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Abstract: 

This report reflects the results of the work: Energy and environmental related Life Cycle Assessment 

(LCA) of PECTA, the Power Electronic Conversion Technology Annex, during the period 2020 to 2023. It 

explores the energy and material aspects and environmental impacts of selected applications incorpo-

rating WBG technology. The report introduces the main guiding research questions, presents the meth-

odology for the analysis, and discusses the results and key findings in three areas. The report concludes 

with thoughts about the next steps and the PECTA outlook for the next 5-year term.  

The core of the methodology presented relies on the concept of “life cycle thinking,” which encom-

passes the pathway of energy and resources from the extraction of raw materials to manufacture, along 

the distribution and use, until the EoL of devices and products. The work has been completed with in-

puts from industry and academia experts. This report also discusses the need for data, information, and 

indicators along the value chain, in light of the development of energy efficiency policies for the adop-

tion of WBG technologies. The report also includes three publications (conference papers) released dur-

ing the work, with the aim of broadly disseminating the PECTA work results. This report is meant to be 

a useful resource for practitioners of government officials in the development of energy efficiency pol-

icies and programs. 
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About the IEA 4E Power Electronic Conversion Technology Annex (PECTA):  
Power electronic devices incorporating Wide Band Gap (WBG) technologies are maturing rapidly and 
offer enormous opportunities for improved energy efficiency. 4E´s PECTA assesses the efficiency benefit 
of utilizing the emerging WBG technology, keeps participating countries informed as markets for Wide 
Band Gap technologies and devices develop, and engages with research, government, and industry 
stakeholders worldwide to lay the basis for suitable policies in this area. Further information on PECTA 
is available at: https://pecta.iea-4e.org.  
 
 

 

About the IEA Technology Collaboration Program on Energy Efficient End-Use Equipment (4E): 
The Technology Collaboration Program on Energy Efficient End-Use Equipment (4E TCP) has been sup-
porting governments to coordinate effective energy efficiency policies since 2008. Fourteen countries 
and one region have joined together under the 4E TCP platform to exchange technical and policy infor-
mation focused on increasing the production and trade in efficient end-use equipment. However, the 
4E TCP is more than a forum for sharing information: it pools resources and expertise on a wide a range 
of projects designed to meet the policy needs of participating governments. Members of 4E find this an 
efficient use of scarce funds which results in outcomes that are far more comprehensive and authorita-
tive than can be achieved by individual jurisdictions. The 4E TCP is established under the auspices of the 
International Energy Agency (IEA) as a functionally and legally autonomous body. 
Current members of 4E TCP are Australia, Austria, Canada, China, Denmark, European Commission, 
France, Japan, Korea, Netherlands, New Zealand, Switzerland, Sweden, UK and USA. 
 

The main 4E collaborative research and development activities include the 

• Electric Motor Systems Annex (EMSA) 

• Solid State Lighting (SSL) Annex 

• Electronic Devices and Networks Annex (EDNA) 

• Power Electronic Conversion Technology Annex (PECTA) 

Further information on the 4E TCP is available from: www.iea-4e.org 

 
Disclaimer: The IEA Technology Collaboration Programme on Energy Efficient End-Use Equipment (4E) 
– Power Electronic Conversion Technology Annex (PECTA) has made its best endeavours to ensure the 
accuracy and reliability of the data used herein, however makes no warranties as to the accuracy of data 
herein, nor accepts any liability for any action taken or decision made based on the contents of this 
report. 
 
Views, findings, and publications of the 4E TCP do not necessarily represent the views or policies of the 
IEA Secretariat or its individual member countries. 
  

https://pecta.iea-4e.org/
http://www.iea-4e.org/
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Executive Summary 
Electronic products of our modern society rely on electronic conversion devices, which handle a wide 

range of power levels, from milliwatts to gigawatts. New Wide Band Gap (WBG) based power electronics 

technologies promise higher energy efficiency and faster switching with an overall smaller size of the 

components compared to conventional silicon-based ones. This is indeed advantageous from an effi-

ciency perspective in the use phase, regardless of the benefits or disadvantages along other life cycle 

phases, e.g., manufacturing, distribution, and End-of-Life (EoL). This report investigates five different 

environmentally relevant aspects of this modern technology along the product’s life cycle, looking at 

energy, GHG emissions, resource use, system design, and circularity. In addition, considerations for as-

sessing these environmentally relevant aspects are discussed in terms of missing information and im-

provement opportunities.  

The methodological approach of the research was mainly based on desk research and interviews with 

experts from academia and industry but also a case study was carried out. Insufficient environmental 

indicators in available databases, unspecific assessment methods and product information implied that 

assumptions and estimations were made, leading to uneven coverage and findings for the two investi-

gated WBG technologies, Gallium Nitride (GaN) and Silicon Carbide (SiC). For the manufacturing process 

of SiC wafers an overall higher energy-demand by a factor of seven compared to the traditional Silicon 

based wafers was estimated. The yield of wafer processing was 15% lower, compared to the traditional 

technology, leading to an increased amount of production losses. The production of SiC is still not fully 

mature, but it is expected to be more efficient in the future. The higher energy efficiency in the use 

phase, and the smaller size of the SiC die can result in a lower energy profile and material savings due 

to size reductions of the system’s components, e.g., up to 50% smaller components for cooling and up 

to 30% size reduction of the overall conversion system. These size reductions further lead to lower 

greenhouse gas (GHG) emissions in the production and use phase, but also in the distribution phase 

(e.g., shipping of WBG-based products to costumer).  

The research on the EoL process shows that appropriate recycling and reuse practices for WBG technol-

ogy are broadly missing, with some opportunities available at pilot scale. Missing product information 

that would facilitate material selection and recovery, and challenges of reliability for reuse of compo-

nents are key factors hindering the circularity of these components. As the two main WBG materials 

investigated are rated as critical raw materials in Europe, e.g., Gallium has an import reliance of 98%, a 

circular approach is of high importance to reduce the risk of supply disruption in the European Union. A 

few legislative measures, e.g., CRM Act, ESPR and the EN4555x standards, are already in place or in draft 

state to help tackle these challenges.  

These PECTA work results will be continuously used and expanded with the planned research in the next 

term of PECTA, looking more deeply at GHG and resource aspects of WBG technology. 
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1. Background  
 

Semiconductors are essential components of electronic devices, which in turn are the building blocks in 

our modern, digitalized energy and communication systems, playing a significant role in the electrifica-

tion process of many sectors such as transport and industry. In the age of computers, smartphones and 

smart appliances, demand for semiconductors continues to increase.  

