected amounts of e-waste that is either transferred for processing 

or disposed to landfill by KEYS (t/yr), based on some limited Local Government reporting and 

industry consultation. 

• E-waste processing: estimation of the current and projected amount of e-waste processing by KEYS 

(t/yr) by the main pathways of recovery, based on industry stakeholder consultation and literature 

review. 
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• Material recovery and residual to landfill flows: estimation of the current and projected flows (t/yr) 

of material recovered and residual disposed based on stakeholder consultation and literature review.  

• E-waste material flows: estimation of the tonnages of recovered materials from e-waste processing 

and a discussion of end markets.  

The report structure is presented following the steps in materials flow that are presented in  

Figure 1, from e-product consumption to e-waste management (recovery, end markets, disposal). 
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Figure 1 Victorian e-waste (including PV systems) material flow analysis overview 
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4 Victorian PV systems consumption 

Figure 2 includes the ‘best estimate’ of Victorian PV system historical, current and projected 

consumption, by weight.  

Figure 2 Vic PV system historical, current, and projected consumption  

 

Total PV system consumption is currently estimated to be around 33 thousand tonnes and is projected 

to increase to 94 thousand tonnes by 2035, a compound annual growth rate of 7%.  

Currently and over the projection period, PV system consumption is estimated to be almost entirely 

PV panels, Li-ion and lead acid batteries, and inverters. In 2035, these are estimated at 96% of PV 

system consumption. 

The chart illustrates the following key findings for PV panels, inverters, PV batteries: 

PV panels 

• PV panel tonnages dominate the PV system tonnages, historically and into the future.  

• PV panels consumption grew very strongly around 2010, reflecting the rapid uptake of rooftop solar 

panels under a previous federal government installation subsidy, and then declined until 2019. 

Since 2019, consumption began to rise sharply once more, likely driven by rapidly decreasing costs 

of PV panels and various State based incentive programs (including Solar Victoria’s Solar Homes 

Program). 

• Based on the Australian Energy Market Operator (AEMO) forecasts [AEMO 2021], PV consumption 

is projected to continue increasing sharply (at around 15% per annum) until 2025 and then increase 

at a more moderate rate until 2035.  

• Over the next 15 years, PV panel consumption in Victoria is projected to increase from 27 to 65 

thousand tonnes per year, a compound annual growth rate of 6%. 
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Inverters 

• Associated PV system inverter consumption tonnages are projected to increase significantly from 

around 6 to 27 thousand tonnes by 2035 and shift towards miro inverters, away from central 

inverters. 

PV system batteries 

• Total PV battery consumption tonnages increase strongly over the projection period, driven by the 

increase in the amount of PV panel installations from about 2010 and also the amount of PV 

installations installed with batteries from about 2015.  

• From around 2019 PV battery consumption tonnages increase more rapidly.  

• LABs are projected be the highest tonnage until 2025, despite the lowering of LABs market share, 

reflecting LABs low energy to weight ratio when compared to chemistries such as  

Li-ion. 

• From 2025 onwards Li-ion batteries are projected to be the dominant battery type by installation 

tonnage.  

• Over the next 15 years, Li-ion batteries consumption for PV systems in Victoria is projected to 

increase from 1.5 to 10 thousand tonnes per year, a compound annual growth rate of 13%. 

• NiCd batteries are expected to be phased out of all PV systems.   

• Salt water and ZBFB batteries are projected to have a small increase in market share in the near 

future. No literature was identified that suggested either of these chemistries will dominate the PV 

battery market in the near future. CSIRO 2015 (b) analysed the likely application of salt water 

(molten) and flow batteries and found that in the near future these chemistries are likely to be used 

in large scale ‘grid supporting’ electricity supply installations, rather than installations associated 

with PV panels, which are projected to be dominated by Li-ion and LAB for the near future2,3.   

• Noting the above, the remainder of the report focuses on PV panels, inverters and lead acid and Li-

ion batteries (no further discussion for other battery types is provided below). 

4.1 High and low PV system consumption projections 

As noted in the project method, ‘best’, ‘high’ and ‘low’ estimates of PV system consumption are 

included in the Vic e-waste MFA model 2021. For PV systems, the best, high and low scenarios are 

linked to the AEMO 2021 forecasts of ‘central’, ‘super’, and ‘slow’ take-up of PV systems. The changes 

in PV system consumption, following the AEMO scenarios, did not produce major changes in the 

projected consumption tonnages, hence, this report focuses only on the best estimate (i.e. the AEMO 

central forecast).   

 

2 Salt water (molten) batteries have a major limitation for small scale installations, they require an operating temperature of  
270 – 350 degrees Celsius, which means that a portion of the energy production is used to heat the cells.  
3 Recent developments in flow battery technology, such as the Redflow ZCell zinc-bromide battery are looking to develop the 

smaller application market for flow batteries. Supporting references for a major uptake of this technology in near future for 
the common small scale (e.g. up to 5kw) PV panel systems were not identified. 

http://redflow.com/applications/micro-smart-grid/


 

Victorian photovoltaic panel systems material flow analysis  Final report 
7 

5 Victorian PV system waste generation 

Figure 3 includes the ‘best estimate’ of Victorian PV system historical, current and projected waste 

generation, by weight.  

The amount of PV system waste generation in each year is linked to the rates of actual and estimated 

consumption in the previous years (dating back to 1980) and the average lifespan of each type of  

e-product. Noting the findings in Section 4, it follows that waste generation tonnages are dominated 

by PV panels, inverters and LAB and Li-ion batteries. 

Figure 3 PV system historical, current, and projected waste generation 

 

Total PV system waste is currently estimated to be around 3 thousand tonnes and is projected to 

increase to 26 thousand tonnes by 2035, a compound annual growth rate of 15%.  

Currently and over the projection period, PV system waste is estimated to be almost entirely PV 

panels, Li-ion and lead acid batteries, and inverters. In 2035, these steams are estimated at 95% of PV 

system waste. 

The chart illustrates the following key findings for PV panels, inverters, LAB and Li-ion batteries: 

PV panels 

• Waste PV panels dominate tonnages now and in future.  

• In 2021, an estimated 1.5 thousand tonnes of PV panels were generated. This equates to around 

85,000 panels and around 220 waste panels per day. 

• Over the next 15 years, waste PV panels in Victoria are projected to increase very significantly from 

1.5 to 15 thousand tonnes per year (or 85,000 to 900,000 panels). This represents a compound 

annual growth rate of 17%. 

Inverters 

Waste PV system inverter tonnages are projected to increase significantly from around 0.2  to 2.5 

thousand tonnes by 2035, a compound annual growth rate of 20%. 

0

5

10

15

20

25

30

Th
o

u
sa

n
d

s 
o

f t
o

n
n

es

Zinc bromine battery waste

Salt water battery waste

Nickel-cadmium (NiCd) battery
waste

Lithium ion (Li-ion) battery waste

Lead acid (LAB) battery waste

Micro inverters waste

Centralised inverters waste

PV panel waste (weight)



 

Victorian photovoltaic panel systems material flow analysis  Final report 
8 

PV system batteries 

• Total waste PV battery tonnages increase strongly over the projection period, driven by the 

increase in the amount of PV panel installations from about 2010 and also the amount of PV 

installations installed with batteries from about 2015.  

• From around 2025 waste battery tonnages are expected to increase more rapidly as the expanded 

battery installations that began around 2015 begin to enter the waste stream. This more rapid 

growth is driven mostly by significant increases in the amount Li-ion batteries entering the waste 

stream. 

• Waste LABs are projected to generate the highest tonnages over the projection period, despite the 

lowering of LAB market share. 

• Over the next 15 years, Li-ion battery waste from PV systems in Victoria is projected to increase 

from around 110 tonnes to 3,500 tonnes per year, a compound annual growth rate of 26%. This is 

by far the highest rate of growth of any of the PV system waste streams assessed. 
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6 Victorian PV systems waste management 

This section provides analysis of where decommissioned PV systems are currently ending up, using the 

pathways illustrated in Figure 1.  

Unlike many waste streams, when PV systems reach end-of-life, the process for decommissioning is 

controlled and typically performed by a licensed third party (electrician).   

Industry identified significant differences in waste management practices between small (domestic) 

and large (commercial and industrial) decommissioning jobs, discussed below.  

6.1 Waste management estimates 

The proportion of waste PV systems that are generated from small system removals is assumed to be 

50%, with the remaining 50% generated by large system removals. This assumption is based on the 

high number of small system installs since 2010 (now beginning to fail) and the recent increase in large 

PV systems installs (that often have high breakage rates of panels during install).   

Table 1 includes estimates for where small and large PV systems are currently ending up in Victoria. 

The estimates are based on industry consultation regarding decommissioning waste disposal practices, 

existing Local Government consultation data (discussed below), what the authors have seen in the 

field, and validation against e-waste reprocessing facilities reporting. The estimates included in Table 1 

have a significant impact on the results of the MFA as the percentages determine the tonnages that 

are analysed in the sections below. The Vic e-waste MFA model 2021 has been built to enable testing 

of changes in these estimates as improved data becomes available. The Table 1 estimates are 

discussed below. 

Table 1 Estimated Vic current management proportions of PV systems for small and large systems 

Component 
E-waste 
processing 

Metals 
recycling  

Direct 
disposal 

Illegal 
dumping 

 Stored (pre-
processing) 

Non-

permit 
export 

E-waste 

reuse 
(local) 

Domestic PV system management proportions       

PV panels 5% 80% 15%         

Inverters 45% 45% 10%         

Li-ion batteries 70% 10% 10%   10%     

LAB  100% 0%           

Commercial and industrial PV system management proportions     

PV panels 30% 30% 10%   20% 5% 5% 

Inverters   100%           

Li-ion batteries 80%       20%     

LAB  100%             

Source:                

REC stakeholder consultation 2021         

Local Government consultation: the project scope did not include additional consultation with Local 

Government regarding e-waste (including PV systems) management. Councils had recently been 

surveyed regarding e-waste collections as part of the Sustainability Victoria Local Government Annual 

Survey. Councils had also recently reported e-waste collections as part of E-waste Infrastructure 

Grants funding agreements. To reduce ‘survey fatigue,’ it was agreed not to consult Councils  

specifically for this project. The current e-waste reporting by Councils lacks detail regarding PV 

systems. Reporting needs more detailed data regarding PV panel and battery wastes received and how 

these wastes are being managed, including fate data. 
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Recommendation: to improve the accuracy of estimates for management of PV systems, it is 

recommended that both Council and industry report on the PV system (panels and batteries in 

particular) tonnages received and the management and fate .  

6.1.1 Victorian small scale PV systems management estimates 

Small system PV system removals are mostly taken to the nearest point of disposal by the electrician, 

which is typically the local transfer station. At the transfer station the following management is 

assumed: 

• PV panels would mostly be placed in the 'mixed metals pile' for recycling by a metals recycler as 

they are high in aluminium content (18% by weight, see Section 7.1) and tipping into the mixed 

metals pile is typically free of charge. Some PV panels would be disposed as mixed waste into the 

transfer station landfill bin. There are significant costs for tipping into the landfill bin, which should 

deter this management. A small percentage of the panels would be taken direct to an e-waste 

recycler, if they are located nearby. However, the cost of disposing the panels at a PV panel recycler 

(consultation indicates around $10-15 per panel) would likely deter this management. 

