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Introduction 

 Alignment to the iNEMI Environmentally Conscious Electronics (ECE) roadmap 

and gaps will be filled. 

 Project is already listed on the 2009 iNEMI ECE Roadmap. 

 Given the emphasis on power cords, this project will be most applicable to the 

Consumer/Portable industry sector; however the results may also be relevant 

to other industry sectors. 

 The Phase I project will provide an initial life cycle assessment of selected power 

cord applications.  Anticipated benefits to participants, to the iNEMI membership 

in general, and the industry. 

 Participants will gain valuable information on PVC alternatives, both from a 

technical, supply chain and EHS perspective. The participants, iNEMI 

membership and industry can use this information to make more informed 

decisions with respect to material substitution, as well as address growing NGO 

and governmental pressures to phase-out certain environmentally-sensitive 

substances. 

 Participating Companies 

o Alcatel-Lucent 

o Cisco Systems, Inc. 

o Dell Inc. 

o The Dow Chemical Co. 

o DSM Engineering Plastics 
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o IBM Corporation 

o IST - Integrated Service Technology, Inc. 

o Lenovo 

o The Vinyl Institute 

Progress this Reporting Period 

 This project was separated into the collection and analysis of basic information on 

Desktop Power Cords with significant time being spent on gathering information 

on the use and end of life assumptions.  

 The team developed an IS / IS NOT table (below) showing what the overall 

project would eventually cover as well as what was considered outside the scope. 

iNEMI PVC Alternatives Project 

What the Project IS / IS NOT: 

This Project IS:  This Project IS NOT:  

A scoping environmental life cycle 
assessment (LCA) comparing PVC 
resins (and additives) with PVC-
free resins (and additives) for 
desktop power cord applications 

Economic, social, toxicological 
assessment 

ISO aligned LCA analysis  

Cradle-to-gate LCA, including 
survey on end of life aspects 
(recycling, incineration, landfill, 
etc) 

Comparative Assertion 

Focused on US power cords for 
PC applications 

Other cables or cords (for initial 
assessment) 

Gain a better understanding of the 
electrical, mechanical, and safety 
aspects of “PVC-free” alternatives 

Development of standards 

Develop, manage, and execute 
performance testing of different 
“PVC-free” alternatives 

 

Multi-stakeholder Electronics industry only 

 

 The project team has reviewed information provided by team members showing 

the difficulty in comparing LCA studies using different LCA databases for the 

calculations. The following material was presented and discussed along with a 

more in depth look at a specific LCA study performed by one of the member 

companies. The in-depth information will not be provided to companies outside 

the participating members of the project. 
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 There was an understood risk that collecting specific information on resin 

formulations would be difficult and conducting a full LCA using outside 

consultants could incur significant expense. This was known upfront and a 

provision was placed in the SOW to review the project at the point in the process 

to see how to proceed. Due to cost and resource constraints, the team has 

established that to do a full LCA would not be possible at this point and has 

decide to perform a screening assessment using resources internal to the team. 

 Screening LCA Overview and Key Assumptions 

As stated above, the team decided to perform a screening LCA using internal team 

resources.  The details of the screening LCA are as follows: 

o Goal – conduct a screening LCA within GaBi comparing PVC, bio-based 

and non-halogen resins for use in RoHS-compliant US desktop power 

cord jacketing. Use the screening results to develop a model for 

assessing different cord sets either independently and/or within the 

iNEMI PVC Alternatives project. 

o Scope - Cradle-to-gate: Materials, Manufacturing, packaging, distribution 

o Functional Unit 

 1 - 1.8m in length desktop power cord with plug, 154g, PVC resin 

with phthalate plasticizer 
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 1 - 1.8m in length desktop power cord with plug, 154g, PVC resin 

with bio-based phthalate-free plasticizer (“PVC bio-based”) 

 1 - 1.8m in length desktop power cord with plug, 154g, PVC-free 

resin (TPE) with phthalate-free plasticizer  

o Impact Categories 

 CML2001, Acidification Potential (AP) [kg SO2-Equiv.] 

 CML2001, Eutrophication Potential (EP) [kg Phosphate-Equiv.] 

 CML2001, Global Warming Potential (GWP 100 years) [kg CO2-

Equiv.] 

 CML2001 - Dec. 07, Ozone Layer Depletion Potential (ODP, 

steady state) [kg R11-Equiv.] 