The Semiconductor Industry Association (SIA) indicated that the industry shipped a record 1.15 trillion 

semiconductor units in 2021. The dollar value of these units was $555.9 billion. The future might involve 

even more of the same. The age of artificial intelligence (AI) and smart manufacturing depends on sim-

ple semiconductors that enable cheap computing power [1]. 

Computers, mobile phones, refrigerators, washing machines, air conditioners, and other appliances 

around in the home and in office equipment operate thanks to semiconductors. As a result, semicon-

ductor chips constantly evolve to respond to rising standards, mainly demanding instant, multifunc-

tional, and durable services [2]. 

In the context of climate change and international commitments to reach significant reduction of green-

house gas emissions (GHG), a 2022 insight article of McKinsey & Company indicated that some of the 

semiconductor industry’s most important end customers, have committed to reaching net-zero emis-

sions for their full value chain, and have set aggressive timelines for achieving their goals. Some semi-

conductor companies have also responded by setting their own GHG emissions goals. For instance, In-

fineon plans to reduce GHG emissions by 70% in 2025, compared with its 2019 baseline, and aspires to 

reach carbon neutrality for emissions directly under its control by the end of 2030. Intel recently com-

mitted to net-zero GHG emissions in its global operations by 2040 and has targeted achieving 100 per-

cent use of renewable electricity as an interim milestone in 2030. Several semiconductor players have 

also committed to science-based targets (SBTs), including STMicroelectronics, NXP, and UMC. Over the 

next few months or years, more semiconductor companies are expected to commit to ambitious and 

actionable emissions targets [3]. 

From the side of most governments, it is imperative to take action to cut GHG emissions. The prospects 

of energy savings from using wide bandgap (WBG) semiconductors needs to be further explored. Recent 

estimates from PECTA showed that globally more than 130 TWh could be saved annually through the 

application of new WBG power conversion technology mainly for drives, but also for data centres, pho-

tovoltaics (PV), EV (EV)charge stations, laptop chargers and renewable energy generation, as shown in 

Figure 1. Considering, that PVs and EV charge stations are expended to massively expand in the next 

decades, up to 270 TWh for PVs and 33 TWh for EV charge stations could be saved annually. 

Semiconductors incorporating WBG technology allow higher blocking voltages, faster switching speeds 

and increased operating temperatures, which enable smaller and lighter systems [4].  

These are strong motivations in PECTA to assess the energy efficiency potential and impact of the use 

of WBG semiconductors and create awareness among policy makers of this technology. PECTA is con-

ducting further detailed analysis on the potential energy savings for different applications and the re-

spective readiness level, to highlight when policy intervention is most needed and propose specific pol-

icy options [4]. This PECTA work in particular aim to inform policy makers on ways to promote the inte-

gration of WBG technology into power electronic systems, within the framework of sustainable energy 

policies.  
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Figure 1: Large energy efficiency potential from incorporating WBG semiconductors in selected appli-
cations [5].  

This report brings together the main results of research work conducted from October 2020 to October 

2023, which included extensive literature and desk review of relevant sources, as well as the exchange 

of information with experts to whom the authors express their gratitude and appreciation, for their 

open collaboration spirit, and for their valuable contributions. The handling of all aspects of WBG sem-

iconductors is, in light of its likely further expansion, an ongoing, changing, and dynamic challenge, 

therefore this report and the research work do not claim to be an ultimate compilation of all the infor-

mation possibly available until today.  

The report is presented as a structured documentation of the available but dispersed information, which 

has been extracted and summarized with the view to make it accessible and useful to the PECTA mem-

bers and policy-makers as mentioned before. The following chapters in this report discuss the concept 

of PECTA (in Chapter2), and its main three areas of research and results (in Chapters 3, 4 and 5); followed 

by the conclusions and outlook in Chapter 6. Appendices and references are provided at the end of this 

report.  
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2. Overview of the PECTA work: “Energy and environmental related Life 

Cycle Assessment.”   
 

In the first phase of PECTA from 2019 to 2020 [6], the estimations completed on the efficiency potential 

did not include the energy consumption for the production of the WBG devices or the disposal of these 

semiconductor devices, and their materials (Si, SiC, GaN) as well as the passive, and cooling materials.  

Other impacts of WBG to the environment, focusing on GaN and SiC, were not yet fully investigated in 

comparison to the use of classic Si based technology for the same applications. Additionally, the effects 

of using WBG devices on the entire system design were neither put in focus nor compared to the im-

pacts of semiconductor production. These trade-offs needed to be evaluated, and these were areas of 

interest for the PECTA work “Energy and environmental related Life Cycle Assessment (LCA).”   

The idea of this PECTA work was not to start conducting full LCAs, which would demand extensive re-

sources from PECTA. Instead, the Task experts follow an approach based on Life Cycle Thinking, to com-

pile the available literature information and data from already completed LCAs, to structure this infor-

mation to answer key questions on the new WBG based technologies. The work focused on SiC and GaN 

semiconductors, aiming at completing reliable and robust analysis of their environmental aspects and 

impacts, exploring the trade-offs along their life cycle, and with respect to the classic Si based technol-

ogy for power conversion. In some cases, selected streamlined life cycle assessments were completed, 

as discussed in the following chapters. Life cycle in this context refers to the stages in a product´s life, 

from the extraction of raw materials to the production, its distribution, use and EoL, as shown in Figure 

2.  

 

Figure 2: Stages of the life cycle of a product [own illustration]. 

The three principal areas cover first the production (manufacture) of WBG (Area 1). While the potential 

for energy efficiency gains is widely researched, the relation to the energy use during manufacturing 

processes remains insufficiently studied. This aspect is relevant for SiC semiconductors, as there are 

differences in their production processes compared to Silicon semiconductors. The work was structured 

along the life cycle stages that are most important in terms of their energy inputs, and the stages where 

significant differences exist between Si and SiC technologies. 

The research regarding the WBG application, namely the use of WBG power semiconductors in products 

is closely related to the effects in product design and product performance (Area 2). In order to study 

this, the system boundaries were extended accordingly and the applications, their production, 

transport, and use were analyzed. In addition, the effects on the product design were quantified, and 

the associated environmental impacts were assessed on the basis of a selected environmental impact 

indicator (Global Warming Potential - GWP) and discussed along the life cycle stages up to the use. 

Finally, the End-of-Life (EoL) of the WBG semiconductor devices and materials were investigated, con-

cerning resources use, availability of critical materials and potential for recycling and reuse activities 

(Area 3).  

