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a b s t r a c t 

This dataset provides the latest characterization factors for 

ozone depletion based on the most recent ozone depletion 

potentials from the 2022 World Meteorological Organization 

(WMO) scientific assessment. These characterization factors 

can be used in life cycle assessment (LCA) to convert emis- 

sions of ozone-depleting substances to the common unit of 

the ozone depletion impact category, measured in kg CFC-11- 

eq. The dataset is formatted for easy import into LCA soft- 

ware such as Brightway, the Activity Browser, and SimaPro. 

The characterization factors are provided for both 100-year 

and infinite time horizons. The dataset addresses the current 

limitations of life cycle impact assessment (LCIA) methods, 

which are outdated and lack comprehensive substance cover- 

age, by including 318 substances reported in the latest WMO 

assessment. This update ensures relevance for current ozone 

depletion assessment, including substances banned but still 

Abbreviations: EF, Environmental Footprint; LCA, Life cycle assessment; LCIA, Life cycle impact assessment; MP, Mon- 

treal Protocol; ODP, Ozone depletion potential; ODS, Ozone-depleting substance; WMO, World Meteorological Organiza- 

tion. 
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in use, very short-lived substances, and N2 O. The method- 

ology for updating and converting characterization factors is 

provided, supporting future updates in line with new sci- 

entific assessments. The dataset aims to enhance the accu- 

racy and comprehensiveness of ozone depletion impact as- 

sessments in LCA studies. 

© 2024 The Author(s). Published by Elsevier Inc. 

This is an open access article under the CC BY license 

( http://creativecommons.org/licenses/by/4.0/ ) 
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pecifications Table 

Subject Environmental engineering 

Specific subject area Characterization factors for ozone depletion in life cycle impact assessment 

Type of data Table (.xlsx format and .csv format) 

Supporting materials (Jupyter notebooks for import in Brightway and the 

Activity Browser software) 

Data collection Characterization factors with an infinite time horizon were directly obtained 

from ozone depletion potentials (ODPs) reported in the literature. The 

steady-state ODPs derived from the literature were converted to 

time-dependent characterization factors with a 100-year time horizon. 

Data source location Institution: Vrije Universiteit Brussels (VUB) 

Primary data sources: WMO 2022 scientific assessment of ozone depletion; 

ReCiPe 2016 

Data accessibility Repository name: Zenodo 

Data identification number: 10.5281/zenodo.12818532 

Direct URL to data: https://doi.org/10.5281/zenodo.12818532 

Related research article A.E.M. van den Oever, S. Puricelli, D. Costa, N. Thonemann, M. Lavigne 

Philippot, M. Messagie, Revisiting the challenges of ozone depletion in life 

cycle assessment, Cleaner Environmental Systems 13 (2024) 100,196. 

10.1016/j.cesys.2024.100196 . 

. Value of the Data 

• The dataset contains characterization factors for ozone depletion based on 318 most updated

ozone depletion potentials (ODPs) published in the latest scientific assessment report on

ozone depletion. 

• The dataset is provided in various formats to allow direct import in widely-used life cycle

assessment (LCA) software: Brightway, the Activity Browser, SimaPro, and potentially in other

software like openLCA. 

• Characterization factors are provided for both a 100-year and infinite time horizon, allowing

for different time perspectives in life cycle impact assessment. 

• The method is replicable, allowing for future updates following the scientific assessment re-

ports on ozone depletion. 

. Background 

In a previous paper [ 1 ], the challenges of ozone depletion in life cycle assessment were re-

iewed, highlighting that current life cycle impact assessment (LCIA) methods are outdated and

ack substance coverage [ 1 ]. The most updated methods, IMPACT World + [ 2 ] and Environmental

ootprint (EF) 3.1 [ 3 , 4 ], use ozone depletion potential (ODP) values from the World Meteorolog-

cal Organization (WMO) scientific assessment of ozone depletion [ 5 ] from 2014. However, since

hen, two new WMO assessments have been published. Moreover, the IMPACT World + and EF

.1 methods cover only 25 and 23 substances, respectively, while the latest WMO assessment

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.5281/zenodo.12818532
https://doi.org/10.5281/zenodo.12818532
https://doi.org/10.1016/j.cesys.2024.100196
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[ 6 ] reports 318 substances. Although 93 of these substances are banned by the Montreal Proto-

col (MP), emissions could still occur due to exempt applications and recycling in existing equip-

ment [ 7 ]. Other substances not covered by IMPACT World + and EF 3.1 also remain relevant for

assessing ozone depletion. For example, very short-lived substances, such as CH2 Cl2 and CHCl3 ,

are growing in atmospheric abundance, and their release is expected to rise due to the growing

need for solvents and chemical feedstocks [ 1 ]. Finally, IMPACT World + and EF 3.1, along with

most other impact assessment methods, neglect N2 O, the main anthropogenic contributor to

ozone depletion today [ 8 ]. 