• Inverters would mostly be taken to local transfer station by the electrician doing removal and 

placed either in the ‘e-waste’ bin (NTCRS bin) or be placed in the 'mixed metals pile' for recycling by 

a metals recycler. The remainder would be disposed as mixed waste into transfer station landfill 

bin. 

• PV system Li-ion batteries would be mostly taken to an e-waste recycling facility either directly or 

via transfer station (where they would be stored with other batteries) . However, significant 

quantities are assumed to still be either disposed as mixed waste into transfer station landfill bin, or 

stored (pre-processing) by removal contactors, or sent to metals recyclers. Important: the Li-ion 

‘metals recycler’ data above aims to capture PV Li-ion batteries sent to the ‘scrap metal’ industry, 

who may do some basic metals recovery from battery surrounds but no recycling of Li-ion battery 

cells. Shredding any Li-ion batteries cells at metal recyclers not specifically designed to process  

Li-ion cells would not be appropriate and would likely cause significant risks of fire/ explosion in the 

shredder. 

6.1.2 Victorian large scale PV systems management estimates 

Large scale PV system removals are typically moved in bulk transports, such as shipping containers or 

similar. Consolidated amounts of PV system waste present opportunities and risks that are considered 

in the estimates of waste management.  

• PV panels in bulk transports would sometimes be processed by a PV panel recycler but may also be 

simply sent to a metals recycler that would recover the aluminium frame only. Consultation 

suggests there has been incidents of bulk loads of panels going to landfill, however, this is likely to 

be uncommon given the costs of landfill in Victoria, the landfill ban for e-waste, and the value of 

the aluminium frames. Consultation suggests stockpiling is occurring at several sites, as capacity for 

processing is developed. Shipping containers of panels may be exported for ‘reuse’ (without an 

export permit) or could potentially be sold for reuse into local markets, where the panels are 

undamaged. 

• Inverters are estimated to be 90% metal (by weight) (see Section 7.1) and in bulk quantities are 

assumed to be sent directly to large metals recyclers for shredding. 
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• PV system Li-ion batteries from large scale removals would be mostly taken directly to an e-waste 

recycling facility for manual disassembly and recycling. Consultation suggests there is some 

stockpiling of Li-ion batteries at batteries at large system battery wholesalers and maintenance 

providers.  

• Lead acid batteries are all assumed to be recycled by lead acid battery recyclers as there is well-

established, collection networks, processing capacity and the recyclers typically pay for used LAB.  

6.2 Victorian 2021 waste management tonnages and recovery rates 

Table 2 includes the Victorian tonnage estimates for small- and large-scale PV system waste 

management in 2021. The estimates utilise the proportions included in Table 1 and the waste 

generation estimates included in Section 5.  

Table 2 Vic 2021 estimated waste management for small- and large-scale PV systems (tonnes) 

Component 

E-waste 

processing 

Metals 

recycling  

Direct 

disposal 

Illegal 

dumping 

Storage (pre-

processing)  

Non-
permit 

export 

E-waste 
reuse 

(local) Total 

Recovery 

rate 

2021 domestic PV system tonnage by management (t)           

PV panels  36   574   108   -     -     -     -     717  85% 

Inverters  36   36   8   -     -     -     -     79  90% 

Li-ion batts  34   5   5   -     5   -     -     49  80% 

LAB   713   -     -     -     -     -     -     713  100% 

Totals  819   614   120   -     5   -     -     1,558  92% 

2021 Vic commercial and industrial PV system tonnages by management (t)       

PV panels  215   215   72   -     143   36   36   717  60% 

Inverters  -     79   -     -     -     -     -     79  100% 

Li-ion batts  39   -     -     -     10   -     -     49  80% 

LAB   713   -     -     -     -     -     -     713  100% 

Totals  967   294   72   -     153   36   36   1,558  81% 

Table 3 provides the combined totals for the estimated 2021 waste management tonnages. Table 4 

then provides the waste management totals as a percentage waste generation for each component. 

Table 3 Vic 2021 estimated waste management for PV systems (total) (tonnes) 

Component 
E-waste 
processing 

Metals 
recycling  

Direct 
disposal 

Illegal 
dumping 

 Storage (pre-
processing) 

Non-

permit 
export 

E-waste 

reuse 
(local) Total 

Recovery 
rate 

PV panels  251   789   179   -     143   36   36  1,434  73% 

Inverters  36   115   8   -     -     -     -     159  95% 

Li-ion batts  74   5   5   -     15   -     -     98  80% 

LAB   1,426   -     -     -     -     -     -    1,426  100% 

Totals  1,786   909   192   -     158   36   36  3,116  86% 

Table 4 Vic 2021 PV system waste management (%) 

Component 

E-waste 

reprocessing 

Metals 

recycling  

Direct 

disposal 

Illegal 

dumping 

 Storage (pre-

processing) 

Non-
permit 

export 

E-waste 
reuse 

(local) 

Total 

PV panels 18% 55% 13% 0% 10% 3% 3% 100% 

Inverters 23% 73% 5% 0% 0% 0% 0% 100% 

Li-ion batteries 75% 5% 5% 0% 15% 0% 0% 100% 

LAB  100% 0% 0% 0% 0% 0% 0% 100% 
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Key findings from the estimates above for PV systems in Victoria in 2021: 

• Most PV panels (73%) were recovered for some form of recycling, however, only 18% were sent to 

a PV panel recycler. 10% were stored after removal (pending future processing or disposal) , 13% 

were disposed to landfill (unprocessed), 3% were exported whole, and 3% were re-used onshore.  

• Inverters were mostly (73%) sent to metals recyclers, 23% were sent to e -waste recycles, and 5% 

were estimated as disposed to landfill (unprocessed).  

• PV system Li-ion batteries were mostly (75%) sent to Li-ion battery recyclers, 15% were stored after 

removal (pending future processing or disposal), 5% were sent to metals recyclers4, and 5% were 

disposed to landfill (unprocessed).  

• LAB batteries were all sent to lead acid battery recyclers. 

• Overall, an estimated 87% of PV system waste generation was recovered and sent to be recycled.  

Table 7 analyses how efficiently the recovered wastes were recycled. 

6.3 The opportunity for PV system reverse logistics  

Consultation regarding PV system decommissioning identified a significant opportunity for PV system 

reverse logistics. 

Small- and large-scale certificates are a component of the Federal Government Renewable Energy 

Target scheme. Certificates are created upon installation of a solar PV system. The number of 

certificates created is dependent on the solar system size and geographical location.  

Each PV panel installed has a unique bar code that is linked to a certificate. This has created a rich data 

source for the number and location of installed PV panels in Australia.  

Given PV systems require licensed install/removal and PV panels have an existing unique product 

identifier that is already being recorded, there is a significant opportunity to establish reverse logistics 

and waste tracking for PV systems (panels, batteries5 and inverters).  

Given the currently low rates of high efficiency PV panel processing in Victoria, discussed above, this 

would be ‘game-changing’ in supporting the full recovery and reprocessing of PV panels and the 

embodied resources.  

A reverse logistics model for used PV batteries would also be an excellent means of directing batteries 

(including hazardous used Li-ion batteries, due to fire risk) to facilities equipped to safely store the 

batteries before processing at dedicated facilities. 

It is beyond the scope of this report to analyse PV system product stewardship. 

  

 

4 Important: The Li-ion ‘metals recycler’ data above aims to capture PV Li-ion batteries sent to the ‘scrap metal’ industry, who 
may do some basic metals recovery from battery surrounds but no recycling of Li-ion battery cells. Shredding any Li-ion 

batteries cells at metal recyclers not specifically designed to process Li-ion cells would not be appropriate and would likely 
cause significant risks of fire/ explosion in the shredder. 
5 To minimise fire risk for decommissioned batteries at the time of decommissioning  it would be important to ensure the 

“state of discharge” is at a safe level before removing the battery. A report should be provided to the recycler (as evidence of 
the “state of discharge”), this could increase safety and minimise fire risk both in transit and pre -processing storage. 
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7 Victorian PV systems waste processing 

This section provides the ‘deep-dive’ analysis for the tonnages of PV systems sent to dedicated  

e-waste reprocessing facilities (e.g. PV panel or Li-ion battery reprocessors) versus non-specialised 

metal recycling facilities (i.e. large metals shredder).  

Table 3 (above) includes the estimated total 2021 tonnages processed by e-waste reprocessing 

facilities (~1,800 tonnes) and metal recycling facilities (~900 tonnes).  

7.1 PV systems composition and recovered material estimates 

To assess the levels of recycling that e-waste processors and metal recyclers are likely to achieve 

requires an estimate of component material composition. Table 5 includes the estimated component  

composition derived for the project analysis. 

Table 5 Estimated PV system material composition 

PV system 
component 

Ferrous 
metal 

Non-ferrous 
metal 

Precious 
metal 

Specialty 
metal Glass Plastic Other 

PV panels 10% 18% 0.06% 0.00% 65% 7% 1% 

Inverters 53% 40% 0.06% 0.00% 1% 2% 5% 

Li-ion batteries 33% 30% 0.00% 2.00% 0% 3% 32% 

LAB  0% 60% 0.00% 1.00% 2% 10% 27% 

Sources: Lifecycles E-Stewardship Model 2021, Lea Unterreinera, et. al. 2016 

Table 6 applies the composition estimates above to the tonnages received at e-waste processors and 

metals recyclers to derive tonnages of each material received in 2021. 

Table 6 Vic 2021 estimated material within PV systems recovered and sent for processing (tonnes) 

  
Ferrous 
metal 

Non-ferrous 
metal 

Precious 
metal 

Specialty 
metal Glass Plastic Other Total 

E-waste reprocessing              

PV panels  24   45   0   -     164   16   2   251  

Inverters  19   14   0   -     0   1   2   36  

Li-ion batteries  24   22   -     1.47   -     2   24   74  

LAB   -     855   -     14   29   143   385   1,426  

Total  67   936   0   16   193   162   412   1,786  

Metal recycler               

PV panels  75   140   0   -     516   51   6   789  

Inverters  61   46   0   -     1   2   5   115  

Li-ion batteries  2   1   -     0.10   -     0   2   5  

LAB   -     -     -     -     -     -     -     -    

Total  137   187   1   0   516   54   13   909  
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7.2 Recycling efficiency of e-waste processors and metals recyclers 

Recycling efficiency refers to the amount of materials that are actually recycled compared to the 

amount received for processing.  

Important! The recycling efficiency data included below are estimates only and do not represent the 

recycling efficiency of any specific recycling facility in operation in Victoria. Each site process in unique 

and this will determine any site’s actual recycling efficiency for each material type. 

Overall, it is assumed that for both e-waste reprocessors and metals recyclers the maximum recycling 

efficiency is 95% for the materials that the process is assumed to recover. 

For dedicated PV panel reprocessors, it is assumed that the process is designed to recover all of the 

major material categories apart from the ‘other’ category that is assumed to be disposed. For 

dedicated PV Li-ion batteries and LABs reprocessors, it is assumed that all materials streams are 

recovered, including the ‘other’ category. 

For non-specialised metals recyclers (large shredders), is it assumed that only ferrous and non-ferrous 

metals are recovered. No recovery of glass, plastics, precious or specialty metals, and other materials 

is assumed, which is particularly significant for the PV panels sent to metals recyclers.     

Table 7 provides the estimates of recycling efficiency by material type for each processing type.  