Raw 
materials

Manufacture Distribution Use End of Life
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These three areas were the priority in the working period of this PECTA work (2021 to 2023).  

The concepts and results from Areas 1, 2 and 3 are presented in the following chapters, including spe-

cific insights aligned to on or more of the following 6 key aspects: Energy, GHG emissions, Resource use, 

Circularity, Methodology and Design. These aspects are explained as follows:  

Energy 

 

The generation of energy always has an impact on the 
environment and consumes resources. It is therefore 
important to take a closer look at energy consumption as a 
relevant environmental aspect. Energy is required along the 
stages of the life cycle of (WBG) power electronic 
semiconductors,  from the manufacture to the EoL. As any kind 
of electrical power conversion involves losses, an additional 
“own” energy demand is also present in WBG applications.   

GHG emissions 

 

GHG emissions contribute to the environmental impact 
category Global Warming Potential (GWP). GHG emissions 
occur along the life cycle stages of products, and this is why 
they are analyzed to the possible level of detail for the case of 
WBG power semiconductors.   

Resources use 

 

WBG power semiconductors, but also electronic components 
and appliances in general, contain resources, either embedded 
directly, consumed during in the manufacturing processes or 
along the other life cycle stages. Resources might regarded as 
critical due to their material scarcity and/or supply risks due to 
political-economic (in)stability. 

Circularity 

 

One meaning of circularity is the fact of constantly returning to 
the same point or situation. In this report it means keeping the 
value of processed resources in products longer, and enabling 
their recovery, reuse or recycling as recommended strategies 
to lower the environmental impacts of products. These 
strategies for “closing the loop” at the level of materials or 
products are studied as contributing to “circularity”. The 
challenge is however realizing such closed loops, for which the 
relevant factors are the technologies available, the product 
design, a (suitable) legal framework, and the business models 
that make circular models economically viable in the first place. 

Methodology 

 

Suitable environmental assessments require an agreed 
methodology to evaluate the environmental performance, but 
also datasets with specific environmental information, and 
robust product information (e.g., bill of materials, content 
declarations, and detailed product specifications).  The 
environmental assessment of new, emerging technologies 
such as WBG is extremely difficult to carry out, because these 
three components: methodology, datasets and product 
information are not readily available, or are not fully accesible 
due to other reasons (e.g., internal company proprietary 
information on products). 
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Design 
 

Design is the way in which products are planned and made. 
Therefore the design choices are relevant from an energy and 
resource use perspective. Early decisions in the design process 
greatly influence the resulting environmental impacts of the 
product. Moreover, the features of components (e.g., size, 
thickness) are likely to influence other components, and/or on 
the overall system design. This is why it is important to also look 
holistically at the design choices and their effects along the life 
cycle. 
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3. Overview of and insights from the manufacture of WBG devices  
  

3.1. Overview 
The environmental impact of semiconductors along their life cycle is complex, as semiconductors can 

be incorporated into thousands of products. In this work, which we call Area 1, we focused on the man-

ufacturing of the product that shall fulfil specific functions over a period of time. The performance of 

many electronic components and products, might not be seen in isolation, but embedded into a “sys-

tem.”  The research covered the following questions: 

• How energy intensive are the current manufacturing steps required to produce selected WBG 

devices?  

• How do the typical production steps for Si based devices compare with the production of WBG 

devices? 

• How is the relationship or the proportion of the energy involved in manufacturing of WBG and 

Si based semiconductors (one-time activity), to the energy in the use phase (recurrent activity)?  

As shown in the example in Figure 3, the manufacturing processes are followed by the integration into 

specific products, and the use of such applications. In Area 1 the distribution and EoL stages were not 

considered, as these are covered in other Areas this PECTA work.  

 

Figure 3: Overview of the life cycle stages of manufacturing and use for SiC power semiconductors [own 
illustration]. 

This task involved conducting extensive desk research and literature review, interviewing selected ex-

perts, and consolidating information and data analysis in a technical model of the energy demands for 

manufacturing for selected conditions and applications.  

The details on the methodology and the discussion of results are documented in a first paper [7], which 

was presented at the e·nova 2022 conference and published on the PECTA website. This paper is in-

cluded in Appendix 1. The important contributions or insights of Area 1 are discussed in the following 

section, with reference to the paper and with additional analysis prepared for this final report.  

•Raw SiC Powder

•Boule
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•Epiwafer

•Die

Wafer and "Die" 
Manufacturing

•Discrete devices
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Packaging
•Topology

•Design

•Efficiency

•Durability and Lifetime

Application in the 
Final Product

•Electricity Grid Mix

•Losses

•Failures, Reparability

Use Phase



 4E Power Electronic Conversion Technology Annex (PECTA)     PAGE 7 

3.2. Insights from Area 1  
We considered environmental aspects and impacts related to materials (SiC, GaN and Si) and their pro-

duction, but especially we focused on gaining insights on the energy related aspects. As this work was 

the first to be launched, we also gained insights on the methodologies available for evaluating the envi-

ronmental aspects and impacts of power semiconductors, which are explained first in this section.  

 

3.2.1. Insights on the methodology to evaluate environmental impacts 

Insight 1: Despite the considerable interest and efforts over the past decades to adopt life cycle assess-

ment (LCA) as a methodology to help decision-makers better understand the environmental aspects 

and impacts of products and services, the publicly available and detailed LCAs for semiconductors in 

general are not abundant, and those LCAs available were performed over a decade ago. The need of 

more up to date LCAs has not only been recognized by PECTA experts, but also by other researchers 

who begin to publish more up to date LCAs (some of which were not yet available at the time investiga-

tion or were not fully applicable for WBG technologies). The paper in Appendix 1 includes some of the 

well known LCA references for power electronics.  

Insight 2: The stronger development of WBG semiconductors has not triggered a simultaneous devel-

opment of product category rules (PCR) for conducting LCAs of WBG semiconductors, and as such both, 

LCAs and Product Environmental Declarations (EPDs) for semiconductors are practically missing.  

As the name says, Product Category Rules (PCR) set the requirements to follow and comply with when 

evaluating certain type of product by means of a LCA according to ISO 14040/ISO 14044 [8]. The PCR 

defines the system boundaries, the data requirements, the methodology and indicators to report and 

to be declared, e.g., in Environmental Product Declaration (EPD) according to ISO 14025 [9]. Usually, the 

PCRs are developed in a participatory stakeholder engagement process [10]1, with experts from e.g., 

companies, industry/trade associations, and practitioners, similar to the development of other national 

and international standards.  

