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Abstract 

ICT (Information and Communications Technology) is essential to contemporary civilization, and like most any 

other technology, contributes to negative environmental impacts throughout its life cycle of manufacturing, use, 

and disposal. A key step to reduce impact is to be able to measure the impact. Life Cycle Assessment (LCA) is the 

well-recognized methodology to assess environmental impacts through a product’s life.  Carrying out an LCA for 

an ICT product, which is complex in parts types and materials composition, is usually done using large scale LCA 

software with expert resources.  This is both expensive and time consuming, and in many cases a simpler approach 

can be employed, which can further enable adoption and environmental impact reduction action. 

 

Presented in this paper is modernization of a simplified approach for estimating the environmental impact of ICT 

products. The established approach provided a means to more quickly and easily evaluate product concepts and 

optimize design trade-offs. It uses simplified techniques and algorithms for estimating Global Warming Potential 

(GWP) in terms of carbon dioxide equivalents. The approach is extensible to other environmental impact param-

eters as well. 

 

Over the past decade the iNEMI industry consortium has worked on developing and improving an ICT eco-impact 

estimator based on this simplified approach. Work included developing a modular foundation and a viable tool. Its 

format progressed from a spreadsheet-based software tool to a database driven tool that was uploaded to a dedi-

cated server within an academic institution. 

 

LCIA data improvement within the ICT industry needs to parallel the technological advances that are rapidly 

evolving within this industry. Collaboration amongst industry and academic/research institutions is critical. An 

iNEMI project team recognized the need for updating the component categories, datasets and algorithms, and has 

completed a series of updates to the LCA eco-impact estimator. Attention was focused on the categories that have 

more significant eco-impact – bare printed wiring boards and integrated circuits. Data and algorithms were also 

correspondingly reviewed and updated for the other component categories such as mechanical parts, cable assem-

blies, and cooling components. The resulting modernization offers significant benefits in providing a combined 

database driven tool for enhanced use. 
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1 Introduction 

ICT products are essential to modern society. They 

comprise a significant portion of the global economy, 

along with consuming large amounts of resources and 

energy during their manufacturing, use, and disposal, 

while contributing to environmental impact. Their in-

herently short life and increasing demand will worsen 

the scenario. Given the current climate change 
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challenges, it is necessary for ICT manufacturers to re-

duce the impact. 

In any successful approach to reducing impact there 

needs to be a means to measure it and a method to fol-

low. Life Cycle Assessment (LCA) is the well-recog-

nized methodology to assess environmental impacts 

through a product’s life, from raw material extraction 

to end of life.  Performing an LCA for ICT products is 

usually done using large scale LCA software with ex-

pert resources, which tends to be time consuming and 

expensive. 

A simplified approach for estimating the environmen-

tal impact of ICT products has been developed and 

demonstrated by several ICT industry members 

through the International Electronics Manufacturing 

Initiative (iNEMI) organization [1]. The approach pro-

vides a means to more quickly and easily evaluate 

product concepts and to optimize design trade-offs. It 

uses simplified techniques and algorithms for estimat-

ing primarily Global Warming Potential (GWP) in 

terms of carbon dioxide equivalents. 

Over the past decade iNEMI members endeavored to 

improve on the methodology and the data and formulae 

for estimating the environmental impact of ICT prod-

ucts. In support of existing LCA methodologies [2] and 

standards [3], there are several life cycle impact assess-

ment (LCIA) systems, databases and tools available. 

They offer varying levels of information, global / re-

gional data, industry processes, materials and flows, 

and mechanisms for quantifying product environmen-

tal impacts. A more simplified approach to quantifying 

the life cycle environmental impacts is based on the 

methodology framework that was developed by iNEMI 

[4]. This approach is intended to more easily estimate 

the eco-impact for different types of ICT products. It 

provides sufficient accuracy to meet the LCA practi-

tioner’s intended needs in assessing the important en-

vironmental impacts of a product over its life cycle 

stages. 

 

2 Objective 

The main project objective for iNEMI is to develop 

mechanisms for prioritizing and collecting relevant 

data from the supply chain. This is necessary to stay 

abreast of the rapid technological advancements within 

the ICT industry for the estimator to be useful to the 

LCA practitioner. This paper provides a most recent 

summary of the work being performed in an iNEMI 

project to further improve on the eco-impact estimator 

tool, and to maintain its purpose and usefulness in line 

with the contemporary innovation and progress of the 

ICT industry.  