Table 7 Estimated recycling efficiency by material type and processing type (%) 

Processing type 
Ferrous 
metal 

Non-ferrous 
metal 

Precious 
metal 

Specialty 
metal Glass Plastic Other 

E-waste 

reprocessing 95% 95% 95% 95% 95% 95% 

Stream 

specific6 

Metals recycler 95% 95% 0% 0% 0% 0% 0% 

7.3 Recovered materials recycling efficiency 

Table 8 details the Victoria 2021 estimated recycling and disposal tonnages by material and processing 

type and also provides the recycling efficiency. 

Table 8 Vic 2021 estimated recycling and disposal tonnages by material and processing type 

  Recycling  

Residual 
disposal Total 

Recycling 
efficiency   

Ferrous 
metal 

Non-
ferrous 
metal 

Precious 
metal 

Specialty 
metal Glass Plastic Other 

E-waste reprocessing   

PV panels  23   42   0   -     156   15   -     14   251  94% 

Inverters  18   14   0   -     0   1   -     3   36  91% 

Li-ion batts  23   21   -     1.40   -     2   22   4   74  95% 

LAB   -     813   -     14   27   135   366   71  1,426  95% 

Totals  64   889   0   15   183   154   388   93  1,786  95% 

Metals recycler  

PV panels  71   133   -     -     -     -     -     584   789  26% 

Inverters  58   44   -     -     -     -     -     14   115  88% 

Li-ion batts  2   1   -     -     -     -     -     2   5  60% 

LAB   -     -     -     -     -     -     -     -     -    NA 

Totals  130   178   -     -     -     -     -     600   909  34% 

 

6 PV panels = 0%; Inverters = 0%; LAB = 95%; PV Li-ion batteries = 95%. 
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Key findings based on the estimates above: 

• PV panel recyclers have an estimated recycling efficiency of 94% for PV panels. This compares to 

just 26% for metal recyclers. 

• Inverters are likely to have a similar recycling efficiency at both e-waste processors and metals 

recyclers, due to being mostly metals. 

• PV system Li-ion batteries have a high recycling efficiency of about 95% when sent to a Li-ion 

reprocessor that can process the Li-ion battery cells in addition to battery peripherals. This 

compares to an estimated 60% of the PV system battery (by weight) when sent to a metals recycler 

that is only able to recover the battery peripherals (cannot process the battery cells) . Shredding any 

Li-ion batteries cells at metal recyclers not specifically designed to process Li-ion cells would not be 

appropriate and would likely cause significant risks of fire/ explosion in the shredder.  

• PV LAB have a recycling rate of around 95%.  

• PV system waste sent to e-waste reprocessing has an estimated recycling efficiency of 95%. By 

contrast, PV waste sent to metal recyclers has an estimated recycling efficiency of just 34%.  

Table 9 includes the combined total Victorian 2021 estimated recycling tonnages by material type and 

recycling efficiency. 

Table 9 Vic 2021 estimated recycling tonnages by material type and recycling efficiency 

 

Recycling  

Residual 
disposal Total 

Recycling 
efficiency 

Ferrous 
metal 

Non-

ferrous 
metal 

Precious 
metal 

Specialty 
metal Glass Plastic Other 

PV panels  94   175   0   -     156   15   -     599   1,039  42% 

Inverters  76   57   0   -     0   1   -     17   151  89% 

Li-ion batts  25   22   -     1.40   -     2   22   6   78  93% 

LAB   -     813   -     14   27   135   366   71   1,426  95% 

Totals  194   1,067   0   15   183   154   388   693   2,694  74% 

Key findings based on the estimates above: 

• PV panels that are recovered currently have a recycling efficiency of just 42%. Newly developing PV 

recycling processors reportedly can recycle more than 90% of the whole panel mass, so there is 

significant room to improve Victorian’s PV panel recycling efficiency. This would significantly 

increase the overall PV system recycling rate. 

• Inverters, due to the 90% plus metals content currently have a high recycling efficiency of around 

89%. 

• PV system Li-ion batteries have an overall recycling efficiency of around 93%.  

• Overall, PV systems that are recovered for recycling are currently estimated to have a 74% recycling 

efficiency. 
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7.4 PV system recycling end markets 

E-waste processing industry consultation found that currently there are: 

• mature on-shore markets for ferrous, non-ferrous, and precious metals 

• developing markets, onshore and offshore, for speciality metals including Lithium 

• local end markets under development for the glass (laminate) fraction from PV panels 

• very limited local end markets for recovered plastics that are currently being stockpiled and/ 

or landfilled. Industry commented that most e-waste plastics were bailed and exported (at a 

profit) until the national export ban on waste plastics came into place in July 2021.  

Noting the above, end markets for most PV system materials (by weight) appear to be in place or 

under development for all material streams apart from plastics. 

The complete e-waste MFA report will include additional end market analysis for e-waste derived 

materials. 

8 Victorian PV system 2021 MFA key data 

Table 10 includes a concise summary of key Victorian PV system MFA data for quick reference.  

All of the data presented in the table below is discussed in the sections above. 

Table 10 Vic PV system MFA 2021 summary 

Victoria PV system 2021 MFA summary 

Waste generation  3,116 tonnes 

E-waste reuse (local) 36 tonnes 

Stored (pre-processing) 158 tonnes 

Non-permit export 36 tonnes 

Waste recovery for recycling  2,694  tonnes 

Recovery rate 86%   

Sent to e-waste recycler  1,786  tonnes 

Sent to metals recycler  909  tonnes 

Recycling of recovered wastes  2,002  tonnes 

Recycling efficiency for recovered PV system wastes 74%   

Overall recycling rate of PV system waste generation 64%   
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9 Victorian PV system processors capacities 

Victorian PV system e-waste processors were consulted to develop estimates for PV system current 

installed and planned processing capacity. The results are included in Table 11. No specific company 

information is included and the estimates below are based on consultations and estimations by the 

authors. Figure 4 includes charts of PV system projected waste generation (from Section 5) and the 

estimated current installed processing capacity from the table below. 

Table 11 Vic PV system estimated installed and planned processing capacity (tonnes per year) 

PV system component Est. 2021 capacity Est. planned capacity (~2025) 

PV panels ~ 10,000   ~70,000  

Inverters ~15,000  

Li-ion batteries ~ 1,000  ~2,000  

LAB (capacity servicing Vic) ~100,000  ~ 150,000  

Sources: REC stakeholder consultation 2021, DoEE 2018 

Key findings when waste generation projections are compared against the above installed and 

planned processing capacity: 

• The current estimated installed PV panel processing capacity of around 10,000 tonnes per year 

could be exceeded by waste generation around 2030. Additional planned capacity for 2025 could 

provide around 70,000 tonnes per year total capacity, more than enough to manage Victoria’s 

projected PV panel waste. If Victorian processors were to import significant PV panels from 

interstate, Victorian capacity would become constrained sooner. 

• The current installed PV system Li-ion processing capacity of ~1,000 tonnes per year could be 

exceeded by waste generation around 2030. Additional planned capacity for 2025 would provide 

around 2,000 tonnes per year total capacity; however, due to the rapid growth in projected Li-ion 

batteries this planned capacity could be exceeded by 2033. 

• LAB and inverter estimated current capacities will provide sufficient processing capacity over the 

projection period and well into the future. 



 

Victorian photovoltaic panel systems material flow analysis        Final report 
18 

9.1 Charts of PV system projected waste generation v’s current installed processing capacity 

Figure 4 Charts of PV system component projected waste generation v’s current installed processing capacity 
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Appendix A Method for PV system battery and inverter estimates 

PV system batteries  

The method for deriving PV system battery consumption and waste generation can be summarised in 

the following steps: 

• Estimating the historical, current and future percentages of PV installations with batteries installed. 

• Estimating the historical, current and future proportions of PV battery installations for each of the 

selected battery types. 

• Estimating the historical, current and future total energy outputs from PV panel installations (with 

battery installed). 

• Estimating the historical, current and future required amount of energy storage for each battery 

type by assuming the number of days of average energy generation that will be stored.   

• Estimating the historical, current and future mass of batteries required for each battery type to 

provide the estimated storage requirement. This equates to assumed historical, current and future 

battery consumption for PV panel installations. 

• Estimating the historical, current and future waste battery generation based on the expected life of 

the battery. This included application of an assumed set of Weibull parameters for each battery to 

estimate the average lifespan profile and waste generation rates. 

There is significant uncertainty in each of the steps outlined above and in some instances subjective 

estimates have been made due to a lack of relevant references. This needs to be carefully considered 

when using and presenting the waste battery projections.  

The projections of total installed PV battery capacity (kWh) have been cross-checked with the AEMO 

(2015), page 63, projections for PV storage systems and compare well.   

PV inverters 

The method for deriving PV inverter consumption and waste generation can be summarised in the 

following steps: 

• Estimating the historical, current and future average size (kW) of PV systems installed (across both 

domestic and commercial installations).  

• Estimating the average PV panel energy output and weight to estimate the number of panels 

installed per average installation and the total PV panel weight per installation.  

• Estimating the historical, current and future total number of PV installations by dividing each years 

PV consumption tonnages by the weight of the average PV panel installation. 

• Estimating the average weight of both central and micro inverters for each years’ assumed average 

PV system size.  

• Estimating the historical, current and future proportion of central versus micro inverter 

installations.  

• For historical, current and future years estimating the total mass of central inverters installed by 

multiplying the number of PV installations by the average weight of the central inverter suited to 

the average installation size. 
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• For historical, current and future years estimating the total mass of micro inverters installed by 

multiplying the average number of PV panels installed by the average weight of the micro inverters.  

• Estimating the historical, current and future waste inverter generation based on the expected life of 

the inverter. This included application of an assumed set of Weibull parameters for central and 

micro inverters to estimate the average lifespan profile and waste generation rates each year.  

There is uncertainty in each of the steps outlined above and in some subjective estimates have been 

made.  
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Appendix B UNU Key and HS code mapping 

UNU-
KEY 

UNU Key Description UNU category HS HS Description 

0101 Professional Heating & 
Ventilation (excl. cooling 
equipment) 

1. Large 
household 
appliance 

845110 Dry-cleaning machines 

0101 Professional Heating & 
Ventilation (excl. cooling 
equipment) 

1. Large 
household 
appliance 

845130 Ironing machines and presses (including fusing presses) 

0102 Dish washers 1. Large 
household 
appliance 

842211 Dish washing machines; of the household type 

0102 Dish washers 1. Large 
household 
appliance 

842219 Dish washing machines; of other than household type 

0103 Kitchen equipment (e.g. 

large furnaces, ovens, 
cooking equipment) 

1. Large 

household 
appliance 

851660 Ovens, cookers, cooking plates, boiling rings, grillers and roasters; 

of a kind used for domestic purposes (excluding microwaves) 

0104 Washing Machines (incl. 
combined dryers) 

1. Large 
household 
appliance 

845011 Washing machines; household or laundry-type, fully-automatic, (of 
a dry linen capacity not exceeding 10kg) 

0104 Washing Machines (incl. 
combined dryers) 

1. Large 
household 
appliance 

845012 Washing machines; household or laundry-type, with built-in 
centrifugal drier, (not fully-automatic), of a dry linen capacity not 
exceeding 10kg 

0104 Washing Machines (incl. 
combined dryers) 

1. Large 
household 
appliance 

845019 Washing machines; household or laundry-type, not fully-
automatic, without built-in centrifugal drier, of a dry linen capacity 
not exceeding 10kg 