In the absence of specific PCRs for (WBG) semiconductors, the practitioners like us in, rely on the ISO 

14044 as framework to conduct an LCA. This ISO standard is broad enough for conducting LCAs of many 

different types of products, which is in principle positive, but leaves room for making approximations 

and assumptions that could limit the use and validity of results.  

Insight 3: A more detailed definition of the specific and unique variables that determine the environ-

mental impacts of the semiconductors, including those incorporating WBG, is needed. At this time, the 

International EPD system®, a known program for releasing Environmental Product Declarations [11]2, 

indicates that a PCR for Electronic and electric equipment and electronic components (non-construc-

tion) is being developed, and the preliminary publication is set for December 2023 [12]. 

This document will provide Product Category Rules (PCR) for the assessment of the environmental per-

formance of electronic and electric equipment, and electronic components (non-construction), and the 

 
1 Ideally such as process also follows specific requirements, such as those set in ISO 14027:2017 Environmental 
labels and declarations - Development of product category rules.  
2 The International EPD System is the world’s first and longest operational EPD program, originally founded in 
1998 as the Swedish EPD System by the Swedish Environmental Protection Agency (SEPA) and industry. Third-
party verified EPDs based on ISO 14025 and EN 15804 are published against a commercial fee. In addition, sup-
plemental environmental communication services are provided. 
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declaration of this performance by an EPD. The product category corresponds to UN CPC divisions 43-

48, 84 [13] and HS codes - category 85 - Electrical machinery and equipment and parts thereof [14].  

In the non-exhaustive list of products under the scope of this PCR, electric vehicle conductive charging, 

and power electronic converter systems and equipment are included, as well as electric accumulators, 

audio, video and IT products, electrical appliances for household and similar purposes, electricity me-

tering equipment, low-voltage switch gear and control gear assemblies, and servers. Parts and accesso-

ries of computing machines (e.g., laser printer cartridges) are currently in the scope of the 2014 “Parts 

and accessories of computing machines”. After expiration of this PCR, computing products will also be 

covered by the new PCR [12].  

Additionally, the International Electrotechnical Commission (IEC), who do not operate an EPD platform, 

developed a standard (IEC 63366) which defines PCR rules for performing a LCA of electrical and elec-

tronic products and systems (EEPS) in the context of environmental declarations. The standard IEC 

63366 is currently in draft status and is expected to be approved by March 2024 [15].  

Insight 4: This first step towards an “accepted and acceptable” standard (a PCR in this case) is taking a 

horizontal approach, to set the requirements in one main PCR, for conducting LCAs and preparing EPDs 

for a wide variety of end-use electronic products but also electronic components. Any electronic and 

electric equipment that classifies as construction product is excluded from the scope of this PCR, and 

more specific requirements might be set by complementary PCRs (c-PCRs), allowing EPDs based on 

functional units [11]. This broad scope of products poses challenges in the evaluation of life cycle stages, 

but also because electronic elements that are integrated into different final applications might need to 

be assessed differently along all life cycle stages. Likewise, for the large variety of end-use products 

covered, detailed information and plausible scenarios might need to be clearly defined and justified in 

the LCA, especially if a comparative assertion between products is intended.  

 

3.2.2. Insights on energy related aspects of WBG manufacture 

Insight 5: The comparison of the energy demand for the WBG and Si semiconductors manufacture, in-

cluding the corresponding Front-end wafer production, Front-end wafer processing and Back-end pack-

aging was done taking as reference the production of 6” wafers. From this analysis the main, interrelated 

variables which play an important role influencing the energy demand are the boule growth, the process 

yield and die size ratio.  

Insight 6: Growing the SiC boule is an energy intensive process of the front-end wafer production. Cur-

rent reliable data on energy demand for the fabrication of the Si ingot was not readily available. With 

inputs from industry experts, it was estimated that the energy demand for growing SiC boules is 20 to 

40 times higher per usable wafer area than for growing Si ingots.  

Regarding the cutting of the Si ingot and the SiC boule into wafers, more energy per usable wafer area 

(referring to a 6” wafer) is also needed in the case of a SiC wafer, with an estimated ratio of 

1[Si]:7,22[SiC]. Compared to Si ingots, SiC boules are much harder to cut, and there are significant “kerf 

losses” in this energy intensive cutting process. Also, the smaller diameters of the SiC wafer and a 

smaller usable height (thickness) compared to Si contribute to higher energy demand for the same us-

able wafer area considered. 

Insight 7: SiC wafer processing steps are very similar to Si wafer processing steps. However, one im-

portant difference is the processing yield, which is still lower for SiC wafers (due to crystal defects or 

process errors) than for the more established Si wafer Front-end processing. The expert estimation for 

the overall front-end yield is 75% for SiC, and 90% for Si.  
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Insight 8: Energy intensity and efficiency in the use of material (yield) in the production of the conven-

tional Si and the SiC technologies showed differences. The losses have an influence on the energy “bur-

den” for producing a die, notably the material losses for the growth of the SiC boule, the kerf losses 

from wafer cutting, and the processing losses due to faulty dies. As the manufacturing technology for 

SiC matures, it is expected that these losses will be reduced, the “energy profile” of manufacturing WBG 

power semiconductors will improve and new production technologies are arriving.  

Insight 9: Higher energy consumption in power semiconductor production can be compensated during 

use phase. We studied the application in photovoltaic inverters: PV inverters already have a very high 

efficiency; so an improvement through the use of WBG technology only achieves small efficiency in-

creases of about 2% [6]. Calculated over the long service life of about 20 years, 20000 kWh/ year, and 

400000 kWh over its entire life are saved  for the case of a 1MW PV installation. 

Moving from the manufacture to the design of applications using WBG technology, the next chapter 

focuses on Area 2, where the effects on the product design, and the associated environmental impacts 

are discussed. 

 

  



 4E Power Electronic Conversion Technology Annex (PECTA)     PAGE 10 

4. Overview of and insights from Area 2, Design Aspects and Environ-

mental Impacts 

4.1. Overview 
The research in Area 2 focuses on WBG power semiconductor application, in particular on chargers for 

electronic devices (notebooks and cell phones), which have been selected as a case study and are show 

in Figure 4.  

Design aspects were investigated, also regarding the overall performance - the effects of incorporating 

GaN components for energy conversion on the product design, and the resulting environmental impacts 

along the life cycle of the chargers.  