3. Data Description 

Considering the limitations of currently available LCIA methods for ozone depletion, this

dataset presents an updated method for ozone depletion, using the 318 ODPs reported in the

2022 WMO scientific assessment of ozone depletion as midpoint characterization factors. The

method consists of two impact categories, one considering an infinite time horizon, as origi-

nally reported by WMO, and one with a 100-year time horizon. The characterization factors are

provided in the accompanying Excel file “Characterization factors” ( Fig. 1 ). In addition, the file

provides the controlled status by the MP [ 7 ] and the characterization factors used by the most

common LCIA methods [ 1 ] for comparison. 

Fig. 1. Overview of repository structure. 

To import the method in the Activity Browser or Brightway, a spreadsheet for each time

perspective is available in the “AB & Brightway” folder. In addition, two python files are available,

compatible with brightway2 and brightway2.5, to facilitate the import. The files are designed to

be user-friendly, requiring no programming skills from the user. The code first identifies the

substances that are not present in the biosphere database. These substances are then added to

the biosphere database, after which the characterization factors are imported as a new method. 

In the “SimaPro” folder, a CSV file is available to import the method in SimaPro, contain-

ing the method from both time perspectives. The substance names in the CSV file follow the

SimaPro naming convention in case a substance was already present in SimaPro; otherwise, a

new substance was created. 
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. Experimental Design, Materials and Methods 

The characterization factors of the LCIA methods reviewed in [ 1 ] were directly obtained from

he most recent documentation available for each method. 

The characterization factors for the updated method with an infinite time horizon were di-

ectly obtained from the steady-state ODPs from the 2022 WMO assessment. When an upper

alue was reported (e.g., ODPinf, x < 0.02), this upper value was used as a characterization factor.

hen a range was reported, the average value was taken. To convert the steady-state ODPs from

he 2022 WMO assessment to time-dependent ODPs, Eqs. (1) and (2) were used, following [ 9 ]:

ODPt,x = ODPin f,x ∗
Ft,x 

Ft, C F C −11 
(1)

Ft = 1 − e( −t−3 ) ∗k (2)

here ODPt,x is the ODP of substance x with a time horizon of t ( = 100) years, ODPinf,x is the

teady-state ODP of substance x as reported by WMO [ 6 ], Ft is the fraction of the total damage

aused by substance x during the first t years, and k is the removal rate of substance x in y-1 .

he removal rate k is the inverse of the atmospheric lifetime retrieved for each substance from

MO [ 6 ]. 

In addition to the 318 WMO ODPs, the ODP for a generic mix of unspecified ODSs, “hydrocar-

ons, chlorinated” was derived from the Recipe 2016 method [ 10 ], as this flow is used in various

atasets in the ecoinvent database [ 11 ]. The hierarchal perspective was used for the 100-year

ime horizon, while the egalitarian perspective corresponded to the infinite time. Thus, in total,

he dataset contains 319 characterization factors. 

As all files are human-readable, the methodology is easily replicable by updating the values

anually, allowing for regular updates following the four-yearly scientific assessment reports

ublished by the WMO. For the Activity Browser and Brightway, the import notebook is de-

igned to allow new substances to be directly added to the spreadsheets. Through the appropri-

te commands in the software, new substances or elementary flows can be added, into SimaPro

nd then added to the LCIA method together with their value. The import in Activity Browser

.9.4, Brightway2 2.4.4, Brightway25 1.0.6, and SimaPro 9.5.0.2 was successfully tested. 

imitations 

The proposed LCIA methods might not be fully compatible with future releases of the ad-

ressed software. You are encouraged to contact the corresponding author to report any com-

atibility issues. 
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Data Availability 

Life Cycle Impact Assessment method for ozone depletion based on WMO 2022 ([ 12 ]). 
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