0104 Washing Machines (incl. 
combined dryers) 

1. Large 
household 
appliance 

845020 Washing machines; household or laundry-type, of a dry linen 
capacity exceeding 10kg 

0105 Dryers (wash dryers, 
centrifuges) 

1. Large 
household 
appliance 

842112 Centrifuges; clothes-dryers 

0105 Dryers (wash dryers, 
centrifuges) 

1. Large 
household 
appliance 

845121 Drying machines; of a dry linen capacity not exceeding 10kg 

0105 Dryers (wash dryers, 
centrifuges) 

1. Large 
household 
appliance 

845129 Drying machines; of a dry linen capacity exceeding 10kg 

0106 Household Heating & 
Ventilation (e.g. hoods, 
ventilators, space heaters) 

1. Large 
household 
appliance 

841460 Hoods; ventilating or recycling hoods incorporating a fan, whether 
or not fitted with filters, having a maximum horizontal side not 
exceeding 120cm 

0106 Household Heating & 
Ventilation (e.g. hoods, 
ventilators, space heaters) 

1. Large 
household 
appliance 

851621 Heating apparatus; electric storage heating radiators 

0106 Household Heating & 
Ventilation (e.g. hoods, 
ventilators, space heaters) 

1. Large 
household 
appliance 

851629 Heating apparatus; electric soil heating apparatus and space 
heating apparatus (excluding storage heating radiators) 

0108 Fridges (incl. combi-fridges) 1. Large 
household 
appliance 

841810 Refrigerators and freezers; combined refrigerator-freezers, fitted 
with separate external doors, electric or other 

0108 Fridges (incl. combi-fridges) 1. Large 
household 
appliance 

841821 Refrigerators; for household use, compression-type, electric or 
other 

0108 Fridges (incl. combi-fridges) 1. Large 
household 
appliance 

841822 Refrigerators, household absorption type, electric 

0108 Fridges (incl. combi-fridges) 1. Large 
household 
appliance 

841829 Refrigerators; household, electric or not, other than compression 
or absorption-type 

0109 Freezers 1. Large 
household 
appliance 

841830 Freezers; of the chest type, not exceeding 800l capacity 

0109 Freezers 1. Large 

household 
appliance 

841840 Freezers; of the upright type, not exceeding 900l capacity 

0111 Air Conditioners 
(household installed and 
portable) 

1. Large 
household 
appliance 

841510 Air conditioning machines; comprising a motor-driven fan and 
elements for changing the temperature and humidity, window or 
wall types, self-contained 
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UNU-
KEY 

UNU Key Description UNU category HS HS Description 

0111 Air Conditioners 
(household installed and 
portable) 

1. Large 
household 
appliance 

841581 Air conditioning machines; incorporating a refrigerating unit and a 
valve for reversal of the cooling or heat cycle 

0111 Air Conditioners 
(household installed and 
portable) 

1. Large 
household 
appliance 

841582 Air conditioning machines; incorporating a refrigerating unit but 
not a valve for reversal of the cooling or heat cycle, other than 
window or wall type 

0112 Other Cooling equipment 
(e.g. dehumidifiers, heat 
pump dryers) 

1. Large 
household 
appliance 

841861 Refrigerating or freezing equipment; compression type units 
whose condensers are heat exchangers 

0112 Other Cooling equipment 
(e.g. dehumidifiers, heat 
pump dryers) 

1. Large 
household 
appliance 

841869 Refrigerating or freezing equipment; heat pumps, other than 
compression type units whose condensers are heat exchangers 

0113 Professional Cooling 
equipment (e.g. large air 
conditioners, cooling 
displays) 

1. Large 
household 
appliance 

841583 Air conditioning machines; n.e.s. in heading no. 8415 and not 
incorporating a refrigerating unit 

0113 Professional Cooling 
equipment (e.g. large air 
conditioners, cooling 
displays) 

1. Large 
household 
appliance 

841850 Refrigerating or freezing equipment; display counters, cabinets, 
show-cases and the like 

0114 Microwaves (incl. 
combined, excl. grills) 

1. Large 
household 

appliance 

851650 Ovens; microwave, of a kind used for domestic purposes 

0201 Other small household 
equipment (e.g. small 
ventilators, irons, clocks, 
adapters) 

2. Small 
household 
appliances 

630110 Blankets; electric 

0201 Other small household 
equipment(e.g. small 
ventilators, irons, clocks, 
adapters) 

2. Small 
household 
appliances 

841451 Fans; table, floor, wall, window, ceiling or roof fans, with a self-
contained electric motor of an output not exceeding 125W 

0201 Other small household 
equipment(e.g. small 
ventilators, irons, clocks, 
adapters) 

2. Small 
household 
appliances 

842310 Weighing machines; personal (including baby scales) and 
household scales 

0201 Other small household 
equipment (e.g. small 
ventilators, irons, clocks, 
adapters) 

2. Small 
household 
appliances 

845210 Sewing machines; of the household type 

0201 Other Small Household (f.i. 
small ventilators, irons, 
clocks, adapters) 

2. Small 
household 
appliances 

850930 Domestic kitchen waste disposers 

0201 Other small household 
equipment (e.g. small 
ventilators, irons, clocks, 
adapters) 

2. Small 
household 
appliances 

850980 Electro-mechanical domestic appliances; n.e.s. in heading no. 
8509, with self-contained electric motor 

0201 Other small household 
equipment (e.g. small 
ventilators, irons, clocks, 
adapters) 

2. Small 
household 
appliances 

851640 Smoothing irons; electric 

0201 Other small household 
equipment (e.g. small 
ventilators, irons, clocks, 
adapters) 

2. Small 
household 
appliances 

910111 Wrist-watches; battery or accumulator powered, whether or not 
incorporating a stop-watch facility, with case of precious metal or 
of metal clad with precious metal, with mechanical display only 

0201 Other Small Household (f.i. 
small ventilators, irons, 
clocks, adapters) 

2. Small 
household 
appliances 

910112 Wrist-watch, precious metal, battery, opto/electric 

0201 Other small household 
equipment (e.g. small 
ventilators, irons, clocks, 
adapters)  

2. Small 
household 
appliances 

910119 Wrist-watches; battery or accumulator powered, with or without a 
stop-watch, with case of precious metal or metal clad with 
precious metal, without mechanical or opto-electronic display  

0201 Other small household 
equipment (e.g. small 
ventilators, irons, clocks, 
adapters)  

2. Small 
household 
appliances 

910191 Pocket-watches and other watches, including stop-watches; 
battery or accumulator powered  

0201 Other small household 
equipment (e.g. small 
ventilators, irons, clocks, 
adapters)  

2. Small 
household 
appliances 

910211 Wrist-watches; battery or accumulator powered, whether or not 
incorporating a stop-watch facility, with mechanical display only, 
other than those of heading no. 9101  
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0201 Other small household 
equipment (e.g. small 
ventilators, irons, clocks, 
adapters)  

2. Small 
household 
appliances 

910212 Wrist-watches; battery or accumulator powered, whether or not 
incorporating a stop-watch facility, with opto-electronic display 
only, other than those of heading no. 9101  

0201 Other small household 
equipment (e.g. small 
ventilators, irons, clocks, 
adapters)  

2. Small 
household 
appliances 

910219 Wrist-watches; battery or accumulator powered, whether or not 
incorporating a stop-watch facility, with other than mechanical or 
opto-electronic display, excluding those of heading no. 9101  

0201 Other small household 
equipment (e.g. small 
ventilators, irons, clocks, 
adapters)  

2. Small 
household 
appliances 

910221 Wrist-watches; whether or not incorporating a stop-watch facility, 
with automatic winding  

0201 Other small household 
equipment (e.g. small 
ventilators, irons, clocks, 
adapters)  

2. Small 
household 
appliances 

910291 Pocket watches and other watches, including stop-watches; 
battery or accumulator powered  

0201 Other small household 
equipment (e.g. small 
ventilators, irons, clocks, 
adapters)  

2. Small 
household 
appliances 

910299 Pocket watches and other watches, including stop-watches; other 
than battery or accumulator powered  

0201 Other small household 
equipment (e.g. small 

ventilators, irons, clocks, 
adapters)  

2. Small 
household 

appliances 

910310 Clocks; with watch movements, excluding instrument panel clocks, 
battery or accumulator powered  

0201 Other small household 
equipment (e.g. small 
ventilators, irons, clocks, 
adapters)  

2. Small 
household 
appliances 

910390 Clocks; with watch movements, excluding instrument panel clocks, 
other than battery or accumulator powered  

0201 Other small household 
equipment (e.g. small 
ventilators, irons, clocks, 
adapters)  

2. Small 
household 
appliances 

910511 Clocks; alarm clocks, battery, accumulator or mains powered  

0201 Other small household 
equipment (e.g. small 
ventilators, irons, clocks, 
adapters)  

2. Small 
household 
appliances 

910519 Clocks; alarm clocks, other than battery, accumulator or mains 
powered  

0201 Other small household 
equipment (e.g. small 
ventilators, irons, clocks, 
adapters)  

2. Small 
household 
appliances 

910521 Clocks; wall clocks, battery, accumulator or mains powered  

0201 Other small household 
equipment (e.g. small 
ventilators, irons, clocks, 
adapters)  

2. Small 
household 
appliances 

910529 Clocks; wall clocks, other than battery, accumulator or mains 
powered  

0201 Other small household 
equipment (e.g. small 
ventilators, irons, clocks, 
adapters)  

2. Small 
household 
appliances 

910591 Clocks; (other than alarm or wall clocks), battery, accumulator or 
mains powered  

0201 Other small household 
equipment (e.g. small 
ventilators, irons, clocks, 
adapters)  

2. Small 
household 
appliances 

910599 Clocks; (other than alarm or wall clocks), other than battery, 
accumulator or mains powered  

0201 Other small household 
equipment (e.g. small 
ventilators, irons, clocks, 
adapters)  

2. Small 
household 
appliances 

910700 Time switches; with clock, watch movement or synchronous motor  

0201 Other small household 
equipment (e.g. small 
ventilators, irons, clocks, 
adapters)  

2. Small 
household 
appliances 

910811 Watch movements; complete and assembled, battery or 
accumulator powered, with mechanical display only or with a 
device to which a mechanical display can be incorporated  

0201 Other small household 
equipment (e.g. small 
ventilators, irons, clocks, 
adapters)  

2. Small 
household 
appliances 

910812 Watch movements; complete and assembled, battery or 
accumulator powered, with opto-electronic display only  

0201 Other small household 
equipment (e.g. small 
ventilators, irons, clocks, 
adapters)  

2. Small 
household 
appliances 

910819 Watch movements; complete and assembled, battery or 
accumulator powered, with other than mechanical display only or 
opto-electronic display only  

0201 Other Small Household (f.i. 
small ventilators, irons, 

clocks, adapters) 

2. Small 
household 

appliances 

910820 Watch movements, complete and assembled, auto-winding 
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0201 Other small household 
equipment (e.g. small 
ventilators, irons, clocks, 
adapters)  

2. Small 
household 
appliances 

910890 Watch movements; complete and assembled, not automatic 
winding or electrically operated  

0201 Other small household 
equipment (e.g. small 
ventilators, irons, clocks, 
adapters)  

2. Small 
household 
appliances 

910910 Clock movements; complete and assembled, electrically operated  

0201 Other Small Household (f.i. 
small ventilators, irons, 
clocks, adapters) 

2. Small 
household 
appliances 

910911 Clock movements, complete and assembled, battery/alar 

0201 Other Small Household (f.i. 
small ventilators, irons, 
clocks, adapters) 

2. Small 
household 
appliances 

910919 Clock movements, complete and assembled, battery nes 

0201 Other small household 
equipment (e.g. small 
ventilators, irons, clocks, 
adapters)  

2. Small 
household 
appliances 

910990 Clock movements; complete and assembled, other than battery, 
accumulator or mains powered  

0202 Equipment for food 
preparation (e.g. toaster, 
grills, food processing, 
frying pans)  

2. Small 
household 
appliances 

850940 Electro-mechanical domestic appliances; food grinders and mixers, 
fruit or vegetable juice extractors, with self-contained electric 
motor  