Relevant questions addressed in Area 2 were:  

• What is the impact on product design through the use of WBG power semiconductors? 

•       What is the influence of WBG technology on the product’s different life cycle stages in terms of 

(selected) environmental impacts? 

•       Which life cycle stages are relevant in terms of (selected) environmental impacts, i.e., contribute 

significantly to the overall result? 

•       How does the use of WBG power semiconductors shift this relevance? 

•       Can the use of WBG technology achieve a significant reduction of (selected) overall environ-

mental impacts? 

 

 

 

  

 

Figure 4: Laptop chargers investigated, on the left a 60W Si-based charger (reference), and on the 
right a 60W GaN-based charger [16] 

To answer these questions, the authors contacted experts from academia and industry to discuss the 

effects of WBG on the product design level. A functional structure of a power converter was used to 

describe the impact of using GaN transistors. A streamlined Life Cycle Assessment (selected environ-

mental impact indicator Global Warming Potential, GWP) was completed for a conventional 60W Si-

based laptop charger (reference product), and a 60W GaN-based laptop charger. The inventory data 

were obtained from product teardowns (bill of materials) and power measurements carried out in an-

other PECTA work, recently presented in a paper at the EPE 2023 Conference [17]. Selected results of 
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the streamlined LCA were published in two papers [16, 18], which are included in Appendix 2 and Ap-

pendix 3. The second [16] was presented at the 2023 CARE Conference. 

4.2. Insight from Area 2  
The focus has been expanded from the manufacturing of the semiconductor devices to the subsequent 

phases, such as the production of a product that uses WBG technology, and also the distribution and 

use phase of the product. Insights were gained through a broader perspective on the more complete 

life cycle. What is the impact on product design? What is the influence of WBG technology on the dif-

ferent life cycle phases? Which phases are relevant in terms of (selected) environmental impacts? How 

does the use of WBG power semiconductors shift this relevance? 

 

4.2.1. Insights on energy related aspects of manufacturing of WBG applications 

 

Insight 10: The electrical and physical properties of WBG materials result in lower wafer area per chip 

for the same functionality, i.e., the energy (and the environmental impact) in manufacturing becomes 

lower per chip, see Table 1. 

Table 1: Estimated Die size reduction for SiC and GaN according to different sources [own adaption]. 

WBG technology Die size reduction 

SiC - MOSFET about 50% [6] 
about 56% [19] 
up to 77% [20] 

GaN - HEMT about 58% [20] 

 

 
4.2.1. Insights on design aspects of applications incorporating WBG power semi-

conductor. 
 

 

With WBG power semiconductors, a higher switching frequency can be realized within the topology of 

the charger, which, very simplified, leads to smaller components. But even without an increase in the 

switching frequency, the application of WBG power semiconductors can lead to a more optimal design. 

A functional structure of a power converter was chosen as the basis to present the impact of adopting 

WBG on the design. This functional structure serves to describe all kind of power converters (regardless 

of their topology or applied semiconductor technology). This structure is appropriate to discuss the re-

sults from desk research and to analyse the design of a 60W laptop charger – the selected case study in 

Area 2. Results from desk research, from expert interviews and the laptop chargers are shown in 

Table 2. 
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Table 2: Estimated effect from WBG on the design of Si and GaN laptop chargers studied [own adaption]. 

Function block 
[21] 

Effect on the design 
Estimated change in 

size [22] 
Relative weight contribution in laptop chargers [in %, otherwise absolute in g] 

Input filter 

The power electronic filters can be smaller due to 
smaller passive components as a higher switching fre-
quency can be chosen in the WBG applications design 
but can also increase in size due to more EMI noise. 

+10% up to -50% 
• In the Si Reference charger: 3,5% 

• In the WBG charger: 6,4% 

Power pro-
cessing unit 

E.g., the size of a transformer (selected case study 
are flyback converter) is influenced by the switching 
frequency, in theory by the factor 1/f. 

up to -20% (core) 
• In the Si Reference charger: 29,40% 

• In the WBG charger: 29,50% 
(Both chargers have almost the same switching frequency.) 

Energy buffer 
According to experts, the use of WBG power semi-
conductor should not have a significant impact on 
the energy buffer [22]. 

No impact 
• In the Si Reference charger: 6,8% 

• In the WBG charger: 8,2% 

Cooling system 
The size is related to the efficiency of the device, the 
more energy is lost during energy conversion, the 
larger the heat sink must be to dissipate the heat. 

up to -50% 

• In the Si Reference charger: TO-220 housing, and conventional Alu-
minium heatsink: 19,60g 

• In the WBG charger WBG charger with a GaN chip: SMD housing and 
a steel plate heatsink. EMC shielding: 8,15g 

Output filter Same effects as for the input filter, discussed above. up to -50% 
• In the Si Reference charger: 1,8% 

• In the WBG charger: 0,3% (USB-C’s output filter) 
 

Remaining 
blocks 

e.g., fuses, or controller are not affected No impact - 

Overall design Significant size reductions can be achieved. up to -30% 
• Si Reference charger: 171,4g, without socket and USB-C cable 

• WBG charger: 153,1g 

 

Insight 11: Effects on the design of a product through the application of WBG power semiconductors are very difficult to predict accurately and systematically for 

a broad spectrum of power converters. In general, it seems that for the chargers a size reduction is indeed achieved by increasing the switching frequency (see 

Table 2), but beyond size reduction, other design goals that can be achieved through the application of WBG technology can be manifold. In order to assess whether 

the use of WBG technology is preferable from an environmental point of view, the product must be considered along its entire life cycle, to include advantages and 

disadvantages caused through WBG effected product designs.
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4.2.1. Insights on GHG emissions of use of WBG applications 
 

After the manufacture of the WBG power semiconductors, there are further life cycle stages in which 

the products cause environmental impacts, and which are possibly influenced by the use of WBG tech-

nology. These are: 

• Application, namely the manufacturing of products in which WBG technology is used 

• Distribution of such products 

• Use of such products 

GHG emissions in the production phase 

Insight 12: A smaller required chip area proportionally reduces the material consumption and the envi-

ronmental impact of the chips in production (without chip packaging). In a recent industry study, GWP 

values for a Si IGBT Module of 26,4kg CO2-eq, and 11 kg CO2-eq for a SiC MOSFET Module [23] were 

reported, which point out to the effect previously assumed. 