 CML2001 - Dec. 07, Photochemical Ozone Creation Potential 

(POCP) [kg Ethene-Equiv.] 

o System Boundary 

The team chose to focus on the cradle-to-gate boundary for study. The 

specific phases within the boundary include materials and manufacturing, 

packaging, distribution. Use phase was not considered as the impact in the 

use phase is assumed to be zero.  The End of Life phase was not considered, 

as there is no available data to be able to compare the PVC bio-based and 

non-halogen  resin cables with the PVC-based cable.  

For this study, it is assumed that the materials are sourced and manufactured 

in Shenzhen, China, and delivery location is to San Jose, United States. The 

transport mode profile will be assumed Shenzhen to Los Angeles via ocean 

freighter, and truck delivery from Los Angeles to San Jose. 

 

 

o Limitation of the Study  

This study is a screening analysis that had a goal to identify the relevant cradle-

to-gate part from environmental impact perspective. As a general rule with 
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screening analysis, this study cannot be communicated or published externally.  

o Other Assumptions 

 Extrusion process provided from Eco-Invent Database v1.3 

 Injection Molding Process provided by GaBi Database v4.131 

 Transport data/fuel/electricity data provided by GaBi Database 

v4.131 

 Resin “black box” data provided by resin manufacturer 

 Process data provided by resin manufacturer 

 Custom models developed for desiccant drying (based on industry 

information) 

 Assumed similar line speeds (100m/min) 

 Assumed similar extruder barrel temperature  

 PVC - 180 degrees C 

 Non-PVC – 195-200 degrees C  

 Assumed non-PVC drying conditions (2 hours @ 110 degrees C) 

 Assume 4 year life span for each power cord (life span of a typical 

desktop PC in the US).  

 Off-gassing and atypical use scenarios (breakage, fires, etc) we not 

included in the assessment 

 

o Cable Material Composition 

 

Table 1 – Desktop Power Cord Material Composition 

Screening LCA Results 

Utilizing the assumptions in the section above, the project team conducted a cradle-to-

gate assessment within GaBi to produce the following summary results: 
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Table 2: Cradle to Gate Screening LCA Results 
 

Impact Assessment Category 

Cradle to Gate PVC 
Resin with 
Phthalate 

Plasticizer Based 
Cable 

Cradle to Gate PVC 
Resin with Bio-

based Plasticizer 
Based Cable 

Cradle to Gate 
Non-Halogen Cable 

CML2001, Acidification Potential (AP) 
[kg SO2-Equiv.] 

4.17E-03 4.30E-03 4.31E-03 

CML2001, Eutrophication Potential (EP) 
[kg Phosphate-Equiv.] 

2.65E-04 2.71E-04 2.71E-04 

CML2001, Global Warming Potential 
(GWP 100 years) [kg CO2-Equiv.] 

9.12E-01 7.39E-01 2.22E+00 

CML2001 - Dec. 07, Ozone Layer 
Depletion Potential (ODP, steady state) 
[kg R11-Equiv.] 

4.33E-08 4.55E-08 4.55E-08 

CML2001 - Dec. 07, Photochem. Ozone 
Creation Potential (POCP) [kg Ethene-
Equiv.] 

2.42E-04 2.49E-04 2.49E-04 

 

The LCA results for the desktop power cord using the three resins yielded close results in 

all of the impact categories with the exception of Global Warming Potential (GWP). 

These results were based on the line rate assumption of 100m/min. The team discovered 

that the PVC bio-based cable had the lowest GWP of all three when it came to 

manufacturing, while the non-halogen based cable had more than 3x the impact in 

comparison to the PVC bio-based cable. 

 

To put the GWP results for the cable into perspective, this study indicates that a 

desktop PC power cord represents approximately 0.3% of the overall GWP of a 

typical desktop PC system
1
 (approx. 800 kg/CO2-Equivalent). 

Impacts By Life Cycle Phases 

Below are the following impacts by life cycle phases. All three types of cables exhibited 

similar percentage breakdowns. The life cycle breakdown of manufacturing portion is > 

70% of the impact for all impact categories, while the packaging constitutes no more than 

10% of the overall impact. For Distribution, Ozone depletion Potential (ODP) is 

negligible. 

 

                                                 
1
 http://i.dell.com/sites/content/corporate/corp-comm/en/Documents/dell-leadership-in-environmental-

solutions.pdf  

http://i.dell.com/sites/content/corporate/corp-comm/en/Documents/dell-leadership-in-environmental-solutions.pdf
http://i.dell.com/sites/content/corporate/corp-comm/en/Documents/dell-leadership-in-environmental-solutions.pdf
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Affect of impact due to line rates 

The team also studied the effect of different line rates on each of the cable types. The 

team considered lowering the line rate by 50% (50m/min) and then increasing the line 

rate by 100% (200m/min).  