0202 Equipment for food 
preparation (e.g. toaster, 
grills, food processing, 
frying pans)  

2. Small 
household 
appliances 

851672 Electro-thermic appliances; toasters, of a kind used for domestic 
purposes  

0202 Equipment for food 
preparation (e.g. toaster, 
grills, food processing, 
frying pans)  

2. Small 
household 
appliances 

851679 Electro-thermic appliances; n.e.s. in heading no. 8516, used for 
domestic purposes  

0203 Small household 
equipment for hot water 
preparation (e.g. coffee, 
tea, water cookers)  

2. Small 
household 
appliances 

851610 Heaters; electric, instantaneous or storage water and immersion 
heaters  

0203 Small household 
equipment for hot water 
preparation (e.g. coffee, 
tea, water cookers)  

2. Small 
household 
appliances 

851671 Electro-thermic appliances; coffee or tea makers, of a kind used for 
domestic purposes  

0204 Vacuum Cleaners (excl. 
professional)  

2. Small 
household 
appliances 

850811 Vacuum cleaners, with self-contained electric motor, of a power 
not exceeding 1,500 W and having a dust bag or other receptacle 
capacity not exceeding 20L  

0204 Vacuum Cleaners (excl. 
professional)  

2. Small 
household 
appliances 

850819 Vacuum cleaners, with self-contained electric motor, n.e.c. in item 
no. 8508.1  

0204 Vacuum Cleaners (excl. 
professional)  

2. Small 
household 
appliances 

850860 Vacuum cleaners, other than with a self-contained electric motor  

0204 Vacuum Cleaners (excl. 
professional) 

2. Small 
household 
appliances 

850910 Domestic vacuum cleaners 

0205 Personal Care equipment 
(e.g. tooth brushes, hair 
dryers, razors)  

2. Small 
household 
appliances 

851010 Shavers; with self-contained electric motor  

0205 Personal Care equipment 
(e.g. tooth brushes, hair 
dryers, razors)  

2. Small 
household 
appliances 

851020 Hair clippers; with a self-contained electric motor  

0205 Personal Care equipment 
(e.g. tooth brushes, hair 
dryers, razors)  

2. Small 
household 
appliances 

851030 Hair-removing appliances; with self-contained electric motor  

0205 Personal Care equipment 
(e.g. tooth brushes, hair 
dryers, razors)  

2. Small 
household 
appliances 

851631 Hair-dressing apparatus; electro-thermic hair dryers  

0205 Personal Care equipment 
(e.g. tooth brushes, hair 
dryers, razors)  

2. Small 
household 
appliances 

851632 Hair-dressing apparatus; electro-thermic, other than hair dryers  

0205 Personal Care equipment 
(e.g. tooth brushes, hair 
dryers, razors)  

2. Small 
household 
appliances 

851633 Hand-drying apparatus; electro-thermic  

0205 Personal Care equipment 
(e.g. tooth brushes, hair 

dryers, razors)  

2. Small 
household 

appliances 

901910 Mechano-therapy appliances; massage apparatus and 
psychological aptitude-testing apparatus  
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0301 Small IT equipment (e.g. 
routers, mice, keyboards, 
external drives & 
accessories)  

3. IT and 
telecom 
equipment 

846900 Typewriters (other than printers of heading no. 8443) and word-
processing machines  

0301 Small IT (f.i. routers, mice, 
keyboards, external drives 
& accessoires) 

3. IT and 
telecom 
equipment 

846911 Word-processing machines 

0301 Small IT (f.i. routers, mice, 
keyboards, external drives 
& accessoires) 

3. IT and 
telecom 
equipment 

846912 Automatic typewriters 

0301 Small IT (f.i. routers, mice, 
keyboards, external drives 
& accessoires) 

3. IT and 
telecom 
equipment 

846920 Typewriters,electric,nes 

0301 Small IT (f.i. routers, mice, 
keyboards, external drives 
& accessoires) 

3. IT and 
telecom 
equipment 

846930 Typewriters,non-electric 

0301 Small IT equipment (e.g. 
routers, mice, keyboards, 
external drives & 
accessories)  

3. IT and 
telecom 
equipment 

847010 Calculators; electronic, capable of operation without an external 
source of electric power  

0301 Small IT equipment (e.g. 
routers, mice, keyboards, 

external drives & 
accessories)  

3. IT and 
telecom 

equipment 

847021 Calculating machines; electronic, incorporating a printing device, 
needing an external source of power  

0301 Small IT equipment (e.g. 
routers, mice, keyboards, 
external drives & 
accessories)  

3. IT and 
telecom 
equipment 

847029 Calculating machines; electronic, (not incorporating a printing 
device), needing an external power source  

0301 Small IT (f.i. routers, mice, 
keyboards, external drives 
& accessoires) 

3. IT and 
telecom 
equipment 

847110 Analogue or hybrid computers 

0301 Small IT equipment (e.g. 
routers, mice, keyboards, 
external drives & 
accessories)  

3. IT and 
telecom 
equipment 

847160 Data processing machines; input or output units, whether or not 
containing storage units in the same housing  

0301 Small IT equipment (e.g. 
routers, mice, keyboards, 
external drives & 
accessories)  

3. IT and 
telecom 
equipment 

847170 Data processing machines; storage units  

0301 Small IT equipment (e.g. 
routers, mice, keyboards, 
external drives & 
accessories)  

3. IT and 
telecom 
equipment 

847180 Data processing machines; automatic, units thereof n.e.s. in 
heading no. 8471  

0301 Small IT equipment (e.g. 
routers, mice, keyboards, 
external drives & 
accessories)  

3. IT and 
telecom 
equipment 

847190 Data processing machines; n.e.s. in heading no. 8471  

0301 Small IT (f.i. routers, mice, 
keyboards, external drives 
& accessoires) 

3. IT and 
telecom 
equipment 

854389 Electrical machines and 

0302 Desktop PCs (excl. 
monitors, accessoires)  

3. IT and 
telecom 
equipment 

847141 Data processing machines; digital, automatic, (not portable, 
analogue or hybrid), comprising in the same housing at least a 
central processing unit, an input and output unit, whether or not 
combined  

0302 Desktop PCs (excl. 
monitors, accessoires)  

3. IT and 
telecom 
equipment 

847149 Data processing machines; digital, automatic, (not portable, 
analogue or hybrid), presented in the form of systems, n.e.s. in 
item no. 8471.41  

0302 Desktop PCs (excl. 
monitors, accessoires)  

3. IT and 
telecom 
equipment 

847150 Digital processing units; other than those of subheadings 8471.41 
and 8471.49, whether or not containing in the same housing one 
or two of the following types of unit: storage units, input units or 
output units  

0303 Laptops (incl. tablets)  3. IT and 
telecom 
equipment 

847130 Data processing machines; portable, digital and automatic, 
weighing not more than 10kg, consisting of at least a central 
processing unit, a keyboard and a display  

0304 Printers (e.g. scanners, 
multi functionals, faxes)  

3. IT and 
telecom 
equipment 

844315 Printing machinery; letterpress, other than reel-fed, excluding 
flexographic printing  

0304 Printers (e.g. scanners, 
multi functionals, faxes)  

3. IT and 
telecom 
equipment 

844319 Printing machinery; offset, (excluding reel or sheet fed)  
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0304 Printers (e.g. scanners, 
multi functionals, faxes)  

3. IT and 
telecom 
equipment 

844331 Printing, copying, and facsimile machines; machines which perform 
two or more of the functions of printing, copying or facsimile 
transmission, capable of connecting to an automatic data 
processing machine or to a network  

0304 Printers (e.g. scanners, 
multi functionals, faxes)  

3. IT and 
telecom 
equipment 

844332 Printing, copying, and facsimile machines; single-function printing, 
copying or facsimile machines, capable of connecting to an 
automatic data processing machine or to a network  

0304 Printers (f.i. scanners, 
multifunctionals, faxes) 

3. IT and 
telecom 
equipment 

851721 Facsimiles machines 

0304 Printers (f.i. scanners, 
multifunctionals, faxes) 

3. IT and 
telecom 
equipment 

851722 Teleprinters 

0305 Telecommunication 
equipment (e.g. (cordless) 
phones, answering 
machines)  

3. IT and 
telecom 
equipment 

851711 Line telephony or telegraphy apparatus; line telephone sets with 
cordless handsets  

0305 Telecommunication 
equipment (e.g. (cordless) 
phones, answering 
machines)  

3. IT and 
telecom 
equipment 

851718 Telephone sets n.e.c. in item no. 8517.1  

0305 Telecom (f.i. (cordless) 

phones, answering 
machines) 

3. IT and 

telecom 
equipment 

851719 Telephone sets, nes 

0305 Telecom (f.i. (cordless) 
phones, answering 
machines) 

3. IT and 
telecom 
equipment 

851730 Telephonic or telegraphic switching apparatus 

0305 Telecom (f.i. (cordless) 
phones, answering 
machines) 

3. IT and 
telecom 
equipment 

851750 Apparatus for carrier-cu 

0305 Telecommunication 
equipment (e.g. (cordless) 
phones, answering 
machines)  

3. IT and 
telecom 
equipment 

851761 Base stations  

0305 Telecommunication 
equipment (e.g. (cordless) 
phones, answering 
machines)  

3. IT and 
telecom 
equipment 

851762 Communication apparatus (excluding telephone sets or base 
stations); machines for the reception, conversion and transmission 
or regeneration of voice, images or other data, including switching 
and routing apparatus  

0305 Telecommunication 
equipment (e.g. (cordless) 
phones, answering 
machines)  

3. IT and 
telecom 
equipment 

851769 Communication apparatus (excluding telephone sets or base 
stations); machines for the transmission or reception of voice, 
images or other data (including wired/wireless networks), n.e.c. in 
item no. 8517.6  

0305 Telecom (f.i. (cordless) 
phones, answering 
machines) 

3. IT and 
telecom 
equipment 

851780 Elect apparatus for line 

0305 Telecommunication 
equipment (e.g. (cordless) 
phones, answering 
machines)  

3. IT and 
telecom 
equipment 

851950 Sound recording or reproducing apparatus; telephone answering 
machines  

0305 Telecom (f.i. (cordless) 
phones, answering 
machines) 

3. IT and 
telecom 
equipment 

852020 Telephone answering machines 

0305 Telecom (f.i. (cordless) 
phones, answering 
machines) 

3. IT and 
telecom 
equipment 

852790 Radio reception apparatus nes 

0305 Telecommunication 
equipment (e.g. (cordless) 
phones, answering 
machines)  

3. IT and 
telecom 
equipment 

903040 Instruments and apparatus; specially designed for 
telecommunications (eg cross-talk meters, gain measuring 
instruments, distortion factor meters, psophometers)  