GHG emissions through WBG application 

According to industry, around 30% reduction of GHG emissions can be achieved in the material- and 

manufacturing stages of a 60W charger with WBG technology [24]. The analysed case study though did 

not show such a significant difference (4,33 kg CO2-eq for the WBG charger and 4,43kg CO2-eq for the 

Si Reference charger).  

Insight 13: The effect on the design and the associated GWP savings are difficult to generalize, as these 

are strongly related to the topology selected and the implementation of such topology, and comparison 

between individual products are difficult to be made. 

GHG emissions in the distribution phase 

Insight 14: A reduction in the weight of the charger, for example by increasing the power density 

through the use of WBG technology, can reduce the environmental impact (e.g., GHG emissions) in the 

distribution phase. The lighter weight is even more relevant the longer the distances these devices (with 

WBG technology) are transported. 

GHG emissions in the use phase 

Insight 15: The more energy is processed by the power converter during the total lifetime of the appli-

cation, the more absolute losses occur. A significant increase in energy efficiency through the use of 

WBG technology, especially for intensive energy using products, brings the greatest leverage and ena-

bles the improvement from the perspective of lower environmental impacts. For the 60W WBG charger 

studied, the Global Warming impact in the use phase becomes dominant at around 2300 charging cy-

cles, for a scenario of operation with the electricity mix of Austria. In the case of scenario of use with 

the Chinese electricity mix, the GHG emissions in the use phase are dominant already at 700 charging 

cycles. 

Insight 16: If a significant improvement in efficiency is no longer possible, or it is only through the use 

of numerous additional components in the design, it is important to carefully consider whether such an 

improvement does not turn out to be disadvantageous over the entire life cycle.  

Since it is not only energy and greenhouse gas emissions that have an impact on the environment, the 

next chapter takes a closer look at where the materials for WBG technology come from and what hap-

pens after a WBG device is used. 
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5. Overview of and insights from WBG resources and End-of-Life per-

spectives 

5.1. Overview 
In addition to the aspects of energy and greenhouse gas emissions associated with WBG technology and 

applications, there are two other aspects that were investigated in the work we called Area 3. First, the 

use of critical raw materials in this new type of power electronics and second, the End-of-Life (EoL) of 

WBG power electronics. The results are summarized in a published paper [18], which was presented at 

the EPE conference in 2023. The paper is included in Appendix 3. 

Critical raw materials are materials that face a specific economic importance and are at risk of a supply 

disruption. Depending on the field of application (e.g., batteries, fuel cells, motors, power generators) 

and on the origin country or region of the major supplies, a material can become critical. [25]  

At the end of a product’s life, there are different opportunities for further processing its materials. These 

can be disposed of, incinerated, recycled, or reused (repaired, refurbished, remanufactured). Ideally the 

design of a product but also the conditions and infrastructure at the EoL are fit for closing the loop of 

the materials (Circularity), avoiding their value getting dispersed or lost.  

The research in Area 3 focused on answering the following questions: 

• Are WBG materials critical for the EU?  

• What are the typical EoL treatment routes and opportunities to close the loop for materials in 

WBG technologies?  

• What are (main) regulatory aspects of electronic containing WBG concerning their criticality 

and waste treatment?  

• What are the relevant information policymakers shall be aware of? 

5.2. Insights from Area 3 

 

5.2.1. Insights on resource use aspects of WBG 
 

Insight 17: The primary materials in SiC and GaN, namely Silicon metal and Gallium respectively are both 

rated as critical by the European commission [25].  

Only a minority of the abundant Silicon reserves is pure enough to be economically further purified to 

metallurgical or electronical grade Silicon. As the purification process is an energy intensive process, 

Silicon metal is mainly produced in countries where the material supply is pure enough, and there is 

access to cheap energy (e.g., coal-based energy in China or hydropower energy in Norway) [25].  

The EU would have Silicon reserves with the necessary purity [26], but still relies on imports from non-

EU countries, mainly Norway, Brazil and Russia, for around 74% of the Silicon metal supply. For the 

global supply of Silicon metal, China dominates 76% of the market [27]. Additionally, China has an un-

used production overcapacity, to produce more than twice of the current global demand, which puts 

the market under pressure [28]. The demand of Silicon metal is forecasted to grow 2-fold until 2050 

from today’s demand, with Silicon metal mainly being used for the Aluminium and chemical industries, 

photovoltaic, and electronic sectors. 

Gallium is currently produced as a by-product of the Aluminium and Zinc production. Only 5 to 7% of 

the available Gallium potential in the Bauxite ores is used further to refine Gallium, the rest ends up in 
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the red mud3. For Gallium, the reserves are abundant enough to cover the demand of the next decades. 

However, no documented reserves and no production exist in the EU, as the last refining factory closed 

in 2016 [29]. The import reliance on Gallium counts for 97% in the EU, mainly coming from China, USA, 

and Ukraine. China dominates 94% of the global Gallium market. The demand for Gallium is forecasted 

to grow 17-fold until 2050 from today’s demand , and Gallium is mainly being used in photovoltaics, 

lighting and integrated circuits [30, 31]. 

Insight 18: Unless the demand of Gallium or Silicon is consistent, or decreasing, a full substitution with 

secondary raw material is rather difficult, even if a recycling rate of 100% would be achieved, as depicted 

in Figure 5 (In practice, recycling would never be 100% efficient, due to collection and sorting losses, 

but also due to thermodynamic barriers). In addition, the materials that are used today, might only be 

available years later as secondary raw material, as they are in use for a given time. The use time depends 

for instance on the type of product, and on it is reusability. Even if the demand would be consistent, it 

could not be met with secondary raw material for the first years, until a consistent supply from EoL 

materials is also available. 

  

Figure 5: Demand/Recycling issue [own illustration] 

Insight 19: For Gallium that is used in integrated circuits no substitution is available that provides the 

same or a better performance. Silicon and Germanium can be used for a limited number of application 

but with a lower performance level. For lighting application, organic light emitting diodes (OLED) can be 

used as an equivalent, but their price is more than twice that of Gallium based light applications. For 

Silicon metal no substitutions are known that can be used without serious loss of performance, or in-

crease of cost [27, 30].  

Insight 20: Early 2023 the EU presented a regulation, called “Critical Raw Materials (CRM) Act”, which 

aims to strengthen the supply chain of critical raw materials. The EU has set measures to reduce the 

dependency on CRMs, by asking for at least 10% of strategic raw materials4 to be sourced in the EU, at 

least 40% to be processed in the EU, at least 15% to be recycled in the EU, and a maximum of 65% of a 

strategic raw material supplied by only one country. Beside those targets, the EU will support CRM con-

cerning projects (e.g., CRM explorations, approval of new mines, recycling of CRMs), and will focus on 

building-up a more resilient network of CRM suppliers [31].  