 

3 LCA Estimator Framework 

The estimator is designed to be capable of evaluating a 

product consisting of individual equipment pieces. The 

product unit is attributed to a functional unit as defined 

by the product manufacturer. ICT products can be clas-

sified into distinct categories with common attributes 

that produce certain levels of environmental impact re-

garding their component makeup, assembly, usage, and 

design life. These classifications were then sorted into 

component categories comprised of similar materials 

and manufacturing processes. The components were 

then analyzed regarding their respective contributions 

to the environmental impacts associated with their 

manufacturing stages. Categorizing these ICT compo-

nents offers a means of producing a concise list that can 

be analyzed for common environmental impacting at-

tributes, which can then be rationalized and modeled to 

derive their level of impact within an LCA estimator 

tool. 

The major component / subassembly categories for 

ICT products include printed wiring boards, integrated 

circuits, electro-mechanical assemblies such as cooling 

fans, metallic components, polymeric components, dis-

plays, cables, batteries, and specialized components 

such as optical and radio frequency devices, and disc 

drives. Global Warming Potential (GWP) – 100 years’ 

time horizon is the single environmental impact cur-

rently assessed in the estimator, which is due to it being 

one of the most commonly evaluated environmental 

impact mid-point indicators. 

Key parameters and metrics are then defined for as-

sessing the environmental impact of the component 

categories. They represent the significant environmen-

tal impact contributors based on the analyzed datasets, 

available from within the ICT industry such as inte-

grated circuits, and from other industry sectors such as 

bulk metals and plastics. An associated algorithm can 

be determined based on the LCIA data available for the 

key parameters of a given component category [5]. 

Detailed LCA analyses conducted on ICT products 

have shown that the component types providing the 

greatest contribution of environmental impact are the 

bare printed wiring boards and the large integrated cir-

cuits. Figure 1 shows the estimated eco-impact (GWP) 
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for some ICT component types within the manufactur-

ing stage of the ICT product life cycle. 

There is a linear functional dependence between the 

GWP and the PWB unit area and its layer construct – 

see Figure 2. Similarly, as depicted in Figure 3, for the 

integrated circuits, the GWP has a linear relationship 

with the package type incorporating the silicon die and 

the number of leads (for example: pins, balls, I/O’s). 

A key goal in developing the algorithms is that the re-

sult should be within about 15% of the result obtained 

from more in-depth methods for over 90% of the circuit 

pack assemblies investigated [6]. 

 

3.1 Modeling the LCA Stages 

For the manufacturing stage, the LCA environmental 

impacts reflect the total of ICT component manufactur-

ing, intermediate transport, final product assembly & 

testing, and finished product packaging. Assembly and 

Figure 1.  Eco-impact (GWP) for some ICT components within the manufacturing stage of the ICT product life cycle 

Figure 2.  GWP per unit area of printed wiring board with 
increasing layers and two types of surface finishes 

Figure 3.  GWP per integrated circuit package type and 
with increasing input/output count 
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testing include processes such as surface mounting 

technology, thru-hole mounting technology, mounting 

of ICT assets, surface treatment (e.g., painting or plat-

ing) for pre-manufactured cabinets, and testing of the 

ICT product. These parameters are treated as a collec-

tive summation of the total assembly and testing pro-

cesses, and defined as an overall factor applied to the 

total impact of the product for the manufacturing LCA 

stage [7]. 

The finished product transport stage includes assessing 

environmental impact of the logistics – transport, dis-

tribution and installation of ICT products / assets. Pa-

rameters for this stage include location of final assem-

bly (by region), location of product integration / ware-

housing (by region), location of final product 

installation (by region), transport mode (e.g. truck, rail, 

marine, air), and their associated environmental impact 

factors. 

Use stage includes assessing environmental impact of 

the product’s usage by parameters covering location of 

product usage (by region or country), power consump-

tion per typical configuration and feature set, utiliza-

tion rate per annum, and product operating life. 

The end-of-life stage for ICT products are modeled by 

parameters that include the product’s constituent mate-

rials – derived from the components’ input for the man-

ufacturing stage, and the final disposition of the prod-

uct, e.g. remanufacturing, refurbishing, recycling, in-

cineration / energy recovery, landfill. 

 

4 LCA Estimator Improvement 
And Modernization 

The initial environmental impact LCA estimator was 

developed using a spreadsheet format and made avail-

able to iNEMI members starting in 2012. Some indus-

try members further developed the estimator and trans-

ferred it to a database format. This provided easier 

modularization of its component categories, a means to 

graphically view and configure a product’s hierarchy, 

and easy storage / retrieval of configured products and 

subassemblies for further usage in other product con-

figurations or by other designers. 

In 2019, iNEMI transferred the LCA estimator in data-

base format to Purdue University, and made it available 

for iNEMI members and academic researchers. This re-

gime also provides data security and backup features. 

iNEMI’s intention is to eventually make this openly 

available to the ICT industry and research institutions, 

thus offering a means to share the methodology and 

tool and provide data transparency. It also promotes 

easier future improvements in the estimator’s 

methodology and in its component categories and en-

vironmental impact datasets. 