0306 Mobile Phones (incl. 
smartphones, pagers)  

3. IT and 
telecom 
equipment 

851712 Telephones for cellular networks or for other wireless networks  

0306 Mobile Phones (incl. 
smartphones, pagers) 

3. IT and 
telecom 
equipment 

852520 Transmit-receive apparatus for radio, TV, etc. 

0307 Professional IT equipment 
(e.g. servers, routers, data 
storage, copiers)  

3. IT and 
telecom 
equipment 

844312 Printing machinery; offset, sheet fed, office type (sheet size not 
exceeding 22 x 36cm)  

0307 Professional IT equipment 
(e.g. servers, routers, data 

storage, copiers)  

3. IT and 
telecom 

equipment 

844339 Printing, copying, and facsimile machines; single-function printing, 
copying or facsimile machines, not capable of connecting to an 

automatic data processing machine or to a network  
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0307 Professional IT (f.i. servers, 
routers, data storage, 
copiers) 

3. IT and 
telecom 
equipment 

847040 Accounting machines 

0307 Professional IT equipment 
(e.g. servers, routers, data 
storage, copiers)  

3. IT and 
telecom 
equipment 

847050 Cash registers  

0307 Professional IT equipment 
(e.g. servers, routers, data 
storage, copiers)  

3. IT and 
telecom 
equipment 

847090 Postage-franking machines, ticket-issuing machines which print 
tickets  

0307 Professional IT equipment 
(e.g. servers, routers, data 
storage, copiers)  

3. IT and 
telecom 
equipment 

847210 Duplicating machines  

0307 Professional IT equipment 
(e.g. servers, routers, data 
storage, copiers)  

3. IT and 
telecom 
equipment 

847230 Machines; for sorting or folding mail or for inserting mail in 
envelopes or bands, for opening, closing or sealing mail, for affixing 
or cancelling postage stamps  

0307 Professional IT (f.i. servers, 
routers, data storage, 
copiers) 

3. IT and 
telecom 
equipment 

900911 Electrostatic photo-copyers, direct process 

0307 Professional IT (f.i. servers, 
routers, data storage, 
copiers) 

3. IT and 
telecom 
equipment 

900912 Electrostatic photo-copyers, indirect process 

0307 Professional IT (f.i. servers, 

routers, data storage, 
copiers) 

3. IT and 

telecom 
equipment 

900921 Photo-copying equipment with an optical system, nes 

0307 Professional IT (f.i. servers, 
routers, data storage, 
copiers) 

3. IT and 
telecom 
equipment 

900922 Contact type photo-copying apparatus,nes 

0307 Professional IT (f.i. servers, 
routers, data storage, 
copiers) 

3. IT and 
telecom 
equipment 

900930 Thermo-copying apparatus 

0308 Cathode Ray Tube Monitors 3. IT and 
telecom 
equipment 

852821 Color video monitors 

0308 Cathode Ray Tube Monitors 3. IT and 
telecom 
equipment 

852822 B & w video monitors 

0308 Cathode Ray Tube Monitors  3. IT and 
telecom 
equipment 

852841 Cathode-ray tube monitors; of a kind solely or principally used in 
an automatic data processing system of heading 84.71  

0308 Cathode Ray Tube Monitors  3. IT and 
telecom 
equipment 

852849 Cathode-ray tube monitors; other than of a kind solely or 
principally used in an automatic data processing system of heading 
84.71  

0309 Flat Display Panel Monitors 
(LCD, LED)  

3. IT and 
telecom 
equipment 

852851 Monitors other than cathode-ray tube; of a kind solely or 
principally used in an automatic data processing system of heading 
84.71  

0309 Flat Display Panel Monitors 
(LCD, LED)  

3. IT and 
telecom 
equipment 

852859 Monitors other than cathode-ray tube; other than of a kind solely 
or principally used in an automatic data processing system of 
heading 84.71  

0309 Flat Display Panel Monitors 
(LCD, LED)  

3. IT and 
telecom 
equipment 

853120 Signalling apparatus; electric, sound or visual, indicator panels 
incorporating liquid crystal devices (LCD) or light emitting diodes 
(LED), excluding those of heading no. 8512 or 8530  

0401 Small Consumer Electronics 
(e.g. headphones, remote 
controls)  

4. Consumer 
equipment 

851810 Microphones and stands therefor  

0401 Small Consumer Electronics 
(e.g. headphones, remote 
controls)  

4. Consumer 
equipment 

851830 Headphones, earphones and combined microphone/speaker sets  

0402 Portable Audio & Video 
(e.g. MP3, e-readers, car 
navigation)  

4. Consumer 
equipment 

852712 Radio (telephony, telegraphy, broadcast) broadcast receivers; 
pocket-size radio cassette-players, operational without external 
power source, combined or not with sound recording or 
reproducing apparatus  

0402 Portable Audio & Video 
(e.g. MP3, e-readers, car 
navigation)  

4. Consumer 
equipment 

852713 Radio (telephony, telegraphy, broadcast) broadcast receivers; 
apparatus (other than pocket-size radio cassette-players), 
combined with sound recording or reproducing apparatus, not 
needing external power  

0402 Portable Audio & Video 
(e.g. MP3, e-readers, car 
navigation)  

4. Consumer 
equipment 

852719 Radio-broadcast receivers; operational without external power 
source, without sound recording or reproducing apparatus, 
including apparatus capable of receiving radio-telephony or radio-
telegraphy  
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0402 Portable Audio & Video (f.i. 
MP3, e-readers, car 
navigation) 

4. Consumer 
equipment 

852731 Radio-telephony receiver, with sound reproduce/record 

0402 Portable Audio & Video (f.i. 
MP3, e-readers, car 
navigation) 

4. Consumer 
equipment 

852732 Radio-telephony etc receivers, nes 

0402 Portable Audio & Video (f.i. 
MP3, e-readers, car 
navigation) 

4. Consumer 
equipment 

852739 Radio-broadcast receivers nes 

0402 Portable Audio & Video 
(e.g. MP3, e-readers, car 
navigation)  

4. Consumer 
equipment 

852791 Radio-broadcast receivers n.e.c. in heading no. 8527; combined 
with sound recording or reproducing apparatus  

0402 Portable Audio & Video 
(e.g. MP3, e-readers, car 
navigation)  

4. Consumer 
equipment 

852792 Radio-broadcast receivers n.e.c. in heading no. 8527; not 
combined with sound recording or reproducing apparatus but 
combined with a clock  

0402 Portable Audio & Video 
(e.g. MP3, e-readers, car 
navigation)  

4. Consumer 
equipment 

852799 Radio-broadcast receivers n.e.c. in heading no. 8527; not 
combined with sound recording or reproducing apparatus and not 
combined with a clock  

0403 Music Instruments, Radio, 
Hi-Fi (incl. audio sets)  

4. Consumer 
equipment 

847290 Office machines; automatic banknote dispensers, coin-sorting 
machines, coin-counting or wrapping machines, pencil-sharpening 
machines, perforating or stapling machines  

0403 Music Instruments, Radio, 

Hi-Fi (incl. audio sets)  

4. Consumer 

equipment 

851840 Amplifiers; audio-frequency electric  

0403 Music Instruments, Radio, 
Hi-Fi (incl. audio sets)  

4. Consumer 
equipment 

851850 Amplifier sets; electric sound  

0403 Music Instruments, Radio, 
HiFi (incl. audio sets) 

4. Consumer 
equipment 

851910 Coin or disc-operated record-players 

0403 Music Instruments, Radio, 
HiFi (incl. audio sets) 

4. Consumer 
equipment 

851921 Record-players without built-in loudspeaker, nes 

0403 Music Instruments, Radio, 
HiFi (incl. audio sets) 

4. Consumer 
equipment 

851929 Record-players with loudspeakers, nes 

0403 Music Instruments, Radio, 
Hi-Fi (incl. audio sets)  

4. Consumer 
equipment 

851930 Sound recording or reproducing apparatus; turntables (record-
decks)  

0403 Music Instruments, Radio, 
HiFi (incl. audio sets) 

4. Consumer 
equipment 

851931 Turntables with automatic record changing mechanism 

0403 Music Instruments, Radio, 
HiFi (incl. audio sets) 

4. Consumer 
equipment 

851939 Turntables, without record changers 

0403 Music Instruments, Radio, 
HiFi (incl. audio sets) 

4. Consumer 
equipment 

851940 Transcribing machines 

0403 Music Instruments, Radio, 
Hi-Fi (incl. audio sets)  

4. Consumer 
equipment 

851981 Sound recording or reproducing apparatus; using magnetic, optical 
or semiconductor media, n.e.c. in item no 8519.20, 8519.30 or 
8519.50  

0403 Music Instruments, Radio, 
Hi-Fi (incl. audio sets)  

4. Consumer 
equipment 

851989 Sound recording or reproducing apparatus; n.e.c. in heading no 
8519  

0403 Music Instruments, Radio, 
HiFi (incl. audio sets) 

4. Consumer 
equipment 

851992 Pocket-size cassette-pla 

0403 Music Instruments, Radio, 
HiFi (incl. audio sets) 

4. Consumer 
equipment 

851993 Sound repr app, cassette 

0403 Music Instruments, Radio, 
HiFi (incl. audio sets) 

4. Consumer 
equipment 

851999 Sound reproducing apparatus, non-recording, nes 

0403 Music Instruments, Radio, 
HiFi (incl. audio sets) 

4. Consumer 
equipment 

852010 Dictating machine requiring external power source 

0403 Music Instruments, Radio, 
HiFi (incl. audio sets) 

4. Consumer 
equipment 

852032 Magnetic tape rec digita 

0403 Music Instruments, Radio, 
HiFi (incl. audio sets) 

4. Consumer 
equipment 

852033 Magnetic tape rec casset 

0403 Music Instruments, Radio, 
HiFi (incl. audio sets) 

4. Consumer 
equipment 

852039 Non-cassette audio tape recorders, sound reproducing 

0403 Music Instruments, Radio, 
HiFi (incl. audio sets) 

4. Consumer 
equipment 

852090 Audio recording equipment without sound reproduction 

0403 Music Instruments, Radio, 
Hi-Fi (incl. audio sets)  

4. Consumer 
equipment 

852721 Radio-broadcast receivers; (not operational without external 
power source), combined with sound recording or reproducing 
apparatus, including apparatus capable of receiving radio-
telephony or radio-telegraphy  

0403 Music Instruments, Radio, 
Hi-Fi (incl. audio sets)  

4. Consumer 
equipment 

852729 Radio-broadcast receivers; (not operational without external 
power source), without sound recording or reproducing apparatus, 
including apparatus capable of receiving radio-telephony or radio-
telegraphy  

0403 Music Instruments, Radio, 
Hi-Fi (incl. audio sets)  

4. Consumer 
equipment 

920710 Musical instruments; keyboard, (other than accordions), the sound 
of which is produced or must be amplified electrically  
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0403 Music Instruments, Radio, 
Hi-Fi (incl. audio sets)  

4. Consumer 
equipment 

920790 Musical instruments; (other than keyboard), the sound of which is 
produced or must be amplified electrically  

0404 Video (e.g. Video recorders, 
DVD, Blue Ray, set-top 
boxes) and projectors  

4. Consumer 
equipment 

852110 Video recording or reproducing apparatus; magnetic tape-type  

0404 Video (e.g. Video recorders, 
DVD, Blue Ray, set-top 
boxes) and projectors  

4. Consumer 
equipment 

852190 Video recording or reproducing apparatus; other than magnetic 
tape-type  

0404 Video (f.i. Video recorders, 
DVD, Blue Ray, set-top 
boxes) 

4. Consumer 
equipment 

852530 Television cameras 

0404 Video (e.g. Video recorders, 
DVD, Blue Ray, set-top 
boxes) and projectors  

4. Consumer 
equipment 

852560 Transmission apparatus for radio-broadcasting or television, 
whether or not incorporating sound recording or reproducing 
apparatus, incorporating reception apparatus  