 
3 Hazardous residual of Aluminium production 
4 Selection of CRMs that are strategically important for the EU, including Gallium and Silicon metal. 
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With the EU regulation called “Chips Act” the EU also sets measures to reduce the dependency on non-

EU countries for semiconductors, by improving the knowledge and production capacities for microchips 

within the EU [32]. 

 

5.2.1. Insights on circularity aspects of WBG 
 

Insight 21: In the EU the WEEE collection rate counts for only 46%, globally this rate only counts for 17% 

[33]. This means that more than half of the electronic waste is not properly collected nor recycled or 

reused. The not collected products are probably exported illegally to other countries (Numerous reports 

from electronic waste dumps in countries in Africa are available, [34]), and there are treated under 

conditions harmful to the environment and to people, e.g., through rudimentary incineration in open 

spaces, to recover copper, gold, and other precious metals. 

In the EU, the collected WEEE generally enter a mechanical separation and sorting facility, to separate 

the removable parts (e.g., batteries, housing, cables). Afterwards, the remaining materials are shredded 

and sorted into fractions of base and precious metals (e.g., Steel, Aluminium, Copper) and polymers. 

For base and precious metals are treated in pyrometallurgical and hydrometallurgical recycling pro-

cesses, while polymers are generally incinerated.  

Insight 22: For technology materials such as GaN and SiC, no industrial recycling stream exists that re-

covers these materials at commercial scale. The Printed Circuit Boards (PCBs) that might contain GaN 

and SiC are commonly sent to pyrometallurgical processes to recover the Copper, but the other tech-

nology metals usually end-up as slags, dusts, or as impurities in the recovered metal, unless they occur 

in large quantities and an established sub-process is available for their specific recovery. 

The separation of technology metals from other parts of the product might need a lot of effort which is 

not always profitable. Materials like Gold, Silver, and Palladium might be favoured for recovery over 

technology metals that are used in small amounts and/or do not have a high economic value. Therefore, 

there is a conflict between recycling of critical materials and recycling of the most profitable materials. 

This leads to products in recycling streams targeted for their most valuable materials. Also, as some 

economically valuable materials are recovered in different but dedicated recycling routes, that techni-

cally do not allow the recovery of other materials. A full recycling of all materials is practically impossible, 

especially if some of the targeted materials are not separated in advance to the recycling processes.  

Insight 23: No methods exist so far for recycling old scrap5 to recover SiC. There are few technologies to 

recycle the from kerf-losses from the SiC wafer production process. This industrial waste is of higher SiC 

concentration and purity compared to old scrap [35, 36]. In the case that old scrap containing SiC would 

be recycled, it would need to be concentrated to a higher content, and any impurities would need to be 

removed, which would again demand energy, and this could then reduce the economic viability of such 

process.  

Hydrometallurgical technologies exist at pilot scale to recover GaN. According to [37], recycling of old 

scrap containing GaN is already done in China at a large scale. Moreover, the recycling of Gallium from 

GaN containing LED waste could be economically and technically feasible through leaching processes 

[38]. Whether the use of acids for the leaching process could lead to other environmental impacts and 

health issues would need further investigation. 

 
5 Old scrap is scrap that comes from products which have been already in use and have reached their EoL. 
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Insight 24: A promising process for the homogenization and concentration of technology metals such 

as Gallium from WEEE, was recently developed by Fraunhofer UMSICHT. This technology called iCycle® 

would enable an economically feasible recycling [39].  

Insight 25: According to PECTA experts [19], the WBG components are currently not built for a second 

use. Depending on their application they last as long as they should. A challenge in this regard is the 

reliability of power electronics, as further discussed in Insight 29. To realize the implementation of cir-

cularity in power electronics one approach could be to develop a three-dimensional (3D) schematic 

design, that also includes assembly considerations on a super-system, system, and sub-system level. 

Currently one dimensional (1D) schematic designs are the most common, but this  leads to a dimen-

sional incompatibility of circular design criteria [40].  

As smaller die sizes can be realized with WBG technology, for a given design size the available space 

could be taken to add easily dismountable connections, e.g., screws or plug-in connectors, that usually 

need more space than a glued or soldered connection. 

To reuse power electronic components it is beneficial to know the residual functional value of the com-

ponents as described in [41]. According to the calculated residual functional value, which considers the 

environmental footprint of the component, the remaining lifetime of the component, and the environ-

mental burden for the reuse processes, it can be estimated if a reuse of the component is meaningful 

from an environmental point of view, or not. 

Insight 26: A challenge regarding the recycling process might be the trend towards a more integrated 

design of PCBs with embedded semiconductors. Embedded semiconductors are more difficult or even 

impossible to separate from other materials, and this makes a homogenization and concentration of 

these materials even more difficult. It is not evident that the more integrated designs would also involve 

more durable component which could be used for a longer time, and/or be reused. This needs further 

investigation.  

Insight 27: Since a few years, the sustainability topic also is in the agenda of some companies of the 

power electronic sector. Some companies already developed a circularity framework as part of their 

science-based target (SBTs) strategy, and includes the three main aspects of rethink, reduce, and recir-

culate. At the beginning of such sustainability journeys companies also need to create partnerships for 

circular products with suppliers and other stakeholders. Examining in more detail such examples would 

be beneficial to study strategies and impacts in terms of closing the loop of critical materials [42]. 

Insight 28: A barrier in the adoption of WBG materials is still their reliability, especially for the case that 

components and devices incorporating WBG would be designed for reuse. Usually reliability tests for 

semiconductors? are performed at much higher temperatures than normal operational temperatures, 

to accelerate the aging process and reduce the testing time, because testing under real conditions 

would take weeks or years. Still, these testing conditions could trigger failure mechanisms that are not 

necessarily matching real life situations. The challenge is finding appropriate testing methods that are 

feasible to implements and fit for purpose. One important aspect would be to better understand the 

degradation processes that occur before failure mechanisms. Currently there is a knowledge gap in this 

field [43]. Modern technology, like the Internet of Things (IoT), Artificial Intelligence (AI), CAD software 

with reliability plug-ins, as well as offline and online logging systems could be used to understand and 

predict failure mechanisms, and to guarantee reliability of WBG products in the future. A working group 

in JEDEC is working on developing reliability test standards for WBG (Sic and GaN) semiconductors [44]. 