As part of iNEMI’s Phase 3 Project for the LCA esti-

mator, undertaken in mid-2019, work was performed 

on improving the algorithms, datasets and methods for 

estimating environmental impact in areas including: 

• Printed wiring boards (bare) – conventional and 

HDI type boards 

• Integrated circuits - including flip chips, SOCs, 

stacked die arrays 

• Cable assemblies, cooling systems, and mechani-

cal parts made from metallic and polymeric ma-

terials (e.g. cabinets, chassis, racks) 

4.1 Printed Wiring Board Improve-
ments 

Work in the PWBs mainly entailed inclusion of eco-

impacts associated with contemporary PWB technolo-

gies, including conventional and high-density interface 

(HDI) PWB manufacture. The members found that the 

recent eco-impact assessments done by the HDPUG 

Group for printed wiring boards [8] - see Figure 4, of-

fered contemporary eco-impact data for the ICT 

Figure 4.  GWP Impact of PWBs as a function of board 
area for several representative designs 
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industry. This information was subsequently included 

in the eco-impact LCA estimator tool. 

4.2 Integrated Circuit Improvements 

Research on integrated circuit (IC) LCA eco-impacts 

have been completed over the past decade, and include 

publishings by Sarah Boyd et al [9], Anders Andrae et 

al [10][11], and Donald Kline, Jr. et al [12][13]. The 

work done by Kline, Jr. et al provides the energy con-

sumption and GWP impact for a range of IC manufac-

turing technology nodes per square millimeter of sili-

con die production – see Figure 5. This data was then 

combined with the IC packaging eco-impacts as as-

sessed and reported by Andrea et al, and subsequently 

integrated into the eco-impact LCA estimator tool. 

In addressing the passive components associated with 

the ICs, an algorithm is included that provides the 

GWP contribution from passive components relative to 

the PWB area – see Figure 6. In this regard, publishings 

from Bevin Etienne et al [14] provides analogies be-

tween PWB area and the total number of passive com-

ponents (e.g. resistors, capacitors), such that an algo-

rithm could account for these latter devices relative to 

the total PWB area. In the case where passive device 

estimation deems to be less accurate, an override 

feature is included in the estimator tool to allow the 

user to input a more precise count. 

4.3 Mechanical Parts Materials Mod-
ernization 

As newer materials have come into use over the past 

decade, the iNEMI project team researched into these 

materials and their associated GWP contribution for the 

eco-impact estimator. Here, input from iNEMI member 

companies provided GWP values for polymeric mate-

rials, including rigid plastics, elastomers, foams, and 

films. These values were compared to available data 

from PlasticsEurope, Sphera GaBi LCA software, and 

ecoinvent, to provide a more contemporary and com-

prehensive eco-impact dataset. 

Similar analysis and update was performed on the me-

tallic materials and resulted in the inclusion of post-

consumer recycled content mixes in the dataset. 

 

5 LCA Estimator Database-driven 
Tool 

The resulting updates and modernization efforts by the 

iNEMI team provides a robust tool that offers users 

quick analysis of an ICT product along with full trans-

parency to its data sources and calculations. A view of 

the input/output screen for the PWB component mod-

ule is shown in Figure 7. This modernization effort of-

fers significant benefits in providing a combined data-

base driven tool for enhanced use. A longer-term goal 

is to continue to evaluate newly available data for ICT 

Figure 5.  Energy consumption of IC manufacturing for different technology nodes 

Figure 6. GWP estimation of passive devices relative to PWB 
area 
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components manufacturing techniques as they become 

available.  

 

6 Summary 

The iNEMI LCA eco-impact estimator offers a means 

for product designers and environmental specialists to 

more easily assess the GWP of ICT products over their 

full life cycle – manufacturing, transport, use, and end-

of-life treatment.  

In an effort by iNEMI members to improve the existing 

estimator, the members worked on collecting, as-

sessing and integrating more contemporary infor-

mation and data into the estimator. The resulting mod-

ernization of the tool and its information, data and re-

sulting GWP eco-impact estimation will offer an 

enhanced means of measuring ICT product eco-impact 

that better parallels the technological advances that are 

rapidly evolving within this industry. By having this 

modernized tool available in database format via a 

hosting organization (Purdue University), it is hoped 

that the LCA estimator offers more open availability to 

its members and academic researchers. Additional eco-

impact aspects, such as water usage, are relevant to the 

ICT industry, and may be included in the estimator tool 

as LCIA modeling for such eco-impact advances. Fu-

ture endeavors may include opening the database for-

matted estimator to further ICT industry utilization as 

well as continued usability enhancements and dataset 

updates. 
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