0404 Video (f.i. Video recorders, 
DVD, Blue Ray, set-top 
boxes) 

4. Consumer 
equipment 

852830 Video projectors 

0404 Video (e.g. Video recorders, 
DVD, Blue Ray, set-top 
boxes) and projectors  

4. Consumer 
equipment 

852861 Projectors; of a kind solely or principally used in an automatic data 
processing system of heading 84.71  

0404 Video (e.g. Video recorders, 
DVD, Blue Ray, set-top 

boxes) and projectors  

4. Consumer 
equipment 

852869 Projectors; other than of a kind solely or principally used in an 
automatic data processing system of heading 84.71  

0404 Video (e.g. Video recorders, 
DVD, Blue Ray, set-top 
boxes) and projectors  

4. Consumer 
equipment 

852871 Reception apparatus for television, whether or not incorporating 
radio-broadcast receivers or sound or video recording or 
reproducing apparatus; not designed to incorporate a video display 
or screen  

0404 Video (f.i. Video recorders, 
DVD, Blue Ray, set-top 
boxes) 

4. Consumer 
equipment 

900711 Cinematographic cameras for film <16mm wide 

0404 Video (f.i. Video recorders, 
DVD, Blue Ray, set-top 
boxes) 

4. Consumer 
equipment 

900719 Cinematographic cameras for film >16mm wide 

0404 Video (e.g. Video recorders, 
DVD, Blue Ray, set-top 
boxes) and projectors  

4. Consumer 
equipment 

900720 Projectors, cinematographic; whether or not incorporating sound 
recording or reproducing apparatus  

0404 Video (f.i. Video recorders, 
DVD, Blue Ray, set-top 
boxes) 

4. Consumer 
equipment 

900810 Slide projectors 

0404 Video (f.i. Video recorders, 
DVD, Blue Ray, set-top 
boxes) 

4. Consumer 
equipment 

900830 Image projectors, except slide/microform 

0404 Video (f.i. Video recorders, 
DVD, Blue Ray, set-top 
boxes) 

4. Consumer 
equipment 

900840 Photographic enlargers and reducers, other than cine 

0404 Video (e.g. Video recorders, 
DVD, Blue Ray, set-top 
boxes) and projectors  

4. Consumer 
equipment 

900850 Image projectors, photographic enlargers and reducers, excluding 
cinematographic  

0404 Video (e.g. Video recorders, 
DVD, Blue Ray, set-top 
boxes) and projectors  

4. Consumer 
equipment 

901010 Photographic laboratory apparatus and equipment; for 
automatically developing photographic (including 
cinematographic) film or paper in rolls or for automatically 
exposing developed film to rolls of paper  

0404 Video (e.g. Video recorders, 
DVD, Blue Ray, set-top 
boxes) and projectors  

4. Consumer 
equipment 

901050 Photographic laboratory apparatus and equipment; n.e.s. in item 
no. 9010.10 or 9010.4, for photographic (including 
cinematographic) laboratories; negatoscopes  

0404 Video (e.g. Video recorders, 
DVD, Blue Ray, set-top 
boxes) and projectors  

4. Consumer 
equipment 

901060 Photographic laboratory apparatus and equipment (including 
cinematographic); projection screens  

0404 Video (f.i. Video recorders, 
DVD, Blue Ray, set-top 
boxes) 

4. Consumer 
equipment 

903130 Profile projectors, nes 

0404 Video (f.i. Video recorders, 
DVD, Blue Ray, set-top 
boxes) 

4. Consumer 
equipment 

903149 Optical instruments and 

0405 Speakers  4. Consumer 
equipment 

851821 Loudspeakers; single, mounted in their enclosures  

0405 Speakers  4. Consumer 
equipment 

851822 Loudspeakers; multiple, mounted in the same enclosure  

0406 Cameras (f.i. camcorders, 
foto & digital still cameras) 

4. Consumer 
equipment 

852540 Still image video camara 
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0406 Cameras (e.g. camcorders, 
photo & digital still 
cameras)  

4. Consumer 
equipment 

852580 Television cameras, digital cameras and video camera recorders  

0406 Cameras (e.g. camcorders, 
photo & digital still 
cameras)  

4. Consumer 
equipment 

900661 Photographic flashlight apparatus; discharge lamp ("electronic")  

0406 Cameras (e.g. camcorders, 
photo & digital still 
cameras)  

4. Consumer 
equipment 

900669 Photographic flashlight apparatus; n.e.s. in heading no. 9006  

0406 Cameras (e.g. camcorders, 
photo & digital still 
cameras)  

4. Consumer 
equipment 

900710 Cameras, cinematographic; whether or not incorporating sound 
recording apparatus  

0407 Cathode Ray Tube TVs 4. Consumer 
equipment 

852812 Color television receive 

0407 Cathode Ray Tube TVs 4. Consumer 
equipment 

852813 B & W television receive 

0407 Cathode Ray Tube TVs  4. Consumer 
equipment 

852873 Reception apparatus for television, whether or not incorporating 
radio-broadcast receivers or sound or video recording or 
reproducing apparatus; incorporating a black and white or other 
monochrome video display or screen  

0408 Flat Display Panel TVs (LCD, 
LED, Plasma)  

4. Consumer 
equipment 

852872 Reception apparatus for television, whether or not incorporating 
radio-broadcast receivers or sound or video recording or 

reproducing apparatus; incorporating a colour video display or 
screen  

0501 Small lighting equipment 
(excl. LED & incandescent)  

5. Lighting 
equipment 

851210 Lighting or visual signalling equipment; electrical, of a kind used on 
bicycles, excluding articles of heading no. 8539  

0501 Small lighting equipment 
(excl. LED & incandescent)  

5. Lighting 
equipment 

851310 Lamps; portable, electric, designed to function by their own source 
of energy (excluding lighting equipment of heading no. 8512)  

0503 Straight Tube Fluorescent 
Lamps  

5. Lighting 
equipment 

853941 Lamps; arc-lamps  

0503 Straight Tube Fluorescent 
Lamps  

5. Lighting 
equipment 

853949 Lamps; ultra-violet or infra-red lamps, (excluding arc-lamps)  

0504 Special Lamps (e.g. 
professional mercury, high 
& low pressure sodium)  

5. Lighting 
equipment 

853931 Lamps; discharge, (excluding ultra-violet), fluorescent, hot cathode  

0504 Special Lamps (e.g. 
professional mercury, high 
& low pressure sodium)  

5. Lighting 
equipment 

853932 Lamps; discharge, (excluding ultra-violet), mercury or sodium 
vapour lamps, metal halide lamps  

0504 Special Lamps (e.g. 
professional mercury, high 
& low pressure sodium)  

5. Lighting 
equipment 

853939 Lamps; discharge, (excluding ultra-violet, excluding fluorescent, hot 
cathode)  

0506 Household Luminaires (incl. 
household incandescent 
fittings & household LED 
luminaires)  

5. Lighting 
equipment 

940510 Chandeliers and other electric ceiling or wall light fittings; 
excluding those used for lighting public open spaces or 
thoroughfares  

0506 Household Luminaires (incl. 
household incandescent 
fittings & household LED 
luminaires)  

5. Lighting 
equipment 

940520 Lamps, electric; floor-standing or for table, desk or bedside  

0506 Household Luminaires (incl. 
household incandescent 
fittings & household LED 
luminaires)  

5. Lighting 
equipment 

940530 Lighting sets; of a kind used for Christmas trees  

0507 Professional Luminaires 
(offices, public space, 
industry)  

5. Lighting 
equipment 

940540 Lamps and light fittings; electric, n.e.s. in heading no. 9405  

0601 Household Tools (e.g. drills, 
saws, high pressure 
cleaners, lawn mowers)  

6. Electrical 
and electronic 
tools 

846721 Tools; for working in the hand, with self-contained electric motor; 
drills of all kinds  

0601 Household Tools (e.g. drills, 
saws, high pressure 
cleaners, lawn mowers)  

6. Electrical 
and electronic 
tools 

846722 Tools; for working in the hand, with self-contained electric motor; 
saws  

0601 Household Tools (e.g. drills, 
saws, high pressure 
cleaners, lawn mowers)  

6. Electrical 
and electronic 
tools 

846729 Tools; for working in the hand, with self-contained electric motor; 
other than saws and drills  

0601 Household Tools (f.i. drills, 
saws, high pressure 
cleaners, lawn mowers) 

6. Electrical 
and electronic 
tools 

850810 Drills, hand-held, with self-contained electric motor 

0601 Household Tools (f.i. drills, 
saws, high pressure 

cleaners, lawn mowers) 

6. Electrical 
and electronic 

tools 

850820 Saws, hand-held, with self-contained electric motor 
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0601 Household Tools (f.i. drills, 
saws, high pressure 
cleaners, lawn mowers) 

6. Electrical 
and electronic 
tools 

850880 Tools, hand-held, with electric motor, not drills/saw 

0601 Household Tools (f.i. drills, 
saws, high pressure 
cleaners, lawn mowers) 

6. Electrical 
and electronic 
tools 

850920 Domestic floor polishers 

0601 Household Tools (e.g. drills, 
saws, high pressure 
cleaners, lawn mowers)  

6. Electrical 
and electronic 
tools 

851511 Brazing or soldering machines and apparatus; soldering irons and 
guns, whether or not capable of cutting  

0601 Household Tools (e.g. drills, 
saws, high pressure 
cleaners, lawn mowers)  

6. Electrical 
and electronic 
tools 

851519 Brazing or soldering machines and apparatus; other than soldering 
irons and guns, whether or not capable of cutting  

0601 Household Tools (e.g. drills, 
saws, high pressure 
cleaners, lawn mowers)  

6. Electrical 
and electronic 
tools 

851521 Welding machines and apparatus; for resistance welding of metal, 
fully or partly automatic, whether or not capable of cutting  

0601 Household Tools (e.g. drills, 
saws, high pressure 
cleaners, lawn mowers)  

6. Electrical 
and electronic 
tools 

851529 Welding machines and apparatus; for resistance welding of metal, 
other than fully or partly automatic, whether or not capable of 
cutting  

0601 Household Tools (e.g. drills, 
saws, high pressure 
cleaners, lawn mowers)  

6. Electrical 
and electronic 
tools 

851531 Welding machines and apparatus; for arc (including plasma arc) 
welding of metals, fully or partly automatic, whether or not 
capable of cutting  

0602 Professional Tools (e.g. for 

welding, soldering, milling)  

6. Electrical 

and electronic 
tools 

843311 Mowers; lawn, parks or sports-grounds, powered, with the cutting 

device rotating in a horizontal plane  

0602 Professional Tools (e.g. for 
welding, soldering, milling)  

6. Electrical 
and electronic 
tools 

843319 Mowers; for lawns, parks or sports-grounds, other than with the 
cutting device rotating in a horizontal plane  

0701 Toys (e.g. car racing sets, 
electric trains, music toys, 
biking computers, drones)  

7. Toys, leisure 
and sports 
equipment 

950300 Tricycles, scooters, pedal cars and similar wheeled toys; dolls' 
carriages; dolls; other toys; reduced-size (scale) models and similar 
recreational models, working or not; puzzles of all kinds  