 

The PVC phthalate-based cable (table 3) exhibited a minor change in Acidification 

Potential (AP), GWP, ODP and Photochemical Ozone Creation Potential (POCP). 

However, Eutrophication (EP) increased by approximately 13% when the line rate was 

reduced to 50m/min, and decreased by approximately 7.5% when the line rate was 

increased to 200m/min.  

 
Table 3: Change in PVC Resin (w/Phthalate Based Plasticizer) cable impact due to line rate 

 

Impact Assessment Category 
Cradle to Gate PVC 

Resin with Phthalate 
Plasticizer Based Cable 

(+/-) due to varying 
line rate 

CML2001, Acidification Potential (AP) [kg SO2-
Equiv.] 

4.17E-03 +3.27%/-1.69% 

CML2001, Eutrophication Potential (EP) [kg 
Phosphate-Equiv.] 

2.65E-04 +12.98%/-7.46% 

CML2001, Global Warming Potential (GWP 100 
years) [kg CO2-Equiv.] 

9.12E-01 +2.32%/-1.19% 

CML2001 - Dec. 07, Ozone Layer Depletion 
Potential (ODP, steady state) [kg R11-Equiv.] 

4.33E-08 +3.34%/-1.73% 

CML2001 - Dec. 07, Photochem. Ozone Creation 
Potential (POCP) [kg Ethene-Equiv.] 

2.42E-04 +1.83%/-0.94% 

 

The PVC bio-based cable (table 4) exhibited a minor change in AP, GWP, ODP and 

POCP. However, Eutrophication increased by approximately 12.7% when the line rate 
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was reduced to 50m/min, and decreased by approximately 7.2% when the line rate was 

increased to 200m/min.  

 

Table 4: Change in bio-based jacketed cable impact due to line rate 

 

Impact Assessment Category 
Cradle to Gate PVC 

Resin with Bio-based 
Plasticizer Based Cable 

(+/-) due to varying 
line rate 

CML2001, Acidification Potential (AP) [kg SO2-
Equiv.] 

4.30E-03 +3.17%/-1.64% 

CML2001, Eutrophication Potential (EP) [kg 
Phosphate-Equiv.] 

2.71E-04 +12.71%/-7.28% 

CML2001, Global Warming Potential (GWP 100 
years) [kg CO2-Equiv.] 

7.39E-01 +2.84%/-1.47% 

CML2001 - Dec. 07, Ozone Layer Depletion 
Potential (ODP, steady state) [kg R11-Equiv.] 

4.55E-08 +3.19%/-1.65% 

CML2001 - Dec. 07, Photochem. Ozone Creation 
Potential (POCP) [kg Ethene-Equiv.] 

2.49E-04 +1.78%/-0.91% 

 

The Non-halogen based cable (table 5) exhibited a minor change in AP, GWP, ODP and 

POCP. However, Eutrophication increased by approximately 12.7% when the line rate 

was reduced to 50m/min, and decreased by approximately 7.3% when the line rate was 

increased to 200m/min.  

 

Table 5: Change in Non-Halogen jacketed cable impact due to line rate 

 

Impact Assessment Category 
Cradle to Gate Non-

Halogen Cable 
(+/-) due to varying 

line rate 

CML2001, Acidification Potential (AP) [kg SO2-
Equiv.] 

4.31E-03 +3.16%/-1.63% 

CML2001, Eutrophication Potential (EP) [kg 
Phosphate-Equiv.] 

2.71E-04 +12.75%/-7.31% 

CML2001, Global Warming Potential (GWP 100 
years) [kg CO2-Equiv.] 

2.22E+00 +0.97%/-0.49% 

CML2001 - Dec. 07, Ozone Layer Depletion 
Potential (ODP, steady state) [kg R11-Equiv.] 

4.55E-08 +3.19%/-1.65% 

CML2001 - Dec. 07, Photochem. Ozone Creation 
Potential (POCP) [kg Ethene-Equiv.] 

2.49E-04 +1.78%/-0.91% 

 

An explanation as to such a large impact to EP extrusion process has the largest weight in 

EP and POCP in comparison to the overall cradle-to-gate analysis. 

End-of-Life Aspects of Desktop PC Power Cords 

Given the focus by regulators and other stakeholders on management of end-of-life 

(EOL) electronics, an initial analysis was completed by the project team on the EOL  
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scenarios of PC power cords (see graphic below) and the team concluded that a survey of 

recyclers would provide important information to better understand how power cords are 

treated in practice. 