Insight 29: The European standard series EN 4555x gives a framework on how to assess the durability 

of energy related products, and the ability of energy related products to be remanufactured, repaired, 

reused, upgraded, recycled, and recovered [45]. Also, a method to calculate and declare the amount of 
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reused and recycled material and critical raw material in energy related products is included. Addition-

ally, these standards define to whom, how and in which grade information on these aspects should be 

delivered. This basic framework is a solid base, but these standards may need to be further refined for 

the case of WBG applications, to define more closely the criteria, which are rather broadly defined and 

possibly too general at this time.    

Insight 30: The new EU Ecodesign for Sustainable Products Regulation (ESPR), which focuses on elec-

tronic products, but also much broader on products like vehicles or other industrial products, enters 

into force in 2025, and will replace the current EU Ecodesign Directive [46]. Other than the Ecodesign 

Directive, the ESPR looks beyond the product’s energy efficiency, to optimize the product’s circularity 

and transparency of used materials. Specific measures will be defined for each product group under the 

scope of the regulation. As the ESPR also regulates subcomponents, power electronics could be regu-

lated specifically other to electronics in general. 

A digital product passport is also planned as one measure of the new ESPR, which aims for a more de-

tailed and easily accessible product information and transparency i.e., providing information on mate-

rials content, recycled content, recyclability, and the Carbon footprint. The EN 4555x standards will help 

to define the framework for this product passport. It is expected that this regulation will move compa-

nies to re-designing their products towards sustainability soon [47].  

Insight 31: The different EoL routes involve different impacts and magnitudes, associated to the energy 

demand, GHG emissions, toxicity, and wastes generated. In terms of the WBG components, it is also 

important to consider the reverse logistics associated to these EoL routes, the final WBG materials avail-

able and the remaining product value.  

Table 3 presents a qualitative assessment and comparison of the EoL routes for WBG components. The 

red coloured fields stand for disadvantageous; orange stands for semi-disadvantageous and green 

stands for advantageous, compared to the other technologies.  

Medium in this context means for example that the energy demand for the Reuse process is estimated 

to be higher than for the “low” graded incineration process, due to more complex collecting, sorting, 

repairing, and testing operations required for preparing a product for reuse. If a field is rated as “high,” 

it means that it is comparably higher than for other EoL processes. For example, the remaining product 

value after the reuse process is estimated to be higher than the remaining product value after a recy-

cling process. Complex reverse logistics need more rigorous separation and collection systems, and a 

more complex supply chain than semi-complex or easy reverse logistics. A WBG material will be lost in 

incineration processes or in the WEEE recycling, but it could be returned if recycled in a specific WBG, 

or if it would be reused.  
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Table 3: Qualitative comparison EoL process for WBG components in terms of selected aspects [own 
adaptation]. 
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6. Conclusion and Outlook 
 

Wide band gap-based semiconductors are a promising technology for more efficient and smaller de-

vices, and this served as the motivation to explore various environmental aspects and impacts along the 

life cycle of selected applications and case studies based on Silicon Carbide and Gallium nitride. This 

research addressed specific aspects considered of interest for policy makers, in a framework that de-

scribes the energy, greenhouse gas emissions, resources use, circularity and design, as well as the meth-

odologies to assess such aspects.  

A key challenge to perform an environmental assessment for WBG technologies is the lack of existing 

LCAs, databases, PCRs and EPDs, leading still to results that are uncertain because scenarios considered 

also include many assumptions. This issue has already been recognized by other researchers who are 

beginning to develop standards and data for evaluating the environmental performance of power elec-

tronics. 

With respect to the stage of the life cycle of power electronics, data collected analyzed in this research 

indicates that the production of WBG materials such as SiC has a higher energy demand compared to 

conventional Silicon production. Nevertheless, due to the higher efficiency of WBG, the WBG die can be 

produced in a smaller size, and more dies per wafer can be cut. This leads to a lower energy demand 

per die, which nearly balances out the higher energy demand for the WBG material production in the 

first place.   

The higher energy efficiency and the smaller size of WBG-based semiconductors lead to design ad-

vantages and further saving on materials used, reduced energy and GHG emissions during the manu-

facturing, distribution (e.g., shipping of WBG-based products to costumer) and use phases. This was 

discussed in the case study carried out to compare two 60W laptop chargers, with GaN and conventional 

Si technology.   

On the resource aspects of WBG, the research of available literature and information from experts re-

vealed that both Gallium and Silicon metal, the base materials for GaN and SiC, are rated as critical raw 

materials by the European Commission, due to their main supply by non-EU countries, therefore with 

some potential risks for disruption of the supply.  

Currently no viable commercial EoL recycling technology is available for supplying these materials as 

secondary streams in the concentration and quality needed for most common technical applications. 

Some promising recycling concepts exist at a pilot scale, with yet unknown environmental impacts, but 

with the potential to improve over time.  

Recent developments of regulations and standards (e.g., in the EU the ESPR and the standards EN4555x) 

are a first step on the way towards more circular electronic components in the future. Industry and 

academia have already started to consider this evolving environmental policy and market contexts, and 

the implications for the (WBG) semiconductor sector. As the production of WBG material becomes more 

mature, it is expected that processes will become more efficient and lead to further energy, material 

and GHG emissions reductions.  

The use of components incorporating WBG materials should be guaranteed as long as possible. For a 

meaningful reuse of these components, the challenge is realizing a product design for circularity, in 

testing the components for their reliability, and managing the reverse logistics of EoL products. With 

the regulations on critical raw materials, and product design and information, there is a momentum to 

further develop the methodological approaches for life cycle assessments and reliability testing, and to 

take better decisions on environmentally focused designs.  
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In the next term of PECTA, this research will be even more focused on greenhouse gas emissions (GHG) 

as well as the use and fate of resources. A closer look will be given at gathering more precise and robust 

data along the life cycle, to carry out environmental assessments of selected applications. Especially the 

environmental impacts of WBG recycling, e.g., leaching processes, remain unclear and need to be as-

sessed.  

The focus will also be set on optimized reverse logistic scenarios, targeted disassembly processes of 

WBG components, reliability testing and design of reusable components. In terms of calculating the 

residual value of reusable components, Life cycle costing (LCC) might also be path to explore in the next 

research period. Also, a design-decision tool could be developed to support the product design process 

of the power electronics industry towards a more sustainable and circular product design. As with this 

task, the goal will continue to be providing evidence and insights for policy makers, as well as informing 

a broader audience from academia, industry, and the public.    
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