0701 Toys (f.i. car racing sets, 
electric trains, music toys, 
biking computers) 

7. Toys, leisure 
and sports 
equipment 

950310 Electric trains, train sets, etc 

0701 Toys (f.i. car racing sets, 
electric trains, music toys, 
biking computers) 

7. Toys, leisure 
and sports 
equipment 

950350 Toy musical instruments, apparatus 

0701 Toys (e.g. car racing sets, 
electric trains, music toys, 
biking computers, drones)  

7. Toys, leisure 
and sports 
equipment 

950490 Games; articles for funfair, table or parlour games, including 
pintables, tables for casino games, bowling alley equipment, n.e.s. 
in heading no. 9504  

0702 Game Consoles 7. Toys, leisure 
and sports 
equipment 

950410 Video games used with a television receiver 

0702 Game Consoles  7. Toys, leisure 
and sports 
equipment 

950450 Games; video game consoles and machines, other than those of 
subheading 9504.30  

0703 Leisure equipment (e.g. 
sports equipment, electric 
bikes, juke boxes)  

7. Toys, leisure 
and sports 
equipment 

851920 Sound recording or reproducing apparatus; operated by coins, 
banknotes, bank cards, tokens or by other means of payment  

0703 Leisure equipment (e.g. 
sports equipment, electric 
bikes, juke boxes)  

7. Toys, leisure 
and sports 
equipment 

871190 Motorcycles (including mopeds) and cycles; n.e.s. in heading no. 
8711, fitted with auxiliary motor, with or without side-cars; side-
cars  

0801 Household Medical 
equipment (e.g. 
thermometers, blood 
pressure meters)  

8. Medical 
devices 

902140 Hearing aids (excluding parts and accessories)  

0802 Professional Medical 
equipment (e.g. hospital, 
dentist, diagnostics)  

8. Medical 
devices 

901811 Medical, surgical instruments and appliances; electro-cardiographs  

0802 Professional Medical 
equipment (e.g. hospital, 
dentist, diagnostics)  

8. Medical 
devices 

901812 Medical, surgical instruments and appliances; ultrasonic scanning 
apparatus  

0802 Professional Medical 
equipment (e.g. hospital, 
dentist, diagnostics)  

8. Medical 
devices 

901813 Medical, surgical instruments and appliances; magnetic resonance 
imaging apparatus  

0802 Professional Medical 
equipment (e.g. hospital, 
dentist, diagnostics)  

8. Medical 
devices 

901814 Medical, surgical instruments and appliances; scintigraphic 
apparatus  

0802 Professional Medical 
equipment (e.g. hospital, 
dentist, diagnostics)  

8. Medical 
devices 

901819 Medical, surgical instruments and appliances; electro-diagnostic 
apparatus (including apparatus for functional exploratory 
examination or for checking physiological parameters), not electro-

cardiographs  
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0802 Professional Medical 
equipment (e.g. hospital, 
dentist, diagnostics)  

8. Medical 
devices 

901841 Dental instruments and appliances; dental drill engines, whether or 
not combined on a single base with other dental equipment  

0901 Household Monitoring & 
Control equipment (alarm, 
heat, smoke, excl. screens)  

9. Monitoring 
and control 
instruments 

853110 Signalling apparatus; electric, sound or visual, burglar or fire alarms 
and similar, other than those of heading no. 8512 or 8530  

0901 Household Monitoring & 
Control equipment (alarm, 
heat, smoke, excl. screens)  

9. Monitoring 
and control 
instruments 

853180 Signalling apparatus; electric, sound or visual, apparatus n.e.s. in 
heading no. 8531, excluding those of heading no. 8512 or 8530  

0901 Household Monitoring & 
Control (alarm, heat, 
smoke, excl. screens) 

9. Monitoring 
and control 
instruments 

854340 Electric fence energiser 

0901 Household Monitoring & 
Control equipment (alarm, 
heat, smoke, excl. screens)  

9. Monitoring 
and control 
instruments 

854370 Electrical machines and apparatus; having individual functions, not 
specified or included elsewhere in this chapter, n.e.c. in heading 
no. 8543  

0901 Household Monitoring & 
Control (alarm, heat, 
smoke, excl. screens) 

9. Monitoring 
and control 
instruments 

901730 Micrometers, callipers and gauges 

0901 Household Monitoring & 
Control equipment (alarm, 
heat, smoke, excl. screens)  

9. Monitoring 
and control 
instruments 

902519 Thermometers and pyrometers; (other than liquid filled, for direct 
reading), not combined with other instruments  

0901 Household Monitoring & 

Control equipment (alarm, 
heat, smoke, excl. screens)  

9. Monitoring 

and control 
instruments 

902580 Hydrometers and similar floating instruments, barometers, 

hygrometers, psychrometers, thermometers, pyrometers; 
recording or not, any combination of these instruments (excluding 
thermometers and barometers not combined with other 
instruments)  

0901 Household Monitoring & 
Control equipment (alarm, 
heat, smoke, excl. screens)  

9. Monitoring 
and control 
instruments 

902610 Instruments and apparatus; for measuring or checking the flow or 
level of liquids  

0901 Household Monitoring & 
Control equipment (alarm, 
heat, smoke, excl. screens)  

9. Monitoring 
and control 
instruments 

902620 Instruments and apparatus; for measuring or checking pressure  

0901 Household Monitoring & 
Control equipment (alarm, 
heat, smoke, excl. screens)  

9. Monitoring 
and control 
instruments 

902680 Instruments and apparatus; for measuring or checking variables of 
liquids or gases (excluding pressure or the flow and level of liquids 
and those of heading no. 9014, 9015, 9028 and 9032)  

0901 Household Monitoring & 
Control equipment (alarm, 
heat, smoke, excl. screens)  

9. Monitoring 
and control 
instruments 

902710 Instruments and apparatus; gas or smoke analysis apparatus, for 
physical or chemical analysis  

0901 Household Monitoring & 
Control equipment (alarm, 
heat, smoke, excl. screens)  

9. Monitoring 
and control 
instruments 

902780 Instruments and apparatus; for physical or chemical analysis, for 
measuring or checking viscosity, porosity, expansion, surface 
tension or quantities of heat, sound or light, n.e.s. in heading no. 
9025  

0901 Household Monitoring & 
Control equipment (alarm, 
heat, smoke, excl. screens)  

9. Monitoring 
and control 
instruments 

903033 Instruments and apparatus; for measuring or checking voltage, 
current, resistance or power, without a recording device (excluding 
multimeters)  

0901 Household Monitoring & 
Control (alarm, heat, 
smoke, excl. screens) 

9. Monitoring 
and control 
instruments 

903039 Ammeters, voltmeters, ohm meters, etc, non-recording 

0901 Household Monitoring & 
Control equipment (alarm, 
heat, smoke, excl. screens)  

9. Monitoring 
and control 
instruments 

903089 Instruments and apparatus; for measuring or detecting alpha, beta, 
gamma, x-ray, cosmic or other ionising radiations, without a 
recording device  

0901 Household Monitoring & 
Control equipment (alarm, 
heat, smoke, excl. screens)  

9. Monitoring 
and control 
instruments 

903180 Instruments, appliances and machines; for measuring or checking 
n.e.s. in chapter 90  

0901 Household Monitoring & 
Control equipment (alarm, 
heat, smoke, excl. screens)  

9. Monitoring 
and control 
instruments 

903210 Regulating or controlling instruments and apparatus; automatic 
type, thermostats  

0902 Professional Monitoring & 
Control equipment (e.g. 
laboratory, control panels)  

9. Monitoring 
and control 
instruments 

901510 Rangefinders  

0902 Professional Monitoring & 
Control equipment (e.g. 
laboratory, control panels)  

9. Monitoring 
and control 
instruments 

901520 Surveying equipment; theodolites and tacheometers  

0902 Professional Monitoring & 
Control (f.i. laboratory, 
control panels) 

9. Monitoring 
and control 
instruments 

901530 Surveying levels 

0902 Professional Monitoring & 
Control equipment (e.g. 
laboratory, control panels)  

9. Monitoring 
and control 
instruments 

901540 Surveying equipment; photogrammetrical surveying instruments 
and appliances  
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0902 Professional Monitoring & 
Control equipment (e.g. 
laboratory, control panels)  

9. Monitoring 
and control 
instruments 

901580 Surveying equipment; articles n.e.s. in heading no. 9015, including 
hydrographic, oceanographic, hydrological, meteorological or 
geophysical instruments and appliances (excluding compasses)  

0902 Professional Monitoring & 
Control equipment (e.g. 
laboratory, control panels)  

9. Monitoring 
and control 
instruments 

902410 Machines and appliances; for testing the hardness, strength, 
compressibility, elasticity or other mechanical properties of metals  

0902 Professional Monitoring & 
Control equipment (e.g. 
laboratory, control panels)  

9. Monitoring 
and control 
instruments 

902480 Machines and appliances; for testing the hardness, strength, 
compressibility, elasticity or other mechanical properties of 
materials other than metals  

0902 Professional Monitoring & 
Control equipment (e.g. 
laboratory, control panels)  

9. Monitoring 
and control 
instruments 

902830 Meters; electricity supply or production meters, including 
calibrating meters thereof  

0902 Professional Monitoring & 
Control equipment (e.g. 
laboratory, control panels)  

9. Monitoring 
and control 
instruments 

903020 Cathode-ray oscilloscopes and cathode-ray oscillographs  

1001 Non- cooled Dispensers 
(e.g. for vending, hot 
drinks, tickets, money)  

10. Automatic 
dispensers 

847629 Machines; automatic beverage-vending machines, not 
incorporating heating or refrigerating devices  

1001 Non- cooled Dispensers 
(e.g. for vending, hot 
drinks, tickets, money)  

10. Automatic 
dispensers 

847689 Machines; automatic goods-vending machines, (eg postage stamp, 
cigarette, food or money-changing machines, excluding beverage-
vending machines), not incorporating heating or refrigerating 
devices  

1002 Cooled Dispensers (e.g. for 
vending, cold drinks)  

10. Automatic 
dispensers 

847621 Machines; automatic beverage-vending machines, incorporating 
heating or refrigerating devices  

1002 Cooled Dispensers (e.g. for 
vending, cold drinks)  

10. Automatic 
dispensers 

847681 Machines; automatic goods-vending machines, (eg postage stamp, 
cigarette, food or money-changing machines, excluding beverage-
vending machines), incorporating heating or refrigerating devices. 

PV systems codes        

0002 Solar panels 4. Consumer 
equipment 

854140 Electrical apparatus; photosensitive, including photovoltaic cells, 
whether or not assembled in modules or made up into panels, light 
emitting diodes.  
 
Notes:  
UNU 2018 does not map UNU KEY 0002 Photovoltaic Panels (incl. 
inverters) to a HS code/s. For this project PV panels (only) were 
mapped to HS code 854140. 
Also, the 0002 UNU key description was edited from Photovoltaic 
Panels (incl. inverters) to just Solar panels, as inverter consumption 
was estimated separately, see below. 

2001 Micro inverters  
Note: These seven codes for inverters and batteries are not UNU keys and were developed by 
Blue Environment. 
 
 
 
 
 
 
 
 
 
 
 
 

2002 Centralised inverters 

3001 Lead acid (LAB) 

3002 Lithium ion (Li-ion)  

3003 Nickel-cadmium (NiCd) 

3004 Sodium nickel chloride (salt 
water battery) (SWB) 

3005 Zinc bromine flow batteries 
(ZBFB) 

 

 