 

 

 

A survey was created and subsequently distributed to 10 recyclers covering North 

America, Europe and China. The responses cover a variety of topics related to the types 

of processing used and the related yields.  As the recyclers were selected from the various 

recycling partners that work with participating companies, it is likely that the outcome of 

the survey is a best case view based on the amount of PC power cords that effectively 

reach these recyclers. 

 

The survey confirmed the scenario of controlled copper recovery in the sense that either 

mechanical separation or controlled incineration are used to retrieve copper from waste 

PC power cords.  After mechanical separation, there are three possible routes the residual 

could take: 1) landfill, 2) plastic recovery, or 3) controlled incineration. The data 

collected from the survey was insufficient to determine which path is most prominent in 

each region. The recovered plastics are often not separated by type, and where they are 

separated, the separation is not highly effective (between 50% and 80% purity of 

fractions).  Recyclers indicate that there is no difference in recyclability between PVC 

and non-PVC, or they are not aware of any differences.  

 

Waste scenario for PC Power Cord Sets

(Global Perspective)

Power-cord
Replacement

Discarded 
with

EoL PC

Landfill

Cu

Plastic
recovery

Controlled
incineration

Energy

Uncontrolled
- emissions
- health risks
- waste

25%
Landfill 

5%
General waste
incineration 

30% Improper 
Cu recovery 

Separation by
incineration

Sheeting/fluff

Landfill

70%
Recycling 

70% Controlled
recycling 

Mechanical
separation
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In addition to material going to recyclers, percentages of waste PC power cords disposed 

of in a landfill (25%) as well as those disposed of by controlled incineration through 

general household waste (5% - where the copper ends up in a landfill) were estimated.  

The most difficult estimate proved to be the percent of waste PC power cords disposed of 

by uncontrolled incineration. More time and effort will be necessary to assess this 

estimate and the team agreed that a sensitivity analysis needs to be conducted to assess 

the relevance of better data. 
 

 
 
Conclusions and Next Steps 
Phase 1 of this project was focused on understanding the cradle-to-grave life cycle 

environmental impacts of 3 different resins for use in a US desktop computer power cord.  

The project team encountered several data availability/quality challenges as well as 

intellectual property issues that did not allow for a complete LCA to be conducted at this 

time.   

 

The screening LCA did produce several key results that could be used by companies in 

better understanding the potential environmental trade-offs with alternatives to PVC in 

cable applications.  A summary of the key results are as follows: 

1. The screening LCA results for the 3 different resins for use in a US desktop 

power cord yielded close results in all of the impact categories with the exception 

of Global Warming Potential (GWP). These results were based on the line rate 

assumption of 100m/min. The team discovered that the PVC bio-based cable had 

the lowest GWP of all three when it came to manufacturing, while the non-

halogen based cable had more than 3x the impact in comparison to the PVC bio-

based cable.  The overall GWP for a power cord is very small (approx. 0.3%) 

compared with the GWP for a desktop PC system. 

2. Varying line rate speeds of different cable types has a minor change in the 

Acidification Potential (AP), GWP, ODP and Photochemical Ozone Creation 

Potential (POCP) impacts however the Eutrophication Potential (EP) increased by 

an average of approximately 12.8% when the line rate was reduced to 50m/min, 

and decreased by approximately 7.3% when the line rate was increased to 

200m/min.  

3. A survey of 10 recyclers representing practices in all major global regions 

indicated that EOL PC power cords are primarily treated for controlled copper 

recovery by either mechanical separation or controlled incineration to retrieve the 

valuable copper from the EOL cords.  After mechanical separation a significant 

portion of power cord jacket material is incinerated under controlled conditions. 

The recovered plastics are often not separated by type, and where they are 

separated, the separation is not highly effective.   

In addition to material going to recyclers, percentages of waste PC power cords 

disposed of in a landfill (25%) as well as those disposed of by controlled 

incineration through general household waste (5% - where the copper ends up in a 

landfill) were estimated.  The most difficult estimate proved to be the percent of 
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waste PC power cords disposed of by uncontrolled incineration. More time and 

effort will be necessary to assess this estimate and the project team agreed that a 

sensitivity analysis needs to be conducted to assess the relevance of better data. 

 

The Phase I project team will provide recommendations for next steps through the iNEMI 

Environmental Leadership Steering Committee (ELSC), including potential outreach to 

the broader LCA community to help address the data availability and quality issues that 

were discovered within this project. 


